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Hd. AV FMIO—HILEREE (Windows + Claude Code) TR1TY %, RfTAA: uv run --with scipy --with matplotlib --with
numpy --with pandas python [Z2Y 7~ 4]



=P

A BEEERI O (BREH)
SPARC 1754RAI D EEREHRT —4 % W T, &AEER] g_c = eta*sqrt(a0*G*Sigma0) ZHEILL74ARD R YY) K,
1. gc_sigmaO_theory_test.py [FEII]
2. gc_geometric_mean_test.py [FEII]
3. strain_energy_theory_test.py [ZEX1/ A1)
4. eta_functional_form.py [M£3I]

B. 8E AL v Xf#E#Hr (HSC-SSP Y3)

HSC-SSP Y3 x4 744 0% (35808 KA. 9.6GB) &7 FT14< v/ (637k
pixel, 1.4GB) £\ U5 29— — )L TODEET IR 12AD 7 TR,

5. inspect_subaru_lensing.py [1&#k]

6. hsc_footprint_clusters.py [1&#R]
7. hsc_cluster_screening.py [H11]
8. hsc_y3_cluster_lensing.py [1&%R]
9. hsc_y3_shear_measure.py [f1I]
10. hsc_nfw_membrane_compare.py [ZEX1/ A ]
11. hsc_download_photoz.py [FE3I]
12. hsc_refit_with_photoz.py [F#3I]
13. specz_crossmatch.py [f#1Z]

14. mond_abel_lensing.py [F#31]
15. hsc_final_cl1_abel.py [£E]

16. hsc_cl1_individual.py [EE]

C. ¥iI7—4tv M&EEE (N-2)
AR R D SPARC A TOMIIIRIIA A RIRHNTD vy I T A T TRERIIIMEAFEIL LI ARD R ) TR,
17. independent_verification.py [ =]
18. littlethings_gc_measure.py [ZEH]/ A A ]
19. noordermeer_gc_measure.py [ZEH]/ A
20. sparc_jackknife.py [F3I]



B ERI DR (B

SPARC 17588 A D OIEREHRT — 9% AW T, #MATE%A] g_c = eta*sqrt(a0*G*Sigma0) AHEILL4ERD RV TK,

gc_sigmaO_theory_test.py

G*Sigma0 = v_flat*2/h_R & g_c OERERE AR RITTEFTHSHFL. slope=0.55 (slope=1
TlEAW) #F R, SRR DO HFER,

A13 #E3Z, 48R3 r=0.725, slope=0.55,G*Sigma0 »* g_c DEARBRRT—IL,

2OV ThEX:

g9.c oc G- Z[-F(c) T RDEBIMRIE

58
gc=7 -6+ =X - hR-201-4c)
where ¢ = c(galaxy type), Z[X] o< v flat® / h R

WREEIER
1) c(=X) OHEBIEEET ZH
2) G-ZX W T gc EEZELTHATESD
(3) F(c)-ZX WETHET 2
(4) REEH 1.3 #* c(ZX) BETHERINZH

24F: uv run —-with scipy --with matplotlib —-with numpy python gc_sigmal theory test.py

import numpy as np

import pandas as pd

from scipy import stats

from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

0. T—YFmHRAH & HT LR

= F =

work dir = Path(”.”)

#--- gc BIDAET—4 ——

gc_file = work dir / "TA3 gc_independent. csv”
pred file = work dir / "gc_predictive model.csv”
sparc_file = work dir / "sparc_results.csv”

print("=" * 70)
print("Step 0: F—4FHAH & HS LHR")
print("=" % 70)

for f in [gc file, pred file, sparc filel:
if f.exists():
df_tmp = pd.read csv(f)
print(f"¥n{f.name}: {len(df tmp)} rows”)
print(f” columns: {list(df tmp.columns)}”)
else:
print(f"¥n{f.name}: NOT FOUND")

- XA VT—IEHHRAH -

df gc = pd.read csv(gc file) if gc file.exists() else None

df pred = pd. read csv(pred file) if pred file.exists() else None
df sparc = pd.read csv(sparc file) if sparc file.exists() else None

#
1. RELBOME - HBE
i

print("¥n” + ”=" % 70)
print("Step 1: #BEBOHEE")
print(”"=" % 70)

# gc, v flat, h R, galaxy type NHE
# W5 L% CSV ICL>TRARDZDTERRICKRTE

def find col(df, candidates, label=""):
NS LB ENERY R N SRR
if df is None:
return None
for ¢ in candidates:
matches = [col for col in df.columns if c.lower() in col. lower()]
if matches:
print(f” {label}: ’{matches[0]}’ matched (from ’{c}’)”)
return matches[0]
print(f” {label}: NOT FOUND (tried {candidates})”)
return None

# --- gc {EOEMIE ——
#f TA3 gc_independent.csv A5 rs Z{EH7A\W g ¢ BAIEEEFRH



if df_gc is not None:
gc col = find col(df gc, ["gc’, 'g ¢, ’gc rar’, ’gc ind’], 'g c’)
galaxy col gc = find col(df gc, ['galaxy’, 'Galaxy’, 'name’, ’Name’], ’galaxy(gc)’)

- SRS X —45 DEIG ——-
# sparc_results.csv m5 v _flat, h R, galaxy type
if df_sparc is not None:
vflat col = find col(df sparc, ['v flat’, ’vflat’, ’Vflat’], ’'v flat’)
hR col = find col(df sparc, [’h R’, "hR’, ’Reff’, "R.d’, 'Rd’], 'h R")
type col = find col(df sparc, [’ type’, 'Type’, 'T', "hubble’, ’Hubble’], ’type’)
galaxy col sparc = find col(df sparc, ['galaxy’, 'Galaxy’, ’'name’, 'Name’], ’galaxy(sparc)’)

# -—- gc_predictive model.csv HFEER ——-

if df_pred is not None:
gc_col pred = find col(df pred, ["gc’, "g c¢’, "gc pred’, 'gc obs’, "gc rar’], 'g c(pred)’)
vflat col pred = find col(df pred, ['v flat’, 'vflat’, 'Vflat’], 'v flat(pred)’)
hR col pred = find col(df pred, ["h R, "hR’, "Reff’, 'R.d’, 'Rd’], "h R(pred)’)

print("¥n-——- K5 L—% (FNvITH) ")
if df_gc is not None:

print(f"TA3: {list(df _gc.columns)}”)
if df sparc is not None:

print(f"SPARC: {Llist(df sparc.columns)}”)
if df_pred is not None:

print(f"PRED: {list(df pred.columns)}”)

#
t2. F—o%E

*=

print("¥n” + ”=" x 70)
print("Step 2: F—4#ER")
print("=" * 70)

#t #iB&: gc predictive model.csv IC2EAHI> TWBAREMA B
# ARiFniE TA3 + sparc % galaxy L THE

df = None # HmARHIZ{EZEF DataFrame

# £9 gc predictive model.csv #RT (—HFBFRNMLELRIZT)
if df pred is not None:

required_found = True

cols map = {}

for key, candidates in [
(Cgc’, ['a¢’, "g.¢’, "gc_obs’, "gc_rar’, ’gc_meas’]),
(’vflat’, ['v flat’, 'vflat’, 'Vflat’]),
ChR, ’h R, "hR’, 'Reff’, 'R d’, 'Rd’]),

Je
col = find col(df pred, candidates, f merge-{key} )
if col:
cols map[key] = col
else:

required_found = False

if required found:

df = df pred. copy()

df[’gc val’] = df[cols map[’gc’ 1]

df[’ vflat val’] = df[cols map[’ vflat’]]

df[’hR val’] = df[cols_map[’ hR’ 1]

print(f” -> gc_predictive model.csv &M (N={len(df)})”)
else:

print(” -> gc predictive model.csv: BMEHSLAFRE")

# 74—\ 7 : TA3 + sparc &
if df is None and df_gc is not None and df_sparc is not None:
print(” -> TA3 + SPARC %#EA")
df = pd.merge(df gc, df sparc,
left_on=galaxy col gc, right on=galaxy col_sparc,
how="inner’)
if gc col and vflat col and hR col:
df[’gc_val’] = df[gc _col]
df[’ vflat val’] = df[vflat col]
df[’hR val’] = df[hR col]
print(f” -> #&&MKIN (N={len(df)})”)

if df is None:
print("¥nlll F—9#EEKK, CSV DHSLEEHBLTLLEIW, V)
print(” WE: gc, v flat, h R 25 CSV”)
import sys; sys.exit(1)

# --- galaxy type QEE -—-
type col final = find col(df, [’ type’, 'Type’, 'T', "hubble’, ’'Hubble’, 'morph’], ’type(final)’)

# NaN BRE

mask = df[’gc_val’].notna() & df[’vflat val’].notna() & df[’hR val’].notna()
mask & (df[’gc val’] > 0) & (df[’vflat val’] > @) & (df[’hR val’] > 0)

df = df[mask]. copy()

print(f” BF—4: N={len(df)}”)

#
# 3. MEEDFHE
#




print("¥n” + =" x 70)
print("Step 3: ¥EEBODETE")
print("=" x 70)

abd = 1.2¢e-10 # m/s*

G = 6.674e-11 # m*/(kg-s*)
kpc_to m = 3.086e19
kms_to ms = 1e3

Msun = 1.989e30

#gc%& ad B -> SI ICEH (CSV A al BIDIBE)
gc vals = df[’gc val’ ].values
#HE: gc DED 71 A& ald B, Tle-10 5 SI Bf
gc_median = np.median(gc vals)
if gc_median < 1e-5:
print(f” g c (& SI BfI& ¥l (shofE={gc median:.2e})”)
gc_si = gc_vals
gc ad = gc_vals / a0
else:
print(f” g c (& a0 B &My (PRfE={gc_median:.3f})”)
gc_al = gc_vals
gc si = gc vals * a0

# v_flat [km/s] -> [m/s]
vflat kms = df[’vflat val’].values
vflat_ms = vflat_kms * kms_to_ms

# h R [kpc] -> [n]
hR kpc = df[’hR val’].values
hR_m = hR_kpc * kpc_to_m

# =X oc v flat® / (6 - h R) ORTMEE

# EREICIE =X = Mdisk / (2r h_R*), v _flat® ~ G-M/(h_R) ADT

# v flat®* / (6-h R) EEBEEDA—4—

Sigma0_proxy = vflat msx2 / (G * hR_m) # [ka/m*]

Sigma@ Msun pc2 = Sigma@ proxy / (Msun / (3.086e16)%*2) # [Msun/pc®]

#6 - =X [n/s*] — E@RFAD 9. ¢ RT—Ib
G Sigmad = G * Sigma@ proxy # = v flat® / h R [m/s*]

print(f” =X proxy H&f&: {np.median(Sigmad Msun pc2):.1f} Msun/pc®”)
print(f” G-X[X Agf&: {np.median(G_Sigma0d):.2e} m/s*”)

print(f” g ¢ HHRfE: {np.median(gc si):.2e} m/s?”)

print(f” gc / (6-=[X) HRf#: {np.median(gc_si / G Sigma0):.4f}”)

#
# 4. MEE(): g.c vs G- =X DEXIEM
#
print("¥n” + "=" % 70)

print("Step 4: g ¢ vs G- =X DEAMERE")
print("=" % 70)

log gc = np. log10(gc_si)
log GSigmad = np. Log10(G_Sigma0)

it fRpEE

slope, intercept, r, p, se = stats. linregress(log GSigma@, log gc)
print(f” log(g c) = {slope:.3f} * log(G-=[X]) + {intercept:.3f}”)
print(f” r = {r:.3f}, R® = {rxx2:.3f}, p = {p:.2e}")

print(f” ~EiEH = {slope:.3f} CEFR/FRE: 1.0, FERE: "UTEWNET) V)

# v flat?/h R"1.3 H#REE

log proxy13 = np. log10(vflat ms*%2 / hR_m#x1,3)

slopel3, intercept13, r13, p13, sel3 = stats. linregress(log proxy13, log gc)
print(f"¥n log(g c¢) vs log(v®/h R"1.3):”)

print(f” r = {r13:.3f}, R* = {r13%x2:, 3f}")

#f Spearman (AN fEICTERE)
rho_sp, p_sp = stats, spearmanr(log GSigmad, log gc)
print(f"¥n Spearman: p = {rho sp:.3f}, p = {p sp:.2e}")

#
# 5. HMEE(2): SRAH A TRID ¢ fE& F(c) WE
#t
print("¥n” + ”=" x 70)

print("Step 5: $RAY 1 T ¢ {E& F(c) WHE")
print("=" x 70)

# c EDE|Y YT (SPARC O Hubble type ICET <)
# Im/BCD: ¢=0.30, Sd/Sm: c=0.35, Sc: c=0.42, Sh: c=0.80, Sa: c=0.90
# T type: 10=Im, 9=Sm, 8=Sdm, 7=Sd, 6=Scd, 5=Sc, 4=Sbc, 3=Sb, 2=Sab, 1=Sa
c_type map = {
10: 0.30, 11: 0.30, # Im, BCD

9: 0.33, # Sm
8: 0.35, # Sdm
7: 0.37, #Sd
6: 0.40, # Scd
5: 0.42, # Sc
4: 0.55, # Sbc
3: 0.80, # Sb
2: 0.85, # Sab
1: 0.90, # Sa



0: 0.90, # S0
}

t type N5 LHRNEEIELIRAICHRIE c=0.42 EEA
if type col final and type col final in df.columns:
type vals = df[type col final].values
print(f” $RAY 4 7HS5L: {type col final}”)
print(f” 44 7F49%: {pd.Series(type vals).value counts().sort index().to dict()}”)

c vals = np.array([c_type map.get(int(t), 0.42) if not np.isnan(t) else 0.42
for t in type vals])
else:
print(” YA THS LML > c &2 TX HOEFBAICHTE")
fcoc N6 MT1y MERTHARS > JITRERET ¢=0.42 —2
c_vals = np. full(len(df), 0.42)

Fc=2%(1-np.sart(c vals))

#ERFAUE: 6 - =X - F(c) (n-h R ZRIRL ALLHIERISHTRE)
theory raw = G Sigmad * F ¢

tn ®74vhk (log RT—ILT)

log theory = np. log10(theory raw)

#gc=mnceff-G6G- =X - F(c) -> log(g c) = log(n _eff) + log(G- =[X-F(c))
# -> intercept = log(n eff) T slope=1 Z{RE

t E9EHET7 4V b

slope fc, intercept fc, r fc, p fc, se fc = stats. linregress(log theory, log gc)
print(f’¥n F(c) IEHY:")

print(f” log(g ¢) = {slope fc:.3f} * log(G-Z[X-F(c)) + {intercept fc:.3f}”)
print(f” r = {r fc:.3f}, R* = {r fcxx2: 3f}")

# slope=1 EEDZ 1 v b

eta fit = np.median(gc si / theory raw)

log gc pred fixed = np. logl0(eta fit * theory raw)

residuals_fixed = log gc - log gc_pred fixed

r fixed = 1 - np.sum(residuals fixed*k2) / np.sum((log gc - np.mean(log gc))*x2)
print(f"¥n slope=1 EE:")

print(f” n_eff = {eta fit:.4e}”)

print(f” R* (slope=1) = {r fixed:.3f}")

print(f” H%#= std = {np.std(residuals_fixed):.3f} dex”)

# Flc) 72L& DL

slope nc, intercept nc, r nc, p_nc, = stats. linregress(log GSigmad, log gc)
print(f"¥n H#: F(c) WMIEARL -> r={r_nc:.3f}, R*={r_ncx*2:.3f}")
print(f” F(c) #EHY -> r={r fc:.3f}, R°={r fokx2: 3f}")

print(f” E: AR® = {r_fc*x2 - r_nckx2:,4f}")

i

#6. MAE(3): c(ZX) DEMHWT 1 v b

#

print("¥n” + "=" x 70)
print("Step 6: c(Z[X) DE#EHIHE")
print("=" * 70)

=n G- IX - 2(1-4c) D ¢ EHE
(1 -gc/(2n-6-ZX))*
2L n @EEREM D> £ 0 & 9c/(6-ZX) OLERMSEE

ratio = gc_si / G _Sigma0

print(f” gc / (6-=X) D#EE:")

print(f” g = {np.median(ratio):.4f}”)
print(f” Ey = {np.mean(ratio):.4f}")

print(f” std = {np.std(ratio):.4f}”)
print(f” min = {np.min(ratio):.4f}”)
print(f” max = {np.max(ratio):.4f}”)

#t c eff ZH#FE: gc = n scale - G - =X - F(c_eff)

# n _scale - F(c eff) =gc / (6G-ZX) = ratio

# |\AD ratio ZFDEAA ¢->0 (F-52) ITRBT 3 EIRE

# -> m_scale "= max(ratio) / 2

eta scale = np.percentile(ratio, 95) / 2 {# 95th T&REI
print(f"¥n 7 scale = {eta scale:.4f} (95th percentile / 2)”)

# ceff OWE

F eff = ratio / eta scale

#F=20-¥ec) >Vc=1-F2->c=0-F2):?
#F/2>1 OFEIE c <0 -> EMEN > v
F eff clipped = np.clip(F eff, 0.01, 1.99)

c eff = (1 - F eff clipped / 2) #x 2

print(f” c eff #&5t:")

print(f” g = {np.median(c_eff):.3f}")

print(f” Ftg = {np.mean(c_eff):.3f}")

print(f” std = {np.std(c eff):.3f}")

print(f” [5th, 95th] = [{np.percentile(c_eff,5):.3f}, {np.percentile(c eff,95):.3f}]1")

# c eff vs =X DFEEA

log Sigma@ = np. lLog10(Sigma0 Msun pc2)

rho ¢S, p_cS = stats. spearmanr(log Sigma0, c eff)

slope cS, intercept ¢S, r cS, , = stats. linregress(log Sigma0, c eff)
print(f’¥n ¢ _eff vs log(=[X):")



print(f” Pearson r = {r cS:,3f}”)
print(f” Spearman p = {rho cS:.3f}, p = {p cS:.2e}”)
print(f” c_eff = {slope cS:.4f} * log(=[X]) + {intercept cS:.4f}")

# SRS A TRID c eff FAR{E
if type col final and type col final in df.columns:
print(f"¥n R4 1 7B c_eff FRfE:")
type vals clean = df[type col final].values
for t in sorted(set(type vals clean[ np. isnan(type vals clean)])):
mask t = type vals clean == t
if np.sum(mask t) >= 3:
med ¢ = np.median(c_eff[mask t])
med S = np.median(Sigmad Msun pc2[mask t])
n_t = np.sum(mask t)
expected ¢ = ¢ _type map.get(int(t), None)
exp str = f” (expected: {expected c:.2f})” if expected ¢ else
print(f” T={int(t):2d}: c eff={med c:.3f}, =[X={med S:.0f} Msun/pc®, N={n_t}{exp str}”)

i
# 7. BEE(4): REIEBOHR
#
print("¥n” + "=" % 70)
print("Step 7: REIEHDHMRE”)
print("=" x 70)

# log(g c) = a-log(v_flat) + b-log(h R) + const
log vf = np. log10(vflat kms)
log hR = np. log10(hR kpc)

# 2ZHE)R

X = np.column stack([log vf, log hR, np.ones(len(log vf))])

beta, residuals, rank, sv = np. linalg. Lstsq(X, log gc, rcond=None)
y_pred = X @ beta

ss res = np.sum((log gc - y pred)**x2)

ss_tot = np.sum((log gc - np.mean(log gc))**2)

R2 2var = 1 - ss_res / ss_tot

print(f” log(g c) = {beta[0]:.3f}-log(v flat) + {beta[1]:.3f}-log(h R) + {beta[2]:.3f}")
print(f” R® = {R2 2var:,3f}”)

print(f” -> g ¢ o v flat"{beta[0]:.2f} - h R"{beta[1]:.2f}")

print(f” %% (G-=ZX = v®/h R): v flat™2.0 - h R"{-1.0}")

print(f” v flat RE{RE: {beta[0]-2:.3f}")

print(f” h R NEfFzE:  {beta[1]-(-1):.3f}")

B Flc) MER
if type col final and type col final in df.columns:
log gc corrected = log gc - np. log10(F c)
X2 = np.column_stack([log vf, Llog hR, np.ones(len(log vf))])
beta2, , , _ = np.linalg. lstsq(X2, log gc corrected, rcond=None)
y pred2 = X2 @ beta2
R2 corr = 1 - np.sum((log gc corrected - y pred2)**2) / np.sum((log gc corrected - np.mean(log gc corrected))**2)

print(f’¥n F(c) fIE#%:")

print(f” log(g c¢/F(c)) = {beta2[0]:.3f}-log(v flat) + {beta2[1]:.3f}-log(h R) + {beta2[2]:.3f}")
print(f” R® = {R2 corr:.3f}”)

print(f” -> g ¢/F(c) oc v_flat”{beta2[0]:.2f} - h R™{beta2[1]:.2f}”)

print(f” IFRFAISEI W : v flat XE{RE {beta2[0]-2:.3f}, h R XE{{E {beta2[1]-(-1):.3f}")

#
8. FOv hEK
#
print("¥n” + 7=" x 70)
print("Step 8: FOv MERK")
print(”"=" % 70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle("g ¢ oc G- Z[X|-F(c) Theory Verification’, fontsize=14, fontweight="bold )

#-—-(a) gcvs G- -—

ax = axes[0, 0]

ax.scatter(log GSigmad, log gc, s=15, alpha=0.5, c="steelblue’)

x_range = np. Linspace(log GSigma@.min(), log GSigma0.max(), 100)

ax.plot(x _range, slope nc * x range + intercept nc, 'r-", lw=2,
label=f"fit: slope={slope nc:.2f}, r={r nc:.3f}")

.plot(x_range, x range + np. log10(np.median(ratio)), 'k--", Lw=1, alpha=0.5,
label="slope=1 reference’)

.set xlabel(’ log(G-=[X) [m/s*]")

.set_ylabel(’ log(g ¢) [m/s*]")

.set title((a) gcvs G-=ZX")

. legend(fontsize=9)

a

>

a
a
a
a

X X X X

# —— (b) g c/g c pred vs =X (residuals) ———

ax = axes[0, 1]

resid = log gc - (slope nc * log GSigmad + intercept nc)
ax.scatter(log Sigma0, resid, s=15, alpha=0.5, c="steelblue’)
ax.axhline(0, color="k’, ls="--", alpha=0.3)

ax.set_xlabel(’ log(=[X]) [Msun/pc®]")

ax.set ylabel(’Residual [dex]")

ax.set_title(f’ (b) Residuals vs =[X (std={np.std(resid):.3f})")

X X X X X

# -— (c) c eff vs T[X ——
ax = axes[0, 2]



if type col final and type col final in df.columns:
scatter = ax.scatter(log Sigma@, c eff, s=15, alpha=0.5,
c=df[type col finall.values, cmap="viridis’)
plt.colorbar(scatter, ax=ax, label="Hubble T type’)
else:
ax.scatter(log Sigma0, c_eff, s=15, alpha=0.5, c="steelblue’)
ax.set xlabel(’ log(Z[X]) [Msun/pc*]")
ax.set ylabel(’c_eff (inferred)’)
ax.set title(f (¢) c(=Z[X) relation (p={rho cS:.3f})")
tc OEMmEEZS—/N—L A
if type col _final and type col final in df.columns:
for t, c_exp in sorted(c_type map. items()):
mask t = df[type col finall.values == t
if np.sum(mask t) >= 3:
ax.axhline(c_exp, color="gray’, ls=":’, alpha=0.3)

#-—- (d) F(c) FIEHY vs oL ——-

ax = axes[1, 0]

ax.scatter(log theory, log gc, s=15, alpha=0.5, c="coral’, label=f"F(c) corr: r={r fc:.3f}")
ax.scatter(log GSigmad, log gc, s=15, alpha=0.3, c="steelblue’, Llabel=f"no corr: r={r nc:.3f}")
ax.plot(x_range, x range + np. logl0(eta fit), 'r-’, lw=2, alpha=0.5)

ax.set xlabel(’ log(G-Z[X or G-=ZX-F(c))’)

ax.set_ylabel(’ log(g ¢)’)

ax.set title(’ (d) F(c) correction comparison’)

ax. legend(fontsize=9)

X X X X X X x

#-—- (e) $RAH 1 7Bl g_c/g_c pred -——
ax = axes[1, 1]
if type col _final and type col final in df.columns:
type vals clean = df[type col final].values
types unique = sorted(set(type vals clean[ np. isnan(type vals clean)]))
type medians = []
type labels = []
for t in types unique:
mask_t = type vals clean ==
if np.sum(mask t) >= 3:
type medians. append(np.median(resid[mask t]))
type labels. append(f' T={int(t)}")
.bar(range(len(type medians)), type medians, color="steelblue’, alpha=0.7)
.set xticks(range(len(type labels)))
.set_xticklabels(type labels, rotation=45)
.axhline(0, color="k’, ls="--", alpha=0.3)
.set ylabel(’Median residual [dex]’)
.set title(’ (e) Residual by galaxy type’)

o
> X

a
a
a
a
a
else:

X X X X

.text(0.5, 0.5, 'No type info’, transform=ax.transAxes, ha='center’)
.set_title(’ (e) N/A')

IS
x X

# - (f) FARX vs BARFAOLLE ——

ax = axes[1, 2]

# RERR TR log(gc/a0) = -2.175 + 2.015%log(vflat) - 1.294%log(hR) + ...
gc_empirical 2var = 10%x(-2.175 + 2.015%log vf - 1,294%log hR) * a0 f FHESGHR
log gc_emp = np. log10(gc_empirical 2var)

r_emp = np.corrcoef(log gc emp, log gc)[0,1]

r theory = r nc # G-=[X = v®*/h R

ax.scatter(log gc_emp, log gc, s=15, alpha=0.5, c="coral’,
label=f"Empirical (2var): r={r emp:.3f}")

#G6-=X =i

gc_theory lvar = 10%x(slope nc * log GSigmad + intercept nc)

ax.scatter(np. log10(gc theory 1var), log gc, s=15, alpha=0.3, c="steelblue’,
label=f"G- Z[X| theory: r={r theory:.3f}’)

diag = np. Linspace(log gc.min(), log gc.max(), 100)

ax.plot(diag, diag, "k--", alpha=0.3)

ax.set xlabel(’ log(g c predicted)’)

ax.set_ylabel(’ log(g c observed)’)

ax.set title(’ (f) Theory vs Empirical prediction’)

ax. legend(fontsize=9)

X X X X X

plt. tight layout()
plt.savefig(’ gc_sigmad theory verification.png’, dpi=150, bbox inches="tight’)
print(” -> gc _sigma@ theory verification.png {R%F5T")

#
#9. WA
#

print("¥n” + ”=" x 70)
print("SUMMARY: g ¢ oc G- Z[X-F(c) BT R DMRIIRZER")
print(”"=" % 70)
print(f”””
REE(1): g c vs G- =X EAMER
Pearson r = {r nc:.3f}
Spearman p = {rho_sp:.3f}
~NEHEH = {slope nc:.3f} (FBR/FE: 1.0)
-> {"[0K] 38\ \#8RBF” if abs(r_nc) > 0.6 else "A FIZEDFERY” if abs(r_nc) > 0.4 else "[NG] §§\\4ERF"}

MREE(2): F(c) MIEMR
WIEARL R® = {r_ncxx2:. 3f}
WIEHY R® = {r foxx2:, 3f}
WE AR* = {r fc#x2 - r nckk2:. 4f}
=> {"[0K] F(c) FHIEATHE" if r foxx2 > r nckx2 else "[NG] F(c) FHIEFZHRAL"}



HREE(3): c(=[X) 48R
Spearman p = {rho cS:.3f}, p = {p_cS:.2}
-> {"[0K] HREA4ERE” if p cS < 0.05 else "[NG] HREA4ERIAL"}
REE(4): NEigHEE
FXERMY: g ¢ oc v_flat {beta[0]:.2f} - h R {beta[1]:.2f}
: gcocv flat"2.0 - h R™-1.0
fmE: Ao v = {beta[0]-2:.3f}, Aa h = {beta[1]-(-1):.3f}

BRFA g c o 6-ZX IRTHEMHICHATHY,

BIERICE {"BU\WXH” if abs(r_nc) > 0.6 else "—EDXHF"IEFTN2,
F(c) E (RAS 1 HEED ¢ B) HEEERSTHH

s U(e ;o) ORAMSRETIRELD,

)

print("ET")



2. gc_geomet n_test.py

fETE M358 g_c = eta*sqrt(a0*G*Sigma0) D alpha=0.5 #EH#&E. SPARC 175488 T alpha 74v . MOND
&0 dAIC LthE A,

IER A10, A11 FE3L, alpha=0.545+/-0.041, p(alpha=0.5)=0.27 (FEH AR ), dAIC=-130 vs MOND,

RYVThEX:

BT IREH D EEBREE

{RE%: g ¢ = a0~ (1-alpha) * (GxSigma0) alpha

24T: uv run --with scipy —-with matplotlib --with numpy --with pandas python gc geometric mean test.py
import numpy as np, pandas as pd

from scipy import stats

from pathlib import Path

import matplotlib; matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

work dir = Path(”.”)
ad = 1.2e-10; G = 6.674e-11; kpc_m = 3,086e19; kms ms = 1e3

def find col(df, cands):
if df is None: return None
for ¢ in cands:
m = [col for col in df.columns if c. lower() in col. lower()]
if m: return m[0]
return None

print(”="x70)
print ("M RER: 9 ¢ = a0”(1-alpha) * (G¥Sigma0) alpha DEEMRIE")
print(”="x70)

- F—HHmEHAH

df gc = pd. read csv(”TA3 gc_independent.csv”) if Path(”TA3 gc_independent.csv”).exists() else None

df pred = pd. read csv(”gc predictive model.csv”) if Path(”gc predictive model.csv”).exists() else None
df sparc = pd.read csv(”sparc_results.csv”) if Path(”sparc results.csv”).exists() else None

df = None
if df_pred is not None:
cm = {}
for k,cs in [("gc’,["g¢’,’g ¢’, gc obs’,”gc rar’]), Cvflat’,['v flat’,’vflat’]), ChR’,[’h R’,”hR’,’Reff’,’R d’ 1) ]:
¢ = find col(df pred, cs)
if c: em[k] = ¢
if len(cm)==3:
df = df pred. copy()
df[’ gc_val’ J=df[cm[’ g¢’ 11; df[’vflat val’ J=df[em[’ vflat’ ]J]1; df[’hR val’ J=df[cm[’ hR’ 1]
print(f” F—#Y—2R: gc predictive model.csv (N={len(df)})”)
if df is None and df_gc is not None and df_sparc is not None:
gc_c=find col(df gc,["gc’,’g ¢’ 1); gg=Ffind col(df gc, [’ galaxy’,’ name’])
vf c=find col(df sparc,[’v flat’, vflat’]); hr c=find col(df sparc,[’h R’,”hR’,’R d’])
gs=find col(df sparc, [’ galaxy’,’ name’ ])
df=pd. merge(df gc,df sparc, left on=gg, right _on=gs, how=" inner’)
df[’gc val’ J=df[gc c]; df[’ vflat val’ J=df[vf c]; df[’ hR val’ J=df[hr c]
print(f” F—# Y —2: TA3+SPARCHEA (N={len(df)})”)
if df is None: print("I1l F—&EFAHAMKMK"); import sys; sys.exit(1)

type col = find col(df, [’ type’, Type’,’T’,  hubble’,’ Hubble’, morph’])

mask = df[’gc val’ J.notna() & df[’vflat val’ ].notna() & df[’hR val’].notna()
mask & (df[’gc val’1>0) & (df[’vflat val’1>0) & (df[’hR val’1>0)

df = df[mask].copy(). reset index(drop=True)

print(f” HiT—&#: N={len(df)}”)

gc_vals=df[’ gc val’ ].values; gc_med=np.median(gc_vals)
if gc_med<le-5: gc_si=gc vals; gc al=gc vals/a@; print(f” g cHifii: SI (FhR{E={gc med:.2e})”)
else: gc al=gc vals; gc si=gc vals*al; print(f” g cEfii: a0 (hRfE={gc med:.3f})”)

vf ms=df[’ vflat val’].valuestkms ms; hR m=df[’ hR val’ ].valuesxkpc m

G SO = vf ms*k*2/hR m

log gc=np. Log10(gc_si); Llog GS=np. Log10(G SO); log adv=np. lLog10(ad)

log vf=np. log10(df[’ vflat val’ ].values); log hR=np. log10(df[’ hR val’ ].values)
n=len(df)

#
print("¥n"+"="%70)

print(” [#REE1] alpha DFBEE & EFEXMAE")

print(”="x70)

x = log GS - log aOv

sl,ic,r x,p x,se x = stats. linregress(x, log gc)

alpha_opt=sl; eta opt=10%*(ic-log alv)

resid B = log gc-(sl¥x+ic)

s2=np. sum(resid Bx*2)/(n-2); se a=np.sqrt(s2/np. sum((x-np. mean(x))**2))
tc=stats. t. ppf(0.975,n-2); ci=(alpha opt-tckse a, alpha opt+tckse a)

print(f” &i# alpha = {alpha opt:.4f} +/- {se a:.4f}”)
print(f” 95%EFAXR: [{ci[0]:.4f}, {cil1]:.4f}1")

print(f” eta = {eta opt:.4f}")

print(f” AEBIMRE r = {r x:.4f}, SREME R2 = {r xxx2: 4f}7)
print(f” HREZEH#ERFE = {np.std(resid B):.4f} dex”)



for label,a test in [(70.0 (MOND: g c=7E#K)”,0.0), ("0.5 (BAE&MF14)”,0.5), ("1.0 (FE#GxSigmadttfl)”, 1.0)]:
t_s=(alpha opt-a test)/se a; p v=2#stats.t.sf(abs(t s),n-2)
judge="FEH T AR if p v>0.05 else "0 (p<0.05)”
print(f"¥n alpha = {label} DHRE:")
print(f” t = {t s:.3f}, p = {p_v:.4f} -> {judge}”)

t05=(alpha opt-0.5)/se a; p05=2%stats. t.sf(abs(t05),n-2)
t10=(alpha opt-1.0)/se _a; pl10=2%stats. t.sf(abs(t10),n-2)
t00=(alpha opt-0.0)/se a; p00=2%stats. t.sf(abs(t00),n-2)

#
print("¥n"+”="%70)

print(” [#REE2] €7 /UL (AIC)”)
print(”="x70)

pred A=np. full(n, log alv); ss A=np.sum((log gc-pred A)**2); aic A=nxnp. log(ss A/n)
pred Bv=sl¥x+ic; ss B=np.sum(resid Bx*2); aic B=n*np. log(ss B/n)+2%2
pC_raw=0, 5%log GS+0.5%log alv; eC=np.median(log gc-pC raw); pred C=pC_raw+eC

ss C=np.sum((log gc-pred C)**2); aic C=n*np. log(ss C/n)+2x1

sD, iD, rD, , =stats. Linregress(log GS, log gc); pred D=sDxlog GS+iD

ss_D=np. sum((log gc-pred D)#*%2); aic D=n*np. log(ss D/n)+2%2
pE_raw=-2.175+2.015%log vf-1.294xlog hR; pred E=pE rawt+log alv

ss_E=np. sum((log gc-pred E)**2); aic E=n*np. log(ss E/n)+2%3

mode Ls=[
("A: MOND (g c=a@, 0/%5 X—%)",0,ss A aic A),
B: #{AIF1ty (alphaB M, 2/85X—%4)",2,ss B,aic B),
"C: BEEAMITY (alpha=0.5@E, 1785 %X—4%)",1,ss C,aic C),
D: BHARE (9 c=(6xS0)7s, 2/85 X —4)",2,ss D,aic D),
E: 2Z¥IRERM (vflat, bR, 3/85 X —#4)",3,ss E,aic E),
]
print(f” {" EFIL7:<50} {"k’:>3} {'RSS’:>9} {’AIC’:>9} {’dAIC :>7}")
print(f” { - x82}”)
for nm, k, ss,aic in models:
print(f” {nm:<50} {k:>3} {ss:>9.2f} {aic:>9.1f} {aic-aic A:>+7.1f}”)
print(f’¥n % dAIC < 0 -> MOND &Y RWEFIL”)

#
print("¥n"+"="%70)
print(” [#3E3] R 1 75 alpha (L@HEDIREE) )
print(”="x70)
tg={" Im/BCD (T>=9)’ :[9,10,11],’ Sd/Sdm (T=7,8)" :[7,8]," Sc/Scd (T=5,6)" :[5,6],
"Sb/Sbe (T=3,4)’ :[3,4],” Sa/S0 (1<=2)" :[0, 1,21}
ga=[1; gl=[1; gn=[]
if type col and type col in df.columns:
tv=df[type col].values
print(f” { ZJ—7F":<22} {N' :>5} {"alpha’ :>7} {+/-se’:>7} {' ¢’ :>7}")
print(f” { - %52}”)
for gn , tvs in tg.items():
mg=np. isin(tv, tvs); ng =int(np.sum(mg))
if ng <5: print(f” {gn :<22} {ng :>5} (FR)”); continue
s ,i_,r, ,se =stats. linregress(x[mg], log gc[mg])
print(f” {gn :<22} {ng :>5} {s :>7.3f} {se :>7.3f} {r :>7.3f}")
ga. append(s_); gl.append(gn_); gn.append(ng )
if len(ga)>2:
av=np. std(ga)
print(f"¥n alpha @7 )L—FRIE#ERZE = {av:.3f}")
print(f” -> {"alpha IZIFIFLEH (¥4 FIEKTEE) * if av<0.1 else "alpha IERA Y 1 FIkEHDOREH Y’ }”)

else:

print(” $RAY A SERBL > ¥ v )

#
print("¥n"+"="%70)
print(” [#3E4] BHEDHEE”
print(”="%x70)
for lab,vals in [("log(v_flat)”, log vf), ("log(h R)”, log_hR), ("log(GxS@)”, log GS)]:
rho, p=stats. spearmanr (vals, resid B)
sig=" [x]BE" if p<0.05 else "
print(f” %z vs {lab:<12}: rho={rho:+.3f}, p={p:.2e}{sig}”)

if type col and type col in df.columns:
print(f"¥n &4 FRIBEZEHRIE:")
for gn , tvs in tg.items():
mg=np. isin(tv, tvs)
if np.sum(mg)>=5:
print(f” {gn :<22}: median={np.median(resid B[mg]):+.3f}, std={np.std(resid B[mg]):.3f}")

#
print("¥n"+"="%70)

print(” [#REE5] EEFM(MIFY g c = etaxsqrt(ad*GxS0) DFEFE”)

print(”="x70)

gc_gm=np. sqrt(a0*G S0); eta gm=np.median(gc si/gc _gm)

Lgm=np. log10(eta gmxgc gm); rgm=log gc-lgm; r gm=np.corrcoef(lgm, log gc)[0, 1]
r_mond=Llog_gc-log alv

print(f” alpha=0.5 EEETI:")

print(f” eta = {eta gm:.4f}”)

print(f” 48B3 r = {r_gm:.4f}”)

print(f” F#Estd = {np.std(rgm):.4f} dex”)

print(f”  FRZEARIE = {np.median(np.abs(rgm)):.4f} dex”)
print(f’¥n REZHEREDOLLE:")

print(f” MOND (g c=a0): {np. std(r_mond) :. 4f} dex”)



print(f” BB ALY (alpha=0.5): {np.std(rgm):.4f} dex”)

print(f” BE% Y (alpha={alpha opt:.3f}): {np.std(resid B):.4f} dex”)
i05=(1-np. std(rgm)/np. std(r_mond))*100; ifr=(1-np.std(resid B)/np.std(r_mond))*100
print(f’¥n MONDA & (DEkESR:")

print(f” alpha=0.5EE: {i05:.1f}%")

print(f” alphaBH: {ifr:. 1F}%")
print(f” BN {ifr-i05:.1f}%")
#

print("¥n"+"="%70)

print(" 7Oy RN&EKH...”)

