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2 stepl f functional form.py Step 1 rs2 (V-1THEER) Level B (rs2ik7z)
3 step2_rs_hR relation. py Step 2 rs2 (V-1THeER) e (rs2R—2, ZICEME)
4 step3_alpha_derivation. py Step 3 (IBAR) rs2 + & (C-1 {BBRE)
BEMmE (f(v_flat)
UE% V_peak
REICER)
5 step3 revised. py Step 3 (IBIEAR) JEEER £E (rs2R—2 D alpha=0. 883
BiRH R ICHEIE)
6 delta gamma decompose. py Step 3 ER HER BE (BRETILCIL alpha
HHTHEE
7 TA2 rs_ratio.py T-A2 L (EHREHE) Level B (EMEMIICHEIL)
8 TA2 direct. py T-A2 (BEiZEtE) rs2 (V-1THEER) Level B (rs2{&k7®)
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13 | V1_rs_check. py V-1/V-2 2L (BEWRIYTN) Level A ((BZEEEDHEE)
14 V3 rsl interpretation. py V-3 rsi Level A (rs1EFFfRREBEDHEIL)
15 rs best all.py rs best rs_best (FEEMK) Level B (R max ATZHERICEE)
16 | Rmax_hR separation. py R max4> i rs_best Level A (DBETBEDHEE)
17 U2 gc Ud degeneracy. py u-2 rsAER (R2) Level B (f®BIFEOH. ZFEE
RIGREHRDKRT)
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22 zero param test.py + Oparans R k rsAMEA (£2) Level A (A %> TIL)
23 loo_cv. py L00-CV rsh™MER (&%) Level A (FRI&HEE)




1. f_tanh_robustness.py

7x—X Step 0

BB f7(tanh) = v bar"2(r s)/v flat™2 DERZMHEEE
fEfrs rs2 (V-1 THeRR)

EEES f 7=0.29, HMEIFKFTRE, 727ZL rs2 R—2Z,
ATF—48 2R Level B (rs2ik#z)

=S

f7(tanh)=0.262 (FIF v v kD) AHBRADIRAMICKTE L AVWHNMREET . r_s_tanh ORIEAERT —% DHRKRFE R max
HHEA DA (SMF) ZRAL. f OFRENELT 2R,

Y—RO—R£2X

#1/usr/bin/env python3
f(tanh) = v bar"2(r_s tanh) / v flat™2 DEREWHER
SMESRE (r_s_tanh &gt; R max) %84 L CTEEE

5E24F: uv run —-with scipy --with matplotlib —-with numpy python f tanh_robustness.py
EEFALI MY D¥RFaAY MNIY MOE—¥REFERBIINE TORI¥/ 1 Y V¥

import csv

import os

import sys

import numpy as np

from scipy. interpolate import interpld
import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#
#RE
#

RESULTS CSV = "sparc_results.csv”
#.dat7 7 A IHDET 1 LY M) ICH BREIHR

#
#f 1. sparc_results.csv FidiAd
#

galaxies = []
with open(RESULTS CSV, "r”, encoding="utf-8") as f:
reader = csv.DictReader (f)
print(f"[INFO] CSV columns: {reader.fieldnames}”)
for row in reader:
galaxies. append(row)

print (f"[INFO] Total galaxies in CSV: {len(galaxies)}”)

t-— A LZEETRE ——

# r s tanh, v_flat, upsilon d ICEZY T B NS LEIERET
sample_keys = list(galaxies[0].keys())
print(f”"[INFO] Available columns: {sample keys}”)

#
# 2. £ERWD.dat7 7 1 )L A&FEH. R max & v bar(r) AHEE
#

def read sparc_dat(galaxy name):
SPARCO. dat 7 7 £ JL & FHL
Zl|: Rad Vobs errV Vgas Vdisk Vbul (IZ#F=)
5BV {&: rad, v_gas, v disk, v_bul (numpy arrays)
t 77 AL EIER
candidates = [
f”{galaxy_name} rotmod.dat”,
”{galaxy name}.dat”
]
for fname in candidates:
if os.path.exists(fname):
data = np. loadtxt(fname, comments="1#")
rad = datal:, 0] # kpc
#f Vobs = datal:, 1]
# errV = datal:, 2]
v_gas = datal:, 3] # km/s
v disk = datal:, 4] # km/s (Upsilon_d=1.0 TOD{&)
v_bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)
return rad, v_gas, v_disk, v_bul
return None, None, None, None
def compute vbar(rad, v gas, v disk, v_bul, upsilon d):



#

v_bar”2 = upsilon d * v disk™2 + v gas™2 + v bul"2
v_disk & Upsilon d=1.0 TOfE72D T, upsilon d %#iF 2
EE: v disk, vgas IFSHE (A = REAAOFS)

I HSERBLTSR

vd2 = np.sign(v_disk) * v_disk¥¥2

vg2 = np.sign(v_gas) * v gas#k2

vb2 = np.sign(v_bul) * v_bul¥x2

vbar2 = upsilon d % vd2 + vg2 + vb2

return vbar2 # ThiE v bar 2 (FSFE)

#3. x4V —7

#

t WS LBDIYEYY CSVOERBEDHSLBICEDE TRABNILERIBAEDHY)
t FTEEHERT

def get val(row, candidates, default=None):

for ¢ in candidates:
if ¢ in row and row[c].strip() I="":
try:
return float(row[c])
except ValueError:
pass
return default

def get str(row, candidates, default=""):

for ¢ in candidates:
if ¢ in row and row[c].strip() I="":
return row[c].strip()
return default

results all = [] # 2R
results inrange = [] # r s tanh &Llt;= R max (FE4HIE)
results extrap = [] # r s tanh &gt; R max (44§&)

n_no dat = 0
n_interp fail = 0

for gal in galaxies:

name = get str(gal, ['galaxy’, "Galaxy’, 'name’, ’Name’, ’GALAXY’])
if not name:

I BRMOHZ L%fETE LTED

name = list(gal.values())[0]

rs = get val(gal, ['rs’, rs’, 'r s tanh’, 'rs tanh’, 'r s kpc'])
vf = get val(gal, ['v flat’, ’'vflat’, 'Vflat’, 'v flat kms’])
ud = get val(gal, ["upsilon d’, "Upsilon d’, "Ud", "upsilon’])

if rs is None or vf is None or ud is None:
continue

if vf &lt;= 0 or rs &lt;= 0:
continue

i .dat7 7 A VEHAH
rad, v gas, v disk, v bul = read sparc dat(name)
if rad is None:

n_no dat += 1

continue

R max = rad.max()
is extrap = (rs &gt; R max)

# v bar"2(r_ s tanh) B TKD B
vbar2 arr = compute vbar(rad, v gas, v disk, v bul, ud)

# @ MEOBAL—ISEET 2 75 TR

try:
if is_extrap:
#AE: fill value TREDEEES (3EE)
interp func = interpld(rad, vbar2 arr, kind="Linear’
fill value=vbar2 arr[-1], bounds error=False)
else:

interp func = interpld(rad, vbar2 arr, kind="linear’
bounds_error=False, fill value="extrapolate’)

vbar2 at rs = interp func(rs)

if np.isnan(vbar2 at rs):
n_interp fail += 1
continue

f tanh = float(vbar2 at rs) / (vf**2)

entry = {
"name’ : name,
“rs':ors,
“vflat’: vf,

“upsilon d’: ud,

"R_max’ : R_max,

"rs over Rmax’: rs / R max,
"vbar2 at rs’: float(vbar2 at rs),
"f tanh’: f tanh



"is_extrap’ : is extrap,
}
results all.append(entry)
if is_extrap:
results extrap.append(entry)
else:
results inrange. append(entry)

except Exception as e:
n_interp_fail += 1
continue

i
# 4. BRET
i

print(n” + "="%70)
print("f (tanh) = v bar"2(r s tanh) / v flat™2 EREMF T v ")
print("="%70)

print (f"¥n¥a$R5a# (CSV) : {len(galaxies)}”)
print(f”.dat”7 7 4 )% L: {n no_dat}”)

print(f"#RE%E: {n_interp fail}”)

print(F"#247EZN: {len(results all)}”)

print(f” FEA4E (r_s &lt;= R_max) : {len(results_inrange)}”)
print(f” 4 (r s &t; R max) : {len(results extrap)}”)

def print stats(label, data list):
if not data_list:
print(f"¥n-—- {label}: F—% 4L ---")
return
fs = [d[’f tanh’] for d in data list]
fs = np.array(fs)
print(f"¥n--- {label} (N={len(fs)}) ---")
print(f” mR{E: {np.median(fs):.4f}")
print(f” i9fE:  {np.mean(fs):.4f}")
print(f” #ZE(RZE: {np.std(fs):.4f}")
print(f” 25%ile: {np.percentile(fs, 25):.4f}")
print(f” 75%ile:  {np.percentile(fs, 75):.4f}")
print(f” &H/M#E:  {np.min(fs):.4f}")
print(f” HKE: {np.max(fs):.4f}")

# v bar(r.s) / v flat OFRR{E
vbar ratio = np.sqrt(np.abs(fs)) * np.sign(fs)
print(f” — v_bar(r_s)/v_flat FR{&: {np.median(vbar_ratio):.4f}”)

print_stats("£$RMA”, results all)
print stats("IEAIEDH (r s X R max) ”, results inrange)
print_stats("#4EDH (r_s &gt; R max) ”, results extrap)

#
# 5. SEEDLH
#
print("¥n--—- r s / R max ®9®w —--")

ratios = [d[’ rs_over Rmax’] for d in results all]
ratios = np.array(ratios)

print(f” FRfE: {np.median(ratios):.3f}")

print(f” r s/R max &t; 1.0: {np.sum(ratios &gt;
print(f” r_s/R max &gt; 1.5: {np.sum(ratios &gt;

1.0)}/{len(ratios)} ({100%np.sum(ratios &gt; 1.0)/len(ratios):.1f}%)”)
1.5)}/{len(ratios)} ({100%np.sum(ratios &gt; 1.5)/len(ratios):.1f}%)")

print(f” r s/R max &gt; 2.0: {np.sum(ratios &gt; 2.0)}/{len(ratios)} ({100%np.sum(ratios &gt; 2.0)/len(ratios):.1f}%)”)

i
it 6. BANARAT : FEHEZE X SICR max 8gt;= 1.2%¢r s THD (RELv—IV)
i

results safe = [d for d in results all if d[’rs_over Rmax’] &lt;= 0.8]
print_stats("&2%81 (r s [X 0.8XR max) ", results safe)

results moderate = [d for d in results all if 0.8 &lt; d[’rs over Rmax’] &Lt;= 1.0]

print_stats("1E5R4E1 (0.8XR max &lt; r s X R max) ”, results moderate)

#
#7. v flat REEF v I GEAEOH)
#
if len(results inrange) &gt;= 10:
vf_ arr = np.array([d[’ vflat’] for d in results_inrange])
f arr = np.array([d[’ f tanh’] for d in results inrange])

# v flat QA THE

q25, 950, q75 = np.percentile(vf arr, [25, 50, 75])

print(f"¥n-—- v flat IKEMEF T v o GEAEDH) -—--")

print(f’v_flat PA9AL: Q1={q25:.1f}, Q2={q50:.1f}, Q3={q75:.1f} km/s”)

for label, mask in [
(f"v_flat &lt; {q25:.0f}", vf arr &Llt; g25),

(f7{q25:.0f} &lt;= v flat &Llt; {gb0:.0f}”, (vf arr &gt;= q25) &amp; (vf arr &Lt; g50)),
(f"{q50:.0f} &lt;= v flat &Llt; {q75:.0f}", (vf arr &gt;= q50) &amp; (vf arr &lt; q75)),

(f’v_flat &gt;= {q75:.0f}”, vf arr &gt;= q75),

if np.sum(mask) &gt; 0:

print(f” {label}: N={np.sum(mask)}, frhsR{&E={np.median(f arr[mask]):.4f}")

#
# 8. EDEMR
#

fig, axes = plt.subplots(2, 2, figsize=(12, 10))

# (a) f (tanh) OERRTS L 24 vs IEHE



ax
s
f

o
bi

[T
> X

#

»

X
ax.
ax,
ax.
X,
X
X,

)

#

ax
fo
fo

a

>

a
a.
a

> X X

#
ax
rs
f
co

ax.

a

>

ax.

a
a

x X

ax.

pl
pl
pr

#
i
#
ou
wi

pr

pr
pr
pr
pr
pr
pr

= axes[0, 0]
all = [d[’f _tanh’] for d in results all]

in = [d[’f tanh’] for d in results inrange]
ex = [d[’ f_tanh’] for d in results_extrap]
ns = np. linspace(-0.5, 2.0, 50)
.hist(f_all, bins=bins, alpha=0.3, label=f"ALL (N={len(f all)})’, color="gray’)
.hist(f in, bins=bins, alpha=0.6, label=f"In-range (N={len(f in)})’, color="blue’)
.hist(f_ex, bins=bins, alpha=0.4, label=f"Extrap (N={len(f _ex)})’, color="red" )
.axvline(0.262, color="k’, ls="--", label="Median=0.262 (reported)’)

f in:

ax.axvline(np.median(f in), color="blue’, ls="--

.set xlabel(’ f"(tanh) = v_bar®(r_s) / v flat*’")
.set_ylabel(’Count’)
.set_title(’ (a) f"(tanh) distribution’)
. legend(fontsize=8)

, label=f"In-range median={np.median(f in):.3f}")

(b) r s / R max DY

= axes[0, 1]
.hist(ratios, bins=50, color="steelblue’, edgecolor="white’)
.axvline(1.0, color="red, ls="--", label="r_s = R max’)

.set xlabel("r s tanh / R max’)
.set_ylabel(’ Count’)

.set title(’ (b) Extrapolation fraction’)
. legend()

(c) f~(tanh) vs v flat (&41F)
= axes[1, 0]
r d in results_inrange:
ax.scatter(d[’ vflat’], d[’f tanh’], c="blue’, s=10, alpha=0.5)
r d in results_extrap:
ax.scatter(d[’ vflat’], d[’f tanh’], c="red’, s=10, alpha=0.5, marker="x
.axhline(0.262, color="k’, ls="--", alpha=0.5)
.set xlabel(’v_flat [km/s]")
.set_ylabel(’ f"(tanh)’)
.set title(’ (¢) f"(tanh) vs v flat’)
. legend([" In-range’, 'Extrap’, 'Median=0.262"], fontsize=8)

(d) r_s/R max vs f"(tanh)
= axes[1, 1]
_ratio arr = [d[’ rs_over Rmax’] for d in results all]
arr all = [d[’f tanh’] for d in results all]
lors = ["red” if d[’is_extrap’] else "blue’ for d in results all]
l, c=colors, s=10, alpha=0.5)

scatter(rs ratio arr, f arr al
.axvline(1.0, color="gray’, ls= )
axhline(0.262, color="k’, ls="--", alpha=0.5)
.set_xlabel(’r_s_tanh / R max’)

.set_ylabel(’ f"(tanh)’)

set title(’ (d) f"(tanh) vs extrapolation degree’)

t.tight layout()
t.savefig(’ f tanh robustness.png’, dpi=150)
int(f"¥n[SAVED] f tanh robustness.png”)

9. CSVHHA (F#)

t csv = "f tanh robustness detail.csv”
th open(out_csv, "w”, newline="", encoding="utf-8") as f:

writer = csv.writer(f)

writer.writerow([’galaxy’, 'r s tanh’, ’v flat’, ’upsilon d’,
"R max’, ’rs over Rmax’, ’vbar2 at rs’,
"f tanh’, ’is extrap’])
for d in sorted(results all, key=lambda x: x[’rs over Rmax’]):
writer.writerow([
d[’name’ 1, f7{d[’rs’1:.3f}", f"{d[’vflat’]:.1f}",
£7{d[’ upsi lon @' 1:.3}”, £"{d[’R max’ ]:.2f}”
f7{d[’ rs_over Rmax’ ]:.4f}”, f’{d[’ vbar2 at rs’]:.2f}”
7{d[’ f tanh’]:.4f}", d[’is extrap’]
i}
int(f"[SAVED] {out csv}”)

int("¥n" + "="x70)

int("TT. RORFT YT ")

int(” 1. IEAFEDORRIEN0. 26205 ENLIFELT 3R
int(” 2. v_flatikFMEDL'H 2HE. X7 —) v T DRITERE % FHIE")
int(” 3. 2% (r s X 0.8XR max) ODHERHIREEETE2")
int("="x70)



2. step1_f_functional_form.py

B
7x—X Step 1
Bm f(v_flat) OBEETEE
S/ rs rs2 (V-1THeEER)
e U8 ]/ v_flat "= 74 km/s) DRE. Ud &DFRLERS (rho=0.483),
2F—4 2R Level B (rs2ik#F)

=S

f7(tanh) A% v_flat OBE L TEDL D BRPREFRONERET %, EH. REFE, log=Tk (UFH) | TNROIET L%
BIC TiHtEX, Ud & DERE R,

Y—RO—R£2X

#1/usr/bin/env python3

Step 1: f~(tanh) (v _flat) DEIREEE

BU#R: f tanh robustness.py %%{T%H» — f _tanh robustness detail.csv HFFE
BANT sparc_results.csv M5 Y _d, grade, T type H%EE

524F: uv run --with scipy —-with matplotlib —-with numpy python stepl f functional form.py

nan

import csv

import os

import numpy as np

from scipy.optimize import curve fit

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

. F—9FH»LH

S

ESSESESY

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)
cols = reader. fieldnames
rows = list(reader)

return cols, rows

# -—- f_tanh_robustness detail.csv -——
if os.path.exists(”f_tanh robustness detail.csv”):
~, detail rows = load csv(”f tanh robustness detail.csv”)
print(f"[INFO] f_tanh robustness detail.csv loaded: {len(detail rows)} rows”)
else:
print("[ERROR] f_tanh robustness detail.csv not found. Run f_tanh robustness.py first.”)
exit(1)

#f -—-- sparc_results.csv GBINAH S LAMBA) ——
extra = {}
if os.path.exists(”sparc_results.csv”):
src_cols, src_rows = load csv(”sparc_results.csv”)
print(f"[INFO] sparc_results.csv columns: {src_cols}”)
for row in src_rows:
# SRAEE F—IC
name = None
for ¢ in ["galaxy’, 'Galaxy’, 'name’, ’Name’, ’GALAXY']:
if ¢ in row and row[c].strip():
name = row[c].strip()
break
if name is None:
name = List(row.values())[0].strip()
extralname] = row

i

2. fEATAIECSIDREE
i

names = []

v _flat = []

f tanh = []

rs=1[]

upsilon d = []

is extrap = []
#f sparc results.csvhS5DEBME (HhiE)
T type arr = []

grade arr = []

for d in detail rows:



gal = d[’galaxy’ ].strip()

vf = float(d['v_flat’])

ft = float(d[’f tanh’])

rs = float(d[’r_s tanh’])

ud = float(d[ upsilon d’])
ext = d[’ is_extrap’ J.strip()

-

#f&lt; 0 OIRA (v bar™2 #'& = HRYEEF) EMRARET
names. append(gal)
v_flat.append(vf)
f tanh, append(ft)

r_s.append(rs)
upsilon_d. append(ud)
is extrap.append(ext == "True’)

i EBmE
if gal in extra:
row = extra[gal]
tt = None
for ¢ in ['T type’, 'T', 'Ttype’, ’hubble type’, ’type’]
if ¢ in row and row[c].strip():
try:
tt = float(row[c])
except ValueError:
pass
T type arr.append(tt)

gr = None
for ¢ in ['grade’, 'Grade’, "quality’]:
if ¢ inrow and row[c].strip():
gr = rowlc].strip()
grade arr.append(gr)
else:
T type arr.append(None)
grade arr. append(None)

v_flat = np.array(v_flat)

f tanh = np.array(f tanh)

r s = np.array(r_s)

upsilon d = np.array(upsilon d)
is extrap = np.array(is extrap)
N total = len(v_flat)

it AT RY

mask_in = Tis_extrap

#fegt; 0 vRY (BT« v bA)
mask_pos = f_tanh &gt; 0

i EfRTTRY : FEHE &amp; f &gt; 0

mask _main = mask_in &amp; mask pos

print(f"¥n[INFO] N total={N total}, 3FE# 4&E={mask in.sum()}, f&gt;0={mask pos.sum()}, EfZ4T={mask main.sum()}”)
print(f"[INFO] f&Lt;=0 IR : {np.sum(f tanh &lt;= 0)} {@")
if np.sum(f tanh &lt;= 0) &gt; 0:
for i in range(N total):
if f tanh[i] &Lt;= 0:

print(f” {names[i]}: f={f tanh[i]:.4f}, v flat={v flat[i]:.1f}")
i
i3 BBHOT1yT 1Y (3EHHE ganp; f &gt; 0)
i

lv = np. log10(v_flat[mask main])
Lf = np. log10(f tanh[mask main])
vf m = v flat[mask main]

ft.m = f tanh[mask main]

N fit = mask main.sum()

print(f"¥n{ =" x70}")
print(FPREH 7 4 v 74 > (N={N_fit}, FEHITF - faat;0) ")
print(f7{ =" %70}”)

results = {}

# -— Model 1: BEfiNEFE Llog(f) = a + bxlog(v) ——-

pl = np.polyfit(ly, Lf, 1)

predl = np.polyval(pl, Lv)

rss1 = np.sum((Lf - predl)*x2)

bicl = N fit % np. log(rss1/N_fit) + 2%np. log(N fit)

r1 = np.corrcoef(Lf, pred1)[0,1]

results[’ power law’ ] = {"params’: p1, ’rss’: rssl, "bic’: bicl, "r’: r1, "K' : 2}
print(f"¥nModel 1: )X3%E Llog(f) = {p1[1]:.3f} + {p1[0]:.3f}*log(v flat)”)
print(f” — f oc v flat™{p1[0]:.3f}")

print(f” r={r1:.4f}, RSS={rss1:.3f}, BIC={bicl:.1f}")

# —-- Model 2: log=>&k Llog(f) = a + bxlog(v) + cxlog(v)"2 -—-

p2 = np.polyfit(ly, Lf, 2)

pred2 = np.polyval(p2, Lv)

rss2 = np.sum((Lf - pred2)*x2)

bic2 = N fit * np. log(rss2/N fit) + 3#np. log(N fit)

r2 = np.corrcoef(Lf, pred2)[0, 1]

results[’ log quadratic’] = {’params’: p2, 'rss’: rss2, 'bic’: bic2, "r': r2, 'k': 3}
print(f"¥nModel 2: log—)&k Llog(f) = {p2[2]:.3f} + {p2[1]:.3f}*log(v) + {p2[0]:.3f}*log(v)*")
lv min = -p2[1]/(2%p2[0])

print(f” #B/g: log(v_flat) = {lv.min:.3f} = v_flat = {10%klv_min:.1f} km/s”)
print(f” r={r2:.4f}, RSS={rss2:.3f}, BIC={bic2:.1f}")



# === Model 3: E# (BEIRE) -—

predd = np.mean(Lf) * np.ones Llike(Lf)

rss0® = np.sum((Lf - pred0)*x2)

bicd = N_fit * np. log(rssO/N_fit) + 1#np. log(N_fit)

results[’constant’] = {"rss’: rss@, 'bic’: bicd, 'k': 1)

print(f"¥nModel 0: E# f = 10" {np.mean(Lf):.3f} = {10%%np.mean(Lf):.3f}")
print(f” RSS={rss0:.3f}, BIC={bic0:.1f}")

#f ——— Model 4: #fihig (KOH8F) log(f) = a + blx(lv-Lv b) if Lv&lt;lv b else a + b2x(lv-Llv b) -—
def broken Lline(lv, a, b1, b2, Lv_break):
return np.where(lv &lt; Llv break,
a + b1*(lv - lv_break),
a + b2x(lv - Llv_break))

try:
p4, _ = curve fit(broken Lline, lv, Lf,
p0=[np.median(Lf), -0.5, 0.5, 1.9],
maxfev=10000)
pred4 = broken Lline(lv, *p4)
rss4 = np.sum((Lf - pred4)**2)
bic4 = N fit * np. log(rss4/N fit) + 4%np. log(N fit)
r4 = np.corrcoef(Lf, pred4)[0,1]
results[’broken Lline’] = {"params’: p4, ’rss’: rss4, 'bic’: bicd, 'r’: r4, 'K : 4}
print(f"¥nModel 4: #TH#& break at log(v)={p4[3]:.3f} — v_flat={10%xp4[3]:.1f} km/s”)
print(f” slope low={p4[1]:.3f}, slope high={p4[2]:.3f}")
print(f” r={r4:.4f}, RSS={rss4:.3f}, BIC={bic4:.1f}")
except Exception as e:
print(f"¥nModel 4: #Th#g 7 14 v MKRE ({e})”)

# --- BICLLE ——

print(f’¥n--- BICLLE (NIWEERW) —--7)

for name m, res in sorted(results. items(), key=lambda x: x[1]["bic’]):
print(f” {name m:20s}: BIC={res[’bic’ 1:8.1f} (k={res['k’1})”)

#
#4. Y d &R UFRORERR)
#

print(f"¥n{’ =" %70}")
print("Y d HL U/ X —4 & DIEA")
print(f”{ =" %70}")

ud_m = upsilon_d[mask main]
rs m = r s[mask main]

#fvsYd
rho_ud, p ud = spearmanr(ft_m, ud m)
print(f"¥nf vs Y d: Spearman p={rho ud:.3f}, p={p ud:.2e}”)

ffvsrs
rho_rs, p_rs = spearmanr(ft.m, rs_m)
print(f’f vs r s: Spearman p={rho rs:.3f}, p={p rs:.2e}”)

# Y dvsv flat
rho_uv, p_uv = spearmanr(ud m, vf m)
print(f”Y d vs v flat: Spearman p={rho uv:.3f}, p={p uv:.2e}”)

# -— %Z& : log(f) = a + bxlog(v) + cxlog(Y d) -—-

lud = np. log10(ud_m)

X = np.column stack([np.ones(N fit), Llv, lud])

beta, res mv, , _ = np.linalg. Lstsq(X, Lf, rcond=None)

pred mv = X @ beta

rss_mv = np.sum((Lf - pred mv)**2)

bic mv = N fit % np. log(rss mv/N fit) + 3%np. log(N fit)

r_mv = np.corrcoef(Lf, pred mv)[0,1]

print(f"¥n%Z&: log(f) = {beta[0]:.3f} + {beta[1]:.3f}xlog(v) + {beta[2]:.3f}xlog(Y d)”)
print(f” r={r_mv:.4f}, RSS={rss mv:.3f}, BIC={bic mv:.1f}")
print(f” — Y d OF5: F#k={betal2]:.3f}")

- Z2Z8 + ZRIE : log(f) = a + bxlog(v) + cxlog(v)"2 + dxlog(Y d) ———

X2 = np.column_stack([np.ones(N_fit), Llv, Llv¥x2, lud])

beta2, , , _ = np.linalg. Lstsq(X2, Lf, rcond=None)

pred_ mv2 = X2 @ beta2

rss_mv2 = np.sum((Lf - pred mv2)¥x2)

bic._mv2 = N_fit * np. log(rss_mv2/N fit) + 4%np. log(N_fit)

r mv2 = np.corrcoef(Lf, pred mv2)[0,1]

print(f"¥n%Z8+)R: log(f) = {beta2[0]:.3f} + {beta2[1]:.3f}*xlog(v) + {beta2[2]:.3f}*log(v)? + {beta2[3]:.3f}xlog(Y d)”)

print(f” r={r mv2:.4f}, RSS={rss mv2:.3f}, BIC={bic mv2:.1f}"”)

#-—- T type EDHERE (HHIE) -—-
tt valid = [(ft m[i], T type arr[np.where(mask main)[0][i]])
for i in range(N fit)
if np.where(mask main)[0][i] &Llt; Llen(T type arr)
and T type arr[np.where(mask main)[0][i]] is not None]
if len(tt valid) &gt;= 10:
ft tt = np.array([x[0] for x in tt valid])
tt tt = np.array([x[1] for x in tt valid])
rho tt, p tt = spearmanr(ft tt, tt tt)
print(f"¥nf vs T type: Spearman p={rho tt:.3f}, p={p tt:.2e}, N={len(tt valid)}”)

#
#5. EVRIRE (&YEN<)
#

print(f"¥n{ =" x70}")
print("v_flat EV B £ (tanh) #&t (E4MHF - fégt;0) )
print(f7{ =" %70}”)



I ENSE (85E])

sort_idx = np.argsort(vf_m)

n per bin =N fit // 8

print(f"¥nENSE| (£~ N={n_per_bin}) :”)

print(f"{'v flat&B :&9t;20s} {'N :8&gt;4s} { frh{E’ :8gt;8s} { fFE1Y :8&gt;8s} { f std :&gt;8s} {’ v bar/v flat’ :&gt;12s}”)

bin vf centers = []
bin_f medians = []

for i in range(8):
i0 = i % n_per bin
il = (i+1) * n_per_bin if i &lt; 7 else N fit
idx = sort idx[i0:i1]
vf bin = vf m[idx]
ft bin = ft m[idx]
vr_bin = np.sqrt(np.abs(ft_bin)) * np.sign(ft_bin)
label = f”{vf bin.min():.0f}-{vf bin.max():.0f}”
print(f”{label:&gt;20s} {len(idx):4d} {np.median(ft bin):8.3f} {np.mean(ft bin):8.3f} {np.std(ft bin):8.3f} {np.median(vr bin):12.3f}")
bin vf centers.append(np.median(vf bin))
bin f medians. append(np.median(ft bin))

#
i 6. RDIERR
#
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) fvsv flat + 74 v MEAER

ax = axes[0, 0]

ax.scatter(vf m, ft m, s=8, alpha=0.4, c="steelblue’)

ax.scatter(bin_vf_centers, bin f medians, s=60, c="red’, zorder=5,
edgecolors="black’, label="Bin medians’)

vv = np. Linspace(vf m.min(), vf m.max(), 200)

Lvv = np. log10(vv)

IR EFE

ax.plot(vv, 10xxnp.polyval(pl, Llvv), "g-=", label=f Power law (a={p1[0]:.2f})")

# log=&

ax.plot(vv, 10xxnp.polyval(p2, lvv), 'r=", label=f"Log-quad (min@{10%xLlv min:.0f})")

ax.set xlabel(’v_flat [km/s]")

ax.set ylabel(’ " (tanh)’)

x.set _title(’(a) f vs v flat’)

ax. legend(fontsize=7)

ax.set_ylim(-0.2, 2.0)

»

# (b) log-log

ax = axes[0, 1]

ax.scatter(lv, Lf, s=8, alpha=0.4, c="steelblue’)

ax.plot(lvv, np.polyval(pl, Llvv), "g--", label="Power law’)
ax.plot(lvv, np.polyval(p2, lvv), 'r-", label="Log-quadratic’)
ax.set xlabel(’ log(v flat)’)

ax.set_ylabel(’ log(f)")

ax.set title(’ (b) log-log’)

ax. legend(fontsize=8)

# (c) %= vs v_flat (log=®)

ax = axes[0, 2]

resid2 = Lf - np.polyval(p2, Lv)

ax.scatter(lv, resid2, s=8, alpha=0.4, c="steelblue’)
ax.axhline(0, color="gray’, ls="--")

ax.set xlabel(’ log(v flat)’)

ax.set_ylabel(’Residual (log-quad)’)

x.set title(f (c) Log-quad residuals (o={np.std(resid2):.3f})")

»

# (d) fvs Yd

ax = axes[1, 0]

ax.scatter(ud m, ft m, s=8, alpha=0.4, c="orange’)
x.set xlabel(’ Y d')

ax.set_ylabel(’ f"(tanh)’)

ax.set title(f'(d) f vs Y d (p={rho ud:.3f})")

»

# (e) Y dvs v flat

ax = axes[1, 1]

ax.scatter(vf m, ud m, s=8, alpha=0.4, c="green’)
ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’ Y d")

x.set title(f’ (e) Y d vs v flat (p={rho uv:.3f})")

»

#(f) 2ZEE7 14 v FOEA vs T

ax = axes[1, 2]

ax.scatter(pred mv2, Lf, s=8, alpha=0.4, c="purple’)

xx = [min(Lf.min(), pred mv2.min()), max(Lf.max(), pred mv2.max())]
ax.plot(xx, xx, "k--")

ax.set xlabel(’Predicted log(f)’)

ax.set ylabel(’ Observed log(f)’)

ax.set title(f (f) Multivariatetquad (r={r mv2:,3f})")

plt. tight layout()
plt.savefig(’stepl f functional form.png’, dpi=150)
print(f"¥n[SAVED] stepl f functional form.png”)

i
i 7. fEmOBEHED
i
print(f"¥n{ =" x70}")
print("Step 1 &)
print(f”{" =" %70}")




# BICRRET IV
best = min(results. items(), key=lambda x: x[1]["bic’])
print(f"¥n| BEE€5 /L (BIC) : {best[0]} (BIC={best[11[’bic’]:.1f})")

# ABIC
for name m, res in results.items():
delta = res[’bic’] - best[1]["bic’]
if delta &gt; 0:
print(f” vs {name m}: ABIC = +{delta:.1f}”)

print(f’¥n-—- T-A1 BHAOFIHEYE —--")
print(f’f(v_flat) (FEH TRV (EHEFT IO BIC={results[’ constant’ J["bic’ ]:.1f}) ”)
if ’log quadratic’ in results:

print(f"log R RBDIHE: /IS v flat = {10%xlv_min:.0f} km/s”)

print(f” {KEEM: f BBV (N AU EBOER) V)

print(f” HEEE: f H*&E (BRASXENLRER) )

print(f” KREER: f *ELFE (WA VRVWRFV 2 vILHF) V)
print(f"¥nY d 0F5: SEETORE = {beta[2]:.3f}")
if abs(beta[2]) &gt; 0.3:

print(f” — Y_d & f OFRBICERICEFS, flIN\)F UEBEICEE. 7)
else:

print(f” — Y_d OFFRREHN. ")

print(f"¥n— Step 2 ~: r_s_tanh/h R vs v_flat OfEHT”)
print(f”  NYF>f#H (hR) OFS52H8T 3. )
print(f” hR DF—8YV—%EHERTBIE, ")



3. step2_rs_hR_relation.py

bl
72x—X Step 2
B r s/h R vs v flat (alpha = beta + gamma D% fR)
fEfrs rs2 (V-1 THeRR)
R alpha=0.883 = beta(0.600) + gamma(0.284), 7=7ZL rs2 R—2Z,
ATF—82 HWE (rs2)—2, %ICEME)

=S

rs DRT—Y >4 alpha 2, NYF VDY X-BEH% beta (h_R 7 v'beta) EEEBHDEFS gamma (r_s/h R ~
vigamma) IC9fRT B, h R & V disk E—2 ¥R / 2.15 HOHEE,

Y—RO—R£2X

#1/usr/bin/env python3
Step 2: r_s tanh / h R vs v _flat D&M
NYF VBN r s tanh 2ETETROTVWENEDEET S

h R OBREHE (BEIE) :
1. SPARC photometric table (SPARC Lelli2016c.mrt %) AHhiE R d AEH
2. .dat 774D V disk(r) E—2 % r peak »5 h R = r peak / 2.15 &HE

5E24F7: uv run --with scipy ——with matplotlib --with numpy python step2 rs hR relation. py

nan

import csv

import os

import glob

import numpy as np

from scipy.optimize import curve fit

from scipy.stats import spearmanr, pearsonr
from scipy. interpolate import interpld
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

it
1. F—YmEBPRAH
it

S

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

#f ——- f _tanh_robustness detail.csv (Step 0 HH) -—-

if not os.path.exists(”f tanh robustness detail.csv”):
print("[ERROR] f tanh robustness detail.csv not found.”)
exit(1)

~, detail rows = load csv(”f tanh robustness detail.csv”)

print(f”[INFO] detail.csv: {len(detail rows)} rows”)

#f —— sparc_results.csv ———
extra = {}
src_cols =[]
if os.path.exists(”sparc_results.csv”):
src_cols, src_rows = load csv(”sparc_results.csv”)
print(f"[INFO] sparc_results.csv columns: {src_cols}”)
for row in src_rows:
name = None
for ¢ in ["galaxy’, 'Galaxy’, 'name’, ’Name’, ’GALAXY']:
if ¢ inrow and row[c].strip():
name = row[c].strip()
break
if name is None:
name = Llist(row.values())[0].strip()
extralname] = row

#f ——— SPARC photometric table (h R EEWNE, HhlE) ——

photo hR = {}

photo_candidates = [
"SPARC Lelli2016¢c.mrt”,
”SPARC_Leli2016c. dat”,
"SPARC properties.csv”,
”sparc_photo.csv”,
"Tablel. dat”
"tablel.mrt”,

]

photo_file = None

for fn in photo_candidates:
if os.path.exists(fn):

photo_file = fn



break

if photo file:
print(f"[INFO] Photometric table found: {photo file}”)
# MRT/dat7 + —< v b DFHHAH % HIT
try:
with open(photo file, ”r”, encoding="utf-8”, errors="replace’) as fh
lines = fh.readlines()
# CSVAEEIEA % HITE
if’7,” in Llines[0]:
, prows = load csv(photo file)
print(f” CSV format, columns: {list(prows[0].keys()) if prows else 'empty’}”)
for row in prows:
gname = None
for ¢ in ['Galaxy’, ’galaxy’, ’'Name’, ’name’]
if cin row:
gname = row[c].strip()
break
hR = None
for ¢ in ['Rd", 'Rd", "h R’, "hR’, ’Rdisk’, 'scale length’]
if ¢ in row and row[c].strip():
try:
hR = float(row[c])
except ValueError:
pass
if gname and hR and hR &gt; 0:
photo hR[gname] = hR
else:
# MRTR: EEIE, SPARCDIZE Galaxy=coll-12, R d (Z4FEF
t ANvHTERFY U CBUEITEFY
for Lline in lines:
parts = Lline.split()
if len(parts) &gt;= 6:
try:
# #a%Y: Galaxy T D(Mpc) e D inc e inc L R d(kpc) ...
float(parts[2]) # DAER{EL: & AKIT
gname = parts[0]
#Rd ORBEETA>RFy T (ERRT 4 —< v MHRBE)
except (ValueError, IndexError):
pass
print(f” MRT format detected. Auto-parse may need adjustment.”)
except Exception as e:
print(f” [WARN] Failed to parse photometric table: {e}”)

print(f”[INFO] Photometric h R available for {len(photo hR)} galaxies”)

#
#2. Vdisk E—2H5 hR EZ#E
#

def read sparc dat(galaxy name):
candidates = [f”{galaxy name} rotmod.dat”, f”{galaxy name}.dat”]
for fname in candidates:
if os.path.exists(fname):
data = np. loadtxt(fname, comments="1’")
rad = datal:, 0]
v_obs = datal[:, 1]
v gas = data[:, 3]
v disk = datal[:, 4]
v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)
return rad, v_obs, v gas, v disk, v_bul
return None, None, None, None, None

def estimate hR from vdisk(rad, v disk):
FreemanfS#( MM : V disk(r) WE—2 & r peak = 2,15 X h R
|V disk| DE—2%ZE&REDFT hR 2#ET S
if rad is None or len(rad) &lt; 3:
return None, None

abs vd = np.abs(v disk)

t 2754 vEETE—Y 2 REE
if len(rad) &gt;= 4:
try:
from scipy. interpolate import UnivariateSpline
r_fine = np. linspace(rad.min(), rad.max(), 500)
spl = UnivariateSpline(rad, abs vd, s=len(rad)*0.5, k=min(3, len(rad)-1))
vd fine = spl(r fine)
i_peak = np.argmax(vd fine)
r peak = r_fine[i peak]
except Exception:
i_peak = np.argmax(abs_vd)
r peak = rad[i peak]
else:
i _peak = np.argmax(abs vd)
r peak = rad[i peak]

t E—UDBRARICHDIHE (L LEFH) > h R BHEETEE (TROHA)

if r peak &gt;= rad.max() * 0.95:
return None, r peak # h R=None, r peakiR¥

h R =r peak / 2.15



return h R, r peak

#

#3. A4 N—7
#

results = []

for d in detail rows:
gal = d['galaxy’ ].strip()
vf = float(d[’v flat’])
ft = float(d[' f tanh’])
rs = float(d[’ r_s_tanh’])
ud = float(d[ upsilon d’])
ext = d[’is extrap’ J.strip() == "True’

# h R ER{E (f%: photo table — V disk peakiftE)
h_R = None

h R source = None

r_peak = None

if gal in photo hR:
h R = photo hR[gal]
h_R_source = "photo’

# V. disk peak H>DHRE (photo 13> TH LLEMICEHE)
rad, v obs, v gas, v disk, v bul = read sparc dat(gal)
h_R_est = None
if rad is not None:

h R est, r_peak = estimate hR from vdisk(rad, v_disk)

if h.R is None and h_R est is not None:
h R=hRest
h_R_source = "vpeak’

if h.R is None or h R &lt;= 0:
continue

# rstanh /hR
rs over hR = rs / h R

# r s tanh / (2.15 % hR) =r.s / r peak (E—%tt)
rs over rpeak = rs / (2.15 % h R) if h R &gt; 0 else None

results. append({
"name’ : gal,
Tv_flat’: vf,
'f tanh’: ft,
‘rs’:ors,
“upsilon d’: ud,
"hR: hR,
"h_R source’: h_R source,
"r peak’: r peak,
"h R est’: h R est,
"rs over hR': rs over hR,
"rs_over_rpeak’ : rs_over_rpeak,
"is extrap’: ext,

b
print(f"¥n[INFO] h R EX1SE¢Zh: {len(results)} / {len(detail rows)} #E3”)
n photo = sum(1 for r in results if r[’h R source’] == ’photo’)
n_vpeak = sum(1 for r in results if r[’h R source’] == "vpeak’)

print(f” photo table: {n photo}, V disk peak: {n vpeak}”)

t FEAROHDY Ty b
res_in = [r for r in results if not r[’is_extrap’]]

print(f” 3ZE4$E: {len(res in)}”)

#
# 4. r_s tanh / h R OEFKHKE
#

print(f"¥n{’ =" %70}")
print("r s tanh / h R OEKHHE")
print(f”{ =" %70}")

def stats block(label, data):

arr = np.array([d[’ rs_over hR’] for d in datal)
print(f"¥n--- {label} (N={len(arr)}) ---")
print(f” ®R{E: {np.median(arr):.3f}")
print(f" E9{E: {np.mean(arr):.3f}”)

print(f’ 12#{E=: {np.std(arr):.3f}")
print(f” 25%ile: {np.percentile(arr, 25):.3f}")
print(f” 75%ile: {np.percentile(arr, 75):.3f}")
return arr

rh all = stats block("£4R”, results)
rh_in = stats block("3E4MEDH”, res_in)

it
#5 rs/hRvsv flat OEEETZ1 v T4 T
it
print(f’¥n{’ =" %70}")

print("r_s tanh / h R vs v flat”)
print(f7{ =" %70}")




# IESET — 5 TEAR

vf_arr = np.array([d['v_flat’] for d in res_in])

rh arr = np.array([d[’ rs over hR’] for d in res in])
ft_arr = np.array([d[’ f_tanh’] for d in res_in])
rs_arr = np,array([d[’r s’] for d in res in])
hR_arr = np.array([d[’h_R"] for d in res_in])

ud arr = np.array([d[’ upsilon d’] for d in res in])
N = len(vf_arr)

°

#t EDEDH (logfiRififa)

mask pos = (rh arr &t; 0) &amp; (vf arr &gt; 0)
Lv = np. log1@(vf_arr[mask_pos])

Lrh = np. log10(rh arr[mask pos])

N_pos = mask_pos. sum()

# Pearson &amp; Spearman

rp, pp = pearsonr(lv, Llrh)

rs_corr, ps = spearmanr(vf_arr[mask pos], rh arr[mask pos])
print(f"¥nlog(r s/h R) vs log(v flat): Pearson r={rp:.4f}, p={pp:.2e}”)
print(f’r_s/h R vs v_flat: Spearman p={rs_corr:.4f}, p={ps:.2e}”)

#-—— REFET 1 v b: log(r_s/h R) = a+ bxlog(v) -—-

pl = np.polyfit(lv, Lrh, 1)

print(f"¥n_R&F: r_s/h R oc v _flat™{p1[0]:.3f}")

print(f” log(r s/h R) = {p1[1]:.3f} + {p1[0]:.3f}xlog(v flat)”)

#t ——- log— -—-
p2 = np.polyfit(ly, Lrh, 2)
lv min2 = -p2[11/(2%p2[0]) if abs(p2[0]) &gt; le-6 else None
print(f"¥nlog—R: {p2[2]:.3f} + {p2[1]:.3f}*log(v) + {p2[0]:.3f}*log(v)*")
if lv.min2:

print(f” iR{ES: v flat = {10%xlv_min2:.1f} km/s”)

# --- BICLLE ——

predl = np.polyval(pl, Lv)

pred2 = np.polyval(p2, Lv)

predd = np.mean(lrh) * np.ones(N pos)

rssO = np.sum((lrh - pred@)**2)
rssl = np.sum((lrh - pred1)**2)
rss2 = np.sum((lrh - pred2)*x2)

bicd = N pos * np. log(rss0/N pos) + Txnp. log(N pos)
bicl = N_pos * np. log(rss1/N_pos) + 2#np. log(N_pos)
bic2 = N _pos * np. log(rss2/N pos) + 3%np. log(N pos)

print(f"¥nBICLL#%:")

print(f” E#: BIC={bic0:.1f}")

print(f” ~&HF: BIC={bicl:.1f} (ABIC={bicl-min(bicO, bicl, bic2):.1f})”)
print(f” log=: BIC={bic2:.1f} (ABIC={bic2-min(bicO,bicl, bic2):.1f})")

#
#6. hRvsv flat DRT—Y VT (BRIO/NY A VEROHEER)
#

print(f’¥n{’ = %70}")
print("h R vs v_flat (\NUF DY X-BERERFR) ")
print(f”{ =" %70}")

LhR = np. log10(hR arr[mask pos])
p_hR = np.polyfit(lv, LhR, 1)
r hR, p hR p = pearsonr(Llv, LhR)

print(f"¥nh R oc v flat™{p hR[0]:.3f} (r={r hR:.4f}, p={p hR p:.2e})")
print(f” log(h R) = {p hR[1]:.3f} + {p hR[0]:.3f}xlog(v flat)”)

it
#7. a =0.79%5 OHRE
it
print(f"¥n{’ =" %70}")

print("a = 0.795 ®9fR: r s = (r s/h R) X hR")
print(f7{ =" %70}")

#rsvsvflat OEEZ71 v~ (FER)

Lrs = np. log10(rs_arr[mask pos])

p rs = np.polyfit(lv, Lrs, 1)

r rs, p_rs p = pearsonr(Llv, Lrs)

print(f"¥nE#E 7 4 v b: r s oc v flat™{p rs[0]:.3f} (r={r rs:.4f})")
print(f"¥n9#2:")

print(f” r s oc v flat™{p rs[0]:.3f} (EEZ+1v N)")

print(f” hR oc v flat™{p hR[0]:.3f} (/NY A4 A X-EE)")
print(f” r_s/h R oc v flat™{p1[0]:.3f} (EEBLBOEEREKEFME)")
print(f” &%&t: {p hR[0]:.3f} + {p1[0]:.3f} = {p hR[OJ+p1[0]:.3f} (cf. EiE={p rs[0]:.3f})")
print(f’¥n - NYAF>vHFS5 B = {p hR[0]:.3f}")

print(f” — REHHFS v = {p100]:.3}")

print(f” — a = B + v = {p hR[0]+p1[0]:.3}")

#
# 8. EvRIfRE
#

print(f’¥n{ =" %70}”)
print("v_flat EV 3 r s/h R #5t GE4E) ")
print(f”{ =" %70}")

sort_idx = np.argsort(vf arr[mask pos])
n per = N pos // 6
bin vf =[]



bin rh = []
bin_hR_med = []

print(f"¥n{’v_flat#if’ :&gt;18s} {'N :&gt;4s} {'r_s/h REER{E  :&gt;12s} {'h RAR{E’ :&gt;10s} { r sHhR{fE" :&gt;10s} { frhR{E’ :8gt;8s}”)
for i in range(6):

i0 = i * n_per

i1 = (i+1) * n per if i &lt; 5 else N pos

idx = sort_idx[i0:i1]

vf b = vf arr[mask pos][idx]

rh_b = rh_arr[mask_pos][idx]

hR b = hR arr[mask pos][idx]

rs_b = rs_arr[mask pos][idx]

ft b = ft arr[mask pos][idx]

label = f"{vf_b.min():.0f}-{vf b.max():.0f}”

print(f’{label:&gt;18s} {len(idx):4d} {np.median(rh b):12.3f} {np.median(hR b):10.3f} {np.median(rs b):10.3f} {np.median(ft b):8.3f}")

bin_vf.append(np.median(vf_b))

bin rh. append(np.median(rh b))

bin_hR_med. append(np. median(hR_b))

#
#9. RDIERR
#
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) r s/h R vs v flat (log-log)

x = axes[0, 0]

ax.scatter(lv, Lrh, s=8, alpha=0.4, c="steelblue’)

x.scatter(np. log10(bin_vf), np. log1@(bin_rh), s=60, c="red’, zorder=5,
edgecolors="black’, label="Bin medians’)

vv = np. Linspace(lv.min(), Llv.max(), 200)

ax.plot(vv, np.polyval(pl, vv), "g--', label=f"Power: y={p1[0]:.3f}")

ax.plot(vv, np.polyval(p2, vv), ’r-", label=f"Log-quad’)

ax.set xlabel(’ log(v flat)’)

ax.set_ylabel(’ log(r_.s / hR)")

ax.set title(f' (a) r s/h R vs v flat (r={rp:.3f})")

ax. legend(fontsize=8)

»

»

# (b) h R vs v flat

ax = axes[0, 1]

ax.scatter(lv, LhR, s=8, alpha=0.4, c="orange’)

ax.plot(vv, np.polyval(p hR, vv), "k-=", label=f"h R oc v~ {p hR[0]:.2f}")
ax.set_xlabel(’ log(v_flat)’)

x.set ylabel(’ log(h R) [kpc]l’)

x.set_title(f’ (b) h R vs v_flat (B={p_hR[0]:.3f})")

ax. legend(fontsize=8)

# (c) rs vs v flat (B, DROHR)
ax = axes[0, 2]
ax.scatter(lv, Lrs, s=8, alpha=0.4, c="green’)
ax.plot(vv, np.polyval(p rs, vv), "k-", label=f"r s oc v {p rs[0]:.2f} (direct)’)
ax.plot(vv, np.polyval(p hR, vv) + np.polyval(pl, wv), ’r--"
label=f"h R X (r_s/h R) oc v {p hR[0]+p1[0]:.2f}")
ax.set xlabel(’ log(v flat)’)
ax.set_ylabel(’ log(r s) [kpc]’)
.set title(f' (c) o« decomposition check’)
ax. legend(fontsize=8)

[T

»
I3

#(d) rs/hRDOERANTS L

ax = axes[1, 0]

ax.hist(rh arr[mask pos], bins=40, color="steelblue’, edgecolor="white’)

ax.axvline(np.median(rh arr[mask pos]), color="red, ls="--'
label=f"Median={np.median(rh_arr[mask pos]):.2f}")

x.axvline(2.2, color="gray’, ls=":", label="r s = r peak (2.2 h R)")

x.set xlabel(’r s tanh / h R")

x.set ylabel(’ Count’)

x.set title(’ (d) r s/h R distribution’)

x. legend(fontsize=8)

x.set xLim(0, max(15, np.percentile(rh arr[mask pos], 98)))

R )

# (e) fvs rs/hR

ax = axes[1, 1]

ax.scatter(rh arr[mask pos], ft arr[mask pos], s=8, alpha=0.4, c="purple’)
rho frh, p frh = spearmanr(rh arr[mask pos], ft arr[mask pos])

ax.set xlabel(’r s tanh / h R")

ax.set ylabel(’ f~(tanh)’)

ax.set title(f' (e) f vs r s/h R (p={rho frh:.3f})")

# (f) r s/h R vs r s/r peak (E—%tbt& DRER)

ax = axes[1, 2]

# r s/ (2.15%h R) = r_s/r peak ZKR

rs_rpeak = rs_arr[mask pos] / (2.15 % hR arr[mask pos])
ax.scatter(vf arr[mask pos], rs rpeak, s=8, alpha=0.4, c="teal’)
ax.axhline(1.0, color="gray’, ls="--", label="r s = r peak’)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’r s tanh / r peak’)

ax.set title(f' (f) r s vs disk peak (median={np.median(rs rpeak):.2f})")
ax. legend(fontsize=8)

