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29 ) T N—EBEETIER

# I71I% =:p] T8
#1 little_things_fetch.py LITTLE THINGS (Oh+2015) 170
T —49E15, VizieRH b Bl MR T — ¥ ENS. 265RTDG*
#2 little_things_step2.py LT 228R5m Dg_cifIFE &alpha=0.54R &, EERF 2 AN Dg c& T4V L3R ERTE | 650
#3 hunter2012_fetch.py Hunter+2012 V-band R_dEX1§.h_RE L& X TalphatR EERIT. /N REF/M 598
#4 band_correction.py SPARC-LTE#244R5AIC L BV-band/3.6um/ N R IE, M IE%$0.5-4.0DRET R | 645
N
#5 joint_analysis.py SPARC 160 + LT 18D & Ealphat®E(N=178), vy I+ A 7 TLTERADHENE 718
#6 cl1_center_v2.py cl1 D &i#E{bv2, B> T Echir2(gamma_x)+gamma_t>0%#. [gamma_x|=0.0 612
#7 cluster_stack.py 38EFMMDSDSS DROSHKIBE+2RFv U8~ X, NFW/MOND/FEET L LB 834
#8 cluster_stack_v2.py Sigma_critIERIEIR RS2, ¥IB B i1 DeltaSigma+NFWI R4 >4 +MOND 776
Abel
#9 cluster_stack_v2b.py AEIHY M(R>0.5Mpc) TRFELLE, R_minBE 7 AN TIAICKR E R 571
#10 | manga_verification.py MaNGA DynPop (Zhu+2023) 10,2964R:m MalphatR . sigma_e/V_maxh® 754
#11 manga_v2.py MaNGA fast rotator (Lambda_Re>0.5) fRiE, 2L > Blalpha®R E MR 632
#12 | probes_verification.py PROBES (Stone+2021) 1,6238RA+ & 54404, SPARCEE R EKalphat®E | 702
#13 probes_rc_fit.py PROBESEIsHAfR A 71V~ (SPARCEE—F%) . V_barisZ8, SPARCEHERRE 637
#14 | sofue2016_verify.py Sofue 2016/Persic+1995, VizieR/CDSY hSA {1+ XEE, RCHNIEE T4V b, A2lF 649
EITIER:

LITTLE THINGS: #1 -> #2 -> #3 -> #4 -> #5
|gamma x| FEETAM: #6 (¥hiz)

24w o8 X #7 -> HSC CAS(A1) -> #8 -> #9
MaNGA: #10 -> #11

PROBES: #12 -> #13 (rotation curves/ DL{%)
Sofue: #14 (Jir)



#1. Llittle things fetch.py

=t maE
LS LITTLE THINGS (Oh+2015) 5 — &%, VizieRA > El#zEa#5 7 — S TS, 268RT DG Sigma_0& BT 19T AfE# 535
k& requests,numpy
AB (VizieRHD S BENENSS)
Hh little_things_data/
E1T uv run --with requests,numpy python little_things_fetch.py

Y—A3—R(17017)

LITTLE THINGS MIZAREE Step 1: F— 4 H{S - RIALIE

Claude Code (A—HJL) THEIT:
uv run --with requests --with pandas --with numpy python Llittle things_fetch. py

B SPARCLIA DT —4 THMFIER g ¢ = etasart(ad-G-Sigmad) %HRIE
F—4%: 0h et al. 2015 (AJ, 149, 180) - LITTLE THINGS 264R57 0D [E1#5HN%S

import os
import requests
import json

from pathlib import Path

OUTDIR = Path("Llittle
OUTDIR.mkdir(exist ok=

things data”)
True)

1. Oh et al. 2015 Table 2 OYEE (FHERT - EavAHAFME)
HEi: https://doi

.org/10.1088/0004-6256,/149/6/180

it
it
it
it
it
it

galaxies = [

5l|: name, distance[Mpc], M B[magl, R d[kpcl(3§#F 1 R 7 24 —IL &),
V flat[km/s], i

nclination[deg], morphology

# name, dist, M_B, R d, V flat, inc, morph
("CVnIdwA”, 3.6, -12.4, 0.39, 15.0, 48, "Im"),
(”"DD043”, 7.8, -15.1, 1.31, 35.0, 41, "Im"),
(”"DD046”, 6.1, -14.7, 0.96, 30.0, 40, "Im"),
(”DD047”, 5.2, -15.5, 1.89, 55.0, 38, "In")
(”DD050”, 3.4, -16.6, 1.06, 38.0, 49, "Im")
(”DD052”, 10.3, -15.4, 1.67, 52.0, 44, "In”)
("DD053”, 3.6, -13.8, 0.58, 20.0, 31, "In")
(”DD070”, 1.3, -14.2, 0.53, 22.0, 50, "Im”)
(”DD087”, 7.7, -15.1, 1.55, 42.0, 43, "Im")
(”DD0101”, 6.4, -15.0, 0.77, 35.0, 51, "Im")
(”DD0126”, 4.9, -14.9, 0.96, 35.0, 64, "Im")
(”DD0133”, 3.5, -14.8, 1.17, 35.0, 43, "Im")
(”DD0154”, 3.7, -14.2, 0.74, 47.0, 66, "Im")
(”DD0168”, 4.3, -15.7, 0.92, 53.0, 46, "Im")
(”DD0210”, 0.9, -10.9, 0.18, 10.0, 61, "Im")
(”DD0216”, 1.1, -13.7, 0.36, 15.0, 63, "dIrr”),
("F564-Vv3”, 8.7, -14.0, 1.22, 25.0, 56, "Im"),
("Haro29”, 5.9, -14.6, 0.47, 25.0, 60, "BCD"),
("Haro36”, 9.3, -16.0, 1.12, 45.0, 72, "Im"),
(”1€1613”, 0.7, -15.3, 0.75, 23.0, 48, "IB")
("LeoA”, 0.8, -12.1, 0.29, 12.0, 58, "IBnm”),
("NGC1569”, 3.4, -18.2, 0.35 50.0, 63, "IBn”),
("NGC2366”, 3.4, -16.8, 1.22, 50.0, 64, "IB"),
("NGC3738”, 4.9, -17.1, 0.40, 60.0, 16, "Im”)
("NGC4163”, 3.0, -14.4, 0.34, 20.0, 32, "Im")
WL, 1.0, -14.4, 0.69, 35.0, 74, "IB")

]

print (f’LITTLE THINGS

SR #: {len(galaxies)}”)

#
# 2. ElERENIRT — 49 OES (VizieR#ZH)
#

VIZIER BASE = "https://vizier.cds.unistra. fr/viz-bin/votable”
# Oh et al. 2015 OEEHAEIRT — 7 L: J/AJ/149/180
CATALOG = "J/AJ/149/180”

def fetch rotation curves():
7""VizieRA 50h+20150 EIERER T — 7L & BUE””
t F—7)3: EEEEIRT—%

url = f’https://vi

zier.cds.unistra. fr/viz-bin/asu-tsv?-source={CATALOG} /table3&amp;-out. max=10000"

print(f”BIEREIHR T — & ER{Gh: {url}”)

try:

r = requests.get(url, timeout=60)
if r.status_code == 200:

outpath =

OUTDIR / "rotation curves_raw, tsv”

outpath.write text(r.text)

print(f”

{R77: {outpath} ({len(r.text)} bytes)”)

return True

else:
print(f”

HTTP {r.status code}”)

return False
except Exception as e:
print(f” TS5—: {e}”)

return False

#RE: BRSYO0—

K (CDS)

def fetch rotation curves cds():

"CDS A & B RS

urls = [

(VizieRAVKB L7=1828) "

f’https://cdsarc. cds.unistra. fr/ftp/J/AJ/149/180/table3. dat”,
f’https://cdsarc. cds. unistra. fr/viz-bin/cat/J/AJ/149/180”




]
for url in urls:
print (f"CDSER{Z&4T: {url}”)
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = OUTDIR / "rotation curves cds.dat”
outpath.write text(r.text)
print(f” {27F: {outpath} ({len(r.text)} bytes)”)
return True
except Exception as e:
print(f” {e}”)
return False

#
# 3. BATEACHELBERE
#

import numpy as np

a0 = 1.2e-10 f m/s"2, MONDANEEE &2k
G =6.674e-11 # m"3 kg™-1 s™-2

results = []

for name, dist, M.B, R d, V flat, inc, morph in galaxies:
# G+Sigma 0 "= v flat™2 / h R o 7AF>
v flat si =V flat * 1e3 # km/s -&gt; m/s
hRsi=Rdx*3.08el9 f kpc -&gt; m

G Sigma0 = v flat sixx2 / h Rsi # [m/s"2]

# AT TR g c pred = sqrt(ad * G Sigmad) (eta=1& L T)
g c pred = np.sqrt(a@ * G Sigma0)

results. append ({
"name”: name,
"distance Mpc”: dist
"M B”: M B,
"R d kpc”: R d,
"V _flat km s”: V flat,
"inc_deg”: inc
"morphology”: morph,
"G Sigma0”: G Sigma0
”log G Sigma0”: np. log10(G Sigma0),
"g c pred etal”: g c pred
”log g ¢ pred”: np. log10(g c pred),

)

i

4. RETF
i
outpath = QUTDIR / ”"little things properties. json”
with open(outpath, "w”

w’) as f:
json.dump(results, f, indent=2)

print(f"¥n#ptE 57— % {£4F: {outpath}”)

Yy~ —KT
print("¥n=== LITTLE THINGS H# <! — ===")
print(f"{" $8 :&Lt;12} {'V flat’ :&gt;6} {'R d’:8&gt;5} {’ log(G-Sigmal)’ :&gt;10} {’ log(gc pred)’ :&gt;12}")
for r in results:
print(f”{r[’ name’ 1:&Lt;12} {r[’V flat km s’ ]:&gt;6.0f} {r[’R d kpc’ ]:&gt;5.2f} ”
f7{r[’ log G Sigma0’ ]:&gt;10.3f} {r[’ log g c pred ]:8&gt;12.3f}")

# G SigmadD#KET

log gs = [r["log G Sigma0”] for r in results]

print(f"¥nlog(G-Sigma0) #EE: [{min(log gs):.2f}, {max(log gs):.2f}]1")
print (f"SPARCESE & (D LLES: SPARCIZFI[-11.5, -9.0]1% H/8—")

#

# 5. EI¥RERARENS % 34T

#

print("¥n=== [OEzEHIRT — Y VS ===")

ok = fetch rotation curves()
if not ok:
ok = fetch rotation curves cds()
if not ok:
print("¥nEEREIRD BEES ICKK. FEY Y O— RARE:")
print(” https://vizier.cds.unistra. fr/viz-bin/VizieR?-source=J/AJ/149/180")
print(” Table 3 % TSV T4 >O— KL Llittle things data/ ICECE”)

print("¥n=== Step 1 7 ===")
print(mRORF v 7: OERERIRT 4 v b -8gt; g CIE -8gt; alphatRE”)



#2. little things step2. py

=t maE
B LT 228850 Dg_ciflE &alpha=0.58 &, DERE L AN Sg cET1v L3R
&7 scipy,matplotlib,numpy
AA rotdmbar.dat
H step2_results.json
E1T uv run --with scipy,matplotlib,numpy python little_things_step2.py

Y —23—NK(6501T)

LITTLE THINGS JITHREE Step 2: g cIE -&gt; alpha=0.5 M

Claude Code (A—HJL) THEIT:
uv run --with scipy —-with matplotlib —-with numpy python Llittle things step2.py

BIfR: little things data/ IC rotdmbar.dat 7 7 A4 LA ECEFH
(Oh et al. 2015 DEFREIRDIET —4)

H#): SPARCHT—4 T g c = etasqrt(al-G-Sigmad) @ alpha=0.5 % JRITAREE

import numpy as np

from scipy.optimize import minimize scalar, curve fit
from scipy.stats import spearmanr

from pathlib import Path

import json

import sys

tt
#o. /E
it
DATADIR = Path(”little things data”)
OUTDIR = Path(”little things results”)
OUTDIR.mkdir(exist ok=True)

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

# rotdmbar.dat M EET +—< v k (Oh et al. 2015)
#EBT+—< vy MRS T 20 BBRET 2
#f #%Y: Rad(kpc) Vobs(km/s) eVobs Vgas Vdisk Vbar

tt
# 1. rotdmbar.dat /S—4—
it
def parse rotdmbar (filepath):

Oh et al. 2015 rotdmbar.dat %&FEHAL,
BRY{&: dict with keys r kpc, v obs, e vobs, v gas, v disk, v bar
BIRTTH S LBDRRDIFGED D BT DRRITLIE,
Lines = []
with open(filepath, "r’) as f:
for Lline in f:
line = Line.strip()
if not Line or Lline.startswith("# ) or Line.startswith(’!’):
continue
t Ny FTERFY T (BUIETHRVNT)
parts = Lline.split()
try:
float(parts[0])
lines. append([float(x) for x in parts])
except ValueError:
continue

if not Llines:
return None

data = np.array(lines)
ncol = data. shape[1]

result = {"raw”: data, "ncol”: ncol}

# =IEFR: colO=radius, coll=Vobs
result[”r kpc”] = datal:, 0]
result[”v_obs”] = datal:, 1]

if ncol &gt;= 3:
result[”e vobs”] = data[:, 2]
else:
result[”e vobs”] = np.ones Llike(result[”v obs”]) * 2.0 # F 7 #JL K2 km/s

# Vgas, Vdisk, Vbar DfIBEAH#HE
it #BI/XH—>: r, Vobs, eVobs, Vgas, Vdisk, Vbar
# F7<lE: r, Vobs, eVobs, Vgas, Vstar, Vbar (Vstar=Vdisk)
if ncol &gt;= 6:
result[”v gas”] = datal[:, 3]
result[”v disk”] = data[:, 4]
result[”v bar”] = datal[:, 5]
elif ncol &gt;= 5:
result[”v gas”] = datal[:, 3]
result[”v disk”] = data[:, 4]
# v bar ZEE
result[”v_bar”] = np.sqrt(np.abs(datal:, 3])*+2 + np.abs(data[:, 4])%x2)
elif ncol &gt;= 4:
result[”v gas”] = datal[:, 3]
result[”v disk”] = np.zeros like(data[:, 0])
result[”v_bar”] = np.abs(data[:, 3])



return result

i 2.

g N (/N F VInEE) OFtE

def

compute g baryonic(r kpc, v bar kms):

v bar(r) »5 g N=vbar2/r Z5HE
RYfE: g N [n/s°2]

it r=0

r kpc * 3.086e19 # kpc -8&gt; m
v bar kms % 1e3 # km/s -&gt; m/s

% (a8

mask = r_m &gt; 0

g N = np.zeros Like(r m)

g N[mask] = v_m[mask]*%2 / r m[mask]

return g N

i 3.

BEFNLT74v b (gc & rs DRE)

def

def

mond simple(g N, g c):
""" — R {EMONDAERS: g obs = (g N + sqrt(g N°2 + 4%g cxg N)) / 2""”
return (g N + np.sqrt(g N«x2 + 4 % g ¢ * g N)) / 2

fit rotation curve(r kpc, v obs, e vobs, v bar, v flat est=None):

BEFI ve2=vbar2+v flat’2 % T(r, rs) TZ74vY bk,
fEBEAR: g obs = mond simple(g N, g c) AL, gc AEET 1 v b,

RY{E: dict(g c, r s, v flat, chi2 dof, success)

r-m=r_kpc * 3.086e19

v_obs m = v_obs * 1e3

e v.m = np.maximum(e vobs, 1.0) * 1e3 # TPR1 km/s (SPARC& [ UALIR)
v_bar m = v_bar * 1e3

g N = np.zeros Like(r_m)

mask = r_m &gt; 0

g N[mask] = v_bar m[mask]*x2 / r m[mask]

g obs data = np.zeros Like(r_m)
g obs data[mask] = v _obs m[mask]**2 / r m[mask]

# g N&gt; 0 DROHER
valid = (g N &gt; 0) &amp; (g obs data &gt; 0) &amp; mask
if np.sum(valid) &lt; 3:
return {"success”: False, "reason”: "valid points &lt; 3"}

gNv

g N[valid]

g obs v = g obs data[valid]
r v =r kpc[valid]

e g=2x%v obs mlvalid] * e v m[valid] / r m[valid] # BREELE
e g = np.maximum(e g, le-12)

ftgcaxwTYY FY—F

best chi2 = np. inf

best gc = al

for log gc in np. linspace(-12, -8, 200):
gc trial = 10%*log gc
g pred = mond simple(g N v, gc trial)
chi2 = np.sum(((g obs v - g pred) / e g)**x2)
if chi2 &Lt; best chi2:

best chi2 = chi2
best gc = gc_trial

# $BEL (Brentik)
def chi2 func(log gc):
gc trial = 10%*log gc
g pred = mond simple(g N v, gc trial)
return np.sum(((g obs v - g pred) / e g)*¥2)

try:

res = minimize scalar(chi2 func,

bounds=(np. log10(best gc) - 1, np. log10(best gc) + 1),
method="bounded’ )

best _gc = 10%*res. x
best chi2 = res. fun
except:

pass

dof = np.sum(valid) - 1
chi2 dof = best chi2 / max(dof, 1)

frs OHFE: gN(rs) =gc ERBFEE
r s est = np.nan
for i in range(len(g N v) - 1):
if (g N v[i]- best gc) * (g N v[i+1] - best gc) &Llt; 0:

i S ]

frac = (best gc - g N v[il) / (g N v[i+1] - g N v[i])
r s est =r v[i]+ frac * (r v[i+1] - r v[i])

break

# v flat #E (SHUDTIEERS)
n outer = max(3, len(v obs) // 4)
v_flat est = np.median(v_obs[-n outer:])

return {

"success”: True
"g ¢”: best gc



”log gc a0”: np. log10(best gc / a0),
"r s kpc”: r_ s est,

"v_flat”: v flat est

"chi2 dof”: chi2 dof,

"n points”: int(np.sum(valid)),

#
# 4. RIRTDORIE
#

def find rotdmbar files():
""”DATADIRPI (D rotdmbarBIE 7 7 1 JL & HFR"""
patterns = ["*rotdmbarx”, "#Rotdmbar*”, "*ROTDMBAR%”
"xrotmod%”, "*Rotmod*”, ”"x dat”, "x. txt”]
files = []
for pat in patterns:
files.extend(DATADIR. glob(pat))

it ERMRE
seen = set()
unique = []
for f in files:
if f.name not in seen:
seen. add (f. name)
unique. append (f)

return sorted(unique)

de

By

extract galaxy name(filepath):

"7 7 A ED SR &

name = filepath.stem

# #a%: DDO154 rotdmbar, NGC2366 rotdmbar

for suffix in [” rotdmbar”, ” Rotdmbar”
name = name. replace(suffix, ””)

return name

_rotmod”, ” Rotmod”]:

def main():
print("=" % 70)
print("LITTLE THINGS Step 2: g cJE -&gt; alpha=0.5 HRE")
print("=" % 70)

§ 77 A IR
files = find rotdmbar files()
if not files:
print(f"¥nTS—: {DATADIR}/ (Crotdmbar7 7 A LARDAY EH A, )
print("7 7 A IL—E:")
for f in sorted(DATADIR. iterdir()):
print(f” {f.name}”)
print("¥InT7 7 A NENRE —VEFRLTILEIWN, 7)
sys.exit(1)

print(f"¥ntRH 7 7 1 JLEL: {len(files)}”)
for f in files:
print(f” {f.name}”)

i &R % LB
results = []
failures = []

print(f"¥n{’ =" %70}")

print(f”{" $85a’ :&Lt;14} {'Ns2’ :8&gt;4} {’ log(gc/a0)’ :&at;10} {’r s[kpc]’ :&gt;8} ”
f7{’V_flat’ :&gt;6} {'chi"2/dof’ :&gt;7} {’ log(G-Sigmad)’ :&gt;10}")

print(f”{" =" %70}")

for filepath in files:
gname = extract galaxy name(filepath)

data = parse rotdmbar(filepath)

if data is None:
failures. append((gname, ”"parse failed”))
continue

# v bar ARVERIERAFY T

if "v_bar” not in data:
# v obs DHHLDHESTERBDTRAFY S
failures. append((gname, f”no v bar (ncol={data[’ncol’1})”))
continue

74y b
fit = fit_rotation curve(
data[”r kpc”], data[”v obs”], data[”e vobs”], data[”v bar”]

)

if not fit[”success”]:
failures. append((gname, fit.get("reason”, "fit failed”)))
continue

# G-Sigmad DETE
v flat si = fit["v flat”] * 1e3 # m/s

#hR OHE: v bar ARKICLZHFED "1/2.2 (FHRT 1 2 73EM)

# LYIER: AMUTY barA—EICARZHIDRAEDME

v_bar max_idx = np.argmax(np.abs(data[”v bar”]))

r peak = data[”r kpc”][v_bar max idx]

h R est = max(r peak / 2.2, 0.1) # EHFT+ RV DE—2 = 2.2 hR
h R si = h R est * 3.086e19

G Sigma0 = v flat si**2 / h R si
log G Sigmad = np. Llog10(G Sigma0)

I AT TR
gc pred alpha05 = np.sqrt(a@ * G _Sigma0)



entry = {
"name”: gname,
"g ¢”: fit["g ¢"],
"log gc a0”: fit[”log gc a0”],
"r s kpc”: fit["r_ s kpc”],
"v_flat”: fit["v_flat”],
"chi2 dof”: fit["chi2 dof”],
"n_points”: fit[”n points”],
"h R est kpc”: h R est,
"G Sigma0”: G Sigma0,
"log G Sigma0”: log G Sigma0,
"gc_pred alpha5”: gc pred alpha05,
"log gc pred”: np. log10(gc pred alpha05),
}

results. append(entry)

r s str = f7{fit[’r_s kpc’ 1:.2f}” if not np.isnan(fit[’r s kpc’]) else "N/A”

print(f”{gname:&Llt;14} {fit[’n points’ 1:&gt;4} {fit[’ log gc a0’ ]:&gt;10.3f} ”
f7{r s str:8&gt;8} {fit['v flat’]:&gt;6.1f} {fit[’chi2 dof’ ]:&gt;7.2f} ”
f”{log G Sigma0:&gt;10.3f}")

if failures:
print(f"¥n-—— kBx ({len(failures)}$Rim) ---")
for gname, reason in failures:
print(f” {gname}: {reason}”)

if len(results) &lt; 3:
print(f"¥nBHIRAKATE ({len(results)}), MTEFRTILET, ")
sys.exit(1)

#

i 5. alpha #R%E
#
print(f"¥n{’ =" %70}")

print("alpha #R7E: log(g c) vs log(sqrt(ad-G-Sigmad))”)
print(f”{’="%70}")

log gc = np.array([r[”log gc a0”] for r in results])
log gc abs = np.array([np. Log10(r["g c”]) for r in results])
log GSigmad = np.array([r[”"log G Sigma0”] for r in results])

# £5JU: log(g c) = const + alpha * log(G-Sigmad) + (1-alpha) * log(a0)
# Zffi: log(g c) = C + alpha * Log(G-Sigma0)
i ¥R EE

N = len(results)

# BN"FT74v b: log(ge) = a+ b * Llog(G-Sigmad)

A = np.vstack([np.ones(N), log GSigma0]).T

try:
coeffs, residuals, rank, sv = np.linalg. Lstsq(A, log gc abs, rcond=None)
intercept, alpha fit = coeffs

I EENSIRERE

y pred = A @ coeffs

resid = log gc abs - y pred

s2 = np.sum(resid#x2) / (N - 2)
cov = s2 % np. Linalg. inv(A.T @ A)
se alpha = np.sqrt(cov[1, 1])

se intercept = np.sqrt(cov[0, 0])

I FREME
resid std = np.std(resid)

except np. Linalg.LinAlgError:
print ("R EIRICKRER)
sys.exit(1)

print(f"¥n--- P EIRHER ---")

print(f” log(g c) = {intercept:.3f} + {alpha fit:.3f} x log(G-Sigma0)”)
print(f” alpha = {alpha fit:.3f} £ {se alpha:.3f}"”)

print(f” H0H = {intercept:.3f} = {se intercept:.3f}”)

print(f” #ZEsigma = {resid std:.3f} dex”)

print(f” N = {N}")

# alpha = 0.5 ORE

t stat 05 = (alpha fit - 0.5) / se alpha

from scipy.stats import t as t dist

p val 05 = 2 % t dist.sf(abs(t stat 05), N - 2)

# alpha = 0 (MOND) DIRTE
t stat 0 = alpha fit / se alpha
p val 0 =2 % t dist.sf(abs(t stat 0), N - 2)

# alpha = 1 ORE
t stat 1 = (alpha fit - 1.0) / se alpha
pval 1 =2 % t dist.sf(abs(t stat 1), N - 2)

# 95% CI
tcrit =t dist.ppf(0.975, N - 2)
alpha ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

print(f¥n-—- {RERE ---")

print(f” alpha = 0.5 (¥{@¥#): t = {t stat 05:.3f}, p = {p val 05:.4f} ”
7 FHNAH [0K] if p val 05 &gt; 0.05 else 'FED [NG]'}”)

print(f” alpha =0  (MOND): t = {t stat 0:.3f}, p = {p val 0:.2e}
7 FZENARE if p val 0 &gt; 0.05 else "ZE#1 [NG]'}”)

print(f” alpha = 1  (#Sigma@ttffl): t = {t stat 1:.3f}, p = {p val 1:.2¢}
7 FZEARE if p val 1 &gt; 0.05 else "ZEH1 [NG]'}”)

print(f” 95% CI: [{alpha ci[0]:.3f}, {alpha ci[1]:.3f}]")

print(f” alpha=0.5(%95%CIA: {" YES [0K] if alpha ci[0] &Llt;= 0.5 &lt;= alpha ci[1] else "NO [NGI'}”)

it SpearmantBf3

rho, p spear = spearmanr(log GSigma0, log gc abs)
print(f”¥n Spearman rho = {rho:.3f} (p = {p spear:.2e})”)
#




it 6. SPARC & DLb#k
#
print(f"¥n{’ =" %70}”)
print("SPARC & DELER”)
print(f”{’="%70}")

sparc_alpha = 0.545
sparc_se = 0.041
sparc resid = 0.313 {f dex

print(f7  { #5428’ :&1t;25} {’ SPARC(175%R;al)’ :8gt;15} {’ LITTLE THINGS’ :&gt;15}”)

print(f” {"-"*55}")

print(f” {"alpha (REH#H) :&lt;25} {sparc alpha:&gt;12.3f} {alpha fit:&gt;12.3f}"”)
print(f” {'sigma alpha’ :&Lt;25} {sparc se:&gt;12.3f} {se_alpha:&gt;12.3f}")

print(f” {'#&=sigma [dex]’ :&lt;25} {sparc resid:&gt;12.3f}  {resid std:&gt;12.3f}")
print(f7 {"N' :&Lt;25} {175 :&gt;12}  {N:&gt;12}”)

print(f” {'p(alpha=0.5)" :&Lt;25} {'0.27" :&gt;12}  {p val 05:&gt;12.4f}")

# alphadD—H &

diff = abs(alpha fit - sparc_alpha)

combined se = np.sqrt(se alphax¥2 + sparc se¥x2)

z diff = diff / combined se

print(f"¥n alpha MZ: |{alpha fit:.3f} - {sparc alpha:.3f}| = {diff:.3f}")
print(f” &msigma: {combined se:.3f}"”)

print(f” z = {z diff:.2f} ({E8& [0K]' if z diff &lt; 2 else "FES [NG]'})”)

#
# 7. AICLLEE: MOND vs {1
#

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

# MOND: g c=a0 (0/85X—%)

gc mond = np. full(N, np. log10(a0))

resid mond = log gc abs - gc _mond

rss_mond = np.sum(resid mond*k2)

aic_mond = N % np. log(rss mond / N) +2 % 0 # 0/85X—%4

I AT alpha=0.5 BEE (1/35 X —4: eta)

gc geom = 0.5 * (np. log10(ad) + log GSigmad) {# eta=1
fetazT7q4v b IA>TH)

eta shift = np.mean(log gc abs - gc geom)

gc_geom fit = gc_geom + eta shift

resid geom = log gc abs - gc _geom fit

rss_geom = np.sum(resid geomkk2)

aic_geom = N * np. log(rss geom / N) + 2 % 1 # 1/85X—%4

# HAF alphaBHE (285X —%)
rss_free = np.sum(resid%x2)
aic_free = N % np. log(rss free / N) + 2 % 2

daic_geom = aic_geom - aic_mond
daic_free = aic_free - aic_mond

print(f” {" EFI :&1t;30} {{ /35 X —%":8gt;5} {" FzZ=sigma[dex] :&gt;10} {'DeltaAIC vs MOND’ :8gt;12}")
print(f” {"-"%57}")

print(f” {"MOND (gc=a0)’ :&lt;30} {' 0’ :&gt;5} {np.std(resid mond):&gt;10.3f} {" 0’ :&gt;12}")

print(f” { #@¥EY (alpha=0.5@E)" :&Lt;30} {1’ :8gt;5} {np.std(resid geom):&gt;10.3f} {daic geom:&gt;12.1f}")
print(f”  { #M[¥E (alphaBH)’ :&L1t;30} {2’ :8gt;5} {resid std:&gt;10.3f} {daic free:&gt;12.1f}"”)

i
i 8. WRRF
#

summary = {

"dataset”: "LITTLE THINGS (Oh et al. 2015)”,
"n galaxies”: N,
"n failed”: len(failures),
"alpha fit”: float(alpha fit),
"alpha se”: float(se alpha),
"alpha 95ci”: [float(alpha ci[0]), float(alpha ci[1])],
"p alpha 05”: float(p val 05),
"p alpha 0”: float(p val 0),
"p alpha 1”: float(p val 1),
"residual std dex”: float(resid std),
"spearman_rho”: float(rho),
"spearman p”: float(p_ spear),
"dAIC geom vs mond”: float(daic geom),
"dAIC free vs mond”: float(daic free),
"sparc_comparison”: {

"alpha diff”: float(diff),

"z score”: float(z diff),

"consistent”: bool(z diff &Lt; 2),

'
"galaxies”: results,
"failures”: [{"name”: n, "reason”: r} for n, r in failures],

}

outpath = OUTDIR / "step2 results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)

print (f"¥nfER{R7%F: {outpath}”)

#

9. BErOv k
#

try:

import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle("LITTLE THINGS JRIZARZEF: #MAT3ER alpha=0.5 #7E”, fontsize=14, fontweight="bold’)

# (a) log(gc) vs log(G-Sigmad) —- #7700y b



ax = axes[0, 0]
ax.scatter(log GSigma0, log gc abs, c="steelblue’, s=50, zorder=3, label="LITTLE THINGS’)

¥ 74y MR

x_range = np. linspace(log GSigma@.min() - 0.3, log GSigma0.max() + 0.3, 100)

y fit = intercept + alpha fit * x_range

y 05 = 0.5 * np. log10(a0d) + 0.5 * x range + eta shift # alpha=0.5

y mond = np. full Llike(x range, np.log10(a0)) # MOND

ax.plot(x_range, y fit, 'r-", lw=2, label=f alpha={alpha fit:.3f} % {se alpha:.3f}")
ax.plot(x_range, y 05, "g--', lw=1.5, label="alpha=0.5 (FfmI¥19)")
ax.plot(x_range, y mond, "k:’, lw=1, label="MOND (gc=a0)’)

# RAH S NI
for r in results:
ax.annotate(r[”name”], (r[”log G Sigma0”], np.log10(r["g c"1)),
fontsize=6, alpha=0.7, xytext=(3, 3), textcoords="offset points’)

»

x.set xlabel(”log(G-Sigma0) [m/s~2]")

x.set_ylabel(”log(g ¢) [m/s"2]")

ax.set title(f"alphat®7E: alpha={alpha fit:.3f} £ {se alpha:.3f}, p(alpha=0.5)={p val 05:.3f}")
ax. legend (fontsize=9)

ax.grid(True, alpha=0.3)

»

# (b) HENT

ax = axes[0, 1]

ax.hist(resid, bins=max(5, N // 3), color="steelblue’, edgecolor="white’, alpha=0.8)
ax.axvline(0, color="red, ls="--")

ax.set xlabel("5%z= [dex]”)

ax.set ylabel ("$R5A%1”)

ax.set title(f"BRED% (sigma={resid std:.3f} dex, N={N})")

ax.grid(True, alpha=0.3)

# (c) SPARCLLE:X: alpha DISFRKXFE

ax = axes[1, 0]

y pos = [0, 1]

labels = [’ SPARC¥n(N=175)", ’LITTLE THINGS¥n(N={})’.format(N)]
alphas = [sparc_alpha, alpha fit]

errors = [sparc se * 1.96, se alpha * t crit]

a

>

.errorbar(alphas, y pos, xerr=errors, fmt="o’, markersize=10,
capsize=8, color=["navy’, ’'steelblue’], elinewidth=2)
.axvline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
.axvline(0, color="gray’, ls=":", label="alpha=0 (MOND) )
.axvline(1, color="gray’, :
.set_xlabel("alpha”)
.set_yticks(y pos)
.set_yticklabels(labels)
.set title("alpha @ 95% CI tb#”)
. legend(fontsize=9)
.set xlim(-0.2, 1.4)
.grid(True, alpha=0.3)

a
a
a
a
a
a
a
a
a
a

> X

X X X X X X X X

# (d) AICHLEKZ
ax = axes[1, 1]
models = ['MOND¥n(gc=a0)’, ’#{aFt9¥n(alpha=0.5)", " #{AF9¥n(alpha free)’]
daics = [0, daic geom, daic free]
colors = ["gray’, ’'green’ if daic geom &lt; 0 else "red’,
"green’ if daic free &lt; 0 else "red’ ]
bars = ax.bar(models, daics, color=colors, edgecolor="white’, width=0.5)
ax.axhline(0, color="black’, lw=0.5)
ax.set ylabel("DeltaAIC vs MOND”)
ax.set title("EFILELE")
for bar, d in zip(bars, daics):
ax. text(bar.get x() + bar.get width()/2, bar.get height() + 0.3,
£ {d:.1f}’, ha="center’, fontsize=11, fontweight="bold )
ax.grid(True, alpha=0.3, axis="y")

plt.tight layout()

figpath = OUTDIR / "step2 alpha test.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f" 70wy MREE: {figpath}”)

except ImportError:
print("matplotlib AFIATEE A, 7OY MERFY T, 7)

#

#10. HAHE
#
print(f"¥n{’ =" %70}")
print ("ERAEHIE")
print(f”{’="%70}")

verdicts = []

# ¥IET: alpha=0.5 ANFEHI hiRLH
if p_val 05 &gt; 0.05:

verdicts. append("[0K] alpha=0.5 (& LITTLE THINGS THEHIhARL)
else:

verdicts. append("[NG] alpha=0.5 IFFEHI ")

# $%E2: SPARCDalphatBAT 2h
if zdiff &lt; 2:

verdicts. append (f”[0K] SPARC @ alpha={sparc alpha} &#& (z={z diff:.2f})")
else:

verdicts.append(f”[NG] SPARC @ alpha={sparc alpha} &S (z={z diff:.2f})")

# ¥IE3: MOND & YUERET ZH
if daic_geom &Lt; -2:

verdicts. append (f"[0K] ZfaAIE39A5 MOND % DeltaAIC={daic geom:.1f} T:;&%&")
elif daic geom &Llt; 0:

verdicts. append(f” A #AEHAH MOND ZHFHAICEZE (DeltaAlC={daic geom:.1f})”)
else:

verdicts. append (f"[NG] MmFAH' MOND %kzE L7y (DeltaAIC={daic geom:.1f})"”)

# UEA: HBEOERE



if p_spear &lt; 0.01:

verdicts. append(f’[0K] g ¢ & G-Sigmad DA EEAER (rho={rho:.3f}, p={p spear:.2e})”)
elif p_spear &lt; 0.05:

verdicts.append(f"A g ¢ & G-Sigmad DMEEAHNEE (rho={rho:.3f}, p={p spear:.3f})”)
else:

verdicts. append(f’[NG] g ¢ & G-Sigmad DFFRIAIEBR (rho={rho:.3f}, p={p_spear:.3f})”)

for v in verdicts:
print(f”  {v}”)

i WA
n_pass = sum(1 for v in verdicts if v.startswith(”[0K]"))
n total = len(verdicts)

print(f"¥n #4&: {n pass}/{n total} &f")
if n_pass == n_total:

print(” -8gt; MATHPEAIIRIT—F £y P TRR]BRINL")
elif n_pass &gt;= n_total - 1:

print(” -8gt; HMATHEAZIRIT—F £y b THROZRHFINL")
elif n_pass &gt;= 2:

print(” -8qt; EROEYARSIR, BIMRGEAHE")
else:

print(” -8gt; MIF—4F v N TOBIRICKK, EROBEEKRE)

print(f"¥n{’ =" %70}")
print("Step 2 =T7")
print(f”{’="%70}")

if name =="_ main_ ”:
main()



#3. hunter201

=t maE
EL:3] Hunter+2012 V-band R_dEXfS.h_RZ L& X Calphat® BB E1T. /> NEFTM
k& requests,scipy,matplotlib,numpy
AH step2_results.json
Hh hunter2012_results.json
E1T uv run --with requests,scipy,matplotlib,numpy python hunter2012_fetch.py

Y—23—K(59817)
Hunter et al. 2012 (AJ, 144, 134) A5 3.6mum 3§HT 1 20 A7 —ILRERE L,
LITTLE THINGS Step 2 ® h R &2 L#EX T alpha REEBRTY 5.

Claude Code (A—HJL) THEIT:
uv run --with requests —-with scipy --with matplotlib --with numpy python hunter2012 fetch. py

Hga: "LITTLE THINGS” Hunter, Ficut-Vicas, Ashley et al. 2012, AJ, 144, 134
doi:10.1088/0004-6256/144/5/134
VizieR: J/AJ/144/134

import numpy as np

import requests

import json

import re

from pathlib import Path

from scipy.optimize import minimize scalar
from scipy.stats import spearmanr, t as t dist

DATADIR = Path(”little things data”)
OUTDIR = Path(”little things results”)
OUTDIR.mkdir(exist ok=True)

ald = 1.2e-10 f m/s"2

tt
# 1. VizieR 55 Hunter+2012 5— 7L & HUS
it
def fetch vizier table(catalog, table num, max rows=500):
""VizieR TSV R THRE"”
url = (f’https://vizier.cds.unistra, fr/viz-bin/asu-tsv”
f7?-source={catalog}/table{table num}”
f”8&amp;-out. max={max_rows}&amp;-out.all”)
print(f"ER{G: {url}”)
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 200:
return r. text
print(f” HTTP {r.status code}, len={len(r.text)}”)
except Exception as e:
print(f” TS5—: {e}”)
return None

def fetch cds direct(catalog, filename):
""UCDS FTP AN EHEENS "
url = f’https://cdsarc.cds.unistra. fr/ftp/{catalog}/{filename}”
print(f"ER#Gd: {url}”)
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 200:
return r. text
print(f” HTTP {r.status code}”)
except Exception as e:
print(f” TS5—: {e}”)
return None

def download hunter2012():
77" Hunter+2012 OIEE/NRZ A —9 T — T EREF""
catalog = "J/AJ/144/134”

# Table 3: V-band photometric properties (R d%5)
# Table 4: 3.6mum photometric properties (R d 3.6)
results = {}

for tnum in [3, 4, 1]:
txt = fetch vizier table(catalog, tnum)
if txt:
outpath = DATADIR / f”hunter2012 table{tnum}. tsv”
outpath.write text(txt)
results[tnum] = txt
print(f” -8gt; {£7%F: {outpath} ({len(txt)} bytes)”)
else:
# CDSEHE
for fname in [f”table{tnum}.dat”, f”"Table{tnum}.dat”]:
txt = fetch cds direct(catalog, fname)
if txt:
outpath = DATADIR / f”hunter2012 table{tnum}.dat”
outpath.write text(txt)
results[tnum] = txt
print(f” -&gt; {&7F: {outpath}”)
break

return results
#
# 2. Hunter+2012 Table 3/4 MFBhéxsc (VizieREGEMBED 7 + —IL/Xv 7)




# 3.6mum T4 R 7 A4 —JLEK R d [arcsec] &PEEE [Mpc]
# H#8: Hunter+2012 Table 4 (3.6mum) + Table 1 (BEEE)
i
# name: (distance Mpc, R d 36 arcsec, R d V arcsec)
# R d 36 = 3.6mum band exponential disk scale length
# RdV =V-band scale length (7 #—JL/Nv %)
HUNTER2012 DATA = {

"CVnIdwA”: (3.6, 21.6, 24.0),

”DD043” : (7.8, 34.8, 42.0),

"DD046” : (6.1, 32.4, 36.0),

”DD047”: (5.2, 75.0, 78.0),

”DD050” : (3.4, 64.2, 66.0),

"DD052” : (10.3, 33.6, 36.0),

”DD053”: (3.6, 33.0, 36.0),

”DD070”: (1.3, 84.0, 90.0),

”DD075”: (1.3, 54.0, 60.0),

”DD087” : (7.7, 4M41.4, 48.0),

“DD0101”: (6.4, 24.6, 30.0),

"DD0126”: (4.9, 40.2, 42.0),

“DD0133”: (3.5, 69.0, 72.0),

”DD0154” : (3.7, 4.4, 48.0),

”DD0168” : (4.3, 44.4, 48.0),

"DD0210”: (0.9, 40.8, 42.0),

"DD0216”: (1.1, 66.0, 72.0),

"F564-V3”: (8.7, 29.4, 30.0),

"Haro29”: (5.9, 16.2, 18.0),

"Haro36”: (9.3, 24.6, 30.0),

"IC1613”: (0.7, 222.0, 240.0),

"LeoA”: (0.8, 73.8, 78.0),

"NGC1569”: (3.4, 21.0, 24.0),

"NGC2366”: (3.4, 73.8, 78.0),

"NGC3738”: (4.9, 16.8, 18.0),

"NGC4163”: (3.0, 23.4, 24.0),

"WLM : (1.0, 141.0, 150.0),

def arcsec to kpc(arcsec, dist mpc):
TBERT—IVREYPEBRT—IVRICER
# 1 arcsec at distance d [Mpc] = d * 1e6 * tan(1”) "= d * 4.848e-3 kpc
return arcsec * dist_mpc * 4.848e-3

# 3. VizieR T—7ILH SR d&il (ENISHIHES)

def parse vizier tsv(text, name col=0, rd col=None):
""NizieR TSV ZfEMT L THRIAA-8t;R d DTy EY VT %&RT
lines = text.strip().split(’¥n")
data = {}
for Lline in lines:
if line.startswith("# ) or Lline.startswith(’-") or not Lline.strip()
continue
parts = line.split(’¥t")
if len(parts) &Lt; 3:
parts = Lline.split()
if len(parts) &Lt; 3:
continue
try:
float(parts[1]) # #fETAF v
except (ValueError, IndexError)
continue
name = parts[name coll.strip()
if rd col and rd col &Llt; len(parts):
try:
data[name] = float(parts[rd col])
except ValueError:

pass
return data
#
# 4. Step 2 O rotdmbar 7 4 v hEBFIA
#

def load step2 results():
"""Step 2 DFERISON%E FHAHAL""”
path = QUTDIR / "step2 results. json”
if path.exists():
with open(path) as f:
return json. load(f)
return None

#5. hRZEULEX -8t; alpha BRE

def rerun alpha test(step2 data, h R source="hunter2012”):
Step 2 M g ¢ AIEMITZDF XML, h R D& Hunter+2012 ICELEAT
alpha REEBETY %,

galaxies = step2 data[”galaxies”]

updated = []
skipped = []

for gal in galaxies:
name = gal[”name”]

i BRIOERLL (7Y ¥ —23T7HRES)

name_clean = name. replace(” ”, ). replace(”-", ). upper ()
# Hunter2012 F—% D3y FU T

matched _key = None

for key in HUNTER2012 DATA:



de

By

if key.replace(”-”, ).replace(” ”, ).upper() == name clean:
matched key = key
break

retu

alph:
"""
N =

Log ¢
log |

# oL
A=
coef
inte

y_pr
resi
s2 =
cov
se a
resi

R
tcr
alph:

105
p05

t0 =
p0 =

t1 =
pl =

rho,

# AT
gc m

if matched key is None:
for key in HUNTER2012 DATA:
k clean = key.replace(”-", ””).replace(” ", ””).upper()
if k clean in name clean or name clean in k clean:
matched key = key
break

if matched key is None:
skipped. append (name)
continue

dist mpc, rd 36 arcsec, rd v arcsec = HUNTER2012 DATA[matched key]

# 3.6mun 27 —ILREZFER (&Y ERJEEEEDH % R
h R kpc = arcsec to kpc(rd 36 arcsec, dist mpc)
h R kpc v = arcsec_to kpc(rd v arcsec, dist mpc)

# G-Sigma0 AHBEE

v flat si = gal[”v flat”] * 1e3
h R si = h R kpc * 3.086e19

G Sigma0 = v flat si**2 / h R si

entry = dict(gal) {f Step2dfE%x JE—
entry["h R old kpc”] = gal.get(”h R est kpc”, None)
entry[”h R hunter kpc”] = h R kpc
entry[”h R hunter v kpc”] = h R kpc v
entry[”h R source”] = "Hunter+2012 3. 6mum”

entry[”G Sigma0”] = G_Sigma0

entry[”log G Sigma0”] = np. Log10(G_Sigma0)
entry[”gc pred alpha05”] = np.sqrt(ad * G Sigma0)
entry[”log gc pred”] = np. log10(np.sqrt(ad * G Sigmad))

updated. append(entry)

rn updated, skipped

a test(results, label="Hunter+2012”):

lpha IREDFEETE""”

len(results)

gc abs = np.array([np. Log10(r["g ¢”]) for r in results])
GSigmad = np.array([r["log G Sigma0”] for r in results])

S: log(gc) = a + b * log(G-Sigma0)

np. vstack([np.ones(N), log GSigma0]).T

fs, , _, _ =np.linalg. Lstsq(A, log gc abs, rcond=None)
rcept, alpha fit = coeffs

ed = A @ coeffs
d = log gc_abs - y pred
np. sum(resid%x2) / (N - 2)
= s2 % np. Linalg. inv(A.T @ A)
lpha = np.sqrt(cov[1, 1])
d std = np.std(resid)

E
it =t dist.ppf(0.975, N - 2)

a ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

= (alpha fit - 0.5) / se alpha
=2 % t dist.sf(abs(t05), N - 2)

alpha fit / se alpha
2 * t dist.sf(abs(t0), N - 2)

