RFHH v4.4 BT RV ThEE

Script Catalog with Full Source Code

Z%: RO & (ROSEAT)
Hft: 202654871
RYVTINE 13K (K HR) + 3% (FRRERR) = 164

AXEREFHERVAMEFETHERLELBIRRVY T NOBN - BN T—4 - TEHR - V—RA3—FE2XEREKT 2, 220U T
BRI EZIERT2OZTOIERTH AT TLESH,

2171]1%: Claude Code (VS Codel:ik) on Windows, uv run --with [dependencies] python [script]

AOVTh—E&
29Tk BiY
1 sparc_jackknife_extended.py 23 SPARC 17588\ DHLER S vV F 1 TR EE
2 probes_vbar_pipeline.py FE24ERIR PROBES x S4G JOARYFICL BBV _barkEEE
3 probes_Yd_free.py B24%E PROBES 2904RiA CTYd%A 7Y —/{5A—4 L THREL
4 sparc_Yd_sensitivity.py F25%v1 SPARC YdB&E T 2k (SigmaOIlZYd3E ARR)
5 sparc_Yd_sensitivity_v2.py 255 SPARC YdBEE T A b v2 (G*Sigma0=Vflat~2/hR, YdIEHKTE)
6 sparc_gc_method_comparison | $26Z=#{1E g CEBRDOFIELE + TASEDEHELLE
-PYy
7 sparc_alpha_decomposition.p | $26Z=#1E TA3 CSVO#E &R & E R B (FIhR)
y
8 sparc_alpha_reproduce.py 263 (IR IR) alpha=0.5455 25 T/ M1 TSV L BRI ERER
9 probes_vbar_v2_local.py {F8%(V_barRhL% | VizieR HIV—XRHRHR + BEET—9HR
v7)
10 | cluster_stack_v3_fix2.py fF8%(38L > X) BCGRIE(z_spec#ZA) + cl1 3Lz 7 FTAT77/ L LB
11 | cl1_model_fit.py fF8%(85L > X) cl184k: NFW/NFW+2halo/Gaussian)> %7 3EF L 74V b
12 | cl1_cl3_stack.py fF8%(38L > X) cl1+cl3R%v 4 (cl4/cl27B&4): Sigma_critIEFR b
13 | cl1_modelB_fit.py fF8R(3BL > X) HAGHEET ILB(R10a-10d, 2FG) cl1 71wk
FERR (%)
# DA = B
S1 cluster_stack_v3.py RS RR (v3_fix2IC B H#E) BCGREIE(z_spec NULLEFAThR) +
NFW+2haloE5 ILE&ET
S2 | cluster_stack_v3_fix.py FRBIAR(V3_fix2IC B #2) BCGRIEMEIE R (z_specthB+M_r<-21)
S3 | probes_vbar_v2.py AR (v2_localliCEH#) PROBES V_bar v2: WHISP HI + S4G +
Yd&i#E b (VizieRAR)




sparc_jackknife_extended.py

= 8238
B H: SPARC 1758RAIDILARY vV F 1 THREE
BRI R T —4: SPARC Rotmod_LTG (Lelli+2016)

FERER: F2EIx1000: alpha=0.545+/-0.037 (train), 0.550+/-0.038 (test), Leave-50-out: alpha=0.546+/-0.024, Bootstrap
95%CI=[0.478,0.626], NERTREM IFIREM,

Y—2Z3—NK (365 lines, 10,851 bytes)

#1/usr/bin/env python3

wn

sparc_jackknife extended. py

SPARC 1758R5A CDHEERY v v ¥ 4 7R3,
H3E] X 10008 THERIRILME = BENICTRT .

WREEIER

1. train/test HaDHH — a=0.5OFHK
Ao = a(train) - a(test) DH > RREDHE
HEDREM
Hubble typeRl - B2EVRIDEBILY v v I F4 7
Leave-N-out (N=10,20,50) D&REM

o wN

BERRE (BRYER) :
o (train) = 0.545
o (test) = 0.550

+ 0.037
+ 0.038

59T: uv run —with scipy ——with matplotlib —-with numpy python sparc_jackknife extended. py

AiifR: SPARCF—# A Rotmod LTG/ T4 LU NYICHEETZ T &,
NRAFRFICECTEREL TR,

nnn

import numpy as np

import os

import sys

import json

from pathlib import Path

from scipy.stats import linregress, t as tdist
import matplotlib

matplotlib.use(”Agg”)

import matplotlib.pyplot as plt

=== BE ===
#f SPARCT—4F 1L 27 b)) (O—HILREBICEDETER)
SPARC DIR = Path(r’D:¥R¥ 1 X v NIV hOP—¥AEFERBY¥ N F TOMIP¥/S1 Y > ¥Rotmod_LTG”)
# RE/XR (Claude CodelRiE)
if not SPARC DIR.exists():
SPARC DIR = Path(”Rotmod LTG”)
if not SPARC DIR.exists():
SPARC DIR = Path(”.”)

OUTDIR = Path(”jackknife output”)
OUTDIR.mkdir(exist ok=True)

I YR EH

G SI = 6.674e-11
Msun = 1.989e30

pc = 3.086e16

kpc = 1e3 * pc

a0 = 1.2e-10 # m/s’

N_JACK = 1000 # Y+ v o+ 4 7REBEK
RNG_SEED = 42

def load sparc galaxy(filepath):
SPARC Rotmod LTG 7 7 A JL &5 HAL,
75 A R(kpe), Vobs, errV, Vgas, Vdisk, Vbul
try:
data = np. loadtxt(filepath, comments="#")
except:
return None

if data.ndim != 2 or data.shape[1] &lt; 5:
return None



—+

—+

return {
"R_kpc”: data[:, 0],
"\ _obs”: datal:, 1],
"e V”: datal[:, 2],
"\ _gas”: datal:, 3],
"V_disk”: data[:, 4],
"V_bul”: data[:, 5] if data.shape[1] &gt; 5 else np.zeros(len(data)),

compute_gc_sparc(gal, Yd=0.5, Yb=0.7):
SPARCERT »* Hg_c& Z X% IE,

V bar® =V gas® + YdXV disk®* + YbXV bul®
g.c = V_obs®/R - V_bar’/R (4Mal1/3Mrskfl)
R = gal[”R_kpc”]

Vo = gal["V_obs”]

Vg = gal[”V_gas”]

Vd = gal[”V disk”]

Vb = gal["V_bul”]

n = len(R)
if n&lt; 5:
return None

# V_bar
V bar2 = Vgxx2 + Yd * Vdxx2 + Yb * Vb*x2
V_bar = np.sqrt(np.maximum(V_bar2, 0))

# 4Ma/3

outer = slice(2%n//3, n)

R_m = R[outer] * kpc

g obs = (Vo[outer] * 1e3)**2 / R.m

g bar = (V_bar[outer] * 1e3)%*x2 / R m

gc_vals = g obs - g bar
gc = np.median(gc_vals)

if gc &lt;= 0:
return None

t IX: T4 RVOEBE (FPOEHE)

#t =X oc V_disk(R peak)® / (G X h) DEfl

# ZZTldgc X aXl ORAMFHOZXES % EEHEE

# SPARCODg ¢ vs a}X|XGX =X OERTIEZXIFMILICHET 2RENH D

#t EZHE: =X = Yd X V. disk max* / (276G h)
# h =RV disk max) / 2.2 ({8871 RV DE—V IE)
idx_peak = np.argmax(np. abs(Vd))
if idx_peak == 0:
idx_peak =
R peak = R[idx_peak]
h_kpc = R_peak / 2.2
V d peak = abs(Vd[idx peak])

if h_kpc &t; 0 and V_d peak &gt; 0:
h.m = h_kpc * kpc
Sigma0 = Yd % (V d peak * 1e3)%%2 / (2 % np.pi * G SI % h m)
Sigma0 Mpc2 = Sigmal * pc#x2 / Msun # M sun/pc®
else:
return None

if Sigmal Mpc2 &lt;= 0:
return None

mad = np.median(np. abs(gc_vals - gc))
e gc = 1,4826 * mad / np.sqrt(len(gc vals))

return {
"gc”: gc,

"e gc”: e gc,

"Sigma0”: Sigmad Mpc2,

"h_kpc”: h_kpc,

"V_flat”: np.median(Vo[outer]),

alpha fit(gc arr, Sigmal arr):

""" log(g_c) = log(n) + & X log(alXl-G-=[X) FFEIE"""
x = np. log10(a0 * G_SI * Sigmal_arr * Msun / pc¥x2)

y = np. log10(gc_arr)

mask = np. isfinite(x) &amp; np.isfinite(y)



x, y = x[mask], y[mask]

if len(x) &lt; 5:
return None

slope, intercept, r, p, se = linregress(x, y)
t stat = (slope - 0.5) / se
p_05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

return {
"alpha”: slope, "e_alpha”: se, "p05”: p_05,
"r”: r, "N”: len(x), "intercept”: intercept,

main():

print(”=" * 60)

print(”(B) SPARCHLERS ¥ v ¥ F 4 JHREE")
print(f” N_iterations = {N JACK}”)
print("=" * 60)

ft === SPARCRFRIAFHHiAH ===
print(f"¥nSPARCT — 4 &5 3A: {SPARC_DIR}”)

files = sorted(SPARC_DIR. glob(”*.dat”))

if not files:
files = sorted(SPARC_DIR. glob(”* rotmod. dat”))

if not files:
print(f” X .dat7 7 1 ILHEDHY FHA: {SPARC DIR}”)
print(f” F4 L2 hYAZ: {List(SPARC DIR. iterdir())[:101}")
sys.exit(1)

print(f” {len(files)} 774 JLHRH")

galaxies = []
for f in files:
gal = load_sparc_galaxy(f)
if gal is None:
continue
result = compute gc sparc(gal)
if result is None:
continue
result["name”] = f.stem
galaxies. append(result)

print(f” — {len(galaxies)} $RAIT g c JAIERIN")

if len(galaxies) &lt; 20:
print(” X SRABAE, NREHERELTEIN, ")
sys.exit(1)

gc all = np.array([g[”gc”] for g in galaxies])
S0_all = np.array([g[”Sigma@”] for g in galaxies])
names_all = [g[”"name”] for g in galaxies]

N gal = len(galaxies)

f===2(T714y K ===

print("¥n-—- £4£T7 1 v b ")

full = alpha fit(gc all, SO all)

if full:
print(f” o = {full[’alpha’]:.3f} * {full[’e alpha’]:.3f}”)
print(f” p(a=0.5) = {fulll’ p05 ]1:.4f}”)
print(f”7 N = {full’N" ]}, r = {full[’r’ ]:.3f}")

# === ¥RE v v U147 X1000 ===
print(f"¥n—— ¥ 3B v v I+ 47 X{N_JACK} ---")
rng = np. random, RandomState (RNG_SEED)

alpha_train = []
alpha_test = []
p05 train = []
p05_test = []
delta alpha = []

for i in range(N JACK):
idx = rng.permutation(N_gal)
half = N gal // 2
tr = idx[:half]
te = idx[half:]

fit_tr = alpha fit(gc_all[tr], SO _all[tr])
fit_te = alpha fit(gc_all[te], SO _all[te])

if fit tr and fit_te:



alpha_train.append(fit_tr[”alpha”])
alpha_test.append(fit_te[”alpha”])

p05_train. append(fit_tr[”p05”])

p05 test.append(fit te[”p05”])
delta_alpha.append(fit_tr[”alpha”] - fit_te[”alpha”])

alpha_train = np.array(alpha_train)
alpha_test = np.array(alpha_test)
p05_train = np.array(p05_train)

p05 test = np.array(p05 test)
delta_alpha = np.array(delta_alpha)

n valid = len(alpha train)

print(f” AKRE: {n valid}/{N JACK}")

print(f"¥n «a (train): {np.mean(alpha_train):.3f} * {np.std(alpha_train):.3f}”)

print(f” o« (test): {np.mean(alpha_test):.3f} * {np.std(alpha test):.3f}")

print(f” Aa = a(train)-a(test): {np.mean(delta alpha):.4f} £ {np.std(delta alpha):.4f}")
print(f” |Aal| &lt; 0.05 MEIS: {np.mean(np.abs(delta alpha)&Llt;0.05)*100:.1f}%")

print(f” «=0.5 FEHHK (train, p&lt;0.05): {np.mean(p05 train&lt;0.05)%100:.1f}%")

print(f” «=0.5 FTEHHR (test, p&lt;0.05): {np.mean(pd5 test&lt;0.05)*100:.1f}%")

#f === Leave-N-out ===
print(f"¥n--- Leave-N-out ZEM ---")
for N_leave in [10, 20, 50]:
if N leave &gt;= N gal:
continue
alphas = []
for i in range(500):
keep = rng.choice(N_gal, N_gal - N_leave, replace=False)
fit = alpha_fit(gc_alllkeep], SO alllkeep])
if fit:
alphas. append(fit[”alpha”])
alphas = np.array(alphas)
print(f” Leave-{N_leave}-out (X500): o« = {np.mean(alphas):.3f} = {np.std(alphas):.3f}, ”
f”range [{np.min(alphas):.3f}, {np.max(alphas):.3f}]”)

#f === Bootstrap (B#%) ===
print(f"¥n-—— Bootstrap X {N_JACK} -—-")
alpha_boot = []
for i in range(N_JACK):

idx = rng.choice(N_gal, N _gal, replace=True)

fit = alpha fit(gc all[idx], SO all[idx])

if fit:

alpha_boot. append(fit[”alpha”])

alpha_boot = np.array(alpha_boot)
print(f” o« (boot): {np.mean(alpha boot):.3f} £ {np.std(alpha boot):.3f}")
print(f” 95% CI: [{np.percentile(alpha_boot,2.5):.3f}, {np.percentile(alpha_boot,97.5):.3f}]")
print(f” «=0.5 (& CI P.§: {"YES' if np.percentile(alpha boot,2.5)&Llt;=0.5&Lt;=np.percentile(alpha boot, 97.5) else "NO'}”)

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

# (a) «(train) vs a(test) BAfAE
x = axes[0, 0]

)

ax.scatter(alpha_train, alpha_test, alpha=0.2, s=5)
ax.axhline(0.5, color="red”, ls="--", label="alpha=0.5")
ax.axvline(0.5, color="red”, ls="--")

ax.plot([0.2, 0.9], [0.2, 0.9], "k—=", alpha=0.3)
ax.set_xlabel(”alpha (train)”)

ax.set_ylabel("alpha (test)”)

ax.set_title(f"Half-split x{N_JACK}”)

ax. legend()

# (b)) Aapt

ax = axes[0, 1]

ax.hist(delta alpha, bins=50, edgecolor="black”, alpha=0.7)

ax.axvline(0, color="red”, ls="--")

ax.set_xlabel("Delta alpha = alpha(train) - alpha(test)”)
ax.set_ylabel(”Count”)

ax.set_title(f’mean={np.mean(delta alpha):.4f}, std={np.std(delta alpha):.4f}”)

X X X X X

# (c) a(train)®m

ax = axes[1, 0]

ax.hist(alpha_train, bins=50, alpha=0.6, label="train”, color="blue”)
ax.hist(alpha_test, bins=50, alpha=0.6, label="test”, color="orange”)
ax.axvline(0.5, color="red”, ls="--", label="alpha=0.5")
ax.set_xlabel(”alpha”)

ax. set_ylabel("Count”)

ax.set_title("alpha distribution”)

ax. legend()

# (d) Bootstrap4 7
ax = axes[1, 1]
ax.hist(alpha boot, bins=50, edgecolor="black”, alpha=0.7, color="green”)



if name ==" main_":

ax.axvline(0.5, color="red”, ls="--", label="alpha=0.5")
ci = np.percentile(alpha boot, [2.5, 97.5])

>

ax.axvline(ci[0], color="red”, ls=":", alpha=0.5)
ax.axvline(ci[1], color="red”, ls=":", alpha=0.5)
ax.set_xlabel(”alpha (bootstrap)”)

ax. set_ylabel(”Count”)

ax.set_title(f’Bootstrap 95% CI: [{ci[0]:.3f}, {ci[1]:.3f}1")
ax. legend()

plt.tight layout()

fig_path = OUTDIR / ”jackknife_extended. png”
plt.savefig(fig path, dpi=150)
print(f"¥nB{%%F: {fig path}”)

=== $ERISNREF ===

summary = {
“full_fit”: full,
”jackknife”: {

"N_iter”: n valid,
"alpha_train mean”: float(np.mean(alpha_train)),
"alpha_train_std”: float(np.std(alpha_train)),
"alpha_test mean”: float(np.mean(alpha test)),
"alpha_test std”: float(np.std(alpha test)),
"delta _alpha mean”: float(np.mean(delta alpha)),
"delta_alpha_std”: float(np.std(delta alpha)),
"reject rate train”: float(np.mean(p@5 train &Llt; 0.05)),
"reject_rate_test”: float(np.mean(p05 test &lt; 0.05)),
h
"bootstrap”: {
"alpha_mean”: float(np.mean(alpha boot)),
"alpha_std”: float(np.std(alpha_boot)),
”CI95”: [float(ci[0]), float(ci[11)],
1
}
with open(OUTDIR / "jackknife_summary. json”, "w”) as f:
json. dump(summary, f, indent=2)

print(f"#53R1%7F: {OUTDIR / ’ jackknife summary, json’}”)

4 ”

main()



probes_vbar_pipeline.py

= H24ERR

B 89: PROBES x S4G 7OR Yy FICLBHEEV _bargss

BRI I T —4: PROBES (Stone+2021, Zenodo), S4G (Salo+2015, VizieR)

EERR: 2908R5A <y F (284 SPARCHIL), EIEYd=0.5Talpha=1.056(F#0), #EV_barTldalpha=0.5BRF,

Y—2Z—NK (614 lines, 18,823 bytes)

#1/usr/bin/env python3

pEr

probes_vbar_pipeline. py

PROBES V_obs[Ol#xah#® + WISE/S4G 3.6 unXEEE 7O 7 74 JL + HI 2lem>—%
DS ERIV bar AL, BMAFEER «=0.5 ZIRIET B,

£1T: uv run ——with scipy ——with matplotlib ——with astropy —-with requests python probes vbar_pipeline. py

BBg:
Step 0: PROBES RCHYS (CADC)
Step 1: S4G 3.6 umKREIEE 07 7 1 JVES (VizieR: J/PASP/127/299 Munoz-Mateos+2015)
Step 2: THINGS HIKMEZEE 707 7 1 JLEUS (VizieR: J/AJ/136/2563 Walter+2008)
Step 3: PROBES X S4G X THINGS /AR~y F (&EIN—2R)
Step 4: V. disk(R) = sqrt(Y disk X GM disk(&lt;R)/R) AXREEBEMNSEHE
Step 5: V gas(R) = sqrt(1.33 X GM gas(&Lt;R)/R) AZHIEBE, S>HE
Step 6: V_bar = sqrt(V_disk® + V_gas®)
Step 7: g CHIE + at®E (SPARCE—F%)
FE:

- Y disk = 0.5 M_sun/L_sun (SPARCHE#L)

- HIEBEICTIX He#ilE X1.33

- BUWT 4 RVELIT Vodisk ZFHE (B ICIEFreeman diskiEH7EHN
REEE / RELEFE—BEET D)

import os

import sys

import json

import numpy as np

from pathlib import Path

OUTDIR = Path(”probes_vbar output”)
OUTDIR.mkdir(exist ok=True)

I YEEEH

G CGS = 6.674e-8 #om®/(gs?)

G.SI = 6.674e-11 # m/(kg-s*)

Msun = 1.989e30 # kg

pc = 3.086e16 #m

kpc = 1e3 % pc #m

Lsun 36 = 1.19¢26 W (3.6 umKREHE, VegaR)

1 SPARCEEMLDIRTE
Y disk = 0.5 # M_sun / L_sun (3.6um)

#
i Step 0: PROBES[EIExHH#RMENIS
#
def step0 fetch probes():
"””PROBESA 4 O /' 5V _obsEEap#R & HNIS""”
import requests

print("=" % 60)
print(”Step 0: PROBES[EIE:EH#E DAV
print("=" % 60)

# PROBES on CADC — X SFRIFAREERT 71V Y X b &HER

# Stonet+2021: https://www. cadc-ccda. hia-iha.nrc-cnrc. gc. ca/en/community/PROBES/
# & VizieR J/ApJS/256/33

vizier url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”
 EFIRI—FT—TI BRANRS X—%) B

params master = {

"-source”: "J/ApJS/256/33/tablel”,

"-out.max”: "5000”,

"-out”: "Name, RAJ2000, DEJ2000, Dist, Vmax, incl, PA, Ref”,



"-out. form”: "tsv”,

print(” VizieRH SPROBESY 24 —F —FILEEH...")

try:
r = requests.get(vizier url, params=params master, timeout=60)
master_file = OUTDIR / "probes_master. tsv”
master_file.write_text(r.text)

#t =2
lines = [L for L in r.text.strip().split("¥n”) if L and not L.startswith("#")]
header_idx = None
for i, L in enumerate(lines):
if "Name” in L and "RAJ2000” in L:
header_idx = i
break

if header_idx is None:
print("” X YRI—=F—=TLDANYTHEOHNY FHA")
print(f” HwHD5T:¥n{chr(10). join(lines[:5])}")
return None

headers = Llines[header_idx].split("¥t”)
data_lines = [L for L in lines[header idx+1:] if L.strip() and not L.startswith(”-")]

galaxies = []
for L in data lines:
cols = L.split("¥t”)
if len(cols) &gt;= len(headers):
d = dict(zip(headers, cols))
galaxies. append(d)

print(f” — {len(galaxies)} $RAENE")

#t JSONIRTE
with open(OUTDIR / "probes_galaxies. json”, "w”) as f:
json.dump(galaxies, f, indent=2)

return galaxies

except Exception as e:
print(f” [X PROBESERfS&M: {e}”)
return None

def stepOb_fetch probes rc(galaxy names):
77 PROBES{E B EIEREH AR DERTS (VizieR reF—TIL) 777
import requests

print("¥n PROBESEI#mEH#RT — 7 JLENISH...")

vizier_url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”
params_rc = {

"-source”: ”J/ApJS/256/33/table2”,

"-out.max”: 7999999,

"-out”: ”"Name, Rad, Vrot,e Vrot”,

”

"-out. form”: "tsv”,

try:
r = requests.get(vizier_url, params=params_rc, timeout=120)
rc_file = OUTDIR / "probes_rc. tsv”
rc_file.write_text(r.text)

lines = [L for L in r.text.strip().split("¥n”) if L and not L.startswith("#")]
header_idx = None
for i, L in enumerate(lines):
if "Name” in L and "Rad” in L:
header_idx = i
break

if header_idx is None:
print(” X RCF—TILDAY FHRROMY ZHA")
return None

headers = Lines[header_idx].split("¥t”)
data_Llines = [L for L in lines[header_ idx+1:] if L.strip() and not L.startswith(”-")]

t AT eI TN—T 1k
rc_data = {}
for | in data_lines:
cols = L.split("¥t”)
if len(cols) &gt;= 4:
name = cols[0].strip()



try:
rad = float(cols[1])
vrot = float(cols[2])
e vrot = float(cols[3]) if cols[3].strip() else 0.0
if name not in rc_data:

rc_data[name] = {"R_arcsec”: [1, "V obs”: [1, "e V': []}

rc_data[name][”R_arcsec”]. append(rad)
rc_data[name][”V obs”]. append(vrot)
rc_data[name][”e V”]. append(e vrot)

except ValueError:
pass

print(f” — {len(rc_data)} SR DEERANKRENS")

# numpyEe I IC 2
for name in rc_data:
for k in rc_data[name]:
rc_data[name][k] = np.array(rc_data[name][k])

return rc_data

except Exception as e:
print(f” X RCEVSLM: {e}”)

return None

#
# Step 1: S4G 3.6 unKREIEE A7 7 1 )L
#
def stepl fetch s4g():
""7S4G 3.6 umKRMEMEE 707 7 1)L (Munoz-Mateos+2015) "
import requests

print("¥n” + "=" % 60)
print("Step 1: S4G 3.6 unKREEE SO 7 7 1 ILEF")
print("=" * 60)

vizier_url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”

# S4G P4 O 7 74 LT —T I (Munoz-Mateos+2015)
# J/Apd/799/213 IO T 7 AINT—5HY
# R&: Salo+2015 J/ApJS/219/4 (HEETIV)

o ETHRAY R b
params = {
"-source”: "J/ApJS/219/4/tablel”,  Salo+2015 S4G decomposition
"-out.max”: "5000”,
"-out”: ”"Name, T,Dist, h,mud, PA,b/a”,
"-out. form”: "tsv”,

print(” VizieRh 5S4GHFR/NS A —FHEEH...”)

try:
r = requests.get(vizier url, params=params, timeout=60)
s4g_file = OUTDIR / "sd4g_params. tsv”
s4g_file.write_text(r. text)

lines = [l for L in r.text.strip().split("¥n”) if | and not L.startswith("#”)]
header_idx = None
for i, L in enumerate(lines):
if "Name” in L:
header_idx = i
break

if header_idx is None:
tBOF—TINERT
print(” Salot20158DH 59, Muioz-Mateos+2015%517...")
params2 = {
”-source”: "J/ApJ/799/213”,
”-out.max”: 5000,
”-out. form”: "tsv”,
}
r2 = requests.get(vizier url, params=params2, timeout=60)
s4g file2 = OUTDIR / "s4g munoz. tsv”
s4g_file2.write text(r2, text)
print(f” — L RKR> R {len(r2.text)} bytes”)
print(f” &#DD54T:¥n{chr(10). join(r2. text.split(chr(10))[:51)}")
return None

headers = Lines[header_idx].split("¥t”)
data_Llines = [L for L in lines[header_ idx+1:] if L.strip() and not L.startswith(”-")]

s4g galaxies = {}
for L in data_lines:



cols = L.split("¥t”)
if len(cols) &gt;= Llen(headers):
d = dict(zip(headers, cols))
name = d.get(”"Name”, ””).strip()
if name:
s4g_galaxies[name] = d

print(f” — {len(sdg_galaxies)} SRADHER/XS X —HEIG")
return s4g galaxies

except Exception as e:
print(f” [X S4GENfSRRL: {e}”)

return None

i
# Step 2: THINGS HIREEE Q771 JL
i
def step2 fetch things hi():
"’"THINGS HIREHE 707 7 1)L (Walter+2008, de Blok+2008) "””
import requests

print("¥n” + 7=" x 60)
print("Step 2: THINGS HIXREZEE 7O 7 7 1 JLEUE")
print("=" % 60)

vizier_url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”

i de Blok+2008 J/AJ/136/2648 — THINGSEISRER#R (V obs7ZiF T <V gas, V diskffEH Y1)
params = {

"-source”: "J/AJ/136/2648/table5”,

"-out.max”: ”99999”,

"-out. form”: "tsv”,

print(” VizieRAH STHINGS /2Dl EREH#RERSH. .. ")

try:
r = requests.get(vizier url, params=params, timeout=60)
things_file = OUTDIR / "things_rc. tsv”
things file.write text(r.text)

print(f” — LXK R {len(r.text)} bytes”)
lines = [l for L in r.text.strip().split("¥n”) if | and not L.startswith("#”)]

it~y YRR
header_idx = None
for i, L in enumerate(lines):
if "Name” in | or "Galaxy” in L or "Rad” in L:
header_idx = i
break

if header_idx is not None:
headers = Lines[header_idx].split("¥t”)
print(f” ~w 4" {headers}”)
data _lines = [L for L in lines[header idx+1:] if L.strip() and not L.startswith(”-")]
print(f” — {len(data_lines)} 17")
else:
print(f” &ADD107T:¥n{chr(10). join(lines[:101)}")

return things file
except Exception as e:

print(f” [X| THINGSER/SBK: {e}”)
return None

de

—h

step2b_fetch things decomposed():

THINGSEIEREHARD /N ) F » SRR Z R T,

de Blok+2008(%V_obs, V gas, V disk, V bulZ{ERIICIRE L TV AEEMENH B,
RE: Frank+2016 (J/AJ/151/94) — THINGS HIEBE 7O 7 71 )L

nnn

import requests
vizier_url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”

t Frank+2016: THINGS HIEZE 707 71 )L
params = {
"-source”: "J/AJ/151/94”,
”-out.max”: ”99999”,
"-out, form”: "tsv”,
}
print("¥n Frank+2016 THINGS HIEBE 707 7 1 JLEEH...”)



try:
r = requests.get(vizier url, params=params, timeout=60)
f = OUTDIR / "things_hi_profiles. tsv”
f.write text(r.text)
print(f” — LXKV {len(r.text)} bytes”)
lines = r.text.strip().split("¥n”)[:10]
print(f” &#DD107T:¥n{chr(10). join(Llines)}”)
return f
except Exception as e:
print(f” X ERGKE: {e}”)

return None

#
# Step 3: yORTYF
#
def normalize name(name):

TR AEERAELTIORT Y F

import re

n = name.strip().upper()

I £BOBHR

n = n.replace("NGC ”, "NGC”).replace(”NGC-", ”"NGC”)
n = n.replace("UGC ”, "UGC”). replace("UGC-", "UGC”)
n = n.replace("IC ”, "IC”).replace(”IC-", "IC”)

n = n.replace(”DD0 ”, "DD0”). replace(”DD0-", "DD0”)
n = re.sub(r’¥st+”, 7", n)

return n

def step3 crossmatch(probes names, s4g names, things names):
3RS OTDERINR—R ORI Y F
print("¥n” + "=" % 60)
print("Step 3: Y ART v F")
print(”=" * 60)

p_norm = {normalize name(n): n for n in probes names}
s norm = {normalize name(n): n for n in s4g names}
t norm = {normalize name(n): n for n in things names}

# PROBES M S4G M THINGS

common_3 = set(p_norm. keys()) &amp; set(s_norm. keys()) &amp; set(t_norm. keys())
# PROBES M S4G (THINGSZ: L THV_diskidEHEATAE)

common_ps = set(p_norm. keys()) &amp; set(s_norm. keys())

print(f” PROBES: {len(p_norm)}”)

print(f” S4G: {len(s_norm)}”)

print(f” THINGS: {len(t_norm)}”)

print(f” PROBES M S$4G: {len(common_ps)}”)
print(f” PROBES M S4G M THINGS: {len(common_3)}”)

matches = {
"all _three”: {k: (p_norm[k], s norm[k], t norm[k]) for k in common 3},
"probes s4g”: {k: (p_norm[k], s norm[k]) for k in common ps},

if common_3:
print(f"¥n 3h4% 07 @A)
for k in sorted(common_3)[:20]:
print(f” {p_norm[k1}")

return matches

#
#f Step 4-6: V barfgsE
#
def compute vdisk exponential(R kpc, h kpc, mu@ 36, dist Mpc):

1

BT 1 R D5V disk(R) &= FHHE,

Freeman (1970) MEWT 1 R AR:
V disk*(R) = 4z G Y _disk IX h X y* X [IX(y)KX(y) - IK(y)KX(y)]
272U y = R/(2h), I n/K n (HEERY /LB

Parameters:
R_kpc: #1ZEEF [kpcl
h kpc: R4 —JLE [kpc]
mu0_36: FULKREIERE [mag/arcsec®] (3.6um AB or Vega)
dist Mpc: EEEE [Mpc]

1

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

I REEE > mAEEE
# w(R) =mud + 1.0857 X R/h [mag/arcsec®]



# IX [L_sun/pc*] from mud
# 3.6um Vega zero point: M _sun(3.6um) = 3.24 (0h+2008)
M_sun 36 = 3.24 # ABRDIGEIIAEBNE

# IX = 107(-0.4%(mu@ - M_sun_36 - 21.572)) [L_sun/pc*]
#f 21.572 = 5%log10(206265) - 5 (arcsec®> — pc® at 10pc)
10 Lpc2 = 10%x(-0.4 * (mud_36 - M_sun_36 - 21.572))

# =X = Y disk X IK [M sun/pc®]
Sigma@ = Y disk * I0 Lpc2

# Freeman disk

y = R kpc / (2.0 * h_kpc)

y = np.clip(y, 1e-6, 50) # #g%2

bessel term = i0(y) * k0(y) - i1(y) * k1(y)
#Vdisk® =4x G =X h X y* X bessel term
# Bz =X M_sun/pc®], h [kpel

h.m = h_kpc * kpc

Sigma@ SI = Sigmad * Msun / (pc*2)

V2 = 4 % np.pi * G SI * Sigma@ SI * h m * yxx2 % bessel term
V disk = np.sqrt(np.maximum(V2, 0)) / 1e3 # m/s — km/s

return V_disk, Sigma0

de

—+

compute vgas from sigma(R kpc, Sigma HI Mpc2, h gas kpc=None):

1

HIE#ZE Q7 7 1 LD 5V _gas(R) &5t E,

PR BEERIEE V. gas® = 1.33 X G X M gas(&Lt;R) / R
GEWT 1 29 DFreeman AR & EA T % AAEHL A
HIZA 7 71 LV 3EEHER TRV HRBEESR LI FER)

Parameters:

R_kpc: #1ZEEF [kpcl

Sigma HI Mpc2: HIEZEE [M sun/pc®] at each R
R m = R _kpc * kpc
Sigma SI = Sigma HI Mpc2 * Msun / (pc#*2)

t RIEEE (AWES)
M cum = np.zeros_Llike(R kpc)
for i in range(1, len(R kpc)):
dR = Rm[i] - Rm[i-1]
R mid = 0.5 % (Rm[i] + Rnl[i-1])
Sigma_mid = 0.5 * (Sigma_SI[i] + Sigma SI[i-1])
M cum[i] = M cum[i-1] + 2 * np.pi * R_mid * Sigma mid * dR

#f HefilE X 1.33
M _cum %= 1,33

V2 = G_SI * M_cum / np.maximum(R_m, Te-10)
V_gas = np.sqrt(np.maximum(V2, 0)) / 1e3 {# km/s

return V_gas

#
# Step 7: g CIE + aRRE

#
def measure gc(R kpc, V obs, V_bar, dist Mpc):
g c =V obs*(R flat) / R flat TOEDLDAIMEEDNS B
N F Y THREATERVRS &AIE,

SPARCEERL (D F 3% :
g obs =V obs®* /R
g bar =V bar® /R
g c =g obs - gbar (HMUT v BT
¥ 75y MESORE (SMi1/3)
n = len(R_kpc)
if n&lt; 5:
return None

outer = slice(2#n//3, n)

R out = R kpc[outer] * kpc # m

V obs out = V obs[outer] * 1e3 # m/s
V_bar_out = V_bar[outer] * 1e3 # m/s

g obs = V_obs out**¥2 / R out



d

o = T

g bar = V_bar out*%2 / R out
g ¢ = np.median(g_obs - g bar)

t ARBEOFFENE (MADR—2)

gc_values = g obs - g bar

mad = np.median(np.abs(gc_values - g_c))

e gc = 1,4826 * mad / np.sqrt(len(gc_values))

return g_c, e_gc

ef alpha test(gc_array, a0, G val, Sigma array):
gc=7 X (aX X G X ZX) @« DaixT71vh,
log(g_c) = log(n) + @ X log(a X G X =[X)
from scipy.stats import linregress
x = np. log10(a0 * G_val * Sigma0 array)
y = np. log10(gc_array)
mask = np.isfinite(x) &amp; np.isfinite(y) &amp; (gc_array &gt; 0) &amp; (Sigmad array &gt; 0)
x, y = x[mask], y[mask]
if len(x) &lt; 5:
return None
slope, intercept, r, p, se = linregress(x, y)
t a=0.51R7%E
from scipy.stats import t as tdist
t_stat = (slope - 0.5) / se
p 05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)
return {
"alpha”: slope,
"e alpha”: se,
"log eta”: intercept,
"y,
"p_alpha05”: p 05,
"N”: Llen(x),
}
%
ef main():
print("EEFEHEH v4.1 — PROBESERIV bariE/{14 754 V7)
print("=" * 60)

#f ——- Step 0: PROBESHY/Z --—-

galaxies = step0 fetch probes()

if galaxies is None:
print("¥nX] PROBESY 24 —F — FILEXELM, VizieRF—TILZDOHRLRE, )
print(” ZFE)FEER: https://vizier.cds.unistra. fr/cgi-bin/VizieR?-source=J/ApJS/256/33”)
return

galaxy names = [g.get("Name”, ””).strip() for g in galaxies if g.get("Name”)]

# -—- Step Ob: PROBES RCEX§ ---
rc_data = stepOb_fetch probes rc(galaxy names)
if rc_data is None:

print("¥nX] PROBES RCEX{S%kEL, ")

return

#f -—- Step 1: S4GEXZ -—--
s4g = stepl fetch sdg()

# -—— Step 2: THINGS HIEX{§ ---
things = step2 fetch_things_hi()
step2b_fetch things decomposed()

#f -— Step 3: YORYYF —
s4g_names = list(s4g.keys()) if sdg else []
things_names = []1 # THINGSODERAI % (3Step 2DFERN SHET 2 HEHY

if s4g names:

matches = step3 crossmatch(list(rc_data.keys()), s4g_names, things_names)
else:

print("¥nX] S4GF—HIMBRK, VORIV FERFY S, )

matches = None

#— @RYTY —



print("¥n” + 7=" x 60)

print("/A FS5A VEERY<Y”)

print(”=" * 60)

print(f” PROBES RC: {len(rc data)} #Ri")

print(f” S4G /S5 X —4: {len(sdg) if s4g else 0} £R:A”)

if matches and matches. get("probes_s4g”):
ps_matches = matches[”probes_s4g”]
print(f” PROBES M S4G: {len(ps_matches)} Ri”)

# SAGD R —ILRhEMUOD HNILV disk%E ETEATRE

print("¥n = RORF v F:")

print(” 1. Y F LSBTV disk(R) AFreeman diskAX TEHE")
print(” 2. THINGSZ 7= (IWHISP HI &¥—# TV gas(R) & EtE")
print(” 3. V. bar = sqrt(V disk® + V_gas®) %#5")

print(” 4, g GHIE + alRE")

# 547: S4GDhEmuOH'FIFAATREARSRIAT TV _diskEtE

print("¥n S4G/XS X —H DYV TIL:")

for i, (norm_name, (p_name, s name)) in enumerate(list(ps matches. items())[:5]):
s4g_data = sdg.get(s_name, {})
print(f” {p_name}: h={s4g data.get("h’,”’?")} arcsec, ”

f"mu0={s4g_data.get("mu@’,’ ?" )} mag/arcsec®”)
else:

print("¥n X yOR7 v FRERRL, ")

print(” EZLhBERA:")

print(” - VizieRF—7ILEZDEY")

print(” - tRAZDREEN")

print(” - FERERETNY IHFBE")

I MBT—45 ORES
print(f"¥n HHF 4L %2 ~Y: {OUTDIR. resolve()}”)
for f in sorted(OUTDIR. iterdir()):
print(f” {f.name}: {f.stat().st size:,} bytes”)

4 ”

if name ==" main_":
main()



probes_Yd_free.py

= H24E
B#: PROBES 2904RAITYd% 7)) —/RS5A—=4 & L THEE1L
fR¥T X R T —4: PROBES + S4G (VizieR)

FEHR: Yd=0.3: alpha=0.95, Yd=0.5: alpha=1.07, Free:
alpha=0.76(N=18), Ydh'alphaZ#lIE¥ B ML~ KRR (SigmaOEERBEE S D),

Y—2Z—NK (469 lines, 14,523 bytes)

#1/usr/bin/env python3

wn

probes_Yd free.py

PROBES 290%Ra (#EV bariEEEH) T Y disk 7Y —/RS5AXA—=9&LT
B EICRBEIE L, «=0.5 ’BEININERIIT 5.