X X X X X X

plt. tight layout()
plt.savefig(’step2 rs hR relation.png’, dpi=150)
print(f"¥n[SAVED] step2 rs hR relation.png”)

#
# 10. CSVHHA
#

out csv = "step2 rs hR detail.csv”




n o»

with open(out csv, "w”, newline="", encoding="utf-8’) as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, 'v flat’, 'r s tanh’, "h R’, "h R source’,
"rs_over_hR’, 'f tanh’, ’upsilon d’, ’is_extrap’])
for d in sorted(results, key=lambda x: x['v flat’]):
writer.writerow([
d[’name’ ], f7{d[’v_flat’]:.1f}”, "{d["r s’ ]1:.3f}",
f7{d["h R ]:.3f}", d["h_R source’],
f7{d[’ rs_over hR’]:.4f}”, f"{d[’ f tanh’]:.4f}",
f7{d[" upsilon_d’ J:.3f}”, d[’is extrap’]
i}
print(f”"[SAVED] {out csv}”)

#
#11. 5
#
print(f’¥n{’ = %70}")
print("Step 2 #E®")
print(f7{' =" %70}")

print(F7""
B a =0.795 ONRER:

r_s tanh oc v_flat"a where &« = B + v

B = {p hR[0]:.3f} (h R oc v flat"B: NUF > DY X-BEER)
v = {p1[0]:.3f} (r_s/h R oc v flat"y: REBMABOEEKEFE)
B + v = {p_hR[01+p1[0]:.3f} (cf. EET 4 v b a = {p rs[0]:.3f})

W IR

B BNYFVRHDRT—) I TRED (SHEBAA)
V3. 0D HRARN OHETREE

<

v =0 = r s/h R =const (BEBBIZEICT 1+ 2 DR UERMIE)
v 8&gt; 0 = KEEAEFE r s T4 RVDHNMATEES
v &lt; 0 = AMRAIEE r s AT 4 RV DHAEITRES

W r s/h R OF#fE = {np.median(rh arr[mask pos]):.2f}
r s/r peak MAHR{E = {np.median(rs_rpeak):.2f}
— r_s tanh (& V. disk E—2 D {np.median(rs rpeak):. 1f}HEDAIE

B f vs r s/h R D#EEI: Spearman o = {rho frh:, 3f}
— {{f&r s/h RIZE<ABEAE (UFBEDEREADr s/h ROZEHHICH S)  if abs(rho frh) &gt; 0.3 else 'f&r s/h ROMEEIEFZT LN}

B T-AT~D#EER:
Step 3Tk v = {p1[0]:.3f} ZV3.QDTFHERHENSHEBHTEXZHMHREFT 2
h R oc v flat™{p hR[0]:.3f} (TAERDEMMIEBE LTHRD

oy



4. step3_alpha_derivation.py

IEH
7x—2X Step 3 (IHAR)
H# v3.0 + FreemanM 8N 5 alpha DIERZRAYEH
fE s rs2 + fEIRRE (f(v_flat) UPE% V peak REICHEM)
R alpha_theory "= 0.80, C-1 f&E&R:fwE CHEMIL,
RAF—8 2R ®m (C-1 BRHAE)

=S

Freemanig 2t AR DARITHY v bar(r) A#EEEL. v3.0 @ MOND T v obs(r) %EtE, tanh 74 v N T r s tanh
EREL. v_flat ZRMHMICEZ T alpha #EH,

Y—RO—R£2X

#1/usr/bin/env python3
Step 3: v3.0 DFEMRM + Freeman AEADS o AIBFRAICEH

&
1. FreemaniS BB DM v_bar(r) %HEE
2. v3.0 @ MOND T g obs(r) — v obs(r) %&t&
3. tanh EFILET 1 v bLT r_s tanh %RE
4, v flat ZRFMICEZT r s tanh(v flat) ORT—1) v T AEEH
5. BBIfE (=0.883, B=0.600, 7=0.284) & Lh#k

BT -5 TE (MRIERETE)

5E24T: uv run --with scipy —-with matplotlib --with numpy python step3 alpha derivation.py

nan

import numpy as np

from scipy.optimize import curve fit, brentq
from scipy.special import i0, i1, k0, ki
from scipy.stats import pearsonr

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

i
i MEER
i
ad = 1.2e-10 # m/s"2, MONDADZERE

G = 4.3e-3 # (km/s)"2 pc / M_sun — fFbiRL (FERTL)
kpc_to m = 3.086e19

1. Freeman MO EIEREE

ESSESESY

def v disk freeman(r, h R, V_peak):
Freemantg M MB O OmkE (FEHTHR)
V disk™2(r) = 4%pi*GxSigma0*h R % y~2 % [I0%KO - I1xK1]
ZITy=r/(2%hR)

V_peak TH#R#&IL : V disk(r_peak) = V peak
r peak = 2,15 * h R

y=r/ (2.0 x hR)

I REMEH (y=0 THREMDIE)

y = np.clip(y, 1e-6, 50.0)

i Bessel BHDMEH»EDLE
bessel term = yx*2 * (i0(y)*k0(y) - i1(y)*k1(y))

# r_peak TOBesselfE%EHE L TREIL

y peak = 2,15 * h R/ (2.0 * h R) # = 1.075

bessel peak = y peak**2 % (i0(y _peak)*k0(y peak) - i1(y_peak)*k1(y peak))
v2 = V_peak**2 * bessel term / bessel peak

return np.sqrt(np.maximum(v2, 0.0))

de

—+

v_gas_model(r, h R, f gas=0.3):
HABBOMBET N : EHABRDOUEOR T -V R
V gas oc f gas % V disk(r, 2%h R)

I ARDRT—VRIGHEMICT 4 Y D1.5-245
h_ gas = 2.0 x h R

y=r/ (2.0 * h_gas)

y = np.clip(y, Te-6, 50.0)

bessel term = yxx2 % (i0(y)*k0(y) - i1(y)*k1(y))



y peak = 1,075

bessel peak = y peak**2 % (i0(y peak)*k0(y peak) - i1(y_peak)*k1(y peak))
v2 = (f gas * 30.0)%%2 % bessel term / bessel peak 1 FIZRIEIL

return np. sqrt(np.maximum(v2, 0.0))

. v3.0 @ MOND =

ESESESY
N

de

-

g obs mond(g N, g c):

v3.0 K (5): g obs = (g N + sqrt(g N°2 + 4%g cxg N)) / 2

return (g N + np.sqrt(g N#x2 + 4xg cxg N)) / 2

def v _obs from mond(r kpc, v bar, g c ms2):
g N=vbar2/r (SIBAICEHLTEHE)
g obs = MOND=;
v_obs = sqrt(r * g obs)
rm=r_kpc * kpc_tom
v bar ms = v bar * 1e3 # km/s — m/s

g N = np.where(r m &gt; 0, v_bar ms¥x2 / r m, 0.0)
g o =g obs mond(g N, g c ms2)

v obs ms = np.sqrt(r m * g o)

return v obs ms / 1e3 # m/s = km/s

. tanh 71 v REFIL

ESSESESY
w

de

-

tanh model(r, v flat, r s):

"y ¢t2 = v flat™2 % T(r, r.s), T = 0.5%(1+tanh((r-r s)/r s))""”
T=20.5% (1.0 4+ np.tanh((r - rs) / rs))

return np.sqrt(v_flats*2 * T)

de

-

tanh model with bar(r, v flat, r_s, v bar arr):
"y ¢"2 = v bar2 + v flat"2 * T(r, r s)""”
T=0.5% (1.0 + np.tanh((r - rs) / rs))
return np.sart(v_bar arrxx2 + v flatx2 * T)

de

-

fit tanh(r, v obs, v bar):
v c"2(r) = v bar"2(r) + v flat™2 * T(r, r s) & v obs IC74 vk
T4y RS X—%: v flat, r s
def model(r, vf, rs):
T=0.5% (1.0 + np. tanh((r - rs) / rs))
return np.sqrt(v barsk2 + visx2 x T)

i *HAHEE
vfd = v obs[-1]
rs0 = rllen(r)//3]

try:
popt, _ = curve fit(model, r, v obs, p@=[vf0, rs0],
bounds=([0.1, 0.01], [500, r[-1]%3]),
maxfev=5000)
return popt[0], popt[1] # v flat fit, r s fit
except Exception:
return None, None

i
t 4. ARERAOERE T4 v T4 VT
i

B RXUFYDRT—Y VTR (Step 2 DBAER)
#f h Rocv flat™0.600
# #84&1E 1 v flat=100 km/s D& E h R = 2.5 kpc (H#2FYHY)

def hR from vflat(vf):
"""h R [kpe] = A % (v_flat/100)°0.600"""
return 2.5 % (vf / 100.0)*x0.600

def Vpeak from vflat(vf, Upsilon d=0.5):
V peak (F4 R DE— 7 Q$nEE)
IR ODIBAE: V peak 2 oc M disk/h R oc Upsilon d * L / hR
Tully-Fisher: L oc v _flat™4, h R oc v flat”0.6
— V peak™2 oc v flat™4 / v flat™0.6 = v_flat™3.4
— V_peak oc v flat™1.7
{BL V peak &lt; v flat (/N v 7213 TIEEERER%E BT ERL)

IRBAEIE f = 0.29 OFFR{EMNS: V peak™2 = f x v_flat™2 at r_peak
2L f & UFBADT v flat KEFICT 2



# Step 1 @ log=)REFI: log(f) = 5.80 - 6.8%Llog(v) + 1.84xlog(v) 2
Lv = np. log10(vf)

log f = 5.80 - 6.89xlv + 1.84%lvxx2

f = 10%xlog_f

f = np.clip(f, 0.05, 2.0)

V_peak = np.sqrt(f) * vf

return V_peak

print("="%70)
print("Step 3: v3.0 + Freeman[#& — o DIBHRMELR")
print("="%70)

# - v flat O#EFE --—-
vflat grid = np. logspace(np. Log10(20), np. log10(300), 40)

t-—9cdOYFIVA —
scenarios = {
’g c=al’ : a0,
g c=0.5%a0’ : 0.5%a0,
’g c=2%al’ : 2.0%al,

all _results = {}

for scenario_name, g c in scenarios. items():
print(f"¥n-—- &+ 7 : {scenario name} ---")

rpeak_Llist = []
f list = []

for vf in vflat grid:
h R = hR_from vflat(vf)
V_peak = Vpeak from vflat(vf)
r peak = 2.15 * h R

t¥ERIT)Y R
r = np. linspace(0.1 * h R, 15.0 x h R, 300)

LRAUE I35

v_bar = v_disk freeman(r, h R, V peak)

# MOND (T & % BRI dm5E
v_obs = v_obs from mond(r, v bar, g c)

# tanh 74 v b
vf fit, rs fit = fit_tanh(r, v_obs, v_bar)

if vf_fit is None or rs fit &Llt;= 0:
continue

i f OFE
v_bar_at_rs = np.interp(rs_fit, r, v_bar)
f val = (v bar at rs / vf fit)%x2

rs list.append(rs fit)
vf_List.append(vf)

hR Llist.append(h R)
rpeak_List.append(r_peak)
f list.append(f val)

rs_arr = np.array(rs list)
vf_arr = np.array(vf_Llist)

hR arr = np.array(hR Llist)
rpeak_arr = np.array(rpeak Llist)
f arr = np.array(f list)

N = len(rs_arr)

if N&lt; 5:
print(f” 274 v MRIHEARR: N={N}")

continue

- R—\ v TR -
lv = np. log10(vf arr)

Lrs = np. log10(rs_arr)
LhR = np. log10(hR arr)
Lrh = np. log10(rs_arr / hR arr)

fa:rsocva

p alpha = np.polyfit(lv, Llrs, 1)
# B:hRoc v g

p beta = np.polyfit(lv, LhR, 1)
# v:rs/hRo vy

p_gamma = np.polyfit(lv, Lrh, 1)

# r s/ r_peak
rs_rpeak = rs arr / rpeak arr

print(f” N={N}")

print(f” a (r.s “ v a) = {p alpha[0]:.4f}")

print(f” B (h R~ v B) = {p beta[0]:.4f} (AF: 0.600)")
print(f” v (r s/n R~ v ¥) = {p ganma[0]:.4f}")



print(f” B + v = {p betal[0]+p gamma[0]:.4f}")

print(f” r_s/r peak FAR{E = {np.median(rs_rpeak):.4f}”)

print(f” r s/r peak #E = {rs rpeak.min():.3f} - {rs rpeak.max():.3f}")
print(f” f FAR{E = {np.median(f arr):.4f}")

all results[scenario name] = {
"vf i vf arr, "rs’: rs arr, 'hR: hR arr, ’rpeak’: rpeak arr,
"f': f_arr, "alpha’: p_alpha[0], 'beta’: p beta[0],
"gamma’ : p gamma[0], ’rs rpeak’ : rs rpeak,
"p_alpha’: p_alpha, 'p gamma’ : p_gamma,

i
#5. @UAIEE DB
i

print(f’¥n{’ =" %70}")
print ("ELAIE & DLEE”)
print(f"{" =" %70}")

print(f"¥n{" >+ 1) 7 :8gt;15s} { « theory’ :8at;10s} {’ v _theory’ :&gt;10s} {’r_s/r peak’ :8gt;10s}”)
print(f"{ £8M&" :&gt;15s} {’0.883 :&gt;10s} {'0.284 :&gt;10s} {'0.98 :&gt;10s}”)

print(”-"x50)

for name, res in all results. items():

print(f”{name:&gt;15s} {res[’alpha’]:10.4f} {res[’gamma’]:10.4f} {np.median(res[’rs_rpeak’]):10.4f}")

#
6. MEMTEVEE DR
#
print(f’¥n{’ = %70}")
print "RTHER")
print(f”{" =" %70}")

print ("
M r_s_tanh = r_peak ODfRITAVIEAR

K (7): v.c*(r) = v bar®(r) + v flat® - T(r, r_s)
MOND: v obs® = r + g obs =r - [gN/2+ 4 (g N/4+gcrgN)]

tanh 74 v h® r s & Tvobs(r) OFRELLRADR] I,

Freeman M8 TI& v bar(r) (& r peak = 2.15-h R TE—7,
r &lt; r_peak: v_bar EF — v obs R LEFH (/N F UERE))
r &t; r peak: v bar &, v flat O A#E — v obs FiHIL

— v obs DBHFEZE(L (M->MOEMR) A r peak [HEICES
— tanh(w-(r-r_s)/r s) OZE@EIE r = r s
— r_s tanh = r_peak (BALIERE)

By # 0 DR

SEMONDABBR (g N &Lt;&Lt; g c) : v obs = (g c-v bar®/r)~{1/4} - r~{1/2}
— BRBY¥REIF v bar(r) ODE—F TIEAL, v bar’/r DE—9 THRZES
— r peak(v bar?/r) = r peak(v bar)-[#IEIE]

Za— bk VB (g N &gt;8gt; g c) : v obs = v_bar
- BRB¥E = v bar DE—Y (ZFDFF)

RERA: LW=—a—hkU# - r_s = r_peak(v_bar)
INSRSET: K WSEMOND — r s = r peak(v bar®/r) &gt; r peak(v bar)

— NMRAIT r s/r peak AHFMIELRT B
> v OFSEREEE g Ng c DULERELTRES

nomy
i
#7. g N/g c LLEDRMIE(DHEER
i

print(f"¥n{’ =" %70}")
print("g N(r_peak)/g ¢ @ v flat {KiFM")
print(f7{ =" %70}")

if "g c=ad’ in all results:
res = all results[’g c=a0’]
vf arr = res['vf']
rpeak arr = res[’ rpeak’]

# 9 N(r_peak) DFtH
gN at rpeak = []
for i in range(len(vf arr)):
vf = vf arr[i]
h R = res[’hR" I[i]
V_peak = Vpeak from vflat(vf)
r peak = rpeak arr[i]

v bar peak = V peak # V disk D¥—/ &
g N = (v_bar peak * 1e3)*¥2 / (r _peak * kpc to m)
gN_at rpeak.append(g N / a0)

gN at rpeak = np.array(gN at rpeak)
print(f"¥nv flat [km/s] g N(r peak)/a0 regime”)
for vf show in [25, 50, 75, 100, 150, 200, 300]:
idx = np.argmin(np.abs(vf arr - vf show))
regime = "deep MOND” if gN at rpeak[idx] &lt; 0.3 else ¥
"MOND” if gN at rpeak[idx] &lt; 3 else "Newtonian”
print(f” {vf arr[idx]:6.0f} {gN at rpeak[idx]:8.3f} {regime}”)



i
#8. EDIEM
i

fig, axes = plt.subplots(2, 3, figsize=(16, 10))
colors = {"g c=a0’: "blue’, "g c=0.5%a0’: "green’, 'g c=2xal’: 'orange’}

# (a) r s vs v flat 3B/ vs B8
ax = axes[0, 0]
for name, res in all results. items()
lv = np. log10(res[’ v’ 1)
Lrs = np. log10(res[’ rs’ 1)
ax.plot(lv, Lrs, '-", color=colors.get(name, "gray’),
label=f"{name}: a={res[’alpha’]:.3f}")
ax.plot([np. log10(20), np. log10(300)],
[np. polyval([0.883, -1.5], np. log10(20)),
np.polyval([0.883, -1.5], np. log10(300))],
"k--", alpha=0.5, label="0Observed «=0.883")
x.set xlabel(’ log(v flat)’)
.set_ylabel(’ log(r_s_tanh)’)
x.set title(’(a) r s vs v flat: theory’)
x. legend(fontsize=7)

D op P
>

# (b) r s/h Rvs v flat (v @aE#L)
ax = axes[0, 1]
for name, res in all results. items()
lv = np. log10(res[’ v’ 1)
Lrh = np. log10(res[’rs’] / res[’hR’ ])
ax.plot(lv, Lrh, "-", color=colors.get(name, "gray’),
label=f"{name}: ¥ ={res[’ gamma’]:.3f}"”)
x.axhline(np. log10(2.11), color="k’, ls="--", alpha=0.5, label="0bs median=2.11")
x.set_xlabel(’ log(v_flat)")
ax.set ylabel(’ log(r s / h R)")
x.set_title(’ (b) ¥ : membrane contribution’)
x. legend(fontsize=7)

[T

[T

# (¢c) r s/ r peak vs v flat
ax = axes[0, 2]
for name, res in all results. items()
ax.plot(res[’vf ], res[’rs rpeak’], '-’, color=colors.get(name, ’gray’),
labe l=name)

ax.axhline(0.98, color="k’, ls="--", alpha=0.5, label="0bs median=0.98")
ax.axhline(1.0, color="gray’, ls=":", alpha=0.3)
ax.set xlabel(’v_flat [km/s]")

ax.set ylabel(’r s / r peak’)
ax.set_title(’ (c) r_s_tanh / r_peak’)

>

ax. legend(fontsize=8)

>

#(d) f(v flat) DIBf vs B
ax = axes[1, 0]
for name, res in all results. items()
ax.plot(res[’vi'], res[’f'], ', color=colors.get(name, 'gray’),
labe l=name)
i Ao U PR
vv = np. logspace(np. Log10(20), np. log10(300), 100)
Lv_obs = np. log10(vv)
log f obs = 5.80 - 6.89xlv_obs + 1.84%Llv_obs**2

ax.plot(vv, 10%xlog f obs, "k--', label="0Obs (log-quad)’)
ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’ f~(tanh)’)

ax.set title(’ (d) f(v_flat): theory vs obs’)

ax. legend(fontsize=7)

ax.set_ylim(0, 1.5)

i (e) ARESRADEERIRE] (361)
ax = axes[1, 1]
for vf show, col in [(30, "blue’), (100, 'green’), (250, ’red’ )]
h R = hR from vflat(vf show)
V_peak = Vpeak from vflat(vf show)
r = np. linspace (0. 1%h R, 12%h R, 300)
v _bar = v disk freeman(r, h R, V peak)
v_obs = v_obs from mond(r, v bar, a0)

rnorm=r/hR

ax.plot(r_norm, v bar, '--", color=col, alpha=0.4)

ax.plot(r_norm, v obs, "-", color=col
label=f"v_flat={vf show}")

ax.axvline(2.15, color="gray’, ls=":", alpha=0.3)

x.set xlabel('r / h R")

x.set _ylabel(’v [km/s]")

.set title(’ (e) Synthetic RCs (dashed=baryonic)’)
x. legend(fontsize=8)

)
I3

() a ONBE BEI>7)
ax = axes[1, 2]
if g c=a0’ in all results:
res = all results[’g c=a0’]
labels = [’ Observed’, 'Theory (g c=a0)’]
betas = [0.600, res[’beta’]]
gammas = [0.284, res[’ gamma’ ]]
x = np.arange(len(labels))
w=0.35
ax.bar(x, betas, w, label=" B (baryonic)’, color="steelblue’)
ax.bar(x, gammas, w, bottom=betas, label="y (membrane)’, color="coral’)



for i in range(len(labels)):
ax. text(i, betas[il+gammas[i]+0.02, f" o ={betas[i]+gammas[i]:.3f}",

ha="center’, fontsize=9)

.set_xticks(x)

.set xticklabels(labels)

ax.set_ylabel(’ Exponent’)

ax.set title(’ (f) a decomposition’)

ax. legend(fontsize=8)

a
a

X X X X X

plt. tight layout()
plt.savefig(’ step3 alpha derivation.png’, dpi=150)
print(f"¥n[SAVED] step3 alpha derivation.png”)

#
#9. mA&HER
#

print(f’¥n{’ = %70}")
print("Step 3 JiR#ER")
print(f”{ =" %70}")

if "g c=ad’ in all results:
res = all results['g c=a0’]
print(f7”
M V3.0 + FreemanA#% + h R cc v70.6 + f(v flat) U H5:

B « = {res[’alpha’]:.4f} (88 « = 0.883)

i B = {res['beta’]:.4f} (& B = 0.600, AN{E)
B v = {res['gamma’ J:.4f} (88 v = 0.284)

r s/r peak = {np.median(res[’ rs rpeak’ ]):.4f} (&8 = 0.98)

B —EEOE:
o: 3% {res[ alpha’]:.3f} vs £33 0.883 — = {abs(res[ alpha’ ]-0.883):.3f}
v: i {res[’ gamma’ ]:.3f} vs &l 0.284 — 2 {abs(res[’ gamma’ ]-0.284):.3f}

W R
7))
if abs(res[’alpha’] - 0.883) &lt; 0.1:
print(” — a & v3.0 @ MOND X + Freeman PI#EH\5EHTTAE")
print(” — HEBAAIE h R oc v70.6 & f(v flat) OUFEDH”)
print(” — EIZHREBOH LWYREFE (v (SMONDER OLMEHHMR) )
elif abs(res[’ gamma’] - 0.284) &Lt; 0.1:
print(” = v OKREIIEHEHR, MONDERDBAZHMNR CHREATAE. )
print(” - a OEF B DANBEICKE. )
else:
print(" — EEREBAICERAENH D, V)
print(” — BMOYIE (9 c OI/TKEESE) »BERTEEME, )

print (£
B T-A1 OEZE (REER) :

72+ r s tanh o< v flat™0.795 H\]
EZ 3IDDERDEH»EDE:

(1) hRoc v flat"0.6 (/NUA Y DY 41 X-EEBER)
- o O T68% A, HEMOBRMESR,

(2) r s tanh = r peak = 2,15-h R (v3.0DJE#E)
— v obs(r) OZEHEA v bar(r) OE—7IC—,
- MONDH DEEN > BARICE NN D,

(3) ¥ = 0.28 (MONDEREDE(TLHMME)
— NESIERMONDABRRE — v obs DEHEADEMCTHS
- KERFE=a— VB9 - r s = r peak (IERIC—E)
> ZOED v dgt; 0 EED

V3.0 DARBRROHH 5B HAHEAHES: (2) & (3)
ABMANDREGES: (1) ONXUAY 25— V7Rl
nomy



5. step3_revised.py

b2
7x—X Step 3 (1BIEHR)
By C-1 {IE: V_peak HRHNETTHRE
fERrs FFER
R alpha = 0.650, |IHAR®D 0.801 &MZE 0.15 (FERMEDE, €Al 0.883 D= 0.23,
2F—F 2R BE (rs2R"—2Z® alpha=0.883 B{kh'1%ICEML)

=S
C-1 BIRMEZIEIE. V peak % r s ITRFLAWAE (SPARC .dat ANOERRE) THREL. alpha ZBFEH,

Y—RO—R£2X

#1/usr/bin/env python3

Step 3 {BIEMR: C-1 BERMEDIEE

fS9RE: IBStep3T V peak = sqrt(f(v flat)) * v flat &AL TWH,
f = v bar'2(r s)/v flat™2 ik r s IRk — BERE

fEIE: V_peak % SPARC .dat 77 A L SEEAE (r_s IK—IRELAWV)
V peak = max(|v bar(r)|) = max(sqrt(Y dv disk"2 + v gas™2 + v bul"2))
Z® V_peak vs v_flat OEFREERB L. ERETIVICAA

2ERHERL
Part A: SPARC 5 V peak vs v flat &3 (FEMEERM)
Part B: EAIBEGRAEME > TERBALEERL a 2HH

5E24T7: uv run --with scipy —-with matplotlib —-with numpy python step3 revised.py

i

import csv

import os

import numpy as np

from scipy.optimize import curve fit, minimize scalar
from scipy.special import i0, i1, k0, k

from scipy.stats import pearsonr, spearmanr

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

EH

T e I

a0 unit = 3703.0 # a0 in (km/s)"2 / kpc
kpc_to m = 3.086e19

i

# Part A: SPARC »5 V peak, h R est %223
i

print("="%70)

print("Part A: SPARC SZ3I V peak, h R”)
print("="%70)

def load csv(path):
with open(path, ”"r”, encoding="utf-8") as fh:
reader = csv.DictReader(fh)
return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

# sparc_results.csv
src_cols, src rows = load csv(”sparc results.csv”)
galaxies = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name:
name = Llist(row.values())[0].strip()
ud = get val(row, ["ud’, "upsilon d ])
vf = get val(row, ['vflat’, v flat’])
rs = get val(row, ["rs1’, 'r s'])
if ud and vf and rs and vf &gt; 0:
galaxies[name] = {"upsilon d’ : ud, 'vflat’: vf, 'rs tanh’: rs}

de

-

read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1#")
return None



# - V.peak & h R DA ——-
meas = []

for name, gal in galaxies.items():
data = read_dat(name)
if data is None:
continue

rad = data[:, 0]

v obs = data[:, 1]

v gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal[’upsilon d’]

i v bar (230 F V45

vbar2 = ud * np.sign(v_disk)*v disk¥x2 + ¥
np.sign(v_gas)*v gas¥k2 + ¥
np.sign(v_bul)v bul#*2

vbar = np.sqrt(np.maximum(vbar2, 0.0))

#v.disk @& (Y _d #F)
vdisk scaled = np.sqrt(ud) * np.abs(v_disk)

if len(rad) &lt; 3:
continue

# V peak (v bar £1&)
V_peak bar = np.max(vbar)

i _peak bar = np.argmax(vbar)
r peak bar = rad[i peak bar]

# V peak (v disk D)

V_peak disk = np.max(vdisk scaled)

i peak disk = np.argmax(vdisk scaled)
r peak disk = rad[i peak disk]

#hRH#EE (vdisk E=oH5)
peak at edge = (r peak disk &gt;= rad.max() * 0.9)
h R est = r peak disk / 2.15 if not peak at edge else None

tNLYORE
has bulge = np.any(np.abs(v bul) &gt; 1.0)

meas. append ({
"name’ : name,
"vflat’: gal[’vflat’],
"rs tanh’: gal[’rs tanh’],
“upsilon d’: ud,
"V _peak bar’: V_peak bar,
"V peak disk’: V peak disk,
"r_peak bar’: r peak bar,
"r peak disk’: r peak disk,
"h R est’: hR est,
"has bulge’ : has bulge
"peak at edge’ : peak at edge
b

print (F"S38ITh: {len(meas)} R A”)

#f -——- V peak vs v flat @7 1 v b (GEEERH) -—-
vf m = np.array([d[’ vflat’] for d in meas])

Vp bar = np.array([d[’V peak bar’] for d in meas])
Vp disk = np.array([d[’V peak disk’] for d in meas])

# log-log 71 v b: V peak = A * v_flat™B
mask = (vf m &t; 0) &amp; (Vp disk &gt; 0)
lv = np. Llog10(vf m[mask])

LVp disk = np. Log10(Vp disk[mask])

LVp bar = np. Log10(Vp bar[mask])

p Vp disk = np.polyfit(lv, LVp disk, 1)
p Vp bar = np.polyfit(lv, LVp bar, 1)

r disk, = pearsonr(lv, LVp disk)
r_bar, = pearsonr(lv, LVp bar)

print(f"¥nV peak(disk) oc v flat™{p Vp disk[0]:.3f} (r={r disk:.3f})")
print(f” log(V peak) = {p Vp disk[1]:.3f} + {p Vp disk[0]:.3f}xlog(v flat)”)

print(f"¥nV_peak(bar) oc v flat”™{p Vp bar[0]:.3f} (r={r bar:.3f})")
print(f” log(V peak) = {p Vp bar[1]:.3f} + {p Vp bar[0]:.3f}xlog(v flat)”)

# V peak / v flat D#kEt

ratio disk = Vp disk / vfm

ratio bar = Vp bar / vf m

print(f"¥nV peak(disk)/v_flat: FrgfE={np.median(ratio disk):.3f}, mean={np.mean(ratio disk):.3f}")
print(f”V peak(bar)/v flat: f&fE={np.median(ratio bar):.3f}, mean={np.mean(ratio bar):.3f}")

# h Rvsv flat (h R H#HEREEDH)
hR data = [(d['vflat’], d[’h R est’]) for d in meas if d[’h R est’] is not None]
if hR data:

vf hR = np.array([x[0] for x in hR data])

hR_arr = np.array([x[1] for x in hR_data])

mask hR = (vf hR &gt; 0) &amp; (hR arr &gt; 0)

p_hR = np.polyfit(np. lLog10(vf hR[mask hR]), np. log10(hR arr[mask hR]), 1)

r hR, = pearsonr(np. log10(vf hR[mask hR]), np. log10(hR arr[mask hR]))



print(f"¥nh R oc v flat™{p hR[0]:.3f} (r={r hR:.3f}, N={mask hR.sum()})”)

#
# Part B: SRIRADERE o Bl (BIEMK)
#

print(f’¥n{’ =" %70}")
print("Part B: SRR — o B (V_peak JMEERIR) ”)
print(f”{ =" %70}")

# Freeman FI8%
def freeman bessel(y):
y = np.clip(y, 1e-8, 50.0)
return y#x2 x (10(y)*k0(y) - i1(y)*k1(y))

y fine = np. Linspace(0.01, 5.0, 5000)

vd2 shape = freeman bessel(y fine)
i_vpeak freeman = np.argmax(vd2 shape)

y vpeak freeman = y fine[i vpeak freeman]
bessel peak = vd2 shape[i vpeak freeman]

def v disk freeman(r, h R, V_peak):
y=r/ (2.0 x hR)
y = np.clip(y, le-6, 50.0)
v2 = V peak#2 * freeman bessel(y) / bessel peak
return np. sqrt(np.maximum(v2, 0.0))

de

—h

mond_gobs(gN, gc):
return (gN + np.sqrt(gNs2 + 4skgckgN)) / 2

def v obs from mond(r kpc, v bar, g c):
r-m = r_kpc * kpc_to_m
v_bar_ms = v_bar * 1e3
gN = np.where(r_m &gt; 0, v _bar ms¥x2 / r_m, 0.0)
go = mond gobs(gN, g c)
return np.sqrt(r_m % go) / 1e3

de

—h

fit tanh(r, v _obs, v bar):
def model(r, vf, rs):
T=10.5% (1.0 + np.tanh((r - rs) / rs))
return np.sqrt(v_barx«2 + vfsx2 % T)
try:
popt, = curve fit(model, r, v obs, p@=[v obs[-1], r[len(r)//31],
bounds=([0.1, 0.01], [500, r[-1]%3]), maxfev=5000)
return popt[0], popt[1]
except:
return None, None

#f —-- V_peak MDEZE: FRD V peak(disk) oc v flat™B AHE -
#ZhiE ros ICERFELAW ((dat @ v disk E—2H 5 EERIE)
def Vpeak nocirc(vf):

TTUIEBIREY V_peak: SR X REHR

return 10%xnp.polyval(p Vp disk, np.log10(vf))

def hR_from vflat(vf):
"7 R SRR X FER
if hR data:
return 10%xnp, polyval(p hR, np. log10(vf))
return 2.5 % (vf / 100.0)%x0.6

#-— ARIRATY Yy K -
vflat _grid = np. logspace(np. Log10(20), np. Llog10(300), 40)

scenarios = {
"g c=al’: 1.2e-10,
g ¢=0.5a0" : 0.6e-10,
’g c=2a0" : 2.4e-10,

all _results = {}

for sc_name, g c in scenarios. items():
rs Llist, vf list, hR List =[], [], []

for vf in vflat grid:
h R = hR from vflat(vf)
V_peak = Vpeak nocirc(vf)

r = np. linspace (0. 1%h R, 15,0%h R, 300)
v _bar = v disk freeman(r, h R, V peak)
v_obs = v_obs from mond(r, v bar, g c)

vf fit, rs fit = fit tanh(r, v obs, v bar)
if vf fit is None or rs fit &Llt;= 0:
continue

rs_List.append(rs fit)
vf List.append(vf)
hR_List.append(h R)

rs_arr = np.array(rs_Llist)
vf arr = np.array(vf Llist)
hR_arr = np.array(hR Llist)

N = len(rs_arr)



if N&lt; 5:
print(f” {sc_name}: 74 v FFRE (N={N})”)
continue

lv = np. log10(vf arr)
Lrs = np. log10(rs_arr)
LhR = np. log1@(hR arr)
Lrh = np. log10(rs_arr/hR arr)

p_alpha = np.polyfit(lv, Llrs, 1)
p beta = np.polyfit(lv, LhR, 1)
p_gamma = np.polyfit(lv, Lrh, 1)

rpeak_arr = 2.15 * hR_arr
rs_rpeak = rs arr / rpeak arr

print(f"¥n--- {sc_name} (N={N}) ---")

print(f” a (r.s ™ via) = {p_alphal[0]:.4f}")
print(f” B (hR ™~ Vv B) = {p beta[0]:.4f}")
print(f” v (r_s/h R~ v y) = {p_ganma[0]:.4f}")
print(f” B + ¥ = {p beta[0]+p gamma[0]:.4f}")

print(f” r_s/r_peak FAR{E = {np.median(rs_rpeak):.4f}")

all results[sc_name] = {
'vf i vf arr, "rs’: rs arr, 'hR: hR arr,
"alpha’: p_alpha[0], 'beta’: p beta[0], ’'gamma’: p_gamma[0],
"rs rpeak’: rs rpeak, 'p alpha’: p alpha,

}
#
i Part C: thEk
#

print(f"¥n{’ =" %70}")
print(”|8 Step 3 vs BIERRDLE")
print(f”{ =" %70}")

print(f’¥n{"’ :8qgt;20s} { «’ :&gt;8s} { B’ :&gt;8s} { ¥ :&gt;8s} {'r s/r peak :&gt;10s}”)
print(f"{ 88 :&gt;20s} {0.883" :&gt;8s} {'0.600  :&at;8s} {'0.284 :&gt;8s} {’0.98" :&gt;10s}”)
print(f"{ |AStep3 (BIB) :8gt;20s} { 0.801  :8gt;8s} {0.600 :8gt;8s} {’0.201" :&gt;8s} { 0.571 :8&gt;10s}”)
for name, res in all results.items():
print(f"{C BIEAR *+name):8gt;20s} {res[’alpha’]:8.3f} {res[’beta’]:8.3f} {res[’gamma’]:8.3f} {np.median(res[’rs rpeak’]):10.3f}")

#
# Part D: V peak AHDLLER
#
print(f"¥n{ =" %70}")

print("V_peak ASNDEE: 1B vs FEEER")
print(f”{ =" %70}")

vv = np.array([30, 50, 75, 100, 150, 200, 300])
print(f’¥n{’v flat’ :8gt;8s} {'V peak(|H/#EEE)’ :&gt;16s} {'V peak({EIE/ZAI)’ :8&gt;18s} {" ZEY¥ :8&gt;6s}”)
for vf in vv:
lv = np. log10(vf)
# 18: f(v_flat) UsH
log f old = 5.80 - 6.89xLlv + 1,84%lvxx2
f old = np.clip(10#Log f old, 0.05, 2.0)
Vp old = np.sqrt(f old) * vf
IR ERNEE
Vp_new = Vpeak nocirc(vf)
diff = 100%(Vp _new - Vp old)/Vp old if Vp old &gt; 0 else 0
print(f”{vf:8.0f} {Vp old:16.1f} {Vp new:18.1f} {diff:+6.1f}%")

it
# Part E: EDIERK
it
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) V peak vs v flat (3=8)

ax = axes[0, 0]

ax.scatter(vf m, Vp disk, s=8, alpha=0.4, c="blue’, label="V peak(disk)”)

ax.scatter(vf m, Vp bar, s=8, alpha=0.4, c="red’, label="V peak(bar)’)

vv_Lline = np. linspace(vf m.min(), vf m.max(), 100)

ax.plot(vv_Lline, 10%xnp.polyval(p Vp disk, np.log10(vv Lline)), "b--",
label=f"disk: ocv™{p Vp disk[0]:.2f}")

ax.plot(vv_Lline, vv_Lline, "k:’, alpha=0.3, label="V peak=v_flat’)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’V peak [km/s]")

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(’ (a) V peak vs v flat (SPARC direct)’)

ax. legend(fontsize=7)

# (b) V peak/v flat vs v flat (|H vs FOLLER)

ax = axes[0, 1]

ax.scatter(vf m, Vp disk/vf m, s=8, alpha=0.3, c="blue’, label="SPARC measured’)
vv2 = np. logspace(np. log10(20), np. Log10(300), 100)

# 18 (E%)

Lv2 = np. log10(vv2)

f old = 10%x(5.80 - 6.89%Lv2 + 1.84%Lv2%x2)

f old = np.clip(f old, 0.05, 2.0)

ax.plot(vv2, np.sqrt(f old), 'r-’, label="0ld (circular f)’)

LTS )]

ax.plot(vv2, 10%#np.polyval(p Vp disk, Lv2)/vv2, "g--", label="New (measured)’)
ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’V peak / v flat’)



ax.set xscale(’ log’)
ax.set_title(’ (b) V_peak/v flat: old vs new’)
ax. legend(fontsize=8)

# (c) rs vs v flat (3. BIERR)
ax = axes[0, 2]
colors = {"g c=a0’: "blue’, "g c=0.5a0" : 'green’, g c=2a0’: ’'orange’}
for name, res in all results.items():
ax.plot(np. log10(res[’ vf’ 1), np. logl0(res[’rs’]1), -,
color=colors. get(name, "gray’),
label=f"{name}: a={res[’alpha’]:.3f}")
i BRDEE
ax.plot([np. log10(20), np. log10(300)],
np.polyval([0.883, np.polyval([0.883, -1.5], np. log10(20))- 0.883%np. Log10(20)1],
[np. Log10(20), np. Log10(300)1),
"k--", alpha=0.3, label="0Obs «=0.883")
x.set xlabel(’ log(v flat)”)
.set_ylabel(’ log(r_s)")
x.set title(’(c) r s vs v flat (revised)’)
x. legend(fontsize=7)

D op P
>

#(d) a 2FEOEITS7 (B vs #)
ax = axes[1, 0]
if g c=a0’ in all results:
res = all results[’g c=a0’]
labels = [’ Observed’, 'Old (circular)’, 'Revised’ ]
betas = [0.600, 0.600, res[’beta’]]
gammas = [0.284, 0.201, res[’ gamma’]]
x = np.arange(len(labels))
ax.bar(x, betas, 0.35, label=" B8 (baryonic)’, color="steelblue’)
ax.bar(x, gammas, 0.35, bottom=betas, label="y (membrane)’, color="coral’)
for i in range(len(labels)):
ax. text(i, betas[i]+gammas[i]+0.02, f a={betas[i]+gammas[i]:.3f} ",
ha="center’, fontsize=9)
ax.set xticks(x)
ax.set xticklabels(labels, fontsize=8)
ax.set ylabel(’ Exponent’)
ax.set title(’ (d) « decomposition: old vs revised')
ax. legend(fontsize=8)

# (e) r_s/r_peak DLLE
ax = axes[1, 1]
for name, res in all results.items():
ax.plot(res[’vf'], res[’rs rpeak’], '-’, color=colors.get(name, ’gray’),
label=f"{name}: {np.median(res[’rs rpeak’]):.2f}")

X X X x X

ax.axhline(0.98, color="black’, ls="--", label="0bs=0.98")
ax.axhline(0.571, color="red", ls=":", label="0ld=0.571")
ax.set xlabel(’v flat [km/s]")

ax.set ylabel('r s / r peak’)

ax.set title(’ (e) r s/r peak: revised’)

ax. legend(fontsize=7)

# (f) h R vs v flat

ax = axes[1, 2]

if hR data:
ax.scatter(vf hR, hR arr, s=8, alpha=0.3, c="orange’)
vv3 = np. logspace(np. Log10(vf hR.min()), np. log10(vf hR.max()), 100)
ax.plot(vv3, 10%%np.polyval(p hR, np.log10(vv3)), "k--,

label=f"h R oc v~ {p hR[0]:.2f}")

.set xlabel(’v flat [km/s]")

.set ylabel("h R [kpc]')

.set _xscale(’ log’)

.set yscale(’ log’)

.set title(f (f) h R vs v flat (B={p hR[0]:.3f})")

. legend(fontsize=8)

a
a
a

o
X x x x

a
a

x X

plt. tight layout()
plt.savefig(’ step3 revised.png’, dpi=150)
print(f"¥n[SAVED] step3 revised.png”)

#
# BRI
#

print(f"¥n{ =" x70}")
print("C-1 EED#ER")
print(f”{" =" %70}")

if g c=a0’ in all results:
res = all results[’g c=a0’]
print(f”””
WV peak DANHE:
IB: V peak = sqrt(f(v flat)) X v flat < f |& r s &7 (FBEE#REK)
#7: V peak = SR X V peak(disk) oc v flat™{p Vp disk[0]:.3f} <« r s RfEMA

B o GHEROLE:

|BStep3: a = {0.801:.3f} (B=0.600, v=0.201)

BERR: « = {res[’alpha’]:.3f} (B={res[’beta’]:.3f}, ¥={res[’gamma’]:.3f})
A o =0.883 (B=0.600, v=0.284)

B EERREOHE:
a DE: |IB-#7| = {abs(0.801 - res[’alpha’]):.3f}
777
if abs(res["alpha’] - 0.801) &lt; 0.05:
print(” — BERMEDOHEI>/DI W (&1t;0.05) . FEEmISERE, 7)
elif abs(res["alpha’] - 0.883) &lt; abs(0.801 - 0.883):
print(” — BEROADERIGEN, BER#EEE o 2EHTW, V)



else:
print(” — EBEMRIZER, SBEN, IBRO—BIIBARDITEHL, ”

print(f”””
B BE#D T-A1 @%:

B+

{res[’beta’]:.3f} (NUAF VDY A4 X-EE: hR o v B, FER)
{res[’gamma’]:.3f}  (MONDEBFSDEME, IEER)

_theory = {res["alpha’]:.3f} vs o« obs = 0.883

R R ™K
oo

V peak(disk) oc v_flat™{p Vp disk[0]:.3f} (FETEIBRB9SA)
- C-1 ERREISAH
")



6. delta_gamma_decompose.py

bl
71—X Step 3 iR
Bt delta gamma=0.172 DO fR: HR + g c(v) + Ud(v) OHR
fEfrs FEEER
EEES HRBIT gamma AARER (+0.11 -> -0.05) . AFK Freeman ETFILDREHIHEE.
RAT—82 BE (BMETILTIE alpha BHTEE

R AT B 89
ERETIVICHAAE, g c OIRAKFME. Ud @ v_flat KEFEHEEIEICEML. ZMRH gamma ICENEIFFET 3 0% o8,

Y—RO—R£2X

#1/usr/bin/env python3

Ay =0.172 DR 3DDMREIRITEM

Model 0: ¥4 R D&, g c=al (baseline, a=0.650)

Model 1: 54 RU+H 2R, g _c=ad (+H2HR)

Model 2: 74 RU+H R, g c=g c(v_flat) (+g_cERAKT)

Model 3: 74 RU+H R, g c=g c(v_flat), Y _d(v_flat) T disk/gastt =%

BRATYTT a, B, v EFEL. EOMREN Ay KENEFEST 2008

24T: uv run ——with scipy --with matplotlib —-with numpy python delta gamma_decompose. py

i

import csv

import os

import numpy as np

from scipy.optimize import curve fit
from scipy.special import i0, i1, k0, k
from scipy.stats import pearsonr

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

EH

T e I

a0 SI = 1.2e-10 # m/s"2
a0 unit = 3703.0 # (km/s)"2 / kpc
kpc_to m = 3.086e19

#

# Part A: SPARCEAI/XS X —4 DENE
#

print(”="%70)

print("Part A: SPARCERI/XS X —4")
print(”="%70)

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)
return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(rowlc])
except: pass
return None

src_cols, src rows = load csv(”sparc results.csv”)
galaxies = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = Llist(row.values())[0].strip()
ud = get val(row, ["ud’, "upsilon_d ])
vf = get val(row, ['vflat’, v flat’ ])
rs = get val(row, ["rs1’, 'r s'])
if ud and vf and rs and vf &gt; 0:
galaxies[name] = {'upsilon d’ : ud, 'vflat’: vf, "rs_tanh’: rs}

de

-

read_dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1")
return None

# ——- &R A S V peak(disk), V peak(gas), h R(disk), h R(gas), Y d %#HE -—-
meas = []
for name, gal in galaxies. items():

data = read dat(name)



if data is None:
continue

rad = data[:, 0]

v_gas = data[:, 3]

v disk = datal:, 4] # at Y _d=1
ud = gal["upsilon d']

if len(rad) &Llt; 3:

continue

#7422 (Y_d#R)

vd scaled = np.sqrt(ud) * np.abs(v disk)
Vpeak disk = np.max(vd scaled)

i_pd = np.argmax(vd scaled)

r peak disk = rad[i pd]

# AR (Y gas=1.33 HYEAESEAY, SPARC (FBEICEMF )
vg = np.abs(v_gas)

Vpeak gas = np.max(vg) if np.max(vg) &gt; 0.1 else 0.0
i_pg = np.argmax(vg) if Vpeak gas &gt; 0 else 0

r peak gas = rad[i pg] if Vpeak gas &gt; 0 else 0

# hR#EE (Vdisk E=oH5)
peak at edge = (r peak disk &gt;= rad.max() * 0.9)
h R disk = r peak disk / 2.15 if not peak at edge else None

t ARDRT—IVREE
h R gas = r peak gas / 2.15 if Vpeak gas &gt; 1.0 and r peak gas &gt; 0 else None

# gas/disk tb
gas disk ratio = Vpeak gas / Vpeak disk if Vpeak disk &gt; 0 else 0

meas. append ({
"name’ : name, ’vflat’: gal[’vflat’], "upsilon d’: ud,
"Vpeak disk’: Vpeak disk, 'Vpeak gas’: Vpeak gas,
"r peak disk’: r peak disk, 'r peak gas’: r peak gas,
"h R disk’: hRdisk, "hRgas’: hR gas,
"gas disk ratio’ : gas disk ratio,

1))
print (F"S238IRTh: {len(meas)} R ")

- NEEFEFEDOT Y b -

vf m = np.array([d[’ vflat’] for d in meas])

Vpd = np.array([d[’ Vpeak disk’] for d in meas])
Vpg = np.array([d[’ Vpeak gas’] for d in meas])
ud m = np.array([d[" upsilon d’] for d in meas])
gdr = np.array([d[’ gas disk ratio’] for d in meas])

# V peak(disk) vs v_flat

mask = (vf m &t; 0) &amp; (Vpd &gt; 0)

Lv = np. log10(vf m[mask])

p Vpd = np.polyfit(lv, np.log10(Vpd[mask]), 1)
print(f"¥nV peak(disk) oc v_flat™{p Vpd[0]:.3f}")

#f V peak(gas) vs v flat
mask g = (vf m &gt; 0) &amp; (Vpg &gt; 1.0)
if mask g.sum() &gt; 10:
p Vpg = np.polyfit(np. log10(vf m[mask g]), np.log10(Vpg[mask g1), 1)
print(f”V_peak(gas) oc v_flat™{p Vpg[0]:.3f} (N={mask g.sum()})”)
else:
p Vpg = [0.3, 0.5] # fallback
print(f"V peak(gas): F—4FR. 7 —IL/\y V{ER")

# gas/disk ratio vs v flat

mask gd = (vf m &t; 0) &amp; (gdr &gt; 0.01)

if mask gd.sum() &gt; 10:
p_gdr = np.polyfit(np. log10(vf m[mask gd]), np. log10(gdr[mask gd]1), 1)
r gdr, _ = pearsonr(np. log10(vf m[mask gd]), np. log10(gdr[mask gd]))
print(f’gas/disk ratio oc v flat™{p gdr[0]:.3f} (r={r gdr:.3f})”)
print(f" rR{E: {np.median(gdr[mask gd]):.3f}")

else:
p gdr = [-0.5, 0.5]
r gdr = 0
print(f”gas/disk ratio: T—4%FE")

# Y dvs v flat

mask ud = (vf m &t; 0) &amp; (ud m &gt; 0)

p ud = np.polyfit(np. log10(vf m[mask ud]), np.log10(ud m[mask ud]), 1)
r ud, = pearsonr(np. log10(vf m[mask ud]), np.log10(ud m[mask ud]))
print(f’Y d oc v flat™{p ud[0]:.3f} (r={r ud:.3f})")

print(f” HRfE: {np.median(ud m):.3f}")

# hRvsv flat

hR data = [(d[’vflat’], d[’h R disk’]) for d in meas if d[’h R disk’] is not None]
vf hR = np.array([x[0] for x in hR data])

hR arr = np.array([x[1] for x in hR data])

mask hR = (vf hR &gt; 0) &amp; (hR arr &gt; 0)

p hR = np.polyfit(np. log10(vf hR[mask hR]), np. log1@(hR arr[mask hR]), 1)
print(f’h R oc v_flat™{p hR[0]:.3f} (N={mask hR.sum()})”)

t HADRTr—IVRE
hRg data = [(d[’h R gas’], d[’h R disk’]) for d in meas



if d[’h R gas’] is not None and d[’h R disk’] is not None
and d['h R gas’] &gt; 0 and d['h R disk’] &gt; 0]
if hRg data:
gas_scale_ratio = np.median([x[0]/x[1] for x in hRg datal)
print(f’h R(gas)/h R(disk) Fisk{&: {gas scale ratio:.2f} (N={len(hRg data)})”)
else:
gas_scale ratio = 2,0
print(f”h R(gas)/h R(disk): ¥—4 R, 2.0 %fEA")

# g c(v_flat) from T-A3

# g c/ad oc v flat™0.82

# RBIL: PRE 0.825 at v_flat DFRIE

vf median = np.median(vf m)

print(f"¥ng ¢ 5 J: g c/ad = 0.825 X (v_flat/{vf median:.0f})"0.82")

#
# Part B: ARSRIATET IV (4ERFE)
#
print(f"¥n{’ =" %70}")

print("Part B: SESRAIETIL (4E&FE) V)
print(f"{ =" *70}")