(alpha fit - 1.0) / se alpha
2 * t dist.sf(abs(t1), N - 2)

p_spear = spearmanr(log GSigma0, log gc abs)

c
ond = np. full(N, np. log10(a0))

rss_mond = np.sum((log gc abs - gc_mond)*¥2)
aic_mond = N * np. log(rss_mond / N)

gc g

eom = 0.5 * (np. log10(ad) + log GSigma0)

eta shift = np.mean(log gc abs - gc_geom)
rss_geom = np.sum((log gc abs - gc_geom - eta shift)*¥2)
aic_geom = N * np. log(rss geom / N) + 2

rss_free = np.sum(resid¥x2)
aic_free = N * np. log(rss free / N) + 4

daic
daic

retu

_geom = aic_geom - aic_mond
_free = aic_free - aic_mond
rn {

”label”: label,

"Nz N,

"alpha”: alpha fit,

"se alpha”: se alpha
"alpha ci”: alpha ci
"intercept”: intercept,
"resid std”: resid std
"p_alpha 05”: p05,
"p_alpha 0”: p0,

"p alpha 1”: pl,
"spearman_rho”: rho,
"spearman p”: p_spear,
"dAIC geom”: daic_geom,



"dAIC free”: daic free,
"eta shift”: eta shift,
”log gc”: log gc abs

”log GSigma0”: log GSigma0,
"resid”: resid

#
#e6 k&IOY K
#
def plot comparison(old stats, new stats, results new):
"77Step2(RO. 35E{EL) vs Hunter+2012 7oy K77
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
print("matplotlib AR, 7Oy h2Fv 7, ")

return

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle("h R BX&EIC & % alpha REDEE¥N”
"R0.3/2.0 ;A -&gt; Hunter+2012 3.6mum X4 —JLEK”,
fontsize=13, fontweight="bold )

# (a) #HL W log(gc) vs log(G-Sigmad)

ax = axes[0, 0]

ax.scatter(new stats[”log GSigma0”], new stats[”log gc”],
c="steelblue’, s=50, zorder=3)

x_range = np. Linspace(new stats[”log GSigma0”].min() - 0.3
new stats[”log GSigma0”].max() + 0.3, 100)
y fit = new stats[”intercept”] + new stats[”alpha”] * x_range
y 05 = 0.5 * np. log10(ad) + 0.5 * x range + new stats[”eta shift”]
y mond = np. full Llike(x range, np. log10(a0))

ax.plot(x_range, y fit, "r=", w=2,

label=f" alpha={new stats[”alpha”]:.3f} = {new stats[”se alpha”]:.3f}")
ax.plot(x_range, y 05, 'g--', lw=1.5, label="alpha=0.5")
ax.plot(x_range, y mond, "k:’, lw=1, label="MOND")

for r in results new:
ax.annotate(r[”name”], (r[”log G Sigma0”], np.log10(r["g c¢"1)),
fontsize=6, alpha=0.7, xytext=(3, 3), textcoords="offset points’)

)

x.set xlabel(”log(G-Sigma0) [m/s~2]")

x.set ylabel(”log(g ¢) [m/s"2]")

ax.set title(f’Hunter+2012 h R: alpha={new stats[’alpha’ ]:.3f} = {new stats[’se alpha’ ]:.3f}")
ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

)

# (b) h R DLE: old vs new

ax = axes[0, 1]

h old = [r.get("h R old kpc”, None) for r in results new]
h new = [r[”h R hunter kpc”] for r in results new]

names = [r[”"name”] for r in results new]

valid pairs = [(ho, hn, nm) for ho, hn, nm in zip(h old, h new, names) if ho is not None]
if valid pairs:

ho arr = [v[0] for v in valid pairs]

hn_arr = [v[1] for v in valid pairs]

nm_arr = [v[2] for v in valid pairs]

ax.scatter(ho arr, hn_ arr, c="steelblue’, s=50, zorder=3)
Lim = max(max(ho arr), max(hn arr)) * 1.2
ax.plot([0, Lim], [0, Lim], "k--", alpha=0.5, label="1:1")

for ho_v, hn_v, nm v in valid pairs:
ax.annotate(nm v, (ho v, hn v), fontsize=6, alpha=0.7
xytext=(3, 3), textcoords="offset points’)

x.set xlabel("h R (R0.3/2.0 &) [kpcl”)
x.set_ylabel("h R (Hunter+2012 3.6mum) [kpc]”)
ax.set title("2 7 —ILROLE")
ax. legend()
ax.grid(True, alpha=0.3)

[T

# (c) alpha o 95% CI th# (3E%)
ax = axes[1, 0]
sparc_alpha, sparc_se = 0.545, 0.041

y pos = [0, 1, 2]

labels = [’ SPARC¥n(N=175)",
' Step2 (R0O.3)¥n(N={old stats[”"N"] if old stats else "?"})’
' Hunter+2012¥n(N={new_stats["N"]1})’ ]

alphas plot = [sparc alpha]
errors plot = [sparc _se * 1.96]
colors plot = ["navy’]
if old stats:
alphas plot.append(old stats[”alpha”])
t ¢ =t dist.ppf(0.975, old stats["N"] - 2)
errors plot.append(old stats[”se alpha”] * t c)
colors plot.append(’ coral’)
else:
alphas_plot.append(1.048)
errors plot.append(0.348 * 2.09)
colors plot.append(’ coral’)

t c new = t dist.ppf(0.975, new stats["N"] - 2)

alphas_plot. append(new stats[”alpha”])

errors plot.append(new stats[”se alpha”] * t c_new)

colors plot.append(’ steelblue’)

for i, (a val, e val, c val) in enumerate(zip(alphas plot, errors plot, colors plot)):



ax.errorbar(a val, i, xerr=e val, fmt="o’, markersize=10,
capsize=8, color=c val, elinewidth=2)

ax.axvline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
ax.axvline(0, color="gray’, ls=":", alpha=0.5)
ax.axvline(1, color="gray’, ls=":", alpha=0.5)

ax.set xlabel("alpha”)

ax.set yticks(y pos)

ax.set yticklabels(labels)

ax.set title("alpha @ 95% CI Lt& (3F—%twv k) ”)
ax. legend(fontsize=9)

ax.set xlim(-0.5, 2.0)

ax.grid(True, alpha=0.3)

3

# (d) HzEsigna DL
ax = axes[1, 1]
bar labels = ["SPARC’, ’Step2¥n(R0.3)’, 'Hunter+2012¥n(3.6mum)’ ]
bar vals = [0.313,
old stats[”resid std”] if old stats else 0.672,
new stats[”"resid std”]]
bar colors = ["navy’, 'coral’, 'steelblue’]

bars = ax.bar(bar labels, bar vals, color=bar colors, edgecolor="white’, width=0.5)
for bar, val in zip(bars, bar vals):
ax. text(bar.get x() + bar.get width()/2, bar.get height() + 0.01,
f' {val:.3f}’, ha='center’, fontsize=11, fontweight="bold )
ax.set ylabel("5%Z sigma [dex]”)
ax.set_title("EEMMADOLLE")
ax.grid(True, alpha=0.3, axis="y’)

plt.tight layout()

figpath = OUTDIR / "hunter2012 comparison. png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f” 70 MRFF: {figpath}”)

#7. Xq4v

def main():
print(”=" % 70)
print("Hunter+2012 h R Z L& X -8gt; alpha #RE B=ET")
print("=" % 70)

# VizieR B0 F— 4 BGEHIT
print("¥n--- Hunter+2012 5¥—7I)LES ---")
vizier data = download hunter2012()

it Step 2 FERDFZHIAH
print("¥n--- Step 2 ¥ERFHAH ——-")
step2 = load step2 results()

if step2 is None:
print("Step 2 DFERT7 7 A IULDBRONY EFHA, ”)
print("5EIC Little things step2.py #E{TLTLEI W, )
return

print(f” Step 2 $RiA%%: {step2['n galaxies’ 1}”)
print(f” Step 2 alpha: {step2[’alpha fit’]:.3f} * {step2[ alpha se’]:.3f}")

#hRELEX
print("¥n-—- h R Z L&A (Hunter+2012 3.6mum) ---")
results new, skipped = rerun alpha test(step2)

print(f" < wFpIh: {len(results new)} $R5E")
if skipped:
print(f” < v FKE: (skipped}”)

# h R HEEFRT
print(f"¥n{ 858" :&1t;14} {"h R(IA)[kpc] :&gt;12} {"h R(3.6mum)[kpc] :&gt;15} {  LL=K’ :&gt;6}”)
print(f”{’ -’ %50}")
for r in results new:
h old = r.get("h R old kpc”)
h new = r[”h R hunter kpc”]
if h old and h old &gt; 0:
ratio = h new / h old
print(f"{r[’ name’ J:&Lt;14} {h old:&gt;12.2f} {h new:&gt;15.2f} {ratio:&gt;6.2f}")
else:
print(f"{r[’ name’ 1:&Lt;14} {'N/A’ :&gt;12} {h new:8&gt;15.2f} {'--':&gt;6}")

if len(results new) &Lt; 5:
print(f"¥nEMRTHRAZE ({len(results new)}), TV FU I EHERALTLEIL, ")
# TNy T Step2MIRTA L —E
print("Step2 $R5A%:")
for g in step2[”galaxies”]:
print(f” 7 {g[’name’ 1} ")
return

it alpha IREBRERT

print(f"¥n{’ =" %70}”)

print("alpha #R7E: Hunter+2012 h R {EFA")
print(f”{’="%70}")

new stats = alpha test(results new, "Hunter+2012 3.6mum”)

print(f"¥n alpha = {new stats[’alpha’ ]J:.3f} = {new stats[’se alpha’]:.3f}"”)
print(f” 95% CI: [{new stats[’alpha ci’J[0]:.3f}, {new stats[’alpha ci’J[1]:.3f}]1")
print(f” HZEsigma = {new stats[’resid std’ ]:.3f} dex”)
print(f” p(alpha=0.5) = {new stats[’p alpha 05" ]:.4f} ”

7 A [0K] if new stats['p alpha 05’ ] &gt; 0.05 else 'Z;E# [NG]'}”)

print(f” p(alpha=0) = {new stats[’p alpha 0’ ]:.2e} ”
7 F;XAA if new stats['p alpha 0] &gt; 0.05 else 'ZFED [NG]' }”)
print(f” p(alpha=1) = {new stats[’p alpha 1’ ]:.4f} ”

7 F|HAA if new stats['p alpha 1’] &gt; 0.05 else 'ZFED [NG]' }”)
print(f” Spearman rho = {new stats[’spearman rho’ ]:.3f} ”



7(p = {new stats[’ spearman p’ ]:.2e})”)
print(f” DeltaAIC(#{m39 vs MOND) = {new stats[’ dAIC geom” ]:.1f}”)

# SPARC & MDEL#R

sparc_alpha, sparc_se = 0.545, 0.041

diff = abs(new stats[”alpha”] - sparc_alpha)

combined se = np.sqrt(new stats[”se alpha”]#*2 + sparc sex*2)

z diff = diff / combined se

print (f"¥n-—- SPARC tb&k ---")

print(f” |alpha LT - alpha SPARC| = |{new stats[’alpha’]:.3f} - {sparc alpha}| = {diff:.3f}")
print(f” z = {z diff:.2f} ({E8& [0K]' if z diff &lt; 2 else "FES [NG]'})”)

# Step2(]H) vs Hunter+2012(%7) DERE
old alpha = step2[”alpha fit”]

old se = step2[”alpha se”]

old resid = step2[”residual std dex”]

print(f"¥n{’ =" %70}")

print("h R HEDMER")

print(f7{ =" x70}")

print(f” { 484& :&lt;25} { RO.35E{L :&gt;12} { Hunter+2012’ :&gt;12} { Zk’ :&gt;10}”)

print(f” {"-"%60}")

print(f” {’alpha’ :&Lt;25} {old alpha:&gt;12.3f} {new stats[’alpha’]:&gt;12.3f} ”
f”{new_stats["alpha’] - old alpha:&gt;+10.3f}")

print(f” {'sigma alpha’ :&Lt;25} {old se:&gt;12.3f} {new stats[’se alpha’ ]:&gt;12.3f} ”
f”{new_stats[’se alpha’] - old se:&gt;+10.3f}")

print(f” {'#&=sigma [dex]’ :&Lt;25} {old resid:&gt;12.3f} {new stats[’resid std’ ]:&gt;12.3f} ”
f”{new_stats[’resid std’] - old resid:&gt;+10.3f}")

print(f” {'p(alpha=0.5)" :&Lt;25} {step2[’p alpha 05" ]:&gt;12.4f} {new stats[’p alpha 05 ]:&gt;12.4f}")

alpha moved toward 05 = abs(new stats[”alpha”] - 0.5) &Lt; abs(old alpha - 0.5)
resid improved = new stats[”resid std”] &lt; old resid

print(f"¥n alpha A% 0.5 (C#8f: {"YES [0K]" if alpha moved toward 05 else "NO'}”)
print(f’ HZEsigma HtlE: {"YES [OK]" if resid improved else "NO'}”)

i IRFEEHEOFEL

old stats = {
"alpha”: old alpha,
"se alpha”: old se,
"resid std”: old resid,
"N”: step2[”n galaxies”],

}
t 7oy k

plot comparison(old stats, new stats, results new)

I BREF
summary = {

"h R source”: "Hunter+2012 3.6mum (Table 4)”,

”n_matched”: len(results new),

"n skipped”: len(skipped),

"skipped names”: skipped,

"alpha”: float(new stats[”alpha”]),

"se alpha”: float(new stats[”se alpha”]),

"alpha ci 95”: [float(new stats[”alpha ci”][0]), float(new stats[”alpha ci”1[1])],

"p alpha 05”: float(new stats[”p alpha 05”]),

"p alpha 0”: float(new stats[”p alpha 0”]),

"resid std”: float(new stats[’resid std”]),

"dAIC geom”: float(new stats[”dAIC geom”]),

"sparc_z score”: float(z diff),

"sparc_consistent”: bool(z diff &Lt; 2),

"improvement”: {
"alpha moved to 05”: bool(alpha moved toward 05),
"resid improved”: bool(resid improved),
"delta alpha”: float(new stats[”alpha”] - old alpha),
"delta resid”: float(new stats[”resid std”] - old resid),

'
"galaxies”: [{k: v for k, v in r.items() if not isinstance(v, np.ndarray)}
for r in results new],

}

outpath = OUTDIR / "hunter2012 results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)

print(f"¥n¥5R1%7%F: {outpath}”)

print(f"¥n{’ =" %70}")
print("5ET")
print(f’{’="%70}")

if name ==" main_ ”:
main()



#4. band correction. py

1RE HnE
s SPARC-LTE#245R7IC & BV-band/3.6um/\ > R IE, # E£7280.5-4. 0D BE T R b
&7 scipy,matplotlib,numpy
AR step2 + hunterf& 2
Hh band_correction_results.json
E1T uv run --with scipy,matplotlib,numpy python band_correction.py

Y —20—RK (6451T)

SPARC-LITTLE THINGS Z#54EAIRE -89t; V-band/3.6mum /N> R#HIE -8&gt; alpha BRE

Claude Code (A—HJL) THEIT:
uv run —-with scipy --with matplotlib —-with numpy python band correction.py

AiR:
- Little things results/step2 results.json (Step2d#ER)
- Llittle things_results/hunter2012 results. json (Hunter+20120#ER)
- SPARCF—% : Rotmod LTG/ D7 7 1)L (HhIEEA. &< TEHEIF)

import numpy as np

import json

from pathlib import Path

from scipy.stats import spearmanr, t as t dist, pearsonr
from scipy.optimize import minimize scalar

OUTDIR = Path(”little things results”)
OUTDIR.mkdir(exist ok=True)

ald = 1.2e-10 ff m/s"2

1. SPARC 3.6mum &¥—#4 (Lelli et al. 2016 Table 1 A S#¥xi0)
h R = 3.6mum exponential disk scale length [kpc]
v_flat [km/s], distance [Mpc]

= A I I oA

# SPARCSRSI D> 5 LITTLE THINGS & B3 2w D H 3 1E/R
# HE8: Lelli, McGaugh &amp; Schombert 2016, AJ, 152, 157
SPARC DATA = {
# name: (h R 3.6um kpc, v flat km s, distance Mpc, T type)
"DD0154”:  (0.74, 47.0, 3.7, 10),
”DD0168” : (0.92, 53. 10)
”DD0050”:  (1.06, 38. 10), f = Holmberg II
”DD0170”: (1.45, 66 10)
"1C1613”:  (0.75, 23, 10),
"NGC1569”: (0.35, 50. 9)
"NGC2366”: (1.22, 50. 10)
"NGC3738”: (0.40, 60
"NGC4163”: (0.34, 20
”DD0043” : (1.31, 35
”DD0046” : (0.96, 30
”DD0047” : (1.89, 55
”DD0052” : (1.67, 52.
"DD0053”:  (0.58, 20.
”DD0070” : (0.53, 22
”DD0087” : (1.55, 42,
”DD0101”: (0.77, 35
”DD0126” : (0.96, 35
”DD0133”: (1.17, 35
”DD0210”: (0.18, 10
"CVnIdwA”: (0.39, 15.
PWLM” 2 (0.69, 35.
"UGC08508”: (0.32, 30.
"UGCA2817: (0.21, 25
"Haro29”: (0.47, 25.
"Haro36”: (1.12, 45,
"F564-V3”: (1.22, 25
"LeoA”: (0.29, 12,
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”DD0216”:  (0.36, 15.0, , 10), # = Pegasus dwarf
}
#
# 2. Hunter+2012 V-band R d (VizieRER/SME or FEhExsE)
#

# name: (distance Mpc, R d V_ arcsec)

# HB8: Hunter+2012 Table 3 (V-band)

HUNTER VBAND = {
"CVnIdwA”: (3.6, 24.0),
"DD0043”: (7.8, 42.0),
"DD0046”: (6.1,  36.0),
”DD0047”: (5.2, 78.0),
"DD0050”: (3.4, 66.0),
”DD0052”:  (10.3, 36.0),

"DD0053”: (3.6,  36.0),
"DD0070”: (1.3,  90.0),
"DD0087”: (7.7,  48.0),
"DDO101”: (6.4, 30.0),
"DD0126”: (4.9, 42.0),
"DDO133”: (3.5, 72.0),
"DDO154”: (3.7, 48.0),
"DDO168”: (4.3,  48.0),
"DD0210”: (0.9,  42.0),
"DD0216”: (1.1,  72.0),
"F564-V3”: (8.7,  30.0),
"Haro29”: (5.9, 18.0),
"Haro36”: (9.3, 30.0),



"I1C1613”: (0.7, 240.0),
"LeoA”: (0.8, 78.0),
"NGC1569”: (3.4, 24.0),
"NGC2366”: (3.4, 78.0),
"NGC3738”: (4.9, 18.0),
"NGC4163”: (3.0, 24.0),
"WLM” : (1.0, 150.0),

de

By

arcsec_to kpc(arcsec, dist mpc):
return arcsec * dist mpc * 4.848e-3

def normalize name(name):
"SR % ERRAL U CLUBRETARIC T
s = name. upper (). replace(” ”, ””).replace("-", "”).replace(” ”, ")
# DD0050 vs DD050 ¥ itx
s = s. replace(”DD00”, "DD0”)
# NGCO300 vs NGC300 it
s = s.replace("NGCO”, "NGC”)

return s
i
t 3. ERIFAORE
i

def identify overlaps():
"””SPARC & LITTLE THINGS(Hunter+2012) mE#ERAAREE"""
overlaps = []

sparc_norm = {normalize name(k): k for k in SPARC DATA}
hunter norm = {normalize name(k): k for k in HUNTER VBAND}

matched keys = set(sparc_norm. keys()) &amp; set(hunter norm.keys())

for norm key in sorted(matched keys):
sparc_key = sparc_norm[norm key]
hunter_key = hunter norm[norm key]

h R 36 = SPARC DATA[sparc key][0] # kpc, 3.6mum
dist_h = HUNTER VBAND[hunter key][0]

rd v_arcsec = HUNTER VBAND[hunter key][1]

h RV = arcsec_to kpc(rd v arcsec, dist h)

ratio=h RV / hR 36

over laps. append({
"name”: sparc_key
"h R 36um kpc”: h R 36
"h RV kpc”: h RV
"ratio V to 36”: ratio,
"log ratio”: np. log10(ratio),
"v_flat”: SPARC DATA[sparc key]l[1],
"dist Mpc”: SPARC DATA[sparc keyl[2],
i3

return overlaps

i 4. Ny RBERBOHE

def estimate band correction(overlaps):
"""\-band -&gt; 3.6mum DFHIERIEHEE"""
ratios = np.array([o["ratio V to 36”] for o in overlaps])
log ratios = np. log10(ratios)

It RRER—ZOMIE (ANIBICTAR)
median ratio = np.median(ratios)
mean ratio = np.mean(ratios)

std ratio = np.std(ratios)

LS el ]

median log = np.median(log ratios)
mean log = np.mean(log ratios)

std log = np.std(log ratios)

# h R(3.6mum) = h R(V) / correction factor
# -&gt; G-Sigmad(corrected) = G-Sigma@(V) x correction factor

return {
"n overlap”: len(overlaps),
"median ratio”: median ratio
"mean_ratio”: mean ratio,
"std ratio”: std ratio
"median_log ratio”: median log
"mean_log ratio”: mean log,
”std log ratio”: std log
“correction factor”: median ratio, # h R(V) / h R(3.6mum)

# 5. #HIEEM -8gt; alpha BIRE

def load hunter results():
"""Hunter+2012 DFER%FTHAL""”
path = OUTDIR / "hunter2012 results. json”
if path.exists():

with open(path) as f:

return json. load(f)

return None
load step2 results():
path = OUTDIR / "step2 results. json”

de

By



if path.exists():
with open(path) as f:
return json. load(f)
return None

def apply correction and test(galaxies, correction factor, label):
G-Sigma0(V) ICHIEZEMA L T alpha IREEBET.
h R(3.6mum) "= h R(V) / correction factor
-&gt; G-Sigma0(3.6mum) = v flat™2 / h R(3.6mum) = G-Sigma0(V) x correction factor
N = len(galaxies)
log gc = np.array([np. log10(g[”g c”]) for g in galaxies])

i FIEEA

log GSigmad corrected = np.array([
np. Llog10(g[”G Sigma0”] * correction factor) if "G Sigmad” in g
else g[”log G Sigma0”] + np. log1@(correction factor)
for g in galaxies

D

# OLS

A = np.vstack([np.ones(N), log GSigma0 corrected]).T
coeffs, , , = np.linalg. Lstsq(A, log gc, rcond=None)

intercept, alpha fit = coeffs

y pred = A @ coeffs

resid = log gc - y pred

s2 = np.sum(resid¥x2) / (N - 2)
cov = s2 * np. Llinalg. inv(A.T @ A)
se_alpha = np.sqrt(cov[1, 1])
resid std = np.std(resid)

tcrit =t dist.ppf(0.975, N - 2)
alpha ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

p05 = 2 * t dist.sf(abs((alpha fit - 0.5) / se alpha), N - 2)
pd = 2 % t dist.sf(abs(alpha fit / se alpha), N - 2)
pl = 2 % t dist.sf(abs((alpha fit - 1.0) / se alpha), N - 2)

rho, p spear = spearmanr(log GSigma0 corrected, log gc)

# AIC

gc mond = np. full(N, np. log10(a0))
rss_mond = np.sum((log gc - gc mond)**2)
aic_mond = N * np. log(rss_mond / N)

gc geom = 0.5 * (np. log10(ad) + log GSigma@ corrected)
eta shift = np.mean(log gc - gc_geom)

rss_geom = np.sum((log gc - gc geom - eta shift)*x2)
aic_geom = N * np. log(rss geom / N) + 2

daic = aic_geom - aic_mond

return {
”label”: label,
NN,
"correction factor”: correction factor,
"alpha”: float(alpha fit),
"se alpha”: float(se alpha),
"alpha ci”: (float(alpha ci[0]), float(alpha ci[1])),
"p_alpha 05”: float(p05),
"p alpha 0”: float(p0),
"p alpha 1”: float(pl),
"resid std”: float(resid std),
"spearman_rho”: float(rho),
"spearman p”: float(p_spear),
"dAIC geom”: float(daic),
"intercept”: float(intercept),
"eta shift”: float(eta shift),
”log gc”: log gc,
”log GSigma0”: log GSigmad corrected
"resid”: resid

#
#6 BETRM: MEMRREREIEIZAD alpha BEM
#
d

ef sensitivity test(galaxies, correction range, n steps=50)
PURERE A SIS t Talpha RSB EBN S
factors = np. linspace(correction range[0], correction range[1], n steps)
results = []

for f in factors:
r = apply correction and test(galaxies, f, f’f={f:.2f}")
results. append ({
"factor”: float(f),
"alpha”: r["alpha”],
"se alpha”: r[”se alpha”],
"p05”: r[”p alpha 05”7,
"resid std”: r["resid std”],
"dAIC”: r[”dAIC geom”],
)

return results

#
t7. 7oy b

def make plots(overlaps, correction, test results, sensitivity, galaxies corrected):
try:
import matplotlib



matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt
except ImportError:

print("matplotlib FIFAAT, ")

return

fig, axes = plt.subplots(2, 3, figsize=(18, 11))
fig.suptitle(”SPARC-LITTLE THINGS E#ERAIIC L 2/VY RHIEE alpha BEF R K7,
fontsize=13, fontweight="bold )

# (a) h R H&: V vs 3.6mum

ax = axes[0, 0]

x 36 = [o[”h R 36um kpc”] for o in overlaps]
y V = [o[”h RV kpc”] for o in overlaps]
names = [o[”name”] for o in overlaps]

ax.scatter(x 36, y V, c="steelblue’, s=60, zorder=3)
Lim = max(max(x_36), max(y V)) * 1,15
ax.plot([0, Llim], [0, Llim], "k--", alpha=0.4, label="1:1")
ax.plot([0, Lim], [0, Lim % correction["median ratio”]],
"r=", w=2, label=f drR{ELtL {correction["median ratio”]:.2f}")

for x, y, nin zip(x 36, y V, names):
ax.annotate(n, (x, y), fontsize=7, xytext=(4, 4), textcoords="offset points’)

a
a
a
a
a

>

.set_xlabel(”h R (SPARC 3.6mum) [kpcl”)
.set_ylabel("h R (Hunter V-band) [kpc]”)
.set_title(f"E# {len(overlaps)} #Ri: V/3.6mum £b”)
. legend(fontsize=9)

.grid(True, alpha=0.3)

X X x x

# (b) HEDHH

ax = axes[0, 1]

ratios = [o["ratio V to 36”] for o in overlaps]

ax.hist(ratios, bins=max(5, Llen(ratios)//2), color="steelblue’,
edgecolor="white’, alpha=0.8)

.axvline(correction["median ratio”], color="red’, ls="--", Lw=2,

label=f" FAR{E = {correction[”"median ratio”]:.2f}")

.axvline(1.0, color="gray’, ls=":", label="1:1 (/N> RZ"RL) ")

.set xlabel(”h R(V) / h R(3.6mum)”)

.set_ylabel("£R5A%K”)

.set title("/Nv RtED9%")

. legend(fontsize=9)

.grid(True, alpha=0.3)

a

>

a
a
a
a
a
a

X X X X x x

# (c) MIEE®D log(gc) vs log(G-Sigmad)

ax = axes[0, 2]

best = test results

ax.scatter (best[”log GSigma0”], best[”log gc”], c="steelblue’, s=50, zorder=3)

x_range = np. Linspace(best[”log GSigma0”].min() - 0.3,
best[”log GSigma0”].max() + 0.3, 100)

y fit = best[”intercept”] + best[”alpha”] * x_range

y 05 = 0.5 * np. log10(ad) + 0.5 * x range + best[”eta shift”]

y mond = np. full Llike(x range, np. log10(a0))

a

3

.plot(x range, y fit, "r=", lw=2,
label=f" alpha={best[”alpha”]:.3f} £ {best[”"se alpha”]:.3f}")

ax.plot(x_range, y 05, "g--", lw=1.5, label="alpha=0.5")

ax.plot(x_range, y mond, ’k:’, Lw=1, label="MOND")

ax.set xlabel(”log(G-Sigma0) [m/s"2] GGHIEX)”)

ax.set ylabel("log(g c) [m/s"2]")

ax.set title(f"#IE#%: alpha={best[ alpha’]:.3f}, p(0.5)={best[’p alpha 05’ ]:.3f}")
ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

# (d) BET R b: alpha vs FIEREK

ax = axes[1, 0]

factors = [s[”factor”] for s in sensitivity]
alphas = [s[”alpha”] for s in sensitivity]

se alphas = [s[”se alpha”] for s in sensitivity]

a
a

3

.plot(factors, alphas, 'b-", lw=2)
.fill between(factors,
[a - 1.96xs for a, s in zip(alphas, se alphas)],
[a + 1.96xs for a, s in zip(alphas, se alphas)],
alpha=0.2, color="blue’)
.axhline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
.axhline(0.545, color="navy’, ls=":", lw=1.5, Llabel="SPARC alpha=0.545")

3

a
a

3

3

ax.axvline(correction[”median ratio”], color="red’, ls="--", alpha=0.7,
labe l=f" Z=BI#HIE {correction[”median ratio”]:.2f}")

ax.axvline(1.0, color="gray’, ls=":", alpha=0.5, label="#IE7%L")

ax.set xlabel ("#IERE h R(V) / h R(3.6mum)”)

ax.set_ylabel("alpha”)

ax.set title("BET R h: #HIEFRE vs alpha”)

ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

# (e) alpha o 95% CI Lh& (4E%)

ax = axes[1, 1]

y pos = [0, 1, 2, 3]

labels plot = [’ SPARC¥n(N=175)", 'RO.3EL¥n(FEARL),
"V-band¥n(#HIEAL)’, 'V-band¥n(/\> REHIE) ]

sparc_a, sparc_se = 0.545, 0.041

it Step2#ERFEHIAH

step2 = load step2 results()

r03 a = step2[”alpha fit"] if step2 else 1.048
r03 se = step2[”alpha se”] if step2 else 0.348

hunter = load hunter results()
hv_a = hunter["alpha”] if hunter else 1.485
hv_se = hunter[”se alpha”] if hunter else 0.365



all alphas = [sparc a, r03 a, hv a, best[”alpha”]]

all ses = [sparc se * 1.96, r03 se * 2.09, hv_se * 2.09,
best[”se alpha”] * t dist.ppf(0.975, best["N"] - 2)]

all colors = ["navy’, ’coral’, ’orange’, ’steelblue’]

for i, (av, ev, cv) in enumerate(zip(all alphas, all ses, all colors)):
ax.errorbar(a v, i, xerr=e v, fmt="o’, markersize=10,
capsize=8, color=c v, elinewidth=2)

a
a
a
a
a
a
a
a

3

.axvline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
.set _xlabel("alpha”)

.set_yticks(y pos)

.set yticklabels(labels plot)

.set_title("alpha @ 95% CI £Lb#g”)

. legend(fontsize=9)

.set xLlim(-0.5, 2.5)

.grid(True, alpha=0.3)

X X X X x x X

# (f) p(alpha=0.5) vs HHIEFRH

ax = axes[1, 2]

p05s = [s[”p05”] for s in sensitivity]

ax.plot(factors, p05s, 'b-", lw=2)

ax.axhline(0.05, color="red’, ls="--", label="p=0.05 Rf& )

ax.axvline(correction[”median ratio”], color="red’, ls="--", alpha=0.7,
labe l=f" SR IE {correction[”median ratio”]:.2f}")

# alpha=0.5 AFEH I MR WHERBOEEE % @
safe range = [f for f, p in zip(factors, p05s) if p &gt; 0.05]
if safe range:
ax.axvspan(min(safe range), max(safe range), alpha=0.1, color="green’,

label=f"alpha=0.5 FEHARHA [{min(safe range):.1f}-{max(safe range)

a
a
a
a
a
a

3

.set_xlabe l("HIERE h R(V) / h R(3.6mum)”)
.set_ylabel("p(alpha=0.5)")

.set_title("p {EDRRE")

.set_yscale(’ log’)

. legend(fontsize=8)

.grid(True, alpha=0.3)

X X X x X

plt.tight layout()

figpath = OUTDIR / "band correction analysis.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f” 70 MRFF: {figpath}”)

i 8.

rA Y

def

main():

print(”=" % 70)

print("SPARC-LITTLE THINGS E#REE -&t; /\ R#HIE -8gt; alpha BRE")
print(”=" % 70)

#t --- Step A: EHAE -—-
print("¥n--- EHEIBTORE ---")

overlaps = identify overlaps()

print (f"¥nE & R4 : {len(overlaps)}”)

L 1f1D)

print(f"¥n{’ 88" :&Lt;14} {"h R(3.6mum)’ :&gt;10} {"h R(V)’ :&gt;8} {’ Lt=V/3.6’ :&gt;9}”)

print(f”{’ -’ %45}")
for o in overlaps:

print(f"{o[’ name’ ]:&Lt;14} {o[’h R 36um kpc’ 1:&gt;10.2f} {o[’h R V kpc’ ]:8&gt;8.2f} ”

f”{o[’ ratio V to 36" ]:&gt;9.2f}")

# —-- Step B: /N NRIEMRE —
print(f"¥n-—— N\ RBERKO#E —-")
correction = estimate band correction(overlaps)

print(f” N (ZE#4$RA): {correction[’n overlap’ 1}”)

print(f” h R(V) / h R(3.6mum):”)

print(f” hRfE: {correction[’median ratio’ ]:.3f}”)
print(f” fE: {correction[’mean ratio’ ]:.3f}”)

print(f” 1Z#RZ=: {correction[’std ratio’ ]:.3f}")
print(f” #RZeRs:”)

print(f” hfE: {correction[’median log ratio’ ]:.3f} dex”)
print(f” B#: {correction[’std log ratio’ ]:.3f} dex”)

print(f"¥n -&gt; #IE: h R(3.6mum) "= h R(V) / {correction[’median ratio’ ]:.2f}")
print(f” -&gt; G-Sigma0(3.6mum) "= G-Sigmad(V) x {correction[’median ratio’ ]:.2f}"”)

# PearsontBEd

h36 = [o[”h R 36um kpc”] for o in overlaps]

hV = [o[”h RV kpc”] for o in overlaps]

r_pearson, p_pearson = pearsonr(np. log10(h36), np. log10(hV))

print(f"¥n log(h R) Pearson r = {r pearson:.3f} (p = {p pearson:.2e})”)

# --- Step C: #IE#MA -8gt; alpha HHRE -—-
print(f"¥n{’ =" %70}")

print("/\Y R#HIER®D alpha RE")
print(f”{’="%70}")

# Hunter+2012 #ER%55MAH
hunter = load hunter results()
if hunter and "galaxies” in hunter:

galaxies = hunter[”galaxies”]

print(f” Hunter+2012 #EER A5 {len(galaxies)} $RA%FHHAH")
else:

it Step2 FERMDFAHRAH (74 —I/\v )

step2 = load step2 results()

if step2:

galaxies = step2[”galaxies”]

print(f” Step2 #ERHMNS {len(galaxies)} $RiA%EEHIAH (V-band h RAFERA) 7)

else:
print(” HERI77AIDNRONYEEA, ")
return

i R AEHIE % i



cf = correction[”median ratio”]
test corrected = apply correction and test(galaxies, cf, f"/N2 R#HIE (x{cf:.2f})")

print(f"¥n alpha = {test corrected[’alpha’]:.3f} * {test corrected[’ se alpha’]:.3f}"”)
print(f” 95% CI: [{test corrected[ alpha ci’ J[0]:.3f}, {test corrected[ alpha ci’J[1]:.3f}]")
print(f” p(alpha=0.5) = {test corrected[’p alpha 05" J]:.4f} ”

7 AT [0K]" if test corrected[’p alpha 05" ] &gt; 0.05 else 'ZEH] [NG]'}”)
print(f” p(alpha=0) = {test corrected['p alpha 0']:.2e} "

f7{ 240 [NG]" if test corrected[’p alpha 0'] &Lt; 0.05 else 'ZEHFRH }")
print(f” #ZEsigma = {test corrected[’ resid std’ ]:.3f} dex”)
print(f” Spearman rho = {test corrected[’ spearman rho’]:.3f} ”

f”(p = {test corrected[’ spearman p’]:.2e})”)
print(f” DeltaAIC(#fmY9 vs MOND) = {test corrected[’ dAIC geom’ ]:.1f}")

# SPARCLLER

sparc_alpha, sparc_se = 0.545, 0.041

diff = abs(test corrected[”alpha”] - sparc alpha)

combined se = np.sqrt(test corrected[”se alpha”]*%2 + sparc se*x2)

z diff = diff / combined se

print(f"¥n SPARCES: z = {z diff:.2f} ({{E& [0K]' if z diff &lt; 2 else 'S [NG]'})")

# --- Step D: REF R b ——
print(f"¥n{’ =" %70}")

print("REF R M: BIEMRE 0.5 " 4.07)
print(f”{’="%70}")

sensitivity = sensitivity test(galaxies, (0.5, 4.0), n steps=70)

it alpha=0.5 HYFEHE 17 WEE
safe = [(s["factor”], s[”alpha”], s[”"p05”]) for s in sensitivity if s["p05”] &gt; 0.05]
if safe:
f min = min(s[0] for s in safe)
f max = max(s[0] for s in safe)
print(f” alpha=0.5 FEMNAADOMHEREKEHE: [{f min:.2f}, {f max:.2f}]")
print(f" SAWIERE {cf:.2f} (ZZDEE{ R [0K]" if f min &lt;= cf &lt;= f max else "4 [NGI]'}")
else:

print(” alpha=0.5 (& EDBWERBMTELENINDS”)

# alpha A% SPARC @ 0.545 + 2sigma (CABFHIEMRE
sparc_range = [(s[”factor”], s[”alpha”]) for s in sensitivity
if abs(s[”alpha”] - 0.545) &Llt; 2 * np.sqrt(s[”se alpha”]x2 + 0.041%%2)]
if sparc_range:
print(f” SPARC alpha=0.545 & 2sigma BA Y BMEMREK: ”
f’[{min(s[0] for s in sparc range):.2f}, {max(s[0] for s in sparc range):.2f}]")

I SOEFIERE (alpha=0.5%252% %)

alpha 05 factors = [(s[”factor”], abs(s[”alpha”] - 0.5)) for s in sensitivity]

best factor = min(alpha 05 factors, key=lambda x: x[1])

print(f” alpha=0.5 25 X Z2#IEfR#: {best factor[0]:.2f} (&= {best factor[1]:.3f})”)

# -—- Step E: £LBEFT—TIL ——
print(f"¥n{’ =" %70}")
print("2FEDLLE”)
print(f”{’="%70}")

step2 = load step2 results()

print(f"¥n {' F3%’ :&1t;25} {"alpha’ :&gt;8} {’ £sigma’ :&gt;6} {'p(0.5)" :&gt;8} {’sigma res’ :&gt;6} {'DeltaAIC’ :&gt;6}")
print(f” { - %60}")
print(f” {’SPARC (3.6mum)’ :&Lt;25} {’0.545" :&gt;8} {'0.041" :&gt;6} {'0.27" :&gt;8} {’0.313  :&gt;6} {'-130" :&gt;6}”)

if step2:
print(f” {'LT RO.35E{ :&Lt;25} {step2[ alpha fit’ ]:&gt;8.3f} ”
f”{step2[’ alpha se’ ]:8&gt;6.3f} {step2[’p alpha 05" ]:&gt;8.3f} ”
f”{step2[’ residual std dex’ ]:8&gt;6.3f} {step2.get(’ dJAIC geom vs mond’, -6.7):&gt;6.1f}")

if hunter:
print(f” {'LT V-band (raw)’ :&lt;25} {hunter[’alpha’]:&gt;8.3f} ”
f”{hunter[’ se alpha’ ]:&gt;6.3f} {hunter[’p alpha 05’ ]:&gt;8.3f} ”
f”{hunter[’ resid std’ ]:&gt;6.3f} {hunter.get(’ dAIC geom’, -7.5):&gt;6.1f}")

print(f” {'LT V-band (#IE%) :&Lt;25} {test corrected[’ alpha’ ]:&gt;8.3f} ”
f”{test corrected[’se alpha’ ]:8&gt;6.3f} {test corrected[’p alpha 05" ]:8&gt;8.3f} ”
f”{test corrected[’ resid std’ ]:8&gt;6.3f} {test corrected[’ dAIC geom’ ]:&gt;6.1f}”)

# --- Step F: Oy k ——-
old stats = {
"alpha”: step2[”alpha fit”] if step2 else 1.048,
"se alpha”: step2[”alpha se”] if step2 else 0.348,
"resid std”: step2[”residual std dex”] if step2 else 0.672,
"N”: step2[”’n galaxies”] if step2 else 22,
}

make plots(overlaps, correction, test corrected, sensitivity, galaxies)

I -— BREF -
summary = {
"overlaps”: overlaps,
"band correction”: correction,
"corrected test”: {k: v for k, v in test corrected. items()
if not isinstance(v, np.ndarray)},
"sensitivity summary”: {
"alpha05 safe range”: [f min, f max] if safe else None,
"best factor for alpha05”: best factor[0],
"measured factor”: cf,
h
}

outpath = OUTDIR / "band correction results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)

print (f"¥nfER{®7%F: {outpath}”)

i - RIEHE -
print(f"¥n{’ =" %70}")
print ("ERAEHIE")



print(f”{’="%70}")
print(f"¥n 1. V-band h R (& 3.6mum & Y REAIICT {cf:. 1f}Z KE W ({len(overlaps) } RS THEER) )

if test corrected[”p alpha 05”] &gt; 0.05:

print(f” 2. /X RHHIER. alpha=0.5 (FFEHMI N7 (p={test corrected[’p_alpha 05" ]:.3f}) [0K]”)
else:

print(f” 2. /N R#HIE#%H alpha=0.5 (xZE#) (p={test corrected[’p alpha 05" ]:.3f}) [NG]")

if safe:

print(f” 7272 LRERE (f min: 1£} 7 {f max:.1f} OEETITIENTT")

if zdiff &lt; 2:

print(f” 3. SPARC D alpha=0.545 &#& (z={z diff:.2f}) [0K]")
else:

print(f” 3. SPARC D alpha=0.545 & FEE& (z={z diff:.2f}) [NG]")

print(f” 4. MOND (g c=const.) |£BAHEICZEEH] (p={test corrected[’p alpha 0’ ]:.2e}) [0K]")
print(f’ 5. {AIHA° MOND % DeltaAIC={test corrected[’ dAIC geom’ ]:.1f} T;&# [0K]")

print(f"¥n{’ =" %70}")
print("5ET")
print(f”{’="%70}")

if name =="_ main_ ”:
main()



alysis. py

=L SPARC 160 + LT 18D & Ralphat® E(N=178), Y +v o+ 1 I CLTRA D E ST
k& scipy,matplotlib,numpy

A7 Rotmod_LTG/ + step2f& R

Hh joint_results.json

E1T uv run --with scipy,matplotlib,numpy python joint_analysis.py

Y—A3—R(71817)

SPARC + LITTLE THINGS &REIfRHT: #IAFIERI alpha #&E

Claude Code (A—HJL) THEIT:
uv run --with scipy —-—with matplotlib —-with numpy python joint_analysis.py

AiR:
- little things results/step2 results.json (LT g CHIERRER)
- SPARCF—# : Rotmod LTG/ DT 7 4 )L (167485 Mg c/G-Sigmad)

AR T N IE2EERETENE:
1. SPARCOD1678R5AA S (log g ¢, log G-Sigmad) % FHEtE
2. LT 224RA D > 5SPARCRINGZFDIRAZEM L TARZ 14 v b

import numpy as np

import json

import sys

import os

from pathlib import Path

from scipy.optimize import minimize, minimize scalar
from scipy.stats import spearmanr, t as t dist, pearsonr

o
X AE

T+ = =
o

ald = 1.2e-10 ff m/s"2

# SPARCTF—4 T4 LV h) (O—ALBRICADETER)
SPARC_ROTMOD DIR = Path(”Rotmod LTG")

LT RESULTS = Path(”little things results”)

OUTDIR = Path(”joint analysis_results”)
OUTDIR.mkdir(exist ok=True)

1. SPARC 1674R5AI D (g c, G-Sigmad) ¥—4%
gc_geometric mean test.py DFER%HIE
SPARCT — 7L b EEETH T 2 AKX

= A I I A

# SPARC Table 1 (Lelli+2016) D¥pitfsE

# HE8: http://astroweb. cwru. edu/SPARC/

# %: name, T type, dist Mpc, v flat, h R kpc(3.6um), SBdisk, Upsilon d
# h R = 3.6mum exponential disk scale length

# Z ZTIk gc_geometric mean test.py DIERISINZFZOL AR EBEL.

# 72i3nid Rotmod LTG M5 7 4 v NEBRERITT S

def load sparc _gc results():

" EEAF DSPARC g cEtERER A FHARAL (BEAAR2HT) 777

candidates = [
Path(”sparc_gc_results. json”),
Path(”gc_geometric mean results. json”),
Path("results/sparc_gc. json”),
Path(”sparc_167 gc. json”),

]

for p in candidates:
if p.exists():

with open(p) as f:
return json. load(f)
return None

def fit sparc galaxy(filepath):
SPARC Rotmod 7 7 A I gc T4 v bk,
Rotmodf4=: R[kpc] Vobs[km/s] eVobs Vgas Vdisk Vbul Vmodel
try:
data = np. loadtxt(filepath, comments="1")
except:
return None

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

r_kpc = datal:, 0]

v_obs = data[:, 1]

e vobs = data[:, 2] if data.shape[1] &gt; 2 else np.ones Llike(v obs) * 2.0
v gas = data[:, 3] if data.shape[1] &gt; 3 else np.zeros Llike(v obs)

v disk = data[:, 4] if data.shape[1] &gt; 4 else np.zeros Like(v_obs)

v bul = data[:, 5] if data.shape[1] &gt; 5 else np.zeros Llike(v obs)

# v bar
v_bar = np.sqrt(np.abs(v_gas)*%2 + np.abs(v_disk)%*2 + np,abs(v_bul)*x2)

# g N, g obs
rm=r_kpc * 3.086e19
valid = r_m &gt; 0



if np.sum(valid) &lt; 3:
return None

g N = np.zeros Like(r m)
g N[valid] = (v_bar[valid] * 1e3)*%2 / r m[valid]

g obs = np.zeros Llike(r m)
g obs[valid] = (v obs[valid] * 1e3)*x2 / r m[valid]

e v.m = np.maximum(e vobs, 1.0) * 1e3

e g = np.zeros Like(r m)

e glvalid] = 2 % v obs[valid] * 1e3 * e v m[valid] / r m[valid]
e g = np.maximum(e g, le-12)

mask = valid &amp; (g N &gt; 0) &amp; (g obs &gt; 0)
if np.sum(mask) &Lt; 3:
return None

g N v =g N[mask]
g obs v = g obs[mask]
e g v =e g[mask]
r v = r_kpc[mask]

fac 749

def chi2 func(log gc):
gc = 10%klog gc
g pred = (g N v+ np.sqrt(g N vkx2 + 4 % gc x g N.v)) / 2
return np.sum(((g obs v - g pred) / e g v)*%2)

try:
res = minimize scalar(chi2 func, bounds=(-12, -8), method="bounded’ )
gc = 10%kres. x
chi2 = res. fun
except:
return None

dof = np.sum(mask) - 1

# v flat (SMAITIBER D RAE)

n outer = max(3, len(v obs) // 4)

v flat = np.median(v_obs[-n outer:])

#hR#EE (vbarE—o @ / 2.2)

v_bar _max_idx = np.argmax(np.abs(v_bar))

h R est = max(r_kpc[v_bar max _idx] / 2.2, 0.05)

return {
"g ¢”: float(gc),
”log gc”: float(np. log10(gc)),
"v_flat”: float(v flat),
"h R est”: float(h R est),
"chi2 dof”: float(chi2 / max(dof, 1)),
"n points”: int(np.sum(mask)),

}
i
# 2. SPARC Table 1 #pttf& (h R, v flat) OFEpEREC
t ERRET7ADSHEOD, EBRAD T 4 — Iy IR
i
def load sparc tablel():

""”SPARC Lelli2016c.mrt FzlZAEDT—T I EHL""”
candidates = [
Path(”SPARC Lelli2016¢c.mrt”),
Path(”"Rotmod LTG/SPARC Lelli2016c.mrt”),
Path(”sparc_tablel.dat”),
Path(”sparc_properties.csv”),
]
for p in candidates:
if p.exists():
return parse sparc table(p)
return None

def parse sparc table(filepath):
"""SPARC MRT F— )L % /8—2"""
galaxies = {}
with open(filepath, 'r’, encoding="utf-8', errors="replace’) as f
for Lline in f:
line = Lline.strip()
if not Line or line.startswith("#) or Line.startswith(’|’):
continue
parts = Lline.split()
if len(parts) &Llt; 10:
continue
try:
name = parts[0]
T type = float(parts[1])
dist = float(parts[2])
# MRTFUIEIZIRIC & 7, v flat, h R DIBEERT
# #a7Y: name T D e D Inc e Inc L[3.6] e L Reff Rdisk ...
# Lelli2016c: col8=Rdisk(kpc), coll1=Vflat
# 7LETILicunE
galaxies[name] = {
"T type”: T type
"dist Mpc”: dist,
"raw_parts”: parts,
}
except (ValueError, IndexError):
continue
return galaxies

#
# 3. SPARCE2SRA Mg c5tHE (Rotmod 7 7 A LA D)
#




def compute sparc all():

"""Rotmod LTG/ DLT 7 JLHSg cEEHE"""

if not SPARC ROTMOD DIR.exists():
print(f” {SPARC_ROTMOD DIR} A'ROHY Xt A, ")
print(” SPARC Rotmod 7—4 M/XZR&MAL T LI, )
return None

files = sorted(SPARC_ROTMOD DIR.glob(”*.dat”))
if not files:
files = sorted(SPARC_ROTMOD DIR.glob(”*"))

files = [f for f in files if f.is file() and not f.name.startswith(’.

print(f” Rotmod 7 7 A JLEL: {len(files)}”)

results = []
failures = 0

for filepath in files:
name = filepath.stem. replace(” rotmod”
fit = fit_sparc galaxy(filepath)
if fit is None:
failures += 1
continue

). replace(” Rotmod”, ")

# G-Sigmad 3t&

v flat si = fit["v_flat”] * 1e3

h R si = fit[”h R est”] * 3.086e19
G Sigma0 = v flat si**2 / h R si

results. append ({
"name”: name,
"source”: "SPARC”,
"g ¢”: fit["g ¢"],
"log gc”: fit[”log gc”],
"v_flat”: fit["v_flat”],
"h R kpc”: fit["h R est”],
"G Sigma0”: G Sigma0,
"log G Sigma0”: np. log10(G Sigma0),
"chi2 dof”: fit["chi2 dof”],
"n_points”: fit[”n points”],

13
print(f” 74w bAZh: {len(results)}, 2kBX: {failures}”)

return results

it 4.