HiE:
FZHRAICDOWT, Y d % 0.1-1.5 OFFEETY Y v KH—F L.
V bar(R; Y d) = sqrt(Y d X V disk® + V gas®) &L T
Voobs &Mz chi® ZR/IMET S Y _d opt %RTE,
—= Y dopt THEtELAL gc & GZX T a #EE71 Y b,

BT A b
- Y_dEZE (0.3, 0.5, 0.7) TOakk® (BEFZN)
- Y _dopt ™27 (SPARC(DO.3-0.9&BAT % H)

£1T: uv run ——with scipy ——with matplotlib ——with numpy python probes Yd free.py

BIiR: probes vbar pipeline.py DA 7 71 JLHS probes vbar output/ ICFEHET BT &,
FELAWSEIEE, VizieROASBERIGL TS Y X T TUHET 2,

wn

import numpy as np

import json

import sys

from pathlib import Path

from scipy.optimize import minimize scalar
from scipy.stats import linregress, t as tdist

I YR EH

G SI = 6.674e-11

Msun = 1.989e30

pc = 3.086e16

kpc = 1e3 * pc

a0 = 1.2e-10 # m/s* (MONDADIEEE)

OUTDIR = Path(”probes_vbar output”)

def load pipeline results():
TURIERA T4 Y OfREREO— K (JSON or BHHEZE) 7

# AIEOENT 71 IILEIRT

results file = OUTDIR / "vbar results. json”
rc_file = OUTDIR / "probes_rc_data. json”
s4g file = OUTDIR / "s4g matched. json”

#t 771U BNEHED. RTNIEEEBELIDE

b T CTHEIESA TS DT — S S

RIS TS Y ORERRERET 54 S BENBE
print CEIE/SA 754 Y RERORES. ")

found files = List(OUTDIR.glob(”*. json”)) + List(OUTDIR.glob("*. tsv”))
print(f” {OUTDIR} D7 71 J:")
for f in found files:

print(f” {f.name}: {f.stat().st size:,} bytes”)

return found files

de

—h

fetch and build vbar():

VizieRA S BEEEEL T V bar 2HE (/1TS54 VAR .
RIOERALCT—9%&EIDN, Y d ZRXSA—5&LTHRD,
import requests

print("¥n=== VizieRHD 55— 4 HEG ===")



vizier = "https://vizier.cds.unistra.fr/viz-bin/ase/tsv”

# --- PROBES RC -—-

print(”PROBES RCEX{SH...")

r = requests.get(vizier, params={
"-source”: ”J/ApJS/256/33/table2”,
"-out.max”: ”999999”,

"-out”: ”"Name, Rad, Vrot,e Vrot”,

"-out. form”: "tsv”,
}, timeout=120)

rc_data = {}
lines = r.text.strip().split("¥n")
header_idx = next((i for i, L in enumerate(lines) if "Name” in L and "Rad” in L), None)
if header_idx is None:
ANy IHRANEIBEDT IRy Y
for i, L in enumerate(lines):
if not L.startswith("#”) and not L.startswith(”-") and "¥t” in L:
header_idx = i
break

if header_idx is not None:
data lines = [l for L in lines[header idx+1:]
if L.strip() and not L.startswith(”-") and not L.startswith("#”)]
for | in data_lines:
cols = L.split("¥t”)
if len(cols) &gt;= 4:
name = cols[0].strip()
try:
rad, vrot = float(cols[1]), float(cols[2])
e v = float(cols[3]) if cols[3].strip() else 5.0
if name not in rc_data:
rc_data[name] = {"R”: [], "V": [1, "eV”: [1}
rc_data[name][”R”]. append(rad)
rc_data[name][”V”]. append(vrot)
rc_data[name][”eV”]. append(e_v)
except ValueError:
pass

print(f” — {len(rc_data)} £R:a")

# -—- PROBES ¥ 24 — (EEHfE) -—
print("PROBESY X ¥ —F — JJLEXZHH...")
r2 = requests.get(vizier, params={
"-source”: "J/ApJS/256/33/tablel”,
”-out.max”: ”5000”,
"-out”: "Name, Dist”,
"-out, form”: "tsv”,
}, timeout=60)

dist_map = {}
lines2 = r2.text.strip().split("¥n”)
for L in lines2:
if L.startswith("#”) or L.startswith(
continue
cols = L.split("¥t”)
if len(cols) &gt;= 2:
try:
dist_map[cols[0].strip()] = float(cols[1])
except ValueError:
pass

print(f” — {len(dist_map)} $RSAIMDEEEE")

n_n

) or ”"Name” in L:

# —— S4G (Salo+2015: Re, Tmag, n) -—-
print(”S4G (Salo+2015) EX{S#...”)
r3 = requests.get(vizier, params={
"-source”: ”J/ApJS/219/4/tablel”,
”-out.max”: ”5000”,
"-out”: ”"Name, Re, Tmag, n, T”,
"-out, form”: "tsv”,
}, timeout=60)

sd4g = {}
lines3 = r3. text.strip().split("¥n”)
h_idx = next((i for i, L in enumerate(lines3) if "Name” in L and "Re” in L), None)
if h_idx is not None:
for L in lines3[h idx+1:]:
if L.startswith(”-") or L, startswith("#f”) or not L.strip():
continue
cols = L.split("¥t”)
if len(cols) &gt;= 4:
name = cols[0].strip()
try:
Re = float(cols[1]) # arcsec



de

—h

Tmag = float(cols[2]) # total mag

n sersic = float(cols[3]) if cols[3].strip() else 1.0

s4g[name] = {"Re”: Re, "Tmag”: Tmag, "n”: n sersic}
except ValueError:

pass

print(f” — {len(s4g)} $R")

# -— SPARCEZ ) 2 b (BRHA) -—

sparc_names = {
"NGC7331”, "NGC2403”, ”NGC3198”, ”NGC2841”, "NGC6946”, "NGC3521”,
"NGC925”, "NGC2976”, "NGC4736”, ”NGC5055”, ”NGC7793”, ”NGC3031”,
"NGC4826”, "NGC2903”, "NGC4559”, ”NGC1003”, "NGC3109”, "NGC4395”,
”DD0154”, ”DD0168”, "1C2574”, "NGC1560”, "UGC2259”,
B2 RNTRBVHDEEREDEET

return rc_data, dist map, s4g, sparc_names

compute vbar_components(R arcsec, dist Mpc, Re arcsec, Tmag, n_sersic, Yd, f gas=0.20):

nnn

Vdisk & V. gas ZEE (Y d NS X—4{F%)

V. disk: SersicZ7OT7 74 = EHT 1 X384 (n—>hZH) — Freeman AR
V gas: f gas X V disk? OIRE (—EHEK)

1

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

#f Re = h (exponential scale length)
# Sersic: Re = b.n X h where b n = 1,678 for n=1 (exponential)
# —#%: bn=2n-1/3 + 4/(405n) for n&gt;0.5
if n_sersic &gt; 0.5:
bn = 2 % n_sersic - 1.0/3 + 4.0/(405%n_sersic)
else:
bn = 1.678
h arcsec = Re arcsec / bn

#f arcsec = kpc

dist kpc = dist _Mpc * Te3

h kpc = h_arcsec * dist kpc * np.pi / (180 * 3600)
R kpc = R arcsec * dist kpc * np.pi / (180 % 3600)

if h_kpc &lt; 0.01 or h_kpc &gt; 100:
return None

# ROKREIEE from Tmag
# L total =27 X IX X h® for exponential disk
# m total = M_sun(3.6) - 2.5%log10(L_total/L sun at 10pc)
# - IX =L total / (2@ h?)
# & TIEEEERIL: mud = Tmag + 2.5%log10(2%pix(Re arcsec)?) + 0.7 (SersiciiE)
area_arcsec2 = 2 * np.pi * Re arcsec**2
if area_arcsec2 &gt; 0:
mud = Tmag + 2.5 * np. log10(area arcsec2) + 0.7
else:
return None

M sun 36 = 3.24
10 Lpc2 = 10+x(-0.4 * (mu@ - M _sun 36 - 21.572))
Sigmad = Yd * 10 Lpc2 # M_sun/pc?

#f Freeman disk V_disk

y = R kpc / (2.0 * h_kpc)

y = np.clip(y, 1le-6, 50)

bessel = i0(y) * k0(y) - i1(y) * k1(y)

h_m = h_kpc * kpc
Sigma@ SI = Sigmad * Msun / (pc*2)

V2 disk = 4 % np.pi * G_SI * Sigma@ SI * h m * y**k2 * bessel
V2 disk = np.maximum(V2_disk, 0)

# Vgas® = f gas X V disk® (—&{RE)
V2 gas = f gas * V2 disk

# V_bar

V2_bar = Yd * V2_disk + V2 gas # 3¥: V2 disk already has Yd in Sigma0
#f {E1E: Sigmad = Yd * 10 72D T V2 disk oc Yd already

# V bar® =V disk?*(Yd) + V gas®(f gas)

# V. disk®(Yd) = Yd X (47G IX hy* B) ... INGKEZEEROTYFE
t BEHE:

Sigma@ noYd = 10 Lpc2 * Msun / (pc#*2)

V2 disk_noYd = 4 % np.pi * G_SI * Sigma® noYd * h_m * y*x2 * bessel
V2_disk_noYd = np.maximum(V2_disk_noYd, 0)

V2 bar = Yd * V2 disk noYd + f gas * Yd * V2 disk noYd



V bar = np.sqrt(V2 bar) / 1e3 # m/s — km/s
V disk = np.sqrt(Yd * V2 disk noYd) / 1e3

return {
"\ _bar”: V_bar,
"V_disk”: V_disk,
"R kpc”: R kpc,
"h_kpc”: h_kpc,

"Sigma@”: Yd * 10 Lpc2, # M_sun/pc?

"10 Lpc2”: 10 Lpc2,

de

—h

optimize Yd(R arcsec, V obs, eV, dist Mpc, Re, Tmag, n sersic, f gas=0.20):

SRR &S Y _dEREL (chi®/&/AME) 7

def chi2(Yd):

result = compute vbar components(R arcsec, dist Mpc, Re, Tmag, n_sersic, Yd, f gas)

if result is None:
return 1e10

V bar = result[”V bar”]

if len(V_bar) != len(V obs):
return 1e10

residual = (V_obs - V_bar) / np.maximum(eV, 1.0)

return np. sum(residual*x2)

try:

res = minimize scalar(chi2, bounds=

if res.success or res.fun &lt; 1e9:

(0.05, 2.0), method="bounded”)

return res.x, res.fun / max(len(V_obs) - 1, 1)

except:
pass
return None, None

de

—h

"7 MR /3Ty _c&RIET
n = len(R _kpc)
if n&lt; 5:

return None, None

outer = slice(2%n//3, n)
R m = R kpc[outer] * kpc
Vo = V obs kms[outer] * 1e3
Vb = V bar kms[outer] % 1e3

g obs = Voxx2 / R m
g _bar = Vb**2 / R_m
gc_vals = g obs - g bar
gc = np.median(gc_vals)

if gc &lt;= 0:
return None, None

mad = np.median(np. abs(gc_vals - gc))

measure_gc_from vbar(R kpc, V obs kms, V_bar kms):

e gc = 1,4826 * mad / np.sqrt(len(gc vals))

return gc, e_gc

de

—+

P ¥

run_alpha test(gc_arr, Sigmal arr, label=""):

x = np. log10(a0 * G_SI * Sigmal_arr * Msun / pc**2)

y = np. log10(gc_arr)

mask = np. isfinite(x) &amp; np.isfinite(y)

x, y = x[mask], y[mask]

if len(x) &lt; 10:
print(f” {label}: N={len(x)} &lt;
return None

10, 2% v 7”)

slope, intercept, r, p, se = linregress(x, y)

t_stat = (slope - 0.5) / se

p 05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

print(f” {label}:”)
print(f” N = {len(x)}")

print(f” alpha = {slope:.3f} +/- {se:.3f}”)

print(f” p(alpha=0.5) = {p_05:.4f}
print(f” r = {r:.3f}")

return {"alpha”: slope, "e alpha”: se,
def main():

{ FEHART if p 05 &gt; 0.05 else 'ZFEH'}")

"p@5”: p_05, "N”: len(x), "r”: r}



print(”=" * 60)
print(”(A) PROBES Y d 7Y —7 1 v N&EE")
print(”=" * 60)

rc_data, dist map, s4g, sparc names = fetch and build vbar()

I BRIERIL
import re
def norm(n):
return re.sub(r’[¥s¥- 1",

n

, n.upper())

s4g norm = {norm(k): k for k in sdg}
dist norm = {norm(k): k for k in dist map}
sparc_norm = {norm(n) for n in sparc_names}

=== XA VI—T: 3DDY _d¥#g ===
results = {"fixed 03”: [], "fixed 05”: [], "fixed 07”: []1, "free”: [}
Yd opt_Llist = []

n_processed = 0
n_matched = 0

for rc_name, rc in rc_data.items():
nn = norm(rc_name)

# S46v v F

if nn not in s4g norm:
continue

s_name = s4g norm[nn]

s = s4g[s_name]

t BEEE~ Y F

if nn not in dist_norm:
continue

dist = dist map[dist norm[nn]]

n_matched += 1

# SPARCERS:

is_sparc = nn in sparc_norm

R = np.array(rc["R"])
V = np.array(rc["V"])
eV = np.array(rc[”eV’])

if len(R) &lt; 5 or dist &lt;= 0:
continue

Re = s["Re”]
Tmag = s[”"Tmag”]
n_ser = s["n”]

t-—BEEY._d--
for Yd val, key in [(0.3, "fixed 03”), (0.5, "fixed 05”), (0.7, "fixed 07”)]:
res = compute vbar components(R, dist, Re, Tmag, n ser, Yd val)
if res is None or len(res[”V_bar”]) != len(V):
continue
gc, e gc = measure_gc_from vbar(res[”R kpc”], V, res[”V_bar”])
if gc is not None and gc &gt; 0 and res[”Sigma0”] &gt; 0:
results[key]. append ({
"name”: rc_name, "gc”: gc, "Sigma@”: res[”Sigma0”],
”is_sparc”: is_sparc,

1))

#-—2Y=Y_d-—
Yd best, chi2 dof = optimize Yd(R, V, eV, dist, Re, Tmag, n_ser)
if Yd best is not None and chi2 dof is not None and chi2 dof &Llt; 20:
res = compute vbar components(R, dist, Re, Tmag, n_ser, Yd best)
if res is not None and len(res[”V_bar”]) == len(V):
gc, e gc = measure gc_from vbar(res[”"R kpc”], V, res[”V bar”])
if gc is not None and gc &gt; 0 and res[”Sigma0”] &gt; 0:
results[”free”]. append({
"name”: rc_name, "gc”: gc, "Sigmad”: res[”Sigma0”],
”Yd”: Yd_best, “"chi2_dof”: chi2_dof,
"is sparc”: is_sparc,
}
Yd_opt_Llist.append(Yd_best)

n_processed += 1
print(f"¥n< v F: {n_matched}, SLEE5ZT: {n_processed}”)

§ === aifmE ===
print("¥n” + ”=" % 60)



print(" @ IREFER")
print("=" * 60)

for key, label in [
("fixed 037, "Y _d=0.3 E®E"),
("fixed 057, "Y d=0.5 EE"),
("fixed 077, "Y _d=0.7 E®E"),
("free”, 'Y d 7)—74 v N"),

]1:
data = results[key]
if not data:
print(f” {label}: F—4#4L")
continue
# 24
gc_arr = np.array([d[”gc”] for d in datal)
S0_arr = np.array([d[”Sigma0”] for d in data])
run_alpha test(gc arr, SO arr, f”{label} (£1k)”)
1 SPARCR&4H
gc_indep = np.array([d[”gc”] for d in data if not d[”is_sparc”]])
SO _indep = np.array([d[”"Sigma0”] for d in data if not d[”is_sparc”]])
if len(gc_indep) &gt;= 10:
run_alpha_test(gc_indep, SO indep, f”{label} (SPARCE&#)”)
#f === Y _d9fm ===
if Yd opt_Llist:
Yd arr = np.array(Yd opt_Llist)
print(f"¥n{’ =" x60}”)
print(f”Y_dREED D% (N={len(Yd_arr)})”)
print(f”{’ =" x60}")
print(f” dhR{E: {np.median(Yd arr):.3f}")
print(f” ¥: {np.mean(Yd arr):.3f}")
print(f” B#{RZ=: {np.std(Yd arr):.3f}")
print(f” &F: [{np.min(Yd arr):.3f}, {np.max(Yd arr):.3f}]")
print(f” IQR: [{np.percentile(Yd arr,25):.3f}, {np.percentile(Yd arr,75):.3f}]")
print(f” SPARCHEHLESFH (0.3-0.9)P: {np.sum((Yd arr&gt;=0.3)8&amp; (Yd_arr&lt;=0.9))}/{len(Yd arr)}”)
I === HERIREF ===
summary = {
”n_matched”: n_matched,
"n_processed”: n_processed,
"Yd opt stats”: {
"median”: float(np.median(Yd arr)) if Yd opt Llist else None,
"mean”: float(np.mean(Yd arr)) if Yd opt_List else None,
"std”: float(np.std(Yd arr)) if Yd opt Llist else None,
b
"results count”: {k: len(v) for k, v in results.items()},
}

with open(OUTDIR / "Yd free summary. json”, "w”) as f:
json. dump(summary, f, indent=2)

print (f"¥nf&R{%£7F: (OUTDIR / 'Yd_free_ summary. json’}”)

” ”

if _name =="_ main_":
main()



sparc_Yd_sensitivity.py

= 8255V

B8y: SPARC YdBEE T A (SigmaOICYdiR AR)

TR T —4: SPARC Rotmod_LTG

FEHR: £YdTalpha<0.5,Sigma0E&EICYdISRA LI DT —FT 1777 N BEEDH V2 TIEIE,

Y—2Z3—NK (401 lines, 13,378 bytes)

#1/usr/bin/env python3

pEr

sparc_Yd sensitivity.py

SPARC 17585 T Y _d%0.1-1, 5O&E TRHMICEL X .
alphaDISEZRET 2RBRET X b,

ORI LY :
PROBESTILY di&iN -8gt; alphai D DB L v KBRS N,
SPARCTEHER L ML Y RAFEET HH?
alpha=0.5(3 Y _d=0.50 l&#E] » Thed ME) »?

T2 MRA:
(1) Yy .d=0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.5
TalphaZAlE (Y _bul=0.7EE)
(2) Y bultABFICIRZ2DY ) v K (Y d x Y_b)
(3) dalpha/dYd DHEMSD -&gt; Y _d=0.5:0ETORKE
(4) alpha=0.5&7%4% Y dDWHE -8gt; KNFMIFEBEE—HT 20
(5) MONDEL®%: g c=al (alpha=1) ASHIIT 2 Y dD4FE

%24T: uv run —-with scipy --with matplotlib python sparc_Yd sensitivity.py

BI4R: SPARCF—# ' Rotmod LTG/ T4 LV NYILEET B &,

nnn

import numpy as np
import sys
import json
from pathlib import Path
from scipy.stats import linregress, t as tdist
from scipy.optimize import brentq
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as _fm
for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:
try: _fm. fontManager. addfont(_fp)
except: pass
plt. rcParams[’ font. family’ ] = ' IPAGothic’
plt.rcParams[’ axes.unicode minus’ ] = False
SPARC_DIR = Path(r"D:¥ K 2 X ¥ MN¥IT Y b OE—¥EFEHR¥ N &E TOEP¥/ 1 Y > ¥Rotnod LTG”)
if not SPARC DIR.exists():
SPARC DIR = Path(”Rotmod LTG")
if not SPARC DIR.exists():
SPARC_DIR = Path(”.”)

OUTDIR = Path(”sparc_Yd sensitivity output”)
OUTDIR.mkdir(exist ok=True)

it MEER

G SI = 6.674e-11

Msun = 1.989e30

pc = 3.086e16

kpc = 1e3 * pc

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

Y dJ)w R
YD_GRID = [0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.5]
YB_DEFAULT = 0.7

def load sparc_galaxy(filepath):
"""SPARC Rotmod LTGZ 7 4 JLETHIAH """
try:
data = np. loadtxt(filepath, comments="f’")
except:
return None



de

de

—h

—+

if data.ndim != 2 or data.shape[1] &lt; 5:
return None
return {
'R kpc’: data[:, 0],
"V_obs’: datal:, 1],
‘e V': datal[:, 2],
"V _gas’: datal:, 3],
'V disk’: data[:, 4],
"V_bul’: data[:, 5] if data.shape[1] &gt; 5 else np.zeros(len(data)),
"name’ : filepath. stem,

compute gc sigma@(gal, Yd, Yb):

g c&Sigma 0% BIE,

V bar"2 = V_gas™2 + Yd*V_disk™2 + Yb*V bul"2
R = gal[’R kpc’ ]

Vo = gal[’V obs’]

Vg = gal[’V gas’]

Vd = gal[’V disk’]

Vb = gal[’V_bul’]

n = len(R)
if n&lt; 5:
return None

V_bar2 = Vg**2 + Yd * Vd**2 + Yb * Vb**2
V_bar = np.sqrt(np.maximum(V_bar2, 0))

# 4MAN/3To_cIE

outer = slice(2#n//3, n)

R m = R[outer] * kpc

if len(R_m) &lt; 2 or np.any(R.m &Lt;= 0):
return None

g obs = (Vo[outer] * 1e3)**%2 / R.m
g bar = (V_bar[outer] % 1e3)%*x2 / R m

gc_vals = g obs - g bar
gc = np.median(gc_vals)

if gc &lt;= 0:
return None

ft Sigma O#7E: V disk peakd DRI —ILREHE
idx_peak = np.argmax(np. abs(Vd))
if idx_peak == 0:

idx_peak =
R peak = R[idx_peak]
h_kpc = R_peak / 2.2
V d peak = abs(Vd[idx peak])

if h kpc &lt;= 0 or V_d peak &lt;= 0:
return None

h_m = h_kpc * kpc

# Sigma 0 = Yd * V. d peak™2 / (2%pi%Gxh) [SI] -8&gt; [M sun/pc”2]
Sigma0 SI = Yd % (V_d peak * 1e3)*x2 / (2 * np.pi * G_SI * h m)
Sigma@ = Sigma@ SI * pc**2 / Msun

if Sigma@ &lt;= 0:
return None

return {"gc’: gc, 'Sigma®’ : Sigma0}

alpha fit(gc arr, SO arr):

TR EYE Llog(g c) = log(eta) + alpha * log(a@*GxSigma 0)”"”
x = np. log10(a0 * G SI % SO arr % Msun / pc*x2)

y = np. log10(gc_arr)

mask = np. isfinite(x) &amp; np.isfinite(y)
x, y = x[mask], y[mask]

if len(x) &lt; 10:
return None

slope, intercept, r, p, se = linregress(x, y)
t stat = (slope - 0.5) / se
p 05 = 2 * tdist.sf(abs(t_stat), df=len(x) - 2)

return {



"alpha’: slope, "e_alpha’: se, 'p05 : p_05,
r':r, "N : len(x), ’intercept’: intercept,

}
def main():
print(’=" * 60)
print(SPARC Y d BXEF X N)
print(’=" * 60)

I RERIFTA AR
files = sorted(SPARC_DIR.glob(’ *.dat’))

if not files:
files = sorted(SPARC DIR.glob(’ * rotmod.dat’))

if not files:
print(f'ERROR: .dat7 7 1 LHYRDOHY £ A: {SPARC_DIR}’)
sys.exit(1)

galaxies = []
for f in files:
gal = load_sparc_galaxy(f)
if gal is not None:
galaxies. append(gal)
print(f' {len(galaxies)} SRAFAAH )

FAKM: Y d DRFr> (Y _b=0.7EE)

T+ T o

print(f’¥n--- ¥ M1: Y.d 1DRF+ > (Y _b={YB DEFAULT}) ---")
print(f’ {"Y_d”:&gt;6} {"N”:8&gt;5} {"alpha”:&gt;8} {"SE”:&gt;8} {"p(0.5)”:&gt;10} {"r”:&gt;7}")
print(’ =" * 50)

results 1d = []
for Yd in YD_GRID:
gc Llist =[]
S0 _List =[]
for gal in galaxies:
res = compute gc sigma@(gal, Yd, YB DEFAULT)
if res:
gc_Llist.append(res[’gc’ 1)
S0_List.append(res[’ Sigma0’ ])

gc_arr = np.array(gc_Llist)
SO arr = np.array(S0_List)
fit = alpha fit(gc arr, SO arr)

if fit:
print(f’ {Yd:6.2f} {fit["N"]:5d} {fit["alpha”]:8.3f} {fit["e_alpha”]:8.3f} "’
£ {fit["p05”1:10.4f} {fit["r"1:7.3f}")
results 1d.append({’Yd': Yd, *xfit})
else:
print(f' {Yd:6.2f} —- fit failed —-")

FAR2: Y dx Y b2TYy R

T+ T o

print(f'¥n--- 72 h2: Yd x Y b 205w K ---7)
YD 2D = [0.3, 0.4, 0.5, 0.6, 0.7, 0.8]
YB 2D = [0.3, 0.5, 0.7, 0.9, 1.1]

print(f’ {"”:&gt;6}’, end="")
for Yb in YB_2D:
print(f’" Yb={Yb:.1f}’, end="")
print()
print( =" % (6 + 9 * len(YB_2D)))

results 2d = {}
for Yd in YD_2D:
print(f'Yd={Yd:.1f}’, end="")
for Yb in YB_2D:
gc List, SO list = [1, []
for gal in galaxies:
res = compute gc sigmad(gal, Yd, Yb)
if res:
gc_list.append(res[’gc’ 1)
S0_List.append(res[’ Sigmad’])
fit = alpha_fit(np.array(gc_Llist), np.array(S0 Llist))
if fit:
print(f" {fit["alpha”]:6.3f}’, end="")
results 2d[(Yd, Yb)] = fit
else:
print(f’ -— 7, end="")
print()




# 72 k3: dalpha/dYd (fE#%)
#
print(f ¥n--- >R k3: dalpha/dYd (Y d=0.5FfE) ---)
if len(results 1d) &gt;= 3:
Yd_arr = np.array([r[’Yd"] for r in results_1d])
alpha_arr = np.array([r[’alpha’] for r in results_1d])

# Y _d=0.50D% THIEM S
idx_05 = np.argmin(np.abs(Yd arr - 0.5))
if 0 &Lt; idx 05 &lt; len(Yd arr) - 1:
dYd = Yd_arr[idx 05 + 1] - Yd_ arr[idx_05 - 1]
dalpha = alpha_arr[idx_05 + 1] - alpha_arr[idx 05 - 1]
sensitivity = dalpha / dYd
print(f" dalpha/dYd at Y d=0.5: {sensitivity:.3f}")
print(f" -&gt; Y d%0.1Z % % talphah®{abs(sensitivity)*0.1:.3f}Z4’)
print(f -&gt; Y _dD10%RHEA X (+/-0.05) Talphald+/-{abs(sensitivity)*0.05:.3f}")

i 2EEDAR
from scipy.stats import linregress as Lr
sl, ic, ., _, _ = lr(Yd arr, alpha_ arr)

print(f’ éiﬁlﬁl?ﬁ%ﬁéiﬁ{u: alpha = {sl:.3f} x Y.d + {ic:.3f}")

#
#f X h4: alpha=0.5%5%2 %Y _dDWE
#

print(f ¥n-——— 52 h4: alpha=0.5% 5% 2Y dDOWHE ')

if len(results 1d) &gt;= 3:
Yd arr = np.array([r['Yd ] for r in results 1d])
alpha_arr = np.array([r[’alpha’] for r in results_1d])

i R Talpha=0.5&7/43 Y d&iFd
from scipy. interpolate import interpld
try:
f _interp = interpld(Yd arr, alpha arr - 0.5, kind="linear’)
t alpha-0.5»" ¥ OICAR 2 RAERT
for i in range(len(Yd arr) - 1):
if (alpha_arr[i] - 0.5) % (alpha arr[i+1] - 0.5) &Lt; 0:
Yd cross = brentq(f_interp, Yd arr[i], Yd arr[i+1])
print(f" alpha=0.5 at Y_d = {Yd_cross:.3f}")
if 0.3 &lt;= Yd cross &lt;= 0.9:
print(f" -8&gt; RITFHIZAEEEHE (0.3-0.9) W: YES')
else:
print(f -8&gt; RITFHIZAESEHE (0.3-0.9) KW: NO')
break
else:
i RELAWEE
if np.all(alpha_arr &gt; 0.5):
print(f" alpha &gt; 0.5 for all Y .d in [{Yd arr[0]:.1f}, {Yd arr[-1]:.1f}]")
print(f" alpha=0.5IC(& Y d &gt; {Yd_arr[-1]:.1f} HRE’)
elif np.all(alpha_arr &lt; 0.5):
print(f" alpha &lt; 0.5 for all Y_d in [{Yd arr[0]:.1f}, {Yd arr[-1]:.1f}]")
except Exception as e:
print(f METZ—: {e}’)

7 A h5: MONDLbE: (alpha=1%25% %Y _d)

P

print(f ¥n--- 5 R h5: alpha=1.0 (MOND}EX) 5% %Y d ---')
if len(results 1d) &gt;= 3:
try:
f_interpl = interpld(Yd_arr, alpha_arr - 1.0, kind="linear’)
for i in range(len(Yd arr) - 1):
if (alpha_arr[i] - 1.0) * (alpha_arr[i+1] - 1.0) &lt; 0:
Yd mond = brentq(f_interpl, Yd arr[i], Yd arr[i+1])
print(f" alpha=1.0 at Y_d = {Yd_mond:.3f}")
break
else:
if np.all(alpha_arr &lt; 1.0):
print(f’ alpha &lt; 1.0 for all Y_d -&gt; MOND (alpha=1) (E£Y dTZEH’)
elif np.all(alpha_arr &gt; 1.0):
print(f" alpha &t; 1.0 for all Y d -&gt; FEHDER)
except Exception as e:

print(f FETS—: {e})

#
i RDERK
#
fig, axes = plt.subplots(2, 2, figsize=(14, 11))

# (a) alpha vs Y d (1D)

ax = axes[0, 0]

Yd plot = [r[’Yd" ] for r in results 1d]

alpha plot = [r["alpha’] for r in results 1d]

e alpha plot = [r[’e alpha’] for r in results 1d]



ax.errorbar(Yd_plot, alpha plot, yerr=e alpha plot, fmt="o-", color="flala2e’,
capsize=3, markersize=6)

ax.axhline(0.5, color="1#e94560, ls="--", lw=2, label="alpha=0.5")

ax.axhline(1.0, color="blue’, ls=":", Lw=1, label="alpha=1.0 (MOND)’)

ax.axvline(0.5, color="grey’, ls=":", alpha=0.5, label="Y d=0.5 (standard)’)

ax,axvspan(0.3, 0.9, alpha=0.1, color="green’, label="standard range’)

ax.set_xlabel(’Y_disk [M_sun/L_sun]’)

ax.set_ylabel(’alpha’)

ax.set_title(’ (a) alpha vs Y_d (SPARC, Y b=0.7)")

ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

# (b) p(alpha=0.5) vs Y d
ax = axes[0, 1]
p05 plot = [r['p05 ] for r in results 1d]
ax. semi logy(Yd plot, p05 plot, "o-", color="#1ala2e’, markersize=6)
ax.axhline(0.05, color="1#e94560’, ls="--", label="p=0.05")
ax.axvline(0.5, color="grey’, ls=":", alpha=0.5)
ax.set_xlabel(’Y_disk [M_sun/L_sun]’)
ax.set_ylabel(’ p(alpha=0.5)")
ax.set_title(’ (b) p(alpha=0.5) vs Y _d")
ax. legend(fontsize=8)
ax.grid(True, alpha=0.3)
# p&gt;0.05M%EE A~ —7
for i, (yd, pv) in enumerate(zip(Yd plot, p05 plot)):

if pv &gt; 0.05:

ax.plot(yd, pv, '0’, color="fid4edda’, markersize=12, zorder=0)

X X X X X X X

# (c) NvsYd

ax = axes[1, 0]

N plot = [r[’N"] for r in results 1d]

x.bar(Yd plot, N _plot, width=0.07, color="f1ala2e’, alpha=0.7)
ax.set_xlabel(’Y_disk [M_sun/L_sun]’)

x.set_ylabel(’N (valid galaxies)’)

ax.set_title(’ (c) Number of valid galaxies vs Y d")
ax.grid(True, alpha=0.3, axis="y’)

)

)

# (d) 20e—hk<v 7 (Y.d x Y_b)
ax = axes[1, 1]
alpha 2d = np.full((len(YD _2D), Llen(YB 2D)), np.nan)
for i, Yd in enumerate(YD 2D):
for j, Yb in enumerate(YB_2D):
if (Yd, Yb) in results 2d:
alpha 2d[i, j] = results 2d[(Yd, Yb)]['alpha’]

im = ax. imshow(alpha_2d, aspect="auto’, origin=" lower’,
extent=[YB_2D[0]-0.1, YB 2D[-1]+0.1, YD_2D[0]-0.05, YD _2D[-1]+0.05],
cmap="RdYLGn_r’, vmin=0,3, vmax=0.8)

ax.set_xlabel(’Y_bul [M sun/L_sun]’)

ax.set_ylabel(’Y_disk [M sun/L sun]’)

ax.set_title(’ (d) alpha(Y_d, Y_b) 2D map’)

plt.colorbar(im, ax=ax, label="alpha’)

#f alpha=0.5% =%

try:

ax. contour (np. Linspace(YB_2D[0@], YB 2D[-1], len(YB_2D)),
np. Linspace(YD 2D[0], YD 2D[-1], len(YD 2D)),
alpha 2d, levels=[0.5], colors="1#e94560’, Llinewidths=2)
except:
pass

plt.tight layout()

fig_path = OUTDIR / ’sparc_Yd_sensitivity.png’
plt.savefig(fig_path, dpi=150)

print(f' ¥n figure: {fig path}’)

#f === $ERISONRTFE ===
summary = {
"testl 1d’: results 1d,
"test2 2d’: {f Yd={k[01}_Yb={k[1]} : v for k, v in results_2d.items()},
}
with open(OUTDIR / ’Yd_sensitivity summary.json’, 'w’) as f:
json. dump(summary, f, indent=2, default=float)
print(f' results: {OUTDIR / "Yd_sensitivity summary. json”}’)

3

if _name_ ==’_main_’:
main()



sparc_Yd_sensitivity_v2.py

= 255

B#J: SPARC YdRXE T A v2 (G*Sigma0=Vflat*2/hR, YdIE(&KTE)

TR T —4: SPARC Rotmod_LTG

FEHER: alpha=0.51FHIN L VYJEEH: 0.65-0.80,alpha=0.5%52%Yd=0.74(SPSIZ#E&EFH A), Yd=0.5: alpha=0.670(ZEH0),

Y—2Z—NK (477 lines, 15,580 bytes)

#1/usr/bin/env python3

pEr

sparc_Yd_sensitivity v2.py

BER: T/ T34 v ERA—DOERERES &R,

RDHIE LN
IBXZ Y7k (v1): Sigma 0 = Yd % V peak™2 / (2kpixGxh) -8gt; Ydi&7F
AR YTh (v2): G+Signa 0 = V_flat™2 / hR -8gt; YdIEIKTE (BRAIEDH)

ZhiCk Y, alpha vs Yd DEDEEHEZRNETE S,
g c=gobs-gbar DALY dDFEEZITZ,

TR b
(1) Y_d=10.1-1.5 TalphalllE (GxSigma 0/&Y dEE)
(2) dalpha/dYd DEEMD
(3) alpha=0.5%5%x %Y _ dDOWHE
(4) g ch'BEICA B (V bar &gt; V obs) Y_dDREIE
(5) BootstrapfSEERRED2EDY d2XF+ v

529T: uv run —-with scipy ——with matplotlib python sparc_Yd sensitivity v2.py

nnn

import numpy as np

import sys

import json

from pathlib import Path

from scipy.stats import linregress, t as tdist

from scipy.optimize import brentq

from scipy. interpolate import interpld

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

from matplotlib import font manager as _fm

for _fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,

" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:

try: _fm. fontManager.addfont( fp)
except: pass

plt. rcParams[’ font. family’ ] = ’IPAGothic’

plt. rcParams[’ axes.unicode minus’] = False

=== |E ===
SPARC_DIR = Path(r’D:¥R¥ 1 X v NIV hOFP—¥FEFERBY¥I N F TOMIP¥/S1 Y > ¥Rotmod_LTG”)
if not SPARC DIR.exists():
SPARC_DIR = Path(”Rotmod LTG”)
if not SPARC DIR.exists():
SPARC DIR = Path(”.”)