#f Freeman FI#
def freeman bessel(y):
y = np.clip(y, 1e-8, 50.0)
return y*x2 x (i0(y)*k0(y) - i1(y)*k1(y))

y fine = np. Llinspace(0.01, 5.0, 5000)
vd2_shape = freeman bessel(y_fine)
bessel peak = np.max(vd2 shape)

def v freeman(r, h R, V peak):
y=r/(2.0%hR)
y = np.clip(y, 1e-6, 50.0)
v2 = V_peak**2 * freeman bessel(y) / bessel peak
return np.sqrt(np. maximum(v2, 0.0))

def mond gobs(gN, gc):
return (gN + np.sqrt(gN#*2 + 4xgcxgN)) / 2

def v_obs_from mond(r kpc, v_bar, g ¢ SI):
rm=r _kpc * kpc_tom
v_bar_ms = v_bar * Te3
gN = np.where(r m &t; 0, v bar ms¥x2 / r m, 0.0)
go = mond_gobs(gN, g ¢ SI)
return np.sqrt(r m % go) / 1e3

def fit tanh(r, v obs, v bar):

def model(r, vf, rs):
T=20.5% (1.0 + np.tanh((r - rs) / rs))
return np.sqrt(v_barxk2 + vf*x2 x T)

try:
popt, _ = curve fit(model, r, v obs, p0=[v obs[-1], r[len(r)//31],

bounds=([0.1, 0.01], [500, r[-1]%3]), maxfev=5000)

return popt[0], popt[1]

except:
return None, None

# - NSA—HEH ——
def get hR(vf):
return 10%xnp.polyval(p hR, np. log10(vf))

def get Vpeak disk(vf):
return 10%#np.polyval(p_Vpd, np. log10(vf))

def get Vpeak gas(vf):
return 10%xnp.polyval(p Vpg, np. log10(vf))

def get gas disk ratio(vf):
return 10%#np.polyval(p_gdr, np. log10(vf))

def get Ud(vf):
return 10%xnp.polyval(p ud, np. log10(vf))

def get gc(vf, model type):

"9 ¢ [SI] %&3RY”"”

if model type in ["gc const’, 'model®’, ’modell’]
return a0 SI

else:
# T-A3: g c/ab = 0.825 X (v/v_median)"0.82
gc ad = 0.825 * (vf / vf median)*x0.82
return gc a0 * a@ SI

- ARIRTDER -~
vflat grid = np. logspace(np. Log10(20), np. log10(300), 50)

model configs = {
"Model 0: disk only, g c=a0": {
"gas’: False, "gc type’: "gc const’, ’ud vary’ : False},
"Model 1: disk+gas, g c=al': {
"gas’: True, "gc type’: "gc const’, ’ud vary : False},
"Model 2: disk+gas, g c(v)': {
"gas’: True, "gc type’: "gc vary’, 'ud vary’ : False},



"Model 3: disktgas, g c(v), Y d(v)': {

"gas’: True, 'gc_ type’': "gc_vary’, 'ud vary’: True},

all results = {}
for model name, config in model configs.items():
rs_Llist, vf list, hR Llist = []1, [1, []

for vf in vflat grid:
h R = get hR(vf)

if config[’ud vary’ ]:
# Y _d(v_flat) TF+4 22D V_peak %&ZFH
ud ratio = get Ud(vf) / np.median(ud m)

Vp disk = get Vpeak disk(vf) * np.sqrt(np.clip(ud_ratio, 0.5, 3.0))

else:
Vp disk = get Vpeak disk(vf)

r = np. linspace (0. 1*%h_R, 15.0%h R, 400)

742U
v disk = v_freeman(r, h R, Vp disk)
i AR
if config[’gas’]:
h R gas = gas scale ratio * h R

Vp_gas = get Vpeak gas(vf)

# HRAD V peak NFHREHICKE K BERBNELS VY v T

Vp_gas = min(Vp_gas, Vp disk * 2.0)
v gas = v_freeman(r, h R gas, Vp gas)

v_bar = np.sqrt(v_disk**2 + v_gas¥*2)
else:

v_bar = v_disk
#ac

gc = get gc(vf, config[’gc type’])

# MOND (T v obs
v_obs = v_obs from mond(r, v_bar, gc)

# tanh 71 v b

vf fit, rs fit = fit tanh(r, v obs, v bar)

if vf_fit is None or rs fit &lt;= 0:
continue

rs list.append(rs fit)
vf_List.append(vf)

hR Llist.append(h R)
rs a = np.array(rs_Llist)
vf_a = np.array(vf_Llist)
hR a = np.array(hR Llist)
N = len(rs_a)
if N&lt; 5:
print(f” {model name}: N={N} (F@E)”)
continue
lv = np. Llog10(vf a)
Lrs = np. log10(rs_a)
LhR = np. log10(hR a)
Lrh = np. log10(rs a/hR a)
p a = np.polyfit(lv, Lrs, 1)
p b = np.polyfit(lv, LhR, 1)
p g = np.polyfit(ly, Lrh, 1)
rpeak = 2.15 * hR a
rs rp = rs_a / rpeak

all results[model name] = {
“alpha’ : p a[0], 'beta’: p b[0], 'gamma’: p g[0],
"rs_rpeak median’ : np.median(rs rp),
"vf': vfa, 'rs’: rsa, 'hR': hR a,

"N :ON,

}

print(f"¥n{model name} (N={N}):”)

r s/r peak={np.median(rs rp):.3f}")

print(f” a={p a[0]:.4f} B={p b[0]:.4f} ¥={p g[0]:.4f}
i
i Part C: ZEHMRIT
i

print(f"¥n{ =" x70}")
print("Ay DHER”)
print(f7{ =" %70}”)

model names = Llist(all results.keys())
print(f’¥n{’ EFIL’ :8gt;40s} { a’ :8gt;7s}
print(f"{ £8) :&9t;40s} {’0.883" :8gt;7s}

{" B’ :&gt;7s}
{70.600" :8&gt;7s}
prev_alpha = None
prev_gamma = None
for mn in model names:

res = all results[mn]
if prev_alpha is None:

{ Ay :8gt;7s}”)
{"---":8gt;7s}”)

{ v’ :&at;7s}
{’0.284" :8gt;7s}

{" Ao’ :8gt;7s}
{"---" :8gt; 7s}




else

da="-—
dg = " ---
da = f"{res[’ alpha’ ]J-prev_alpha:+.4f}”
dg = f”{res[’ gamma’ ]-prev_gamma:+.4f}”

print(f”{mn:&gt;40s} {res[’alpha’]:7.4f} {res['beta’ ]:7.4f} {res[’gamma’]:7.4f} {da:&gt;7s}
prev alpha = res[’alpha’]
prev_gamma = res[’ gamma’ ]
t FEOFHHE
if len(all results) &gt;= 4:
keys = Llist(all results.keys())
g0 = all results[keys[0]][’ gamma’ ]
gl = all results[keys[1]][" gamma’ ]
g2 = all _results[keys[2]][ gamma’ ]
g3 = all results[keys[3]][" gamma’ ]
g obs = 0.284
print(f"¥n--- v OIS ---")
print(f” HIAMR: Ay = {g1-g0:+.4f}")
print(f” g c(v)shHR: Ay = {g2-g1:+.4f}")
print(f” Y d(v)#%R: Ay = {g3-g2:+.4f}")
print(f”  &EHEM: Ay = {g3-90:+.4f}")
print(f” £&DzE: v obs - v Model3 = {g obs-g3:+.4f}”)
print(f’ FeifE: {(93-90)/(g_obs-g0)*100:. 1f}% ({g obs-g0:.4f} D> 5 {g3-g0:.4f} %
i
# Part D: BEDERK
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))
colors m = ["gray’, 'blue’, ’'green’, 'red ]
# (@) a PEOETS7
ax = axes[0, 0]

labels = ["0bs’ ] + [f'M{i}’ for i in range(len(all results))]

betas = [0.600] + [all results[k][’beta’] for k in all results]
gammas = [0.284] + [all results[k][’gamma’] for k in all results]

X =np.a
ax. bar(x
ax. bar(x
for i in

range(len(labels))

, betas, 0.4, label=" 8 (baryonic)’, color="steelblue’)
, gammas, 0.4, bottom=betas, label="y (membrane/MOND)’, color="coral’)

range(len(labels)):

ax. text(i, betas[il+gammas[i]+0.01, f’ {betas[iJ+gammas[i]:.3f}",

ax.set x
ax.set x
ax.set y
ax.set t
ax. legen

X X X X

# (b) r_

ax = axe:

for i, (mn, res) in enumerate(all results.items()):
ax.plot(np. log10(res[’ v’ 1), np. log10(res[’rs’ 1),

»

x.set x
x.set y
.set t
X. Legen

)
3

# (c) r

ax = axe:

for i, (mn, res) in enumerate(all results. items()):

Lrh
ax.p

ax.axhline(np. log10(2.11), color="black’, ls="--", alpha=0.5,

»

x.set x
X.set_ y
x.set t
x. legen

D P o

# (d) oa

ha=" center’, fontsize=8)

ticks(x)

ticklabels(labels, fontsize=8)
label (" Exponent’)

itleC (a) @ = B + ¥ decomposition’)
d(fontsize=8)

s vs v flat (2ETI)
s[0, 1]

color=colors m[i % len(colors m)],
label=f"M{i}: a={res[”alpha”]:.3f}")
label(’ log(v flat)’)
label(’ log(r s)”)
itle(’ (b) r s scaling by model’)
d(fontsize=7)

s/h R vs v flat (REFI)
s[0, 2]

= np. Llog10(res[’ rs’ 1/res[’ hR’ 1)

lot(np. log10(res[’vf']), Lrh,
color=colors m[i % len(colors m)],
label=f"M{i}: ¥={res[”"gamma”]:.3f}")

label(’ log(v_flat)’)
label(’ log(r s/h R)")
itle(’ (c) v by model’)
d(fontsize=7)

s/disk ratio vs v flat

ax = axes[1, 0]

»

if mask gd.sum() &gt; 10:

vv = np. logspace(np. Log10(20), np. log10(300), 100)
ax.plot(vv, 10%knp.polyval(p gdr, np.log10(vv)), "k--",

ax.set x
X.set_ y

»

label=f" ccv™{p gdr[0]:.2f}")
label(’v_flat [km/s]")
label(’V_peak(gas) / V peak(disk)’)

ax.set xscale(’ log’)
ax.set yscale(’ log’)

»

x.set t

itle(’ (d) Gas/disk ratio’)

ax. legend(fontsize=8)

# (e) Y dvs v flat

ax = axes[1, 1]

ax.scatter(vf m, ud m, s=8, alpha=0.3, c="orange’)
vv = np. logspace(np. Log10(vf m.min()), np. log10(vf m.max()), 100)

ax.plot(vv, 10%%np.polyval(p ud, np.logl0(vv)), "k--",

ax.set x
ax.set y

label=f" Y d oc v™{p ud[0]:.2f}")
label("v_flat [km/s]")
label(’ Y d’)

label="0bs=2.11")

x.scatter (vf m[mask gd], gdr[mask gd], s=8, alpha=0.3, c='teal’)

{dg:8gt;7s}”)

#e9)")



ax.set xscale(’ log’)
ax.set_title(f' (e) Y _d vs v_flat (r={r_ud:.3f})")
ax. legend(fontsize=8)

t(f) Ay OREES
ax = axes[1, 2]
if len(all results) &gt;= 4:
keys = Llist(all results.keys())
steps = ['Baseline¥n(disk)’, "+Gas’, "+g c(v)’, "+Y d(v)’, ’'Observed ]
gamma_vals = [all results[keys[0]][" gamma’ ],
all results[keys[1]][’ gamma’ ],
all results[keys[2]][" gamma’ ],
all results[keys[3]][ gamma’ ],
0.284]
.plot(range(len(steps)), gamma vals, 'bo-", markersize=8)
.axhline(0.284, color="red’, ls="--", label=" vy obs=0.284")
.set xticks(range(len(steps)))
.set_xticklabels(steps, fontsize=8)
.set_ylabel( v’)
.set_title(’ (f) Cumulative ¥ contribution’)
. legend(fontsize=8)
.set_ylim(0, 0.35)

1)
3

a
a
a
a
a
a
a

X X X X X x X

plt. tight layout()
plt.savefig(’ delta gamma decompose.png’, dpi=150)
print(f"¥n[SAVED] delta gamma decompose.png”)

#

I RS
#
print(f’¥n{ =" %70}”)
print ("SR HER")
print(f”{ =" %70}")

if len(all results) &gt;= 4:
keys = Llist(all results.keys())
print(f”””

B Ay =0.172 OHEFER:

v _obs = 0.284 (&)
¥ MO = {all results[keys[0]][’ gamma’]:.4f} (¥4 R 7 DH. g c=ad)

HAME: +{all results[keys[1]11[’ gamma’ J-all results[keys[0]1[’ gamma’ ]:.4f}
g c(vV)#E: +{all results[keys[2]][' gamma’ J-all results[keys[1]][’ gamma’ ]:.4f}
Y d(v)zh&: +{all results[keys[3]11[  gamma’ J-all results[keys[2]1[’ gamma’ ]:.4f}

AEtEnee: +{all results[keys[3]11[’ gamma’ J-all results[keys[0]1[’ gamma’ ]:.4f}
HE: {0.284-all results[keys[3]][’ gamma’ ]:+.4f}

v M3 = {all results[keys[3]][' gamma’ ]:.4f} (£3HRAH)
o M3 = {all results[keys[3]1[" alpha’ ]:.4f} (cf. « obs = 0.883)

B FiEER: {(all results[keys[3]][  gamma’ J-all results[keys[0]][’ gamma’])/(0.284-all results[keys[@]][’ gamma’ 1)*100:.0f}%

W HE:

oy
fill = (all results[keys[3]]1[’ gamma’ J-all results[keys[0]1[’ gamma’ 1)/(0.284-all results[keys[0]]1[’ gamma’ ])
residual = 0.284 - all results[keys[3]][’ gamma’ ]

if fill &gt; 0.8:

print("” — Ay O 80%LLLEAFBATIAE, v3.0 + NUAVYIET o HIFFEHTES, ")
elif fill &gt; 0.5:

print(" — Ay O¥ZLUEREIMOMRTIREA. KEZERET I OBERRA. )
else:

print(f” — Ay @ {fillx100:.0f}% DHBA, 7= {residual:.3f} (")

print(”  ARETIORFE (BHi) . v3.0 AOYEBOESE TR, ")



7. TA2_rs_ratio.py

1]
7x—X T-A2
B Freeman A% S r s/r T3 DOIRZRBYEHER
fEfrs L (GEREEHE)
=R EMBERERE T, EENBRIITTE (HARSEBDLD) .
AF—82 Level B (FEMERYICHEII)

R AT B 89
Freeman (M8 D g N(r) E—JiEE V. disk E—VHMIBDOLEHA S, r s tanh/r_s7(T3) "= 2,75 #IER/AICEREAT 5,

Y—RO—R£2X

#1/usr/bin/env python3

T-A2: r s tanh / r s7(T3) = 2.75 DIRRAIHEA

Step 1-3 DFER:
r s tanh = r peak = 2,15 X h R (V. disk DE—7¥&)

-3 DEZ:
r s7(T3) = g N(r) = g c &MATHEE (gc=a0 DEX)

- BEDRE:
r_peak / r_{g N=al} = 2.75 % Freeman AN SHHT 3

529F: uv run —-with scipy —-with matplotlib --with numpy python TA2 rs ratio.py

i

import numpy as np

from scipy.special import i0, i1, k0, ki
from scipy.optimize import brentq

from scipy.stats import spearmanr
import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

i
i YR E
i
a0 = 1.2e-10 # m/s"2

kpc_to m = 3.086e19

G SI = 6.674e-11 # m"3 kg"-1 s"-2
Msun = 1,989e¢30 # kg

1. Freeman #E¥(FIE& DARITHIEHH

T e I

def freeman bessel(y):
"y x [10(y)KO(y) - IT(y)KI(y)] (V. disk™2 DOF4RBEE)”"”
y = np.clip(y, 1e-8, 50.0)
return yxx2 % (i0(y)*k0(y) - i1(y)*k1(y))

def freeman gN shape(y):
g N(r) oo v72/r oc y % [I0KO - T1K1] (INEE DFRBIE)
y =r / (2xh_R)
y = np.clip(y, 1e-8, 50.0)
return y * (i0(y)*k0(y) - i1(y)*k1(y))

# - MREBOFMEREE —

y fine = np. Linspace(0.01, 5.0, 5000)
vdisk2 shape = freeman bessel(y fine)
gN shape = freeman gN shape(y fine)

# Vdisk E—2

i_vpeak = np.argmax(vdisk2_shape)

y vpeak =y fine[i vpeak]

r peak over hR = 2.0 * y vpeak # r peak / h R

#gNE—Y

i gpeak = np.argmax(gN shape)

y gpeak = y fine[i gpeak]
r_gNpeak over hR = 2,0 * y gpeak

print(”="%70)
print("Freeman A DFER")
print(”="%70)

print(f”V_disk £—%: y = {y vpeak:.4f}, r/h R = {r_peak over hR:.4f}")
print(f’g N £—24: y = {y gpeak:.4f}, r/h R = {r gNpeak over hR:.4f}")



print(f’g N £—% / V. disk £E—% = {r gNpeak over hR / r peak over hR:.4f}”)

9 NDE—VE (RI&L)
gN_shape peak = gN_shape[i_gpeak]
vdisk2 shape peak = vdisk2 shape[i vpeak]

i
#2. g N=a0 OREFFEERA/NTA—S ORIKE L TEHE
i

def find gN crossing(Sigmad, h R kpc, g c=a0):

Freeman A8 T g N(r) =g c &2¥FE r [kpc] 2RDIF2

g N(

 N(r) = 2%pi*GxSigma@ * freeman gN shape(y)
ZZTy-=

r/(2%h R)

Sigma0: FROEERE [kg/m"2]
h R kpe: ¥4 22 247 —JLE [kpc]

h Rm=hR kpc * kpc_to m

# 9 N DRI
gN amplitude = 2 * np.pi * G SI * Sigma® # [m/s"2] X shape function

toN OE—21E
gN _max = gN_amplitude * gN shape peak

if gN max &lt; g c:
return None, gN max # =/ L (2148 g N &lt; g c)

I REREZRYT (9N E—J D4
def gN minus gc(y):
return gN amplitude * freeman gN shape(y) - g ¢

t E—s4ITORE

try:
y cross = brentq(gN minus gc, y gpeak, 10.0)
r_cross kpc = 2.0 * y cross * h R kpc
return r_cross_kpc, gN max

except ValueError:
return None, gN max

#
# 3. RIABUETE : Sigma0 ZZE X THEERD D
#

print(f"¥n{’ =" %70}")
print("Sigmad %% A 7= REMIETE")
print(f7{" =" %70}")

i BEVEZR h R = 2.5 kpc TEEL. Signad 2% X%
h R fixed = 2.5 { kpc

# Sigmad D&IE (M sun/pc 2 — kg/m™2 (TZ5HR)

i EEFER: 10 M_sun/pc”2, BMEIEE: 2000 M sun/pc”2
#f Freemanf&: ~140 M sun/pc”2

Msun per pc2 to kg per m2 = Msun / (3.086e16)**2

Sigma0 range Msunpc2 = np. logspace(np. log10(30), np. Log10(3000), 100)
Sigmad range = Sigmal range Msunpc2 * Msun per pc2 to kg per m2

ratios = []

gN maxes = []
Sigma0 valid = []
r cross_Llist = []

for SO, SO Msun in zip(Sigma@ range, Sigma@ range Msunpc2)

r cross, gN max = find gN crossing(S0, h R fixed)
gN_maxes. append(gN_max / a0)
if r _cross is not None:

r_peak = r_peak over hR * h R fixed

ratio = r_peak / r cross

ratios. append(ratio)

Sigma0 valid. append (S0 Msun)

r cross Llist.append(r cross)

ratios = np.array(ratios)

Sigma0 valid = np.array(Sigma0 valid)
r cross list = np.array(r cross list)
gN_maxes = np.array(gN maxes)

print(f"¥n3zZH Y : {len(ratios)} / {len(Sigmad range)}”)

print(f” Sigma0 #5PH: {Sigmad valid.min():.0f} - {Sigma@ valid.max():.0f} M sun/pc”2")
print(f"¥nr peak / r {’ {g N=a0}’} D#ist:")

print(f” fE: {np.median(ratios):.4f}")

print(f” i9fE: {np.mean(ratios):.4f}”)

print(f” #8E: {ratios.min():.3f} - {ratios.max():.3f}")

print(f"¥n--- Sigmal {KIFMHDZEM ")
print(f"{"Sigma0 [M/pc2] :8&gt;16s} { g N max/a0 :8&gt;10s} {'r cross [kpc]l :&gt;13s} {'r peak/r cross’:8gt;14s}”)
for SO _show in [50, 100, 150, 200, 500, 1000, 2000]:

idx = np.argmin(np. abs(Sigmad valid - SO show))

if abs(Sigma0 valid[idx] - SO show) &Llt; SO show * 0.3:

print(f"{Sigmad valid[idx]:16.0f} {gN maxes[np.argmin(np.abs(Sigmad range Msunpc2 - SO show))]:10.2f} {r cross list[idx]:13.3f}

{ratios[idx]:14,4f}")



#
# 4. h R KEFHEOH
#

print(f"¥n{’ =" x70}")
print("h R {RFEFEMDHEEE (Sigmad = 200 M sun/pc”2 EE) ”)
print(f”{" =" %70}")

S0 _fixed = 200 * Msun_per_pc2_to_ kg per_m2
hR range = np. linspace(0.5, 8.0, 50)
ratios_hR = []

hR valid = []

for hR in hR range:
r_cross, gN max = find gN crossing(S0 fixed, hR)
if r cross is not None:
r_peak = r_peak over_hR * hR
ratios hR.append(r peak / r cross)
hR_valid. append (hR)

ratios_hR = np.array(ratios hR)
hR valid = np.array(hR valid)

if len(ratios hR) &gt; 0:
print(f” HR{E: {np.median(ratios hR):.4f}")
print(f” #5H: {ratios hR.min():.3f} - {ratios hR.max()

.3f}7)

print(f” — h R IZIHKEF LAV (WREEREBOATRES) ”)

#

# 5. MRATEIEH
#

print(f"¥n{’ =" %70}")
print ("AEMTEVEH")
print(f”{ =" %70}")

print (™"
M Freeman F8&D g N(r):

g N(r) =2m6ZX - ¢ (y)
¢ (y) =y - [IKWKX(y) - IKWKX(y)]
y=r/ (2hR)

|3 T=H

gNE—Y:yg={yg:.3} = rg={rg:.3f} X hR
Vdisk E—%:yv={yv:3} — rv={rv:.3f} X hR

B L ropeak / r_{{g N=a0}}:

r peak (& TX ICRELAL (BREKOE—S = BE)
r_{{g N=a0}} i3 ZX IKIKET D (RIENED D & RERHLBE)

B g N max &gt;8&gt; a0 — EAUIHME — r_peak/r cross (d/N (=1ITET L)
EZX: g Nmax = a0 - RERFE— 508 — r_peak/r cross iFX

- g SN IKE>TERT B, 2.75] BHED X HHEORRE,

#

# 6. SPARC N=46 $RiE[(D Sigmad LA S 2.75 2#HR
#

print(f’¥n{’ = %70}")
print("N=46 SRATDEIR/ A 7 2 DRE”)
print(f”{ =" %70}")

#T-3rs AEETZORF KEZEHRT (v_flat &gt; 100 kn/s)
# ThoDHAEE Signad (37
# v flat &gt; 100 DR IE Sigmad = 100-500 M sun/pc”2

#f Step 1 @ f(v flat) URBRIHSHTE:

# v flat=100-200 Tl& f = 0.2-0.55

# V peak = sqrt(f) % v flat = 45-150 km/s

# Sigmad oc V peak™2 * h R / (2mG) — E{kBICEHE
print("¥nv flat BIDIEEREGLLEE:")

print(f"{’v flat’ :8gt;8s} {'h R’ :8&gt;6s} {'V peak’:&gt;8s}

vf test = [80, 100, 120, 150, 200, 250]
ratio for vf = []

for vf in vf test:
h R=253x% (vf / 100.0)**0.6

# f(v flat) from Step 1

Lv = np. log10(vf)

log f = 5.80 - 6.8%%Llv + 1.84%Lvk*2
f = 10%xlog f

f = np.clip(f, 0.05, 2.0)

V peak = np.sqrt(f) * vf f km/s

#V peak 2 = 4rGZXlh R X ¢ (y peak) A5 Sigmad %WE
peak ms = V_peak * Te3

h Rm=hR* kpc tom

phi peak = freeman bessel(y vpeak)

<

.format(y_g=y gpeak, r _g=r gNpeak over hR, y v=y vpeak, r_v=r peak over_ hR))

{"Sigmad eff’ :&gt;10s}

Sigma@ = V_peak ms*%2 / (4 * np.pi * G SI * h R m % phi_peak)

Sigma@ Msunpc2 = Sigma0 / Msun per pc2 to kg per m2

{"r_peak/r cross’ :8&gt;14s}

{"r cross’ :8gt;8s}”)



r cross, gN max = find gN crossing(Sigmad, h R)
if r_cross is not None:

r _peak = r_peak over hR * h R

ratio = r_peak / r_cross

ratio for vf.append(ratio)

print(f’{vf:8.0f} {h R:6.2f} {V peak:8.1f} {Sigma0 Msunpc2:10.0f}
else:

print(f’{vf:8.0f} {h R:6.2f} {V peak:8.1f} {Sigma0 Msunpc2:10.0f}

if ratio for vf:
print(f"¥n v flat=80-250 TOHR{E: {np.median(ratio for vf): 4f}")
print(f” ELAME (N=46) : 2.75”)

#
¥ 7. WERE: 2.75 BT S Signad =KD B
#
print(f"¥n{’ =" %70}")

print("¥RI7E: r_peak/r cross = 2.75 BRI HEM")
print(f”{ =" %70}")

target ratio = 2.75

# Sigma0 %R L CHE=2.75(L 42 EERDIT 2
def ratio_minus_target(log S0):
SO = 10%klog SO * Msun per pc2 to kg per m2
r cross, _ = find gN crossing(S0, h R fixed)
if r_cross is None:
return -target ratio # ZXERL
r_peak = r_peak over hR * h R fixed
return r_peak / r_cross - target ratio

try:
log SO solution = brentq(ratio minus target, np.log10(30), np. log10(3000))
S0 solution = 10%xlog SO solution

{ratio:14.4f} {r cross:8.3f}")

{! xZEM L 18t ; 14s}

print(f” r peak/r cross = 2.75 M & % Sigmad = {SO solution:.1f} M sun/pc™2")

# 2@ Signad T®Dg N max/ad

S0 _SI = SO solution * Msun_per_pc2 to_kg per_m2

gN max_check = 2 * np.pi * G SI * SO SI * gN shape peak

print(f” g N max / a0 = {gN max_check/a0:.3f}")

print(f” — g N AF X a0 %BZ 2R GRROROHFERSIR) )
except Exception as e:

print(f” R4 L: {e}”)

i
it 8. EDIERL
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

#t (a) Freeman FIEEDIREIEL

ax = axes[0, 0]

y plot = np. Linspace(0.01, 4.0, 500)

ax.plot(y plotx2, freeman bessel(y plot)/vdisk2 shape peak, 'b-", label="V* di

x

sk (normalized)’)

ax.plot(y plot*2, freeman gN shape(y plot)/gN _shape peak, ’'r-", label="g N (normalized)’)

ax.axvline(r peak over hR, color="blue’, ls=’

{"---" :8gt;8s}”)

, alpha=0.5, label=f"r peak={r peak over hR:.2f}h R’)

ax.axvline(r_gNpeak over hR, color="red’, ls="--", alpha=0.5, Llabel=f"r_gNpeak={r gNpeak over hR:.2f}h R’)

a
a
a
a

>

.set xlabel("’r / h R")

.set _ylabel(’Normalized amplitude’)

.set title(’ (a) Freeman disk shape functions’)
. legend(fontsize=7)

X X X

#(b) g N(r) 7OT74)L (B%22=X)

ax = axes[0, 1]

for SO show, col, ls in [(50, "blue’, -"), (150, ’green’, '-'),

(500, ’orange’, '-’), (1500, 'red’, '-')1:

S0 _SI = SO_show * Msun_per pc2 to kg per m2
gN =2 % np.pi * G SI % SO SI * freeman gN shape(y plot)
ax.plot(y plot*2, gN/a@, color=col, ls=ls, label=f" =[X]={S0 show}")

ax.axhline(1.0, color="black’, Lls="--", label="g N = a0’)

ax.axvline(r peak over hR, color="gray’, ls=":", alpha=0.5)

ax.set xlabel('r / h R")

x.set ylabel("g N / a0")

ax.set title(’ (b) g N profiles’)

ax.set yscale(’ log")

ax.set_ylim(0.01, 100)

ax. legend(fontsize=7)

»

# (c) r peak/r cross vs Sigmad

ax = axes[0, 2]

ax.plot(Sigma0 valid, ratios, 'b-", Llinewidth=2)
ax.axhline(2.75, color="red’, ls="--", label="0Observed = 2,75")
ax.axhline(1.0, color="gray’, ls=":", alpha=0.3)
ax.set xlabel(" Z[X] [M sun/pc*]’)

x.set ylabel(’r peak / r {g N=a0}")

ax.set title(’ (c) Ratio vs surface density’)
ax.set xscale(’ log’)

ax. legend(fontsize=8)

ax.set ylim(0.5, 6)

»

# (d) B, g N max/a0 Tiidh
ax = axes[1, 0]
# g N max/a@ & ratio OIS
gN max_valid = []
for SO Msun in Sigma0 valid:
S0 SI = SO Msun * Msun_per pc2 to kg per m2



gN max valid.append(2 % np.pi * G SI % SO SI * gN shape peak / a0)
gN_max_valid = np.array(gN max valid)
ax.plot(gN max valid, ratios, "b-", Llinewidth=2)
ax.axhline(2.75, color="red’, ls="--", label="0Observed = 2.75")
ax.set xlabel("g N max / a0’ )
ax.set ylabel(’r_peak / r {g N=a0}’)
ax.set title(’ (d) Ratio vs g N max/a0’)
ax.set xscale(’ log’)
ax. legend(fontsize=8)
ax.set_ylim(0.5, 6)

X X X X X

# (e) v flat vs IEFRAYLLE
ax = axes[1, 1]
if ratio for vf:
ax.plot(vf test[:len(ratio for vf)], ratio for vf, "bo-', markersize=8)
ax.axhline(2.75, color="red’, ls="--", label="Observed = 2.75")
ax.set xlabel(’v flat [km/s]")
ax.set_ylabel(’r_peak / r_{g N=a0}")
ax.set title(’ (e) Ratio vs v flat (theory)’)
ax. legend(fontsize=8)

X X X X x X

# (f) hR fkFHE

ax = axes[1, 2]

if len(ratios_hR) &gt; 0:
ax.plot(hR valid, ratios hR, "g-’, Llinewidth=2)
ax.axhline(2.75, color="red’, ls="--", label="Observed = 2.75")
ax.set xlabel("h R [kpc]’)

>

ax.set_ylabel(’r_peak / r_{g N=a0}")
ax.set title(f (f) Ratio vs h R (Z[X=200, median={np.median(ratios hR):.2f})")
ax. legend(fontsize=8)

plt. tight layout()
plt.savefig(’ TA2 rs ratio.png’, dpi=150)
print(f"¥n[SAVED] TA2 rs ratio.png”)

#
#9. mA&HER
#

print(f’¥n{’ = %70}")

print("T-A2 &#&fEHR")

print(f"{" =" %70}")

print(§77"

W R A2 ros tanh / r s7(T3) = 2,75 H

m O%:

r s tanh = r_peak = {r_peak over hR:.2f} X h R (V.disk DE—7%)
r s7(T3) = r {{g N=a0}} (g N A ab IZFLLBB¥ER)

Freeman A& T :
g N(r) E—7%1& r = {r gNpeak over hR:.2f} X h R (V. disk E—% &\ R{l)
gN=al ORERIE g N E—S & Vdisk E=VDEICES
— r {{g N=a0}} &lt; r peak |TELMZHINHIR

e r peak / r {{g N=a0}} ¥ =X (HOEABE) IKKET S:
B g N max &gt;8gt; a0 — FEMHMI — HLFEEN (1)
EZX: g Nmax = a0 - RERFIE— V0 - LREFK

N=46 $R5A (r s™(T3)H1FFET % =g N max &gt; a0 DR KBEERA) (&
g N max/a0 = 1-10 OFEICHY. TOFMEATOHRREN = 2.75,

— [2.75] |& Freeman FIEEDFSRBIE + N=46 DBR/NNA TAHLRES
- REAOWMEIEES LAan
- v3.0 OBMDEBRIETE

| ava eV
EMMERBE (r {{g N=a0}} &Lt; r peak (Fi%sR) — Level A
EEN—H (= 2.75 OBEBER) > =X DHEITKE. Level B

W EEY:
I h R ICKEF LAY (BREBOLOHTRES)
EE TN (= RAOEEE) TEBICELT S
- SEEBERAIFE r s tanh/r s7(T3) (/NI WEY (WRIETEERFE)

oy



8. TA2_direct.py

bl
7z—X T-A2 (E#EE)
B SPARC 325F—4 T r peak, r {g N=a0}, r s D3FFMFR%LLER
fEfrs rs2 (V-1 THeRR)
R r s/r T3 "= 2.13, r peak/r T3 vs g N max/a0: rho=-0.918,
ATF—48 2R Level B (rs2ik#z)

=S
BRI YT OERETIRAEZTRL, .dat ORT—HHSBEHEIDDFMEFREEHE. LED g N nax/a0 KEEEFAND,

Y—RO—R£2X

#1/usr/bin/env python3

T-A2 SETHR: SPARCEF—4 T r s tanh / r s™(T3) = 2,75 % EEIREE

Freeman&METICTEARARA TR CEEBRTE AL >/,
> ERFT—5D vobar(r) (F4RI+AR+NIY) DHEEFHET 2,

3D DR
r s tanh:  tanh 74 v hOBEBFE (sparc_results.csv H5)
r_peak: v_bar(r) OE—J%F (.dat »5)

r {g N=a0}: g N(r) = v bar®(r)/r = a0 &4 2¥R (.dat HD)

224T: uv run ——with scipy -—with matplotlib —-with numpy python TA2 direct.py

import csv

import os

import numpy as np

from scipy. interpolate import interpld

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

EH

T e I

a0 kms2 kpc = 3.8e-4 # a0 in (km/s)"2 / kpc [1.2e-10 m/s"2 Z5#2]
# F83R: a0 = 1.2e-10 m/s"2 = 1.2e-10 * (3.086e19 kpc/m) / (1e3 m/s / km/s)"2

# = 1.2e-10 * 3.086e19 / 1e6 = 1.2e-10 * 3.086e13 = 3.70e3 ...
# IEREIC: a0 [km™2/s"2/kpc] = 1.2e-10 [m/s"2] * 3.086e19 [m/kpc] / 1e6 [(m/s)"2/(km/s) 2]
# = 1.2e-10 * 3.086e19 / 1e6 = 1.2 * 3.086e3 = 3703.2

# g N=v2/r O8AL: vlkm/s], rlkpc] — g N [(km/s)"2/kpc]
#f a0 = 3703 (km/s)"2/kpc ... ThIFKETED, MR,

# a0 = 1.2e-10 m/s"2

# 1 kpc = 3.086e19 m

# v2/r: (km/s)"2 / kpc = (1e3 m/s)"2 / (3.086e19 m) = 1e6/3.086e19 m/s"2 = 3.24e-14 m/s"2
# L7zh'>T ad / (3.24e-14) = 1.2e-10/3.24e-14 = 3703 (km/s)"2/kpc

a0 unit = 3703.0 # a0 in (km/s)"2 / kpc

#
Ty mAAH
#
d

ef load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

# -—- sparc_results.csv ——-
if not os.path.exists(”sparc results.csv”):
print("[ERROR] sparc_results.csv not found”)
exit(1)
src_cols, src_rows = load csv(”sparc_results.csv”)
print (f"[INFO] sparc results.csv: {len(src rows)} rows, columns: {src cols}”)

it BEL
def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

def get str(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
return row[c].strip()
return None

galaxies = {}



for row in src_rows:
name = get str(row, ['galaxy’, 'Galaxy’, 'name’, ’Name’, ’GALAXY'])
if not name:
name = Llist(row.values())[0].strip()
rs = get val(row, ['r s’, "rs’, 'r s tanh’, ’rs tanh’])
vf = get val(row, ['v_flat’, ’vflat’, ’Vflat’])
ud = get val(row, ["upsilon d’, "Upsilon d’, "Ud"])
if rs and vf and ud and rs &gt; 0 and vf &gt; 0:
galaxies[name] = {"rs tanh’: rs, "vflat’: vf, "upsilon d’: ud}

print(f"[INFO] Valid galaxies: {len(galaxies)}”)

#
#.dat 774D SRMEREERHE
#

def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
data = np. loadtxt(fn, comments="4#")
return data
return None

de

-

compute radii(data, upsilon d):
cdat 77 A ILDS3DDEMEEAFE:
r peak: |v bar(r)| OE—2$&
r gN a0: g N(r) = a0 &R2JRAFE (E—7 44D
g N max: g N ORKE
rad = data[:, 0] # kpc
v gas = data[:, 3] # km/s
v disk = datal:, 4] # km/s (at Y=1)
v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)

# v bar 2 (FFESRE)

vbar2 = upsilon d * np.sign(v disk) % v diskx2 + ¥
np.sign(v_gas) * v gas¥*2 + ¥
np.sign(v_bul) * v bul¥x2

vbar = np.sqrt(np.maximum(vbar2, 0.0))

if len(rad) &lt; 3 or rad.max() &lt; 0.1:
return None

# --- r peak: v bar OEF¥—% -—-
t 2754 ViR
try:
r fine = np. linspace(rad.min(), rad.max(), 1000)
vbar_interp = interpld(rad, vbar, kind="Linear’, fill value=0, bounds error=False)
vbar fine = vbar_interp(r_fine)
i_peak = np.argmax(vbar fine)
r peak = r fine[i peak]
v_peak = vhar fine[i peak]
except:
i_peak = np.argmax(vbar)
r peak = rad[i peak]
v_peak = vhar[i peak]

 E—VDRAR (FELFEHR) OBETSY
peak at edge = (r peak &gt; rad.max() * 0.9)

#-— g N(r) =vbar2 /r -——
#régt; 0 DF—HDH

mask = rad &gt; 0.01

rad g = rad[mask]

vbar g = vbar[mask]

gN = vbar gxx2 / rad g # (km/s)"2 / kpc

faNDE—Y

i_gN peak = np.argmax(gN)

gN max = gN[i gN peak]

r gN peak = rad g[i gN peak]

# - r {g N=a0}: g N = a0 DXKEXR (E—2444) —-
r gN a0 = None
if gN max &gt; al unit:
# E—V4MIT gN=a0 2:E88TD2R%EFT
for j in range(i gN peak, len(gN)-1)
if gN[j] &gt;= a0 unit and gN[j+1] &lt; a0 unit:
1 #&ERE
frac = (a0 unit - gN[j1) / (aNLj+1] - oN[jD)
r gN a0 = rad g[j] + frac * (rad g[j+1] - rad g[j])
break
t E—RBIORELRT (Hhid)
r_gN_ a0 _inner = None
for j in range(i gN peak):
if gN[j] &Lt; a0 unit and gN[j+1] &gt;= a0 unit:
frac = (a@_unit - oN[j1) / (N[j+1] - oN[jI)

r gN a0 inner = rad g[j] + frac * (rad g[j+1] - rad g[j])

return {
"r peak’: r peak,
"v_peak’ : v_peak,
"peak at edge’ : peak at edge,



"r gN peak’ : r gN peak,

"gN_max’ : gN_max,

"gN max_over a0’ : gN max / a@ unit,
"r gN al’: r _gN a0,

“rad’: rad,
"vbar’ : vbar,
TgN': N,
"rad g’ : rad g,
}

#

XA —=T

#

results all = []
results crossing = []1 # g N =al x=HY
results no crossing = []

for name, gal in galaxies.items():
data = read dat(name)
if data is None:
continue

info = compute_radii(data, gal[ upsilon d’])
if info is None:
continue

entry = {
" name’ : name,
"vflat’: gal[’vflat’],
"rs tanh’: gal[’rs tanh’],
“upsilon d’: gal[’upsilon d’1],
sk{k: info[k] for k in ['r peak’, ’'v peak’, ’peak at edge’,
"r_gN_peak’, "gN max’, 'gN max_over a0,
v gN a0’ 1},
}

i HEEE

if info[’r gN a0’ ] is not None and info[’r gN a0’ ] &gt; 0:
entry[’rs over rT3"] = gal[’rs_tanh’] / info[’r gN a0’ ]
entry[’ rpeak over rT3’] = info[’r peak’] / info[’r gN a0’ ]
entry[’rs_over rpeak’] = gal[’rs tanh’] / info[’r_peak’]
results crossing. append(entry)

else:
entry[’ rs over rT3’] = None
entry[’ rpeak over rT3’] = None
entry[’rs over rpeak’] = gal[’rs tanh’] / info['r peak’] if info[’r peak’] &gt; 0 else None
results no_crossing. append(entry)

results all.append(entry)

N total = len(results all)
N cross = len(results crossing)
N no = len(results no crossing)

print(f’¥n{’ =" %70}")

print(f"#EREE")

print(f"{" =" %70}")

print(f"fE4rAkZh: {N total}”)

print(f” g N=a0 3zZ#HY: {N cross} ({100%N cross/N total:.1f}%)”)
print(f” AL (LBMOND) : {N_no} ({100+N no/N total:.1f}%)")

i
# REH Y ORI DERMT
i

print(f"¥n{’ =" x70}")
print(f"325 4 Y SRADE (N={N cross}) ")
print(f”{" =" %70}")

rs_rT3 = np.array([d[’ rs_over rT3’] for d in results crossing])

rp rT3 = np.array([d[’ rpeak over rT3’] for d in results crossing])
rs_rp = np.array([d[’ rs over_rpeak’] for d in results crossing])
vf cross = np.array([d[’vflat’] for d in results crossing])

gNmax = np.array([d[’ gN_max_over a0’ ] for d in results crossing])

print(f"¥n{ $54&" :8gt;25s} { HR{E :8&9t;8s} { 19 :8gt;8s} (' std :8gt;8s} {’ 25% :8&gt;8s} {’ 75% :&gt;8s}”)

for label, arr in [
(’r s tanh / r {g N=a0}’, rs rT3),
("r peak / r {g N=a0}’, rp rT3),
(r_s tanh / r_peak’, rs rp),
("g N max / a0, gNmax),

1:
print(f”{label:&gt;25s} {np.median(arr):8.3f} {np.mean(arr):8.3f} {np.std(arr):8.3f} {np.percentile(arr,?25):8.3f}
i
# 9f&: r s/r T3 = (r_s/r peak) X (r_peak/r T3)
i

print(f"¥n{ =" x70}")

print("ELEDYR: r s/r T3 = (r s/r peak) X (r peak/r T3)”)
print(f7{ =" %70}”)

print(f” r s tanh/r T3 R{E = {np.median(rs rT3):.3f}")
print(f” = (r_s/r peak) X (r_peak/r T3)”)

print(f” = {np.median(rs rp):.3f} X {np.median(rp r73):.3f}")
print(f” = {np.median(rs_rp)*np.median(rp rT3):.3f}")

#

{np.percentile(arr, 75):8.3f}")



# g N_max/a0 KM
#
print(f’¥n{’ = %70}")
print("HLED g N_max/a0 {&7EFM")
print(f”{ =" %70}")

t EvaE
sort_idx = np.argsort(gNmax)
n per = max(N cross // 4, 1)
print(f"¥n{’ g N max/a0 &5FR’ :8gt;20s} {'N :&gt;4s} {'r_s/r T3 :8&gt;10s} {'r _peak/r T3 :&gt;12s} {'r_s/r peak’ :&gt;10s}”)
for i in range(4):

i0 = i * n_per

il = (i+1)*n per if i &lt; 3 else N cross

idx = sort_idx[i0:i1]

print(f”{gNmax[idx].min():. 1f}-{gNmax[idx].max():. 1f}:". rjust(20) +

7 {len(idx):4d} {np.median(rs rT3[idx]):10.3f} {np.median(rp rT3[idx]):12.3f} {np.median(rs_ rp[idx]):10.3f}")

# #8m8

rho gN, p gN = spearmanr(gNmax, rs rT3)

print(f"¥nr_s/r T3 vs g N_max/a0: Spearman p={rho gN:.3f}, p={p_gN:.2e}”)
rho gN2, p gN2 = spearmanr (ghNmax, rp rT3)

print(f”r_peak/r T3 vs g N max/a0: Spearman p={rho gN2:.3f}, p={p gN2:.2e}")

#
v flat f&k7Fh
#
print(f’¥n{’ = %70}")
print("tbED v_flat (KEH")
print(f”{ =" %70}")

rho vf, p vf = spearmanr(vf cross, rs rT3)
print(f’r_s/r_T3 vs v_flat: Spearman p={rho vf:.3f}, p={p vf:.2e}”)

#
# 2ERFATOD r_s/r_peak
#
print(f’¥n{’ = %70}")

print(f"24R8T®D r_s tanh / r_peak (N={N_total}) ")
print(f”{ =" %70}")

rs_rp all = np.array([d[’ rs over rpeak’] for d in results all if d[’rs over rpeak’] is not Nonel)
print(f” FR{E: {np.median(rs_rp all):.3f}")

print(f” F5{E: {np.mean(rs rp all):.3f}”)

print(f” std: {np.std(rs_rp_ all):.3f}")

#
i EDEMR
#
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) rs/rT3DOERANTSL
ax = axes[0, 0]
ax.hist(rs rT3, bins=30, color="steelblue’, edgecolor="white’, alpha=0.7)
ax.axvline(np.median(rs_rT3), color="red’, ls="--",

labe =’ Median={np.median(rs rT3):.2f}")
x.axvline(2.75, color="black’, Lls=":", label="Previous=2.75")
ax.set xlabel(’r s tanh / r {g N=a0}")
x.set_ylabel(’ Count”)

x.set title(f' (a) r_s/r T3 distribution (N={N cross})’)
x. legend(fontsize=8)

»

»

o

# (b) r peak/r T3 DERA NI S A
ax = axes[0, 1]
ax.hist(rp rT3, bins=30, color="coral’, edgecolor="white’, alpha=0.7)
ax.axvline(np.median(rp rT3), color="red , ls="--’
labe l=f" Median={np.median(rp rT3):.2f}")
x.set xlabel(’r peak / r_ {g N=a0})
.set_ylabel(’ Count’)
x.set title(f’ (b) r peak/r T3 (geometric factor)’)
x. legend(fontsize=8)

I I )
3

# (c) r s/r T3 vs g N max/a0

ax = axes[0, 2]

ax.scatter(gNmax, rs rT3, s=15, alpha=0.5, c="steelblue’, label="r s/r T3")
ax.scatter(gNmax, rp rT3, s=15, alpha=0.5, c="coral’, label="r peak/r T3")
x.axhline(2.75, color="black’, ls=":", alpha=0.5)

ax.set xlabel("g N max / a0’ )

x.set ylabel(’Ratio’)

x.set title(f' (c) Ratio vs g N max/a® (p={rho gN:.2f})")

ax.set xscale(’ log’)

x. legend(fontsize=8)

»

)

»

# (d) r s/r peak vs v flat (£4R)

ax = axes[1, 0]

vf all = np.array([d[’vflat’] for d in results all if d[’rs over rpeak’] is not Nonel)

has cross = np.array([d[’r gN a0’ ] is not None for d in results all if d[’rs over rpeak’] is not None])
ax.scatter(vf all["has cross], rs rp all[ has cross], s=8, alpha=0.3, c="gray’, label="No crossing’)
ax.scatter(vf all[has cross], rs rp all[has cross], s=15, alpha=0.5, c="blue’, label="Has crossing’)
ax.axhline(1.0, color="red, ls="--", alpha=0.5)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’r s tanh / r peak’)

ax.set title(f' (d) r s/r peak (all, median={np.median(rs rp all):.2f})")

ax. legend(fontsize=8)

I3

X X X

# (e) 3IDDFEDLT (REHYIRADH)



ax = axes[1, 1]

rs_arr = np.array([d[’ rs_tanh’] for d in results crossing])

rp_arr = np.array([d[’ r peak’] for d in results crossing])

rT3 arr = np.array([d[’r_gN a0’ ] for d in results crossing])

ax.scatter(rT3 arr, rs arr, s=15, alpha=0.5, c="steelblue’, label="r s tanh’)
ax.scatter(rT3 arr, rp_arr, s=15, alpha=0.5, c="coral’, label="r_peak’)

maxr = max(rs arr.max(), rp arr.max(), rT3 arr.max())

ax.plot([0, maxr], [0, maxr], "k--", alpha=0.3)

ax.plot([0, maxr], [0, 2.75*maxr], "gray’, ls=":’, alpha=0.3, label=" X2.75")
ax.set xlabel(’r_{g N=a0} [kpc]')

ax.set_ylabel(’r [kpc]')

ax.set_title(’ (e) r_s, r_peak vs r T3")

ax. legend(fontsize=8)

>

> X X

# (f) DEEOHSR: r s/r T3 = (r_s/r_peak)*(r peak/r T3)
ax = axes[1, 2]

product = rs rp * rp rT3

ax.scatter(product, rs rT3, s=15, alpha=0.5, c="green’)
x.plot([0, max(rs rT3.max(), product.max())],

[0, max(rs_rT3.max(), product.max())], "k--")
ax.set xlabel(’ (r_s/r peak) X (r_peak/r T3)")
x.set_ylabel(’r_s/r T3 (direct)’)
x.set title(’ (f) Decomposition check’)

1)

[T

plt. tight layout()
plt.savefig(’ TA2 direct.png’, dpi=150)
print(f"¥n[SAVED] TA2 direct.png”)

i
# CSVEA
i
out_csv = "TA2 three radii.csv”
with open(out csv, "w”, newline="", encoding="utf-8’) as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, 'v flat’, 'r s tanh’, ’r peak’, 'r gN a0’,
"gN_max_over a0, 'rs over rT3’, ’rpeak over rT3’,
"rs over rpeak’, 'upsilon d’])
for d in sorted(results all, key=lambda x: x[’'vflat’]):
writer.writerow([
d[’ name’ ], f"{d[’vflat’J:.1f}",
7{d[’ rs_tanh’ ]:.3f}”, f"{d[’r peak’ ]:.3f}”,
f7{d[" r_gN a0’ ]:.3f}” if d[’r_gN a0’ ] else "NA”,
£7{d[’ gN_max over a0’ ]:.3f}”,
F7{d[’ rs over rT3"]:.4f}” if d[’rs over rT3'] else "NA”,
£7{d[’ rpeak over rT3’]:.4f}” if d.get(’ rpeak over rT3’) else "NA”,
f7{d[’ rs over rpeak’ ]:.4f}” if d[’rs over rpeak’] else "NA”,
£7{d[" upsilon d’J:.3f}",

1
print(f"[SAVED] {out csv}”)

RI&HER

ESESESY

print(f"¥n{’ =" %70}")
print("T-A2 Si&fEHR"
print(f7{ =" %x70}")

print (£
B ET7—YICL2300FMEEROLE (N cross={N cross}) :

r s tanh / r {{g N=a0}} F&fE = {np.median(rs rT3):.3f} (BIEHE{E: 2.75)
r peak / r {{g N=a0}} thfE = {np.median(rp rT3):.3f}
r s tanh / r_peak fRfE = {np.median(rs_rp):.3f}

SR
r s/r T3 = (r_s/r_peak) X (r_peak/r T3)
= {np.median(rs_rp):.2f} X {np.median(rp rT3):.2f}

HEBIRTF (r_s/r peak = {np.median(rs rp):.2f}) : Step 2-3 THRBAFH
HB2EF (r_peak/r T3 = {np.median(rp rT3):.2f}) :
FreemanA# DA% (9 NE—VAIE &lt; V diskE—2 i)

B g N max/a0 &7z
r s/r T3 vs g N max/a@: p = {rho gN:.3f}
— BOHEELRS Tg N max A a0 [CF) F) ORAIFELRAKREN]
- EQOHEREAZS g N max AKEVRAIFEEHRARE L

W 24T ®D r s/r peak = {np.median(rs rp all):.3f} (N={len(rs rp all)})
— Step 2 DIER (0.98) & DEAEMHR

B ERDREILL NI
EMR (r T3 &lt; r peak (L
EEH (HhE = 2,75 OH{E) :

oy

R) : Level A
ZDFERTHE



9. TA3_gc_measurement.py

1]
7x—2X T-A3
BH 9 c OMILAE RAR 71 v k)
fE s rsh™MER (&%)
R g c FFR{E 0.825 a0, CV=0.99, g ¢ ~ v_flat™0.82 (rho=0.546),
ATF—48 R Level A (Heir)