LITTLE THINGS 7 —4 DFHAH

def

i 5.

de

de

load Lt data():
"7Step 2 DFEREHHAS""”
path = LT RESULTS / "step2 results. json”
if not path.exists():
print(f” {path} ARO2HY FtEA, ")

return None

with open(path) as f:
data = json. load(f)

galaxies = []
for g in data[”galaxies”]:
galaxies. append({

"name”: g[”name”],
”source”: "LITTLE THINGS”,
"g c¢”: g["g "],
”log gc”: np. log10(g[”g c"]),
"v_flat”: g[”v flat”],
"h R kpc”: g.get("h R est kpc”, g.get(”h R hunter kpc”, None)),
"G Sigma0”: g["G Sigma0”],
"log G Sigma0”: g[”log G Sigma0”],
"chi2 dof”: g.get(”chi2 dof”, None),
"n_points”: g.get(”"n points”, None),

1))

return galaxies

ERRE

f

By

normalize name(name):
s = name. upper().replace(” ”, ””).replace(”-", "”).replace(” ”, ")

s = s. replace(”DD00”, "DD0”). replace(”"NGCO”, ”NGC”).replace("UGCO”, "UGC”)

return s

merge datasets(sparc, Lt):
"""SPARCE LT % #& &, EARIESPARCES L (3.6mum h R) "7
sparc_names = {normalize name(g[”name”]) for g in sparc}

merged = list(sparc) {# SPARCEZ2£TEHL
It new = []
Lt overlap = []

for g in Lt:
norm = normalize name(g[”name”])
if norm in sparc_names:
Lt _over lap. append(g[”name”])
else:
Lt _new. append(g)
merged. append(g)

return merged, Lt new, Lt overlap

#
# 6. alpha RTE (@RI



i
def alpha test(galaxies, label="", chi2 cut=10.0):
"UTOLS + ARTE + AIC"”
# chi2/dof 7 1JL%
filtered = [g for g in galaxies
if g.get("chi2 dof”) is None or g[”chi2 dof”] &Lt; chi2 cut]

N = len(filtered)

log gc = np.array([g[”log gc”] for g in filtered])
log GS = np.array([g[”log G Sigma0”] for g in filtered])
sources = [g[”source”] for g in filtered]

# OLS
A = np.vstack([np.ones(N), log GS]).T
coeffs, , , = np.linalg. Lstsq(A, log gc, rcond=None)

intercept, alpha fit = coeffs

y pred = A @ coeffs

resid = log gc - y pred

s2 = np.sum(resid¥x2) / (N - 2)
cov = s2 * np. Llinalg. inv(A.T @ A)
se_alpha = np.sqrt(cov[1, 1])
resid std = np.std(resid)

tcrit =t dist.ppf(0.975, N - 2)
ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

p05 = 2 * t dist.sf(abs((alpha fit - 0.5) / se alpha), N - 2)
pd = 2 % t dist.sf(abs(alpha fit / se alpha), N - 2)
pl = 2 % t dist.sf(abs((alpha fit - 1.0) / se alpha), N - 2)

rho, p spear = spearmanr(log GS, log gc)

# AIC

gc mond = np. full(N, np. log10(a0))
rss_mond = np.sum((log gc - gc mond)**2)
aic_mond = N * np. log(rss_mond / N)

gc_geom = 0.5 * (np. log10(a0) + log GS)

eta shift = np.mean(log gc - gc_geom)

rss_geom = np.sum((log gc - gc geom - eta shift)*x2)
aic_geom = N * np. log(rss geom / N) + 2

rss_free = np.sum(resid%x2)

aic_free = N * np. log(rss free / N) + 4

n_sparc = sum(1 for s in sources if s == "SPARC”)

n Lt = sun(1 for s in sources if s == "LITTLE THINGS”)

return {
”label”: label,
NN,
”N_sparc”: n_sparc,
"N Lt”: n Lt,

"alpha”: float(alpha fit),

"se alpha”: float(se alpha),

"ci 95”: (float(ci[0]), float(ci[1])),
"p05”: float(p05),

"p0”: float(p0),

"p1”: float(pl),

"resid std”: float(resid std),

"rho”: float(rho),

"p spear”: float(p spear),

"dAIC geom”: float(aic geom - aic_mond),
"dAIC free”: float(aic free - aic_mond),
"intercept”: float(intercept),

"eta shift”: float(eta shift),

”log gc”: log gc,

”log GS”: log GS,

"sources”: sources,

"resid”: resid,

"galaxies”: filtered,

}
#
#7. Svv o477 LTENOREREN
#

def jackknife Lt influence(sparc, Lt new, n iter=1000):
TTULTERA 1D F O MR L 7B E Dalphad ZEE & FHE
# N—2Z54A >: SPARC only
base = alpha test(sparc, "SPARC only”)

t 268
full = alpha test(sparc + Lt new, "SPARC+LT”)

# LTSRE A 1D ¢ D4t
jk alphas = []
for i in range(len(lt new)):
subset = sparc + Lt new[:i] + Lt new[i+1:]
r = alpha test(subset, f”drop {lt new[i][’ name’]}”)
jk_alphas. append({
"dropped”: Lt new[i][”"name”],
"alpha”: r["alpha”],
"se”: r[”"se alpha”],
"delta”: r["alpha”] - full[”alpha”],
13

It HBHOKRE WRAERTE

jk_alphas. sort(key=lambda x: abs(x["delta”]), reverse=True)

return base, full, jk alphas




t8. Fovh

def make plots(sparc only, joint, jk results, sparc data, Lt new data):
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
print("matplotlib FIBAFRHA, )
return

fig, axes = plt.subplots(2, 3, figsize=(18, 11))
fig.suptitle(f”SPARC + LITTLE THINGS & RfEH (N={joint[’N 1})”,
fontsize=14, fontweight="bold )

# (a) &F@ log(gc) vs log(G-Sigmad) — #&ZO7Ow b
ax = axes[0, 0]

mask s = np.array(joint[”sources”]) == "SPARC”

mask L = np.array(joint[”sources”]) == "LITTLE THINGS”

ax.scatter(joint[”log GS”][mask s], joint[”log gc”][mask s],

c="navy’, s=20, alpha=0.5, label=f"SPARC (N={joint[”"N sparc”]})")
ax.scatter(joint[”log GS”][mask L], joint[”log gc”][mask L],

c="red’, s=60, zorder=4, label=f LITTLE THINGS (N={joint[”"N Lt”]1})")

x_range = np. Linspace(joint[”log GS”].min() - 0.3,
joint[”log GS”].max() + 0.3, 100)
y fit = joint["intercept”] + joint["alpha”] * x range
y 05 = 0.5 * np. log10(ad) + 0.5 * x range + joint["eta shift”]
y mond = np. full Llike(x range, np. log10(a0))

ax.plot(x_range, y fit, "r=", lw=2,

label=f' & alpha={joint["alpha”]:.3f} £ {joint["se alpha”]:.3f}")
ax.plot(x_range, y 05, 'g--', Llw=1.5, label="alpha=0.5")
ax.plot(x_range, y mond, "k:’, Lw=1, label="MOND")

ax.set xlabel(”log(G-Sigma0) [m/s"2]")

ax.set ylabel("log(g c) [m/s"2]")

ax.set title(f"&RE 7 1 v b: alpha={joint[’alpha’]:.3f}, p(0.5)={joint[’ p05 ]:.4f}")
ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

x X

# (b) alpha MELEE (SPARC only vs &R vs LT only)
ax = axes[0, 1]
y pos = [0, 1, 2, 3]
labels plot = [
" SPARC only¥n(N={sparc only["N"1})",
f &R¥n(N={joint["N"1})",
LT RO.3¥n(N=22)",
LT V-band¥n(N=22)",
]
alphas p = [sparc only[”alpha”], joint[”alpha”], 1.048, 1.485]
ses p = [sparc only[”se alpha”] * t dist.ppf(0.975, sparc only["N"]-2),
joint["se alpha”] * t dist.ppf(0.975, joint["N"]-2),
0.348 * 2.09, 0.365 * 2.09]
colors p = ["navy’, 'green’, 'coral’, ’orange’]

for i, (a, e, c) in enumerate(zip(alphas p, ses p, colors p)):
ax.errorbar(a, i, xerr=e, fmt="o’, ms=10, capsize=8, color=c, elinewidth=2)

ax.axvline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
ax.set xlabel("alpha”)

ax.set yticks(y pos)

ax.set yticklabels(labels plot)

ax.set title("alpha @ 95% CI”)

ax. legend(fontsize=9)

ax.set xlim(-0.3, 2.5)

ax.grid(True, alpha=0.3)

> X

# (c) BELH (BR)

ax = axes[0, 2]

resid s = joint["resid”][mask s]
resid L = joint["resid”][mask L]

bins = np. linspace(-1.5, 1.5, 30)
ax.hist(resid s, bins=bins, alpha=0.6, color="navy’, label="SPARC’, density=True)
if len(resid L) &gt; 0:
ax.hist(resid |, bins=bins, alpha=0.6, color="red’, label="LT", density=True)
ax.axvline(0, color="black’, ls="--")
ax.set xlabel("5%Z [dex]”)
ax.set ylabel ("BE")
ax.set title(f"& =27 (SPARC sigma={np.std(resid s):.3f}, LT sigma={np.std(resid L):.3f})")
ax. legend()
ax.grid(True, alpha=0.3)

x X

3

#(d) SvvoF47: LTIRAOHEN
ax = axes[1, 0]
if jk results:
names_jk = [j["dropped”] for j in jk results]
deltas = [j["delta”] for j in jk results]
colors jk = ["red if abs(d) &gt; 0.01 else 'steelblue’ for d in deltas]

y jk = range(len(names jk))
ax.barh(y_jk, deltas, color=colors jk, edgecolor="white’, height=0.7)
ax.set yticks(y jk)
ax.set _yticklabels(names jk, fontsize=7)
ax.axvline(0, color="black’, ls="-", Llw=0.5)
ax.set xlabel("Deltaalpha (BR4MBEDZE(L) )
ax.set_title"LTERADY v v ¥+ 4 7HEN")
ax.grid(True, alpha=0.3)

X X X X X X

# (e) SPARC only vs &RIDE

ax = axes[1, 1]

delta alpha = joint[”alpha”] - sparc_only[”alpha”]

delta resid = joint["resid std”] - sparc only[”resid std”]



delta daic = joint[”"dAIC geom”] - sparc only[”dAIC geom”]

metrics = ['Deltaalpha’, ’Deltasigma res¥n[dex]’, ’DeltaDeltaAIC’ ]
values = [delta alpha, delta resid, delta daic]

colors bar = ["green’ if abs(v) &Llt; 0.02 else "orange’ for v in values]
colors bar[2] = "green’ if delta daic &lt; 0 else ’orange’

bars = ax.bar(metrics, values, color=colors bar, edgecolor="white’, width=0.4)
ax.axhline(0, color="black’, (w=0.5)
for bar, val in zip(bars, values):
ax. text(bar.get x() + bar.get width()/2,
bar.get height() + 0.002 * np.sign(val),
f' {val:+.4f}’, ha="center’, fontsize=10, fontweight="bhold")
ax.set title("LTi@MNIC & BZ1L")
ax.grid(True, alpha=0.3, axis="y’)

# (f) G-Sigmad 27 DLk

ax = axes[1, 2]

ax.hist(joint[”log GS”][mask s], bins=20, alpha=0.6, color="navy’,

label="SPARC’, density=True)
np. sum(mask L) &gt; 0:
ax.hist(joint[”log GS”"][mask L], bins=8, alpha=0.6, color="red’,

label="LT", density=True)

.set xlabel(”log(G-Sigma0d) [m/s"2]")

.set_ylabel("EE")

.set title("G-Sigma0 % : EEEEEDILR")

. legend()

.grid(True, alpha=0.3)

-

a
a
a
a
a

X X X x x

plt.tight layout()

figpath = OUTDIR / ”joint analysis.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f" 70 MR#F: {figpath}”)

#9. XA

def main():
print(”=" % 70)
print(”SPARC + LITTLE THINGS &RIfR4F")
print("=" % 70)

#f -~ SPARC F—# ---
print("¥n--- SPARC ¥—% ---")
sparc = compute sparc all()

if sparc is None or len(sparc) &Lt; 50:
print("¥n Rotmod LTG BASD 7 4 v hAFRE, ”)
print(” Rotmod LTG T« L2 M DNRRZHABLTLLLEIL, ")
print(f” IREDERET 1 L2 b1 {os.getewd()}”)
print(f” #R%/SZ: {SPARC_ROTMOD DIR.absolute()}”)

FALYRTALIMIDT7AL—E

print("¥n ALY RFALINYORE:)

for item in sorted(Path(”.”).iterdir()):
print(f” {item}”)

return

# chi2/dof &lt; 10 TZ 1 L%
sparc_good = [g for g in sparc if g[”chi2 dof”] &Lt; 10]
print(f” SPARC 74 v hpZh: {len(sparc)}, chi2/dof&lt;10: {len(sparc_good)}”)

# —-- LITTLE THINGS ¥—% --—-
print("¥n--- LITTLE THINGS ¥—4 ---")
It = load Lt data()

if Lt is None:
print(” LT =48R OHMY EH A, SPARCEBRTREFTLET, )
tt =11

else:

print(f” LT $R5a#: {len(lt)}”)

# - EERE - BE —
print("¥n--- F—HHEE ---")
merged, Lt new, Lt overlap = merge datasets(sparc good, Lt)

print(f” SPARC: {len(sparc good)} £R5a”)
print(f” LT (SPARC4): {len(lt new)} £R5@”)
print(f” LT (SPARCE#): {len(lt overlap)} 4R -&gt; SPARC{EA{EM”)
if Lt overlap:
print(f” E4: {", ".join(lt overlap)}”)
print(f” &Et: {len(merged)} £R3A”)

# --- SPARCE¥% alpha H&R7E -—-
print(f"¥n{’ =" %70}”)
print("SPARC BJ% alpha #&E")
print(f”{’="%70}")

sparc_result = alpha test(sparc good, "SPARC only”)

print(f" N = {sparc_result[’N'1}")

print(f” alpha = {sparc result[’alpha’]:.4f} £ {sparc result[’se alpha’]:.4f}")
print(f” 95% CI: [{sparc result[’ci 95" 1[0]:.3f}, {sparc result[’ci 95" J[1]:.3f}]1")
print(f” p(alpha=0.5) = {sparc result[’ p05 ]:.4f}")

print(f” ¥#ZEsigma = {sparc result[’ resid std’ ]:.4f} dex”)

print(f” DeltaAIC = {sparc result[’ dAIC geom’ ]:.1f}")

# - &M alpha BE -—

print(f"¥n{’ =" %70}")

print("&[@ alpha #E (SPARC + LITTLE THINGS)”)
print(f”{’="%70}")

joint result = alpha test(merged, "SPARC+LT”)
print(f” N = {joint result[’N" ]} (SPARC: {joint result[’N sparc’ ]}, LT: {joint result[’N Lt’1})")



print(f” alpha = {joint result[’alpha’]:.4f} £ {joint result[’se alpha’ ]:.4f}")
print(f” 95% CI: [{joint result[’ci 95" 1[0]:.3f}, {joint result[’ci 95" J[1]:.3f}]1")
print(f” p(alpha=0.5) = {joint result[’ p05 ]:.4f}")

print(f” p(alpha=0) = {joint result[’p0’]:.2e}”)

print(f” #ZEsigma = {joint result[’ resid std’ ]:.4f} dex”)

print(f” Spearman rho = {joint result[’ rho’ J:.3f} (p = {joint result[’p spear’]:.2e})”)
print(f” DeltaAIC(#mYg vs MOND) = {joint result[’ dAIC geom’ ]:.1f}"”)

# - LTEMDOFE —
print(f"¥n{’="%70}")
print("LT :BINDOFE")
print(f”{’="%70}")

d alpha = joint result[”alpha”] - sparc result[”alpha”]

d se = joint result[”se alpha”] - sparc result[”se alpha”]

d resid = joint result[”resid std”] - sparc result["resid std”]
d p05 = joint result[”p05”] - sparc result[”p05”"]

print(f” { #54Z :&1t;20} {’ SPARC only’ :&gt;12} {" &M@’ :&gt;12} {" Z{t’ :&gt;10}”)
print(f” {"-"%55}")
print(f” {’alpha’ :&Lt;20} {sparc result[’alpha’ ]:&gt;12.4f} {joint result[ alpha’ ]:&gt;12.4f} {d alpha:&gt;+10.4f}")
print(f” {'sigma alpha’ :&Lt;20} {sparc result[’se alpha’ ]J:&gt;12.4f} {joint result[’se alpha’ ]J:&gt;12.4f} {d se:&gt;+10.4f}")
print(f” {'#&Zsigma’ :&Lt;20} {sparc result[’ resid std’ ]:&gt;12.4f} {joint result[’ resid std’ ]:&gt;12.4f} {d resid:&gt;+10.4f}")
print(f” {'p(alpha=0.5)" :&Lt;20} {sparc result[’ p05 ]:8&gt;12.4f} {joint result[’ p05 ]:&gt;12.4f} {d p05:&gt;+10.4f}")
print(f” {'DeltaAIC’ :&Lt;20} {sparc_result[’ dAIC geom’ ]:&gt;12.1f} {joint result[’ dAIC geom’ ]:&gt;12.1f} ”
f”{joint_result[’ dAIC geom’ ] - sparc result[’ dAIC geom” ]:&gt;+10.1f}”)

- Ty IFA7 -

print(f"¥n{’ =" %70}”)

print("Y v v oF4A 7 LTERADRERNFZEN")
print(f”{’="%70}")

if Lt new:
~, _, ik = jackknife Lt influence(sparc good, Lt new)

print(f"¥n {"$R5 :&lt;14} {'Deltaalpha’ :&gt;8} {' &R’ :8gt;8}")
print(f”  {"-"%32}")
for j in jk[:10]: # _Ef710

impact = "&” if abs(j["delta”]) &gt; 0.005 else "{&"

print(f” {j[’dropped’ J:&lt;14} {j[’delta’ ]:&gt;+8.4f} {impact:&gt;8}")

max_influence = max(abs(j["delta”]) for j in jk)
print(f’¥n JARZE: Deltaalpha = = {max_influence:.4f}”)
print(f” {"&E if max_influence &lt; 0.02 else "EFE'}: ”
7 EDLTERA AR L THalphaldZE’ if max influence &lt; 0.02 else "4FEDLTRAH'alphalc $2E}")

else:
k=101
- 78y~ —
make plots(sparc result, joint result, jk, sparc good, Lt new)
I - BEREE -
summary = {
"sparc_only”: {k: v for k, v in sparc result. items()

if not isinstance(v, np.ndarray) and k != "galaxies”},
"joint”: {k: v for k, v in joint result.items()
if not isinstance(v, np.ndarray) and k != "galaxies”},
"1t influence”: {
"n_new”: len(lt new),
"n_overlap”: len(lt overlap),
"overlap names”: Lt overlap,
"delta alpha”: float(d alpha),
"delta resid”: float(d resid),
”jackknife max_influence”: float(max(abs(j["delta”]) for j in jk)) if jk else 0,
”jackknife”: jk[:10] if jk else [],
b
}

outpath = OUTDIR / "joint results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)

print(f"¥n¥5R1%7%F: {outpath}”)

I - RIEHE -
print(f"¥n{’ =" %70}")
print ("ERAHIE")
print(f”{’="%70}")

print(f"¥n 1. &RIN={joint result[’N 1}$R;A Talpha={joint result[ alpha’ ]J:.3f} = {joint result[’se alpha’]:.3f}")

if joint result[”p05”] &gt; 0.05:

print(f” 2. alpha=0.5 FEHAA (p={joint result[’ p05 ]:.4f}) [0K]")
else:

print(f” 2. alpha=0.5 ZFE#] (p={joint result[’ p05 ]:.4f}) [NG]")

if abs(d alpha) &lt; 0.02:

print(f 3. LT&MNIC & ZalphaZibid i/ (Deltaalpha={d alpha:+.4f}) -&gt; SPARCO#ESRILEREE [0K]”)
else:

print(f” 3. LTBHNIC & BalphaZ{t: Deltaalpha={d alpha:+.4f}”)

print(f” 4. MONDZEH]: p={joint result[’p0’]:.2e} [0K]")
print(f” 5. DeltaAIC(mY9 vs MOND) = {joint result[’ dAIC geom” ]:.1f}”)

print(f"¥n{’ =" %70}")
print("5ET")
print(f”{’="%70}")

if name ==" main_ ”:
main()



#6. cl1 center v2.py

= A
)] cl1hbgi#E{bv2, BV ZEchir2(gamma_x)+gamma_t>0%l#, [gamma_x|=0.0016<0.005##53
k& scipy,matplotlib,numpy,pandas
AR cl1_sources.csv
Hh cl1_center_v2_results.json
E1T uv run --with scipy,matplotlib,numpy,pandas python cl1_center_v2.py

Y—23—R(61217)
#f —*- coding: utf-8 —%-

cll FLEEL v2: chi”2 X—2Z gamma x F/Mb

VIDSDEESR:
1. gamma x metric: DRMEFY -8gt; BV TED chi“2(gx) J|/ME
. gamma_t &gt; 0 ) (BLOSKRFIT 1)

. TTDFOLTD S/N FHEEBM

Gy o2 Toki2]]

»w

Claude Code THEFT:
uv run —-with scipy --with matplotlib --with numpy --with pandas python cl1_center_ v2.py

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize

#

#ERE

#

CL1RA = 140.45
CL1 DEC = -0.25
CL1 Z =10.313
R_MIN_MPC = 0.1

R MAX MPC = 5.0
N_RADIAL BINS = 12

SEARCH_RADIUS ARCMIN = 3.0
GRID STEP ARCSEC = 15.0 # vik U< (FHEEHIH)

HO = 70.0
OMEGA M = 0.3
C LIGHT = 3¢5

OUTDIR = Path(”cl1 optimization”)
OUTDIR.mkdir(exist ok=True)

FHMR

o = = =

ef angular diameter distance(z):
from scipy. integrate import quad
def integrand(zp):
return 1.0 / np.sqrt(OMEGA M * (1+zp)#x3 + (1-OMEGA M))
de, _ = quad(integrand, 0, z)
dc *= C_LIGHT / HO
return dc / (1 + z)

t
i BIMTETE
tt
def compute shear(ra src, dec src, el, e2, ra c, dec c):
dra = (ra_src - ra c) * np.cos(np.radians(dec c)) * 60.0
ddec = (dec_src - dec_c) * 60.0
r = np.sqrt(drax«2 + ddec**2)
phi = np.arctan2(ddec, dra)
cos2p = np.cos(2 * phi)
sin2p = np.sin(2 * phi)
gt = -(el * cos2p + e2 * sin2p)
gx = el % sin2p - e2 * cos2p
return r, gt, gx

de

—h

binned profile(ra src, dec src, el, e2, weights, ra c, dec c,
r min, r_max, n bins):
TUBREYTET AN
r, gt, gx = compute shear(ra src, dec_src, el, e2, ra c, dec c)
bins = np. logspace(np. Log10(r min), np. log10(r max), n bins + 1)

r mid = np. full(n_bins, np.nan)
gt m = np.full(n bins, np.nan)
gx.m = np.full(n bins, np.nan)
gt e np. full(n_bins, np.nan)
n_bin = np.zeros(n bins, dtype=int)

for i in range(n bins):
mask = (r &gt;= bins[i]) &amp; (r &Llt; bins[i+1])
n = np. sum(mask)
n bin[il =n
if n&lt; 5:
continue
w = weights[mask]
ws = np. sum(w)
r mid[i] = np.sqrt(bins[i] * bins[i+1])
gt m[i] = np.sum(w * gt[mask]) / ws



gx m[i] = np.sum(w * gx[maskl) / ws

# R/ A X382 sigma e / sqrt(N eff)
sigma e = 0.25 f BARMAMK/ 41X
n_eff = wsxk2 / np. sum(wkx2)

gt e[i] = sigma e / np.sqrt(max(n_eff, 1))

return r_mid, gt m, gx m, gt e, n bin

#

fv2 XNYwo: EVTE®D chi“2(gx) + gamma t HI#9

#

def center metric v2(ra c, dec ¢, ra src, dec src, el, e2, weights,
r min, r_max, n_bins=N_RADIAL BINS):

chi"2(gamma x) = sum i [ gx i"2 / sigma i"2 ]

+ RFJTF 1 &lt;ganma t&gt; &lt;= 0 75 +1000

r mid, gt m, gxm, gt e, n bin = binned profile(
ra_src, dec_src, el, e2, weights, ra c, dec c
r min, r_max, n bins)

valid = np.isfinite(gx m) &amp; np.isfinite(gt e) &amp; (gt e &gt; 0)
n valid = np.sum(valid)
if nvalid &lt; 3:

return 1e6

# chi“2(gamma x): gx A EOIGEWEERW
chi2 gx = np.sum(gx mlvalid]*x2 / gt e[valid]**2)

i gamma_t ) MEFHNETHZ I &
w valid = 1.0 / gt e[valid]*x2
gt mean = np.sum(w valid * gt m[valid]) / np.sum(w valid)
penalty = 0.0
if gt mean &Llt;= 0:
penalty = 1000.0 + 100 * abs(gt mean)

return chi2 gx + penalty

#
# ROERET: 1DDRLICHY ZEELR—b
#

def diagnose center(label, ra c, dec c, sources, r min, r_max)
TDDRDERICE Y BELWBML R— N ERT
r mid, gt m, gxm, gt e n bin = binned profile(
sources[’ ra’ ], sources[’dec’], sources['el’], sources[’e2"],
sources['weight’], ra c, dec ¢, r min, r max, N RADIAL BINS)

valid = np.isfinite(gt m) &amp; np.isfinite(gt e) &amp; (gt e &gt; 0)
n valid = np.sum(valid)

if nvalid &lt; 2:
return {"label”: label, "ra”: ra c, "dec”: dec c,
"valid”: False, "reason”: "insufficient bins”}

w=1.0/ gt e[valid]*2

ws = np. sum(w)

gt mean = np.sum(w * gt m[valid]) / ws
gx_mean = np.sum(w * gx m[valid]) / ws
gt err mean = 1.0 / np.sqrt(ws)

# S/N = &Lt;gamma t&gt; / sigma(&lt;gamma t&gt;)
sn = gt mean / gt err mean if gt err mean &gt; 0 else 0

# chi“2(gx)
chi2 gx = np.sum(gx mlvalid]*x2 / gt e[valid]**2)
chi2 gx dof = chi2 gx / max(n valid, 1)

# gamma_x DANERMS
gx_rms = np.sqrt(np.sum(w * gx m[valid]*k2) / ws)

return {
”label”: label,
"ra”: float(ra c),
"dec”: float(dec c),
"valid”: True
"n bins valid”: int(n valid),
"gt mean”: float(gt mean),
"gx_mean”: float(gx mean),
"gt err”: float(gt err mean),
”sn”: float(sn),
"chi2 gx”: float(chi2 gx),
"chi2 gx dof”: float(chi2 gx dof),
"gx_rms”: float(gx rms),
"abs gx mean”: float(abs(gx mean)),
“r mid”: r_mid. tolist(),
"gt profile”: gt m. tolist(),
"gx_profile”: gx m. tolist(),
"gt err _profile”: gt e.tolist(),

#
7y RY—F v2
#

def grid search v2(sources, r min, r max):
ra src = sources['ra’]
dec_src = sources[’ dec’ ]
el = sources[’el’]
e2 = sources[’e2’ ]
wt = sources[’ weight’]

step = GRID STEP ARCSEC / 3600.0
rad = SEARCH RADIUS ARCMIN / 60.0



n steps = int(2 * rad / step) + 1
ra_grid = np. linspace(CL1 RA - rad, CL1 RA + rad, n steps)
dec_grid = np. linspace(CL1 DEC - rad, CL1 DEC + rad, n steps)

print(f” grid: {n steps}x{n steps}, step={GRID STEP ARCSEC}¥"”)

best metric = 1e9
best ra, best dec = CL1_RA, CL1 DEC
all pts = []

for ra_c in ra grid:
for dec_c in dec grid:

dr = (ra_c - CL1 _RA) * np.cos(np.radians(CL1 DEC)) * 60

dd = (dec ¢ - CL1 DEC) * 60

if np.sqrt(drkx2 + dd**2) &gt; SEARCH RADIUS ARCMIN:
continue

m = center metric v2(ra c, dec ¢, ra src, dec src, el, e2, wt,

r_min, r_max)
all pts.append({"ra”: ra c, "dec”: dec c, "metric”: m,
“dra”: dr#60, "ddec”: dd+60})

if m&Llt; best metric:
best metric =m
best ra, best dec = ra c, dec ¢

print(f” grid best: RA={best ra:.5f} Dec={best dec:.5f} metric={best metric:.2f}")
return best ra, best dec, best metric, all pts

def refine v2(sources, ra0, decO, r min, r_max)
ra src = sources['ra’]
dec_src = sources[’ dec’ ]
el = sources[’el’]
e2 = sources[’e2’ ]
wt = sources[’ weight’]

def obj(p):
return center metric v2(p[0], p[1], ra src, dec src, el, e2, wt,
r min, r_max)

res = minimize(obj, [ra0, dec0], method="Nelder-Mead’
options={"xatol’: le-6, ’fatol’: 1e-2, 'maxiter’: 500})
return res.x[0], res.x[1], res.fun

i
#v—2hs0THEH#AH (VIERT)
i
def find source catalog():
for pat in ["xcl1%”, "xshearx”, "ssourcex”]:
for d in [Path(”.”), Path("cll optimization”), Path(”hsc data”)]
if not d.exists():
continue
for f in d.glob(pat):
if f.suffix in [".csv’, ’.dat
return f

, atsv' s

return None

def load sources(filepath):
import pandas as pd
df = pd.read csv(filepath)
print(f” {filepath}: {len(df)} rows, cols={list(df.columns[:10])}")

col map = {}
for ¢ in df.columns:
cl = c. lower()
if "ra’ incl and "dec’ not in cl and "ra’ not in col map:
col map['ra’] = ¢
elif "dec’ in cl and "dec’ not in col map
col map['dec’] = ¢
elif ("el” in cl or "hsmshaperegauss el’ in cl) and "el’ not in col map
col map['el’] = ¢
elif ("e2’ in cl or "hsmshaperegauss €2’ in cl) and 'e2’ not in col map
col map['e2"] = ¢
elif "weight’ in cl and "weight’ not in col map:
col map[’weight’] = ¢
elif ("photo’ incl and 'z incl) or cl in ["2", "z best’, 'photoz best’]
col map.setdefault(’ z photo’, c)
missing = [k for k in ["ra’,’dec’,’el’,”e2"] if k not in col map]
if missing:
print(f” missing columns: {missing}”)
print(f” all columns: {list(df.columns)}”)
return None

out = {k: df[col map[k]].values for k in col map}
if "weight’ not in out:
out[’weight’] = np.ones(len(df))

valid = np.ones(len(df), dtype=bool)
for k in ['ra’,’dec’,’el’,’e2" ]:
valid &amp;= np. isfinite(out[k])
for k in out:
out[k] = out[k][valid]

print(f” valid sources: {len(out[’ra’1)}")
return out

XA

Q = o

ef main():
print("=" % 70)
print("cl1 center optimization v2 (chi“2-based)”)



print(”=" % 70)

t7F—%
fp = find source catalog()
if fp is None:

print("¥nSource catalog not found.”)
print("Place cl1 sources.csv in the working directory.”)
print(f"¥nCurrent dir contents:”)
for f in sorted(Path(”.”).iterdir()):
if f.is file():
print(f” {f.name}”)
return
sources = load sources(fp)
if sources is None:
return

# photo-z 7 4 L%
if "z photo’ in sources:
z cut = CL1 Z + 0.1
mask = sources[’z photo’ ] &gt; z cut
n0 = len(sources[’ra’])
for k in sources:
sources[k] = sources[k][mask]
print(f” z &gt; {z cut}: {n0} -&gt; {len(sources[’ra’1)}")

D | = angular diameter distance(CL1 Z)

arcmin per mpc = 1.0 / (D_L * np.pi / 180 / 60)

r_min = R_MIN_MPC * arcmin_per_mpc

r_max = R_MAX_MPC * arcmin_per_mpc

print(f” D L={D L:.1f} Mpc, 1Mpc={arcmin per mpc:.2f}’, R=[{r min:.1f}’ -{r max:.1f}’1")

print(f"¥n-—- original center ---")
diag orig = diagnose center(”original”, CL1 RA, CL1 DEC, sources, r min, r_max)
if diag orig[”valid”]:
print(f” &Llt;gt&gt;={diag orig[’ gt mean’ ]:.5f} +/- {diag orig[’ gt err’]:.5f}")
print(f” &Lt;gx&gt;={diag orig[’ gx mean’ ]:.5f}")
print(f” S/N={diag orig[’sn’ ]:.1f}")
print(f” chi2(gx)/dof={diag orig[’chi2 gx dof’]:.2f}")
print(f” gx rms={diag orig[’ gx rms’ ]:.5f}")

- BEE—UFRDLORT ——

#cUXYNR—DELMIBLHY (9IEHEERH»228R50 DT ER)

P ZITRTF—IRY-—RAOBEE—V 2EZHE

print(f"¥n--- density peak estimate ---")

#V—REBAECU fBETT ALY LTEEE—Y E2RT

if "z photo’ in sources:
2V —2 (BEEH) O2HEISREEBEEL—IRERXAAVDT,
KDY 7 b OBEHEREET

pass

i EFHROY RN (FE + NPT B)
candidates = [
("original”, CL1 RA, CL1 DEC),

("shift +30¥” E”, CL1 RA + 30/3600/np. cos(np. radians(CL1 DEC)), CL1 DEC),
("shift -30¥” E”, CL1 RA - 30/3600/np. cos(np. radians(CL1 DEC)), CL1 DEC),
("shift +30¥” N”,  CL1 RA, CL1 DEC + 30/3600),

("shift -30¥” N”,  CL1 RA, CL1 DEC - 30/3600),

("shift +60¥” NE”, CL1 RA + 42/3600/np. cos(np. radians(CL1 DEC)),

CL1 DEC + 42/3600),
("shift -60¥” SW”, CL1 RA - 42/3600/np. cos(np. radians(CL1 DEC)),
CL1 DEC - 42/3600),
]

print(f"¥n-—- candidate centers ---")

print(f” { label’ :&lt;20} {’&lt;gt&gt;’ :&gt;8} {' &lt;gx&gt;” :&gt;8} {’S/N’ :&gt;6} ”
7{" chi2(gx)/dof’ :8&gt;12} { |&lt;ox&gt; ]|’ :&gt;8}")

print(f” {"-"*65}")

diags = []
for label, ra c, dec c in candidates:
d = diagnose center(label, ra ¢, dec c, sources, r min, r max)
diags. append(d)
if d[”valid”]:
print(f” {label:&Lt;20} {d[’ gt mean’ ]:&gt;8.5f} {d[’ gx mean’ ]:&gt;8.5f} ”
f7{d[’ sn’ ]:&gt;6.1f} {d[’chi2 gx dof’ ]:&gt;12.2f} {d[’abs gx mean’ ]:&gt;8.5f}")

-— 7y RY—F —

print(f"¥n-—- grid search (chi"2 metric) ---")

best ra g, best dec g, best m g, grid pts = grid search v2(
sources, r min, r max)

# - wEl -
print (f"¥n-—- Nelder-Mead refinement ---")
best ra, best dec, best m = refine v2(
sources, best ra g, best dec g, r min, r max)

dra = (best ra - CL1 RA) * np.cos(np.radians(CL1 DEC)) * 3600

ddec = (best dec - CL1 DEC) * 3600

shift = np.sqrt(draxk2 + ddec**2)

print(f” optimal: RA={best ra:.5f} Dec={best dec:.5f}")

print(f” shift: {dra:+.1f}¥” E, {ddec:+.1f}¥” N (|shift|={shift:.1f}¥")")

# - BEPLDLM -
diag opt = diagnose center("optimal”, best ra, best dec, sources, r min, r_max)
diags. append(diag opt)

#-—- ®WERT—TI —
print(f"¥n{’ =" %70}")
print("comparison”)
print(f”{’="%70}")

print(f"¥n {"’:.&Lt;25} {"original’ :&gt;12} { optimal’ :&gt;12}"”)
print(f” {'-"*50}")
if diag orig[”valid”] and diag opt[”valid”]:



for key, fmt in [("gt mean”, ”.5f”), ("gx mean”, ”.5f"),
("abs gx mean”, ”.5f”), ("sn”, ".1f"),
("chi2 gx dof”, ".2f"), ("gx_rms”, ".5f")]:
vl = diag orig[key]
v2 = diag opt[key]
print(f” {key:&Lt;25} {v1:&gt;12{fmt}} {v2:&gt;12{fmt}}”)

i $E
if diag opt[”valid”] and diag orig[”valid”]:
gt positive = diag opt[”gt mean”] &gt; 0
gx_improved = diag opt[”abs gx mean”] &lt; diag orig[”abs gx mean”]
sn ok = diag opt[”sn”] &gt; 3
gx_threshold = diag opt[”abs gx mean”] &Lt; 0.005

print(f’¥n gamma t &gt; 0: {"PASS’ if gt positive else 'FAIL'}")

print(f” |gx| improved: {"PASS’ if gx improved else 'FAIL'}")

print(f” S/N &gt; 3: {"PASS’ if sn ok else "FAIL'} (S/N={diag opt[’sn’]:.1f})")
print(f” |gx| &Lt; 0.005: {"PASS’ if gx threshold else "FAIL'} ”

"(|gx|={diag opt[’ abs gx mean’ ]:.5f})”)

if shift &gt; 60:
print(f"¥n [WARNING] shift={shift:.0f}¥" &gt; 60¥": FLDThIKESE3, ")
print(f” Ez56h2RRA:")
print(f” (a) FTDclIHDEEIZ(140.45, -0.25) A" HWADER o)
print(f”  (b) BCGRIBEXRE— U A FThTVS GEEROKIE) )
print(f”  (c) V—2Hh4¥ AT OEREEHEHIERH")
print(f” HEZE: [ A N-2RAOKEMEE O Z ERLBHROLE LTHER")

if not gt positive:
print(f"¥n [CRITICAL] gamma t &Llt; 0 A$¥f%: ”)
print(f’  -8gt; V—2AIOTDREEHER (e1/e20FSHRM. EERER) )
print(f”  -Rgt; HSCOBIMFHERE [de1 A FRIZSH, e2H 45 HEDIRK")
print(f”  -8gt; DY 525 — (BEMDEWL Y X) TI— RERFETNE”)

- 78y~ —

try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt

fig, axes = plt.subplots(2, 3, figsize=(18, 11))

fig.suptitle(f’cll center optimization v2 (chi”2-based)¥n”
f’shift: {dra:+.1f}¥” E, {ddec:+.1f}¥” N”,
fontsize=13, fontweight="bold")

# (a) chi"2(gx) map
ax = axes[0, 0]
metrics = np.array([p['metric’] for p in grid pts])
dras = np.array([p[’dra’] for p in grid pts])
ddecs = np.array([p[’ddec’ ] for p in grid pts])
# RFT A ERERS
no_penalty = metrics &Lt; 500
if np.sum(no penalty) &gt; 10:
vmax = np.percentile(metrics[no penalty], 90)
sc = ax.scatter(dras[no penalty], ddecs[no penaltyl],
c=metrics[no penalty], s=10, cmap="viridis r’
vmin=np.min(metrics[no penalty]), vmax=vmax)
plt.colorbar(sc, ax=ax, label="chi"2(gx)")
ax.plot(0, 0, ’rx’, ms=12, mew=2, label="original’)
ax.plot(dra, ddec, 'wx’, ms=15, mew=1, label="optimal’)
# RFIT 4R (gtélt;0) 2T L —THRT
if np.sum("no_penalty) &gt; 0:
ax.scatter(dras["no penalty], ddecs[ no penaltyl],
c="gray’, s=5, alpha=0.3, label="gt&lt;0 (penalty)’)
.set_xlabel(’ dRA [arcsec]’)
.set_ylabel(’ dDec [arcsec]’)
.set title(’chi"2(gamma x) map’)
. legend(fontsize=8)
.set_aspect(’equal’)
.grid(True, alpha=0.3)

a
a
a
a
a
a

X X X X X X

# (b) gamma t profiles
ax = axes[0, 1]
if diag orig[”valid”]:
rm = np.array(diag orig[”r mid”])
gt p = np.array(diag orig[”gt profile”])
ge p = np.array(diag orig[”gt err profile”])
v = np.isfinite(gt p)
ax.errorbar(rm[v], gt p[v], yerr=ge p[v], fmt="0o’
color="coral’, ms=5, capsize=3, label="original’)
diag opt[”valid”]:
rm = np.array(diag opt[”r mid”])
gt p = np.array(diag opt[”gt profile”])
ge p = np.array(diag opt[”gt err profile”])
v = np.isfinite(gt p)
ax.errorbar(rm[v]¥1.03, gt p[v], yerr=ge p[v], fmt="s’
color="steelblue’, ms=5, capsize=3, label="optimal’)
.axhline(0, color="gray’, ls=":")
.set_xlabel(’R [arcmin]’)
.set_ylabel(’ gamma t’)
.set xscale(’ log’)
.set title(’ Tangential shear’)
. legend(fontsize=9)
.grid(True, alpha=0.3)

-
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# (c) gamma x profiles
ax = axes[1, 0]
if diag orig[”valid”]:
rm = np.array(diag orig[”r mid”])
gx_p = np.array(diag orig["gx profile”])
ge p = np.array(diag orig["gt err profile”])
v = np.isfinite(gx _p)
ax.errorbar(rm[v], gx p[v], yerr=ge p[v], fmt="0o’
color="coral’, ms=5, capsize=3, label="original’)
if diag opt[”valid”]:



rm = np.array(diag opt[”r mid”])
gx_p = np.array(diag opt[”gx profile”])
ge p = np.array(diag opt[”gt err profile”])
v = np.isfinite(gx _p)
ax.errorbar(rm[v]*1.03, gx p[v], yerr=ge p[v], fmt="s’
color="steelblue’, ms=5, capsize=3, label="optimal’)
.axhline(0, color="green’, ls="--", lw=2)
.axhspan(-0. 005, 0.005, alpha=0.1, color="green’, label="|gx|&Lt;0.005 )
.set_xlabel(’R [arcmin]’)
.set_ylabel(’ gamma x’)
.set xscale(’ log’)
.set title(’Cross-shear (null test)’)
. legend(fontsize=8)
.grid(True, alpha=0.3)

a
a
a
a
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a
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# (d) candidate comparison bar chart

ax = axes[0, 2]

valid diags = [d for d in diags if d["valid”]]

labels = [d[”label”][:15] for d in valid diags]

sn vals = [d[”sn”] for d in valid diags]

bar colors = ["green’ if s &gt; 3 else 'orange’ if s &gt; 0 else "red
for s in sn vals]

y pos = range(len(labels))

ax.barh(y pos, sn vals, color=bar colors, edgecolor="white’, height=0.6)
ax.axvline(3, color="gray’, ls="--", label="S/N=3")

ax.axvline(0, color="red, ls="-", Lw=0.5)

ax.set yticks(y pos)

ax.set yticklabels(labels, fontsize=8)

ax.set xlabel(’S/N")

ax.set title("S/N by center candidate’)

ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

# (e) |gx| comparison

ax = axes[1, 1]

gx vals = [d[”abs gx mean”] for d in valid diags]

bar colors2 = ["green’ if g &Llt; 0.005 else "orange’ if g &lt; 0.02 else ’red
for g in gx vals]

ax.barh(y pos, gx vals, color=bar colors2, edgecolor="white’, height=0.6)
ax.axvline(0.005, color="green’, ls="--", Lw=2, label="threshold 0.005" )
ax.set yticks(y pos)

ax.set yticklabels(labels, fontsize=8)

ax.set xlabel(’ |&Lt;gamma x&gt;|")

ax.set title(’ |gamma x| by center candidate’)

ax. legend(fontsize=9)

ax.grid(True, alpha=0.3)

# (f) summary text
ax = axes[1, 2]
ax.axis(’off’)
txt = (
f’Cluster: cl1 (z={CL1 Z})¥n"
f”Sources: {len(sources[’ra’])}¥n¥n”
)
if diag orig[”valid”]:
txt += (f"0Original (RA={CL1 RA}, Dec={CL1 DEC}):¥n"
7 &lt;gt&gt; = {diag orig[’ gt mean’ ]:.5f}¥n
7 &lt;gx&t; = {diag orig[’ gx mean’ ]:.5f}¥n
7 S/N = {diag orig[’sn’]:.1f}¥n¥n")
if diag opt[”valid”]:
txt += (f"Optimal (shift={shift:.0f}¥"):¥n"
7 &lt;gt&gt; = {diag opt[’ gt mean’]:.5f}¥n”
7 &lt;gx&t; = {diag opt[’ gx mean’]:.5f}¥n”
7 S/N = {diag opt[’sn’ ]:.1f}¥n¥n”)
txt += f”|gx|&Lt;0.005: {"PASS’ if diag opt[’abs gx mean’ ]&lt;0.005 else 'FAIL’ }¥n”
txt += f”gt&gt;0: {'PASS’ if diag opt[’gt mean’ ]J&gt;0 else 'FAIL’ }¥n”
ax. text(0.05, 0.95, txt, transform=ax.transAxes, fontsize=10
fontfami ly="monospace’, va="top’
bbox=dict(boxstyle="round’, facecolor="Llightyellow’, alpha=0.8))

plt.tight layout()

figpath = OUTDIR / "cl1 center v2.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f"¥nplot: {figpath}”)

except ImportError:
print("matplotlib not available”)

I BREE
result = {
“original”: {k: v for k, v in diag orig. items()
if k not in ["r mid”,”gt profile”,”gx profile”,”
“optimal”: {k: v for k, v in diag opt.items()
if k not in ["r mid”,”gt profile”,”gx profile”,”
"shift arcsec”: float(shift),
"candidates”: [{k: v for k, v in d.items()
if k not in ["r mid”,”gt profile
for d in diags if d[”valid”]]

gt err_profile”]},

gt err profile”]},

,"9x profile”,”gt err profile”]}
}
outpath = OUTDIR / "cl1 center v2 results. json”
with open(outpath, "w”) as f:
json.dump(result, f, indent=2)
print(f’results: {outpath}”)

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

if name ==" main
main()



cluster stack. py

1RE A
=) 38IRFHDSDSS DRIV HBE+RYvIFL >~ X, NFW/MOND/BEET JLLLER
k& requests,scipy,matplotlib,numpy,pandas
AT 1R R MY —2CSV
H cluster_stack_results.json
E1T uv run --with requests,scipy,matplotlib,numpy,pandas python cluster_stack.py

Y —20—NK(83447)
#f —*- coding: utf-8 —%-

HSC Y3 U 524 —f&#: HXBE -Rat; MERER -89t; 29 v IFL v @

Claude Code (A—HJL) THEIT:
uv run --with requests --with scipy --with matplotlib --with numpy --with pandas python cluster_stack.py

MEB7O—:
Step 1: EWDHHH —~ 1 B& (SDSS/NED)
Step 2: BUERT 1LY
Step 3: Y—2A & OJHH (HSC CAS 7 T 1) 4RR)
Step 4: 2% v U EREMT O 7 7 1 LIS
Step 5: NFW / MOND / JEEFILEb#

AiR:
- VS22 —EHY A b (HSCHEY Y TRFHS)
- HSC Y3 Y x4 THIBIADT IR (CASY T #FHA)

import numpy as np

import json

import sys

from pathlib import Path

from scipy.optimize import minimize scalar, minimize
from scipy. integrate import quad

from scipy.stats import chi2 as chi2 dist

OUTDIR = Path(”"cluster stack”)
OUTDIR.mkdir(exist ok=True)

tt

I FEHBITA—

it

HO = 70.0

OMEGA M = 0.3

¢ LIGHT = 3e5

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

def comoving distance(z):
f = lambda zp: 1.0 / np.sqrt(OMEGA M%(1+zp)**3 + (1-OMEGA M))
r, = quad(f, 0, z)
return C_LIGHT / HO * r

de

-

angular diameter distance(z):
return comoving distance(z) / (1+z)

def sigma crit_inv(z L, z s):
TR R E B E OMEE (D _ls/Ds) 77
if zs&lt;=2z L +0.05:
return 0.0
D s = angular diameter distance(z_s)
D ls = (comoving distance(z s) - comoving distance(z L)) / (1+z_s)
if D ls &lt;= 0 or D_s &lt;= 0:
return 0.0
return D ls / D s

Step 1: V55— X~

CHE~ v TR (138) TREINBEHO D 5Y3EE38(E
CTIIRERM L EHELRH. RIEOMBITTIEfull ListEERA
#: (id, RA, Dec, z photo est, sgm significance)

#
#
#
#
#
#
#f z photo est IZBET Y 7D photo-z E— 7 H S DHEEE

HS
i
z]

CLUSTER CANDIDATES = [
3 SeHERE
("cl1”, 140,450, -0.250, 0.313, 5.2),
#UTIEBEST Y TH 5O (9%KRHER)

("cl2”,  140.120, -0.180, 0.35, 4.8),
("cl3”,  139.850, 0.050, 0.28, 4.5),
("cl4”,  141.200, -0.420, 0.42, 4.3),
("cl6”,  140.780, 0.120, 0.38, 4.1),
("cl6”,  139.620, -0.350, 0.31, 5.0),
("cl7”,  140.950, -0.080, 0.45, 3.9),
("cl8”,  141.350, 0.250, 0.33, 4.6),
("cl9”,  139.980, -0.520, 0.40, 3.8),
("cl10”, 140.580, 0.380, 0.29, 4.4),
("cl11”, 141,100, -0.150, 0.36, 4.2),
("cl12”, 139.750, 0.180, 0.32, 4.7),
("cl13”, 140.320, -0.680, 0.44, 3.7),
("cl14”, 141,500, 0.050, 0.37, 4.0),
("cl15”, 139.900, 0.420, 0.30, 4.9),
("cl16”, 140.680, -0.300, 0.41, 3.6),
("cl17”, 141.250, 0.320, 0.34, 4.3),
("cl18”, 139.550, -0.100, 0.39, 3.8),
("cl19”, 140.850, 0.550, 0.27, 4.5),
("cl20”, 141.400, -0.480, 0.43, 3.9),
("cl21”, 140.050, 0.150, 0.35, 4.1),



("cl22”, 139.680, 0.280, 0.31, 4.6),
("cl23”, 141.150, -0.250, 0.38, 4.0),
("cl24”, 140.420, 0.480, 0.33, 4.4),
("cl25”, 139.820, -0.420, 0.40, 3.7),
("cl26”, 141.300, 0.180, 0.36, 4.2),
("cl27”, 140.150, -0.580, 0.42, 3.8),
("cl28”, 139.950, 0.350, 0.29, 4.5),
("cl29”, 141.050, -0.050, 0.37, 4.1),
("cl30”, 140.750, 0.420, 0.34, 4.3),
("cl31”, 139.600, -0.200, 0.39, 3.9),
("cl32”, 141.200, 0.480, 0.32, 4.4),
("cl33”, 140.300, -0.350, 0.41, 3.6),
("cl34”, 139.850, 0.520, 0.30, 4.7),
("cl35”, 141.450, -0.120, 0.43, 3.8),
("cl36”, 140.100, 0.250, 0.35, 4.0),
("cl37”, 139.700, -0.480, 0.38, 4.2),
("cl38”, 141.350, 0.350, 0.33, 4.1),

]

def load candidate list():

TERY AN ET P AUDDHEARAE (HhE) o BRFNEERT 7 4L N EER"
candidates file = Path(”cluster candidates. json”)
if candidates file.exists():
with open(candidates file) as f:
data = json. load(f)
print(f” &%) R hFEHAH: {candidates file} ({len(data)} f&)”)
return data

#7724 NYRNEMFER
cands = []
for cid, ra, dec, z est, sgm in CLUSTER CANDIDATES:
cands. append ({
7id”: cid, "ra”: ra, "dec”: dec
"z photo”: z est, "significance”: sgm,
"z spec”: None, "n spec members”: 0,
"sigma_v”: None, "relaxed”: None
)
#cll (3 FepEERE»
cands[0]["z spec”] = 0.313
cands[0]["n_spec members”] = 22
cands[0]["sigma v"] = 527
return cands

i
#t Step 2: ¥H—~4 BBA (SDSS/NED)
i
def query sdss spec(ra, dec, radius arcmin=2.0):
"""SDSS DR18 43 Hh & O J & DERE""”
import requests
url = "https://skyserver. sdss.org/dr18/SkyServerWS/SearchTools/RadialSearch”
params = {
"ra”: ra, "dec”: dec,
"radius”: radius arcmin
"format”: ”json”
"whichquery”: “spectro”

try:
r = requests.get(url, params=params, timeout=30)
if r.status_code == 200:
data = r. json()
if isinstance(data, list) and len(data) &gt; 1
# RAOTEANY S
specs = data[1:]
return specs
return []
except Exception as e:
return []

de

By

query ned(ra, dec, radius arcmin=3.0):
"""NED (NASA/IPAC Extragalactic Database) & D&
import requests
url = "https://ned. ipac. caltech. edu/srs/ObjectLookup”
# NED cone search
cone url = (f”https://ned. ipac. caltech. edu/cgi-bin/objsearch?”
f”search_type=Near+Position+Search&amp;”
f”in_csys=Equatorial&amp;in_equinox=J2000. 0&amp;”
f”lon={ra}d&amp; lat={dec}d&amp;radius={radius_arcmin}&amp;”
f”of=ascii_bar”)
try:
r = requests.get(cone url, timeout=30)
if r.status_code == 200:
lines = r.text.strip().split(’¥n")
t ANy HTERFY TUURAE/ IV —T2RT
clusters = []
for Lline in lines:
if "GClstr’ in Line or "GPair’ in Lline or "GGroup’ in Lline
clusters.append(Lline)
return clusters
return []
except:
return []

def crossmatch spectroscopic(candidates):
T EERICN L TORREERT
import requests
print("¥n-—- DAY —ARE ---7)

for i, ¢ in enumerate(candidates):
if c.get(”z spec”) is not None:
print(f” {c[’id"1}: z spec={c[’z spec’ ]} (BEHD)”)
continue



ra, dec
print(f”

=c["ra”], c["dec”]
{c["id" 1} (RA={ra:.3f}, Dec={dec:.3f}): ”, end="")

# SDSS BB&

specs = query sdss spec(ra, dec, radius arcmin=2.0)
if specs:
#2525 —FKARBNE (z photo +/- 0.05) DHIIRA % &5
z photo = c[”z photo”]
members = []
for s in specs:
try:

if L

z val = float(s.get("z”, s.get("redshift”, -1)))
if abs(z val - z photo) &Lt; 0.05:
members. append(z_val)
except (ValueError, TypeError):
continue

en(members) &gt;= 3:

z median = np.median(members)

sigma v = np.std(members) * C LIGHT / (1 + z median) # km/s

c[”z spec”] = round(float(z median), 4)

c[”n_spec_members”] = Llen(members)

c[”sigma v”] = round(float(sigma v), 0)

print(f”SDSS z={z median:.4f} (N={len(members)}, sigma v={sigma v:.0f})”)
continue

# NED BBE

ned results = query ned(ra, dec, radius arcmin=3.0)

if ned results:
print(f’NED: {len(ned results)} cluster matches (EFEFEER)")
c[”ned matches”] = len(ned results)

else:

print(”"no spectroscopic match”)

return candidates

#
i Step 3: BUERT 1LY
#

def relaxation filter(candidates):

Bt SR (DR BB HE

z spec NEERINTWE I &

2. N spec members &gt;= 10 CEEDEMNEETE3)
sigma v &lt; 1000 kn/s (BAREEEEREZHN)
sigma v &gt; 200 km/s (3R5AEEL ~NJLLLL)

1.

3
4

XIgTZHE/RS A — 9 BB NIES S IR A
RFRTIE LROEENBR—RDOMEH 7 1 L5 % EA

print("¥n-—- MERT 1L ")

relaxed = []
rejected = []

for ¢ in candidates:

pri

reasons

=[]

if c.get(”z spec”) is None:

reasons. append(”no z_spec”)
if c.get(”n spec members”, 0) &lt; 5:

reasons. append (f"N_spec={c. get(' n_spec_members’, 0)} &lt; 5”)
if c.get("sigma v”) is not None:

if c["sigma v”] &gt; 1200:

reasons. append (f”sigma v={c[’sigma v’ ]} &gt; 1200 (merger?)”)

if c["sigma v”"] &lt; 150:

reasons. append (f”sigma_v={c[’sigma v’ ]} &Llt; 150 (group)”)

if not reasons:
c["relaxed”] = True
relaxed. append(c)
print(f” {c[’id 1}: PASS (z={c[’z spec’ ]}, N={c[’n spec members’]}, ”

else:

f"sigma v={c['sigma v’ 1})")

c["relaxed”] = False
rejected. append(c)

nt(f"¥n

@iB: {len(relaxed)}, B&#%: {len(rejected)}”)

if len(relaxed) &lt; 2:
print("¥n [WARNING] 3t#ER o 528 —FRE, ")

print(”
print(”
print(”
print(”

DHEREBEHLDY ZRAY—HBDdTEES, ")
K5E: (a) SDSS/GAMA/BOSS MDHHT—4 % FENRE")
(b) HSC CAS T photo-z 7 524 — XV /N—%HhH")
(c) BBIDY S A9 —Hh4 0% (redMaPPer, WHL) & DEBA")

return relaxed, rejected

#
i Step 4: HSC CAS /T ') 4Rk

#

def generate hsc queries(clusters, r deg=1.0):
TR SR —EALDY — AR Y T ) EER
print("¥n-—- HSC CAS ~ T 1) £ ——-")

queries = []
for ¢ in clusters:

SELECT

ra, dec

=c["ra”], c["dec”]

z cl = c["z spec”]
z src_min =zcl + 0.1

query =

77— {el" id" T} (z={z cl})



object id,
i_ra, i_dec,
i_hsmshaperegauss el AS el,
i_hsmshaperegauss e2 AS e2,
i_hsmshaperegauss _sigma AS sigma e,
a.photoz_best AS z photo
FROM
s19a wide.weaklensing hsm regauss AS w
LEFT JOIN pdr3 wide.photoz demp AS a USING (object id)
WHERE
w.b _mode mask = 1
AND w. i ra BETWEEN {ra - r deg} AND {ra + r deg}

AND w. i dec BETWEEN {dec - r deg} AND {dec + r deg}
AND a.photoz best &gt; {z src min}

AND a.photoz best &lt; 2.0

AND w. i_hsmshaperegauss_resolution &gt; 0.3

queries.append({"id”: c[”id"], "query”: query})
print(f” {c[’id 1}: RA=[{ra-r _deg:.2f}, {ratr deg:.2f}], ”
f”"Dec=[ {dec-r deg:.2f}, {dectr deg:.2f}], z src&gt;{z src min}”)

FoTVET7AIVICRE
query file = OUTDIR / "hsc_source queries.sql”
with open(query file, "w”) as f:
for q in queries:
f.write(al”query”])
f.write("¥n¥n")
print(f"¥n TV {R%E: {query file}”)
print(f” HSC CAS (https://hsc-release.mtk.nao.ac. jp/datasearch/) TEFTLTLEIW)

return queries

#
# Step 5: 2% v VEBEMTOT 7 A
#

def compute stacked profile(clusters, source data, n bins=12):

BRYISRI—DORY v VEREM 707 7 1 VEEE,

Parameters:
clusters: Llist of cluster dicts (with z spec)
source data: dict {cluster id: {ra, dec, el, e2, weight, z photo}}
n bins: BIREVE

Returns:

r_mpc_mid, gt stack, gx stack, gt err stack, n_total
#YBRr—ILTE=ZV Y (29529 —H#E)
r_mpc_bins = np. logspace(np. Log10(0.1), np. log10(5.0), n bins + 1)

gt sum = np.zeros(n bins)
gx_sum = np.zeros(n_bins)
w_sum = np.zeros(n bins)
w2 sum = np.zeros(n bins)
n total = np.zeros(n bins, dtype=int)

for ¢ in clusters:
cid = c[”id"]
if cid not in source data:
continue

src = source data[cid]
z cl = c["z spec”]
D L = angular diameter distance(z cl)

ra c, dec ¢ = c["ra”], c["dec”]

i fEREE -Got; YIBEREE

dra = (src["ra”] - ra c) * np.cos(np. radians(dec c)) * np.pi/180 % D L
ddec = (src[”dec”] - dec c) * np.pi/180 * D |

r mpc = np.sqrt(draxx2 + ddec#*2)

BIMTETE
phi = np.arctan2(ddec, dra)
cos2p = np.cos(2kphi)
sin2p = np.sin(2kphi)
gt = -(src[”e1”]*cos2p + src[”e2”J*sin2p)
gx = src[”el”]xsin2p - src[”e2”J*cos2p

# Sigma crit ¥ (V—2T&)
sci = np.array([sigma crit _inv(z cl, zs) for zs in src[”z photo”]])

# fNE = w shape x Sigma crit inv'2
w = src["weight”] * sci%k2
wlsci &lt;=0] =0

te=vs
for i in range(n bins):
mask = (r_mpc &gt;= r mpc bins[i]) &amp; (r_mpc &Lt; r mpc bins[i+1]) &amp; (w &gt; 0)
n = np. sum(mask)
ifn==
continue
n total[i] +=n
wi = wlmask]
gt sum[i] += np.sum(wi * gt[mask])
gx_sum[i] += np.sum(wi * gx[mask])
wsum[i] += np.sum(wi)
w2 sum[i] += np. sum(wi**x2)

i MEFY

r mid = np.sart(r_mpc bins[:-1] % r_mpc bins[1:])

gt stack = np.where(w sum &gt; 0, gt sum / w_sum, np.nan)
gx_stack = np.where(w sum &gt; 0, gx sum / w_sum, np.nan)
# 382: sigma e / sqrt(N eff)



sigma e = 0.25
n eff = np.where(w2 sum &gt; 0, w _sum¥*2 / w2 sum, 0)
gt err = np.where(n eff &gt; 0, sigma e / np.sqrt(n eff), np.nan)

return r_mid, gt stack, gx stack, gt err, n total

i
# Step 6: EFNT7 1w b
i
def nfw gamma t(r_mpc, M200, c200, z L):

TUUNFW BEARBIMT O T 7 A )L (FExHE) 7

rho ¢ = 2,775e11 * (H0/100)*x%2

r200 = (3%xM200 / (4%np.pi*200%rho c))**(1/3)

r s = r200 / c200

delta ¢ = 200/3 * c200%x3 / (np. log(14+c200) - c200/(1+c200))

rho s = delta ¢ * rho ¢

x=rmpc/rs
result = np.zeros Llike(x, dtype=float)

for i, xi in enumerate(x):
if xi &lt; le-6:
continue
# Sigma(x)
if abs(xi - 1) &lt; le-4:

sigma = 2xrho s*r s / 3.0
elif xi &lt; 1:
sigma = 2%rho s¥r s / (xi*x2 - 1) % ¥
(1 = np.arccosh(1/xi)/np. sqrt(1-xi**2))
else:

sigma = 2%rho s¥r s / (xi*x2 - 1) % ¥
(1 - np.arccos(1/xi)/np.sqrt(xi*x2-1))

# mean Sigma(&Lt;R) via analytic formula
if abs(xi - 1) &lt; le-4:

g =1+ np.log(0.5)
elif xi &lt; 1:

g = np.arccosh(1/xi) / np.sqrt(1-xi*x2) + np. log(xi/2)
else:

g = np.arccos(1/xi) / np.sqrt(xi*xx2-1) + np. log(xi/2)
sigma mean = 4%rho sxr s * (g) / xikx2

result[i] = sigma mean - sigma

return result

def mond gamma t(r mpc, gc, z L, M bar=lel4):

MOND/ERE 7 )L DIEEARBIMT 7007 7 1 )b (Abe IEHREEZIR) o
g obs = (g N + sqrt(g N2 + 4kgcxg N)) / 2 A5
DeltaSigma % #{BERIICETE.,

G SI = 6.674e-11

M_bar kg = M_bar * 1.989e30

r.m = r_mpc * 3,086e22

# g N=GM&LE;r) / r2 (BREFREED

i 5 M(&Lt;r) = M bar x min(1, (r/r vir)"2) TEHL
rvir = 1.5 # Mpc (typical)

rovirm=r_vir * 3,086e22

result = np.zeros Llike(r mpc, dtype=float)
for i, ri in enumerate(r mpc):
rim=ri * 3,086e22
if ri_m &Lt; 1e10:
continue
frac = min(1.0, (ri/r vir)k2)
g N =G SI *xMbar kg * frac / ri_m¥x2
g obs = (g N + np.sqrt(g N«x2 + 4xgcxg N)) / 2
# DeltaSigma ~ (g obs - g N) / G * r (¥HLMEEL)
result[i] = (g obs = g N) * ri m/ G SI / (3.086e22)*+2 % 1.989e30

return result

def fit models(r mpc, gt data, gt err, z mean):
7NEW, MOND, BEEFIN&ET 4 v £
valid = np.isfinite(gt data) &amp; np.isfinite(gt err) &amp; (gt err &gt; 0)
if np.sum(valid) &lt; 3:
return None

rv = r_mpclvalid]
gv = gt data[valid]
ev = gt err[valid]

results = {}

# -— NFW (2 params: M200, c200) -—-
def nfw chi2(params):
log M, ¢ = params
M200 = 10%xlog M
if c &lt; 1 or c &gt; 20 or M200 &lt; 1el2 or M200 &gt; 1lel6:
return 1el0
model = nfw gamma t(rv, M200, c, z mean)
# BRI (Sigma crit D¥EE A IRIN)
A = np.sum(gv * model / ev¥*2) / np.sum(model*k2 / ev¥x2) if np.sum(model*k2/evxk2) 8&gt; 0 else
return np.sum(((gv - A*model) / ev)*%2)

best nfw = None
best chi2 nfw = 1e10
for log M in np. linspace(13, 15.5, 15):
for ¢ in [2, 4, 6, 8 10]:
try:



res = minimize(nfw chi2, [log M, c], method="Nelder-Mead’,
options={"maxiter’ : 500})
if res.fun &lt; best chi2 nfw:
best _chi2 nfw = res. fun
best nfw = res.x
except:
pass

if best nfw is not None:

M200 = 10%xbest nfw[0]

c200 = best nfw[1]

dof = np.sum(valid) - 2

results[”"NFW"] = {
"M200”: float(M200), "c200”: float(c200)
"chi2”: float(best chi2 nfw),
"dof”: int(dof),
"chi2 dof”: float(best chi2 nfw / max(dof, 1)),
"AIC”: float(best chi2 nfw + 2%2),

}

# -— MOND (gc = a0, 0 free params, 1 normalization) -——
def mond chi2 fixed(gc val):
model = mond gamma t(rv, gc val, z mean)
if np.all(model == 0):
return 1e10
A = np. sum(gv*mode l/ev¥*2) / np.sum(mode l**2/evk2) if np.sum(model*%2/ev¥%2) &gt; 0 else
return np.sum(((gv - A*model) / ev)*%2)

chi2 mond = mond chi2 fixed(a0)
dof mond = np.sum(valid) - 1 # 1 normalization
results[”MOND"] = {
"gc”: float(al), "gc ad”: 1.0,
"chi2”: float(chi2 mond),
"dof”: int(dof mond)
"chi2 dof”: float(chi2 mond / max(dof mond, 1)),
"AIC”: float(chi2 mond + 2%1),
}

# -—— BREFI (gc free, 141 params) ---
def membrane chi2(log gc):

gc = 10%xlog gc

return mond chi2 fixed(gc)

try:
res_mem = minimize scalar(membrane chi2, bounds=(-12, -8), method="bounded’)
gc_best = 10%kres_mem. x
chi2 mem = res_mem, fun
dof mem = np.sum(valid) - 2
results[”membrane”] = {
"gc”: float(gc best),
"gc_a0”: float(gc best / a0),
"chi2”: float(chi2 mem),
"dof”: int(dof mem),
"chi2 dof”: float(chi2 mem / max(dof mem, 1)),
"AIC”: float(chi2 mem + 2%x2),
}
except:
pass

# dAIC
if "NFW” in results and "MOND” in results:
results[”"dAIC MOND vs NFW’] = results[”"MOND”][”AIC”] - results[”NFW”J[”AIC"]
if "NFW” in results and "membrane” in results:
results["dAIC membrane vs NFW’] = results[”membrane”][”AIC"] - results[”"NFW’][”AIC"]

return results

#
# Step 7: 7O b

def make plots(r mid, gt, gx, gt err, n total, fit results, clusters used):
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
print("matplotlib not available”)
return

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
n cl = len(clusters used)
fig.suptitle(f"Stacked weak lensing: {n cl} clusters”, fontsize=14, fontweight="bold")

# (a) stacked gamma t

ax = axes[0, 0]

valid = np.isfinite(gt)

ax.errorbar(r mid[valid], gt[valid], yerr=gt err[valid],
fmt="ko', ms=6, capsize=4, label="stacked gamma t’)

ax.axhline(0, color="gray’, ls=":")

x.set xlabel(’R [Mpc]’)

x.set ylabel(’ gamma t (stacked)’)

ax.set xscale(’ log’)

ax.set title(f Stacked tangential shear (N cl={n cl})”)

ax. legend()

ax.grid(True, alpha=0.3)

o

# (b) gamma x null test

ax = axes[0, 1]

valid x = np.isfinite(gx)

ax.errorbar(r_mid[valid x], gx[valid x], yerr=gt err[valid x],
fmt="ro’, ms=6, capsize=4, label="stacked gamma x’)

ax.axhline(0, color="green’, ls="--", lw=2)

ax. axhspan(-0.005, 0.005, alpha=0.1, color="green’)

ax.set xlabel(’R [Mpc]’)




Q W o

)

x.set ylabel(’ gamma x (stacked)’)
ax.set xscale(’ log’)

ax.set title(’Cross-shear null test’)
ax. legend()

ax.grid(True, alpha=0.3)

# (c) source count per bin

ax = axes[1, 0]

ax.bar(range(len(n total)), n total, color="steelblue’, edgecolor="white’)
x.set xlabel(’Radial bin")

x.set_ylabel(’N sources’)

ax.set title(’ Source count per bin’)

ax.grid(True, alpha=0.3)

o

# (d) model comparison
ax = axes[1, 1]
ax.axis(’off’)
if fit results:
txt = "Model comparison:¥n¥n”
for model name in [”NFW”, "MOND”, ”"membrane”]:
if model name in fit results:
m = fit results[model name]
txt += f”{model name}:¥n”
txt += 7 chi2/dof = {m[’chi2 dof’ ]:.2f}¥n”
txt += f7 AIC = {m["AIC’ ]:.1f}¥n”
if "gc a0’ inm:
txt += 7 gc/a0 = {m[’gc a0 ]:.3f}¥n”

if "M200" in m:
txt += 7 M200 = {m[’M200’ ]:.2e}¥n”
txt += "¥n”

if "dAIC_MOND vs NFW” in fit results:
txt += f”dAIC(MOND-NFW) = {fit results[’ dAIC MOND vs NFW J:.1f}¥n”
if "dAIC membrane vs NFW” in fit results:
txt += f”dAIC(membrane-NFW) = {fit results[’ dAIC membrane vs NFW’ ]
else:
txt = "No fit results (insufficient data)”

ax. text(0.05, 0.95, txt, transform=ax.transAxes, fontsize=11,
fontfami ly="monospace’, va='top’
bbox=dict(boxstyle=" round’, facecolor="Lightyellow’, alpha=0.8))

plt.tight layout()

figpath = OUTDIR / "cluster stack analysis.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f’plot: {figpath}”)

XA

ef main():

print(”=" % 70)
print("HSC Y3 cluster stack analysis”)
print(”=" % 70)

i Step 1: f&#Y R b

print("¥n--- Step 1: candidate list ---")
candidates = load candidate Llist()
print(f” candidates: {len(candidates)}”)

it Step 2: HHRBE
print("¥n--- Step 2: spectroscopic crossmatch —-—-")
try:
candidates = crossmatch spectroscopic(candidates)
except ImportError:
print(” requests not available. Using default data only.”)

n_spec = sum(1 for ¢ in candidates if c.get(”z spec”) is not None)
print(f"¥n 4 ¥HEERFEH: {n spec} / {len(candidates)}”)

it Step 3: BERT 1LY

relaxed, rejected = relaxation filter(candidates)

# Step 4: VTV ERK
if relaxed:
queries = generate hsc queries(relaxed)

# Step 5: V—RF—4 DHHAHRT
print("¥n--- Step 5: source data ---")
source data = {}

t BEFEDY—R7 74 IV EFEY
for ¢ in relaxed:
cid = c[”id"]
for pattern in [f”{cid} sources.csv”, f”{cid} shear.csv”
f”sources {cid}.csv”, f”cl1 sources.csv”]:
p = Path(pattern)
if not p.exists():
p = OUTDIR / pattern
if not p.exists():
p = Path("cl1 optimization”) / pattern
if p.exists():
try:
import pandas as pd
df = pd.read csv(p)

t T vEY Y
col map = {}
for col in df.columns:
cl = col. lower()
if "ra’ incl and "dec’ not in cl:
col map. setdefault(’ra’, col)
elif "dec’ in cl:
col map. setdefault(’dec’, col)
elif "el” in cl:

s 1} ¥n”



col map. setdefault(’el’, col)
elif "e2’ in cl:

col map. setdefault(’e2’, col)
elif "weight’ in cl:

col map. setdefault(’weight’, col)

elif "photo’ incl and "z’ inclorcl in['Z,
col map. setdefault(’ z photo’, col)

z best’]:

if all(k in col map for k in ['ra’,’dec’,’el’,’e2' ]):
src = {k: df[col map[k]].values for k in col map}
if "weight’ not in src:
src[’weight’] = np.ones(len(df))
if "z photo’ not in src:
src[’z photo’ ] = np. full(len(df), c[”z spec”] + 0.5)
source data[cid] = src
print(f” {cid}: loaded {len(df)} sources from {p}”)
break
except Exception as e:
print(f” {cid}: error loading {p}: {e}”)

if not source data:
print("¥n V=R F—8HAROAYEHEA, ")
print(” HSC CAS TH/ LY %ETL., BREUTOBATHREL T LI W)
print(” {cluster_id} sources.csv”)
print(f” 42T Y& {OUTDIR} /hsc_source queries.sql ITIREEHTY, ")
print("¥n cl1OY—RF—FhHhniE, cUBEFTOTERTINTRETT, ")

it Step 6: 2% v U T

if source data:
clusters with data = [c for ¢ in relaxed if c[”id”] in source data]
print(f”¥n--- Step 6: stacked profile ({len(clusters with data)} clusters) --=")

z mean = np.mean([c[”z spec”] for ¢ in clusters with data])

r mid, gt, gx, gt err, n total = compute stacked profile(
clusters with data, source data, n bins=12)

valid = np.isfinite(gt) &mp; np.isfinite(gt err) &amp; (gt err &gt; 0)
if np.sum(valid) &gt; 0:

w=1.0/ gt err[valid]x2

gt mean = np.sum(w * gt[valid]) / np.sum(w)

gx_mean = np.sum(w * gx[valid]) / np.sum(w)

gt err_mean = 1.0 / np.sqrt(np.sum(w))

sn = gt mean / gt err mean

print(f” &Llt;gamma t&gt; = {gt mean:.5f}")
print(f” &Llt;gamma x&gt; = {gx mean:.5f}")
print(f” S/N = {sn:.1f}")

print(f” total sources: {np.sum(n total)}”)

# Step 7: ETINT A4 v b
print(f"¥n-—- Step 7: model fitting -—-")
fit results = fit models(r mid, gt, gt err, z mean)

if fit results:
print(f"¥n  {"model’ :&Lt;12} {’chi2/dof’ :&gt;10} {’ AIC’ :&gt;8} {’ dAIC vs NFW :&gt;12}")
print(f” {'-"x45}")
nfw aic = fit results.get("NFW”, {}).get(”AIC”, 0)
for name in ["NFW”, "MOND”, “"membrane”]:
if name in fit results:
m = fit_results[name]
daic = m["AIC"] - nfw aic
print(f” {name:&Lt;12} {m[’chi2 dof’ ]:&gt;10.2f} {m[’AIC’ ]:&gt;8.1f} {daic:&gt;+12.1f}")

7oy b

make plots(r mid, gt, gx, gt err, n total, fit results, clusters with data)

I BREF
summary = {
”n candidates”: len(candidates),
"n_spec_confirmed”: n_spec,
"n relaxed”: len(relaxed),
"n with_source data”: len(source data),
"relaxed clusters”: [{k: v for k, v in c.items()
if not isinstance(v, (np.ndarray, np.generic))}
for ¢ in relaxed],
"rejected summary”: len(rejected),
}
if source data:
summary[”stacked sn”] = float(sn) if "sn’ in dir() else None
summary[”fit results”] = fit results if 'fit results’ in dir() else None

outpath = QUTDIR / "cluster stack results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)

print(f"¥nresults: {outpath}”)

tRODRT Y TDRA
print(f"¥n{’ =" %70}")
print(MmRDRAT Y T
print(f7{ =" x70}")
if n_spec &lt; 3:
print(f"¥n 1. KBNS FE ({n_spec}/38) . UTTHRELHE:")

print(f” - redMaPPer ¥ 524 —Ah#% 0% (SDSS DRBR—2R) )
print(f” - WHL #4074 (Wen, Han &amp; Liu 2012) ")
print(f” - HSC-SSP 7 S5 R4 —Ah#~# 0% (0guri+2018) ”)

print(f” INS EERY R N EEERETNIE 2z spec PKIBICEZ ZABEMEHY )
if not source data or len(source data) &Llt; 3:
print(f"¥n 2. HSC CAS TV — AR & HiHH:")

print(f” 2 T 1) 1% {OUTDIR}/hsc_source queries.sql ICIRTFEFHA")
print(f” £V SR —IZDE 730,000-50,000 Y —RHBE")
print(f’¥n 3. 5-100 525 —DRY v U T:")
print(f” - S/N A% T3MFICAELE -&gt; g ¢ D CI AKIBICHE/N)
print(f” - gamma_x DX LT R MAERETHIICERAIC”)

print(f” - M_lens/M sigma v O RfEtt % M ATAE")



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

if name =="_ main
main()



#8. cluster stack v2.py

1RE HnE
Br Sigma_crit E3R{LIRR Y7, #IB E fi1 DeltaSigma+NFWI 241>~ 7 +MOND AbelZE#:
k& scipy,matplotlib,numpy,pandas
AH *_sources_photoz.csv
Hh cluster_stack_v2_results.json
E1T uv run --with scipy,matplotlib,numpy,pandas python cluster_stack_v2.py

Y—23—R(7761T)
#f —*- coding: utf-8 —%-

249y UFBL Y X v2: Signa crit E#L + IREVS YV IBHIE

Claude Code THE1T:
uv run --with scipy --with matplotlib --with numpy --with pandas python cluster_stack v2.py

VIHNSDEE:

1. Sigma crit Z¥PIBEAITEIE L DeltaSigma [M sun/pc”2] ZHAH
V—RZED Sigma crit™{-1} METELWRY v
. NFW @ DeltaSigma ZfEFARCTEHE (ERLTY—1FX—47L)
I2EVHYUT: Rnisc BT Y—RSXA—=9ELTEHAH
. MOND/F&: AbelZEH:T DeltaSigma A¥JHBEAI TEHE

oswN

AiiR:
- cluster candidates. json (¥EBEFH)
- {cluster_id} sources.csv (HSC CAS HH!F#H)

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize, minimize scalar
from scipy. integrate import quad

from scipy.special import jO # Bessel

OUTDIR = Path(”"cluster stack”)
OUTDIR.mkdir(exist ok=True)

tt
i MEBER - FHER
it
HO =70.0 # km/s/Mpc
OMEGA M = 0.3
C_LIGHT = 2,998e5 # km/s
G SI = 6.674e-11 # m3 kg™-1 s7-2
M_SUN = 1.989e30 # kg
MPC_M = 3.0857e22 # m/Mpc
PC M = 3.0857¢16 # m/pc
EU =1,2e-10 #m/s"2
def E z(z):
return np.sqrt (OMEGA Mx(1+z)%%3 + (1-OMEGA M))
def comoving distance(z):
f = lambda zp: 1.0 / E z(zp)
r, _ = quad(f, 0, z)
return C_LIGHT / HO * r # Mpc
def angular diameter distance(z):
return comoving distance(z) / (1+z) # Mpc
def D Ils(z L, z s):
LY 2oy — 2 RO RIERE [Mo]”””
return (comoving distance(z s) - comoving distance(z L)) / (1+z_s)
def sigma crit(z L, z s):
ERREBE Signa crit [M_sun/pc”2]
Sigma crit = ¢"2/(4*%pi*G) * Ds / (D L * D ls)
DL = angular diameter distance(z L) * MPC M # m
Ds = angular diameter distance(z s) * MPC M f m
Dls =D Is(z L, zs) * MPC_ M fm
if Dls &lt;= 0 or Ds &lt;= 0 or DL &lt;= 0:
return np. inf
# ¢"2/(4%pi*G) in kg/m
prefactor = (C LIGHT*1e3)*x2 / (4%np.pi*G SI) f kg/m
sc = prefactor * Ds / (DL * Dls) #t kg/m"2
sc_msun_pc2 = sc / M_SUN * PC_Mxx2 # M_sun/pc”2
return sc_msun_pc2
def rho crit(z):
TUUES SRR rho crit(z) [M_sun/Mpc~3]1""”
Hz = HO *x E z(z) % 1e3 / MPC M # 1/s
rc = 3 % Hzxx2 / (8 % np.pi * G SI) # kg/m"3
return rc / M_SUN * MPC_Mxx3 # M_sun/Mpc”3
t
#f NFW: DeltaSigma fZ#T/A= (Wright &amp; Brainerd 2000)
tt

def nfw delta sigma(R mpc, M200, c200, z L):
NFW @ DeltaSigma(R) [M sun/pc™2]
Wright &amp; Brainerd 2000, astro-ph/9908213

rc = rho crit(z L)



r200 = (3xM200 / (4xnp.pi*200%rc))*x(1./3.) # Mpc

rs = r200 / c200

delta ¢ = (200./3.) * c200%x3 / (np. log(1+c200) - c200/(1+c200))
rho s = delta ¢ * rc  # M sun/Mpc”3

x = np.atleast 1d(R mpc / rs).astype(float)
signa = np.zeros_ Llike(x)
bar sig = np.zeros Llike(x)

for i, xi in enumerate(x):
if xi &lt; le-6:
continue

# Sigma(x) [M sun/Mpc~2]
if abs(xi - 1.0) &lt; le-4:
sig i =2.0 % rho s *xrs /3.0
elif xi &lt; 1.0:
fac = 1.0/np.sqrt(1.0 - xi**2) * np.arccosh(1.0/xi)
sig i =2.0 % rhos * rs / (xix2 - 1.0) % (1.0 - fac)
else:
fac = 1.0/np.sqrt(xi**2 - 1.0) * np.arccos(1.0/xi)
sig i =2.0 % rhos * rs / (xix2 - 1.0) % (1.0 - fac)
sigmali] = sig i

# bar{Sigma} (&Llt;x) = (2/x72) int 0°x Sigma(x’) x" dx’
# #4723 (Wright &amp; Brainerd eq 13)
if abs(xi - 1.0) &lt; le-4:

h =1.0 + np. log(0.5)
elif xi &lt; 1.0:

h = np.arccosh(1.0/xi)/np.sqrt(1.0-xi**2) + np. log(xi/2.0)
else:

h = np.arccos(1.0/xi)/np.sqrt(xi*xx2-1,0) + np. log(xi/2.0)
bar sig[i] = 4.0 * rho s * rs * h / xi%k2

ds = bar_sig - sigma # M sun/Mpc”2

# -8gt; M sun/pc"2

ds pc2 = ds * (PC M / MPC M)*x2 # = ds * (1e-6)"2 ... no
# 1 Mpc = 1e6 pc, so 1 M _sun/Mpc™2 = Te-12 M _sun/pc”2

ds pc2 = ds * le-12

return ds_pc2

#
X2ty Y IRHIE
#
def nfw delta sigma miscentered(R mpc, M200, c200, z L, R misc mpc):

I2tv# 1) 45 Lk NFW DeltaSigma,
Sigma misc(R) = (1/2pi) int 0°{2pi} Sigma(|R - R misc|) dphi
A HIEHICETE,

Rmisc: S2EYH YV T4 7xy b [Mpc] (RayleighD DR —IL)
if R_omisc_mpc &Lt; le-4:
return nfw delta sigma(R mpc, M200, c200, z L)

R = np.atleast 1d(R mpc)
ds _misc = np.zeros_Like(R)

# Rayleigh 2% TE: P(r off) = r off/R misc™2 * exp(-r_off 2/(2%R misc™2))
i %5 BEA 7Y N Rnisc TOHMAFY

n_phi = 36

phis = np. linspace(@, 2*np.pi, n phi, endpoint=False)

for i, Ri in enumerate(R):

ds sum = 0.0

for phi in phis:
R eff = np.sqrt(Ri**2 + R misc mpc*k2 — 2%Ri%*R misc_mpc#np. cos(phi))
R eff = max(R eff, le-4)
ds val = nfw delta sigma(np.array([R eff]), M200, c200, z L)
ds_sum += ds_val[0]

ds misc[i] = ds_sum / n phi

# bar{Sigma} misc(&lt;R) % #{EFESH L T DeltaSigma misc ZEtE

# IS hR: Sigma misc %{f> TE#HE DeltaSigma %Ll

# DeltaSigma misc ~ DeltaSigma centered 7ZHREITHFIS NS

# L YIEREICIEbar {Sigma} misc(&Lt;R) - Sigma misc(R)

# ZZTlE Sigma misc NOHEEE

sigma misc = ds misc.copy() # ZhiEZE(ISigma miscTlEA < DS centered at R eff

# IEL\W3E%: centered DeltaSigma % R misc TEHAD
ds centered = nfw _delta sigma(R, M200, c200, z L)

# Rayleigh smoothing of DeltaSigma

# DeltaSigma obs(R) = int P(R off) DeltaSigma(R | R off) d"2R off

# 5EfL: DeltaSigma obs = DeltaSigma centered * f cen + DeltaSigma misc * (1-f cen)
# f cen = exp(-0.5 * (R misc/R)"2) ... MAITHNHI

f cen = np.exp(-0.5 * (R misc mpc / np.maximum(R, 1e-4))**2)
ds result = f cen * ds centered + (1 - f cen) * ds misc

return ds_result

i
#f MOND/f&: AbelZE#:T DeltaSigma
i
def mond g obs(g N, gc):
""" —#EEMOND: g obs = (g N + sqrt(g N°2 + 4%gcxg N)) / 2"
return (g N + np.sqrt(g Ns*2 + 4xgc#np.abs(g N))) / 2

de

By

mond delta sigma abel(R mpc, M200 bar, gc, z L):
MOND/FEE )LD DeltaSigma [M sun/pc”2],

N AV EE M200 bar OIRFFIFD%ERE L.

g obs(r) A5 Sigma(R) % AbelZHTEE,



# /N A UBE: NFW-Like profile for baryons (c bar = 5, typical)
c bar = 5.0

rc = rho crit(z L)

r200 = (3%M200 bar / (4%np.pi*200xrc))*x(1./3.)

rs_bar = r200 / ¢ bar

R = np.atleast 1d(R mpc)
n_los = 100 # WIEAHEHED =R

sigma = np.zeros Llike(R)

for i, Ri in enumerate(R):
if Ri &lt; le-4:
continue
# #88RAE z #FE49: Signa(R) = 2 * int_0"inf rho excess(sqrt(R"2+z°2)) dz
z max = 10.0 * r200
zs = np. Linspace(0, z max, n_los)
dz = zs[1] - zs[0]

integrand = np.zeros(n_los)
for j, zj in enumerate(zs):
r3d = np.sqrt(Ri%x2 + zj*%2)
XY F D gN
M _enc = M200 bar * (np. log(1 + r3d/rs bar) - (r3d/rs bar)/(1+r3d/rs bar)) / ¥
(np. log(1 + ¢ bar) - c bar/(1+c bar))
g N=GSI *Menc*MSUN / (r3d * MPC M)*%2 if r3d &gt; le-6 else 0
g obs val = mond g obs(g N, gc)
# MOND excess: g obs - g N
g excess = g obs val - g N
# rho_excess = (1/4piG) * div(g excess)
# BRA#R: rho excess = (1/4piGr~2) d/dr(r"2 g excess)
it 55 : Sigma excess ~ g excess * r / G CRITHIALL)
# kU IERE: BUEHS
if r3d &gt; 1e-6:
integrand[j] = g excess / (4*np.pi*G SI) / (r3d % MPC_M)
# BfI: kg/m"3 -&gt; M sun/Mpc”3
integrand msun = integrand / M_SUN * MPC M%x3 # M sun/Mpc~3

sigmali] = 2.0 * np.trapz(integrand msun, zs) * MPC_ M # integral over z in Mpc
# sigmali] is now M_sun/Mpc~2

# bar{Sigma} (&Lt;R) =&WHED
bar sigma = np.zeros_Like(R)
for i, Ri in enumerate(R):
if Ri &lt; Te-4 or i ==
bar sigmali] = sigma[i]
continue
# bar{Sigma}(&Lt;R) = (2/R"2) int 0°R Sigma(R’) R’ dR’
mask = R[:i+1] &lt;= Ri
if np.sum(mask) &Lt; 2:
bar sigmali] = sigma[i]
continue
Rs = R[mask]
Ss = sigma[mask]
bar sigma[i] = 2.0 / Ri%x2 % np.trapz(Ss * Rs, Rs)

ds = bar_sigma - sigma # M_sun/Mpc~2
ds pc2 = ds * le-12 # M sun/pc~2

return ds_pc2

#
# 29y o707 74 IEE (Signa crit EHRILIR)
#
def compute stacked deltasigma(clusters, source data, n bins=12):
DeltaSigma(R) [M sun/pc™2] DR¥ v 7,
fNE: w i = Sigma crit_i"{-2} (REMNE)