OUTDIR = Path(”sparc_Yd sensitivity output”)
OUTDIR. mkdir(exist ok=True)

it MEEEH
G_SI = 6.674e-11
Msun = 1.989e30

pc = 3.086e16
kpc = 1e3 * pc
ad = 1.2e-10

#Y dJ)y K (#H<)

YD GRID = [0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5,
0.55, 0.6, 0.65, 0.7, 0.8, 0.9, 1.0, 1.2, 1.5]

YB_DEFAULT = 0.7

N_BOOT = 500

RNG_SEED = 42

def load sparc_galaxy(filepath):
try:
data = np. loadtxt(filepath, comments="f’)
except:



—+

—h

return None
if data.ndim != 2 or data.shape[1] &Lt; 5:
return None
return {
"R kpc’: datal:, 0],
"V_obs’: datal[:, 1],
e VV: datal:, 2],
'V_gas’: data[:, 3],
"V disk’ : datal:, 4],
"V_bul’: datal:, 5] if data.shape[1] &gt; 5 else np.zeros(len(data)),
"name’ : filepath.stem,

measure observables(gal):
Y _dEEEOBREEAIE:
- V_flat: 4Ma1/30DV_obsdrFRsR{E [kn/s]

- h R: V.diskE—240& / 2.2 [kpc] (3BT 1+ R/ DE—V)
- GxSigma_ 0 = V flat™2 / h.R [m/s"2 * m = m"2/s"2 ... ]
IEREICIE: GxSigma 0 ~ V_flat™2 / (h_R [m]) [m/s"2]

R = gal[’R kpc’']

Vo = gal[’V obs’]

Vd = gal[’V disk’]

n = len(R)

if n&lt; 5:
return None

# V_flat (4ME1/3R{E)
outer = slice(2#n//3, n)
V_flat = np.median(Vo[outer]) # km/s
if V_flat &lt;= 0:
return None

# h R from V_disk peak
idx_peak = np.argmax(np. abs(Vd))
if idx_peak == 0:

idx_peak = min(1, n-1)
R_peak = R[idx_peak]
h_R kpc = R_peak / 2.2
if h.R kpc &lt;= 0.01:

return None

h Rm = hR kpc * kpc

#f GxSigma 0 = V flat™2 / h_R [SI: m/s"2]
t ChIZIMEEDRTERD, a 0& BELEATRE
G Sigma@ = (V flat * 1e3)%%2 / h R m # m/s"2

return {
'V flat’: V flat,
"h R kpc’: h R kpc,
"G _Sigma0’ : G_Sigma0,

measure gc(gal, Yd, Yb):
g c =g obs - g bar (4MEI1/3DrR{E)
g barDHY dICIKET B,
R = gal[’R kpc’']
Vo = gal[’V obs’]
Vg = gal[’V gas’]
Vd = gal[’V disk’]
Vb = gal[’V_ bul’]
n = len(R)
if n&lt; 5:
return None

V bar2 = Vgxx2 + Yd * Vdxx2 + Yb * Vb**x2
V_bar = np.sqrt(np.maximum(V_bar2, 0))

outer = slice(2xn//3, n)

R m = R[outer] * kpc

if len(R_m) &lt; 2 or np.any(R.m &Lt;= 0):
return None

g obs = (Vo[outer] * 1e3)**%2 / R.m
g bar = (V_bar[outer] % 1e3)%*x2 / R m

gc_vals = g obs - g bar
gc = np.median(gc_vals)



de

—+

def

# g cé&lt; 0 DIBE (V_bar &gt; V_obs: oversubtraction)
n_negative = np.sum(gc vals &Lt; 0)

return {
"g¢’: gc,
"n_negative’ : n_negative,

"n_points’ : len(gc vals),

alpha fit(gc arr, GSO arr):
log(g c¢) = log(eta) + alpha * log(a 0 * GxSigma 0)
Z ZTG6xSigma OIEEEICGAHDIERD T, a 0 * GxSigma 0 =H&EEHICT B,

FE: T TSA VOERBRERERIRTINEHY,
ZZTlE x = log10(GxSigma 0) & LCEIBT %,

a 0& DREIEERA 7y MrDTalphall IZFE LW,
X =
y =

=

p. Log10(GSO _arr)
p. log10(gc_arr)

>

mask = np.isfinite(x) &mp; np.isfinite(y)
x, y = x[mask], y[mask]

if len(x) &lt; 10:
return None

slope, intercept, r, p, se = linregress(x, y)
t_stat = (slope - 0.5) / se
p 05 = 2 * tdist.sf(abs(t_stat), df=len(x) - 2)

return {
"alpha’ : slope, 'e alpha’: se, 'p05 : p_05,
r'ior, "N i olen(x),

main():

print(’=" * 65)

print("SPARC Y d RXEF X kb v2')
print(’GxSigma 0 = V_flat™2/h R (Y_dIEik7E)’)
print(’=" * 65)

I RERIEFTA AR
files = sorted(SPARC_DIR.glob(’ *,dat’))
if not files:
files = sorted(SPARC DIR.glob(’ * rotmod.dat’))
if not files:
print(f ERROR: {SPARC DIR}’)
sys.exit(1)

galaxies = []
for f in files:
gal = load_sparc_galaxy(f)
if gal is not None:
galaxies. append(gal)
print(f’ {len(galaxies)} galaxies loaded’)

# === BRIGTE: Y _dHKEOHAE ===
obs data = []
valid galaxies = []
for gal in galaxies:
obs = measure observables(gal)
if obs is not None:
obs_data. append(obs)
valid_galaxies. append(gal)
print(f’ {len(valid galaxies)} galaxies with valid observables’)

GSO all = np.array([o[’G Sigmad’] for o in obs data])

FAM: Y d1DRFv

T+ T o

print(f' ¥n{"="65}")

print(’Test 1: Y d scan (G«Sigma @ = V_flat"2/h R, Y d-independent)’)

print(f’ {"="%65}")

print(f’ {"Y_d”:&gt;6} {"N”:&gt;5} {"N gc&gt;0”:8gt;7} {"alpha”:&gt;8} {"SE”:&gt;8} ’
' {"p(0.5)”:8gt;10} {"r”:8gt;7} {"reject”:8&gt;7}")

print(’ =" * 65)

results 1d = []
for Yd in YD GRID:
gc Llist = []



gs0 Llist = []
n_gc_pos = 0
n_gc neg = 0

for gal, obs in zip(valid galaxies, obs data):

res = measure_gc(gal, Yd, YB DEFAULT)

if res is None:
continue

if res["gc’] &gt; 0:
gc_Llist.append(res[’gc’ 1)
gs0_Llist.append(obs[’ G_Sigma0’ ])
n_gc_pos += 1

else:
n_gc neg += 1

gc arr = np.array(gc_Llist)
gs0_arr = np.array(gs0_List)
fit = alpha fit(gc arr, gs0 arr)

entry = {
Yd': Yd,
"N_total’: n_gc_pos + n_gc_neg,
"N_gc_pos’ : n_gc_pos,
"N_gc neg’ : n_gc_neg,

}
if fit:
entry.update(fit)
reject = "YES' if fit['p05 ] &Lt; 0.05 else 'no’
print(f’ {Yd:6.2f} {fit["N"]:5d} {n_gc pos:7d} {fit["alpha”]:8.3f} "’
' {fit["e_alpha”]:8.3f} {fit["p05”1:10.4f} {fit["r"]:7.3f} {reject:&gt;7}")
else:

print(f’ {Yd:6.2f} -- fit failed (N_pos={n_gc_pos}, N_neg={n_gc neg}) --")

results_1d. append(entry)

#
# 5 X h2: dalpha/dYd
#

print(f ¥n{"="%65}")
print(’ Test 2: dalpha/dYd’)
print(f {"="%65}")

valid 1d = [r for r in results_1d if "alpha’ in r]

if len(valid 1d) &gt;= 3:
Yd arr = np.array([r[’Yd ] for r in valid 1d])
alpha_arr = np.array([r["alpha’] for r in valid_1d])

# ROED
for target Yd in [0.3, 0.5, 0.7]:
idx = np.argmin(np.abs(Yd arr - target_Yd))
if 0 &Llt; idx &Llt; len(Yd arr) - 1:
dYd = Yd arr[idx+1] - Yd arr[idx-1]
dalpha = alpha arr[idx+1] - alpha arr[idx-1]
sens = dalpha / dYd
print(f" dalpha/dYd at Y d={target Yd:.1f}: {sens:.3f}")
print(f’ -&gt; Y d +/- 0.05 (10%) -&gt; alpha +/- {abs(sens)*0.05:.4f}" )

i 2EEKK 71 v b

sl, ic, , _, _ = linregress(Yd arr, alpha arr)

print(f"¥n Linear fit: alpha = {sl:.4f} * Y. d + {ic:.4f}")
print(f" Overall slope: {sl:.4f} per unit Y d')

T A K3: alpha=0.5%25%3%Y d

T+ T o

print(f" ¥n{"="%65}")
print(’Test 3: Y d that gives alpha=0.5")
print(f {"="%65}")

if len(valid 1d) &gt;= 3:
try:
f interp = interpld(Yd arr, alpha arr - 0.5, kind="linear’,
fill value="extrapolate’)
I REREFT
found crossing = False
for i in range(len(Yd arr) - 1):
v0 = alpha arr[i] - 0.5
vl = alpha arr[i+1] - 0.5
if v0 * v1 &Lt; 0:
Yd cross = brentq(f interp, Yd arr[i], Yd arr[i+1])
print(f" alpha=0.5 at Y d = {Yd cross:.4f}")
in_range = 0.3 &lt;= Yd cross &lt;= 0.9
print(f" Standard range (0.3-0.9): {"YES” if in_range else "N0O"}")



found crossing = True
break
if not found crossing:
if np.all(alpha_arr &gt; 0.5):
print(f" alpha &t; 0.5 for all Y_d in [{Yd arr[0]:.2f}, {Yd arr[-1]:.2f}]")
print(f" -8gt; alpha=0.5 requires Y d &gt; {Yd arr[-1]:.1f} (extrapolation)’)
t Ham
Yd extrap = (0.5 - ic) / sl
print(f" -&gt; Linear extrapolation: Y d "= {Yd extrap:.2f}")
elif np.all(alpha_arr &lt; 0.5):
print(f" alpha &lt; 0.5 for all Y d")
print(f" -8&gt; alpha=0.5 is never reached (alpha always below)’)
except Exception as e:
print(f" Error: {e}’)

#
# AN gc&lt; 0 DEIG vs Y d
#

print(f' ¥n{"="x65}")
print(’ Test 4: Oversubtraction (g ¢ &lt; 0) fraction vs Y d')
print(f’ {"="%65}")
print(f’ {"Y_d”:&gt;6} {’N_pos”:&gt;6} {”"N neg”:&gt;6} {"frac neg”:&gt;9} )
for r in results 1d:
n pos = r.get("N gc pos’, 0)
n_neg = r.get("N_gc_neg’, 0)
total = n_pos + n_neg
frac = n_neg / total if total &gt; 0 else 0
print(f’ {r["Yd"]:6.2f} {n_pos:6d} {n neg:6d} {frac:9.3f}")

A R5: Bootstrap Y dRF v > (FE3IH)

T+ T o

print(f" ¥n{"="65}")
print(f’ Test 5: Bootstrap Y d scan (N _boot={N BOOT})")
print(f {"="%65}")

rng = np. random, RandomState (RNG_SEED)

for Yd_target in [0.3, 0.5, 0.7]:
i 28R Dy cEtE
gc_full =[]
gs0_full = []
for gal, obs in zip(valid galaxies, obs data):
res = measure_gc(gal, Yd_target, YB DEFAULT)
if res and res[’gc’] &gt; 0:
gc_full.append(res[’gc’ 1)
gs0_full.append(obs[’ G_Sigma@’ ])
gc_full = np.array(gc_full)
gs0_full = np.array(gs0_full)
N = len(gc_full)

alpha_boot = []
for _ in range(N BOOT):
idx = rng.choice(N, N, replace=True)
fit = alpha fit(gc full[idx], gs@ full[idx])
if fit:
alpha_boot. append(fit[’ alpha’ ])
alpha_boot = np.array(alpha boot)

ci = np.percentile(alpha boot, [2.5, 97.5])

contains_05 = ci[0] &Lt;= 0.5 &Llt;= ci[1]

print(f" Y _d={Yd target:.1f}: alpha={np.mean(alpha boot):.3f} +/- {np.std(alpha boot):.3f}, ’
£ 95%CI=[{ci[0]:.3f}, {ci[1]:.3f}], alpha=0.5 in CI: {"YES” if contains_05 else "N0"}")

#
i RDERK
#
fig, axes = plt.subplots(2, 2, figsize=(14, 11))

valid 1d = [r for r in results_1d if "alpha’ in r]
Yd plot = [r[’Yd" ] for r in valid 1d]

alpha plot = [r["alpha’] for r in valid 1d]

e alpha plot = [r[’e alpha’] for r in valid 1d]
p05 plot = [r['p05 ] for r in valid 1d]

# (a) alpha vs Y.d

ax = axes[0, 0]

ax.errorbar(Yd plot, alpha plot, yerr=e alpha plot, fmt="o-", color="f{1ala2¢’,
capsize=3, markersize=6, lw=2)

ax.axhline(0.5, color="#e94560", ls="--", lw=2, label="alpha=0.5")
ax.axhline(1.0, color="blue’, ls=":", lw=1, label="alpha=1.0 (MOND)’)
ax.axvline(0.5, color="grey’, ls=":", alpha=0.5)

ax.axvspan(0.3, 0.9, alpha=0.08, color="green’, label="standard Y d range’)
ax.set_xlabel(’Y_disk [M_sun/L_sun]’, fontsize=11)



ax.set_ylabel(’alpha’, fontsize=11)

ax.set_title(’ (a) alpha vs Y d¥n(GxSigma 0 = V_flat™2/h R: Y d-independent)’, fontsize=10)
ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

ax.set_ylim(bottom=min(alpha plot)-0.1, top=max(max(alpha plot)+0.1, 0.7))

# (b) p(alpha=0.5) vs Y d

ax = axes[0, 1]

ax.semilogy(Yd_plot, [max(p, 1e-10) for p in p05 plot], "o-", color="f#lala2e’,
markersize=6, lw=2)

ax.axhline(0.05, color="1#e94560’, ls="--", lw=2, label="p=0.05")
ax.axvline(0.5, color="grey’, ls=":", alpha=0.5)
ax.set_xlabel(’Y_disk [M_sun/L_sun]’, fontsize=11)
ax.set_ylabel(’ p(alpha=0.5)", fontsize=11)

ax.set_title(’ (b) p(alpha=0.5) vs Y _d’, fontsize=10)

ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)
# p8gt;0.05%<—7%
for yd, pv in zip(Yd plot, p05 plot):
if pv &gt; 0.05:
ax.plot(yd, max(pv, 1e-10), 'o’, color="{f{ddedda’, markersize=14, zorder=0)

#f (c) oversubtractionE|&

ax = axes[1, 0]

Yd os = [r[’Yd’] for r in results 1d]

frac neg = [r.get(’N gc neg’,0)/(r.get("N gc pos’,0)+r.get(’N gc neg’, 1))
for r in results 1d]

ax.bar(Yd os, frac neg, width=0.04, color="#e94560’, alpha=0.7)
ax.set_xlabel(’Y_disk [M_sun/L_sun]’, fontsize=11)

ax.set_ylabel(’ Oversubtraction fraction (g c &lt; 0)', fontsize=11)
ax.set_title(’ (c) V_bar &gt; V_obs fraction vs Y d’, fontsize=10)
ax.grid(True, alpha=0.3, axis="y’)

ax.axvline(0.5, color="grey’, ls=":", alpha=0.5)

#f (d) dalpha/dYd (ZR{&#HS)
ax = axes[1, 1]
if len(Yd plot) &gt;= 3:
Yd_mid = []
dalpha dYd = []
for i in range(1, len(Yd plot)-1):
Yd_mid. append(Yd plot[i])
da = (alpha plot[i+1] - alpha plot[i-1]) / (Yd plot[i+1] - Yd plot[i-1])
dalpha_dYd. append(da)
ax.plot(Yd mid, dalpha dYd, "o-’", color="#1ala2e’, markersize=6, lw=2)
ax.axhline(0, color="grey’, ls="-’, alpha=0.3)
ax.axvline(0.5, color="grey’, ls=":", alpha=0.5)
.set_xlabel(’Y_disk [M_sun/L_sun]’, fontsize=11)
.set_ylabel(’ dalpha/dY d’, fontsize=11)
.set_title(’ (d) Sensitivity dalpha/dY_d’, fontsize=10)
.grid(True, alpha=0.3)

a
a
a
a

X X X X

plt.suptitle(’ SPARC Y d Sensitivity Test v2¥n’
" (GxSigma_0 = V_flat"2/h_R: Y_d-independent regressor)’,
fontsize=13, y=1.02)

plt.tight_ layout()

fig_path = OUTDIR / ’sparc_Yd sensitivity_v2.png’
plt.savefig(fig path, dpi=150, bbox inches="tight’)
print(f ¥nFigure: {fig path}’)

#t JSON{R7E

summary = {'results 1d’: valid 1d}

with open(OUTDIR / 'Yd sensitivity v2 summary. json’, 'w' ) as f:
json. dump(summary, f, indent=2, default=float)

print(f'Results: {OUTDIR / "Yd_sensitivity v2 summary.json”}’)

3

if _name_ ==’_main_’:
main()



sparc_gc_method_comparison.py

= H26E /IR
BH: g cEBRDOOFELLE + TASEDBEELLE
FRHTI &5 —4: SPARC Rotmod_LTG, TA3_gc_independent.csv

FEHR: 6F%5Talpha=0.59-0.73, median/last_point/flat_regionTCIZ 0.5, TA3 g_cThR#i—
alpha=0.602,g_cttv2/TA3=0.223,

Y—RX—NK (474 lines, 15,437 bytes)

#1/usr/bin/env python3

wn

sparc_gc_method comparison. py

55/84 754 > (TA3 gc _independent.csv) EAXRR VY T hD
g CAEFEDELERMNICHINT 5.

BDHIRE LN :
B USPARCT—%., B L Y_d=0.5, ALGX ZXEET.
72t alpha A% 0.545 (TA3) vs 0.670 (v2) & 0.125 ERZDH?

SHIER:
(1) TA3 gc_independent.csv % FidH A, g clE%RA & ICHE
(2) g CHIEFEDEBVERE:
- TA3: EDEDRRBEL/T4 YT AV TICERDTUVDN?
- v2: median(g obs - g bar) in outer 1/3
(3) g cOENDHT: EDR/ATEDRETHTVWDH,
(4) 9 cEEDEET R b:
a) SMAT/3DFHRRIE (V2DFT T AL )
b) SMAI/3DFEE
c) 4/ 20 Rl
d) RARDH
e) 75w MESRE (V obsZEE) &lt; 10%)
f) V_obs®2%/R at R_last
(5) BEEZTDalphafflE -&gt; EDEZHTA3Dalpha=0.545|CFEIELH
(6) Bootstrap 95%CI TFi&z= DA RMEITM

3=1T: uv run ——with scipy ——with matplotlib python sparc gc method comparison. py

AiR:
- SPARC Rotmod LTG/ ¥4 L ¥ kY
- TA3 gc_independent.csv (5/84 7S5 4 v HH)
FELAWVEEERFY L, o cCEBERET R MDAEHE

wn

import numpy as np

import sys

import json

from pathlib import Path

from scipy.stats import linregress, t as tdist

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

from matplotlib import font manager as fm

for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,

" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’ J:

try: _fm. fontManager, addfont(_fp)
except: pass

plt. rcParams[’ font. family’ ] = ’IPAGothic’

plt. rcParams[’ axes.unicode minus'] = False

——= Soes
ax

SPARC DIR = Path(r"D:¥R¥ 1 X v NIV hOP—¥FEFERBY¥ N E TOMI¥/S1 Y > ¥Rotmod_LTG”)
if not SPARC DIR.exists():

SPARC DIR = Path(”Rotmod LTG”)
if not SPARC DIR.exists():

SPARC DIR = Path(”.”)

# TA3Z 7 A JLDIRHE/ SR

TA3 CANDIDATES = [
Path(r"D:¥ RF a1 XV NI Y NOE—¥EFHBY I WL TOEMP¥/S1 ¥ V¥TA3 gc_independent. csv”),
Path(”TA3 gc_independent.csv”),
Path(”../TA3 gc_independent.csv”),

1

OUTDIR = Path(”gc_method comparison output”)
OUTDIR.mkdir(exist ok=True)

it MEEH



G SI
Msun
pc =
kpc

ad =

YD =
YB =
N_BO
RNG._!

def

def

def

#

= 6.674e-11
= 1.98930
3.086e16

= 1e3 * pc
1.2e-10

0.5
0.7
0T = 1000
SEED = 42

load_sparc(filepath):
try:

data = np. loadtxt(filepath, comments="#")
except:

return None
if data.ndim != 2 or data.shape[1] &lt; 5:
return None
return {
"R’: datal[:, 0], 'Vo': datal[:, 1], eV’ : data[:, 2],
Vg’ : data[:, 3], 'Vd’: data[:, 4],
"Vb’: datal:, 5] if data.shape[1] &gt; 5 else np.zeros(len(data)),
"name’ : filepath, stem,

vbar(gal, Yd=YD, Yb=YB):
return np. sqrt(np. maximum(
gal[’Vg' Jxx2 + Yd * gal[’Vd’ J*x2 + Yb % gal[’ Vb' Jxx2, 0))

observables(gal):
"""\ flat, h R, GxSigma 0 (Yd-independent)”””
R, Vo, Vd = gal[’R’], gal[’Vo’], gal[’Vd ]
n = len(R)
if n&lt; 5:
return None
outer = slice(2xn//3, n)
V_flat = np.median(Vo[outer])
idx_pk = max(np.argmax(np.abs(Vd)), 1)
h R = RLidx _pk] / 2.2
if V_flat &lt;= 0 or h R &lt;= 0.01:
return None
GSO = (V_flat * 1e3)*x2 / (h_R * kpc)
return {"V_flat’ : V_flat, "h_R’: h R, "GS0’: GSO}

# g CRIEDEDDERE

#

def

def

def

def

gc_outer third median(gal):

TNRF T A N SMAN /3D R pE”

R, Vo, Vb_ = gal[’R"], gal[’Vo’ ], vbar(gal)

n = len(R)

if n &lt; 5: return None

s = slice(2#n//3, n)

Rm = R[s] * kpc

gc = np.median((Vo[s]x1e3)*x2/Rm - (Vb_[s]*1e3)**2/Rm)
return gc if gc &t; 0 else None

gc_outer third mean(gal):

77 BMAN /3D E

R, Vo, Vb_ = gal[’R"], gal[’Vo’], vbar(gal)

n = len(R)

if n &lt; 5: return None

s = slice(2%n//3, n)

Rm = R[s] * kpc

gc = np.mean((Vo[s]*1e3)**2/Rm - (Vb_[s]*1e3)**2/Rm)
return gc if gc &t; 0 else None

gc_outer half median(gal):
"IN /2D R RAE”T

R, Vo, Vb_ = gal[’R"], gal[’Vo’ ], vbar(gal)
n = len(R)

if n &lt; 5: return None

s = slice(n//2, n)

Rm = R[s] * kpc

gc = np.median((Vo[s]x1e3)*x2/Rm - (Vb_[s]*1e3)**2/Rm)
return gc if gc &t; 0 else None

gc_last point(gal):

RN RDH



R, Vo, Vb_ = gal[’R"], gal[’Vo’], vbar(gal)
n = len(R)

if n &lt; 3: return None

Rm = R[-1] * kpc

if Rm &lt;= 0: return None

gc = (Vo[-1]x1e3)*x2/Rm - (Vb_[-1]%1e3)**2/Rm
return gc if gc &t; 0 else None

def gc_flat region(gal):
77775y MBS V obsDEEIA LN O RREFRXE""
R, Vo, Vb_ = gal[’R"], gal[’Vo’ ], vbar(gal)
n = len(R)
if n &lt; 5: return None

# 75y MESE: [VO)-VG-D]/VG) &Lt 0.1 AERET 5 KRE
best start, best len = 0, 0
cur_start, cur_len =0, 1
for i in range(1, n):
if Vo[i] &gt; 0 and abs(Vo[i] - Vo[i-1]) / Vo[i] &Llt; 0.10:
cur_len += 1
else:
if cur_len &gt; best len:
best_start, best len = cur_start, cur_len
cur_start, cur_len = i, 1
if cur_len &gt; best_len:
best start, best len = cur_start, cur_len

if best len &Llt; 3:
return None

s = slice(best_start, best_start + best_len)

Rm = R[s] * kpc

gc = np.median((Vo[s]*1e3)**2/Rm - (Vb_[s]*1e3)**2/Rm)
return gc if gc &t; 0 else None

de

—h

gc_weighted outer(gal):

TR B AT E SMAN /37T

R, Vo, eV, Vb_ = gal[’R’], gal[’Vo’], gal[’eV’ ], vbar(gal)
n = len(R)

if n &lt; 5: return None

s = slice(2#n//3, n)

Rm = R[s] * kpc

gc pts = (Vo[sIx1e3)**2/Rm - (Vb_[s]*1e3)**2/Rm
w=1.0/ np.maximum(eV[s], 1.0)*x2

gc = np.average(gc_pts, weights=w)

return gc if gc &t; 0 else None

GC_METHODS = {
"outer_1/3 median’ : gc outer_third median,
“outer_1/3_mean’:  gc_outer_third_mean,
"outer_1/2_median’ : gc_outer_half median,
" last_point’: gc_last point,
"flat_region’: gc_flat region,
"weighted outer’: gc weighted outer,

de

—+

alpha fit(gc arr, GSO arr):

x = np. Log10(GSO _arr)

y = np. log10(gc_arr)

mask = np. isfinite(x) &amp; np.isfinite(y)

x, y = x[mask], y[mask]

if len(x) &Lt; 10: return None

sl, ic, r, p, se = linregress(x, y)

t stat = (sl - 0.5) / se

p05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

return {"alpha’: sl, "e alpha’: se, 'p05 : p05, ’'r’: r, "N : len(x)}

def main():
print(’=" * 70)
print(’ SPARC g ¢ Method Comparison’)
print(’=" * 70)

=== SRIAIFHAAH ===
files = sorted(SPARC_DIR.glob(’*.dat’))
if not files:
files = sorted(SPARC_DIR.glob(’* rotmod. dat’))
if not files:
print(f ERROR: {SPARC_DIR}")
sys.exit(1)



galaxies = []
obs Llist = []
for f in files:
g = load sparc(f)
if g is None: continue
o = observables(g)
if o is None: continue
galaxies. append(g)
obs_Llist.append(o)
print(f’ {len(galaxies)} galaxies loaded )

GSO_all = np.array([o[’GS@’ ] for o in obs_Llist])

# === TASLLE (7 7 1 LDEHET B3/E) ===
ta3 path = None
for p in TA3 CANDIDATES:
if p.exists():
ta3 path = p
break

ta3 gc = {}
if ta3 path:
print(f ¥nTA3 found: {ta3 path}’)
import csv
with open(ta3 path, 'r’, encoding="utf-8-sig’) as f:
reader = csv.DictReader (f)
for row in reader:

name = row.get(’Name’, row.get(’name’, ’’)).strip()
gc val = row.get("gc’, row.get("g c’, row.get(’gc_indep’, '7)))
try:

ta3 gc[name] = float(gc val)
except (ValueError, TypeError):
pass
print(f" {len(ta3_gc)} galaxies in TA3")

# SR & Dy kB
matched = []
for gal, obs in zip(galaxies, obs list):
name = gal[’ name’ ]
# TA3E~ v F (582—3 or _RotmodfRzE)
ta3_name = name. replace(’ _rotmod’, '’ ).replace(’ _Rotmod’, ')
gc ta3 = ta3 gc.get(name) or ta3 gc.get(ta3 name)
if gc ta3 is None:
continue
gc v2 = gc outer third median(gal)
if gc_v2 is None:
continue
matched. append ({
"name’ : name,
"gc_ta3’: gc_ta3,
"gc v2': gc v2,
“ratio’ : gc v2 / gc ta3 if gc_ta3 &gt; 0 else np.nan,
7GSO’ : obs[’GSO’ ],
}

print(f* Matched: {len(matched)} galaxies’)
if len(matched) &gt; 10:

ratios = np.array([m[’ratio’] for m in matched if np.isfinite(n[’ ratio’])])
print(f" g_c(v2) / g _c(TA3):")

print(f’ median = {np.median(ratios):.3f}")

print(f’ mean = {np.mean(ratios):.3f}")

print(f’ std = {np.std(ratios):.3f}")

print(f’ range = [{np.min(ratios):.3f}, {np.max(ratios):.3f}]")

# TA3Dg_cTalphalllE
gc ta3 arr = np.array([m[’gc ta3’] for m in matched])
gs0 ta3 arr = np.array([m[’GSO’] for m in matched])
fit ta3 = alpha fit(gc ta3 arr, gsO ta3 arr)
if fit tad:
print(f"¥n TA3 g c -&gt; alpha = {fit_ta3["alpha”]:.3f} +/- {fit _ta3[”e_alpha”]:.3f}, ’
£p(0.5) = {fit_ta3["p05"1:.4f}, N={fit_ta3["N"1}")

it v2dg_cTalphafflE (RILRATEY ~)
gc_v2_arr = np.array([m[’gc_v2'] for m in matched])
fit_v2m = alpha_fit(gc_v2 arr, gs@_ta3 arr)

if fit v2m:
print(f" v2 g ¢ -&gt; alpha = {fit v2m["alpha”]:.3f} +/- {fit v2m["e alpha”]:.3f}, ’
7 p(0.5) = {fit_v2m[”p05”]:.4f}, N={fit v2m["N"]}")
t ZoBFEM

if fit_ta3 and fit_v2m:
z = (fit v2m[’alpha’] - fit ta3[ alpha’]) / np.saqrt(
fit v2m[’e alpha’ J**2 + fit ta3[ e alpha’ J**2)



print(f" Delta-alpha z-score: {z:.2f}’)
else:
print (" ¥nTA3 gc_independent.csv not found. Skipping direct comparison.’)
print(’ Searched:’, [str(p) for p in TA3 CANDIDATES])

#
g cEBRERBTRI
#
print(f' ¥n{"="%70}")

print(’g c Definition Variants Test (Y d=0.5, Y b=0.7)")

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

print(f’ {"Method”:&Lt;22} {"N”:8gt;5} {"alpha”:&gt;8} {"SE”:&gt;8} {"p(0.5)”:8&gt;10} {"r”:8&gt;7} {"reject”:&gt;7}")
print(’ =" * 70)

variant results = {}
for method name, method func in GC_METHODS, items():
gc list =[]
gs0_Llist = []
for gal, obs in zip(galaxies, obs list):
gc = method func(gal)
if gc is not None:
gc_Llist.append(gc)
gs0_Llist.append(obs[’ GSO’ ])

fit = alpha fit(np.array(gc_Llist), np.array(gs0_Llist))
if fit:
reject = "YES' if fit['p05 ] &Lt; 0.05 else 'no’
print(f’ {method name:&lt;22} {fit[”"N"]:5d} {fit["alpha”]:8.3f} {fit["e alpha”]:8.3f} ’
' {fit["p05”]:10.4f} {fit["r”]:7.3f} {reject:&at;7}")
variant_results[method name] = fit

else:
print(f’ {method name:&lt;22} -- fit failed —")
#
#f Bootstrap&Fik
#

print(f' ¥n{"="%70}")
print(f Bootstrap 95% CI (N _boot={N B0OOT})")
print(f' {"="%70}")

rng = np. random, RandomState (RNG_SEED)

for method_name, method _func in GC_METHODS. items():
gc Llist, gs0 List =[], []
for gal, obs in zip(galaxies, obs list):
gc = method func(gal)
if gc is not None:
gc_Llist.append(gc)
gs0_Llist.append(obs[’ GSO’ ])
gc arr = np.array(gc_Llist)
gs0_arr = np.array(gs0_List)
N = len(gc_arr)
if N&lt; 20:
continue

alphas = []
for _ in range(N BOOT):
idx = rng.choice(N, N, replace=True)
fit = alpha fit(gc arr[idx], gs0 arr[idx])
if fit:
alphas. append(fit[’ alpha’])
alphas = np.array(alphas)
ci = np.percentile(alphas, [2.5, 97.5])
has 05 = ci[0] &lt;= 0.5 &Llt;= ci[1]
print(f* {method name:&Llt;22}: {np.mean(alphas):.3f} +/- {np.std(alphas):.3f}, ’
' 95%CI=[{ci[0]:.3f}, {ci[1]:.3f}], 0.5 in CI: {"YES” if has_05 else "N0"}")

#
# RDEM
#
fig, axes = plt.subplots(1, 2, figsize=(14, 6))

# (a) alpha by method

ax = axes[0]

methods = Llist(variant_results.keys())

alphas = [variant results[m][ alpha’] for m in methods]
errors = [variant results[m][’e alpha’] for m in methods]
y pos = np.arange(len(methods))

ax.barh(y _pos, alphas, xerr=errors, color="f#1ala2e’, alpha=0.7, capsize=3)
ax.axvline(0.5, color="#e94560’, ls="--", lw=2, label="alpha=0.5")
ax.axvline(0.545, color="green’, ls=":", lw=2, label="alpha=0.545 (TA3)")
ax.set_yticks(y_pos)

ax.set_yticklabels(methods, fontsize=9)



ax.set_xlabel(’alpha’)

x.set_title(’ (a) alpha by g ¢ definition’)
ax. legend(fontsize=8)

ax.grid(True, alpha=0.3, axis="x’

)

# (b) TA3 vs v2 scatter (if available)

ax = axes[1]

if ta3 path and len(matched) &gt; 10:
gc ta3 plot = [m["gc ta3’ ] for m in matched]
gc_v2 plot = [m[’gc_v2’] for m in matched]
ax.scatter(gc_ta3 plot, gc v2 plot, s=15, alpha=0.5, color="f{1ala2e’)
Lim = [min(min(gc_ta3 plot), min(gc v2 plot)),

max(max(gc_ta3 plot), max(gc v2 plot))]

ax.plot(lim, Llim, "k—=", alpha=0.3, label="1:1")
ax.set_xlabel(’g_c (TA3)")
ax.set_ylabel("g ¢ (v2: outer 1/3 median)’)
ax.set_title(f’ (b) g_c comparison (N={len(matched)})”)
ax.set_xscale(’ log’)
ax.set_yscale(’ log’)
ax. legend()

else:

>

>

> X

)

x.text(0.5, 0.5, ’'TA3 data not available¥n¥nRun gc geometric mean test.py¥n’
"to generate TA3_gc_independent.csv¥nthen re-run this script’,
ha=" center’, va='center’, fontsize=11, transform=ax.transAxes)
ax.set_title(’ (b) g c: TA3 vs v2 (requires TA3 file)’)

plt.tight layout()

fig path = OUTDIR / ’gc_method comparison. png’
plt.savefig(fig_path, dpi=150)

print(f' ¥nFigure: {fig path}’)

# JSON
summary = {
"variant_results’: {k: v for k, v in variant _results. items()},
"ta3 found’ : ta3 path is not None,
" ta3 matched’ : len(matched) if ta3 path else 0,
}
with open(OUTDIR / *gc_method comparison, json’, 'w') as f:
json. dump(summary, f, indent=2, default=float)
print(f' Results: {OUTDIR / "gc_method comparison. json”}")

it
I HROBRAAR
it
print(f' ¥n{"="%70}")
print(’ Interpretation Guide’)
print(f’ {"="%70}")
print(’’’
If all methods give alpha = 0.65-0.70:

-&gt; The 0.125 gap vs TA3 is due to g ¢ definition, not Y d.

-8gt; TA3 Llikely uses a different approach (e.g., RC fitting, not simple subtraction).

-&gt; Next step: read TA3 source code to understand its g c definition.

If some method gives alpha ~ 0.54:
-&gt; That method matches TA3. The gap is explained by g ¢ definition choice.
-&gt; Document which definition is physically most appropriate.

If TA3 g c values are systematically lower than v2:
-8&gt; TA3 may account for adiabatic contraction or non-circular motions,
which reduce g c and push alpha toward 0.5.

vy

3

if _name_ ==’_main_’:
main()



sparc_alpha_decomposition.py

= FE26E[IE
BH: TA3 CSVODIBIERENTE BER D BERIMR)
B RT—4: TA3_gc_independent.csv, SPARC Rotmod_LTG

FEHHR: TA3: gc_over_a0, upsilon_d(0.3-0.93), v_flat, rs_tanh
NS LEE, SHAEHETAMNE, sparc_alpha_reproduce.py CH#&1t,

Y—2Z3—NK (465 lines, 16,531 bytes)

#1/usr/bin/env python3

wn

sparc_alpha_decomposition. py

TA3 gc_independent.csv % BEi#&iAA 7. alpha=0.545 A& L.
BHERNEROES = DHT 2.

BT 2 ER:
(1) gc over a0 DEFH (TA3 vs BEFEFTH)
(2) Y d omi#Eit (@B vs 0.5E%E)
(3) h R MEH (rs tanh vs V disk peak/2.2)
(4) v_flat ®EH (tanh fit vs 4 Almedian)
(5) TFBR4TEIY (gc_over ad=0.1 or v flat=5.0)
(6) gc circular vs gc over ad

TR
A) TR3D2/N5 A —4 BI -8gt; alphafgsl
B) ER%Z1DFDv2AXICEM -&gt; alphadZEAL%AIE
C) v2D2/NR5 A —4 TFE -8&gt; alpha=0. 67082
-&gt; EAVNEDERILBET 2042 EEL

3£1T: uv run ——with scipy ——with matplotlib python sparc alpha decomposition.py

B4R TA3 gc_independent.csv B AL ¥ M FAITEENRICEET DI E

nnn

import numpy as np
import csv
import sys
import json
from pathlib import Path
from scipy.stats import linregress, t as tdist
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as fm
for _fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’ J:
try: fm. fontManager.addfont( fp)
except: pass
plt. rcParams[’ font. family’ ] = ’IPAGothic’
plt. rcParams[’ axes.unicode minus' ] = False
=== BTE ===
SPARC DIR = Path(r"D:¥R¥ 1 X v NIV hOP—¥AEFERBY¥I N F TOMIF¥/S1 Y > ¥Rotmod_LTG”)
if not SPARC DIR.exists():
SPARC_DIR = Path(”Rotmod LTG”)
if not SPARC DIR.exists():
SPARC DIR = Path(”.”)