=S

£ D (g N, g obs) F—#IZ MOND XA T4 v hL. g c ZM—DBEHMB/NNTX—9ELTRE, r_s
A —EA LA WERREDNE O EHE,

Y—RO—R£2X

#1/usr/bin/env python3

T-A3: g ¢ DIRIAE
73%: RAR (Radial Acceleration Relation) NDEEI (v T4V

g obs(r) = v obs®(r) / r
g N(r) =vbar®(r) /r (Y_dB#EREEHR)

v3.0 :(5): g obs = (g_ N + sqrt(g N* + 4-g c:gN)) /2

g ¢ EREATHIICT 4 v b, ros (E—EIEA LAV,
- ERMEETLEE L g c DRE,

%4T: uv run --with scipy --with matplotlib —-with numpy python TA3 gc measurement.py

import csv

import os

import numpy as np

from scipy.optimize import minimize scalar, curve fit
from scipy.stats import spearmanr, pearsonr

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

EH

e

i a0 in (km/s)"2 / kpc
a@_unit = 3703.0

T mHIAH

o W o I

ef load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)
return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

#f —— sparc_results.csv ———
src_cols, src_rows = load csv(”sparc_results.csv”)
print(f”"[INFO] sparc_results.csv: {len(src_rows)} rows”)

galaxies = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name:
name = Llist(row.values())[0].strip()
ud = get val(row, ["ud’, "upsilon d’, "Upsilon d’'])
vf = get val(row, ['vflat’, ’v_flat’])
rs = get val(row, ["rs1’, "rs’, "rs’])
if ud and vf and rs:
galaxies[name] = {"upsilon d’: ud, 'vflat’ : vf, 'rs tanh’: rs}

print (f"[INFO] {len(galaxies)} galaxies loaded”)

i
# .dat 77 A ILEHHAH
i
def read dat(name):

for fn in [f”{name} rotmod.dat”, ”{name}.dat”]:




if os.path.exists(fn):
data = np. loadtxt(fn, comments="1")
return data
return None

#
# MONDRK T 1 v 71 v
#
def mond gobs(gN, gc):
"7"y3.0 R (5): g obs = (g N + sqrt(g N°2 + 4xgcxg N)) / 2”"”
return (gN + np.sqrt(gN%2 + 4skgckgN)) / 2

def fit gc single(gN arr, gobs arr, err _gobs=None):

B—RAOD (g N, gobs) F—#IIHLT gc &HT1v b

&/ME: £ [log(g obs) - log(g obs model(g N, g ¢))]1°2
LgZETI74v b (F4FIvILYIDNREVED)

# g N, gobs&t; 0 DF—FDH

mask = (gN_arr &gt; 0) &amp; (gobs arr &gt; 0)

gN = gN arr[mask]

gobs = gobs arr[mask]

N = Llen(gN)

if N&Llt; 3:
return None, None, None, N

log gobs = np. Log10(gobs)

def chi2(log gc):
gc = 10%xlog gc
model = mond gobs(gN, gc)
model = np.maximum(model, Te-30)
residuals = log gobs - np. log10(model)
return np.sum(residuals¥¥2)

7Yy RYy—F + BEL

log gc grid = np. linspace(-1.0, 2.0, 100) # g c/a0 = 0.1 ~ 100
log gc grid abs = log gc grid + np. log10(a0 unit)

chi2 grid = [chi2(lg) for lg in log gc grid abs]

i_best = np.argmin(chi2 grid)

i BB
result = minimize scalar(chi2
bounds=(log gc grid abs[max(0, i best-5)],
log gc grid abs[min(len(log gc grid)-1,i best+5)]),
method="bounded’ )

gc fit = 10%xresult. fun # Zhid chi2 &, gc & :
gc fit = 10%xresult,x

gc over ad = gc fit / a@ unit

chi2 min = result. fun

chi2 dof = chi2 min / max(N - 1, 1)

I EEXBOKE (Ax® =1Tlo)
gc_err = None
try:
target = chi2 min + 1.0
i TR
def f lo(lg):
return chi2(lg) - target
from scipy.optimize import brentq
lg lo = brentq(f lo, log gc grid abs[0], result.x)
lg hi = brentq(f lo, result.x, log gc grid abs[-1])
gc err = (10%xlg hi / a@ unit - 10%xlg lo / a0 unit) / 2
except:
pass

return gc_over a0, chi2 dof, gc err, N

i
t XAV IL—F
i
results = []
n fail =0

n_no dat = 0

for name, gal in galaxies. items():
data = read dat(name)
if data is None:
n_no dat += 1
continue

rad = datal:, 0] # kpc
v obs = data[:, 1] # km/s
err v = data[:, 2] # km/s
v gas = data[:, 3]
v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal["upsilon d']

# v bar 2 (FSREHF)



vbar2 = ud * np.sign(v disk) * v disk¥x2 + ¥
np.sign(v_gas) * v_gas¥x2 + ¥
np.sign(v_bul) % v bul%x2

°

#gN & gobs (r &gt; 0 &)
mask = rad &gt; 0.01
r = rad[mask]

gN = np.maximum(vbar2[mask], 0) / r # (km/s)"2 / kpc
gobs = v_obs[mask]*2 / r # (km/s)"2 / kpc
#7149 h

gc a0, chi2 dof, gc_err, N pts = fit gc single(gN, gobs)

if gc_ald is None:
n fail += 1
continue

results. append({
" name’ : name,
"vflat’: gal[’vflat’],
"rs tanh’: gal[’rs tanh’],
“upsilon d’: ud,
"gc over ald’: gc al,
"gc_ err’: gc err,
"chi2 dof’: chi2 dof,
"N_pts’: N_pts,
# LB : BERRIED g ratio
"gc ratio circular’: gal[’ vflat’ J*x2 / (gal[’rs tanh’] % a0 unit),

1))

N total = len(results)
print(f"¥n[INFO] 7 1w kEgZh: {N_total}, %kBX: {n_fail}, .datZmL: {n_no dat}”)

#
1 FERAE
#
gc_arr = np.array([d[’ gc over a®’ ] for d in results])

vf_arr = np.array([d[’ vflat’] for d in results])

ud arr = np.array([d["upsilon d’] for d in results])

rs_arr = np.array([d[’ rs_tanh’] for d in results])

chi2 arr = np.array([d[’chi2 dof’ ] for d in results])
gc_circ = np.array([d[’gc_ratio circular’] for d in results])

print(f’¥n{’ =" %70}")
print(f’g ¢ / a0 ®H#H (N={N total}) ”)
print(f"{" =" %70}")

# AnfERRE (chi2 dof &gt; 10 @HRR7 1 v k)

mask _good = chi2 arr &lt; 10

gc_good = gc_arr[mask good]

N good = mask good. sum()

print(F"BIF 7 1« v b (x?/dof &Lt; 10) : {N good}/{N total}”)

print(f"¥n--- £48@ ---")

print(f” fRfE: {np.median(gc arr):.4f}")

print(f” F1g:  {np.mean(gc_arr):.4f}")

print(f” std: {np.std(gc_arr):.4f}")

print(f” CV: {np.std(gc_arr)/np.mean(gc_arr):.3f}")
print(f” 25%ile: {np.percentile(gc arr, 25):.4f}"”)
print(f” 75%ile: {np.percentile(gc_ arr, 75):.4f}")

print(f"¥n-— BIF 74 v bDH —--")
print(f” fR{E: {np.median(gc good):.4f}”)
print(f” F1g:  {np.mean(gc_good):.4f}")
print(f” std: {np. std(gc_good):.4f}”)

print(f” CV: {np. std(gc_good) /np.mean(gc_good) :.3f}")
#

# 9 c OEEMERE

#

print(f"¥n{’ =" %70}")
print("g_c OEEMRE")
print(f”{ =" %70}")

#gc=a0 (=1) &EDLEE

from scipy.stats import wilcoxon
try:
stat, p wilcox = wilcoxon(gc good - 1.0)
print(f"¥nWilcoxont®E (HO: g ¢ = ad) : p = {p wilcox:.2e}”)
except Exception as e:
print(f"¥nWi lcoxontRELEL: {e}”)
p_wilcox = None

I DEDIRE : OV ANI IFNIEEER

print(f”¥nCV = {np.std(gc good)/np.mean(gc good):.3f}”)
print(f” CV &lt; 0.3: BRLEN (MAIEHEBRERE) ")
print(f” CV &gt; 1.0: SRAMESE (vILKR— bDCV=4.41 & LEE) 7)

#
# g cvs SRA/NS A —4 DIAKE
#
print(f’¥n{’ =" %70}")

print("g_c vs SRAINSX—8 (RFT 1 v hDH) ")
print(f7{ =" %70}")




vf good = vf arr[mask good]
ud_good = ud_arr[mask_good]
rs_good = rs arr[mask good]

#gcvsv flat
rho_vf, p vf = spearmanr(gc_good, vf good)
print(f"¥ng ¢ vs v flat: Spearman p={rho vf:.3f}, p={p vf:.2e}”)

fgcvsYd
rho_ud, p_ud = spearmanr(gc_good, ud good)
print(f’g ¢ vs Y d: Spearman p={rho ud:.3f}, p={p ud:.2e}”)

# g cvsrs tanh
rho_rs, p_rs = spearmanr(gc_good, rs_good)
print(f’g ¢ vs r s tanh: Spearman p={rho rs:.3f}, p={p rs:.2e}”)

# BERMED gc & DB

gc_circ_good = gc_circ[mask_good]

rho circ, p circ = spearmanr(gc good, gc circ good)

print(f"¥ng c(RAR) vs g c(circular): Spearman p={rho circ:.3f}, p={p circ:.2e}”)
print(f” — p=1 ALWAEFFA UHER. o&Lt;&1t;1 RSMITARE")

# log-log 71w h: gcvs v flat
mask_pos = (gc_good &gt; 0) &amp; (vf_good &gt; 0)
if mask pos.sum() &gt; 10:
lg = np. log10(gc_good[mask_pos])
Lv = np. log10(vf good[mask pos])
p fit = np.polyfit(ly, lg, 1)
r fit, = pearsonr(lv, lg)
print(f"¥nlog(g c/a0) = {p fit[1]:.3f} + {p_fit[0]:.3f} X log(v_flat)”)
print(f” — g c oc v flat™{p fit[0]:.3f} (r={r fit:.3f})")
print(f” cf. &ML g c o< v_flat™1.327)

#
# v flat £>3
#
print(f"¥n{’ =" %70}")
print("v_flat E>V 3l g c/a0”)
print(f7{ =" %70}")

sort idx = np.argsort(vf good)
n_per = max(N_good // 6, 1)
print(f"¥n{’v flat#iF :8gt;18s} {'N :8gt;4s} {'g c/ad HRfE" :8gt;12s} { g c/ad std’ :8&gt;10s} {’ CV’ :&gt;6s}”)

for i in range(6):
i0 = i * n_per
il = (i+1)*n per if i &lt; 5 else N _good
idx = sort_idx[i0:i1]
vf b = vf good[idx]
gc b = gc_good[idx]
cv b = np.std(gc b)/np.mean(gc b) if np.mean(gc b) &gt; 0 else 999
label = f"{vf_b.min():.0f}-{vf b.max():.0f}”
print(f’{label:&gt;18s} {len(idx):4d} {np.median(gc b):12.4f} {np.std(gc b):10.4f} {cv b:6.3f}")

#
# EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) g c/ad DEZANTS L

ax = axes[0, 0]
ax.hist(gc good, bins=40, color="steelblue’, edgecolor="white’, alpha=0.7)
ax.axvline(1.0, color="red’, ls="--", Llinewidth=2, label="g c = a0’)
ax.axvline(np.median(gc good), color="black’, ls="-",
labe =’ Median={np. median(gc_good):.3f}")
x.set xlabel("g c / a0")
x.set_ylabel(’ Count’)
ax.set title(f' (a) g c distribution (N={N good})’)
x. legend(fontsize=8)

)

»

# (b) g c vs v flat (log-log)

ax = axes[0, 1]

ax.scatter(vf good, gc good, s=10, alpha=0.4, c="steelblue’)
ax.axhline(1.0, color="red, ls="--", alpha=0.5)

ax.set xlabel(’v flat [km/s]")

x.set ylabel(g c / a0’)

ax.set xscale(’ log’)

ax.set yscale(’ log")

x.set title(f' (b) g c vs v _flat (p={rho vf:.3f})")

»

»

# log-log fit Lline
if mask pos.sum() &gt; 10:
vv = np. logspace(np. Log10(vf good.min()), np. log10(vf good.max()), 100)
ax.plot(vv, 10x#np.polyval(p fit, np.log10(vv)), 'k-", alpha=0.5,
label=f" ocv™{p fit[0]:.2f}")
ax. legend(fontsize=8)

# (c) gcvs Y d

ax = axes[0, 2]

ax.scatter(ud good, gc good, s=10, alpha=0.4, c="orange’)
ax.axhline(1.0, color="red, ls="--", alpha=0.5)

ax.set xlabel(’ Y d")

ax.set ylabel("g c / a0")

ax.set yscale(’ log")

ax.set title(f'(c) g c vs Y d (p={rho ud:.3f})")

3

X X X X



# (d) RAR: g obs vs g N (RFRFE1A S + MONDHRHR)
ax = axes[1, 0]
for d in results[:50]: {# RAID505R5T
data = read dat(d[’ name’])
if data is None:
continue
rad = data[:, 0]
v_obs = data[:, 1]
v_gas = data[:, 3]
v disk = datal:, 4]
v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = d["upsilon d']
vbar2 = ud * np.sign(v disk)*v disk**2 + np.sign(v_gas)*v gas**2 + np.sign(v_bul)*v_bul¥x2
mask = (rad &gt; 0.01) &amp; (vbar2 &gt; 0)
if mask.sum() &lt; 2:
continue
gN = vbar2[mask] / rad[mask]
gobs = v_obs[mask]**2 / rad[mask]
ax.scatter(np. Log10(gN/a0 unit), np. log10(gobs/ad unit),
s=1, alpha=0.1, c="gray’)

# MONDER%R (g ¢ = a0, 0.5a0, 2a0)
gN Lline = np. logspace(-3, 2, 500) * a0 unit
for gc val, col, label in [(1.0, "red’, 'g c=al’),
(0.5, "blue’, "g ¢c=0.5a0"),
(2.0, ’green’, 'g c=2a0")]:
gobs Lline = mond gobs(gN Lline, gc val * a0 unit)
ax.plot(np. Log10(gN_Line/ad unit), np. log10(gobs_Line/a0 unit),
color=col, label=label, Llinewidth=1.5)
.plot([-3, 2], [-3, 2], 'k:", alpha=0.3, label="g obs=g N’)
ax.set xlabel(’ log(g N / a0)")
ax.set_ylabel(’ log(g obs / a0)")
ax.set title(’ (d) RAR with MOND curves’)
ax. legend(fontsize=7)
ax.set xlim(-3, 1.5)
ax.set_ylim(-2.5, 1.5)

a

> X X

> X X

# (e) g c(RAR) vs g c(circular)

ax = axes[1, 1]

ax.scatter(gc_circ_good, gc_good, s=10, alpha=0.4, c="purple’)
maxval = max(gc circ good.max(), gc good.max())

ax.plot([0, maxvall, [0, maxvall, "k--", alpha=0.3)

ax.set xlabel("g ¢ (circular) / a0’)

ax.set_ylabel("g ¢ (RAR fit) / a0’")

ax.set xscale(’ log’)
ax.set yscale(’ log’)
x.set title(f’ (e) RAR vs circular (p={rho circ:.3f})")

»

# (f) x?/dof DER NI S L

ax = axes[1, 2]

ax.hist(chi2 arr[chi2 arr &Llt; 20], bins=50, color="green’, edgecolor="white’, alpha=0.7)
x.axvline(1.0, color="red", ls="--", label=" x*/dof = 1")

ax.set xlabel(’ x*/dof (log-space)’)

x.set ylabel(’ Count’)

x.set title(f’ (f) Fit quality’)

ax. legend()

»

[

plt. tight layout()
plt.savefig(’ TA3 gc measurement.png’, dpi=150)
print(f"¥n[SAVED] TA3 gc measurement.png”)

i
# CSVEA
i
out_csv = "TA3 gc_independent.csv”
with open(out csv, "w”, newline="", encoding="utf-8') as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, 'v flat’, 'rs tanh’, "upsilon d’
"gc over_al’, 'gc err’, ’'chi2 dof’, "N pts’
"gc circular’])
for d in sorted(results, key=lambda x: x[’vflat’]):
writer.writerow([
d[’name’ ], f”{d[’vflat’J:.1f}”, f’{d[’ rs_tanh’]:.3f}”
F7{d[" upsilon d"J:.3f}”, F"{d[’gc over a0’ ]:.4f}",
f7{d[" gc_err’ J:.4f}” if d['gc_err’] else "NA”
F7{d[’ chi2 dof’ ]:.4f}”, d['N pts'],
f7{d[’ gc_ratio circular’]:.4f}”,

i)l
print(f"[SAVED] {out csv}”)

i

ES S S
o

print(f’¥n{’ =" %70}")
print("T-A3 #&iR”)
print(f7{ =" %70}")

print(F7"
W RIIA g c AIERE: RAR 1 v F vy

g obs = (g N + sqrt(g N* + 4-g c-g N)) /2
FIAT g c ZH—DEBANTIXA—FELTT (v b
ros Z—YIfEA LAV - BERRIEE TLEE

Hgc DN



N = {N good} (R{FZ7 1 v k)
FR{E: {np.median(gc_good):.4f} X al
Cv: {np. std(gc_good)/np.mean(gc_good):.3f}

B g c OEEE:
CV &lt; 0.3 - #hiiE (AmISHERERE)
CV =1 - SRAKEFELHATN
CV &gt; 3 — BRULRIIKE

W v flat & D#EME:
Spearman p = {rho vf:.3f}
- p =0: gcldv flat ITERELAVL (EiEH)
— o &gt; 0.3: g c IMRTEEBICIKET S

B BERMED g ¢ EDLE:
o = {rho circ:.3f}
= p = 1: RAR 71 v NIBERMEER CIER ORIMERL)
— p &lt; 0.5: RAR 71 v MIMIIAAE

W v3.0 ~NDIFHE:
g c=ad (TEH) — v3.0 XZDF XM
g ¢ MERAIKE - g9 ¢ OYEMEROHBIVE
(40 BHEER? X KE?)
")



10. cond14_complexity.py

b2
7x—X SAF1ARREE
B8 vbar TOT7 7 A IVIEHEE 9 c OBEE (FE14RET R M)
fE s rs2 (gammafxzZ=DEHHE)
EEES C_rms vs g_c: rho=0.048 (##8R8) . REVADEREHITITZRE, gas -> C_rms -> ganmafkZ= DEEEHIIEE,
RF—H R Level B (RMH14F-ZF. HRADEENRHY)

R AT B 89
14 (B4R > v_bar #BHM{L -> gamma DFZIR) IRER%EMREL, C_rms (Freemani®BRE) . outer_excess F#%& g ¢ & B,

Y—RO—R£2X

#1/usr/bin/env python3

FAMREEDIRGE :
v_bar(r) @ THEHMABA,SDBREE] »* g, v_flat LHEETZH

fREE: BMEHDOSH — v_bar DOFEHMEE —> v=0.284 DER

iR
(1) C profile: v bar(r) DFreemanP#H S D3EME (RUSHEZE)
(2) S shape: v _bar(r)/v_bar Freeman(r) MDAEZEIL (FIREME)
(3) r_eff ratio: v_bar MAE#FRE / Freeman OBEM¥E (Y DE)

HREE:
C_profile vs g c(RAR) — MEBIHNILFM14%H
Cprofile vs v flat — HEEHNIE v DEIRE L TEM
Cprofile vs (r s3I - r sFifll) > HELHATEZH

=

2E4T: uv run —-with scipy --with matplotlib —-with numpy python cond14 complexity.py

B#2: TA3 gc_independent.csv (T-A3DHA) ARAT A LI M) ICHB I &

o

import csv

import os

import numpy as np

from scipy.optimize import curve fit

from scipy.special import i0, i1, k0, k
from scipy.stats import spearmanr, pearsonr
from scipy. interpolate import interpld
import matplotlib

matplotlib. use(’ Agg’)

import matplotlib.pyplot as plt

#
BES - 1-FT4 VT4
#
d

ef load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[cl.strip():
try: return float(rowlc])
except: pass
return None

def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")
return None

# Freeman bessel
def freeman bessel(y):
y = np.clip(y, 1e-8, 50.0)
return y#x2 % (i0(y)*k0(y) - i1(y)*k1(y))

y _fine = np. linspace(0.01, 5.0, 5000)
vd2 shape = freeman bessel(y fine)
bessel peak = np.max(vd2 shape)

def v_freeman profile(r, h R, V_peak)
"Freenant B DB
y=r/(2.0x%hR)
y = np.clip(y, 1e-6, 50.0)
v2 = V_peak#x2 * freeman bessel(y) / bessel peak
return np. sqrt(np.maximum(v2, 0.0))




Ty mHAH

#

print("="%70)
print("F—4 ZmHRAH")
print("="%70)

# sparc_results.csv
src_cols, src_rows = load csv(”sparc_results.csv”)
galaxies = {}

for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = List(row.values())[0].strip()
ud = get val(row, ["ud’, "upsilon d ])
vf = get val(row, ['vflat’, v flat’])
rs = get val(row, ["rs1’, 'r s'])
if ud and vf and rs and vf &gt; 0:
galaxies[name] = {"upsilon d’ : ud, 'vflat’: vf, 'rs tanh’: rs}

# g c(RAR) from T-A3
gc_rar = {}
if os.path.exists("TA3 gc_independent.csv”):
~, gc_rows = load csv(”"TA3 gc independent.csv”)
for row in gc_rows:
gname = row.get(’galaxy’, '’).strip()
gc = get val(row, ["gc over a0’ ])
if gname and gc:
gc_rar[gname] = gc
print(f”g c(RAR): {len(gc rar)} galaxies”)
else:
print("[WARN] TA3 gc independent.csv not found. g ¢ correlations skipped.”)

print(f"SPARC: {len(galaxies)} galaxies”)

#
#t vbar 7077 A IINIEMEDE
#
print(f’¥n{ =" %70}”)

print("v_ bar 707 7 A LEHEDFE")
print(f7{ =" %70}”)

results = []

for name, gal in galaxies. items():
data = read dat(name)
if data is None:
continue

rad = data[:, 0]

v obs = data[:, 1]

v_gas = datal:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal[’upsilon d’]

# v _bar

vbar2 = ud * np.sign(v_disk)*v disk¥x2 + ¥
np.sign(v_gas)*v gas¥k2 + ¥
np.sign(v_bul)v_bul#k2

vbar = np.sqrt(np.maximum(vbar2, 0.0))

# v disk (Y _di#EFg)
vdisk = np.sqrt(ud) * np.abs(v disk)

if len(rad) &lt; 5 or np.max(vbar) &lt; 1.0:
continue

#f -—- Freeman 74w bh: v disk ICHEHABE T4 v b —
V_peak disk = np.max(vdisk)

i_peak = np.argmax(vdisk)

r peak = rad[i peak]

h R est = r peak / 2.15

if h R est &lt; 0.01 or r _peak &gt;= rad.max() * 0.95:
continue

# Freeman 38l

vbar freeman = v_freeman profile(rad, h R est, V peak disk)

I - EMEEERE (1): RUSIEBE -—

# v bar & Freeman MLt (V peak THRI&IL)
norm = max(V_peak disk, 1.0)

residual = (vbar - vhar freeman) / norm
C rms = np.sqrt(np.mean(residual¥x2))

it ——— HBMEIEIE (2): WIREL v bar/v freeman DIEEAEN —
ratio profile = vbar / np.maximum(vbar freeman, 0.1)

I BiAMS d(ratio)/dr B—EFS. FSELOEH = BME

d ratio = np.diff(ratio profile)

sign changes = np.sum(np.abs(np.diff(np.sign(d ratio))) &gt; 0)

S shape = sign changes / max(len(rad) - 2, 1) # &b
I - BEHEREE 3): BMFEEOL ——

i v_bar"2 ORWHHD50%FE
vbar2 cum = np. cumsum(vbark%2 % np.gradient(rad))



vbar2 cum /= vbar2 cum[-1] if vbhar2 cum[-1] &gt; 0 else 1
try:

r eff bar = np.interp(0.5, vbar2 cum, rad)
except:

r eff bar = rad[len(rad)//2]

vfr2 cum = np.cumsum(vbar freemankx2 % np.gradient(rad))
vfr2 cum /= vfr2_cum[-1] if vfr2 cum[-1] &gt; 0 else 1
try:

r_eff freeman = np.interp(0.5, vfr2 cum, rad)
except:

r eff freeman = rad[len(rad)//2]

r eff ratio = r_eff bar / r_eff freeman if r_eff freeman &gt; 0 else 1.0

§ - BHEEE 4): HREF5E ——
vgas abs = np.abs(v gas)
gas fraction = np.mean(vgas abs*%2 / np.maximum(vbar*%2, 0.01))

# - BWMEEE (6): ARIBORE -
# r &gt; r peak TD v_bar DiFZE% Freeman & H#K
mask_outer = rad &gt; r_peak
if np.sum(mask outer) &gt; 3:
r_out = rad[mask outer]
vbar out = vbar[mask outer]
vfr_out = vbar_freeman[mask outer]
# logZZETDAERE
if vbar_out[0] &gt; 0 and vfr_out[0] &gt; 0:
slope bar = np.polyfit(r out/h R est, np.log10(np.maximum(vbar out, 0.1)), 1)[0]
slope fr = np.polyfit(r_out/h R est, np.log10(np.maximum(vfr out, 0.1)), 1)[0]
outer excess = slope bar - slope fr #f IE = EF—F DAMNELHMTHE
else:
outer_excess = 0.0
else:
outer_excess = 0.0

entry = {
" name’ : name,
"vflat’: gal[’vflat’],
"rs_tanh’: gal[’rs_tanh’],
“upsilon d’: ud,
"h R est’: h R est,
"V _peak disk’: V peak disk,
"C_rms’: C_rms,
’S shape’ : S shape,
"r eff_ratio’: r_eff ratio,
"gas fraction’: gas fraction,
"outer_excess’ : outer_excess,
"gc rar’: gc rar.get(name, None),
}

results. append(entry)

N = len(results)
print(f"@RATzh: (N} SRT”)

#
i AEBIREAT
#
print(f"¥n{’ =" %70}")
print ("AERIRELT")
print(f7{ =" %70}")

vf arr = np.array([d[’ vflat’] for d in results])

C rms_arr = np.array([d[’C_rms’] for d in results])

S shape arr = np.array([d[’S shape’] for d in results])

r_eff arr = np.array([d[' r_eff ratio’] for d in results])
gas frac arr = np.array([d[’ gas fraction’] for d in results])
outer_arr = np.array([d[’ outer_excess’] for d in results])
rs arr = np.array([d[’ rs tanh’] for d in results])

hR_arr = np.array([d[’h R est’] for d in results])

togchHdyTty k

gc mask = np.array([d[’gc rar’] is not None for d in results])

gc_arr = np.array([d[’gc_rar’] if d[’gc_rar’] else 0 for d in results])
# rs/hR DFEAF vs FreemanT3fl

rs_over hR = rs arr / hR arr

i --- EEAERE -

indicators = [
("C rms (RMS3&f%)’, C rms arr),
('S shape (FIR#EHEEE)', S shape arr),
('r eff ratio (JEA'Y L)', r eff arr),
(" gas_fraction’, gas frac arr),
("outer excess (4MER#B@)", outer arr),

]
targets = [

(’v_flat’, vf arr, None),

(r_s/h R, rs over hR, None),

(" log(g c/a0)", np. log10(np.maximum(gc arr, 0.01)), gc mask),
]

print(f"¥n{ 542" :8gt;25s}”, end="")
for tname, , _ in targets:
print(f” {" p (" +tnamet+’ )’ :&gt;15s}”, end="")



print()

for iname, iarr in indicators:
print(f”{iname:&gt;25s}”, end="")
for tname, tarr, tmask in targets:
if tmask is not None:
rho, p = spearmanr(iarr[tmask], tarr[tmask])
sig = "xkx" if p &lt; 0.001 else "*¥ if p &lt; 0.01 else "* if p &lt; 0.05 else '’
else:
rho, p = spearmanr(iarr, tarr)
sig = "#wkx’ if p &Lt; 0.001 else "#x' if p &lt; 0.01 else "% if p &lt; 0.05 else '’
print(f” {rho:+.3f}{sig:&gt;4s} ”, end="")
print()

# - #OOKERE: outer excess vs yHEE -—

# y5#= = log(r_s/h R) - &Lt;log(r_s/h R)&gt; (v_flat RKEFERVEE)
lv = np. log10(vf arr)

Lrh = np. log10(rs_over_ hR)

p rh = np.polyfit(lv, Lrh, 1)

rh_residual = Lrh - np.polyval(p_rh, Lv)

print(f"¥n-—- y &= (r_s/h R Ov flatikBEF%EKRE) & DHEE ---")

for iname, iarr in indicators:
rho, p = spearmanr(iarr, rh residual)
sig = "xkx’ if p &lt; 0.001 else "xx’ if p &lt; 0.01 else "’ if p &lt; 0.05 else '’
print(f” {iname:8&gt;25s} vs yF&zE: p={rho:+.3f}, p={p:.2¢e} {sig}”)

# - VARSI DEME ——

cond14 names = ['NGC1003’, ’NGC2403’, ’NGC2903’, ’NGC6015", ’UGC00128’ ]

print(f"¥n--- SREVARERTTDERME ")

print(f7{ 485" :8gt;12s} {'C rms’ :&gt;6s} {'S shape’ :&gt;7s} { r eff :8gt;6s} { gas f’ :8gt;6s} { outer’ :8gt;6s} { g c/al :&gt;7s}”)

cond14 found = []
for d in results:
if d[’name’] in cond14 names:
gc_str = f"{d["gc_rar’ ]:.3f}” if d['gc _rar’] else "NA”
print(f"{d[’ name’ ]:&gt;12s} {d[’C rms’ ]:6.3f} {d[’S shape’1:7.3f} {d[’r eff ratio’]:6.3f} {d['gas fraction’]:6.3f} {d[’outer excess’ ]J:+6.3f} {gc str:&gt;7s}”)
cond14_found. append(d)

I 2k E DL
if cond14 found:
print(f"¥n Z&{4148¢ (N={len(cond14 found)}) vs £k (N={N}) :”)
for metric, arr in [("C rms’, C rms arr), (’outer excess’, outer arr), ('gas fraction’, gas frac arr)]:
c14 vals = [d[metric. lower() if metric !="C rms’ else 'C_rms’] for d in cond14 found]
# handle key matching
for iname, iarr in indicators[:3]:
key = [k for k, v in [(C rms’, C rms arr), ('S shape’, S shape arr), ('r eff ratio’, r eff arr)] if k in iname.split()[0]][0] if iname.split()[0] in [’C rms’, ’S shape’, 'r eff 1

if key:
c14 vals = [d[key] for d in cond14 found]
if c14 vals:
print(f” {iname}: Z{F14rh8{E={np.median(c14 vals):.3f}, £{krhR{BE={np.median(iarr):.3f}”)
i
i EDIER
i

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) C rms vs v_flat
ax = axes[0, 0]

ax.scatter(vf arr, C rms arr, s=8, alpha=0.4, c="steelblue’)
for d in cond14 found:
ax.scatter(d[’vflat’], d[’C rms’], s=60, c="red’, marker="%", zorder=5)
rho, _ = spearmanr(vf arr, C rms arr)
ax.set xlabel(’v flat [km/s]")
ax.set ylabel(’C rms (Freemani&fifE)’)
ax.set title(f' (a) Profile complexity vs v flat (p={rho:.3f})")

#f (b) outer excess vs v flat
ax = axes[0, 1]
ax.scatter(vf arr, outer arr, s=8, alpha=0.4, c="teal’)
for d in cond14 found:
ax.scatter(d[’ vflat’], d[’ outer excess’], s=60, c="red , marker='x
ax.axhline(0, color="gray’, ls="--", alpha=0.3)
rho oe, = spearmanr(vf arr, outer arr)
ax.set xlabel(’v flat [km/s]")
ax.set ylabel(’ Outer excess (slope difference)’)
ax.set title(f (b) Outer excess vs v _flat (p={rho oe:.3f})")

’

, zorder=5)

# (c) Crms vs g ¢ (RH14DKDTRAN)
ax = axes[0, 2]
if gc mask.sum() &gt; 10:
ax.scatter(gc arr[gc mask], C rms arr[gc mask], s=8, alpha=0.4, c="purple’)
for d in cond14 found:
if dl’gc rar’1:
ax.scatter(d[’gc rar’], d[’C rms’], s=60, c="red’, marker="#", zorder=5)
rho gc, p gc = spearmanr(gc arr[gc mask], C rms arr[gc mask])
ax.set xlabel("g c / a0 (RAR)")
x.set ylabel("C rms’)
ax.set xscale(’ log’)
ax.set title(f (c) Complexity vs g ¢ (p={rho gc:.3f}, p={p gc:.2e})")

o

# (d) r.s/h Rvs Crns (BRMED r s ZRDZH)

ax = axes[1, 0]

ax.scatter(C rms arr, rs over hR, s=8, alpha=0.4, c="green’)
for d in cond14 found:



ax.scatter(d[’C rms’ ], d[’rs tanh’]/d[’h R est’], s=60, c="red’, marker="%', zorder=5)
rho_rh, _ = spearmanr(C_rms_arr, rs over_hR)
ax.set xlabel(’C rms’)
ax.set_ylabel('r_s / h R")
ax.set title(f' (d) r s/h R vs complexity (p={rho rh:.3f})")

# (e) YHEE vs outer excess (BT R K)
ax = axes[1, 1]
ax.scatter(outer arr, rh residual, s=8, alpha=0.4, c="orange’)
for d in cond14 found:

idx = [i for i, r in enumerate(results) if r[’name’] == d[’ name’]]

if idx:

ax.scatter(d[’ outer excess’], rh residual[idx[0]], s=60, c="red’, marker="#", zorder=5)

rho_oe res, p_oe res = spearmanr(outer_arr, rh residual)
ax.axhline(0, color="gray’, ls="--", alpha=0.3)

ax.axvline(0, color="gray’, ls="--", alpha=0.3)

ax.set _xlabel(’Outer excess’)

ax.set_ylabel(’ v residual’)

ax.set title(f' (e) ¥ residual vs outer excess (p={rho oe res:.3f})")

# (f) H#RESE vs v flat
ax = axes[1, 2]
ax.scatter(vf arr, gas frac arr, s=8, alpha=0.4, c="coral’)
for d in cond14 _found:
ax.scatter(d[’ vflat’], d[’gas fraction’], s=60, c="red , marker="s
rho_gf, _ = spearmanr(vf_arr, gas frac_ arr)
ax.set xlabel(’v flat [km/s]")
ax.set _ylabel(’Gas fraction (v_gas®/v bar®)’)
ax.set title(f (f) Gas fraction vs v flat (p={rho gf:.3f})")

’

, zorder=5)

plt. tight layout()
plt.savefig(’ cond14 complexity.png’, dpi=150)
print(f"¥n[SAVED] cond14 complexity.png”)

#
1 EE
#
print(f’¥n{’ =" %70}")
print("SRF14REFEDOMEERHER")
print(f”{ =" %70}")

# ODHE

print (£
W RE: BHEEOSE — v bar OIEERMEE — 1=0.284 DR
W AREERER:

(1) C rms (Freemani&ftE) vs g c:
- WL HNIE Tg ¢ PMEVERAIZE v bar H'4E4] = REF14ETH

(2) outer excess (HERAEEBB) vs v Fz=:
- HELHNIE THMAIT v bar HEPTHRT BRAIFE rs BHICHD
- MR MMAD v bar AR X TWBAETHEY

(3) SRAF14BIBERAI DAL :
- 2ERSHEHLANTONE, ZHEBE’EEEDORR

B RMREEOII/ AR OFIEELE:
XFF: Corms vs g ¢ ICERAADIER (B9 c = ZBH = BEME)
AND outer excess vs yHEZEICHEMREDIERE
AND S 14BUERIAI A B4R LB

FF: BB L. FRIBRMETABRANRER TR

oy



11. D3_D1_fix.py

bl
7x—X D-1/D-3
B8 beta DIFE—ETE + gas -> C rms -> gamma ODFE R ESEIREE
fERrs rs1/rs2 BTt
ER gas -> gammaiE$E: IEFE (rho=0.11), C rms -> gamma(viIfEE): H=(rho=0.283),
ATF—82 e (EREHOHEIEE MRI)

=S

Step 2 & Step 3 T beta AAFEES (0.600 vs 0.537) Zo-RIEEME, A—Y > TIL - B—F%T beta
%HEE, gas_fraction -> gamnmafkZE D EE - BEHEH % (RIEE CTHREL.

Y—RO—R£2X

#1/usr/bin/env python3
D-3: gas fraction = C rms — y%zE ORREH AR
D-1: B OFREAEMY (A—Y YT - A—FETH—EH)

5E24F: uv run --with scipy —-with matplotlib —-with numpy python D3 D1 fix.py

BIfR2: sparc_results.csv, .dat 7 7 JL, f tanh robustness detail.csv

nan

import csv

import os

import numpy as np

from scipy.special import i0, i1, k0, k
from scipy.stats import spearmanr, pearsonr
from scipy. interpolate import interpld
import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

i
ta1a-4Y741
i
def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)
return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

de

-

read_dat(name):
for fn in [f”{name} rotmod.dat”, ”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1#")
return None

def freeman bessel(y):
y = np.clip(y, 1e-8, 50.0)
return y#x2 x (10(y)*k0(y) - i1(y)*k1(y))

y _fine = np. linspace(0.01, 5.0, 5000)
bessel peak = np.max(freeman bessel(y fine))

def v_freeman profile(r, h R, V peak)
y=r/(2.0x%hR)
y = np.clip(y, Te-6, 50.0)
v2 = V_peak#x2 % freeman bessel(y) / bessel peak
return np. sqrt(np.maximum(v2, 0.0))

#
Ty EmHAH
#

src_cols, src_rows = load csv(”sparc_results.csv”)
galaxies = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = List(row.values())[0].strip()
ud = get val(row, ["ud’, "upsilon d'])
vf = get val(row, ['vflat’, v flat’ ])
rs = get val(row, ["rs1’, 'r s’])
if ud and vf and rs and vf &gt; 0 and rs &gt; 0:
galaxies[name] = {"upsilon d’: ud, 'vflat’ : vf, 'rs tanh’: rs}

print (f"[INFO] {len(galaxies)} galaxies”)



#
# Hi—EtE: 28T T h R, r peak, HHE, gas fraction &—IFEE
#

results = []

for name, gal in galaxies.items():
data = read_dat(name)
if data is None:
continue

rad = data[:, 0]

v obs = data[:, 1]

v_gas = datal:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal["upsilon d']

if len(rad) &lt; 5:
continue

# v bar, v disk scaled

vbar2 = ud * np.sign(v disk)*v diskk2 + ¥
np.sign(v_gas)*v gas*¥2 + ¥
np.sign(v_bul)*v_bulxk2

vbar = np.sqrt(np.maximum(vbar2, 0.0))

vdisk = np.sqrt(ud) * np.abs(v_disk)

vgas = np.abs(v_gas)

#-— h R #E (Vdisk E—2 / 2.15) —-

V_peak disk = np.max(vdisk)

i_pd = np.argmax(vdisk)

r peak disk = rad[i pd]

peak at edge = (r peak disk &gt;= rad.max() * 0.9)

if peak at edge or V_peak disk &lt; 1.0 or r_peak disk &Llt; 0.01
continue

h R = r peak disk / 2.15

#-—rs/hR-—
rs over hR = gal[’rs tanh’] / h R

# -—- C rms (Freemans®BiiE) ———

vbar freeman = v_freeman profile(rad, h R, V peak disk)
norm = max(V_peak disk, 1.0)

residual = (vbar - vbar freeman) / norm

C rms = np.sqrt(np.mean(residual#x2))

# --- gas fraction --—-
gas_fraction = np.mean(vgas*%2 / np.maximum(vbarx%2, 0.01))

# -—- outer_excess ———
mask _outer = rad &gt; r_peak disk
if np.sum(mask outer) &gt; 3:
r out = rad[mask outer]
vbar out = vbar[mask outer]
vfr out = vbar freeman[mask outer]
if vbar out[0] &gt; 0.1 and vfr out[0] &gt; 0.1:
slope bar = np.polyfit(r out/h R, np. log10(np.maximum(vbar out, 0.1)), 1)[0]
slope fr = np.polyfit(r out/h R, np.log10(np.maximum(vfr out, 0.1)), 1)[0]
outer_excess = slope bar - slope fr
else:
outer_excess = 0.0
else:
outer_excess = 0.0

# ——- r eff ratio -—-
vbar2 cum = np. cumsum(vbar*%2 % np.gradient(rad))
if vbar2 cum[-1] &gt; 0:
vbar2 cum /= vbar2 cum[-1]
try: r_eff bar = np.interp(0.5, vbar2 cum, rad)
except: r_eff bar = rad[len(rad)//2]
else:
r eff bar = rad[ len(rad)//2]

vfr2 cum = np.cumsum(vbar freemank*2 % np.gradient(rad))
if vfr2 cum[-1] &gt; 0:
vfr2 cum /= vfr2 cum[-1]
try: r eff fr = np.interp(0.5, vfr2 cum, rad)
except: r eff fr = rad[len(rad)//2]
else:
r eff fr = rad[len(rad)//2]

r eff ratio = r eff bar / r eff fr if r eff fr &t; 0 else 1.0

results. append({
"name’ : name,
"vflat’: gal[’vflat’],
"rs tanh’: gal[’rs tanh’],
“upsilon d’: ud,
"h R : hR,
"r_peak disk’ : r_peak disk
"rs_over hR’: rs over hR,
"C_rms’: C_rms,
"gas fraction’: gas fraction,



"outer excess’: outer excess,
"r eff_ratio’: r_eff ratio,

1))

N = len(results)
print(f"§E—EAN: (N} $RIW”)

i EEHE

vf = np.array([d[’ vflat’] for d in results])

rs = np.array([d[’ rs_tanh’] for d in results])

hR = np.array([d[’h R"] for d in results])

rh = np.array([d[’ rs over hR’] for d in results])

C rms = np.array([d[’C rms’] for d in results])

gas_f = np.array([d[’ gas_fraction’] for d in results])
outer = np.array([d[’ outer excess’] for d in results])
r_eff = np.array([d[’r_eff ratio’] for d in results])

Lv = np. log10(vf)
Lrs = np. log10(rs)
LhR = np. Llog10(hR)
Lrh = np. log10(rh)

#
#D-1: B OF—FE
#

print(f’¥n{’ =" %70}")
print("D-1: B O#HE—FE (B—4%> I N={N}) ”)
print(f”{ =" %70}")

#fa:rsocva
p alpha = np.polyfit(lv, Lrs, 1)

r_alpha, _ = pearsonr(lv, Llrs)
# B: hRoc v g

p beta = np.polyfit(lvy, LhR, 1)
r_beta, _ = pearsonr(lv, LhR)

# v:rs/hRo viy
p gamma = np.polyfit(lv, Lrh, 1)

r_gamma, _ = pearsonr(lv, Lrh)

print(f"¥n a (r.s " v a) = {p_alpha[0]:.4f} (r={r_alpha:.4f})")

print(f” B (h R~ v'B) = {p beta[0]:.4f} (r={r beta:.4f})”)

print(f” ¥ (r_s/h R~ v y) = {p_gamma[0]:.4f} (r={r_gamma:.4f})”)

print(f” B + v = {p beta[0]+p gamma[0]:.4f} (cf. a={p alphal0]:.4f})")

# Tty ML Step 2 13 [FESMEDH ] 72> - FTREME
if os.path.exists(”f_tanh robustness detail.csv”):
, det rows = load csv(”f tanh robustness detail.csv”)
extrap_set = set()
for row in det rows:
if row.get(’is_extrap’, '’ ).strip() == "True :
extrap set.add(row.get("galaxy’, '’).strip())

mask_inrange = np.array([d[’ name’] not in extrap set for d in results])
N_in = mask_inrange. sum()

if N in &gt; 20:
lv_in = lv[mask inrange]
Lrs_in = Lrs[mask_inrange]
LhR in = LhR[mask inrange]
Lrh_in = Lrh[mask_inrange]

p_a_in = np.polyfit(lv_in, Lrs_in, 1)
p b in = np.polyfit(lv in, LhR in, 1)
p.g in = np.polyfit(lv_in, Lrh_in, 1)

print(f’¥n-—- JESMEDH (N={N_in}) ---")
print(f” a« = {p a in[0]:.4f}")

print(f” B = {p_b_in[0]:.4f}")

print(f” ¥ = {p g in[0]:.4f}")

print(f” B + v = {p b in[0]+p g in[0]:.4f}")

i AEDH
mask extrap = “mask inrange if 'mask inrange’ in dir() else np.zeros(N, dtype=bool)

N _ex = mask_extrap.sum()

if N ex &t; 10:
lv_ex = lv[mask extrap]
LhR ex = LhR[mask extrap]
p b ex = np.polyfit(lv_ex, LhR ex, 1)
print(f"¥n-—— #4EDH (N={N ex}) ---")
print(f” B = {p b ex[0]:.4f}")

# LA fE & DB
print(f"¥n--—- 8 L& ---")
print(f” Step 2 ¥R&{E: B = 0.600")
print(f” Step 3 IBIERIREE: B = 0.537")
print(f” S| (£4 7)) : B = {p_beta[0]:.4f} (N={N})")
if "p b in” indir():
print(f” 4B (FEMAEDH) : B = {p b in[0]:.4f} (N={N_in})")
print(f’¥n - B OAEBADER: VTN I74NL8 )V TDE")

#
# D-3: gas = C_rms = yFERZE OREBEHERI
#




print(f’¥n{’ = %70}")
print("D-3: gas — C rms - yHEE OEREE")
print(f”{ =" %70}")

# yBEDFHE (v flat KEFEERE)

rh_residual = Lrh - np.polyval(p_gamma, Lv)

# --- &<7HEE ---

vars list = [
(" gas_fraction’, gas f),
(’C rms’, C rms),
("outer_excess’, outer),
('r eff ratio’, r eff),
(" v%=", rh residual),
(v flat’, vf),
("rs/hR’, rh),
(Y d, np.array([d[’upsilon d’] for d in results])),

]

print(f"¥n--- £~ 7 Spearman #E{T5] ---")
print(f’{"’ :8gt;16s}”, end="")

for vn, _ in vars_list[:5]:
print(f” {vn:&gt;12s}”, end="")
print()

for vnl, v1 in vars Llist[:5]:
print(f”{vn1:8gt;16s}”, end="")
for vn2, v2 in vars_ Llist[:5]:
rho, p = spearmanr(v1, v2)
sig = "xxx’ if p &lt; 0.001 else "*¢' if p &lt; 0.01 else "% if p &lt; 0.05 else '’
print(f” {rho:+.3f}{sig:&gt;3s} ”, end="")
print()

# -— BOD3DDEHE -
print(f"¥n--- RREHOBRIE ")

rho gf crms, p gf crms = spearmanr(gas f, C rms)
rho_crms_gamma, p_crms_gamma = spearmanr(C_rms, rh_residual)
rho gf gamma, p gf gamma = spearmanr(gas f, rh residual)
rho_gf vf, p gf vf = spearmanr(gas f, vf)

print(f"¥n (a) gas fraction = C_rms: p={rho_gf crms:+.3f}, p={p_gf crms:.2e}”)
print(f” (b) C rms — yHEz=: o ={rho crms_gamma:+.3f}, p={p crms gamma:.2e}”)
print(f” (c) gas fraction = y#ZE: p={rho_gf gamma:+.3f}, p={p_gf gamma:.2e}”)
print(f” (d) gas fraction — v flat: o={rho gf vf:+.3f}, p={p gf vf:.2e}”)

#t --- {®HBEI: gas fraction — y &=, v flat &HIfH —-
# gas f v _flatikiFERRE

p gf vf fit = np.polyfit(lv, gas f, 1)

gas_f residual = gas f - np.polyval(p _gf vf fit, Lv)

rho_gf gamma partial, p gf gamma partial = spearmanr(gas f residual, rh residual)
print(f"¥n (e) gas fraction — y %= (v flatflfEi%): po={rho gf gamma partial:+.3f}, p={p gf gamma partial:.2e}”)

# -—- C_rms Dv_flatik#F&RE LA mIER ——

p_crms_vf = np.polyfit(ly, C_rms, 1)

C rms residual = C rms - np.polyval(p crms vf, Lv)

rho_crms_gamma_partial, p_crms gamma partial = spearmanr(C rms_residual, rh_residual)

print(f” (f) C.rms — y&zE (v flatHlEE): p={rho_crms_gamma partial:+. 3f}, p={p crms gamma partial:.2e}")
# - HIE -

print(f’¥n--- D-3 ¥|E ---")

chain a = abs(rho_gf crms) &gt; 0.15 and p gf crms &Lt; 0.05
chain b = abs(rho crms gamma) &gt; 0.15 and p crms gamma &Lt; 0.05
chain ¢ = abs(rho_gf gamma) &gt; 0.15 and p gf gamma &Lt; 0.05

if chain_a and chain_b:
print(” gas — C.rms —> yE OREEHE: #R")
else:
print(” gas — C rms — yFEZE OREEH: Fx2")
if not chain a:
print(f” gas — C rms 2§ (p={rho gf crms:.3f})"”)
if not chain b:
print(f” Crms > y#EZE H»5L (po={rho crms gamma:.3f})”)

if chain c:

print(f” gas — y%#ZE OEEEH: #Z (o={rho_gf gamma:.3f})”)
else:

print(f” gas — y%#ZE OEEEH: T (o={rho_gf gamma:.3f})”)

if p_gf gamma partial &Llt; 0.05:

print(f” gas — yHZE (v _flatflfiifg): AR - HRIE v flat BRATAWRIHNRERD”)
else:

print(f” gas > yHZE (v flathliliz): FER > HAROMREE v flat KEATHTWVS")

i
i DS
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) gas fraction vs C_rms

ax = axes[0, 0]

ax.scatter(gas f, C rms, s=8, alpha=0.4, c="teal’)
x.set xlabel(’gas fraction’)

ax.set_ylabel(’C rms’)

»



ax.set title(f (a) gas—C rms (p={rho gf crms:.3f})")

# (b) gas fraction vs yiEE
ax = axes[0, 1]

ax.scatter(gas f, rh residual, s=8, alpha=0.4, c="coral’)

ax.axhline(0, color="gray’, ls="--", alpha=0.3)

ax.set xlabel(’gas fraction’)
x.set_ylabel(’ ¥ residual’)

»

ax.set title(f (b) gas— vy residual (p={rho gf gamma:.3f})")

# (c) Crms vs yBzE (FE:R)

ax = axes[0, 2]

ax.scatter(C rms, rh residual, s=8, alpha=0.4, c="purple’)

ax.axhline(0, color="gray’, ls="--", alpha=0.3)

ax.set xlabel(’C rms’)
x.set_ylabel(’ ¥ residual’)

[T

# (d) D-1: h R vs v flat (B DHER)
x = axes[1, 0]

»

ax.scatter(lv, LhR, s=8, alpha=0.4, c="orange’)

vv = np. Linspace(lv.min(), Lv.max(), 100)
ax.plot(vv, np.polyval(p beta, vv), "k-',
if 'p b in" indir():

ax.plot(vv, np.polyval(p b in, vv), 'b

»

x.set_xlabel(’ log(v_flat)")
ax.set ylabel(’ log(h R)")

»

x. legend(fontsize=8)

1)

# (e) afBORER

ax = axes[1, 1]

x.set_title(’ (d) D-1: B reconciliation’)

x.set title(f’ (c) C rms—v residual (p={rho crms gamma:.3f})")

label=f"AlLL: B={p beta[0]:.3f} (N={N})")

’

label=f"In-range: B={p b in[0]:.3f} (N={N in})")

labels bar = [’ Step2¥n(reported)’, ’Step3rev¥n(reported)’, ' Unified¥n(N={N}) ]

betas bar = [0.600, 0.537, p_beta[0]]
gammas_bar = [0.284, 0.112, p gamma[0]]
x = np.arange(len(labels bar))

ax.bar(x, betas bar, 0.4, label="B’, color="steelblue’)
ax.bar(x, gammas bar, 0.4, bottom=betas bar,

for i in range(len(labels bar)):

label=" y’, color="coral’)

ax. text(i, betas bar[iltgammas bar[i]+0.01, f" a={betas bar[i]+tgammas bar[i]:.3f}",

ha=" center’, fontsize=9)
x.set xticks(x)

»

ax.set xticklabels(labels bar, fontsize=8)

»

x.set_ylabel(’ Exponent’)

»

x. legend(fontsize=8)

»

# (f) AREHD/AAZE (FFR M)
x = axes[1, 2]

x.axis(’ off’)

ax.set xLim(0, 10)

ax.set ylim(Q, 10)