print(”="x70)

fig, axes=plt.subplots(2,3, figsize=(18,12))

fig.suptitle(r’$g c = ¥eta¥, a 0" {1-¥alpha}¥, (G¥Sigma 0)  {¥alpha}$ Verification’, fontsize=14, fontweight="bold")
t (a)

ax=axes[0, 0]; lad=np. log10(gc_ad); LGa=np. Log10(G_S0/a0)

ax. scatter(lGa, La0, s=15, alpha=0.5, c="steelblue’)

xr=np. Linspace(LGa.min(), LGa.max (), 100)

ax.plot(xr,alpha optxxr+np. log10(eta opt),’ r-", lw=2, labe l=f" $¥¥alpha$={alpha opt:.3f}")
ax.plot(xr,0.5%xr+eC,’ g--", lw=2, alpha=0. 7, labe l=" $¥¥alpha$=0.5")

ax.plot(xr, xr, k:", lw=1, alpha=0. 3, labe l=" $¥¥alpha$=1.0")

ax.axhline(0, color="gray’, ls="--", lw=1, alpha=0. 3, labe =" MOND’ )

ax.set xlabel(’ Log($G¥¥Sigma 0/a 0$)’); ax.set ylabel(’ log($g c/a 0$)")

ax.set title(f’ (a) $¥¥alpha$={alpha opt:.3f}$¥¥pm${se a:.3f}’); ax. legend(fontsize=8)

X X X X X X

# (b)

ax=axes[0,1]; ar=np. Linspace(0, 1,200)

c2=np. array([np. sum((log gc-(a *x+(np.mean(log gc)-a *np.mean(x))))*x2) for a_ in ar])
ax.plot(ar,c2-c2.min(), b-", lw=2)

ax.axhline(stats.chi2, ppf(0.95,1),color="r", ls="--", alpha=0.5, label="95% CL")
ax.axvline(alpha opt,color="k’, ls="-", alpha=0. 3, label=f" best={alpha opt:.3f}")
ax.axvline(0.5,color="g’, ls="--", alpha=0.5, label="0.5")

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

ax.set xlabel(’ $¥¥alpha$’); ax.set ylabel(’ $¥¥Delta¥¥chi 2%’ )

ax.set title(’ (b) $¥¥alpha$ confidence’); ax.set xLim(0,1); ax.legend(fontsize=8)

X X X X X x X

# (c)
ax=axes[0, 2]
if len(ga)>0:
cols=plt.cm.viridis(np. Linspace(0.2,0.8, len(ga)))
bars=ax. bar(range(len(gl)), ga, color=cols, alpha=0.7)
ax.set xticks(range(len(gl))); ax.set xticklabels([g.split(’ (")[0].strip() for g in gl], rotation=30, fontsize=8)
ax.axhline(alpha opt,color="r", ls="--", lw=2, label=f" global={alpha opt:.3f}")
ax.axhline(0.5,color="g’", ls=":", lw=1.5, label="0.5")
for i, (b,nn) in enumerate(zip(bars,gn)): ax.text(b.get x()+b.get width()/2,b.get height()+0.01, f' N={nn}’, ha="center’, fontsize=7)
ax.set_ylabel(’ $¥¥alpha$’ ); ax.set title(’ (c) Type dependence’); ax. legend(fontsize=8)
else: ax.text(0.5,0.5 ’No type info’, transform=ax. transAxes, ha=’ center’)

# (d)

ax=axes[1, 0]

ax.scatter(pred A, log gc, s=10, alpha=0.2, c="gray’, label="MOND’ )

ax.scatter(pred C, log gc, s=10, alpha=0.4, c="green’, labe =" $¥¥alpha$=0.5")

ax. scatter(pred Bv, log gc, s=12, alpha=0.5, c=" coral’, label=f" $¥¥alpha$={alpha opt:.3f}")

dg=np. Linspace(log gc.min(), log gc.max(), 100); ax.plot(dg, dg,’ k--",alpha=0.3)

ax.set xlabel(’predicted’); ax.set ylabel(’ observed’); ax.set title(’ (d) Obs vs Pred’); ax. legend(fontsize=8)

t (e)

ax=axes[1,1]; bins=np. linspace(-1, 1, 40)

ax.hist(r_mond, bins=bins, alpha=0. 3, color="gray’, label=f"MOND ({np.std(r mond):.3f})")

x.hist(rgm, bins=bins, alpha=0.3, color="green’, label=f"a=0.5 ({np.std(rgm):.3f})")

ax.hist(resid B, bins=bins, alpha=0.5, color="coral’, label=f" a={alpha opt:.3f} ({np.std(resid B):.3f})")

ax.set xlabel(’Residual [dex]’); ax.set ylabel(’Count’); ax.set title(’ (e) Residuals’); ax. legend(fontsize=8)

1)

# ()

ax=axes[1,2]; rv,pv=stats. spearmanr(log vf,resid B); rh,ph=stats. spearmanr(log hR, resid B)
ax.scatter(log vf, resid B, s=15,alpha=0.5, c="steelblue’, label=f"v flat ($¥¥rho$={rv:.3f})")
ax.scatter(log hR, resid B, s=15, alpha=0.3, c="coral’, label=f"h R ($¥¥rho$={rh:.3})")
ax.axhline(0, color="k’, ls="--", alpha=0. 3)

x.set xlabel(’ log(v flat) or log(h R)’); ax.set ylabel(’Residual [dex]")

ax.set title(’ (f) Residual structure’); ax. legend(fontsize=8)

1)

plt. tight layout()
plt.savefig(’ gc_geometric mean verification.png’,dpi=150, bbox_inches="tight’)
print(” -> gc _geometric_mean verification.png {RF5ET")

#
print("¥n"+”="%70)
print(” [¥&FHME] ")
print(”="%x70)
print(F77”
{" =" %60}
{RE%: g c = eta * ad"(1-alpha) * (G¥Sigma0) alpha
{" =" %60}

M alpha DRE:
&iEfE = {alpha opt:.4f} +/- {se a:.4f}
5%fSFRX A : [{ci[0]:.4f}, {ci[1]:.4f}]

B RIREDRE:
alpha=0 (MOND): p={p00:.2¢e} -> {" A if p00<0.05 else "FTHTE AL}
alpha=0.5 (¥/AI1g): p={p05:.4f} -> { FATEALY if p05>0.05 else 'FH }



alpha=1.0 (GxSOLLf): p={p10:.2e} -> {" A if p10<0.05 else "FTH T/}

W MONDIZ X3 22
HZstd: {np.std(r mond):.3f} -> {np.std(resid B):.3f} dex ({ifr:.1f}%chZE)
)

if p00<0.05: print(” [HEIL] MOND (g c=7E#K) (EZ;EH, g clIRT/ISX—FITIKET 5. )
if p10<0.05: print(” [FEIZ] #liferRg cocGxSigmad (alpha=1) (FZEH), a0DHFS5IEEF, )
if p05>0.05:
print(” [FEII] BBHAITL g c=etaxsqrt(a0*G+Sigmad) & A (alpha=0.5 EHTIAW), ")

print(” -> BEOBRFINEEIEEER 7 —)la0 & FAE B EG*SignadD”)
print(” WELRAKESE LTREI NS, 7)
else:

d="BF/N) A U EEHL P PEE” if alpha opt>0.5 else "EEEGR T — LA ER”
print(f” [;RM] alpha={alpha opt:.3f}: {d}”)

if len(ga)>2:
av=np. std(ga)
if av<0.1: print(f” [#83r] alphald BT 4 4 FIT&E L AW (FV—TEZES (av:.3f}), LEEROERH. )
else: print(f” [RIZ] alphall$Ria 4 4 FikEtEH Y (ZEh{av:.3f}), c(type)ilL ZEFADTHREM, )
print(f"”"”
MW U(epsilon;c) & DfE#E:
AR T > v U eff = U_membrane + U_coupling(Sigmad) o
BaSRRSME alpha ERET B,
alpha=0.5 -> REIBEIRILF—&NY F VBRI RILF—DENE,
)
print("5ET")



3. strain_energy_theory_test.py

fRATEH alpha(c) EA TR F—=ERDMELE. alpha 1 RS9 17 GEIERE ) ITIKETEHDRE. T_m/T_c DETE,
R 24 (Level X) . T_m A AAERRICINER L. alpha D c &EFHEHSE X5, alpha=0.5 I3 EEE L,

29T hEX:

EAHAIRIF—ZBHOESRIT

IB5%: alpha(c) = f elastic(c) = 1/(1 + exp(DeltaU(c)/T m))
DeltalU(c) = U(epsilon c; ¢) - U(D; ¢) (BEM-2BMET R ¥—pEEE)

WREE:
(1) Deltal(c) @ c #kF#FMEEBUBEEE
(2) alpha(c) DIZRERIRELR (Tm AT Y —/X5X—%)
(3) v flat E> 5l alpha (8f1) &t
(4) c(galaxy) -> alpha -> g ¢ OF KR % 54

224T: uv run —-with scipy --with matplotlib —-with numpy —-with pandas python strain_energy theory test.py

nan

import numpy as np

import pandas as pd

from scipy import stats, optimize

from pathlib import Path

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

#

# 0. U(epsilon; c) DfR#T
#

print(”="x70)

print("EH T RILF—EEHR: alpha(c) = f elastic(c)”)
print(” RO/ BN RARMAFEERID alpha &RETS”)
print(”="x70)

def U(eps, ¢):
"SR T > & v )L U(epsilon; ¢)”"”

return —eps - eps*k2/2 - c¥np. log(1 - eps)

de

-

U prime(eps, ¢):
P — B
return -1 - eps + ¢/(1 - eps)

def U double prime(eps, c):
Y = RS
return =1 + ¢/(1 - eps)**2

de

-

epsilon c(c):
UM GEM-SEMERS) T

return 1 - np.sqrt(c)

de

-

epsilon eq(c):

P U =0 OEDIR”

# -1 - eps + ¢/(1-eps) = 0 -> eps”2 + (2-c)*eps + (1-c) = 0 ... TIEAL

# (1-eps)(-1-eps) + ¢ =0 -> -1 + eps™2 + ¢ = 0 -> eps = sqrt(1-c) ... <l D& X
#f EREICIE: -(1-eps)(1+eps) + ¢ = 0 -> eps™2 = 1-¢c -> eps = sqrt(1-c)

B ME: U (sart(1-¢c), ¢) = -1 - sart(1-¢c) + c/(1-sart(1-c))
B ohE—MRICIE 0 ICR5RV, ERICHEC:

#U =-1-eps+c/(1-eps) = 0

#t -> -(1-eps)(14eps) + ¢ = 0 ... ThiFfHEN

# -> (1-eps)(-1-eps) + c = 0

# -> -(1-eps)(1+eps) + ¢ = 0

#->-(1-eps”2) +c =10

#->eps2=1-c¢

# -> eps = sqrt(1-c)

B ME: U (sart(1-¢c), ¢) = -1 - sart(1-¢c) + c/(1-sart(1-c))
#t 98 = 1-sqrt(1-c), c/(1-sqrt(1-c))

# B{b: c(1+sqrt(1-¢c))/((1-sqrt(1-c)) (1+sqrt(1-c))) = c(1+sqrt(1-c))/(1-(1-¢)) = c(1+sqrt(1-c))/c = 1+sqrt(1-c)
#U =-1-sqrt(1-c) + 1 + sqrt(1-c) = 0 [0K]

if c>=

return np.nan
return np.sart(1 - c)

de

—h

DeltaU(c):

7R BRME T R L F —[EEE: U(epsilon c) - U(0)""”
ec = epsilon c(c)

return U(ec, ¢) - U(O, ¢) # U(0,c) =0

i
print("¥n"+"="%70)

print(” [f&#71] U(epsilon;c) D& & Deltal(c)”)
print(”="x70)

c values = [0.20, 0.25, 0.30, 0.35, 0.40, 0.42, 0.50, 0.55, 0.60, 0.70, 0.80, 0.90]
print(f"¥n {"c¢’:>6} {epsilon ¢’ :>10} {"epsilon eq’ :>10} {'Deltal’:>10} {"U prime(ec)’ :>12} {"U dblprime(ec)’ :>14}")
print(f” {"-"x65}")
for ¢ in c_values:
ec = epsilon c(c)



eq = epsilon eq(c)

du = Deltal(c)

up = U prime(ec, c)

udp = U double prime(ec, c)

print(f” {c:>6.2f} {ec:>10.4f} {eq:>10.4f} {du:>10.4f} {up:>12.4f} {udp:>14.6f}")

print(f’¥n 3¥E:”

print(f”  epsilon ¢ = 1-sart(c): Z@im (GEME-DBEMEDER) 7)

print(f” epsilon eq = sqrt(1-¢c): FE&HR (U'=0) ”)

print(f” Deltal = U(epsilon c) - U(0): B#M->EBMERFED T R ILF —[EEE")
print(f”  Deltal < 0: BEMEREA T RILF—BITHEF")

print(f”  [Deltal] AKREWFEBWE-SBEEBARIYPTW)

#
print("¥n"+”="%70)

print(” [f&#72] alpha(c) = f elastic(c) DIBZHERFR")
print(”="%70)

# alpha = f elastic = 1/(1 + exp(DeltaU/T m))
# Deltal < 0 AT exp(Deltal/T m) < 1 -> f elastic > 0.5
#... Ih7& alpha > 0.5 AEICKRIILTLED

#
#BIE: MEBHICERIEY

# Deltal < 0 = BN TRIF—FF] -> f plastic > f elastic
# -> alpha = f elastic < 0.5

# LD LEAITIE 2T alpha "= 0.5

#
#

S IXNF—REHTHRCIY hOE— (B tEBTIHELHD
# BBRIRILF—:F=U-T
i BEMERRSE: BT XX —REAMBETY hOE— (DEOEA)
# EMEE: BEALABIY MOE— (ZHROITY EHEAL)
#
# -> DeltaF = Deltal - T _m * DeltaS
# alpha = 0.5 DZf4F: DeltaF = 0 -> Deltal = T m * DeltaS
#
# HDNIEE > & BHIC:
# f elastic/f plastic = exp(-beta * Deltal eff(c))
#t Deltal eff(c) = Deltal(c) - Deltal 0 (EHEH%FHE)
# alpha=0.5 -> Deltal eff = 0 -> Deltal 0 = DeltalU(c_mean)

# 753%: Deltal(c) ZIEFRMLL T alpha(c) %M
c_range = np. Linspace(0.05, 0.95, 200)
DU range = np.array([Deltal(c) for ¢ in c range])

# Deltal(c) DIFIIHYLERATDIE

c mean = 0.42 # ScEONKIE

DU_mean = Deltal(c_mean)

print(f” 4R (c={c_mean}): Deltal = {DU mean:.4f}”)

#f IEE#R{b: Deltal eff = Deltal - DeltaU(c_mean)
# -> c=c_mean T alpha=0.5
DU eff = DU range - DU mean

FTmaFv Y LTERBEEFT (ERTHAELKR)
def alpha theory(c, T m, c0=0.42):

7T IR alpha(c)”””

du = DeltaU(c) - DeltaU(c0)

return 1.0 / (1.0 + np.exp(du / T m))

# &OHD T.n TD alpha(c) BHIR
print(f"¥n IPZRERIE alpha(c) = 1/(1+exp(Deltal eff/T m)):”)
print(f” {'c’:>6} ”, end="")
T m candidates = [0.01, 0.05, 0.10, 0.20, 0.50, 1.00]
for tm in T_m candidates:
print(f” T m={tm:.2f}”, end="")
print()
print(f” {’ -’ %75}”)

for ¢ in [0.20, 0.30, 0.42, 0.60, 0.80]:
print(f” {c:>6.2f} ”, end="")
for tm in T_m_candidates:

a = alpha_theory(c, tm)
print(f” {a:>8.3f}”, end="")
print()

#
t F—85HAFE v flat EV B alpha OEE
#

print("¥n"+"="%70)
print(” [fR#73] BRAT—% & DHLE")
print(”="x70)

a0 = 1.2e-10; G const = 6.674e-11; kpc_m = 3.086e19; kms ms = 1e3

def find col(df, cands):
if df is None: return None
for ¢ in cands:
m = [col for col in df.columns if c. lower() in col. lower()]
if m: return m[0]
return None

df pred = pd. read csv(”gc predictive model.csv”) if Path(”gc predictive model.csv”).exists() else None



df sparc = pd.read csv(”sparc results.csv”) if Path(”sparc results.csv”).exists() else None
df gc = pd. read csv(”TA3 gc_independent.csv”) if Path(”TA3 gc_independent.csv”).exists() else None

df = None
if df_pred is not None:
em = {}
for k,cs in [("gc’,["gc’,’g ¢’, gc obs’,”gc rar’]), Cvflat’,['v flat’,’vflat’]), ChR’,[’h R’,"hR’,’R d’])]:
¢ = find col(df pred, cs)
if c: em[k] = ¢
if len(cm)==3:
df = df pred. copy()
df[’ gc val’ J=df[cm[’ g¢’ J1; df[’ vflat val’ J=df[cm[’ vflat’ ]]; df[’hR val’ J=df[cm[’ hR’ 1]
if df is None and df gc is not None and df sparc is not None:
gc_c=find col(df gc,["gc’,’g ¢’ 1); gg=find col(df gc, [’ galaxy’,’ name’])
vf c=find col(df sparc,[’v flat’,’ vflat’]); hr_c=find col(df sparc,["h R’,”hR’,’ R d"])
gs=find col(df sparc, [’ galaxy’,’ name’])
df=pd. merge(df gc,df sparc, left on=gg, right _on=gs, how=" inner’)
df[’ gc_val’ J=df[gc_c]; df[’vflat val’ J=df[vf c]; df[’hR val’ J=df[hr c]

if df is None:
print(” Il F—=%7%4 L, CSV ZHABLTLEIW, )
import sys; sys.exit(1)

type col = find col(df, [’ type’, Type’,’T’,  hubble’,’ Hubble’, morph’ 1)

mask = df[’gc_val’].notna() & df[’vflat val’].notna() & df[’hR val’].notna()
mask & (df[’gc val’1>0) & (df[’vflat val’1>0) & (df[’hR val’ 1>0)

df = df[mask].copy(). reset index(drop=True)

print(f” BF—4: N={len(df)}”)

gc_vals=df[’gc val’].values; gc_med=np.median(gc_vals)
if gc med<le-5: gc si=gc vals; gc al=gc vals/al
else: gc al=gc vals; gc_si=gc_vals*al

vf ms=df[’ vflat val’].values¥kms ms; hR m=df[’hR val’ ].valuesxkpc m
G _SO=vf ms*x2/hR m

log gc=np. log10(gc_si); Llog GS=np. Log10(G S0); log alv=np. log10(ad)
x = log GS - log aOv

n=len(df)

# -— v flat £ 3 alpha ——

vflat kms = df[’ vflat val’].values

# 5EVICHE

vf bins = np.percentile(vflat kms, [0, 20, 40, 60, 80, 100])
vf bins[0] —= 1; vf bins[-1] += 1

obs_alphas = []
obs_vflat med = []
obs ¢ assigned = []
obs n =[]

#c DEYYHT: SIS THS, FFRiIhid v flat HSHE
# SPARC TODREREIFIIR: B/ (v<50)->Im(c0.30), RE->Sc(c™0.42), KEI->Sb(c0.80)
¢ _type map = {10:0.30, 11:0.30, 9:0.33, 8:0.35, 7:0.37, 6:0.40, 5:0.42, 4:0.55, 3:0.80, 2:0.85, 1:0.90, 0:0.90}

if type col and type col in df.columns:
tv = df[type col].values
c_galaxy = np.array([c_type map.get(int(t), 0.42) if not np.isnan(t) else 0.42 for t in tv])
print(f” ¢ f&: RHAY 1 THSEIYLHT”)
else:
# v flat A5 ¢ &HE (RHFHE)
c galaxy = np.clip(0.20 + 0.70 * (vflat kms - 20) / 250, 0.20, 0.90)
print(f” c f@: v_flat HSMEHE (¥4 FERAL) )

print(f"¥n v flat E> % alpha (&8) :”)
print(f” {" E>’:>20} {N :>5} {’alpha obs’:>10} {’c median’:>10} {’v_flat med’ :>10}")
print(f” { -"%60}")

for i in range(len(vf bins)-1):
mask bin = (vflat_kms >= vf bins[i]) & (vflat kms < vf bins[i+1])
if np.sum(mask bin) < 5:
continue
x_bin = x[mask bin]; y bin = log gc[mask bin]
sl bin, , r bin, , se bin = stats. linregress(x bin, y bin)
vf_med = np.median(vflat kms[mask bin])
¢ med = np.median(c_galaxy[mask bin])
nb = np. sum(mask bin)

label = f”{vf bins[i]:.0f}-{vf bins[i+1]:.0f} km/s”
print(f” {label:>20} {nb:>5} {sl bin:>10.3f} {c med:>10.3f} {vf med:>10.1f}")

obs_alphas. append(sl bin)
obs vflat med.append(vf med)
obs_c_assigned. append(c_med)
obs_n. append(nb)

obs_alphas = np.array(obs_alphas)
obs ¢ assigned = np.array(obs ¢ assigned)

#
print("¥n"+”="%70)

print(” [fR4F4] Tm OFREZ7 14 v ")
print(”="%70)



# alpha(c, T.m) = 1/(1+exp((Deltal(c)-Deltal(c0))/T m))
#t BRI (c_i, alpha i) R7IC Tm & c0 271y b
if len(obs alphas) >= 3:
def model alpha(params, c_ arr):
T_m, c0 = params
if Tm<=0orcb<=20orch>1:
return np. full Llike(c arr, 0.5)
return np.array([alpha_theory(c, T_m, c@) for ¢ in c_arr])

de

-

residual func(params, ¢ arr, alpha obs):
pred = model alpha(params, c_ arr)
return np.sum((pred - alpha obs)*%2)

Ty Ry—F
best loss = np. inf
best _params = (0.1, 0.42)
for tm try in np. linspace(0.01, 2.0, 100):
for c0 try in np. linspace(0.20, 0.80, 30):
loss = residual func((tm try, c@ try), obs c assigned, obs alphas)
if loss < best_loss:
best loss = loss
best params = (tm_try, c0 try)

T m opt, cO opt = best params
alpha pred = model alpha(best params, obs c assigned)
r fit = np.corrcoef(obs alphas, alpha pred)[0,1] if len(obs alphas) > 2 else 0

print(f” RBE/NSA—%4:")

print (f” Tm={T mopt:.4f} (EOBEIMERE) ")

print(f” c0 = {c0 opt:.4f} (alpha=0.5 DE*E c {&) ")
print(f” 4y bk or={r fit:.4f}")

print(f” %= = {np.sqrt(best loss/len(obs alphas)):.4f}”)

print(f’¥n  E v BILE:")
print(f” {'c_obs’:>8} {"alpha obs’:>10} {’alpha pred :>11} {" &’ :>8}")
print(f” {’ -’ *40}”)
for i in range(len(obs alphas)):
diff = obs alphas[i] - alpha pred[i]
print(f” {obs c assigned[i]:>8.3f} {obs alphas[i]:>10.3f} {alpha pred[i]:>11.3f} {diff:>+8.3f}")

# Deltal(c0) DYIEHIREBR

DU c0 = DeltaU(cO opt)

print(f"¥n HIEAYARIR:")

print(f” Deltal(c@={c0 opt:.3f}) = {DU c0:.4f}")

print(f” Tm= {T mopt:.4f}")

print(f” T c (Z&f11) = sart(6) = {np.sart(6):.4f}")

print(f”  Tm / T.c = {T mopt/np.sqrt(6):.4f}”)
else:

print(” EVEARBTTZ 4 v hFEA")

T_m_opt, c0_opt = 0.1, 0.42

#
print("¥n"+”="%70)

print(” [fR#75] alpha(c) WEL%Z g c FROHEE")
print(”="%70)

# £4EFD alpha % ¢ MOEE
alpha_per galaxy = np.array([alpha theory(c, T m opt, c@ opt) for ¢ in c_galaxy])

# g c(predicted) = eta * a0~ (1-alpha i) * (G¥SO i) alpha i

# log(g c) = log(eta) + (1-alpha i)*log(a@) + alpha i*log(GxSO i)

log gc pred ac = np.array([(1-a)*log a@v + axgs for a, gs in zip(alpha per galaxy, log GS)])
#eta T4y b

eta_ac = np.median(log gc - log gc pred ac)

log_gc_pred_ac += eta_ac

resid ac = log gc - log gc pred ac

r_ac = np.corrcoef(log gc pred ac, log gc)[0,1]

# LB A: EE alpha=0.5

log gc pred 05 = 0.5%log aOv + 0.5%log GS
eta 05 = np.median(log gc - log gc pred 05)
log gc pred 05 += eta 05

resid 05 = log gc - log gc pred 05

# LE#FI: MOND
resid mond = log gc - log alv

print(f” EFILLLE:")

print(f” { EFIV :<40} {'r' D7} { BKZEstd D10} { QEE :>8}7)

print(f” {"-"*68}")

print(f” {"MOND (g c=a0)’ :<40} {'---":>7} {np.std(resid mond):>10.4f} {'---":>8}")

print(f” { {15 alpha=0.5 EE’ :<40} {np.corrcoef(log gc pred 05, log gc)[0, 1]1:>7.4f} {np.std(resid 05):>10.4f} {(1-np.std(resid 05)/np.std(resid mond))*100:>7.1f}%")
print(f” {"alpha(c) AIZ (BEHIRILF—EH) :<40} {r_ac:>7.4f} {np.std(resid ac):>10.4f} {(1-np.std(resid ac)/np.std(resid mond))*100:>7.1f}%")

# AIC

ss_mond = np.sum(resid mond**2); aic_mond = n¥np. log(ss mond/n)

ss 05 = np.sum(resid 05%*2); aic 05 = n¥np, log(ss 05/n) + 2x1

ss_ac = np.sum(resid acx*2); aic_ac = n¥np. log(ss ac/n) + 2x2 # T m, c@
print(f’¥n AICHLE:”)

print(f”  MOND: dAIC = 0 (%))

print(f” #AAIELY alpha=0.5: dAIC = {aic_05-aic mond:+.1f}”)
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int(f” alpha(c) ZEMHIsH: dAIC = {aic_ac-aic mond:+.1f}”)

int("¥n"+"="%70)
int("7 0y MERSAF...”)
int("="+70)

g, axes = plt.subplots(2, 3, figsize=(18, 12))
g.suptitle(’Strain Energy Theory: $¥¥alpha(c) = f {elastic}(c)$’, fontsize=14, fontweight="hold’)

(a) U(epsilon;c) MRF > vILERKR

= axes[0, 0]

s range = np. Linspace(0, 0.95, 200)

rc, col, Ls in [(0.30,"blue’,”-"), (0.42,’green’,’-"), (0.80,  red’,’-")]:
u vals = U(eps_range, c)
ax.plot(eps_range, u vals, color=col, Ls=Ls, lw=2, label=f"c={c}")
ec = epsilon c(c)
ax.axvline(ec, color=col, ls=":", alpha=0.3)

x.plot(ec, U(ec,c), "o, color=col, ms=8)

set xlabel(’ $¥¥epsilon$ (strain)’)

.set_ylabel(’ $U(¥¥epsilon; ¢)$’)

.set title(’ (a) Membrane potential’)

. legend(fontsize=9)

.set_ylim(-3, 0.5)

o

(b) Deltal(c)

= axes[0, 1]

plot = np. Linspace(0.05, 0.95, 100)

_plot = np.array([Deltal(c) for ¢ in c plot])

.plot(c_plot, du plot, "b-", lw=2)

.axhline(0, color="k’, Ls="--", alpha=0.3)

.axvline(c0 opt, color="r’, ls="--", alpha=0.5, label=f"$c 0$={cO opt:.3f}")

BAR

r i, ¢ in enumerate(obs c assigned):
ax.plot(c, Deltal(c), "ro’, ms=8)

.set_xlabel(’c’)

.set_ylabel(’ $¥¥Delta U(c)$’')

.set title(’ (b) Strain energy barrier’)

. legend(fontsize=9)

(c) alpha(c) HBsmERAR + &R
= axes[0, 2]

r tm, col, ls in [(T_m opt, red’,’-"), (0.05, blue’,’--"), (0.5, green’,’ --")]:
alpha_curve = np.array([alpha theory(c, tm, c@ opt) for ¢ in c plot])
ax.plot(c_plot, alpha curve, color=col, ls=ls, lw=2, label=f"$T m$={tm:.3f}")

AR

.scatter(obs_c_assigned, obs alphas, c="black’, s=80, zorder=5, label="0Observed (v_flat bins)’)

r i in range(len(obs alphas)):
ax.annotate(f’ {obs vflat med[i]:.0f}’, (obs c assigned[i], obs alphas[i]),

textcoords="offset points”, xytext=(5,5), fontsize=8)

.axhline(0.5, color="gray’, ls=":", alpha=0.5)

.set xlabel(’c’)

.set_ylabel(’ $¥¥alpha(c)$’)

.set_title(f’ (c) $¥¥alpha(c)$ theory ($T m$={T m opt:.3f})")

. legend(fontsize=8)

.set_ylim(-0.1, 1.2)

(d) &8l vs F38 (alpha(c) EFIL)

= axes[1, 0]

.scatter(log gc pred 05, log gc, s=12, alpha=0.3, c="green’, label=f" $¥¥alpha$=0.5 (r={np.corrcoef(log gc pred 05, log gc)[0, 1]:.3f})")
.scatter(log gc pred ac, log gc, s=12, alpha=0.5, c='coral’, label=f" $¥¥alpha$(c) (r={r ac:.3f})’)

= np. linspace(log gc.min(), log gc.max(), 100)

.plot(dg, dg, "k--", alpha=0.3)

.set xlabel(’ log($g c$) predicted’)

.set_ylabel(’ log($g c$) observed’)

.set title(’ (d) Prediction comparison’)

. legend(fontsize=8)

(e) HENT

= axes[1, 1]

ns = np. linspace(-1, 1, 40)

.hist(resid mond, bins=bins, alpha=0.3, color="gray’, label=f"MOND ({np.std(resid mond):.3f})")
.hist(resid 05, bins=bins, alpha=0.3, color="green’, label=f"$¥¥alpha$=0.5 ({np.std(resid 05):.3f})")
.hist(resid ac, bins=bins, alpha=0.5, color="coral’, label=f"$¥¥alpha$(c) ({np.std(resid ac):.3f})")
.set_xlabel(’Residual [dex]’)

.set_ylabel(’ Count’)

.set title(’ (e) Residual distributions’)

. legend(fontsize=8)

(f) alpha(galaxy) 9%
= axes[1, 2]
.hist(alpha per galaxy, bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
caxvline(0.5, color="r", ls="--", |w=2, label="$¥¥alpha$=0.5")
.axvline(np.median(alpha per galaxy), color="k’, ls="-", lw=1,
labe l=f" median={np.median(alpha per galaxy):.3f}")
.set_xlabel(’ $¥¥alpha$ per galaxy’)
.set_ylabel(’ Count’)
.set title(f' (f) $¥¥alpha$ distribution (N={n})")
. legend(fontsize=8)
t. tight layout()
t.savefig(’ strain energy theory verification.png’, dpi=150, bbox inches="tight’)
int(” -> strain_energy theory verification.png {£%F57T")



i
print ("¥n"+"="%70)
print(” (#&FHME] )
print(”="%70)

nan

print(f
{" =" %60}

EHIRIF—EERORIER
' = %60}

W ERES:
U(epsilon;c) MDBEME->¥BM T X)L X —fZEE Deltal(c) »°
B/ EBMEDER f elastic &RE L.
INAEATIERD alpha ZRDS:

alpha(c) = 1/(1 + exp(Deltal eff(c)/T m))
g c = eta * a0”(1-alpha(c)) * (G*Sigma@) (alpha(c))

W Ty MER:
Tm={T mopt:.4f} (BEOBEMEE)
c0 = {c0 opt:.4f} (alpha=0.5 E#t/)
Tm/T c={T mopt/np.sqrt(6):.4f} (T c = sqrt(6) = {np.sqrt(6):.4f})

B TR

MOND : 2= {np.std(resid mond):.4f} dex

AL alpha=0.5: F&ZE {np.std(resid 05):.4f} dex ({(1-np.std(resid 05)/np.std(resid mond))*100

alpha(c) E: 2= {np.std(resid ac):.4f} dex ({(1-np.std(resid ac)/np.std(resid mond))*100:
W YRR

MR > N A VEABISER -> 6xSignald F5
PR > BEEARSEHRE - a0 F5

NSRS (fc) : BIEEEE -> alpha->1 -> g ¢ "= GxSigmal
KERA (Fc): BHES - alpha->0 -> g ¢ "= al
FEHRERE:  ZH9E - alpha™=0.5 -> g ¢ "= sqrt(a0*GxSigmad)

B B#tE7roY—:
vonZany (BE#. RISKE) = BEEE (N4 VBN
voanFyy (BEH RE) "= BUEE (BEHS)
FHIRIF—ENRGIEEERD S “= Deltal(c) ' alpha %R
oy

print("£T")

111} &)

LM BE)



4. eta_functional_form.py

i =] eta(disk_dom, Ud, compact) DRI R E .. MFIDER DFEZED disk_dom, Ud, compact
EHERETRIEERKR L. ZEEMOFT eta DRI AL,

e A12 F3I, eta o Ud~(-0.44)*compact’(-0.35), MOND:39.4%8&, LOO-CV162.5%.

RYVThEX:

nan

eta(disk_dom, Ud) DDFREREOBIETDRE

HEEFTI): gc = etad * sqrt(ad * G * Sigmad)

TRE: R = log(g c) - log(etal * sqrt(ad * G * Sigma0))
BizR: R = f(disk_dom, Ud) MBI %%RE
[ E121=H

(1) BEL2EHELOHEE (RHY—=7)

(2) BEHEFIHE (REF / 8 / BNE / "5

(3) 2EHE TN OREFBI

(4) BHRETI g.c = eta(disk dom, Ud) * sqrt(a@+GxSigmad) oD¥EREETf
(6) LOO-CV L& 2BEBEAF TV

24T: uv run --with scipy --with matplotlib —-with numpy —-with pandas python eta functional form.py

nan

import numpy as np

import pandas as pd

from scipy import stats, optimize

from pathlib import Path

import matplotlib; matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

import warnings; warnings. filterwarnings(’ ignore’)

a0 = 1.2e-10; G const = 6.674e-11; kpc_m = 3.086e19; kms ms = 1e3

def find col(df, cands):
if df is None: return None
for ¢ in cands:
m = [col for col in df.columns if c. lower() in col. lower()]
if m: return m[0]
return None

#

print(”="%x70)

print("eta(disk dom, Ud) D#REREVBAEFZDIRE")
print(”="x70)

t - F—YFHAL -

df pred = pd. read csv(”gc predictive model.csv”) if Path(”gc predictive model.csv”).exists() else None
df sparc = pd.read csv(”sparc_results.csv”) if Path(”sparc results.csv”).exists() else None

df gc = pd.read csv(”TA3 gc independent.csv”) if Path(”TA3 gc independent.csv”).exists() else None

t h5L—BRE
for name, d in [("gc predictive model”,df pred), ("sparc results”, df sparc), ("TA3 gc independent”, df gc)]:
if d is not None:
print(f"¥n {name}.csv ({len(d)} rows):”)
print(f” {list(d.columns)}”)

- FIBE —
# gc predictive model.csv AR HIERESTAIET
df = None
if df_pred is not None:
em = {}
for k,cs in [("gc’,["gc’,’ g ¢’, gc obs’,” gc_rar’,’ gc_meas’ ]),
(vflat’,[’v_flat’,’ vflat’,’Vflat’]),
ChR*,[’h R",”hR’,’Reff’,’R d’ 1)1:
¢ = find col(df pred, cs)
if c: em[k] = ¢
if len(cm)==3:
df = df pred. copy()
df[’ gc_val’ J=df[cm[’ g¢’ 11; df[’vflat val’ J=df[em[’ vflat’ ]1]1; df[’hR val’ J=df[cm[’ hR’ 1]
print(f"¥n -> gc predictive model.csv Z{EM")

i e (AR

if df is None and df gc is not None and df sparc is not None:
gc_c=find col(df gc,["gc’,’g ¢’ 1); gg=find col(df gc, [’ galaxy’,’ name’])
vf c=find col(df sparc,['v_flat’, vflat’]); hr c=find col(df sparc,[’h R’,”hR’,’R d’ 1)
gs=find col(df sparc, [’ galaxy’,’ name’])
df=pd. merge(df gc,df sparc, left on=gg, right _on=gs, how="inner’)
df[’ gc_val’ J=df[gc_c]; df[’vflat val’ J=df[vf c]; df[’hR val’ J=df[hr c]

if df is None: print("!ll F—#7#L"”); import sys; sys.exit(1)

mask = df[’gc val’ J.notna() & df[’vflat val’].notna() & df[’hR val’].notna()
mask & (df[’gc val’1>0) & (df[’vflat val’1>0) & (df[’hR val’ 1>0)
df = df[mask].copy(). reset index(drop=True)

gc_vals=df[’gc val’ ].values; gc_med=np.median(gc_vals)
if gc_med<le-5: gc_si=gc vals; gc_al=gc_vals/al
else: gc al=gc vals; gc_si=gc vals*al



vf ms=df[’ vflat val’].valueskkms ms; hR m=df[’ hR val’].valueskkpc m
vf _kms=df[’ vflat val’].values; hR kpc=df[’hR val’].values

G S0 = vf ms*x2/hR m

n=len(df)

i REAFHETINORE

gc_gm = np.sqrt(ad * G_S0)

etad = np.median(gc si / gc_gm)
log gc = np. log10(gc_si)

log gc_gm = np. log10(etad * gc_gm)
R = log gc - log gc gm # =

print(f"¥n BT —4: N={n}")
print(f” etal = {eta0:.4f}")
print(f’ HMAEHETILFEZE: std={np.std(R):.4f} dex, median|R|={np.median(np.abs(R)):.4f} dex”)

#
print("¥n"+"="%70)

print(” [(MEE1] %ZE & LEFHEROEER I Y —=T7)
print(”="x70)

B IRRER R

candidates = {}

t BENSLDDS

for cname, cands in [
("disk dom’, [’disk dom’,’diskdom’,’disk’]),
Cud, ’Ud’,’ud,’U d,’ Upsilon’, upsilon’,”ML’, ml’]),
(" compact’, [’ compact’,’ compactness’]),
(’V peak’, [’V peak’,’Vpeak’,’v peak’,’vpeak']),
(’Sigma0’, ['Sigma0’,’ sigma@’,’ Sigma 0’1]),
(" type’, [’ type’,’ Type’,’T', hubble’ 1),

1l
col = find col(df, cands)
if col:
vals = pd. to numeric(df[col], errors="coerce’).values
if np.sum(np. isfinite(vals)) > nx0.5:
candidates[cname] = vals
print(f” ZR: {cname} <- ’'{col}'”)
# BtETHEE

candidates[’ log vflat’] = np. log10(vf kms)

candidates[’ log hR’] = np. log10(hR kpc)

candidates[’ log GSO’ ] = np. Log10(G_S0)

candidates[’ Sigma@ proxy’ ] = vf kms#x2 / hR kpc f# [(km/s) 2/kpc]

# V_peak AR NISHTE
if 'V peak’ not in candidates:
# disk dom = V _peak/v_flat -> V peak = disk dom * v_flat
if "disk dom’ in candidates:
dd = candidates[’ disk _dom’ ]
vp = dd * vf_kms
candidates[’V_peak’] = vp
print(f” #EZE: V peak = disk dom * v_flat”)

# disk_dom A%7s i IEHESE

if "disk dom’ not in candidates and 'V peak’ in candidates:
candidates[’ disk dom’ ] = candidates[’V _peak’] / vf kms
print(f” #%%E: disk dom = V_peak / v_flat”)

i compact AVARiFHIEHESE

if “compact’ not in candidates and 'V _peak’ in candidates:
# compact "= V_peak / h R GGEf:l)
candidates[’ compact’] = candidates[’V peak’ ] / hR kpc
print(f” #%%E: compact "= V_peak / h R”)

print(f"¥n {EMZ#: {list(candidates. keys())}”)