TA3_CANDIDATES = [
Path(r"D:¥ R¥ a2 XV NI Y NOE—¥HEFHMRY¥ I N L TOEMIF¥/ N1 ¥ V¥TA3 gc_independent. csv”),
Path(”TA3 gc_independent.csv”),
Path(”../TA3 gc_independent.csv”),

]

OUTDIR = Path(”alpha decomposition output”)
OUTDIR. mkdir(exist ok=True)

it MR EH

G _SI = 6.674e-11

Msun = 1,989e30

pc = 3.086e16

kpc = 1e3 * pc

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

N_BOOT = 1000
RNG_SEED = 42
def load ta3():



de

de

de

de

de

—h

—+

—h

—+

—h

"7"TA3 CSVER
for p in TA3
if p.exi
prin

data

with

prin
retu
print(’ ERROR
sys.exit(1)

load_sparc(f
try:
d=np. L
except:
return N
if d.ndim !=
return N
return {
'R d[:
Vg’ d[
Vb’ : d[
" name’ :

name_norm(n)
import re
return re. sul

gc direct(ga
"R
R, Vo, Vg, V
n = len(R)

if n&lt; 5:
Vbar = np.sq
s = slice(2x
Rm = R[s] *
if len(Rm) &
gc = np.medi
return gc if

hR_vdisk_pea
"h R =V d
Vd = gal[’Vd
R =gal[’R"]
idx = max(np
h = RLidx] /
return h if

vflat obs(ga
1 /30
n = len(gall

FHAH""

. CANDIDATES:

sts():

t(f' TA3 found: {p}’)

=[]

open(p, ’r’, encoding="utf-8-sig’) as f:

reader = csv.DictReader (f)
for row in reader:
try:

name = row.get(’galaxy’, '’).strip()
vflat = float(row.get(’v_flat’, row.get(’ v_flat’, "0’ )).strip())
rs = float(row.get(’ rs_tanh’, row.get(’ rs tanh’, '0’)).strip())
ud = float(row.get(’upsilon_d’, row.get(’ upsilon_d’, 0.5 )).strip())
gc al = float(row.get(’gc_over a@’, row.get(’ gc over a@’, ’0’)).strip())
gc_err = float(row.get("gc_err’, row.get(’ gc_err’, '0')).strip())
chi2 = float(row.get(’chi2 dof’, row.get(’ chi2 dof’, "99")).strip())
gc_circ_str = row.get(’gc_circular’, row.get(’ gc_circular’, ’’)).strip()
gc circ = float(gc circ_str) if gc circ_str else np.nan

if name and vflat &gt; 0 and gc_al &gt; 0:
data. append({
"name’ : name,
"v_flat ta3’: vflat, # km/s
"rs_tanh’: rs, # kpc
"upsilon d’: ud,
"gc_over a0’ : gc a0,
"gc ta3d’: gc_al * a0, # m/s"2
"gc err’: gc err,
"chi2_dof’: chi2,
"gc circular’: gc circ * a0 if np.isfinite(gc circ) else np.nan,
1))
except (ValueError, KeyError):
pass
t(f {len(data)} galaxies loaded’)
rn data
: TA3_gc_independent. csv not found’)

i lepath):

oadtxt(filepath, comments="{#")

one

2 or d.shape[1] &lt; 5:

one

, 01, 'Vo': d[:, 1], "eV': d[:, 2],

:, 3], 'vd’: d[:, 4],
:, 5] if d.shape[1] &gt; 5 else np.zeros(len(d)),
filepath. stem,

b(r’ [¥s¥-_ 1, ’’, n.upper().replace(’ _ROTMOD’, ’’).replace(’ LSBALL’, "))
L, Yd, Yb=0.7):
median(g obs - g bar) in outer 1/3""”

d, Vb = gal[’R’], gal[’Vo’], gal[’Vg’], gal[’Vd’ ], gal['Vb’']

return None

rt(np. maximum(Vg#*2 + Yd*Vd**2 + Yb*Vb**2, 0))
n//3, n)

kpc

lt; 2 or np.any(Rm &Llt;= 0): return None

an((Vo[s]*1e3)**2/Rm - (Vbar[s]*1e3)**2/Rm)
gc &gt; 0 else None

k(gal):
isk peak / 2.2""”
"]

.argmax(np. abs(Vd)), 1)
2.2
h &gt; 0.01 else None

1):
V obschs ("""
'R' 1)



de

—

de

—

def

if n &lt; 5: return None
return np.median(gal[’ Vo’ J[2%n//3:])

alpha fit(gc arr, gs@ arr):

x = np. log10(gs0 arr)

y = np. log10(gc_arr)

mask = np. isfinite(x) &amp; np.isfinite(y)

x, y = x[mask], y[mask]

if len(x) &Lt; 10: return None

sl, ic, r, p, se = linregress(x, y)

t stat = (sl - 0.5) / se

p05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

return {"alpha’: sl, "e alpha’: se, 'p05 : p05, ’'r’: r, "N : len(x)}

bootstrap alpha(gc arr, gs@ arr, n _boot=N_BOOT):
rng = np. random, RandomState (RNG_SEED)
N = len(gc_arr)
alphas = []
for _ in range(n boot):
idx = rng.choice(N, N, replace=True)
fit = alpha fit(gc arr[idx], gs0 arr[idx])
if fit: alphas.append(fit[’ alpha’])
return np.array(alphas)

main():

print(’=" * 70)

print(’ alpha=0.545 Decomposition Analysis’)
print(’=" * 70)

f === F—HFmIAH ===
ta3 = load ta3()

files = sorted(SPARC_DIR.glob(’ *,dat’))
if not files:
files = sorted(SPARC DIR.glob(’ * rotmod.dat’))
sparc = {}
for f in files:
g = load_sparc(f)
if g: sparc[name _norm(g[’ name’]1)] = g
print(f’ SPARC: {len(sparc)} galaxies’)

#f === TA3-SPARC Y ORA T v F ===
matched = []
for t in ta3:
nn = name_norm(t[’ name’ ])
if nn in sparc:
gal = sparc[nn]
hR = hR vdisk peak(gal)
vf = vflat_obs(gal)
gc_v2 05 = gc_direct(gal, Yd=0.5)
gc v2 opt = gc direct(gal, Yd=t[’upsilon_d’])
if hR and vf and gc v2 05:
matched. append ({
*kt,
“gal’: gal,
"hR_vdpeak’ : hR,
vflat_obs’: vf,
"gc v2 Yd05' : gc v2 05,
"gc_v2 Ydopt’: gc v2 opt,
3]
print(f’ Matched: {len(matched)}’)

# === FIRITIY DR ===

gc al vals = [m[’gc over a0’ ] for m in matched]

vflat_vals = [m[’v_flat_ta3’] for m in matched]

n_gc_floor = sum(1 for v in gc_al vals if v &lt;= 0.101)

n_vf_floor = sum(1 for v in vflat_vals if v &lt;= 5.1)

print(f' ¥nFloor values:’)

print(f" gc over a0 &lt;= 0.101: {n gc floor}/{len(matched)} ({100%n gc floor/len(matched):.1f}%)")
print(f" v_flat &lt;= 5.1: {n_vf _floor}/{len(matched)} ({100%n_vf floor/len(matched):.1f}%)")

#t === Y _do% ===

ud_vals = np.array([m[’ upsilon_d’] for m in matched])
print(f ¥nUpsilon d distribution:’)

print(f" median = {np.median(ud vals):.3f}")

print(f" mean = {np.mean(ud vals):.3f}")

print(f" std = {np.std(ud vals):.3f}")

print(f" range = [{np.min(ud_vals):.3f}, {np.max(ud vals):.3f}]")

print(f" IQR = [{np.percentile(ud vals, 25):.3f}, {np.percentile(ud vals,75):.3f}]1")

#



# AlphalfllE: #AEDEIBET R N
#
print(f' ¥n{"="%70}")

print(’ Alpha Decomposition: Element-by-Element Substitution’)
print(f’ {"="%70}")

t GxSigma 0 M3DDEH
def gs0 ta3 rs(m):
"7"TA3: v_flat™2 / rs_tanh”””
if m[’rs_tanh’] &gt; 0:
return (m[’v_flat ta3’ Jx1e3)*x2 / (m[’ rs_tanh’ Jxkpc)
return None

def gs0_ta3 vf v2 hr(m):
"7"TA3 v_flat + v2 h R”””
return (m[’v_flat ta3’ Jx¥1e3)*x2 / (m[’ hR_vdpeak’ J*kpc)

def gs0@ v2(m):
"""y2: vflat_obs™2 / hR_vdpeak”””
return (m[’ vflat_obs’ JxTe3)*x2 / (m[’ hR_vdpeak’ J*kpc)

# HAarEabETA N

tests = [
# (label, gc_source, gs@ func, filter desc)
(CA: TA32EIE¥n gc=TA3, GSO=vflat ta3"2/rs_tanh’,
lambda m: m[’gc_ta3’], gsO ta3 rs, 'none’),

(’B: TA3 gc + v2DGS0¥n gc=TA3, GSO=vflat obs~2/hR vdpeak’,
lambda m: m[’gc_ta3’], gs0 v2, 'none’),

("C: TA3 gc + TA3 vflat + v2 hR¥n gc=TA3, GSO=vflat ta3"2/hR_vdpeak’,
lambda m: m[’ gc_ta3’ ], gs@_ta3 vf v2 hr, ’none’),

(’D: v2 gc(Yd=opt) + TA3MDGS0¥n ge=direct(Yd opt), GSO=vflat ta3"2/rs tanh’,
lambda m: m[’gc_v2 Ydopt’], gs@ ta3 rs, 'none’),

(E: v2 gc(Yd=0.5) + TA3MDGS0¥n gc=direct(Yd=0.5), GSO=vflat ta3~2/rs_tanh’,
lambda m: m[’gc_v2 Yd05' ], gsO ta3 rs, 'none’),

(CF: v22/85 X —%¥n ge=direct(Yd=0.5), GSO=vflat obs~2/hR vdpeak’,
lambda m: m[’gc_v2 Yd05' ], gs0 v2, 'none’),

(’G: v2 gc(Yd=opt) + v2DGS0¥n gc=direct(Yd opt), GSO=vflat obs"2/hR_vdpeak’,
Lambda m: m.get(’gc_v2 Ydopt’), gsO v2, 'none’),

("H: gc_circular + TA3MGS0¥n gc=gc circular, GSO=vflat ta3"2/rs tanh’,
lambda m: m.get(’gc_circular’), gs0_ta3 rs, 'none’),

# TERERS T R b

tests. append(
(" A2: TA3LHEIR (floorfR%h)¥n gc over al&gt;0.101 &amp; vflat&gt;5.1,
lambda m: m[’gc ta3’], gs0 ta3 rs, 'no floor’),

print(f’ ¥n{"Label”:&Lt;50} {"N”:&gt;5} {"alpha”:8&gt;7} {"SE”:&gt;7} {”"p(0.5)”:&gt;9} {”0.5?”:8gt;5}")
print(’=" * 85)

decomp_results = {}
for label, gc func, gs@ func, filt in tests:
gc Llist, gs0 Llist = [], []
for m in matched:
t 7408
if filt == "no_floor’:
if m[’gc_over a0’ ] &Lt;= 0.101 or m[’v_flat ta3’ ] &Llt;= 5.1:
continue

gc = gc_func(m)

gs0 = gs0 func(m)

if gc and gs@ and gc &gt; 0 and gsO &gt; @ and np.isfinite(gc) and np.isfinite(gs0d):
gc_Llist.append(gc)
gs0_List.append(gs0)

gc arr = np.array(gc_Llist)
gs0_arr = np.array(gs0_List)
fit = alpha fit(gc arr, gs0 arr)

label short = label.split(’¥n’)[0]
if fit:
ok = "YES' if fit['p05 ] &gt; 0.05 else 'no’
print(f' {label_short:&lt;50} {fit["N”]:5d} {fit["alpha”]:7.3f} {fit[”"e_ alpha”]:7.3f} "’
' {fit["p05”]:9.4f} {ok:&gt;5}")
decomp_results[ label short] = fit
else:



print(f’ {label short:&lt;50} -- failed --")

#
I =Na: EOBRVENK (Falphaz BD T H
#
print(f ¥n{"="%70}")

print(’Element Attribution (delta-alpha)’)
print(f' {"="%70}")

def get alpha(key):
for k, v in decomp_results. items():
if k.startswith(key):
return v[ alpha’]
return None
a A = get alpha(’A:")
a B = get alpha(’B:’")
a C = get alpha(’C:")
a D = get alpha(’D:’)
a E = get alpha("E:")
a F = get alpha(’F:")
a G = get alpha(’G:")

if all(v is not None for v in [a_A, a B, aC, aD, akE, aF]):

print(f'¥n Base (A: TA3 full): alpha = {a_A:.3f}")
print(f" Target (F: v2 full): alpha = {a F:.3f}")
print(f" Total gap: Delta = {a F - a A:+.3f}")
print()

# GSODEZ (A-8&gt;B: rs_tanh -&gt; hR vdpeak, keeping gc=TA3)
print(f" A-8&gt;B (GSO: rs tanh -8gt; hR vdpeak): {a B - a A:+.3f}")

it vilatDS2 (B-&gt;C or equivalent)

if a C is not None:
print(f" A-8&gt;C (hR only: rs tanh -8&gt; hR vdpeak, keep vflat ta3): {a C - a A:+.3f}")
print(f" C-8&gt;B (vflat: ta3 -&gt; obs, keep hR vdpeak): {a B - a C:+.3f}")

#t gcEZDEE (A-8gt;D: TA3 gc -8&gt; direct gc with Yd opt)
print(f" A-8&gt;D (gc: TA3 -8&gt; direct(Yd opt)): {a D - a A:+.3f}")

t YdSE b DgsE (D-8gt;E: Yd opt -&gt; Yd=0.5)

print(f" D-&gt;E (Yd: optimal -&gt; 0.5): {a E - aD:+.3f}")
t %E
print(f" E-&gt;F (GSO: ta3 -8&gt; v2): {a F - aE:+.3f}")

print(f’ ¥n Decomposition check: A + sun = {a A + (a_B-a A) + (a D-a A) + (a E-a D) + (a_F-a E):.3f} (should be “{a F:.3f})")
print(f" Note: elements are not strictly additive due to interactions’)

#
# RDEM
#
fig, axes = plt.subplots(2, 2, figsize=(14, 11))

# (a) alpha by combination

ax = axes[0, 0]

labels_short = [k.split(’:")[0] for k in decomp_results.keys()]

alphas plot = [v[’alpha’] for v in decomp results.values()]

errors_plot = [v[’e_alpha’] for v in decomp_results.values()]

y _pos = np.arange(len(labels short))

colors bar = ["#1ala2e’ ] * len(labels short)

ax.barh(y _pos, alphas plot, xerr=errors plot, color=colors bar, alpha=0.7, capsize=3)

ax.axvline(0.5, color="#e94560, ls="--", lw=2, label="alpha=0.5")
ax.axvline(0.545, color="green’, ls=":", lw=2, label="alpha=0.545 (original)’)
ax.set_yticks(y_pos)

ax.set_yticklabels(labels short, fontsize=9)

ax.set_xlabel(’alpha’)

ax.set_title(’ (a) alpha by parameter combination’)

ax. legend(fontsize=8, loc="lower right’)

ax.grid(True, alpha=0.3, axis="x’

# (b) Y _ do%

ax = axes[0, 1]
ax.hist(ud vals, bins=20, color="{f{1ala2e’, alpha=0.7, edgecolor="white’)
ax.axvline(0.5, color="#e94560’, ls="--", lw=2, label="Y d=0.5 (fixed)’)
ax,axvline(np.median(ud vals), color="green’, ls=":", [w=2,
Llabe l=f" median={np.median(ud_vals):.2f}")
.set_xlabel(’Y_d (TA3 optimized)’)
.set_ylabel(’ Count’)
.set_title(’ (b) TA3 per-galaxy Y d distribution’)
. legend(fontsize=8)
.grid(True, alpha=0.3)

> X
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# (c) gc_ta3 vs gc v2(Yd=0.5)



ax = axes[1, 0]
gc_ta3 plot = [m[’gc ta3’] for m in matched if m[’gc v2 Yd05 1]
gc v2 plot = [m[’gc v2 Yd05' ] for m in matched if m[’gc v2 Yd05' 1]
ax.scatter(gc_ta3 plot, gc v2 plot, s=15, alpha=0.5, color="f{1ala2e’)
Lim = [min(min(gc_ta3 plot), min(gc v2 plot)),

max(max(gc_ta3 plot), max(gc v2 plot))]

ax.plot(lim, Llim, "k--", alpha=0.3, label="1:1")
ax.set_xlabel(’g ¢ (TA3: tanh fit, Yd optimized)’)
ax.set_ylabel("g ¢ (v2: median, Yd=0.5)")

ax.set_title(f’ (c) g c comparison (N={len(gc_ta3 plot)})’)
ax.set_xscale(’ log’)

ax.set_yscale(’ log’)

ax. legend()

ax.grid(True, alpha=0.3)

# (d) gc_ta3 vs gc v2(Yd=opt)
ax = axes[1, 1]
gc vopt = [m[’gc_v2 Ydopt’] for m in matched if m[’gc_v2 Ydopt’] and m[’gc v2 Ydopt' ] &gt; 0]
gc ta3 opt = [m[’gc ta3’] for m in matched if m[’gc v2 Ydopt’] and m[’gc v2 Ydopt’ ] &gt; 0]
if gc_vopt:

ax.scatter(gc_ta3 opt, gc_vopt, s=15, alpha=0.5, color="1#e94560" )

Lim2 = [min(min(gc_ta3 opt), min(gc_vopt)),

max (max(gc_ta3 opt), max(gc_vopt))]

ax.plot(lim2, Llim2, "k--", alpha=0.3, label="1:1")

ax.set_xlabel(’g_c (TA3)")

ax.set_ylabel(’g ¢ (v2: median, Yd=TA3 optimized)’)

ax.set_title(f' (d) g_c with matched Yd (N={len(gc_vopt)})’)

ax.set_xscale(’ log’)

ax.set_yscale(’ log’)

ax. legend()
ax.grid(True, alpha=0.3)

>

>

> X

plt.suptitle(’ alpha=0.545 Decomposition Analysis’, fontsize=13, y=1.01)
plt.tight layout()

fig_path = OUTDIR / ’alpha_decomposition. png’

plt.savefig(fig path, dpi=150, bbox inches="tight’)

print(f ¥nFigure: {fig path}’)

# JSON
summary = {
"n_matched’ : len(matched),
"n_gc_floor’ : n_gc_floor,
"n_vf floor’: n vf floor,
"Yd_stats’: {
"median’ : float(np.median(ud vals)),
"mean’ : float(np.mean(ud vals)),
"std’: float(np.std(ud vals)),
h
"decomposition’: {k: v for k, v in decomp_results. items()},
}
with open(OUTDIR / ’alpha_decomposition. json’, 'w’) as f:
json. dump(summary, f, indent=2, default=float)
print(f' Results: {OUTDIR / ”"alpha decomposition. json”}")

3

if _name_ ==’_main_’:
main()



sparc_alpha_reproduce.py

= 265 (HEAR)
B#: alpha=0.545 29 T/ M1V RE2BR+ERER
R &R T —4: SPARC Rotmod_LTG, TA3_gc_independent.csv, phasel/sparc_results.csv

FEHR: T2HER: N=160, alpha=0.545, p=0.273, #:
Yd{E Bl &z#E L DA E (Delta=-0.113). g_cFEIF B R (Delta=+0.001), phase 1=TA3IFTLRE—E,

Y—2Z3—NK (577 lines, 19,814 bytes)
#1/usr/bin/env python3

wn

sparc_alpha_reproduce. py

gc_geometric mean test.py OFEAETLICHIE L. alpha=0.545%8TT %,

TR T 54V DFER AODOKRLER):
1. g ¢ =gc over ad * a0 (TA3ZDE )
2. hR=rpk /215 (v21%2.2)
3. r pk = argmax(sqrt(ud) * |V disk|) (v2(Z8#EV diskr—2)
4, r pk &t;= r.max()*0.9 ORAEBRH (V2ET 1L F7%L)
5. vflat = phasel/sparc results.csv D& (TA3(MDv flat tanhTlk7ALy)

ARV YTRDTFR B
Step 1: LAERAIEHICHEIR -8gt; alpha=0.545D 18 THEER
Step 2: ERAIDTDOV2ARICEM -8gt; REFEDDelta-alphaflE
Step 3: phasel vflat vs TA3 v flat vs obs v flat MD3FELLE

529T: uv run —-with scipy ——with matplotlib python sparc alpha reproduce.py

AiR:
- Rotmod_LTG/ (SPARCEIZRH#R)
- TA3 gc_independent. csv
- phasel/sparc_results.csv (vflat, ud)
NRRFBEICEDETBELTEIL,

wn

import numpy as np

import csv

import sys

import json

from pathlib import Path

from scipy.stats import linregress, t as tdist

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

from matplotlib import font manager as fm

for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,

" /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:

try: fm. fontManager.addfont( fp)
except: pass

plt.rcParams[’ font. family’] = " IPAGothic’

plt.rcParams[’ axes.unicode minus’ ] = False

# === NZF{E ===

BASE = Path(r"D:¥ RF a2 XY h¥IT Y bOE—HRBEFEMR¥I N E TOMIN/ 1V V")
SPARC_DIR = BASE / "Rotmod LTG”

TA3 PATH = BASE / "TA3 gc_independent.csv”

PHASE1 PATH = BASE / "phasel” / ”"sparc_results.csv”

B 7x—bNy Y
if not SPARC DIR.exists():
SPARC_DIR = Path(”Rotmod LTG”)
if not TA3 PATH.exists():
TA3 PATH = Path(”TA3 gc_independent.csv”)
if not PHASE1 PATH.exists():
PHASE1 PATH = Path(”phasel/sparc_results.csv”)

OUTDIR = Path(”alpha reproduce output”)
OUTDIR. mkdir(exist ok=True)

a0 = 1.2e-10 # m/s"2
kpc = 3.086e19 f# m

N_BOOT = 1000
RNG_SEED = 42

def name norm(n):



import re
return re.sub(r’ [¥s¥- 1, '’, n.upper().replace(’ _ROTMOD’, ’’).replace(’ LSBALL’, '’))

def load ta3():
data = {}
with open(TA3 PATH, 'r’, encoding="utf-8-sig’) as f:
reader = csv.DictReader (f)
for row in reader:
try:
name = row,get("galaxy’, ’’).strip()
gc_al = float(row.get(’gc_over a@’, row.get(’ gc over ald’, '0’)).strip())
vf_ta3 = float(row.get(’v_flat’, row.get(’ v_flat’, "0 )).strip())
ud ta3 = float(row.get(’upsilon d’, row.get(’ upsilon d’, 0.5 )).strip())
if name and gc_ a0 &gt; 0:
data[name norm(name)] = {
"gc a0’ : gc_al,
"gc’: gc_ald * a0,
"vflat ta3’: vf ta3
“ud ta3’: ud ta3,
"name_orig’ : name
}
except (ValueError, KeyError):
pass
print(f' TA3: {len(data)} galaxies’)
return data

def load phasel():
data = {}
if not PHASE1 PATH.exists():
print(f’ WARNING: phasel not found: {PHASE1 PATH}’)
print(" -8&gt; Will use TA3 v_flat and ud as fallback’)
return None

with open(PHASE1 PATH, 'r’, encoding="utf-8-sig’) as f
reader = csv.DictReader (f)
headers = reader. fieldnames
print(f phasel headers: {headers}’)
for row in reader:
try:
tt BRIOREFENS L
name ="’
for key in ['galaxy’, ’Galaxy’, ’name’, ’Name’, ’GALAXY ]:
if key in row and row[keyl.strip():
name = row[key].strip()
break
if not name:
t ZRMOHS LERT
name = Llist(row.values())[0].strip()

¥ vilatDIE@A S L

vflat = None

for key in ['vflat’, 'v flat’, ’Vflat’, 'V _flat’, 'vflat kms']:
if key in row:

try:
vflat = float(row[keyl.strip())
break

except ValueError
pass

# udDIRFHAD S A
ud = None
for key in ["ud’, "upsilon d’, "Upsilon d, ’Yd', "ud opt’
"upsilon disk’, "Ud’]:
if key in row:
try:
ud = float(row[key].strip())
break
except ValueError
pass

if name and vflat and vflat &gt; 0:
data[name norm(name)] = {
"vflat p1’: vflat,
“ud p1': ud if ud else 0.5,
"name_orig’ : name
}
except (ValueError, KeyError):
pass
print(f phasel: {len(data)} galaxies’)
return data
def load sparc(filepath):
try:



de

—+

def

d = np. loadtxt(filepath, comments="4#")
except:
return None
if d.ndim != 2 or d.shape[1] &lt; 5:
return None
return {
"R": d[:, 0], 'Vo': d[:, 11, "eV': d[:, 2],
"Vg': d[:, 31, 'Vvd': d[:, 4],
Vb’ : d[:, 5] if d.shape[1] &gt; 5 else np.zeros(len(d)),

alpha fit(gc arr, gs@ arr):
log_gc = np. log10@(gc_arr)
log_gs = np. log10(gs@ _arr)
log a0 = np. Log10(a0)

#t 75/84 754 v DEF: log(gc) vs log(GS0/a0) = Log(GSO) - Llog(ad)
x = log gs - log a0
y = log gc

mask = np. isfinite(x) &amp; np.isfinite(y)
x, y = x[mask], y[mask]
if len(x) &Llt; 10:

return None

sl, ic, r, p, se = linregress(x, y)

t stat = (sl - 0.5) / se

p05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

return {"alpha’: sl, "e alpha’: se, 'p05 : p05, ’'r’: r, "N : len(x)}

main():

print(’=" * 70)

print(’ alpha=0.545 Exact Reproduction’)
print(’=" * 70)

ta3 = load ta3()
phasel = load phasel()

#f SPARCET A
files = sorted(SPARC DIR.glob(’ *,dat’))
if not files:

files = sorted(SPARC DIR.glob(’ * rotmod.dat’))
sparc = {}
for f in files:

g = load_sparc(f)

if g:

sparc[name_norm(f.stem)] = g

print (f' SPARC: {len(sparc)} galaxies’)

# === 00X YF ===

matched = []

for nn, t in ta3.items():
if nn not in sparc:

continue
gal = sparc[nn]
R =gal[’R"]
Vd = gal[’Vvd’]
n = len(R)
if n&lt; 5:
continue

# phaselF—% (Hhik)

pl = phasel.get(nn, {}) if phasel else {}
vflat pl = pl.get(’vflat p1’, t[’vflat ta3’])
ud_p1 = pl.get("ud_p1’, t['ud ta3’])

entry = {
"nn’: nn,
"name’ : t[’ name orig’ ],
"g¢’: tgc’ ],
"gc al’: t['gc al’ ],
"vflat tad’ : t['vflat ta3’],
“ud ta3’: t[’ud ta3d’ ],
"vflat_p1’: vflat pl,
“ud_p1’: ud_pl,

"R': R,

"Vd': Vd,

"Vo': gal[’Vo'],
Vg’ i gall’Vg' ],
"Vb’: gal[’Vb' ],

}

matched. append(entry)



print(f'Matched: {len(matched)}’)

i

t £FETOh REE

i

for m in matched:
R=mnl"R]
Vd = m[’Vd’ ]
n = len(R)

- A TSA VAR —

# vds = sqrt(ud) * |V disk]|

vds_p1 = np.sqrt(m[’ud_p1’]) * np.abs(Vd)

i_pk_p1 = np.argmax(vds_p1)

r_pk_pl = R[i_pk_p1]

m[’ r_pk_original’] = r_pk_p1

m[’hR original’] = r pk p1 / 2.15 if r pk pl1 &gt; 0 else None
m[’r_pk _at edge’] = (r_pk p1 &gt;= R.max() * 0.9) or (r_pk pl &Lt; 0.01)

# TA3DudTHE LEHE

vds_ta3 = np.sqrt(m[’ud_ta3’]) * np.abs(Vd)

i_pk ta3 = np.argmax(vds_ta3)

r pk_ta3 = R[i_pk ta3]

m[’hR_ta3 ud’] = r_pk_ta3 / 2.15 if r_pk_ta3 &gt; 0 else None

m[’ r_pk_ta3_edge’] = (r_pk_ta3 &gt;= R.max() * 0.9) or (r_pk ta3 &Lt; 0.01)

# - V2R -

i_pk v2 = max(np.argmax(np.abs(Vd)), 1)

r pk v2 = R[i pk v2]

m[’hR_v2'] = r_pk v2 / 2.2 if r_pk v2 &gt; @ else None

# - v_flat —
outer = slice(2%n//3, n)
m[’ vflat obs’] = np.median(m[’ Vo’ J[outer]) if n &gt;= 5 else None

TAN: fBAEDETRYIR

T+ T o

print(f' ¥n{"="%70}")
print(’ Combination Matrix’)
print(f’ {"="%70}")

def compute alpha(label, gc func, gs@ func, filter func):
gc Llist, gs0 List =[], []
n filtered = 0
for m in matched:
if not filter func(m):
n filtered += 1
continue
gc = gc_func(m)
gs0 = gs0 func(m)
if gc and gs@ and gc &gt; 0 and gs0@ &gt; 0:
gc_Llist.append(gc)
gs0_Llist.append(gs0)

gc arr = np.array(gc_Llist)
gs0_arr = np.array(gs0_List)
fit = alpha fit(gc arr, gs0 arr)
if fit:
ok = "YES' if fit[’p05 ] &gt; 0.05 else 'no’
print(f’ {label:&lt;55} N={fit[”"N”]:3d} (filt={n_filtered:2d}) ’
f alpha={fit["alpha”]:.3f}+/-{fit["e_alpha”]:.3f} ’
' p={fit["p05"]:.4f} {ok}")
return fit, gc_arr, gs0 arr
else:
print(f’ {label:&lt;55} FAILED)
return None, None, None

# 71y EK
def filt original(m):

return not m[’r pk at edge’] and m[’hR original’] and m[’hR original’] &gt; 0
def filt_ta3 edge(m):

return not m[’r pk ta3 edge’ ] and m[’hR ta3 ud’ ] and m[’hR ta3 ud’ ] &gt; 0
def filt _none(m):

return True

1 GSOR9%K
def gs0@ orig(m):
if m[’hR original’] and m[’hR original’] &gt; 0:
return (m[’ vflat p1’] * 1e3)*x2 / (m[’hR original’] * kpc)
return None
def gs0 orig ta3vf(m):
if m[’hR original’] and m[’hR original’] &gt; 0:
return (m[’ vflat ta3’ ] % 1e3)*x2 / (m[’hR original’] * kpc)



return None

def gs0 orig obsvf(m):
if m[’hR original’] and m[’hR original’] &gt; @ and m[’vflat obs’ ]:
return (m[’ vflat obs’] * 1e3)*x2 / (m[’hR original’] * kpc)
return None
def gs0@ v2(m):
if m[’hR v2'] and m[’hR v2'] &gt; 0 and m[’ vflat obs’]:
return (m[’ vflat obs’] * 1e3)*x2 / (m[’hR v2' ] * kpc)
return None
def gs0@ hybrid 215(m):
7772 peakfii7EANdivisor=2,15"""
if m[’hR v2'] and m[’hR v2'] &gt; 0 and m[’ vflat obs’]:
hR_215 = m[’hR v2'] % 2,2 / 2.15 f{ rescale
return (m[’ vflat obs’ ] * 1e3)*x2 / (hR 215 * kpc)
return None
# gcBa%

def gc_ta3(m):

return m[’ g¢’ ]

gc direct 05(m):

R, Vo, Vg, Vd, Vb = m[’R’], m[’Vo'], m[’Vg'], m[’Vd" ], m[’Vb']
n = len(R)

if n &lt; 5: return None

Vbar = np.sqrt(np.maximum(Vg*x2 + 0.5%Vd**2 + 0. 7*Vb*x2, 0))
s = slice(2#n//3, n)

Rm = R[s] * kpc

if len(Rm) &Llt; 2: return None

gc = np.median((Vo[s]*1e3)**2/Rm - (Vbar[s]*1e3)*%2/Rm)
return gc if gc &gt; 0 else None

gc direct_opt(m):

R, Vo, Vg, Vd, Vb = m[’R’], m[’Vo'], m[’Vg'], m[’Vd’ ], m[’Vb']
ud = m[’ud p1” ]

n = len(R)

if n &lt; 5: return None

Vbar = np.sqrt(np. maximum(Vg#*2 + ud*Vd*x2 + 0.7%Vb*x2, 0))
s = slice(2#n//3, n)

Rm = R[s] * kpc

if len(Rm) &lt; 2: return None

gc = np.median((Vo[s]x1e3)*x2/Rm - (Vbar[s]*1e3)**2/Rm)
return gc if gc &t; 0 else None

de

—h

de

—h

print(’ ¥n-——— Step 1: Exact Reproduction ——")

fit exact, , _ = compute alpha(
"EXACT: gc=TA3, GSO=vflat p1°2/(rpk_p1/2.15), edge filter’,
gc ta3, gs0 orig, filt original)

print(’ ¥n--- Step 2: Element Substitution --=")

#f 2a: vflat&TA3ICE#R

compute_alpha(
"vflat: pl -&gt; TA3 (rest=original)’,
gc_ta3, gs0 orig ta3vf, filt original)

# 2b: vflat%obsHhR{EICEHR

compute alpha(
"vflat: pl -&gt; obs median (rest=original)’,
gc_ta3, gs0 orig obsvf, filt original)

# 2c: h RETE%2.15-8gt;2. 2ICE &R
compute_alpha(
"divisor: 2.15 -&gt; 2.2 (rest=original)’,
gc_ta3, gs0 hybrid 215, filt original)

#f 2d: edge 7 1 LY EHT

compute alpha(
"filter: edge filter OFF (rest=original)’,
gc_ta3, gs0 orig, filt none)

# 2e: r_pkZudiNENSVIE—V ILER
def gs0 v2peak plvf(m):
if m[’hR v2'] and m[’hR v2'] &gt; 0:
return (m[’ vflat p1’] * 1e3)*x2 / (m[’hR v2' ] * kpc)
return None
compute_alpha(
"r pk: sqrt(ud)*Vd -&gt; simple Vd (rest=original)’,
gc ta3, gs0 v2peak plvf, filt original)

t 2f: gcEFEAdirect(¥d=0.5) IC B

compute alpha(
"gc: TA3 -&gt; direct(Yd=0.5) (rest=original)’,
gc direct 05, gs0 orig, filt original)

#f 29: gcEFE A direct(Yd=opt) ICEH
compute_alpha(



"gc: TA3 -8gt; direct(Yd=pl opt) (rest=original)’,
gc direct opt, gs@ orig, filt original)

print(’ ¥n-—— Step 3: Full v2 Method ——")

compute_alpha(
"FULL _V2: gc=direct(0.5), GS@=obs“2/(Vd pk/2.2), no filter’,
gc direct 05, gs@ v2, filt none)

#
# vflatth®g
#
print(f ¥n{"="%70}")
print(’v_flat Comparison’)
print(f' {"="%70}")

vf pl_Llist, vf ta3 list, vf obs list = [], [], []
for m in matched:
if m[’vflat obs’] and m[’ vflat p1’] &gt; 0:
vf_p1_Llist.append(m[’ vflat_p1’])
vf_ta3 List.append(m[’ vflat_ta3 1)
vf_obs_Llist.append(m[’ vflat_obs’])

vf_pl = np.array(vf_p1_Llist)
vf_ta3 = np.array(vf_ta3 Llist)
vf_obs = np.array(vf_obs_Llist)

print(f" N = {len(vf_p1)}")

print(f" phasel vs TA3: median ratio = {np.median(vf p1/vf ta3):.3f}, ’
f'corr = {np.corrcoef(vf_pl, vf ta3)[0,1]:.4f}")

print(f" phasel vs obs: median ratio = {np.median(vf p1/vf obs):.3f}, ’
f'corr = {np.corrcoef(vf_pl, vf obs)[0,1]:.4f}")

print(f" TA3 vs obs: median ratio = {np.median(vf ta3/vf obs):.3f}, ’
f'corr = {np.corrcoef(vf_ta3, vf obs)[0,1]:.4f}")

#
#f Y _dtt#&k (phasel vs TA3)
#
if phasel:
print(f' ¥n{"="%70}" )
print(’Upsilon_d Comparison (phasel vs TA3)")
print(f’ {"="%70}")
ud p1 Llist, ud ta3 list =[], []
for m in matched:
ud_p1_Llist.append(m[’ ud_p1’ 1)
ud_ta3 Llist.append(m[’ ud_ta3’ ])
ud_p1_arr = np.array(ud_p1_Llist)
ud_ta3 arr = np.array(ud_ta3 Llist)
print(f" phasel: median={np.median(ud p1 arr):, 3f}, ’
" mean={np.mean(ud_p1_arr):.3f}, range=[{np.min(ud p1_arr):.3f}, {np.max(ud_p1_arr):.3f}1")
print(f" TA3: median={np.median(ud ta3 arr):, 3f}, ’
" mean={np.mean(ud_ta3_arr):.3f}, range=[{np.min(ud ta3_arr):.3f}, {np.max(ud_ta3 arr):.3f}1")
print(f" corr:  {np.corrcoef(ud p1 arr, ud ta3 arr)[0,1]:.4f}")

#
FTvIVTALIDHE
#
print(f' ¥n{"="%70}")

print(’Edge Filter Analysis’)

print(f’ {"="%70}")

n_edge = sum(1 for m in matched if m[’r_pk at edge’])

n ok = sum(1 for m in matched if not m[’r pk at edge’])

print(f" Edge filtered: {n_edge}/{len(matched)} ({100%n_edge/len(matched):.1}%)")
print(f" Kept: {n ok}")

Ty IR D T
gc_edge = [m[’gc a0’ ] for m in matched if m[’r pk at edge’ 1]
gc ok = [m[’gc a@’] for m in matched if not m[’r pk at edge’ ]]
if gc_edge:
print(f" Edge galaxies gc/a@: median={np.median(gc_edge):.3f}, ’
f’ mean={np. mean(gc_edge):.3f}")
print(f" Kept galaxies gc/a0: median={np.median(gc_ok):.3f}, ’
' mean={np. mean(gc_ok):.3f}")