[T

»

x.set title(’ (e) a decomposition reconciliation’)

x. text(1, 8, 'gas fraction’, fontsize=11, ha='center’,

bbox=dict (boxstyle=" round’, facecolor="Lightblue’))
ax. text(5, 8, 'C rms’, fontsize=11, ha="center’,
bbox=dict (boxstyle=" round’, facecolor="Lightyellow’))

»

x.text(9, 8, ' yH=E", fontsize=11, ha="center’,

bbox=dict(boxstyle=" round’, facecolor="lightcoral’))

»

x. text(5, 4, 'v flat’, fontsize=11, ha="center’,

bbox=dict(boxstyle=" round’, facecolor="Lightgreen’))

# arrows with correlation values

ax.annotate(’’, xy=(3.5, 8), xytext=(2.2, 8),

arrowprops=dict(arrowstyle="-&gt;’, color="black’))

.text(2.8, 8.5, f p={rho gf crms:+.2f}’, fontsize=9, ha='center’)

arrowprops=dict(arrowstyle="-&gt;’, color="gray’, Lls="dashed ))

.text(5, 6.8, f'direct: p={rho gf gamma:+.2f}’, fontsize=9, ha="center’, color="gray’)

.text(2.2, 4.5, f p={rho gf vf:+.2f}’, fontsize=8, ha='center’, color="green’)

ax

ax.annotate(’’, xy=(7.5, 8), xytext=(6.2, 8),
arrowprops=dict(arrowstyle="-&gt;’, color="black’))

ax. text(6.8, 8.5, f p={rho crms gamma:+.2f}’, fontsize=9, ha='center’)

ax.annotate(’’, xy=(8.5, 7.3), xytext=(1.5, 7.3),

ax

ax.annotate(’’, xy=(1, 5), xytext=(4.5, 4.5),
arrowprops=dict(arrowstyle="-8&gt;’, color="green’))

ax

ax.set title(’ (f) Causal path diagram’)

plt. tight layout()
plt.savefig("D3 D1 fix.png’, dpi=150)
print(f"¥n[SAVED] D3 D1 fix.png”)

#
# BRI
#

print(f"¥n{ =" x70}")
print("D-1 / D-3 {BIEHR")
print(f”{" =" %70}")

orint (F"""

W D-1: B OffE—fE (RA—4> 7L =N}, B—F&)



{p_betal0]:.4f}
{p_gamma[0]:.4f}
B + v = {p beta[0]+p gamma[0]:.4f} (BE#EZ7+4 v b a = {p alpha[0]:.4f})

\jﬁﬁm
oo

if 'p b in” indir():
print(f”7” JESEDFH (N={N_in}):
B = {p_b_in[0]:.4f}
v = {p_g_ in[0]:.4f}
a = {p b in[0]+p g in[0]:.4f}

nomy

print(f77” Step 2 ¥ B=0.600 vs Step 3 {EIE B=0.537 D= 0.063 DRE:
YUTNT NIV T GESE vs 288) &
h R E—VRHEBEEDE,
M—r T TOREE: B = {p_beta[0]:.4f}

W D-3: gas = C rms — yHE OREREH

gas = C_rms: p={rho_gf crms:+.3f} ({EBXE  if chain a else "BFXR'})
Crms = yHEE: o ={rho crms gamma:+.3f} ({" &’ if chain b else "3EEE"})
gas — yHE: o={rho_gf gamma:+.3f} ({"HE if chainc else "3¥BEE"})

gas = yHEEWHIE): po={rho gf gamma partial:+.3f} (p={p gf gamma partial:.2e})
)

if chain_a and chain_b and chain_c:
print(” — FEREH gas —> C rms »> yRERE F2)VINEE, V)
print(” [HZA v OER] FEREMNLHEIHEERHY, 7)
elif chain c:

print(" — gas - yHEE OEEEHEFIERLEHL Crns BRERFTL, )

print(”  HZDMRIE C rms (Freemans&fifE) #7 LERA LAV, 7)
elif chain_a and chain b:

print(” — MEEEH gas > Crms = yHE FEREHIPEEEHEIHV., )
else:

print(” — THZA v OER] OHEHERET+S. 7)

print(” v OERBRRIRBEOFF, ")



12. rs1_validity.py

bl
7x—X rs1/rs2 RERE
=[] rs1 OYIEMBEBMEDREE (rs1/rs2 BBORER)
fEfrs rsi
R rs1 alpha "= 0.3-0.6 (7 4 JLHIRTE) o rs2 D 0.795 EDEIE 2B3BET 4 v FDFIR, 115/17588AT |rs2-rs1| > 0.1 kpc,
ATF—H8 R Level A (rs1/rs2RABEDHEIL)

=S

sparc_results.csv @ rsl1 (alpha=0.294) & rs2 (alpha=0.795) DEIMAZEDER%FE., rsl
DT ANIRRT—) v TEEE,

Y—RO—R£2X

#1/usr/bin/env python3

rs1 OYIEHERMEORIE

rs1 = 0 (FRRERYITE) DIRAZRRS L.
BRYENERICT—9 TR I TWBERARITT
o =d log(rs1) / d log(v flat) #BEtET 3,

PP E-
(A) rs1 &gt; 2 X r min (FR/ERO2USLLLE)
(B) rs1 &gt; 5 X r min (&Y EEE)
(C) rs1 &gt; 0.1 X R max (F—&#EDIOYLLL)
(D) rs1 &gt; 0.5 kpc (¥ExHfEAH Y b)

24T: uv run --with scipy --with matplotlib —-with numpy python rs1 validity.py

import csv

import os

import numpy as np

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

it
Ty mHAH
it
d

ef load csv(path):
with open(path, ”r”, encoding="utf-8") as fh:
reader = csv.DictReader(fh)

return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

de

-

read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")
return None

src_cols, src_rows = load csv(”sparc_results.csv”)

results = []
for row in src_rows:
name = row.get(’galaxy’, '’).strip()

if not name: name = List(row.values())[0].strip()
rs1 = get val(row, ["rs1’])

rs2 = get val(row, ['rs2'])

vf = get val(row, [’vflat’])

ud = get val(row, ["ud’, "upsilon_d 1)

chi2 1 = get val(row, ['chi2 1s’])

chi2 2 = get val(row, ['chi2 2s’])

daic = get val(row, ['daic’])

if rs1 is None or vf is None or vf &lt;= 0:
continue

data = read dat(name)
if data is None:
continue

rad = data[:, 0]
r min = rad[rad &t; 0].min() if np.any(rad &t; 0) else 0



R max = rad.max()
N pts = len(rad)

results. append({
"name’ : name,

Trsl’:orsl,
"rs2': rs2 if rs2 else rsl,
"vflat’: vf,

“upsilon d : ud if ud else 0.5,

“romin’: r_min,

"R max’ : R max,

"N pts’: N pts,

"chi2 1s’: chi2 1,

"chi2 281 chi2 2,

"daic’ : daic,

"rs1 over rmin’: rs1 / r min if r min &gt; 0 else 0,
"rs1 over Rmax’: rs1 / R max if R max &gt; 0 else 0,

)

N total = len(results)
print(f’[INFO] Total: {N total} galaxies”)

i EEHE

rs1 = np.array([d[’rs1’] for d in results])

rs2 = np.array([d[’ rs2’] for d in results])

vf = np.array([d[’ vflat’] for d in results])

r min = np.array([d[’r min’] for d in results])

R max = np.array([d[’R max’] for d in results])

rs1_rmin = np.array([d[’ rs1 over rmin’] for d in results])
rs1 Rmax = np.array([d[’ rs1 over Rmax’] for d in results])

#
# rs1 OB
#

print(f"¥n{ =" x70}")
print("rs1 OBHBHT")
print(f”{" =" %70}")

print(f"¥nrs1 DEX#KE:")

print(f” hRfE: {np.median(rs1):.3f} kpc”)
print(f” 1g:  {np.mean(rs1):.3f} kpc”)
print(f” std: {np.std(rs1):.3f} kpc”)
print(f” min: {np.min(rs1):.4f} kpc”)
print(f” max: {np.max(rs1):.3f} kpc”)

print(f"¥nrs1 / r min O9%H:")

print(f” fRfE: {np.median(rs1 rmin):.2f}")

print(f” rs1 &lt; r min: {np.sum(rs1 &lt; r min):3d} ({100%np.sum(rs1 &Lt; r min)/N total:.0f}%)")
print(f” rs1 &Lt; 2xr min:  {np.sum(rs1 &Lt; 2%r min):3d} ({100%np.sum(rs1 &Llt; 2kr min)/N total:.0f}%)”)
print(f” rsl &lt; 5%r min:  {np.sum(rs1 &lt; 5%r min):3d} ({100%np.sum(rs1 &Lt; 5kr min)/N total:.0f}%)”)

print(f"¥nrs1 / R max D4%:")

print(f” FRfE: {np.median(rs1 Rmax):.3f}”)

print(f” rs1 &lt; 0.1%R max: {np.sum(rs1 &Llt; 0.1*R max):3d} ({100*np.sum(rs1 &Lt; 0.1%R max)/N total:.0f}%)”)
print(f” rs1 &Lt; 0.05%R max:{np.sum(rs1 &Lt; 0.05%R max):3d} ({100%np.sum(rs1 &Lt; 0.05%R max)/N total:.0f}%)”)

print(f"¥niixdfEh v h:7)

print(f” rs1 &lt; 0.1 kpc:  {np.sum(rs1 &Llt; 0.1):3d} ({100%np.sum(rs1 &Lt; 0.1)/N total:.0f}%)")
print(f” rs1 &Lt; 0.5 kpc:  {np.sum(rs1 &Lt; 0.5):3d} ({100%np.sum(rs1 &Lt; 0.5)/N total:.0f}%)”)
print(f” rs1 &lt; 1.0 kpc:  {np.sum(rs1 &Llt; 1.0):3d} ({100%np.sum(rs1 &Lt; 1.0)/N total:.0f}%)")

#
t&E71L9TD o BEtH
#
print(f"¥n{ =" x70}")
print("&74)LHTD a (rsl vs v flat)”)
print(f7{ =" %70}”)

filters = {
"ALL (no filter)’: np.ones(N total, dtype=bool),
“rs1 &gt; r min’: rs1 &gt; r min,
"rs1 &gt; 2%r min’: rs1 &gt; 2%r min,
"rsl : rsl &gt; 5%r min,
"rs1 &gt; 10%r min’: rs1 &t; 10%r min,
“rs1 &gt; 0.05%R max’: rs1 &gt; 0.05%R max,

"rs1 &gt; 0.1%R max’: rs1 &gt; 0.1%R max,
“rs1 &gt; 0.2%R max’: rsl &gt; 0.2%R max,
"rs1 &gt; 0.1 kpc’: rs1 &gt; 0.1,
“rs1 &gt; 0.5 kpc’: rs1 &gt; 0.5,
"rs1 &gt; 1.0 kpc': rsl &gt; 1.0,
“rs1 &gt; 2.0 kpc’: rs1 &gt; 2.0,

}

print(f"¥n{’ 7 4 JL %’ :8gt;25s} {'N :8gt;4s} { o« (rs1)’:8gt;8s} {'r’:8gt;6s} {'p :&gt;10s} { rsiFhRfE’ :8gt;10s} { BHE’' :8gt;4s}”)
print(”-"%80)

filter results = {}
for fname, mask in filters.items():
N f = mask. sum()
i N &Lt; 10:
print(f’{fname:8&gt;25s} {N f:4d} { ---":8gt;8s}”)

continue

lv f = np. log10(vf[mask])



Lrs f = np. log10(rs1[mask])

p f = np.polyfit(lv f, Lrs f, 1)
r f, p_val = pearsonr(lv_f, Llrs f)
rho f, p spear = spearmanr(vf[mask], rs1[mask])

sig = "skx’ if p val &lt; 0.001 else "*¥' if p val &lt; 0.01 else "% if p val &Lt; 0.05 else '’
print(f”{fname:&gt;25s} {N f:4d} {p f[0]:8.3f} {r f:6.3f} {p_val:10.2e} {np.median(rs1[mask]):10.3f} {sig:&gt;4s}”)

filter results[fname] = {
N : N f, "alpha’: p f[0], "r’: r f, 'p’: p val,

"rho’ : rho f, 'mask’: mask,
}
i
#rs1 = 0 $R5 vs rs1 HREIBAOMELLEK
i

print(f"¥n{ =" x70}")
print("rs1 = 0 $B57 vs rs1 BEEATDHE")
print(f”{ =" %70}")

mask_Llow = rs1 &lt; 0.5 # TPRIRY T
mask high = rs1 &gt; 2.0 f FAREICER

print(f"¥n{’’ :8gt;20s} { rs1&lt;0.5 ({€) :8gt;15s} { rs1&gt;2.0 (&) :8gt;15s}”)

print(f"{"N" :&gt;20s} {mask_Llow.sum():15d} {mask_high.sum():15d}")

print(f"{’v flat R{E :89t;20s} {np.median(vf[mask low]):15.1f} {np.median(vf[mask high]):15.1f}")

print(f"{'R _max FRR{E’ :8&gt;20s} {np.median(R _max[mask low]):15.1f} {np.median(R max[mask high]):15.1f}")

print(f"{’N pts FRR{E’ :8gt;20s} {np.median([d[’N pts’] for d, m in zip(results, mask low) if m]):15.0f} {np.median([d[’N pts’] for d, m in zip(results, mask high) if m]):15.0f}")
print(f"{" Y _d AR{E’ :&gt;20s} {np.median([d[ upsilon d’] for d, m in zip(results, mask low) if m]):15.3f} {np.median([d[’ upsilon d’ ] for d, m in zip(results, mask high) if m]):15.3f}’

#ors1 BVRAT rs2 BV v > T 5H

rs2 low = rs2[mask low]

rs1_low = rs1[mask_low]

jump = rs2 low / np.maximum(rs1 Llow, 0.001)
print(f"¥nrs1&lt;0.5 $RSATD rs2/rsl:”)

print(f” RfE: {np.median(jump):.1f}")

print(f” rs2/rs1 &gt; 10: {np.sum(jump &gt; 10)} £R:A")
print(f” rs2/rs1 &gt; 100: {np.sum(jump &gt; 100)} £R3A")

i
Brs2 OR7—1) T (L)
i
print(f"¥n{ =" x70}")

print("rs2 @R —Y T (L) 7)
print(f"{" =" %70}")

mask_rs2 = rs2 &gt; 0

Lrs2 = np. log10(rs2[mask rs2])

Lv2 = np. log10(vf[mask rs2])

p rs2 = np.polyfit(lv2, Llrs2, 1)

r_rs2, p_rs2_p = pearsonr(lv2, Llrs2)

print(f” rs2: a={p rs2[0]:.3f}, r={r rs2:.3f}, p={p rs2 p:.2e}”)

#rs2 ICERML7 4% %iEA
for fname in ['rs1 &gt; 0.5 kpc', 'rs1 &gt; 2.0 kpc' 1:
if fname in filter results:
mask = filter results[fname][’ mask’]
N_f = mask. sum()
lv_f = np. log10(vf[mask])
Lrs2 f = np. log10(rs2[mask])
p f2 = np.polyfit(lv_ f, Lrs2 f, 1)
r f2, p_f2p = pearsonr(lv f, Llrs2 f)
print(f” rs2 ({fname}): a={p f2[0]:.3f}, r={r f2:.3f}, N={N_f}")

#
# RDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) rs1 DER RIS L (log 247 —)L)
ax = axes[0, 0]
ax. hist(np. log10(np.maximum(rs1, 0.001)), bins=50, color="steelblue’, edgecolor="white)

ax.axvline(np. log10(0.5), color="red", ls="--", label="0.5 kpc’)
ax.axvline(np. log10(2.0), color="orange’, ls="--", label="2.0 kpc’)

x

ax.set_xlabel(’ log(rs1) [kpcl’)
ax.set ylabel(’ Count’)
ax.set title(f' (a) rsl distribution (N={N total})’)

ax. legend(fontsize=8)

# (b) rs1 vs v flat (£8RT + 7 4)L41%)
ax = axes[0, 1]
ax.scatter (np. log10(vf), np. log10(np.maximum(rs1, 0.001)),
s=8, alpha=0.3, c="gray’, label="AlLl")
if "rsl &t; 2.0 kpc’ in filter results:
m = filter results[’ rs1 &gt; 2.0 kpc’ 1[" mask’ ]
ax.scatter (np. log10(vf[m]), np. log10(rs1[m]),
s=15, alpha=0.6, c="blue’, label="rs1&gt;2 kpc’)
RN
lv_f = np. log10(vf[m])
Lrs f = np. log10(rs1[m])
p f = np.polyfit(lv f, Llrs f, 1)
vv = np. Linspace(lv_f.min(), Llv_f.max(), 100)
ax.plot(vv, np.polyval(p f, vv), "b-",
label=f" a={p f[0]:.3f}")



x.set_xlabel(’ log(v_flat)”)
.set_ylabel(’ log(rs1)”)

x.set title(’ (b) rs1 vs v flat’)
x. legend(fontsize=7)

I )
>

# (c) rs1/r_min vs v flat
ax = axes[0, 2]

ax.scatter(vf, rs1 rmin, s=8, alpha=0.4, c="teal’)

ax.axhline(1.0, color="red, ls="--", alpha=0.5

label="rs1=r min’)

ax.axhline(2.0, color="orange’, ls="--", alpha=0.5, label="rs1=2%r min’)

ax.set xlabel(’v flat [km/s]")
ax.set_ylabel("rs1 / r_min")
x.set_yscale(’ log’)

x.set_title(’ (c) rs1 resolution check’)
ax. legend(fontsize=8)

[T

#(d) a vs 71ILYEE
ax = axes[1, 0]
thresholds = []
alphas = []
ns =[]
for fname, res in filter results.items():
if "kpc’ in fname:
try:

thr = float(fname.split(’&gt;’ )[11.strip().split()[0])

thresholds. append(thr)
alphas. append(res[’ alpha’ ])
ns. append(res[’ N’ ])
except:
pass
if thresholds:
sort_idx = np.argsort(thresholds)

thresholds = np.array(thresholds)[sort idx]

alphas = np.array(alphas)[sort idx]
ns = np.array(ns)[sort idx]
ax.plot(thresholds, alphas, 'bo-")
for i in range(len(thresholds)):

ax. text(thresholds[i], alphas[i]+0.02, f'N={ns[i]}’, fontsize=8, ha="center’)
ax.axhline(0, color="gray’, ls="--", alpha=0.3)
ax.axhline(0.795, color="red, ls="--", alpha=0.5, label="rs2 «=0.795")

1)

x.set xlabel(’ rs1 threshold [kpc]')
.set_ylabel(”  (rs1 vs v _flat)’)

x.set title(’ (d) a vs filter threshold’)
x. legend(fontsize=8)

)
>

# (e) rsl vs rs2
ax = axes[1, 1]

ax.scatter(rs1, rs2, s=8, alpha=0.4, c="purple’)

maxv = max(rs1.max(), rs2.max())

ax.plot([0, maxv], [0, maxv], "k--", alpha=0.3,

ax.set xlabel(’ rs1 [kpc]")
ax.set_ylabel(’ rs2 [kpc])
ax.set xscale(’ log’)
ax.set_yscale(’ log’)

x.set title(’ (e) rsl vs rs2’)
ax. legend(fontsize=8)

1)

# (f) rs1/R.max DERXNTS L4
x = axes[1, 2]

1)

label="rs1=rs2")

ax.hist(rs1_Rmax, bins=50, color="coral’, edgecolor="white’)

[T

»

x.set xlabel(’rs1 / R max’)
x.set ylabel(’ Count’)

)

x. legend(fontsize=8)

»

plt. tight layout()
plt.savefig(’ rs1 validity.png’, dpi=150)
print(f"¥n[SAVED] rs1 validity.png”)

x.set title(’ (f) rs1 position in data range’)

x.axvline(0.1, color="red’, ls="--", label="10% of R max’)
x.axvline(0.5, color="blue’, Lls="--", label="50% of R max’)

#
# B HER
#

print(f¥n{ =" %70}”)
print("rs1 OYIEWEBMEORIEHER")
print(f7{ =" %70}”)

P REBLVT ALY TERERRY Y TADH D

best filter = None

for fname in ['rs1 &gt; 2.0 kpc’, "rs1 &gt; 1.0 kpc’, ’rsl &gt; 0.5 kpc’ ]
if fname in filter results and filter results[fname][’p’ ] &Lt; 0.05:

best filter = fname
break

if best filter:
res = filter results[best filter]
print(f7””

W rsl (CYEERERA H BT Y Ty b

744 : {best filter}
N = {res['N" ]}

o = {res["alpha’ ]:.3f} (r={res[’r’1:.3f}, p={res[’p’ ]1:.2e})

= rs1 PHHREVRA TR v flat EOEFELEFEET D



)

else:
print(

W orsl (CIE v flat EDBEELEERL

P

TARTDT ALY T p &gt; 0.05
— TERRE tanh OBREZE v flat (I L THEMBREF 2V

")

print(f
W rs1 = 0 SRIADRRR:

rs1 &lt; 0.5 kpc: {np.sum(rs1 &Lt; 0.5)} SR ({100%np.sum(rs1 &Lt; 0.5)/N _total:.0f}%)
— tanh BEIST—S&EEN (r_s &lt; r_min)

= v c®(r) = v bar®(r) + v flat® (EHMEETIV)

- BRRACEAFEUTTRTEH

B B ERELATADOHE:

Level A (1) Tr_s oc v flat™0.795] — [
rs2 MRT—"Y VI THY, rs2 OYEMEERAHIII N TULAN

RE DR
rs1 (1E&RE tanh) (& v flat & (FIFEAERY («=0.3, r=0.19)
rs1 OFRRME = 2.5 kpe (FERA Y 1 XICFTH L KF T DHEZRM R 7 —IL
rs2 (& v flat SHEBET B 74 v T 1 VT OATHEBEOTREEIHRI L TO AL

nomy



13. V1_rs_check.py

b2
7x—X V-1/V-2
BHY FCSVT 7 A ILHMERLE rs SIORE
fEMrs L (BEFRVYTHN)
EEES f_tanh, step2, TA2 -> rs2ffifl, TA3 -> rs1{Eifl (fELRARIZrsREATRS) ,
RF—H R Level A (CEZREEDHEE)

R AT B 89
TmDALCSV (f_tanh detail, TA2, TA3Z) M r_s tanh FUASrsl & rs2 DELELIC—HT N A2RBE, FLREFELHEE,

Y—RO—R£2X

#1/usr/bin/env python3

V-1 /V-2: £ FhTEbNIE r s ORFE

f_tanh robustness detail.csv @ r s tanh (& rs1 B rs2 »7?
TA2_three_radii.csv @ r_s_tanh & rs1 A rs2 mH7?

224T: uv run —-with scipy python V1_rs_check. py

i

import csv
import os

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader(fh)

return reader. fieldnames, list(reader)

i
# sparc_results.csv Drsl, rs2 =ES
i
_, src_rows = load csv(”sparc_results.csv”)
src = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name:
name = Llist(row.values())[0].strip()
try:

rs1 = float(row.get("rs1’, '0"))

rs2 = float(row.get("rs2’, '0'))

srclname] = {"rs1’: rsl1, "rs2": rs2}
except:

pass

print(f”sparc results.csv: {len(src)} galaxies”)

#
# V-1: f_tanh_robustness_detail.csv
#
print("¥n” + "="%70)

print("V-1: f tanh robustness detail.csv”)
print("="%70)

if os.path.exists(”f_tanh robustness detail.csv”):
cols f, rows f = load csv(”f tanh robustness detail.csv”)
print(f”Columns: {cols f}")

match_rs1 = 0
match rs2 = 0
match_neither = 0
examples = []

for row in rows f:
gal = row.get("galaxy’, '’ ).strip()
try:
rs_used = float(row.get(’r_s tanh’, "0’))
except:
continue

if gal in src:
rs1 = srclgall[’rs1’]
rs2 = srcfgalll’ rs2']

diffl = abs(rs_used - rs1)
diff2 = abs(rs used - rs2)

if diffl &lt; 0.001:
match _rs1 += 1
elif diff2 &lt; 0.001:
match_rs2 += 1

else:



match _neither += 1

if len(examples) &lt; 10:

examp Les. append ({
"name’ : gal,
"rs_used : rs_used,
Trsl’:orsl,
"rs2' i ors2,
Tdiff1’: diffl,
Tdiff2’: diffe,

13

print(f’¥n< v FHER:")

print(f" rs1 &—: {match rs1}”)

print(f” rs2 &—%: {match rs2}”)

print(f” E&H55&ER—H: {match neither}”)

print(f"¥nt > F)LLLER (SEER108R) @)
print(f"{’ Galaxy’ :8gt;15s} { rs used :8gt;8s} { rs1’:8&gt;8s} { rs2 :&gt;8s} { |diff1|’ :&gt;8s} { |diff2| :8gt;8s} { match’:8&gt;6s}”)
for ex in examples:
m="rsl" if ex["diff1’] &lt; 0.001 else ("rs2’ if ex["diff2’] &lt; 0.001 else "??7")
print(f”{ex[' name’ J:8&gt;15s} {ex[’rs used’ 1:8.3f} {ex['rs1’1:8.3f} {ex['rs2’1:8.3f} {ex['diff1’]:8.4f} {ex['diff2’]:8.4f} {m:&gt;6s}”)
else:
print("f tanh robustness detail.csv not found”)

i
# V-2: TA2 three radii.csv
i
print("¥n” + "="x70)

print("V-2: TA2 three radii.csv”)
print(”="%70)

if os.path.exists("TA2 three radii.csv”):
cols t, rows t = load csv("TA2 three radii.csv”)
print(f”Columns: {cols t}”)

match rs1 t =0
match rs2 t =0
match neither t
examples t = []

for row in rows t:
gal = row.get("galaxy’, '’ ).strip()
try:
rs used = float(row.get(’r s tanh’, '0"))
except:
continue

if gal in src:
rs1 = src[gall[’rs1’]
rs2 = srcfgall[’ rs2’]
diffl = abs(rs used - rsi)
diff2 = abs(rs used - rs2)

if diffl &Lt; 0.001:
match_rsl t += 1
elif diff2 &Lt; 0.001:
match _rs2 t += 1
else:
match _neither t += 1

if len(examples t) &lt; 5:
examples t.append({
"name’ : gal, 'rs used’ : rs used
Trsl’: rsl, "rs2’: rs2,

)

print(f¥nv v FHEE:")

print(f” rs1 &—%: {match rs1 t}”)

print(f" rs2 &—: {match rs2 t}"”)

print(f” EB55EEAR—2: {match neither t}”)

if examples t:
print(f"¥nty> 7))
for ex in examples t:
print(f” {ex[’name’ ]:8&gt;15s}: used={ex[’ rs used’ ]:.3f}, rsi={ex[’rs1’1:.3f}, rs2={ex[’rs2’]:.3f}")
else:
print("TA2 three radii.csv not found”)

i
i TA3 BEER (r_s&{EHQRV\ T & DRER)
i
print("¥n” + "="%70)

print("V-2 #&: TA3 gc_independent.csv”)
print(”="%70)

if os.path.exists("TA3 gc_independent.csv”):

cols g, rows g = load csv(”TA3 gc independent.csv”)

print(f"Columns: {cols g}”)

if "rs tanh’ in cols g or "r s tanh’ in cols g or "'r s’ in cols g
print(” — r.s FIHBFEETBH. RARTZ 1 v FEKICIEEALTWAWL (MEADHA) V)
I R0rHmR
rs_col = "rs tanh’ if "rs_tanh’ in cols g else 'r_s tanh’ if "r_s tanh’ in cols g else 'r_s
matchl, match2 = 0, 0



for row in rows g[:20]:
gal = row.get("galaxy’, '’ ).strip()
try:
rs_used = float(row.get(rs col, '0"))
except:
continue
if gal in src:
if abs(rs used - src[gall[’rs1’]) &Lt; 0.001: matchl += 1
elif abs(rs used - src[gall[’ rs2’]) &Lt; 0.001: match2 += 1
print(f" BEHDOHZA: rs1—H={match1}, rs2—H={match2} (4cEE204R)")
else:
print(” - r s BKRL (L) ")
else:
print("TA3 gc_independent.csv not found”)

#
i &
#
print("¥n” + "="%70)
print("V-1 / V-2 f&R")
print(”="%70)

print(f77"
B f_tanh_robustness_detail.csv:

rs1—3: {match rs1}, rs2—3: {match rs2}, &~—F: {match neither}
nomy

if match_rs2 &gt; match_rsi:
print(” — rs2 &fEM, f (tanh)=0.29 (T rs2 N—RADER, )
print(” rs1=0 MIRATIE f HIEYBHRMEZE > TV 2 A EEMIZEWN)
print(” (rs2 ($YENTBEADED) . 7)
print(” 7272 L rs2 BEDEFEMENKRETL —> f OFRE Level B IR TS, )
elif match rs1 &gt; match rs2:
print(” — rsl Z{HME, f (tanh)=0.29 (& rs1 XR—2Z, ")
print(” rs1=0 DIRATIE f = v bar®(T0)/v_flat®> — FEWIEH, ”)
print(” - f=0.29 SUFBOEFEMICERTTE, )
print(” - rs\BERAOHTHHAEIBE, ”)
else:

print(" — HETEE., FETHRENLVE. ")




14. V3_rs1_interpretation.py

7x—2X V-3

B8 rs1 "= 0 [ FERIRY 4 E M ENE O L DHIE

fEfrs rsi

R 12/14 (86%) H'/ErifR. EDIB/NE rs best "= 1.9 kpc,
AF—82 Level A (rs1BRTARRIREDHEIL)

=S

rs1 < 0.5 kpc DERAT chi2(rs) 7OT 7ML EXFv¥ L, rs - 0 PEORBEEI BRI % 9B,

Y—RO—R£2X

#1/usr/bin/env python3

V-3: rs1 = 0 & TFIRERY AT &) A MpERICED) »

Hik:
rs1 &lt; 0.5 kpc DERAICK LT chi2(rs) OFO7 74 L %&EHE,
rs % 0.001 ~ R max OEHEATRMHMICEL, BRTD chi2 &,

HE:
chi2 A% rs—0 TEFFED — BIRA (TIRRY X, BoRBEEIR rsX0)
chi2 A% rs=0 THE/N - fRIRB (MEMICE0, BRERAMTET)
chi2 A% rskgt;0 TRIDIEN — BRIRC (rs1 D74 v ¥ —"BARBRICHRE >7/)

224T: uv run —-with scipy --with matplotlib —-with numpy python V3_rs1 interpretation.py

i

import csv

import os

import numpy as np

from scipy.optimize import minimize scalar
import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

ST IR

I

i
t7F—%
i
def load csv(path):

with open(path, ”"r”, encoding="utf-8") as fh:

reader = csv.DictReader(fh)
return reader. fieldnames, list(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1")
return None

_, src_rows = load csv(”sparc_results.csv”)
galaxies = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = List(row.values())[0].strip()
rs1 = get val(row, ["rs1’])
rs2 = get_val(row, ['rs2’])
vf = get val(row, ['vflat’])
ud = get_val(row, [ud ])
if rs1 is not None and vf and ud:
galaxies[name] = {"rs1’: rsl, "rs2’': rs2, 'vflat’ : vf, "upsilon d : ud}

print (f"[INFO] {len(galaxies)} galaxies”)
#

#chi2 707 74 ILEHE
#

def compute chi2 profile(rad, v obs, err_v, v bar, rs grid)
£ rs II LT v flat Z&EIEL. chi2(rs) %RT
v c"2(r) = v bar"2(r) + v flat”™2 % T(r, rs)
T(r, rs) = 0.5 % [1 + tanh((r-rs)/rs)]
chi2 list =[]
vflat Llist = []



for rs in rs_grid:
if rs &lt;= 0:
# rs=0: T=1 everywhere — v ¢"2 = v bar"2 + v flat™2
T = np.ones_Llike(rad)
else:
T=0.5% (1.0 + np. tanh((rad - rs) / rs))

#t v flat OF@EfE: min = ((v_obs - v_model)"2 / err"2)

# v model = sqrt(v bar"2 + vf"2 % T)
# 1DIRDTYT )y KY—F

best chi2 = np. inf

best vf = 0

for vf try in np. linspace(1, max(v_obs)*1.5, 200):
v model = np.sqrt(v barxk2 + vf tryxk2 * T)
weights = 1.0 / np.maximum(err v, 1,0)%x2
chi2 = np.sum(weights * (v_obs - v_model)#%2)
if chi2 &lt; best chi2:

best chi2 = chi2
best vf = vf _try

chi2 Llist.append(best chi2)
vflat List.append(best vf)

return np.array(chi2 list), np.array(vflat list)
i

i SR DR & DA
#

# rs1 &Lt; 0.5 kpc DERA (TFRRERY 3 X (&%)

low rs = [(n, g) for n, g in galaxies.items() if g[’rs1’] &lt; 0.5]
it rs1 &gt; 3.0 kpc DERA (L)

high rs = [(n, g) for n, g in galaxies.items() if g[’rs1’] &gt; 3.0]

print(f"¥nrs1 &Lt; 0.5 kpc: {len(low rs)} galaxies”)
print(f”rs1 &gt; 3.0 kpc: {len(high rs)} galaxies”)

i
# 2{Ers$RAD chi2 FAT 7 A ILDOHE
i
print(f"¥n{ =" x70}")

print("rs1 &lt; 0.5 kpc $RFAD chi2 7O 7 71 IL54E")
print(f7{ =" %70}”)

classification = {"monotone decrease’: [], 'minimum at zero’ : [],
"minimum_elsewhere’: [], "flat’ : [], ’failed : [}

all profiles = []

for name, gal in low rs:
data = read dat(name)
if data is None:
classification[’ failed’ ].append(name)
continue

rad = data[:, 0]

v _obs = data[:, 1]

err v = data[:, 2]

v_gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal[ upsilon d’]

vbar2 = ud * np.sign(v_disk)*v diskxx2 + ¥
np.sign(v_gas)*v gas¥k2 + ¥
np.sign(v_bul)v bulx*2

v_bar = np.sqrt(np.maximum(vbar2, 0.0))

r min = rad[rad &t; 0].min() if np.any(rad &t; 0) else 0.01
R max = rad.max()

#rs 71w R: 0,001 ~ R max
rs_grid = np.concatenate([
[0.001, 0.005, 0.01, 0.02, 0.05],
np. Linspace(0.1, min(R max, 50), 80)
1
rs grid = np.sort(np.unique(rs grid))

chi2 prof, vf prof = compute chi2 profile(rad, v obs, err v, v bar, rs grid)

it 9%

i_min = np.argmin(chi2 prof)
rs _best = rs grid[i min]
chi2 min = chi2 prof[i_min]

# chi2 DHEFDER (rs—0f) DIEX

if len(chi2 prof) &gt; 5:

slope start = chi2 prof[4] - chi2 prof[0]
else:

slope start = 0

it chi2 OZEENE



chi2 range = chi2 prof.max() - chi2 prof.min()
relative range = chi2 range / max(chi2 min, 1)

if rs_best &lt; 0.1:
if slope start &lt; -0.1 % chi2 range:
cat = "monotone decrease’
else:
cat = "minimum_at_zero’
elif relative range &lt; 0.01:
cat =’ flat’
else:
cat = "minimum_elsewhere’

classification[cat]. append(name)

all_profiles.append({
" name’ : name,
"vflat’: gal[’vflat’],
“rsl’: gall’rs1’],
"rs2': gal['rs2' ],
"rs best profile’ : rs best,
"chi2_min’: chi2 min,
"chi2 at 0" : chi2 prof[0],
"relative range’ : relative range,
’category’ : cat,
“rs_grid : rs_grid,
"chi2 prof’: chi2 prof,

b

print(f"¥ns4RIER:")
for cat, names in classification.items():
print(f” {cat:&gt;25s}: {len(names):3d} #R5a")

#
# FFHBEE
#

print(f’¥n{’ = %70}")
print("AF 3T BIDEEM")
print(f”{" =" %70}")

for cat in ["monotone decrease’, 'minimum at zero’, 'minimum elsewhere’, ’flat’]
entries = [p for p in all profiles if p[ category’ ] == cat]
if not entries:
continue
print(f"¥n-—- {cat} (N={len(entries)}) -—-")
vf_arr = np.array([e[’vflat’] for e in entries])
rs1 arr = np.array([e[’rs1’] for e in entries])
rs_best _arr = np.array([e[’ rs _best profile’] for e in entries])
chi2 0 = np.array([e[’chi2 at 0’] for e in entries])
chi2_m = np.array([e[’ chi2 min’] for e in entries])

print(f” v_flat fR{E: {np.median(vf arr):.1f} km/s”)

print(f” rsl FAR{E: {np.median(rs1 arr):.4f} kpc”)

print(f” rs_best AAR{E: {np.median(rs_best arr):.3f} kpc”)

print(f” chi2(rs=0) / chi2 min AR{&E: {np.median(chi2 0/np.maximum(chi2 m, 0.1)):.4f}")

if len(entries) &Lt;= 10:
for e in entries:
print(f” {e[’name’ J:8&gt;15s}: rsi={e[’ rs1’]:.3f}, rs best={e[’rs best profile ]:.3f}, ”
f’vflat={e[’ vflat’ ]:.0f}, chi2 range={e[’ relative range’ ]:.4f}")

#
# L rs1 &gt; 3 kpe DERFD chi2 FO7 74
#
print(f"¥n{’ =" %70}")

print("EbEk: rs1 &gt; 3.0 kpc DR (54) )
print(f7{ =" %70}")

high profiles = []
for name, gal in high rs[:5]:
data = read_dat(name)
if data is None:
continue

rad = data[:, 0]

v obs = data[:, 1]

err v = data[:, 2]

v gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)
ud = gal[ upsilon d']

vbar2 = ud * np.sign(v_disk)*v disk¥x2 + ¥
np.sign(v_gas)*v gas¥k2 + ¥
np.sign(v_bul)v bul#*2

v_bar = np.sqrt(np.maximum(vbar2, 0.0))

R max = rad.max()
rs grid = np. linspace(0.01, min(R max, 50), 100)
chi2 prof, vf prof = compute chi2 profile(rad, v obs, err v, v bar, rs grid)

i min = np.argmin(chi2 prof)
print(f” {name:&gt;15s}: rs1={gal[’ rs1’]:.2f}, rs best={rs grid[i min]:.2f}, ”
f”chi2_range/min={chi2 prof.ptp()/max(chi2 prof[i min], 0.1):.3f}”)

high profiles. append({



"name’ : name, 'rs grid : rs grid, 'chi2 prof’: chi2 prof,
“rs1’: gal[’rs1’], 'vflat’: gal[ vflat'],

1))
#
# EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) ErsSBAD chi2 7O7 741 (AR, JK15%)
ax = axes[0, 0]
for p in all profiles[:15]:
chi2 norm = p[’chi2 prof’] / max(p[’ chi2 prof’].min(), 0.1)
ax.plot(p[’rs_grid’ ], chi2 norm, alpha=0.4, Llinewidth=0.8)
ax.set _xlabel(’r_s [kpc]")
ax.set_ylabel(" x* / x* min")
ax.set title(f (a) x° profiles (rs1&lt;0.5, N={len(all profiles)})’)
ax.set_xLlim(0, 20)
ax.set ylim(0.9, 2.0)

X X x X

# (b) BrsRAD chi2 7O7 74 )L (Hh#g)
ax = axes[0, 1]
for p in high profiles:
chi2 norm = p[’chi2 prof’] / max(p[’ chi2 prof’].min(), 0.1)
ax.plot(p[’ rs grid’ ], chi2 norm, alpha=0.7, Llinewidth=1,
Llabel=f"{p[’ name’ ]} (rs1={p[’ rs1’]:.1f})")
ax.set xlabel('r s [kpc]')
ax.set ylabel(’ x> / x* min")
ax.set title(’(b) x? profiles (rs1&gt;3, comparison)’)
ax.set_xLlim(0, 30)
ax.set ylim(0.9, 3.0)
ax. legend(fontsize=6)

X X X X X

#(c) AFTUHH (BT57)
ax = axes[0, 2]
cats = ["monotone decrease’, 'minimum_at zero’, 'minimum elsewhere’, 'flat’, ’failed ]
counts = [len(classification[c]) for ¢ in cats]
labels = ["Monotone !’, "Min@0’, ’Min elsewhere’, 'Flat’, 'Failed ]
colors = ["red’, "orange’, ’'green’, 'gray’, ’lightgray ]
nonzero = [(L, ¢, co) for L, ¢, co in zip(labels, counts, colors) if c &gt; 0]
if nonzero:
ax.pie([x[1] for x in nonzero], labels=[x[0] for x in nonzero],
colors=[x[2] for x in nonzero], autopct="%1.0f%% )
ax.set_title(f' (c) Classification (N={sum(counts)})’)

# (d) chi2(rs=0)/chi2 min DER NF S A

ax = axes[1, 0]

ratios = [p['chi2 at 0" ]/max(p[’chi2 min’], 0.1) for p in all profiles]
ax.hist(ratios, bins=30, color="steelblue’, edgecolor="white’)
ax.axvline(1.0, color="red’, ls="--", label=" x*(0)=x? min")

ax.set xlabel(’ x?(rs=0) / x2 min’)

ax.set_ylabel(’ Count’)

x.set title(’ (d) How much worse is rs=07")

ax. legend()

1)

# (e) rs_best (profile) vs rs1 (original fit)
ax = axes[1, 1]
rs1_arr = np.array([p[’ rs1’] for p in all _profiles])

rs best = np.array([p[’ rs best profile’] for p in all profiles])
ax.scatter(rsl arr, rs best, s=15, alpha=0.5, c="purple’)

maxv = max(rs1 arr.max(), rs best.max(), 1)

ax.plot([0, maxv], [0, maxv], 'k--", alpha=0.3)

ax.set xlabel(’rs1 (original fit) [kpcl')

x.set ylabel(’ rs_best (profile scan) [kpc]’)

x.set title(’ (e) Profile scan vs original fit')

)

# () REREIBADOFHMTO 7 7ML
ax = axes[1, 2]
#f monotone, min@d, min elsewhere HNS1DF D
examples = []
for cat in ["monotone decrease’, 'minimum at zero’, 'minimum elsewhere’ ]:
for p in all profiles:
if p[’category’ ] == cat:
examp les. append (p)
break

colors ex = ["red’, "orange’, 'green’]

for p, col in zip(examples, colors ex):
chi2 norm = p[’chi2 prof’] / max(p[’ chi2 prof’I.min(), 0.1)
ax.plot(p[’ rs grid’ ], chi2 norm, color=col, Llinewidth=1.5,

Llabel=f"{p[" name’ ]} ({p[’ category’ 1[:81})")

ax.set xlabel(’r s [kpe]')

ax.set ylabel(’ x* / x?* min’)

ax.set title(’ (f) Representative profiles’)

ax.set xlim(0, 25)

ax. legend(fontsize=7)

3

3

plt. tight layout()
plt.savefig(’V3 rs1 interpretation.png’, dpi=150)
print(f"¥n[SAVED] V3 rs1 interpretation.png”)

i
i
i
print(f"¥n{ =" x70}")




print("V-3 #&®")
print(f”{" =" %70}")

n_mono = len(classification[ monotone decrease’])
n mind = len(classification[’minimum at zero’])
n_else = len(classification['minimum_elsewhere’])
n flat = len(classification[’ flat’])

n_total low = n_mono + n_min® + n_else + n_flat
print(f"””

W rs1 &lt; 0.5 kpc @ {n_total low} SR5ED chi2 7O 7 7 A IL945E:

B (rs—0 T chi2l) : {n_mono} ({100%n mono/max(n total Llow,1):.0f}%)
- BBIRA: 74 v —OTFRIGRYMLE, EORHEBIE rsiXo,
— tanh BBIEFE, v c¢* = v bar® + v flat® T+4H,

rs=0 THB/\: {n_min0} ({100%n min@/max(n total Llow, 1):.0f}%)
- fRIRB: MIBMICEA, EREEAFRLYARRTET.

rs&gt; 0 (CBIDIEN: {n_else} ({100%n_else/max(n_total low, 1):.0f}%)
- fRIRC: rs1 74 v 9 —DBRAMRICERE o7, HD rs 1E 0 FYKEL,
— rs best & rs2 OBRERERTNE,

735w bk (chi2 A% rs ICIFIFEHKELAW) @ {n_flat} ({100%n_flat/max(n_total Llow, 1):.0f}%)
= rs [FHKS N TV, tanh DED rs TERZED 71 v b,

W YRR
")

if n_mono + n_min0 &gt; n_else:
print(f" A%Z%# ({n monotn min0}/{n total low}) T rs=0 A RFEX /A IETFBEIEL, 7)
print(f” — ZhoORATREERLT -5 BENCTERT HEH. ")
print(f” — 1E&BE tanh (FREMIC TEBMEETIV vi=v bar’+v flat®] , ”)
print(f” — rs1 OYENIBERIEREN, ”)
else:
print(f” {n_else}/{n_total low} DIRFAT rs&at;0 ICEDBNIH B, )
print(f” — rs1 71 v 9 —HD"BFFARICERE o 7= ATREM, )
print(f” — ZhOoDIRAITIE rs 2BT7 4 v NI 2MEHLH S, )

if n_flat &gt; 0:
print(f¥n 735w b ({n flat}4Ra) : chi2 A% rs ICIFFKELARWL, 7)
print(f” — BIEREROTIRA tanh BREEZFIHTI ARV, )



15.

rs_best_all.py

b2
7x—X rs best
B L1T5RAD chi2 7OT7 7 ALK RF v+ T rs_best &RE
fE s rs_best (HTFREM)
ER rs _best alpha=0.635 (r=0.589), A& 2.92 kpc, R max & DIEEI rho=0. 74,
RF—H R Level B (R max ATEHRITER)

=S

rs1 ORFREMEALOEET 27-0. 24850 T rs % 0.001 ~ R max OHETRAF v L. chi2 OKEHWER/IE rs_best &RE,

Y—RO—R£2X

#!/usr/bin

/env python3

L1758RAD rs best (chi27O7 7 1 ILOKEBHRNR) %5HE

V-3 T rsl

=0 A RFTAE & FUBE, SERAICHGR L.

rs1 T% rs2 THAL chi2 OKEHIE/N rs best DRI —Y VT %HEET %,

5E247: uv run --with scipy —-with matplotlib --with numpy python rs best all.py

i

import csv
import os

import num
from scipy
from scipy
import mat
matplotlib
import mat

py as np
.optimize import minimize scalar, minimize
.stats import spearmanr, pearsonr

plotlib

.use(’Agg’)

plotlib.pyplot as plt

Fr3A

#
t F—55H
#
d

ef load ¢
with o

re

re

def get va
for ¢
if

return

def read d
for fn
if

return

, SrC_row
galaxies =
for row in

name =
if not
rsl =
rs2 =
vf = g
ud = g

sv(path):

pen(path, ”"r”, encoding="utf-8") as fh:
ader = csv.DictReader (fh)

turn reader. fieldnames, Llist(reader)

L(row, candidates):

in candidates:

c in row and row[c].strip():
try: return float(row[c])
except: pass

None

at(name) :

in [f”{name} rotmod.dat”, f”{name}.dat”]:
os. path. exists(fn):

return np. loadtxt(fn, comments="1#")

None
s = load csv(”sparc results.csv”)
1

src_rows:

row.get("galaxy’, '’).strip()

name: name = list(row.values())[0].strip()

get val(row, ["rs1’])
get val(row, ['rs2'])
et val(row, ['vflat’])
et val(row, ["ud'])

if rs1 is not None and rs2 is not None and vf and ud and vf &gt; 0:

ga

b
print(f’[1I

#

laxies. append({
"name’ : name, 'rs1’: rsl, 'rs2’: rs2
“vflat’: vf, "upsilon d’: ud

NFO] {len(galaxies)} galaxies”)

#chi2 7A7 74 RAF v

#

def chi2 at rs(rs, rad, v_obs, err_v, v bar):
"EE rs TORE v flat ICBF B chi2”””

ifrs
T
else:
T

ft v fl
# v mo

&lt;= 0.001:
= np.ones_like(rad)

= 0.5 % (1.0 + np. tanh((rad - rs) / rs))

at OEMHSREL (BR&NZF)
del = sqrt(v_bar™2 + vf"2 x T)

I R aDT v flat T Yy RY—F



w=1.0/ np.maximum(err v, 1.0)%x2

best chi2 = np. inf
best vf = 0

# NIy R
vf max = max(v_obs.max() * 1.5, 50)
for vf in np. linspace(1, vf max, 100):
v model = np.sqrt(np.maximum(v bar%x2 + vfxx2 % T, 0.01))

c2 = np.sum(w * (v_obs - v_model)#k2)
if c2 &lt; best chi2:

best chi2 = c2

best vf = vf

i BB
for vf in np. linspace(max(best vf - vf max/50, 0.1), best vf + vf max/50, 50)
v_model = np.sqrt(np.maximum(v_bar%x2 + vfxx2 % T, 0.01))
c2 = np.sum(w * (v_obs - v_model)#x2)
if c2 &lt; best chi2:
best chi2 = c2
best vf = vf

return best chi2, best vf

def find rs best(rad, v obs, err v, v bar, R max):
"7chi2 AT 7 AN ERF v Y LTRENRND rs #RD1F2"7”
#EWT Yy R
rs_grid = np.concatenate([
np.array([0.001, 0.005, 0.01, 0.02, 0.05, 0.1]),
np. Linspace(0.2, min(R max * 1.5, 80), 100),

1

rs grid = np.sort(np.unique(rs grid))
chi2 list =[]

vf Llist = []

for rs in rs_grid:
c2, vf = chi2 at rs(rs, rad, v obs, err v, v bar)
chi2 Llist.append(c2)
vf List.append(vf)

chi2 arr = np.array(chi2 Llist)
vf arr = np.array(vf List)

i min = np.argmin(chi2 arr)
rs_best = rs grid[i min]
chi2 min = chi2 arr[i min]
vf best = vf arr[i min]

i B ROREDTHEN RF v >
if 1&lt; i min &Llt; len(rs grid) - 1
rs_fine = np. linspace(rs grid[max(i min-3, 0)],
rs_grid[min(i_mint3, len(rs grid)-1)]1, 50)
for rs in rs_fine:
c2, vf = chi2 at rs(rs, rad, v obs, err v, v bar)
if c2 &Lt; chi2 min:

chi2 min = ¢2
rs_best = rs
vf best = vf

1t chi2(rs=0) & D&
chi2 0, vf 0 = chi2 at rs(0.001, rad, v obs, err v, v bar)

N pts = Llen(rad)
chi2 dof = chi2 min / max(N_pts - 2, 1)

return {
"rs best’: rs best,
"vf best’: vf best,
"chi2 min’: chi2 min
"chi2 dof’: chi2 dof,
"chi2 at 0': chi2 0,
" improvement’ : (chi2 0 - chi2 min) / max(chi2 0, 0.1),
"N pts’: N pts,

}
#
x4 vN—7
#

print(f"¥n£4RAD chi2 A7 7 AL RF v V...")

results = []
n_done = 0

for gal in galaxies:
data = read dat(gal[’ name’])
if data is None:
continue

rad = datal[:, 0]

v_obs = data[:, 1]
err v = data[:, 2]
v_gas = data[:, 3]
v disk = data[:, 4]



v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal["upsilon d']

vbar2 = ud * np.sign(v_disk)*v_disk¥x2 + ¥
np.sign(v_gas)*v gas¥k2 + ¥
np.sign(v_bul)*v_bu k2

v_bar = np.sqrt(np.maximum(vbar2, 0.0))

if len(rad) &Llt; 3:
continue

R max = rad.max()
r min = rad[rad &t; 0].min() if np.any(rad &t; 0) else 0.01

fit = find rs best(rad, v obs, err v, v bar, R max)

results. append({
"name’ : gal[’ name’ ],
"vflat’: gal[’vflat’],
"rs1’: gal[’rs1’],
Trs2': gall’rs2'],
“upsilon d’: ud,
"R max’ : R max,
“r_omin’: r_min,
sxfit,

1))

n_done += 1
if n done % 25 == 0:
print(f” {n_done}/{len(galaxies)} completed...”)