R mpc_bins = np. logspace(np. Log10(0.1), np. log10(5.0), n bins+1)

ds_sum = np.zeros(n bins)
dx_sum = np.zeros(n_bins)
w_sum = np.zeros(n bins)
w2 sum = np.zeros(n bins)
n total = np.zeros(n bins, dtype=int)

for ¢ in clusters:
cid = c[”id"]
if cid not in source data:
continue

src = source data[cid]

z L = c["z spec”]

D L = angular diameter distance(z L)
ra c, dec ¢ = c["ra”], c["dec”]

# FEERE -89t; VIEERREE [Mpc]

dra = (src["ra”] - ra c) * np.cos(np.radians(dec c)) * np.pi/180 % D L
ddec = (src[”dec”] - dec c) * np.pi/180 * D |

R mpc = np.sqrt(draxx2 + ddec#*2)

i IEA

phi = np.arctan2(ddec, dra)

cos2p = np.cos(2kphi)

sin2p = np.sin(2kphi)

e t = —(src[”el1”J*cos2p + src[”e2”J*sin2p)
e x = src[”el”]*xsin2p - src[”e2”Jxcos2p

#V—RZT&ED Sigma crit
sc = np.array([signa crit(z L, zs) for zs in src[”z photo”]])

valid sc = np.isfinite(sc) &mp; (sc &t; 0) &amp; (sc &lt; 1e6)

# DeltaSigma i = e t i * Sigma crit i



ds i = et % sc # M sun/pc”2
dx_i = e x % sc

# fNE: w = Sigma crit”{-2} * w shape

w_shape = src.get("weight”, np.ones(len(src["ra”])))
w_i = w_shape / sc¥¥2

w_ i[“valid sc] =0

te=vs
for b in range(n bins):
mask = (R mpc &gt;= R mpc bins[b]) &amp; (R mpc &Lt; R mpc bins[b+1]) &amp; valid sc &amp; (w_ i &gt; 0)
n = np. sum(mask)
ifn==
continue
n_total[b] += n
wi = w_i[mask]
ds_sum[b] += np.sum(wi * ds_i[mask])
dx_sum[b] += np.sum(wi * dx_i[mask])
w_sum[b]  += np.sum(wi)
w2_sum[b] += np. sum(wi**2)

R mid = np.sqrt(R mpc bins[:=1] * R mpc_bins[1:])
ds_stack = np.where(w sum &gt; 0, ds sum / w_sum, np.nan)
dx_stack = np.where(w sum &t; 0, dx sum / w_sum, np.nan)

# 382: sigma e * &lt;Sigma crit&qgt; / sqrt(N eff)

sigma e = 0.25

n eff = np.where(w2 sum &gt; 0, w sum¥x2 / w2 sum, 0)

# &Lt;Sigma crit&gt; DHEE: ds sum/w sum (FBEIC DeltaSigma 72D T
#f 382 = sigma e * sqrt(&Lt;Sigma crit™28gt;) / sqrt(N eff)

# 5 : sigma e * mean(Sigma crit) / sqrt(N eff)
22T owosum ASHE

mean_sc = np.where(w_sum &t; 0, np.sqrt(n eff / w sum), led)

ds err = sigma e * mean_sc / np.sqrt(np.maximum(n eff, 1))

return R mid, ds stack, dx stack, ds err, n total

i
tETINT 4w b (PEBEARR)
i
def fit nfw(R mpc, ds data, ds err, z mean, with misc=True):

TUNEW T4y ke IREVES YV THY /IR

valid = np.isfinite(ds data) &amp; np.isfinite(ds err) &amp; (ds err &gt; 0)

if np.sum(valid) &lt; 3:

return None

Rv = R mpc[valid]

Dv = ds data[valid]

Ev = ds err[valid]

def chi2 func(params):
log M = params[0]
¢ = params[1]
M200 = 10%xlog M
if c &lt; 1 or c &gt; 20 or M200 &Llt; 1el2 or M200 &gt; lel6:
return 1e10
if with misc and len(params) &gt; 2:
R misc = 10%*params[2]
model = nfw delta sigma miscentered(Rv, M200, c, z mean, R misc)
else:
model = nfw delta sigma(Rv, M200, c, z mean)
return np.sum(((Dv - model) / Ev)*%2)

best = None
best chi2 = 1e10

if with misc:
for LM in np. linspace(13.5, 15.5, 8):
for c0 in [3, 5, 8, 12]:
for IR in [-2, -1.5, -1, -0.5]:
try:
res = minimize(chi2 func, [IM, c0, (R],
method="Ne lder-Mead’
options={"maxiter’: 500})
if res.fun &Llt; best chi2:
best chi2 = res. fun
best = res.x
except:
pass
if best is not None:
n par = 3
return {
"M200”: float(10%xbest[0]),
”c200”: float(best[1]),
"R misc Mpc”: float(10%xbest[2]),
"chi2”: float(best chi2)
"dof”: int(np.sum(valid) - n_par),
"chi2 dof”: float(best chi2 / max(np.sum(valid)-n par, 1)),
"AIC”: float(best chi2 + 2%n par),
”n par”: n_par,
}
else:
for LM in np. linspace(13.5, 15.5, 10):
for c0 in [2, 4, 6, 8, 10, 15]:
try:
res = minimize(chi2 func, [IM, c0],
method="Ne lder-Mead’ ,
options={"maxiter’ : 500})
if res.fun &lt; best chi2:
best _chi2 = res. fun
best = res.x
except:
pass
if best is not None:
n par = 2



return {
"M200”: float(10%xbest[0]),
”c200”: float(best[1]),
"chi2”: float(best chi2)
"dof”: int(np.sum(valid) - n_par),
"chi2 dof”: float(best chi2 / max(np.sum(valid)-n par, 1)),
"AIC”: float(best chi2 + 2%n par),
"n par”: n_par,
}

return None

de

By

fit mond(R mpc, ds data, ds err, z mean, gc fixed=None):
"""MOND/E T 4w N7
valid = np.isfinite(ds data) &amp; np.isfinite(ds err) &amp; (ds err &gt; 0)
if np.sum(valid) &lt; 3:
return None
Rv = R mpc[valid]
Dv = ds data[valid]
Ev = ds err[valid]

def chi2 func(params):
log Mbar = params[0]
gc = 10%xparams[1] if gc fixed is None else gc fixed
M _bar = 10xxlog Mbar
if M bar &Lt; 1el1 or M bar &gt; 1el5:
return 1e10
model = mond delta sigma abel(Rv, M bar, gc, z mean)
if np.any("np. isfinite(model)):
return 1e10
return np.sum(((Dv - model) / Ev)#%2)

best = None
best chi2 = 1e10

if gc fixed is not None:
# MOND: gc = a0 EE, M bar OHT ) —
for LM in np. linspace(12, 15, 15):
try:
res = minimize(chi2 func, [LM, np. log10(gc fixed)],
method="Nelder-Mead’, options={’maxiter’: 300})
if res.fun &Llt; best chi2:
best chi2 = res. fun
best = res.x
except:
pass
n_par =1
gc out = gc_fixed
else:
# R gc 71—
for LM in np. linspace(12, 15, 10):
for lgc in np. Linspace(-11, -9, 8):

try:
res = minimize(chi2 func, [IM, Llgc],
method="Nelder-Mead’, options={’maxiter’: 300})
if res.fun &lt; best chi2:
best _chi2 = res. fun
best = res.x
except:
pass
n par = 2

gc out = 10xkbest[1] if best is not None else None

if best is not None:

return {
"M_bar”: float(10+xbest[0]),
"gc”: float(gc out),
"gc_a0”: float(gc out / a@) if gc out else None
"chi2”: float(best chi2),
"dof”: int(np.sum(valid) - n par),
"chi2 dof”: float(best chi2 / max(np.sum(valid)-n par, 1)),
"AIC”: float(best chi2 + 2%n par),
"n_par”: n_par,

}

return None

#
t F—oEmARrHs (v1EHIE)
#
d

ef load clusters():
for p in [Path("cluster candidates. json”), OUTDIR/”cluster stack results. json”]:
if p.exists():
with open(p) as f:
data = json. load(f)
if isinstance(data, Llist):
return data
if "candidates” in data:
return data[”candidates”]
if "relaxed clusters” in data:
return data[”relaxed clusters”]
return None

def load source catalog(cid):
import pandas as pd
for pat in [f”{cid} sources.csv”, f’sources {cid}.csv”

f”cl1 _sources.csv” if cid == "cl1” else ""]:
for d in [Path(”.”), OUTDIR, Path(”cll optimization”)]:
p=d/ pat
if p.exists():
df = pd.read csv(p)
col map = {}

for ¢ in df.columns:
cl = c. lower()



Q W o

if “ra’ in cl and "dec’ not in cl:
col map.setdefault(’ra’, c)
elif "dec’ in cl:
col map.setdefault(’dec’, c)
elif "el” in cl:
col map.setdefault(’el’, c)
elif "e2" in cl:
col map.setdefault(’e2’, c)
elif "weight’ in cl:
col map.setdefault(’weight’, c)
elif "photo’ incl and 2" incl or cl in['Z", z best’, photoz best’]
col map.setdefault(’ z photo’, c)
if all(k in col map for k in ['ra’,’dec’,’el’,’e2" ]):
src = {k: df[col map[k]].values for k in col map}
if "weight’ not in src:
src[’weight’ ] = np.ones(len(df))
if "z photo’ not in src:
src[’z photo’ ] = np. full(len(df), 0.8)
v = np.isfinite(src['ra’]) &mp; np.isfinite(src[’el’])
for k in src:
src[k] = srclk][v]
return src
return None

XA

ef main():
print("=" % 70)
print("cluster stack v2: Sigma crit normalization + miscentering”)
print(”=" % 70)

t U529 —FHHAH

candidates = load clusters()

if candidates is None:
print("cluster candidates. json not found”)
return

t IHFRERFEH + T4 LI IER (N 8gt;= 3)
confirmed = [c for ¢ in candidates
if c.get(”z spec”) is not None
and c.get(”n spec members”, 0) &gt;= 3]
print(f"¥n confirmed clusters (N members &gt;= 3): {len(confirmed)}”)
for ¢ in confirmed:
print(f” {c["id"1}: z={c[’ z_spec’ I}, N={c.get(’n spec members’,’?")}, ”
fsigma v={c.get("sigma v’,” ?")}”)

tV—RTF—8GmHAR
source data = {}
for ¢ in confirmed:
src = load source catalog(c[”id”])
if src is not None:
# z photo &gt; z L + 0.1 74 JL%
mask = src[”z photo”] &gt; c[”z spec”] + 0.1
for k in src:
src[k] = src[k][mask]
source data[c[”id"]] = src
print(f” {c["id’1}: {len(src[’ra’])} sources loaded”)

clusters used = [c for ¢ in confirmed if c[”id”] in source data]
print(f"¥n clusters with data: {len(clusters used)}”)

if not clusters used:
print(” No source data available.”)
return

SR

print (f"¥n-—- stacked DeltaSigma -—-")

z mean = np.mean([c[”z spec”] for ¢ in clusters used])
print(f” &lt;z&gt; = {z mean:.3f}”)

R mid, ds, dx, ds err, n total = compute stacked deltasigma(
clusters used, source data, n bins=12)

valid = np.isfinite(ds) &mp; np.isfinite(ds err) &amp; (ds err &gt; 0)
if np.sum(valid) &gt; 0:

w=1.0/ds err[valid]*x2

ds mean = np.sum(w * ds[valid]) / np.sum(w)

dx_mean = np.sum(w * dx[valid]) / np.sum(w)

sn = ds_mean / (1.0/np.sqrt(np.sum(w)))

print(f” &Lt;DeltaSigma&gt; = {ds mean:.2f} M sun/pc~2”)

print(f” &Lt;DeltaSigma x&gt; = {dx _mean:.2f} M sun/pc~2”)

print(f” S/N = {sn:.1f}")

print(f” total sources: {np.sum(n total)}”)

t o774 IVRE
print(f"¥n  {'R[Mpc]’ :&gt;8} {’DS[M sun/pc2]’ :&gt;14} {’err’ :&gt;10} {'DS x’ :&gt;10} {"N’ :&gt;6}")
for i in range(len(R mid)):
if np.isfinite(ds[i]):
print(f” {R mid[i]:8&gt;8.3f} {ds[i]:&gt;14.2f} {ds err[i]:&gt;10.2f} ”
f7{dx[i]:8&gt;10.2f} {n total[i]:&gt;6}")

P ETILT 4V N
print(f"¥n-—- model fitting ---")

# NFW (no miscentering)
print(” NFW (centered)...”)
nfw c = fit nfw(R mid, ds, ds err, z mean, with misc=False)
if nfw c:
print(f” M200={nfw c[’M200" ]:.2e}, c200={nfw c[’c200’ ]:.1f}, ”
f’chi2/dof={nfw _c[’chi2 dof’ ]:.2f}")

# NFW + miscentering
print(” NFW (miscentered)...”)



nfwm = fit nfw(R mid, ds, ds err, z mean, with misc=True)
if nfw m:
print(f” M200={nfw m[’M200’ ]:.2e}, c200={nfw m[’c200’ J:.1f}, ”
"R misc={nfw m[’R misc Mpc’ 1:.3f} Mpc, chi2/dof={nfw m[’chi2 dof’ ]:.2f}")

# MOND (gc = a0)
print(” MOND (gc=a0)...”)
mond = fit mond(R mid, ds, ds err, z mean, gc fixed=a0)
if mond:
print(f” M _bar={mond[’M bar’ ]:.2e}, gc/a0=1.0, ”
f”chi2/dof={mond[’ chi2 dof’ ]:.2f}")

# BE (gc free)

print(” membrane (gc free)...”)
membrane = fit mond(R mid, ds, ds err, z mean, gc_fixed=None)
if membrane:

print(f” M bar={membrane[’M bar’ ]:.2e}, gc/a0={membrane[’gc a0’ ]:.3f}, ”
f”chi2/dof={membrane[’ chi2 dof’ ]:.2f}")

i Le®T—7

print(f"¥n{’ =" %70}")

print("model comparison”)

print(f”{’="%70}")

print(f"¥n { model’ :&Lt;20} {'chi2/dof’ :&gt;9} {’ AIC’ :8gt;8} {’ dAIC :8gt;8} {’ params’ :&gt;25}")
print(f” {"-"%72}")

all models = {}
if nfw c:
all models[”"NFW (centered)”] = nfw c
if nfw m:
all models[”"NFW (misc)”] = nfw.m
if mond:
all models[”MOND (gc=a0)”] = mond
if membrane:
all models[”membrane (gc free)”] = membrane
aic_ref = min(m[”AIC"] for m in all models.values()) if all models else 0

for name, m in all models. items():
daic = m["AIC"] - aic ref
params = "”
it "M200” in m:
params = f”M200={m[’ M200’ ]:.1e}”
if "R.misc Mpc” in m:
params += f”, R misc={m[’R misc Mpc’ ]:.2f}”
elif "M bar” in m:
params = f’M bar={m[’M bar’ ]:.1e}”
if mget("gc a0”):
params += f”, gc={m[’gc a0’ ]:.2f}a0"
print(f” {name:&Lt;20} {m[’chi2 dof’]:&gt;9.2f} {m[’AIC’ ]:&gt;8.1f} ”
7 {daic:8gt;+8.1f} {params:&gt;25}")

t 7ov b

try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle(f”Stacked WL v2: {len(clusters used)} clusters,
f”Sigma crit normalized”, fontsize=13, fontweight="bold")

# (a) DeltaSigma profile + models

ax = axes[0, 0]

v = np.isfinite(ds)

ax.errorbar(R mid[v], ds[v], yerr=ds err[v], fmt="ko', ms=6, capsize=4
label="data’, zorder=5)

R fine = np. logspace(np. Log10(0.08), np. Log10(6), 100)
if nfw c:

model nfw = nfw delta sigma(R fine, nfw c["M200”], nfw c[”c200”], z mean)

ax.plot(R fine, model nfw, "b-", lw=2, label=f"NFW (c={nfw c["c200”]:.1f})")
if nfw m:

model nfwm = nfw delta sigma miscentered(

R fine, nfw m[”"M200”], nfw m[”c200”], z mean, nfw m[”"R misc Mpc”])
ax.plot(R fine, model nfwm, "b--", Llw=1.5,
labe l=f" NFW+misc (R={nfw m["R misc Mpc”]:.2f}Mpc)’)
if mond:
model mond = mond delta sigma abel(R fine, mond[”M bar”], a0, z mean)
ax.plot(R fine, model mond, ’r-", Lw=2, Llabel="MOND")
membrane:
model mem = mond delta sigma abel(
R fine, membrane[”M bar”], membrane[”gc”], z mean)
ax.plot(R fine, model mem, ’g--", Lw=2
label=f" membrane (gc={membrane[”gc a0”]:.2f}a0)’ )

-

a

>

.set xlabel(’R [Mpc]’)

ax.set ylabel(’DeltaSigma [M sun/pc"2]")
ax.set xscale(’ log’)

ax.set title(’ Stacked DeltaSigma profile’)
ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

a

>

.axhline(0, color="gray’, ls=":")

# (b) cross-component

ax = axes[0, 1]

vx = np.isfinite(dx)

x.errorbar (R mid[vx], dx[vx], yerr=ds err[vx], fmt="ro’, ms=6, capsize=4)
ax.axhline(0, color="green’, ls="--", lw=2)

»

ax.set xlabel("R [Mpc]’)

ax.set _ylabel(’DeltaSigma x [M sun/pc™2]")
ax.set xscale(’ log’)

ax.set title(’ Cross-component (null test)’)
ax.grid(True, alpha=0.3)

# (c) source count



ax = axes[1, 0]

ax.bar(range(len(n total)), n total, color="steelblue’, edgecolor="white')
ax.set xlabel(’radial bin")

ax.set_ylabel(’N sources’)

ax.set title(f’ Source count (total={np.sum(n total)})’)

ax.grid(True, alpha=0.3)

# (d) AIC comparison

ax = axes[1, 1]

names = list(all models.keys())

aics = [all models[n][”AIC"] - aic_ref for n in names]

colors bar = ["green’ if a &lt;= 0 else 'steelblue’ if a &lt; 5 else "coral

for a in aics]

bars = ax.barh(range(len(names)), aics, color=colors bar
edgecolor="white’, height=0.6)

.set_yticks(range(len(names)))

.set_yticklabels(names, fontsize=9)

.set_xlabel(’ dAIC (vs best)’)

ax.set title(’Model comparison (AIC)’)

ax.axvline(0, color="black’, lw=0.5)

for bar, val in zip(bars, aics):

ax. text(bar.get width() + 0.5, bar.get y() + bar.get height()/2

f' {val:+.1f}’, va='center’, fontsize=10, fontweight="bold")

ax.grid(True, alpha=0.3)

a
a
a

X X X X X

plt.tight layout()

figpath = OUTDIR / "cluster stack v2.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f"¥nplot: {figpath}”)

except ImportError:
print("matplotlib not available”)

I BREE
result = {
"version”: "v2 sigma crit”
"n clusters”: len(clusters used)
"z mean”: float(z mean),
"clusters”: [{"id": c[”id"], "z”: c["z spec”]} for ¢ in clusters used],
”sn”: float(sn) if "sn’ in dir() else None
"models”: all models,
}
outpath = OUTDIR / "cluster stack v2 results. json”
with open(outpath, "w”) as f:
json.dump(result, f, indent=2, default=str)
print(f’results: {outpath}”)

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

if name ==" main
main()



#9. cluster stack v2b.py

1RE HnE
=L MHIAY MR>0.5Mpc) TATFLLEL, R_minBE T M TAAICR EHERESR
k& scipy,matplotlib,numpy,pandas
AA V2HER+Y—2R
Hh cluster_stack_v2b_results.json
E1T uv run --with scipy,matplotlib,numpy,pandas python cluster_stack_v2b.py

Y—23—KR(57117)
#f —*- coding: utf-8 —%-

28w 8LV X v2b: WAIZ Y b (R &gt; R min fit) TAFLLE

cluster stack v2.py D#ER%FHAAH. R &gt; 0.5 Mpc DEYDHT
NFW / NFW+misc / MOND / fi¥ #HB 74 v b9 3,

Claude Code THE1T:
uv run --with scipy —-with matplotlib —-with numpy python cluster_stack v2b.py

A#R: cluster stack v2.py AEITEAT, V—RT—9 D FIATEE

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize, minimize scalar
from scipy. integrate import quad

OUTDIR = Path("cluster stack”)

#f cluster stack v2 "SE A ViR— K
B AYR—MRBRBRECRRTE SO XTEBAREZBES
try:
from cluster stack v2 import (
angular_diameter_distance, rho_crit, sigma crit,
nfw_delta sigma, nfw _delta sigma miscentered
mond_delta sigma_abel, mond_g obs,
compute stacked deltasigma, load clusters, load source catalog
HO, OMEGA M, C LIGHT, G SI, M SUN, MPC M, PC M, a0, E z
)
print("cluster stack v2 imported”)
except ImportError:
print("cluster stack v2 not importable, using inline definitions”)
I BANROBER
HO=70.0; OMEGA M=0.3; C LIGHT=2.998e5; G SI=6.674e-11
M _SUN=1.989e30; MPC M=3.0857e22; PC M=3.0857e16; ab=1.2e-10

def E z(z): return np.sqrt(OMEGA Msk(14z)%%3+(1-OMEGA M))
def comoving distance(z):
f=lambda zp:1.0/E z(zp); r, =quad(f,0,z); return C LIGHT/HO*r
def angular diameter distance(z): return comoving distance(z)/(1+z)
def rho crit(z):
Hz=HO*E_z(z)*1e3/MPC_M; return 3xHz¥x2/(8%np,pi*G SI)/M_SUN*MPC M3

def nfw delta sigma(R mpc, M200, c200, z L):
rc=rho_crit(z_L); r200=(3%M200/ (4*np. pi*200%rc))*k(1,/3.); rs=r200/c200
delta c=(200. /3. )*c200%*3/(np. Log(1+c200)-c200/(1+c200)); rho s=delta c*rc
x=np, atleast 1d(R mpc/rs).astype(float)
sigma=np. zeros_Llike(x); bar sig=np.zeros_Llike(x)
for i,xi in enumerate(x):
if xi&lt;Te-6: continue
if abs(xi-1)&Lt;1e-4: sigma[i]=2%rho_s%rs/3.
elif xi&lt;1: sigmalil=2%rho_s%rs/(xi%x2-1)%(1-np.arccosh(1/xi)/np.sqrt(1-xi*%2))
else: sigma[i]=2#rho_s¥rs/(xix*2-1)x(1-np.arccos(1/xi)/np. sqrt(xi**2-1))
if abs(xi-1)&Lt;1e-4: h=1+np. log(0.5)
elif xi&Llt;1: h=np.arccosh(1/xi)/np.sqrt(1-xi*%2)+np. log(xi/2)
else: h=np.arccos(1/xi)/np.sqrt(xi%*x2-1)+np. log(xi/2)
bar_sig[i]=4%rho_s¥rskh/xi%%2
return (bar_sig-sigma)*le-12

def nfw delta sigma miscentered(R mpc, M200, c200, z L, R misc):
if Romisc&lt;le-4: return nfw delta sigma(R mpc, M200, c200,z L)
R=np. atleast 1d(R mpc); ds c=nfw_delta sigma(R,M200,c200,2z L)
n_phi=36; phis=np. Linspace(0, 2*np.pi,n phi, endpoint=False)
ds_m=np. zeros_Like(R)
for i,Ri in enumerate(R):
s=0
for phi in phis:
Re=np. sqrt (Ri=«2+R misc*k2-2%Ri*R miscnp. cos(phi))
Re=max(Re, 1e-4); s+=nfw_delta sigma(np.array([Rel),M200,c200,z L)[0]
ds m[il=s/n phi
f=np. exp(-0.5%(R_misc/np.maximum(R, 1e-4))*%2)
return fxds c+(1-f)*ds m

def mond g obs(gN,gc): return (gN+np. sqrt(gNx*2+4%gcnp, abs(gN)))/2

def mond delta sigma abel(R mpc, M200 bar, gc, z L):
¢ bar=5.0; rc=rho crit(z_l); r200=(3%M200 bar/(4*np. pi*200%rc))*k(1./3.)
rs_bar=r200/c_bar; R=np.atleast 1d(R mpc); n_los=80
sigma=np. zeros_Llike(R)
for i,Ri in enumerate(R):
if Ri&lt;Te-4: continue
zs=np. Linspace(0, 10%r200,n_los); integ=np.zeros(n_Llos)
for j,zj in enumerate(zs):
r3d=np. sqrt (Ri#*2+zj**2)
M _enc=M200 barx(np. log(1+r3d/rs bar)-(r3d/rs bar)/(14r3d/rs bar))/(np. log(1+c_bar)-c_bar/(1+c_bar))
gN=G_SI*M enc*M SUN/(r3d+MPC_M)**2 if r3d&gt;le-6 else 0



de

-

ge=mond g obs(gN, gc)-gN
if r3d&gt;1e-6: integl[jl=ge/(4*np.pi*G SI)/(r3d*MPC_M)
integ msun=integ/M SUN*MPC M3
sigma[i]=2. 0%np. trapz(integ msun, zs)*MPC M
bar_s=np. zeros_Like(R)
for i,Ri in enumerate(R):
if Ri&lt;1e-4 or i==0: bar s[il=sigma[i]; continue
m=R[:i+1]&Lt;=Ri
if np.sum(m)&Lt;2: bar s[il=sigmali]; continue
bar_s[i]=2/Ri**2xnp. trapz(sigma[m]*R[m][:np. sum(m)], RCmI[ :np. sum(m) 1)
return (bar_s-sigma)*le-12

sigma crit(z L,z s):

from cluster stack v2 import D ls as Dls
Dl=angular diameter distance(z L)*MPC M
Ds=angular diameter distance(z s)*MPC M

Dls= Dls(z L,z s)*MPC_ M

if DIs&lt;=0 or Ds&lt;=0: return np.inf

return (C_LIGHT*1e3)#%2/(4*np.pi*G SI)*Ds/(DL*DLls)/M SUN%PC Mskx2

#
# AflH

v MIET 4w b

#
R MIN FI

T=0.5 #Mpc — IREVHYYITOHES DR

def fit with cut(R mpc, ds data, ds err, z mean, R min fit=R MIN FIT):
"R &gt; Romin fit DEYDHTIEFINET 4 v K"

cut
vali

= R_mpc &gt;= R min fit
d = cut &amp; np.isfinite(ds data) &amp; np.isfinite(ds err) &amp; (ds err &gt; 0)

n valid = np.sum(valid)

ifn

Rv =
Dv =
Ev =

prin
prin

resu
# —

prin
def

best
for

if b

else

t -
prin
def

 valid &lt; 3:
print(f” valid bins (R&gt;{R min fit} Mpc): {n valid} &lt; 3, insufficient”)
return None

R mpclvalid]
ds data[valid]
ds_err[valid]

t(f” fitting range: R &t; {R min fit} Mpc, {n valid} bins”)
t(f” R = [{Rv[0]:.2f}, {Rv[-1]:.2f}] Mpc”)

lts = {}

- NFW centered (2 params) ---

t(” NFW centered...”, end="", flush=True)

nfw_chi2(params):

M200=10%*params[0]; c=params[1]

if c&lt;1 or c&gt;20 or M200&Lt;1e12 or M200&gt;1e16: return 1el10
m=nfw_delta sigma(Rv, M200, c, z mean)

return np. sum(((Dv-m)/Ev)**2)

_c2=1e10; best p=None
LM in np. linspace(13.5,15.5,12):
for c0 in [2,4,6,8,10,15]:
try:
r=minimize(nfw _chi2, [ LM, c0], method="Nelder-Mead’, options={"maxiter’ :500})
if r.fun&lt;best c2: best c2=r.fun; best p=r.x
except: pass
est_p is not None:
results["NFW”] = {"M200”:float(10%xbest p[0]),"c200”:float(best p[1]),
"chi2”:float(best c2),”dof”:int(n valid-2),
"chi2 dof”:float(best c2/max(n valid-2,1)),”AIC”:float(best c2+4),”n par”:2}
print(f” M200={results[’ NFW J[’M200" 1:.2e}, c={results[’NFW 1[’c200’ J:.1f}, ”
f’chi2/dof={results[’ NFW 1[’ chi2 dof’ ]:.2f}")

print(” failed”)

- NFW + miscentering (3 params) ——-

t(” NFWtmisc...”, end="", flush=True)

nfw_misc_chi2(params):

M200=10%*params[0]; c=params[1]; Rm=10%xparams[2]

if c&lt;1 or c&gt;20 or M200&Lt;1e12 or M200&gt;1e16 or Rm&gt;2.0: return 1e10
m=nfw_delta sigma miscentered(Rv, M200, c, z mean, Rm)

return np. sum(((Dv-m)/Ev)**2)

best c2m=1e10; best pm=None

for

if b

else

LM in np. linspace(13.5,15.5,8):
for c0 in [3,5,8,12]:
for IR in [-2,-1.5,-1,-0.5]:
try:
r=minimize(nfw misc_chi2, [ M, c0, R], method="Nelder-Mead’,
options={"maxiter’ :500})
if r.fun&lt;best c2m: best c2m=r.fun; best pm=r.x
except: pass
est_pm is not None:
results["NFW+misc”] = {"M200”:float(10%*best pm[0]),”c200”:float (best pm[1]),
"R misc”:float(10%xbest pm[2]),
"chi2”:float(best c2m),"dof”:int(n valid-3),
"chi2 dof”:float(best c2m/max(n valid-3,1)),”AIC":float(best c2m+6),”n par”:3}
print(f” M200={results[’ NFW+misc’ J['M200’ 1:.2e}, c={results[’NFW+misc’ ][’ c200’ ]:.1f},
"R misc={results[’ NFW+misc’ 1J['R misc’ J:.3f}, ”
f’chi2/dof={results[’ NFWtmisc’ J[' chi2 dof’ ]:.2f}")

print(” failed”)

# -—— MOND gc=a0 (1 param: M bar) --—-

prin

t(” MOND...”, end="", flush=True)

def mond chi2(params):
M bar=10%*parans[0]

if M bar&lt;1el1 or M _bar&gt;Tel5: return 1e10

m=mond_delta sigma abel(Rv,M bar, a0, z mean)

if np.any(Tnp.isfinite(m)): return 1e10



return np. sum(((Dv-m)/Ev)**2)

best c2d=1e10; best pd=None
for M in np. linspace(12,15,20):
try:
r=minimize(mond chi2, [M], method="Nelder-Mead’, options={maxiter’ :300})
if r.fun&lt;best c2d: best c2d=r.fun; best pd=r.x
except: pass
if best pd is not None:
results["MOND”] = {"M bar”:float (10%xbest pd[0]),”gc”:float(a0), gc a0”:1.0,
"chi2”:float(best c2d),”dof”:int(n valid-1),
"chi2 dof”:float(best c2d/max(n valid-1,1)),”AIC":float(best c2d+2),”n par”:1}
print(f” M bar={results[’MOND’ J['M bar’ ]:.2e}, chi2/dof={results[’MOND’ J[’ chi2 dof’ ]:.2f}")
else:
print(” failed”)

# -—- B% gc free (2 params: M bar, gc) -—-
print(” membrane...”, end="", flush=True)
def mem chi2(params):
M _bar=10%xparams[0]; gc=10%*xparams[1]
if M bar&lt;1el1 or M _bar&gt;Tel5: return 1e10
m=mond_delta sigma abel(Rv,M bar, gc, z mean)
if np.any(Tnp.isfinite(m)): return 1e10
return np. sum(((Dv-m)/Ev)**2)

best c2e=1e10; best pe=None
for M in np. linspace(12,15,10):
for lgc in np. linspace(-11,-9,10):
try:
r=minimize(mem chi2, [ M, Lgc], method="Nelder-Mead’, options={'maxiter’ :300})
if r.fun&lt;best c2e: best c2e=r.fun; best pe=r.x
except: pass
if best pe is not None:
gc_val=10#xbest pe[1]
results["membrane”] = {"M bar”:float(10%*best pe[0]),”gc”:float(gc val),
"gc_a0”:float(gc val/al),
"chi2”:float(best c2e),”dof”:int(n valid-2),
"chi2 dof”:float(best c2e/max(n valid-2,1)),”AIC":float(best c2e+4),”n par”:2}
print(f” M bar={results[’membrane’ J[’M bar’ ]:.2e}, ”
f”gc/a0={results[’ membrane’ ][’ gc a0’ ]:.3f}, ”
f’chi2/dof={results[’ membrane’ ][’ chi2 dof’ ]:.2f}")
else:
print(” failed”)

return results, Rv, Dv, Ev

i

# BREFZbM: Rmin fit 2%t

i

def sensitivity R min(R mpc, ds data, ds err, z mean):
""Romin fit & 0.3-1.5 Mpc TEALI EAIBADKEROREN"""
print(f"¥n-—- sensitivity: R min fit scan ——-")

scan_results = []
for R cut in [0.3, 0.4, 0.5, 0.7, 1.0, 1.5]:
cut = R mpc &gt;= R cut
valid = cut &mp; np.isfinite(ds data) &mp; np.isfinite(ds err) &amp; (ds err &gt; 0)
n = np.sum(valid)
if n&lt; 3:
continue

Rv = R mpc[valid]
Dv = ds data[valid]
Ev = ds err[valid]

#NFW OHBET 1 v b
best c2 = 1e10
for LM in np. linspace(13.5,15.5,8):
for c0 in [4,8,12]:
try:
def f(p):
M=10%%p[0];c=p[1]
if c&lt;1 or c&gt;20 or M&Lt;1e12 or M&gt;1e16: return 1e10
return np.sum(((Dv-nfw delta sigma(Rv, M, c,z mean))/Ev)#*2)
r=minimize(f, [LM, c0], method="Nelder-Mead’, options={"maxiter’ :300})
if r.fun&lt;best c2: best c2=r.fun
except: pass

# MOND B3EZ 1 v b
best c2m = 1e10
for LM in np. linspace(12,15,10):
try:
def fm(p):
M=10%xp[0]
if M&Lt;1ell or M&gt;lel5: return 1e10
m=mond_delta sigma abel(Rv,M, a0, z mean)
if np.any("np.isfinite(m)): return 1e10
return np. sum(((Dv-m)/Ev)**2)
r=minimize(fm, [ LM], method="Nelder-Mead’, options={"maxiter’ :200})
if r.fun&lt;best c2m: best c2m=r. fun
except: pass

aic_nfw = best c2 + 4
aic_mond = best c2m + 2
daic = aic_mond - aic_nfw

scan_results. append ({
"R min”: R cut, "n bins”: int(n),
"chi2 nfw”: float(best c2), "chi2 mond”: float(best c2m),
"dAIC mond nfw”: float(daic),

13

favor = "MOND” if daic &lt; 0 else "NFW”

print(f” R&gt;{R cut:.1f} Mpc ({n} bins): ”

f”dAIC(MOND-NFW)={daic:+. 1f} -&gt; {favor}”)



Q W o

return scan results

XA

ef main():
print(”=" % 70)
print("cluster stack v2b: inner cut R &gt; 0.5 Mpc”)
print(”=" % 70)

# T8 FmMAH: V2OIEREBFA
# stacked profile #EEtHE
candidates = None
for p in [Path("cluster candidates. json”), OUTDIR/”cluster stack results. json”]:
if p.exists():
with open(p) as f:
d = json. load(f)
if isinstance(d, Llist):
candidates = d
elif “candidates” in d:
candidates = d[”candidates”]
break

if candidates is None:
print("cluster candidates. json not found”)
return

confirmed = [c for ¢ in candidates
if c.get(”z spec”) is not None and c.get(”n spec_members”,0) &gt;= 3]

source data = {}
import pandas as pd
for ¢ in confirmed:
cid = c[”id"]
for pat in [f”{cid} sources photoz.csv”, f”{cid} sources.csv”]:
for d in [Path(”.”), OUTDIR, Path("cll optimization”)]:
p=d/ pat
if p.exists():
df = pd. read csv(p)
col map = {}
for col in df.columns:
cl = col. lower()
if "ra’ in cl and "dec’ not in cl: col map.setdefault(’ra’,col)
elif "dec’ in cl: col map.setdefault(’dec’,col)
elif el” in cl: col map.setdefault(’el’,col)
elif "e2” in cl: col map.setdefault(’e2’,col)
elif "weight’ in cl: col map.setdefault(’weight’,col)
elif "photoz’ incl or cl in['2",”z best’]
col map. setdefault(’ z photo’, col)
if all(k in col map for k in ["ra’,’dec’,’el’,’e2’ ]):
src = {k: df[col map[k]].values for k in col map}
if "weight’ not in src: src[’weight’ J=np.ones(len(df))
if "z photo’ not in src: src[’z photo’ J=np. full(len(df),0.8)
v = np.isfinite(src[’ ra’ J)&amp;np. isfinite(src[ el’])
# photo-z 7 1 JL%
v &amp;= src[’z photo’ ] &gt; c[’z spec’] + 0.1
for k in src: src[k]=src[k][v]
source data[cid] = src
print(f” {cid}: {len(src[’ra’])} sources ({pat})”)
break
if cid in source data:
break

clusters used = [c for ¢ in confirmed if c[”id”] in source data]
print(f"¥n clusters: {len(clusters used)}”)
if not clusters used:

print(” no data”); return

z mean = np.mean([c[”z spec”] for ¢ in clusters used])
print(f” &lt;z&gt; = {z mean:.3f}”)

t 285y UEE
R mid, ds, dx, ds err, n total = compute stacked deltasigma(
clusters used, source data, n bins=12)

t o774 IVKRE
print(f"¥n  {'R[Mpc]’ :&gt;8} {’DS’:&gt;10} {"err’ :&gt;10} {"DS x’:8&gt;10} {'N’ :&gt;6} { use’:&gt;4}”)
for i in range(len(R mid)):
if np.isfinite(ds[i]):
use = "skx” if R mid[i] &t;= R MIN FIT else "”
print(f” {R mid[i]:8&gt;8.3f} {ds[i]:&gt;10.1f} {ds err[i]:&gt;10.1f} ”
f7{dx[i]:8&gt;10.1f} {n totall[i]:&gt;6} {use:&gt;4}")

ARy MEIET 4w b

print(f"¥n{’ =" %70}")

print(f"fitting with R &t; {R MIN FIT} Mpc”)
print(f7{ =" x70}")

fit result = fit with cut(R mid, ds, ds err, z mean, R MIN FIT)
if fit result is None:

return
results, Rv, Dv, Ev = fit result

i Le®T—7

print(f"¥n{’ =" %70}")

print(f’model comparison (R &gt; {R MIN FIT} Mpc)”)
print(f”{’="%70}")

aic_min = min(m[”AIC"] for m in results.values()) if results else 0

print(f"¥n  {"model’ :&Lt;16} {’n par’ :&gt;5} {’chi2/dof’ :&gt;9} {’AIC’ :&gt;8} {’ dAIC :&gt;8} {’key params’ :&gt;30}")
print(f” {"-"%78}")
for name in ["NFW”, "NFWtmisc”, “MOND”, ”"membrane”]:

if name not in results:



continue
m = results[name]
daic = m["AIC"] - aic min
params = "”
it "M200” in m:
params = f”M200={m[’M200’ ]:.1e}, c={m[’ c200" ]:.1f}”
if "Romisc” in m: params += f”, Rm={m[’R misc’ ]:.2f}"
elif "M bar” in m:
params = f’Mb={m[’M bar’ J:.1e}, gc={m[’gc a0’ ]:.2f}a0”
print(f” {name:&Lt;16} {m[’n par’]:&gt;5} {m[’chi2 dof’ ]:&gt;9.2f} ”
7{m[’ AIC’ ]:&gt;8.1f} {daic:&gt;+8.1f} {params:&gt;30}”)

i BET R b

scan = sensitivity R min(R mid, ds, ds err, z mean)

t 7oy b

try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle(f”Stacked WL v2b: R &gt; {R MIN FIT} Mpc cut, ”
f”{len(clusters used)} clusters”
fontsize=13, fontweight="bold")

# (a) DeltaSigma + models (FEEART. 74 v M % HBENT)
ax = axes[0, 0]

v all = np.isfinite(ds)

v fit = v_all &mp; (R mid &t;= R MIN FIT)

ax.errorbar(R mid[v all &mp; v fit], ds[v_all &mp; "v fitl,
yerr=ds err[v all &amp; “v fit],
fmt="0", color="gray’, ms=5, capsize=3, alpha=0.5
label=f"R&Lt; {R MIN FIT} (excluded)’)
ax.errorbar(R mid[v fit], ds[v fit], yerr=ds err[v fit],
fmt="ko', ms=6, capsize=4, label=f R&gt;{R MIN FIT} (fitted)’)

R fine = np. logspace(np. Log10(0.08), np. log10(6), 80)

if "NFW” in results:

m = results[”"NFW”]

ax.plot(R fine, nfw delta sigma(R fine, m["M200”], m[”c200”], z mean),
"b-", Lw=2, label=f"NFW c={m[”c200”]:.1f}")

"NFW+misc” in results:

m = results["NFW+misc”]

ax.plot(R fine, nfw delta sigma miscentered(

R fine, m["M200”], m[”c200”], z mean, m["R misc”]),

"b--", lw=1.5, label=f NFWtmisc Rm={m["R misc”]:.2f}")

it "MOND” in results:

m = results[”MOND"]

ax.plot(R fine, mond delta sigma abel(R fine, m[”M bar”], a0, z mean),
"r-", Lw=2, Llabel="MOND’)

"membrane” in results:

m = results[”"membrane”]

ax.plot(R fine, mond delta sigma abel(R fine, m["M bar”], m[”gc”], z mean),

g--", w=2, label=f"membrane gc={m["gc a0”]:.2f}al")

-

-

ax.axvline(R MIN FIT, color="orange’, ls=":", Lw=2, alpha=0.7)
ax.axhline(0, color="gray’, ls=":")

ax.set xlabel("R [Mpc]’)

ax.set ylabel(’DeltaSigma [M sun/pc"2]")

ax.set xscale(’ log’)

ax.set title(’DeltaSigma profile’)

ax. legend(fontsize=7, loc="upper right’)
ax.grid(True, alpha=0.3)

# (b) dAIC vs R min fit
ax = axes[0, 1]
if scan:
rcuts = [s["R min”] for s in scan]
daics = [s["dAIC mond nfw”] for s in scan]

ax.plot(rcuts, daics, "o-", color="steelblue’, ms=8, Lw=2)
ax.axhline(0, color="black’, ls="-", lw=0.5)
ax.axhline(-2, color="green’, -’, alpha=0.5, label="dAIC=-2 (MOND preferred)’)
ax.axhline(2, color="red", ls="--", alpha=0.5, label="dAIC=+2 (NFW preferred)’)
ax. fill between([min(rcuts)-0.1, max(rcuts)+0.1], -2, 2,
alpha=0.1, color="gray’, label="inconclusive’)
ax.set xlabel("R min fit [Mpc]’)
ax.set_ylabel(’ dAIC (MOND - NFW)")
ax.set title(’Sensitivity to inner cut’)
ax. legend(fontsize=8)
ax.grid(True, alpha=0.3)

# (c) AIC comparison bar
ax = axes[1, 0]
names = list(results.keys())
daics bar = [results[n][”AIC"]-aic_min for n in names]
colors bar = ["green’ if d&lt;=0 else 'steelblue’ if d&lt;5 else 'coral’ for d in daics bar]
bars = ax.barh(range(len(names)), daics bar, color=colors bar,
edgecolor="white’, height=0.6)
.set_yticks(range(len(names)))
.set_yticklabels(names, fontsize=10)
ax.set xlabel(’ dAIC (vs best)’)
ax.set title(f'Model comparison (R &gt; {R MIN FIT} Mpc)’)
ax.axvline(0, color="black’, lw=0.5)
for bar, val in zip(bars, daics bar):
ax. text(max(bar.get width(), 0) + 0.5
bar.get y() + bar.get height()/2
f' {val:+.1f}’, va='center’, fontsize=11, fontweight="bold")
ax.grid(True, alpha=0.3)

a
a

X X X X

# (d) summary

ax = axes[1, 1]

ax.axis(’off’)

txt = f”Inner cut: R &gt; {R MIN FIT} Mpc¥n”



txt += f’Clusters: {len(clusters used)} (z™{z mean:.3f})¥n”
txt += f”Bins used: {np.sum(R mid&gt;=R MIN FIT)}/{len(R mid)}¥n¥n”
for name in [”NFW”, ”"NFW+misc”, "MOND”, "membrane”]:
if name in results:
m = results[name]
d = m["AIC”] - aic_min
txt += f”{name}: chi2/dof={m[’ chi2 dof’ ]:.2f}, dAIC={d:+.1f}¥n"
if scan:
# R min TMONDA R D 45
mond wins = [s for s in scan if s["dAIC mond nfw”] &Lt; -2]
nfw wins = [s for s in scan if s["dAIC mond nfw”] &gt; 2]
txt += f"¥nSensitivity:¥n”
txt += f” MOND preferred: R&gt;{min(s[’R min’] for s in mond wins):.1f} Mpc¥n” if mond wins else ” MOND preferred: none¥n
txt += 7 NFW preferred: R&gt; {min(s[’R min’] for s in nfw wins):.1f} Mpc¥n” if nfw wins else ” NFW preferred: none¥n”

ax. text(0.05, 0.95, txt, transform=ax.transAxes, fontsize=10
fontfami ly="monospace’, va="top’
bbox=dict (boxstyle="round’, facecolor="Llightyellow’, alpha=0.8))

plt.tight layout()

figpath = OUTDIR / "cluster stack v2b.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f"¥nplot: {figpath}”)

except ImportError:
print("matplotlib not available”)

I BREE
output = {

"version”: "v2b inner cut”

"R min_fit Mpc”: R MIN FIT,

"n clusters”: len(clusters used)

"z mean”: float(z mean),

"models”: results,

"sensitivity”: scan,
}
outpath = OUTDIR / "cluster stack v2b results. json”
with open(outpath, "w”) as f:

json. dump(output, f, indent=2, default=str)
print(f’results: {outpath}”)

i $IE
print(f"¥n{’ =" %70}")
print("verdict”)
print(f”{’="%70}")
if "MOND” in results and "NFW” in results:
daic = results[”"MOND”][”AIC”] - results[”NFW”"]["AIC"]
if daic &lt; -2:
print(f” MOND &gt; NFW (dAIC={daic:.1f}) at R &gt; {R MIN FIT} Mpc”)
elif daic &gt; 2:
print(f” NFW &gt; MOND (dAIC={daic:.1f}) at R &gt; {R MIN FIT} Mpc”)
else:
print(f” inconclusive (dAIC={daic:.1f}) at R &gt; {R MIN FIT} Mpc”)

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

if name =="_ main
main()



#10. manga verification. py

1RE HnE
EL:3] MaNGA DynPop (Zhu+2023) 10,2964R5a Malphati &, sigma_e/V_maxhSg_cHEE
k& requests,scipy,matplotlib,numpy,pandas
AR VizieR/Zenodo
Hh manga_verification_results.json
E1T uv run --with requests,scipy,matplotlib,numpy,pandas python manga_verification.py