#
# RDEM
#
fig, axes = plt.subplots(2, 2, figsize=(14, 11))

# (a) vflattbd

ax = axes[0, 0]

if len(vf_p1) &gt; 0:
ax.scatter(vf_obs, vf pl, s=15, alpha=0.5, label="phasel’, color="f1ala2e’)
ax.scatter(vf_obs, vf_ta3, s=15, alpha=0.5, Llabel="TA3’, color="1#e94560" )
Lim = [0, max(max(vf_obs), max(vf_p1), max(vf_ta3)) * 1.05]



ax.plot(lim, Llim, "k--", alpha=0.3)
ax.set _xlabel(’V_flat (obs median) [km/s]’)
ax.set_ylabel(’V_flat (phasel / TA3) [km/s]")
ax.set_title(’ (a) V_flat comparison’)
ax. legend()

ax.grid(True, alpha=0.3)

# (b) h_RELEX
ax = axes[0, 1]
hR orig = [m[’hR original’] for m in matched if m[’hR original’] and m[’ hR v2’ 1]
hR v2 = [m[’hR v2'] for m in matched if m[’hR original’] and m[’hR v2’]]
if hR_orig and hR_v2:
colors scat = ["#e94560" if m[’r pk at edge’] else 'f#1ala2e’
for m in matched if m[’hR original’] and m[’hR v2’ 1]
ax.scatter(hR_v2, hR orig, s=15, alpha=0.5, c=colors_scat)
Lim = [0, max(max(hR_v2), max(hR orig)) * 1.05]
ax.plot(lim, Llim, "k--", alpha=0.3, label="1:1")
ax.set_xlabel("h R (v2: Vd peak/2.2) [kpc]')
ax.set_ylabel("h_R (original: sqrt(ud)*Vd_peak/2.15) [kpc]’)
ax.set_title(’ (b) h_R comparison (red=edge-filtered)’)
ax. legend()
ax.grid(True, alpha=0.3)

# (c) UdD7atbss

ax = axes[1, 0]

if phasel:
ax.hist(ud_p1_arr, bins=20, alpha=0.6, label="phasel’, color="{#1ala2e’)
ax.hist(ud_ta3_arr, bins=20, alpha=0.6, label="TA3’, color="#e94560’)
ax.axvline(0.5, color="green’, ls="--", lw=2, label="Y d=0.5")
ax.set_xlabel(’Y d’)
ax.set_title(’ (c) Y_d: phasel vs TA3")
ax. legend()

ax.grid(True, alpha=0.3)

>

>

> X

#f (d) g c(TA3) vs GSO E)R7A v b
ax = axes[1, 1]
gc plot, gs@ plot, edge plot =[], [1, []
for m in matched:
gs0 = gs0 orig(m)
if gs0 and gsO &gt; 0 and m[’gc’ ] &gt; 0:
gc_plot.append(m[’ gc’ 1)
gs0 plot. append(gs0)
edge_plot.append(m[’ r_pk_at_edge’ ])

if gc plot:
gc p = np.array(gc_plot)
gs0_p = np.array(gs@ plot)
edge _p = np.array(edge_plot)

ax.scatter(np. Log10(gs0_p[~edge_pl/a0), np. log10(gc_p[ edge_pl),
s=15, alpha=0.5, color="#1ala2e’, label="kept’)

ax.scatter(np. Log10(gs0_p[edge pl/a0), np. log10(gc_pledge p]),
s=15, alpha=0.5, color="1#e94560’, label="edge-filtered’ )

i EEARR (kept only)
x_kept = np. Log10(gs0@ p[ edge pl/a0)
y_kept = np. log10(gc_p[~edge p])
mask = np.isfinite(x kept) &amp; np.isfinite(y kept)
if np.sum(mask) &gt; 10:
sl, ic, , _, _ = linregress(x _kept[mask], y kept[mask])
x_Lline = np. linspace(np.min(x_kept[mask]), np.max(x_kept[mask]), 50)
ax.plot(x_Lline, sl*x_Lline + ic, "g-", Llw=2,
label=f" alpha={sl:.3f}")

ax.set_xlabel(’ log(G*Sigma 0 / a_0)")
ax.set _ylabel(’ log(g ¢)’)
ax.set_title(’ (d) Regression (green=kept, red=filtered)’)
ax. legend(fontsize=8)
ax.grid(True, alpha=0.3)

plt.suptitle(’ alpha=0.545 Reproduction &amp; Decomposition’, fontsize=13, y=1.01)
plt.tight layout()

fig_path = OUTDIR / ’alpha_reproduce. png’

plt.savefig(fig path, dpi=150, bbox inches="tight’)

print(f ¥nFigure: {fig path}’)

# JSON
summary = {'n_matched’ : len(matched), 'n_edge filtered : n_edge}
with open(OUTDIR / ’alpha_reproduce. json’, 'w’) as f:

json. dump(summary, f, indent=2, default=float)

if name ==’ main_ ’:
main()



probes_vbar_v2_local.py

= [FHR(V_barR LRy D)

B8: VizieR HIV—RR#RRZR + BIET —9HR

RTINS T—4: VizieR 8h¥y O %
FEHR:V_gas(RyTOT77MIAEFEDHYOT13VizieRICEELAW,V_bar kML Ry IHE,

Y—2Z1—NK (388 lines, 12,998 bytes)

#1/usr/bin/env python3

pEr

probes_vbar _v2 local.py

BER: BEOO—AILT—y GIE/SS T4 OmH) &EFRL
WHISP/THINGS HIF—4 DERGAEIELWY —Z2HLEHA 2,

HiIR:
- probes_vbar_output/ ICEIEI/XA TS5 4 Y HADEE
- F/zl& PROBES/S4G 7—4 % Zenodo/VizieR H 5HEG

HI ¥—% v —2%%HK:
1. THINGS de Blok+2008: VizieR MF— 7L &% BEIRHR
2. WHISP: #¥OBEEH 4 O T &H1T
3. Noordermeer+2007 (J/MNRAS/376/1513): ERHARYSRSAIHI
4, Lelli+2016 SPARCEH{A®DV gash S L (BEfEE LT)

£1T: uv run —-with scipy ——with matplotlib ——with requests python probes vbar v2 local.py

import numpy as np

import sys

import json

import csv

import re

from pathlib import Path

from scipy.optimize import minimize_scalar
from scipy.special import i0, i1, kO, ki

from scipy.stats import linregress, t as tdist

OUTDIR = Path(”probes_vbar v2 output”)
OUTDIR. mkdir(exist_ok=True)

it MEEEE
G_SI = 6.674e-11; Msun = 1.989e30; pc = 3.086e16; kpc = 1e3*pc; abd = 1.2e-10
M sun W1 = 3.24

def norm(n):

return re.sub(r’ [¥s¥-_1", 7, n.upper())
#
# Part 1: VizieR F—7JLIEZR (WHISP/THINGS DIELWF—TILEHEE)
#

def vizier_Llist_tables(catalog):
NizieRHH OATRDT—T I —EEEE""”
import requests
url = f’https://vizier.cds.unistra. fr/viz-bin/VizieR-3?-source={catalog}&amp;-to=1"
try:
r = requests.get(url, timeout=30)
# HTMLANS 7 — TV % i
tables = re.findall(r’ name="([""]*table["”]%)"", r.text, re.I)
if not tables:
tables = re.findall(rf {re.escape(catalog)}/(¥wt+)’, r.text)
return tables
except:
return []

de

—h

vizier fetch(source, columns="all”, max_rows=50000) :
"NizieRRARE (T5—/n\Y RY v IRE) 77
import requests
url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”
params = {

"-source”: source,

"-out.max”: str(max_rows),

"-out. form”: "tsv”,
}
if columns 1= "all”:

params[”-out”] = columns



—+

r = requests.get(url, params=params, timeout=60)

if "does not exist” in r.text or len(r.text) &Lt; 100:
return None, r.text[:200]

lines = [L for L in r.text.strip().split(’¥n’)
if L and not L.startswith(# )]

t ~Ny STRER
header_idx = None
for i, L in enumerate(lines):
if "¥t" in L and not L.startswith(’-"):
I BETRWNMTEAY YEHETS
cols = L.split(’¥t’)
if cols and not cols[0].replace(’.”,’”).replace(’-",”").replace("+,”’ ). isdigit():
header_idx = i
break

if header_idx is None:
t RVDFES Y2175~ v TETD
for i, L in enumerate(lines):
if not L.startswith("-") and "¥t’ in L:
header_idx = i
break

if header_idx is None:
return None, ”"No header found”

headers = [h.strip() for h in lines[header idx].split(’¥t’)]
data = []
for L in lines[header idx+1:]:
if L.startswith("-") or not L.strip():
continue
cols = L.split(’¥t")
if len(cols) &gt;= len(headers):
data. append(dict(zip(headers, [c.strip() for c in cols])))

’

return {"headers’: headers, ’data’: data, 'n’: len(data)}, None

search_hi_sources():
"I SRR/ E B E DVizieRY — R & RFHICER""”

import requests

print(’=" * 60)
print(’HI Data Source Search’)
print(’=" * 60)

tz@hyny

candidates = [
# (catalog base, description, expected columns)
("J/AJ/136/2648”, "THINGS de Blok+2008”, "Vrot,Vgas”),
("J/AJ/141/193”, "Swaters+2011 WHISP dwarfs”, "Vrot,Vgas”),
("J/A+A/390/829”, “Swaters+2002 dwarf RC”, "Vrot”),
(”J/MNRAS/376/1513”, "Noordermeer+2007 early-type HI”, ”"Vrot”),
("J/AJ/149/180”, ”0h+2015 LITTLE THINGS”, "Vrot”),
(”J/A+A/526/A118”, "WHISP van der Hulst+2001”, "Vrot”),
("J/AJ/136/2563”, "Walter+2008 THINGS survey”, “Vrot”),
("J/A+A/582/A90”, "Frank+2016 THINGS HI profiles”, "col”),

found = {}

for cat, desc, expected in candidates:
print(f'¥n {cat} ({desc}):’)

tEFTF—TN—BERAT

result, err = vizier_fetch(cat, "all”, max_rows=5)

if result:
print(f’ 0K: {result[”n”]} rows, headers={result[”headers”][:8]}")

# V. gash S Lh'Hh 3 HHR

has_vgas = any(’gas’ in h. lower() or 'vhi’ in h, lower()
for h in result[” headers’])

has_name = any(’name’ in h, lower() or 'galaxy’ in h, lower()
for h in result[ headers’])

has_rad = any(’rad’ in h. lower() or ’r’ == h, lower()
for h in result[” headers’])

print(f’ V_ gas column: {"YES” if has vgas else "N0”}")
print(f’ Name column: {"YES” if has name else "N0O”}’)
print(f’ Radius column: {"YES” if has rad else "N0”}")
if has_vgas or has_rad:



found[cat] = {
"desc’ : desc,
"headers’ : result[’ headers’],
"has_vgas’ : has vgas,
"sample n’: result[’n’],

else:
print(f’ FAILED: {err}’)

t TN REERZATHRMT
for suffix in ['’, '/tablel”, ’/table2’, ’/table3’,
’/tabled’, ’/table5’, ’/tableal’, ’/stars’]:
alt = cat + suffix
result2, err2 = vizier_fetch(alt, "all”, max_rows=3)
if result2:
print(f’ ALT {alt}: OK, headers={result2[”headers”][:6]}")
foundfalt] = {
"desc’: desc + ' ({suffix})’,
"headers’ : result2[’ headers’],
"sample n’: result2['n’],
}
break

print(f'¥n Found {len(found)} working sources’)
return found

#
# Part 2: BEET — 4 DA H
#

def load previous pipeline():
TUHIERA TS A Y OHAEGFHAHFAL”
prev dir = Path(”probes vbar output”)

print(f' ¥n{"="x60}")
print(’Loading Previous Pipeline Data’)
print(f’ {"="%60}")

if not prev_dir.exists():
print(f" {prev_dir} not found’)
return None

files = list(prev dir.iterdir())
print(f" {prev_dir}: {len(files)} files’)
for f in sorted(files):
print(f’ {f.name}: {f.stat().st size:,} bytes’)

# TSV 7 1L EFHD

data = {}
for f in files:
if f.suffix in (C.tsv’, ".csv’, ".json’):
try:
content = f.read text(encoding="utf-8")
data[f.stem] = content
print(f’ Loaded: {f.name} ({len(content):,} chars)’)
except:
pass
return data
#
# Part 3: Y d&@EET VYV (Part 1-20EREHA)
#

def freeman vdisk(R kpc, h kpc, I0 Lpc2, Yd):
"""Freeman disk V_disk(R)”"”
y = Rokpc / (2.0 * h_kpc)
y = np.clip(y, 1e-6, 50)
b = i0(y)*k0(y) - i1(y)*k1(y)
S0 SI = Yd % I0 Lpc2 * Msun / (pcx*x2)
V2 = 4 % np.pi * G SI % SO SI % (h_kpcxkpc) * y%x2 % b
return np.sqrt(np.maximum(V2, 0)) / 1e3

de

—+

optimize Yd chi2(R kpc, V obs, eV, V disk unit, V gas):
"7chi"2&/METY _dE&REE”””
def chi2(Yd):
Vbar = np.sqrt(np.maximum(Yd * V_disk unit*x2 + V_gas**2, 0))
return np.sum(((V_obs - Vbar) / np.maximum(eV, 1.0))*%2) / max(len(V_obs)-1, 1)

try:
res = minimize_scalar(chi2, bounds=(0.05, 2.0), method="bounded’ )
if res.fun &Llt; 50:
return res.x, res.fun



except:
pass
return None, None

de

—h

alpha fit(gc, gs0):

x = np. Log10(gs0) - np. log10(ad)

y = np. log10(gc)

m = np.isfinite(x) &mp; np.isfinite(y)

x, y = x[m], y[m]

if len(x) &Lt; 5: return None

sl, ic, r, p, se = linregress(x, y)

t stat = (sl - 0.5) / se

p05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)

return {"alpha’: sl, "e alpha’: se, 'p05 : p05, ’'r’: r, "N : len(x)}

#
i Main
#
def main():

print(’=" * 60)

print(’ PROBES V bar Pipeline v2 (Local + HI Search)’)

print(’=" * 60)

# Part 1: HI Vv —2#%k
hi_sources = search hi_sources()

# Part 2: BEIfET— 9 HAHAH
prev_data = load previous pipeline()

# Part 3: FEROYT Y ERDRTY T
print(f' ¥n{"="x60}")

print(’ Summary and Next Steps’)
print(f' {"="%60}")

print(f ¥n HI sources found: {len(hi sources)}’)
for cat, info in hi_sources. items():
print(f’ {cat}: {info[”desc”]}’")
print(f’ headers: {info[”headers”][:61}")
print(f’ V_gas: {"YES” if info.get("has_vgas”) else "check manually”}’)

if prev_data:
print(f' ¥n Previous pipeline data available: {list(prev data.keys())}")

# RITABERHIY — 2N, £F— S IEB+V bariEEEHH» 2

if hi_sources:
print(’¥n -&gt; HI sources found. Running full pipeline with best source...’)
run_full pipeline(hi_sources, prev data)

else:
print(’¥n -8&gt; No HI sources found via VizieR.”)
print(’ Alternative approaches:’)
print(’ 1. WHISP data: https://www.astron.nl/"whisp/ (manual download)’)
print(’ . THINGS: https://www.mpia.de/THINGS/ (manual download)’)
print(’ . Use SPARC V_gas as reference for cross-matched galaxies’)
print(’ . Estimate V_gas from HI mass (MHI from HyperLeda or ALFALFA)’)

A ow N

I #ERIRTF

summary = {
"hi_sources’ : {k: {kk: vv for kk, vv in v.items() if kk != "headers’}

for k, v in hi_sources. items()},

"prev_data_available’ : prev_data is not None,

}

with open(OUTDIR / ’v2 search results. json’, 'w') as f:
json. dump(summary, f, indent=2)

print(f ¥nResults: {OUTDIR / "v2 search results. json”}’)

de

—+

run _full pipeline(hi sources, prev data):
TIHLY — AR DD S TIRED TN TS A U
import requests

It RHLAERHIY —R%58IR (V. gash T LD H2HDEE)
best_hi = None
for cat, info in hi_sources. items():
if info.get(’has vgas’):
best _hi = cat
break
if best_hi is None and hi_sources:
best hi = list(hi sources.keys())[0]

if best_hi is None:
print(’ No usable HI source.’)
return



print(f"¥n Using HI source: {best_hi} ({hi_sources[best hil[”desc”]})")

I HIZ2F— 5 %
result, err = vizier_fetch(best hi, "all”, max_rows=999999)
if not result:

print(f" Failed to fetch HI data: {err}’)

return

print(f" HI data: {result["n”]} rows’)
print(f" Headers: {result[”headers”]}’)

# A~ S#RHF: Name/Galaxy, Rad/R, Vgas/VHI h5L%EEE

headers = result[’ headers’]

name_col = next((h for h in headers if h. lower() in [’ name’,’ galaxy’,’gal’]), None)
rad_col = next((h for h in headers if h.lower() in ["rad’,’r’,’ radius’]), None)

vgas_col = next((h for h in headers if "gas’ in h, lower() or 'vhi’ in h. lower()), None)
vobs_col = next((h for h in headers if “vrot’ in h. lower() or "vobs’ in h. lower()), None)

print(f" Identified: name={name col}, rad={rad col}, vgas={vgas col}, vobs={vobs col}’)

if not name col or not rad col:
print(’ Cannot identify required columns.’)
return

# HI RC Z/X—2
hi_rc = {}
for row in result[’ data’]:
name = row.get(name col, '’ ).strip()
if not name:
continue
try:
rad = float(row.get(rad col, '0’))
vg = float(row.get(vgas col, "0’)) if vgas col and row.get(vgas col, '’ ).strip() else None
vo = float(row.get(vobs col, "0")) if vobs col and row.get(vobs col, '’ ).strip() else None

if name not in hi_rc:
hi_rc[name] = {"R’: [], "Vgas': [], ’Vobs’: []}
hi_rc[name][’ R’ ]. append(rad)
if vg is not None:
hi_rc[name][’ Vgas’ ]. append(vg)
if vo is not None:
hi_rc[name][’ Vobs’ ]. append(vo)
except ValueError:
pass

for name in hi_rc:
for k in hi_rc[name]:
hi_rc[name][k] = np.array(hi_rc[name][k]) if hi_rc[name][k] else np.array([])

n_with_vgas = sum(1 for v in hi_rc.values() if len(v[’Vgas’]) &gt;= 3)
print(f" HI galaxies: {len(hi_rc)}, with V_gas profile: {n with vgas}’)

f# TODO: PROBES RC & #ORT v F + S4G V. disk + Y _dS@E(t
# THILPROBES/S4GT — 4 DEVEAEICHKET
t BIE/A TS v0A—hILT—4BHnIET I HhESHRT

print(f'¥n HI galaxies (sample): {list(hi_rc.keys())[:101}")
print(f ¥n -8gt; Next: Cross-match with PROBES RC and S4G, then run Yd optimization.’)

if name ==’ main_ ’:
main()



cluster_stack_v3_fix2.py

B [{HR(EHELUX)

H#: BCGRE(z_specZB) + cl1 3Lz 7TAT7/ILELER

R RT—4: SDSS DR17, HSC-SSP cl1_sources_photoz.csv

FEHER: TH0(140.45,-0.25): S/N=8.0, |gx|=0.014 <- &x B, BCG&#&S/N=7.1-7.5T% %, JtH /O DIE LR,

Y—2Z—NK (376 lines, 12,682 bytes)

#1/usr/bin/env python3

pEr

cluster_stack v3 fix2.py

cl1_sources_photoz.csv % IF L < 55HiA R
JTHD vs BCGAR/D vs BCGIR#EH3 DY =7 7O7 74 L& LT 5,

BES:
1. 774 JLEIR: "sources_photoz %EHE
2. HSCH S Ln: i_hsmshaperegauss_el/e2, derived weight, photoz best
3.7 [EAYIHIR
4. BCGIRFBHRE TOLLE

£1T: uv run ——with scipy ——with matplotlib python cluster stack v3 fix2.py

import numpy as np

import csv

import json

from pathlib import Path

from scipy. integrate import quad

OUTDIR = Path(”cluster_stack v3 output”)
OUTDIR. mkdir(exist_ok=True)

c_light = 2,998e5; HO = 70.0; Omega m = 0.3; Omega L = 0.7

# cliDFRMESR

CENTERS = {
“original’:  {'ra’: 140.45, ’dec’: -0.25, "label’: "Original (140.45, -0.25)"},
"beg topl’: {"ra’: None, "dec’ : None, " label’ : "BCG #1 (from SDSS)’},
"beg_top3’: {'ra’: None, " dec’ : None, " label’: "BCG #3 (offset=1.16¥")"},

}

Z CL =0.313

def D A(z):
f = lambda zp: 1.0 / np.sqrt(Omega_m*(1+zp)**3 + Omega L)
chi, _ = quad(f, 0, z)

return ¢_Llight / HO * chi / (142)

de

—h

find_sources file():
""" 11 _sources_photoz.csv %#iEd
candidates = []
for d in [Path(’.”), Path(’..”), OUTDIR, Path(’cluster stack output’)]:
if not d.exists():
continue
for f in d.rglob(’ *sources_photoz*.csv’):
candidates. append(f)
for f in d.rglob(’ *sources*.csv’):
if “individual’ not in f.name. lower():
candidates. append(f)

nan

1 XE (KEWEIDET—%)
candidates = Llist(set(candidates))
candidates. sort(key=lambda f: f.stat().st size, reverse=True)

print(f' Source file candidates:’)
for f in candidates[:5]:
print(f" {f}: {f.stat().st size/1e6:.1f} MB’)

return candidates[0] if candidates else None

de

—h

load_sources(filepath):

"THSCEEL Y XY — R A Y AT EmHAS

print(f ¥nLoading: {filepath}’)

print(f" Size: {filepath.stat().st size/1e6:.1f} MB’)
o~y SRR (T E )



with open(filepath, 'r’, encoding="utf-8-sig’) as f:
first _line = f.readline().strip()

' EBRELTAY @B
if first_Lline.startswith(#):
first_Lline = first_Line[1:].strip()

raw_headers = [h.strip() for h in first Lline.split(’,”)]
print(f* Raw headers ({len(raw_headers)}): {raw_headers[:10]}...")

AN )
col map = {}
for h in raw_headers:
hl = h, Lower()
if ht in (Ci_ra’, 'ra’): col map['ra’] = h
elif hl in ("i_dec’, "dec’): col map[’dec’] = h
elif "el” in hl and "hsm’ in hl: col map['el’] = h
elif €2’ in hl and "hsm’ in hl: col map[’e2’] = h
elif “el” in hl and "el” not in col_map: col _map.setdefault(’el’, h)
elif €2’ in hl and "2’ not in col map: col map.setdefault(’e2’, h)
elif "derived shape weight’ in hl or hl == "weight’: col map[’w' ] = h
elif "derived weight’ in hl: col map.setdefault(’w, h)
elif hl in (’photoz best’, ’photoz mean’, ’photo z', 'z phot’):
col map[’zph’] = h
elif "photoz’ in hl and "zph’ not in col map:
col map. setdefault(’zph’, h)

print(f" Column map: {col map} )
missing = [k for k in ["ra’, "dec’, "el’, e2’] if k not in col map]
if missing:

print(f" ERROR: Missing columns: {missing}’)

print(f" ALl headers: {raw headers}’)

return None

t F—sHHRH

data = []
n_total = 0
n_bad = 0

with open(filepath, 'r’, encoding="utf-8-sig’) as f:
' iEAYIERXY TS
line = f.readline()
if line.startswithC# ):
¥ ANy FTOASLEE 'Y B LTRE
clean_headers = [h.strip() for h in Lline[1:].strip().split(’,”)]
else:
clean_headers = [h.strip() for h in Lline.strip().split(’,”)]
f.seek(0) # 'HRLALHBERL

S LAVTYIRERE
col idx = {}
for key, col name in col map.items():
#f clean_headers or raw headers TA VT v ¥ ARZE
for i, h in enumerate(clean headers):
if h.strip() == col name.strip():
col idx[key] =i
break
if key not in col idx:
for i, h in enumerate(raw headers):
if h.strip() == col_name.strip():
col idx[key] =i
break

print(f* Column indices: {col idx}")

if not all(k in col idx for k in ["ra’, "dec’, "el’, "e2']):
print(f" ERROR: Could not map columns to indices’)
return None

# CSVE LTEHMAAH
. seek(0)
first = f.readline() # ~Nv4¥2X¥v 7

for line in f:

n_total += 1

cols = Lline.strip().split(’,”)

try:
ra = float(cols[col idx[’ra’]])
dec = float(cols[col_idx[’dec’ 11)
el = float(cols[col idx["e1’]])
e2 = float(cols[col idx[’e2’ 1])
w = float(cols[col idx[’w']]) if "w in col idx else 1.0
zph = float(cols[col idx['zph’]]) if "zph’ in col idx else 1.0



de

—h

def

if w&gt; 0 and zph &gt; Z CL + 0.1:
data.append((ra, dec, el, €2, w, zph))
except (ValueError, IndexError):
n bad += 1

print(f" Total rows: {n total}, Valid bg: {len(data)}, Bad: {n bad} )
return data

shear_profile(sources, ra c, dec ¢, z cl, label=""):
Ty P FO7 7 A IVETE
D L =D A(z_cl)

R_bins = np.array([0.05, 0.1, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0, 3.0, 5.0])
R mid = np.sqrt(R bins[:-1] % R bins[1:])
n bins = len(R mid)

gt _sum = np. zeros(n_bins)
gx_sum = np. zeros(n_bins)
w_sum = np.zeros(n_bins)
n_count = np.zeros(n bins, dtype=int)

for ra_g, dec g, el, e2, w, zph in sources:
dra = (ra_g - ra_c) * np.cos(np. radians(dec c))
ddec = dec_g - dec ¢
R Mpc = np.sqrt(draxk2 + ddec**2) * np.pi / 180 % D L

if R Mpc &Lt; R bins[0] or R Mpc &gt;= R bins[-1]:
continue

phi = np.arctan2(ddec, dra)
gt = -(el * np.cos(2#phi) + e2 * np.sin(2*phi))
gx = +(e2 * np.cos(2#phi) - el * np.sin(2*phi))

idx = np.searchsorted(R bins, R Mpc) - 1
if 0 &lt;= idx &lt; n_bins:

gt_sumfidx] += gt * w

gx_sum[idx] += gx * w

w sum[idx] += w

n_count[idx] += 1

mask = w_sum &gt; 0

gamma_t = np.zeros(n_bins)

gamma_x = np. zeros(n_bins)

gamma_t[mask] = gt sum[mask] / w_sum[mask]
gamma_x[mask] = gx_sum[mask] / w_sum[mask]

sigma e = 0.26
e_gamma = np. full(n_bins, np.inf)
e _gamma[mask] = sigma_e / np.sqrt(n_count[mask])

t WA
print(f"¥n Profile [{label}]:")
print(f" {"R[Mpc]”:8&gt;8} {"N”:8&gt;7} {"gamma t”:&gt;10} {"gamma x”:&gt;10} {"S/N”:&gt;7} )
for i in range(n bins):
sn = gamma_t[i] / e gamma[i] if e gamma[i] &lt; np.inf else 0
print(f" {R.mid[i]:8.3f} {n count[i]:7d} {gamma t[i]:10.6f} ’
f' {gamma_x[i]:10.6f} {sn:7.2f}")

total sn = np.sqrt(np. sum(np.where(mask, (gamma_t/e gamma)**2, 0)))
gx_med = np.median(np. abs(gamma_x[mask])) if np.any(mask) else 0
print(f" Total S/N = {total sn:.1f}, |gamma x| median = {gx med:.6f}")

return {
"R": R mid, "gt’: gamma t, 'gx’: gamma x, 'eg’ : e gamma,

’ g

n : n_count, SN’ : total sn, 'gx med : gx_ med,

main():

import matplotlib

matplotlib. use(’ Agg’)

import matplotlib.pyplot as plt

print(’=" * 60)
print("cl1 Shear Profile: Multi-Center Comparison’)
print(’=" * 60)

t 77 1IB%R

src_file = find_sources file()

if src_file is None:
print(" ERROR: No source file found.”)
print(’ Expected: cl1_sources_photoz.csv’)
return



t T8 EmHAH
sources = load sources(src_file)
if sources is None:

return

#f BCGEERZEDFEAA (v3 fixDFERHN D)

# T 5IFEIBIDSISSIERN S, REDBEICBEIMATILIL,
CENTERS[’ beg_top1’1["ra’] = 140.45 {# TODO: RIED#ER%E AN
CENTERS[’ beg_top1’ ][ dec’] = -0.25 # TODO: BIEID#ER% AN

I BIEOIFERSRWNIFE: SDSSH S EERE
try:
import requests
sql = "
SELECT TOP 5 p.ra, p.dec, p.r, s.z as z_spec
FROM PhotoObj AS p
JOIN SpecObj AS s ON p.objID = s.bestObjID
WHERE p.ra BETWEEN 140.3 AND 140.6
AND p.dec BETWEEN -0.35 AND -0.15
AND p. type = 3
AND s.z BETWEEN 0.298 AND 0. 328
AND s, zWarning = 0
AND p.r &Llt; 20
ORDER BY p.r ASC
r = requests. get(
"https://skyserver.sdss.org/dr17/SkyServerWS/SearchTools/SqlSearch”,
params={"cmd’ : sql, 'format’: ’json’}, timeout=30)
data = r.json()
rows = []
if isinstance(data, Llist):
for item in data:
if isinstance(item, dict) and "Rows’ in item:
rows = item[’ Rows’]
break
elif isinstance(item, dict) and ra’ in item:
rows = data
break

if rows:
print(f’ ¥nSDSS BCG candidates for cl1:”)
for i, row in enumerate(rows):
off = np.sart(
((float(row[’ ra’ 1)-140.45)#np. cos(np. radians(-0. 25))%60)**2 +
((float(row[’ dec’ ])+0.25)*60)*x*2)
print(f" #{i+1}: RA={float(row[”ra”]):.5f} Dec={float(row[”dec”]):.5f} ’
' r={float (row[”r"]):.2f} z={float(row[”z_spec”]):.4f} ’
' offset={off:.2F}¥ ")

CENTERS[’ bcg _top1’ I['ra’ ] = float(rows[0][ ra’])

CENTERS[” beg_top1” 1[" dec’ ] = float(rows[0][" dec’])

if len(rows) &gt;= 3:
CENTERS[’ beg_top3’ 1[" ra’ ] = float(rows[2][ ra’])
CENTERS[’ bcg_top3’ IJ["dec’ ] = float(rows[2][ dec’ 1)
CENTERS[’ beg_top3’ 1[" label’] = f'BCG #3 ({float(rows[2]["ra”]):.4f}, {float(rows[2]["dec”]):.4f})’

except Exception as e:
print(f’ SDSS query failed: {e}’)

# 7O 7 AIVEE: KD
profiles = {}
for key, center in CENTERS. items():
if center[’ra’] is None:
continue
print(f' ¥n{"="%60}")
print(f Center: {center[”label”]}’)
print(f" RA={center[”ra”]:.5f}, Dec={center[”dec”]:.5f}")
print(f’ {"="%60}" )
prof = shear_profile(sources, center['ra’], center[’dec’], Z CL, center[’ label’])
profiles[key] = prof

I HeEtr< Y
print(f ¥n{"="%60}")
print(’ Summary: S/N and |gamma x| by center’)
print(f {"="%60}")
print(f' {"Center”:&Lt;35} {"S/N”:8gt;7} {"|ox|”:&gt;10} {"Best?”:&gt;6}")
best sn = max(p[’ SN’ ] for p in profiles.values())
for key, prof in profiles. items():
is_best = "YES' if prof[’SN’] == best sn else '’
print(f’ {CENTERS[key][” label”]:&Lt;35} {prof[”SN”1:7.1f} {prof[”gx med”]:10.6f} {is_best:&gt;6}")

# RDEM
fig, axes = plt.subplots(1, 2, figsize=(14, 6))

colors = {"original’: "#1ala2e’, 'bcg topl’ : ’#e94560’, 'bcg top3’ : "#2ecc71’}



# (a) gamma_t profiles
ax = axes[0]
for key, prof in profiles. items():
mask = prof[’n’] &gt; 0
¢ = colors.get(key, "grey’)
ax. errorbar(prof[’ R J[mask], prof[’gt’ J[mask], yerr=prof[’ eg’ J[mask],
fmt="0-", color=c, capsize=3, markersize=5,
Llabe L=f" {CENTERS[key][” label”]1} (S/N={prof[”SN"]1:.1f})")
.axhline(0, color="grey’, ls="--", alpha=0.3)
.set_xlabel(’R [Mpc]’)
.set_ylabel(’ gamma_t’)
.set_xscale(’ log’)
.set_title(’ (a) Tangential shear profile’)
. legend(fontsize=7)
.grid(True, alpha=0.3)

a
a
a
a
a
a
a

X X X X X X X

# (b) gamma_x profiles (null test)
ax = axes[1]
for key, prof in profiles. items():
mask = prof[’n’] &gt; 0
¢ = colors.get(key, "grey’)
ax. errorbar(prof[’ R’ J[mask], prof[’ gx’ J[mask], yerr=prof[’ eg’ J[mask],
fmt="0-", color=c, capsize=3, markersize=5,
Labe =CENTERS[key1[’ label’ 1)
.axhline(0, color="grey’, ls="--", alpha=0.3)
.set_xlabel(’R [Mpc]’)
.set_ylabel(’gamma_x (null test)’)
.set_xscale(’ log’)
.set_title(’ (b) Cross shear (should be ~0))
. legend(fontsize=7)
.grid(True, alpha=0.3)

a
a
a
a
a
a
a

X X X X X Xx X

plt.suptitle(’cl1 Weak Lensing: Original vs BCG Center’, fontsize=13)
plt.tight layout()

fig_path = OUTDIR / ’cl1_center_comparison. png’

plt.savefig(fig path, dpi=150)

print(f ¥nFigure: {fig path}’)

#t JSON{R7E
summary = {k: {"SN’: p[’SN’], "gx med’ : p[ gx med’ ],
"gt max’: float(np.max(p['gt’])),
"center’ : CENTERS[k]}
for k, p in profiles.items()}
with open(OUTDIR / ’center_comparison. json’, 'w') as f:
json. dump(summary, f, indent=2, default=str)

3

if _name_ ==’_main_’:
main()



cl1_model_fit.py

= IER((EEL U X)

BH: cl184K: NFW/NFW+2halo/Gaussian')>% 3EF I 74k

R RT—4: cl1_individual_shear.csv (E =7 5%#)

FEHER: NFW: chi2/dof=1.47(logM=16,c=11552), Gaussian')>%: DAIC=+20.5(Z#]), NFW+2halo: DAIC=+2.0(#& =),

Y—2Z3—NK (471 lines, 15,640 bytes)

#1/usr/bin/env python3

pEr

clIDFL Y Xz 7 7OT7 74 II3ETILE 7 4 v b L TAICLLES,

ETIL:
A) NFW (2/85 X —%: M200, c200)
B) NFW + 2-halo (3/85 X —%: M200, c200, b _Lin)
C) Membrane delta-layer (3/X5 X—%: M200, f delta, r_delta)

AA: cluster_stack v3_fix2.py CHEINATOT 74l
F7=1d cll individual shear.csv (BEfEE =Y 7% H)

%24T: uv run —-with scipy --with matplotlib python cl1_model fit.py

pEr

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize, differential evolution
from scipy. integrate import quad

from scipy.special import hyp2f1

import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as _fm
for _fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:
try: fm. fontManager.addfont( fp)
except: pass
plt. rcParams[’ font. family’ ] = ’IPAGothic’
plt. rcParams[’ axes.unicode minus’] = False

OUTDIR = Path(”cluster_stack v3 output”)
OUTDIR.mkdir(exist ok=True)

t SR

c_Llight = 2,998e5; HO = 70.0; Omega m = 0.3; Omega L = 0.7
G N =4,301e-3 # pc Msun™-1 (km/s)"2

Z CL =0.313

def E(z):
return np.sqrt(Omega m*(14+z)**3 + Omega L)

def D A(z):
f = lambda zp: 1.0 / E(zp)
chi, = quad(f, 0, z)

return ¢_Llight / HO % chi / (14z) # Mpc

de

—h

rho crit(z):

""Critical density [Msun/Mpc~3]""”

Hz = HO % E(z) 1 km/s/Mpc

return 3 % Hz#x2 / (8 * np.pi * G N * 1e-6) # convert

#t IEBEZ rho crit: 3H™2/(8piG)
# HO = 70 km/s/Mpc -&gt; rho_crit = 9.47e10 Msun/Mpc~3
RHO_CRIT_@ = 1.36e11 # Msun/Mpc~3 (H0=70)

#
#NFW O 740
#
def nfw Sigma(R, M200, c, z):

""”NFW projected surface mass density [Msun/Mpc~2]

rho_c = RHO_CRIT 0 * E(z)**x2

r200 = (3%M200 / (4xnp.pi*200xrho_c))*x(1./3)

rs = r200 / c

1



rho_s = M200 / (4%np.pixrs*x3 % (np. log(1+c) - c/(1+c)))

x = np.atleast_1d(R / rs).astype(float)
result = np.zeros_Llike(x)

lt1 = (x &lt; 1) &amp; (x &gt; 0)
gtl = x &gt; 1
eql = np.abs(x - 1) &Lt; le-4

if np.any(lt1):

t = np.sart(1 - x[Lt1]%x2)

result[lt1] = 1/(x[Lt1]xk2 - 1) * (1 - np.arctanh(t)/t)
if np.any(gtl):

t = np.sqrt(x[gt1]x2 - 1)

resultlgt1] = 1/(x[gt1]%%2 - 1) * (1 - np.arctan(t)/t)
if np.any(eql):

resultfeql] = 1./3

return 2 % rs % rho s % result # Msun/Mpc~2

def nfw DeltaSigma(R, M200, c, z):
"7"NFW excess surface mass density [Msun/Mpc~2]""”
R = np.atleast 1d(R)
Sigma R = nfw Sigma(R, M200, c, z)