N = len(results)
print(f"¥n5E2 7 : {N} $R:A")

it EEHE

rs_best = np.array([d[’ rs_best’] for d in results])

rs1 = np.array([d[’rs1’] for d in results])

rs2 = np.array([d[’rs2’] for d in results])

vf = np.array([d[’ vflat’] for d in results])

Rmax = np.array([d[’R max’] for d in results])

improve = np.array([d[’ improvement’] for d in results])

i
t R—1) > TR
i

print(f"¥n{’ =" x70}")
print("rs best vs v flat ®X4—1) > 4”)
print(f”{ =" %70}")

i EAHRE

print(f’¥nrs best EA#HE:")

print(f” FR{E: {np.median(rs_best):.3f} kpc”)

print(f” ¥15:  {np.mean(rs best):.3f} kpc”)

print(f” CV: {np.std(rs_best)/np.mean(rs_best):.3f}")

i 28R

mask pos = (rs best &gt; 0.01) &amp; (vf &gt; 0)
Lv = np. log10(vf[mask pos])

Lrb = np. log10(rs best[mask pos])

Lrs1 = np. log10(np. maximum(rs1[mask pos], 0.001))
Lrs2 = np. Log10(np. maximum(rs2[mask pos], 0.001))

p best = np.polyfit(ly, Lrb, 1)
r_best, p best p = pearsonr(lv, Llrb)
rho best, = spearmanr(vf[mask pos], rs best[mask pos])

p rsl = np.polyfit(ly, Lrsl, 1)
r_rs1, _ = pearsonr(lv, Lrsl)

p_rs2 = np.polyfit(ly, Llrs2, 1)
r rs2, = pearsonr(lv, Llrs2)

print(f"¥n{ 542" :8gt;12s} { a’:8&gt;7s} {'r’ :8gt;7s} { p (Spearman)’ :8gt;12s} { Hhd{E[kpc] :&gt;12s}”)
print(f"{’ rs_best’ :&t;12s} {p_best[0]:7.3f} {r best:7.3f} {rho best:12.3f} {np.median(rs best):12.3f}")

print(f"{" rs1” :&gt;12s} {p rs1[0]1:7.3f} {r rs1:7.3f} { —’:8&gt;12s} {np.median(rs1):12.3f}")
print(f"{" rs2’ :&gt;12s} {p rs2[0]:7.3f} {r rs2:7.3f} { —’:8&gt;12s} {np.median(rs2):12.3f}")

# rs best vs R max (ATHEEF v )

rho Rmax, p Rmax = spearmanr(rs best[mask pos], Rmax[mask pos])
p_rmax_fit = np.polyfit(np. log10(Rmax[mask pos]), Lrb, 1)
print(f"¥nrs_best vs R max: p={rho Rmax:.3f} (p={p Rmax:.2e})”)
print(f” rs best o R max"{p rmax fit[0]:.3f}")

# rs best/R max D47
rbrm = rs_best / Rmax
print(f” rs best/R max HR{#E: {np.median(rbrm):.3f}")

i
# rs best vs rsl, rs2 O—HE
i
print(f¥n{ =" %70}”)

print("rs best vs rs1, rs2 DLE")
print(f”{" =" %70}")

diff rs1 = np.abs(rs best - rsl)



diff rs2 = np.abs(rs best - rs2)
closer_to rs1 = np.sum(diff_rs1 &Lt; diff rs2)
closer to rs2 = np.sum(diff rs2 &Lt; diff rs1)

print(f"¥nrs best A% rs1 (Z3ELN: {closer to rs1} ({100xcloser to rs1/N:.0F}%)”)
print(f’rs_best A% rs2 IZiE\N: {closer_to rs2} ({100xcloser to_rs2/N:.0f}%)”)

# rs best/rs1, rs best/rs2 MDHR{E

mask rs1 pos = rs1 &gt; 0.01

mask_rs2 pos = rs2 &gt; 0.01

print(f"¥nrs best/rs1 FAR{E: {np.median(rs best[mask rs1 pos]/rs1[mask rs1 pos]):.3f}"”)
print(f’rs_best/rs2 HR{E: {np.median(rs best[mask rs2 pos]/rs2[mask rs2 pos]):.3f}”)

# #8m
r b1, = pearsonr(np. log10(np.maximum(rs best, 0.01)), np. log10(np.maximum(rs1, 0.001)))
r b2, _ = pearsonr(np. log10(np.maximum(rs_best, 0.01)), np. log10(np.maximum(rs2, 0.001)))

print(f"¥nlog#BRA: rs best vs rsl: r={r b1:.3f}")
print(f”log#ERA: rs best vs rs2: r={r b2:.3f}")

#
# chi2 BREE DD
#
print(f’¥n{’ = %70}")
print("rs=0 H5SDHREE")
print(f”{ =" %70}")

print(f” chi2 egERhR{E: {np.median(improve)*100:.1f}%")

print(f” & &gt; 10%: {np.sum(improve &t; 0.1)} ({100*np.sum(improve &gt; 0.1)/N:.0f}%)")
print(f” & 8gt; 30%: {np.sum(improve &gt; 0.3)} ({100%np.sum(improve &gt; 0.3)/N:.0f}%)")
print(f” & &lt; 1%: {np.sum(improve &Llt; 0.01)} ({100%np.sum(improve &lt; 0.01)/N:.0f}%)")

#
i EDEMR
#
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) rs best vs v flat (log-log)

ax = axes[0, 0]

ax.scatter(lv, Lrb, s=10, alpha=0.4, c="blue’, label="rs best’)

vv = np. Linspace(lv.min(), Llv.max(), 100)

ax.plot(vv, np.polyval(p best, vv), "b-", Llinewidth=2,
label=f"rs best: a={p best[0]:.3f}")

.plot(vv, np.polyval(p rs1, wv), ’gray’, Lls="--,
label=f"rs1: a={p_rs1[0]:.3f}")

ax.plot(vv, np.polyval(p rs2, wv), 'r’, ls=":",
label=f"rs2: a={p_rs2[0]:.3f}")

.set xlabel(’ log(v flat)’)

.set_ylabel(’ log(r_s) [kpc])

.set title(f’ (a) Scaling comparison (N={mask pos.sum()})")

. legend(fontsize=8)

a

x

a
a
a.
a

> X X X

# (b) rs_best vs rsl

ax = axes[0, 1]

ax.scatter(rsl, rs best, s=10, alpha=0.4, c="steelblue’)
maxv = max(rs1.max(), rs best.max())

ax.plot([0, maxv], [0, maxv], "k--", alpha=0.3)

ax.set xlabel(’ rs1 [kpc]")

ax.set_ylabel(’ rs_best [kpc]’)

ax.set xscale(’ log’)

>

x X

.set yscale(’ log’)
.set title(f’ (b) rs best vs rs1 (r={r b1:.3f})")

a
a

x X

# (c) rs best vs rs2

ax = axes[0, 2]

ax.scatter(rs2, rs best, s=10, alpha=0.4, c='coral’)
maxv = max(rs2.max(), rs best.max())

ax.plot([0, maxv], [0, maxv], "k--", alpha=0.3)

ax.set xlabel(’ rs2 [kpc]’)

ax.set ylabel(’ rs best [kpc]l)

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(f' (c) rs best vs rs2 (r={r b2:.3f})")

# (d) rs best vs R max (AT#EREF v )

ax = axes[1, 0]

ax.scatter(Rmax, rs best, s=10, alpha=0.4, c="green’)
ax.plot([0, Rmax.max()], [0, Rmax.max()], "k--", alpha=0.2)
x.set xlabel(’R max [kpc])

ax.set ylabel(’ rs best [kpc]l’)

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(f (d) rs best vs R max (p={rho Rmax:.3f})")

»

# (e) rs best DER RIS LA

x = axes[1, 1]

ax. hist(np. Log10(np.maximum(rs best, 0.001)), bins=40,
color="blue’, alpha=0.5, label="rs best’)

x. hist(np. Log10(np. maximum(rs1, 0.001)), bins=40,
color="gray’, alpha=0.3, label="rs1")

x. hist(np. Log10(np. maximum(rs2, 0.001)), bins=40,
color="red, alpha=0.3, label="rs2")

x.set xlabel(’ log(r s) [kpc]')

x.set_ylabel(’ Count’)

.set title(’ (e) Distribution comparison’)

x. legend(fontsize=8)

»

»

»

)
3



# (f) WEE vs v flat

ax = axes[1, 2]

ax.scatter(vf, improvex100, s=10, alpha=0.4, c="purple’)

ax.axhline(10, color="red", ls="--", alpha=0.5, label="10% improvement’)
ax.set xlabel(’v_flat [km/s]")

ax.set_ylabel(’ x* improvement from rs=0 [%]")

ax.set title(’ (f) Improvement over rs=0")

ax. legend(fontsize=8)

x x X

plt. tight layout()
plt.savefig(’ rs best all.png’, dpi=150)
print(f"¥n[SAVED] rs best all.png”)

#
# CSVEA
#
out csv = "rs best all.csv”
with open(out_csv, "w”, newline="", encoding="utf-8) as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, ’v flat’, "rs1’, 'rs2’, ’rs best’,
"vf best’, 'chi2 dof’, ’improvement pct’,
"R_max’, 'rs_best over Rmax’, ’upsilon_d’])
for d in sorted(results, key=lambda x: x[’vflat’]):
writer.writerow([
d["name’ ], f"{d[’vflat’]:.1f}”,
f7{d0’ rs1’ 1:. 41}, £7{d[’ rs2" 1:.3f}”, f"{d[’ rs_best’ ]:.4f}”
f7{d[’ vf best’ ]:.1f}”, f"{d[’chi2 dof’ 1:.4f}”
f”{d[’ improvement’ ]%100:.1f}",
f7{d[’R max’]:.2f}”, f"{d[’rs best’ ]/d[’R max’]:.4f}”,
£7{d[" upsilon_d’ ]:.3f}",

i}
print(f"[SAVED] {out csv}”)

#
# B HER
#

print(f’¥n{’ = %70}")
print("rs_best 47—V v DRRER")
print(f”{ =" %70}")

print(F7""
W 30o0D rs EBBODRYT =) VY
rs (1ERREFIL) - a = {p_rs1[01:.3f} (r={r_rs1:.3f}) < BFFEERHY

rs2 (2ExREfit) - a = {p rs2[0]:.3f} (r={r rs2:.3f}) < {SFEMERMIL
rs best (profile) : a = {p best[0]:.3f} (r={r best:.3f}) <« KiEMZE

B rs best D4FiE:
ffE: {np.median(rs best):.3f} kpc
rs_best (& rs1 &V rs2 (TiE\LN: {closer to rs2}/{N} ({100xcloser to rs2/N:.0f}%)
rs best vs R max: p = {rho Rmax:.3f}

W FIE:
)

if abs(p best[0] - p rs2[0]) &lt; 0.1:
print(f” rs best = rs2 DAL —Y U J = rs2 AELW r s ITEW)
print(f” a = {p best[0]:.2f} AEDRH—1 ")
elif abs(p best[0] - p rs1[0]) &Llt; 0.1:
print(f” rs best = rs1 MRT—1Y 5 — rs1 @ a=0.3 HE")
else:
print(f” rs best I& rs1 & rs2 OFR: « = {p best[0]:.3f}")
print(f” E55DBFHES ERTIRAW)

if rho Rmax &gt; 0.6:
print(f"¥n Z4&: rs_best vs R max DAEMEMEEW (p={rho Rmax:.3f})”)
print(f” — rs best BT —FFERICEI2RON B ATHROAREM")
else:
print(f"¥n rs best vs R max DABRIIEHFE2E (p={rho Rmax:.3f})")
print(f” — F—4FEEADATHRIFIIEHTIEARW)



16. Rmax_hR_separation.py

H
7x—X R_max4> B
Z[:] rs_best MR —1Y v IH5 v flat, h R, R max OFS5%REEETHH
fERrs rs_best
R 2EHRBHETLERAEER (p0.05) , SEHDHBREENHEE, R 2=0.28,
2TF—48 2R Level A (DBETBEDHEE)

=S
rs_best vs R max DiELER (rho=0.74) H"¥EH (h R BH) MPAIHN (F—IHEEDOWR) M= RERESELRETHE,

Y—RO—R£2X

#1/usr/bin/env python3

R max vs h R DBk: rs best DR — 1 v T OEBHE

RIEB T8k :
(A) rs best vs v flat | h R &4l — HD v
(B) rs best vs R max | h R &%l — AIMROERE
(C) rs best vs v_flat | R max &4l — F—9HWEEBRVES
(D) rs best vs h R | v flat &#lfEl — /NUF Y25 —)LOBRIHNR

224T: uv run ——with scipy -—with matplotlib —-with numpy python Rmax hR separation.py

import csv

import os

import numpy as np

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib. use(’ Agg’)

import matplotlib.pyplot as plt

#
Ty mHAH
#
d

ef load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

de

-

read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")
return None

# rs best all.csv
_, rb_rows = load csv(”rs_best all.csv”)

rb dict = {}
for row in rb_rows:
name = row.get(’galaxy’, '’).strip()

rb = get val(row, [’rs_best’])
vf = get val(row, ['v flat’])
Rm = get val(row, ['R max’])
ud = get val(row, ["upsilon d’ 1)
rs1 = get _val(row, ["rs1’])
rs2 = get val(row, ['rs2’])
if name and rb and vf and Rm:
rb dict[name] = {"rs best’: rb, ’"vflat’: vf, 'R max’: Rm
“upsilon d’: ud, 'rs1’: rsl, "rs2’': rs2}

# hR % .dat HSEIE
results = []
for name, d in rb dict.items():
data = read dat(name)
if data is None:
continue

rad = datal[:, 0]
v disk = data[:, 4]
ud = d["upsilon d"] if d[’upsilon d’] else 0.5

vdisk = np.sqrt(ud) * np.abs(v disk)
if len(rad) &Llt; 3 or np.max(vdisk) &Llt; 0.1:
continue



i _peak = np.argmax(vdisk)
r peak = rad[i_peak]

if r_peak &gt;= rad.max() * 0.9 or r_peak &lt; 0.01:
continue

h R =r peak / 2.15

results. append ({
"name’ : name,
"rs best’: d[’rs best’],
"vflat’: d[’vflat’'],
"R max’ : d['R max’],
"hR: hR,
Trsl' o d["rs1’],
Trs2 s d[’rs2' ],
b

N = len(results)
print(f"[INFO] N={N} galaxies with rs best, v flat, R max, h R”)

# EH{E (logZefE)

rs_ b = np. log1@(np.array([d[’ rs best’] for d in results]))

vf = np. log10(np.array([d[’ vflat’] for d in results]))

Rm = np. log1@(np.array([d[’R max’] for d in results]))

hR = np. log10(np.array([d[’h R’] for d in results]))

rs1 = np. Llog10(np. maximum(np. array([d[’ rs1’] for d in results]), 0.001))
rs2 = np. Log10(np. maximum(np. array([d[’ rs2’ ] for d in results]), 0.001))

it
it fRAERIRA%E
it
def partial corr(x, y, z):

"7x vs y, z &I L 7-{mERE (Pearson) 77"

tx v, z D5 z OMRERFEIRTHRE

px = np.polyfit(z, x, 1)

py = np.polyfit(z, y, 1)

x res = x - np.polyval(px, z)

y res =y - np.polyval(py, z)

r, p = pearsonr(x res, y res)

return r, p, x res, y res

def partial corr 2(x, y, z1, z2):
"xovs y, 21 & 22 HEREBFICHIETT
Z = np.column_stack([np.ones(len(z1)), z1, z2])
bx, , , _ =np.linalg. lstsq(Z, x, rcond=None)
by, , _, _ = np.linalg. Lstsq(Z, y, rcond=None)
x res = x - Z @ bx
y res=y-Z7@ by
r, p = pearsonr(x res, y res)
return r, p

it

# EXMEE (Eok)

it

print(f"¥n{’ =" %70}")
print(f"£ 0URAERE (B4 L. LlogZef. N={N}) 7)
print(f7{ =" %70}")

pairs = [
("rs best’, 'v flat’, rs b, vf),
("rs best’, "h R, rs b, hR),
("rs best’, 'R max’, rs b, Rm),
Cv flat’, "h R, vf, hR),
(v_flat’, 'R max’, vf, Rm),
("h R, "R max’, hR, Rm),

]

print(f"¥n{ pair’ :8&gt;25s} {'r’:8gt;7s} {'p :8&gt;10s}”)
for label x, label y, x, y in pairs:
r, p = pearsonr(x, y)
print(f”{label x+ vs ’'+label y:8gt;25s} {r:+7.3f} {p:10.2e}")

i
i fmAERE (1ZEEHIME)
i
print(f"¥n{ =" x70}")
print("fRAEES (1TEEHI4E) )
print(f”{" =" %70}")

partials = [
(’rs best vs v flat’, | h R, rs b, vf, hR),
("rs best vs v flat’, | R max’, rs b, vf, Rm),

("rs best vs h R", '| v flat’, rs b, hR, vf),
("rs best vs h R, ’| Rmax’, rs b, hR, Rm),
(’rs best vs R max’, | v flat’, rs b, Rm, vf),
("rs best vs R max’, '| h R, rs b, Rm, hR),

]

print(f’¥n{ partial’ :8gt;35s} {'r’ :&gt;7s} {'p :&gt;10s} { HIE’ :8&gt;20s}”)
for label, ctrl, x, y, z in partials:
r, p, , = partial corr(x, vy, z)
sig = "xxk’ if p &lt; 0.001 else "#x if p &lt; 0.01 else "« if p &lt; 0.05 else 'ns

if 'v flat’” in label.split("vs’)[1] and "h R" in ctrl:



judge = " v DEDE

elif "R_max’ in label.split("vs’)[1] and "h R" in ctrl:
judge = P ATSHROAE

elif "h R" in label.split("vs’)[1] and 'v_flat’ in ctrl:
judge = /XY F ¥ OMIIFHR’

else:
judge =

print(f’{label+’” ’+ctrl:&gt;35s} {r:+7.3f} {p:10.2e} {sig:&gt;3s} {judge:&gt;20s}”)

#
i fRAERS (2ZEXmIBHI4E)
#
print(f’¥n{’ =" %70}")
print("fRAERS QEEBFSIE) )
print(f”{ =" %70}")

partials 2 = [
("rs best vs v flat’, "| h R, Rmax’, rs b, vf, hR, Rm),
("rs_best vs h R, | v_flat, R max’, rs b, hR, vf, Rm),
(’rs best vs R max’, '| v flat, h R’, rs b, Rm, vf, hR),
]

print(f’¥n{’ partial’ :8gt;40s} {’ v’ :&gt;7s} {'p’ :&gt;10s}”)

for label, ctrl, x, y, z1, z2 in partials 2:
r, p = partial _corr 2(x, y, z1, z2)
sig = "xkx’ if p &lt; 0.001 else "xx' if p &lt; 0.01 else "%’ if p &lt; 0.05 else 'ns’
print(f”{label+ ’+ctrl:8&gt;40s} {r:+7.3f} {p:10.2¢} {sig:&gt;3s}”)

#
t o O (ZE@R)
#

print(f"¥n{’ =" %70}")
print("ZEM@E: log(rs best) = a + b-log(v_flat) + c-log(h R) + d-log(R max)”)
print(f7{ =" %70}")

X = np.column stack([np.ones(N), vf, hR, Rm])

beta, residuals, _, _ = np.linalg. lstsq(X, rs_b, rcond=None)
pred = X @ beta

r_multi = np.corrcoef(rs_b, pred)[0, 1]

rss = np.sum((rs b - pred)*x2)

print(f’¥n K {betal0]:+.3f}")
print(f” v flat: {beta[1]:+.3f} <« 7 (v flat OMIIHR) ")
print(f” hR: {beta[2]:+.3f} <« NYFV2RH5—ILDFHE")

print(f” R max: {beta[3]:+.3f} « F—HHFMEDAIIIR")
print(f” R® = {r multix2: 4f}")

I REBOFSE (RELRE)

std_vf = np.std(vf)

std hR = np.std(hR)

std_Rm = np.std(Rm)

std rb = np.std(rs b)

print(f"¥n FRELFE:")

print(f” v flat: {beta[1]#std vf/std rb:+.3f}")
print(f” hR: {beta[2]*std hR/std_rb:+.3f}”)
print(f” R max: {beta[3]*std Rm/std rb:+.3f}”)

# v flat & vs h R M vs R max DA
for label, x var in [(v_flat only’, vf), (Ch_R only’, hR), ("R_max only’, Rm)]:
X1 = np.column_stack([np.ones(N), x var])
b1, , _, _ = np.linalg. Lstsq(X1, rs_b, rcond=None)
predl = X1 @ b1
r1 = np.corrcoef(rs_b, pred1)[0, 1]
print(f"¥n {label}: slope={b1[1]:.3f}, R*={r1%x2: 4f}")

#
# EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) rs_best vs v_flat | h R

ra, pa, xra, yr a=partial corr(rs b, vf, hR)

ax = axes[0, 0]

ax.scatter(xr_a, yr a, s=10, alpha=0.4, c="blue’)
x.axhline(0, color="gray’, ls="--", alpha=0.3)
ax.axvline(0, color="gray’, ls="--", alpha=0.3)

p line = np.polyfit(xr a, yr a, 1)

xx = np. Linspace(xr_a.min(), xr_a.max(), 100)
ax.plot(xx, np.polyval(p Lline, xx), 'r-", Llinewidth=1.5)
ax.set xlabel(’ log(rs best) residual | h R")

x.set ylabel(’ log(v_flat) residual | h R")

x.set title(f' (a) rs vs v flat | h R¥nr={r a:.3f} (v true)’)

»

)

#f (b) rs best vs R max | h R

r b, pb, xr b, yr b =partial corr(rs b, Rm, hR)

ax = axes[0, 1]

ax.scatter(xr b, yr b, s=10, alpha=0.4, c="red")

ax.axhline(0, color="gray’, ls="--", alpha=0.3)

x.axvline(0, color="gray’, ls="--", alpha=0.3)

p_line = np.polyfit(xr b, yr b, 1)

ax.plot(xx, np.polyval(p Line, xx[:len(xx)]), "k-", Llinewidth=1.5)
ax.set xlabel(’ log(rs best) residual | h R")

x.set_ylabel(’ log(R max) residual | h R")

x.set title(f' (b) rs vs R max | h R¥nr={r b:.3f} (artifact?)’)

»

)



#f (c) rs best vs h R | v flat

rc, pc, xrc, yr c = partial corr(rs_b, hR, vf)
ax = axes[0, 2]

ax.scatter(xr_c, yr_c, s=10, alpha=0.4, c="green’)

ax.axhline(0, color="gray’, ls="--", alpha=0.3)
ax.axvline(0, color="gray’, ls="--", alpha=0.3)
ax.set xlabel(’ log(rs best) residual | v flat’)
ax.set_ylabel(’ log(h R) residual | v_flat’)

ax.set title(f' (c) rs vs h R | v flat¥nr={r c:.3f} (baryon)’)

# (d) ZEEFEOHRE
ax = axes[1, 0]
labels bar = ['v flat¥n(vy)’, "h R¥n(baryon)’, 'R max¥n(artifact)’ ]
coeffs = [beta[1], beta[2], beta[3]]
colors bar = ["blue’, ’green’, ’red ]
bars = ax.bar(range(3), coeffs, color=colors bar, alpha=0.7)
ax.axhline(0, color="black’, Llinewidth=0.5)
for i, (b, c) in enumerate(zip(bars, coeffs)):
ax.text(i, ¢ + 0.02 % np.sign(c), f {c:.3f}", ha="center’, fontsize=10)
x.set_xticks(range(3))
ax.set xticklabels(labels bar)
.set_ylabel(’Regression coefficient’)
x.set title(’ (d) Multiple regression coefficients’)

»

[T
>

# (e) =M vs TR (ZEENR)

ax = axes[1, 1]

ax.scatter(pred, rs b, s=10, alpha=0.4, c="purple’)
ax.plot([pred.min(), pred.max()], [pred.min(), pred.max()], "k--")
ax.set xlabel(’Predicted log(rs best)’)

x.set_ylabel(’ Observed log(rs best)’)

ax.set title(f (e) Multi-regression fit (R®={r multi**2:, 3f})")

»

# (f) v_flat, h R, R max OEEAA
ax = axes[1, 2]
corr matrix = np.corrcoef(np.vstack([vf, hR, Rm]))
im = ax. imshow(corr_matrix, cmap="RdBu_r’, vmin=-1, vmax=1)
ax.set xticks([0, 1, 2])
ax.set_yticks([0, 1, 2])
ax.set xticklabels([’v flat’, "h R’, 'R max’])
ax.set_yticklabels([’v_flat’, "h R, 'R max’])
for i in range(3):

for j in range(3):

ax. text(j, i, f {corr matrix[i,j]:.2f}’, ha="center’, va='center’, fontsize=12)

plt.colorbar(im, ax=ax, shrink=0.8)
ax.set title(’ (f) Predictor correlations’)

> X

plt.tight layout()
plt.savefig(’Rmax_hR separation.png’, dpi=150)
print(f"¥n[SAVED] Rmax hR separation.png”)

#
# RAHER
#

print(f"¥n{’ =" %70}")
print("R max vs h R HBED#ER")
print(f"{ =" *70}")

r vf hR, p vf hR, , = partial corr(rs b, vf, hR)
r Rm hR, p Rm hR, , = partial corr(rs b, Rm, hR)
r hR vf, p hR vf, , = partial corr(rs b, hR, vf)
print(£77”

B RAEREDHER:

rs best vs v flat | h R : r={r vf hR:+.3f} (p={p vf hR:.2e}) <« v DEODE
rs best vs Rmax | h R :  r={r Rm hR:+.3f} (p={p Rm hR:.2e}) <« AT#R
rs best vs h R | v flat : r={r hR vf:+.3f} (p={p hR vf:.2e}) <« NUYFv2RH5—)L

B ZEDOROHREC
v flat: {beta[1]:+.3f} h R: {beta[2]:+.3f} R max: {beta[3]:+.3f}

W HE:

oy

if abs(r Rm hR) &lt; 0.15 or p Rm hR &gt; 0.05:
print(” Rmax OATIHREIFER, =0.635 EYEMRr—1Y >, ")
print(f” rs best oc h R™{beta[2]:.2f} X v flat”{beta[1]:.2f}")
elif abs(r Rm hR) &gt; abs(r vf hR) and abs(r Rm hR) &gt; abs(r hR vf):
print(” kR max OATHRA XA, «=0.635 DEEMEGEL, )
print(” rs best (T —FEHEICEI2RONTWVWD, )
elif abs(r hR vf) &gt; abs(r Rm hR):
print(" h R (WN)F Y27 —)L) HXEH, R max MRILHEBH. ")
print(f” — rs best oc h R A°AH, R max #EHIE h R &MH, )
print(f” — =0.635 O H5KRERHF/NY A VK (y={betal1]:.2f}) , ”)
else:
print(” h R & R max OWEANSTE, R2ALDBEITRE, ”)
print(f” RSPHIMEE: v = {beta[1]:.2f} * {abs(betal[3]):.2f}")



17.U2_gc_Ud_degeneracy.py

1]
7x—2X u-2
BHY g c-Ud #HRDEE(L + RAR FREHE RN
fEfrs rsAERA (%)
ER g c x Ud CV=1,10 < g ¢ CV=1.43 (ER9BI#EIR) . RARERZ= vs log(g N): rho=-0.176 (p=5e-25),
RAF—8 2R Level B (WERIGERDEY, FREIIRMREBIRLRT)

=S

Part A: (g c, Ud) D2/X5A—% RAR 7 4 v NCHER%ZEEIt, Part B: 27 —4 =D RAR %B=% g N
E Y BICES L RBR/RY — U B,

Y—RO—R£2X

#1/usr/bin/env python3

U-2: g c - Y. d fRROMN + RARFKEMRIERT

Part A: (g.c, Y d) 2285 X—% RAR 74 v b
SEMONDAERR: g obs = /(g c = Y. d - g N(Y=1))
—gc & Y dDBEOHMIK - R
Y d #EEICLT, g c&lt;&lt;a0 »° Y _d &HDATEYH ELHIE

Part B: RAR BH=EHE
g obs - g obs(MOND, g ¢ fit) DHRFHEM/Y—>
= EZHERD MO H5D TFh] & LTEhSD

r.s &—HIED RV

5E24F: uv run —-with scipy --with matplotlib —-with numpy python U2 gc Ud degeneracy. py

nan

import csv

import os

import numpy as np

from scipy.optimize import minimize

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

EH-A-FT4UT4

ESSESESY

a0 unit = 3703.0 # a0 in (km/s)"2 / kpc

def load csv(path):
with open(path, ”r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

de

-

read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")
return None

de

-

mond_gobs(gN, gc):
return (gN + np.sqrt(gN##2 + 4xgcxgN)) / 2

~, src_rows = load csv(”sparc_results.csv”)
galaxies = []
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = Llist(row.values())[0].strip()
ud = get_val(row, ["ud 1)
vf = get val(row, [’vflat’])
if ud and vf and vf &gt; 0:
galaxies. append({  name’ : name, ’upsilon d fixed : ud, 'vflat’ : vf})

print (f"[INFO] {len(galaxies)} galaxies”)

#




# Part A: 2/85X—% (g¢c, Y d) Z14v b
#
print(f’¥n{’ = %70}")

print("Part A: (g.c, Y d) 285 X—%T 4w ")
print(f”{ =" %70}")

def fit gc ud(rad, v obs, err v, v disk, v gas, v bul)

(gc, Y d) ZRBZ 1 v b

g N(r) =[Y d - vdisk® + v.gas® + v bul®*] / r
g obs(r) = v obs® / r

MOND: g obs = (g N + # (g N*° + 4-g c-g N)) /2
mask = rad &gt; 0.01

r = rad[mask]

vo = v obs[mask]

ev = np.maximum(err v[mask], 1.0)

vd = v disk[mask]

vg = v_gas[mask]

vb = v bul[mask]

N = len(r)

if N&lt; 4:
return None

g obs = voxx2 / r # (km/s)"2 / kpc
w=1.0/ evxx2

def neg loglik(params):
log gc, log ud = params
gc = 10%xlog gc * ad unit
ud = 10%xlog ud

if ud &lt; 0.05 or ud &gt; 10.0:
return 1e20

gN = (ud * np.sign(vd)*vd+x2 + np.sign(vg)*vg**2 + np.sign(vh)*vb¥x2) / r
gN = np.maximum(gN, 1e-10)

g model = mond gobs(gN, gc)

# logZef%z=
log ratio = np. log10(np. maximum(g obs, 1e-10)) - np. log10(np.maximum(g model, 1e-10))
return np.sum(log ratio**2)

7Yy Ry —FHHE
best = (1e20, 0, 0)
for lgc in np. linspace(-1.0, 1.5, 15):
for lud in np. linspace(-1.0, 0.7, 12):
val = neg loglik([lgc, lud])
if val &lt; best[0]:
best = (val, lgc, lud)

i ¥EEE
try:
result = minimize(neg loglik, [best[1], best[2]],
method="Ne lder-Mead’
options={'maxiter’: 3000, 'xatol’: 0.01, 'fatol’: 0.001})
gc fit = 10%xresult.x[0]
ud fit = 10%xresult.x[1]
chi2 = result. fun
except:
gc fit = 10%xbest[1]
ud fit = 10%xbest[2]
chi2 = best[0]

F185XA=8T4v (Y dEE) HEE
def neg loglik 1p(params, ud fixed):
log gc = params[0]
gc = 10%xlog gc * al unit
gN = (ud fixed * np.sign(vd)*vd+x2 + np.sign(vg)*vgx2 + np.sign(vh)*vb*x2) / r
gN = np.maximum(gN, 1e-10)
g model = mond gobs(gN, gc)
log ratio = np. log10(np. maximum(g obs, 1e-10)) - np. Log10(np.maximum(g model, 1e-10))
return np.sum(log ratio**2)

# Y d BER
best 1p = min([(neg loglik Tp([lgc], ud fit), lgc) for lgc in np. linspace(-1.0, 1.5, 30)])

# 9 N OBIREEE

ud for range = ud fit

gN all = (ud for range * np.sign(vd)*vd*k2 + np.sign(vg)*vg**2 + np.sign(vb)*vb**2) / r
gN all = np.maximum(gN all, 1e-10)

gN_range = np. log10(gN_all.max() / gN all.min()) if gN all.min() &gt; 0 else 0

i 73

gN best = (ud fit * np.sign(vd)*vd*2 + np.sign(vg)*vg*x2 + np.sign(vb)kvb*¥2) / r

gN_best = np.maximum(gN best, 1e-10)

g model best = mond gobs(gN best, gc fit * a0 unit)

residuals = np. Log10(np. maximum(g_obs, 1e-10)) - np. log10(np.maximum(g model best, 1e-10))

return {
"gc 2p’: g fit,
“ud 2p’: ud fit,
"chi2 2p’: chi2 / max(N-2, 1),



"gc ud product’: gc fit * ud fit,
"gN_range’ : gN range,

"N pts’: N,

fior,

"gN’: gN best / a0 unit,

"gobs’ : g obs / a0 unit,
"residuals’: residuals,

results = []
n_done = 0

for gal in galaxies:
data = read dat(gal[’ name’])
if data is None:
continue

rad = data[:, 0]

v_obs = data[:, 1]

err v = data[:, 2]

v_gas = data[:, 3]

v disk = data[:, 4]

v_bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros_Llike(rad)

fit = fit_gc ud(rad, v obs, err_v, v disk, v gas, v bul)
if fit is None:
continue

results. append({
"name’ : gal[’ name’ ],
"vflat’: gal[’vflat’],
“ud fixed : gal[’upsilon d fixed ],
*xfit,

1))

n_done += 1
if n_done % 25 == 0:
print(f” {n done} completed...”)

N = len(results)
print(f"¥n52 7T : {N} galaxies”)

# EEHL

gc 2p = np.array([d[’gc 2p’ ] for d in results])

ud 2p = np.array([d[’ud 2p’] for d in results])

ud fixed = np.array([d[’ud fixed’] for d in results])
vf = np.array([d[’vflat’] for d in results])

gc ud = np.array([d[’gc ud product’] for d in results])
gN_range = np.array([d[’ gN _range’ ] for d in results])

#
# #ER DT
#

print(f"¥n{’ =" %70}")
print "HERDEHT")
print(f”{" =" %70}")

print(f"¥n-—- g ¢ (285 X—%) ---")
print(f” rRfE: {np.median(gc 2p):.3f} a0”)
print(f” CV: {np.std(gc 2p)/np.mean(gc 2p):.3f}")

print(f"¥n-—- Y d (285 %x—%) vs Y d (E&E) ")

print(f” Y _d(2p) FAR{E: {np.median(ud 2p):.3f}")

print(f” Y d(fixed) Fgf&: {np.median(ud fixed):.3f}")

print(f” Y _d(2p)/Y d(fixed) A&f&: {np.median(ud 2p/ud fixed):.3f}")

print(f’¥n--- g ¢ X Y_d ff (f&R/XFX—%) ---")
print(f” hRf&: {np.median(gc ud):.3f}")
print(f” CV: {np.std(gc_ud)/np.mean(gc_ud):.3f}")

# g c(2p) vs v flat

rho gc vf, p gc vf = spearmanr(gc 2p, vf)

print(f"¥n--- g c(2p) vs v_flat ---")

print(f” Spearman p = {rho_gc vf:.3f} (p={p_gc vf:.2e})”)
print(f” cf. g c(lp, Y dEE): p=0.546")

#gcXY dvs v flat

rho prod vf, p prod vf = spearmanr(gc ud, vf)

print(f"¥n--—- g ¢XY d vs v flat ---")

print(f” Spearman p = {rho prod vf:.3f} (p={p prod vf:.2e})")

# oN EHAVEEER vs WREDRE
print(f"¥n--- g N B)FHEEE & @R ——-7)
print(f” g N range (log decades) FRZf&E: {np.median(gN range):.2f}”)

t EEE T HE

mask_narrow = gN_range &Lt; 1.0 # &Lt; 1 decade

mask wide = gN range &gt; 1.5 # &gt; 1.5 decades

print(f” $eWEiE (&Lt;1 decade) : N={mask narrow.sum()}, g cA&fE={np.median(gc 2p[mask narrow]):.3f}, Y dfid{&={np.median(ud 2p[mask narrow]):.3f}”)
print(f” [EWEEE (8gt;1.5 decades) : N={mask wide.sum()}, g cHHfE={np.median(gc 2p[mask wide]):.3f}, Y dis{E={np.median(ud 2p[mask wide]):.3f}")

# v flat >3

print(f"¥n-—- v _flat EV3 (g c, Y d) -—-")
sort_idx = np.argsort(vf)

n_per = max(N // 5, 1)



print(f"{'v_flat#GE :8gt;18s} {'N :8gt;4s} { g c/al :8gt;8s} {' Y d(2p) :8gt;8s} { Y d(fix) :8gt;8s} {'g cXY d :8gt;8s} { gN range’ :8gt;8s}”)
for i in range(5):
i0 = i % n_per
il = (i+1)*n per if i &lt; 4 else N
idx = sort idx[i0:i1]
label = f”{vf[idx].min():.0f}-{vf[idx].max():.0f}”
print(f’{label:&gt;18s} {len(idx):4d} {np.median(gc 2p[idx]):8.3f} {np.median(ud 2p[idx]):8.3f} {np.median(ud fixed[idx]):8.3f} {np.median(gc ud[idx]):8.3f} {np.median(gN range

i
# Part B: RAR FREEE
i

print(f"¥n{ =" %70}")
print("Part B: RAR ZRE#E")
print(f"{ =" *70}")

27— RERN

all gN =[]
all_gobs = []
all resid = []

all vf tag = []

for d in results:
all gN.extend(d[’gN’ 1. tolist())
all gobs.extend(d[’ gobs’ . tolist())
all resid.extend(d[’ residuals’]. tolist())
all vf tag.extend([d[’ vflat’ 1] * len(d[’gN’' 1))

all gN = np.array(all gN)

all gobs = np.array(all gobs)
all_resid = np.array(all resid)
all vf tag = np.array(all vf tag)

9N EVROEE

print(f"¥n£7—4 = {len(all gN)}”)

mask valid = (all gN &gt; le-4) &amp; np.isfinite(all resid)
gN_ v = all gN[mask valid]

resid v = all resid[mask valid]

vf v = all vf tag[mask valid]

log_gN = np. log10(gN_v)
print(F"B%F—4 = {mask valid.sum()}”)

I EvRIEE

n_bins = 10

sort gN = np.argsort(log gN)
n_per bin = len(log gN) // n bins

print(f’¥n{’ log(gN/a0)&EEH’ :89t;20s} {' N’ :8gt;6s} { BEE=ff{E’ :8gt;10s} { Bz=std’ :8gt;10s}”)
bin centers = []

bin_medians = []

bin stds = []

for i in range(n bins):
i0 = i * n_per_bin
il = (i+1)*n per bin if i &lt; n bins-1 else len(log gN)
idx = sort gN[i0:i1]
label = f”{log gN[idx].min():.2f} to {log gN[idx].max():.2f}”
med = np.median(resid_v[idx])
std = np.std(resid v[idx])
print(f’{label:&gt;20s} {len(idx):6d} {med:+10.4f} {std:10.4f}")
bin centers. append(np.median(log gN[idx]))
bin medians. append(med)
bin stds. append(std)

bin centers = np.array(bin centers)
bin medians = np.array(bin medians)

I HEDRIRA/NY — U IRH
rho resid gN, p resid gN = spearmanr(log gN, resid v)
print(f"¥n% 2 vs log(gN): p={rho resid gN:.3f} (p={p resid gN:.2e})")

# v flat kEFMHE
rho resid vf, p resid vf = spearmanr(vf v, resid v)
print(f"%%2 vs v flat: p={rho resid vf:.3f} (p={p resid vf:.2e})"”)

i
i DM
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) g c(2p) vs g cXY d

ax = axes[0, 0]

ax.scatter(gc ud, gc 2p, s=10, alpha=0.4, c="steelblue’)
ax.axhline(1.0, color="red, ls="--", alpha=0.5)

ax.set xlabel("g c X Y d')

ax.set ylabel("g ¢ / a@ (2-param)’)

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title("(a) g c vs g ¢XY d (degeneracy)’)

X X X X

I3

# (b) Y d(2p) vs Y d(fixed)

ax = axes[0, 1]

ax.scatter(ud fixed, ud 2p, s=10, alpha=0.4, c="orange’)
maxud = max(ud fixed.max(), ud 2p.max())

ax.plot([0, maxud], [0, maxud], "k--", alpha=0.3)



ax.set xlabel(" Y d (fixed, 1-param)’)
ax.set_ylabel(’ Y _d (free, 2-param)’)
ax.set title(f' (b) Y d comparison’)

# (c) g c(2p) vs v flat

ax = axes[0, 2]

ax.scatter(vf, gc 2p, s=10, alpha=0.4, c="purple’)
ax.axhline(1.0, color="red, ls="--", alpha=0.5)

ax.set xlabel(’v flat [km/s]")

ax.set_ylabel("g ¢ / a0 (2-param)’)

ax.set xscale(’ log’)

ax.set_yscale(’ log’)

ax.set title(f (c) g c(2p) vs v flat (p={rho gc vf:.3f})")

x

x X

x

# (d) RAR with 2p fit

ax = axes[1, 0]

ax.scatter(np. log10(gN v), np. logl0(all gobs[mask valid]/a0 unit*al unit),
s=0.5, alpha=0.05, c='gray’)

# MONDHR#R

gN_Line = np. logspace(-3, 1.5, 500)

gobs Lline = mond gobs(gN Lline, 1.0) # g c=al

x.plot(np. lLog1@(gN_Line), np. log10(gobs Line), "r=", Llinewidth=1.5, label="g c=al")

ax.plot([-3, 1.5], [-3, 1.5], 'k:’, alpha=0.3)

ax.set xlabel(’ log(g N/a0)")

ax.set ylabel(’ log(g obs/a0)’)

ax.set_xlim(-3, 1.5)

ax.set_ylim(-2.5, 1.5)

ax.set_title(’ (d) RAR")

ax. legend(fontsize=8)

»

# (e) &2 vs log(g N) — EV3I

x = axes[1, 1]

ax.scatter(log gN, resid v, s=0.5, alpha=0.05, c="gray’)

x.errorbar(bin_centers, bin medians, yerr=bin stds, fmt="ro-’, markersize=5, Llinewidth=1.5)
x.axhline(0, color="black’, ls="--", alpha=0.5)

ax.set xlabel(’ log(g N/a0)")

x.set ylabel(’Residual (log g obs - log g model)’)

x.set _title(f (e) RAR residual (p={rho resid gN:.3f})")

ax.set ylim(-0.5, 0.5)

»

[T

[T

# (f) g cXY dvs v flat

ax = axes[1, 2]

ax.scatter(vf, gc ud, s=10, alpha=0.4, c="teal’)
ax.set xlabel(’v_flat [km/s]")

ax.set ylabel("g c X Y d')

ax.set xscale(’ log’)

ax.set yscale(’ log’)

rho label = f' p={rho prod vf:.3f}’

ax.set title(f' (f) g ¢XY d vs v flat ({rho label})’)

plt. tight layout()
plt.savefig(’ U2 gc Ud degeneracy.png’, dpi=150)
print(f"¥n[SAVED] U2 gc Ud degeneracy.png”)

it
# CSVHHA
it
out csv = "U2 gc Ud 2param. csv”
with open(out csv, "w”, newline="", encoding="utf-8) as f:
writer = csv.writer(f)
writer.writerow([’ galaxy’, v flat’, ’gc 2p’, "ud 2p’, ’"ud fixed’,
"gc x ud’, "gN range’, ’chi2 dof’])
for d in sorted(results, key=lambda x: x[’vflat’]):
writer.writerow([
d[’ name’ ], f"{d[’vflat’]:.1f}",
£7{d[’ gc 2p’ 1:.4f}", £"{d["ud 2p’ ]:.4f}”, f"{d[’ud fixed ]:.3f}",
f7{d[’ gc_ud product’ ]:.4f}”, f”{d[’gN range’ ]:.3f}”,
£{d[’ chi2 2p’ 1:.4f}”,

D
print(f”[SAVED] {out csv}”)

#
# B HER
#

print(f"¥n{ =" x70}")
print("U-2 #5R")
print(f7{ =" %70}”)

print(£77”
M Part A: gc- Y dfigB

g c(2/85 X —4#): dAR{E = {np.median(gc 2p):.3f} ab, CV = {np.std(gc 2p)/np.mean(gc 2p):.3f}
Y d(2/85 X —%): hRfE = {np.median(ud 2p):.3f}
gc X Y d (§8EH) : hR{E = {np.median(gc ud):.3f}, CV = {np.std(gc_ud)/np.mean(gc ud):.3f}

g c(2p) vs v flat: p = {rho gc vf:.3f}
gcXY dvsv flat: p = {rho prod vf:.3f}

HRRDHIE:
gceXY d®dCVA ge(2) dCVEYNIL
- HICHHINTWSDIEHE g cXY d
= gc & Y. dIHMERIIEHEFIhTULARL

W Part B: RAR EREHE



2= vs log(g N): o = {rho resid gN:.3f} (p={p resid gN:.2e})
%2 vs v flat:  p = {rho_resid vf:.3f} (p={p resid vf:.2e})

HEICRMIY —UhHNIE - NN ASDTh = BEHROBRE
IRy —Upipirnid — MOND A4 7Edadk
")



18. U3_spatial_residuals.py

IEH
7x—X U-3
B# RAR F%Z=DSRAINZERIHEIE (tanh BB OBEELENT R M)
fE s rs_best (BRRELTER. 714 v T4 Y JILIEFTER)
=R dResid=-0.181 (p=5.9e-9), 83%MERATHIRAIKIMAL, /NI Y H R THR,
RF—4H R Level B (RMbRFEE: rs_best FHFITAW)

=S

£ 4RI T g obs/g MOND D=0 7 74 )% r/rs best TIRBILLTRY v F>vF, r < rs best THE, r > rs_ best T 0
DI — (tanh F3H) %L,

Y—RO—R£2X

#1/usr/bin/env python3
U-3: RARBZZEDIRAIMNZERIHEIE —~ tanhBBOEHEIINERT

Hik:
FERAT g obs(r) / g MOND(r, g c) MEETOT 7ML AEFE
r/rs best THRIEILL TR vF T

FR (v3.0 tanhBBAH'IE L WGE) :
r &Lt &Lt; ros: FEE &lt; 0 (MONDBA TR, FRAKERIE)
r 8gt;&gt; r s: F&E = 0 (MONDIERE, EEFTTH)
BRIE r = rs A

RITEREDFIE:
NI Y /7 LSRA D 8
TR vs BERY—V
g c ESRATEIMERT 4 v b vs — a0

rs BBRRELTEID, 71y T4 Y TITIEEDRN RART 1 v MErsTER)
24T: uv run --with scipy --with matplotlib —-with numpy python U3 spatial residuals.py

BiIfZ: TA3 gc_independent.csv, rs best all.csv

import csv

import os

import numpy as np

from scipy.stats import spearmanr, pearsonr
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

tt
t1—74)74
it
def load csv(path):
with open(path, ”r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)
return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="#")
return None

def mond gobs(gN, gc):
return (gN + np.sqrt(gN##2 + 4xgcxgN)) / 2

a0 _unit = 3703.0

~, src_rows = load csv(”sparc_results.csv”)

gal_info = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()

if not name: name = Llist(row.values())[0].strip()
ud = get_val(row, ["ud 1)
vf = get val(row, [’vflat’])



if ud and vf:
gal_info[name] = {"ud’ : ud, 'vflat’: vf}

# 9 c (RAR)
gc dict = {}
if os.path.exists("TA3 gc_independent.csv”):
, gc rows = load csv(”"TA3 gc independent.csv”)
for row in gc_rows:

name = row.get(’galaxy’, ’’).strip()

gc = get_val(row, ['gc over a0’ ])

if name and gc:

gc dict[name] = gc

# rs best
rs dict = {}
if os.path.exists(”rs best all.csv”):
~, rb rows = load csv("rs best all.csv”)
for row in rb_rows:
name = row.get(’ galaxy’, ’’).strip()
rb = get val(row, ['rs best’])
if name and rb:
rs dict[name] = rb

print(f"[INFO] galaxies: {len(gal info)}, g c: {len(gc dict)}, rs best: {len(rs dict)}”)

#
t BRAOBEETOT 7 A IVEH
#
all profiles = []

for name, info in gal info.items():
if name not in gc dict or name not in rs dict:
continue

data = read dat(name)
if data is None:
continue

rad = data[:, 0]

v_obs = datal:, 1]

v gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = info[’ud" ]

gc = gc dict[name] * a0 unit

rs = rs_dict[name]

mask = rad &gt; 0.01
r = rad[mask]

vo = v obs[mask]

vd = v_disk[mask]
vg = v _gas[mask]

vb = v_bul[mask]

-

len(r) &Lt; 5 or rs &lt;= 0:
continue

# g N, g obs

gN = (ud * np.sign(vd)*vdx2 + np.sign(vg)*vg*k2 + np.sign(vb)kvb*x2) / r
gN = np.maximum(gN, Te-10)

g obs = voxx2 / r

# g MOND
g mond = mond gobs(gN, gc)

# = (logZ2R)
resid = np. Llog10(np. maximum(g obs, 1e-10)) - np. log10(np.maximum(g mond, 1e-10))

# r/rs best T

rnorm=r/rs

¥ NILYDEE
has bulge = np.any(np.abs(vb) &gt; 1.0)

LA IVE AR oY 73

mask _inner = r_norm &lt; 0.5

mask _outer = r_norm &gt; 2.0

mask transit = (r_norm &t;= 0.5) &amp; (r norm &Lt;= 2.0)

resid inner = np.median(resid[mask inner]) if mask inner.sum() &gt; 1 else np.nan
resid outer = np.median(resid[mask outer]) if mask outer.sum() &gt; 1 else np.nan
resid transit = np.median(resid[mask transit]) if mask transit.sum() &t; 1 else np.nan

i HEOAR (r/rs IKHTBHEE)
if len(r_norm) &gt; 3:
try:
slope = np.polyfit(r norm, resid, 1)[0]
except:
slope = np.nan
else:
slope = np.nan

all profiles.append({
"name’ : name,
"vflat’: info[’ vflat'],



gc’: gc dict[name],
"rs_best’: rs,

"has_bulge’ : has bulge
"N_pts’: len(r),

“r_norm’ : r_norm

"resid’ : resid,

"gN over a0’ : gN / a0 unit,
"resid_inner’: resid_inner,
"resid outer’: resid outer,
"resid_transit’: resid transit,
"slope’ : slope,

1))

N = len(all profiles)
print(f"f24TEZN: {N} galaxies”)

#
t 2%y F TR
#
print(f’¥n{’ =" %70}")
print("2% v ¥ J#EHr: FE vs r/rs best”)
print(f”{" =" %70}")

27— REEN

all r norm = np.concatenate([p[’ r norm’ ] for p in all profiles])

all_resid = np.concatenate([p[’ resid’] for p in all profiles])

all bulge = np.concatenate([np. full(len(p[’r norm’]), p[’ has bulge’]) for p in all profiles])