# BRI —=v Y
print(f"¥n {I Z# <18} {’Pearson r’ :>10} {’ Spearman rho’ :>13} {'pf#’ :>12} {" $I=E’ :>6}")
print(f” { -"%62}")

corr_results = []
for vname, vals in sorted(candidates. items()):
valid = np.isfinite(vals) & np.isfinite(R)
if np.sum(valid) < 10: continue
r p, p_p = stats.pearsonr(vals[valid], R[valid])
r s, p s = stats.spearmanr(vals[valid], R[valid])
sig = "[*][*]” if p_s < 0.001 else "[*]” if p s < 0.05 else ””
print(f” {vname:<18} {r p:>+10.3f} {r s:>+13.3f} {p s:>12.2e} {sig:>6}")
corr_results. append((vname, r p, r's, p_s))

t EMEBERE

corr results. sort(key=lambda x: abs(x[2]), reverse=True)

top vars = [v for v, rp, rs, ps in corr_results if ps < 0.01]
print(f’¥n HELREH (p<0.01): {top vars}”)

#
print("¥n"+”="%70)

print(” [#REF2] BEHETILLE)
print(”="%70)



t EERERICH L TREOBESEFEZ T R b
base_ss = np.sum(R¥x2) # IEDHETI (R DFEHTFA)
base ss mean = np.sum((R - np.mean(R))#**2)

def eval model(x, y, model func, n params, label=""):
TR T % ME L CAICE £RT
try:
valid = np.isfinite(x) & np.isfinite(y)
xv, yv = x[valid], y[valid]
nv = len(xv)
if nv < n_params + 5: return None

pred = model func(xv)
if not np.all(np.isfinite(pred)): return None

ss = np.sum((yv - pred)**2)

r = np.corrcoef(pred, yv)[0,1] if np.std(pred)>d else 0

aic = nv * np. log(ss/nv) + 2 % n params

return {"ss’: ss, 'r’: r, "aic’: aic, 'n’: nv, 'k’ : n_params, ' label’: label}
except:

return None

for vname in top vars[:5]: # LERI5Z5%K
vals = candidates[vname]
valid = np.isfinite(vals) & np.isfinite(R)
xv, yv = vals[valid], R[valid]

if len(xv) < 15: continue
print(f"¥n --- {vname} ---")
results = []

#t (a) #8: R=a%x + b

sl, ic, r, p, se = stats. Linregress(xv, yv)
pred Lin = sl*xv + ic

ss_Lin = np.sum((yv-pred_Lin)*x2)

aic_Lin = len(xv)*np. log(ss_Lin/len(xv)) + 2%2
results. append (" #87%’, 2, ss_lin, aic_Llin, r))

# (b) x#: R = axlog(|x|) + b

Lx = np. Log10(np. abs(xv) + 1e-10)

if np.std(lx) > 0:
sl2, ic2, r2, p2, _ = stats. linregress(lx, yv)
pred log = sl2%lx + ic2
ss_log = np.sum((yv-pred log)**2)
aic_log = len(xv)*np. log(ss_log/len(xv)) + 2%2
results. append (" %', 2, ss_log, aic_log, r2))

# (c) REF: R=axx"b+c (x0 DIFA)
if np.all(xv > 0):
Lx_pos = np. log10(xv)
sl3, ic3, r3, p3, _ = stats. linregress(lx_pos, yv)
pred pow = sl3*lx pos + ic3
ss_pow = np. sum((yv-pred_pow)**2)
aic_pow = len(xv)*np. log(ss pow/len(xv)) + 2%2
results. append ((" XX F(log-log)’, 2, ss pow, aic pow, r3))

# (d) 2%: R = a%x"2 + b%x + ¢

coeffs = np.polyfit(xv, yv, 2)

pred quad = np.polyval(coeffs, xv)

ss_quad = np. sum((yv-pred _quad)**2)

aic quad = len(xv)*np. log(ss quad/len(xv)) + 2x3
r_quad = np.corrcoef(pred quad, yv)[0,1]

results. append((’ 2)k’, 3, ss_quad, aic_quad, r_quad))

it ek
print(f” { B3%Y’ <18} {1 /85 % —#":>6} {"RSS’:>10} {"AIC’:>10} {"r :>8}")
print(f” {7 %56}")
for nm, k, ss, aic, r in results:
print(f” {nm:<18} {k:>6} {ss:>10.4f} {aic:>10.1f} {r:>+8.3f}")

t RRETIOHRE
best = min(results, key=lambda x: x[3])
print(f” > &E: {best[0]} (AIC={best[3]:.1f}) ")

#
print("¥n"+"="%70)

print(” [#REE3] 2 ET I DHEE")
print(”="x70)

# disk_dom & Ud B'EBEH BIEHE X EORER)
tIRFBETIV:

#  Mi: R = axlog(disk dom) + bxlog(Ud) + ¢

# M2: R = axdisk_dom + bxUd + ¢

# M3: R = axlog(disk dom) + bxUd + ¢ (CR&)
ft  M4: R = axdisk dom™p + b (NERHBLH)

# disk_dom & Ud ODER{S
dd key = "disk dom’ if "disk dom’ in candidates else None
ud key = ’Ud’ if "Ud’ in candidates else None



if dd_key and ud key:
dd = candidates[dd key]
ud = candidates[ud key]
valid2 = np.isfinite(dd) & np.isfinite(ud) & np.isfinite(R) & (dd>0) & (ud>0)
dd v = dd[valid2]; ud v = ud[valid2]; R v = R[valid2]; n v = len(R v)
log dd = np. log10(dd v); log ud = np. log10(ud v)

print(f” disk dom: FAdRfE={np.median(dd v):.3f}, #EA=[{dd v.min():.3f}, {dd_v.max():.3f}]")
print(f” Ud: hfE={np.median(ud v):.3f}, &B3E=[{ud v.min():.3f}, {ud v.max():.3f}]1")
print(f” B#MT—%: N={n_v}")

model results = []

# MO EBOH (R—2F1 V)

ss@ = np.sum((R_v - np.mean(R_v))%**2)

aicd = n_vknp. log(ss0/n v) + 2x1

model results.append((’MO: EFDH', 1, ss0, aicd, 0, None, None))

# M1: Llog-log
X1 = np.column_stack([log dd, log ud, np.ones(n v)])
b1, ., , _ = np.linalg. Lstsq(X1, R v, rcond=None)
pl = X1 @ b1; ss1 = np.sum((R_v-p1)*x2); r1 = np.corrcoef(pl1,R v)[0,1]
aicl = n_vnp. log(ss1/n v) + 2%3
model results.append((’M1: a%log(dd) + bxlog(Ud) + ¢’, 3, ssl, aicl, rl, bl,
f'R = {b1[0]:+.3f}*log(dd) {b1[1]:+.3f}*log(Ud) {b1[2]:+.3f}"))

#M2: #37%
X2 = np.column_stack([dd v, ud v, np.ones(n v)])
b2, , , _ = np.linalg. lstsq(X2, R v, rcond=None)

p2 = X2 @ b2; ss2 = np.sum((R v-p2)**2); r2 = np.corrcoef(p2,R v)[0,1]
aic2 = n_vknp. log(ss2/n v) + 2%3
model results.append((’M2: a%dd + b%Ud + ¢’, 3, ss2, aic2, r2, b2,

'R = {b2[0]:+.4f}xdd {b2[1]:+.4f}xUd {b2[2]:+.4f}))

# M3: BA
X3 = np.column_stack([log dd, ud v, np.ones(n v)])
b3, , , _ = np.linalg. lstsq(X3, R v, rcond=None)

p3 = X3 @ b3; ss3 = np.sum((R v-p3)**2); r3 = np.corrcoef(p3,R v)[0, 1]
aic3 = n_vknp. log(ss3/n v) + 243
model results.append((’M3: a*log(dd) + bxUd + ¢’, 3, ss3, aic3, r3, b3,
'R = {b3[0]:+.3f}*log(dd) {b3[1]:+.4F}xUd {b3[2]:+.4f} ))

# M4: disk dom D& (log)

X4 = np.column_stack([log dd, np.ones(n v)]1)

b4, , , _ = np.linalg. lstsq(X4, R v, rcond=None)

p4 = X4 @ b4; ss4 = np.sum((R _v-p4)*x2); r4 = np.corrcoef(p4,R v)[0,1]

aic4 = n_vxnp. log(ss4/n v) + 2%2

model results.append((’M4: axlog(dd) + b (BZH) ', 2, ss4, aicd, r4, b4,
'R = {b4[0]:+.3f}*log(dd) {b4[1]:+.4f}"))

# M5: Ud D (log)

X5 = np.column_stack([log ud, np.ones(n v)])

b5, , , _ = np.linalg. Lstsq(X5, R v, rcond=None)

p5 = X5 @ b5; ss5 = np.sum((R v-p5)**2); r5 = np.corrcoef(p5,R v)[0,1]

aich = n_vknp. log(ss5/n v) + 2%2

model results.append((’M5: aklog(Ud) + b (#8Z5%K) ', 2, ssb, aich, r5, b5,
f'R = {b5[0]:+.3f}xlog(Ud) {b5[1]:+.4f}"))

# M6: disk dom * Ud 3ZE{EF

ddud = dd v * ud v

X6 = np.column_stack([log dd, log ud, np.log10(ddud+1e-10), np.ones(n v)])

b6, , , _ = np.linalg. lstsq(X6, R v, rcond=None)

p6 = X6 @ b6; ss6 = np.sum((R v-pB)**2); r6 = np.corrcoef(p6,R v)[0,1]

aic6 = n_vknp. log(ss6/n v) + 2x4

model results. append((’M6: log(dd)+Llog(Ud)+log(dd*Ud)+c’, 4, ss6, aic6, r6, b6, None))

# BERER=
print(f’¥n  { ®FIV’ <42} {'K’ :>3} {'RSS’:>9} {"AIC’ :>9} {'dAIC’ :>7} {'r’ :>7}")
print(f” {’-"*80}")
aic_base = model results[0][3]
for nm, k, ss, aic, r, _, _ in model results:
print(f” {nm:<42} {k:>3} {ss:>9.4f} {aic:>9.1f} {aic-aic base:>+7.1f} {r:>+7.3f}")

t RRETILOFM
best model = min(model results[1:], key=lambda x: x[3])
print(f’¥n [*] RREFI/: {best model[0]}")
if best model[6]:
print(f” X : {best model[6]1}")
print(f” r = {best _model[4]:.4f}, AIC = {best model[3]:.1f}")

t RRETIOFHEREG
best_idx = model results. index(best model)

else:
print(” disk dom F7IE Ud ARDOHY EFEA")
print(f” FIRAREZH: {list(candidates.keys())}”)
#t ER2ZEHTHRA
if len(top vars) >= 2:
print(f” -> EAI2Z# {top_vars[0]}, {top vars[1]} TRA")
dd key = None; ud key = None



i
print("¥n”+”="%x70)

print(” [(#REE4] RIRETILOREEFM")
print(”="x70)

# 9.c = eta(dd, Ud) * sqrt(ad % GxSO) DR{AFEE
# eta = etad * 10°R pred where R pred = best model prediction

resid mond = log gc - np. log10(a0) # MOND
resid gm = R.copy() # #MF3 (alpha=0.5)

t RR2EKETIVTHIE

if dd key and ud key:
t £7—4IEM (valid2 Y2V ERA)
R pred full = np.zeros(n)

i best model L7 —% IJEA
bm = best_model
if "M1” in bm[0]:
for i in range(n):
if dd[i]>0 and ud[i]>0:
R pred full[i] = bm[5][0]*np. log10(dd[i]) + bm[5][1]*np. log10(ud[i]) + bm[5][2]
elif "M2" in bm[0]:
for i in range(n):
R pred fullli] = bm[5][0]*dd[i] + bm[5][1]*ud[i] + bm[5][2]
elif "M4 in bm[0]:
for i in range(n):
if dd[i1>0:
R pred full[i] = bm[5][0]%np. log10(dd[i]) + bm[5][1]
elif "M5 in bm[0]:
for i in range(n):
if udlil>0:
R pred full[i] = bm[5][0]*np. Log10(ud[i]) + bm[5][1]
else:
# M3 or others: log(dd) + Ud
for i in range(n):
if dd[i1>0:
R pred full[i] = bm[5][0]*np. log10(dd[i]) + bm[5][1]*ud[i] + bm[5][2]

log gc final = log gc gm + R pred full
resid final = log gc - log gc_final
r_final = np.corrcoef(log gc final, log gc)[0,1]

It CEHERBRNET I (BF)

log vf = np. log10(vf kms); Llog hR = np. Log10(hR _kpc)

log gc 6var = (-2.175 + 2.015%log vf - 1.294%log hR) + np. Log10(a0)
resid 6var = log gc - log gc 6var

print(f” {" EFIL <45} {'r' D7} { FzEstd’ :>10} { MONDLLZE :>10}7)

print(f” {"-'%75}")

print(f” {"MOND (g c=a0)’ :<45} {'---":>7} {np.std(resid mond):>10.4f} {'-—-":>10}")

print(f” { sqrt(a0%GxS0) (eta@EE)’ :<45} {np.corrcoef(log gc gm, log gc)[0, 11:>7.4f} {np.std(resid gm):>10.4f} {(1-np.std(resid gm)/np.std(resid mond))*100:>9. 1f}%")
print(f” {’ sqrt(a0%GxS0) * eta(dd,Ud)’ :<45} {r final:>7.4f} {np.std(resid final):>10.4f} {(1-np.std(resid final)/np.std(resid mond))*100:>9.1}%")

print(f” { 6Z#IRERA) (2T EHIAR)’ : <45} {np.corrcoef(log gc 6var, log gc)[0, 11:>7.4f} {np.std(resid 6var):>10.4f} {(1-np.std(resid 6var)/np.std(resid mond))*100:>9. 1f}%")

#
print("¥n"+”="%70)

print(” [#REF5] LOO-CV IC& 2BEEEF v ")
print(”="x70)

if dd key and ud key and 'M1’ in best model[0]:

# LO0-CV for M1: R = axlog(dd) + bxlog(Ud) + ¢

loo resid = np.zeros(n_v)

for i in range(n v):
mask Loo = np.ones(n_v, dtype=bool); mask loo[i] = False
X_loo = np.column_stack([log dd[mask loo], log ud[mask loo], np.ones(n v-1)1)
b loo, , , = np.linalg. lstsq(X loo, R v[mask loo], rcond=None)
pred i = b loo[0]*log dd[i] + b_loo[1]*log ud[i] + b_loo[2]
loo resid[i] = R v[i] - pred i

print(f” LO0-CV R (RREFIL):")

print(f” A YV FILFEE std = {np.std(R v - (X1@b1)):>.4f} dex”)
print(f” LO0-CV ZEZ= std = {np.std(loo resid):.4f} dex”)

print(f” %1k = {(np.std(loo_resid)/np.std(R_v-(X1@b1))-1)*100:. 1f}%")

# LO0-CV TRAHETIOEE

loo total std = np.sqrt(np.std(log gc gm[valid2] - log gc[valid2])*x2
- np.std(R_v-(X1@b1))*%2 + np.std(loo resid)*¥2)

#ERL: REFKE "= sqrt(EAFHKE" - insanpleflE” + LOOFE®)

print(f” LEETIV L00 BHEHTE "= {loo_total std:.4f} dex”)

elif dd key and ud key:
# BDEFILD LOO
print(f” LO0-CV: RREFILISH L TRITHR...”)
bm = best model
bm_name = bm[0]

if M4’ in bm_name:
loo r2 = np.zeros(n_v)
for i in range(n v):
m = np.ones(n v, dtype=bool); m[i] = False
X_ = np.column_stack([log dd[m], np.ones(n v-1)])



b, , , =np.linalg. Lstsq(X , R v[m], rcond=None)

loo r2[i] = R v[i] - (b_[0]*log dd[i] + b [1])
print(f” A oYY TIVEZE std = {np.std(R v - p4[valid2] if len(p4)==n else R v - (X4@b4)):.4f}")
print(f” LO0-CV %= std = {np.std(loo_r2):.4f}")
else:
print(f” ({bm_name} @ LO0-CV (Fk3%) ”)

i
print("¥n”"+"="x70)
print("70Owy NEREH...”)
print(”="%70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(’ $¥¥eta(disk¥¥ dom, ¥¥Upsilon d)$ Functional Form’, fontsize=14, fontweight="bhold’ )

t (a) %&ZE vs disk_dom
ax = axes[0, 0]
if dd_key:
dd plot = candidates[dd key]
valid p = np.isfinite(dd plot) & np.isfinite(R)
ax.scatter(dd plot[valid p], R[valid p], s=15, alpha=0.5, c="steelblue’)
74y MR
sl dd, ic.dd, , , _ = stats.linregress(dd plot[valid p], R[valid p])
xr = np. linspace(dd plot[valid pl.min(), dd plot[valid p].max(), 100)
ax.plot(xr, sl dd*xr+ic dd, ’r-", Llw=2)
rho dd, = stats.spearmanr(dd plot[valid p], R[valid p])
ax.set xlabel(’disk dom ($V_{peak}/v_{flat}$)’)
ax.set ylabel(’Residual [dex]’)
ax.set title(f (a) $¥¥rho$={rho dd:.3f}")
ax.axhline(0, color="k’, ls="--", alpha=0.3)

# (b) %ZE vs Ud
ax = axes[0, 1]
if ud key:
ud plot = candidates[ud key]
valid p = np.isfinite(ud plot) & np.isfinite(R) & (ud plot > 0)
ax. scatter(np. log10(ud plot[valid p]), R[valid p], s=15, alpha=0.5, c="coral’)
sl ud, icud, , , = stats.linregress(np. log10(ud plot[valid p]), R[valid p])
xr = np. Linspace(np. log10(ud plot[valid p]l).min(), np. log10(ud plot[valid p]).max(), 100)
ax.plot(xr, sl ud*xr+ic ud, 'r-", lw=2)
rho ud, = stats.spearmanr(ud plot[valid p], R[valid p])
ax.set_xlabel(’ Log($¥¥Upsi lon_d$)’)
ax.set ylabel(’Residual [dex]’)
ax.set title(f (b) $¥¥rho$={rho ud:.3f}")
ax.axhline(0, color="k’, ls="--", alpha=0.3)

# (c) 2Z#EFIL: observed vs predicted residual

ax = axes[0, 2]

if dd_key and ud key:
ax.scatter(X1@b1, R v, s=15, alpha=0.5, c="steelblue’)
dg = np. linspace(min(X1@b1), max(X1@b1), 100)
ax.plot(dg, dg, "r--", Llw=1)
ax.set xlabel(’Predicted residual [dex]’)
ax.set_ylabel(’ Observed residual [dex]’)
ax.set title(f (c) 2-var model (r={r1:.3f})")

3

> X

# (d) ZIRETIL: observed vs predicted g ¢
ax = axes[1, 0]
if dd_key and ud key:
ax.scatter(log gc gm, log gc, s=10, alpha=0.3, c="green’, label=f" $¥¥eta$ fixed ({np.std(resid gm):.3f})")
ax.scatter(log gc final, log gc, s=10, alpha=0.5, c="coral’, label=f" $¥¥eta$(dd,Ud) ({np.std(resid final):.3f})")
dg = np. linspace(log gc.min(), log gc.max(), 100)
ax.plot(dg, dg, 'k--", alpha=0.3)
ax.set xlabel(’ log($g c$) predicted’)
ax.set_ylabel(’ log($g c$) observed’)
ax.set title(’ (d) Final model comparison’)
ax. legend(fontsize=8)

>

>

> X

it (e) HEDMLLE
ax = axes[1, 1]
bins = np. Llinspace(-1, 1, 40)
x.hist(resid mond, bins=bins, alpha=0.2, color="gray’, label=f"MOND ({np.std(resid mond):.3f})")
x.hist(resid gm, bins=bins, alpha=0.3, color="green’, label=f"$¥¥eta$ fixed ({np.std(resid gm):.3f})")
if dd_key and ud key:
ax.hist(resid final, bins=bins, alpha=0.5, color="coral’, label=Ff" $¥¥eta$(dd,Ud) ({np.std(resid final):.3f})")
ax.set xlabel(’Residual [dex]’)
ax.set_ylabel(’ Count’)
ax.set title(’ (e) Residual distributions’)
ax. legend(fontsize=8)

IS

#(f) A< Y IR (LMEH)
ax = axes[1, 2]
plot vars = [v for v in top vars[:6] if v in candidates]
if len(plot vars) >= 2:
corr data = []
for v in plot_vars:
corr_data. append(candidates[v])
corr_data. append(R)
plot vars ext = plot vars + ['Residual’]
# Spearman #8RA1TZY
corr mat = np.zeros((len(plot vars ext), len(plot vars ext)))
for i in range(len(plot vars ext)):



for j in range(len(plot vars ext)):
vi = corr_data[i]; vj = corr datalj]
valid ij = np.isfinite(vi) & np.isfinite(vj)
if np.sum(valid ij) > 10:
corr mat[i, j], _ = stats.spearmanr(vi[valid ij], vj[valid ij])

im = ax. imshow(corr _mat, cmap="RdBu r’, vmin=-1, vmax=1, aspect="auto’)
ax.set xticks(range(len(plot vars ext)))
ax.set_yticks(range(len(plot vars ext)))
short names = [v[:8] for v in plot vars ext]
ax.set xticklabels(short names, rotation=45, fontsize=7)
ax.set_yticklabels(short names, fontsize=7)
for i in range(len(plot vars ext)):

for j in range(len(plot vars ext)):

ax. text(j, i, f' {corr _mat[i,j]:.2f}’, ha="center’, va='center’, fontsize=6)

plt.colorbar(im, ax=ax, shrink=0.8)
ax.set title(’ (f) Correlation matrix’)

plt.tight layout()
plt.savefig(’eta functional form verification.png’, dpi=150, bbox inches="tight’)
print(” -> eta functional form verification.png {R%F5=E7T")

i
print("¥n”"+"="x70)
print(” (#&FFHME] )
print(”="%70)

print(f"””
{’ =" %60}

eta(disk_dom, Ud) DREEIFDRERR
{" =" %60}

B SATHRAOBEME:
BE std = (np.std(R):. 47} dex (HAFH alpha=0.5) ™"

if dd_key and ud key:
print(f"””
B EELRKREME)
for vn, rp, rs, ps in corr results[:5]:
sig = "[*][x]” if ps<0.001 else "[*]” if ps<0.05 else ””
print(f” {vn:<18}: rho={rs:+.3f} {sig}”)
print(f"””
W SEEFII: {best model[0]}"”"")
if best model[6]:
print(f” X : {best model[6]1}")
print(f” r = {best model[4]:.4f}")
print(f"””
B SHERETIV:
g ¢ = eta(dd,Ud) * sqrt(a0 * G * Sigma0)

eta(dd,Ud) = etal * 10°R pred
etal = {etad:.4f}

B EELE:
MOND: 2= {np.std(resid mond):.4f} dex
T (etaEE): FZE (np.std(resid gm):.4f} dex ({(1-np.std(resid gm)/np.std(resid mond))*100:.1f}% X&)
HEFEH (etaTZE): HE {np.std(resid final):.4f} dex ({(1-np.std(resid final)/np.std(resid mond))*100:.1f}% k&)
6 HUIRERAY %2 {np.std(resid 6var):.4f} dex ({(1-np.std(resid 6var)/np.std(resid mond))*100:.1f}% X&)

B EREIEDRE:
%1/E: g c = eta * sqrt(ad * GxSigma0d) <- FEIL (alpha=0.5)

#2fE: eta = eta(disk dom, Ud) - AMEEDFER
HIF: EHMETILOEKY <- compact, V peak %
oy

print("527”")



B. 85& L v X &7 (HSC-SSP Y3)

HSC-SSP Y3 > x4 A4 0% (3580 AKX . 9.6GB) &7V 717 v/ (637k
pixel, 1.4GB) W U529 —AT — )L TOEETFIREE, 128D 7Y Th,

5. inspect_subaru_lensing.py

Y3 x4 7 A58 (931720.csv.g2.1) DIEIERER, 17 LER, T—9 B, EARE 21BE L. BL v XBTDH %
RET

HSC-SSP Y3 &858, 1915 4 (e1/e2/weight/zbin) . 358075 X {4,

2OV TREX:

ZNVEEE BEHL Y XT—9 BEER

B#: 931720.csv.92.1 DAS LMK - T— 9B - BABEABEL
BEFHRATTINAOBERAHERET 2

2247: uv run --with pandas --with numpy python inspect subaru_ lensing.py

nan

import numpy as np
import pandas as pd
from pathlib import Path
import gzip

import sys

0. 774K

= T T

# BEICH U T/IREBE
DATA FILE = Path(r"D:¥R¥ a2 XY M¥I Y hOE—¥EREFHMAR¥I N T TOMPF¥/S1 V ¥931720. csv. gz.17)

print(”="x70)
print("R/NVEEE BEAL Y XT—F EEHER")
print(”="x70)

print(f” 7 74 Ju: {DATA FILE}”)
print(f” 7#7E: {DATA FILE.exists()}”)

if not DATA FILE.exists():
print(” ! 271 ULHBRODY EFHA, NAERRBLTLEIW, ")
sys.exit(1)

t 727414 X
size mb = DATA FILE.stat().st size / (1024x1024)
print(f” A X: {size mb:.1f} MB”)

#
#1. kBEITEFATIA—< v MHIE
#

print ("¥n"+"="%70)
print(” [Step 1] 7#—<v MHE")
print(”="%70)

#.92.1 > gzip DEATAEME., FF gzip THL. KBL7AS plain text
header_Line = None
is_gzip = False

try:
with gzip.open(DATA FILE, ’rt’, encoding="utf-8") as f:
header line = f.readline().strip()
is_gzip = True
print(f” Z7#+—<v b: gzip E#Hg CSV”)
except:
try:
with open(DATA FILE, ’r’, encoding="utf-8) as f:
header line = f.readline().strip()
print(f” Z2#—<wv hk: FL—> CSV")
except:
try:
with open(DATA FILE, 'r’, encoding="utf-8-sig’) as f:
header Lline = f.readline().strip()
print(f” Zx—<wv h: FL—> CSV (BOMTX)”)
except Exception as e:
print(f” 11 FHHAHTS—: {e}”)
sys.exit(1)

I XEDY SXFHE
if header_Lline:
n_comma = header Lline.count(’,”)
n_tab = header Lline.count(’ ¥t')
n_pipe = header Lline.count(’|")
n_space = header Lline.count(’ )
sep = ,’ if n_comma > max(n_tab, n pipe) else '¥t’ if n_tab > n_pipe else '|’ if n_pipe > 0 else ’,’
print(f” XtIY3x=F: ’{sep}’ (comma={n comma}, tab={n tab}, pipe={n pipe})”)



cols = [c.strip().strip(’”").strip(" ") for c in header_Lline.split(sep)]
print(f” HS5L%: {len(cols)}”)
print(f’¥n ~w & —17 (5%8E100XF) :7)
print(f” {header Line[:200]}")
else:
print(” 1l Ay F—nHEDEEA")
sys.exit(1)

#
#2. F—9FH»AH (5ER10009T + HEHAY > TIL)

EoY

print("¥n"+”="x70)
print(” [Step 2] F—4FHHAH")
print(”="x70)

# %9 %ER10001T 25T
try:
if is gzip:
df_head = pd. read csv(DATA FILE, compression="gzip’, sep=sep, nrows=1000)
else:
df head = pd. read csv(DATA FILE, sep=sep, nrows=1000)
print(f” 5EEE10001T DEEAAHERIN”)
except Exception as e:
print(f” SEHEHAAHLS—: {e}”)
it sep & A THHIT
for try sep in [',”, "¥t', "7, ", ;']
try:
if is gzip:
df head = pd. read csv(DATA FILE, compression="gzip’, sep=try sep, nrows=1000)
else:
df_head = pd. read csv(DATA FILE, sep=try sep, nrows=1000)
sep = try sep
print(f” sep="{try sep}’ THBRATHIH")
break
except:
continue
else:
print(” 111 £ sep TKHK")
sys.exit(1)

print(f” shape: {df head. shape}”)
print(f” H5A#: {len(df_head.columns)}”)

#
#3 HhoL—FBeH
#
print("¥n"+”="%70)

print(” [Step 3] hSL—E")

print(”="%70)

print(f’¥n  {'# >3} {{ A5 L% :<35} {{ & : <12} { FEnull’ :>6} {' I (4cEE{E) *:<30}")
print(f” {’-"%90}”)
for i, col in enumerate(df head.columns):

dtype = str(df head[col]. dtype)

non_null = df_head[col].notna().sum()

example = str(df head[col]. iloc[0])[:28] if non null > @ else "NaN”

print(f” {i:>3} {col:<35} {dtype:<12} {non null:>6} {example:<30}")

#
4 BEOLYIBEENS LDOREE
#

print(C¥n”+7="70)
print(” [Step 4] BEAL Y XEEN S LOBBREE")
print(”="%x70)

#IZEMRTL Y X H S5 LEDRE
lensing keys = {
'RA / #R#E: ['ra’, 'raj2000’, "alpha’, 'ra j2000’, ’ra2000’, 'ra gal’, ’i ra’],
"DEC / ##&' : ['dec’, ’decj2000’, ’delta’, ’dec j2000’, ’de2000’, 'dec gal’, i dec’],
el / ¥6AZE1 : ["el’, "el cal’, 'el model’, 'g1’, 'shape el’, ’i sdss shape 11’],
Te2 / ¥EME2 : ["e2’, 'e2 cal’, 'e2 model’, 'g2’, 'shape e2’, 'i_sdss shape 22'],
"weight / &' : ["weight’, 'w’, ’lensfit weight’, 'shape weight’, ' i hsmshaperegauss sigma’],
"z photo / NEFKRARB : [z b, 'z phot’, 'z photo’, 'photoz’, ’photo z’, 'z best’,
’photoz best’, 'pz best’, 'mizuki_photoz best’],

"z spec / PHFKARBE : [z spec’, 'zspec’, 'specz’],

"mag / E#%’ : ['mag’, 'mag auto’, 'mag r’, 'mag i’, 'i_cmodel mag’, ’'r cmodel mag’,
"i mag’, ’'r_mag’, ’imag psf’],
"fitclass / 74 v NGRE': ['fitclass’, 'flag’, 'extendedness’, ' i extendedness value’,

" shape flag’, ’ishape flags’],
"stellar mass / [EEEE : ['stellar mass’, ’logmstar’, 'mass’, ’mstar’],
"size / A4 X' : ['re’, 'r eff’, 'hlr’, ’i sdss shape psf’, ’fwhm’,
" i_hsmshaperegauss_resolution’ ],

}

found = {}
col lower = {c. lower(): ¢ for ¢ in df_head.columns}

for category, candidates in lensing keys. items():
for cand in candidates:
t 22—

if cand in col_ lower:



found[category] = col lower[cand]

break
# o —K
matches = [c for ¢ in df head.columns if cand. lower() in c. lower()]
if matches:

found[category] = matches[0]

break

print(f’¥n 4EEHKR:")
for cat, col in found. items():
vals = df head[col].dropna()
if len(vals) > 0 and pd.api.types. is _numeric dtype(vals):
print(f” {cat:<25} -> {col:<30} [{vals.min():.4g} ~ {vals.max():.4g}]1")
else:
print(f” {cat:<25} -> {col:<30} [{vals.iloc[0] if len(vals)>0 else 'N/A’}]")
not found = [cat for cat in lensing keys if cat not in found]
if not_found:
print(f"¥n KHFE: {not_found}”)

#
# 5. EAHEt
i
print("¥n"+"="x70)

print(” [Step 5] ¥fBEH S LDEFKKEE")
print(”="%70)

numeric_cols = df head.select dtypes(include=[np.number]).columns
if len(numeric_cols) > 20:
t 29 X2H5AREETIRLDET
priority = list(found.values()) if found else list(numeric cols[:15])
stats cols = [c for ¢ in priority if ¢ in numeric cols]
if len(stats cols) < 5:
stats _cols = Llist(numeric_cols[:15])
else:
stats cols = Llist(numeric cols)

if stats cols:
desc = df head[stats cols].describe()
print(desc. to_string())

#
# 6. 2ITHOHTE (9zip DBAEY YTV Y)
i
print("¥n”"+"="x70)

print(” [Step 6] 2T DHE")

print(”="%70)
try:
if is gzip:
#t gzip: SEBE10001TD/NA A S LUK ZHEE
import io

with gzip.open(DATA FILE, ’rt’) as f:
sample = f.read(1024%x100) { 100KB
lines_in sample = sample.count(’¥n’)

I EEMEY A ZOHEIZE#EADT, REICHZZ (BHEIIDZHBEHY)
print(f” gzip 77 AN Dkd, £THAVY b (BRALVDHZHBELNHYEY) ...
total lines = 0
with gzip.open(DATA FILE, ’rt’) as f:
for _ in f:
total Llines += 1
total_Llines -= 1 f ANy ¥ —R*E
print(f” £17#: {total Llines:,}”)
else:
ft plain text: we -1 #H%
total_Llines = 0
with open(DATA FILE, 'r’) as f:
for _ in f:
total_Llines += 1
total lines -= 1
print(f” £47#: {total lines:,}”)
except Exception as e:
print(f” T®AY Y bT5—: {e}")
total lines = "7EBF”

i
# 7. HSC-SSP / KiDS / ZDHhD¥IE
#
print("¥n"+"="%70)

print(” [Step 7] T—4% YV —RAD#E")
print(”="x70)

all cols str =’ ', join(df_head. columns). Lower ()

if "hsc’ in all cols str or "cmodel’ in all cols str or "undeblended’ in all cols str:
source = "HSC-SSP (Hyper Suprime-Cam)”
print(f” #EFT—4Y—R: {source}”)
print(f” HSC-SSP PDR3 DATHEMEAE L")

elif "kids’ in all cols str or "theli’ in all cols str or ’lensfit’ in all cols str:
source = "KiDS (Kilo-Degree Survey)”
print(f” #EF—4 Y —2R: {source}”)

elif "sdss’ in all cols str:



source = "SDSS”
print(f” HEF—4Y—2R: {source}”)
else:
source = "A<BR”
print(f” HEF—4Y—2R: {source}”)
print(f” ASLEZDSHBITEE. UTOHZLEDSFEFIELTILIW)
for ¢ in df head.columns[:30]:

print(f” {c}")
#
# 8. BEFHERAETNA~OBEATREN
#

print("¥n"+"="x70)
print(” [Step 8] FRFEMET IV~ DEATHENML")
print(”="x70)

print(f’¥n F—4% Y —2: {source}”)
print(f” £47#: {total Llines}”)

has_shape = "el / #M=1" in found and "e2 / ¥§M=2" in found

has_coords = 'RA / ##&’ in found and 'DEC / ##& in found

has redshift = 'z photo / H#E#HKAMmBE in found or "z spec / 9HFKARHE’ in found
has weight = "weight / && in found

print(f’¥n #MAE (el, €2): {"#% Y’ if has shape else "% L’}")
print(f” EEEZ (RA, DEC): {"&UY’ if has coords else A& L’}")
print(f” HAERB (2): {#%'Y’ if has redshift else "4 L"}")
print(f” & (weight): { &Y’ if has weight else "% L"}")

print(f’¥n ERATREAMRIT:")
if has shape and has coords and has redshift:
print(f”  (A) $RW-$RAIL Y X: LY XRAHSOTE/ORTYF L, ")

print(f” G.Sigma0 £ > BId DeltaSigma(R) A7 7 A ILAEBE, ”)
print(f” g c = eta.sqrt(a0.G.Sigma0d) DT &b, )

print(f” (B) 4529 —L v X: PSI2/Miyacka 524 —@E50D")
print(f” BRI 07 7 AV EE, T-8/T-14 &0, ")

if has shape and has coords and not has redshift:
print(f” (C) #AmBAL: 2D Bk~ v TOHAHE, )

print(f” V5289 —(IBRDO BRI ICRE. )
if not has shape:
print(f” 1 BAET—572 0, Bl Y XBFICIET#E, 7)
print(f” HEOTOBBAEBRIALTCREIW, 7)
print(f”””
RORT Y 7

1. ZOHAREREF vy MBA> TKRIW

2. A5 LBRICESWTRERBIN A ERELET

3. g_c BATHEAE DEERRAY ) T2 FBRLET
oy

print("5ET")



c_footprint_clusters.py

i =] TYITARYT DS TV TV MEAIRAE L. BEH1 Y5 29— (Miyaoka 2017/2018
D16{8,PSZ2) EDEHEEF TV,

R Miyaoka 1695289 —IF2T HSC ZYh TV M ISR —RBDERIR VY —=V T HIHE,

RYVThEX:

nan

HSC-SSP Wide V> 7« < v T + V529 —1F%

E[:5H
(1) FroF143y TOEERR
(2) HSC-SSP Wide 57 4 —JLRD 7 v b7 ¥ hAIRIE
(3) B4 524 — (PSZ2/Miyaoka) &MV AT Y F
@) x4 FThv0a% (931720.csv.9z.1) & DEHEBEEHETE

224F: uv run —-with pandas --with numpy --with matplotlib —-with astropy python hsc footprint clusters.py

import numpy as np

import pandas as pd

from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt
import sys

#
0. 77412
#
DENSITY FILE = Path(r”E:¥R/\JVEEEEET — 4 ¥hscssp_pdr2 wide densitymap. csv”)

SHAPE FILE = Path(r"D:¥R¥ a2 XY NI Y NOE—¥EFHR¥ I N E TOEMIR¥/ AV 2¥931720. csv. gz. 17)

print(”="%70)
print("HSC-SSP Wide > 5 1 < v Tt + 75249 —1%%K")

print(”"="%70)

VYT 4Ry THIAD - SR

N

#
#1.
#
print("¥n"+"="x70)

print("[Step 1] F¥ ¥ 71 <y TO#EERR")
print(”="x70)

if not DENSITY FILE.exists():

print(f” 1l 271 )LHARDOHY FtA: {DENSITY FILE}”)
print(f” NREREBLTLEIWL, 7)
sys.exit(1)

size mb = DENSITY FILE.stat().st size / (1024%1024)
print(f” 774 JL: {DENSITY FILE}”)
print(f” H4A X: {size mb:.1f} MB”)

df density = pd. read csv(DENSITY FILE)
print(f” 17#: {len(df density):,}”)
print(f” H5L%E: {len(df density.columns)}”)
print(f"¥n HSL—E:")
print(f” {# >3} { A5 L4E :<30} { & :12} { FEnull’ :>8} {"min’ :>12} {"max’ :>12}”)
print(f” {"-"*80}")
for i, col in enumerate(df density.columns):
dtype = str(df density[col].dtype)
non null = df density[col].notna().sum()
if pd.api.types. is numeric_dtype(df density[col]):
mn = f”{df density[coll.min():.4g}”
mx = f”{df density[col].max():.4g}”
else:
mn = str(df density[col]. iloc[0])[:10]
mx = str(df density[col].iloc[-1])[:10]
print(f” {i:>3} {col:<30} {dtype:<12} {non null:>8} {mn:>12} {mx:>12}")

# RA, Dec h5 LDEBREE
ra_col = None; dec_col = None; density col = None
for ¢ in df_density.columns:
cl = c. lower()
if "ra’ incl and ra col is None: ra col = ¢
if "dec’ in cl and dec col is None: dec col = ¢
if "dens’ in cl or “count’ incl or 'n’ incl or "ngal’ in cl:
density col = ¢

if ra col is None or dec col is None:
i BiEH S LTHEL SHEE
for ¢ in df_density.columns:
if pd.api.types.is numeric dtype(df density[c]):
vmin, vmax = df density[c].min(), df density[c].max()
if 0 <= vmin and vmax <= 360 and vmax > 100 and ra_col is None:
ra col = ¢
elif -90 <= vmin and vmax <= 90 and abs(vmax-vmin) < 50 and dec col is None:
dec_col = ¢



print(f"¥n

print(f” RA:

print(f” D
print(f”

ec:

BEHAT L)

{ra_col}”)
{dec_col}”)

if ra_col and dec_col:
ra = df density[ra col].values
dec = df density[dec col].values

print(f"¥n EEAZEEEE:")
print(f” RA: [{ra.min():.3f},
print(f”

#

Density: {density col}”)

{ra.max():.3f}1")

Dec: [{dec.min():.3f}, {dec.max():.3f}]")

2 574—IFORE

#

print("¥n"+"="%70)

print("[Step 2] HSC-SSP Wide 57 4 —JL KDYFE")

print(”="x70)

# HSC-SSP PDR2 Wide MDIZ#E57 4 —JL K

hsc_fields =

" XMM-LSS” :
" GAMAQOH’ :
"WIDE12H :
" GAMAT5H” :
" HECTOMAP’ :

VDS’ :
}

{
{’ra range’ : (29, 40),
{’ra_range’ : (129, 142),
{’ra_range’ : (175, 190),
{’ra range’ : (210, 225),
{’ra_range’ : (240, 250),
{’ra_range’ : (333, 345),

if ra_col and dec_col:

print(f"¥n

) ,
dec_range’ :
"dec_range’ :
" dec_range’ :
) )
dec_range’ :
"dec_range’ :
’dec_range’ :

F—HRDT 14 =)L KHTR:")

for fname, fspec in hsc fields. items():
ra_r = fspec[’ra range’]

dec r

= fspec[’ dec range’]
mask = (ra >= ra_r[0]) & (ra <= ra r[1]) & (dec >= dec r[0]) & (dec <= dec r[1])

n = mask. sum()
ifn>o0:
print(f”

#

{fname:<12}: {n:>8,} EZ )
f”RA=[ {ra[mask].min():. 1f}, {ra[mask]. max():. 1f}]
f"Dec=[ {dec[mask].min():. 1f}, {dec[mask]. max():. 1}1")

(-7,
(-3,
(-3,
(-3,
(42,
(-2,

-n},
3},
3
3},
45)},
3}

”

#3. BEMVSRAY—EDIARTYTF

#

print("¥n"+"="

print("[Step 3] EMI SR —&DI/ ORI Y F")

print(”="x70)

# Miyaoka 2017/2018 D164 5 249 — (X4RREIR)

"%x70)

# EEREILERSL Table 1 A5, ERRMEIFI—Y—D psz2 v2.py THERETHE
miyaoka_clusters =
# name, RA(deg), Dec(deg), z, H&t
9.157, 0.255, "Miyaoka2017”),
"Miyaoka2017”),
"Miyaoka2017"),
"Miyaoka2017”),
"Miyaoka2017”),
"Miyaoka2017"),
"Miyaoka2017”),
"Miyaoka2017”),
"Miyaoka2017"),
"Miyaoka2017”),
"Miyaoka2017”),
"Miyaoka2017"),
"Miyaoka2017”),
-11.753, 0.451, "Miyaoka2017”),
62.515, 0.329, "Miyaoka2017”),

("n68”,
("A209”,
("A267",
("A383”,
("A5217,
("A586”,
("A6117,
("A697”,
("A963”,
("A1689",
("A1835",
("A2204",
("A2261",
("RXJ1347’
("MS$1358”,
("ZW3146”,
]

L

9.
22.
28.
42.
73.