# Mean Sigma(&Llt;R) by integration
Sigma_mean = np.zeros_Like(R)
for i, Ri in enumerate(R):
r_int = np. linspace(0.001*Ri, Ri, 500)
S int = nfw Sigma(r_int, M200, c, z)
Sigma mean[i] = 2 * np.trapz(r_int * S int, r_int) / Ri%x2

return Sigma_mean - Sigma R

#
#f 2-haloIg
#
def two halo DeltaSigma(R, M200, b, z):

nnn

Simplified 2-halo term.
DeltaSigma 2h ~ b * rho m bar * Sigma_Lin(R)

Using power-law matter correlation: xi(r) = (r/r@) -gamma
r0 =5 h™-1 Mpc, gamma = 1.8

Projected: Sigma 2h(R) ~ rho m % r@ * (R/r0)"(1-gamma) * B(0.5, (gamma-1)/2)
rho_m = RHO_CRIT_0 * Omega m * (1+z)**3

r0 =5.0 /0.7 # Mpc (h=0.7)

gamma = 1.8

# Sigma Llin ™ integral of xi along los

# Approximate: Sigma(R) ~ rho m % r@ % (R/r0)"(1-gamma) * pi * Gamma((gamma-1)/2) / Gamma(gamma/2)
from scipy.special import gamma as Gamma

prefactor = rho_m * r0 * np.sqrt(np.pi) * Gamma((gamma-1)/2) / Gamma(gamma/2)

Sigma 2h = b * prefactor * (R/r0)*x(1-gamma)

# DeltaSigma 2h = Sigma mean 2h(&Lt;R) - Sigma 2h(R)

#f For power-law: Sigma mean(&Llt;R) = 2/(2+(1-gamma)) * Sigma(R) * (3-gamma)/(3-gamma) ...
# Simplified: DeltaSigma ~ (gamma-1)/(3-gamma) * Sigma

DS 2h = (gamma - 1) / (3 - gamma) * Sigma 2h

return DS 2h

#
t EFEHR delta-layer EFIL
#
def membrane DeltaSigma(R, M200, f delta, r delta, z):

1

NFW + delta-layer (rsXEfEDEHEER)

YRR BEOY BHEEICL ZBMHYBRENL ¥ XHR
Dark Matter P (Psi_0) #'rsiEfETRIE

¢ =50 f{ typical concentration

DS nfw = nfw DeltaSigma(R, M200 * (1 - f delta), ¢, z)

# Delta layer: Gaussian ring at r _delta with width sigma ring
sigma_ring = 0.05 # Mpc (50 kpc width)

M ring = f delta * M200

# Ring surface density



Sigma_ring = M_ring / (2%np.pi*r_deltaksigma_ring*np.sqrt(2%np.pi)) * ¥
np.exp(-0.5%((R - r_delta)/sigma_ring)**2)

# Mean Sigma ring(&Lt;R)
Sigma_ring_mean = np.zeros_Llike(R)
for i, Ri in enumerate(R):
r_int = np. Linspace(0.001, Ri, 300)
S int = M_ring / (2%np.pixr_deltaxsigma ring*np.sqrt(2%np.pi)) * ¥
np. exp(-0.5%((r_int - r_delta)/sigma_ring)**2)
Sigma_ring mean[i] = 2%np, trapz(r_int*S_int, r_int) / Ri%*2

DS ring = Sigma_ring mean - Sigma_ring

return DS_nfw + DS_ring

#
t A7 7ANGEHFAS
#
def load profile():
T IAT AT =8 OFHAS"
# 1. v3 fix2@HA (JSON)
json_file = OUTDIR / ’center_comparison, json’
if json file.exists():
with open(json file) as f:
data = json, load(f)
if "original’ in data:
#ISONICIREMDH, 70707 7 4 LIERIE
pass

# 2. cll individual shear.csv (BEfEE =Y 73EFH)
for d in [Path(’.”), Path(’..”), OUTDIR, Path(’cluster stack output’)]:
if not d.exists():
continue
for f in d.glob(’ *individual*shear*.csv’):
print(f'Found binned profile: {f}’)
return load binned csv(f)

#3. N—KFa—FOREE (FIEV2ERLS)

print(’Using hardcoded cl1 profile from v2 analysis’)
return hardcoded cl1 profile()

de

—h

load_binned csv(filepath):

P = e (VA AL
import csv

print(f Loading: {filepath}’)

with open(filepath, 'r’, encoding="utf-8-sig’) as f:
first = f.readline()
print(f" Header: {first.strip()[:100]}")

AN )
with open(filepath, 'r’, encoding="utf-8-sig’) as f:
line = f.readline().strip()
if line.startswith("#):
line = Lline[1:].strip()
headers = [h.strip() for h in line.split(’,”)]
print(f" Columns: {headers}’)

R, at, ox, eg, N=1[1, [, [1, [], 01
for row_Lline in f:
cols = row_Lline.strip().split(’,”)
try:
# R: r kpc or r_Mpc or r_arcmin
r_col = None
for i, h in enumerate(headers):
if "kpc’ in h. lower():
r col = i; r unit = "kpc’; break
elif "mpc’ in h. lower():
r col = i; r unit = "Mpc’; break
elif "arcmin’ in h. lower():
r col = i; runit = arcmin’; break
elif h,lower() in Cr’, "rad’, 'radius’):
r col = i; r unit = "unknown’; break

if r col is None:
r_col = 0; r_unit = "unknown’

r val = float(cols[r col])
# Convert to Mpc

if runit =="kpc :
r_Mpc = r_val / 1000



elif r_unit == "arcmin’:

r Mpc = r_val / 60 % np.pi / 180 * D A(Z CL)
else:

r Mpc = r_val {# assume Mpc

# gamma_t

gt_col = next((i for i, h in enumerate(headers) if "gamma_t’ in h, lower() or "gt’ == h. lower()), 1)
gt val = float(cols[gt col])

# error
eg col = next((i for i, h in enumerate(headers) if "err’ in h.lower() or e g  in h.lower()), None)
eg val = float(cols[eg col]l) if eg col else 0.01

R. append(r_Mpc)
gt.append(gt_val)
eg. append(eg_val)

except (ValueError, IndexError):
pass

print(f" {len(R)} bins loaded’)
return np.array(R), np.array(gt), np.array(eg)

def hardcoded cl1 profile():
TUHIER O a7 7 AL (REE) 7
# V2RI DS DEBIMARTOT 7 4L (StHiD, S/N8)
R Mpc = np.array([0.07, 0.14, 0.24, 0.39, 0.59, 0.84, 1.22, 1.73, 2.45])
gamma_t = np.array([0.035, 0.025, 0.018, 0.012, 0.008, 0.005 0.003, 0.002, 0.001])
e_gamma = np.array([0.012, 0.006, 0.004, 0.003, 0.002, 0.002, 0.001, 0.001, 0.001])
return R_Mpc, gamma_t, e gamma

#

t74vFavy

#

def fit nfw(R, gt, eg):
"PNFW it (M200, c200)”””
# DeltaSigma —-&gt; gamma t ZE#: gamma t ~ DeltaSigma / Sigma crit
# Sigma crit is unknown -&gt; fit amplitude
#f gamma t = A % DeltaSigma NFW(R; M200, c) where A = 1/Sigma crit

def model(params):
logM, ¢, logA = params
M200 = 10%xLogM

A = 10%xlogA
DS = nfw DeltaSigma(R, M200, c, Z CL)
pred = A x DS
chi2 = np.sum(((gt - pred) / eg)#*x2)
return chi2

try:

result = differential_evolution(model,
bounds=[ (13, 16), (1, 15), (-18, -12)],
seed=42, maxiter=500, tol=1e-6)

logM, c, logA = result.x

chi2 = result. fun

dof = len(R) - 3

DS best = nfw DeltaSigma(R, 10@%xlogM, ¢, Z CL)
pred_best = 10xxlogA * DS best

return {
"name’ : NFW',
" LlogM200’ : LogM, ’¢200’: ¢, ' logA’: LlogA,
"chi2' : chi2, 'dof’ : dof, ’chi2 dof’ : chi2/max(dof, 1),
PAIC : chi2 + 2%3,
"pred’ : pred best,
'n_param’ : 3,

}

except Exception as e:
print(f" NFW fit failed: {e}’)
return None

def fit nfw 2halo(R, gt, eg):

"""NFW + 2-halo fit""”

def model(params):
logM, ¢, LlogA, b = params
M200 = 10%*LogM
A = 10xxlogA
DS 1h = nfw DeltaSigma(R, M200, c, Z CL)
DS_2h = two_halo_DeltaSigma(R, M200, b, Z CL)
pred = A * (DS_1h + DS_2h)
return np.sum(((gt - pred) / eg)*x2)



try:
result = differential_evolution(model,
bounds=[ (13, 16), (1, 15), (-18, -12), (0.1, 10)],
seed=42, maxiter=500, tol=1e-6)
logM, c, logA, b = result.x
chi2 = result. fun
dof = len(R) - 4

DS 1h = nfw DeltaSigma(R, 10%xlogM, ¢, Z CL)
DS 2h = two_halo DeltaSigma(R, 10%xlogM, b, Z CL)
pred = 10%xlogA * (DS_1h + DS 2h)

return {
"name’ : ' NFW+2halo’,
" LlogM200’ : LogM, "¢200’ : ¢, ' logA’: logA, 'b_Lin’: b,
"chi2' : chi2, 'dof’ : dof, ’chi2 dof’: chi2/max(dof, 1),
TAIC: chi2 + 2x4,
"pred’ : pred,
"n_param’ : 4,

}

except Exception as e:
print(f" NFW+2halo fit failed: {e}’)
return None

def fit membrane(R, gt, eg):

#

RER

"”"Membrane delta-layer fit
def model(params):

logM, f d, r_d, logA = params

M200 = 10%xLogM

A = 10%xlogA

DS = membrane DeltaSigma(R, M200, f d, r d, Z CL)

pred = A x DS

return np.sum(((gt - pred) / eg)**2)

try:
result = differential evolution(model,
bounds=[ (13, 16), (0.01, 0.5), (0.05, 1.0), (-18, -12)],
seed=42, maxiter=500, tol=1e-6)
logM, f d, r d, logA = result.x
chi2 = result. fun
dof = len(R) - 4

DS = membrane DeltaSigma(R, 10%klogM, f d, r d, Z CL)
pred = 10%xlogA * DS

return {
"name’ : ’Membrane’,

" logM200’ : logM, 'f delta’: f d, 'r delta’: r d, ’loghA’:

"chi2' : chi2, 'dof’ : dof, ’chi2 dof’: chi2/max(dof, 1),
TAIC: chi2 + 2x4,
"pred’ : pred,
"n_param’ : 4,

}

except Exception as e:
print(f" Membrane fit failed: {e}’)
return None

i Main

#

def main():

print(’=" * 60)

print("cll Model Fitting: NFW vs NFW+2halo vs Membrane’)
print(’=" * 60)

R, gt, eg = load profile()

#7149 BNREYDH

LlogA,

mask = (gt != 0) &amp; (eg &gt; 0) &amp; (eg &Lt; 1) &amp; (R &gt; 0)

R, gt, eg = R[mask], gt[mask], eg[mask]
print(f' ¥nValid bins: {len(R)}")
print(f'R range: [{R.min():.3f}, {R.max():.3f}] Mpc’)

74y b
print(f ¥n--- Fitting ---")
fits = {}

print(’¥n Model A: NFW)
f nfw = fit nfw(R, gt, eg)
if f nfw:

fits[’NFW' ] = f_nfw

print(f’ LogM={f nfw[” logM200”]:.2f}, c={f nfw["c200”]:.1f}, ’



f chi2/dof={f nfw[”chi2 dof”]:.2f}")

print(’¥n Model B: NFW + 2-halo’)
f 2h = fit_nfw 2halo(R, gt, eg)
if f 2h:
fits['NFW+2halo’] = f 2h
print(f’ LogM={f_2h[” LogM200”]:.2f}, c={f_2h["c200”]:.1f}, ’
' b={f 2h["b_Lin"]:.2f}, chi2/dof={f 2h["chi2 dof”]:.2f}")

print("¥n Model C: Membrane delta-layer’)
f mem = fit membrane(R, gt, eg)
if f_mem:
fits[’Membrane’] = f mem
print(f’ LogM={f mem[” LogM200”]:.2f}, f d={f mem["f delta”]:.3f}, ’
' r_d={f_mem[”r_delta”]:.3f}, chi2/dof={f_mem[”"chi2 dof”]:.2f}")

#f AICLEE:
if fits:
aic_min = min(f["AIC’ ] for f in fits.values())
print(f’ ¥n-—— AIC Comparison ——-)
print(f' {"Model”:&Lt;15} {"chi2”:8&gt;7} {"dof”:&gt;4} {"chi2/dof”:8&gt;9} {”AIC”:&gt;7} {"DAIC”:8&gt;7} {"Best?”:&gt;6} )
for name, f in sorted(fits. items(), key=lambda x: x[1][ AIC’]):
daic = f[’AIC’] - aic_min
best = "&Llt;--" if daic == 0 else
print(f' {name:&Lt;15} {f["chi2”]:7.2f} {f["dof”]:4d} {f["chi2 dof”]:9.2f} ’
' {f["AIC”]:7.2f} {daic:7.2f} {best:&gt;6} )
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#
fig, ax = plt.subplots(figsize=(10, 7))

ax.errorbar(R, gt, yerr=eg, fmt="ko', capsize=3, markersize=6, label="cl1 data’)

R_fine = np. linspace(R.min()*0.8, R.max()*1.2, 200)
colors m = {"NFW : "#1ala2e’, 'NFW+2halo’ : ’'#e94560’, ’Membrane’ : ’#2ecc71’}

for name, f in fits.items():
ax.plot(R, f['pred’], "=, color=colors_m.get(name, "grey’), w=2,
label=f" {name} (chi2/dof={f["chi2 dof”]:.2f}, DAIC={f["AIC"]-aic_min:.1f})")

ax.set_xlabel(’R [Mpc]’, fontsize=12)

ax.set_ylabel(’ gamma_t’, fontsize=12)

ax.set_xscale(’ log’)

ax.set_title(’cll Weak Lensing: Model Comparison’, fontsize=13)
ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

ax.axhline(0, color="grey’, ls="--", alpha=0.3)

plt.tight layout()

fig_path = OUTDIR / ’cl1_model fit.png’
plt.savefig(fig path, dpi=150)

print(f ¥nFigure: {fig path}’)

# JSON
summary = {name: {k: v for k, v in f.items() if k = "pred}
for name, f in fits.items()}
with open(OUTDIR / "cl1 _model fit.json’, 'w') as f:
json. dump(summary, f, indent=2, default=float)
print(f' Results: {OUTDIR / "cl1 _model fit.json”}")

if name ==’ main_ ’:
main()



cl1_cl3_stack.py

= IER((EEL U X)

B8: cl1+cI3R% v (cl4/cl27B&44): Sigma_critIE#R{b

FRITI&R 5 —4: cl1/cl3_sources_photoz.csv

FEHER: RHYIS/N=17.2,NFW: chi2/dof=24.3, 2T LA 8, RAIE VTS K&, cl1 B A A RIEFE,

Y—2Z3—NK (513 lines, 17,081 bytes)

#1/usr/bin/env python3

pEr

cl1 cl3 stack.py

cll +cl3 DHDRY v UL ¥ @,
cl4/cl27 (FSDSSHHEA v IN—72 L = R4k,

Fl&:
1. cll, cl3 DY—RASOT%mHAH
BV SR —TuHRLEER BHRETTHOLIRR EHEAEH)
. Sigma_crit EMILTRY v Y
. NFW / NFW+2halo / AbelZE#imembrane TZ7 4 v b
. AICHLER

oA w N

5£29T: uv run —-with scipy ——with matplotlib python cl1 cl3 stack.py

pEr

import numpy as np

import csv

import json

from pathlib import Path

from scipy.optimize import differential evolution
from scipy. integrate import quad

import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as _fm
for _fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:
try: fm. fontManager.addfont( fp)
except: pass
plt. rcParams[’ font. family’ ] = ’IPAGothic’
plt. rcParams[’ axes.unicode minus’] = False

OUTDIR = Path(”cluster_stack v3 output”)
OUTDIR.mkdir(exist ok=True)

c_light = 2,998e5; HO = 70.0; Omega m = 0.3; Omega L = 0.7
RHO_CRIT_@ = 1.36e11 # Msun/Mpc~3

CLUSTERS = {
“cl1’: {"ra’: 140.45, 'dec’: -0.25, 'z’ : 0.313},
"cl3: {"ra’: 139.80, 'dec’: -0.10, 'z’ : 0.318},

}
def E(z):
return np.sqrt(Omega m%(1+z)**3 + Omega L)
def D A(z):
f = lambda zp: 1.0 / E(zp)
chi, _ = quad(f, 0, z)
return ¢_Llight / HO * chi / (142)
def Sigma crit(z L, z s):
"""Sigma_crit [Msun/Mpc~2]""”
Dl=DA(z L)
D s =D A(zs)

# D Ls for flat LCDM

f = lambda zp: 1.0 / E(zp)

chi_ls, = quad(f, z L, z_s)

D ls = ¢ _Light / HO % chi_ls / (1+z_s)

if D s &lt;= 0 or D_L &lt;=0 or D s &lt;= 0:
return None

#f Sigma crit = ¢"2/(4piG) * D s/(D_L*D Ls) [Msun/Mpc~2]
# ¢”2/(4piG) in Msun/Mpc units
c2 over 4piG = (c_Llight * 1e3)**2 / (4 * np.pi * 6.674e-11) / (1.989e30) * (3.086e22)



return c2 over 4piG *x D s / (D L x D Ls)

#
# V—2RHYATHEMAS
#
def find source file(cl name):
SR —DY—RCSVT 7 A ILERT
patterns = [
£’ {cl_name} sources photoz.csv’,
' {cl_name} sources.csv’,
£’ {cl_name} background.csv’,
' {cl_name}_photoz.csv’,

for d in [Path(’.”), Path(’..”), OUTDIR, Path(’cluster_stack output’)]:
if not d.exists():
continue
for p in patterns:
f=d/p
if f.exists():
return f
# glob
for f in d.glob(f *{cl_name}*sourcekphotoz*.csv’):
return f
for f in d.glob(f *{cl_name}*source*.csv’):
if "individual’ not in f.name. lower():
return f
return None

def load sources(filepath, z cl):
"TUHSCY —R A Y O T FAHRAR
print(f* Loading: {filepath} ({filepath.stat().st size/1e6:.1f} MB)’)

with open(filepath, 'r’, encoding="utf-8-sig’) as f:
first = f.readline().strip()

if first.startswith(C# ):
first = first[1:1.strip()
headers = [h.strip() for h in first.split(’,”)]

f ASLA4VTy o ABH
def find col(candidates):
for ¢ in candidates:
for i, h in enumerate(headers):
if h.lower() == c. lower() or c. lower() in h, lower():
return i
return None

i ra=find col(["i ra’, "ra’, 'RA’])

i dec = find col([’i dec’, "dec’, 'DEC’])

i_el = find col([’ i_hsmshaperegauss el’, 'el’, ’hsmshaperegauss el’])

i e2 = find col([’ i _hsmshaperegauss e2’, 'e2’, ’hsmshaperegauss e2’])

i_w=find col([’derived shape weight’, ’weight’, 'derived weight’, ’ishape hsm regauss_derived shape weight’])
i_zph = find col([’photoz best’, ’photoz mean’, ’photo z’', 'pz best z', 'mizuki photoz best’])

print(f’ Columns: ra={i_ra}, dec={i_dec}, el={i_el}, e2={i_e2}, w={i_w}, zph={i_zph}")

if i_ra is None or i_dec is None or i_el is None or i_e2 is None:
print(f’ ERROR: Missing columns., Headers: {headers[:15]}")
return None

sources = []
n_total = 0
with open(filepath, 'r’, encoding="utf-8-sig’) as f:
f.readline() # skip header
for line in f:
n_total += 1
cols = Lline.strip().split(’,”)
try:
ra = float(cols[i ra])
dec = float(cols[i dec])
el = float(cols[i el])
e2 = float(cols[i_e2])
w = float(cols[i w]) if i w is not None else 1.0
zph = float(cols[i_zph]) if i_zph is not None else 1.0

if w&gt; 0 and zph &gt; z cl + 0.1:
sources. append((ra, dec, el, e2, w, zph))
except (ValueError, IndexError):
pass

print(f’ Total: {n total}, Background: {len(sources)}’)
return sources



#
i Delta-Sigma A7 7 1 JLEtE
#

def compute DeltaSigma profile(sources, ra ¢, dec ¢, z cl, R bins Mpc):

nnn

IR BT D Delta-Sigma 7O 7 7 1 L AEHE,
gamma_t * Sigma crit = Delta-Sigma [Msun/Mpc~2]
D L =DA(zcl)

n_bins = len(R bins Mpc) - 1

R mid = np.sqrt(R bins Mpc[:-1] * R bins Mpc[1:])

DS_sum = np. zeros(n_bins)
w_sum = np.zeros(n_bins)
n_count = np.zeros(n bins, dtype=int)

# Cross-component for null test
DX_sum = np.zeros(n_bins)

for ra_g, dec_ g, el, €2, w, zph in sources:
i AEEERE -8gt; YIIREERE
dra = (ra_g - ra_c) * np.cos(np.radians(dec_c))
ddec = dec_g - dec ¢
R Mpc = np.sqrt(draxk2 + ddec**2) * np.pi / 180 % D L

if R Mpc &Lt; R bins Mpc[0] or R Mpc &gt;= R bins Mpc[-1]:
continue

# Sigma crit

Sc = Sigma crit(z_cl, zph)

if Sc is None or Sc &lt;= 0:
continue

# Tangential/Cross shear

phi = np.arctan2(ddec, dra)

gt = (el * np.cos(2xphi) + e2 * np.sin(2%phi))
gx = +(e2 * np.cos(2#phi) - el * np.sin(2*phi))

# Delta-Sigma = gamma t * Sigma crit
DS = gt * Sc
DX = gx * Sc

# EH: w ls =w/ Sc™2 (Sigma_crit optimal weighting)
w_ls = w / Sckx2

idx = np.searchsorted(R bins Mpc, R Mpc) - 1
if 0 &lt;= idx &lt; n_bins:

DS sum[idx] += DS * w_Lls

DX sum[idx] += DX % w_ls

w_sum[idx] += w_Lls

n_count[idx] += 1

mask = w_sum &gt; 0

DeltaSigma = np.zeros(n_bins)

DeltaSigma_x = np.zeros(n_bins)
DeltaSigma[mask] = DS_sum[mask] / w_sum[mask]
DeltaSigma x[mask] = DX sum[mask] / w_sum[mask]

#f 522 shape noise
sigma e = 0.26
e DS = np. full(n_bins, np.inf)
for i in range(n bins):
if n_count[i] &t; @ and w sum[i] &gt; 0:
# Mean Sigma crit™-2 weighted error
Sc_eff = np.sart(w_sum[i] / n_count[i]) if n_count[i] &gt; 0 else 1
e DS[i] = sigma_e / np.sqrt(n_count[i]) * np.sqrt(1.0 / w_sum[i]) * w_sum[i]
t BHhR: sigma_e * Sc_mean / sqrt(N)
e DS[i] = sigma e * 1e15 / np.sqrt(n count[i]) # scale

return {
"R": R_mid, 'DS’: DeltaSigma, 'DS x’: DeltaSigma x,
"e DS’: e DS, 'n’: n_count, W : w_sum,

}
#
D S ATE
#

def stack profiles(profiles):
TR TOT7 7 AIOMEFR Y v 5"
R = profiles[0]['R"]
n_bins = len(R)

DS_sum = np. zeros(n_bins)



DX_sum = np. zeros(n_bins)
w_sum = np.zeros(n_bins)
n_total = np.zeros(n bins, dtype=int)

for p in profiles:
mask = p[’w' ] &gt; 0
for i in range(n bins):
if mask[i]:
DS_sum[i] += p[’DS’ I[i] * p[’w 1[i]
DX_sum[i] += p[’DS x"1[i] * p[’w I[i]
w sum[i] 4= p[’w ]I[i]
n_total[i] += p['n’ 1[i]

mask = w_sum &gt; 0

DS_stack = np.zeros(n_bins)

DX_stack = np.zeros(n_bins)

DS stack[mask] = DS sum[mask] / w_sum[mask]
DX_stack[mask] = DX_sum[mask] / w_sum[mask]

sigma e = 0.26
e DS = np. full(n_bins, np.inf)
e DS[mask] = sigma e * 1e15 / np.sqrt(n_total[mask])

return {
"R": R, 'DS’: DS stack, 'DS x’: DX stack,
"e DS’: e DS, 'n’: n_total, 'w : w_sum,

}
#
it NFW EFIL
#

def nfw DeltaSigma(R, M200, c, z):
rho ¢ = RHO CRIT 0 * E(z)**2
r200 = (3+M200/(4%np. pi*200%rho_c))**(1./3)
rs = r200/c
rho_s = M200/(4*np. pixrs*x3x(np. log(1+c)-c/(14c)))

x = np.atleast_1d(R/rs).astype(float)
Sig = np.zeros_Llike(x)

Lt = (x&gt;0)&amp; (x&Lt;1); gt = x&gt;1; eq = np.abs(x-1)&lt;1e-4
if np.any(lt):
t = np.sqrt(1-x[ Lt]*x2)
Sig[lt] = 1/(x[Lt]*x2-1)*(1-np. arctanh(t)/t)
if np.any(gt):
t = np.sqrt(x[gt]**2-1)
Siglgt] = 1/(x[gt]**x2-1)%(1-np.arctan(t)/t)
if np.any(eq):
Sigleq] = 1./3

Sigma = 2krs*rho_s*Sig

Sigma_mean = np.zeros_Llike(R)
for i, Ri in enumerate(R):
r_int = np. linspace(0.001*Ri, Ri, 300)
x_int = r_int/rs
S_int = np.zeros_like(x_int)
lt_i = (x_int&gt;0)&mp; (x_int&Lt;1); gt i = x_int&gt;1; eq_i = np.abs(x_int-1)&lt;1e-4
if np.any(lt_i):
t_ i = np.sart(1-x_int[lt_iJ**2)
S int[lt i] = 1/(x_int[lt_i]**x2-1)%(1-np.arctanh(t i)/t i)
if np.any(gt_i):
t i = np.sqrt(x_int[gt i]x2-1)
S int[gt_i] = 1/(x_int[gt_i]*x2-1)x(1-np.arctan(t_i)/t_i)
if np.any(eq i):
S intleq il =1./3
S int *= 2xrs¥rho_s
Sigma_mean[i] = 2%np. trapz(r_int*S_int, r_int)/Ri**2

return Sigma_mean - Sigma

def two halo DS(R, b, z):
from scipy.special import gamma as Gamma
rho_m = RHO_CRIT_0xOmega_mx(1+z)*%3
rd =7.0; gam = 1.8
pf = rho_mxr0Qxnp, sqrt(np. pi)*Gamma((gam-1)/2)/Gamma(gam/2)
S2h = bxpf*(R/r0)**(1-gam)
return (gam-1)/(3-gam)*S2h
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#
def fit all(R, DS, eDS, z stack):
TUIEFILT 4y K
mask = np. isfinite(DS) &amp; np.isfinite(eDS) &amp; (eDS &gt; 0) &amp; (eDS &Lt; 1e20)
R f, DS f, eDS f = R[mask], DS[mask], eDS[mask]

if len(R_f) &lt; 4:
print("  Too few valid bins’)
return {}

results = {}

# NFW
def chi2 nfw(p):
logM, ¢ = p

pred = nfw DeltaSigma(R f, 10%xlogM, ¢, z stack)
return np.sum(((DS_f - pred)/eDS_f)**2)

try:
res = differential evolution(chi2 nfw, [(12,16),(1,20)], seed=42, maxiter=1000)
logM, ¢ = res.x; chi2 = res. fun; dof = len(R_f)-2
pred = nfw DeltaSigma(R f, 10%xlogM, ¢, z stack)
results[’NFW ] = {
" logM’ : LlogM, '¢’: ¢,
"chi2' : chi2, 'dof’ : dof, ’chi2 dof’ : chi2/max(dof, 1),
"AIC’ : chi2+2%2, ’'pred’ : pred,
}
print(f" NFW: LlogM={logM:.2f}, c={c:.1f}, chi2/dof={chi2/max(dof,1):.2f}")
except Exception as e:
print(f" NFW failed: {e}’)

# NFW + 2halo

def chi2 2h(p):
logM, ¢, b =p
pred = nfw DeltaSigma(R f, 10%%logM, c, z stack) + two halo DS(R f, b, z stack)
return np.sum(((DS_f - pred)/eDS_f)*x2)

try:
res = differential evolution(chi2 2h, [(12,16), (1,20), (0.1,10)], seed=42, maxiter=1000)
logM, ¢, b = res.x; chi2 = res. fun; dof = len(R )-3
pred = nfw DeltaSigma(R f, 10%%logM, c, z stack) + two halo DS(R f, b, z stack)
results[’ NFW+2halo’ ] = {
"logM" : logM, 'c¢’:¢c, 'b’: b,
"chi2' : chi2, 'dof’ : dof, ’chi2 dof’: chi2/max(dof, 1),
"AIC’ : chi2+2%3, 'pred’ : pred,
}
print(f" NFW+2h: logM={logM:.2f}, c={c:.1f}, b={b:.2f}, chi2/dof={chi2/max(dof, 1):.2f}")
except Exception as e:
print(f" NFW+2h failed: {e}’)

#f AICLEE:
if results:
aic_min = min(r["AIC’] for r in results.values())
for r in results.values():
r[’DAIC’ ] = r[’AIC’] - aic_min

return results

#

i Main

#

def main():
print(’=" * 60)
print(cll + cl3 Stack (cl4/cl27 excluded)’)
print(’=" * 60)

R bins = np.array([0.05, 0.1, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0, 3.0, 5.0])

profiles = {}
for cl_name, cl in CLUSTERS. items():
print(f ¥n— {cl _name} (z={cl["Z"]}) ——-")

src_file = find_source file(cl name)

if src_file is None:
print(f" Source file not found for {cl name}’)
print(f" Expected: {cl _name} sources photoz.csv’)
continue

sources = load sources(src_file, cl[’z'])
if sources is None or len(sources) &lt; 100:
print(f" Insufficient sources’)
continue
prof = compute DeltaSigma_profile(sources, cl['ra’], cl[’dec’], cl[’z’], R bins)



profiles[cl name] = prof

#ENTO7 74 IRR
total_sn = 0
print(f ¥n {"R[Mpc]”:8gt;8} {"N”:8&gt;7} {"DS”:8gt;12} {"DS x":&gt;12}")
for i in range(len(prof[’R’1)):
print(f"  {prof["R”1[i]:8.3f} {prof["n"1[i]:7d} ’
' {prof["DS”1[i1:12.2f} {prof["DS x”1[i]:12.2f}")
if prof[’e DS’ J[i] &lt; 1e18 and prof[’e DS’ I[i] &gt; 0:
total _sn += (prof[’DS’ I[il/prof[’ e DS’ 1[il)**2
print(f S/N = {np.sqrt(total sn):.1f}")

if len(profiles) &lt; 1:
print(’ ¥nERROR: No profiles computed.’)
return

t 25wy
if len(profiles) &gt;= 2:
print(f' ¥n{"="x60}" )
print(f’ Stacking {len(profiles)} clusters’)
print(f’ {"="%60}" )
stacked = stack_profiles(list(profiles.values()))
z_stack = np.mean([cl[’z’] for cl in CLUSTERS. values()])
else:
cl_name = Llist(profiles.keys())[0]
print(f"¥n Only {cl _name} available, using single profile’)
stacked = profiles[cl name]
z_stack = CLUSTERS[cl_ name][’ z’
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print(f' ¥n Stacked profile:”)
print(f" {"R[Mpc]”:8&gt;8} {"N total”:&gt;8} {"DS”:&gt;12} {”"DS x”:&gt;12} {”e DS”:&gt;12}")
for i in range(len(stacked[’R’])):
print(f" {stacked[”R”1[i]:8.3f} {stacked[”n”][i]:8d} ’
' {stacked["DS”][i]:12.2f} {stacked[”DS x”1[i]:12,2f} ’
' {stacked[”e DS"][i]:12.2f}")

tEFNTav b

print(f' ¥n{"="x60}")

print(’Model Fitting’)

print(f’ {"="%60}")

fits = fit all(stacked['R’], stacked['DS’], stacked[’e DS’], z stack)

if fits:
print(f’ ¥n-—- AIC Comparison ---")
print(f’ {"Model”:&Lt;15} {"chi2”:8&gt;8} {"dof”:&gt;4} {"chi2/dof”:&gt;9} {”AIC”:&gt;8} {”DAIC”:&gt;7}’)
for name, f in sorted(fits.items(), key=lambda x: x[1]["AIC’]):
print(f’ {name:&Lt;15} {f["chi2”]:8.2f} {f["dof”]:4d} {f["chi2 dof”]:9.2f} ’
' {f["AIC"]:8.2f} {f["DAIC"]:7.2f}")

#
fig, axes = plt.subplots(1, 2, figsize=(14, 6))

ax = axes[0]
mask = stacked['n’] &gt; 0
ax.errorbar (stacked[’ R’ J[mask], stacked[’ DS’ J[mask],
yerr=stacked[’ e DS’ J[mask], fmt="ko’, capsize=3, label="cl1+cl3 stack’)

colors m = {"NFW : "#1ala2e’, 'NFW+2halo’ : ’#e94560’ }
for name, f in fits.items():
ax.plot(stacked[’ R’ J[mask], f['pred’], '-", color=colors_m.get(name, ’grey ),
lw=2, label=f" {name} (DAIC={f["DAIC”]:.1f})’)

ax.set_xlabel("R [Mpc]’)
ax.set_ylabel(’Delta-Sigma [Msun/Mpc~2]")
ax.set_xscale(’ log’)

ax.set title(’ (a) cl1+cl3 Stack: Delta-Sigma’)
ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

#f Null test

ax = axes[1]
ax.errorbar(stacked[’ R’ J[mask], stacked[’DS_x’ ]J[mask],
yerr=stacked[’ e DS’ J[mask], fmt="ko’, capsize=3)

ax.axhline(0, color="1#e94560", ls="--", Llw=2)
ax.set_xlabel("R [Mpc]’)
ax.set_ylabel(’Delta-Sigma_x [Msun/Mpc~2]")
ax.set_xscale(’ log’)

ax.set_title(’ (b) Cross component (null test)’)
ax.grid(True, alpha=0.3)

plt.suptitle(’ cl1+cl3 Stack Weak Lensing (cl4/cl27 excluded)’, fontsize=13)
plt.tight layout()
fig path = OUTDIR / ’cl1_cl3 stack.png’



plt.savefig(fig_path, dpi=150)
print(f ¥nFigure: {fig path}’)

# JSON
summary = {
"clusters used’ : List(CLUSTERS. keys()),
"clusters excluded : ["cl4’, ’cl27'],
"exclusion_reason’ : "No SDSS spectroscopic members found’,
"n_bins’: int(len(stacked[’R’])),
"fits’: {name: {k: v for k, v in f.items() if k I= "pred’}
for name, f in fits.items()},
}
with open(OUTDIR / ’cl1_cl3 stack.json’, 'w' ) as f:
json. dump(summary, f, indent=2, default=float)
print(f' Results: {OUTDIR / "cl1_cl3_stack. json”}")

3

if _name_ ==’_main_’:
main()



cl1_modelB_fit.py

B [{HR(EHELUX)

B: XAEETILB(X10a-10d, IRZEG) cl1 71wk

IR T —4: cl1_individual_shear.csv

FEHFR: ETIVB: DAIC=42.0(/S5A—=9RF LT 1D chi2[@—), delta->0.001

Mpc(TFIR)ICINR, NFWE X BIAREE, [BIEY V7 EH, EXETIVBIZX BIAREE | AV IE LG
Y—2Z3—NK (424 lines, 14,139 bytes)

#1/usr/bin/env python3

wn

cl1 modelB fit.py

HAGHEETILB (H10a-10d, RFG) Zcl1FTL v XITHAZRAD,

RIEFEMN I N/zDIE Gaussian!) ¥ 7] /RS X K v 2 ETFIL (DAIC=+20.5) THY.
EFEEADERDMHAGEBETILBE (JRE6) S IIRANICERS,

EFIBOWER:
HIEBED SHERES OB ARIBEL. Y BICERET 2 LA BRKRI N5,
ZHICEY, NFWTA T 7 AL L TUATD2DDIBEA D S :
1. Fold attenuation: k_fold = exp(-8/& eff) = k ZEE
2. Geodesic rewiring: P rewirex5 — k %R

X (10a-10d) :
(10a) «_fold = exp(-8/& (r))
(10b) n fold(r) = k cross X (T(r,r s)/r)?
(10c) P rewire(r) =1 - exp(-m(28)%-n_fold(r))
(10d%) « total/x A=[1+ a-B AB-q] X [q+ (1-q)-exp(-6/&)]
ZZTa= [p-Prewiredl / [p dl

T4y hNTBETIL:
A) NFW (baseline: M200, c200)
B) MOND AbelZE#: (M200, c200 mond)
C) Membrane £ JLB 123G (M200, c200, &, k cross, o rewire)
D) Membrane £ JLB S AR (M200, c200, &) <« k cross, aEE

2£9T: uv run —with scipy ——with matplotlib python cl1 modelB fit.py

wn

import numpy as np

import csv

import json

from pathlib import Path

from scipy.optimize import differential evolution
from scipy. integrate import quad

import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as fm
for _fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’ J:
try: fm. fontManager.addfont( fp)
except: pass
plt. rcParams[’ font. family’ ] = ’IPAGothic’
plt. rcParams[’ axes.unicode minus'] = False

OUTDIR = Path(”cluster stack v3 output”)
OUTDIR.mkdir(exist ok=True)

t SR

c light = 2,998e5; HO = 70.0; Omega m = 0.3; Omega L = 0.7
RHO CRIT @ = 1.36e11 # Msun/Mpc~3

Z CL =0.313

def E(z): return np.sqrt(Omega m*(1+z)**3 + Omega L)

def D A(z):
f = lambda zp: 1.0/E(zp)
chi, = quad(f, 0, z)

return c¢_Light/HO%chi/(1+z)

tcll RS X—=% (RIE@EHH D)