 EVRIKE (£8R5)

n_bins = 12

mask valid = np.isfinite(all r norm) &mp; np.isfinite(all resid) &amp; (all r norm &gt; 0)
rn_v = all_r_norm[mask valid]

res v = all resid[mask valid]

bul v = all bulge[mask valid]

log rn = np. log10(rn_v)
sort_idx = np.argsort(log rn)
n_per = len(log rn) // n_ bins

print(f"¥n®5F—% &: {mask valid.sum()}"”)
print(f"¥n{ r/rs&5@ :&9t;18s} {'N :8&gt;6s} { BEhSR{E :89t;10s} { FZ=std :&g9t;10s} { F38 :&gt;10s}”)

bin centers = []
bin_medians = []
bin stds = []
binns = []

for i in range(n_bins):
i0 = i *x n_per
il = (i+1)*n_per if i &Llt; n_bins-1 else len(log rn)
idx = sort idx[i0:i1]
rn_bin = rn_v[idx]
res bin = res v[idx]
med = np.median(res bin)
std = np.std(res bin)

i iR
rn_med = np.median(rn_bin)
if rn med &lt; 0.5:
pred = "&lt; 0"
elif rn_med &gt; 2.0:
pred = "= 0"
else:
pred = "B

label = f”{rn_bin.min():.2f}-{rn_bin.max():.2f}"
print(f’{label:&gt;18s} {len(idx):6d} {med:+10.4f} {std:10.4f} {pred:8gt;10s}”)

bin centers. append(np.median(log rn[idx]))
bin medians. append(med)

bin stds. append(std)
bin_ns.append(len(idx))

bin_centers = np.array(bin_centers)
bin medians = np.array(bin medians)
bin_stds = np.array(bin_stds)

i
WS HY /T8 L DL
i

print(f"¥n{’ =" %70}")
print("/NLYBHY vs 2L DLE")
print(f”{" =" %70}")

n bulge = sum(1 for p in all profiles if p[’has bulge’])
n_no_bulge = N - n_bulge
print(f"73L%» Y : {n bulge}, % L: {n no bulge}”)

for label, mask b in [("/LTAL", “bul v), ("/N)LTHY”, bul v)]:
rn_sub = rn_v[mask b]
res sub = res v[mask b]

if len(rn_sub) &Lt; 50:
print(f’¥n {label}: F—4FRE (N={len(rn_sub)})”)
continue



mask _in = rn_sub &lt; 0.5
mask_out = rn_sub &gt; 2.0

med_in = np.median(res_sub[mask _in]) if mask_in.sum() &gt; 5 else np.nan
med out = np.median(res sub[mask out]) if mask out.sum() &gt; 5 else np.nan

print(f’¥n {label} (N pts={len(rn sub)}):”)
print(f” r/rs &lt; 0.5 (A : FZR=EhR{E = {med in:+.4f} (N={mask_in.sum()})”)
print(f” r/rs &gt; 2.0 (H4AI): FBEhR{E = {med out:+.4f} (N={mask out.sum()})”)
if not np.isnan(med _in) and not np. isnan(med out):

print(f” Z= (WfA-4E1) : {med in - med out:+.4f}”)

i
i R & DEREAR
i

print(f"¥n{’ =" x70}")
print("SRAI & DEEDE (d(resid)/d(r/rs))”)
print(f”{" =" %70}")

slopes = np.array([p[’slope’] for p in all profiles if not np.isnan(p[’ slope’])])
vf slopes = np.array([p[’vflat’] for p in all profiles if not np.isnan(p[’slope’ 1)]1)
bulge slopes = np.array([p[’ has bulge’] for p in all profiles if not np.isnan(p[’ slope’])])

print(f"¥nZXE QRO D (N={len(slopes)}):”)

print(f” fR{E: {np.median(slopes):+.4f}")

print(f” F1g:  {np.mean(slopes):+.4f}”)

print(f” EDAR (MEITEZLES) : {np.sun(slopes &gt; 0)} ({100%np. sum(slopes &gt; 0)/len(slopes):.0f}%)”)

# tanhFR: AE &gt; 0 (RAITHE. AMUTERICER)
from scipy.stats import wilcoxon
try:
stat, p_wilcox = wilcoxon(slopes)
print(f” Wilcoxont®ZE (HO: @fc=0) : p={p wilcox:.2e}"”)
except:
p wilcox = None

NV HERTOARE

slopes_bul = slopes[bulge slopes]

slopes no = slopes[ bulge slopes]

print(f"¥n /LU L: WEEHR(E = {np.median(slopes no):+.4f} (N={len(slopes no)})”)
print(f” /N)L¥HY: WEHR{E = {np.median(slopes bul):+.4f} (N={len(slopes bul)})”)

i
# RE-AMBIDFEEZE (Aresid)
i

print(f"¥n{’ =" x70}")
print("Aresid = resid(r/rs&lt;0.5) - resid(r/rs&gt;2.0)")
print(f”{" =" %70}")

delta resid = []
vf delta = []
bulge delta = []

for p in all_profiles:
if not np.isnan(p[’ resid inner’]) and not np. isnan(p[’ resid outer’]):
delta resid.append(p[’ resid_inner’] - p[’resid outer’])
vf delta.append(p[’ vflat’])
bulge delta.append(p[’ has bulge’])

delta resid = np.array(delta resid)

vf delta = np.array(vf delta)
bulge delta = np.array(bulge delta)

print(f"¥nN = {len(delta resid)} $RA (RAHMABIOBAICT—9HY) ")
print(f” Aresid FR{&: {np.median(delta resid):+.4f}")
print(f” Aresid &lt; 0 (P8I MOND ;BAF8) : {np.sum(delta resid &Llt; 0)} ({100*np.sum(delta resid &lt; 0)/len(delta resid):.0f}%)")

# tanhF38l: Aresid &lt; 0
try:

stat2, p wilcox2 = wilcoxon(delta resid)

print(f” Wilcoxont®E (HO: Aresid=0) : p={p wilcox2:.2e}”)
except:

p_wilcox2 = None

FIAVIE Y

if np.sum("bulge delta) &gt; 5 and np.sum(bulge delta) &gt; 5:
print(f’¥n /\)LU7AL: AresidfhRfE = {np.median(delta resid[ bulge delta]):+.4f} (N={np.sum("bulge delta)})”)
print(f" /NJLTHY: AresidhR{E = {np.median(delta resid[bulge delta]):+.4f} (N={np.sum(bulge delta)})”)

# Aresid vs v flat
rho dv, p dv = spearmanr(vf delta, delta resid)
print(f"¥n Aresid vs v flat: p={rho dv:.3f} (p={p dv:.2e})")

#
I EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (@) Ry F> 7707740 (RER5T)

ax = axes[0, 0]

x.scatter(log rn, res v, s=0.3, alpha=0.03, c="gray’)

ax.errorbar(bin centers, bin medians, yerr=np.array(bin stds)/np.sqrt(np.array(bin ns)),
fmt="ro-", markersize=5, Llinewidth=1.5, capsize=3)

x.axhline(0, color="black’, ls="--", alpha=0.5)

x.axvline(0, color="blue’, ls=":", alpha=0.5, label="r = rs best’)

»

[



ax.set xlabel(’ log(r / rs best)’)
ax.set_ylabel(’Residual (log g obs - log g MOND)’ )
ax.set title(f (a) Stacked residual profile (N={N})")
ax.set_xlim(-1.5, 1.5)

ax.set ylim(-0.4, 0.4)

ax. legend(fontsize=8)

> X

> X X

# (b) /TR LIRADH
ax = axes[0, 1]
mask_nb = “bul v
if mask nb.sum() &gt; 100:
log rn_nb = log rn[mask_nb]
res nb = res_v[mask nb]
ax.scatter(log rn nb, res nb, s=0.3, alpha=0.03, c='gray’)

sort_nb = np.argsort(log_rn nb)
n per nb = len(log rn nb) // 10
bc nb, bm nb, bs nb, bn nb =[], [1, [1, []
for i in range(10):
i0 = i * n_per_nb
i1 = (i+1)*n per nb if i &lt; 9 else len(log rn nb)
idx = sort_nb[i0:i1]
bc_nb. append(np.median(log rn nb[idx]))
bm_nb. append(np. median(res nb[idx]))
bs nb. append(np. std(res nb[idx]))
bn_nb. append(len(idx))
ax.errorbar(bc nb, bm nb, yerr=np.array(bs nb)/np.sqrt(np.array(bn nb)),
fmt="go-’, markersize=5, linewidth=1.5, capsize=3)

ax.axhline(0, color="black’, ls="--", alpha=0.5)
ax.axvline(0, color="blue’, ls=":", alpha=0.5)
ax.set xlabel(’ log(r / rs_best)’)

ax.set ylabel(’Residual’)
ax.set_title(’ (b) No-bulge galaxies only’)
ax.set xlim(-1.5, 1.5)

ax.set_ylim(-0.4, 0.4)

>

>

#(c) NI HYRADH
ax = axes[0, 2]
mask_b = bul_v
if mask b.sum() &gt; 100:
log rn_b = log rn[mask b]
res b = res v[mask b]
ax.scatter(log rn b, res b, s=0.3, alpha=0.03, c="gray’)

sort b = np.argsort(log rn b)
n per b = len(log rn b) // 10
bc b, bm b, bs b, bn b =T[1, [1, [1, [1
for i in range(10):
i0 =i %xn perb
i1 = (i+1)*n per b if i &lt; 9 else len(log rn b)
idx = sort b[i0:i1]
be b. append(np.median(log rn b[idx]))
bm_b. append(np. median(res b[idx]))
bs_b.append(np. std(res b[idx]))
bn_b. append(len(idx))
ax.errorbar(bc b, bm b, yerr=np.array(bs b)/np.sqrt(np.array(bn b)),
fmt="mo-’, markersize=5, linewidth=1.5, capsize=3)

x.axhline(0, color="black’, ls="--", alpha=0.5)
x.axvline(0, color="blue’, ls=":", alpha=0.5)
x.set xlabel(’ log(r / rs best)’)

.set ylabel(’Residual’)

x.set title(’ (c) Bulge galaxies only’)

ax.set xlim(-1.5, 1.5)

ax.set_ylim(-0.4, 0.4)

R R )
3

# (d) Aresid DER NI S A

ax = axes[1, 0]

ax.hist(delta resid, bins=30, color="steelblue’, edgecolor="white’, alpha=0.7)

ax.axvline(0, color="red", ls="--", Llinewidth=2)

ax.axvline(np.median(delta resid), color="black’, ls="-",
label=f' Median={np.median(delta resid):+.3f}")

ax.set xlabel(’ Aresid (inner - outer)’)

ax.set ylabel(’ Count’)

p str = f p={p wilcox2:.2e}’ if p wilcox2 else "N/A

ax.set title(f' (d) Aresid distribution ({p str})”)

ax. legend(fontsize=8)

# (e) BEAMDER NI S L
ax = axes[1, 1]

ax.hist(slopes["bulge slopes], bins=25, alpha=0.5, color="green’, label="No bulge’)
ax.hist(slopes[bulge slopes], bins=25, alpha=0.5, color="purple’, label="Bulge’)
ax.axvline(0, color="red", ls="--")

ax.set xlabel(’Residual slope (d(resid)/d(r/rs))’)

ax.set_ylabel(’ Count’)

ax.set title(’ (e) Residual slope by bulge’)

ax. legend(fontsize=8)

# (f) EBSRADEETOT 74 (FRKR5EM)
ax = axes[1, 2]
I KT — 4 REDEERA % EIR
top5 = sorted(all profiles, key=lambda x: x['N pts’], reverse=True)[:5]
colors 5 = ["blue’, "red’, "green’, 'orange’, ’purple’]
for p, col in zip(top5, colors 5):
ax.plot(np. log10(p[’ r norm’ 1), p[’resid’], "-’, color=col, alpha=0.6, Llinewidth=1,



Label=f"{p[" name’ 1} (N={p[’N_pts’1})”)
.axhline(0, color="black’, ls="--", alpha=0.5)
ax.axvline(0, color="gray’, ls=":", alpha=0.5)
.set_xlabel(’ log(r / rs_best)’)
ax.set ylabel(’Residual’)
ax.set_title(’ (f) Individual profiles (top 5 by N pts)’)
ax.set xlim(-1.5, 1.5)

.set_ylim(-0.5, 0.5)
ax. legend(fontsize=6)

a

>

a

> X X

a

>

plt.tight layout()
plt.savefig(’ U3 spatial residuals.png’, dpi=150)
print(f"¥n[SAVED] U3 spatial residuals.png”)

#
I RA&iEER
#
print(f’¥n{’ =" %70}")
print("U-3 #5R")
print(f”{" =" %70}")

print(f
W tanhBEHBO TR vs 8

FiBl: r &Lt; r s THEE &Lt; 0, r &gt; r s THE =0

28y ¥V TER:
r/rs &lt; 0.5 (A1) : #Z = {np.median([p[’ resid inner’] for p in all profiles if not np.isnan(p[’ resid_inner’])]):+.4f}
r/rs &gt; 2.0 (A1) : #ZE = {np.median([p[’ resid outer’] for p in all profiles if not np.isnan(p[’ resid outer’])]):+.4f}

Avresid (PRI-4481) : {np.median(delta resid):+.4f}
Avresid &lt; 0 MERA: {np.sum(delta resid &lt; 0)}/{len(delta resid)} ({100xnp.sum(delta resid &lt; 0)/len(delta resid):.0f}%)
Wilcoxon p = {p wilcox2:.2e if p wilcox2 else "N/A’}

HEANR (E = MUTEE) :
hdffE = {np.median(slopes):+.4f}
EDAEE: {np.sum(slopes &gt; 0)}/{len(slopes)} ({100%np.sum(slopes &gt; 0)/len(slopes):.0f}%)
Wilcoxon p = {p wilcox:.2e if p wilcox else "N/A’}

W HE:

oy

if pwilcox2 and p wilcox2 &lt; 0.01 and np.median(delta resid) &Llt; -0.02:
print(” Aresid &lt; 0 AHE — WRAITHONDBRFRID/Y — > EHER")
if np.sum("bulge delta) &gt; 10:
med nb = np.median(delta resid["bulge delta])
if med nb &lt; -0.02:
print(f” /LY AR LIRATE Aresid = {med nb:+.4f} — /LY REERETIIRW)
print(” — tanh EBOBEEHGIME LT Level B ICHMEAAE”
else:
print(f” /LY LIRATIE Aresid = {med nb:+.4f} —= /LT R
elif p wilcox2 and p wilcox2 &Lt; 0.05:
print(” BUOAEN, FHRBEOHRILE, )
else:
print(” Aresid = 0 (FETAW) - tanh BROEEHMERIMEINT)
print(”  — MOND=(5) D& $E—HEMATHLEMH/NY — 2 Id&E L)

EREDAAEN")



19. levelA_promotion.py

H
7x—X Level A 7R b
Bi ZIREHERY — D Level A FHET R b
fERrs rs best
=R (a) PASS: Ud 3.24{EZEHWME (FE¥HER) . (b) FAIL: r/h R DADY +—F,
RF—H R Level B #F (BB R —ILiE h R I3EH)

=S

(a) Ud(r) REBETFILTEREINHEASZD CGEMEBENZEERSEZERRE) . (b) r/rs_best LA DK (r/h_R,
r/R_max&) THE/NRY—VHHDZH,

Y—RO—R£2X

#1/usr/bin/env python3

Level A FIEEMHDIREE

(a) REETIVHERR:
Y d(r) 2&$ETHHICL CEREEBIH
= Y_d(r) H¥IRMICEIBHAEE (0.1-3.0) THREINHZAZH?
- B2 %745 tanh TR Y d ARISRE
- HARWARDS tanh HABRE

(b) rs best H&7FMEDIREE:
=% r/rs_best UHDEHRILTRYvF VT
— r/h R, r/R max, r [kpc] TRUL/NY—VBHBHZH?
= rs best TOHY v —TRLBBRE L TOREKNH S
= COMBILTERLAS rs best (F4FRITIEAWL

24T: uv run --with scipy --with matplotlib —-with numpy python levelA promotion.py

import csv

import os

import numpy as np

from scipy.stats import wilcoxon, spearmanr
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

tt
t1—74)74
tt
def load csv(path):
with open(path, ”r”, encoding="utf-8") as fh:
reader = csv.DictReader(fh)
return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

-

def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")

return None

-

def mond gobs(gN, gc):

return (gN + np.sqrt(gN##2 + 4xgcxgN)) / 2

a0 _unit = 3703.0

tt
t T EHRAH
tt
~, src_rows = load csv(”sparc_results.csv”)
gal_info = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()

if not name: name = Llist(row.values())[0].strip()
ud = get_val(row, ["ud 1)
vf = get val(row, [’vflat’])
if ud and vf:
gal info[name] = {"ud’ : ud, 'vflat’': vf}

gc dict = {}
if os.path.exists("TA3 gc_independent.csv”):
~, gc_rows = load csv(”TA3 gc_independent.csv”)



for row in gc_rows:
name = row.get(’ galaxy’, ’’).strip()
gc = get val(row, ['gc over a0’ ])
if name and gc: gc_dict[name] = gc

rs_dict = {}
if os.path.exists(”rs best all.csv”):
_, rb_rows = load csv("rs_best all.csv”)
for row in rb_rows:
name = row.get(’galaxy’, ’’).strip()
rb = get val(row, [’rs best’])

if name and rb: rs dict[name] = rb

i

I BERFDT—H UK
i

profiles = []

for name, info in gal info.items():
if name not in gc dict or name not in rs dict:
continue
data = read dat(name)
if data is None:
continue

rad = data[:, 0]

v obs = data[:, 1]

v disk = data[:, 4]

v gas = data[:, 3]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = info[’ud" ]

gc = gc dict[name] * a@ unit

rs = rs_dict[name]

mask = rad &gt; 0.01
r = rad[mask]

vo = v_obs[mask]

vd = v disk[mask]
vg = v_gas[mask]

vb = v bul[mask]

-

len(r) &Llt; 5 or rs &lt;= 0:
continue

g obs = voxx2 / r

gN_base = (np.sign(vd)*vd*x2 + np.sign(vg)*vg**2 + np.sign(vb)*vb*x2) / r
gN = (ud * np.sign(vd)*vdx2 + np.sign(vg)*vg*k2 + np.sign(vb)kvb*x2) / r
gN = np.maximum(gN, Te-10)

gN_base abs = np.maximum(np. abs(gN base), 1e-10)

g mond = mond gobs(gN, gc)
resid = np. Log10(np. maximum(g obs, 1e-10)) - np. Log10(np.maximum(g mond, 1e-10))

# hR#EE

vdisk scaled = np.sqrt(ud) * np.abs(vd)

i peak = np.argmax(vdisk scaled)

r peak = r[i peak]

h R =r peak / 2.15 if r peak &lt; r.max() * 0.9 and r peak &gt; 0.01 else None

# (a) Y d(r) DOME: g obs = MOND(Y d(r)-gN base, gc) %A3E7/=9 Y d(r)
#t g obs = (Y _d-gN base + ¥ ((Y _d-gN base)* + 4-gc+Y d-gN base))/2
i BERNICERT Y d 2kHD
ud local =[]
for j in range(len(r)):
gb = gN base abs[j]
go = g obs[j]
if gb &Lt; 1e-10 or go &lt; 1e-10:
ud_Llocal. append(np. nan)
continue
t —o®R
ud_lo, ud_hi = 0.01, 20.0
for _ in range(50):
ud mid = (ud lo + ud hi) / 2
gn_try = ud mid * gb
gm_try = mond gobs(gn try, gc)
if gm try &lt; go:
ud_lo = ud mid
else:
ud_hi = ud_mid
ud_local.append((ud lo + ud hi) / 2)
ud local = np.array(ud local)

profiles. append({
"name’ : name, 'r’: r, 'resid : resid, 'rs’: rs,
"h R': h R, "Rmax : r.max(), 'vflat’: info[ vflat'],
"ud local’: ud local, "ud fixed : ud,
"g obs’: g obs, "gN': gN, "gc’: gc
b

N = len(profiles)
print(f”[INFO] {N} galaxies processed”)

#
# () Y d(r) ovpEmMEEY
#




print(f"¥n{’ =" %70}")
print("F&ME(a): Y d(r) BHEOYIEMEIEMNE")
print(f7{ =" %70}")

# REBAD Y d(r) % r/rs THREIELLTRY vV
all_rna =[]
all ud ratio = []

for p in profiles:
mask = np. isfinite(p[’ud local’]) &amp; (p[’ud local’] &gt; 0)
if mask.sum() &lt; 3:
continue
r norm = p[’r’ J[mask] / p[’rs’]
ud_ratio = p['ud_local’ J[mask] / p[’ud fixed ]
all rn a.extend(r norm. tolist())
all ud ratio.extend(ud ratio.tolist())

all_rn_a = np.array(all rn_a)
all ud ratio = np.array(all ud ratio)

#EVB Y d(r)/Y d fixed

mask v = np.isfinite(all rn_a) &mp; np.isfinite(all ud ratio) &amp; (all rn_a &gt; 0)
rn_a = all rn a[mask v]

udr = all ud ratio[mask v]

log rn a = np. log10(rn a)

sort a = np.argsort(log rn a)
n_bins = 10
n per = len(log rn a) // n bins

print(f"¥n{’ r/rs&E :8gt;18s} {'Y d(r)/Y d fixed :8gt;18s} { #pIBi4’ :8gt;10s}”)
bc a, bma =[], []
for i in range(n bins):
i0 = i * n_per
il = (i+1)*n per if i &Llt; n bins-1 else len(log rn a)
idx = sort_al[i0:i1]
med = np.median(udr[idx])
rn_med = 10%%np.median(log rn_alidx])
phys = "0K” if 0.3 &Llt; med &lt; 3.0 else "k EFE"
print(f”{rn_med:.2f}". rjust(18) + f” {med:18.3f} {phys:&gt;10s}”)
bc_a.append(np.median(log rn alidx]))
bm_a. append (med)

bc_a = np.array(bc_a)
bm a = np.array(bm a)

# Y d(r) OZEEE
ud_range per gal = []
for p in profiles:
mask = np. isfinite(p[’ud local’]) &amp; (p[’ud local’] &gt; 0)
if mask.sum() &gt; 3:
ud_range per_gal.append(p[’ ud local’ J[mask].max() / p[’ud local’ J[mask].min())

print(f"¥nfRAIA Y _d(r) ORX/&/IME:”)
print(f” fR{E: {np.median(ud range per gal):.2f}")

print(f” &gt; 3f%: {np.sum(np.array(ud range per gal) &gt; 3)}/{len(ud range per gal)} ({100%np.sum(np.array(ud range per gal) &gt; 3)/len(ud range per gal):.0f}%)”)
print(f” &gt; 5f%: {np.sum(np.array(ud range per gal) &gt; 5)}/{len(ud range per gal)} ({100%np.sum(np.array(ud range per gal) &gt; 5)/len(ud range per gal):.0f}%)”)

i
# &#(b): RR2BRETORY XYY
i
print(f"¥n{’ =" %70}")

print("F&F(b): RAZMRIETOREE/ Y — VLK)
print(f”{" =" %70}")

# 4> DL

normalizations = {}

for p in profiles:
for norm_name, norm val in [
(r/rs best’, p['rs’]),
Cr/h R, p’h R D),
(r/R max’, p[’R max’]),
Cr Ckpel’, 1.0),

if norm_val is None or norm val &Lt;= 0:

continue
r norm = p[’r’] / norm val
if norm _name not in normalizations:

normalizations[norm name] = {"r norm’: [], "resid : []}
normalizations[norm name][’ r norm’ ].extend(r norm. tolist())
normalizations[norm name][’ resid’ ].extend(p[’ resid’ ]. tolist())

I EIBILTD Aresid EBBOY v—TX2R
print(f"¥n{’ #B#&1t’ :8gt;12s} {'N pts’ :8&gt;7s} { Aresid :8&gt;8s} { EFSIE :8&gt;8s}

norm results = {}
for norm name, data in normalizations. items():
rn = np.array(data[’ r _norm’ ])
res = np.array(data[’ resid’])
mask = np.isfinite(rn) &amp; np.isfinite(res) &mp; (rn &gt; 0)
rn = rn[mask]
res = res[mask]
log rn = np. log10(rn)

{" p (slope)’ :&gt;10s}”)



if len(rn) &lt; 100:
continue

t eVl

sort idx = np.argsort(log rn)

n_per b = len(log rn) // 10

be, bm = [, [1]

for i in range(10):
i0 =i *xnperb
il = (i+1)*n per b if i &lt; 9 else len(log rn)
idx = sort idx[i0:i1]
be. append(np. median(log rn[idx]))
bm. append (np. median(res[idx]))

bc = np.array(bc)

bm = np.array(bm)

# Aresid: THI25% vs _Ef125%

q25 = np.percentile(log rn, 25)

q75 = np.percentile(log rn, 75)

inner = res[log rn &Lt; g25]

outer = res[log rn &gt; q75]

delta = np.median(inner) - np.median(outer)

It BHOY v —T xR EVEORAKREZL
diffs = np.diff(bm)
sharpness = np.max(np.abs(diffs)) if len(diffs) &gt; 0 else 0

I 2EOIESE
rho, p_rho = spearmanr(log rn, res)

print(f”{norm name:&gt;12s} {len(rn):7d} {delta:+8.4f} {sharpness:8.4f} {rho:+10.3f}")

norm_results[norm name] = {
"be’: be, 'bm’: bm, 'delta’: delta,
" sharpness’ : sharpness, ’rho’: rho,

r’: rn, 'res’: res,

}
#
# St (a) D¥IE
#

print(f’¥n{’ =" %70}")
print ("5 (a) DHIE")
print(f”{" =" %70}")

inner_ud = bm_a[bc_a &Lt; -0.3] if np.any(bc_a &lt; -0.3) else np.array([])
outer ud = bm a[bc a &gt; 0.3] if np.any(bc a &gt; 0.3) else np.array([])

if len(inner ud) &gt; 0 and len(outer ud) &gt; 0:
print(f"¥n R (r/rs &Lt; 0.5) ® Y _d(r)/Y _d fixed A&R{&E: {np.median(inner ud):.3f}")
print(f” 4AMAl (r/rs &t; 2.0) @ Y d(r)/Y d fixed fs{#: {np.median(outer ud):.3f}")
ud_gradient = np.median(inner_ud) - np.median(outer_ud)
print(f” Y d @& (R-%) : {ud gradient:+.3f}")

if abs(np.median(inner ud) - 1.0) &Llt; 0.3 and abs(np.median(outer ud) - 1.0) &Llt; 0.3:
print("¥n = Y d(r) = Y d fixed (2¥FRT—FEITEWL) ")
print(" — HKENRY—VF Y d AWMTEBMATI AL > K@) KR
elif np.median(inner_ud) &Lt; 0.5:
print("¥n — REIT Y d(r) &Lt;&lt; Y d fixed (\NYAFVEEDBARELY) ")
print(” — Y_d AR THEELZHATE 2HEN » &K@ FTRR")
else:
print(f"¥n — Y d(r) (& {np.median(inner ud):.2f}~{np.median(outer ud):.2f} TZEH")
if np.median(ud range per gal) &gt; 3:
print(” - YENICHFAENAEEIR — £ BONICTER")
else:

print(” — YENICEENALEE > £ FRE (Y GRSARERBELTEDS) )

i
i &b D¥E
i
print(f"¥n{ =" x70}")
print ("5 (b) DHIE")
print(f7{ =" %70}”)

if "r/rs best’ in norm results:
rs sharp = norm results[’ r/rs best’ ][’ sharpness’]
rs_delta = abs(norm results[’r/rs best’ ][’ delta’])

print(f"¥n r/rs best: ¥ ¥ —FRZ={rs sharp:.4f}, |Aresid|={rs delta:.4f}”)

others_sharper = 0
others_stronger = 0
for nn, nr in norm results. items():
if nn=="r/rs best’:
continue
print(f* {nn}: ¥ —FRZ={nr[’sharpness’ ]:.4f}, |Aresid|={abs(nr[’delta’]):.4f}")
if nr[’sharpness’] &gt; rs sharp:
others_sharper += 1
if abs(nr[’delta’]) &gt; rs delta:
others_stronger += 1

if others sharper == 0 and others stronger == 0:
print("¥n — r/rs best ARE T v —TH DR AAresid = FH(b) BR")
print(” — rs best (BB RE L THIEMICEER")

elif others_sharper ==



print("¥n — r/rs best AJE L ¥ — TN Aresid IFthEEAE - £H(b) BHH)
else:

print("¥n - OB BILOADY v —TEIEHRL - F4(b) FRR")

print(” — BEHE/NRS—VIE rs_best ICHETIERWV)

#
# EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))
colors norm = {"r/rs best’: "red’, "r/h.R": "green’, 'r/R max’: 'blue’, 'r [kpc] : ’orange’}

# (a) Y d(r)/Y d fixed DRI v Fv 5

ax = axes[0, 0]

ax.scatter(log rn_a[:3000], udr[:3000], s=0.3, alpha=0.05, c="gray’)
ax.plot(bc a, bm a, "ro-", markersize=5, Llinewidth=1.5)

ax.axhline(1.0, color="black’, ls="--", alpha=0.5, label="Y d = fixed")

>

ax.axvline(d, color="blue’, ls=":", alpha=0.5, label="r = rs best’)
ax.set xlabel(’ log(r / rs_best)’)

ax.set ylabel(" Y d(r) / Y d fixed )

ax.set_title(’ (a) Required Y _d(r) to remove residuals’)

ax.set ylim(0, 4)
ax.set_xlim(-1.5, 1.5)
ax. legend(fontsize=8)

# (b)-(e) 4DDHBILTDRY v F > VL
for i, (nn, col) in enumerate([('r/rs best’, "red’), ('r/h R, ’green’),
Cr/Rmax’, "blue’), (r [kpc]’, "orange’)1):
if nn not in norm_results:

continue
nr = norm_results[nn]
ax_idx = (0, 1) if i == 0 else (0, 2) if i ==1else (1, 0) if i ==2else (1, 1)

ax = axes[ax_idx[0], ax_idx[1]]

ax.scatter(np. Log10(nr[’ rn’ J[:3000]), nr[’res’ ]J[:3000], s=0.3, alpha=0.03, c="gray’)
ax.plot(nr[’bc’ ], nr[’bm’ ], "0-", color=col, markersize=5, Llinewidth=1.5)
ax.axhline(0, color="black’, ls="--", alpha=0.5)

ax. set_xlabel(f" Llog({nn})")

ax.set_ylabel(’Residual’)

sharp = nr[’ sharpness’ ]

delta = nr[’delta’ ]

ax.set title(f’ ({chr(98+i)}) {nn} (sharp={sharp:.3f}, A={delta:+.3f})")
ax.set_ylim(-0.3, 0.3)

> X

t(f) vy —TRXALBOET ST

ax = axes[1, 2]

nn_List = [nn for nn in ["r/rs best’, "r/h.R", "r/Rmax’, "r [kpc]'] if nn in norm results]
sharps = [norm results[nn][’ sharpness’] for nn in nn_Llist]

deltas = [abs(norm results[nn][’delta’]) for nn in nn list]

x = np.arange(len(nn_Llist))

w=10.35

ax.bar(x - w/2, sharps, w, label="Sharpness’, color="steelblue’)

ax.bar(x + w/2, deltas, w, label="|Aresid|’, color="coral’)

ax.set xticks(x)

ax.set xticklabels([nn.replace("r/’, ’’) for nn in nn_Llist], fontsize=8)
ax.set_ylabel(’Value')

ax.set title(’ (f) Normalization comparison’)

ax. legend(fontsize=8)

plt. tight layout()
plt.savefig(’ levelA promotion.png’, dpi=150)
print(f"¥n[SAVED] LlevelA promotion.png”)

HHE

ES S S
o

print(f"¥n{’ =" %70}")
print("Level A FHEDREYIE")
print(f7{ =" %70}")

print(§77"
B &) REETIV (Y _dBE) OB
Y d(r) ORAREHEHR(E: {np.median(ud range per gal):.2f}{Z

B Z4E(b): rs_best DIFERM
2 vFXVTDOY v —T R (4381&16)

B BAYE:
Ft(a) & (b) OBEAHNFRE — Level A ICHE
WEFNDFRER — Level B &R (Fo/ LEERMER)

oy



20. rs_fixed_hR.py

1]
7x—X MOND vs tanh
L] rs=h R EIEETIL vs MOND vs FEFINED L
f#frs h REE (rs714vF1>vIRL)
EEES MONDAS#I (dAIC=+3.9 vs tanh) , 727 L EINEIEKiESHE (JAIC=-93) ,
RATF—48 R Level A (MONDR, (5) A%, R(7)IETTR)

=S

(7)) @ rs & hRICEEL (rs 74 v 71 JBEE%DOHE) . MONDR (5) (g_c free) &AFICLEE, = (7)
HEBNICTRO EHIE,

Y—RO—R£2X

#1/usr/bin/env python3

rs = h R BEET I ORI
3+1 EFIL & DR T LK

Model A: MOND (g c EE, lparam)
v_obs = sqrt(r - MOND(g N, g c))

Model B: tanh + rs=2.15-h R E&E (v_flat EHH, Tparam)
v ¢® = v bar® + v flat® - T(r, 2.15-h R)

Model C: EHMNE (v flat B, Tparam, rs=0 tA%)
v c? = v bar® + v_flat?

Model D: tanh + rs=h R + g ¢ B (v_flat, g ¢ BH, 2param)
g obs = MOND(g N, g c), v ¢®* = v bar® + v flat® - T(r, 2.15-h R)

REFIEA—/FA—9% (AB,C: 1EH. D: 28H) T chi2 k#&

24T: uv run --with scipy --with matplotlib —-with numpy python rs fixed hR.py

import csv

import os

import numpy as np

from scipy.optimize import minimize scalar, minimize
import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

it
ad unit = 3703.0

def load csv(path):
with open(path, ”r”, encoding="utf-8") as fh:
reader = csv.DictReader(fh)

return reader. fieldnames, Llist(reader)

de

-

get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None

de

-

read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1’")
return None

de

-

mond_gobs(gN, gc):
return (gN + np.sqrt(gN##2 + 4xgcxgN)) / 2

~, src_rows = load csv(”sparc_results.csv”)
galaxies = []
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = Llist(row.values())[0].strip()
ud = get_val(row, ["ud 1)
vf = get val(row, [’vflat’])
if ud and vf and vf &gt; 0:
galaxies. append({ name’ : name, 'ud’: ud, 'vflat orig’: vf})

print (f"[INFO] {len(galaxies)} galaxies”)



#
t 71vTa v B
#

def chi2 mond(gc a0, r, v obs, err v, gN):
"""Model A: MOND with free g ¢”””
gc = gc al * ad unit
gN_pos = np.maximum(gN, 1e-10)
g model = mond gobs(gN pos, gc)
v_model = np.sqrt(np.maximum(r * g model, 0.01))

w=1.0/ np.maximum(err v, 1.0)%x2
return np,sum(w * (v_obs - v_model)*%2)

de

-

chi2 tanh(vf, r, v obs, err v, v bar, rs)

"””Model B: tanh with fixed rs”””

T=0.5% (1.0 + np.tanh((r - rs) / np.maximum(rs, 0.01)))
v_model = np.sqrt(np.maximum(v_bar*x2 + vfx2 x T, 0.01))
w=1.0/ np.maximum(err v, 1.0)%%2

return np.sum(w * (v_obs - v model)**2)

de

-

chi2 const(vf, r, v obs, err v, v bar):

"""Model C: constant addition”””

v_model = np.sqrt(np.maximum(v_bar¥x2 + vfxx2, 0.01))
w=1.0/ np.maximum(err v, 1.0)%%2

return np.sum(w * (v_obs - v model)**2)

def fit 1param grid(func, param range, *args):
TS A=F DY)y RY—F + BB
best = (1e30, param range[0])
for p in param range:
¢ = func(p, *args)
if c &lt; best[0]:
best = (¢, p)
i ¥EEE
dp = (param range[1] - param range[0]) * 2
fine = np. linspace(max(best[1]-dp, param range[0]), min(best[1]+dp, param range[-1]), 50)
for p in fine:
¢ = func(p, *args)
if c &lt; best[0]:
best = (¢, p)
return best[1], best[0]

it

# XA vIL—TF

it

print("¥nRERED T 4 v T4 VTR
results = []

n_done = 0

for gal in galaxies:
data = read dat(gal[’ name’])
if data is None:
continue

rad = data[:, 0]

v _obs = data[:, 1]

err v = data[:, 2]

v_gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = gal[’ud’"]

mask = rad &gt; 0.01
r = rad[mask]

vo = v obs[mask]

ev = err_v[mask]

vd = v disk[mask]
vg = v_gas[mask]

vb = v bul[mask]

-

len(r) &lt; 5:
continue

N pts = len(r)

vbar2 = ud * np.sign(vd)*vd*x2 + np.sign(vg)*vg**2 + np.sign(vb)*kvb¥x2
v_bar = np.sqrt(np.maximum(vbar2, 0.0))

gN = np.maximum(vbar2 / r, 1e-10)

# hR#EE

vdisk scaled = np.sqrt(ud) * np.abs(vd)
i peak = np.argmax(vdisk scaled)

r peak = r[i peak]

h R =r peak / 2.15

if h R&Lt; 0.01 or r peak &gt;= r.max() * 0.95:
h R = np.median(r) / 2.15 # Z74—IL/Xwv ¥

rs fixed = 2.15 * h R # = r _peak

# -—- Model A: MOND (g ¢ free) ——-
gc_range = np. logspace(-1.5, 1.5, 80)
gc best, chi2 A = fit Tparam grid(chi2 mond, gc range, r, vo, ev, gN)

# -—- Model B: tanh, rs=h R, v flat free -—-



vf range = np. linspace(1, max(vo)%2, 80)
vf B, chi2 B = fit_lparam grid(chi2_tanh, vf range, r, vo, ev, v _bar, rs fixed)

# --- Model C: constant addition, v_flat free -—-
vf C, chi2 C = fit lparam grid(chi2 const, vf range, r, vo, ev, v bar)

# -—— Model D: tanh + g ¢ free (2 params) --——

#oN IC gc Z@EALAL v bar eff ZFES>DTIEARL,

# tanh DEBAEIE + MONDXDIMEEBE z2lsabED

i ESAR: v.c® = v bar? + v flat® - T(r, rs) & gc ZMITICT 1 v k

# - &9 v flat ZEDModel BTEEL, 9 ¢ THEE R

#oRE: 2D YR

best D = (1e30, 0, 0)

for gc_try in np. logspace(-1, 1, 20):

for vf try in np. linspace(max(1, vf Bx0.5), vf Bx1.5, 20):
gN_gc = np.maximum(vbar2 / r, 1e-10)
g mond = mond gobs(gN gc, gc try * ad unit)
v_mond = np.sqrt(np.maximum(r * g mond, 0.01))
T=20.5% (1.0 + np.tanh((r - rs fixed) / np.maximum(rs fixed, 0.01)))
# Model D: Puffllid MOND 7 L. #HaliE MOND
# v.c? = v bar® + (v.mond® - v bar®) - T <« ERBEAIIC MOND ~:BFS
v_model D = np.sqrt(np.maximum(v_bar*x2 + (v_mond**2 - v_bar**¥2) * T, 0.01))
w=1.0/ np.maximum(ev, 1.0)%x2
c2 = np.sum(w * (vo - v_model D)**2)
if c2 &lt; best D[0]:
best D = (¢2, gc try, vf try)

chi2 D = best D[0]
gc D = best D[1]

# chi2/dof
dof_1p = max(N_pts - 1, 1)
dof 2p = max(N pts - 2, 1)

# AAIC (B vs A, B vs C)
aic A =chi2 A+2x*1
aic B =chi2 B+ 2 %1
aic C =chi2 C+ 2 %1
aic D =chi2D+2 %2

results. append({
"name’ : gal[’ name’ ],
‘vflat’: gal[’vflat orig’],
"hR: hR,
"N pts’: N pts,
"chi2 A’: chi2 A / dof 1p,
"chi2 B': chi2 B / dof 1p,
"chi2 C': chi2 C / dof 1p,
"chi2 D’ : chi2 D / dof 2p,
"gc A’ : gc best,

"vf B': vf B,
'vf C: vf C,
"gc D’: gc D,

"daic_BA’: aic B - aic A,
"daic BC': aic B - aic C,
"daic DA’ : aic D - aic A,

1))

n_done += 1
if n_done % 25 == 0:
print(f” {n done} completed...”)

N = len(results)
print(f"¥n52 7T : {N} galaxies”)

#
# AERERM
#

chi2 A = np.array([d[’chi2 A’] for d in results])
chi2 B = np.array([d[’chi2 B’] for d in results])
chi2 C = np.array([d[’chi2 C’] for d in results])
chi2 D = np.array([d[’chi2 D’ ] for d in results])
daic BA = np.array([d[’daic BA’] for d in results])
daic BC = np.array([d[’daic BC'] for d in results])
daic DA = np.array([d[’daic DA’] for d in results])

vf arr = np.array([d[’ vflat’] for d in results])

print(f"¥n{’ =" %70}")
print("EFIVELER (24R5W) )
print(f7{ =" %70}")

print(f"¥n{’ ®FI)L’ :8gt;25s} { chi2/dofrhse{E’ :&gt;14s} {’ 5BA’ :&gt;30s}”)

print(f”{"A: MOND (g c free)’ :8&gt;25s} {np.median(chi2 A):14.3f} { K (5)£¥ZE, g cHMHA’ :8gt;30s}”)
print(f"{’B: tanh, rs=h R’:8&gt;25s} {np.median(chi2 B):14.3f} { &K (7) rs=r peak@EE. v flatEM :8gt;30s}”)
print(f"{'C: E#MME’ :89t;25s} {np.median(chi2 C):14.3f} {'v®=v bar’+v flat®’ :8&gt;30s}”)

print(f"{’D: tanh+MOND3E#’ :&gt;25s} {np.median(chi2 D):14.3f} {  W—>HT/\! # > —>MONDEF, 2param’ :&gt;30s}”)

#BvsA

B better A = np.sum(daic BA &lt; 0)

B worse A = np.sum(daic BA &gt; 0)

print(f"¥n--- B(tanh) vs A(MOND) ---")

print(f” AAIC(B-A) Fsf&: {np.median(daic BA):+.2f}")

print(f” B A A LKYEBLW: {B better A}/{N} ({100%B better A/N:.0f}%)”)

print(f” A A B LY ERW: {B worse A}/{N} ({100%B worse A/N:.0f}%)")

print(f” AAIC &lt; -2 (BEEICRW) : {np.sum(daic BA &Llt; -2)} ({100%np.sum(daic BA &Llt; -2)/N:.0f}%)”)



print(f” AAIC &t; +2 (ABEICR\W) : {np.sum(daic BA &t; 2)} ({100%np.sum(daic BA &gt; 2)/N:.0f}%)”)

#BvsC

B better C = np.sum(daic BC &lt; 0)

print(f"¥n--- B(tanh) vs C(E#) ---")

print(f” AAIC(B-C) H%{&: {np.median(daic BC):+.2f}")

print(f” B A C LY EL: {B better C}/{N} ({100%B better C/N:.0f}%)”)

print(f” AAIC &lt; -2 (BEEICEL) : {np.sum(daic BC &Lt; -2)} ({100%np.sum(daic BC &lt; -2)/N:.0f}%)")

#Dvs A

D better A = np.sum(daic DA &lt; 0)

print(f"¥n--- D(tanh+MOND3&#%) vs A(MOND) ---")

print(f” AAIC(D-A) hfE: {np.median(daic DA):+.2f}")

print(f” D A A LYRBLW: {D better A}/{N} ({100%D better A/N:.0f}%)”)

# v flat {K#FE
print(f"¥n--- v_flat £V 3 —--")
sort_vf = np.argsort(vf_arr)
n per = max(N // 5, 1)
print(f"{"v_flat’ :&gt;12s} {'N :8gt;4s} {'chi2 A’ :&gt;8s} {'chi2 B’ :8&gt;8s} {'chi2 C :&gt;8s} { B&Llt;A % :&gt;6s} { B&Llt;C % :&gt;6s}”)
for i in range(5):
i0 = i * n_per
il = (i+1)*n per if i &lt; 4 else N
idx = sort vf[i0:i1]
vf b = vf arr[idx]
label = f”{vf_b.min():.0f}-{vf b.max():.0f}”
ba pct = 100%np. sum(daic BA[idx] &lt; 0)/len(idx)
bc_pct = 100%np. sum(daic_BC[idx] &lt; 0)/len(idx)
print(f”{label:&gt;12s} {len(idx):4d} {np.median(chi2 A[idx]):8.3f} {np.median(chi2 B[idx]):8.3f} {np.median(chi2 C[idx]):8.3f} {ba pct:5.0f}% {bc pct:5.0f}%")

#
# EDER
#

fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) chi2/dof MFEVIFH

ax = axes[0, 0]

bp = ax.boxplot([chi2 A, chi2 B, chi2 C, chi2 D],
labels=["A:MOND’, ’B:tanh¥nrs=hR’, ’C:const’, ’D:tanh¥n+MOND’ ],
showfliers=False, patch artist=True)

colors bp = [’ lightcoral’, ’lightblue’, ’lightgray’, ’lightgreen’]

for patch, color in zip(bp[’ boxes’], colors bp):

patch, set_facecolor(color)

ax.set_ylabel(’ x*/dof’)

ax.set title(’ (a) Model comparison’)

ax.set_ylim(0, max(np.median(chi2 A), np.median(chi2 B), np.median(chi2 C)) * 3)

# (b) AAIC(B-A) DER KT S A

x = axes[0, 1]

ax.hist(daic_BA, bins=50, color="steelblue’, edgecolor="white’, alpha=0.7)

ax.axvline(0, color="red’, ls="--", Llinewidth=2)

ax.axvline(np.median(daic BA), color="black’, ls="-",
labe =’ Median={np.median(daic BA):+.1f}")

ax.set xlabel(’ AAIC (B - A)")

x.set_ylabel(’ Count’)

x.set_title(f  (b) tanh(rs=hR) vs MOND")

ax. legend(fontsize=8)

1)

[T

#t (c) AAIC(B-C) MERA NI S L
ax = axes[0, 2]

ax.hist(daic BC, bins=50, color="coral’, edgecolor="white’, alpha=0.7)

ax.axvline(0, color="red", ls="--", Llinewidth=2)

ax.axvline(np.median(daic BC), color="black’, ls="-",
labe L=’ Median={np.median(daic BC):+.1f}")

ax.set xlabel(” AAIC (B - C)")

x.set ylabel(’ Count’)

ax.set title(f’ (c) tanh(rs=hR) vs constant’)

ax. legend(fontsize=8)

»

# (d) chi2 B vs chi2 A BRF &)

ax = axes[1, 0]

ax.scatter(chi2 A, chi2 B, s=10, alpha=0.4, c="steelblue’)

maxchi = max(np.percentile(chi2 A, 95), np.percentile(chi2 B, 95))
ax.plot([0, maxchi], [0, maxchi], "k--", alpha=0.3)

ax.set xlabel(’ x*/dof (A: MOND)")

x.set ylabel(’ x?/dof (B: tanh rs=hR)")

x.set title(’ (d) Per-galaxy comparison B vs A’)

x.set xLim(@, maxchi)

x.set ylim(0, maxchi)

)

#f (e) AAIC(B-A) vs v flat

ax = axes[1, 1]

ax.scatter(vf_arr, daic BA, s=10, alpha=0.4, c="green’)
x.axhline(0, color="red, ls="--")

ax.axhline(-2, color="gray’, ls=":", alpha=0.5)
ax.axhline(2, color="gray’, ls=":", alpha=0.5)

ax.set xlabel(’v flat [km/s]")

x.set ylabel(” AAIC (B - A)")

x.set title(’ (e) AAIC vs v flat’)

»

)

#(f) RREBAD T 1 v MEEE (3f1)

ax = axes[1, 2]

# AAIC(B-A) &t & (BRR) . EAfHE. &EHE (ARR) D3MRA
i_best B = np.argmin(daic_BA)

i_neutral = np.argmin(np.abs(daic BA))



i best A = np.argmax(daic BA)

for idx, col, s in [(i best B, "blue’, -"), (i neutral, "gray’, '--"), (i best A, 'red’, ":")]:
d = results[idx]
data = read dat(d[’ name’])
if data is None:
continue
rad = data[:, 0]
v obs = data[:, 1]
# EREL TEREE
vmax = max(v_obs)
ax.plot(rad, v_obs/vmax, col+ls, alpha=0.7,
label=f"{d[’ name’ ]} (AAIC={d[’ daic BA’]:+.0f})")

ax.set xlabel(’r [kpc]')

ax.set_ylabel(’v / v_max’)

x.set title(’ (f) Representative galaxies’)
ax. legend(fontsize=7)

1)

plt. tight layout()
plt.savefig(’rs_fixed hR.png’, dpi=150)
print(f"¥n[SAVED] rs fixed hR.png”)

#
# CSV HA
#
out csv = "rs fixed hR comparison.csv”
with open(out_csv, "w”, newline="", encoding="utf-8) as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, 'v_flat’, "h.R’, "N pts’,
"chi2 A, "chi2 B, ’chi2 C’, ’chi2 D',
"daic_BA’, ’'daic BC', 'daic DA’,
"gc A, 'vf B, 'vfC, 'gcD])
for d in sorted(results, key=lambda x: x[’daic BA’]):
writer.writerow([
d[’name’ ], f7{d[’vflat’J:.1f}”, £"{d[’h R"]1:.3f}”, d[’N pts’],
f7{d[’ chi2 A’ ]:.4f}”, f’{d[’chi2 B’ ]:.4f}”
f7{d[’ chi2_C’ ]:.4f}”, f’{d[’chi2 D’ ]:.4f}”
f7{d[’ daic BA’]:.2f}”, f”{d[’daic BC’]:.2f}”, f”{d[’daic DA’ ]:.2f}"
7{d[" gc A" ]:.4F}", £"{d[’vf B’ ]:.1f}",
f7{d[’ vf C’ J:. 1F}”, £7{d[’gc D’ ]:.4f}”,

D
print(f"[SAVED] {out csv}”)

#
i S EeS F
i
print(f"¥n{’ =" %70}")

print("rs = h R EEETFILORREER")
print(f"{" =" %70}")

print (£
B EFILHEE (N=(N}) :

Model A (MOND, g c free): chi2/dofdis{E = {np.median(chi2 A):.3f}
Model B (tanh, rs=hR, vf free): chi2/dofd5{E = {np.median(chi2 B):.3f}
Model C (EHUNE, vf free): chi2/dofR{& = {np.median(chi2 C):.3f}

B vs A: AAICHHR{E = {np.median(daic BA):+.2f}
B MERICEW (AAIC&Lt;-2) : {np.sum(daic BA &Llt; -2)}/{N} ({100*np.sum(daic BA &lt; -2)/N:.0f}%)
A BEEICEV (AAIC&gt;+2) : {np.sum(daic BA &gt; 2)}/{N} ({100*np.sum(daic BA &gt; 2)/N:.0f}%)

B vs C: AAICHHR{E = {np.median(daic BC):+.2f}
B MERICEW (AAIC&Lt;-2) : {np.sum(daic BC &Llt; -2)}/{N} ({100*np.sum(daic BC &lt; -2)/N:.0f}%)

W FIE:
nomy

if np.median(daic BA) &Llt; -2:
print(” Sk tanh(rs=hR) #* MOND £ YARICRW — v3.0 OEREEBOERKINR")
print(f”  rs 274 v T4V IEY h R ICEAEL TERENFHFHKT 2")
elif np.median(daic BA) &gt; 2:
print(” MOND #' tanh(rs=hR) &Y B\ — ZEBRIIFE")
else:
print(” tanh(rs=hR) & MOND (XR% — ZREBHROBAIMIEREIIINRWN)

if np.median(daic BC) &Llt; -2:

print(f” tanh(rs=hR) EEBMELYERICRL - h R TOBBEENEE")
elif np.median(daic BC) &gt; 2:

print(f” EHEMEDAH tanh YRV - BEBEEETE")
else:

print(f” tanh &EHFMFEEEF")



21. gc_predictive_model.py

1]
7x—2X g c TRl
B8 g_c DFRETFIVIBE BRANSA—SH5DLEEDR)
fE s rsh™MER (&%)
R R"2=0.737, %%Z0.23 dex, dBIC=-192 vs g c=al,
RAF—8 2R Level A (9_c FHIEFTILFEIL)

=S

g c(RAR) % v_flat, h_R, Sigmad FDIRA/NSA—H TFRTZETIL 2L, RIEHNEEGEMT BIC
&RETFIEEIR, g c=ad (MOND) & DLLE,

Y—RO—R£2X

#1/usr/bin/env python3

g c DFHETIEE

9 c(RAR) ZSRADYIEETFRT 2
Bz =X, hR, v flat, V peak, gas fraction, M bar proxy

SZEEFT g.c = f(galaxy properties) ZHEIL.
HEFEMOND (g c=a0) &DZEFLERS,

rs Z—YIfEbw,
%4T: uv run --with scipy --with matplotlib —-with numpy python gc predictive model.py

BIR: TA3 gc_independent. csv

import csv

import os

import numpy as np

from scipy.stats import spearmanr, pearsonr
from itertools import combinations

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

#
a0 _unit = 3703.0

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None
def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1#’")
return None
tt
t F—HINE
tt
print ("="x70)
print("F—4 IRNE")
print ("="x70)

# sparc_results.csv
_, src_rows = load csv(”sparc_results.csv”)

gal info = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()

if not name: name = List(row.values())[0].strip()
ud = get val(row, ["ud'])
vf = get val(row, ['vflat’ ])
if ud and vf and vf &gt; 0:
gal_info[name] = {"ud’ : ud, "vflat’: vf}

# 9. c (RAR)
gc dict = {}
if os.path.exists("TA3 gc_independent.csv”):
~, gc_rows = load csv(”TA3 gc_independent.csv”)



for row in gc_rows:
name = row.get(’ galaxy’, ’’).strip()
gc = get val(row, ['gc over a0’ ])
if name and gc and gc &gt; 0:
gc dict[name] = gc