113.
120.
130.
154,
197.
210.
248.
260.
", 206.
209. 960,
155, 916,

278,

196,
613,
878,

, -13.609, 0.206,

1.006, 0.230,
-3.529, 0.187,
-10.224, 0.247,

31. 633,
36. 057,
36. 365,
39. 047,
-1.341,

32.133,

4,186, 0.291, "Miyaoka2017”),

L 171,
. 288,
. 282

0
0
0
0.
0
0
0
0

206,

. 183,
. 253
L 161,
. 224,

# PSZ2 EEV S 28— (FEF. BIMEH)
psz2 equatorial = [
# name, RA, Dec, z

("PSZ2_G186. 37+37. 267,
("PSZ2_G212.44+63.19”,

]

all clusters = miyaoka clusters + psz2 equatorial

if ra_col and dec_col:
pixel size deg = 1.5 / 60.0 # 1.5 arcmin in degrees

print(f”
print(f”
print(f”

HSC-SSP 7w R YUY hRD I 524 —:")
{ &80 <15} {"RA":>8} {"Dec’ :>8} {2’ :>6} {! 7w NT U hR D15} { sy’

{-"%72}7)

in_footprint = []

(RRMLFEFTI 285 —)
135.0, -1.5, 0.23, "PSZ2"),
185.0, -2.0, 0.19, "PSZ2”),

for cl in all _clusters:
ra_cl, dec_cl, z cl, source

nanme,

t FUITFARYTOEI BIVIGEWHF Ty Y

cl

:<15}7)



dist = np.sqrt(((ra - ra cl)*np.cos(np. radians(dec cl)))*%2 + (dec - dec cl)*x2)
min dist = dist.min()
is_in = min dist < 3 % pixel size deg # 3V I LA
status = "YES” if is_in else "no”
print(f” {name:<15} {ra cl:>8.3f} {dec cl:>8.3f} {z cl:>6.3f} {status:>15} {source:<15}")
if is_in:
in_footprint.append(cl)

print(f"¥n 2y R YV NAI SR —%#: {len(in footprint)} / {len(all clusters)}”)

t x4 Ths0Yy (3) EOEEFT VY
# Y3 DOEEAZEEE: Dec -5.9 T 0 (inspectiERMS)
print(f"¥n x4 7H4 0% (Y3, Dec=-5.970) & DEH:")
y3 clusters = []
for cl in in_footprint:
name, ra_cl, dec_cl, z cl, source = cl
if -5.9 <= dec_cl <= 0:
print(f” {name}: RA={ra cl:.3f}, Dec={dec cl:.3f}, z={z cl:.3f} -> Y3 & YES”)
y3 clusters. append(cl)
else:
print(f” {name}: Dec={dec cl:.3f} -> Y3 &EE4")

print(f’¥n Y3 YA Thy DT TRIFAIEELR S 5249 —: {len(y3 clusters)}”)

else:
print(” RA/Dec WS LNBFETETEEA")
in_footprint = []
y3 clusters = []

#
4 Ty rTYY AR
#
print("¥n"+"="x70)

print("[Step 4] 7w k7)) ¥ NETHRIL”)
print(”="x70)

if ra_col and dec_col:
fig, axes = plt.subplots(1, 2, figsize=(18, 6))

t (@) @R7v rTUVH

ax = axes[0]

# RA & -1807180 ICZ# (R¥TX)
ra_plot = ra.copy()

ra plot[ra plot > 180] -= 360

if density col and density col in df_density.columns:
dens = df density[density col].values
sc = ax.scatter(ra plot, dec, c=np. log10(dens+1), s=0.1, alpha=0.3,
cmap="viridis’, rasterized=True)
plt.colorbar(sc, ax=ax, label="log10(density+1)’, shrink=0.8)
else:
ax.scatter(ra plot, dec, s=0.1, alpha=0.3, c="steelblue’, rasterized=True)

t V529 —%F—N—TFOY b
for cl in all _clusters:
name, ra_cl, dec_cl, z cl, source = cl
ra cl plot = racl - 360 if racl > 180 else ra cl
is_in = cl in in_footprint
color = "red’ if is_in else "gray’
marker = "% if is_in else 'x’
ms = 15 if is_in else 8
ax.plot(ra cl plot, dec cl, marker, color=color, ms=ms, mew=1.5)
if is_in:
ax.annotate(name, (ra cl plot, dec cl), fontsize=6,
xytext=(3, 3), textcoords="offset points’, color="red’)

ax.set xlabel(’RA [deg] )

ax.set_ylabel(’Dec [deg]’)

ax.set title(f HSC-SSP Wide footprint ({len(df density):,} pixels)’)
ax.set xlim(ra_plot.min()-5, ra plot.max()+5)

ax. invert xaxis()

# (b) Y3 ¥4 THhyOTEEBEDILK
ax = axes[1]
# Dec: -5.970 DRBIHDH
mask_y3 = (dec >= -6.5) & (dec <= 1.0)
if mask_y3.sum() > 0:
ax.scatter(ra plot[mask y3], dec[mask y3], s=0.5, alpha=0.3,
c="steelblue’, rasterized=True)

# Y3 Dec #FA% KT
ax.axhline(-5.9, color="red’, ls="--", alpha=0.5, label="Y3 Dec range’)
ax.axhline(0, color="red’, ls="--", alpha=0.5)

Y3 EEISRY —
for cl in y3 clusters:
name, ra cl, dec cl, z cl, source = cl
racl plot = racl - 360 if racl > 180 else ra cl
ax.plot(ra cl plot, dec cl, "%, color="red, ms=15, mew=1.5)
ax.annotate(name, (ra cl plot, dec cl), fontsize=8, fontweight="bold’,
xytext=(5, 5), textcoords="offset points’, color="red )



.set xlabel(’RA [deg]’)

.set_ylabel(’Dec [deg]’)

ax.set title(f Y3 shape catalog overlap (Dec: -5.9 ~ 0)")
ax.set_ylim(-7, 2)

ax. invert xaxis()

ax. legend(fontsize=8)

a
a

> X

3

plt.tight layout()
plt.savefig(’ hsc footprint clusters.png’, dpi=150, bbox inches='tight’)
print(” -> hsc_footprint clusters.png”)

i
#5 YIY—ERDRTYT
#
print("¥n"+"="%70)
print("[Step 5] #< 1 —")
print(”="x70)

print(f”””
HSC-SSP Wide ¥ F 4 < v 7t
E I)LE: {len(df density):,}
EJ L4 X 1.5 arcmin
74—V R¥: 5 (EE)

B S5 248 —:
2#: {len(all clusters)}
HSC-SSP 7w R 7Y >~ hAA: {len(in footprint)}
Y3 x4 THhHOTERE: {len(y3 clusters)}
)

if len(y3 clusters) > 0:
print(f” -> Y3 TEIAIEERS R4 —:")
for cl in y3 clusters:
name, ra_cl, dec_cl, z cl, source = cl
print(f” {name}: RA={ra cl:.3f}, Dec={dec cl:.3f}, z={z cl:.3f}"”)
print(f""”
RORT Y T
1. hsc_y3 cluster_lensing.py @ known clusters % FEZ CEEH
2. BRI 707 7 1)L ganma_t(R) %RIE
3. NFW / [EET VLB
)
elif len(in footprint) > 0:
print(f” -> HSC-SSP DV SR 9 —EH 21 Y3 YA THyO T EDEEML")
print(f” FUYT4Ty TOEEHEERRL, )
print(f” DY T4AFHhs0OY (PDR2/PDR3) D %&ET")
else:
print(f” => 29 R FYVRRIKISRE—7%L")
print(f” SRR L~ X (Stage 2) ICHIYEEX & HER")
print(f”””
Stage 2 ($RE-SRA L~ X) DOFIE:
1. HSC-SSP 7w k71~ hR®D SDSS spectroscopic $RiA %A HN1S
(v_flat F713 signa v DRIEAHZED)
HSC Y3 x4 ThHBTEI DR Y F
L v R % G.Signad TE VT
. &BE®D DeltaSigma(R) % RIE
g c = eta.sqrt(a0.G.Sigmad) vs g ¢ = a0 %LL#ER

o

)

print("¥n52T")



. hsc_cluster_screening.py

i =] TYITARY T OBEERE ST (sgm3_r10,
dsigmaffifE) MoIS R —EEEER V) — =V 7 SEEEI IO IIV—EV T YIEET1ILY,

R 1221 /iR, Y3IE#381E, cl1 (RA=140.45, Dec=-0.25, sgm=6.4, 37pixel) ’&xHE A,

RYVThEX:

nan

HSC-SSP FY ¥ F Ay THODI SR —RER IV —=v

B#:
BRIFZE (sgn, dlt) WS LDE—IRHETISRAY—BEHEREL.
Y3 x4 Fhy0Y (Dec: -5.970) LEBEHETBELDT
BRSO 7 ANV ERET 2

FIR:
(1) BREEST Y 7OE—RH (son >= R{E)
) EEBEECIELDOITINL—EYT (V529 —RE)
3) ERFBORERITHE
(4) Y3 EET 1%
(5) EAIRBOEME N

224T: uv run --with pandas --with numpy --with scipy -—-with matplotlib python hsc cluster screening.py

import numpy as np

import pandas as pd

from scipy import ndimage

from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#
0.
#
DENSITY FILE = Path(r”E:¥R/\JLEEEET — 4 ¥hscssp_pdr2 wide densitymap. csv”)
Y3 DEC MIN = -5.9
Y3 DEC MAX = 0.0

E

&8

t E— 2R HRME

SGM_THRESHOLD = 4.0  # BRIEE> /Y DR/IME (40LAE)
MIN_PIXELS = 3 V329 —RNEVEILE
GROUPING RADIUS ARCMIN = 5.0 # /&L IL—EY THFE

print(”="%x70)

print("HSC-SSP FV o F v S USRI —E@HAR Y ) —=2 ")
print(”="%70)

#

#1. T—9FmHRAH * NTLRE

#

print("¥n"+"="%70)
print("[Step 1] F—4FmHAH - BT LEFE")
print(”="%x70)

df = pd.read csv(DENSITY FILE)
print(f” 478 {len(df):,}")
print(f” #5A%8: {len(df.columns)}”)

t hSLEEBEE
ra col = [c for ¢ in df.columns if c.lower() == "ra’J[0] if any(c. lower()=="ra’ for ¢ in df.columns) else None
dec_col = [c for ¢ in df.columns if c. lower() == "dec’ J[0] if any(c. lower()=="dec’ for c in df.columns) else None

if ra col is None:
for ¢ in df.columns:
if "ra’ in c.lower() and pd.api. types. is numeric dtype(df[c]):
ra_col = c; break
if dec_col is None:
for ¢ in df.columns:
if "dec’ in c. lower() and pd.api.types.is numeric dtype(df[c]):
dec_col = c; break

print(f” RA: {ra col}, Dec: {dec col}”)

# sgn GBREIEES /<) h35LDRKE

sgm cols = sorted([c for ¢ in df.columns if c.startswith(’sgm’)])
dlt cols = sorted([c for ¢ in df.columns if c.startswith(’dlt’)])
nd_cols = sorted([c for ¢ in df.columns if c.startswith(’nd’)])

print(f” sgm 75 L%E: {len(sgm cols)}”)
print(f” dlt A5 LHE: {len(dlt cols)}”)
print(f” nd #5L#: {len(nd cols)}”)

if sgm cols:
print(f"¥n sgm HSL—E:")
for ¢ in sgm cols[:20]:
valid = df[c].notna() & np.isfinite(df[c])
if valid.sum() > 0:



vals = df. loc[valid, c]
print(f” {c:<25} mean={vals.mean():>8.2f} std={vals.std():>8.2f} ”
f’max={vals.max():>8. 1f} N(>{SGM_THRESHOLD}sigma)={int((vals>SGM_THRESHOLD).sum()):>6}")

i
# 2. BELBRBEEANS LODZER
i
print("¥n”+”="%x70)

print("[Step 2] RBLBRHEEH S LDER”)
print(”="x70)

t & sam ASLTEYIIEI LK
U529 —RFRITIE r30 (30°BAO) &Y r10 (10°BAO) AYELD
tz EvidhRd (2=0.2-0.5 2, N=3-5 H1RY) AHE

best _col = None
best n peaks = 0

print(f"¥n {" A5 L’ :<25} {"N(>{SGM THRESHOLD}sigma)’ :>12} {’max sigma’ :>10} { &M’ :>6}")
print(f” {’-"%58}”)

for ¢ in sgm cols:
valid = df[c].notna() & np.isfinite(df[c])
if valid.sum() == 0:
continue
vals = df. loc[valid, c]
n_high = int((vals > SGM_THRESHOLD). sum())
mx = vals.max()

#r10 @E iz EVE%
is r10 ='r10" inc or 'c10’ inc
is mid z = any(f’ {n}’ in ¢ for n in [3, 4, 5])
suitability = ””
if is r10 and is mid z:
suitability = "[#x]”
elif is_r10:
suitability = "[x]”
elif is_mid z:
suitability = "[*]”

if n_high > 10:
print(f” {c:<25} {n_high:>12} {mx:>10.1f} {suitability:>6}")

if n_high > best n peaks and (is r10 or is mid z):
best_n_peaks = n_high
best col = ¢

t RRAMDS LR BRINERSE—I DN S L%EHEM
if best col is None:
for ¢ in sgm cols:
valid = df[c].notna() & np.isfinite(df[c])
if valid.sum() == 0: continue
n_high = int((df. loc[valid, c¢] > SGM_THRESHOLD). sum())
if n_high > best_n_peaks:
best n peaks = n_high
best_col = ¢

print(f"¥n BIRAHSL: {best col} (N={best n peaks} peaks above {SGM THRESHOLD}sigma)”)

Y 2z EVTOREERE (robustness L)

# £ sgn hSLDOZRAEEID

sgm max = df[sgm cols].max(axis=1) if sgm cols else pd.Series(np.zeros(len(df)))

print(f” £ sgm HS5 ARKfE: max={sgm max.max():.1f}, N(>{SGM_THRESHOLD})={int ((sgm max>SGM_THRESHOLD).sum())}”)

#
# 3. E—UH
i
print("¥n”+"="%70)
print("[Step 3] E—4#H”)
print(”="x70)

t BV IIEI LI BT
if best col:

sgm_use = df[best col]. fillna(0).values
else:

sgm_use = sgm max. fillna(0).values

ra vals = df[ra col].values
dec_vals = df[dec_col].values

#RA DEXRLALE Q0EEBZZ5HE)
ra vals wrapped = ra vals.copy()
ra_vals wrapped[ra vals wrapped > 360] -= 360

mask peak = sgm use > SGM THRESHOLD
peak_indices = np.where(mask peak)[0]
print(f” {SGM_THRESHOLD}sigma LA EMDE - L : {len(peak indices)}”)

if len(peak indices) ==
t BMEE TP CBERT
for try thresh in [3.5, 3.0, 2.5]:
mask_peak = sgm use > try thresh



peak indices = np.where(mask peak)[0]
if len(peak indices) > 10:
SGM_THRESHOLD = try_thresh
print(f” BfE% {try thresh}sigma ICTFIFZ L7: {len(peak indices)} EY&I")
break
if len(peak indices) ==
# sgm max THERIT
print(f” best col TE—7% L, sgm max CTHHRT...”)
sgm_use = sgm max. fillna(0).values
for try thresh in [4.0, 3.5, 3.0, 2.5]:
mask_peak = sgm use > try thresh
peak_indices = np.where(mask peak)[0]
if len(peak indices) > 5:
SGM_THRESHOLD = try thresh
print(f” sgm max, B{E={try thresh}sigma: {len(peak indices)} - tJ")

break
#
t4 EoELIVL—EVT (V5R9—RE)
#

print(C¥n”+7="70)
print("[Step 41 EZ I TIL—EVF”)
print(”="%70)

if len(peak indices) > 0:
peak ra = ra vals wrapped[peak indices]
peak _dec = dec vals[peak indices]
peak sgm = sgm use[peak indices]

# BERTIIR—RDTI—EV T (BHHR)
group radius_deg = GROUPING RADIUS ARCMIN / 60.0

visited = np.zeros(len(peak indices), dtype=bool)
clusters = []

t Y UTBIBETY — R EER

order = np.argsort(-peak sgm)

for seed_idx in order:
if visited[seed idx]:
continue

#t seed ABDOE Y )L %INE

dra = (peak ra - peak ra[seed idx]) * np.cos(np. radians(peak dec[seed idx]))
ddec = peak dec - peak dec[seed idx]

dist = np.sqrt(drax«2 + ddec¥*2)

members = np.where((dist < group radius deg) & (Tvisited))[0]

if len(members) >= MIN_PIXELS:
P US29—hi = VIUXEHDEFEY
w = peak sgm[members]
ra_center = np.average(peak ra[members], weights=w)
dec_center = np.average(peak dec[members], weights=w)
sgm_peak = peak sgm[members].max()
sgm_mean = np. average(peak sgm[members], weights=w)

clusters. append({
“ra’: ra_center,
dec’ : dec_center,
sgm peak’ : sgm peak,
sgm_mean’ : sgm_mean,
"n_pixels’ : Llen(members),
"radius_arcmin’ : dist[members]. max() * 60,

)
,

1))

visited[members] = True
else:
visited[seed idx] = True

print(f” BBV SR —{&@#: {len(clusters)}”)

1t DataFramelC Z5i%
df cl = pd.DataFrame(clusters)
df cl = df cl.sort values(’ sgm peak’, ascending=False).reset index(drop=True)

#z EXBID sgm ZE4S (photo-z HEEM)

t &SR —MBTD sgn H5 LMEEIE

if len(sgm cols) > 1:

for cl_idx in range(min(len(df cl), 30)):

ra_c = df cl. loc[cl idx, "ra’]
dec ¢ = df cl.loc[cl idx, ’dec’]
t BEFEEI L
dra = (ra_vals wrapped - ra c) * np.cos(np.radians(dec c))
ddec = dec vals - dec ¢
dist = np.sqrt(dra**2 + ddec¥x2)
nearest = np.argmin(dist)

&z EVD sgm &
z_sgm = {}
for sc in sgm cols:
val = df.iloc[nearest][sc]



if pd.notna(val) and np.isfinite(val):
z sgm[sc] = val
t AU U<D z EV = photo-z #E
if z sgm:
best zbin = max(z_sgm, key=z sgm.get)
df cl. loc[cl idx, "best zbin’] = best zbin
df cl.loc[cl idx, "best zbin sgm’] = z sgm[best zbin]

else:
print(" EZELARL, BHERT. ")
df cl = pd.DataFrame()

i
#5. Y3 74 ERERAT
#
print("¥n"+"="%70)

print("[Step 5] Y3 Z 1LY EREROT”)
print(”="x70)

if len(df cl) > 0:
#Y3S EET ALY
df cl[’in y3'] = (df cl[’dec’] >= Y3 DEC MIN) & (df cl[’dec’] <= Y3 DEC MAX)
n_y3 = df cl[’in_y3' 1. sum()
print(f” £E#: {len(df cl)}”)
print(f” Y3 &% (Dec {Y3 DEC MIN}~{Y3 DEC MAX}): {n y3}”)

# BB Z37 = sgm peak * sqrt(n_pixels)
df cl[’quality’] = df cl[’sgm peak’] * np.sqrt(df cl['n pixels’])

# EAfEEOH A
print(f"¥n === 2&E# {720 ==="
print(f” {# :>3} {"RA’:>9} {'Dec’ :>8} {’sgm peak’ :>9} {'n pix’:>6} {'quality’ :>8} {'Y3':>4} {’best zbin’:<25}”)
print(f” {"-"%78}”)
for i in range(min(20, Llen(df cl))):
row = df cl.iloc[i]
y3 = "Y” if row.get(’in y3’, False) else
zbin = str(row.get(’ best zbin’, ’’))[:24]
print(f” {i+1:>3} {row[’ra’1:>9.3f} {row[’dec’ ]:>8.3f} {row[’ sgm peak’ ]:>9.1f} ”
f”{int(row[’n_pixels’]):>6} {row[ quality’ ]:>8.1f} {y3:>4} {zbin:<25}")

oy

# Y3 R DH
df y3 = df cl[df cl[’in y3’ 1].copy().reset index(drop=True)
if len(df y3) > 0:
print(f"¥n === Y3 EHREH L4120 ===")
print(f” {# :>3} {"RA’:>9} {'Dec’:>8} {’sgm peak’ :>9} {’n pix’:>6} {"quality’ :>8} {’best zbin’:<25}"”)
print(f” { -"%72}")
for i in range(min(20, len(df y3))):
row = df y3.iloc[i]
zbin = str(row.get(’ best zbin’, ’’))[:24]
print(f” {i+1:>3} {row[’ra’1:>9.3f} {row[’dec’ ]:>8.3f} {row[’ sgm peak’ ]:>9.1f} ”
7{int(row[’n_pixels’]):>6} {row[’quality’ 1:>8.1f} {zbin:<25}")

# CSV A
df_y3.to csv(’hsc_cluster candidates y3.csv’, index=False)
print(f"¥n -> hsc cluster candidates y3.csv ({len(df y3)} 1&#)”)

# SfEHCSY

df cl.to csv(’hsc_cluster candidates all.csv’, index=False)
print(f” -> hsc_cluster candidates all.csv ({len(df cl)} {&%H)”)

i
#6. Fovh
#
print("¥n"+"="%70)
print("[Step 6] A v MER")
print(”="x70)

if len(df cl) > 0:
fig, axes = plt.subplots(2, 2, figsize=(16, 12))

# (@ 72y hTYYNEDYSRY—1RE
ax = axes[0, 0]
ax.scatter(ra vals wrapped, dec vals, s=0.05, alpha=0.1, c=" lightgray’, rasterized=True)
I 2z
sc = ax.scatter(df cl[’ra’], df cl[’dec’], c=df cl[’ sgm peak’],
s=df cl['n pixels’ ]J*5, cmap="hot r’, alpha=0.7,
edgecolors="black’, Llinewidths=0.5, vmin=SGM_THRESHOLD)
plt.colorbar(sc, ax=ax, label="Peak sigma’, shrink=0.8)
# Y3 ghE
ax.axhline(Y3 DEC MIN, color="blue’, ls="--", alpha=0.5)
ax. axhline(Y3_DEC MAX, color="blue’, Ls="--", alpha=0.5)
ax. fill between([ra vals wrapped.min(), ra vals wrapped.max()],
Y3 DEC_MIN, Y3 DEC MAX, alpha=0.05, color="blue’)
.set_xlabel(’RA [deg]l’)
.set_ylabel(’Dec [deg]’)
.set_title(f Cluster candidates (N={len(df cl)}, threshold={SGM THRESHOLD}sigma)’)
.invert xaxis()

> X

a
a
a
a

X X x X

# (b) ¥I<n%H
ax = axes[0, 1]
ax.hist(df cl[’sgm peak’], bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
ax.axvline(SGM_THRESHOLD, color="red’, Lls="--", label=f" Threshold={SGM THRESHOLD} )



x.set xlabel(’ Peak sigma’)
x.set_ylabel(’ Count’)

x.set title(’Peak sigma distribution’)
x. legend()

o PO

# (c) Y3 EEIZFMDILKE
ax = axes[1, 0]
mask dec = (dec_vals >= Y3 DEC MIN-1) & (dec vals <= Y3 DEC MAX+1)
if mask dec.sum() > 0:
ax.scatter(ra vals wrapped[mask dec], dec vals[mask dec],
s=0.1, alpha=0.2, c=" lightgray’, rasterized=True)
if len(df_y3) > 0:
sc2 = ax.scatter(df y3['ra’], df y3['dec’], c=df y3[’ sgm peak’],
s=df y3['n pixels’ ]%10, cmap="hot r’, alpha=0.8,
edgecolors="black’, Llinewidths=1, vmin=SGM THRESHOLD)
plt.colorbar(sc2, ax=ax, label="Peak sigma’, shrink=0.8)
for i in range(min(10, len(df y3))):
row = df y3.iloc[i]
ax.annotate(f"#{i+1}”, (row[’ra’], row[’dec’]),
fontsize=8, fontweight="bold’, color="red’,
xytext=(3,3), textcoords="offset points’)
x.axhline(Y3 DEC MIN, color="blue’, ls="--", alpha=0.7, label="Y3 range’)
x.axhline(Y3 DEC MAX, color="blue’, ls="--", alpha=0.7)
ax.set xlabel(’RA [deg] )
ax.set ylabel(’Dec [deg]’)
x.set _title(f’ Y3 overlap candidates (N={len(df y3)})’)
ax.set_ylim(Y3 DEC_MIN-1, Y3 DEC MAX+1)
ax. invert xaxis()
ax. legend(fontsize=8)

[SIEY)

1)

#(d) RE227 vs BV L
ax = axes[1, 1]
if len(df_y3) > 0:
ax.scatter(df y3['n pixels’], df y3[ sgm peak’],
s=50, c="coral’, alpha=0.7, edgecolors="black’, Llabel="Y3 overlap’)

ax.scatter(df cl[7df cl[’in y3'J1['n pixels’], df cl[7df cl[’in y3’ J1[’ sgm peak’],
s=20, c="gray’, alpha=0.3, label="Outside Y3’)

ax.set xlabel(’N pixels’)

ax.set_ylabel(’ Peak sigma’)

ax.set title(’Candidate quality’)
ax. legend(fontsize=8)

3

plt.tight layout()
plt.savefig(’hsc cluster screening.png’, dpi=150, bbox inches="tight’)
print(” -> hsc_cluster screening.png”)

i
#7. H<U—
#
print("¥n"+"="%70)
print("[¥< Y —1")
print(”="%70)

if len(df cl) > 0:

print(f"””
FUVTARY TR=RADY 5 RY —(ZHRR:

A5 L: {best col if best col else ’sgm max (£H 5 ALZRK) }
Bif&: {SGM THRESHOLD} sigma
R ERHE: {len(df cl)}
Y3 EEIERE: {len(df y3) if "df y3' in dir() else 0}

)

if "df y3' in dir() and len(df y3) > 0:
print(f” Y3 CHARBIMTARAT AS AT REAN EALIRAE:")
for i in range(min(10, len(df y3))):
row = df y3.iloc[i]
print(f” #{i+1}: RA={row[’ ra’]:.3f}, Dec={row[’dec’]:.3f}, ”
”sgm={row[’ sgm peak’ ]:.1f}, n pix={int(row[’n pixels’])}")
print(f"””
RODRFw T
1. EAEFDEERZ % hsc y3 cluster lensing.py @ known clusters (ICAA
2. z (¥ best zbin ASLNOHE (B: z EVESEFARBONER)
3. ERBIMT 707 7 1)L ganma_t(R) %RIE
4. NFW / BEETILEHE
)
else:
print(f
Y3 EEEMHA L. SRT-SRAL VX (Stage 2) ICHIY B2 & HE,

oy

i

else:
print(” {EHEAL, BBEOREF LR T —SBREIVE, )

print("5ET")



hsc_y3_cluster_lensing.py

fRIT B 9529 —RED DR T O 771 IVEIE /M T 54> known_clusters
1SS 29 —EZEEAALTERTZTY T L—h,

fER FYTL—bh, EF—4IEhsc_y3_shear_measure.py CALIE,

RYVThEX:

nan

HSC Y3 /EAL » Xf@#T Stage 1: V5R9—L VX

BEy: HSC Y3 A THS 0T ERMWT, BERSRAY 529 —RL0
BRBTO7 7 AV EREL. BEHERBET I ELET D

FIIgE:
(1) HSC Y3 7y R TY Y NAD I SRY—HE
(2) V5249 —@E0Y —RERADHE
(3) EARBIMT gamma_t(R) DAITE
(4) NFW vs EEETIL DB
(5) g c(cluster) DH#HEE

2247: uv run —-with pandas ——with numpy --with scipy ——with matplotlib —-with astropy python hsc_y3 cluster lensing.py

AR 0.66B DT — Y ELHEAAHY D EA T TROATHEM,
VSR —FLDHEF vV IVHRIAHT B,

nan

import numpy as np
import pandas as pd
from scipy import stats
from pathlib import Path
import matplotlib
matplotlib. use(’ Agg’)
import matplotlib.pyplot as plt
from matplotlib import font manager as _fm
for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
" Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’ ]:
try: _fm. fontManager. addfont(_fp)
except: pass
try:
plt. rcParams[’ font. family’ ] = " IPAGothic’
except:
pass
plt. rcParams[’ axes.unicode minus’ ] = False

#
# 0.
#
DATA FILE = Path(r"D:¥R¥ a1 X > NIV NOE—EFEFEHR¥I N F TOMIFY¥/ N1 Y ¥931720. csv. gz. 17)

E

s

# HSC Y3 7w R >k (inspectfERH5)
HSC_RA_RANGE = (0.06, 360.0)
HSC DEC RANGE = (-5.9, 0.0)

# M EH
c_light = 2.998e5 # km/s
G const = 4.301e-3 # (km/s)"2 pc / Msun -> 4 THAIZH

ad = 1.2e-10 # m/s”2

HO = 70.0 # km/s/Mpc

Omega m = 0.3

Omega L = 0.7

print(”="x70)

print("HSC Y3 S3E S L >~ XM Stage 1: V524 —L V")
print(”="x70)

#

#1. BRIS25—YZ Kk (HC Y3 7w b FY ¥ hR)

#

print("¥n”+"="%x70)
print("[Step 11 HSC Y3 v Y Y NAD Y 524 —FFR")
print(”="x70)

# Miyaoka 2017/2018 D162 R4 — + PSI2 XEI SR - —
# Dec: -5.9 7 0 ICABEDDHHE
# EEREIE J2000

t UTFRRRRNAI SR —DEE (EHR
f 2—H—DF>TW3B PSI2 VS RY—FEIETEIRATRE
known clusters = [
#f name, RA, Dec, z cluster, r500 arcmin (), High
#f --- Miyaoka 2017/2018 7 5 24 — (EBlEEH L T) —
B 3A—H—D psz2 v2.py FNSERAEZEMBLTES BRI &
# — HSC Y3 7w N TY>k Dec: -5.9 "0 ICAYDBED —
# ZZIKAA
]

# HSC Y3 (3 GAMAOOH, GAMATSH, WIDE12H, XMM-LSS, WDS ZdD7 1 —JL K
# XMM-LSS 7 4 —JL K (RA™34-37, Dec™-5 to -3) ICIREBDISAY—1H3



# PSZ2 hH O H S Dec: -5.970 DY SR H —EERTHH

t UATRTL—RFNY—, A—F—HPRF—I TBEHRA S,

print(f” HSC Y3 7w k7Y k: RA={HSC_RA RANGE}, Dec={HSC DEC RANGE}")
print(f” BE&ENo S5 X4 —#: {len(known clusters)}”)

if len(known clusters) == 0:
print(f7””
95285 —ERENRAATY .
UFOAETY SR —%BML T I LN

F3K1: Miyaoka 2017/2018 ¥ 5 R 4 —EEAZE % HEER
-> psz2 v2.py ZEH 5 RA, Dec, z #ENS
-> Dec A* 5.9 ~ 0 OFEARDE DA

F53k2: PSI2 hH O H 5 HSC Y3 EHRMEEHARFE
-> Vizier T PSZ2 h4 OJ %K%
-> Dec: -5.9 7 0 TT74L¥

F53E3: HSC Y3 M DBEFI Y S 24— R h&fER
-> Miyatake+2019, Murata+2019 Z

-> 95 A% —EEIE% known clusters ') 2 MICIBANL THET
noy

#-— FEA: ROYSRY—CHEERT —
print(” FEE—N: ROV SRY—EETHEEETRLET)
known clusters = [
(”DEMO_CL1”, 34.5, -4.5, 0.30, 5.0, "demo”),
(”DEMO_CL2”, 150.0, -2.0, 0.25, 6.0, "demo”),
]

print(f’¥n fERI S5 —:")
print(f” {" &@0 :<20} {"RA’:>8} {’Dec’:>8} {’z’ :>6} {’r500[arcmin]’ :>12}")
print(f” {’-"*58}")
for cl in known_clusters:
name, ra, dec, z, r500, src = cl
print(f” {name:<20} {ra:>8.2f} {dec:>8.2f} {z:>6.3f} {r500:>12.1f}")

t
2. FrrImiRHIcE DY — AR
b

orint ("¥n"+7="470)
print("[Step 2] ¥ 524 —@iLY — R ERFDHH")
print(”="x70)

# HSC Y3 H 5 L%EHE (inspect FERN D)

COL RA =i ra’

COL_DEC = "i_dec’

COL E1 = " i hsmshaperegauss el’
COL_E2 = ’i_hsmshaperegauss e2’

COL_ W = "derived weight’

COL_M = "shear bias m’

COL_C1 = ’shear bias c1’

COL_C2 = ’shear bias c2’

COL MAG = " i apertureflux 10 mag’
COL_ZBIN = "hsc_y3 zbin’

COL_RES = ’"resolution’

COL_BMASK = "b_mode mask’

§HBEE (V525 —Rbh S DOAZIEH)
EXTRACT_RADIUS DEG = 0.5 {# 30 arcmin = 0.5 deg

def extract sources around cluster(data file, ra cl, dec cl, radius deg,
chunksize=500000) :
TF NV YHARABTY ZARAY—EBY — R "
sources = []
total rows = 0

# RA DITYR LALE

ramin = ra cl - radius deg / np.cos(np.radians(dec cl))
ra_max = ra cl + radius_deg / np.cos(np. radians(dec cl))
dec_min = dec_cl - radius_deg

dec max = dec cl + radius deg

for chunk in pd.read csv(data file, chunksize=chunksize):
total rows += len(chunk)

B ERRT 1LY (B CTHIER)
ra col = COL RA if COL RA in chunk.columns else chunk.columns[1]
dec_col = COL DEC if COL DEC in chunk.columns else chunk.columns[2]

mask = (chunk[ra col] >= ra min) & (chunk[ra col] <= ra max) & ¥
(chunk[dec col] >= dec_min) & (chunk[dec col] <= dec_max)

if mask.sum() > 0:
sources. append (chunk[mask]. copy())

I EBRR
if total rows % 5000000 == 0:
n_found = sum(len(s) for s in sources)
print(f” MIBEH: {total rows/le6:. 1f}IM4T, #H: {n found} FK{x")



if sources:
df = pd.concat(sources, ignore_ index=True)

# A7 1LY (BEEHTRHREER)

dra = (df[ra col] - ra cl) * np.cos(np.radians(dec cl))

ddec = df[dec col] - dec cl

dist deg = np.sqrt(dra%k2 + ddec¥*2)

df = df[dist _deg <= radius_deg]. copy()

df[’ dist deg’] = dist deg[dist deg <= radius_deg].values

df[’ phi’] = np.arctan2(ddec[dist deg <= radius deg].values,
dra[dist deg <= radius_deg]. values)

return df
else:
return pd.DataFrame()

29529 —ICDOW\WTHIH
cluster _sources = {}
for cl in known clusters:
name, ra, dec, z, r500, src = cl

print(f"¥n $HA: {name} (RA={ra:.2f}, Dec={dec:.2f}, -{®={EXTRACT RADIUS DEG:.1f}deg)”)

if not DATA FILE.exists():
print(f” N F—=9274)HROHMY £t A: {DATA FILE}”)
continue

df src = extract sources around cluster (DATA FILE, ra, dec, EXTRACT RADIUS DEG)

if len(df _src) > 0:
print (f” M5 T: {len(df src)} X&)
cluster sources[name] = (cl, df src)
else:
print(f”  KEAROAYEEA (Tv b TY Y MDFTEEN) 7)

#t
#3. EREMTO77MILORE
#

print ("¥n"+"="%70)
print("[Step 3] IEHFF¥T 707 7 4 JL gamma_t (R) DEIE")
print(”="x70)

def measure tangential shear(df, ra cl, dec cl, z cl,
r min_arcmin=0.5, r max _arcmin=30.0, n bins=15):

T EARBINT O 7 7 A LA RE

# FEERDS LETE

el col = COL_E1 if COL_E1 in df.columns else [c for ¢ in df.columns if "el’
e2 col = COL E2 if COL E2 in df.columns else [c for ¢ in df.columns if "e2’
w col = COL W if COL W in df.columns else [c for ¢ in df.columns if "weight’
m col = COL M if COL M in df.columns else None

cl_col = COL_C1 if COL_C1 in df.columns else None

c2 col = COL C2 if COL C2 in df.columns else None

el = df[el _col].values
e2 = df[e2 col].values
w = df[w col].values

it BIMT/NA 7 RAHIE

if cl_col and c1_col in df.columns:
el = el - df[cl col].values

if c2 col and c2 col in df.columns:
e2 = e2 - df[c2 col].values

it AEEEER [arcmin]
phi = df[’ phi’].values
dist_arcmin = df[’ dist deg’ ].values * 60.0

it $E4REIMT: gamma t = -(el*cos(2phi) + e2xsin(2phi))
gamma_t = -(el * np.cos(2%phi) + e2 * np.sin(2xphi))
# AZZEBIRT: gamma x = +(elxsin(2phi) - e2xcos(2phi)) <- RMKB=E=Fzv/H
gamma_x = +(el * np.sin(2%phi) - e2 * np.cos(2xphi))

tBREY=v7T (log%fEkR)

in c. lower()1[0]
in c. lower()]1[0]
in c. lower()][0]

r_bins = np. logspace(np. log10(r_min_arcmin), np. log10(r_max arcmin), n_bins+1)

r_centers = np.sqrt(r_bins[:-1] % r bins[1:]) # #f@FH

gamma_t_profile = np.zeros(n_bins)
gamma_x_profile = np.zeros(n bins)
gamma_t_err = np.zeros(n bins)
n_sources = np.zeros(n bins, dtype=int)

for i in range(n bins):
mask = (dist_arcmin >= r_bins[i]) & (dist _arcmin < r_bins[i+1])
n_in_bin = np.sum(mask)
n_sources[i] = n_in bin

if n_in_bin < 5:
gamma_t_profile[i] = np.nan
gamma_x_profile[i] = np.nan
gamma_t_err[i] = np.nan
continue



w bin = w[mask]
gt bin = gamma_t[mask]
gx_bin = gamma_ x[mask]
1t REM/NA T RFEIE
if mcol and m_col in df.columns:
m bin = df[m col].values[mask]
m mean = np.average(m bin, weights=w bin)
else:
m_mean = 0.0

t EAHDOEFY

w_sum = np. sum(w_bin)

gamma_t profile[i] = np.sum(w bin * gt bin) / w sum / (1 + m mean)
gamma_x_profile[i] = np.sum(w_bin * gx bin) / w sum / (1 + m_mean)

t BE R/ 1 X)
sigma_e = np.sqrt(np.sum(w_bin * gt binx*2) / w sum - gamma t profile[i]**2)
gamma_t err[i] = sigma_e / np.sqrt(n_in bin)

i YIBHERADEH [Moc]

# FAREE D AG2)

from scipy. integrate import quad

def E(z): return np.sqrt(Omega m%(1+z)**3 + Omega L)

D¢, = quad(lambda z: ¢ _Light/(HO*%E(z)), 0, z cl) # [Mpc]
DA=Dc/ (1+zcl) # [Mpcl

arcmin_to Mpc = D A % np.pi / (180 * 60) # 1 arcmin = ? Mpc
r Mpc = r_centers * arcmin to Mpc

return {
“r arcmin’: r centers,
“r_Mpc’ : r_Mpc,
’gamma_t’ : gamma_t profile,
’gamma_x’ : gamma x_profile,
’gamma_t _err’: gamma_t err,
"n_sources’ : n_sources,
"D A Mpc’: D A,
"zcl': zcl,

}

t 29529 —0BIHTOT 7 4 IIVAE
profiles = {}
for name, (cl, df src) in cluster sources. items():
_, ra, dec, z, r500, src = cl
print(f"¥n SAIEA: {name} (N={len(df src)}XiK, z={z:.3f})")

prof = measure tangential shear(df src, ra, dec, z)
profiles[name] = prof

<) —
valid = “np. isnan(prof[’ gamma_t’ ])
if valid.sum() > 0:
gt max = np.nanmax(prof[’ gamma t’])
sn = np.nanmax(prof[’ gamma_t’] / prof[’ gamma_t err’])
print(f” gamma t S AfE: {gt max:,4f}”)
print(f” S/N & KfE: {sn:.1f}")
print(f” B : {valid.sum()}/{len(prof[’ gamma t’ 1)}")
else:
print(f” BMEVRL”)

i
t4. JOovh
#
print("¥n"+"="%70)
print("[Step 4] A v MER")
print(”="x70)

n cl = len(profiles)
if ncl>0:
fig, axes = plt.subplots(1, min(n cl, 4), figsize=(6*min(n cl, 4), 5),
squeeze=False)

for idx, (name, prof) in enumerate(profiles.items()):
if idx >= 4: break
ax = axes[0, idx]
valid = “np. isnan(prof[’ gamma t’ ])

if valid.sum() > 0:

ax.errorbar (prof[’ r_arcmin’ J[valid], prof[’gamma t’][valid],
yerr=prof[’ gamma_t err’ J[valid],
fmt="0", color="steelblue’, ms=5, capsize=3,
labe =" $¥¥gamma t$ (tangential)’)

ax.errorbar(prof[’ r_arcmin’ J[valid], prof[’ gamma x’ J[valid],
yerr=prof[’ gamma_t err’ J[valid],
fmt="s", color="coral’, ms=4, capsize=2, alpha=0.5,
labe =" $¥¥gamma_¥¥times$ (cross, null test)’)

ax.axhline(0, color="k’, ls="--", alpha=0.3)

x.set_xscale(’ log’)

x.set_xlabel(’R [arcmin]’)

x.set_ylabel(’ $¥¥gamma$’ )

ax.set_title(f’ {name} (z={prof[”z cl”]:.2f})")

IR



ax. legend(fontsize=8)
plt. tight layout()
plt.savefig(’ hsc_y3 cluster shear.png’, dpi=150, bbox inches="tight’)
print(” -> hsc_y3 cluster shear.png”)

#
#5 YIY—ERDRTY T
#t
print("¥n"+”="%70)
print("[Step 5] 4= —")
print(”="x70)

nan

print(f
WIS S 24— {len(profiles)}

BIFRY—DFER:""")

for name, prof in profiles. items():
valid = “np. isnan(prof[’ gamma t’])
n_valid = valid.sum()
if n_valid > 0:
gt _max = np.nanmax(prof[’ gamma_t’ 1)
sn_max = np.nanmax(np. abs(prof[’ gamma t’ 1) / prof[’ gamma t err’])
print(f” {name}: AL >={n valid}, gamma t max={gt max:.4f}, S/N_max={sn max:.1f}”)
else:
print(f” {name}: ¥ ZFIEL")
print(f"”"”
RORFY T

(1) ISR —EREDAT:
known clusters ') 2 MIZ PSZ2/Miyaoka ¥ 5 24 —®D
R/ EEE (RA, Dec, z, r500) % AL THET.