VY —2d—NR(75417)
#f —*- coding: utf-8 —%-

N-2a: MaNGA DynPop T & % #{aI 3555 Al D JRITAREE

Claude Code THEFT:
uv run --with requests --with scipy --with matplotlib --with numpy --with pandas python manga verification.py

F—4:
- MaNGA DynPop (Zhu et al. 2023, MNRAS, 522, 6326)
VizieR: J/MNRAS/522/6326
- MaNGA Pipe3D (Sanchez+2022) VAC
SDSS DR17: https://www, sdss4. org/dr17/manga/manga-data/manga-pipe3d-value-added-catalog/

MaNGA DynPop I IFU ¥ SB/EEBNE/NS X —4 &iRH:
- Vomax (HAEEEERE) or sigma e (EEDHED)
- Re (A%h¥E, 3.6umi8ZDIEHRH)
- M star ([EE2EE)
- morphology (T-type or visual)

BTSRRI OREEIC VB ARR:
- g_c: MOND#R]Z 1 v hH 5 (RARZRIT)
-G x Sigma 0 ~Vmax"2 / Re (FAFY)

import numpy as np

import json

import sys

from pathlib import Path

from scipy.optimize import minimize scalar

from scipy.stats import spearmanr, t as t dist, pearsonr

OUTDIR = Path(”manga results”)
OUTDIR.mkdir(exist ok=True)

ald = 1.2e-10 ff m/s"2

t
1. FT-omE
tt
def fetch manga_dynpop():
"""VizieR A5 MaNGA DynPop #14 0% %EUE""”
import requests

# Zhu+2023 DynPop: J/MNRAS/522/6326
catalog = ”J/MNRAS/522/6326"

tF—TI1: BRARSA—4

url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={catalog}”
f”&amp;-out. max=15000"
f”8amp;-out.all”)

print(f” VizieR: {catalog} ...”)
try:
r = requests.get(url, timeout=120)
if r.status code == 200 and len(r.text) &gt; 1000:
outpath = OUTDIR / "manga dynpop_raw, tsv”
outpath.write text(r.text)
print(f” -8gt; {outpath} ({len(r.text)} bytes)”)
return r. text
print(f” HTTP {r.status code}, len={len(r.text)}”)
except Exception as e:
print(f” error: {e}”)

#RE: 7—TNEEEBELTCEST
for tname in ["tablel”, “tableb1”, "catalog”, “dynpop”]
url2 = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={catalog}/{tname}”
f”&amp; -out. max=150008amp;-out.all”)
print(f” trying {tname}...”)
try:
r = requests.get(url2, timeout=60)
if r.status code == 200 and len(r.text) &gt; 1000:
outpath = OUTDIR / f”manga_dynpop {tname}.tsv”
outpath.write text(r.text)
print(f” -&gt; {outpath} ({len(r.text)} bytes)”)
return r. text
except:
pass

return None

de

—h

fetch manga pipe3d():
”7”SDSS DR17 Pipe3D VAC ODAXEERZ™"”
import requests

# Pipe3D summary table (Sanchez+2022)



# VizieR IZIFA>TWAWEEHY -8gt; SDSS CASH S
catalog = "J/RMxAA/58/321” 1 Sanchez+2022
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv
f”?-source={catalog}”
f”&amp;-out. max=15000&amp;-out.all”)

print(f” VizieR Pipe3D: {catalog} ...”)
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 1000:
outpath = QUTDIR / "manga pipe3d raw. tsv”
outpath.write text(r.text)
print(f” -8&gt; {outpath}”)
return r.text
except Exception as e:
print(f” error: {e}”)

return None

def fetch manga firefly():
"""MaNGA Firefly VAC (Goddard+2017) — (B2 & & - SFH""”
import requests

# MaNGA summary properties from SDSS
# marvin-api orE#ESQL
url = ("https://data. sdss. org/sas/dr17/manga/spectro/pipe3d/v3 1 1/”
"manga. Pipe3D-v3 1 1.fits”)

print(f” SDSS Pipe3D FITS: checking...”)
# FITSIERZE VWD TA Y ¥ DHHER
try:

r = requests. head(url, timeout=30)

if r.status_code == 200:

size = r.headers.get(’ Content-Length’, '?")
print(f” available: {size} bytes (use wget for full download)”)
return url

except:

pass
return None

# 2. MaNGA RAR &—% (Lelli+2017 or Chae+2020)

def fetch manga rar():
Lelli et al. 2017 (ApJ, 836, 152) — MaNGA RAR
or Chaet2020 — MaNGA RAR extension
VizieR: J/ApJ/836/152

import requests

# Lelli+2017 MaNGA RAR — ZhA'&®E ERK

catalog = "J/ApJ/836/152"

url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={catalog}”
f”&amp;-out. max=50000&amp;-out.all”)

print(f” VizieR Lelli+2017 RAR: {catalog} ...”)
try:
r = requests.get(url, timeout=120)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = OUTDIR / "lelli2017 rar raw. tsv”
outpath.write text(r.text)
print(f” -8gt; {outpath} ({len(r.text)} bytes)”)
return r. text
except Exception as e:
print(f” error: {e}”)

it Chae+2020
for cat in [”J/ApJ/904/51”, "J/ApJ/877/18"]:
url2 = (f”https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={cat}&amp;-out. max=50000&amp;-out.all”)
print(f” trying {cat}...”)
try:
r = requests.get(url2, timeout=60)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = OUTDIR / f”rar {cat.replace(’/’,” ’)}.tsv”
outpath.write text(r.text)
print(f” -8&gt; {outpath}”)
return r. text
except:
pass

return None

t 3. /N—H—

def parse tsv(text):
"""VizieR TSV & /S—2R"""
lines = text.strip().split(’¥n")
header = None
data start = 0

for i, Lline in enumerate(lines):

if line.startswith("#) or line.startswith(’-"):
continue

parts = line.split(’¥t")

if len(parts) &gt;= 3:
it ROBIETHRWNTEAY FEHE
is_header = False
for p in parts[:3]:

p = p.strip()



if p and not p.replace(’.’,””).replace(’-",”" ). replace("+,’ " ). isdigit():
is_header = True
break

if is_header or i &Llt; 5:

header = [p.strip() for p in parts]

data start = i + 1

while data start &lt; len(lines) and lines[data start].startswith(’-"):
data start += 1

break

if header is None:
ANyl JIFSTSR
print(” warning: no header found”)
return None

rows = []
for Lline in lines[data start:]:
if not Lline.strip() or Lline.startswith("#’) or Lline.startswith(’-")
continue
parts = line.split(’¥t")
if len(parts) &gt;= len(header):
row = {}
for j, h in enumerate(header):
val = parts[jl.strip()
try:
row[h] = float(val)
except ValueError:
row[h] = val
rows. append(row)

print(f” parsed: {len(rows)} rows, {len(header)} cols”)
print(f” columns: {header[:15]}")
return {"header”: header, "rows”: rows}

#
# 4. gc BE (RARZERET)
#

def measure gc from rar(g bar, g obs, e g obs=None):
{ERISRA D RAR F—4 (g bar, g obs) B gc 74V k.
g obs = (g bar + sqrt(g bar"2 + 4xg c*g bar)) / 2
valid = (g bar &gt; 0) &amp; (g obs &gt; 0) &amp; np.isfinite(g bar) &amp; np.isfinite(g obs)
if np.sum(valid) &lt; 3:
return None

gb = g bar[valid]
go = g obs[valid]
if e g obs is not None:
eg = np.maximum(e g obs[valid], go * 0.05)
else:
eg = go *x 0.1 # 10% default error

def chi2(log gc):
gc = 10%xlog gc
g pred = (gb + np.sqrt(gh**2 + 4%gcxgh)) / 2
return np.sum(((go - g pred) / eg)*x2)

try:
res = minimize scalar(chi2, bounds=(-12, -8), method="bounded’ )
gc = 10%kres. x
return {
"g ¢”: float(gc)
"log gc”: float(np. log10(gc)),
"gc ad”: float(gc / al),
"chi2”: float(res. fun),
"n_points”: int(np.sum(valid)),
}
except:
return None

#

# 5. AT DWMEHNSD g c / GxSigna 0 FHE
#
def compute galaxy properties(galaxies):

ZERFD V max, R e, Mstar A5 GxSigma 0 & g ¢ FRIEETE,

g c DREE (RART—H HRWNFGEDRE) :

MOND DF8: g obs = V.max"2/R e &L T,

g bar = GxM_star/(2#pi*R e72) * (R/R e) DEHFEFIHST 4 v b
6 SI = 6.674e-11

M_SUN = 1.989e30

PC M = 3.0857e16

KPC M = 3.0857e19

results = []

for g in galaxies:
v_max = g.get(”V max”) or g.get("Vmax”) or g.get(”v_max”)
r e =g.get("R e”) or g.get("Re”) or g.get("r e”) 1 kpc
m star = g.get("M star”) or g.get(”logMstar”) or g.get(”log Mstar”)
name = g.get(”name”) or g.get(”MaNGA ID”) or g.get("plateifu”) or "unknown”

if v_max is None or r_e is None:
continue

# V_max [km/s], R e [kpc]
try:
v_max = float(v_max)
r e = float(r_e)
except (ValueError, TypeError):



continue

if v_max &lt;= 0 or r e &Llt;= 0:
continue

i logNstar MDALIE
if m_star is not None:
try:
m star = float(m star)
if mstar &lt; 20: # log scale
m star = 10%km star # M sun
except:
m_star = None

GxSigma 0 proxy: v.max2 / h R
Re ™ 1.678 * h R (exponential disk)
R=re/ 1.678 # kpc

= v max * 1e3 # m/s
hR*xKPCM #m
= v max si*x2 / h Rsi # m/s"2

# g obs at R e: Vmax2 / R e
g obs Re = v max si*x2 / (r_e * KPC_M)

# g bar at R e (from M star)
if m star is not None and m star &gt; 0:

# g bar = GxM star(&Lt;R e) / R e"2

# For exponential disk, M(&Lt;R e) ~ 0.736 * M total

g bar Re = G SI * 0.736 * m_star * M SUN / (r_e * KPC M)#*2
else:

g bar_Re = None

# g ¢ from MOND inversion at R e
#f g obs = (g bar + sqrt(g bar"2 + 4%g c*g bar)) / 2
# -8gt; g c = (2%g obs - g bar)"2 / (4%g bar) - g bar/4
# -8gt; g ¢ = (g obs™2 - g obs*g bar) / g bar (simplified)
gc_est = None
if g bar Re is not None and g bar Re &gt; 0:
# From MOND relation: g obs*(g obs - g bar) = g ¢ % g bar
gc val = g obs Re * (g obs Re - g bar Re) / g bar Re
if gc val &gt; 0:
gc_est = gc_val

entry = {
"name”: str(name),
"V max”: v_max,
"R e kpc”: r e,
"h R kpc”: h R
"G Sigma0”: G Sigma0,
"log G Sigma0”: np. log10(G Sigma0),
”g obs Re”: g obs Re,

}
if m star:
entry["M star”] = m_star
entry[”log Mstar”] = np. log10(m_star)
if g bar Re:
entry[”g bar Re”] = g bar Re
if gc est:

entry[”"g ¢”] = gc est
entry[”log gc”] = np. log10(gc_est)
entry[”gc a0”] = gc est / a0

results. append(entry)

return results

it 6. alpha #R7E

def alpha test(galaxies, label=""):
"UTOLS + tRRE + AICT”
valid gals = [g for g in galaxies
if "log gc” in g and "log G Sigma0” in g
and np. isfinite(g[”log gc”]) and np.isfinite(g[”log G Sigma0”])]

N = len(valid gals)

if N&lt; 5:
print(f” {label}: N={N} &Lt; 5, insufficient”)
return None

log gc = np.array([g[”log gc”] for g in valid gals])
log GS = np.array([g[”log G Sigma0”] for g in valid gals])

# OLS
A = np.vstack([np.ones(N), log GS]).T
coeffs, , , = np.linalg. lstsq(A, log gc, rcond=None)

intercept, alpha fit = coeffs

y pred = A @ coeffs

resid = log gc - y pred

s2 = np.sum(residx2) / (N - 2)
cov = s2 * np. Llinalg. inv(A.T @ A)
se_alpha = np.sqrt(cov[1, 1])
resid std = np.std(resid)

tcrit =t dist.ppf(0.975, N - 2)
ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

p05 = 2 * t dist.sf(abs((alpha fit - 0.5) / se alpha), N - 2)
p0 = 2 % t dist.sf(abs(alpha fit / se alpha), N - 2)

rho, p spear = spearmanr(log GS, log gc)

# AIC



gc mond = np. full(N, np. log10(a0))
rss_mond = np.sum((log gc - gc mond)**2)
aic_mond = N * np. log(rss_mond / N)

gc_geom = 0.5 * (np. log10(a0) + log GS)

eta shift = np.mean(log gc - gc_geom)

rss_geom = np.sum((log gc - gc geom - eta shift)*x2)
aic_geom = N * np. log(rss geom / N) + 2

rss_free = np.sum(resid¥x2)
aic_free = N * np. log(rss free / N) + 4

return {
”label”: label, "N”: N,
"alpha”: float(alpha fit), "se alpha”: float(se alpha),
"ci 95”: (float(ci[0]), float(ci[1])),
"p05”: float(p05), "p0”: float(p0d),
"resid std”: float(resid std),
"rho”: float(rho), "p spear”: float(p_ spear),
"dAIC geom”: float(aic geom - aic_mond),
"dAIC free”: float(aic free - aic_mond),
"intercept”: float(intercept),
"log gc”: log gc, "log GS”: log GS,

t7. 7oy b

def make plots(results, sparc alpha=0.545, sparc se=0.041):
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
print("matplotlib not available”)
return

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle(f"MaNGA independent verification: N={results['N"]}”,
fontsize=14, fontweight="bold )

# (a) log(gc) vs log(GxSigma 0)
ax = axes[0, 0]
ax.scatter(results[”log GS”], results[”log gc”], c="steelblue’, s=10, alpha=0.3)

x_range = np. Linspace(results[”log GS"].min() - 0.3,
results[”log GS”].max() + 0.3, 100)
y fit = results[”intercept”] + results[”alpha”] * x range
y 05 = 0.5 * np. log10(ad) + 0.5 * x range + ¥
np.mean(results[”log gc”] - 0.5%(np. log10(a0)+results[”log GS"]))
y mond = np. full Llike(x range, np. log10(a0))

a

3

.plot(x range, y fit, "r=", lw=2,
label=f"MaNGA alpha={results[”alpha”]:.3f}+/-{results[”se alpha”]:.3f}")

ax.plot(x_range, y 05, "g--", lw=1.5, label="alpha=0.5")

ax.plot(x_range, y mond, 'k:’, Llw=1, label="MOND")

ax.set xlabel(’ log(GxSigma 0) [m/s"2]")

ax.set ylabel(’ log(g c) [m/s"2]")

ax.set title(f alpha={results[”alpha”]:.3f}, p(0.5)={results["p05”]:.4f}")

. legend(fontsize=9)
.grid(True, alpha=0.3)

a
a

x X

# (b) alpha comparison
ax = axes[0, 1]
datasets = [' SPARC¥n(N=175)", ’'LT¥n(N=22)", f MaNGA¥n(N={results[”"N"]})"]
alphas p = [sparc alpha, 0.576, results[”alpha”]]
ses p = [sparc se * 1.96, 0.047 x 2,09,

results[”se alpha”] * t dist.ppf(0.975, results["N"]-2)]
colors p = ["navy’, 'coral’, ’steelblue’]

for i, (a, e, c) in enumerate(zip(alphas p, ses p, colors p)):
ax.errorbar(a, i, xerr=e, fmt="o’, ms=10, capsize=8
color=c, elinewidth=2)
.axvline(0.5, color="green’, ls="--", lw=2, label="alpha=0.5")
.set xlabel(’alpha’)
.set_yticks(range(len(datasets)))
.set_yticklabels(datasets)

a
a
a
a

X X x x

ax.set title(’alpha 95% CI comparison’)
ax. legend()
ax.set xlim(-0.2, 1.5)

a

3

.grid(True, alpha=0.3)

# (c) residual distribution
ax = axes[1, 0]
resid = results[”log gc”] - (results[”intercept”] + results[”alpha”] * results[”log GS"])

ax.hist(resid, bins=50, color="steelblue’, edgecolor="white’, alpha=0.8, density=True)
ax.axvline(0, color="red", ls="--")
ax.set xlabel(’ residual [dex]")

a
a
a

3

.set_ylabel(’density’)
.set title(f residual sigma={results[”resid std”]:.3f} dex’)
.grid(True, alpha=0.3)

x X

# (d) GxSigma 0 coverage comparison

ax = axes[1, 1]

ax.hist(results[”log GS”], bins=30, alpha=0.6, color="steelblue’
label=f"MaNGA (N={results[”"N”]})’, density=True)

# SPARC approximate range

ax.axvspan(-11.5, -9.0, alpha=0.1, color="navy’, label="SPARC range’)

# LT approximate range

ax.axvspan(-11.8, -10.3, alpha=0.1, color="coral’, label="LT range’)

ax.set xlabel(’ log(GxSigma 0) [m/s"2]")

ax.set_ylabel(’ density’)



ax.set title(’GxSigma 0 coverage’)
ax. legend(fontsize=9)
ax.grid(True, alpha=0.3)

plt.tight layout()

figpath = OUTDIR / "manga verification.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f’plot: {figpath}”)

#8 XA

def main():
print(”=" % 70)
print(”"N-2a: MaNGA independent verification”)
print(”=" % 70)

§ - F—sEg -

print("¥n--- data acquisition ---")
manga data = None

# 73%1: DynPop
print("¥n[1] MaNGA DynPop (Zhu+2023):")
dynpop_text = fetch manga dynpop()
if dynpop text:
dynpop = parse_tsv(dynpop text)
if dynpop and len(dynpop[”rows”]) &gt; 100:
manga_data = dynpop
print(f” DynPop: {len(dynpop[’ rows’])} galaxies”)

i Ak2: RAR 7—%
print("¥n[2] Lelli+2017 / Chae+2020 RAR:”)
rar_text = fetch manga rar()
rar_data = None
if rar_text:

rar_data = parse tsv(rar text)

if rar_data:

print(f” RAR: {len(rar data[’rows’])} data points”)

# 73%3: Pipe3D
print("¥n[3] Pipe3D (Sanchez+2022):")
pipe3d text = fetch manga pipe3d()
pipe3d data = None
if pipe3d text:

pipe3d data = parse tsv(pipe3d text)

if pipe3d data:

print(f” Pipe3D: {len(pipe3d data[’ rows’])} galaxies”)

# - FoHRRENE -

print (f"¥n-—- processing ---")
galaxies = []

# DynPop A'HhIEER

if manga data and len(manga data[”rows”]) &gt; 100:
print(f” using DynPop ({len(manga data[’ rows’])} rows)”)
print(f” columns: {manga data[  header’ J[:151}")

t BROEEBTY EY T
col map = {}
for h in manga data[”header”]:
hl = h. lower ()
if "vmax’ in hl or v max’ in hl or hl == "v¢’
col map. setdefault(’V_max’, h)
elif "re’ in hl and "kpc’ in hl:
col map. setdefault("R e’, h)
elif "re’ == hl or hl =="r ¢ :
col map. setdefault("R e’, h)
elif "mstar’ in hl or "logm’ in hl or 'm star’ in hl:
col map. setdefault(’M star’, h)
elif "plate’ in hl or "manga’ in hl or "name’ in hl:
col map. setdefault(’ name’, h)
elif "sigma’ in hl and "€ in hl:
col map. setdefault(’sigma e’, h)

print(f” column mapping: {col map}”)

for row in manga data[”rows”]:
9={}
for key, col in col map.items():
if col in row:
glkey] = row[col]
if g:
galaxies. append(g)

i PipedD i iXEIN/AE
if pipe3d data and len(pipe3d data[”rows”]) &gt; 100 and len(galaxies) &Lt; 100:
print(f” using Pipe3D ({len(pipe3d data[’ rows’ 1)} rows)”)
for row in pipe3d data[”rows”]:
g={}
for h in pipe3d data[”header”]:
hl = h. lower()
if "vmax’ in hl or v rot’ in hl:
g’V max’] = row.get(h)
elif "re’ in hL:
gl’R e’ ] = row.get(h)
elif "mass’” in hl or "logm’ in hl:
g[’M star’] = row.get(h)
elif "plate’ in hl or "manga’ in hl:
g[’ name’ ] = row.get(h)
if "V max in g:
galaxies. append(g)
print(f"¥n total galaxies with V_max: {len(galaxies)}”)



if len(galaxies) &lt; 10:
print("¥n [WARNING] +27ZSRAMA RS TIEHATLR, )
print(” EX LN BREA:")
print(” 1. VizieR DAY ATEENEEERLD)
print(” 2. V.max BIEHEEITY EV I oSN T)
print(””)
print(" REFH:")
print(” (a) SDSS DR17 CAS M HEHE SQL /1) ")

print(” SELECT p.plateifu, p.nsa elpetro mass, p.nsa elpetro th50 r,”)
print(” d.V_max, d.sigma e”)

print(” FROM mangaDrpAll AS p”)

print(” JOIN mangaDynPop AS d ON p.plateifu = d.plateifu”)

print(” WHERE d.V max &gt; 0”)

print(””)

print("  (b) MaNGA DynPop @ FITS 77 A )LAEHS > O—K:")

print(” https://data. sdss. org/sas/dr17/manga/spectro/dynpop/”)
print(””)

print(” (c) Lelli+2017 @ SPARCHETG #%& RAR &¥—4:")

# RAR F—4 BTN THRE
if rar data and len(rar data[”rows”]) &gt; 50:
print(f"¥n -8&gt; RAR ¥—% ({len(rar data[’rows’ 1)} points) THREMRFTERIT")

I RIS TEh S LBRERET

info = {
"dynpop_available”: manga data is not None
"dynpop_rows”: len(manga data[”rows”]) if manga data else 0,
"dynpop_columns”: manga data[”header”] if manga data else [],
"pipe3d available”: pipe3d data is not None,
"pipe3d rows”: len(pipe3d data[”rows”]) if pipe3d data else 0,
"rar_available”: rar data is not None,
"rar_rows”: len(rar data[”rows”]) if rar data else 0
"galaxies extracted”: len(galaxies),

}

outpath = OUTDIR / "manga data info. json”

with open(outpath, "w”) as f:
json.dump(info, f, indent=2, default=str)

print(f’¥n data info saved: {outpath}”)

return

§ - MEREHE -

print (f"¥n-—- computing galaxy properties ---")

processed = compute galaxy properties(galaxies)

with gc = [g for g in processed if "g ¢” in g]

print(f” processed: {len(processed)}, with g c: {len(with gc)}”)

if len(with gc) &lt; 20:
print(f"¥n g c #ERINA {len(with gc)} BERE, ”)
print(” M star B’%E (g bar OFEICEA) . 7)
print(” M star FIDEJEEBRE L TLLEIW, )

#9cRLTE GkSigna 0 DL FIEHEER
if len(processed) &gt; 50:
log GS = [g[”log G Sigma@”] for g in processed if "log G Sigmad” in g]
print(f"¥n GxSigma 0 9% : N={len(log GS)}”)
print(f” range: [{min(log GS):.2f}, {max(log GS):.2f}]1")
print(f” median: {np.median(log GS):.2f}"”)
return

# -—- alpha #&E ---

print(f"¥n{’ =" %70}")

print(f”alpha test: MaNGA (N={len(with gc)})”)
print(f”{’="%70}")

results = alpha test(with gc, "MaNGA”)

if results is None:
return

print(f"¥n alpha = {results[’alpha’ ]:.3f} +/- {results[’se alpha’]:.3f}")
print(f” 95% CI: [{results[’ci 95" 1[0]:.3f}, {results[’ci 95" 1[1]:.3f}]")
print(f” p(alpha=0.5) = {results[’p05 ]:.4f} ”

f7{"not rejected’” if results[’p05 ] &gt; 0.05 else 'REJECTED’}”)
print(f” p(alpha=0, MOND) = {results[ p0’ ]:.2e}”)
print(f” residual sigma = {results[’resid std’ ]:.3f} dex”)
print(f” Spearman rho = {results[’rho’ ]:.3f} (p={results[’p spear’]:.2e})”)
print(f” dAIC(geom vs MOND) = {results[’ dAIC geom” ]:.1f}")

# SPARC & MDEL#R

sparc_alpha, sparc_se = 0.545, 0.041

diff = abs(results[”alpha”] - sparc_alpha)

combined se = np.sqrt(results[”se alpha”]*x2 + sparc se**2)
z diff = diff / combined se

print(f"¥n SPARC comparison:”)
print(f” |alpha MaNGA - alpha SPARC| = {diff:.3f}")
print(f” z = {z diff:.2f} ({"consistent’ if z diff &lt; 2 else ’inconsistent’})”)

# GxSigma 0 range

print(f"¥n GxSigma 0 range:”)

print(f” MaNGA: [{min(results[’ log GS’1):.2f}, {max(results[’ log GS’1):.2f}]1")
print(f” SPARC: [-11.5, -9.0] (approx)”)

print(f” LT: [-11.8, -10.3] (approx)”)

t 7oy k

make plots(results)

I BREF

summary = {
"dataset”: "MaNGA”,
"N”: results["N"],
"alpha”: results[”alpha”],
"se alpha”: results[”se alpha”],
"ci 95”: results[”ci 95"],
"p05”: results[”p05”],



"p0”: results["p0”],

"resid std”: results["resid std”],

"dAIC geom”: results[”"dAIC geom”],
"sparc_z score”: float(z diff),
"sparc_consistent”: bool(z diff &Lt; 2),

}

outpath = OUTDIR / "manga verification results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2)

print(f"¥nresults: {outpath}”)

i $E
print(f"¥n{’ =" %70}")
print("verdict”)
print(f7{ =" x70}")

if results[”p05”] &gt; 0.05 and z diff &Llt; 2:
print(f” alpha=0.5 is NOT REJECTED in MaNGA (p={results[’ p05’]:.3f})")
print(f” SPARC alpha is CONSISTENT (z={z diff:.2f})”)
print(f” -8&gt; Level A upgrade candidate for geometric mean law”)
elif results[”"p05”] &gt; 0.05:
print(f” alpha=0.5 not rejected but SPARC inconsistent”)
else:
print(f” alpha=0.5 REJECTED (p={results[’ p05 ]:.4f})”)

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

if name ==" main
main()



#11. manga_v2.py

= A
B MaNGA fast rotator (Lambda_Re>0.5) R, BEE > BlalphaZ E M HEER
k& scipy,matplotlib,numpy,pandas
AR manga_dynpop_raw.tsv
Hh manga_v2_results.json
E1T uv run --with scipy,matplotlib,numpy,pandas python manga_v2.py

Y —23—NR(63217)
#f —*- coding: utf-8 —%-

MaNGA #REE v2: EEXFEERY TH Y S TD alpha HRE

VIORIE: #EMRA (signa e) & @& E (V_max) & EA -8gt; alpha=0.92
v2: Lambda Re &gt; 0.5 DEERZERICERE L. V max R— X T

Claude Code THEFT:
uv run —-with scipy —-with matplotlib —-with numpy --with pandas python manga v2.py

Hi{R: manga results/manga dynpop raw. tsv ATE{E (vI THUSEH)

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize scalar
from scipy.stats import spearmanr, t as t dist

OUTDIR = Path("manga results”)
OUTDIR.mkdir(exist ok=True)

0 = 1.2e-10

SI = 6.674e-11

SUN = 1.989e30

C_M = 3.0857e19

P

==on

#
# 1. DynPop F—HFHHAH + H T LRR
#

def Load dynpop():
"I CEGIEH D DynPop TSV EETHIAHK. N T LHEE % BRIT
candidates = List(OUTDIR. glob(”manga dynpopx. tsv”))
if not candidates:
print(” DynPop 7 74 L7 L, manga verification.py Z5EICEFLTLLEIW, ”)
return None, None

filepath = candidates[0]
print(f” loading: {filepath}”)

text = filepath. read text(encoding="utf-8, errors="replace’)
lines = text.strip().split(’¥n’)

A~y S
header = None
data_start = 0
for i, Lline in enumerate(lines):
if line.startswith('# ) or Lline.startswith("-"):
continue
parts = [p.strip() for p in line.split(’¥t’)]
if len(parts) &gt;= 5:
I BETRVWERDSZIThIEAY Y
non_numeric = sum(1 for p in parts[:5]
if p and not p.replace(’.’,””).replace(’-",” " ).replace("+,’ " ).replace("e’,’’ ). isdigit())
if non_numeric &gt;= 3:
header = parts
data_start = i + 1
while data start &Llt; len(lines) and lines[data start].startswith(’-"):
data start += 1
break

if header is None:
print(” A SHRHEKK”)

return None, None
print(f” columns ({len(header)}): {header}”)

t F—447/8=2
rows = []
for line in lines[data start:]:
if not Lline.strip() or Lline.startswith("#’) or Lline.startswith(’-")
continue
parts = [p.strip() for p in line.split(’¥t’)]
if len(parts) &gt;= len(header):
row = {}
for j, h in enumerate(header):
val = parts[j]
try:
row[h] = float(val)
except ValueError:
row[h] = val
rows. append (row)

print(f” rows: {len(rows)}”)
return header, rows

def identify columns(header):



hZLEEREYY EY T
col map = {
"name’ : None,
"V max’ : None, I RARBEREE
"sigma_ e’ : None, I REDE
"R e’ : None, # B4R [kpc or arcsec]
’log Mstar’: None, # 1E2EE [log M sun]
" lambda Re’: None, { [E#RECEE

T type : None, i pReR
“ellipticity’ : None, # ¥A=
"n_sersic’ : None, # Sersic index

for h in header:
ht = h. lower().replace(’" ', ’").replace(’ ’, ')
# V max
if any(k in hl for k in ["vmax’, ’vmaxr’, ’vcirc’, "vrot’]):
col map[’V max’] = col map[’V max’] or h
# signa e
elif any(k in hl for k in ["sigmae’, ’sigmare’, 'sigma@’, ’veldisp’]):
col map[’sigma e’ ] = col map[’sigma e’] or h
tRe
elif any(k in hl for k in ["rekpc’, ’remaj’, ’reff 1):
col map[’R e’] = col map[’R e’ ] or h
elif hl in ["re’, "rh’]1:
col map[’R e’] = col map[’R e’ ] or h
# M star
elif any(k in hl for k in [’ logmstar’, ’ logm*’, ’logmass’, 'mstar’]):
col map[’ log Mstar’] = col map[’ log Mstar’] or h
# lambda Re
elif any(k in hl for k in [’ lambdare’, ’ lambda’, ’ lambdaer’]):
col map[’ lambda Re’] = col map[’ lambda Re’] or h
# T-type
elif any(k in hl for k in [’ ttype’, 'hubble’, "morph’]):
col map[’T type’] = col map[’'T type’] or h
# name
elif any(k in hl for k in ['plateifu’, 'mangaid’, 'name’]):
col map[’name’ ] = col map[’name’] or h
# ellipticity
elif "elli’” in hl or hlL == "eps’:
col map[’ellipticity’] = col map['ellipticity’] or h
# Sersic
elif ’sersic’ in hl or hl =="n’
col map[’n sersic’] = col map[’'n sersic’] or h

return col_map

t2. 7408007

def filter rotators(rows, col map, lambda cut=0.5, vmax min=30):
[EESARENOL ALY
- Lambda Re &gt; lambda cut (fast rotator)
- V_max &gt; vmax min km/s
- Vmax NEETEHIE
rotators = []
pressure = []
no_lambda = []
no_vmax = []

for row in rows:
# V max
v_max = None
if col map[’V max’] and col map[’V max’] in row:
try:
v max = float(row[col map[’V max’]1])
except (ValueError, TypeError):
pass

# Lambda Re
Lam = None
if col map[’ lambda Re’ ] and col map[’ lambda Re’] in row:
try:
lam = float(row[col map[’ lambda Re’ 1])
except (ValueError, TypeError):
pass

# signa_e (V maxA 72 W HEDORE)
sig = None
if col map[’sigma e’ ] and col map[’sigma e’] in row:
try:
sig = float(row[col map[’sigma e’ ]1])
except (ValueError, TypeError):
pass

fRe
r_e = None
if col map[’R e’ ] and col map[’R e’ ] in row:
try:
r e = float(row[col map[’R e’ 11)
except (ValueError, TypeError):
pass

# M star
log ms = None
if col map[’ log Mstar’] and col map[’ log Mstar’] in row:
try:
log ms = float(row[col map[’ log Mstar’]])
except (ValueError, TypeError):
pass

# name



name = row.get(col map[’ name’ ], "unknown’) if col map[’ name’] else ’unknown’

#7418
if v_max is None or v_max &Llt;= 0:
# Vmaxz L: signa edBHhidslow rotatorfE# & L TRk
if sig and sig &gt; 0:
no_vmax. append({"name”: name, "sigma e”: sig, ”lambda Re”: lam})
continue

if v_max &lt; vmax min:
continue

if lam is None:

no_lambda. append ({"name”: name, "V max”: v_max})

# Lambda Re #'72< THV naxdHhiEEEnRke L CER

rotators. append ({
"name”: name, "V max”: v max, "R e”: r_ e,
”log Mstar”: log ms, ”lambda Re”: lam, "sigma e”: sig
"filter”: "V_max only”

b

continue

if lam &gt;= lambda cut:
rotators. append ({
"name”: name, "V max”: v max, "R e”: r_ e,
”log Mstar”: log ms, ”lambda Re”: lam, "sigma e”: sig
"filter”: "fast rotator”
b
else:
pressure. append({
"name”: name, "V max”: v max, ”lambda Re”: lam, "sigma e”: sig,

)

return rotators, pressure, no_lambda, no vmax

i
#3. gc/ GkSigma 0 &
i
def compute properties(galaxies):
"""\ _max, R.e, M_star A5 g c & GkSigma 0 ZFE”"”
results = []

for g in galaxies:
v _max = g.get(”"V max”)
re=g.get("R e”)
log ms = g.get(”log Mstar”)

if v_max is None or r_e is None or v max &lt;= 0 or r_ e &Llt;= 0:
continue

n =

=R e / 1.678 (exponential disk)
re/ 1.678
= v max * le3
= h R * KPC M

o> < T o
v v =

G Sigmal = v si**2 / h si

# g obs at R e
g obs Re = v si**x2 / (r_e % KPC M)

# g bar at R e (from M star)
gc_est = None
g bar Re = None
if log ms is not None and log ms &gt; 5:
m_star = 10%*log ms
# M(&Lt;R e) ~ 0.736 * M total for exponential disk
g bar Re = G SI * 0.736 * m_star * M SUN / (r_e * KPC M)#*2

if g bar Re &gt; 0 and g obs Re &gt; g bar Re:
gc est = g obs Re * (g obs Re - g bar Re) / g bar Re

entry = dict(g)
entry["h R kpc”] = h R
entry[”G Sigma0”] = G_Sigma0
entry[”log G Sigma0”] = np. Log10(G_Sigma0)
entry[”g obs Re”] = g obs Re
if g bar Re:
entry[”g bar Re”] = g bar Re
if gc_est and gc_est &gt; 0:
entry[”"g ¢”] = gc est
entry[”log gc”] = np. log10(gc_est)
entry[”gc a0”] = gc est / a0

results. append(entry)

return results

# 4. alpha #RE

def alpha test(galaxies, label=""):
valid = [g for g in galaxies
if "log gc” in g and "log G Sigma0” in g
and np. isfinite(g[”log gc”]) and np. isfinite(g[”log G Sigma0”])
and g[”log gc”] &gt; -15 and g[”log gc”] &Lt; -5]

N = len(valid)
if N&Llt; 10:
return None

log gc = np.array([g[”log gc”] for g in valid])
log GS = np.array([g[”log G Sigma0”] for g in valid])
A = np.vstack([np.ones(N), log GS]).T



coeffs, , , = np.linalg. Lstsq(A, log gc, rcond=None)
intercept, alpha fit = coeffs

resid = log gc - A @ coeffs

s2 = np.sum(residx2) / (N - 2)
cov = s2 * np. Linalg. inv(A.T @ A)
se_alpha = np.sqrt(cov[1, 1])
resid std = np.std(resid)

tcrit =t dist.ppf(0.975, N - 2)
ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

p05 = 2 * t dist.sf(abs((alpha fit - 0.5) / se alpha), N - 2)
p0 = 2 * t dist.sf(abs(alpha fit / se alpha), N - 2)

rho, p spear = spearmanr(log GS, log gc)

gc mond = np. full(N, np. log10(a0))
rss_mond = np.sum((log gc - gc mond)**2)
aic_mond = N * np. log(rss_mond / N)

gc geom = 0.5 * (np. log10(a0) + log GS)

eta shift = np.mean(log gc - gc_geom)

rss_geom = np.sum((log gc - gc geom - eta shift)*x2)
aic_geom = N * np. log(rss_geom / N) + 2

return {
”label”: label, "N”: N,
"alpha”: float(alpha fit), "se alpha”: float(se alpha),
"ci 95”: (float(ci[0]), float(ci[1])),
"p05”: float(p05), "p0”: float(p0d),
"resid std”: float(resid std),
"rho”: float(rho), ”"p spear”: float(p_ spear),
"dAIC geom”: float(aic geom - aic_mond),
"intercept”: float(intercept),
"eta shift”: float(eta shift),
”log gc”: log gc, "log GS”: log GS,

# 5. HEE RN

def mass bin analysis(galaxies):
""" log(M star) E>Z&D alpha &FE""”
valid = [g for g in galaxies if "log gc” in g and "log Mstar” in g
and g[”log Mstar”] is not None]
if len(valid) &Lt; 30:
return []

log ms = np.array([g[”log Mstar”] for g in valid])
bins = [(8, 9.5, "dwarf”), (9.5, 10.5, "intermediate”), (10.5, 12, "massive”)]

results = []
for lo, hi, label in bins:
subset = [g for g in valid if lo &lt;= g[”log Mstar”] &Llt; hi]
if len(subset) &Lt; 10:
results. append({"bin”: label, "N”: Llen(subset), "alpha”: None})
continue
r = alpha test(subset, label)
ifor:
results. append({"bin”: label, "N”: r["N"],
"alpha”: r["alpha”], "se”:
"p05”: r["p05”1})

r["se alpha”],

else:
results. append({"bin”: label, "N”: Llen(subset), "alpha”: None})

return results

te6. Fovh

def make plots(results all, results rot, mass bins):
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
return

fig, axes = plt.subplots(2, 3, figsize=(18, 11))
fig.suptitle(”MaNGA v2: rotation-dominated subsample”, fontsize=14, fontweight="bold")

# (a) all vs rotators: log(gc) vs Llog(GxSigma 0)
ax = axes[0, 0]
if results all:
ax.scatter(results all[”log GS”], results all[”log gc”],
c="gray’, s=5, alpha=0.2, label=f"all (N={results all["N"]})")
if results rot:
ax.scatter(results rot[”log GS”], results rot[”log gc”],
c="steelblue’, s=8, alpha=0.4
label=f"rotators (N={results rot["N"]})")
x_r = np. Linspace(results rot[”log GS”].min()-0.3,
results rot[”log GS”].max()+0.3, 100)
ax.plot(x_r, results rot[”intercept”] + results rot[”alpha”J*x r,
"r-’, lw=2, label=f"alpha={results rot[”alpha”]:.3f}")
y05 = 0.5%np. log10(a0d) + 0.5%x r + results rot["eta shift”]
ax.plot(x_r, y05, ’g--", lw=1.5, Llabel="alpha=0.5")
.plot(x_ r, np.full Llike(x r, np.log10(a0)), "k:', Llabel="MOND")
.set xlabel(’ log(G«Sigma 0)")
.set_ylabel(’ log(g c)”)
.set title(’Rotator subsample’)
. legend(fontsize=7)
.grid(True, alpha=0.3)

a
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# (b) alpha comparison across datasets
ax = axes[0, 1]
datasets = [’ SPARC¥n(N=175)", ’LT+SPARC¥n(N=178)",
' MaNGA all¥n(N={results all[”N"] if results all else "?"})’
' MaNGA rot¥n(N={results rot["N”] if results rot else "?"})"]
alphas = [0.545, 0.576,
results all[”alpha”] if results all else 0,
results rot[”alpha”] if results rot else 0]
ses = [0.041%1.96, 0.047%2.09
results all[”se alpha”]*1.96 if results all else 0,
results rot[”se alpha”]xt dist.ppf(0.975, max(results rot["N”]-2,1)) if results rot else 0]
cols = ["navy’, ’coral’, ’gray’, ’steelblue’]

for i, (a, e, c) in enumerate(zip(alphas, ses, cols)):

ifal=0:
ax.errorbar(a, i, xerr=e, fmt="o’, ms=10, capsize=8, color=c, elinewidth=2)
ax.axvline(0.5, color="green’, ls='- lw=2, label="alpha=0.5")
ax.set xlabel(’alpha’)

ax.set yticks(range(len(datasets)))
ax.set yticklabels(datasets, fontsize=9)
ax.set title(’alpha comparison’)

ax. legend()

ax.set xlim(-0.1, 1.3)

ax.grid(True, alpha=0.3)

# (c) mass bin analysis
ax = axes[0, 2]
if mass bins:
valid bins = [b for b in mass bins if b[”alpha”] is not None]
if valid bins:
labels b = [b[”bin”] for b in valid bins]
alphas b = [b[”alpha”] for b in valid bins]
ses b = [b.get("se”, 0)*1.96 for b in valid bins]
ax.errorbar(alphas b, range(len(labels b)), xerr=ses b,
fmt="0", ms=10, capsize=8, color="steelblue’, elinewidth=2)

ax.axvline(0.5, color="green’, ls="--", [w=2)
ax.axvline(0.545, color="navy’, ls=":", lw=1.5, label="SPARC")
ax.set xlabel(’alpha’)

a
a

>

.set_yticks(range(len(labels b)))

.set_yticklabels([f"{b[’bin’ 1} (N={b[’N"1})” for b in valid bins])
ax.set title(’alpha by mass bin’)
ax. legend()

ax.grid(True, alpha=0.3)

> x X

# (d) residual distribution
ax = axes[1, 0]
if results rot:
resid = results rot[”log gc”] - (results rot[”intercept”] +
results rot[”alpha”J*results rot[”log GS”])
ax.hist(resid, bins=40, color="steelblue’, edgecolor="white’, density=True)
ax.axvline(0, color="red, ls="--")
x.set xlabel(’ residual [dex]")
ax.set title(f' residual sigma={results rot["resid std”]:.3f} dex’)
ax.grid(True, alpha=0.3)

®

# (e) Lambda Re distribution

ax = axes[1, 1]

ax.set title(’Lambda Re distribution’)
x.set xlabel(’ Lambda Re’)
ax.grid(True, alpha=0.3)

®

# (f) GxSigma 0 coverage
ax = axes[1, 2]
if results rot:
ax.hist(results rot[”log GS”], bins=30, alpha=0.6, color="steelblue’
label="MaNGA rotators’, density=True)
ax.axvspan(-11.5, -9.0, alpha=0.1, color="navy’, label="SPARC range’)
ax.axvspan(-11.8, -10.3, alpha=0.1, color="coral’, label="LT range’)
x.set xlabel(’ log(GxSigma 0)")
ax.set title(’ coverage comparison’)
ax. legend(fontsize=8)
ax.grid(True, alpha=0.3)

®

plt.tight layout()

figpath = OUTDIR / "manga v2 rotators.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f’plot: {figpath}”)

i
#7. A4
#
def main():

print(”=" % 70)
print("MaNGA v2: rotation-dominated subsample”)
print(”=" % 70)

t T8 EmHIAS
print("¥n--- loading DynPop —--")
header, rows = load dynpop()
if rows is None:
return

thSLvwvEYY

col map = identify columns(header)

print(f"¥n column mapping:”)

for k, v in col map. items():
print(f” {k}: {v}")

7405 )05

print(f"¥n-—- filtering —--")

rotators, pressure, no lambda, no vmax = filter rotators(rows, col map)
print(f” fast rotators (Lambda Re &gt; 0.5 or V_max only): {len(rotators)}”)
print(f” pressure-dominated (Lambda Re &Llt; 0.5): {len(pressure)}”)

print(f” no Lambda Re: {len(no lambda)}”)



print(f” no V_ max (sigma e only): {len(no vmax)}”)

# MEBEE

print(f”¥n--- computing properties —-=")

i 2RA
all gals raw = []
for row in rows:
g=1{
if col_ map[’V max’] and col map[’V max’] in row:
try: g’V max’] = float(row[col map[’V max’]1])
except: pass
elif col map[’sigma e’ ] and col map[’sigma e’ ] in row:
try: g[’V max’] = float(row[col map[’sigma e’ ]]1) * np.sqrt(2)
except: pass
if col map[’R e’ ] and col map[’R e’ ] in row:
try: g[’R e’ ] = float(row[col map['R e’ 11)
except: pass
if col map[’ log Mstar’] and col map[’ log Mstar’] in row:
try: g[’ log Mstar’] = float(row[col map[’ log Mstar’ ]1)
except: pass
if g.get("V.max’) and g.get('R e’ ):
all gals raw. append(g)

all processed = compute properties(all gals raw)
all with gc = [g for g in all processed if "g ¢” in g]
print(f” all: {len(all processed)} processed, {len(all with gc)} with g c”)

I BERXERDH

rot processed = compute properties(rotators)

rot with gc = [g for g in rot processed if "g ¢” in g]

print(f” rotators: {len(rot processed)} processed, {len(rot with gc)} with g ¢”)

i alpha #RE
print(f"¥n{’ =" %70}")
print("alpha test”)
print(f7{ =" x70}")

print(f"¥n-—- all galaxies -—-")

results all = alpha test(all with gc, "MaNGA all”)

if results all:
print(f” N={results all[’N’]}, alpha={results all[’alpha’]:.3f} +/- {results all[’se alpha’]:.3f}")
print(f” p(alpha=0.5)={results all[’p05 ]:.2e}")

print(f"¥n-—- rotators only ——-")
results rot = alpha test(rot with gc, "MaNGA rotators”)
if results rot:
print(f” N={results rot[’N’ ]}, alpha={results rot[’alpha’]:.3f} +/- {results rot[’se alpha’]:.3f}")
print(f” 95% CI: [{results rot['ci 95 1[0]:.3f}, {results rot[’ci 95" J[1]:.3f}1")
print(f” p(alpha=0.5)={results rot[’ p05 ]:.4f} ”
”{"not rejected’ if results rot[’p05 ] &gt; 0.05 else 'REJECTED’}”)
print(f” p(alpha=0, MOND)={results rot[’p0’]:.2e}")
print(f” residual sigma={results rot[ resid std’ ]:.3f} dex”)
print(f” Spearman rho={results rot[’ rho’ ]:.3f}")
print(f” dAIC(geom vs MOND)={results rot[’ dAIC geom’ ]:.1f}")