I SRR X —9 DEE

results = []

for name, info in gal info.items():
if name not in gc dict:

continue
data = read dat(name)
if data is None:
continue

rad = data[:, 0]

v_obs = datal:, 1]

v_gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)
ud = info[’ud" ]

if len(rad) &lt; 5:
continue

mask = rad &gt; 0.01

r = rad[mask]

vd = np.sqrt(ud) * np.abs(v_disk[mask])

vg = np. abs(v_gas[mask])

vb = np.abs(v _bul[mask]) if len(v_bul) &gt; 0 else np.zeros(mask.sum())

vbar2 = ud * np.sign(v_disk[mask])*v_ disk[mask]*2 + ¥
np.sign(v_gas[mask])*v gas[mask]*¥2 + ¥
np. sign(v_bul[mask])*v bul[mask]#k2

v_bar = np.sqrt(np.maximum(vbar2, 0.0))

# V_peak (disk)

V_peak disk = np.max(vd)
i_peak = np.argmax(vd)

r peak = r[i peak]

#hR

if r peak &gt;= r.max() * 0.9 or r peak &Lt; 0.01:
continue

h R =rpeak / 2.15

# V peak (total baryonic)
V_peak bar = np.max(v_bar)

# =X proxy: V peak® / h R (e central surface density)
Sigma@ proxy = V peak disk#*2 / h R

# gas fraction: mean(v gas® / v bar®)
gas_frac = np.mean(vg*%2 / np.maximum(v_bark¥2, 0.01))

# M bar proxy: v flat[X] / a0 (Tully-Fisher)
M bar proxy = info[’ vflat’ J*%4 / a0 unit

# disk dominance: V peak disk / v flat
disk dominance = V peak disk / info[’ vflat’]

# compactness: V peak / h R
compactness = V_peak bar / h R

# g N max / a0 (maximum baryonic acceleration)
gN max = np.max(v_barx2 / r) / a unit

NV ORE
has bulge = np.any(np.abs(v_bul[mask]) &gt; 1.0)

results. append({
"name’ : name,
’g¢’ 1 gc dict[name],
" log gc’ : np. log10(gc dict[name]),
"vflat’: info[ vflat'],
“ud’ : ud,
"hR: hR,
"V _peak disk’: V peak disk,
"V peak bar’: V peak bar,
’Sigma0’ : Sigmal proxy,
"gas frac': gas frac,
"M _bar’ : M bar proxy
"disk dom’ : disk dominance
’ compactness’ : compactness
"gN max’: gN max,
"has bulge’ : has bulge

b

N = Llen(results)

print (f"#247AZh: {N} galaxies”)

it EHL

gc = np.array([d[’gc’] for d in results])

log gc = np.array([d[’ log gc’] for d in results])



predictors = {
" log vflat': np. log10(np.array([d[’ vflat’] for d in results])),
" log hR’: np. log10(np.array([d[’h R’] for d in results])),
" log Sigma@’ : np. log10(np.array([d[’ Sigma@’ ] for d in results])),
" log Vpeak’ : np. log10@(np.array([d[’V peak disk’] for d in results])),
"gas_frac’: np.array([d[’gas frac’] for d in results]),
" log Mbar’ : np. log10(np.array([d[’M bar’] for d in results])),
" log Ud" : np. log10(np.array([d[’ud’ ] for d in results])),
"disk dom’ : np.array([d[’disk dom’] for d in results]),
" log_compact’ : np. Llog10(np.array([d[’ compactness’] for d in results])),
" log gNmax’ : np. Log10(np. maximum(np. array([d[’ gN max’] for d in results]), le-4)),
}

#
# Bz EAAR
#
print(f"¥n{’ =" %70}")

print("BZEHER: log(g_c/a0) vs BFRAEHK")
print(f7{ =" %70}")

print(f"¥n{’ 2%’ :89t;15s} { Pearson r’ :&gt;10s} { Spearman p’:8&gt;12s} { p’ :8gt;10s}”)
single_results = {}
for pname, parr in predictors.items():

mask = np. isfinite(parr) &amp; np.isfinite(log gc)

if mask.sum() &Lt; 20:

continue

rp, pp = pearsonr(parr[mask], log gc[mask])

rs, ps = spearmanrt(parr[mask], log gc[mask])

sig = "xkx’ if pp &lt; 0.001 else "*x’ if pp &lt; 0.01 else "« if pp &lt; 0.05 else ’

print(f”{pname:&gt;15s} {rp:+10.3f} {rs:+12.3f} {pp:10.2¢} {sig}”)

single results[pname] = {"r’: rp, "rho’: rs, 'p’: pp}

i
t RROBEEETIL
i

print(f"¥n{’ =" x70}")
printCRROBEEEETIV)
print(f”{" =" %70}")

best _single = max(single results. items(), key=lambda x: abs(x[11['r’ 1))
best name = best single[0]

best arr = predictors[best _name]

mask bs = np.isfinite(best arr) &amp; np.isfinite(log gc)

p best = np.polyfit(best arr[mask bs], log gc[mask bs], 1)

pred _best = np.polyval(p best, best arr[mask bs])

rss_best = np.sum((log gc[mask bs] - pred best)*¥2)

R2 best = 1 - rss_best / np.sum((log _gc[mask bs] - np.mean(log gc[mask bs]))**2)

print(f’¥n REZ#: {best name}”)

print(f” log(g c/a0) = {p best[1]:.3f} + {p best[0]:.3f} X {best name}”)
print(f” R* = {R2 best:.4f}”)

print(f” %2 std = {np.std(log gc[mask bs] - pred best):.4f} dex”)

#
# 2ZBOR (EREEY)
#

print(f"¥n{’ =" %70}")
print("SEEEFE (EBRREHIEM) )
print(f"{ =" *70}")

i HER DI WIRICY — b
sorted preds = sorted(single results. items(), key=lambda x: abs(x[1][’r’ 1), reverse=True)
pred _names_sorted = [x[0] for x in sorted preds]

2T NBWRHBETRY
common mask = np.ones(N, dtype=bool)
for pname in pred names_sorted[:6]:

common mask &amp;= np. isfinite(predictors[pname])
common_mask &amp;= np. isfinite(log gc)
N _common = common mask. sum()
print(f’¥n3@EHT—4: {N_common}/{N}")

y = log_gc[common_mask]
i ERBEEICERGEM
print(f"¥n{ ZTHE :8gt;6s} {BINZEE :&9t;15s} {'R*’:8gt;8s} { AR®’:8&gt;8s} {’BIC :&gt;10s} { ZEZEstd’ :&gt;10s}”)

best _bic = np.inf
best _model = None
prev R2 = 0

for n_vars in range(1, min(7, len(pred names sorted)+1)):
I BIDETIVOER + F&Y M 518N
if nvars == 1:
I 2BEEEH,SHRERER
best_combo = None
best R2 combo = -1
for pname in pred names sorted:
X = np.column_stack([np.ones(N common), predictors[pname][common mask]])
b, , , _ =np.linalg. Lstsq(X, y, rcond=None)
pred =X @b
R2 =1 - np.sum((y - pred)*¥2) / np.sum((y - np.mean(y))#*2)
if R2 &gt; best R2 combo:
best R2 combo = R2
best combo = [pname]



best b = b
best_pred = pred
else:
t AIOZRRETIVICIEEGEM
prev vars = best combo. copy()
best _R2 combo = -1
for pname in pred names sorted:
if pname in prev_vars:
continue
test vars = prev_vars + [pname]
X = np.column stack([np.ones(N common)] + [predictors[v][common mask] for v in test vars])
b, ., _, _ =np.linalg. Lstsq(X, y, rcond=None)
pred =X @b
R2 =1 - np.sum((y - pred)**2) / np.sum((y - np.mean(y))**2)
if R2 &gt; best R2 combo:
best _R2 _combo = R2
best combo = test vars
best b = b
best pred = pred

k =n vars + 1

rss = np.sum((y - best pred)**2)

bic = N common * np. log(rss/N common) + k * np. log(N common)
residual_std = np.std(y - best pred)

delta R2 = best R2 combo - prev R2

added = best combo[-1] if n vars &gt; 0 else best combo[0]
print(f”{n_vars:6d} {added:&gt;15s} {best R2 combo:8.4f} {delta R2:48.4f} {bic:10.2f} {residual std:10.4f}")

if bic &Lt; best bic:

best bic = bic

best model = {
"vars’ : best_combo. copy(),
"coeffs’: best_b.copy(),
"R2’: best R2 combo,
"bic’: bic,
"residual std’: residual std
"pred’ : best pred.copy(),

prev_R2 = best R2 combo

#
t RRETILOFEM
#

print(f"¥n{’ =" %70}")
print"&REETIL (BICHK/N) )
print(f”{ =" %70}")

bm = best_model

print(f’¥n Z#: {bm[ vars’ 1}”)

print(f” R* = {bm[’R2’ J:.4f}")

print(f” BIC = {bm[’bic’ ]:.2f}")

print(f” %z std = {bm[’residual _std’ ]:.4f} dex”)

print(f"¥n {RE:")
print(f” tNH: {bm[’ coeffs’ J[0]:+.4f}")
for i, vname in enumerate(bm[’vars’]):
print(f” {vname}: {bm[’coeffs’ JLi+1]:+.4f}")
i FR=X
eq = f”log(g c/a0) = {bm[’ coeffs’ J[0]:.3f}"
for i, vname in enumerate(bm[’ vars’]):
eq += 7 {bm[’ coeffs’ J[i+1]:+.3f} - {vname}”
print(f¥n  FRX: {eq}”)

i

#gc=ald (ERETIN) &EDHLE
i
print(f"¥n{ =" x70}")

print("g ¢ FRETIL vs g ¢ = a0 (ELK) ")
print(f7{ =" %70}”)

rss const = np.sum((y - 0)**2) ft g c = a0 — log(g c/al) = 0
rss model = np.sum((y - bm[’ pred’ ])**2)
bic_const = N _common * np. log(rss const/N common) + 0 # 0 params

print(f’¥n g c = a0: RSS={rss_const:.2f}, BIC={bic const:.2f}")
print(f” FREFI: RSS={rss model:.2f}, BIC={bm[’bic’]:.2f}")
print(f” ABIC = {bm[’bic’] - bic const:.2f}")

F stat = ((rss _const - rss model) / len(bm[’vars’1)) / (rss model / (N common - len(bm[’vars’]) - 1))
print(f” F#EEtE = (F stat:.2f}”)

if bm[’bic’] &lt; bic const:

print(f’¥n = FRMWEFILA g c=ad LYBHBICEW)

print(f” EFEHMD g c(galaxy) EFILIE MOND @ g c=ad %i¥BZ3”)
else:

print(f’¥n — g c = a0 OAABICA RV (FRETILBEES) ")

i
# v flat EVRIOFHEE
i
print(f"¥n{ =" x70}")
print("v_flat EVRIDOFRHERE")
print(f”{" =" %70}")




vf common = np.array([d[’ vflat’] for d in results])[common mask]
gc_common = gc[common_mask]
gc pred = 10xxbm[’ pred’ ]

sort vf = np.argsort(vf common)
n_per = max(N_common // 5, 1)
print(f’¥n{’v flat’ :8gt;12s} {'N :8gt;4s} { g cZfI :8qt;8s} { g cFihl :8gt;8s} { g c=al :8gt;6s} { |err|F:h :&gt;10s} { |err|a0 :8gt;10s}”)

for i in range(5):
i0 = i * n_per
il = (i+1)*n per if i &lt; 4 else N common
idx = sort vf[i0:i1]
vf b = vf common[idx]
gc b = gc_common[idx]
gcp b = gc_pred[idx]
label = f”{vf_b.min():.0f}-{vf b.max():.0f}”
err pred = np.median(np. abs(np. log10(gcp b) - np. log10(gc b)))
err_al = np.median(np. abs(np. Log10(gc_b)))
print(f’{label:&gt;12s} {len(idx):4d} {np.median(gc b):8.3f} {np.median(gcp b):8.3f} {’1.000" :&gt;6s} {err pred:10.3f} {err a0:10.3f}")

i
i EDIER
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) RREZE: log gc vs best predictor

ax = axes[0, 0]

ba = best_arr[mask_bs]

ax.scatter(ba, log gc[mask bs], s=10, alpha=0.4, c="steelblue’)
xx = np. Linspace(ba.min(), ba.max(), 100)

ax.plot(xx, np.polyval(p best, xx), 'r=’, Llinewidth=1.5)

r_val = single results[best name][’r’]

ax.set_xlabel(best name)

ax.set_ylabel(’ log(g ¢ / a0)")

ax.set title(f’ (a) Best single: {best name} (r={r val:.3f})")

# (b) =8 vs TR (RRETI)

x = axes[0, 1]

x.scatter(bm[’pred’ ], y, s=10, alpha=0.4, c="green’)
x.plot([y.min(), y.max()], [y.min(), y.max()], "k--")
ax.set xlabel(’Predicted log(g c/a0)’)

ax.set_ylabel(’ Observed log(g c/a0)")

x.set title(f (b) Best model (R®={bm[”R2"]:.3f})")

I

»

# (c) %= vs v flat

ax = axes[0, 2]

resid = y - bm[’ pred’ ]

ax.scatter(vf common, resid, s=10, alpha=0.4, c="orange’)
ax.axhline(0, color="black’, ls="--")

rho res, = spearmanr(vf common, resid)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’Residual (obs - pred)’)

ax.set title(f (c) Residual vs v flat (p={rho res:.3f})")

# (d) 9 c S8 vs g c=a0 vs F3fl

ax = axes[1, 0]

ax.scatter(vf_common, gc common, s=10, alpha=0.4, c="steelblue’, label="Measured’)
ax.scatter(vf common, gc pred, s=10, alpha=0.4, c="red’, label="Predicted’ )
ax.axhline(1.0, color="gray’, ls="--", label="g ¢ = a0’)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel("g c / a0")

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(’ (d) g c: measured vs predicted vs a0’)

ax. legend(fontsize=8)

I3

3

>

I3

I3

i (e) #EBFEHOET ST

ax = axes[1, 1]

sorted r = sorted(single results. items(), key=lambda x: abs(x[11[’r’ 1), reverse=True)
names_bar = [x[0] for x in sorted r[:8]]

r vals = [x[11["r’ ] for x in sorted r[:8]]

colors bar = ["steelblue’ if r &t; 0 else 'coral’ for r in r vals]
ax.barh(range(len(names bar)), r vals, color=colors bar)

ax.set yticks(range(len(names bar)))

ax.set_yticklabels(names bar, fontsize=8)

x.set xlabel(’Pearson r with log(g ¢c)’)

ax.set title(’ (e) Predictor ranking’)

ax.axvline(0, color="black’, Llinewidth=0.5)

»

#(f) FRAMEDLE: £7I) vs a0

ax = axes[1, 2]

err model = np.abs(y - bm[’pred’])

err_ad = np.abs(y)

ax.hist(err model, bins=30, alpha=0.5, color="green’, label=f"Model (med={np.median(err model):.3})")
ax.hist(err a0, bins=30, alpha=0.5, color="gray’, label=f"g c=a0 (med={np.median(err a0):.3f})")

x.set xlabel(’ |log(g ¢ obs) - log(g c pred)| [dex]’)

ax.set_ylabel(’ Count’)

x.set title(" (f) Prediction error comparison’)

ax. legend(fontsize=8)

»

»

plt. tight layout()
plt.savefig(’gc predictive model.png’, dpi=150)
print(f"¥n[SAVED] gc predictive model.png”)

#



# CSVEA
#
out csv = "gc_predictive model.csv”
with open(out_csv, "w”, newline="", encoding="utf-8) as f:
writer = csv.writer(f)
header = ['galaxy’, 'v flat’, ’"gc_measured’, 'gc predicted’ ] + Llist(predictors.keys())
writer.writerow(header)
for i, d in enumerate(results):
if not common mask[i]:
continue
idx_cm = np.sum(common mask[:i])
row data = [d['name’], f”{d[’vflat’]:.1f}",
F7{d[’ g¢’ 1:.4F}”, f7{10%xbm[’ pred’ J[idx cm]:.4f}"]
for pname in predictors:
row_data.append(f” {predictors[pname][i]:.4f}")
writer.writerow(row data)
print(f"[SAVED] {out csv}”)

#
# RACHER
#

print(f’¥n{’ =" %70}")

print("g ¢ FRIET I ORKRIER"
print(f”{" =" %70}")

print(f"””

B SREOFAZEH: {best name} (r={single results[best name][’r’]:.3f})

B SRETIN: {eq}
R* = {bm[’R2’ ]:.4f}
%2 std = {bm[’ residual std’ ]:.4f} dex

W g c=a0 (MOND) & DLtE::
ABIC = {bm[’bic’] - bic_const:.2f}
(BRLFAETIVAEBA. ELD g c=ad HEBAL)

B FREREDLR:
FBETIV: |error| FR{E = {np.median(err model):.3f} dex
gc=a0d: |error| R = {np.median(err a0):.3f} dex
®ER: {(1 - np.median(err_model)/np.median(err a0))*100:.0f}%

W YRR

oy

if bm[’bic’] &lt; bic const - 10:
print(” g c XRA/NT X —& TFETAEE — MOND D g c=a0 ZBFREICEZ2")
print(f” — Ko TERFIEE] FEBEER TR SRAREORE")
print(f” — 14 (EOMMEOIRAKENE) DORENXE)
elif bm["bic’] &Llt; bic const:
print(” g.c OFHMETIA g c=ad LYUDbTMNITRW)
print(” — g ¢ OIAKFMEREFET 20 BN X—FILRE I REBRREN")
else:
print(” gc=al OAHNRV = g ¢ OIRAKEFHEGBEES")
print(” — #li#% MOND T+45")



22. zero_param_test.py

1]
721—2X € 0param> 2 b
=]z g c(predicted) vs g c=ad DEO/X5 X —4 OERIR T 1 v MHEE
fE s rsh™MER (&%)
R dAIC=-57, 70} CiE, BRI TITY,
RAF—8 2R Level A (4 ¥V FI)

=S

FRAXT g c %8 H (0 param) L. MOND (gfc=30, 0 param) & EEEERIRD chi2
EEERE, AL/NASA—9BTOAELRTZ N,

Y—RO—R£2X

#1/usr/bin/env python3

AR A= FHT R b FEFEHR vs NOND ORIHE
3ETF I & LR D DEIEREARIEA

Model A: g ¢ = a0 (Ff#EMOND, 0 param)
Model B: g ¢ = FRX GRAW/NS X —HHSHEH, 0 param)
Model C: g ¢ = free (FERAITMEEIZ 1« v b, 1 param)

g c OFAX RIRTY T~ THI) :
log(gc/a0) = -2.175 + 2.015- log(vf) - 0.046- Llog(Vp)
- 1.294- log(hR) + 0.138-disk dom
- 1.024- log(compact) - 0.217-log(Ud)

B A A LYBREICRWL — RFEHEMDL MON %#BZ 2
B=C— FRUETFILA gc OERERDIIRATVS

%4T: uv run --with scipy --with matplotlib —-with numpy python zero param test.py

import csv

import os

import numpy as np

from scipy.optimize import minimize scalar
from scipy.stats import wilcoxon

import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

#
a0 _unit = 3703.0

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None
def read dat(name):
for fn in [f”{name} rotmod.dat”, ”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1#")
return None
def mond_gobs(gN, gc):
return (gN + np.sqrt(gN#2 + 4xgcxgN)) / 2
def chi2 mond fixed(gc a0, r, v obs, err v, gN):

"7EEg cTDchi2 (0 param) 77

gc = gc_ad * al unit

gN_pos = np.maximum(gN, 1e-10)

g model = mond _gobs(gN_pos, gc)

v_model = np.sqrt(np.maximum(r * g model, 0.01))
w=1.0/ np.maximum(err_v, 1.0)%%2

return np.sum(w * (v_obs - v_model)**2)

def fit gc free(r, v obs, err_v, gN):
"9 cEM7 4 v b (1 param) "
def neg(log gc):
gc = 10%xlog gc * al unit
gN_pos = np.maximum(gN, 1e-10)
g model = mond gobs(gN pos, gc)



v_model = np.sqrt(np.maximum(r * g model, 0.01))
w=1.0/ np.maximum(err_v, 1.0)%x2
return np.sum(w * (v_obs - v_model)**2)

result = minimize scalar(neg, bounds=(-2.0, 2.0), method="bounded’)
return 10%xresult.x, result.fun

#
# 9 c FRAXDERE
#
tRIRYY T NORRETI
COEFFS = {
" intercept’: -2.175,
" log vflat’: 2.015,
’ log Vpeak’ : -0. 046,
" log hR’ : -1.294,
"disk dom’ : 0.138,
" log compact’ : -1.024,
"log Ud": -0.217,
}
def predict gc(vflat, V peak, h R, disk dom, compactness, Ud):
T FRARDN S g c/al EEE
log gc = (COEFFS[’ intercept’ ]
+ COEFFS[’ log vflat’] * np. log10(vflat)
+ COEFFS[’ log Vpeak’ ] * np. log10(max(V_peak, 0.1))
+ COEFFS[’ log hR’ ] * np. log10(max(h R, 0.01))
+ COEFFS[' disk dom’] * disk dom
+ COEFFS[’ log compact’ ] * np. log10(max (compactness, 0.01))
+ COEFFS[’ Log Ud’ ] * np. Log10(max(Ud, 0.01)))
return 10xxlog gc
it
t T EHRAH SRS A — S EE
it

~, src_rows = load csv(”sparc results.csv”)
gal info = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()
if not name: name = Llist(row.values())[0].strip()
ud = get val(row, ["ud 1)
vf = get val(row, ['vflat’])
if ud and vf and vf &gt; 0:
gal info[name] = {"ud’ : ud, ’vflat’: vf}

print(f"[INFO] {len(gal info)} galaxies”)

#
t XAV IL—F
#
print("¥nE€ONRS A =4 F R NEITH...")

results = []
n_done = 0

for name, info in gal info.items():
data = read dat(name)
if data is None:
continue

rad = data[:, 0]

v_obs = datal:, 1]

err v = data[:, 2]

v gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros like(rad)
ud = info[’ud" ]

vf = info[ vflat’]

mask = rad &gt; 0.01
r = rad[mask]

vo = v obs[mask]

ev = err_v[mask]

vd = v disk[mask]
vg = v_gas[mask]

vb = v bul[mask]

N pts = len(r)

if N pts &lt; 5:
continue

vbar2 = ud * np.sign(vd)*vd*x2 + np.sign(vg)*vg**2 + np.sign(vb)*kvb¥x2
gN = np.maximum(vbar2 / r, 1e-10)

I SREANS A —%

vdisk scaled = np.sqrt(ud) * np.abs(vd)
V_peak = np.max(vdisk scaled)

i peak = np.argmax(vdisk scaled)

r peak = r[i peak]

if r peak &t;= r.max() * 0.9 or r peak &Lt; 0.01 or V peak &lt; 0.1:

h R = np.median(r) / 2.15
V_peak = max(V_peak, 0.1)
else:



h R =r peak / 2.15

v_bar = np.sqrt(np.maximum(vbar2, 0.0))
V_peak _bar = np.max(v_bar)

disk dom = V peak / vf

compactness = V_peak bar / h R

# -—- Model A: g c = a0 (0 param) ——-
chi2 A = chi2 mond fixed(1.0, r, vo, ev, gN)

# -—— Model B: g ¢ = predicted (0 param) --—-
gc pred = predict_gc(vf, V peak, h R, disk dom, compactness, ud)
chi2 B = chi2 mond fixed(gc pred, r, vo, ev, gN)

# -—— Model C: g ¢ = free (1 param) -—
gc free, chi2 C = fit _gc_free(r, vo, ev, gN)

# chi2/dof
dof Op = max(N pts, 1)
dof_1p = max(N_pts - 1, 1)

# AIC (NS X —4ETHIE)

aic A=chi2 A+2%0 # 0 param
aic B=chi2B+2%0 {0 param
aic C =chi2 C+2 %1 # 1 param

results. append({
" name’ : name,
Tvflat’ @ vf,
"N_pts’: N_pts,
"gc pred’: gc pred,
"gc_free’: gc free,
"chi2 A': chi2 A / dof 0p,
"chi2 B': chi2 B / dof 0p,
"chi2 C': chi2 C / dof 1p,
"chi2_raw A’ : chi2 A,
"chi2 raw B’ : chi2 B,
"chi2_raw C': chi2 C,
Taic A': aic A,
"aic B’ : aic B,
“aic C': aic C,
"daic_BA’: aic B - aic A,
"daic CA’: aic C - aic A,

1))

n_done += 1
if n done % 25 == 0:
print(f” {n_done} completed...”)

N = len(results)
print(f"¥n52 T : {N} galaxies”)

it EEHE

chi2 A = np.array([d[’chi2 A’] for d in results])
chi2 B = np.array([d[’chi2 B’] for d in results])
chi2 C = np.array([d[’chi2 C’] for d in results])
daic BA = np.array([d[’daic BA’] for d in results])
daic CA = np.array([d[’daic CA’] for d in results])
vf arr = np.array([d[’ vflat’] for d in results])
gc_pred = np.array([d[’gc_pred’ ] for d in results])
gc_free = np.array([d[’gc free’] for d in results])

#
1 RESRARMT
#
print(f"¥n{’ =" %70}")

print("EANRS X =5 FRF R MER")
print(f”{ =" %70}")

print(f"¥n{’ ®FJ)L’ :8gt;30s} { param’ :&gt;5s} { chi2/dofdhsR{&’ :&gt;14s}”)
print(f"{"A: g c = a0 (MOND)’ :&gt;30s} {’ 0’ :8gt;5s} {np.median(chi2 A):14.3f}")
print(f"{"B: g ¢ = predicted’ :&gt;30s} {0’ :8&gt;5s} {np.median(chi2 B):14.3f}")
print(f”{"C: g ¢ = free’ :&gt;30s} {1’ :&gt;5s} {np.median(chi2 C):14,3f}")

#Bvs A (RODODLE., RL/RZTX—5%)
B better = np.sum(daic BA &Lt; 0)
A better = np.sum(daic BA &gt; 0)

B sig better = np.sum(daic BA &Lt; -2)
A sig better = np.sum(daic BA &gt; 2)

print(f”¥n--- B(predicted) vs A(MOND) --- [RI /S5 X —4%%: 0]”)

print(f” AAIC(B-A) Fh3R{&: {np.median(daic BA):+.2f}")

print(f” B A'R\\: {B better}/{N} ({100%B better/N:.0f}%)”)

print(f” A A*B\v: {A better}/{N} ({100%A better/N:.0f}%)")

print(f” B NEEICEL (AAIC&Lt;-2): {B sig better}/{N} ({100%B sig better/N:.0f}%)”)
print(f” A NEEICEW (AAIC&gt;+2): {A sig better}/{N} ({100%A sig better/N:.0f}%)")

# Wi lcoxonFFSIEMIARE

try:
stat BA, p BA = wilcoxon(chi2 A - chi2 B) # IEZ5 B ARWL
print(f” Wilcoxont®E (A vs B) : p = {p BA:.2e}"”)

except:
p_BA = None

#BvsC (Ffll vs BEHT7 1 v N)



print(f”¥n--- B(predicted, Op) vs C(free, 1p) --=")
print(f” chi2/dofA5{&E: B={np.median(chi2 B):.3f}, C={np.median(chi2 C):.3f}")
print(f” B/C tbrhR{E: {np.median(chi2 B/chi2 C):.3f}")

#CvsA

C better A = np.sum(daic_CA &lt; 0)

print(f"¥n--- C(free, 1p) vs A(MOND, 0p) ---")

print(f” AAIC(C-A) H{E&: {np.median(daic CA):+.2f}")
print(f” C AR {C better A}/{N} ({100%C better A/N:.0f}%)”)

# v flat £>3

print(f"¥n--- v_flat E> 3 ---")
sort vf = np.argsort(vf arr)

n per = max(N // 5, 1)

print(f"{’v flat’ :&gt;12s} {'N :8gt;4s} {'chi2 A’:8&gt;8s} {'chi2 B’ :8&gt;8s} {'chi2 C’ :&gt;8s}

for i in range(5):
i0 = i * n_per
il = (i+1)*n per if i &lt; 4 else N
idx = sort vf[i0:i1]
vf b = vf arr[idx]
label = f"{vf _b.min():.0f}-{vf b.max():.0f}”
ba pct = 100%np. sum(daic BA[idx] &lt; 0)/len(idx)
med daic = np.median(daic_BA[idx])

print(f”{label:&gt;12s} {len(idx):4d} {np.median(chi2 A[idx]):8.3f} {np.median(chi2 B[idx]):8.3f}

# gc pred vs gc free DIERA

r_pf, p_pf = np.corrcoef(np. log10(gc_pred), np. log10(gc free))[0,1], 0
from scipy.stats import pearsonr as pr

r_pf, p_pf = pr(np. log10(gc_pred), np. log10(gc free))

print(f"¥n--- g c(predicted) vs g c(free) -—-")

print(f” Pearson r = {r_pf:.3f} (p={p_pf:.2e})”)

print(f” g c(pred)/g c(free) FAs{E: {np.median(gc pred/gc free):.3f}”)

i
i EDIER
i
fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) chi2/dof MFEVIFH

ax = axes[0, 0]

bp = ax.boxplot([chi2 A, chi2 B, chi2 C],
labels=["A: g c=a0¥n(MOND, Op)’, ’'B: g c=pred¥n(0p)’, 'C: g c=free¥n(1p)’ ],
showfliers=False, patch artist=True)

for patch, color in zip(bp[’boxes’], [’ lightcoral’, ’lightblue’, ’Llightgreen’]):

patch. set_facecolor(color)
ax.set ylabel(’ x?/dof’)
ax.set_title(f’ (a) Model comparison (N={N})")

# (b) AAIC(B-A) ER TS L

ax = axes[0, 1]

ax.hist(daic_BA, bins=50, color="steelblue’, edgecolor="white’, alpha=0.7)

x.axvline(0, color="red", ls="--", Llinewidth=2)

x.axvline(np.median(daic_BA), color="black’, ls="-",
labe =’ Median={np.median(daic BA):+.1f}")

ax.set xlabel(’ AAIC (B - A)")

ax.set ylabel(’ Count’)

p str = f', p={p_BA:.1e}’ if p BA else '’

ax.set title(f (b) Predicted vs MOND{p str}’)

ax. legend(fontsize=8)

[T

# (c) AAIC(B-A) vs v flat

ax = axes[0, 2]

ax.scatter(vf arr, daic BA, s=10, alpha=0.4, c="steelblue’)
ax.axhline(0, color="red", ls="--")

ax.axhline(-2, color="gray’, ls=":", alpha=0.5)
ax.axhline(2, color="gray’, ls=":", alpha=0.5)

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(” AAIC (B - A)")

ax.set title(’ (c) Improvement vs v flat’)

# (d) g c(pred) vs g c(free)

ax = axes[1, 0]

ax.scatter(gc free, gc pred, s=10, alpha=0.4, c="purple’)
maxv = max(gc_pred.max(), gc free.max())

ax.plot([0.01, maxv], [0.01, maxv], "k--', alpha=0.3)
ax.axhline(1.0, color="gray’, ls=":", alpha=0.3)
ax.axvline(1.0, color="gray’, ls=":", alpha=0.3)

ax.set xlabel("g ¢ (free fit) / a0’)

ax.set ylabel("g ¢ (predicted) / a@")

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(f (d) g c: predicted vs free (r={r pf:.3f})")

3

X X X

> X

# (e) chi2 B vs chi2 A (SR &)

ax = axes[1, 1]

ax.scatter(chi2 A, chi2 B, s=10, alpha=0.4, c="green’)

maxchi = max(np.percentile(chi2 A, 95), np.percentile(chi2 B, 95))
ax.plot([0, maxchil, [0, maxchil, "k--", alpha=0.3)

ax.set xlabel(’ x*/dof (A: MOND))

ax.set_ylabel(’ x*/dof (B: predicted)’)

ax.set title(’ (e) Per-galaxy: B vs A’)

ax.set xLim(0, maxchi)

ax.set_ylim(0, maxchi)

X X X X X

{"B&Lt;A% :8gt;6s}

{np.median(chi2 C[idx]):8.3f}

{"med AAIC’ :8&gt;10s}”)

{ba pct:5.0f}%

{med daic:+10.2f}"”)



# (f) g c M3DODHE(E vs v flat

ax = axes[1, 2]

ax.scatter(vf arr, gc free, s=8, alpha=0.3, c="blue’, label="g c(free)’)
ax.scatter(vf_arr, gc_pred, s=8, alpha=0.3, c="red, label="g c(pred)’)
ax.axhline(1.0, color="gray’, ls="--", linewidth=2, label="g ¢ = a0’)
ax.set xlabel(’v_flat [km/s]")

ax.set ylabel("g c / a0”)

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(’ (f) g c: free vs predicted vs a0’ )

ax. legend(fontsize=8)

>

x X

>

plt.tight layout()
plt.savefig(’ zero_param test.png’, dpi=150)
print (f"¥n[SAVED] zero param test.png”)

i
# CSVEA
i
out_csv = "zero_param_test.csv”
with open(out csv, "w”, newline="", encoding="utf-8’) as f:
writer = csv.writer(f)
writer.writerow([’galaxy’, 'v flat’, ’gc pred’, 'gc free’,
"chi2 A', "chi2 B, ’chi2 C,
"daic BA’, ’daic CA’])
for d in sorted(results, key=lambda x: x[’daic BA’]):
writer.writerow([
d[’ name’ ], f"{d[’vflat’J:.1f}",
f7{d[’ gc_pred’ 1:.4f}”, f"{d[’gc free’ ]:.4f}"
£{d[’ chi2 A" 1:.4f)”, {d[’ chi2 B’ 1:.4f}”, £"{d[’ chi2 C'1:.4f}",
f7{d[’ daic BA’]:.2f}”, f”{d[’daic CA’]:.2f}",

D
print (f"[SAVED] {out csv}”)

HEHE

ESESESY
il

print(f"¥n{’ =" %70}")

print(Mk EANRSX—FFRHFTR M REHAE *7)
print(f”{ =" x70}")

print(f”””

B 72 MER:

Model A (g c = ad, MOND): chi2/dof = {np.median(chi2 A):.3f}
Model B (g ¢ = predicted): chi2/dof = {np.median(chi2 B):.3f}
Model C (g ¢ = free, 1p): chi2/dof = {np.median(chi2 C):.3f}

B vs A: AAICHHR{E = {np.median(daic BA):+.2f}
B A A LYRBWERA: {B better}/{N} ({100%B better/N:.0f}%)
Wilcoxon p = {p BA:.2¢ if p BA else "N/A"}

W FIE:
nomy

if np.median(daic BA) &lt; -2 and B better &gt; Nx0.6:
print(” okok FEFEFMA MOND %22 khkkx”)
print(f” g c(galaxy) OFBEFILA, BEH/IASX—4RLT")
print(f” g c=al (HEAMOND) & YBERICRVWEEREIRY 1 v MEREET 2, )
print(f” — RO TERFIERE | ZRFTD/NY F U EEOERTH S, )
print(f” — Level A (CHEIL, ”)

elif np.median(daic BA) &lt; 0 and B better &gt; N%0.5:
print(” ok RFEEHMRH MOND LYUPPLREL kk”)
print(f7  FREETIVIE MOND % TIHEICHES 2 A% AAIC ZAE L, ")
print(f” — Level B CREBBILZASREMITIERW) o )

elif abs(np.median(daic BA)) &Lt; 2:
print(”  FEFEME MOND (EA%E *7)
print(f”  FREETILIE MOND EHEEMICRBITEARL, )
print(f” — g ¢ OIRAKFMEFEEIRT 1 v POBBILFS LAV, )

else:
print(” MOND (g c=a0) A*FREFILLYRWL, )
print(f” — g c OIRAKFMEGBRIBADOATRENE. )
print(F7"”

Hgc FAORE:
g c(pred) vs g c(free): r = {r pf: 3f}
g c(pred)/g c(free) ff#E = {np.median(gc pred/gc free):.3f}
= FRID free T4 v MIENEIFEWND

oy



23. loo_cv.py

b2
7x—X L00-CV
EL:0] Leave-One-Out 3IZEAREEIC & 2 BRIBEESHER
s rsAER (Z2)
=R dAIC=-54 (L00), %1L6%MD . p=6.7e-9, BREIESA L.
AF—82 Level A (FRi&FRE)

=S

FWTZ1DFDOMRALTEY N-1 SRATHRBZBHEE. BRALAIRATD g ¢
%530 L BIEsBiR % L E, 1 > Y TILOERISNE T EED & RI&HRR.

Y—RO—R£2X

#1/usr/bin/env python3

L00-CV: g ¢ FRIETILDREMIE

FIRAZ1DFOMMAL. EY N-1 SFACHREZBEE,
BROLL72SRA D g ¢ ZFRIL. EIEREIRD chi2 Z&HH,
= A VHYTINDNA T RETRITHR U 7o TR E O,

g
A: g c = a0 (MOND, 0 param)
B in: g c = predicted (4 Y FIb, BIRY ) T hOIER)
B loo: g ¢ = predicted (LOO-CV)
C: g c = free (1 param)

24T: uv run --with scipy --with matplotlib —-with numpy python loo cv.py

import csv

import os

import numpy as np

from scipy.optimize import minimize scalar
from scipy.stats import wilcoxon, pearsonr
import matplotlib

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

#
a0 _unit = 3703.0

def load csv(path):
with open(path, "r”, encoding="utf-8") as fh:
reader = csv.DictReader (fh)

return reader. fieldnames, Llist(reader)

def get val(row, candidates):
for ¢ in candidates:
if ¢ in row and row[c].strip():
try: return float(row[c])
except: pass
return None
def read dat(name):
for fn in [f”{name} rotmod.dat”, f”{name}.dat”]:
if os.path.exists(fn):
return np. loadtxt(fn, comments="1#’")
return None
def mond_gobs(gN, gc):
return (gN + np.sqrt(gN#2 + 4xgcxgN)) / 2
i
#t 7—4UE (gc predictive model.py &R—)
i
_, src_rows = load csv("sparc_results.csv”)
gal_info = {}
for row in src_rows:
name = row.get(’galaxy’, '’).strip()

if not name: name = List(row.values())[0].strip()
ud = get val(row, ["ud'])
vf = get val(row, ['vflat’ ])
if ud and vf and vf &gt; 0:
gal_info[name] = {"ud’ : ud, "vflat’: vf}

gc dict = {}
if os.path.exists("TA3 gc_independent.csv”):
_, gc_rows = load _csv(”"TA3 gc_independent.csv”)
for row in gc_rows:
name = row.get(’ galaxy’, ’’).strip()
gc = get val(row, ["gc over a0’ ])



if name and gc and gc &gt; 0:
gc_dict[name] = gc

# SRA/SS X — & + EEREIR T — & DUIRE
all data = []

for name, info in gal info.items():
if name not in gc dict:
continue
data = read dat(name)
if data is None:

continue

rad = data[:, 0]

v obs = data[:, 1]

err v = data[:, 2]

v_gas = data[:, 3]

v disk = data[:, 4]

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(rad)
ud = info[’ud" ]

mask = rad &gt; 0.01
r = rad[mask]

vo = v obs[mask]

ev = err_v[mask]

vd = v disk[mask]
vg = v_gas[mask]

vb = v bul[mask]

-

len(r) &lt; 5:
continue

vbar2 = ud * np.sign(vd)*vd«k2 + np.sign(vg)*vg#*x2 + np.sign(vb)kvhxx2
gN = np.maximum(vbar2 / r, 1e-10)

vdisk scaled = np.sqrt(ud) * np.abs(vd)
V_peak = np.max(vdisk scaled)

i peak = np.argmax(vdisk scaled)

r peak = r[i peak]

if r peak &gt;= r.max() * 0.9 or r peak &Lt; 0.01 or V peak &lt; 0.1:
h R = np.median(r) / 2.15
V_peak = max(V _peak, 0.1)

else:
h R =r peak / 2.15

v_bar = np.sqrt(np.maximum(vbar2, 0.0))
V_peak bar = np.max(v_bar)

disk dom = V peak / info[’ vflat’]
compactness = V peak bar / h R

I FREHNY ML

pred vec = np.array([
np. log10(info[’ vflat’']),
np. log10(max(V_peak, 0.1)),
np. Llog10(max(h R, 0.01)),
disk_dom,
np. log10(max (compactness, 0.01)),
np. log10(max(ud, 0.01)),

1

if not np.all(np.isfinite(pred vec)):
continue

all data.append({
"name’ : name,
"vflat’: info[ vflat'],
"gc true’ : gc dict[name]
" log gc’ : np. log10(gc_dict[name]),
"pred vec': pred vec,
fir, "vo':ovo, ‘evi:oev, "gN': gN

)

N = len(all data)
print(f”[INFO] {N} galaxies for L00O-CV”)

#
# LOO-CV
#
print (f’¥nL00-CV =477 ({N} iterations) ...”)

i FRERTIE B
X all = np.column_stack([np.ones(N)] + [d[’pred vec’] for d in all datal)
# X all OR%EEBIE
X all = np.zeros((N, 7))
X all[:, 0] = 1.0
for i, d in enumerate(all data):
X all[i, 1:] = d[’pred vec’]

y all = np.array([d[’ log gc’] for d in all data])

loo_results = []

for i in range(N):

# i BB ERHM



mask train = np.ones(N, dtype=bool)
mask_train[i] = False

X train = X all[mask train]
y train = y all[mask train]

I BRFRHROBHE

beta, , , _ = np.linalg. Lstsq(X_train, y train, rcond=None)

#iBED g.c =FH
log gc pred = X all[i] @ beta
gc_pred_loo = 10xklog gc_pred

# CIEREAARD chi2

d = all datali]

r, vo, ev, gN =d['r’ ], d[’vo’ ], d["ev’ ], d["gN" ]
w=1.0/ np.maximum(ev, 1.0)%%2

# Model A: g ¢ = a0

gm A = mond_gobs(gN, 1.0 * a0 unit)

vm A = np.sqrt(np.maximum(r * gm A, 0.01))
chi2 A = np.sum(w * (vo - vm_A)*%2)

# Model B loo: g ¢ = predicted (L00)
gm B = mond gobs(gN, gc pred loo * ad unit)
vm_B = np.sqrt(np.maximum(r * gm B, 0.01))
chi2 B = np.sum(w % (vo - vm B)%%2)

# Model C: g ¢ = free
def neg chi2(log gc):
gc = 10%*log gc * ad unit
gm = mond_gobs(gN, gc)
vm = np.sqrt(np.maximum(r * gm, 0.01))
return np.sum(w * (vo - vm)**2)
res = minimize scalar(neg chi2, bounds=(-2.0, 2.0), method="bounded )
chi2 C = res. fun
gc_free = 10%xres, x

N pts = len(r)

Loo_results. append({
"name’ : d[’ name’ ],
“vflat’: d[’vflat'],
"gc_true’: d['gc true’],
"gc pred loo’: gc pred loo,
"gc_free’: gc free,
"chi2 A: chi2 A / N pts,
"chi2 B': chi2 B / N _pts,
"chi2 C': chi2 C / max(N pts-1, 1),
"daic_BA': chi2 B - chi2 A, # [ Uparam#{— AAICIZAchi2
"N pts’: N pts,
b

if (i+1) % 25 == 0:
print(f” {i+1}/{N} completed...”)

print(f’5877)

i
1 RESRARMT
i
chi2 A = np.array([d[’chi2 A’] for d in loo_results])

chi2 B = np.array([d[’chi2 B’] for d in loo results])

chi2 C = np.array([d[’chi2 C’] for d in loo_results])

daic BA = np.array([d[’daic BA’] for d in loo results])

vf = np.array([d[’ vflat’] for d in loo_results])

gc pred loo = np.array([d[’gc pred loo’] for d in loo results])
gc_free = np.array([d[’gc_free’] for d in loo results])

gc true = np.array([d[’gc true’] for d in loo results])

print(f’¥n{’ =" %70}")
print ("LO0-CV #58”)
print(f’{' =" %70}”)

print(f"¥n{’ €®FJ)L’ :8gt;30s} { param’ :8gt;5s} { chi2/dofFh{&E’ :8&gt;14s}”)
print(f"{"A: g c = a0 (MOND)’ :&gt;30s} {'0’:8&gt;5s} {np.median(chi2 A):14.3f}")

print(f”{"B loo: g ¢ = predicted (L00)" :&gt;30s} {' 0’ :8&gt;5s} {np.median(chi2 B):14.3f}”)
print(f"{"C: g ¢ = free’ :&gt;30s} {1’ :&gt;5s} {np.median(chi2 C):14,3f}")

# B loo vs A

B better = np.sum(daic BA &Lt; 0)
B sig = np.sum(daic BA &lt; -2)
A sig = np.sum(daic BA &gt; 2)

print(f"¥n--- B loo vs A (BAIL/8SX—%%: 0) ——-")

print(f” AAIC(B-A) Fsf&: {np.median(daic BA):+.2f}")

print(f” B A'R\: {B better}/{N} ({100%B better/N:.0f}%)”)

print(f” B AERICEBL (AAIC&Lt;-2): {B sig}/{N} ({100%B sig/N:.0f}%)")
print(f” A NBEEICERL (AAIC&gt;+2): {A sig}/{N} ({100%A sig/N:.0f}%)”)

try:
stat, p wilcox = wilcoxon(chi2 A - chi2 B)
print(f” Wilcoxon p = {p wilcox:.2e}”)
except:
p_wilcox = None



# A% T vs LO0 DILER

print(f"¥n--- 4 4> FJL vs LO0-CV D%t —--")

print(f” A V4> Fib: AAICHR{E = -57.4, BEW = 71%")

print(f” L0O0-CV: AAICHR{E = {np.median(daic BA):+.1f}, BEL' = {100%B better/N:.0f}%")

#9.c FREE

r pred, p pred = pearsonr(np. log10(gc pred loo), np. log10(gc true))
err_pred = np.abs(np. log10(gc_pred loo) - np. log10(gc_true))

err_ad = np.abs(np. log10(gc true))

print(f"¥n--- g ¢ FAKEE (L00) ---")

print(f” g c(L00) vs g c(RAR true): r = {r pred:.3f}”)

print(f” |error| HHR{E(LO0): {np.median(err pred):.3f} dex”)

print(f” |error| AR{&E(a0): {np.median(err a0):.3f} dex”)

print(f” &E=: {(1-np.median(err_pred)/np.median(err_a0))*100:.0f}%")

#v flat EVE
print(f"¥n--- v flat E> 3 (L0O0-CV) ---")
sort_vf = np.argsort(vf)
n per = max(N // 5, 1)
print(f"{"v_flat’ :&gt;12s} {'N :&gt;4s} {'chi2 A’ :&gt;8s} {'chi2 B’ :&gt;8s} { B&Llt;A% :&gt;6s} { AAIC :&gt;8s}”)
for i in range(5):
i0 = i * n_per
il = (i+1)*n per if i &lt; 4 else N
idx = sort vf[i0:i1]
label = f”{vflidx].min():.0f}-{vf[idx].max():.0f}”
ba_pct = 100%np. sum(daic_BA[idx] &lt; 0)/len(idx)
print(f’{label:&gt;12s} {len(idx):4d} {np.median(chi2 A[idx]):8.3f} {np.median(chi2 B[idx]):8.3f} {ba pct:5.0f}% {np.median(daic BA[idx]):+8.1f}")

i
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fig, axes = plt.subplots(2, 3, figsize=(16, 10))

# (a) chi2 50 ™

ax = axes[0, 0]

bp = ax.boxplot([chi2 A, chi2 B, chi2 C],
labels=["A: MOND¥n(g c=a0)’, 'B: Predicted¥n(L0O0-CV)’, ’'C: Free¥n(1 param)’],
showfliers=False, patch artist=True)

for patch, color in zip(bp[’boxes’], [’ lightcoral’, ’lightblue’, ’Llightgreen’]):

patch. set_facecolor(color)
ax.set ylabel(’ x?/dof’)
ax.set_title(f’ (a) LOO-CV Model Comparison (N={N})")

# (b) AAIC ER NI S A

ax = axes[0, 1]

ax.hist(daic_BA, bins=50, color="steelblue’, edgecolor="white’, alpha=0.7)

x.axvline(0, color="red", ls="--", Llinewidth=2)

x.axvline(np.median(daic_BA), color="black’, ls="-",
label=f"L00 median={np.median(daic BA):+.1f}")

x.axvline(-57.4, color="gray’, ls=":", alpha=0.5,
label="In-sample median=-57.4")

x.set_xlabel(” AAIC (B_loo - A)")

x.set ylabel(’ Count’)

x.set_title(’ (b) LOO-CV vs In-sample’)

x. legend(fontsize=7)
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# (c) AAIC vs v flat

ax = axes[0, 2]

ax.scatter(vf, daic BA, s=10, alpha=0.4, c="steelblue’)
ax.axhline(0, color="red", ls="--")

ax.set xlabel(’v flat [km/s]")

ax.set ylabel(’ AAIC (B loo - A)")

x.set title(’ (c) LOO improvement vs v flat’)

»

# (d) g c(LOO predicted) vs g c(true)

ax = axes[1, 0]

ax.scatter(gc true, gc pred loo, s=10, alpha=0.4, c='green’)
maxv = max(gc true.max(), gc pred loo.max())

ax.plot([0.01, maxv], [0.01, maxv], "k--', alpha=0.3)
ax.set xlabel(’g ¢ (RAR measured) / a0’)

ax.set ylabel("g ¢ (LOO predicted) / a0’ )

ax.set xscale(’ log’)

ax.set yscale(’ log’)

ax.set title(f (d) LOO prediction (r={r pred:.3f})")

# (e) chi2 B vs chi2 A BRF &)

ax = axes[1, 1]

ax.scatter(chi2 A, chi2 B, s=10, alpha=0.4, c="purple’)

maxchi = max(np.percentile(chi2 A, 95), np.percentile(chi2 B, 95))
ax.plot([0, maxchi], [0, maxchi], "k--", alpha=0.3)

ax.set xlabel(’ x*/dof (MOND) )

x.set ylabel(’ x?/dof (LOO predicted)’)

x.set title(’ (e) Per-galaxy LOO comparison’)

x.set xLim(@, maxchi)

x.set ylim(0, maxchi)

)

i (f) FRBREDLLE

ax = axes[1, 2]

ax.hist(err_pred, bins=30, alpha=0.5, color="green’,
label=f"L00 (med={np.median(err pred):.3f})")

ax.hist(err_a0, bins=30, alpha=0.5, color="gray’,
label=f"g c=a0 (med={np.median(err a0):.3f})")

x.set xlabel(’ |log(g ¢ pred) - log(g c true)| [dex]’)

x.set ylabel(’ Count’)

x.set title(’ (f) g c prediction error’)

IR



ax. legend(fontsize=8)

plt.tight layout()
plt.savefig(’ loo_cv.png’, dpi=150)
print(f"¥n[SAVED] loo cv.png”)
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print (f"¥n{’ =" %70}")
print("s LO0-CV &RA&H¥IE k")
print(f’{’="%70}")

print (£
W LOO-CVHER:
MOND (g c=a0): chi2/dof = {np.median(chi2 A):.3f}
Predicted (L00): chi2/dof = {np.median(chi2 B):.3f}
Free fit (1p): chi2/dof = {np.median(chi2 C):.3f}

L00 AAICHR{E = {np.median(daic BA):+.1f}
B AR {B better}/{N} ({100%B better/N:.0f}%)
Wilcoxon p = {p wilcox:.2e if p wilcox else "N/A"}

B AUy TAnbDHk:
AAIC: -57.4 — {np.median(daic BA):+.1f}
BEWY%: 71% — {100%B better/N:.0f}%
g cFRIFERE: r=0.908(in) — r={r_pred:.3f}(L00)

W AEHIE:

nomy

if np.median(daic BA) &lt; -10 and B better &gt; Nx0.6 and p wilcox and p wilcox &lt; 0.001:
print(” kkok LOO-CVT L IRFEMAH MOND ZBAFEICHEA D *kk”)
print(f” SBEEATIEAW, g c(galaxy) EFIMIEALTEE, 7)
print(f” — Level A (ZHEYL, )

elif np.median(daic BA) &lt; -2 and B better &gt; Nx0.55:
print("  Skok LOO-CVTREFEMDELMEAFFHE A k")
print(f” A VYUY TINIYBE>LMEKARELTEERE, )
print(f” — Level A (FMFE) . ")

elif np.median(daic BA) &lt; 0 and B better &gt; N%0.5:
print(” % SFWEBAIMEAT LO0-CV THHEAF *7)
print(f” — Level B, ”)

else:
print(” LO0O-CV TEEHIHK., 1 V¥ Y T OBERGBREES. )

print(f” — g c = a0 (MOND) T+4, ")
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