# rs (¥tanh7 4 v kD5 (TA3 gc_independent. csvh SERS TR X)
RS CL1 = 0.36 # Mpc (typical for z70.3 cluster)

#




# NFW Sigma, DeltaSigma
#
def nfw profiles(R, M200, c, z):

TUNFND E (R) & A S (R) &R

rho_c = RHO_CRIT_0 * E(z)*x2

r200 = (3%M200/ (4%np. pi*200%rho_c))*x(1,/3)

rs = r200/c

rho_s = M200/(4xnp. pixrs*x3*(np. log(1+c)-c/(14c)))

x = np.atleast_1d(R/rs).astype(float)
Sig = np.zeros_Llike(x)

Lt = (x&gt;0)&amp; (x&Lt;1); gt = x&gt;1; eq = np.abs(x-1)&lt;1e-4
if np.any(lt):
t = np.sqrt(1-x[Lt]**2)
Sig[lt] = 1/(x[Lt]*x2-1)*(1-np. arctanh(t)/t)
if np.any(gt):
t = np.sqrt(x[gt]*x2-1)
Siglgt] = 1/(x[gt]**2-1)*(1-np.arctan(t)/t)
if np.any(eq):
Siglea] = 1./3

Sigma = 2xrs*rho_sxSig # Msun/Mpc~2

#f Mean Sigma(&Lt;R)
Sigma_mean = np.zeros_Like(R)
for i, Ri in enumerate(R):
r_int = np. linspace(0.001*Ri, Ri, 300)
x_int = r_int/rs
S_int = np.zeros_like(x_int)
lt_i = (x_int&gt;0)&mp; (x_int&Lt;1); gt i = x_int&gt;1; eq_i = np.abs(x_int-1)&lt;1e-4
if np.any(lt_i):
t_ i = np.saqrt(1-x_int[lt_iJ**2)
S int[lt i] = 1/(x_int[lt_i]**x2-1)%(1-np.arctanh(t i)/t i)
if np.any(gt_i):
t i = np.sqrt(x_int[gt i]x2-1)
S int[gt_i] = 1/(x_int[gt_i]#x2-1)x(1-np.arctan(t_i)/t_i)
if np.any(eq i):
S intleq il =1./3
S int *= 2xrs¥rho_s
Sigma_mean[i] = 2%np. trapz(r_int*S_int, r_int)/Ri**2

DeltaSigma = Sigma mean - Sigma
return Sigma, DeltaSigma, rs, rho_s

#
# KEB/BETIVB (K10a-10d)
#
def T tanh(r, rs, w=3.0):

I anh BRI

return 0.5%(1 + np. tanh(wx(r - rs)/rs))

de

—+

fold density(r, rs, k cross):
777, (10b): n_fold(r) = k_cross * (T(r,rs)/r)"2""”
T = T tanh(r, rs)
if r &lt; 0.001:
return 0.0
return k_cross x (T/r)*x2

de

—+

P rewire(r, rs, delta, k cross):

""" (10c): P_rewire(r) = 1 - exp(-pi*(2xdelta)"2 * n_fold(r))”””
n = fold density(r, rs, k cross)

return 1 - np.exp(-np.pi * (2xdelta)**2 * n)

de

—+

q factor(R, rs, delta, k cross, rho s, rs nfw):
q= S p-Prewiredl / [ p dl
o = NFW 3D density at r = sqrt(R°2 + L72)
BHEREAR (1) 18> TEE
def rho nfw(r):

x=r / rs_nfw

if x &lt; 1e-6: return rho_s

return rho_s / (x * (14+x)*%2)

L_max = 10.0 { Mpc

n_pts = 200

L arr = np. Linspace(-L _max, | max, n_pts)

dl = Larr[1] - L arr[0]

rho_arr = np.array([rho _nfw(np.sqrt(R¥x2 + L*%2)) for L in L arr])



de

de

#

Prw arr = np.array([P_rewire(np.sqrt(R«%2 + |*x2), rs, delta, k cross) for L in L arr])

np. trapz(rho arr % Prw_ arr, Ll arr)
den = np. trapz(rho_arr, L arr)

num

if den &lt; 1e-30:
return 0.0
return num / den

f kappa_ratio modelB(R, rs membrane, delta, k cross, alpha rw,
xi_eff, beta AB, rho_s, rs nfw):
A (10d%): « total/x A=[1+ a-B AB-q] X [q+ (1-q)-exp(-6/§)]
Returns: k_total / & _NFW (modification factor)
R = np.atleast 1d(R)
ratio = np.ones_Like(R)
for i, Ri in enumerate(R):
q = q _factor(Ri, rs membrane, delta, k cross, rho s, rs nfw)
kf = np.exp(-delta / xi_eff) # X (10a)
it $R%R6
factor = (1 + alpha rw * beta AB * q) * (q + (1 - q) * kf)
ratio[i] = factor
return ratio
f membrane modelB DeltaSigma(R, M200, c nfw, delta, k cross, alpha rw, z):
BFEARETIB: NFW X ¢ BERF
DeltaSigma_membrane(R) = kappa ratio(R) X DeltaSigma NFW(R)
NS A—=%:
M200: NFWEE [Msun]
c_nfw: NFW concentration
delta: FE-JCERREEEHE [Moc]
k_cross: ifrY) BEEIRIE
alpha_rw: BEAREE/(S X —4 (ERRE20IE%: a=2.0)
Sigma, DS nfw, rs nfw, rho s = nfw profiles(R, M200, ¢ nfw, z)
RS A—%
rs_membrane = RS CL1 # 5 X% —DtanhR 7 —IL¥RE
xi_eff = rs_membrane * 0.5 # & eff ~ rs/2 (S27U{#)
beta AB = 4.0 / (3*np.pi) # = 0.424 (v3.0 &%)
t I BERTF
ratio = kappa_ratio modelB(R, rs membrane, delta, k cross, alpha rw,
xi_eff, beta AB, rho_s, rs_nfw)
# AT membrane = ratio X A _NFW
#3E: BREICRZBE>ASBHENBERLD, ratio HEETIE I OELTHS
DS membrane = ratio * DS nfw
return DS_membrane
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#

def load profile():

de

—h

DY T AT A IV EGHFART
# cl1_individual_shear.csv %#§d
for d in [Path(’.”), Path(’..”), OUTDIR, Path(’cluster_stack output’)]:
if not d.exists(): continue
for f in d.glob(’ *individual*shear*.csv’):
return load binned(f)

LAACS N B N v =

print(’Using hardcoded cl1 profile’)

R = np.array([0.07, 0.14, 0.24, 0.39, 0.59, 0.84, 1.22, 1.73, 2.45])

gt = np.array([0.035, 0.025, 0.018, 0.012, 0.008, 0.005, 0.003, 0.002, 0.001])
eg = np.array([0.012, 0.006, 0.004, 0.003, 0.002, 0.002, 0.001, 0.001, 0.001])
return R, gt, eg

load binned(filepath):
print(f Loading: {filepath}’)
with open(filepath, 'r’, encoding="utf-8-sig’) as

—h



first = f.readlin
if first.startswi
headers = [h.stri
print(f" Headers

R, ot, eg =[], [
for line in f:
cols = line.s

try:
#R
r col =n
r val = f
if "kpc
r_val
gt _col =
eg col =
gt val =
eg val =
R. append (
except (Value
pass

print(f" {len(R)} bi
return np.array(R), n

#

e().strip()

thC#'): first = first[1:1.strip()
p() for h in first.split(’,”)]

: {headers}’)

10

trip().split(’,”)

ext((i for i, h in enumerate(headers) if "kpc’ in h, lower()), 0)

loat(cols[r_col])
in headers[r_col]. lower():
/= 1000 # kpc -&gt; Mpc

next((i for i, h in enumerate(headers) if 'gamma t’

in h. lower()), 1)

next((i for i, h in enumerate(headers) if "err’ in h. lower()), None)

float(cols[gt col])
float(cols[eg col]l) if eg col else 0.01

r val); gt.append(gt val); eg.append(eg val)
Error, IndexError):

ns’)

p.array(gt), np.array(eg)

¥ 749vFavY
#

def fit_models(R, gt, eg)
TULETINT 4y N
mask = (eg &gt; 0) &a
R f, gt f, eg f = R[m
if len(R f) &lt; 4:
print(’ Too few bi
return {}

results = {}

# (A) NFW

def chi2 nfw(p):
logM, ¢, logA =p
DS = nfw_profiles
pred = 10%xlogA *
return np. sum(((g

try:
res = differentia

logM, ¢, logA = r
DS = nfw_profiles
pred = 10%xlogA *
chi2 = res.fun; d
results[’NFW ] =

" logM" : LogM,

"chi2' : chi2,

mp; (eg &Llt; 1) &amp; np.isfinite(gt)
ask], gt[mask], egl[mask]

ns’)

(R_f, 10%xlogM, c, Z CL)[1]
DS
t_f - pred)/eg f)**x2)

L_evolution(chi2 nfw, [(13,16), (1,15), (-18,-12)],
seed=42, maxiter=1000)

es. x
(R_f, 10%xlogM, c, Z CL)[1]
DS

of = len(R f)-3

{

"¢’ : ¢, "logA: logA,

"dof’ : dof, 'chi2 dof’: chi2/max(dof, 1),

"AIC’ : chi2+2%3, ’pred’ : pred, 'n_param’ : 3,

}

print(f" NFW: logM={logM:.2f}, c={c:.1f}, chi2/dof={chi2/max(dof, 1):.2f}")

except Exception as e
print(f" NFW fai

# (C) Membrane Model
def chi2_memB_simple(
logM, ¢, LlogA, de

led: {e}’)

B iS5 AR (delta, k cross=0.1@EE, alpha=2.0EE)
p):
lta=p

DS mem = membrane modelB DeltaSigma(R_f, 10xlogM, c, delta,
k_cross=0.1, alpha_rw=2,0, z=Z CL)

pred = 10%xlogA *
return np.sum(((g

try:
res = differentia
[(13,16), (1,1
seed=42, maxi
logM, ¢, LlogA, de

DS_mem
t_f - pred)/eg_f)**x2)

L_evolution(chi2 memB simple,
5), (-18,-12), (0.001,0.5)],
ter=1000, tol=1e-5)

lta = res.x

DS mem = membrane modelB DeltaSigma(R_f, 10+xlogM, c, delta,
k_cross=0.1, alpha_rw=2,0, z=Z CL)

pred = 10%xlogA *
chi2 = res.fun; d
results[’ Membranel
" logM" : LogM,
"k_cross’: 0.

DS_mem

of = len(R f)-4

B simple’] = {

"¢’: ¢, "logA’: logA, 'delta’: delta,
1, "alpha_rw' : 2.0,



"chi2' : chi2, 'dof’ : dof, ’chi2 dof’ : chi2/max(dof, 1),
"AIC’ : chi2+2%4, ’'pred’ : pred, 'n_param : 4,
}
print(f" MemB simple: logM={logM:.2f}, c={c:.1f}, delta={delta:.4f}, ’
' chi2/dof={chi2/max(dof, 1):.2f}")
except Exception as e:
print(f" MemB simple failed: {e}’)

# (D) Membrane Model B 7JL (delta, k cross, alpha_ rw®T7!—)
def chi2 memB _full(p):
logM, ¢, logA, delta, k cross, alpha rw = p
DS mem = membrane modelB DeltaSigma(R_f, 10xlogM, c, delta,
k cross=k cross, alpha rw=alpha rw, z=Z CL)
pred = 10%%logA * DS _mem
return np.sum(((gt_f - pred)/eg f)**2)

try:
res = differential_evolution(chi2_memB_full,
[(13,16), (1,15), (-18,-12), (0. 001, 0.5), (0.01,10), (0.1,5)],
seed=42, maxiter=1500, tol=1e-5)
logM, ¢, logA, delta, k cross, alpha rw = res.x
DS mem = membrane modelB DeltaSigma(R_f, 10+xlogM, c, delta,
k cross=k cross, alpha rw=alpha rw, z=Z CL)
pred = 10%*logA * DS _mem
chi2 = res. fun; dof = len(R_f)-6
results[’MembraneB full’] = {
" logM" : logM, "¢’ : ¢, "logA’: logA,
"delta’: delta, 'k cross’: k cross, "alpha rw' : alpha_rw,
"chi2' : chi2, 'dof’ : dof, ’chi2 dof’ : chi2/max(dof, 1),
"AIC’ : chi2+2%6, 'pred’ : pred, 'n_param’: 6,
}
print(f" MemB_full: delta={delta:.4f}, k={k_cross:.3f}, alpha={alpha_rw:.2f}, ’
' chi2/dof={chi2/max(dof, 1):.2f}")
except Exception as e:
print(f" MemB full failed: {e}’)

#f AICLEE:
if results:
aic_min = min(r["AIC’] for r in results.values())
for r in results.values():
r[’DAIC’ ] = r[’AIC’] - aic_min

return results

main():

print(’=" * 60)

print("cl1 Weak Lensing: Model B (Egs. 10a-10d) Fit’)
print(’=" * 60)

R, gt, eg = load profile()

mask = (eg &gt; 0) &amp; (eg &Llt; 1) &amp; np.isfinite(gt) &amp; (R &gt; 0)
R, gt, eg = R[mask], gt[mask], eg[mask]

print(f'Valid bins: {len(R)}, R range: [{R.min():.3f}, {R.max():.3f}] Mpc’)

fits = fit models(R, gt, eg)

if fits:

print(f' ¥n{"="x60}" )

print(’ AIC Comparison’)

print(f’ {"="%60}" )

print(f’ {"Model”:&Lt;20} {"chi2”:&gt;7} {"dof”:&gt;4} {"chi2/dof”:&gt;9} ’

" {"AIC”:&gt;7} {"DAIC”:&gt;7} {"n_p”:8&gt;4}’)
for name, f in sorted(fits. items(), key=lambda x: x[1]["AIC’]):
print(f’ {name:&Lt;20} {f[”"chi2”]:7.2f} {f["dof”]:4d} {f[”chi2_dof”]:9.2f} ’

£ {f["AIC”]:7.2f} {f["DAIC”]:7.2f} {f["n_param”]:4d}’)

#
fig, ax = plt.subplots(figsize=(10, 7))
ax.errorbar(R, gt, yerr=eg, fmt="ko’, capsize=3, markersize=6, label="cl1 data’)

colors m = {"NFW : "#1ala2e’, 'MembraneB simple’ : ’#e94560’, 'MembraneB full’: ’#2ecc71’}
for name, f in fits.items():
ax.plot(R, f['pred’], '-’, color=colors m.get(name, 'grey’), lw=2,
label=f" {name} (DAIC={f["DAIC"]:.1f})")

ax.set_xlabel(’R [Mpc]’, fontsize=12)

ax.set_ylabel(’ gamma_t’, fontsize=12)

ax.set_xscale(’ log’)

ax.set_title(’cll: NFW vs Membrane Model B (Egs. 10a-10d)’, fontsize=13)
ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

ax.axhline(0, color="grey’, ls="--", alpha=0.3)

plt.tight layout()



fig_path = OUTDIR / ’cl1_modelB fit.png’
plt.savefig(fig path, dpi=150)
print(f ¥nFigure: {fig path}’)

# JSON
summary = {name: {k: v for k, v in f.items() if k = "pred}
for name, f in fits.items()}
with open(OUTDIR / "cl1 _modelB fit.json’, 'w') as f:
json. dump(summary, f, indent=2, default=float)
print(f' Results: {OUTDIR / "cl1 _modelB fit, json”}")

if name ==’ main_ ’:
main()



cluster_stack_v3.py

= PR (v3_fix2 (LB )

B#: BCGRE (z_spec NULLEFATKR) + NFW+2haloE7 L35
AT %7 —%: SDSS DR17

FERER: z_spec NULLTHIR R385 (cI27 r=8.85),v3_fix TIEIE,

Y—2Z3—NK (569 lines, 18,866 bytes)

#1/usr/bin/env python3

pEr

cluster_stack_v3.py

RY v IHL Y BT ORER (v3)

V2Hh S DWER:
1. BCGAE: SDSSHHEY SR H —DBCG (RIFLEIRA) #HEL. EAROEEZ%EER
2-haloIE: NFW 1-halo + linear bias 2-halo EFIL
FEMIBERDBINT 4 L4 : BCG-XIRF DA 7€y b, DSEEEE
photo-zti&: P(2) D% M LB RIBAER
BEEHAETI (delta-layer) &DILE

A

F—4:
- HSC-SSP PDR3 /L v Xz 7HHOY
- SDSS DR17 &33¢/I¥AH 4 0% (BCGEE)
- Planck PSZ2 / redMaPPer ¥ S 24 —A4 0%

DoAY —:
- cl1: (140.45, -0.25), 2=0.313 — ¥EEHI S 4 —
- cl3, cl4, cl27: 270.32 — 2% v V&

%24T: uv run —-with scipy --with matplotlib —-with astropy --with requests python cluster_stack_v3.py

SER: HSCF—4# I&hsc-release.mtk. nao. ac. jp CASHS DEUEHIBE,
Claude Code (rv k77— KRR L) THERIT,

import numpy as np

import sys

import json

from pathlib import Path

from scipy.optimize import minimize, curve fit
from scipy.stats import chi2 as chi2 dist

from scipy. integrate import quad

from scipy. interpolate import interpld

OUTDIR = Path(”cluster_stack v3 output”)
OUTDIR.mkdir(exist ok=True)

t MEER - FER/NATA—Y
c light = 2.998¢5 # km/s
G_SI = 6.674e-11

Msun = 1.989e30

pc = 3.086e16

Mpc = 1e6 * pc

HO = 70.0 # km/s/Mpc
Omega m = 0.3

Omega L = 0.7

rho crit @ = 3 % HO*x2 / (8 * np.pi * G SI) * (1e3/(Mpc))**2 / Msun * Mpc**3
# rho crit @ in Msun/Mpc~3

t o529 —15®R (FIEARETHS)
CLUSTERS = {
"ol : {"ra’: 140.45, 'dec’: -0.25, 'z’ : 0.313, ’sigma v’ : 527,
"n_member’ : 22, 'notes’: 'primary cluster’},
"cl3: {"ra’: 139.80, 'dec’: -0.10, 'z’ : 0.318, 'sigma v’ : None,
"n_member’ : None, 'notes’: ’stack candidate’},
"cl4 : {"ra’: 140.90, 'dec’: -0.50, 'z’ : 0.315, ’sigma v’ : None,
"n_member’ : None, 'notes’: ’stack candidate’},
"cl27: {"ra’: 141.20, 'dec’: 0.10, 'z’ : 0.322, ’sigma v’ : None,
"n_member’ : None, 'notes’: ’stack candidate’},

#
it Step 1: BCGREIE
#
def stepl bcg identification():

nn




SDSSA 5 & T 5 R & — LT i DBCGIRH % 5 72,
BCG = ¥ 5 X% —redshift{E THREHEAS LMRA

nnn

import requests

print(’=" * 60)
print(’ Step 1: BCG Identification’)
print(’=" * 60)

bcg results = {}

for cl_name, cl in CLUSTERS. items():
print(f"¥n {cl_name}: (RA={cl[”"ra”]}, Dec={cl[”dec”]}, z={cl["z"1})")

# SDSS CasJobs/SkyServer SQL query

#f BCGIRM: SR —FibHh 51 MpcAA, z_spec ~ z_cl, &xEBAS L r-band
search_radius_arcmin = 5.0 # ~1 Mpc at z=0.3

zlo=cl[’Z]-0.01

z hi =cl[’27] +0.01

sql = 77
SELECT TOP 20
p.objID, p.ra, p.dec, p.r, p.g, p.i,
s.z as z_spec, s.zErr,
p. type, p.petroRad r
FROM PhotoObj AS p
LEFT JOIN SpecObj AS s ON p.objID = s.bestObjID
WHERE
p.ra BETWEEN {cl[’ra’] - search radius arcmin/60} AND {cl[’ra’] + search radius arcmin/60}
AND p.dec BETWEEN {cl[’dec’] - search radius_arcmin/60} AND {cl[’dec’] + search radius_arcmin/60}
AND p. type = 3
AND p.r &Lt; 19.0
AND (s.z BETWEEN {z_lo} AND {z_hi} OR s.z IS NULL)
ORDER BY p.r ASC

nn

# SDSS SkyServer API
url = "https://skyserver. sdss.org/dr17/SkyServerWS/SearchTools/SqlSearch”
try:
r = requests.get(url, params={"cmd’ : sql, ’format’: ’json’}, timeout=30)
data = r.json()

if isinstance(data, list) and len(data) &gt; 0:
rows = data[0].get(’Rows’, data) if isinstance(data[0], dict) else data
if rows:
bcg = rows[0] # JZEBAD L
bcg ra = float(bcg.get("ra’, cl[’ra’]))
bcg dec = float(bcg.get(’dec’, cl[’dec’]))
beg r = float(bcg.get(’r’, 99))
bcg z = beg.get(’ z_spec’, None)

# BCGE VSR —FHRLDATEY b

offset_arcmin = np.sqrt(
((bcg_ra - cl[’ra’]) * np.cos(np. radians(cl[’ dec’ ])))**2 +
(bcg dec - cl[’dec’ ])*x2

) * 60

beg results[cl name] = {
"beg ra’: beg ra,
"beg dec’ : beg dec,
"becg r mag’: beg r,
"beg z spec’ : beg z,
"offset arcmin’: offset arcmin,
’n_candidates’ : Llen(rows),
}
print(f’ BCG: RA={bcg ra:.4f}, Dec={bcg dec:.4f}, r={bcg r:.2f}")
print(f’ Offset: {offset_arcmin:.2f} arcmin’)
if bcg z:
print(f’ z spec: {bcg z}’')
else:
print(f’ No candidates found’)
else:
print(f’ SDSS query returned no data’)

except Exception as e:
print(f’ SDSS query failed: {e}’)
t 74—y Y TORLEHR
bcg_results[cl _name] = {
"beg ra’: cl['ra’ ],
"beg dec’ : cl[’dec’ ],
"beg r mag’ : None,
"beg z spec’ : None,
"offset_arcmin’: 0.0,
’n_candidates’ : 0,



" fallback’ : True,

return bcg results

#
#t Step 2: NFW + 2-halo EFIL
#
def nfw_sigma(R Mpc, M200, c200, z):

nnn

NFW profile projected surface mass density Sigma(R).
M200: M_sun, c200: concentration, z: redshift

# rho_crit at z

Ez2 = Omega m * (1+z)%*3 + Omega L

rho ¢ = rho crit 0 * Ez2 # Msun/Mpc™3

# r200, rs
r200 = (3 * M200 / (4 * np.pi * 200 * rho c))*%(1.0/3) # Mpc
rs = r200 / c200 # Mpc

x =R Mpc / rs
x = np.clip(x, le-6, led)

# Sigma(x) for NFW (Bartelmann 1996, Wright &amp; Brainerd 2000)
sigma = np.zeros_like(x)

#ox &Llt; 1
ml = x &Llt; 1
if np.any(m1):
t = np.sart(1 - x[m1]*x2)
sigma[m1] = 1.0 / (x[m1]*x2 - 1) * (1 - np.arctanh(t) / t)

# x &gt; 1
m2 = x &gt; 1
if np.any(m2):
t = np.sqrt(x[m2]*x2 - 1)
sigma[m2] = 1.0 / (x[m2]*x2 - 1) * (1 - np.arctan(t) / t)

#x=1

m3 = np.abs(x - 1) &Lt; Te-6

sigma[m3] = 1.0 / 3

# Physical normalization

rho s = M200 / (4 * np.pi * rs*¥*3 * (np. Log(14+c200) - c200/(1+c200)))
Sigma phys = 2 % rs % rho s % sigma # Msun/Mpc~2

return Sigma_phys

de

—h

nfw_delta sigma(R Mpc, M200, c200, z):

nnn

NFW excess surface mass density Delta-Sigma(R) = Sigma_mean(&Lt;R) - Sigma(R)

nnn

Sigma R = nfw_sigma(R Mpc, M200, c200, z)

# Sigma mean(&Llt;R) by numerical integration
Sigma_mean = np. zeros_Llike(R_Mpc)
for i, Ri in enumerate(R Mpc):
r_int = np. Linspace(0.001, Ri, 200)
S int = nfw_sigma(r_int, M200, c200, z)
Sigma_mean[i] = 2 % np.trapz(r_int * S_int, r_int) / Ri%¥2

return Sigma mean - Sigma R

def two_halo_delta_sigma(R_Mpc, M200, b_Llin, z):
2-halo term: Delta-Sigma 2h(R) = b _Lin * rho m * xi_mm(R)
Simplified: power-law approximation for large R

Delta-Sigma 2h ~ b Lin % rho m bar *x (R/R0)"(-1)

where RO ~ 1 Mpc (correlation length)

Ez2 = Omega m * (1+z)%*3 + Omega L

rho_m = rho_crit 0 * Omega m * (1+z)**3 # Msun/Mpc”3 (physical)

# Simplified 2-halo: power-law
RO = 5.0 # Mpc (correlation length)
xi_mm = (R Mpc / RO)*x(-1.8) # matter correlation function approximation

#f Project along Lline of sight (simplified)
Delta_Sigma_2h = b_Llin * rho_m * RO * xi_mm / 1e6 # scale factor



return Delta Sigma 2h

de

—h

model nfw 2halo(R Mpc, M200, c200, b Llin, z):
"””NFW 1-halo + 2-halo combined”””

ds_1h = nfw_delta sigma(R Mpc, M200, c200, z)
ds 2h = two_halo delta sigma(R Mpc, M200, b Llin, z)
return ds_1h + ds_2h

de

—+

model membrane(R Mpc, M lens, f delta, r delta, z):
[ E R delta-layer model:
Sigma(R) = Sigma NFW(R) + f delta * delta(R - r_delta)

Simplified: NFW + concentrated mass shell

# NFW component (M200 = M_lens, c¢=5 typical)
c200 = 5.0

ds_nfw = nfw_delta sigma(R Mpc, M_lens, ¢200, z)

#f Delta-layer: sharp feature at r_delta

# In projection: ring-Llike excess

sigma_ring = f_delta * M_lens / (2 * np.pi * r_delta * 0.05) f# width=50kpc
ring = np.exp(-0.5 * ((R_Mpc - r_delta) / 0.05)**2) * sigma_ring

#f Delta-Sigma from ring (approximate)
ring_mean = np. zeros_Llike(R_Mpc)
for i, Ri in enumerate(R Mpc):
r_int = np. linspace(0.001, Ri, 200)
r_int_ring = np.exp(-0.5 * ((r_int - r_delta) / 0.05)%*2) * sigma_ring
ring mean[i] = 2 * np.trapz(r_int * r_int_ring, r_int) / Ri%x2
ds_ring = ring _mean - ring

return ds nfw + ds_ring

#
# Step 3: HSCE§L ¥ XF—H ENig
#
def step3 hsc shear(bcg results):

1

HSC-SSP PDR3 8§L v X x 7 H% QU H L ESRIRA % BB,

SE: HSC CASIZEREEAERIBZEH Y,
ZORY)TMEIT)EERL. FRRTOFIEERHET .
BEICclIDTF =9 DO —HILILH BHBEIE T IDSFHAHRAL,
print("¥n” +’=" % 60)

print(’ Step 3: HSC Shear Data’)

print(’=" * 60)

for cl_name, bcg in bcg results. items():
ra ¢ = bcg['bcg ra’]
dec_c = beg[’ beg_dec’ ]
z cl = CLUSTERS[cl name]l[’ Z’

# HSC SQL query
sql = 777
SELECT
object id, i_ra, i_dec,
el, e2, weight, m bias,
photoz mean, photoz err,
b_mode_mask
FROM s21a_wide.weak lensing_hsm_regauss
WHERE
b_mode mask = 1
AND coneSearch(i_ra, i _dec, {ra c}, {dec_c}, 30.0)
AND photoz mean &gt; {z cl + 0.1}
AND weight &gt; 0

nn

print(f"¥n {cl_name} (center: BCG at {ra_c:.4f}, {dec_c:.4f}):")
print(f" HSC SQL query saved to: {OUTDIR / f”hsc_query {cl name}.sql”}")

(OUTDIR / f”hsc_query {cl name}.sql”).write text(sql)

print(’¥n FEIRITFIE:)

print(’ 1. https://hsc-release.mtk.nao. ac. jp/datasearch/ IC7 7 2")
print(’ 2. EEESOLY TV &HFET)

print(’ 3. fER%ACSVTIRTE: hsc_shear {cl name}.csv’)

print(’ 4. KRV ) T hEBERT

t BiFT— 9 DR



existing = {}
for cl_name in CLUSTERS:
for pattern in [f hsc_shear_{cl _name}.csv’, f’ cl1_shear.csv’,
f’ {cl_name}_background.csv’ ]:
for search_ dir in [OUTDIR, Path(’.”), Path(’..’),
Path(’ cluster_stack_output’)]:
f = search_dir / pattern
if f.exists():
print(f" Found existing: {f}")
existing[cl name] = f

break
return existing
i
# Step 4: Y7 FOTFAILEE + EFILT14v b
i

def compute shear profile(shear file, ra c, dec ¢, z cl, z s min=None):
TUERIRAOY T IOT7 7 AL EEE
import csv

data = []
with open(shear file, 'r’) as f:
reader = csv.DictReader (f)
for row in reader:
try:
ra = float(row.get(’i ra’, row.get("ra’, ’0')))
dec = float(row.get(’ i_dec’, row.get(’dec’, '0’)))
el = float(row.get("el’, ’0’))
e2 = float(row.get(’e2’, '0’))
w = float(row.get("weight’, '17))
z_ph = float(row.get(’ photoz_mean’, row.get(’z_phot’, '1.07)))

if w&t; 0 and z ph &t; z cl + 0.1:
data. append ({
"ra’: ra, 'dec’: dec, 'el’: el, 'e2': e2,
'w:w, 'zph: zph,
1))

except (ValueError, TypeError):
pass

if len(data) &Llt; 50:
print(f" Warning: only {len(data)} background galaxies’)
return None

print(f" {len(data)} background galaxies’)

i AEERE
# D A(z) simplified (flat LCDM)
def D A(z):
from scipy. integrate import quad
f = lambda zp: 1.0 / np.sqrt(Omega_m*(1+zp)**3 + Omega_ L)
chi, _ = quad(f, 0, z)
return ¢_light / HO % chi / (14z) # Mpc

D L =DA(zcl)

te=vy
R bins = np. Llogspace(np. Log10(0.1), np. log10(5.0), 12) # Mpc
R mid = np.sqrt(R bins[:-1] % R bins[1:])

gamma_t = np. zeros(len(R mid))

gamma_x = np. zeros(len(R mid))

w_sum = np.zeros(len(R mid))

n_count = np.zeros(len(R_mid), dtype=int)

for gal in data:
it AREEERE
dra = (gal[’ra’] - ra_c) * np.cos(np. radians(dec c))
ddec = gal[’dec’] - dec ¢
theta = np.sqrt(drax*2 + ddec**2) * np.pi / 180 {# radians
R phys = theta * D_L # Mpc (¥I2REEEMDITHL)

# phi (position angle)
phi = np.arctan2(ddec, dra)

# tangential/cross shear
gt = -(gall’el” ] * np.cos(2xphi) + gal[’e2’] * np.sin(2%phi))
gx = -(gal[’e2’] * np.cos(2#phi) - gal[’el’] * np.sin(2*phi))

# Sigma crit
D s =D A(gal[’z ph’ 1)
D Is =D A(gal[’z ph’]) - D A(z cl) { approximate



if D ls &lt;= 0:

continue
Sigma_crit = c¢_Llight*x2 / (4 % np.pi * G.SI) * D.s / (D_L * D_Ls)
I BAIEHIIARE (EREERDLD)

# EVITIRY 97
idx = np.searchsorted(R bins, R phys) - 1
if 0 &Lt;= idx &Lt; len(R mid):
gamma_t[idx] += gt * gal['w’ ]
gamma x[idx] += gx * gal[’w
w_sum[idx] += gal[’w']
n_count[idx] += 1

# EFY

mask = w_sum &gt; 0

gamma_t[mask] /= w_sum[mask]

gamma_x[mask] /= w_sum[mask]

e gamma = np.where(n_count &gt; 1, 1.0 / np.sqrt(n_count * w_sum / np.maximum(w_sum, 1)), 1e10)

return {
"R Mpc’ : R mid,
"gamma_t’ : gamma_t,
"gamma_x’ : gamma_x,
"e_gamma’ : e_gamma,
"n_count’ : n_count,
"n_total’: len(data),

}
#
# Step 5: EFI T4 v h + AICLLER
#

def fit models(profile, z cl):
"""NFW, NFW+2halo, membrane EFILD T 4w K"
R = profile[’R Mpc’]
gt = profile[’ gamma t’ ]
eg = profile[’e gamma’ ]

mask = (gt != 0) &amp; (eg &Lt; 1)
R_fit = R[mask]

gt_fit = gt[mask]

eg fit = eg[mask]

if len(R fit) &Lt; 4:
return None

results = {}

# (a) NFW only
try:
def nfw model(R, logM, c):
return nfw_delta sigma(R, 10%xlogM, ¢, z cl) * le-15 # scale

popt, pcov = curve fit(nfw model, R fit, gt fit, p0=[14.5, 5],
sigma=eg fit, maxfev=5000)
gt pred = nfw_model(R fit, *popt)
chi2_nfw = np.sum(((gt_fit - gt _pred) / eg fit)*x2)
dof nfw = len(R fit) - 2
results[’NFW ] = {
" LogM200’ : popt[0], ’c200 : popt[1],
"chi2’ : chi2 nfw, "dof’ : dof nfw,
chi2_dof’ : chi2_nfw / dof_nfw,
"AIC: chi2 nfw + 2%x2,
}
except Exception as e:
print(f" NFW fit failed: {e}’)

# (b) NFW + 2-halo
try:
def nfw 2h model(R, LlogM, ¢, b):
return model nfw 2halo(R, 10%xlogM, c, b, z cl) * le-15

popt2, pcov2 = curve fit(nfw_2h model, R fit, gt fit, p0=[14.5, 5, 3],
sigma=eg fit, maxfev=5000)
gt pred2 = nfw_2h model(R fit, *popt2)
chi2 2h = np.sum(((gt_fit - gt pred2) / eg fit)**x2)
dof 2h = len(R_fit) - 3
results[’ NFW+2halo’ ] = {
" LogM200’ : popt2[0], ’c200” : popt2[1], 'b_Lin’: popt2[2],
"chi2' : chi2 2h, ’dof’: dof 2h,
"chi2_dof’: chi2_2h / dof_2h,
PAIC : chi2 2h + 2x3,
}

except Exception as e:



print(f" NFW+2halo fit failed: {e}")

#f AICLEE:
if results:
aic_min = min(r["AIC’] for r in results.values())
for name, r in results. items():
r[’DAIC’ ] = r[’AIC’] - aic_min

return results

#
i Main
#
def main():
print(’=" * 60)
print(’ Cluster Stack Weak Lensing v3’)
print(’BCG identification + NFW+2halo model’)
print(’=" * 60)

i#f Step 1: BCGRAE
bcg = stepl bcg identification()

# BCGRERY <Y
print(f’ ¥n--- BCG Summary ---")
for cl_name, b in beg. items():
offset = b.get(’ offset_arcmin’, 0)
print(f" {cl name}: offset={offset:.2f} arcnmin,
' r_mag={b. get ("bcg_r_mag”, "N/A")}")

#f Step 3: HSCF—%
existing = step3 hsc_shear(bcg)

if existing:
print(f’ ¥n-—- Processing existing shear data ---")
for cl_name, shear file in existing. items():
b = bcg.get(cl_name, {})
ra ¢ = b.get("bcg ra’, CLUSTERS[cl name][’ ra’])
dec_c = b.get(’bcg _dec’, CLUSTERS[cl name][’ dec’])
z_cl = CLUSTERS[cl_namel[’ 2’

print(f"¥n {cl _name}:’)

profile = compute shear profile(shear file, ra c, dec c, z cl)

if profile:
print(f’ S/N = {np.sum(profile[”"gamma_t"]*%2 / profile[”e_gamma”]*x2)*%0.5:, 1f}")
print (f' |gamma x| = {np.median(np.abs(profile[”"gamma x”1)):.4f}")

tEFNT14v b
results = fit models(profile, z cl)
if results:
print(f ¥n Model fits:")
for name, r in results. items():
print(f’ {name}: chi2/dof={r["chi2_dof”]:.2f}, ’
' DAIC={r["DAIC"]:.1f}")
else:
print("¥n No existing shear data found.’)
print(’  Run HSC queries manually, then re-run this script.’)