@) NFW 74y T4V
gamma_t(R) IC NFW A7 74L& 74 v hL.
M 500, c 500 %=3#7E,

@3

REFILHE:
g ¢ = eta.sqrt(a0.G.Sigmad) HSFHIN B
gamma_t(R) %FtE L. NFW/MOND & LBk,

(4

SRA-4RA L >~ X (Stage 2) :

LY XERmA4 0% (SDSS spectroscopic &) &
IOy F L. Signad £ BJD DeltaSigma(R) % fIE,
oy

print("5ET")



hsc_y3_shear_measure.py

i =] 1795 29— (X —U1%) DRy VR T O 771 ILHIE, 9.6GBDY3 A O/ %100 BT F vV I TLIS RS
—RA0E,

ER S/N=14.1,637,014R{FHH, 427, gamma_x 0 (RILTANEHE, RFvIBER),

RYVThEX:

nan

HSC Y3 HERBIMT 'O 7 7 1 ILAIE

AR
(1) hsc_cluster_candidates y3.csv — R Y —=V 7EHI SRS —&F (38@E)
(2) 931720.csv.gz.1 — HSC Y3 ¥ =4 Fh4 0% (35805 Klk)

pi%::: R

M) Y3 vxAThynT%uaF vV IFamdrd
2) &8V 529 —FRMOAELY — R &
(3) HE4KBIMT gamma_t(R) % AIE

(4) 2BRBORY v FV T

(5) NFW 7 1 v b + BEFILLLE

24T7: uv run --with pandas --with numpy --with scipy --with matplotlib python hsc_y3 shear measure.py

ER: 9.668 Z1EDF ¥V RAF v VTR SRY —ERBLET 3,
XEYERBIET ZRY -8 x HHRERICKTE.

nan

import numpy as np

import pandas as pd

from scipy import stats, optimize, integrate
from pathlib import Path

import time

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#
# 0.
#
SHAPE FILE = Path(r"D:¥RKF a2 X ¥ M¥IT Y bOE—¥HBEFHEMBY¥ I N E TOEEF¥/S1 Y ¥931720. csv.gz.17)
CLUSTER FILE = Path(”hsc cluster candidates y3.csv”)

E

&8

b RTINS A —%

EXTRACT RADIUS ARCMIN = 30.0 # fH¥# [arcmin]

R MIN_ARCMIN = 0.5 # 70774 BRINER
R_MAX_ARCMIN = 25.0 t 7O7 71 IVERKERE
N_BINS = 12 I BRE VK

CHUNKSIZE = 1 000 000 ¥ Frrov4 X (1780

t FEHRASX—F
HO = 70.0; Om = 0.3; OL = 0.7; c_light = 2.998e5 # km/s

# z-bin -> KRARBOKIEG (HSC-SSP Y3 1Z#)

# bin 0: z=0.3-0.6, bin 1: z=0.6-0.9, bin 2: z=0.9-1.2, bin 3: z=1,2-1.5
# 772U hsc_y3 zbin DEGHAERET—4 ) Y-/ — NTERR

ZBIN CENTERS = {0: 0.45, 1: 0.75, 2: 1,05, 3: 1.35} f %EfE

#3E: T—HDKET bin=3 ARATWE > WHERRTZI &

t V329 —KAERBORE

#t sgm3 r10 TE—% -> z-bin 3 DIETDBEBE

t YT 14<y FD z-bin 3 (FERAD photo-z EV
# V529 —B&D z 1£ z-bin 3 LY PPEVTEEN
Z CLUSTER ASSUMED = 0.35 f &, EFE,

print(”="x70)

print("HSC Y3 HERBIMT O 7 7 1 JLAIE")
print(”="x70)

#

t1. V329 —ZHOFEHAH

#

print("¥n"+"="x70)
print("[Step 11 ¥ 5 249 —{ZERDFHHAH")
print(”="x70)

if CLUSTER FILE.exists():
df cl = pd.read csv(CLUSTER FILE)
print(f” {E#%: {len(df cl)}”)
else:
print(f” 111 {CLUSTER FILE} ARDHMY FHA")
print(f” hsc cluster screening.py #4ICETLTLEIWN)
74—y o EfI0ERFEEN— KO-
df cl = pd.DataFrame([
{"ra’: 140.450, ’dec’ : -0.251, ’sgm peak’: 6.4, 'n pixels’: 37},
{"ra’: 335.403, 'dec’: -0.947, 'sgm peak’: 5.9, 'n pixels’: 22},
{"ra’: 140.509, ’dec’: -0.349, ’'sgm peak’: 5.8, 'n pixels’: 21},
{"ra’: 140.503, ’dec’ : -0.441, ’sgm peak’: 5.5, 'n pixels’: 17},
{"ra’: 140.337, 'dec’: -0.249, 'sgm peak’: 5.4, 'n pixels’: 23},
{"ra’: 342,433, 'dec’: -0.572, 'sgm peak’: 5.2, 'n pixels’: 26},



{"ra’: 220.153, 'dec’: -1.691, 'sgm peak’: 5.2, 'n pixels’: 33},
{"ra’: 138.943, 'dec’: -0.413, 'sgm peak’: 5.1, 'n pixels’: 26},
{"ra’: 139.109, ’'dec’: -0.444, ’sgm peak’: 5.1, 'n_ pixels’: 27},
{"ra’: 182.638, 'dec’: -0.304, 'sgm peak’: 5.1, 'n pixels’: 30},

D
print(f” Z#4—JL/\v o Ef10ERHE/N—KI2—R")

# GAMAOOH DEEMRMEE Y —Y (CERI10 LURIEA—#EE s A#427)
print(f"¥n SEEBEREOY—T (107 LK) :7)
merge radius deg = 10.0 / 60.0
merged = []
used = set()
for i, row i in df cl.iterrows():
if i in used: continue
group = [i]
for j, row j in df cl.iterrows():
if j <= i or j in used: continue
dra = (row_ i[’ra’] - row_j[’ra’]) * np.cos(np.radians(row i[’dec’]))
ddec = row i['dec’] - row j[’dec’]
dist = np.sqrt(dra**2 + ddec¥x2)
if dist < merge_radius_deg:
group. append(j)
used. add(j)
used. add (i)
t JI—TDEHDEHD
sub = df cl. loc[group]
w = sub[’ sgm peak’ ].values
merged. append ({
ra’: np.average(sub[’ ra’ ].values, weights=w),
dec’ : np.average(sub[’dec’ ].values, weights=w),
"sgm _peak’ : sub[’ sgm peak’ ].max(),
"n_pixels’: sub[’n pixels’].sum(),
"n_merged’ : len(group),

)

1))

df merged = pd.DataFrame(merged).sort values(’ sgm peak’, ascending=False).reset index(drop=True)
print(f” <—<R0: {len(df cl)} &% -> v —U%%: {len(df merged)} JRITHEE")

#
2. FHMEAK
#
def comoving dist(z):

"L EDBREE [(Mpc]”””

f = lambda zz: 1.0 / np.sqrt(Omx(14+zz)*%3 + OL)

d, _ = integrate.quad(f, 0, z)

return ¢ Llight / HO % d

de

-

angular _diameter dist(z):
"7 R [lpo]”””
return comoving dist(z) / (1 + z)

de

-

sigma_cr(z L, z s):

T ERREEE [Msun/pc"2]"”

D | = angular diameter dist(z L)

D s = angular diameter dist(z s)

D Ls comoving = comoving dist(z s) - comoving dist(z L)
D ls = D Ls comoving / (1 + z_s)

if D ls <= 0: return np.inf

# Sigma cr = ¢"2/(4*pi*G) * D s/(D_L*D_Ls)

# in Msun/pc”2: G = 4.301e-3 (km/s)"2 pc/Msun

G pc = 4.301e-3 {f (km/s)"2 pc / Msun

Mpc_to pc = 1eb

sigma = ¢_light*¥2 / (4 % np.pi % G pc) * (D_s * Mpc_to pc) / (D_L * Mpc_to pc * D Ls * Mpc_to pc)
return sigma # [Msun/pc”2]

#
#3. YA THhyOTOF v INE
#
print("¥n"+”="%70)

print("[Step 2] Y3 ¥z A THHOATDF v 7 0E")
print(”="%70)

extract radius deg = EXTRACT RADIUS ARCMIN / 60.0
n_clusters = len(df merged)

t &0 5245 —0HEBER

cl_ra = df_merged[’ ra’ ].values

cl dec = df merged[’ dec’ ].values
cos _dec = np.cos(np.radians(cl dec))

t RUSRAY—DY—REERTZY R+
sources per cluster = [[] for _in range(n clusters)]

print(f” 2524 —#: {n clusters}”)

print(f” 44 : {EXTRACT RADIUS ARCMIN} arcmin = {extract radius deg:.4f} deg”)
print(f” & x4 777 )L: {SHAPE FILE}")

print(f” F+ > 44 X: {CHUNKSIZE:,}")

if not SHAPE FILE.exists():
print(f” 11l 274 )L7Z&L: {SHAPE FILE}”)
print(f” RZEHERBLTLEIV, TEE— KT 7)
# 7E: ZOY—RY R b THEEG



else:
t0 = time. time()
total _rows = 0
total _extracted = 0

for chunk in pd.read csv(SHAPE FILE, chunksize=CHUNKSIZE):
total rows += len(chunk)

 HSLRDOKE HEDH)
if total rows == len(chunk):
cols = Llist(chunk. columns)
# RA, Dec DHEFE
ra col = [c for ¢ in cols if c.lower() in["i ra’, "ra’]]
dec_col = [c for ¢ in cols if c.lower() in [’i _dec’, ’dec’]]
el col = [c for ¢ in cols if "el’” in c. lower() and ’hsmshape’ in c. lower()]
e2 col = [c for ¢ in cols if "e2’ in c. lower() and ’hsmshape’ in c. lower()]

w col = [c for ¢ in cols if c.lower() == "derived weight’ ]
mcol = [c for ¢ in cols if c.lower() == ’shear bias m’']

cl col = [c for ¢ in cols if c.lower() == "shear bias c1’]
c2 col = [c for ¢ in cols if c.lower() == "shear bias c2’']

zbin col = [c for ¢ in cols if "zbin’ in c. lower()]

ra col = ra col[0] if ra col else cols[1]
dec_col = dec col[0] if dec col else cols[2]
el col = el col[0] if el col else cols[3]
e2 col = e2 col[0] if e2 col else cols[4]

w col = w col[0] if w col else cols[7]

m col =m col[0] if m col else None

cl col = ¢l col[0] if c1 col else None

c2 col = c2 col[0] if c2 col else None

zbin col = zbin col[@] if zbin col else None

print(f” #©5L4: RA={ra col}, Dec={dec col}, el={el col}, e2={e2 col}”)
print(f” w={w col}, m={m col}, cl={cl1 col}, c2={c2 col}, zbin={zbin col}”)

src_ra = chunk[ra col].values
src_dec = chunk[dec col].values

#2959 —IIDVWTRABICTYF VY
for ic in range(n clusters):
dra = (src_ra - cl ra[ic]) * cos dec[ic]
ddec = src_dec - cl dec[ic]
dist2 = drax*2 + ddeckx2
mask = dist2 < extract radius_deg¥x2

if mask.sum() > 0:
sub = chunk[mask]. copy()
sub[’ dist deg’] = np.sqrt(dist2[mask])
sub[’ phi’] = np.arctan2(ddec[mask], dra[mask])
sources_per_cluster[ic]. append(sub)
total extracted += mask.sum()

S
if total rows % 5 000 000 == 0:
elapsed = time.time() - t0
pct = total rows / 35 800 000 * 100
print(f” {total rows/1e6:. 1f}MfT ({pct:.0f}%), #H: {total extracted:,}, ”
f'4%38: {elapsed:.0f}#")

elapsed = time. time() - t0
print(f"¥n 527 : {total rows:, }4TALIE, {total extracted:, } K&, {elapsed:.0f}F”)

t EUVSR9—DY—REREE
for ic in range(n clusters):
if sources per cluster[ic]:
sources _per cluster[ic] = pd.concat(sources per cluster[ic], ignore index=True)
else:
sources _per cluster[ic] = pd.DataFrame()

n per cl = [len(s) for s in sources per cluster]
print(f’¥n 5249 —RIV—2#:")
for ic in range(n clusters):
print(f” #{ict1} (RA={cl ra[ic]:.2f}, Dec={cl dec[ic]:.2f}): ”
”{n_per cl[ic]:,} XKk, sgm={df merged. iloc[ic][’ sgm peak’ ]:.1f}”)

#
#4 BRI TO7 7 IVRAIE
#

print("¥n"+"="x70)
print("[Step 3] EARBIMT IO T 7 1 JLEIE")
print(”="x70)

r_bins = np. logspace(np. lLog10(R_MIN ARCMIN), np.log10(R_MAX ARCMIN), N BINS+1)
r_centers = np.sqrt(r_bins[:=1] * r bins[1:])

all profiles = []

for ic in range(n clusters):
df src = sources per cluster[ic]
if len(df src) < 50:
all profiles. append(None)
continue



el = df srcfel coll.values

e2 = df src[e2 col].values

w = df src[w coll.values

phi = df src[’ phi’].values

dist_arcmin = df src[’ dist deg’ ].values * 60.0

# IEE/NA T RFHIE

if c1_col and c1_col in df_src.columns:
el = el - df src[cl coll.values

if c2 col and c2 col in df src.columns:
e2 = e2 - df src[c2 col].values

I REMNAT R
m vals = df src[m col].values if (m _col and m col in df src.columns) else np.zeros(len(df src))

R - TETIMT
gamma_t = -(el * np.cos(2%phi) + e2 * np.sin(2xphi))
gamma_x = +(el * np.sin(2%phi) - e2 * np.cos(2xphi))

gt_prof = np. full(N_BINS, np.nan)
gx_prof = np. full(N BINS, np.nan)
gt_err = np. fulL(N_BINS, np.nan)
n_src = np.zeros(N _BINS, dtype=int)

for ib in range(N_BINS):
mask = (dist _arcmin >= r_bins[ib]) & (dist arcmin < r_bins[ib+1])
n_src[ib] = mask.sum()
if n_srcfib] < 5: continue

w b = w[mask]
w_sum = np. sum(w_b)
m mean = np.average(m vals[mask], weights=w b)

gt prof[ib] = np.sum(w b * gamma_ t[mask]) / w_sum / (1 + m_mean)
gx_prof[ib] = np.sum(w_b * gamma x[mask]) / w sum / (1 + m_mean)

sigma_shape = np.sqrt(np.sum(w b * gamma t[mask]**2) / w _sum - gt prof[ib]**2)
gt err[ib] = sigma shape / np.sqrt(n_src[ib])

I B EADER

D A = angular diameter dist(Z CLUSTER ASSUMED)
arcmin to Mpc = D A % np.pi / (180 * 60)

r_Mpc = r_centers * arcmin_to_Mpc

# S/N
valid = “np. isnan(gt _prof)
sn_total = 0
if valid.sum() > 0 and np.any(gt err[valid] > 0):
sn_total = np.sqrt(np.sum((gt prof[valid] / gt err[valid])*x2))

prof = {
“r_arcmin’: r_centers, 'r Mpc’: r Mpc,
’gamma_t’ : gt prof, ’gamma x’: gx prof,
"gamma_t_err’: gt err, 'n sources’: n src,
“sn_total’: sn_total,

}

all profiles.append(prof)

if sn_total > 1:
print(f” f#{ict1}: S/N={sn total:.1f}, N src={n src.sum():,}, ”
f”gamma_t_max={np. nanmax(gt_prof):.4f}”)

#
5. 29vxvy
#
print("¥n"+"="x70)
print("[Step 4] R& v ¥ F7)
print(”="x70)

t 2RWORY v Y (FEDBEADE)
gt _stack = np.zeros(N_BINS)

gx_stack = np.zeros(N BINS)

gt stack err = np.zeros(N _BINS)
w_stack = np.zeros(N_BINS)

n_stack = np.zeros(N BINS, dtype=int)
n used = 0

for ic, prof in enumerate(all profiles):
if prof is None: continue
valid = “np. isnan(prof[’ gamma t’]) & (prof[’ gamma t err’] > 0)
if valid.sum() == 0: continue

n_used += 1

for ib in range(N BINS):
if not validlib]: continue
ivar = 1.0 / prof[’gamma_t err’ J[ib]%x2
gt stack[ib] += prof[’gamma t’ J[ib] * ivar
gx_stack[ib] += prof[’ gamma x’ J[ib] * ivar
w_stack[ib] += ivar
n_stack[ib] += 1



for ib in range(N BINS):
if wstack[ib] > 0:
gt stack[ib] /= w_stack[ib]
gx_stack[ib] /= w stack[ib]
gt stack err[ib] = 1.0 / np.sqrt(w _stack[ib])
else:
gt stack[ib] = np.nan
gx_stack[ib] = np.nan
gt stack err[ib] = np.nan

D A stack = angular diameter dist(Z CLUSTER ASSUMED)
r Mpc_stack = r_centers * D A stack % np.pi / (180%60)

valid s = “np.isnan(gt_stack) & (gt stack err > 0)
sn_stack = np.sqrt(np.sum((gt stack[valid s]/gt stack err[valid s])*x2)) if valid s.sum()>0 else 0

print(f” R4 vV FERAISRY—#: {n_used}”)
print(f” 24w 4% S/N: {sn_stack:.1f}”)
if valid s.sum() > 0:
print(f” gamma t(stack) FZA{#&: {np.nanmax(gt stack):.5f}”)
print(f” gamma_t(stack) P E Y : {gt stack[valid s][0]:.5f} +/- {gt stack err[valid s][0]:.5f}")

#
#6. NFW 71 v b (FESHR)
i
print("¥n”+"="%70)
print("[Step 5] NFW 7 4w R”)
print(”="x70)

def nfw_shear(r_Mpc, M200, c200, z L):
TUUNFW O T 7 A L OEARBINT (IShR) 777
# r200 from M200
rho cr = 3 % HO%x2 / (8 * np.pi * 4.301e-3) * le-6 # Msun/Mpc”3 &
r200 = (3 % M200 / (4 * np.pi * 200 % rho cr))*x(1/3) # Mpc
rs = r200 / c200
x =rMpc / rs

n S|

# NFW convergence profile (simplified)
kappa = np.zeros_Llike(x)

for i, xi in enumerate(x):
if xi <1:
f=1.0/ (xi*x%2 - 1) % (1 - np. log((14np. sqrt(1-xi**2))/xi) / np.sqrt(1-xi**2))
elif xi > 1:
f=1.0/ (xi*xx2 - 1) % (1 - np.arctan(np.sqrt(xi*x2-1)/1) / np.sqrt(xi**2-1))
else:
f=10/3.0
kappali] = f

# f§5%: gamma t "= kappa * scaling

rho_ s = M200 / (4 * np.pi * rs¥x3 x (np. log(14c200) - c200/(14c200)))
it IERE%R shear & kappa bar - kappa 7£#%, T Z TIXESAR

scaling = 2 % rho s * rs / sigma cr(z L, 0.75) # z s=0.75 {RE
gamma_nfw = kappa * scaling * le-6 f H{[AEE (ERIL)

return gamma_nfw

749 NIBEBRYITFTADHZHBEDH

if sn_stack > 3:
print(f” 2% w4 S/N={sn_stack:.1f} > 3: NFW 7 4 v NE1T")
t BB 74y MNIAK (ERANFNS 27707 74 LORENAKE)
print(f"  (EREZAR NFW 71 v MERORT v TTRE) ")

else:
print(f” Z#w % S/N={sn_stack:.1f} < 3: NFW 7 1 v hIZ{REE”)

#
t7. 7Oy b
i
print("¥n"+"="x70)
print("[Step 6] FOv K”)
print(”="%70)

fig, axes = plt.subplots(2, 2, figsize=(14, 12))

# (@) ROy Fv 770774
ax = axes[0, 0]
valid p = “np. isnan(gt stack)
if valid p.sum() > 0:
ax.errorbar(r_centers[valid p], gt stack[valid pJxle3,
yerr=gt_stack err[valid pJxle3,
fmt="0", color="steelblue’, ms=6, capsize=3, label="$¥¥gamma t$ (stacked)’)
ax.errorbar(r_centers[valid p], gx stack[valid pJxle3,
yerr=gt_stack err[valid pJxle3,
fmt="s’, color="coral’, ms=4, capsize=2, alpha=0.5, label="$¥¥gamma ¥¥times$ (null)’)

ax.axhline(0, color="k’, ls="--", alpha=0.3)

ax.set xscale(’ log’)

ax.set xlabel(’R [arcmin]’)

ax.set_ylabel(’ $¥¥gamma ¥¥times 10733’ )

ax.set title(f Stacked shear (N={n used}, S/N={sn stack:.1f})")
ax. legend(fontsize=9)

# (b) @BV ZREY—D /N
ax = axes[0, 1]



sn vals = [p[’sn total’] if p else 0 for p in all profiles]
x.barh(range(len(sn vals)), sn vals, color="steelblue’, alpha=0.7)
ax.axvline(3, color="red’, ls="--", alpha=0.5, label="S/N=3")
ax.set xlabel(’ Total S/N’)

ax.set_ylabel(’Cluster #')

ax.set title(’ Individual S/N’)

ax. legend(fontsize=8)

1)

# (c) EM3Y SRS —DERNTOT7 71
ax = axes[1, 0]
colors list = ["steelblue’, ’coral’, ’green’, ’purple’, ’orange’]
plotted = 0
for ic, prof in enumerate(all profiles):
if prof is None or prof[’sn total’] < 1: continue
if plotted >= 5: break
valid i = “np. isnan(prof[’ gamma t’])
if valid i.sum() < 3: continue
ax.errorbar(prof[’ r_arcmin’ J[valid i], prof[’gamma t’ J[valid iJ]*le3,
yerr=prof[’ gamma t err’ J[valid i]*1e3,
fmt="0-", ms=4, capsize=2, color=colors Llist[plotted % 5],
label=f" #{ic+1} (S/N={prof[”sn total”]:.1f})’, alpha=0.7)
plotted += 1

ax.axhline(d, color="k’, ls="--", alpha=0.3)
ax.set xscale(’ log’)

ax.set xlabel(’R [arcmin]’)

ax.set_ylabel(’ $¥¥gamma t ¥¥times 10°3%’)
ax.set title(’Top individual profiles’)

ax. legend(fontsize=7)

#(d) V—2¥HHE
ax = axes[1, 1]
if valid p.sum() > 0:
ax.bar(range(N_BINS), n stack, color="steelblue’, alpha=0.7)
ax.set xticks(range(N BINS))
ax.set xticklabels([f' {r:.1f}’ for r in r_centers], rotation=45, fontsize=7)
ax.set xlabel(’R [arcmin]’)
ax.set_ylabel(’N clusters contributing’)
ax.set title(’Bin participation’)

>

> X

3

plt.tight layout()
plt.savefig(’ hsc_y3 shear profiles.png’, dpi=150, bbox inches="tight’)
print(” -> hsc_y3 shear profiles.png”)

#
# 8. WHRORE
#
print("¥n"+”="%x70)
print("[Step 7] ERDKRE")
print(”="x70)

tREYFYITHER
result = pd.DataFrame({
"r_arcmin’ : r_centers,
"r Mpc’: r_Mpc stack,
"gamma_t’: gt stack,
"gamma_x’ : gx_stack,
’gamma_t err’: gt stack err,
"n_clusters’: n_stack,
3
result. to csv(’ hsc_y3 stacked shear.csv’, index=False)
print(f” -> hsc_y3 stacked shear.csv”)

tENTOTFALDYTY —
summary = []
for ic in range(n clusters):
prof = all profiles[ic]
row = df merged. iloc[ic].to dict()
row[’sn_total’] = prof[’sn total’] if prof else 0
row[’ n_sources’] = n per cl[ic]
summary. append (row)
pd. DataFrame(summary). to csv(’ hsc_y3 cluster shear summary.csv’, index=False)
print(f” -> hsc_y3 cluster shear summary.csv”)

i
o HvlU—
#
print("¥n"+"="%70)
print("[¥< Y —1")
print(”="%70)

i

print(f
BREM 707 7 1 VAERER:
7524 —EmE: {n_clusters} (v—T1%)
B S29—8: {n_used} (R4 v 7ICfER)
2% w4 S/N: {sn stack:.1f}
{RE z cluster: {Z CLUSTER ASSUMED}

)
if sn_stack > 5:

print(f”  §/N > 5: WL Y XY FFILMH, NFW 7 4w b + EEFILLEEDTEE, )
print(f” RODRFy 7"



print(f” (1) EWHARNW S z7 70774 ILDEE")
print(f” (2) g ¢ = eta.sqrt(a0.G.Signad) IZ&BBEEFILFA")
print(f” (3) NFW vs FEEFILD chi2 HE”)
elif sn_stack > 3:
print(f”  S§/N > 3: BRAY I FI, BMEHELIRNT—9 THRETE. ")
elif sn_stack > 0:
print(f”  S/N<3: ¥ TFIVEBV. LYSDEHDORY Y I HFBE, )
print(f”  ER: SBA-SRAL VX (Stage 2) ICHIYEZR, ")
else:
print(f” Y IFLRL, T—HORBHBE. )

print("¥n527T")



fETE NFW/MOND/BEE T IV ® chi2/AIC b, MOND B3lfi% NFW R TR —IL S 2% E R,

ane_compare.py

ER [#[E] MOND>>NFW(dAIC=-32) & NFW R4 — )V T EBDT—FT 1779 b Abel T TES (3

#3).

29T hEX:

NFW 71w b + BREFILEE

AA: hsc y3 stacked shear.csv (R4 v ZH#ig8r 707 7 1 JL)

puk:H
(1) NFW FO774)LD7 4 v k (M 200, c 200)
(2) MOND (g c=a0) IC& T3HTFiRl

(3) EETIL (g _c=etaksqrt(a@xGxSigmad)) IC & 2 BIMTF8

(4) BETIVD chi2 L&
(5) 9 c DEEHE

24T: uv run —-with pandas --with numpy --with scipy ——with matplotlib python hsc _nfw membrane compare.py

nan

import numpy as np

import pandas as pd

from scipy import optimize, integrate
from pathlib import Path

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#

#0. EHEFERA

#
HO = 70.0; Om = 0.3; OL = 0.7; c_Llight = 2.998e5
G N =4.301e-3 # (km/s)"2 pc / Msun

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

ab pc = ad / 3.086e-17 f pc/s”2 ... FE, HEEE Mpc TTHD

i B%: PREE Mpc, BE Msun, EE km/s

# G = 4.301e-3 (km/s)"2 pc/Msun = 4.301e-9 (km/s)"2 Mpc/Msun

G Mpc = 4.301e-9 # (km/s)"2 Mpc / Msun

ZL1=0.3 #LYXFKHAwEE (BE)
28=0.75 # VY—RKHEREE (z-bin HEE)

print(”="%70)
print("NFW 7 4 v b + BEFILEE")
print(”="x70)

print(f” z lens = {Z L}, z source = {Z S}”)

#
B 1. FHRBEK
#

def E(z): return np.sqrt(Omx(1+z)**3 + OL)
def comoving(z):

d, = integrate.quad(lambda zz: ¢ light/(HO%E(zz)), 0, z)

return d
def D A(z): return comoving(z) / (1+z)
def D A2(z1, z2):
return (comoving(z2) - comoving(z1)) / (1+z2)

de

—h

rho cr(z):
mrpe e [hsun/Mpc~317""
return 3x(HO%E(z))*x2 / (8%np.pi*G Mpc)

de

-

Sigma cr(z_l, z s):

T ERRE B [Msun/Mpc~2]77”
DL =DA(z L)

Ds = D A(z_s)

Dls = D A2(z_L, zs)

if Dls <= 0: return np. inf

return c_Llight¥x2 / (4%np.pi*G Mpc) * Ds / (DL * Dls)

S cr = Sigma cr(Z L, Z.S)

D L =DA(ZL)

print(f” D A(z_ L) = {D _L:.1f} Mpc”)

print(f” Sigma cr = {S cr:.3e} Msun/Mpc~2")
print(f” Sigma cr = {S cr * 1e-12:.1f} Msun/pc~2”)

#

#2. NFW 707 74JL (Wright & Brainerd 2000)
#

def nfw_params(M200, c200, z l):
PINEW RS X — 5 DEHE""”
rc = rho cr(z L)

r200 = (3%M200 / (4%np.pi*200xrc))*x(1./3.) # Mpc

rs = r200 / c200

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

rho s = delta ¢ * rc # Msun/Mpc™3
return rs, rho_s, r200




def nfw sigma(R, rs, rho s):
"PPNFW EZEEE Sigma(R) [Msun/Mpc~2]”"”
x=R/rs
result = np.zeros like(x, dtype=float)
for i, xi in enumerate(x):
if xi < le-6:
result[i] =0
elif abs(xi - 1) < le-6:
result[i] =2 % rs % rho s / 3.0
elif xi < 1:
sq = np.sqrt(1 - xi¥x2)
result[i] = 2krsxrho s / (xi**2-1) * (1 - np. log((1+sq)/xi)/sq)
else:
sq = np.sqrt(xi*x2 - 1)
result[i] = 2krsxrho s / (xi**2-1) * (1 - np.arctan(sq)/sq)
return result

de

Pt

nfw_sigma mean(R, rs, rho s):
PUUNFW SEEZEE Sigma mean(<R) [Msun/Mpc~2]”"”
x=R/rs
result = np.zeros like(x, dtype=float)
for i, xi in enumerate(x):
if xi < le-6:
result[i] =0
elif abs(xi - 1) < le-6:
result[i] = 4%rsxrho_s * (1 + np. log(0.5))
elif xi < 1:
sq = np.sqrt(1 - xi*x2)
g = np. log(xi/2) + np. log((1+sq)/xi) / sq
result[i] = 4%rs*rho s % g / xi%*2
else:
sq = np.sqrt(xi*x2 - 1)
g = np. log(xi/2) + np.arctan(sq) / sq
result[i] = 4%rsxrho s * g / xi*¥2
return result

def nfw delta sigma(R, M200, c200, z L):
""”NFW ¢ DeltaSigma = Sigma mean(<R) - Sigma(R)”””
rs, rho_s, r200 = nfw_params(M200, c200, z L)
sig = nfw_sigma(R, rs, rho_ s)
sig mean = nfw_sigma mean(R, rs, rho_s)
return sig _mean - sig

def nfw_gamma t(R arcmin, M200, c200, z L, z s):
"TUNFW DEEIRBIBT gamma t”””
DL =D A(z L)
R Mpc = R arcmin * np.pi / (180%60) * DL
ds = nfw_delta sigma(R Mpc, M200, c200, z L)
Scr = Sigma cr(z L, z s)
return ds / Scr

i
# 3. F—YFmHRAH

++

print("¥n"+"="x70)
print("[Step 1] F—4FHHAHAH")
print(”="x70)

data file = Path(”hsc_y3 stacked shear.csv”)
if data file.exists():
df = pd.read csv(data file)
print(f” 774 JL: {data file} ({len(df)} E)”)
else:
print(f” 1l {data file} &L, N—RI—K{EE@FER, ")
df = pd.DataFrame({
“r_arcmin’: [0.59, 0.82, 1.14, 1,59, 2.22, 3.09, 4.30, 5.99, 8.34, 11.61, 16.17, 22.51],
"gamma_t’ : [0.038, 0.053, 0.032, 0.023, 0.018, 0.015, 0.012, 0.010, 0.008, 0.007, 0.006, 0.006],
"gamma_t_err’: [0.025, 0.019, 0.010, 0.006, 0.004, 0.003, 0.002, 0.002, 0.001, 0.001, 0.001, 0.001],
’gamma_x’ : [0.005, -0.003, 0.002, -0.001, 0.001, 0.000, -0.001, 0.001, 0.000, 0.000, 0.000, 0.000],
3

r data = df[’r_arcmin’ ].values

gt data = df[’gamma t’ ].values

gt err = df[’gamma_t err’ ].values

gx_data = df[’gamma_x’ ].values if "gamma x’ in df.columns else np.zeros like(gt data)

valid = np.isfinite(gt data) & np.isfinite(gt err) & (gt err > 0)
r fit = r_data[valid]

gt fit = gt datalvalid]

err fit = gt err[valid]

print(f” AHEVH: {valid.sum()}”)
print(f” gamma t #FH: [{gt fit.min():.4f}, {gt fit.max():.4f}]1")

#
4. NFW 714wk
#
print("¥n"+"="x70)
print("[Step 2] NFW 7 4 v K”)
print(”="x70)

def chi2 nfw(params):



log_M200, log c200 = params

M200 = 10%xlog M200

c200 = 10xxlog c200

if c200 < 1 or c200 > 20 or M200 < 1e12 or M200 > 1el6:
return 1e20

try:
gt model = nfw gamma t(r fit, M200, c200, Z L, Z S)
return np.sum(((gt fit - gt model) / err fit)*¥2)

except:
return 1e20

Iy FY—F + &#lk
best chi2 = np. inf
best _params = (14.0, 0.5)

for lm in np. linspace(13.0, 15.5, 20):
for lc in np. linspace(0.0, 1.2, 15):
c2 = chi2 nfw((lm, Llc))
if c2 < best chi2:
best chi2 = c2
best params = (lm, Llc)

it @
try:
res = optimize.minimize(chi2 nfw, best params, method="Nelder-Mead’,
options={’xatol’: 0.001, ’fatol’: 0.01})
if res.fun < best_chi2:
best params = res.x
best chi2 = res. fun
except:
pass

M200 fit = 10%xbest params[0]
c200 fit = 10%xbest params[1]
dof nfw = len(r fit) - 2
chi2_nfw_val = best_chi2

rs fit, rho s fit, r200 fit = nfw _params(M200 fit, c200 fit, Z L)

print(f” M 200 = {M200 fit:.2e} Msun”)

print(f” ¢ 200 = {c200 fit:.2f}")

print(f” r 200 = {r200 fit:.2f} Mpc”)

print(f” r s = {rs fit:.3f} Mpc”)

print(f” chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:.2f}")

gt nfw = nfw gamma t(r fit, M200 fit, c200 fit, Z L, Z S)

#
# 5. MOND EFJL (g c = a0)
#t
print("¥n”+”="x70)

print(”[Step 3] MOND / FEEFILF8")
print(”="%70)

# 5 MOND BIMFEFIL:

# g obs = (1/2)(g N + sqrt(g N°2 + 4%g c*g N))
# 9N = GxM_bar(<R) / R"2  (BRFRIEL)

# gamma t = DeltaSigma eff / Sigma cr

BENFW 24w hDSNY A VEBEHTE (FE/NY A VHEE)

f bar = 0.17 # Omega b / Omega m

M _bar 200 = f bar * M200 fit

print(f” NYFA U BEEHE: Mbar = {f bar} x M 200 = {M _bar 200:.2e} Msun”)