# SPARCLL#X

diff = abs(results rot[”alpha”] - 0.545)

comb_se = np.sqrt(results rot[”se alpha”]**2 + 0.041%%2)

z = diff / comb_se

print(f"¥n SPARC comparison: z={z:.2f} ({’consistent’ if z &lt; 2 else ’inconsistent’})”)

t EEEVR
print (f"¥n-—- mass bin analysis ---")
mass _bins = mass bin analysis(rot with gc)
if mass bins:
print(f’¥n  {"bin’ :&Lt;15} {"N’ :&gt;5} { alpha’:8&gt;8} {’se’:&gt;6} {'p(0.5)" :&gt;10}")
print(f” {-"*48}”)
for b in mass bins:
if b["alpha”] is not None:
print(f” {b[’bin’ ]:&Lt;15} {b[’N ]:&gt;5} {b[’alpha’]:&gt;8.3f} ”
7 {b.get(’se’,0):8gt;6.3f} {b.get(’p05",0):&gt;10.4f}")
else:
print(f” {b[’bin’ ]:&Lt;15} {b[’N ]:&gt;5} {'--":&gt;8}")

# BT —7
print(f"¥n{’ =" %70}")
print("comparison table”)
print(f”{’="%70}")
print(f"¥n { dataset’ :&Lt;20} {'N :&gt;6} {'alpha’ :&gt;8} {’se’:&gt;6} {'p(0.5)" :&gt;10} {'sigma’ :&gt;6}”)
print(f” {"-"%58}")
print(f” {’SPARC’ :&Lt;20} {’ 175 :&gt;6} {’0.545 :&gt;8} {’0.041" :8&gt;6} {’0.273" :&gt;10} {'0.312" :&gt;6}")
print(f” {'LT+SPARC’ :&Lt;20} {" 178 :&gt;6} {0.576" :&gt;8} {’0.047" :&gt;6} {’0.109" :&gt;10} {’0.373 :&gt;6}")
if results all:
print(f” {'MaNGA all’:&Lt;20} {results all[’N ]:&gt;6} {results all[ alpha’]:&gt;8.3f} ”
f”{results all[’se alpha’ ]:&gt;6.3f} {results all[ p05 ]:&gt;10.2e} ”
f”{results all[’resid std’ ]:&gt;6.3f}")
if results rot:
print(f” {'MaNGA rotators’ :&Lt;20} {results rot[’N’ ]:8&gt;6} {results rot[’alpha’]:&gt;8.3f} ”
f”{results rot[’se alpha’ ]:8gt;6.3f} {results rot[’p05 ]:8&gt;10.4f} ”
f”{results rot[’resid std’ ]:&gt;6.3f}")

t 7oy k

make plots(results all, results rot, mass bins)

I BREF
summary = {
“all”: {k: v for k, v in results all.items()
if not isinstance(v, np.ndarray)} if results all else None
"rotators”: {k: v for k, v in results rot. items()
if not isinstance(v, np.ndarray)} if results rot else None
"mass_bins”: mass bins,
"filter stats”: {
"total rows”: len(rows),
"fast rotators”: len(rotators),



"pressure dominated”: len(pressure),
"rotators with gc”: len(rot with gc),
b
}
outpath = QUTDIR / "manga v2 results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2, default=str)
print(f"¥nresults: {outpath}”)

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

if name ==" main
main()



#12. probes verification. py

1RE HnE
B8 PROBES (Stone+2021) 1,623R5m+HX 541407, SPARCEEIR E K alphatR E
k& requests,scipy,matplotlib,numpy,pandas
AB VizieR/CADC
Hh probes_verification_results.json
E1T uv run --with requests,scipy,matplotlib,numpy,pandas python probes_verification.py

Y —23—R(70217)
#f —*- coding: utf-8 —%-

N-2a: PROBES | & % #4aI 53534 Rl (D3R STAREE

Claude Code THEFT:
uv run --with requests —-with scipy --with matplotlib --with numpy --with pandas python probes verification.py

PROBES: Stone et al. 2021 (ApJS, 256, 19)
- 71,500 spiral galaxies with resolved rotation curves
- Optical + HI rotation curves (V(R) profiles)
- Photometric parameters (h R, M star, etc.)
- SPARCE B LFiE (BEmIfRLAN 59 c7 1 v ) P ERATEE

VizieR: J/ApJS/256/19

import numpy as np

import json

from pathlib import Path

from scipy.optimize import minimize scalar
from scipy.stats import spearmanr, t as t dist

OUTDIR = Path("probes results”)
OUTDIR.mkdir(exist ok=True)

0 = 1.2e-10

I = 6.674e-11
UN = 1.989e30
M = 3.0857e19

P

==on
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def fetch probes catalog():
"""VizieR A5 PROBES 4 O &ENE"""
import requests

catalog = "J/ApJS/256/19”

t F—TI—BERAT

tables to try = [
(””, "main catalog”)
(”/table1”, "galaxy properties”)
(”/table2”, "rotation curves”),
("/catalog”, "catalog”),
(”/probes”, "probes”),
("/galaxies”, “galaxies”),

]

results = {}
for suffix, desc in tables to_ try:
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
7?-source={catalog} {suffix}”
f”8&amp;-out. max=500008amp;-out.all”)
print(f” {desc}: {catalog}{suffix} ...”, end=" ")
try:
r = requests.get(url, timeout=120)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = QUTDIR / f”probes{suffix.replace(’/’,” ') or ' main’}.tsv”
outpath.write text(r.text)
print(f’0K ({len(r.text)} bytes)”)
results[suffix or "main”] = r.text
else:
print(f’HTTP {r.status code}, {len(r.text)} bytes”)
except Exception as e:
print(f’error: {e}”)

return results

de
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fetch probes_github():
77"PROBES GitHub ') 7R kY Hh S DEEEEG"”
import requests

# Stone+2021 MF—# 1% GitHub TARINTWRIHELH S
urls = [
"https://raw. githubusercontent. com/Cul lanHowlett/PROBES/main/PROBES catalog.csv”
"https://raw. githubusercontent. com/PROBES-project/PROBES/main/data/catalog. csv”
]

for url in urls:
print(f” GitHub: {url} ...”, end=" ")
try:
r = requests.get(url, timeout=30)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = OUTDIR / "probes_github. csv”
outpath.write text(r.text)
print(f’0K ({len(r.text)} bytes)”)



return r. text
print(f"HTTP {r.status code}”)
except Exception as e:
print(f”{e}”)

return None

def fetch alternative rc catalogs():
TREDRERRA Y O

import requests

alternatives = [
# Sofue 2016 (PASJ 68, 2) - compiled RC
("J/PASJ/68/2”, "Sofue 2016 RC compilation”),
# Karukes &amp; Salucci 2017 - dwarf spirals
(”J/NMNRAS/465/4703”, "Karukes+2017 dwarf spirals”),
# Lelli+2016 SPARC RAR table
("J/AJ/152/157”, "Lelli+2016 SPARC”),
# Ponomareva+2018 - Tully-Fisher
(”J/MNRAS/474/4366”, "Ponomareva+2018”),
# Shelest &amp; Lelli 2020 - RAR in ETGs
("J/A+A/641/A317, “Shelesttlelli 2020 ETG RAR”),

]

results = {}
for cat, desc in alternatives:
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={cat}&amp;-out. max=30000&amp;-out.all”)
print(f” {desc}: {cat} ...”, end=" ")
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 500:
outpath = OUTDIR / f”alt {cat.replace(’/",” ’)}.tsv”
outpath.write text(r.text)
print(f"0K ({len(r.text)} bytes)”)
results[cat] = {"text”: r.text, "desc”: desc}
else:
print(f”{r.status code}”)
except Exception as e:
print(f’{e}”)
return results

i
# 2. TSV /R—H—
i
def parse tsv(text):
lines = text.strip().split(’¥n")
header = None
data start = 0

for i, Lline in enumerate(lines):
if line.startswith("# ) or Lline.startswith(’-"):
continue
parts = [p.strip() for p in Lline.split(’¥t’)]
if len(parts) &gt;= 3:
non_num = sum(1 for p in parts[:5]
if p and not p.replace(’.”,””).replace("-","" ). replace("+,’ " ).replace("e’,’” ). isdigit())
if non_num &gt;= 2 or i &Llt; 5:
header = parts
data start = i + 1
while data start &lt; len(lines) and lines[data start].startswith(’-"):
data start += 1
break

if header is None:
return None

rows = []
for Lline in lines[data start:]:
if not Lline.strip() or Lline.startswith("#’) or Lline.startswith(’-")
continue
parts = [p.strip() for p in Lline.split(’¥t’)]
if len(parts) &gt;= len(header):
row = {}
for j, h in enumerate(header):
try:
row[h] = float(parts[j])
except ValueError:
row[h] = parts[j]
rows. append(row)

return {"header”: header, "rows”: rows}

# 3. SRAMMEEOHE &9 cFHE

def extract galaxy properties(data):
e nTHMS Vflat, h R, Mstar AL g ¢ ZFE"
header = data[”header”]
rows = data[”rows”]

print(f” columns: {header[:20]}")

thZLEETYEYS
col map = {}
for h in header:
hl = h. lower().replace(" ’,”").replace(’ ’,”")
if any(k in hl for k in ['vflat’,’vrot’,  vmax’, vc’,” vmean’]):
col map.setdefault(’V flat’, h)
elif any(k in hl for k in ["hrkpc’,’ rdkpc’,’ rscale’,” hrdisk’,” scalelength’]):
col map.setdefault("h R’, h)
elif any(k in hl for k in ['rekpc’, reff’,’ rhlkpc’ 1):



col map.setdefault("R e’, h)

elif any(k in hl for k in [’ logmstar’,’ logm’, mstar’,’ stellarmass’]):
col map.setdefault(’ log Mstar’, h)

elif any(k in hl for k in ["dist’, distance’,’ dmpc’ 1):
col map.setdefault(’dist’, h)

elif any(k in hl for k in ["name’,’ galaxy’,” id",” source’]):
col map.setdefault(’ name’, h)

elif any(k in hl for k in [ type’,” ttype’, morph’, hubble’]):
col map.setdefault(’ T type’, h)

elif any(k in hl for k in ["shdisk’,’ surfbright’,’ mu0’,” sb’]):
col map.setdefault(’SB’, h)

elif any(k in hl for k in ["upsilon’, ml’,  masstolight’]):
col map.setdefault(’ Upsilon’, h)

print(f” mapping: {col map}”)

galaxies = []
for row in rows:
g = {"raw”: {k: row.get(k) for k in col map.values() if k}}

#V flat
v_flat = None
if col map.get(’V flat’) and col map['V flat’] in row:
try: v flat = float(row[col map[’'V flat’1])
except: pass
if v flat is None or v flat &lt;= 10:
continue
h R
R = None
f col map.get("h R’) and col map[’h R’] in row:
try: h R = float(row[col map["h R*1])
except: pass
if h R is None and col map.get("R e’) and col map[’R e’] in row:
try: h R = float(row[col map[’R e’ 1) / 1.678
except: pass
if h R is None or h R &lt;= 0:
continue

#
h
i

# M star

log ms = None

if col map.get(’ log Mstar’) and col map[’ log Mstar’] in row:
try: log ms = float(row[col map[’ log Mstar’1])
except: pass

# name
name = str(row.get(col map.get(’name’, '’), "unknown’))

# GSigma 0

v si = v flat * 1e3

h si =hR*KPCM

G Sigmad = v si**2 / h si

# g ¢ from MOND inversion

# g obs at R e ™ 2.2xh R (peak of exponential disk)
R peak = 2.2 x h R

g obs = v si*k2 / (R peak * KPC M)

gc_est = None
if log ms is not None and log ms &gt; 5:
m_star = 10%*log ms
# g bar at R peak: M(&Lt;R peak) ~ 0.65 % M total
g bar = G SI % 0.65 * m star * M SUN / (R peak * KPC M)*x2
if g bar &t; 0 and g obs &gt; g bar:
gc est = g obs * (g obs - g bar) / g bar
entry = {
"name”: name, "V flat”: v flat, "h R kpc”: h R,
"G Sigma0”: G Sigma0, "log G Sigma0”: np. log10(G Sigma0),
”g obs”: g obs,

if log ms: entry[”log Mstar”] = log ms
if gc_est and gc_est &gt; 0:
entry[”"g ¢”] = gc est
entry[”log gc”] = np. log10(gc_est)
entry[”gc a0”] = gc est / a0

galaxies. append(entry)

return galaxies

extract rc and fit gc(data):
BRHRT— T D' H BHE, IRATEIKg cET 1 v b,
F—7ILH=R: Name, R[kpcl, Vobs[km/s], Vbar[km/s], ...
header = data[”header”]

rows = data[”rows”

I SRARH S LERE
name _col = None
r_col = None

vobs col = None

vbar _col = None

for h in header:

hl = h. lower()

if "name’ in hl or "galaxy’ in hl or "source’ in hl:
name_col = name col or h

elif hl in ['r’, "rad’, "radius’] or "rkpc’ in hl
r col = r col or h

elif "vobs’ in hl or "vrot’ in hl or "vc’ in hl:
vobs col = vobs col or h

elif "vbar’ in hl or "vbary’ in hl:
vbar_col = vbar_col or h



if not all([name col, r col, vobs coll):
print(f” RC columns not found: name={name col}, r={r col}, vobs={vobs col}”)
return None

print(f” RC columns: name={name col}, r={r col}, vobs={vobs col}, vbar={vbar col}”)

R &I IL—TME
from collections import defaultdict
galaxy data = defaultdict(lambda: {"r”: [], "vobs”: [1, "vbar”: [1})

for row in rows:
name = str(row.get(name col, "))
if not name:
continue
try:
r = float(row[r col])
v = float(row[vobs col])
except (ValueError, TypeError, KeyError):
continue
galaxy data[name][”r”]. append(r)
galaxy data[name][”vobs”]. append(v)
if vbar col and vbar col in row:
try:
galaxy data[name][”vbar”]. append(float(row[vbar col]))
except:
galaxy data[name][”vbar”]. append(0)

print(f” galaxies with RC: {len(galaxy data)}”)

fgc714vh
results = []
for name, gdata in galaxy data.items():
r = np.array(gdata[”r"])
vobs = np.array(gdata[”vobs”])
vbar = np.array(gdata[”vbar”]) if gdata[”vbar”] else None

if len(r) &Lt; 5 or vbar is None or len(vbar) != len(r):
continue

rm=r % KPCM
valid = (r_m &gt; 0) &amp; (vobs &gt; 0) &amp; (vbar &gt; 0)
if np.sum(valid) &Llt; 3:

continue

g N = (vhar[valid] * 1e3)*%2 / r m[valid]
g obs = (vobs[valid] * 1e3)*%2 / r m[valid]

def chi2(log gc):
gc = 10%xlog gc
g pred = (g N + np.sqrt(g N«x2 + 4%gckg N)) / 2
return np.sum(((g obs - g pred) / (g obs * 0.1))%k2)

try:
res = minimize scalar(chi2, bounds=(-12, -8), method="bounded’ )
gc = 10%*res. x

n outer = max(3, len(vobs) // 4)

v_flat = np.median(vobs[-n outer:])
v_bar_max_idx = np.argmax(np.abs(vbar))

h R est = max(r[v_bar max _idx] / 2.2, 0.1)

v_si = v flat * 1e3
h_si = h R est % KPC M
G Sigmad = v si*x2 / h si

results. append ({
"name”: name, "g c¢”: float(gc),
”log gc”: float(np. log10(gc)), "gc ab”: float(gc/a0),
"V_flat”: float(v_flat), "h R kpc”: float(h R est),
”G_Sigma0”: float(G Sigma0),
”log G Sigma0”: float(np. log10(G Sigma0)),
"n points”: int(np.sum(valid)),
"chi2 dof”: float(res.fun / max(np.sum(valid)-1, 1)),
"method”: "RC fit”,

b

except:
continue

return results

# 4. alpha #RE

def alpha test(galaxies, label=""):
valid = [g for g in galaxies
if "log gc” in g and "log G Sigma0” in g
and np. isfinite(g[”log gc”]) and np.isfinite(g[”log G Sigma0”])
and -15 &Lt; g[”log gc”] &lt; -5]

N = len(valid)
if N&Llt; 10:
return None

log gc = np.array([g[”log gc”] for g in valid])
log GS = np.array([g[”log G Sigma0”] for g in valid])

A = np.vstack([np.ones(N), log GS]).T
coeffs, , , = np.linalg. Lstsq(A, log gc, rcond=None)
intercept, alpha fit = coeffs

resid = log gc - A @ coeffs
s2 = np.sum(resid¥x2) / (N - 2)
cov = s2 * np. Linalg. inv(A.T @ A)



se_alpha = np.sqrt(cov[1, 1])
resid std = np.std(resid)

tcrit =t dist.ppf(0.975, N - 2)
ci = (alpha fit - t crit * se alpha, alpha fit + t crit * se alpha)

p05 = 2 * t dist.sf(abs((alpha fit - 0.5) / se alpha), N - 2)
p0 = 2 * t dist.sf(abs(alpha fit / se alpha), N - 2)

rho, p spear = spearmanr(log GS, log gc)

gc mond = np. full(N, np. log10(a0))
rss_mond = np.sum((log gc - gc mond)**2)
aic_mond = N * np. log(rss_mond / N)

gc geom = 0.5 * (np. log10(a0d) + log GS)

eta shift = np.mean(log gc - gc_geom)

rss_geom = np.sum((log gc - gc geom - eta shift)*x2)
aic_geom = N * np. log(rss geom / N) + 2

# SPARCLLER

diff = abs(alpha fit - 0.545)

comb_se = np.sqrt(se alphaxk2 + 0,041%x2)
z sparc = diff / comb_se

return {
”label”: label, "N”: N,
"alpha”: float(alpha fit), "se alpha”: float(se alpha),
"ci 95”: (float(ci[0]), float(ci[1])),
"p05”: float(p05), "p0”: float(pd),
"resid std”: float(resid std),
"rho”: float(rho), "p spear”: float(p_ spear),
"dAIC geom”: float(aic geom - aic_mond),
"intercept”: float(intercept), "eta shift”: float(eta shift),
"z sparc”: float(z sparc),
"sparc_consistent”: bool(z sparc &lt; 2),
”log gc”: log gc, "log GS”: log GS,

i
#f 5. SPARCE#EIRE
i
def remove sparc overlap(galaxies):
"""SPARC 1758RW & DER & RE"""
# SPARC DEZRAH Y R b (RERMLE D)
sparc_names = {
"NGC3198”, "NGC2841”, "NGC2403”, "NGC3031”, "NGC2903”, "NGC5055”,
"NGC7331”, "NGC6946”, "NGC3521", "NGC4736”, "NGC5585”, "NGC4258”,
"NGC1003”, "NGC4395”, "NGC3109”, ”NGC300”, "NGC55”, "NGC247”,
"NGC4559”, "NGC6503”, "NGC3621”, "NGC2976”, "NGC4214”, "NGC4449”
"NGC925”, "NGC2366”, "NGC4163”, "NGC1569”, "NGC3738”,
”DD0154”, ”DD0168”, “DD050”, ”DD0126”, ”DD0133”, “DD087”,
”DD047”, "DD052”, ”DD046”, "DD043”, ”DD070”, "DD053”,
”DD0210”, ”DD0216”, ”DD0101”,
71025747, 161613,
"UGC2885”, "UGC128”, "UGC2259”,
"WLN”, ”CVnIdwA”, "LeoA”,

de
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normalize(name):
n = str(name).upper().replace(” ”, "”).replace(” ", "”).replace(”-", ")
n = n.replace(”NGCO”, "NGC”).replace(”DD00”, ”DD0”). replace(”UGCO”, "UGC")
”NGC 3198” -&gt; ”NGC3198”
for prefix in ["NGC”, "DD0”, "UGC”, "IC"]:
if n.startswith(prefix):

rest = n[len(prefix):]. Lstrip(”0”)

n = prefix + rest
return n

=+

sparc_norm = {normalize(s) for s in sparc names}

non overlap = []
overlap = []
for g in galaxies:
if normalize(g.get("name”,
over lap. append (g[”name”])
else:
non_over lap. append(g)

)) in sparc norm:

return non_overlap, overlap

t6. Fovh

def make plots(results, label="PROBES”):
try:
import matplotlib
matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except ImportError:
return

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle(f"{label}: N={results[’N" ]}, alpha={results[’alpha’]:.3f}",
fontsize=14, fontweight="bold )

# (a) log(gc) vs log(GxSigma 0)
ax = axes[0, 0]
ax.scatter(results[”log GS”], results[”log gc”], c="steelblue’, s=15, alpha=0.5)
xr = np. linspace(results[”log GS”].min()-0.3, results[”log GS”].max()+0.3, 100)
ax.plot(xr, results[”intercept”J+results[”alpha”l*xr, "r-", lw=2,
label=f" alpha={results[”alpha”]:.3f}+/-{results[”se alpha”]:.3f}")
ax.plot(xr, 0.5%np. log10(a0)+0.5%xr+results[”eta shift”], "g--', lw=1.5, label="alpha=0.5")



ax.plot(xr, np.full Like(xr, np.log10(a0)), "k:", Llabel="MOND’)
x.set xlabel(’ log(GxSigma 0)’); ax.set ylabel(’ log(g c)’)
ax.set title(f p(alpha=0.5)={results[”"p05”]:.4f}")

ax. legend(fontsize=9); ax.grid(True, alpha=0.3)

)

# (b) alpha comparison
ax = axes[0, 1]
ds = [’ SPARC¥n(N=175)", ’LT+SPARC¥n(N=178)", f {label}¥n(N={results["N"]})’]
als = [0.545, 0.576, results[”alpha”]]
ses = [0.041%1.96, 0.047%2.09, results[”se alpha”]xt dist.ppf(0.975, results["N"]-2)]
for i,(a,e,c) in enumerate(zip(als,ses, ['navy’,’ coral’,” steelblue’])):
ax.errorbar(a, i, xerr=e, fmt="0’ , ms=10, capsize=8, color=c, elinewidth=2)
ax.axvline(0.5,color="green’, ls="--, lw=2)
ax.set xlabel("alpha’); ax.set yticks(range(3)); ax.set yticklabels(ds)
ax.set title("alpha 95% CI'); ax.set xlim(-0.2,1.5); ax.grid(True, alpha=0.3)

# (c) residuals

ax = axes[1, 0]

resid = results[”log gc”]-(results[”intercept”]+results[”alpha”J*results[”log GS"])
ax.hist(resid, bins=30, color="steelblue’, edgecolor="white’,density=True)
ax.axvline(0,color="red", ls="--")

x.set xlabel(’ residual [dex]’); ax.set title(f sigma={results["resid std”]:.3f}")
ax.grid(True, alpha=0. 3)

®

# (d) coverage

ax = axes[1, 1]

ax.hist(results[”log GS”], bins=25, alpha=0.6, color="steelblue’, label=label, density=True)
ax.axvspan(-11.5,-9.0, alpha=0. 1, color="navy’, label="SPARC’ )
ax.axvspan(-11.8,-10. 3, alpha=0. 1, color="coral’, label="LT")

x.set xlabel(’ log(GxSigma 0)'); ax.set title(’coverage’); ax. legend(fontsize=9)
ax.grid(True, alpha=0. 3)

)

plt.tight layout()

figpath = OUTDIR / f”{label. lower().replace(’ ’,” ")} verification.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)

print(f’plot: {figpath}”)

i
#7. x4
i
def main():

print(”=" % 70)
print("N-2a: PROBES + alternative RC catalogs”)
print("=" % 70)

all galaxies = {}

# --- PROBES ——-
print ("¥n--- PROBES (Stone+2021) ---")
probes data = fetch probes catalog()

for key, text in probes data.items():
parsed = parse tsv(text)
if parsed and len(parsed[”rows”]) &gt; 10:
print(f"¥n processing {key}: {len(parsed[’ rows’])} rows”)

# EEREIRT — T TORT 4 F—TLHHE
has_radius = any("r’ in h. lower() and "kpc’ in h. Llower()
for h in parsed[”header”])
has_vobs = any(’ vobs’ in h. lower() or "vrot’ in h. lower()
for h in parsed[”header”])

if has_radius and has vobs:
i El¥RERAR -&9t; 9.c T4 v b
rc_results = extract rc_and fit gc(parsed)
if rc_results:
print(f” RC fit: {len(rc results)} galaxies”)
all galaxies[f”PROBES RC {key}”] = rc results
else:
# 7aRF4F—TI -8gt; g c HE
gals = extract galaxy properties(parsed)
gc gals = [g for g in gals if "g ¢” in g]
print(f” properties: {len(gals)} total, {len(gc gals)} with g c”)
if gc gals:
all galaxies[f”PROBES prop {key}”] = gc gals

# ——- GitHub ——-

if not all galaxies:
print("¥n--- PROBES GitHub ---")
gh = fetch probes github()

if gh:
parsed = parse tsv(gh)
if parsed:
gals = extract galaxy properties(parsed)
gc gals = [g for g in gals if "g ¢” in g]
if gc gals:
all galaxies[”PROBES github”] = gc gals
t-— KR&HHOYT -
print("¥n--- alternative catalogs ——-")

alt data = fetch alternative rc catalogs()

for cat, info in alt data.items():
parsed = parse tsv(info["text”])
if parsed and len(parsed[”rows”]) &gt; 10:
desc = info[”desc”]
print(f"¥n processing {desc}: {len(parsed[’ rows’])} rows”)

i EERERIRF T v U

has r = any(h. lower() in ["r’,’rad",’ rkpc’ ] or ’radius’ in h. lower()
for h in parsed[”header”])

has v = any(’vobs’ in h. lower() or "vrot’ in h. lower() or "vc’ in h. lower()
for h in parsed[”header”])

if has r and has v:



rc = extract rc and fit gc(parsed)
if rc:
all galaxies[desc] = rc
else:
gals = extract galaxy properties(parsed)
gc gals = [g for g in gals if "g ¢” in g]
if gc gals:
all galaxies[desc] = gc gals

it -— BR®|E -
print(f"¥n{’ =" %70}")
print("results summary”)
print(f7{ =" x70}")

for key, gals in all galaxies.items():
# SPARCEEFRE
non overlap, overlap = remove sparc overlap(gals)
n overlap = len(overlap)

print(f"¥n-—- {key} ---")
print(f” total: {len(gals)}, SPARC overlap: {n overlap}, ”
f”unique: {len(non overlap)}”)

if len(non overlap) &lt; 10:
print(f” skipping (N &Lt; 10)”)
continue

results = alpha test(non overlap, key)
if results is None:
print(f” alpha test failed”)
continue

print(f” alpha = {results[’alpha’]:.3f} +/- {results[’se alpha’]:.3f}"”)
print(f” 95% CI: [{results[’ci 95" 1[0]:.3f}, {results[’ci 95" 1[1]:.3f}1")
print(f” p(alpha=0.5) = {results[’p05 ]:.4f} ”
"{"not rejected if results[’p05 ] &gt; 0.05 else 'REJECTED’}”)
print(f” p(MOND) = {results[’p0@ ]:.2e}")
print(f” sigma = {results[’resid std’ ]:.3f} dex”)
print(f” rho = {results[’rho’ ]:.3f}"”)
print(f” dAIC = {results[’ dAIC geom’ ]:.1f}”)
print(f” SPARC z = {results[’z sparc’]:.2f} ”

f”({"consistent’ if results[ sparc consistent’] else "inconsistent’})”)

-

make plots(results, key)

i BRREF

summary = {k: v for k, v in results.items() if not isinstance(v, np.ndarray)}
summary[”n_sparc_overlap”] = n_overlap

outpath = OUTDIR / f”{key.replace(" ’,” ’).replace(’/",” ')} results. json”
with open(outpath, "w”) as f:

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

t2hs07oBT—TIL
if all galaxies:
print(f"¥n{’ =" x70}")
print("cross-catalog comparison”)
print(f7{" =" x70}")
print(f’¥n {'catalog’ :&Lt;30} {'N’ :&gt;5} {’alpha’ :&gt;8} {'se’:&gt;6} {'p(0.5)" :&gt;10} {’z SPARC’ :&gt;8}")
print(f”  {'-"%70}")
print(f” {'SPARC’ :&Lt;30} {"175 :&gt;5} {'0.545 :&gt;8} {’0.041" :8gt;6} {’0.273" :&gt;10} {'--':&gt;8}")
print(f” {'LT+SPARC’ :&Lt;30} {’ 178 :&gt;5} {'0.576" :&gt;8} {’0.047" :&gt;6} {’0.109" :&gt;10} {' --":&gt;8}")

for key, gals in all galaxies. items():
non ov, _ = remove sparc overlap(gals)
if len(non ov) &Lt; 10:
continue
r = alpha test(non ov, key)
ifor:
print(f” {key:&Lt;30} {r['N J1:8gt;5} {r[ alpha’]:&gt;8.3f} "
7{r[’se alpha’ ]:8&gt;6.3f} {r['p05 1:&gt;10.4f} {r[’z sparc’ ]:&gt;8.2f}")

if not all galaxies:
print("¥n BHMRAIOITHABGTEEFEATLE, )
print(” VizieR dFv 7 —VHIREMBEBL T LIV, 7)
print(” fAE: PROBES OF—4 &#FESH>O—R")
print(” https://www. cadc-ccda. hia-iha.nrc-cnrc. gc. ca/en/community/PROBES/”)

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

if name ==" main
main()



#13. probes rc_fit.py

HHE HnE

=) PROBESEIEGHI#R 24571 b (SPARCER—Fi%) . V_baris 8. SPARCE# IR &
k& scipy,matplotlib,numpy,pandas
AR rotation_curves/
Hh probes_rc_fit_results.json
E1T uv run --with scipy,matplotlib,numpy,pandas python probes_rc_fit.py
Y—23—NK(63747)
# -%- coding: utf-8 —%-

PROBES [EI$RERIRE(ET 1 v M IC & 2 BT XRIMEE

Claude Code THEFT:
uv run —-with scipy --with matplotlib --with numpy --with pandas python probes rc_fit.py

AR :

- PROBES rotation curves/ T4 Lo NUNF o vO—KFEH
CADC: https://www, cadc-ccda. hia-iha.nrc-cnrc. gc. ca/en/community/PROBES/
- structural parameters.csv (#M/XS X —%, HhIEER)

Fi%: SPARCEELICAL
- BERAD VR) 2405 gc ET 1V k
- gobs = (g N+ sqrt(g N2 + 4%g cxg N)) / 2

- GxSi

gma 0 =V flat™2 / h R

import numpy as np

import j

son

import os

from pat
from sci
from sci
from col

OUTDIR =

hlib import Path

py.optimize import minimize scalar
py.stats import spearmanr, t as t dist
lections import defaultdict

Path(”probes_results”)

OUTDIR.mkdir(exist ok=True)

20 =
6 SI
M_SUN =
KPC M =

#

0 = 1.2e-10
= 6.674e-11

1.989e30
3.0857e19

# 1. PROBES ¥« L & k)RR

#

def find probes_data():
"7"PROBES MF—4F 4 LU KY ERT
search = [

il
for

Path("rotation curves”),
Path(”PROBES/rotation curves”),
Path(”probes/rotation curves”),
Path(”PROBES data/rotation curves”),
Path(”probes data/rotation curves”),
# CADC download structure
Path(”PROBES”),

Path(”probes”),

d in search:
if d.exists() and d.is dir():
return d

LY hTF4L Y MYBETOCSVT 7 A L ERT
f in Path(”.”).glob("*rotation*”):
if f.is dir():

return f

return None

def find structural params():

for

structural parameters,csv %iE9

pinl

Path(”structural parameters.csv”),
Path(”PROBES/structural parameters.csv”),
Path("probes data/structural parameters.csv”)
Path(”probes results/probes structural.csv”)

if p.exists():
return p

return None

# 2. BEREIRT 7 4 L D/K—2R

def parse rc file(filepath):

{ERUERA DEEREIR 7 7 1 )L & T HAT,
META—7 v h:
(A) R[kpc] Vobs[km/s] eVobs Vgas Vdisk Vbul (SPARCAR=Z)
(B) R[kpc] Vobs[km/s] eVobs Vbar[km/s]
(C) R[arcsec/kpc] Vobs eVobs (F/iR)
(D) CSVHE=

try:




text = filepath. read text(encoding="utf-8, errors="replace’)
except:
return None

lines = []
sep = None

for Lline in text.strip().split(’¥n’):
line = line.strip()
if not line or line.startswith("#) or Lline.startswith(’!’):
continue

# XEYXXFO BB

if sep is None:

if’,” in line:
sep =,

elif "¥t in Line:
sep = " ¥t’

else:

sep = None # ZR—XREIY

if sep:

parts = [p.strip() for p in line.split(sep)]
else:

parts = Lline.split()

t AN IFRFY T (BUETRWT)
try:

float(parts[0])

lines. append([float(p) for p in parts if pJ)
except (ValueError, IndexError):

continue

if len(lines) &lt; 3:
return None

data = np.array(lines)
ncol = data. shape[1]

result = {"r”: data[:, 0], "ncol”: ncol, "n points”: len(lines)}

if ncol &gt;= 2:
result[”v obs”] = data[:, 1]
if ncol &gt;= 3:
result[”e vobs”] = data[:, 2]
else:
result[”e vobs”] = np.maximum(np.abs(datal:, 1]) * 0.1, 2.0)

# V bar D&KL
if ncol &gt;= 6:
# SPARCA%=: R, Vobs, eV, Vgas, Vdisk, Vbul
v_gas = data[:, 3]
v disk = data[:, 4]
v bul = data[:, 5] if ncol &gt; 5 else np.zeros(len(data))
result[”v bar”] = np.sqrt(np.abs(v gas)**2 + np.abs(v disk)*%2 + np.abs(v_bul)*%2)
result[”v gas”] = v gas
result[”v disk”] = v disk
elif ncol &gt;= 4:
# R, Vobs, eV, Vbar
result[”v_bar”] = np.abs(data[:, 3])
elif ncol == 3:
# V bar 2L -8gt; Vobs M (9 ciEIIHIRIN D)
result[”v_bar”] = None

return result

parse combined rc file(filepath):
BESRAM 7 7 A VICEEH LN TVBHED/S—H—,
SERAN T LTI I— T,

import pandas as pd

try:
if filepath.suffix ==".csv’:
df = pd.read csv(filepath)
else:
df = pd.read csv(filepath, sep=r’¥st’)
except:

return None

if len(df) &lt;
return None

0:

print(f” columns: {list(df.columns[:15]1)}")

thSuwvEYY
col map = {}
for ¢ in df.columns:
cl = c. lower().replace(" ", "’).replace(’ ', ")
if "name’ in cl or "galaxy’ in cl or "source’ in cl:
col map. setdefault(’ name’, c)
elif cl in ["r", "rad’, "rkpc’, 'radius’] or ’'rkpc’ in cl:
col map.setdefault(’r’, c)
elif "vobs’ in cl or "vrot’ incl or "v¢’ in cl:
col map.setdefault(’ v obs’, c)
elif “evobs’ in cl or "err’ in cl or "dvrot’ in cl
col map.setdefault(’e vobs’, c)
elif "vbar’ in cl or "vbary’ incl:
col map.setdefault(’ v bar’, c)
elif "vgas’ in cl:
col map.setdefault(’v gas’, c)
elif "vdisk’ in cl or "vstar’ in cl:
col map.setdefault(’v disk’, c)



print(f” mapping: {col map}”)

if "name’ not in col map or 'r’ not in col map or v obs’ not in col map
return None

SR & IS IL—TME

galaxies = {}

for name, group in df.groupby(col map[’ name’]):
r = group[col map[’ r’ ]].values
v_obs = group[col map[’v_obs’ ]].values

e v = group[col map[’e vobs’ ]].values if "e vobs’ in col map else np.maximum(v_obs*0.1, 2.0)

v_bar = None
if "v_bar’ in col map:
v_bar = group[col map[’v_bar’ ]].values
elif v gas’ in col map and "v disk’ in col map
vg = group[col map[’ v gas’ ]].values
vd = group[col map[’ v disk’ ]].values
v_bar = np.sqrt(np.abs(vg)#*2 + np.abs(vd)*x2)

if len(r) &gt;= 3:

galaxies[str(name)] = {
r”: r, "v_obs”: v obs, "e vobs”: e v,
: v_bar, "n points”: len(r),

return galaxies

#3. 9¢c 74wk (SPARCER—FE)

def fit gc(r kpc, v obs, e vobs, v bar):
ElREREEN D gc 714 v b,
SPARCOD Little things step2.py&@E—0OY v 7,
rm=r_kpc * KPC M
v_obs m = v_obs * 1e3
e v.m = np.maximum(e vobs, 1.0) * 1e3 # TFFR1 km/s
v_bar m = v_bar * 1e3

g N = np.zeros Like(r m)
g obs = np.zeros Llike(r m)
valid = r_m &gt; 0

g N[valid] = v _bar m[valid]*2 / r m[valid]
g obs[valid] = v obs m[valid]*x2 / r m[valid]

mask = valid &amp; (g N &gt; 0) &amp; (g obs &gt; 0)
if np.sum(mask) &Lt; 3:
return None

g N v =g N[mask]

g obs v = g obs[mask]

e g =2 % v obs m[mask] * e v m[mask] / r m[mask]
e g = np.maximum(e g, le-12)

def chi2(log gc):
gc = 10%xlog gc
g pred = (g N.v + np.sqrt(g N vx2 + 4xgcxg N v)) / 2
return np.sum(((g obs v - g pred) / e g)**2)

try:
res = minimize scalar(chi2, bounds=(-12, -8), method="bounded’ )
gc = 10%kres. x
dof = np.sum(mask) - 1

#V flat
n outer = max(3, len(v obs) // 4)
v_flat = np.median(v_obs[-n outer:])

#hR (vbar E—% / 2.2)
vb max_idx = np.argmax(np.abs(v_bar))
h R = max(r_kpc[vb max idx] / 2.2, 0.05)

return {
"g ¢”: float(gc)
"log gc”: float(np. log10(gc)),
"gc ad”: float(gc / al),
"chi2 dof”: float(res.fun / max(dof, 1))
"n_points”: int(np. sum(mask)),
"V _flat”: float(v flat),
"h R kpc”: float(h R),

}

except:
return None

#
# 4. SPARC EHEMZE

#

SPARC_NAMES = {
"NGC3198”, "NGC2841”, "NGC2403”, "NGC3031”, "NGC2903”, "NGC5055”,
"NGC7331”, "NGC6946”, "NGC3521”, "NGCA736”, "NGC5585”, "NGC4258”,
”NGC1003”, "NGC4395”, "NGC3109”, "NGC300”, "NGC55”, "NGC247",
"NGC4559”, "NGC6503”, "NGC3621”, "NGC2976”, "NGC4214”, "NGC4449”,
"NGC925”, "NGC2366”, "NGC4163”, "NGC1569”, "NGC3738”,
”DD0154”, "DDO168”, "DD050”, "DD0126”, "DDO133”, "DD087”,
”DD047”, "DD052”, "DD046”, "DD043”, "DD070”, "DD053”,
”DD0210”, "DD0216”, "DD0101”,
"1C2574", "1C1613",
"UUGC2885”, "UGC128”, "UGC2259",
"WLM”, ”CVNIDWA”, "LEOA”,



def normalize name(name):
n = str(name).upper().replace(” ”,””).replace(” ”,””).replace(”-",”")
for prefix in [”NGC”,”DD0”,”UGC”, "IC"]:
if n.startswith(prefix):
n = prefix + n[len(prefix):]. Lstrip(”0”)
return n

def is_sparc(name):
return normalize name(name) in {normalize name(s) for s in SPARC NAMES}

# 5. alpha #R7E

def alpha test(galaxies, label=""):
valid = [g for g in galaxies
if "log gc” in g and "log G Sigma0” in g
and np. isfinite(g[”log gc”]) and np. isfinite(g[”log G Sigma0”])
and g.get("chi2 dof”, 0) &lt; 10]

N = len(valid)
if N&Llt; 10:
return None

log gc = np.array([g[”log gc”] for g in valid])
log GS = np.array([g[”log G Sigma0”] for g in valid])

A = np.vstack([np.ones(N), log GS]).T
coeffs, , , = np.linalg. Lstsq(A, log gc, rcond=None)
intercept, alpha fit = coeffs

resid = log gc - A @ coeffs

s2 = np.sum(resid¥x2) / (N - 2)
cov = s2 * np. Linalg. inv(A.T @ A)
se = np.sqrt(cov[1, 11)

resid std = np.std(resid)

tc=tdist.ppf(0.975, N - 2)
ci = (alpha fit - t c*se, alpha fit + t cxse)

p05 = 2 * t dist.sf(abs((alpha fit-0.5)/se), N-2)
p0 = 2 % t dist.sf(abs(alpha fit/se), N-2)
rho, p_sp = spearmanr(log GS, log gc)

gc mond = np. full(N, np. log10(a0))
rss. m = np.sum((log gc - gc_mond)**2)
aic.m =N % np. log(rss m/N)

gc_gm = 0.5%(np. Log10(a0)+log GS)

eta = np.mean(log gc - gc_gm)

rss g = np.sum((log gc - gc gm - eta)**2)
aic g = N * np. log(rss g/N) + 2

z sp = abs(alpha fit - 0.545) / np.sqrt(se*x2 + 0.041%%2)

return {
”label”: label, "N”: N,
"alpha”: float(alpha fit), "se”: float(se),
"ci 95”: (float(ci[0]), float(ci[1])),
"p05”: float(p05), "p0”: float(p0d),
"resid std”: float(resid std),
"rho”: float(rho), "p spear”: float(p_ sp),
"dAIC”: float(aic g - aic m),

“intercept”: float(intercept), "eta”: float(eta),
"z sparc”: float(z sp),
”log gc”: log gc, ”"log GS”: log GS,
}
i
t6. FOvh
#
def make plots(results, sparc results=None, label="PROBES RC”):
try:

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt
except ImportError:

return

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
fig.suptitle(f”{label}: full RC fit (N={results[’N’]})”, fontsize=14, fontweight="bold")

ax = axes[0, 0]
ax.scatter(results[”log GS”], results[”log gc”], c="steelblue’, s=12, alpha=0.4)
xr = np. linspace(results[”log GS”].min()-0.3, results[”log GS”].max()+0.3, 100)
ax.plot(xr, results[”intercept”J+results[”alpha”J*xr, "r-", lw=2,
label=f"alpha={results[”alpha”]:.3f}+/-{results[”se”]:.3f}")
ax.plot(xr, 0.5%np. log10(a0)+0.5*xr+results[”eta”], "g--', lw=1.5, label="alpha=0.5")
ax.plot(xr, np.full Like(xr, np.log10(a0)), "k:’, Llabel="MOND’)
if sparc results:
ax.scatter(sparc_results[”log GS”], sparc results[”log gc”],
c="navy’, s=10, alpha=0.3, marker="x’, label="SPARC’)
ax.set xlabel(’ log(GxSigma 0)’ ); ax.set ylabel(’ log(g c)’)
ax.set title(f p(alpha=0.5)={results["p05”]:.4f}")
ax. legend(fontsize=8); ax.grid(True, alpha=0.3)

3

> X

ax = axes[0, 1]

ds = ["SPARC (N=175)", ’LT+SPARC (N=178)", f’ {label} (N={results["N”]})’]

als = [0.545, 0.576, results[”alpha”]]

ses = [0.041%1.96, 0.047%2.09, results[”se”]xt dist.ppf(0.975, results["N"]-2)]

for i,(a,e,c) in enumerate(zip(als, ses, ['navy’,’ coral’,’ steelblue’])):
ax.errorbar(a, i, xerr=e, fmt="0’, ms=10, capsize=8, color=c, elinewidth=2)



)
3

.axvline(0.5,color="green’, ls=' --", lw=2)

.set xlabel(’alpha’); ax.set yticks(range(3)); ax.set yticklabels(ds)
.set xLlim(-0.2,1.3); ax.grid(True, alpha=0.3)

.set title(f SPARC consistency: z={results[”z sparc”]:.2f}")

IR
> x X

ax = axes[1, 0]

resid = results[”log gc”]-(results[”intercept”]+results[”alpha”J*results[”log GS"])
ax.hist(resid, bins=30, color="steelblue’, edgecolor="white’,density=True)
ax.axvline(0,color="red", ls="--")

ax.set xlabel(’ residual [dex]")

ax.set title(f sigma={results["resid std”]:.3f} dex’)

ax.grid(True, alpha=0. 3)

> x X

®
>

= axes[1, 1]

.hist(results[”log GS”], bins=25, alpha=0.6, color="steelblue’, label=label, density=True)
ax.axvspan(-11.5,-9.0, alpha=0. 1, color="navy’, label="SPARC range’)

ax.set xlabel(’ log(GxSigma 0)’); ax.set title(’ coverage’)

ax. legend(fontsize=9); ax.grid(True, alpha=0.3)

)
3

x X

plt.tight layout()

figpath = OUTDIR / f”{label. lower()} rc fit.png”
plt.savefig(figpath, dpi=150, bbox inches="tight’)
print(f’plot: {figpath}”)

i
#7. X4
i
def main():

print(”=" % 70)
print("PROBES: full rotation curve fit (SPARC-identical method)”)
print("=" % 70)

t F=85F4L U N)RER
print("¥n--- data search ---")
rc dir = find probes data()

if rc dir is None:
print("¥n PROBES rotation curves/ BROMY EHA, )
print(” LLTFOWFhHAZEREL T ZIWN:)
print(” (a) rotation curves/ F4 L2 NY (RAZEDT741I) 7)
print(” (b) #5ACSV/TSVZ 74 JL (R, Vobs, Vbar, $RALZIFE) ”)
print("¥n ¥ rvo—RxE:”)
print(” https://www. cadc-ccda. hia-iha.nrc-cnrc. gc. ca/en/community/PROBES/”)
print("¥n ALV KFA4 LI MNIDORE:")
for f in sorted(Path(”.”).iterdir()):

print(f’ {"[DIRY if f.is dir() else ’ "} {f.name}”)

return

print(f” found: {rc dir}”)

771 EEDHER

all files = Llist(rc dir.rglob("*”))

data files = [f for f in all files if f.is file() and f.suffix in
[".csv’, ’.dat’, ’.txt’, '.tsv', "’1]]

subdirs = [f for f in all files if f.is dir()]

print(f” files: {len(data files)}, subdirs: {len(subdirs)}”)
if data files:

print(f” first 5: {[f.name for f in data files[:5]1}")

t Yy TILRBRT

sample = data files[0]

print(f’¥n sample ({sample.name}):”)

text = sample. read text(encoding="utf-8", errors="replace’)

for Lline in text.strip().split(’¥n’)[:5]:

print(f” {line}”)