I #ERRF
summary = {
"beg’ : {k: {kk: vv for kk, vv in v.items()} for k, v in bcg.items()},
"existing_data’: {k: str(v) for k, v in existing.items()} if existing else {},
}
with open(OUTDIR / ’stack v3 summary. json’, 'w’) as f:
json. dump(summary, f, indent=2, default=str)

print(f’ ¥nResults: {OUTDIR}’)

print(f’ ¥n-—- Next Steps ---')

print(f* 1. If BCG offsets &gt; 0.5 arcmin: re-center on BCG')
print(f" 2. Run HSC queries for all 4 clusters’)

print(f* 3. Stack profiles with Sigma_crit normalization’)
print(f" 4, Compare NFW vs NFW+2halo vs membrane models’)
print(f" 5. Report DAIC and chi2/dof for each model’)

3

if _name_ ==’_main_’:
main()



cluster_stack_v3_fix.py

= PR (v3_fix2ICB#R)

B#: BCGRIEBIE R (z_spechZB+M_r<-21)

fRITR T —4: SDSS DR17

FEHER: cl1 BCG offset=3.18',cl4/cl27 A2 /X =72 L, v3_fix2 THul LLBGE I,

Y—2Z3—NK (429 lines, 14,335 bytes)

#1/usr/bin/env python3

pEr

cluster_stack_v3_fix.py

V3D2DDINT AIBIE:
1. BCGRIZE: z spec NULLERA + #EEFER 7 45 (M_r &lt; -21)
2. VI TEE: C(NASLBERE + TNy THD

%24T: uv run —-with scipy --with matplotlib —-with requests python cluster_stack_v3_fix.py

pEr

import numpy as np

import csv

import sys

import json

from pathlib import Path

from scipy.optimize import curve fit
from scipy.stats import linregress

OUTDIR = Path(”cluster_stack v3 output”)
OUTDIR.mkdir(exist ok=True)

c_light = 2.998e5
G _SI = 6.674e-11
Msun = 1.989e30
Mpc = 3.086e22

HO = 70.0

Omega m = 0.3

Omega L = 0.7

CLUSTERS = {
"cl1’: {"ra’: 140.45, 'dec’: -0.25, 'z’ : 0.313},
"cl3: {"ra’: 139.80, 'dec’: -0.10, 'z’ : 0.318},
"cld': {'ra’: 140.90, 'dec’: -0.50, 'z’ : 0.315},
"cl27: {"ra’: 141.20, 'dec’: 0.10, 'z’ : 0.322},

}

#

# Fix 1: BCGRIZE (z_specth?® + #WRFERT7 1L ¥)

#

def bcg identification():
import requests

print(’=" * 60)
print("BCG Identification (z spec required, M r &Lt; -21)")
print(’=" % 60)

results = {}

for cl_name, cl in CLUSTERS. items():
z=cl['Z
ra, dec = cl['ra’], cl[’dec’]
search_r = 5.0 { arcmin

i BEEEY 21— (%)

#DL ™ c¥z/HO * (1 + z/2) for flat LCDM approximation
D L Mpc = c_Llight *x z / HO * (1 + z/2)

dist_mod = 5 % np. log10(D_L Mpc * 1e6 / 10) # pc

I MR M r &Lt; -21 = BT r &lt; dist_mod - 21

r_Limit = dist_mod - 21

print(f"¥n {cl_name}: z={z:.3f}, D_L={D L Mpc:.0f} Mpc, ’
' dist mod={dist mod:.1f}, r Llimit={r Limit:.1f}")

# SDSS SQL: z spec wAZH. z cl +/- 0.01, r &Lt; r Limit
sql = 77”7
SELECT TOP 10

p.objID, p.ra, p.dec, p.r, p.g, p.i,

s.z as z_spec, s.zErr,



p.petroRad r, p.petroR50 r
FROM PhotoObj AS p
JOIN SpecObj AS s ON p.objID = s.bestObjID
WHERE
p.ra BETWEEN {ra - search r/60} AND {ra + search r/60}
AND p.dec BETWEEN {dec - search r/60} AND {dec + search r/60}
AND p. type = 3
AND s.z BETWEEN {z - 0.015} AND {z + 0.015}
AND s. zWarning = 0
AND p.r &Lt; {r Llimit}
ORDER BY p.r ASC

i

url = "https://skyserver. sdss.org/dr17/SkyServerWS/SearchTools/SqlSearch”

try:
r_resp = requests.get(url, params={'cmd’: sql, 'format’: ’json’}, timeout=30)
data = r_resp. json()

rows = []
if isinstance(data, Llist):
for item in data:
if isinstance(item, dict) and 'Rows’ in item:
rows = item[’ Rows’ ]
break
elif isinstance(item, dict) and "ra’ in item:
rows = data
break

if rows:
bcg = rows[0]
bcg ra = float(bcg['ra’])
bcg dec = float(bcg[’ dec’ ])
beg r = float(beg[’ r’ 1)
bcg_z = float(beg[’ z_spec’ 1)
M_r = bcg r - dist_mod

offset_arcmin = np.sqrt(
((bcg_ra - ra) * np.cos(np. radians(dec)) * 60)*x2 +
((bcg_dec - dec) * 60)%x2

)

offset Mpc = offset_arcmin / 60 * np.pi / 180 * D_L Mpc / (14z)

results[cl name] = {

"beg ra’: beg ra, "bcg dec’ : beg dec,

"beg r mag’ : beg r, 'bcg z spec’: beg z,

Mo Mor,

"offset arcmin’: offset arcmin,

"offset Mpc’ : offset Mpc,

"n_candidates’ : len(rows),
}
print(f’ BCG: RA={bcg_ra:.5f} Dec={bcg dec:.5f}")
print(f’ r={bcg r:.2f}, M_r={M r:.2f}, z spec={bcg z:.4f}")
print(f’ Offset: {offset arcmin:.2f} arcmin = {offset Mpc:.3f} Mpc’)
print(f’ Candidates: {len(rows)}’)

I 2IERHRE
for i, row in enumerate(rows[:5]):
off = np.sqrt(
((float(row[’ ra’ 1)-ra)#*np. cos(np. radians(dec))*60)**2 +
((float(row[’ dec’ 1)-dec)*60)**2)
print(f’ #{i+1}: r={float(row[”r"]):.2f}, ’
' z={float(row["z_spec”]):.4f}, ’
f offset={off:.2f}¥ ")
else:
print(f’ No spectroscopic members found’)
print(f’ -&gt; Using original center as fallback’)
results[cl name] = {
"beg ra’: ra, 'beg dec’: dec,
"offset arcmin’: 0, “offset Mpc’: 0,
" fallback’ : True,

except Exception as e:
print(f’ SDSS query failed: {e}’)
results[cl name] = {
"beg ra’: ra, 'beg dec’: dec,
"offset arcmin’: 0, 'offset Mpc’: 0,
“error’ : str(e),

return results




#Fix 2: Y758 CSVASLBERE + 7/Xv )
#
def find shear files():
VDY T TCNT 7 A I ERER
candidates = []
for d in [OUTDIR, Path(’.”), Path(’..’), Path(’cluster stack output’),
Path(’ probes vbar output’)]:
if d.exists():
for f in d.glob(’*.csv’):
if any(k in f.name. lower() for k in [’shear’, ’source’, ’photoz’,
"background’, "cl1’, ’weak’]):

candidates. append(f)
return candidates

def inspect _csv(filepath):
PICSVD N S K & SETEAT A A
print(f’¥n Inspecting: {filepath}’)
print(f’ Size: {filepath.stat().st_size:,} bytes’)

with open(filepath, 'r’, encoding="utf-8-sig’) as f:
reader = csv. reader(f)
header = next(reader, None)
if header:
print(f’ Columns ({len(header)}): {header[:15]}")
# ScEE3TT
for i, row in enumerate(reader):
if i &gt;= 3:
break
print(f’ Row {i}: {row[:101}")
return header
return None

—+

compute shear profile v2(filepath, ra c, dec c, z cl):
THEIEERRY T 7 707 7 A LEHE
t Ao LBDEHYYEYY
col_maps = {
"ra’: [ira’, 'ra’, 'RA’, 'RAJ2000’, 'ra gal’, "alpha’],
"dec’: ["i_dec’, 'dec’, 'DEC’, 'DEJ2000’, ’dec_gal’, ’'delta’],

de

"el’: ['el’, "el regauss’, "g1’, 'el hsm’, ’ishape hsm regauss el’],
'e2': ['e2', 'e2 regauss’, 'g2’, 'e2 hsm’, ’ishape hsm regauss e2’],
"w':  ["weight’, 'w’, ’ishape hsm regauss derived shape weight’, ’wt’],

"zph’: [’ photoz_mean’, 'z phot’, ’photo z', 'z best’, ’photoz best’,
"pz_best z’, 'mizuki_photoz best’],

}

Ny STwmHAS

with open(filepath, 'r’, encoding="utf-8-sig’) as f:
reader = csv.DictReader (f)
headers = reader. fieldnames
print(f’ CSV columns: {headers[:15]}")

t hSa<yF
matched = {}
for key, candidates in col_maps. items():
for ¢ in candidates:
if ¢ in headers:
matched[key] = ¢

break
if key not in matched:
i #BA—E

for ¢ in candidates:
for h in headers:
if c.lower() in h.lower():
matched[key] = h
break
if key in matched:
break

print(f’ Matched columns: {matched}’)

missing = [k for k in ["ra’, "dec’, "el’, "e2’] if k not in matched]
if missing:
print(f’ ERROR: Missing required columns: {missing}’)
print(f’ Available: {headers}’)
return None

#F7AILME
if "W not in matched:

print(f’ Warning: no weight column, using w=1")
if “zph’ not in matched:
print(f’ Warning: no photo-z column, using z=1.0")

t F—sHBRH



. seek(0)
reader = csv.DictReader (f)

gal_data = []

n read = 0
n_skip_parse = 0
n_skip_zph = 0

for row in reader:

n_read += 1

try:
ra_g = float(row[matched[’ ra’1])
dec_g = float(row[matched[’ dec’ ]1])
el = float(row[matched[’e1’]])
e2 = float(row[matched[’ e2’]])
w = float(row[matched[’w’]]) if 'w’ in matched else 1.0
zph = float(row[matched[’ zph’]]) if ’zph’ in matched else 1.0

ifw&lt;=0:
continue

if zph &lt;= z cl + 0.1:
n_skip_zph += 1
continue

gal_data.append((ra_g, dec_g, el, e2, w, zph))
except (ValueError, KeyError):
n_skip_parse += 1

print(f’ Read: {n read}, Valid: {len(gal data)}, ’
' Skip(z): {n_skip_zph}, Skip(parse): {n skip parse}’)

if len(gal data) &lt; 50:
print(f’ ERROR: Too few galaxies ({len(gal data)})’)
return None

i R ERRE

from scipy. integrate import quad

def D A(z):
f = lambda zp: 1.0 / np.sqrt(Omega_m*(1+zp)**3 + Omega_ L)
chi, _ = quad(f, 0, 2)
return ¢_Llight / HO % chi / (14z)

D L =DA(zcl)

print(f’ D A(z={z cl}) = {D_L:.1f} Mpc’)
arcmin_to Mpc = D_L * np.pi / (180 * 60)
print(f’ 1 arcmin = {arcmin_to_Mpc:.4f} Mpc’)

te=vy

R_bins_Mpc = np.array([0.1, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0, 3.0, 5.0])
R mid = np.sqrt(R bins Mpc[:-1] * R bins Mpc[1:])

n bins = len(R mid)

gt_sum = np. zeros(n_bins)
gx_sum = np, zeros(n_bins)
w_sum = np.zeros(n bins)
n_count = np.zeros(n_bins, dtype=int)

for ra_g, dec g, el, e2, w, zph in gal data:
dra = (ra_g - ra_c) * np.cos(np.radians(dec c))
ddec = dec_g - dec ¢
theta_deg = np.sqrt(dra**2 + ddec**2)
R Mpc = theta deg * D L * np.pi / 180

if R Mpc &Llt; R bins Mpc[0] or R Mpc &gt;= R bins Mpc[-1]:
continue

phi = np.arctan2(ddec, dra)
gt = -(el * np.cos(2#phi) + e2 * np.sin(2*phi))
gx = +(e2 * np.cos(2#phi) - el * np.sin(2*phi))

idx = np.searchsorted(R bins Mpc, R Mpc) - 1
if 0 &lt;= idx &Llt; n_bins:

gt_sumfidx] += gt * w

gx_sum[idx] += gx * w

w sum[idx] += w

n_count[idx] += 1

# MEFY

mask = w_sum &gt; 0

gamma_t = np. zeros(n_bins)
gamma_x = np. zeros(n_bins)

e gamma = np. full(n_bins, np.inf)

gamma_t[mask] = gt sum[mask] / w_sum[mask]



gamma_x[mask] = gx_sum[mask] / w_sum[mask]

#f > 728X (shape noise "= 0.26 per component)
sigma e = 0.26
e_gamma[mask] = sigma_e / np.sqrt(n_count[mask])

TNy THA
print(f ¥n Radial profile:’)
print(f’ {"R[Mpc]”:8gt;8} {"N”:8&gt;6} {"gamma_t”:&gt;10} {"gamma_x”:8&gt;10} {"S/N”:&gt;8} )
for i in range(n_bins):
sn = gamma_t[i] / e gamma[i] if e_gamma[i] &Llt; np.inf else 0
print(f’ {R_mid[i]:8.3f} {n_count[i]:6d} {gamma_t[i]:10.5f} ’
' {gamma_x[i]:10.5f} {sn:8.2f}")

total_sn = np.sqrt(np. sum((gamma_t[mask] / e_gamma[mask])**2))
gx_median = np.median(np. abs(gamma_x[mask])) if np.any(mask) else 0

print(f ¥n Total S/N = {total sn:.1f}")

print(f’ |gamma_x| median = {gx median:.5f}")
return {
"R Mpc’ : R mid,

"gamma_t’ : gamma_t,
"gamma_x’ : gamma_Xx,
"e gamma’ : e gamma,
, ,

n_count’ : n_count,
"S N’ : total sn,

}
#
#f Main
#
def main():
print(’=" * 60)
print(’ Cluster Stack v3 Fix’)
print(’=" * 60)

i Step 1: BCG ({BIEAR)
bcg = beg identification()

# Step 2: T T T 7 A IIER
print(f' ¥n{"="x60}")

print(’ Shear File Search’)
print(f' {"="%60}")

shear files = find shear files()
print(f" Found {len(shear files)} candidate files:’)
for f in shear files:

print(f’ {f}")

# Step 3: E7 7ML ERAE
if shear files:
for sf in shear_files:
header = inspect csv(sf)

#t Step 4: cllO> 7707 74 JLEHE (BCGHD vs TTHID)
fcUADT77A4ILERDIFS
cll _file = None
for sf in shear_files:
if cl1” in sf.name. lower() or 'source’ in sf.name. lower():
cll file = sf
break
if cl1_file is None and shear files:
cll_file = shear_files[0] # JZ¥MDT77AILEHT

if cll_file:
cll bcg = beg.get(cll’, {})

t (A) THOLTOTOT7AIL
print(f' ¥n{"="x60}" )
print(f cl1 Shear Profile: Original Center ({CLUSTERS[”cl1”][”ra”]}, {CLUSTERS[”cl1”][”dec”]1})’)
print(f’ {"="%60}" )
prof_orig = compute_shear_profile_ v2(
cl1_file, CLUSTERS[ cl1’ ][’ ra’], CLUSTERS[’cl1’1[’dec’], CLUSTERS[ cl1’1[’z’1])

# (B) BCGFRODTOTOT 74l
if not cl1 bcg.get(’ fallback’) and cl1_bcg.get(’bcg ra’):
print(f' ¥n{"="x60}" )
print(f'cl1 Shear Profile: BCG Center ({cl1 bcg[”bcg ra”]:.5f}, {cl1 becg[”bcg dec”]:.5f})")
print(f’ {"="%60}")
prof _bcg = compute shear profile v2(
cll file, cl1 beg[’beg ra’], cl1 begl[’beg dec’ ], CLUSTERS[’cl1’]1[’Z’])
# LB



if prof_orig and prof bcg:
print(f'¥n Comparison:’)
print(f’ Original center: S/N
print(f’ BCG center: S/N
print(f’ -8gt; {"BCG is better
else:
print(’¥n No shear data file found.”)

”

{prof_orig[”S N"1:.1f}")
{prof_bcg[”S N"]:.1}")
if prof beg[”S N”] &gt; prof orig[”S N”] else "Original is better”}’)

print(’ Expected files: cl1 sources photoz.csv or similar’)
print(’ Please provide the filename or path.’)

I #ERRF
summary = {

"beg': {k: v for k, v in bcg.items()},
}

with open(OUTDIR / "v3 fix results.json’, 'w') as f:
json. dump(summary, f, indent=2, default=str)

if name ==’ main_ ’:
main()



probes_vbar_v2.py

= dhfEkR(v2_localllE#R)

B®: PROBES V_bar v2: WHISP HI + S4G + Yd&i# 1k (VizieRkR)

BTN RT—4: VizieR(ENE KHK)

FERR: VizieRT—T IV EZFRYTIIG K. v2_local THIYV—RBRRICEIE,

Y—2Z3—NK (603 lines, 20,145 bytes)

#1/usr/bin/env python3

pEr

probes_vbar_v2. py

PROBESEI RV bari&/{( 754 v v2

SE26E DR & RBR:
- Y d ZRE & ICRBEIE RC2HET 1w )
- SAHIE®ZE 707 7 1)L (WHISPES%)
- S4G 3.6 unKREEE SO T 7 1)L

TF—HY—2R:
1. PROBES V_obs(R): VizieR J/ApJS/256/33 (Stone+2021) — HX{SiFH
2. S4G 3.6um: VizieR J/ApJS/219/4 (Salo+2015) — Re, Tmag, n
+ IRSA S4G P3 profiles (Munoz-Mateos+2015) — radial SB profiles
3. HIEZE:
a) WHISP: VizieR J/A+A/526/A118 (Swaters+2002) — ~300%R5a HI RC
b) THINGS: VizieR J/AJ/136/2648 (de Blok+2008) — 194Ria 4>fZRC
c) LITTLE THINGS: EXfgi&Fa (0h+2015)

RATS54:
Step 0: £7—4%HG (VizieR + IRSA)
Step 1: PROBES x (S4G or WISE) x (WHISP or THINGS) 3ZE YV ARV v F
Step 2: V disk(R) 5t& (Freeman disk, S4G/XS5 X —% or 7OT7 74 L)
Step 3: V_ gas(R) 5t& (HIEZEE x 1.33 HefiIE)
Step 4: Y _d {ERBIS&E{L: min chi®(V_obs - V bar(Y d))
Step 5: g cIE (SMA/3FhR{E, Y_d=RE(E)
Step 6: GXZ[X =V flat®/h R (Y _d3EHkTF)
Step 7: a#RE + SPARCIESR & DR

5£29T: uv run —-with scipy ——with matplotlib ——with astropy —-with requests python probes vbar v2.py

EE: XY NT—O T O EANNRE (VizieR, IRSA) , Claude Code TZE1T,

nnn

import numpy as np

import sys

import json

import os

from pathlib import Path

from scipy.optimize import minimize_scalar

from scipy.special import i0, i1, kO, ki

from scipy.stats import linregress, t as tdist

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

from matplotlib import font manager as _fm

for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,

" /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf J:

try: _fm. fontManager. addfont(_fp)
except: pass

plt. rcParams[’ font. family’ ] = ' IPAGothic’

plt.rcParams[’ axes.unicode minus’ ] = False

=== YIEEL ===
6 SI = 6.674e-11
Msun = 1,989¢30

pc = 3.086e16
kpc = 1e3 * pc
ad = 1.2e-10

M_sun W1 = 3,24 f 3.6um VegaARRird&ik

OUTDIR = Path(”probes_vbar v2 output”)
OUTDIR. mkdir(exist ok=True)

TS

o *= F o

ef fetch vizier tsv(source, out_params, max_rows=999999, outfile=None):



—+

"izieRLAERRE"”
import requests
url = "https://vizier.cds.unistra. fr/viz-bin/ase/tsv”
params = {
"-source”: source,
"—out.max”: str(max_rows),
"-out”: out_params,

” ”

"-out. form”: "tsv”,
}
print(f* VizieR: {source} ...”)
r = requests.get(url, params=params, timeout=120)
if outfile:

Path(outfile).write_ text(r.text)
return r, text

parse tsv(text, required cols=None):
TPTSVIR— R (AN S EERE) 77
Lines = [L for L in text.strip().split(’¥n’) if L and not L.startswith('# )]
header_idx = None
for i, L in enumerate(lines):
if required cols and all(c in L for ¢ in required cols[:2]):

header_idx = i
break
elif not L.startswith("-") and "¥t’ in L and i &Lt; 10:
header_idx = i
break

if header_idx is None:
return [], []
headers = [h.strip() for h in lines[header_idx].split(’ ¥t’)]
data = []
for L in Llines[header_idx+1:]:
if Lstartswith(C=") or not L.strip():
continue
cols = L.split(’¥t")
if len(cols) &gt;= len(headers):
data. append(dict(zip(headers, [c.strip() for ¢ in cols])))
return headers, data

step0 fetch all():

e F—SmE""”

print(’=" * 60)

print(’Step 0: Data Retrieval’)
print(’=" * 60)

results = {}

# --- PROBES RC -—-

print(’ ¥n[PROBES RC]’)

txt = fetch vizier tsv(
”J/ApJS/256/33/table2”,
"Name, Rad, Vrot, e Vrot”,
outfile=0UTDIR / "probes_rc. tsv”)

~, rc_rows = parse tsv(txt, ["Name’, ’'Rad’])

rc_data = {}
for row in rc_rows:
try:

name = row.get(’Name’, ’’).strip()
rad = float(row.get(’Rad’, '0'))
vrot = float(row.get(’Vrot’, '0’))
ev = float(row.get("e Vrot’, '5")) if row.get("e Vrot’, "’ ).strip() else 5.0
if name:
if name not in rc_data:
rc_data[name] = {'R’: [1, "V’ : [1, "eV: [1}
rc_data[name][’ R’ ]. append(rad)
rc_data[name][’ V' ]. append(vrot)
rc_data[name][’ eV’ ]. append(ev)
except ValueError:
pass

for name in rc_data:
for k in rc_data[name]:
rc_data[name][k] = np.array(rc_data[name][k])
print(f" -8&gt; {len(rc _data)} galaxies’)
results[’ probes rc’] = rc_data

#f --- PROBES master (pE@f) --—-

print(’ ¥n[PROBES Master]’)

txt = fetch vizier tsv(
”J/ApJS/256/33/tablel”,
"Name, Dist, incl, Vmax”,
outfile=0UTDIR / "probes master. tsv”)



_, master rows = parse tsv(txt, ['Name’, ’'Dist’])

dist_map = {}
for row in master_rows:
try:

name = row.get(’Name’, ’’).strip()
dist = float(row.get(’Dist’, '0"))
if name and dist &gt; 0:
dist _map[name] = dist
except ValueError:
pass
print(f" -&gt; {len(dist map)} galaxies with distance’)
results[’dist’] = dist_map

#f --- S4G (Salo+2015) ---

print(’ ¥n[S4G Salo+2015]" )

txt = fetch vizier tsv(
”J/ApJS/219/4/tablel”,
"Name, Re, Tmag, n, T, PA, b/a”,
outfile=0UTDIR / "s4g params. tsv”)

, s4g rows = parse tsv(txt, [ Name’, "Re’])

sd4g = {}
for row in s4g rows:
try:
name = row.get(’Name’, ’’).strip()
Re = float(row.get("Re’, "0’))
Tmag = float(row.get(’ Tmag’, '99’))
n = float(row.get("n’, "17)) if row.get('n’, "’ ).strip() else 1.0
if name and Re &gt; 0 and Tmag &lt; 30:
s4g[name] = {"Re’: Re, 'Tmag’: Tmag, 'n’: n}
except ValueError:
pass
print(f" -8&gt; {len(s4g)} galaxies’)
results[’s4g’ ] = s4g

#f --- WHISP HI rotation curves (Swaters+2002 or van der Hulst+2002) ---

print(’ ¥n[WHISP HI])

#f Swaters+2002: J/A+A/390/829 (dwarf galaxies RC with HI)

# van Eymerent+2011: J/A+A/530/A29 (WHISP kinematic analysis)

# Try multiple WHISP-related catalogs

whisp sources = [
(”J/A+A/390/829”, "Name,Rad,Vrot,e Vrot,Vgas”), # Swaters+2002
("J/AJ/141/193”, "Name, Rad, Vobs, e Vobs, Vgas, Vdisk”), # Swaters+2011

]
whisp_rc = {}
for src, cols in whisp sources:

try:
txt = fetch vizier tsv(src, cols, outfile=OUTDIR / f”whisp {src.replace(’/’,”-")}.tsv")
~, rows = parse_tsv(txt)
if rows:
print(f" {src}: {len(rows)} rows’)
#R=R (AFLBIFY—RICLYELRD)
for row in rows:
name = (row.get(’Name’, ’’) or row.get(’Galaxy’, ’’)).strip()
try:
rad = float(row.get(’Rad’, row.get(’R’, '0’)))
vgas_str = row.get(’Vgas’, row.get("VHI’, "))
if name and vgas str.strip():
vgas = float(vgas str)
if name not in whisp_rc:
whisp rc[name] = {"R: [], "Vgas': [1}
whisp_rc[name][' R’ ]. append(rad)
whisp_rc[name][’ Vgas’ ]. append(vgas)
except ValueError:
pass
except Exception as e:
print(f" {src}: failed ({e})")

for name in whisp_rc:
for k in whisp_rc[name]:
whisp_rc[name][k] = np.array(whisp_rc[name][k])
print(f" -8&gt; {len(whisp_rc)} galaxies with HI data’)
results[’whisp’] = whisp_rc

#f --- THINGS decomposed RC (de Blok+2008) ---

print (" ¥n[THINGS de Blok+2008] )

txt = fetch vizier tsv(
”J/N/136/2648/table5”,
”Name, Rad, Vobs, Vgas, Vdis, Vbul”,
outfile=0UTDIR / "things rc. tsv”)

~, things rows = parse tsv(txt)

things rc = {}



for row in things_rows:
name = (row.get(’Name’, ’’) or row.get(’ Galaxy’, ’’)).strip()
try:
rad = float(row.get("Rad’, ’0’))
vgas_str = row.get(’Vgas’, ')
vdisk str = row.get(’Vdis’, row.get(’Vdisk’, ’’))
if name and vgas_str.strip():
vgas = float(vgas str)
vdisk = float(vdisk str) if vdisk_str.strip() else 0.0
if name not in things rc:
things rc[name] = {R’: [], 'Vgas’: [], 'Vdisk’: []}
things_rc[name][' R’ ]. append(rad)
things_rc[name][’ Vgas’ ]. append(vgas)
things_rc[name][’ Vdisk’ ]. append(vdisk)
except ValueError:
pass

for name in things rc:
for k in things rc[name]:
things_rc[name][k] = np.array(things rc[name][k])
print(f* -8&gt; {len(things rc)} galaxies with decomposed RC’)
results[’ things' ] = things rc

return results

#
#V diskit®
#
def compute vdisk freeman(R kpc, h_kpc, I0 Lpc2, Yd):

"""Ereeman (1970) thin disk V_disk(R)"””

y = R kpc / (2.0 * h_kpc)

y = np.clip(y, le-6, 50)

bessel = i0(y)*k0(y) - i1(y)*k1(y)

Sigma@ SI = Yd * I0 Lpc2 * Msun / (pc¥x2)

h_m = h_kpc * kpc

V2 = 4 % np,pi * G SI * Sigma® SI * h m * y*x2 % bessel
return np.sqrt(np.maximum(V2, 0)) / 1e3 # km/s

def s4g to disk params(sd4g entry, dist Mpc):
TSAGIRT A= DD T A RV INT A=Y HFE"”
Re_arcsec = s4g entry[’Re’]
Tmag = s4g_entry[’ Tmag’ ]
n = s4g entry['n’

#f Re -8&gt; h
bn = 2%n - 1.0/3 + 4.0/(405%n) if n &gt; 0.5 else 1.678
h arcsec = Re arcsec / bn

dist_kpc = dist_Mpc * 1e3
h kpc = h_arcsec * dist kpc * np.pi / (180 % 3600)

if h_kpc &lt; 0.01 or h_kpc &gt; 100:
return None

t ROREEE
area = 2 * np.pi * Re_arcsec**2
if area &lt;= 0:
return None
mud = Tmag + 2.5 * np. log10(area) + 0.7
10 Lpc2 = 10%x(-0.4 * (mud - M_sun W1 - 21.572))

return {"h kpc’: h kpc, "I10 Lpc2’ : 10 Lpc2}

Y _dRiE(L

Q. FE I I

ef optimize Yd(R kpc, V obs, eV, V disk unit, V gas):
Y d&E&E{b: V bar(Yd) = sqrt(Yd % V disk unit® + V_gas®)
V_ disk_unit: Yd=1T®DV_ disk (Yd&&FRL)
def chi2(Yd):
V_bar = np.sqrt(np.maximum(Yd * V_disk_unit*k2 + V_gas**2, 0))
resid = (V_obs - V_bar) / np.maximum(eV, 1.0)
return np.sum(resid*x2) / max(len(V_obs) - 1, 1)

try:
res = minimize_scalar(chi2, bounds=(0.05, 2.0), method="bounded’ )
if res.fun &Llt; 50:
return res.x, res.fun



except:
pass
return None, None

#
# g cBIE + alRTE
#
def measure_gc_gs@(R_kpc, V_obs, V_bar, V_disk unit, Yd opt):

7779 ¢ (SMAI/3FRRAE) + GxSigma 0 (YdIEHKTF)""”

n = len(R kpc)

if n&lt; 5:

return None

outer = slice(2#n//3, n)
R m = R kpc[outer] * kpc
gc vals = (V_obs[outer]«1e3)**x2/R m - (V_bar[outer]x1e3)*x2/R m
gc = np.median(gc_vals)

if gc &lt;= 0:
return None

#V_flat (YdIF#KF)
V flat = np.median(V_obs[outer])

#f h R (V.disk unitdE—2% / 2.15)

vds = np.sqrt(Yd opt) * np.abs(V_disk unit)

i_pk = np.argmax(vds)

if i_pk == 0:
i pk =1

r pk = R kpc[i pk]

if r_pk &t;= R_kpc.max() * 0.9 or r_pk &lt; 0.01:
return None # edge” 4 L4 (FT/34 754 v #HL)

hR=rpk /215

GSO = (V_flat * 1e3)*x2 / (h R * kpc)

return {"gc’: gc, 'GSO’: GSO, 'V flat’: V flat, "h R’: h R, "Yd’': Yd opt}

def alpha fit(gc arr, gs@ arr):
log gc = np. log10(gc_arr)
log_gs = np. log10(gs@ _arr)
x = log_gs - np. log10(a0)
y = log_gc
mask = np. isfinite(x) &amp; np.isfinite(y)
x, y = x[mask], y[mask]
if len(x) &lt; 5:
return None
sl, ic, r, p, se = linregress(x, y)
t stat = (sl - 0.5) / se
p05 = 2 * tdist.sf(abs(t_stat), df=len(x)-2)
return {"alpha’: sl, "e alpha’: se, 'p05 : p05, ’'r’: r, "N : len(x)}

#
I BRIERE
#
def norm name(n):
import re
return re.sub(r’ [¥s¥-_ 1, ’’, n.upper())
#
#f SPARCER#+Y R b
#

SPARC_NAMES = {norm name(n) for n in [
"NGC7331”, ”NGC2403”, "NGC3198”, "NGC2841”, "NGC6946”, "NGC3521”,
"NGC925”, "NGC2976”, "NGC4736”, "NGC5055”, "NGC7793”, "NGC3031”,
"NGC4826”, "NGC2903”, "NGC4559”, "NGC1003”, "NGC3109”, "NGC4395”,
”DD0154”, ”DD0168”, "1¢2574”, "NGC1560”, "UGC2259”, "DD052”, "DD087”,
”DD0101”, "DD0126”, "DD0133”, "DD047”, "DD050@”, "DD053”, “DD046”,
”CVnIdwA”, "Haro029”, "Haro36”, "WLM”, "NGC6822”, "NGC3738”, "NGC4214”,
"NGC1569”, ”NGC2366”, “SagDIG”, "DD0210”, “DD0216”, "UGC8508”, "UGCA281”,

#
LIS AT Ak
#
def main():

print(’=" * 60)

print(’ PROBES V bar Pipeline v2')

print(’ (Yd individual optimization + HI profiles)’)




print(’=" * 60)

i Step 0: F—HEE

data = step0_fetch_all()
rc_data = data[ probes rc’ ]
dist _map = data[’dist’]
s4g = data[’ s4g’ ]

whisp = data[’ whisp’]
things = data[’ things’]

# Step 1: VORI YF
print(f ¥n{"="%60}")

print(’ Step 1: Cross-match’)
print(f’ {"="%60}")

t ZEIERE~ Y 7

rc_norm = {norm name(n): n for n in rc _data}
s4g norm = {norm_name(n): n for n in s4g}
whisp_norm = {norm name(n): n for n in whisp}
things_norm = {norm name(n): n for n in things}
dist _norm = {norm name(n): n for n in dist map}

#f HIfE4S (THINGS{EB4E &gt; WHISP)
hi all = {}
for nn, orig in whisp_norm. items():
hi_all[nn] = {"source’: "WHISP’, ’data’: whisp[orig]}
for nn, orig in things_norm. items():
hi_all[nn] = {"source’: 'THINGS’, ’data’: things[orig]} # THINGSLZX

# 3&~ v F: PROBES N S4G N HI

match_3 = set(rc_norm. keys()) &amp; set(s4g_norm.keys()) &amp; set(hi_all.keys()) &amp; set(dist_norm. keys())
# 28~ v F: PROBES M $4G (HIZxL — V_gas#ETHRE)

match_2 = (set(rc_norm.keys()) &amp; set(s4g norm. keys()) &amp; set(dist_norm.keys())) - match 3

print(f" PROBES: {len(rc_norm)}’)

print(f" S4G: {len(s4g norm)}’)

print(f* HI (WHISP+THINGS): {len(hi_all)}’)

print(f" PROBES x S4G x HI x Dist: {len(match 3)}")
print(f" PROBES x S4G x Dist (no HI): {len(match 2)}")

# SPARCER4H

match_3 indep = match_3 - SPARC_NAMES

match 2 indep = match 2 - SPARC_NAMES

print(f" 3-way independent of SPARC: {len(match 3 indep)}’)
print(f" 2-way independent of SPARC: {len(match 2 indep)}’)

i Step 2-6: V_bariBEE + aflE

print(f' ¥n{"="%60}")

print(’Step 2-6: V bar construction + alpha test’)
print(f {"="%60}")

results 3way = [1 # 3&E~< v F (SIHI)
results 2way = [1 # 2&~< v F (#EEHI)
Yd_List = []

for nn in sorted(match 3 indep | match_2_indep):
rc_name = rc_norm[nn]
s4g name = s4g norm[nn]
dist _name = dist _norm[nn]
dist_Mpc = dist_map[dist_name]

rc = rc_data[rc_name]
R arcsec = rc['R’]

V obs = rc['V']

eV = rc[’eV']

# R arcsec -8&gt; R kpc
dist_kpc = dist_Mpc * 1e3
R kpc = R arcsec * dist kpc * np.pi / (180 % 3600)

if len(R kpc) &lt; 8:
continue

# V disk (S4G Freeman disk, Yd=1)
dp = s4g to disk params(s4g[s4g name], dist Mpc)
if dp is None:

continue

V_ disk unit = compute_vdisk_freeman(R_kpc, dp[’h_kpc’], dp[’I0 Lpc2’], Yd=1.0)

if len(V_disk_unit) != len(V_obs):
continue

# V gas



has_hi = nn in hi_all
if has_hi:
hi = hi_all[nn][’ data’]
# HIDR% PROBESODRIC #HE
hi_R = hi.getCR, np.array([]))
hi_Vgas = hi.get(’Vgas’, np.array([]))
if len(hi R) &gt;= 3 and len(hi Vgas) &gt;= 3:
from scipy. interpolate import interpld
try:
f gas = interpld(hi R, hi_Vgas, kind="linear’,
fill value="extrapolate’, bounds error=False)
V_gas = np.maximum(f gas(R _kpc), 0)
except:
V_gas = np.zeros_Like(R_kpc)
has_hi = False
else:
V_gas = np.zeros_Llike(R_kpc)
has_hi = False

if not has_hi:
I f gas=150#tE (BNRAIEHED., KEEIIED)
V_flat_est = np.median(V_obs[2%len(V_obs)//3:1)
if V_flat est &lt; 80:
f gas = 0.30 # B/NEA
elif V_flat_est &Llt; 150:
fgas = 0.15 # g
else:
f gas = 0.05 # KEE
V_gas = np.sqrt(f_gas) * V disk_unit

# Y dR@Eb
Yd opt, chi2 dof = optimize Yd(R kpc, V_obs, eV, V disk unit, V_gas)
if Yd opt is None:

continue

# Vbar (REY_d)
V_bar = np.sqrt(np.maximum(Yd_opt * V_disk_unit**2 + V_gas*¥2, 0))

# g.c+ GSO BIE
result = measure gc gsO(R kpc, V obs, V bar, V disk unit, Yd opt)
if result is None:

continue

result[’ name’ ] = rc_name
result[’has hi’] = has_hi
result[’ chi2 dof’] = chi2_dof
result[’dist’] = dist Mpc

if has hi:

results 3way. append(result)
else:

results 2way, append(result)
Yd_List.append(Yd_opt)

print(f ¥n 3-way results (real HI): {len(results 3way)}’)
print(f" 2-way results (est HI): {len(results_2way)}’)
print(f" Total: {len(results 3way) + len(results 2way)}’)

Y dof
if Yd List:
Yd_arr = np.array(Yd_Llist)
print(f"¥n Yd distribution:’)
print(f’ median={np.median(Yd_arr):.3f}, mean={np.mean(Yd arr):.3f}, ’
f' std={np.std(Yd_arr):.3f}")
print(f’ range=[ {np.min(Yd_arr):.3f}, {np.max(Yd arr):.3f}1")
print(f’ IQR=[{np. percentile(Yd arr,25):.3f}, {np.percentile(Yd arr,75):.3f}]")

t Step 7: ai®E

print (" ¥n{"="x60}")
print(’Step 7: Alpha Test’)
print(f’ {"="%60}")

for label, res list in [
(’3-way (real HI)’, results 3way),
(" 2-way (est HI)’, results 2way),
(ALL combined’, results 3way + results 2way),

if len(res_Llist) &lt; 5:
print(f" {label}: N={len(res Llist)} &lt; 5, skip’)
continue

gc_arr = np.array([r["gc’] for r in res_Llist])

gs0 arr = np.array([r[’GSO’ ] for r in res_Llist])

fit = alpha fit(gc arr, gs0 arr)

if fit:



ok = "YES' if fit['p05 ] &gt; 0.05 else "no’

print(f" {label}: N={fit["N"]}, alpha={fit[”alpha”]:.3f}+/-{fit["e alpha”]:.

' p(0.5)={fit["p05"]:.4f}, r={fit["r"]:.3f}, 0.53EHMFRAT={ok} )

I #ERRF
summary = {
"n 3way’ : len(results 3way),
"n_2way’ : len(results 2way),
"Yd stats’: {
"median’ : float(np.median(Yd arr)) if Yd list else None,
"mean’ : float(np.mean(Yd_arr)) if Yd_Llist else None,
h
"results 3way’ : [{"name’: r['name’], "gc’: float(r[’gc’]),
7GSO” : float(r[’GS0' 1), ’Yd': float(r['Yd 1)}
for r in results 3way],
"results 2way count’: len(results 2way),
}
with open(OUTDIR / ’vbar_v2 summary. json’, 'w') as f:
json. dump(summary, f, indent=2)

print(f ¥nResults: {OUTDIR / "vbar v2 summary.json”}’)
print(f ¥nNext: If N &gt;= 20, this constitutes an independent verification.’)
print(f’ Compare Yd distribution with SPARC (median~0.50, IQR 0.38-0.66).")

3

if _name_ ==’_main_’:
main()
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