#NUFVERTOT 7ML (NP BREZRE, RIEE f bar )
def baryon mass_enclosed(R Mpc, M bar, ¢200, z L):
TN F v EROBRAER (NFWRIRERE) 7
rc = rho cr(z L)
r200 = (M_bar / f_bar / (4./3.%np.pi*200%rc))**(1./3.)
rs = r200 / c200
x =R Mpc / rs
# NFW enclosed mass: M(<r) = 4xpixrho _s¥rs”3 % [In(1+x) - x/(1+x)]
delta ¢ = 200./3. * c200%%3 / (np. log(1+c200) - c200/(1+c200))
rho_s = delta ¢ * rc
M_enclosed = 4 % np.pi * rho_s * rs¥x3 % (np. log(14x) - x/(1+x))
return M _enclosed * f bar

de

-

mond_gamma_t(R arcmin, M _bar, ¢200, z |, z s, g c value):
»OND/ B 5L (D AR B H

DL =D A(z L)

Scr = Sigma cr(z_l, z s)

R Mpc = R arcmin * np.pi / (180%60) * DL

t B¥RETD g N

M enc = baryon mass_enclosed(R Mpc, M bar, ¢c200, z L)
R.m = R Mpc * 3.086e22 # Mpc -> m

M kg = M_enc * 1.989e30 # Msun -> kg

G SI = 6.674e-11

g N=0GSI*Mkg /R mx2 # m/s"2

# MOND #5R8
g obs = 0.5 * (g N + np.sqrt(g N¥x2 + 4xg c valuexg N))



#f g obs hoEMEEEHE

M eff = g obs * R m¥x2 / G SI / 1.989e30 {# Msun

# DeltaSigma DETE (ZEEL)

#f Sigma_eff(R) = M eff / (pi * R"2) OEEEIR

# f§5: ganma_t ~ (M_eff - M_enc) / (pi * R Mpc™2) / Sigma cr
# ZHIREBl, EREICIEM eff (KR) DIRFHBE,

# & YIEHE: DeltaSigma = Sigma mean(<R) - Sigma(R) % g obs HSEE

# ZZTIRESMRE LT, NFW OF%E M eff/MNFW TR —)L

gt nfw _here = nfw_gamma t(R arcmin, M200 fit, c200 fit, z L, z s)
scaling = M_eff / (baryon mass enclosed(R Mpc, M bar, c200, z L) / f bar)
t ARERBEDI VYT

scaling = np.clip(scaling, 0.01, 100)

return gt nfw _here * scaling

# MOND (g c = a0)

gt mond = mond gamma t(r fit, M bar 200, c200 fit, Z L, Z S, a0)
chi2 mond = np.sum(((gt fit - gt mond) / err fit)#*2)

dof mond = len(r _fit) - 1 # M bar OHEHMA

tgcZERNFIA—FELTTAY b
def chi2 gc(log gc):
gc val = 10%*log gc
try:
gt m = mond gamma t(r fit, M _bar 200, c200 fit, Z L, Z S, gc val)
return np.sum(((gt fit - gt m) / err fit)xx2)
except:
return 1e20

fogcoJ)y Fy—F

gc_grid = np. logspace(-12, -8, 100)

chi2 gc grid = np.array([chi2 gc(np. log10(gc)) for gc in gc grid])
best gc_idx = np.argmin(chi2 gc grid)

gc_best = gc_grid[best gc_idx]

chi2 gc best = chi2 gc grid[best gc idx]

t BEL
try:
res_gc = optimize.minimize scalar(chi2 gc, bounds=(np. log10(gc best)-1, np. log10(gc_best)+1),
method="bounded’ )
if res gc.fun < chi2 gc best:
gc_best = 10%*res_gc. x
chi2_gc_best = res_gc. fun
except:
pass

gt membrane = mond gamma t(r fit, M bar 200, c200 fit, Z L, Z S, gc best)
dof gc = len(r fit) -2 # Mbar + gc

print(f"¥n MOND (g ¢ = a0 = {a0:.1e} m/s"2):")

print(f” chi2/dof = {chi2 mond:.1f}/{dof _mond} = {chi2 mond/dof mond:.2f}”)
print(f"¥n FEEFI (g c free):”)

print(f” g ¢ best = {gc best:.2e} m/s"2 = {gc best/a0:.3f} a0”)

print(f” chi2/dof = {chi2 gc best:.1f}/{dof gc} = {chi2 gc best/dof gc:.2f}")

i
# 6. EFINELE
#
print("¥n"+"="%70)
print("[Step 4] EFILILEL”)
print(”="x70)

n_data = len(r fit)

aic_nfw = chi2_nfw_val + 2%2
aic_mond = chi2 mond + 2%1
aic_membrane = chi2_gc_best + 2%2

print(f” {" EFI :<35} {"chi2’ :>8} {'dof’ :>5} {'chi2/dof :>9} {'AIC’ :>8} {’dAIC’ :>8}”)

print(f” { -'%78}")

print(f” {"NFW (M200, c200)’ :<35} {chi2 nfw val:>8.1f} {dof nfw:>5} {chi2 nfw val/dof nfw:>9.2f} {aic nfw:>8.1f} {aic nfw-aic_nfw:>+8.1f}")

print(f” {'MOND (g c=a@, M bar free)’ :<35} {chi2 mond:>8.1f} {dof mond:>5} {chi2 mond/dof mond:>9.2f} {aic mond:>8.1f} {aic mond-aic nfw:>+8.1f}")

print(f” {"BEEFIL (g9 c free, M bar free)’ :<35} {chi2 gc best:»8.1f} {dof gc:>5} {chi2 gc best/dof gc:>9.2f} {aic membrane:>8.1f} {aic_membrane-aic_nfw:>+8.1f}")

t 9 c OHRMFER & DB

# V529 —d Signad HEE (NFW 7 1 v bH5)

# Sigma@ ~ M_bar / (pi * rs"2)

Sigmad cluster = M bar 200 / (np.pi * (rs fit * 1e6)*x2) # Msun/pc”2
G SI = 6.674e-11; Msun = 1.989e30; pc_m = 3.086e16

G Sigma@ cluster = G_SI * Sigmad cluster * Msun / pc_m*x2 # m/s"2

gc_geomean = np.sqrt(ad * G Sigmal cluster)

print(f"¥n 2524 —® Sigmad #E: {Sigmad cluster:.1f} Msun/pc~2")

print(f” G.Sigmad = {G Sigma@ cluster:.2e} m/s"2")

print(f” HMAFEHFR: g c = sqrt(ad . G.Sigmad) = {gc_geomean:.2e} m/s"2 = {gc_geomean/al:.2f} ad”)
print(f” 74 v ME: g c = {gc best:.2e} m/s"2 = {gc_best/a0:.3f} a0”)

print(f” t: g c(fit) / g c(geomean) = {gc best/gc geomean:,3f}”)

#
#7. 9 c DIEREKME
#




print("¥n"+"="%70)
print("[Step 5] g ¢ DISFEXR")
print(”="x70)

# Delta chi2 = 1 T 68% CI, = 4 T 95% CI

gc_scan = np. logspace(np. Log10(gc_best)-2, np. log10(gc_best)+2, 500)
chi2 scan = np.array([chi2 gc(np. log10(g)) for g in gc scan])

dchi2 = chi2 scan - chi2 gc best

# 68% CI
mask 68 = dchi2 < 1.0
if mask _68.sum() > 0:
gc_lo 68 = gc_scan[mask 68].min()
gc_hi_68 = gc_scan[mask 68]. max()
print(f” 68% CI: [{gc_lo 68:.2e}, {gc_hi 68:.2e}] m/s"2")
print(f” [{gc_lo 68/a0:.3f}, {gc hi 68/a0:.3f}] a0”)

# 95% CI
mask 95 = dchi2 < 4.0
if mask 95.sum() > 0:
gc_lo 95 = gc_scan[mask 95].min()
gc_hi 95 = gc_scan[mask 95]. max()
print(f” 95% CI: [{gc lo 95:.2e}, {gc_hi 95:.2¢}] m/s"2")
print(f” [{gc_lo 95/a0:.3f}, {gc_hi 95/a0:.3f}] a0”)

# a0 ACLICAZ D

a0 in 68 = gc_lo 68 <= a0 <= gc_hi 68 if mask 68.sum() > 0 else False
a0 in 95 = gc_lo 95 <= a0 <= gc hi 95 if mask 95.sum() > 0 else False
print(f’¥n a0 = {a0:.le} m/s"2 (&:")

print(f” 68% CI W: {"YES’ if a0 in 68 else 'NO’}”)

print(f” 95% CI ;: {"YES’ if a0 in 95 else 'NO'}”)

#
#8 ZFOvh
i
print("¥n”"+"="x70)
print("[Step 6] 7@ w ")
print(”="%70)

fig, axes = plt.subplots(2, 2, figsize=(14, 12))

#(a) EEITO7 71 + EFILHE
ax = axes[0, 0]
ax.errorbar(r fit, gt fit*le3, yerr=err fitxle3,
fmt="0", color="black’, ms=6, capsize=3, label="HSC Y3 stacked’, zorder=5)
.plot(r fit, gt nfwxle3, "r-’, (w=2,
Llabe l=f" NFW (M={M200 fit:.1e}, c={c200 fit:.1f})")
.plot(r_fit, gt mond*le3, "b--", Lw=2,
Llabel=f"MOND ($g c$=$a 0$)")
.plot(r fit, gt membranexle3, ’g-.”, lw=2,
label=f"Membrane ($g_c$={gc_best/a0:.2f}$a 0%)")
.set xscale(’ log’)
.set_xlabel(’R [arcmin]’)
.set_ylabel(’ $¥¥gamma_t ¥¥times 10°3%’)
.set_title(’ Shear profile: NFW vs MOND vs Membrane’)
. legend(fontsize=8)

a

>

a

>
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t(b) =

ax = axes[0, 1]

ax.errorbar(r_fit, (gt fit-gt nfw)/err fit, fmt="o’, color="red’, ms=5, label="NFW )
ax.errorbar(r fitx1.05, (gt fit-gt mond)/err fit, fmt="s’, color="blue’, ms=5, label="MOND’)
ax.errorbar(r_fit*1.1, (gt fit-gt membrane)/err fit, fmt=""", color="green’, ms=5, label="Membrane’)
ax.axhline(0, color="k’, ls="--", alpha=0.3)

ax,axhline(2, color="gray’, ls=":", alpha=0.3)

ax.axhline(-2, color="gray’, ls=":’", alpha=0.3)

ax.set xscale(’ log’)

ax.set xlabel(’R [arcmin]’)

ax.set_ylabel(’Residual / $¥¥sigma$’ )

ax.set title(’Residuals’)

ax. legend(fontsize=8)

# (c) g c ®chiz 7OT774I
ax = axes[1, 0]

ax.plot(gc_scan/a@, dchi2, 'b-", lw=2)
ax.axhline(1, color="orange’, ls="--", alpha=0.5, label="68% CL’)
ax.axhline(4, color="red’, ls="--", alpha=0.5, label="95% CL’)
ax.axvline(1.0, color="gray’, ls=":", alpha=0.5, label="$g c=a 0% (MOND)’)
ax.axvline(gc best/ad, color="green’, ls="-", alpha=0.7, label=f best={gc best/a0:.2f}$a 0% )
if gc_geomean > 0:

ax.axvline(gc_geomean/ad, color="purple’, ls="--’, alpha=0.5,

labe l=f’ geomean={gc_geomean/a0:.2f}$a 0%’ )

ax.set xlabel(’$g c / a 0%")
ax.set_ylabel(’ $¥¥Delta¥¥chi 2%’ )
ax.set title(’$g c$ constraint’)
ax.set xscale(’ log’)
ax.set_ylim(0, min(20, dchi2.max()))
ax. legend(fontsize=7)

#(d) EFILLEYY—

ax = axes[1, 1]

models = ["NFW, ’'MOND¥n($g c=a 0%)’, 'Membrane¥n($g c$ free)’]

chi2 vals = [chi2 nfw val/dof nfw, chi2 mond/dof mond, chi2 gc best/dof gc]



colors = ["red’, "blue’, ’green’]
bars = ax.bar(models, chi2 vals, color=colors, alpha=0.7, edgecolor="black’)
ax.axhline(1, color="k’, ls="--", alpha=0.3)
ax.set_ylabel(’ $¥¥chi~2$/dof’)
ax.set title(’Model comparison’)
for bar, val in zip(bars, chi2 vals):

ax. text(bar.get x()+bar.get width()/2, bar.get height()+0. 02,

£ {val:.2f}’, ha="center’, fontsize=10)

plt.tight layout()
plt.savefig(’ hsc_nfw _membrane comparison.png’, dpi=150, bbox inches="tight’)
print(” -> hsc_nfw_membrane comparison.png”)

i
o HvlU—
i
print("¥n”+”="%x70)

print("[¥< Y —1")

print(”="%70)
print (F77
HSC Y3 24 v VHEIREIMI 7O T 7 1 JL:
S/N = 14.1

z lens = {Z L} (EE), z source = {Z S}

NFW Z 1w b
M_200 = {M200 fit:.2e} Msun
c 200 = {c200 fit:.2f}
chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:,2f}

MOND (g c = a0):
chi2/dof = {chi2 mond:,1f}/{dof mond} = {chi2 mond/dof mond:.2f}
dAIC vs NFW = {aic_mond-aic_nfw:+, 1f}

BETI (g c free):
g ¢ = {gc _best:.2e} m/s"2 = {gc_best/a0:.3f} a0
chi2/dof = {chi2 gc best:.1f}/{dof gc} = {chi2 gc best/dof gc:.2f}
dAIC vs NFW = {aic_membrane-aic_nfw:+. 1f}

BAAEIER & DHE:
g c(geomean) = sqrt(ad . G.Sigma@) = {gc geomean:.2e} m/s"2 = {gc_geomean/al:.2f} a0
g c(fit) / g c(geomean) = {gc_best/gc _geomean:.3f}

=8:77)

if chi2 gc best/dof gc < chi2 nfw val/dof nfw:

print(f”  EETFLH NW SUBLT 1 v hERE, )
elif abs(chi2 gc best/dof gc - chi2 nfw val/dof nfw) < 0.1:

print(f”  EEFILE NFW EAZD7 1y FRE, ")
else:

print(f”  NFW HEREFILEYRVT 1 v MERHE, )

if not a0 _in 95:
print(f” g c = ad (MOND) (& 95% CI TZE#, ”)
elif not a0 _in 68:
print(f” g c = ad (MOND) (& 68% CI TEHINZH 954 CI TIEEHMTIARL, ")
else:
print(f” g = a0 (MOND) (FFEHTEAL, )
print(f”””
ERFIE:
x z lens = {Z L} ($EEMB. ERBKRARBEIHT —9DBBE,
* NYAVEBIENFNT 1 v kD f bar = {f bar} HNOHEE (ERMETEAL)
* fi% MOND BIMFETIL%MMA (ERAKRMAEIIRARR) .
* FEROBERMEE z lens, f bar DIREICKET 5,
)

print("527”")



c_download_photoz.py

fRIT B HSC-SSP PDR3 h40% APl 5, V5 R9—{&HEREILD photo-z &LV XA HY DT %= —1ES5 o> O—NR,

R 595249 —0 photo-z B118.z=0.37-0.79. photo-z I 2 FlE L Y RBRITB A (dz=-0.27-0.5) .

29T hEX:

HSC-SSP PDR3 F—#4 4> O— K (A—HILETFTH)

Claude Code (VS Code - O—HJL) TRIFLTLEIL,
AVFFRETIERRY N7 —JHIROZHRTR,

HE: HSC-SSP A—H—THV ¥ b (BEFHFIIR)
5247: python hsc_download photoz.py --user YOUR USERNAME —-password YOUR PASSWORD

£ https://hsc-release.mtk.nao. ac. jp/doc/

import argparse

import json

import time

import sys

import os

from pathlib import Path

from urllib.parse import urlencode
from getpass import getpass

# requests AARFhiEAS ¥ R h—ILIETR
try:
import requests
except ImportError:
print("requests HNUHETT:")
print(” pip install requests”)
print(” F7=i&: uv run --—with requests python hsc download photoz.py”)

sys.exit(1)
i
#0. H/E
#

HSC API URL = "https://hsc-release.mtk. nao. ac. jp/datasearch/api/catalog jobs/”
OUTPUT DIR = Path(r"D:¥R¥a XY NI Y NAOE—¥BEFHR¥I N FE TORI¥/ 1V V")

b VSR —REERZE (V) —=V JHERO LA

CLUSTERS = [
{"name”: "cl1”, "ra”: 140.45, "dec”: -0.25, ”label”: "GAMAQ9H #1 (sgm=6.4)"},
{"name”: "cl2”, "ra”: 142.21, "dec”: -0.12, "label”: "GAMAQ9H #2 (S/N=8.0)"},
{"name”: "cl3”, "ra”: 140.30, "dec”: -0.35, ”"label”: "GAMAQ9H #3 (S/N=7.2)"},
{"name”: "cl4”, "ra”: 182.68, "dec”: -0.28, ”label”: "WIDE12H (S/N=6.8)"},
{"name”: "cl5”, "ra”: 216.75, "dec”: -0.20, ”label”: "GAMA15H (S/N=6.4)"},
{"name”: "cl6”, "ra”: 335.40, "dec”: -0.95, "label”: "VVDS (sgm=5.9)"},
{"name”: "cl7”, "ra”: 342.43, "dec”: -0.57, ”label”: "VVDS #2 (sgm=5.2)"},
{"name”: ”"cl8”, “ra”: 139.00, "dec”: -0.41, ”"label”: "GAMAQ9H #4 (S/N=6.2)"},

]

t
# 1. HSC-SSP API /5 R
t
®

lass HSC_SSP_API:
def init_(self, user, password):
self.session = requests.Session()
self.user = user
self.password = password
self.api_url = HSC_API URL

de

—h

auth(self):
PIBaSiCEREED Ay F— K ET
return (self.user, self.password)

de

-

submit query(self, sql, release version="pdr3”):
7TSOLY 3 TR
payload = {

7sql”: sql,

"out_format”: “csv”,

"include metainfo”: "no”,

"release version”: release version,

}
print(f” JTYHRAR...”)
try:
r = self.session. post(
self.api_url,
data=pay load,
auth=self. auth(),
timeout=60
)
except requests.exceptions.ConnectionError as e:
print(f” N EFTS—: {e}”)

return None



if r.status code == 401:
print(f” NI BEFT5—, 1—H—R/RXRT7T—-RFERBLTILIW, )
return None

if r.status code != 200:
print(f” 11l HTTPZS—: {r.status code}”)
print(f” {r. text[:5001}")
return None

try:
result = r.json()
except:
print(f” 11 JSON/S—2RT5—")

print(f” {r.text[:5001}")
return None

job_id = result.get(”id”)
if job id:
print(f” <3 7ID: {job id}”)

return job_id

de

-

wait _for job(self, job id, max wait=300, interval=5):
L T T A

url = f"{self.api url}{job id}/”

elapsed = 0

while elapsed < max wait:
r = self.session.get(url, auth=self. auth())
if r.status_code != 200:
print(f” 1l 25— AHBITS5—: {r.status_code}”)
return None

status = r. json()
state = status.get(”status”, “unknown”)

if state == "done”:
print(f” 527 ({elapsed}#)”)
return status
elif state == "error”:
print(f” 11l =5 —: {status.get(’error’, "unknown’)}”)
return None

time.sleep(interval)
elapsed += interval
if elapsed % 30 == 0:
print(f” ... ({elapsed}®)”)

print(f” Wl #4677k ({max wait}#)”)
return None

de

-

download result(self, job id, output path):
T N
url = f"{self.api url}{job id}/result/”

print(f” Fyvo—Re...")
r = self.session.get(url, auth=self. auth(), stream=True)

if r.status code != 200:
print(f” 11l 9 >0—RKRI5—: {r.status code}”)
return False

with open(output path, "wb’) as f:
for chunk in r.iter content(chunk size=8192):
f.write(chunk)

size mb = os.path.getsize(output path) / (1024%1024)
print(f” 1277 {output path} ({size mb:.1f} MB)”)
return True

def query and download(self, sql, output path, release="pdr3”):
T T)BAER-Y Y v O— RO—1ERE"
job id = self.submit query(sql, release)
if job_id is None:
return False

status = self.wait for_job(job id)
if status is None:
return False

return self.download result(job id, output path)

#
t2. vTVES
#
def photoz query(ra, dec, radius arcsec=300):
"G S5 29 —RBD photo-z 4T
return 7”7
SELECT
object id,
ra, dec,




photoz_best,

photoz_err68 min, photoz err68 max,

i_cmodel_mag,

i_extendedness_value
FROM

pdr3_wide. forced

LEFT JOIN pdr3 wide.photoz mizuki USING (object id)
WHERE

cone_search(coord, {ra}, {dec}, {radius arcsec})

AND i cmodel mag < 24.5

AND photoz_best IS NOT NULL

AND photoz_best BETWEEN 0.01 AND 2.0

AND i extendedness value = 1

def lens galaxy query():
LYy ZREAS AT Y BRAE-RAEL > XA) 7
return ”””
SELECT
object_id,
ra, dec,
photoz best,
photoz_err68 min, photoz err68 max,
i_cmodel_mag,
r_cmodel mag,
g_cmodel_mag,
i_extendedness_value,
i_sdss_shape shapell,
i_sdss_shape shape22
FROM
pdr3 wide. forced
LEFT JOIN pdr3 wide.photoz mizuki USING (object id)
WHERE
dec BETWEEN -5.9 AND 0.0
AND i cmodel mag < 21.5
AND i_extendedness value = 1
AND photoz _best BETWEEN 0.05 AND 0.45
AND photoz_best IS NOT NULL

LIMIT 100000

#
#3. Xq v
#
def main():

parser = argparse.ArgumentParser (description="HSC-SSP ¥—#& 49> O— R”)

parser.add argument(”--user”, ”"-u”, help="HSC-SSP 1 —H'—%&")

parser.add argument ("--password”, ”-p”, help="HSC-SSP /{27 — K”)

parser.add argument(”--skip-clusters”, action="store true”, help="% 5 X4 —photo-z%& X ¥ v 7”)

parser.add argument(”--skip-lens”, action="store true”, help="L v XA¥0OT%52R*v F”)

args = parser.parse_args()

print(”="%70)
print(”HSC-SSP PDR3 F—4 &> O—R")
print(”="x70)

it ERELIBEIR
user = args.user or input(”"HSC-SSP 1 —H#'—%: ”)
password = args. password or getpass(”HSC-SSP /XX 7 — R: )

api = HSC_SSP_API(user, password)

AT LY MY FEER
OUTPUT DIR.mkdir(parents=True, exist ok=True)
print(f” HA%: {OUTPUT DIR}”)

t --- V324 —R&50 photo-z ——-

if not args.skip clusters:
print(f"¥n{’ =" %70}")
print(f’[Phase 11 ¥ 524 —Z#AELD photo-z ¥y O—R”")
print(7{ =" %70}")

for cl in CLUSTERS:
name = cL[’ name’ ]
ra=cll’ra’]
dec = cl['dec’]
label = cl[’ label’ ]
outpath = OUTPUT DIR / f”hsc_photoz_{name}.csv”

print(f"¥n --- {label} (RA={ra}, Dec={dec}) ---")
if outpath.exists():
print(f” BEICfF7E: {outpath} -> ZF¥ v ")

continue

sql = photoz query(ra, dec)
success = api.query and download(sql, outpath)

if not success:

print(f” KRB, RDVSZAG—~, ")



time.sleep(2) # API BfTERIR
t-—- LYXRmhsOy -
if not args.skip lens:
print(f"¥n{’ =" %70}")
print(f"[Phase 2] L Y XRAHHOTDF Y a—R”)
print(7{ =" %70}")

outpath = QUTPUT DIR / "hsc_lens galaxies.csv”

if outpath.exists():

print(f” BEICTFEE: {outpath} -> ¥ v 7”)
else:

sql = lens _galaxy query()

success = api.query and download(sql, outpath)

if not success:
print(f” 1 LY ZXh& 0T DEEBICKK, ”)

#-—- HERER ——
print(f"¥n{’ =" %70}")
print (f"[fERMER]1")
print(f"{ =" %70}")

for f in sorted(OUTPUT DIR.glob(”hsc photoz *.csv”)):
size kb = f.stat().st_size / 1024
try:
import pandas as pd
df = pd.read csv(f, nrows=5)
n_cols = len(df.columns)
I £ITHHE
n_Llines = sum(1 for _ in open(f)) - 1
print(f” {f.name}: {n_Llines:,} 1T, {n_cols} HS L, {size kb:.0f} KB”)
except:
print(f” {f.name}: {size kb:.0f} KB”)

lens file = OUTPUT DIR / "hsc lens galaxies.csv”
if lens file.exists():
size mb = lens file.stat().st size / (1024%1024)
print(f” {lens file.name}: {size mb:.1f} MB”)
print(f"””
RORTY T
1. hsc_photoz clx.csv #F v v M7y FO—K
(FRE 774 R%HE)
2. photo-z BHEHND I 5 RY —KRARBEEZRE
3. z lens ZFH LT NFW/EEF VB A BET
)

print("2T")

if _name_ =="_main_":

main()



sc_refit_with_photoz.py

fRATEH photo-z BHE®D z_lens A¥+> (0.20-0.80) ENA b z TD NFW/IELLE. g_c(z) DR E MR,

R g_c=0.777a0, 95%CI=[0.537,1.026], a0 AT I\ z fkFFEHY (0.62-1.58a0)

29T hEX:

NFW / BEETILEEE (z_lens EFHThR)

photo-z FRMFCHEE L/{BRIV 5 R4 — KA RBEHER.
cll (z=0.79 > z source) (XE&R%,

2247: uv run —-with pandas --with numpy --with scipy ——with matplotlib python hsc refit with photoz.py

nan

import numpy as np

import pandas as pd

from scipy import optimize, integrate
from pathlib import Path

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

i
#o0. EREFHER
i
HO = 70.0; Om = 0.3; OL = 0.7; c_light = 2,998e5
G Mpc = 4.301e-9 # (km/s)"2 Mpc / Msun

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

# Y3 V—2RKARBEY

# zbin=3: 271.2-1.5 (dR ~1.35)

f ELLEVRADHZEIZEM 2.5 7 0.85-1.0 %fHEMA
Z S EFF = 1.0 # {RSFHIIC 2 s=1.0

#f photo-z THEE LAY 5 XY —KARE
CLUSTERS PHOTOZ = [
# name, ra, dec, z cluster, z SN, ¥|E
(cl2”, 142,21, -0.12, 0.670, 5.5, "fHMA"),
("cl3”, 140.30, -0.35, 0.370, 4.2, "{HEA"),
("cl4”, 182.68, -0.28, 0.510, 5.2, "fHMA"),
("cl5”, 216.75, -0.20, 0.610, 7.4, "{#EFMA"),
#cll & 2=0.789 T z s ICIET X B0BH
# ("cl1”, 140.45, -0.25, 0.789, 4.0, "Ba%: z | ~ z s"),

]

print(”="x70)

print("NFW / EEEFILLLER (photo-z BHTAR) )
print(”="x70)

print(f” z source (%) = {Z S EFF}”)
print(f” {FA2 S5 2X 4 —#: {len(CLUSTERS PHOT0Z)}”)
print(f” B&4%: cl1 (z=0.789 > z s IT3ELWN)”)

for name, ra, dec, z, sn, status in CLUSTERS PHOTOZ:
print(f” {name}: z={z:.3f}, S/N={sn:.1f} [{status}]”)

# 1. FEHMEAK

def E(z): return np.sqrt(Omx(1+z)*x3 + OL)
def comoving(z):
d, _ = integrate.quad(lambda zz: c¢_Llight/(H0*E(zz)), 0, z)
return d
def D A(z): return comoving(z) / (14z)
def D A2(z1, z2): return (comoving(z2) - comoving(z1)) / (14z2)
def rho cr(z): return 3%(HOxE(z))*x2 / (8%np.pixG Mpc)

de

-

Sigma cr(z L, z s):

DL=DA(z l); Ds =D A(z s); Dls =D A2(z L, z s)

if Dls <= 0: return np. inf

return c¢_Llight¥x2 / (4%np.pi*G Mpc) % Ds / (DL * Dls)

t &£V 524 —0D Signa cr EEtE
print(f"¥n Sigma cr —&:”
for name, ra, dec, z L, sn, st in CLUSTERS PHOTOZ:
Scr = Sigma cr(z_l, Z S EFF)
DL =D A(z L)
arcmin to Mpc = DL * np.pi / (180%60)
print(f” {name}: z={z l:.3f}, D A={DL:.0f} Mpc, ”
f”Sigma_cr={Scr:.2e} Msun/Mpc~2, 1’={arcmin to Mpc:.4f} Mpc”)

# 2. NFW 07 74JL (Wright & Brainerd 2000)

def nfw_params(M200, c200, z l):
rc = rho cr(z L)
r200 = (3%M200 / (4*np.pi*200%rc))**(1./3.)
rs = r200 / c200
delta ¢ = 200./3. * c200%%3 / (np. Log(1+c200) - c200/(1+c200))



rho s = delta ¢ * rc
return rs, rho_ s, r200

de

—

nfw_sigma(R, rs, rho s):
x=R/rs
result = np.zeros like(x, dtype=float)
for i, xi in enumerate(x):
if xi < le-6: result[i] =0
elif abs(xi-1) < 1e-6: result[i] = 2xrsxrho s/3.0
elif xi <1:
sq = np.sqrt(1-xi%*2)
result[i] = 2krsxrho_s/(xi*%2-1) % (1 - np. log((1+sq)/xi)/sq)
else:
sq = np.sqrt(xi*x2-1)
result[i] = 2krs¥rho_s/(xi**2-1) % (1 - np.arctan(sq)/sq)
return result

de

-

nfw_sigma mean(R, rs, rho s):
x=R/rs
result = np.zeros_like(x, dtype=float)
for i, xi in enumerate(x):
if xi < le-6: result[i] =0
elif abs(xi-1) < 1e-6: result[i] = 4xrsxrho_s*(1+np. log(0.5))
elif xi < 1:
sq = np.sqrt(1-xi%k2)
g = np. log(xi/2) + np. log((1+sq)/xi)/sq
result[i] = 4*rsxrho_s¥g/xi%**2
else:
sq = np.sqrt(xi*¥2-1)
g = np. log(xi/2) + np.arctan(sq)/sq
result[i] = 4%rsxrho sxg/xi*x2
return result

def nfw gamma t(R arcmin, M200, c200, z L, z s):
rs, rho_s, r200 = nfw_params(M200, c200, z L)
DL =D A(z L)
R Mpc = R arcmin * np.pi/(180%60) * DL
R Mpc = np.maximum(R_Mpc, 1e-6)
sig = nfw_sigma(R Mpc, rs, rho_s)
sig mean = nfw sigma mean(R Mpc, rs, rho s)
ds = sig_mean - sig
Scr = Sigma cr(z_l, z s)
return ds / Scr

#

# 3. MOND/FX BIMFET L
#

f bar = 0.17

def baryon enclosed(R Mpc, M200 total, c200, z L):
rs, rho_s, r200 = nfw_params(M200 total, c200, z L)
x =R Mpc / rs
x = np.maximum(x, le-6)
M_enc = 4%np.pi*rho_skrs*k3 % (np. log(14+x) - x/(1+x))
return M_enc * f bar

def mond gamma t(R _arcmin, M200, c200, z |, z s, gc val):
DL =D A(z L)
Scr = Sigma cr(z_l, z_s)
R Mpc = R arcmin * np.pi/(180%60) * DL
R Mpc = np.maximum(R Mpc, 1e-6)
M bar = baryon_enclosed(R Mpc, M200, c200, z L)
R m = R Mpc * 3.086e22
M kg = M _bar * 1,989e30
G_SI = 6.674e-11
g N=0GSI*Mkg /R mxx2
g obs = 0.5 % (g N + np.sqrt(g N2 + 4xgc val*g N))
M _eff kg = g obs * R m¥x2 / G SI
M eff = M_eff kg / 1.989e30
# NFW R TR — L
gt nfw = nfw_gamma t(R arcmin, M200, c200, z L, z s)
M nfw = baryon enclosed(R Mpc, M200, c200, z L) / f bar
scaling = np.where(M nfw > 0, M_eff / M nfw, 1.0)
scaling = np.clip(scaling, 0.01, 100)
return gt _nfw * scaling

i

t 4. T—YFmHRAHS

++

print("¥n"+"="%70)
print("[Step 1] BRI SR —T 07 7ML DFHHAH")
print(”="x70)

#f hsc_y3 stacked shear.csv &{#f (RIEIDR 4 v 7 #ER)
t R LENY SRS —DTO7 7Mbb hETE S5 ER
stacked file = Path(”hsc y3 stacked shear.csv”)
summary file = Path(”hsc_y3 cluster shear summary.csv”)



if stacked file.exists():
df stack = pd.read csv(stacked file)
print(f” 24 v 7R {stacked file} ({len(df stack)} E)”)
else:
print(f” 24&v U774V L, N—RFI—FEEER. )
df stack = pd.DataFrame({
"r_arcmin’: [0.59, 0.82, 1.14, 1.59, 2.22, 3.09, 4.30, 5.99, 8.34, 11.61, 16.17, 22.51],
’gamma_t’: [0.038, 0.053, 0.032, 0.023, 0.018, 0.015, 0.012, 0.010, 0.008, 0.007, 0.006, 0.006],
"gamma_t_err’: [0.025, 0.019, 0.010, 0.006, 0.004, 0.003, 0.002, 0.002, 0.001, 0.001, 0.001, 0.001],
"gamma_x": [0.005, -0.003, 0.002, -0.001, 0.001, 0.000, -0.001, 0.001, 0.000, 0.000, 0.000, 0.000],
1))

r data = df stack[’r_arcmin’].values
gt data = df stack[’ gamma_t’ ].values
gt err = df stack[’ gamma t err’].values

valid = np.isfinite(gt data) & np.isfinite(gt err) & (gt err > 0)
r fit = r_datalvalid]

gt fit = gt data[valid]

err fit = gt err[valid]

#
#5. zlens T&D NFW/ERETILT 4 v b
#
print("¥n"+"="x70)

print("[Step 2] z lens ¥+ + @B z 714 v ")
print(”="%70)

# (A) z_lens 2% ¥ v CREMRHR
z scan = np.arange(0.20, 0.85, 0.05)
gc vs z =[]

print(f"¥n z lens X ¥ ¥ VHER:")
print(f” {"z_U":>6} {"chi2 NFW :>10} {’chi2 MOND’ :>10} {’chi2 membrane’ :>14} {’g c/a0’ :>8} {’M200’ :>12}")
print(f” {’ - *65}")

for z_l in z_scan:
if z L >=Z S EFF - 0.05:
continue

#NFW 24w b
def chi2 nfw z(params):
lm, lc = params
M, ¢ = 10%klm, 10%klc
if c<1 or c>20 or MK1e12 or M>1e16: return 1e20
try: return np.sum(((gt fit - nfw gamma t(r fit, M, ¢, z |, Z S EFF))/err fit)*x2)
except: return 1e20

best c2n = np. inf; best pn = (14, 0.5)
for Lm in np. linspace(13, 15.5, 15):
for lc in np. linspace(0, 1.2, 10):
c2 = chi2_nfw_z((lm, Lc))
if c2 < best_c2n: best ¢2n = ¢2; best pn = (lm, Llc)
try:
res = optimize.minimize(chi2 nfw z, best pn, method="Nelder-Mead’)
if res.fun < best_c2n: best_c2n = res. fun; best_pn = res.x
except: pass
M200 z = 10xxbest pn[0]; c200 z = 10%xbest pn[1]

# MOND
gt mond z = mond gamma_t(r fit, M200 z, c200 z, z |, Z S EFF, a0)
c2 mond = np.sum(((gt fit - gt mond z)/err fit)%x2)

# REFIV (9.c BHA)

def chi2 gc z(lgc):
try: return np.sum(((gt fit - mond gamma t(r fit, M200 z, c200 z, z L, Z S EFF, 10%xlgc))/err fit)*x2)
except: return 1e20

gc grid = np. logspace(-12, -8, 80)

c2 grid = [chi2 gc_z(np. log10(g)) for g in gc grid]
gc_best z = gc_grid[np.argmin(c2 grid)]

c2 membrane = min(c2 grid)

gc vs z.append({"z U": z |, "g¢’: gc best z, "gc_ald’ : gc best z/a0,
"chi2 nfw’ : best c¢2n, 'chi2 mond’ : ¢2 mond, ’chi2 membrane’ : c2 membrane,
"M200 : M200 z})

print(f” {z 1:>6.2f} {best c2n:>10.1f} {c2 mond:>10.1f} {c2 membrane:>14.1f} ”
”{gc_best z/a0:>8.3f} {M200 z:>12.2e}”)

df zscan = pd.DataFrame(gc vs z)

# (B) MNEFY z #FERALERANT 1Y K

z weights = np.array([sn for , , , , sn, in CLUSTERS PHOTO0Z])
z values = np.array([z for , , , z, _, _ in CLUSTERS PHOTO0Z])

z mean = np.average(z values, weights=z weights)

z median = np.median(z_values)

print(f"¥n 2SR5 —FKAHRHB:")
print(f”  pNEFH z = {z mean:.3f} (S/NNE)”)
print(f” g z = {z median:.3f}”)



Z L _BEST = z_mean
#
6. RZK z TOEFILEE
#t
print(f7¥n{’ =’ %70}”)

print(f"[Step 3] z lens = {Z L BEST:.3f} TOETILLE")
print(f"{ =" %70}")

Scr _best = Sigma cr(Z L BEST, Z S EFF)

DL best = D A(Z L BEST)

print(f” D A = {DL best:.0f} Mpc”)

print(f” Sigma cr = {Scr best:.2e} Msun/Mpc~2")

#NFW 24w b
def chi2 nfw best(params):
lm, lc = params
M, ¢ = 10%klm, 10%klc
if c<1 or c>20 or MK1e12 or M>1e16: return 1e20
try: return np.sum(((gt fit - nfw gamma t(r fit, M, ¢, Z L BEST, Z S EFF))/err fit)**2)
except: return 1e20

best ¢2 = np. inf; best p = (14, 0.5)
for Lm in np. linspace(13, 15.5, 20):
for lc in np. linspace(0, 1.2, 15):
¢2 = chi2 nfw_best((lm, Llc))
if c2 < best c2: best ¢c2 = c2; best p = (lm, Lc)
try:
res = optimize.minimize(chi2 nfw best, best p, method="Nelder-Mead’,
options={’xatol’ :0.001, ’fatol’:0.01})
if res.fun < best c2: best c2 = res.fun; best p = res.x
except: pass

M200 best = 10xxbest p[0]; c200 best = 10%kbest p[1]

rs_best, , r200 best = nfw_params(M200 best, c200 best, Z L BEST)
chi2_nfw_val = best_c2

dof nfw = len(r fit) - 2

gt nfw = nfw _gamma t(r_fit, M200 best, c200 best, Z L BEST, Z S EFF)

print(f"¥n NFW 71w k:")

print(f” M 200 = {M200 best:.2e} Msun”)

print(f” c 200 = {c200 best:.2f}")

print(f” r 200 = {r200 best:.2f} Mpc, r s = {rs best:.3f} Mpc”)

print(f” chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw _val/dof nfw:,2f}”)

# MOND

gt mond = mond gamma t(r fit, M200 best, c200 best, Z L BEST, Z S EFF, a0)
chi2 mond = np.sum(((gt fit - gt mond)/err fit)*k2)

dof mond = len(r_fit) - 1

print(f"¥n MOND (g ¢ = a0):")
print(f” chi2/dof = {chi2 mond:.1f}/{dof _mond} = {chi2 mond/dof mond:.2f}”)

#EEEFIL (g c BH)
def chi2 gc final(lgc):
try:
gt m = mond gamma t(r fit, M200 best, c200 best, Z L BEST, Z S EFF, 10%xlgc)
return np.sum(((gt fit - gt m)/err fit)*x2)
except: return 1e20

gc grid = np. logspace(-12, -8, 200)

c2 grid = np.array([chi2 gc final(np. log10(g)) for g in gc grid])
gc best = gc grid[np.argmin(c2 grid)]

chi2 gc val = ¢2 grid.min()

dof gc = len(r fit) - 2

gt _membrane = mond gamma t(r fit, M200 best, c200 best, Z L BEST, Z S EFF, gc best)

print(f"¥n FEETIL (g9 c free):”)
print(f” g ¢ = {gc _best:.2e} m/s"2 = {gc_best/a0:.3f} a0”)
print(f” chi2/dof = {chi2 gc val:.1f}/{dof gc} = {chi2 gc val/dof gc:.2f}”)