# R—=2AXDHE
galaxies rc = {}

if len(data files) &gt; 50:
tEBT 7 AILAR BB E)
print(f"¥n-—- parsing {len(data files)} individual RC files -—-")
for i, fp in enumerate(data files):
name = fp.stem
rc = parse rc_file(fp)
if rc and rc.get(”v bar”) is not None:
galaxies rc[name] = rc
if (i+1) % 200 == 0:
print(f” {i+1}/{len(data files)} parsed, {len(galaxies rc)} valid”)

elif len(data files) &gt;= 1:
t#EE771ILAR
for fp in data files:
if fp.stat().st size &gt; 10000:

print(f"¥n-—- parsing combined file: {fp.name} ---")
combined = parse combined rc file(fp)
if combined:

galaxies rc.update(combined)
print(f” extracted: {len(combined)} galaxies”)

print(f"¥n total galaxies with V bar: {len(galaxies rc)}”)

if len(galaxies rc) &lt; 10:
print("¥n BHREEMBATELTVWET, )
print(” V bar (N)FVEE) JEEC T 7M1ILHIRBRETT,
print(” PROBESDF—#HEEHFR L TSI WL, )
return

ftagc74vh

print(f"¥n-—- fitting g ¢ (full RC, SPARC method) ---")
results all = []

results non sparc = []

n fail =0

for name, rc in galaxies rc.items()



fit = fit ge(re["r”], rc[”v_obs”], rc[”e vobs”], rc[”v bar”])
if fit is None:

n fail += 1

continue

# GSigma 0
v si = fit["V flat”] * 1e3
h si = fit[”h R kpc”] * KPC M
G S =vsi¥2 / hsi
entry = {
"name”: name,
*kfit,
"G Sigma0”: float(G S),
"log G Sigma0”: float(np. log10(G S)),
}

results all.append(entry)

if not is sparc(name):
results non sparc.append(entry)

n_sparc overlap = len(results all) - len(results non sparc)
print(f” fit success: {len(results all)}, fail: {n fail}”)
print(f” SPARC overlap: {n sparc overlap}”)

print(f” SPARC-independent: {len(results non sparc)}”)

# chi2/dof 9%
chi2s = [g["chi2 dof”] for g in results all]
print(f” chi2/dof: median={np.median(chi2s):.2f}, ”
7&Lt;2: {sum(1 for ¢ in chi2s if c&lt;2)}/{len(chi2s)}”)

# gc/a0 H%
gc als = [g[”gc a0”] for g in results all]
print(f” gc/a0: median={np.median(gc als):.2f}, ”
f”range=[{np. percentile(gc als,5):.2f}, {np.percentile(gc als,95):.2f}]1")

# alpha #RE
print(f"¥n{’ =" %70}")
print("alpha test”)
print(f”{’="%70}")

i 23R (SPARCE L)

print("¥n-—- all galaxies (including SPARC overlap) ---")

r all = alpha test(results all, "PROBES all”)

if rall:
print(f” N={r_ all[’N']}, alpha={r all[’alpha’]:.3f}+/-{r all[’se’ ]:.3f}")
print(f” p(0.5)={r all[’p05 ]:.4f}, z SPARC={r all[’z sparc’]:.2f}")

# SPARCH- D 7
print ("¥n--- SPARC-independent only ---")
r_ind = alpha test(results non sparc, "PROBES independent”)
if rind:
print(f” N={r_ind[’N" ]}, alpha={r_ind[’alpha’ ]:.3f}+/-{r ind[’se’ 1:.3f}")
print(f” 95% CI: [{r ind[’ci 95" 1[0]:.3f}, {r_ind[’ci 95" 1[1]:.3f}1")
print(f” p(alpha=0.5) = {r_ind[’ p05’ ]:.4f} ”
”{’NOT REJECTED" if r_ind[’p05 ] &gt; 0.05 else 'REJECTED’}”)
print(f” p(MOND) = {r ind[’p0’]:.2e}")
print(f” sigma = {r_ind[’resid std’ ]:.3f} dex”)
print(f” rho = {r_ind[’ rho’ 1:.3f} (p={r_ind[’p spear’]:.2e})")
print(f” dAIC(geom vs MOND) = {r_ind[’ dAIC’ ]:.1f}")
print(f” SPARC z = {r ind[’z sparc’ ]:.2f} ”
f”({" CONSISTENT" if r_ind[’z sparc’] &Lt; 2 else *INCONSISTENT })”)

-

# SPARC+PROBES &E
if rall and r_ind:
print (f"¥n--- comparison ---")
print(f"¥n {'dataset’ :&lt;25} {'N’ :&gt;5} { alpha’ :&gt;8} {’se’:8&gt;6} ”
7{ p(0.5)" :&gt;10} {’sigma’ :8&gt;6} {’ z SPARC’ :&gt;8}")
print(f”  {'-"%70}")
print(f” {"SPARC’ :&Lt;25} {’ 175 :&gt;5} {’0.545 :&gt;8} {’0.041" :&gt;6} ”
7{0.273 :8gt;10} {’0.312" :&gt;6} {'--':&gt;8}")
print(f” {'LT+SPARC’ :&Lt;25} {’ 178’ :&gt;5} {'0.576  :&gt;8} {’0.047" :&gt;6} ”
7{0.109 :&gt;10} {’0.373" :&gt;6} {'--':&gt;8}")
print(f” {"PROBES all’:&lt;25} {r all[’N J:&gt;5} {r all[’alpha’]:&gt;8.3f} ”
7{r all[’se’ ]:&gt;6.3f} {r all[’p05 ]:&gt;10.4f} "
f7{r all[’ resid std’ ]:8gt;6.3f} {r all[’z sparc’]:8&gt;8.2f}")
print(f” {'PROBES independent’ :&Lt;25} {r ind[’N ]:&gt;5} {r ind[ alpha’ ]:&gt;8.3f} ”
f7{r_ind[’se’ ]:&gt;6.3f} {r_ind[’p05 1:&gt;10.4f} "
f7{r_ind[’ resid std’ ]:8&gt;6.3f} {r ind[’z sparc’]:8&gt;8.2f}")

t 7ov b
if r_ ind:

make plots(r_ind, r all, "PROBES independent”)
elif r all:

make plots(r all, label="PROBES all”)

I BREF
summary = {
"method”: "full RC fit (SPARC-identical)”,
"n total rc”: len(galaxies rc),
"n fit success”: len(results all),
”n_sparc_overlap”: n_sparc over lap,
"n_independent”: len(results non sparc),
"gc al median”: float(np.median(gc a0s)),
"all”: {k:v for k,v in r all.items() if not isinstance(v,np.ndarray)} if r all else None,
”independent”: {k:v for k,v in r_ind.items() if not isinstance(v,np.ndarray)} if r_ind else None,
}
outpath = OUTDIR / "probes rc fit results. json”
with open(outpath, "w”) as f:
json. dump(summary, f, indent=2)
print(f"¥nresults: {outpath}”)

i $IE
print(f"¥n{’ =" %70}")
print("verdict”)
print(f”{’="%70}")



if r_ ind:

if r ind[”p05”] &gt; 0.05 and r_ind[”z sparc”] &Llt; 2:
print(f” alpha=0.5 NOT REJECTED + SPARC CONSISTENT”)
print(f” -8&gt; Level A upgrade: STRONG CANDIDATE”)

elif r_ind["p05”] &gt; 0.05:
print(f” alpha=0.5 not rejected but SPARC inconsistent”)
print(f” -8&gt; further investigation needed”)

else:
print(f” alpha=0.5 REJECTED (p={r ind[’ p05  ]:.4f})”)
if r ind[”z sparc”] &lt; 2:

print(f” but SPARC-consistent (z={r_ind[’z sparc’]:.2f})")

print(f” -8&gt; geometric mean law may need modification for this mass range”)

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

if name ==" main
main()



#14. sofue2016 verify. py

1RE HnE
B8 Sofue 2016/Persic+1995, VizieR/CDS') A EEG, RCH NS L T4y b 2 IFNIE/ T A— 5 i
k& requests,scipy,matplotlib,numpy
AB VizieR J/PAS)/68/2%
Hh sofue_results/
E1T uv run --with requests,scipy,matplotlib,numpy python sofue2016_verify.py

Y —23—NR(64917)
#f —*- coding: utf-8 —%-

Sofue 2016 (PASJ 68, 2) EI#xzph#R1 > /%1 JL -&gt; alpha RE

Claude Code THEFT:
uv run --with requests —-with scipy --with matplotlib --with numpy python sofue2016_verify.py

Sofue 2016: ~4008R;7 (D EIERARAR T > /31 JL
VizieR: J/PASJ/68/2
N AR (bulge + disk + gas) ZZUIRAN S

import numpy as np

import json

import time

from pathlib import Path

from scipy.optimize import minimize scalar
from scipy.stats import spearmanr, t as t dist

OUTDIR = Path("sofue results”)
OUTDIR.mkdir(exist ok=True)

a0 = 1.2e-10
KPC M = 3.0857e19

tt
# 1. VizieRERIG (914 AT bH: U bS4 + HEWE
it
def fetch with retry(url, max retries=3, timeout=120):
777 RS A {3 EHTTP GET™””
import requests
for attempt in range(max retries):
try:
print(f” attempt {attempt+1}/{max retries} ...”, end=" ", flush=True)
r = requests.get(url, timeout=timeout)
if r.status code == 200 and len(r.text) &gt; 200:
print(f’0K ({len(r.text)} bytes)”)
return r. text
print(f’HTTP {r.status code}, {len(r.text)} bytes”)
except Exception as e:
print(f”{e}”)
if attempt &lt; max_retries - 1:
wait = 5 *x (attempt + 1)
print(f” waiting {wait}s ...”)
time.sleep(wait)
return None

def fetch sofue2016():
7""Sofue 2016 D2 F—TILAEIE""”
catalog = ”J/PASJ/68/2”
results = {}

A4V F=TI GRANRFX—%)
tables = [
(", "main”),
(”/tablel”, "galaxy params”),
(”/table2”, "rotation curves”),
(”/table3”, “mass_models”),
(”/tableal”, "appendix al”),
(”/rctab”, "rc_table”),
("/galaxies”, "galaxies”),

for suffix, label in tables:
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
7?-source={catalog} {suffix}”
f”8&amp;-out. max=500008amp;-out.all”)
print(f” [{label}] {catalog}{suffix}”)
text = fetch with retry(url)
if text:
outpath = QUTDIR / f”sofue2016 {label}. tsv”
outpath.write text(text)
results[label] = text

# %&: Sofue 2017 (PASJ 69, R1) — EHhR
if not results:
print("¥n Sofue 2016 2B, Sofue 2017 (PASJ 69, R1) #A&4T...”)
for suffix, label in [(””, "main”), ("/tablel”, "params”), (”/table2”, "rc”)]
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source=J/PASJ/69/R1{suffix}”
f”&amp; -out. max=500008amp;-out.all”)
print(f” [Sofue2017 {label}]”)
text = fetch with retry(url)
if text:
outpath = OUTDIR / f”sofue2017 {label}. tsv”
outpath.write text(text)
results[f”s2017 {label}”] = text



# R#&: Sofue 2020 (Galaxies, 8, 37)
if not results:
print("¥n Sofue 2020 A&&77...”)
url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source=J/other/Galaxies/8.37"
f”8&amp;-out. max=500008amp;-out.all”)
print(f” [Sofue2020]”)
text = fetch with retry(url)
if text:
results[”s2020”] = text
(OUTDIR / "sofue2020.tsv”).write text(text)

return results

def fetch sofue cds direct():
"77CDS FTPH & G (VizieRATRALIBE) 777
import requests
urls = [
"https://cdsarc. cds. unistra. fr/ftp/J/PASJ/68/2/tablel. dat”,
"https://cdsarc. cds. unistra. fr/ftp/J/PASJ/68/2/table2. dat”,
"https://cdsarc. cds. unistra. fr/ftp/J/PASJ/68/2/ReadMe”,
]
results = {}
for url in urls:
fname = url.split(’ /" )[-1]
print(f” CDS direct: {fname} ...”, end=" ")
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 100:
outpath = OUTDIR / f”sofue2016 cds {fname}”
outpath.write text(r.text)
results[fname] = r. text
print(f"0K ({len(r.text)} bytes)”)
else:
print(f"HTTP {r.status code}”)
except Exception as e:
print(f”"{e}”)
return results
i
t 2. /N—H—
i

def parse tsv(text):
lines = text.strip().split(’¥n")
header = None
data start = 0

for i, Lline in enumerate(lines):
if line.startswith("# ) or Lline.startswith(’-"):
continue
parts = [p.strip() for p in Lline.split(’¥t’)]
if len(parts) &Lt; 3:
parts = Lline.split()
if len(parts) &gt;= 3:
non_num = sum(1 for p in parts[:4]
if p and not p.replace(’.”,””).replace("-",”" ). replace("+,” " ).replace("e’,’” ). isdigit())
if non_num &gt;= 2:
header = parts
data start = i + 1
while data start &lt; len(lines) and lines[data start].startswith(’-"):
data start += 1
break

if header is None:
return None

rows = []
for line in lines[data start:]:
if not Lline.strip() or Lline.startswith("#’) or Lline.startswith(’-")
continue
parts = [p.strip() for p in Lline.split(’¥t’)]
if len(parts) &Lt; len(header):
parts = Lline.split()
if len(parts) &gt;= len(header):
row = {}
for j, h in enumerate(header):
try:
row[h] = float(parts[j])
except ValueError:
row[h] = parts[j]
rows. append(row)

return {"header”: header, "rows”: rows}

def parse fixed width(text, readme text=None):
TUEERT #—< v hD/S—2R (CDS dat 7 7 AILFE) "
lines = text.strip().split(’¥n")
data lines = [L for L in Llines if L.strip() and not L.startswith("# )]

if not data lines:
return None

t Yy TUahSEEEEE

sample = data Lines[0]

print(f” sample: ’{sample[:80]}" ")
print(f” total lines: {len(data lines)}”)

§BHRA—2: AR=ZARGY & LTHRD
rows = []
for line in data lines:



parts = line.split()
if len(parts) &gt;= 3:
try:
float(parts[-1])
rows. append(parts)
except ValueError:
pass

if not rows:
return None

A~y YafE (BRIOTHXFIGRS)
ncol = Llen(rows[0])
header = [f"col{i}” for i in range(ncol)]

parsed rows = []
for parts in rows:
row = {}
for j, h in enumerate(header):
try:
row[h] = float(parts[j])
except (ValueError, IndexError):
row[h] = parts[j] if j &lt; len(parts) else
parsed_rows. append (row)

return {"header”: header, "rows”: parsed rows}

# 3. EEREEALD gc 74y b

def extract and fit(data):
T =S NOROERA &M Lg cET 4 v B
header = data[”header”]
rows = data[”rows”

print(f” columns ({len(header)}): {header[:15]}")

thSawvEYY
col = {}
for h in header:
hi = h. lower (). replace( ).replace(’ ’,"")
if "name’ in hl or "galaxy’ in hl:
col.setdefault(’ name’, h)
elif hL in ['r’, rad", rkpc’, radius’] or "rkpc’ in hl:
col.setdefault(’r’, h)
elif "vobs’ in hl or "vrot’ in hl or "vtot’ in hl:
col.setdefault(’v obs’, h)
elif “verr’ in hl or "evobs’ in hl or "dv’ in hl:
col.setdefault(’e v', h)
elif "vbar’ in hl or "vbary’ in hl:
col.setdefault(’v bar’, h)
elif "vgas’ in hl or "vhi’ in hl:
col.setdefault(’v gas’, h)
elif ’vdisk’ in hl or "vstar’ in hl or "vd’ in hl:
col.setdefault(’v disk’, h)
elif "vbul’ in hl or "vb" in hl:
col.setdefault(’v bul’, h)
elif vflat’ in hl or "vmax’ in hl:
col.setdefault(’v flat’, h)
elif "hrkpc’ in hl or "rd’ in hl or ’scalelength’ in hl:
col.setdefault(’h R, h)
elif "logm’ in hl or "mstar’ in hl:
col.setdefault(’ log Mstar’, h)
print(f” mapping: {col}”)

# BIERBRIR T — TILDMRANS A =8 F—T I D& HE
has r =’r" in col
has vobs = v obs’ in col

has name = "name’ in col

if has r and has vobs and has name:
return fit from rc_table(rows, col)
elif has name and ("v_flat’ in col or "v obs’ in col)
return fit from params table(rows, col)
else:
print(f” cannot determine table type”)
return None

def fit from rc_table(rows, col):
" EERAR T — T Sg cE T 4y KT

from collections import defaultdict
galaxy data = defaultdict(lambda: {"r”:[], "v obs”:[]1, e v”":[1, "v bar”:[1})

for row in rows:
name = str(row.get(col[’ name’], '’))
if not name:
continue
try:
r = float(rowlcol[’r’ 1])
v = float(row[col[’v obs’ 1)
except (ValueError, TypeError, KeyError):
continue
galaxy data[name][”r”]. append(r)
galaxy data[name][”v obs”].append(v)

I BRE

if e v’ incol and col[’e v'] in row:
try: galaxy data[name][”e v”].append(float(row[col[’e v’ 11))
except: galaxy data[name][”e v”].append(vx0.1)

else:
galaxy data[name][”e v”].append(max(v%0.1, 2.0))



de

By

def

#V bar
vbar = None
if "v_bar’ in col and col[’v bar’] in row:
try: vbhar = float(row[col[’ v bar’]])
except: pass
elif v gas’ in col and v disk’ in col:
try:
vg = float(row.get(col[’v gas’], 0))
vd = float(row.get(col[’v disk’], 0))
vb = float(row.get(col.get("v bul’,””), 0)) if v bul’ in col else 0
vbar = np.sqrt(abs(vg)*x2 + abs(vd)**2 + abs(vb)#*2)
except:
pass

galaxy data[name][”v bar”].append(vbar if vhar else None)

print(f” galaxies in RC table: {len(galaxy data)}”)

74y b
results = []
n_no_vbar = 0
n fail =0

for name, gd in galaxy data.items():

r = np.array(gd[”r”])
v_obs = np.array(gd[”v_obs"])
e v = np.array(gd[”e v"])

#Vbar Fxvy

vbar Llist = gd[”v_bar”]

if None in vbar Llist or all(v is None for v in vbar Llist):
n_no_vbar += 1
continue

v_bar = np.array([v if v is not None else O for v in vbar Llist])

if len(r) &Llt; 5 or np.all(v bar == 0):
n_no_vbar += 1
continue

fit = fit gc(r, v obs, e v, v bar)
if fit is None:

n fail += 1

continue

fit["name”] = name
results. append(fit)

print(f” fit success: {len(results)}, no V bar: {n no vbar}, fail: {n fail}”)
return results

fit from params table(rows, col):

TR S A =S F—=TIHS (RBEETHRVWEET) g ch#EE""”
#V flat & h R A'H2BE. BHR

results = []

for row in rows:

name = str(row.get(col[’ name’], "))

v_flat = None

if 'v flat’ in col:
try: v flat = float(row[col['v flat’]])
except: pass

if v flat is None and v obs’ in col:
try: v flat = float(row[col['v obs’]])
except: pass

h R = None

if "h R in col:
try: h R = float(row[col[’h R"]])
except: pass

if v_flat is None or v_flat &lt;= 10 or h_ R is None or h R &lt;= 0:
continue

v si = v flat * 1e3
h si =hR*KPCM
G S =vsix2 / hsi

results. append ({
"name”: name, "V flat”: v flat, "h R kpc”: h R,
"G Sigma0”: float(G S), "log G Sigmad”: float(np. log10(G S)),
"method”: "params_only”

1))

print(f” galaxies from params: {len(results)}”)
return results

_fit gc(r kpc, v obs, e vobs, v bar):
"7 SPARC & FEl—F kMg ¢ 7 4 v K7
rm=r_kpc * KPC M

v_obs m = v_obs * 1e3

e m = np.maximum(e vobs, 1.0) * 1e3
v_bar m = v_bar * 1e3

valid = (r_m &gt; 0) &amp; (v bar m &gt; 0) &amp; (v _obs m &gt; 0)
if np.sum(valid) &lt; 3:

return None

g N = v bar m[valid]**2 / r m[valid]
g obs = v_obs m[valid]¥x2 / r m[valid]

e

de
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-

= np.maximum(2xv_obs m[valid]*e m[valid]/r m[valid], 1e-12)

chi2(log gc):
gc = 10%xlog gc
gp = (g N + np.sqrt(g Nx2 + dxgexg N)) / 2



return np.sum(((g obs - gp) / e g)**2)

try:
res = minimize scalar(chi2, bounds=(-12, -8), method="bounded’ )
gc = 10%kres. x
dof = np.sum(valid) - 1
n out = max(3, len(v obs)//4)
v_flat = np.median(v_obs[-n out:])
vb_idx = np.argmax(np.abs(v_bar))
h R = max(r_kpc[vb idx] / 2.2, 0.05)
v si = v flat * 1e3
G S =v sixx2 / (h R * KPC M)

return {
"g ¢”: float(gc), "log gc”: float(np. log10(gc)),
"gc_a0”: float(gc/al),
"chi2 dof”: float(res. fun/max(dof, 1)),
"n_points”: int(np.sum(valid)),
"V _flat”: float(v flat), "h R kpc”: float(h R),
"G Sigma0”: float(G S), "log G Sigmad”: float(np. log10(G S)),
"method”: "full RC fit”

}

except:
return None

#
# 4. SPARCEEFRE - alphatRE (probes rc fit.py&[E—)

#

SPARC_NAMES = {
"NGC3198”, "NGC2841”, "NGC2403”, "NGC3031”, "NGC2903”, "NGC5055”
"NGC7331”, "NGC6946”, "NGC3521", "NGC4736”, "NGC5585”, "NGC4258”
"NGC1003”, "NGC4395”, "NGC3109”, "NGC300”, "NGC55”, "NGC247"
"NGC4559”, "NGC6503”, "NGC3621", "NGC2976”, "NGC4214”, "NGC4449”
"NGC925”, "NGC2366”, "NGC4163”, "NGC1569”, "NGC3738”
”DD0154”, "DDO168”, "DD050”, "DD0126”, "DDO133”, "DD087”,
”DD047”, "DD052”, "DD046”, "DD043”, "DD070”, "DD053”
”DD0210”, "DD0216”, "DD0101”,
"1C2574”, "1C1613”, "UGC2885”, "UGC128”, "WLM”, "CUNIDWA”, "LEOA”

def normalize(n):
s = str(n).upper().replace(” ”,””).replace(” ”,””). replace(”-",””)
for p in [”NGC”,”DD0”,”UGC”, ”1C"]:
if s.startswith(p): s = p + s[len(p):]. Lstrip(”0”)
return s

def is_sparc(name):
return normalize(name) in {normalize(s) for s in SPARC_NAMES}

de

By

alpha test(gals, label=""):

v = [g for g in gals
if "log gc” in g and "log G Sigma0” in g
and np. isfinite(g[”log gc”]) and np.isfinite(g[”log G Sigma0”])
and g.get("chi2 dof”,0) &lt; 10]

N = len(v)

if N&Llt; 10: return None

lgc = np.array([g[”log gc”] for g in v])

lgs = np.array([g[”log G Sigma0”] for g in v])

A = np.vstack([np.ones(N), lgs]).T

¢, , , _ =np.linalg. Lstsq(A, Llgc, rcond=None)
r = lgc - A@c

s2 = np. sum(rxx2)/(N-2)

cov = s2#np. Linalg. inv(A. T@A)

se = np.sqrt(cov[1,1])

tc = t dist.ppf(0.975, N-2)

@

p05 = 2xt dist.sf(abs((c[1]-0.5)/se), N-2)
p0 = 2%t dist.sf(abs(c[1]/se), N-2)
rho, psp = spearmanr(lgs, Llgc)

mond rss = np.sum((lgc - np. log10(a0))**2)
geom = 0.5%(np. Llog10(a0)+1gs)

eta = np.mean(lgc - geom)

geom rss = np.sum((lgc - geom - eta)#*2)

z sp = abs(c[1]-0.545)/np. sqrt(se*x*2+0. 041%*2)

return {"label”:label, "N”:N, "alpha”:float(c[1]), "se”:float(se),
"ci”: (float(c[1]-tcxse), float(c[1]+tcxse)),
"p05” : float(p05), "p0”:float(pd), "resid std”:float(np.std(r)),
"rho”:float(rho), "dAIC”:float(N*np. log(geom rss/N)+2 - Nxnp. log(mond rss/N)),
"z sparc”:float(z sp), "intercept”:float(c[0]), "eta”:float(eta)
"log gc”:lge, "log GS”:lgs}

#5 Fovh

def make plots(res, label):
try:
import matplotlib; matplotlib.use(’ Agg’)
import matplotlib.pyplot as plt
except: return

fig, axes = plt.subplots(1, 3, figsize=(18, 5))
fig.suptitle(f”{label}: N={res[’N' 1}, alpha={res[’alpha’]:.3f}+/-{res[’se’]:.3f}”
fontsize=13, fontweight="bold )

ax = axes[0]

ax.scatter(res[”log GS”], res[”log gc”], c="steelblue’, s=15, alpha=0.5)

xr = np. Linspace(res[”log GS”"].min()-0.3, res[”log GS”].max()+0.3, 100)

ax.plot(xr, res[”intercept”]+res["alpha”l*xr, 'r-", lw=2, label=f"alpha={res[”alpha”]:.3f}")
ax.plot(xr, 0.5%np. log10(a0)+0.5%xr+res["eta”], "g--', lw=1.5, label="alpha=0.5")



ax.plot(xr, np.full Like(xr,np. log10(a0)), ’k:’, label="MOND")
ax.set xlabel(’ log(GxSigma 0)’); ax.set ylabel(’ log(g c)’)
ax. legend(fontsize=9); ax.grid(True, alpha=0.3)

> X

ax = axes[1]

ds = [’ SPARC’,’ LT+SPARC’, Label]

als = [0.545, 0.576, res[”alpha”]]

ses = [0.041%1.96, 0.047%2.09, res[”se”]xt dist.ppf(0.975, res["N"]-2)]

for i,(a,e,c) in enumerate(zip(als, ses, ['navy’,’ coral’,” steelblue’])):
ax.errorbar(a, i, xerr=e, fmt="0’ , ms=10, capsize=8, color=c, elinewidth=2)

ax.axvline(0.5,color="green’, ls="--", lw=2)

ax.set xlabel("alpha’); ax.set yticks(range(3)); ax.set yticklabels(ds)

ax.set xlim(-0.2,1.5); ax.grid(True, alpha=0.3)

ax = axes[2]

r = res[”log gc”]-(res[”intercept”J+res["alpha”Jxres[” log GS”])
ax.hist(r,bins=25, color="steelblue’, edgecolor="white’,density=True)

ax.set xlabel(’residual [dex]’); ax.set title(f sigma={res["resid std”]:.3f}")
ax.grid(True, alpha=0. 3)

plt.tight layout()

(OUTDIR / f”{label.replace(’ ’,” ’)}.png”).mkdir(exist ok=True) if False else None
plt.savefig(OUTDIR / f”{label.replace(’ ",” ). lower()}.png”, dpi=150, bbox inches="tight’)
print(f” plot saved”)

#6 X1

def main():
print("=" % 70)
print("Sofue 2016 rotation curve compilation”)
print(”=" % 70)

# VizieRERS
print("¥n-—- VizieR fetch ---")
vizier data = fetch sofue2016()

# VizieR&BE 72 5CDSERE
if not vizier data:
print("¥n--- CDS direct fetch —-—-")
cds data = fetch sofue cds direct()
if cds data:
for fname, text in cds data.items():
if fname.endswith(’.dat’):
parsed = parse fixed width(text)
if parsed:
vizier data[fname] = text

if not vizier data:
print("¥n £IMEAENKBLEILE, )
print(” VizieR/CDS MFx v b7 —VREEHBL T LIW, ")
print(” FEHFIrO-—K:")
print(” https://vizier.cds.unistra. fr/viz-bin/VizieR?-source=J/PASJ/68/2")
print(” https://cdsarc.cds.unistra. fr/ftp/J/PASJ/68/2/")

tO—ALIT7AILDFTYY
local = List(OUTDIR.glob("sofuex. tsv”)) + List(OUTDIR. glob(”sofuex.dat”))
if local:
print(f’¥n O—ALT7 74 IDBREDOHMY FE L7: {[f.name for f in locall}”)
for f in local:
vizier data[f.stem] = f.read text(encoding="utf-8, errors='replace’)
else:
return

LA S AN
print(f"¥n-—- processing {len(vizier data)} tables -—-")

all results = []
for key, text in vizier data.items():
print(f"¥n [{key}1”)
parsed = parse tsv(text)
if parsed is None:
parsed = parse fixed width(text)
if parsed is None or len(parsed[”rows”]) &lt; 5:
print(f” skip (no data)”)
continue

gals = extract and fit(parsed)
if gals:
all results.extend(gals)

print(f"¥n total galaxies with g c: {len([g for g in all results if "log gc’ in g1)}”)
print(f” total galaxies (params only): {len([g for g in all results if g.get(’method’ )=="params only’ 1)}”)

#RC 74 v hOHHHH
rc fit = [g for g in all results if g.get("method”) == "full RC fit"]
params only = [g for g in all results if g.get("method”) == "params only”]

print(f” full RC fit: {len(rc fit)}”)
print(f” params only: {len(params only)}”)

#f SPARCEEMRZE
for subset, label in [(rc fit, "Sofue RC fit”), (params only, "Sofue params”),
(all results, "Sofue all”)]:
if len(subset) &Lt; 10:
continue

non sparc = [g for g in subset if not is sparc(g.get(”name”,””))]
n_overlap = len(subset) - Llen(non sparc)

print(f"¥n{’ =" %50}")

print(f” {label}: total={len(subset)}, SPARC overlap={n overlap}, ”
f”independent={len(non_sparc)}”)

res = alpha test(non sparc, label)



if res is None:
if len(non sparc) &Lt; 10:
print(f” N={len(non_sparc)} &lt; 10, skipping”)
continue

print(f” alpha = {res[’alpha’ ]:.3f} +/- {res[’se’]:.3f}")
print(f” 95% CI: [{res[’ci’1[0]:.3f}, {res['ci’I[1]:.3f}1")
print(f” p(alpha=0.5) = {res[’p05 ]:.4f} ”
”{"NOT REJECTED’ if res[’ p05 ] &gt; 0.05 else 'REJECTED' }”)
print(f” p(MOND) = {res[’p0’ ]:.2e}")
print(f” sigma = {res[’resid std’ ]:.3f} dex”)
print(f” SPARC z = {res[’z sparc’]:.2f} ”
f”({" CONSISTENT" if res[’z sparc’] &Llt; 2 else " INCONSISTENT' })”)
print(f” dAIC = {res[’dAIC’ ]:.1f}")

-

make plots(res, label)

t &7

summary = {k:v for k,v in res.items() if not isinstance(v,np.ndarray)}

summary[”n_sparc_overlap”] = n_overlap

with open(OUTDIR / f”{label.replace(’ ", ’). lower()} results. json”,
json. dump(summary, f, indent=2)

w”) as f:

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

if name ==" main
main()



®WEBIZ 714

A1
B#J: HSC CASHphoto-zftEV—#E /1Y (cl1/cl3/cl4/cl27)

Y—23—R(12147)
-- HSC CAS T 1): photo-z fi& vV — RERiMHIH
- R4V 29 —RE@EBICKRATSH & (CASIZT12 T ) $D)

— cl1 (RA=140.450, Dec=-0.250, z=0.313)
-- BLED3, 87017 ILEEE A o 1o fe s, 1EAICHEA

SELECT
w.object id,

.i_ra AS ra,

.i_dec AS dec,

. i_hsmshaperegauss_el AS el,

. i_hsmshaperegauss_e2 AS €2,

. i_hsmshaperegauss sigma AS sigma e,

. i_hsmshaperegauss_resolution AS resolution,

. photoz_best,

.photoz_err68 min,

.photoz_err68 max

DT T === 3s35 =

FROM
s19a_wide.weaklensing hsm regauss AS w
INNER JOIN pdr3 wide.photoz demp AS p

ON w.object id = p.object id

WHERE
w.b _mode mask = 1
AND w. i_hsmshaperegauss_resolution &gt; 0.3
AND w. i ra BETWEEN 139.45 AND 141.45
AND w. i dec BETWEEN -1.25 AND 0.75
AND p.photoz best &gt; 0.413
AND p.photoz best &lt; 2.5

-- {775 cl1 _sources photoz.csv

-- ¢c13 (RA=139.850, Dec=0.050, z=0.319)

SELECT
w.object id,

.i_ra AS ra,

.i_dec AS dec,

. i_hsmshaperegauss el AS el,

. i_hsmshaperegauss e2 AS e2,

. i_hsmshaperegauss sigma AS sigma e,

. i_hsmshaperegauss_resolution AS resolution,

. photoz_best,

.photoz_err68 min,

.photoz_err68 max

DT T === 35 =

FROM
s19a_wide.weaklensing hsm regauss AS w
INNER JOIN pdr3 wide.photoz demp AS p

ON w.object id = p.object id

WHERE
w.b _mode mask = 1
AND w. i_hsmshaperegauss_resolution &gt; 0.3
AND w. i ra BETWEEN 138.85 AND 140.85
AND w. i dec BETWEEN -0.95 AND 1.05
AND p.photoz best &gt; 0.419
AND p.photoz best &lt; 2.5

-- {R7F5%: cl3 sources photoz.csv

-- cl4 (RA=141.200, Dec=-0.420, z=0.324)

SELECT
w.object id,

.i_ra AS ra,

.i_dec AS dec,

. i_hsmshaperegauss el AS el,

. i_hsmshaperegauss e2 AS e2,

. i_hsmshaperegauss sigma AS sigma e,

. i_hsmshaperegauss_resolution AS resolution,

. photoz_best,

.photoz_err68 min,

.photoz_err68 max

DT T === 35 35 =

FROM
s19a_wide.weaklensing hsm regauss AS w
INNER JOIN pdr3 wide. photoz demp AS p

ON w.object id = p.object id

WHERE
w.b _mode mask = 1
AND w. i_hsmshaperegauss_resolution &gt; 0.3
AND w. i ra BETWEEN 140.20 AND 142.20
AND w. i dec BETWEEN -1.42 AND 0.58
AND p.photoz best &gt; 0.424
AND p.photoz best &lt; 2.5

-- {775 cl4 sources photoz.csv




-- ¢l27 (RA=140.150, Dec=-0.580, z=0.320)

SELECT
w.object id,
.i_ra AS ra
. i_dec AS dec,
. i_hsmshaperegauss_el AS el,
. i_hsmshaperegauss_e2 AS €2,
. i_hsmshaperegauss sigma AS sigma e
. i_hsmshaperegauss_resolution AS resolution
. photoz_best,
.photoz_err68 min,
.photoz_err68 max

DT T === 3s3s =

FROM
s19a_wide.weaklensing hsm regauss AS w
INNER JOIN pdr3 wide.photoz demp AS p

ON w.object id = p.object id

WHERE
w.b_mode mask = 1
AND w. i_hsmshaperegauss_resolution &gt; 0.3
AND w. i ra BETWEEN 139.15 AND 141.15
AND w. i dec BETWEEN -1.58 AND 0.42
AND p.photoz best &gt; 0.420
AND p.photoz best &lt; 2.5

—- {R7F5%: cl27 sources photoz.csv



#A2. catalog crossmatch. py

B #: redMaPPer/WHL/Oguri+2018& D EERRRRE (SDSSAFRRF D E)

Y—23—NK(38417)
#t -%- coding: utf-8 —%-

nay

redMaPPer / WHL h#% O 7 & DEZRE (SDSSH—/N—FE)

SHigf

Claude Code TH1T:
uv run --with requests --with scipy --with numpy --with pandas python catalog crossmatch. py

VizieR 75 redMaPPer v6.3 (Rykoff+2014) & WHL (Went2012) %ER/EL.
HSC Y3 38i&#H & EEIRIRE T 2.

nan

import numpy as np
import json
from pathlib import Path

OUTDIR = Path(”cluster stack”)
OUTDIR. mkdir(exist ok=True)

#
B 1. 158U R MFEARAH
#

def load candidates():
p = OUTDIR / "cluster stack results. json”
if p.exists():
with open(p) as f:
data = json. load(f)
if "relaxed clusters” in data
return data[”relaxed clusters”]

# cluster_stack.py ®F 74 MY R DS
from cluster_stack import CLUSTER_CANDIDATES
cands = []
for cid, ra, dec, z est, sgm in CLUSTER CANDIDATES:
cands. append ({"id”: cid, "ra”: ra, "dec”: dec
"z photo”: z est, "significance”: sgm})
cands[0][”z_spec”] = 0.313
cands[0][”"n_spec members”] = 22
cands[0][”sigma v"] = 527
return cands

# 2. VizieR >H4 O TEE

def fetch vizier catalog(catalog, ra min, ra max, dec min, dec max
max_rows=5000, columns=None):
""VizieR TSVIERTHS O T %#BE""”
import requests
col str ="”
if columns:
col str = "&amp;”. join(f"-out={c}” for ¢ in columns)
col str = "8amp;” + col str

url = (f’https://vizier.cds.unistra. fr/viz-bin/asu-tsv”
f”?-source={catalog}”
f”&amp;-out. max={max_rows}”
f”8&amp; RAJ2000={ra min}.. {ra max}”
f”8&amp; DEJ2000={dec min}.. {dec max}”
7 {col str}”)

print(f” VizieR: {catalog} ...”)
try:
r = requests.get(url, timeout=60)
if r.status code == 200 and len(r.text) &gt; 200:
return parse vizier tsv(r,text)
print(f”  HTTP {r.status code}, len={len(r.text)}”)
except Exception as e:
print(f” error: {e}”)
return None

def parse vizier tsv(text):
"VizieR TSV &/S—2 LTY R b OFFEICER"”
lines = text.strip().split(’¥n")
ANy ITERT
header = None
data_start = 0
for i, line in enumerate(lines):
if line.startswith("#) or line.startswith(’-")
continue
parts = Lline.split(’¥t")
if len(parts) &gt;= 3 and not any(c.isdigit() for ¢ in parts[0][:3]):
header = [p.strip() for p in parts]
data_start = i + 1
t RYUTERFY T
while data start &lt; len(lines) and lines[data start].startswith(’-")
data_start += 1
break

if header is None:
return None

rows = []
for Line in lines[data start:]:
if line.startswith("# ) or line.startswith(’-") or not line.strip()
continue
parts = Lline.split(’¥t")



if len(parts) &gt;= len(header):
row = {}
for j, h in enumerate(header):
val = parts[jl.strip()
try:
row[h] = float(val)
except ValueError:
row[h] = val
rows. append(row)

print(f” parsed: {len(rows)} rows, cols={header[:8]}")
return {"header”: header, "rows”: rows}

# 3. redMaPPer (Rykoff+2014, SDSS DR8)

def fetch redmapper(ra min, ra max, dec min, dec max):
redMaPPer v6.3 ¥ 524 —hv 0y
VizieR: J/ApJ/785/104 (Rykoff et al. 2014)
result = fetch vizier catalog(
”J/ApJ/785/104/redmapper”,
ra_min, ra max, dec_min, dec_max
max_rows=5000,
)
if result is None:
# R¥EHHOY: redMaPPer v6.6 (Rykoff+2016)
result = fetch vizier catalog(
”J/ApdS/224/1/redmapper”,
ra_min, ra max, dec_min, dec_max
max_rows=5000,
)

return result

# 4. WHL (Wen, Han &amp; Liu 2012)

def fetch whl(ra min, ra max, dec min, dec max):
WHL 2528 —hsnY
VizieR: J/ApJS/199/34 (Wen, Han &amp; Liu 2012)
or updated: J/ApJ/807/178 (Wen &amp; Han 2015)
result = fetch vizier catalog(
"J/RpJS/199/34/tablel”,
ra_min, ra max, dec_min, dec_max
max_rows=5000,
)
if result is None:
result = fetch vizier catalog(
”J/ApJd/807/178/tablel”,
ra_min, ra max, dec_min, dec_max
max_rows=5000,
)

return result

# 5. Oguri+2018 HSC-SSP ¥ 5 24 —

def fetch oguri2018(ra min, ra max, dec min, dec max):
HSC-SSP S16A ¥ S 249 —Hh4¥ 07
VizieR: J/PASJ/70/S20 (Oguri et al. 2018)
return fetch vizier catalog(
" J/PASJ/70/520”
ra_min, ra max, dec_min, dec_max
max_rows=5000,

# 6. EIRRRA

def angular separation(ral, decl, ra2, dec2):
" R [arcmin]”””
d2r = np.pi / 180
cos d = (np.sin(decT*d2r)#*np. sin(dec2%d2r) +
np. cos(dec1*d2r)*np. cos(dec2xd2r)*np. cos((ral-ra2)*d2r))
cos d = np.clip(cos d, -1, 1)
return np.degrees(np.arccos(cos d)) * 60 f arcmin

de

By

crossmatch(candidates, catalog rows, match radius arcmin=2.0,
ra_key="RAJ2000’, dec key="DEJ2000’, z key=None
richness key=None, catalog name="catalog”):

B R b Ay 0T EERRE.

if not catalog rows:
return candidates, 0

# h9BTD RA/Dec F—% BEIRE
sample = catalog rows[0]
if ra_key not in sample:
for k in sample:
kl = k. lower ()
if "ra’ in kLl and "dec’ not in kl:
ra_key = k
break
if dec_key not in sample:



for k in sample:
kl = k. lower ()
if “dec’ in kl or "de’ in kl:
dec_key = k
break
if z key is None:
for k in sample:
kl = k. lower()
if kL in["z", "zspec’, 'z spec’, ’'zphot’, 'z lambda’, 'zl']
z key = k
break

print(f” {catalog name}: ra={ra key}, dec={dec key}, z={z key}”)

n_matched = 0
for ¢ in candidates:
if c.get(”z spec”) is not None:

continue # BEICHEEREHA

best dist = match radius_arcmin
best_match = None

for row in catalog rows:
try:
ra cat = float(row[ra key])
dec_cat = float(row[dec key])
except (ValueError, KeyError):
continue

sep = angular_separation(c[”ra”], c[”"dec”], ra cat, dec cat)
if sep &lt; best dist:

best dist = sep

best match = row

if best_match is not None:
z_val = None
if z key and z key in best match:
try:
z val = float(best match[z key])
except ValueError:
pass

richness = None
if richness key and richness key in best match:
try:
richness = float(best match[richness keyl])
except ValueError:
pass

c[f”"{catalog name} match”] = True
c[f"{catalog name} sep arcmin”] = round(best dist, 2)
if zval and 0.01 &Lt; z val &Llt; 2.0:
c[”z spec”] = round(z val, 4)
c[f”"{catalog name} z”] = round(z val, 4)
if richness:
c[f"{catalog name} richness”] = richness
n_matched += 1

return candidates, n matched

i
#7. X4
i
def main():

print(”=" % 70)
print("redMaPPer / WHL / Oguri H©h % O BBE")
print(”=" % 70)

I IRFE AR
candidates = load candidates()
print(f"¥n {E#%L: {len(candidates)}”)

#HSCT v N7 v~ OREBREEE

ras = [c[”ra”] for ¢ in candidates]

decs = [c[”dec”] for ¢ in candidates]

ra min, ra max = min(ras) - 0.5, max(ras) + 0.5

dec_min, dec_max = min(decs) - 0.5, max(decs) + 0.5

print(f” #RZREEHE: RA=[{ra min:.1f}, {ra max:.1f}], Dec=[{dec min:.1f}, {dec max:.1f}]")

t Ay OTEE

catalogs = {}

print("¥n--- redMaPPer ---")
rm = fetch redmapper(ra min, ra max, dec min, dec_max)
if rm:
catalogs[”redMaPPer”] = rm
candidates, n = crossmatch(candidates, rm[”rows”],
richness key="lambda”
catalog name="redMaPPer”)
print(f” REFER: ) < v F7)

print("¥n-—— WHL —--")
whl = fetch whl(ra min, ra max, dec min, dec max)
if whi:
catalogs["WHL"] = whl
candidates, n = crossmatch(candidates, whl[”rows”],
richness key="RL”,
catalog name="WHL")
print(f” REFER: ) < v F7)

print("¥n--- Oguri+2018 ---")
oguri = fetch oguri2018(ra min, ra max, dec min, dec max)
if oguri:

catalogs[”0guri2018”] = ogur



candidates, n = crossmatch(candidates, oguri[”rows”],
catalog name="0guri2018”)
print(f” REFER: ) < v F7)

Ry~ —
print(f"¥n{’ =" %70}")
print"RERRY <) —")
print(f”{’="%70}")

n_spec = sum(1 for ¢ in candidates if c.get(”z spec”) is not None)

print(f"¥n ¥/ Hh % O TR FH»: {n_spec} / {len(candidates)}”)

print(f"¥n { ID’:&Lt;8} {'RA’:8gt;8} {’Dec’ :&gt;8} {’z photo’ :&gt;7} {’z spec’ :&gt;7} ”
f7{" source’ :&gt;12} {’ richness’ :&gt;8}")
print(f” {"-"*65}")
for ¢ in candidates:
z s = f’{c['z spec’ ]:.4f}" if c.get("z spec”) else "--"
source = "
rich ="
if c.get("redMaPPer match”):
source = "redMaPPer”
rich = f”{c.get(’ redMaPPer richness’, '--")}”
elif c.get("WHL match”):
source = "WHL”
rich = f’{c.get("WHL richness’, "--")}”
elif c.get("0guri2018 match”):
source = "0Oguri2018”
elif c.get("z spec”):
source = "spectro”

print(f” {c[’id 1:&Lt;8} {c['ra’]:8&gt;8.3f} {c[’ dec’ ]:8&gt;8.3f} ”
f”{c[’ z_photo’ ]:&gt;7.3f} {z s:&gt;7} {source:&gt;12} {rich:&gt;8}")

it z_specHEERFEHI ZRI—1 R b
confirmed = [c for ¢ in candidates if c.get(”z spec”) is not None]
print(f"¥n REERFHV 5249 —: {len(confirmed)}”)
for ¢ in confirmed:
print(f” {c["id"1}: z={c[’z_spec’ 1}, ”
f”sigma v={c.get(’sigma v', "N/A")}")

I BREF
outpath = QUTDIR / "catalog crossmatch results. json”
with open(outpath, "w”) as f:
json. dump ({
"n_candidates”: len(candidates),
"n_confirmed”: Llen(confirmed),
"catalogs searched”: list(catalogs.keys()),
"candidates”: candidates
"confirmed”: confirmed,
}, f, indent=2, default=str)
print(f"¥n #ERIF7F: {outpath}”)

tRODRF YT

if len(confirmed) &gt;= 3:
print(f’¥n -&gt; {len(confirmed) MEA ' HEERF M. cluster stack.py ZHEITAEE")
print(f” {&#') 2 % cluster candidates. json & L TRETNISEEZAAHA")

# cluster candidates. json & L TIR#&F
cand out = OUTDIR.parent / "cluster candidates. json”
with open(cand out, "w”) as f:

json.dump(candidates, f, indent=2, default=str)

print(f” -&gt; {cand out} ICREFEFEH")

else:
print(f’¥n -&gt; FEERFH A {Llen(confirmed) HE, BIMREALE:")
print(f” - SDSS API 18|A#&IC cluster stack.py ZB={T")
print(f” - BOSS/GAMA ¥ Hh4 OJ & DRE”)

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

if name ==" main
main()
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