#9c EEKME

dchi2 = ¢2 grid - chi2_gc_val

mask68 = dchi2 < 1.0; mask95 = dchi2 < 4.0

gc_Lo68 = gc grid[mask68].min() if mask68.sum()>0 else gc best
gc_hi68 = gc_grid[mask68].max() if mask68.sum()>0 else gc best
gc L095 = gc_grid[mask95].min() if mask95.sum()>0 else gc best
gc hi95 = gc_grid[mask95].max() if mask95.sum()>0 else gc best

print(f” 68% CI: [{gc Lo68/a0:.3f}, {gc hi68/a0:.3f}] a0d”)
print(f” 95% CI: [{gc l095/a0:.3f}, {gc hi95/a0:.3f}] a0”)
al_in_68 = gc_Lo68 <= ab <= gc_hi68

abd in 95 = gc L095 <= ab <= gc hi95

print(f” a0 in 68% CI: {"YES' if ad in 68 else "NO'}”)
print(f” ad in 95% CI: {"YES’ if a0 in 95 else "NO'}”)

#
#7. EFIHER
i
print(f"¥n{’ =" %70}")




print(f’[Step 4] EFILLLER (z lens = {Z L BEST:.3f})”)
print(f7{’ =" %70}”)

aic_nfw = chi2 _nfw_val + 2%2
aic_mond = chi2 mond + 2%1
aic_mem = chi2_gc_val + 2%2

print(f’¥n  {" €IV :<36} {'chi2’ :>8} {'dof’ :>5} {'chi2/dof’ :>9} {"AIC’ :>8} {’dAIC’ :>8}")

print(f” {-'%78}")

print(f” {"NFW (M200, c200)’ :<35} {chi2 nfw val:>8.1f} {dof nfw:>5} {chi2 nfw val/dof nfw:>9.2f} {aic nfw:>8.1f} {0:>48.1f}")

print(f” {"MOND (g c=a0)’ :<35} {chi2 mond:>8.1f} {dof mond:>5} {chi2 mond/dof mond:>9.2f} {aic mond:>8.1f} {aic_mond-aic_nfw:>+8.1f}")
print(f” {FEEFI (g c free) :<35} {chi2 gc val:>8.1f} {dof gc:>5} {chi2 gc val/dof gc:>9.2f} {aic mem:>8.1f} {aic_mem-aic nfw:>+8.1f}"”)

#f z=0.35 & DL

print(f"¥n z lens=0.35 (|A) vs z lens={Z L BEST:.3f} (%) DL#:")
print(f” IH: g ¢ = 0.733 a0, chi2 MOND=29.7")

print(f” #1: g c = {gc_best/a0:.3f} a0, chi2 MOND={chi2 mond:.1f}")

i
#8. gc(z) DREM
#
print(f"¥n{’ =" %70}")

print(f’[Step 5] g c(z_lens) MDEEM")
print(7{ = x70}”)

print(f’¥n z lens A Z X /BED g c/a0 DZE:”)
for row in gc_vs z:
print(f” z={row[’z " ]:.2f}: g ¢ = {row[’gc a0 ]:.3f} a0”)

if len(df zscan) > 3:
gc a0 vals = df zscan[’gc a0’ ].values
print(f"¥n g c/a0 DEE: [{gc ad vals.min():.3f}, {gc ad vals.max():.3f}]1")
print(f” g c/a0 MAFR{E: {np.median(gc ab vals):.3f}”)
print(f” g c/a0 DBH[FZ=: {np.std(gc_ad vals):.3f}")

#
# 9. SPARC & D#EEILE
i
print(f"¥n{ =" %70}")

print(f’[Step 6] SPARC EI¥REifR & DHEALLE")
print(f7{’ =" %70}”)

nan

print(f
27— Fik g c/a0 Hig
SR (SPARC)  RAR JRIZJUZE  0.825 +/- CV'1 [REEERF v v b
SR (SPARC)  #fASE¥93RRI  alpha=0.545 AF vy b
2524 —(HSC) gL >~ X (2=0.35) 0.733 +/- 0.12 |BfRHT
2524 —(HSC) 8L >~ X (z={Z_L_BEST:.2f}) {gc_best/a0:.3f} +/- 7 KR
)

#
#10. FOov b
#
print(f¥n{ =’ %70}”)
print(f’[Step 7] 7O w K”)
print(f7{’ =" %70}”)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f'NFW vs MOND vs Membrane ($z $={Z L BEST:.3f}, $z s$={Z S EFF})’,
fontsize=14, fontweight="bold’)

#(a) WEIFO7 740 + EFIL
ax = axes[0, 0]
ax.errorbar(r fit, gt fitxle3, yerr=err fitxle3,
fmt="0", color="black’, ms=6, capsize=3, label="HSC Y3 stacked’, zorder=5)
.plot(r_fit, gt nfwxle3, ’r-’, (w=2, label=f NFW (M={M200 best:.le})")
.plot(r fit, gt mondx1e3, "b--", Lw=2, label=f'MOND ($g c$=$a 0$)’)
.plot(r fit, gt membranexle3, ’g-.’, lw=2, label=fMembrane ($g c$={gc best/a0:.2f}$a 0$)’)
.set_xscale(’ log’)
.set xlabel(’R [arcmin]’)
.set_ylabel(’ $¥¥gamma_t ¥¥times 10°3%’)
.set_title(f’ (a) Shear profile ($z L$={Z L BEST:.2f})’)
. legend(fontsize=7)

a
a
a
a
a
a
a
a

X X X X X X x X

#(b) BHE

ax = axes[0, 1]

ax.errorbar(r_fit, (gt fit-gt nfw)/err fit, fmt="o’, color="red’, ms=5, label="NFW )
ax.errorbar(r_fitx1.05, (gt fit-gt mond)/err fit, fmt="s’, color="blue’, ms=5, label="MOND’)
ax.errorbar(r fitx1.1, (gt fit-gt membrane)/err fit, fmt=""", color="green’, ms=5, label="Membrane’)
ax.axhline(d, color="k’, ls="--", alpha=0.3)

ax.axhspan(-2, 2, alpha=0.05, color="gray’)

ax.set xscale(’ log’)

ax.set xlabel(’R [arcmin]’)

ax.set_ylabel(’Residual / $¥¥sigma$’)

ax.set title(’ (b) Residuals’)

ax. legend(fontsize=8)

X X X X X X x X X

# (¢c) gcchi2 7Oz74L

ax = axes[0, 2]

x.plot(gc_grid/a0, dchi2, "b-", lw=2)

ax.axhline(1, color="orange’, ls="--", alpha=0.5, label="68% CL’)
ax.axhline(4, color="red’, ls="--", alpha=0.5, label="95% CL’)

1)



ax.axvline(1.0, color="gray’, ls=":", alpha=0.5, label="$a 0% (MOND)’)
.axvline(gc best/ad, color="green’, ls="-’, alpha=0.7, label=f best={gc best/a0:.2f}$a 0%’ )
ax.set xlabel("$g ¢ / a 0%’)

ax.set_ylabel(’ $¥¥Delta¥¥chi 2§’ )

1)
3

ax.set title(’ (c) $g_c$ constraint’)

ax.set xscale(’ log’)

ax.set_ylim(0, min(20, dchi2[np.isfinite(dchi2)].max() if np.any(np.isfinite(dchi2)) else 20))
ax. legend(fontsize=7)

# (d) g c(z lens) DREM

ax = axes[1, 0]

if len(df zscan) > 0:
ax.plot(df zscan[’z '], df zscan['gc a0’], ’o-', color="steelblue’, ms=6)
ax.axhline(1.0, color="gray’, ls="--", alpha=0.5, label="$a 0% )
ax.axhline(0.825, color="orange’, ls=":", alpha=0.5, label="SPARC (0.825)")
ax.axvline(Z L BEST, color="red’, ls="--", alpha=0.5, label=f"$z 1$={Z L BEST:.2f}")
BN SRY—D z BRER
for , , _, zcl, sn, _ in CLUSTERS_PHOTOZ:

ax.axvline(z cl, color="green’, ls=":", alpha=0.3)

set xlabel(’$z {lens}$ (assumed)’)

.set_ylabel("$g ¢ / a 0%’)

.set title(’ (d) $g c$ stability vs $z L§)

. legend(fontsize=7)

a
a
a
a

X X X x

# (e) chi2/dof Hb#k
ax = axes[1, 1]
models = [NFW , f MOND¥n($g c$=$a 0$)’, f Membrane¥n($g c$={gc best/a0:.2f}$a 0$) ]
chi2dof = [chi2 nfw val/dof nfw, chi2 mond/dof mond, chi2 gc val/dof gc]
cols = ["red’, "blue’, 'green’]
bars = ax.bar(models, chi2dof, color=cols, alpha=0.7, edgecolor="black’)
ax,axhline(1, color="k’, Lls="--", alpha=0.3)
for b, v in zip(bars, chi2dof):
ax. text(b.get x()+b.get width()/2, b.get height()+0.02, f’ {v:.2f}",
ha="center’, fontsize=10, fontweight="bold")
ax.set_ylabel(’ $¥¥chi~2$/dof’ )
ax.set title(f (e) Model comparison ($z 1$={Z L BEST:.2f})’)

#t (f) z=0.35 vs z=new DLLEE

ax = axes[1, 2]

# z 3D MOND chi2 & membrane chi2

if len(df zscan) > 0:
ax.plot(df zscan[’z '], df zscan[’chi2 nfw’], 'r-0o’, ms=4, label="NFW)
ax.plot(df zscan[’z '], df zscan[’chi2 mond’], ’b--s’, ms=4, label="MOND’)
ax.plot(df zscan[’z '], df zscan[’chi2 membrane’], 'g-."’, ms=4, label="Membrane’)
ax.axvline(Z L BEST, color="red’, ls="--", alpha=0.5)
ax.set xlabel(’$z {lens}$’)
ax.set_ylabel(’ $¥¥chi~2$’)
ax.set_title(’ (f) $¥¥chi"2$ vs $z L§)
ax. legend(fontsize=7)

>

> X

> X

plt.tight layout()
plt.savefig(’ hsc refit photoz.png’, dpi=150, bbox inches='tight’)
print(” -> hsc_refit photoz.png”)

# CSV R7E
df zscan. to csv(’hsc gc vs zlens.csv', index=False)
print(” -> hsc_gc vs zlens.csv”)

#
1. &Y<y —
#

print(f"¥n{ =’ %70}")
print(f" &Y< 1) —1")
print(f"{" =" %70}")
print(f7””
photo-z BHEDIER (z lens = {Z L BEST:.3f}):

NFW: M200={M200 best:.2e}, c200={c200 best:.2f}, chi2/dof={chi2 nfw_val/dof nfw:.2f}
MOND: g c=a0, chi2/dof={chi2 mond/dof mond:.2f}, dAIC={aic mond-aic nfw:+. 1f}
BREFI: g c={gc _best/a0:.3f}ad, chi2/dof={chi2 gc val/dof gc:.2f}, dAIC={aic mem-aic nfw:+,1f}

g c DIEE:
g ¢ = {gc _best:.2e} m/s"2 = {gc_best/a0:.3f} a0
68% CI: [{gc_lo68/a0:.3f}, {gc hi68/a0:.3f}] ad
95% CI: [{gc lo95/a0:.3f}, {gc hi95/a0:.3f}] al
ad in 95% CI: {"YES' if a@ in 95 else "NO'}

SPARC [EIERHR#R & D LLEL:
SPARC JRIT3BIE: g ¢ = 0.825 a@ (CV™1)
HSC 88L > X: g c = {gc_best/a0:.3f} a0
BEM: { 2signalA TS’ if abs(gc best/ad - 0.825) < 2%0.15 else 'AEALTH’}

HEILL ~ILHIE:
RETI (gc < al) OFBL Y XHSDIREE -> Level {"A” if not ad in 95 else "B’}
mm)

print("52T”)



13. specz ssmatch.py

BT R SDSS SkyServer API & Vizier TAP T575 29— & D2 Y7k A w183, photo-z DIREE,

R cl1: z_spec=0.313 (2245, sigma_v=527 km/s) ##:2. photo-z=0.789 LT L ICZRY,

29T hEX:

PRKEAREIORT Y F

HSC U524 —(EHAIEBDEDT SDSS AHAKR AR EIRR,
BHOT—4 Y —R&HT:

(1) SDSS DR18 CasJobs API

(2) Vizier TAP (SDSS spectroscopic catalog)

(3) NED batch query

2247: uv run —-with requests —-with pandas --with numpy --with astropy python specz crossmatch. py

nan

import numpy as np
import pandas as pd
from pathlib import Path
import time

import sys

try:
import requests
except ImportError:
print("pip install requests”); sys.exit(1)

try:
from astropy.coordinates import SkyCoord
from astropy import units as u
HAS_ASTROPY = True
except:
HAS_ASTROPY = False
print(” astropy 2L : BB EILEH Mm% ER")

i

0. V529 —&H

#

CLUSTERS = [
{"name”: "cl1”, "ra”: 140.450, "dec”: -0.251, "z phot”: 0.789, ”label”: "GAMAQ9H #1”},
{"name”: "cl2”, "ra”: 142.210, "dec”: -0.120, "z _phot”: 0.670, ”"label”: "GAMAQ9H #2"},
{"name”: "cl3”, "ra”: 140.300, "dec”: -0.350, "z phot”: 0.370, "label”: "GAMAQ9H #3"},
{"name”: "cl4”, "ra”: 182.680, "dec”: -0.280, "z phot”: 0.510, "label”: "WIDE12H"},
{"name”: "cl5”, "ra”: 216.750, "dec”: -0.200, "z phot”: 0.610, "label”: "GAMA15H"},

]

SEARCH_RADIUS ARCMIN = 5.0
OUTPUT DIR = Path(r"D:¥ RFa X ¥ MN¥I Y b OEC—¥REFHMBIZ N E TORE¥/ 1Y V")

print(”="x70)
print"ARFARE IO Y F)
print(”="%70)

#
# 1. Vizier TAP £ T ') (SDSS DR18 SpecObj)
#
d

ef query vizier sdss specz(ra, dec, radius arcmin=5.0):
"""Vizier TAP T SDSS 9 HiRAwIERR"""

radius deg = radius arcmin / 60.0

# SDSS DR18 spectroscopic catalog via Vizier TAP
tap url = "https://tapvizier.cds.unistra. fr/TAPVizieR/tap/sync”

query = "7
SELECT TOP 1000
"V/154/sdss16”, RAJ2000, DEJ2000, zsp, e zsp, zph, SpCl, Q
FROM "V/154/sdss16”
WHERE 1=CONTAINS(POINT(’ ICRS’, RAJ2000, DEJ2000),
CIRCLE(’ ICRS’, {ra}, {dec}, {radius deg}))
AND zsp > 0.01

AND zsp < 2.0

AND Q >= 2

params = {
"REQUEST”: "doQuery”,
"LANG”: "ADQL”,
"FORMAT”: "csv”,
"QUERY”: query,

}

try:

r = requests.get(tap_url, params=params, timeout=60)
if r.status code == 200 and len(r.text) > 10:
from io import StringI0
df = pd.read csv(StringIO(r.text), comment="#")
return df



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

return None

# 2. SDSS SkyServer API (BE#4/ L)

def query sdss skyserver(ra, dec, radius arcmin=5.0):
”"”SDSS SkyServer SQL Search API”””
sql = 777

SELECT TOP 500
s.specObjID, s.ra, s.dec, s.z as z spec, s.zErr, s.zWarning,
s.class, s.subClass, s.velDisp, s.velDispErr,
p.modelMag r, p.modelMag i, p.modelMag g

FROM SpecObj AS s

JOIN PhotoObj AS p ON s.bestObjID = p.objID

WHERE
dbo. fGetNearbySpecObjEq({ra}, {dec}, {radius arcmin}) IS NOT NULL
AND s.z > 0.01 AND s.z < 2.0
AND s. zWarning = 0
AND s.class = " GALAXY’

nan

url = "https://skyserver. sdss.org/dr18/SkyServerWS/SearchTools/SqlSearch”
params = {"cmd”: sql, "format”: "csv”}

try:

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

if r.status code == 200:
from io import StringI0
lines = r.text.strip().split(’¥n")
# SDSS returns header + data, sometimes with error messages
if len(lines) > 1 and not Lines[0].startswith(’ ERROR’):

df = pd.read csv(StringIO(r. text))

return df
except Exception as e:
print(f” SkyServer T5—: {e}”)
return None
i
# 3. NED Ny F4H T
#

def query ned(ra, dec, radius arcmin=5.0):

""”NASA/IPAC Extragalactic Database (NED) near position search
url = "https://ned. ipac. caltech. edu/cgi-bin/objsearch”
params = {

“search_type”: "Near Position Search”,

”in_csys”: "Equatorial”,

”in_equinox”: ”J2000.0",

"lon”: f”{ra:.5f}d”,

7lat”: f”{dec:.5f}d”,

"radius”: f”"{radius arcmin}”,

"hconst”: "70”,

"omegam”: "0.3”,

“omegav”: "0.7”,

“corr_2": "1”,

"z constraint”: "Unconstrained”,

"ot _include”: "ANY”,

“nmp_op”: "ANY”,

"out_csys”: "Equatorial”,

“out_equinox”: "J2000.0",

“obj sort”: "Distance to search center”,

"of”: "ascii_tab”,

"zv_breaker”: "30000.0”,

“list_Limit”: ”100”,

”img_stamp”: "NO”,

try:
r = requests.get(url, params=params, timeout=60)
if r.status code == 200 and len(r.text) > 100:
from io import StringI0
# NED DAY TREY, ~v & —HHH
lines = r.text.split(’¥n")
data lines = [l for L in lines if L and not l.startswith('# ) and not L.startswith(’|’)]
if len(data lines) > 1:
return r.text # £FFRKNTRY
except Exception as e:
print(f” NED T5—: {e}”)

return None

#
# 4. XA 0E
i
print(f"¥n #1R%&¥4X: {SEARCH RADIUS ARCMIN} arcmin”)
print(f” {&#%: {len(CLUSTERS)}”)

all results = {}



for cl in CLUSTERS:

name = cl[’ name’ ]
ra=cl[’ ra’]

dec = cl[’dec’]

z phot = cl[’z phot’]
label = cl[’ label’ ]

print(f’¥n{’ =" x60}")

print(f” {name}: {label} (RA={ra:.3f}, Dec={dec:.3f}, z phot={z phot:.3f})")

print(f”{’ =" %60}")

results = {"name’ : name, 'ra’: ra, 'dec’: dec, 'z phot’: z phot,
"n_specz’: 0, 'z spec_peak’ : None, 'z spec median’: None,

"n_cluster members’: 0, "vel disp’: None}

#f -—— A3%1: SDSS SkyServer ——-
print(f” [1] SDSS SkyServer 2 xT')...”)

df sdss = query sdss skyserver(ra, dec, SEARCH RADIUS ARCMIN)

if df sdss is not None and len(df sdss) > 0:

print(f” SYesREE: {len(df sdss)}”)
# z spec 976
z col ="z spec’ if "z spec’ in df sdss.columns else 'z’ if 'z’ in df sdss.columns else None
if z col:
z specs = df sdss[z col].dropna().values
z specs = z specs[(z specs > 0.01) & (z specs < 2.0)]
if len(z_specs) > 0:
results[’n specz’] = len(z specs)
results[’ z_spec median’] = np.median(z_specs)
it photo-z 50 (+/- 0.05) DX /X—
dz = 0.05
members = z specs[(z_specs > z phot-dz) & (z_specs < z_phot+dz)]
results[’n cluster members’] = Llen(members)
if len(members) > 3:
results[’ z spec peak’ ] = np.median(members)
results[’vel disp’] = np.std(members) * 3e5 # km/s
print(f” z spec(X »/N—): {results[’z spec peak’]:.4f} ”
£’ ({len(members)} 4R, sigma v={results[’vel disp’]:.0f} km/s)”)
tzEXARNITSA
print(f” z BE:7)
zbins = np.arange(0, 1.2, 0.05)
hist, _ = np.histogram(z specs, bins=zbins)
for i, h in enumerate(hist):
ifh>o0:
bar = "# * h
print(f” z={zbins[i]:.2f}-{zbins[i+1]:.2f}: {bar} ({h})”)
t EELBOHE (velDisp H5LrHNIE)
if velDisp’ in df sdss.columns:
vd = df sdss[’velDisp’ ].dropna()
vd = vd[vd > 50] f 50 km/s LA EDH
if len(vd) > 0:
print(f” SDSS EE 4 E: median={vd.median():.0f} km/s (N={len(vd)})”)
#f CSV &%E
outpath = OUTPUT DIR / f”specz {name} sdss.csv”
df_sdss. to_csv(outpath, index=False)
print(f” -> {outpath}”)
else:
print(f” SDSS ICAHTF—4 % L")
# -—— AHiE2: Vizier —
if results[’n specz’] ==
print(f” [2] Vizier #T1)...”)

df viz = query vizier_sdss_specz(ra, dec, SEARCH RADIUS ARCMIN)

if df viz is not None and len(df viz) > 0:
print(f” Vizier #5%: {len(df viz)} E{&")
z col v = [c for ¢ in df viz.columns if ’zsp

if z

time.sleep(1

col v:
z v = df viz[z col v[0]].dropna().values
zv=2zv[(zv>0.01) & (zv<20)]
results[’n specz’ ] = len(z_v)
if len(z v) > 0:

results[’ z spec median’] = np.median(z_v)

in c. lower() or 'z spec’ in c. lower()]

members = z v[(z v > z_phot-0.05) & (z v < z_phot+0.05)]
results[’n cluster members’] = len(members)

if len(members) > 3:

results[’ z_spec_peak’ ] = np.median(members)
results[’vel disp’] = np.std(members) * 3e5
print(f” z spec(X >/N—): {results[’z spec peak’]:.4f}”)

) # APT BRERRE

all results[name] = results




# 5. #ERY~U—
i
print(f"¥n{ =" %70}")

print("[H#= =1 SRKAREIORT Y FER")
print(f"{ =" %70}")

print(f"¥n {" &A1 :<8} {’z phot’ :>7} {"N spec’ :>7} {'N member’ :>9} {’z spec’ :>7} {’sigma v’ :>8} {' #IE’ :<15}")
print(f” {’-"%65}”)

confirmed = []

for name, res in all results. items():
z phot = res[’z _phot’]
n_spec = res[’'n_specz’ ]
n_mem = res[’n_cluster members’ ]
z spec = res.get(’ z_spec_peak’)
vd = res.get(’vel disp’)

if z_spec and n_mem >= 5 and vd and vd > 200:
status = "REEREH”
confirmed. append(res)
elif z_spec and n_mem >= 3:
status = "HE”
confirmed. append(res)
elif n_spec > 0:
status = "QHHY”
else:
status = "4¥A&L”
z str = f”{z_spec:.4f}” if z spec else "-="
vd str = f"{vd:.0f}” if vd else "--"
print(f” {name:<8} {z phot:>7.3f} {n spec:>7} {n mem:>9} {z str:>7} {vd str:>8} {status:<15}")

print(f’¥n 9NHER/ LY 5249 —: {len(confirmed)} / {len(CLUSTERS)}”)

it BERFHD z TEHDETH
if confirmed:
z confirmed = [c[’z spec peak’] for ¢ in confirmed if c[’z spec peak’]]
n_members = [c[’n_cluster members’ ] for ¢ in confirmed if c[’z spec peak’]]
if z confirmed:
z avg = np.average(z confirmed, weights=n_members)
print(f’¥n HRERFEH z OMEFH: {z avg:.4f}”)
print(f” photo-z & DL#R:")
for ¢ in confirmed:
if c[’z spec_peak’]:
dz = c[’z spec_peak’ ] - c[’z phot’]
print(f” {c[’name’ 1} : z phot={c[’z phot’ ]:.3f}, z spec={c[’z spec peak’]:.4f}, ”
f7dz={dz:+.4f}")

1t FERCSV

df summary = pd.DataFrame(all results.values())

df summary. to _csv(OUTPUT DIR / "specz_summary.csv”, index=False)

print(f’¥n -> specz_summary.csv”)

print(f"””

RORTY T

SHHERXNT= z spec & hsc refit with photoz.py ?® Z L BEST (C/<Bk
-> g.c ODERMEEERENHLE
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print("5ET")



d_abel_lensing.py

BT R Abel ZBHICL B EREL MOND #EETEDRE, SDEMEE rho_eff(r) -> 2DEHE Sigma(R) -> DeltaSigma(R)

DEEBBIEFTE,

IER AbelZHTNFWR Y —Y > ViR DFER D B S, 551 >~ X TldAbel Z#h* 2R (HE13).

RYVThEX:

nan

MOND/BEEFILEIL > X: AbelZHIC & B ERE AR ETHE

IBR Y'Y 7 N ORRE: MOND BIffA NFW R4 —Y v I THEELTW,
ARRYY Tk Abel ZHT 3D MNEE -> 2D EEE % ERICAHE,

fi:ECH
MOND: g obs(r) = (1/2)(g N + sqrt(g N°2 + 4%g c*g N))
BMBE: rho eff(r) = (1/4pixG) * (1/r"2) * d/dr[r"2 % g_obs(r)]
B EBE: Sigma(R) = 2 * integral R7inf rho eff(r) % r / sqrt(r"2-R"2) dr
DeltaSigma(R) = Sigma mean(<R) - Sigma(R)
gamma_t(R) = DeltaSigma(R) / Sigma cr

2247: uv run —-with pandas ——with numpy -—with scipy ——with matplotlib python mond abel lensing.py

nan

import numpy as np

import pandas as pd

from scipy import integrate, optimize, interpolate
from pathlib import Path

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#

#o EH

#

HO = 70.0; Om = 0.3; OL = 0.7; c light = 2.998e5
G Mpc = 4.301e-9 # (km/s)"2 Mpc / Msun
G_SI = 6.674e-11 # m3 / (kg s72)

Msun = 1,989e30 # kg

Mpc_m = 3.086e22 #m

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

pc_m = 3.086e16 #m

V529 — z (cll DHHAEH)
ZL=0.313 #cll YR (228R5, sigma v=527 km/s)
18=10 HAEMHY—Rz

print(”="x70)

print("MOND/BEEFILEEL >~ X: Abel ZEHRIC & 2 EHEAIREETE")
print(”="%x70)

#

# 1. FHREK

#

def E(z): return np.sqrt(Omx(1+z)**3 + OL)
def comoving(z):
d, = integrate.quad(lambda zz: ¢ light/(HO%E(zz)), 0, z)
return d
def D A(z): return comoving(z)/(1+z)
def D A2(z1, z2): return (comoving(z2)-comoving(z1))/(1+z2)
def rho cr(z): return 3x(HO*E(z))**2/(8%np.pi*G Mpc)

de

-

Sigma cr(z L, z s):

DL=D A(z L); Ds=D A(z_s); Dls=D A2(z_ L,z s)

if DLs<=0: return np. inf

return c_Llight*x2/(4%np.pi*G Mpc) * Ds/(DL*Dls)

Scr = Sigma cr(Z L, Z.8)

DL =DA(ZL)

print(f” z |={Z L}, z s={Z S}")

print(f” D A = {DL:.0f} Mpc, Sigma cr = {Scr:.3e} Msun/Mpc~2")

#
2. NUFXVERBTOT 7ML (R=FEFIL + NFHR)
#
def nfw_enclosed mass(r Mpc, M200, c200, z L):

77NFW BRI R

rc = rho_cr(z L)

r200 = (3%M200/(4*np. pi*200%rc))*x(1./3.)

rs = r200/c200

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

rho_s = delta_c*rc

X = r_Mpc/rs

return 4%np, pixrho_skrs%k3%(np. Log(14x)-x/(14x))

de

-+

nfw_density(r_Mpc, M200, c200, z ):
TUUNFW BT

rc = rho cr(z L)

r200 = (3xM200/ (4%np. pi*200xrc))**(1./3.)
rs = r200/c200



delta ¢ = 200./3.*c200%x3/(np. Llog(1+c200)-c200/(1+c200))
rho_s = delta c*rc

x = r_Mpc/rs

return rho_s/(xx(1+x)%%2)

#

# 3. MOND/BE ARhinsERs

i

def g newton(r Mpc, M bar enclosed):
"= a— b UINERE [m/s72]77”
r_m=r_Mpc * Mpc_m
M_kg = M_bar_enclosed * Msun
if rm< 1e10: return @
return G SI * M kg / r_mkx2

def g mond(g N, g c):
"”7MOND #ERINERE [m/s"2]""”
if g N<=0: return 0
return 0.5%(g N + np.sqrt(g Nkx2 + 4%g cxg N))

def effective enclosed mass(r Mpc, M bar enclosed, g c):
"""MOND BRIRFEAEE [Msun]”””
r_m=r_Mpc * Mpc_m
gN = g newton(r_Mpc, M bar_enclosed)
gobs = g mond(gN, g c)
M eff = gobs * r mkx2 / G_SI / Msun
return M_eff

#

B 4. Abel BHUCK ZHRTEE

i

def compute rho eff(r_array, M200 total, c200, z |, g c, f bar=0.17):
"NOND A rho eff(r) & HEES"
n = len(r array)
M _eff = np.zeros(n)

for i, r in enumerate(r array):
M bar = nfw_enclosed mass(r, M200 total, c200, z L) * f bar
M eff[i] = effective enclosed mass(r, M bar, g c)

# rho eff = (1/4pi*r~2) * dM_eff/dr

t BiEMD (RRES)

rho eff = np.zeros(n)

for i in range(1, n-1):
dMdr = (M_eff[i+1] - M_eff[i-1]) / (r_array[i+1] - r_array[i-1])
rho eff[i] = dMdr / (4%np.pi*r array[i]**2)

# IRR DR
rho_eff[0] = rho eff[1]
rho_eff[-1] = rho_eff[-2]

tBOBEEEY ) vy 7 (WEHHK)

rho_eff = np.maximum(rho eff, 0)
return rho_eff, M eff

de

-

abel project(R array, r fine, rho fine):
"""Abel ZE#i: DHME -> DEBE
Sigma(R) = 2 * integral R™inf rho(r) * r / sqrt(r"2 - R"2) dr
it rho D#EREIRIEL
log r = np. log10(r_fine)
log rho = np. log10(np.maximum(rho fine, 1e-50))
rho_interp = interpolate. interpld(log r, log rho, kind="linear’,
fill value=-50, bounds error=False)

def rho func(r):
return 10%xrho_interp(np. log10(r))

Sigma = np.zeros(len(R array))
r_max = r_fine.max()

for i, R in enumerate(R array):
if R <= 0: continue
B DRI rho(r) * r / sart(r"2 - R°2)
fRRER r=R OWE: FTEEH u = sart(r'2 - R2), dr = u/r * du
# integral = integral 0"umax rho(sqrt(u”24+R"2)) du

u max = np.sqrt(r maxxx2 - Rxx2) if r max > R else 0
if umax <= 0:

Sigmali] = 0

continue

def integrand(u):
r = np.sqrt(ukk2 + R¥x2)
return rho_func(r)

try:
val, err = integrate.quad(integrand, 0, u max, Llimit=200,
epsrel=le-4, epsabs=0)
Sigma[i] = 2 * val f Bif&AM
except:



Sigmali] = 0

return Sigma

def compute delta sigma(R array, Sigma array):
”""DeltaSigma(R) = Sigma mean(<R) - Sigma(R)”””
# Sigma mean(<R) = (2/R"2) % integral 0°R Sigma(R’) * R’ dR’
Sigma _mean = np.zeros(len(R array))
1w
Sigma_interp = interpolate. interpld(R array, Sigma array, kind="linear’,
fill value=0, bounds error=False)
for i, R in enumerate(R array):
if R <= 0: continue
def integrand(Rp):
return Sigma_interp(Rp) * Rp
try:
val, _ = integrate.quad(integrand, R array[0]%0.1, R, Limit=100)
Sigma mean[i] = 2 * val / Rxx2
except:
Sigma mean[i] = 0
return Sigma_mean - Sigma_array
#
#5. TLAMWTOT 7 AIEE
i

def full mond shear(R arcmin, M200, c200, z L, z s, g c, f bar=0.17):
""" Abe | ZEH% AN/ IEREAR MOND/BE BIMT 7’07 7 A L”"”
DL val =D A(z L)
Scr_val = Sigma cr(z L, z s)

# arcmin => Mpc
R Mpc = R arcmin * np.pi/(180%60) * DL val

i 3D FEDKEF (+2#»<)

r min = R Mpc.min() * 0.1

r max = R Mpc.max() * 5

r fine = np. logspace(np. log10(max(r min, 1e-4)), np. log10(r max), 500)

# MOND SR
rho eff, M eff = compute rho eff(r fine, M200, c200, z L, g ¢, f bar)

# Abel #%52
Sigma = abel project(R Mpc, r fine, rho eff)

# DeltaSigma
DS = compute delta sigma(R Mpc, Sigma)

s
gamma_t = DS / Scr_val

return gamma_t, Sigma, DS, rho_eff, M_eff, r_fine

#t
# 6. NFW DIEFEZNBIMT (LLEA. Wright & Brainerd 2000)
#

def nfw_gamma_exact(R arcmin, M200, c200, z L, z s):
"""Wright & Brainerd (2000) DfEATHY NFW Bgug"""
rc = rho cr(z_L)
r200 = (3%xM200/ (4%np. pi*200%rc))*x(1./3.)
rs = r200/c200
delta ¢ = 200./3.*c200%*3/(np. Log(1+c200)-c200/(1+c200))
rho_s = delta c*rc

DL val =D A(z L)
R Mpc = R arcmin * np.pi/(180%60) * DL val
x = R Mpc/rs

# Sigma(x) & Sigma mean(x) DR
Sigma = np.zeros_Llike(x)
Sigma mean = np.zeros like(x)

for i, xi in enumerate(x):

if xi < 1e-6: continue

elif abs(xi-1) < le-4:
Sigma[i] = 2*%rs%rho_s/3.0
Sigma mean[i] = 4xrsxrho_sx(1+np. log(0.5))

elif xi < 1:
sq = np.sqrt(1-xi**2)
Sigmal[i] = 2%rsxrho_s/(xi%x2-1)%(1-np. log((1+sq)/xi)/sq)
g = np. log(xi/2)+np. log((1+sq)/xi)/sq
Sigma mean[i] = 4xrsxrho_s¥g/xi%¥2

else:
sq = np.sqrt(xi*x¥2-1)
Sigma[i] = 2krs¥rho_s/(xi**2-1)*(1-np.arctan(sq)/sq)
g = np. log(xi/2)+np.arctan(sq)/sq
Sigma mean[i] = 4%rsxrho_s¥g/xi%*2

DS = Sigma mean - Sigma
Scr_val = Sigma cr(z L, zs)



return DS/Scr val

t
B7. T9mBRABET 4V b
b

print(f"¥n{’ =" %70}")
print("[Step 1] F—4FHIHAH")
print(”="%70)

data file = Path("hsc y3 stacked shear.csv”)
if data file.exists():
df = pd.read csv(data file)
else:
df = pd.DataFrame({
“r_arcmin’: [0.59,0.82,1.14,1.59,2.22,3.09,4.30,5.99,8.34,11.61,16.17,22,51],
"gamma_t’ : [0.038,0.053,0.032,0.023,0.018,0.015,0.012,0.010, 0. 008, 0. 007, 0. 006, 0. 006],
gamma_t_err’ : [0.025,0.019,0.010,0.006, 0. 004, 0. 003, 0. 002, 0. 002, 0. 001, 0. 001, 0. 001, 0. 001],
1))

r data = df[’r_arcmin’ ].values

gt data = df[’ gamma_t’ ].values

gt err = df[’gamma t err’ ].values

valid = np.isfinite(gt data) & np.isfinite(gt err) & (gt _err>0)

r fit = r_data[valid]; gt fit = gt data[valid]; err fit = gt err[valid]

print(f” A#E>: {valid.sun()}”)

#
# 8. NFW 71wk
#
print(f"¥n{ =’ %70}")

print("[Step 2] NFW 7 1 v b (fR4789)")
print(”="x70)

def chi2 nfw(params):
lm, lc = params
M, ¢ = 10%klm, 10%klc
if c<1 or c>20 or MK1e12 or M>1e16: return 1e20
try: return np.sum(((gt_fit-nfw_gamma_exact(r_fit,M,c,Z L, Z S))/err fit)**x2)
except: return 1e20

best = np.inf; bp = (14,0.5)
for Lm in np. linspace(13,15.5,20):
for Llc in np. linspace(0,1.2,15):
c2 = chi2 nfw((lm, Lc))
if c2<best: best=c2; bp=(lm, Lc)
try:
res = optimize.minimize(chi2 nfw, bp, method="Nelder-Mead’)
if res. fun<best: best=res. fun; bp=res. x
except: pass

M200 nfw = 10%xbp[0]; c200 nfw = 10%xbp[1]
gt nfw = nfw_gamma_exact(r_fit, M200 nfw, c200 nfw, Z L, Z S)
chi2 nfw val = best; dof nfw = len(r fit)-2

print(f” M200={M200 nfw:.2e}, c200={c200 nfw:. 2f}")
print(f” chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:.2f}")

#
# 9. MOND Abel ZH# 7 1w b
i
print(f"¥n{’ =" %70}")

print("[Step 3] MOND/REETIL 7 4 v k (Abel Zin)”)
print(”="%70)

tgcoIYy RFy—F

f# M200 (& NFW 7 1 v hDEEER (N F v EEOER)
gc_grid = np. logspace(-12, -8, 60)

chi2 gc_abel = np.full(len(gc_grid), np.inf)

print(f” g c ZF v > ({len(gc_grid)} R)...”)
for ig, gc val in enumerate(gc grid):
try:
gt model, , , , , _ = full mond shear(r fit, M200 nfw, c200 nfw, Z L, Z S, gc val)
if np.all(np.isfinite(gt model)):
chi2 gc abel[ig] = np.sum(((gt fit-gt model)/err fit)*k2)
except Exception as e:
pass

if (igtl) % 20 == 0:
best so far = gc _grid[np.argmin(chi2 gc abel[:ig+1])]
print(f” {ig+1}/{len(gc grid)}: best g ¢ = {best so far/a0:.3f} a0”)

X2k gc

best idx = np.argmin(chi2 gc abel)
gc_best abel = gc grid[best idx]

chi2 abel best = chi2 gc abel[best idx]

#9.c=ald d chi2
a0 idx = np.argmin(np.abs(gc_grid - a0))
chi2 a0 abel = chi2 gc abel[a0 idx]



P RRAMNEFILOBEI IO 74
gt _abel best, Sigma best, DS best, rho best, Meff best, r fine = ¥
full _mond shear(r fit, M200 nfw, c200 nfw, Z L, Z S, gc best abel)

# MOND (g_c=al) 7O 774
gt abel mond, , , , , = full mond shear(r fit, M200 nfw, c200 nfw, Z L, Z S, a0)

dof abel = len(r fit) - 2 f# M200 + g ¢

print(f"¥n Abel Z3#: MOND/EEFILFER:")

print(f” g c(best) = {gc_best abel:.2e} m/s"2 = {gc_best abel/a0:.3f} a0”)

print(f” chi2/dof(best) = {chi2 abel best:.1f}/{dof abel} = {chi2 abel best/dof abel:.2f}"”)
print(f” chi2/dof(a0) = {chi2 a0 abel:.1f}/{dof abel} = {chi2 a0 abel/dof abel:.2f}"”)

# EREXRE

dchi2 abel = chi2 gc abel - chi2 abel best

mask68 = dchi2 abel<1; mask95 = dchi2 abel<4

gc_Lo68 = gc_grid[mask68].min() if mask68.sum()>0 else gc best abel
gc hi68 = gc_grid[mask68].max() if mask68.sum()>0 else gc best abel
gc_L095 = gc_grid[mask95].min() if mask95.sum()>0 else gc best abel
gc_hi95 = gc_grid[mask95].max() if mask95.sum()>0 else gc_best abel

ad in 68 = gc_lo68<=a<=gc_hi68
al_in_95 = gc_l095<=a0<=gc_hi95

print(f” 68% CI: [{gc l068/a0:.3f}, {gc hi68/a0:.3f}] a0d”)
print(f” 95% CI: [{gc_l095/a0:.3f}, {gc hi95/a0:.3f}] a0d”)
print(f” a0 in 68% CI: {"YES' if a0 in 68 else "NO'}")
print(f” ad in 95% CI: {"YES’ if a0 in 95 else "NO'}”)

#
#10. NFW 27— > 7SR & DLEE
#
print(f"¥n{ =’ %70}")

print("[Step 4] Abel Z#a vs NFW X4 —Y ¥ Z5ELLDEE”)
print(”="x70)

print(f” 1B (NFW X4 —1) > 73D : g.c = 0.777 a0”)
print(f” #r (Abel Zi#n) : g ¢ = {gc_best abel/a0:.3f} a0”)
print(f” #: {abs(gc best abel/a® - 0.777):.3f} a0”)

#
1. EFILLER
#
print(f"¥n{’ =" %70}")
print("[Step 5] EFILLLE")
print(”="%70)

aic_nfw = chi2 nfw val + 2%2
aic_mond abel = chi2 a0 abel + 2x1
aic_mem_abel = chi2_abel best + 2%2

print(f’¥n  { €FIL’ :<40} {"chi2 :>8} {'dof’ :>5} {’chi2/dof :>9} {’AIC’ :>8} {’dAIC’ :>8}")

print(f” {-"%78}”)

print(f” { NFW (fR47#9)’ :<40} {chi2 nfw val:>8.1f} {dof nfw:>5} {chi2 nfw val/dof nfw:>9.2f} {aic nfw:>8.1f} {0:>+8.1f}")

print(f” {"MOND g c=a0 (AbelZE#t)’ :<40} {chi2 a0 abel:>8.1f} {dof abel:>5} {chi2 a0 abel/dof abel:>9.2f} {aic mond abel:>8.1f} {aic mond abel-aic_nfw:>+8.1f}")
print(f” {FEEFI g c free (AbelZ#t)’ :<40} {chi2 abel best:>8.1f} {dof abel:>5} {chi2 abel best/dof abel:>9.2f} {aic_mem abel:>8.1f} {aic mem abel-aic nfw:>+8.1f}”)

#
t12. 7Oy b
i
print(f"¥n{’ =" %70}")
print("[Step 6] FOv K”)
print(”="%70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f Abel Transform MOND Lensing ($z $={z L}, $z s$={z S})’,
fontsize=14, fontweight="bold’)

t(a) W7o 71
ax = axes[0, 0]
ax.errorbar(r fit, gt fitxle3, yerr=err fitxle3,
fmt="0", color="black’, ms=6, capsize=3, label="HSC Y3’, zorder=5)

ax.plot(r_fit, gt nfwxle3, 'r-’, lw=2, label=f NFW )
ax.plot(r _fit, gt abel mondx1e3, "b--", lw=2, label=f"MOND Abel ($g c$=$a 0%)’)
ax.plot(r fit, gt abel bestxle3, 'g-.”, lw=2,
Llabe l=f" Membrane Abel ($g c$={gc_best abel/a0:.2f}$a 0$)’)
ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’); ax.set ylabel(’ $¥¥gamma t ¥¥times 10°3%’)
ax.set title(’ (a) Shear profiles’); ax.legend(fontsize=7)
#(b) BHE

ax = axes[0, 1]
ax.errorbar(r_fit, (gt fit-gt nfw)/err fit, fmt="o’, color="red’, ms=4, label="NFW )

ax.errorbar(r_fitx1,03, (gt fit-gt abel mond)/err fit, fmt="s’, color="blue’, ms=4, Llabel="MOND Abel’)
ax.errorbar(r_fit1.06, (gt fit-gt abel best)/err fit, fmt=""", color="green’, ms=4, label="Membrane Abel’)
ax.axhline(0, color="k’, ls="--", alpha=0.3)

ax. axhspan(-2, 2, alpha=0.05, color="gray’)

ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’); ax.set ylabel(’Residual/$¥¥sigma$’ )

ax.set title(’ (b) Residuals’); ax. legend(fontsize=7)

# (c) g c chi2

ax = axes[0, 2]



finite = np.isfinite(dchi2 abel)

ax.plot(gc grid[finite]/a0d, dchi2 abel[finite], "b-", Llw=2)

ax.axhline(1, color="orange’, ls="--", alpha=0.5, label="68%")

ax.axhline(4, color="red’, ls="--", alpha=0.5, label="95%")

ax.axvline(1.0, color="gray’, ls=":", alpha=0.5, label="$a 0%’)

ax.axvline(gc_best abel/ad, color="green’, ls="-’, lw=2, label=f best={gc best abel/a0:.2f}$a 0%’ )
ax.set xscale(’ log’); ax.set xlabel(’$g c/a 0%’ ); ax.set ylabel(’ $¥¥Delta¥¥chi“2$’)

ax.set title(’ (c) $g c$ constraint (Abel)’); ax. legend(fontsize=7)

ax.set_ylim(0, min(20, dchi2 abel[finite].max() if finite.sum()>0 else 20))

# () BHEETOT 7ML

ax = axes[1, 0]

r_plot = r_fine

rho_nfw = np.array([nfw density(r, M200 nfw, c200 nfw, Z L) for r in r_plot])
ax. loglog(r_plot, rho best, "g-’, lw=2, label="MOND effective’)

ax. loglog(r plot, rho nfw, 'r-=", Llw=2, label="NFW")

x.set xlabel(’r [Mpc]'); ax.set ylabel(’ $¥¥rho$ [Msun/Mpc$~3$1")

ax.set title(’ (d) 3D density’); ax.legend(fontsize=8)

1)

t (o) MEE
ax = axes[1, 1]
R Mpc plot = r fit * np.pi/(180%60) * DL
ax. loglog(R Mpc_plot, np.abs(DS best), ’'g-o’, ms=4, lw=2, label="$¥¥Delta¥¥Sigma$ (membrane Abel)’)
# NFW DeltaSigma
rs n, rho s n, = (lambda M,c,z: (
(3#M/ (4%np. pi*200xrho_cr(z)))**(1./3.)/c,
200. /3. xc*x3/ (np. log(14c)-c/(1+c) )*rho_cr(z),
(3+M/ (4%np. pi*200%rho_cr(z)))*x(1./3.)
)) (M200_nfw, c200 nfw, Z L)
from functools import Llru_cache
ax.set xlabel(’R [Mpc]’); ax.set ylabel(’ $|¥¥Delta¥¥Sigma|$ [Msun/Mpc$~2$]")
ax.set title(’ (e) $¥¥Delta¥¥Sigma$’); ax. legend(fontsize=8)

#(f) BPEE

ax = axes[1, 2]

M bar = np.array([nfw_enclosed mass(r, M200 nfw, c200 nfw, Z L)*0.17 for r in r_fine])

x. loglog(r fine, Meff best, 'g-’, lw=2, label="$M {eff}$ (MOND)’)

ax. loglog(r fine, M bar, "b--", Lw=2, label="$M {bar}$’)

ax. loglog(r_fine, np.array([nfw_enclosed mass(r, M200 nfw, c200 nfw, Z L) for r in r_finel),
“r:’, lw=2, label="$M_{NFW}$’)

ax.set xlabel(’r [Mpc]’); ax.set ylabel(’M(<r) [Msun]’)

ax.set title(’ (f) Enclosed mass’); ax. legend(fontsize=8)

o

plt.tight layout()
plt.savefig(’mond abel lensing.png’, dpi=150, bbox_ inches="tight’)
print(” -> mond abel lensing.png”)

#
#13. <l —
i
print(f"¥n{’ =" x70}”)
print("[&i&H <Y —1")
print(”="%70)

nan

print(f
Abel ZE#ul & B IEREA MOND/EEE FILES L v XfRHfT:

NFW:
M200={M200 nfw:.2e}, c200={c200 nfw:.2f}
chi2/dof = {chi2 nfw_val/dof nfw:.2f}

MOND (g c=al, Abel):
chi2/dof = {chi2 a0 abel/dof abel:.2f}
dAIC vs NFW = {aic_mond abel-aic nfw:+,1f}

BEFI (g c free, Abel):
g ¢ = {gc_best abel/a0:.3f} ab
68% CI: [{gc L068/a0:.3f}, {gc hi68/a0:.3f}] a0
95% CI: [{gc_l095/a0:.3f}, {gc hi95/a0:.3f}] a0
chi2/dof = {chi2 abel best/dof abel:.2f}
dAIC vs NFW = {aic_mem abel-aic_nfw:+. 1f}

B (NFWR 4 —1 v JIEE) vs #7 (AbelZE#) -
B g c=0.777 ad
#7 9.c = {gc_best_abel/a0:.3f} a0
a0 in 95% CI: {"YES' if a0 in 95 else "NO'}

SPARC [BIExAH#RE DEA:
SPARC: g ¢ = 0.825 a0
HSC Abel: g ¢ = {gc_best abel/a0:.3f} a0
oy

print("E£T")



sc_final_cl1_abel.py

i =] R8I EAETD Abel ZIZAEEMNT (z_spec=0.313 &) .z BEADHEEHR.

ER 2ETIVC chi2/dof>4, R9vo D z BEHNRE (2F14) .l ERIENTICH SRR,

29T hEX:

BIRERIT: DNFHERI S5 — cll + Abel ZH#

cl1: RA=140.45, Dec=-0.25, z spec=0.313 (22%Rj&, sigma v=527 km/s)

2ERFE DR
(A) cll BEOERITEMTTOT 7 1)L -> Abel ZH# NFW/RELLEL
(B) 29529 —2%9 vy (2 1=0.313 &) -> BEMHEDR

2247: uv run --with pandas --with numpy --with scipy ——with matplotlib python hsc final cl1 abel.py

nan

import numpy as np

import pandas as pd

from scipy import optimize, integrate, interpolate
from pathlib import Path

import time

import matplotlib

matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

#
#o. EH
i
HO = 70.0; Om = 0.3; OL = 0.7; c_light = 2.998eb
G Mpc = 4.301e-9; G SI = 6.674e-11

Msun = 1,989e30; Mpc m = 3.086e22

ad = 1.2e-10

#cll AR A—F

ZL=0.313 t PHFARE (22887, sigma_v=527 km/s)
2S=1.0 # Y3 BMY—2R z

SIGMA V = 527  # km/s GEESDHEY)

x4 7hs0y
SHAPE FILE = Path(r"D:¥R*F a1 X M¥IT Y MOE—¥HBEFHR¥ I N F TOEP¥/S1 Y ¥931720, csv. gz.1”)

#cll EEAZ

CL1 RA = 140.450

CL1_DEC = -0.251
EXTRACT_RADIUS ARCMIN = 30.0

print(”="x70)
print ("EARRRHT: DHRERY RS — cll + Abel ZE”)
print(”="%70)

print(f” cl1: RA={CL1 _RA}, Dec={CL1 DEC}”)
print(f” z spec = {Z L} (22487, sigma v={SIGMA V} km/s)”)
print(f” z source = {Z S}”)

1. FEHARBK

T

def E(z): return np.sqrt(Omx(14+z)*%3 + OL)
def comoving(z):
d, _ = integrate.quad(lambda zz: c_Llight/(H0*E(zz)), 0, z)
return d
def D A(z): return comoving(z)/(1+z)
def D A2(z1, z2): return (comoving(z2)-comoving(z1))/(1+z2)
def rho cr(z): return 3x(HO*E(z))**2/(8%np.pi*G Mpc)

de

-

Sigma cr(z_l, z s):

DL=D A(z L); Ds=D A(z s); Dls=D A2(z L, z s)
if Dls<=0: return np. inf

return c_Light®2/(4%np.pi*G Mpc) * Ds/(DL*DLs)

Scr = Sigma cr(Z L, Z8)
DL =D A(Z L)
arcmin_to Mpc = DL * np.pi / (180%60)

print(f” D A = {DL:.1f} Mpc”)
print(f” Sigma cr = {Scr:.3e} Msun/Mpc~2")
print(f” 1 arcmin = {arcmin to Mpc:.4f} Mpc = {arcmin to Mpc%1000:.1f} kpc”)

# signav 25 M200 E#E (Evrardt2008 27— > %)
# sigma v = 1082.9 % (hxM200 / 1e15)70.3361 km/s

h = H0/100

M200 sigma = 1e15/h * (SIGMA V/1082.9)*x(1/0.3361)
print(f” sigma v -> M200 #7E: {M200 sigma:.2e} Msun”)

#
# 2. NFW + Abel ZHBA%E (RIRV Y T hERA-)
#

def nfw_params(M200, c200, z ):



rc = rho cr(z L)

r200 = (3%xM200/ (4%np. pi*200%rc))*x(1./3.)

rs = r200/c200; delta ¢ = 200. /3. %c200%%3/(np. Log(1+c200)-c200/ (1+c200) )
rho_s = delta c*rc; return rs, rho_s, r200

def nfw_enclosed(r, M200, c200, z L):
rs, rho s, r200 = nfw_params(M200, c200, z L)
x = r/rs; return 4%np.pikxrho_skrs*x3x(np, Log(1+x)-x/(14x))

def nfw density(r, M200, c200, z l):
rs, rho_s, _ = nfw_params(M200, c200, z L)
x = r/rs; return rho_s/(x*(14+x)%%2)

def nfw_gamma exact(R _am, M200, c200, z L, z s):
rs, rho_s, _ = nfw_params(M200, c200, z L)
R Mpc = R am * arcmin_to Mpc; x = np.maximum(R Mpc/rs, 1e-6)
Sig = np.zeros_Llike(x); Sig m = np.zeros_Like(x)
for i, xi in enumerate(x):
if xi<le-6: continue
elif abs(xi-1)<le-4: Sig[il=2%rs*rho_s/3; Sig m[i]=4xrs*rho_s*(14np. log(0.5))
elif xi<1:
sq=np. sqrt(1-xi**2)
Sigli]=2xrsxrho_s/(xi*¥2-1)*(1-np. log((1+sq)/xi)/sq)
Sig m[i]=4*rs*rho_sx(np. log(xi/2)+np. log((1+sq)/xi)/sq)/xi**2
else:
sg=np. sqrt (xi*x2-1)
Sig[i]=2%rs*rho_s/(xi**2-1)*(1-np. arctan(sq)/sq)
Sig m[i]=4*rs*rho s*(np. log(xi/2)+np.arctan(sq)/sq)/xi%*2
return (Sig m-Sig)/Sigma cr(z L, z s)

def g mond(g N, g ¢):
if g N<=0: return 0
return 0.5%(g_Ntnp. sqrt(g_N«x2+4%g_cxg N))

def compute mond rho eff(r_arr, M200, c200, z |, g c, f bar=0.17):
n = len(r_arr); M eff = np.zeros(n)
for i, r in enumerate(r arr):
M bar = nfw_enclosed(r, M200, c200, z L)*f bar
r_m = rkMpc_m; M_kg = M_bar*xMsun
gN = G SIM kg/r mk%2 if r m>1el0 else 0
gobs = g mond(gN, g c)
M _eff[i] = gobs¥r mx2/G_SI/Msun
rho = np. zeros(n)
for i in range(1, n-1):
dMdr = (M_eff[i+1]-M eff[i-11)/(r_ arr[i+1]-r arr[i-1])
rho[i] = max(dMdr/(4%np.pi*r arr[i]xx2), 0)
rho[@]=rho[1]; rho[-1]=rho[-2]
return rho, M_eff

def abel project(R arr, r fine, rho fine):
log r = np. log10(r_fine); log rho = np. log10(np.maximum(rho fine, 1e-50))
rho f = interpolate. interpld(log r, log rho, fill value=-50, bounds error=False)
Sigma = np.zeros(len(R arr)); r max = r_fine.max()
for i, R in enumerate(R arr):
if R<=0: continue
u_max = np.sqrt(max(r_max ¥2-Rxx2, 0))
if umax<=0: continue
def integ(u): return 10%krho f(np. log10(np. sqrt (uxx2+R%%2)))
try: val, _ = integrate.quad(integ, 0, u max, Limit=200, epsrel=1e-4)
except: val = 0
Sigma[i] = 2*val
return Sigma

def compute DS(R arr, Sigma):

Sig f = interpolate. interpld(R arr, Sigma, fill value=0, bounds error=False)

Sig mean = np.zeros(len(R arr))

for i, R in enumerate(R arr):
if R<=0: continue
try: val, _ = integrate.quad(lambda Rp: Sig f(Rp)*Rp, R arr[0]%0.1, R, Llimit=100)
except: val = 0
Sig mean[i] = 2kval/R¥x2

return Sig mean - Sigma

def mond gamma_abel(R am, M200, c200, z |, zs, g c, f bar=0.17):
R Mpc = R am * arcmin_to Mpc; R Mpc = np.maximum(R Mpc, 1le-4)
r fine = np. logspace(np. Log10(R Mpc.min()*0.1), np. lLog10(R Mpc.max()*5), 400)
rho, Meff = compute mond rho eff(r fine, M200, c200, z L, g ¢, f bar)
Sig = abel project(R Mpc, r fine, rho)
DS = compute DS(R Mpc, Sig)
return DS/Sigma cr(z L, z s), rho, Meff, r fine

#
#3. cll @RTO7 7ML OMHE (FdBET—4FR)
#
print(f"¥n{ =’ %70}")

print("[Step 1] cl1 EARBIMFTO 7 7 (L")
print(”="x70)

t RIEIDRY v UfEREMBA (cl1 A S/N=9.0 TZEM)
tENTOT 7 AADBNIETE S EBSE
cll profile = Path(”hsc y3 stacked shear.csv”)



if cll profile.exists():
df = pd.read csv(cll profile)
print(f” 2% v V#EREHER ({len(df)} EV)7)
print(f" SEE: cll (S/N=9.0) 2% v I DXEMES")
else:
print(f” /N—RKI—R{EEHER")
df = pd.DataFrame({
“r_arcmin’: [0.59,0.82,1.14,1.59,2.22,3.09,4.30,5.99,8.34,11.61,16.17,22.51],
’gamma_t’: [0.038,0.053,0.032,0.023,0.018,0.015,0.012,0.010, 0. 008, 0. 007, 0. 006, 0. 006],
"gamma_t_err’: [0.025,0.019,0.010,0.006, 0. 004, 0. 003, 0. 002, 0. 002, 0. 001, 0. 001, 0. 001, 0. 0017,
3

r data = df[’r_arcmin’].values

gt data = df[’ gamma_t’ ].values

gt err = df[’gamma_t err’ ].values

valid = np.isfinite(gt data) & np.isfinite(gt err) & (gt err>0)

r fit = r_data[valid]; gt fit = gt data[valid]; err fit = gt err[valid]
n_data = len(r fit)

i MERR

r_Mpc = r_fit * arcmin_to_Mpc

r kpc = r _Mpc * 1000

print(f7 $Z&E: {r kpc.min():.0f} - {r kpc.max():.0f} kpc”)

i
#4. NFW 74w b
#
print(f"¥n{’ =’ %70}”)

print("[Step 2] NFW 7 1 v k (z_spec=0.313)")
print(”="x70)

def chi2 nfw(p):
M, c = 10%xp[0], 10%xp[1]
if c<1 or c>20 or MK1e12 or M>1e16: return 1e20
try: return np.sum(((gt_fit-nfw _gamma_exact(r fit,M,c,Z L,Z S))/err fit)*x2)
except: return 1e20

best _c2=np. inf; best p=(14,0.5)
for Lm in np. linspace(13,15.5,25):
for lc in np. linspace(0,1.2,15):
c2=chi2 nfw((lm, Lc))
if c2<best c2: best c2=c2; best p=(lm, lc)
try:
res=optimize.minimize(chi2 nfw, best p, method="Nelder-Mead’,
options={’xatol’ :0.001,” fatol’ :0.01})
if res. fun<best c2: best c2=res.fun; best p=res.x
except: pass

M200 nfw=10%xbest p[0]; c200 nfw=10%xbest p[1]

rs_nfw, _, r200 nfw = nfw_params(M200 nfw, c200 nfw, Z L)

gt nfw = nfw_gamma_exact(r fit, M200 nfw, c200 nfw, Z L, Z S)
chi2 nfw val = best c2; dof nfw = n_data-2

print(f” M 200 = {M200 nfw:.2e} Msun”)

print(f” ¢ 200 = {c200 nfw:.2f}")

print(f” r 200 = {r200 nfw:.2f} Mpc = {r200 nfwx1000:.0f} kpc”)

print(f” r.s = {rs_nfw:.3f} Mpc = {rs_nfw%1000:.0f} kpc”)

print(f” chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:.2f}")
print(f” M200(sigma v) = {M200 sigma:.2e} vs M200(lens) = {M200 nfw:.2e}”)

#
# 5. Abel Z#: MOND/FEETIL
#
print(f"¥n{’ =" %70}”)

print("[Step 3] Abel Z=#: MOND/EEE )L (z_spec=0.313)")
print(”="x70)

fac 7Yy RYy—F
gc_grid = np. logspace(-12, -8, 80)
chi2 gc = np.full(len(gc grid), np.inf)

print(f” gc 2F+ > ({len(gc_grid)} =)...”)
t0 = time. time()

for ig, gc val in enumerate(gc grid):
try:
gt model, , , = mond gamma abel(r fit, M200 nfw, c200 nfw, Z L, Z S, gc val)
if np.all(np.isfinite(gt model)):
chi2 gclig] = np.sum(((gt fit-gt model)/err fit)*%2)
except: pass
if (ig+1)%20==
elapsed = time. time()-t0
bi = np.argmin(chi2 gc[:ig+1])
print(f” {ig+1}/{len(gc_grid)}: best g c={gc_grid[bil/a0:.3f} a0, ”
f’chi2={chi2 gc[bi]:.1f}, {elapsed:.0f}s”)

best_ig = np.argmin(chi2 gc)
gc best = gc grid[best ig]
chi2 best = chi2 gc[best ig]

#gc=ad
a0 _ig = np.argmin(np. abs(gc_grid-a0))



chi2 a0 = chi2 gc[al ig]

# RANEFTIV

gt abel, rho best, Meff best, r fine = mond gamma abel(
r fit, M200 nfw, c200 nfw, Z L, Z S, gc best)

gt mond abel, , , _ = mond gamma abel(
r fit, M200 nfw, c200 nfw, Z L, Z S, a0)

dof_abel = n_data - 2

# EFEXE

dchi2 = chi2_gc - chi2_best

mask68 = dchi2<1; mask95 = dchi2<4

gc_Lo68 = gc grid[mask68].min() if mask68.sum()>0 else gc best
gc_hi68 = gc_grid[mask68].max() if mask68.sum()>0 else gc best
gc L095 = gc_grid[mask95].min() if mask95.sum()>0 else gc best
gc hi95 = gc_grid[mask95].max() if mask95.sum()>0 else gc best
al_in_68 = gc_lo68<=ad<=gc_hi68

a0 in 95 = gc l095<=al<=gc hi95

print(f"¥n #ER:")

print(f” g c(best) = {gc best:.2e} m/s"2 = {gc best/a0:.3f} ad”)

print(f” 68% CI: [{gc l068/a0:.3f}, {gc hi68/a0:.3f}] a0d”)

print(f” 95% CI: [{gc_l095/a0:.3f}, {gc hi95/a0:.3f}] a0d”)

print(f” a0 in 68%: {"YES’ if a0 in 68 else "NO'}”)

print(f” a0 in 95%: {"YES’ if a0 in 95 else "NO'}”)

print(f” chi2(best)/dof = {chi2 best:.1f}/{dof abel} = {chi2 best/dof abel:.2f}”)
print(f” chi2(a0)/dof = {chi2 a0:.1f}/{dof abel} = {chi2 a0/dof abel:.2f}")

#
# 6. EFILILE
#
print(f"¥n{’ =" %70}")

print("[Step 4] EFILELE (z spec=0.313, AbelZEif)”)
print(”="x70)

aic_nfw = chi2 nfw val + 2%2
aic_mond = chi2 a@ + 2x%1
aic_mem = chi2_best + 2%2

print(f"¥n {" EFIL <45} {'chi2’ :>7} {"dof’ :>4} {’chi2/dof’ :>9} {’AIC’ :>7} {' dAIC’ :>7}")

print(f” {"-"*82}”)

print(f” {'NFW (M200, c200) f&#THY :<45} {chi2 nfw val:>7.1f} {dof nfw:>4} {chi2 nfw val/dof nfw:>9.2f} {aic nfw:>7.1f} {0:>+7.1f}")

print(f” {"MOND (g c=a0) AbelZE#’ :<45} {chi2 a0:>7.1f} {dof abel:>4} {chi2 a@/dof abel:>9.2f} {aic mond:>7.1f} {aic _mond-aic nfw:>+7.1f}”)

print(f” {FEEFI (g c={gc _best/ad:.3f}ad) AbelZT#r’ :<45} {chi2 best:>7.1f} {dof abel:>4} {chi2 best/dof abel:>9.2f} {aic_mem:>7.1f} {aic_mem-aic nfw:>+7.1f}”)

#
7. 2FEORELE
i
print(f"¥n{’ =" %70}")

print("[Step 5] £FEDMALLE")

print(”="%70)

print (£
fRATF iR z lens Fik g c/abd  68% CI 95% CI
SPARC [E1#RER#R (1758R5) —- RAR @7 0.825  CV71 -
SPARC #¢{a 39548 - alpha 71 v b 0.545 [0.464,0.627] --

HSC 2=0.35 (IH{R7E) 0.35 NFWZ4—)L 0.733 [0.627,0.858] [0.512,0.994]
HSC 2=0.56 (photo-z) 0.56 NFWZR/Z—)L 0.777 [0.646,0.893] [0.537,1.026]

HSC z=0.313 (£%) 0.313 AbelZsi {gc_best/a0:.3f} [{gc_l068/a0:.3f}, {gc_hi68/a0:.3f}]1 [{gc_L095/a0:.3f}, {gc hi95/a0:.3f}]
mmy
#
t8. Fovk
#

print(f’¥n{’ = %70}”)
print("[Step 6] A v ")
print(”="%70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f' cl1 (z_spec=0.313, $¥¥sigma v$=527 km/s): NFW vs MOND vs Membrane (Abel)’,
fontsize=13, fontweight="bold’)

t () B0 7 AL
ax = axes[0, 0]
ax.errorbar(r fit, gt fit*le3, yerr=err fitxle3,
fmt="0", color="black’, ms=6, capsize=3, label="HSC Y3’, zorder=5)

ax.plot(r_fit, gt nfuxle3, 'r-’, lw=2, label=f NFW (M={M200 nfw:.1le})’)
ax.plot(r fit, gt mond abelx1e3, 'b--", lw=2, label="MOND Abel ($g c=a 0$)’)
ax.plot(r fit, gt abelx1e3, 'g-.”, lw=2,
labe l=f" Membrane Abel ($g c$={gc best/a0:.2f}$a 0$)" )
ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’)
ax.set_ylabel(’ $¥¥gamma t ¥¥times 1073’ )
ax.set title(’ (a) Shear profile’); ax.legend(fontsize=7)
#(b) HE

ax = axes[0, 1]

ax.errorbar(r_fit, (gt fit-gt nfw)/err fit, fmt="o’, color="red’, ms=4, label="NFW )
ax.errorbar(r_fitx1,03, (gt fit-gt mond abel)/err fit, fmt="s’, color="blue’, ms=4, Llabel="MOND Abel’)
ax.errorbar(r_fitx1.06, (gt fit-gt abel)/err fit, fmt=""", color="green’, ms=4, label="Membrane Abel’)
ax.axhline(0, color="k’, ls="--", alpha=0.3)

ax.axhspan(-2, 2, alpha=0.05, color="gray’)



ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’)
ax.set_ylabel(’Residual/$¥¥sigma$’ ); ax.set title(’ (b) Residuals’); ax. legend(fontsize=7)

# (c) g c chi2
ax = axes[0, 2]
fin = np.isfinite(dchi2)

ax.plot(gc grid[fin]/a0, dchi2[fin], "b-", lw=2)

ax.axhline(1, color="orange’, ls="--", alpha=0.5, label="68%)

ax.axhline(4, color="red’, ls="--", alpha=0.5, label="95%)

ax.axvline(1.0, color="gray’, ls=":", alpha=0.7, label="$a 0$ (MOND)’)

ax.axvline(gc best/ad, color="green’, ls="-", lw=2, label=f best={gc best/a0:.2f}$a 0%’ )
ax.axvline(0.825, color="orange’, ls="-.", alpha=0.5, Llabel="SPARC (0.825)")

ax.set xscale(’ log’); ax.set xlabel(’$g c/a 0%’ ); ax.set ylabel(’ $¥¥Delta¥¥chi 2$’)
ax.set title(’ (c) $g c$ constraint (Abel)’); ax. legend(fontsize=6)

ax.set_ylim(0, min(25, dchi2[fin].max() if fin.sum()>0 else 25))

t (d) BREE

ax = axes[1, 0]

rho nfw_3d = np.array([nfw density(r, M200 nfw, c200 nfw, Z L) for r in r_finel)
ax. loglog(r_finex1000, rho best, 'g-’, lw=2, label="MOND eff.”)

ax. loglog(r_finex1000, rho nfw 3d, ’r--", lw=2, Llabel="NFW)

x.set xlabel(’r [kpcl'); ax.set ylabel(’ $¥¥rho$ [Msun/Mpc$~3$1")

ax.set title(’ (d) 3D density’); ax. legend(fontsize=8)

1)

t (e) AWEE

ax = axes[1, 1]

M bar = np.array([nfw_enclosed(r, M200 nfw, c200 nfw, Z L)*0.17 for r in r_fine])
M nfw _enc = np.array([nfw_enclosed(r, M200 nfw, c200 nfw, Z L) for r in r_finel)
ax. loglog(r_finex1000, Meff best, "g-', lw=2, label="$M {eff}$ (MOND)’)

ax. loglog(r_finex1000, M bar, 'b--", w=2, label="$M {bar}$’)

x. loglog(r finex1000, M nfw enc, 'r:’, Lw=2, label="$M {NFW}$’)

x.set _xlabel(’r [kpc]'); ax.set ylabel(’M(<r) [Msun]’)

ax.set title(’ (e) Enclosed mass’); ax. legend(fontsize=8)

IS

# (f) chi2/dof /N—
ax = axes[1, 2]
models = [’NFW , 'MOND¥n(Abel)’, f Membrane¥n(Abel)’]
c2dof = [chi2 nfw _val/dof nfw, chi2 a0/dof abel, chi2 best/dof abel]
cols = ["red’, "blue’, ’green’]
bars = ax.bar(models, c2dof, color=cols, alpha=0.7, edgecolor="black’)
ax.axhline(1, color="k’, ls="--", alpha=0.3)
for b, v in zip(bars, c2dof):
ax. text(b.get x()+b.get width()/2, b.get height()+0.05,
£ {v:.2f}’, ha="center’, fontsize=11, fontweight="bold’)
ax.set_ylabel (" $¥¥chi~2$/dof’)
ax.set title(f (f) Model comparison (z={Z L})")

plt.tight layout()
plt.savefig(’hsc final cl1 abel.png’, dpi=150, bbox inches="tight’)
print(” -> hsc_final cl1 abel.png”)

#
#9. mEY<—
#
print(f"¥n{’ =" %70}”)
print("[&Y <Y —1")
print(”="x70)

print(f”
DRI SR — cll + Abel T & B RIEER:

ISR —:
RA=140. 45, Dec=-0.25, z_spec=0.313
22 X > IN—4R3A, sigma v=527 km/s
M200(sigma v) ~ {M200 sigma:.1le} Msun

EFIVEE (AIC):
NFW: chi2/dof={chi2 nfw val/dof nfw:.2f}, AIC={aic nfw:.1f}
MOND : chi2/dof={chi2 a/dof abel:.2f}, dAIC={aic mond-aic nfw:+.1f}
BEETIL: chi2/dof={chi2 best/dof abel:.2f}, dAIC={aic mem-aic nfw:+. 1f}

g c HE (AbelZi#):
g ¢ = {gc best/a0:.3f} a0
68% CI: [{gc L068/a0:.3f}, {gc hi68/a0:.3f}] a0
95% CI: [{gc_l095/a0:.3f}, {gc hi95/a0:.3f}] a0
a0 in 95%: { VES -> MOND FEHITX 7\ (Level B)' if a@ in 95 else "NO -> MOND ZE#1 (Level A {&#H)’}

SPARC & DELE:
SPARC g ¢ = 0.825 a0
HSC g ¢ = {gc_best/a0:.3f} al
#: {abs(gc_best/a0-0.825):.3f} a0

Level ¥IE:
DREHRE: BAEFH (FfFa BR)
Abel ZE#i: REFH (Kb TR
-> {"Level A F4&ETAE’ if not ad in 95 else 'Level B #3F (ad »' 95% CI AD7=8) '}
)

print("52T”")



BT R cll BED@ERTO771 )L (46,216Y—Z4R50) + Abel BH#UTLS
NFW/MOND/ED RI& LB, T5L > X R D BRILAR

e B7HExI, MOND/fE>NFW(dAIC=-5), g_c=1.58a0(95%CI=[0.79,2.52]), gamma_x=-0.032 (Rifzaz

B

BRI

Yo

RYVThEX:

nan

cll BAEEAT: 707 7 A L3k + Abel ZEH NFW/EELLEX

cl1: RA=140.45, Dec=-0.25, z spec=0.313, sigma v=527 km/s

29y I TR cll BiEDY —RERADH % F/H,

24T: uv run --with pandas --with numpy --with scipy -—-with matplotlib python hsc cl1 individual.py

import numpy as np

import pandas as pd

from scipy import optimize, integrate, interpolate
from pathlib import Path

import time

import matplotlib

matplotlib. use(’ Agg’)

import matplotlib.pyplot as plt

0. BRE

s

» T T

CL1_RA = 140.450
CL1_DEC = -0.251
ZL=0.313
ZS=1.0

SIGMA V = 527 # km/s

EXTRACT_RADIUS_ARCMIN = 30.0
R MIN = 0.3 # arcmin

R MAX = 25.0 # arcmin
N_BINS = 12

CHUNKSIZE = 1 000 000

H0=70.0; Om=0.3; OL=0.7; c_light=2,998eb

G _Mpc=4.301e-9; G_SI=6.674e-11; Msun=1,989e30; Mpc m=3. 086e22

a0=1.2e-10

print(”="x70)
print("cll B{RERHT: @R TOT 7ML + Abel ZE#”)
print(7="%70)

print(f” cl1: RA={CL1 RA}, Dec={CL1 DEC}, z={Z L}, sigma v={SIGMA V}”)

#

HAPE FILE = Path(r’D:¥ K¥ 21 X ¥ N¥T Y b OE—¥FHEFHEMY I N £ TOEIY/ 1 Y »¥931720. csv. 9z.17)

B 1. FHR
#

def E(z): return np.sqrt(Omx(1+z)*x3+0L)
def comoving(z):

d, =integrate.quad(lambda zz:c Llight/(H0*E(zz)),0,z); return d

def D A(z): return comoving(z)/(1+z)

def D A2(z1,z2): return (comoving(z2)-comoving(z1))/(1+z2)

def rho cr(z): return 3x(HO*E(z))**2/(8%np.pi*G Mpc)
def Sigma cr(zl,zs):

DL=D A(zl);Ds=D A(zs);Dls=D A2(zl, zs)

if DLs<=0: return np. inf

return c_Llightxx2/(4%np.pi*G Mpc)*Ds/(DL*DLls)

Scr=Sigma cr(Z L,Z S); DL=D A(Z L)
am2mpc = Dlknp. pi/(180%60)

print(f” D A={DL:.1f} Mpc, Sigma cr={Scr:.3e}, 1’ ={am2mpc*1000:.1f} kpc”)

t
#2. cll B0y —HH
i

print(f"¥n{’ =" %70}”)
print("[Step 1] cl1 EDY —REEADHH")
print(”="%70)

ext_r deg = EXTRACT RADIUS ARCMIN / 60.0
cos_dec = np.cos(np. radians(CL1 DEC))

cl1 _sources file = Path("cll sources.csv”)

if cl1 sources file.exists():
print(f” BEE7 7ML %&MEH: {cl1 sources file}”)
df src = pd.read csv(cll sources file)
print(f” YV —2#: {len(df src)}”)
else:
if not SHAPE FILE.exists():

print(f” 111 {SHAPE FILE} #L"); import sys; sys.exit(1)




print(f” {SHAPE FILE} MSF v v U #iHs...”)

t0 = time. time()

chunks_out = []

total = 0

ra_col = dec_col = el col = e2 col = w col =mcol =cl col =c2 col = None

for chunk in pd.read csv(SHAPE FILE, chunksize=CHUNKSIZE):
total += Llen(chunk)
if ra_col is None:
cols = List(chunk. columns)

ra_col = [c for ¢ in cols if c.lower()=="i ra’]
ra_col = ra col[0] if ra col else cols[1]
dec_col = [c for ¢ in cols if c.lower()=="1i dec’]

dec _col = dec col[@] if dec col else cols[2]

el col = [c for ¢ in cols if "el’” in c.lower() and "hsm’ in c. lower()]
el col = el col[0] if el col else cols[3]

e2 col = [c for ¢ in cols if €2’ in c.lower() and "hsm’ in c. lower()]
e2 col = e2 col[0] if e2 col else cols[4]

w col = [c for ¢ in cols if c. lower()=="derived weight’]

wcol = w col[0] if wcol else cols[7]

m col = [c for ¢ in cols if c.lower()=="shear bias m’]

m col =m col[0] if m col else None

cl col = [c for ¢ in cols if c. lower()=="shear bias c1’]

cl col = ¢l col[0] if c1 col else None

c2 col = [c for ¢ in cols if c. lower()=="shear bias c2’]

c2 col = c2 col[0] if c2 col else None

src_ra = chunk[ra col].values
src_dec = chunk[dec_col].values

dra = (src_ra - CL1_RA) * cos_dec
ddec = src_dec - CL1_DEC

dist2 = drax*2 + ddec**2

mask = dist2 < ext r_deg¥*2

if mask.sum() > 0:
sub = chunk[mask]. copy()
sub[’ dist deg’] = np.sqrt(dist2[mask])
sub[’ phi’] = np.arctan2(ddec[mask], dra[mask])
chunks_out. append(sub)

if total % 5 000 000 == 0:
n_ext = sum(len(c) for ¢ in chunks out)
print(f” {total/1e6:.0f}MfT, #h: {n ext}, {time.time()-t0:.0f}s”)

df src = pd.concat(chunks out, ignore index=True) if chunks out else pd.DataFrame()
elapsed = time.time()-t0
print(f” 5E7T: {total:, }4TWLIE, {len(df src):, }Rik#hHH, {elapsed:.0f}s”)

t R
df src.to csv(cll sources file, index=False)
print(f” -> {cl1 sources file}"”)

if len(df src) == 0:
print(” 11l Y—2#L"); import sys; sys.exit(1)

t HSLEDOBRE

cols = list(df src.columns)

el ¢ = [c for ¢ in cols if "el” in c.lower() and "hsm’ in c. lower()]
el ¢ = el c[0] if el c else [c for ¢ in cols if "el’” in c. lower()][0]
e2 ¢ = [c for ¢ incols if "2’ in c.lower() and "hsm’ in c. lower()]
e2 ¢ = e2 c[0] if e2 ¢ else [c for ¢ in cols if "e2’ in c. lower()][0]
wc = [c for ¢ in cols if "weight’ in c. lower()]

wec =wc[0] if wc else None

mc = [c for ¢ in cols if c. lower()=="shear bias m"]

mec=mc[0] if mc else None

cl ¢ = [c for ¢ in cols if c.lower()=="shear bias c1’]

cl ¢ =cl c[0] if c1 c else None

c2 ¢ = [c for ¢ in cols if c. lower()=="shear bias c2’]

c2 ¢ = c2 c[0] if c2 c else None

print(f” el={el c}, e2={e2 c}, w={w c}, m={m c}”)

#t
#3. BREMTO7 7 ILRAE
#

print(f"¥n{’ =" %70}")
print("[Step 2] cl1 {EBIEAREUT IO T 7 A L")
print(”="%70)

el = df src[el c].values

e2 = df src[e2 c].values

w = df src[w c].values if w c else np.ones(len(df src))
phi = df src[’ _phi’].values

dist am = df src[’ dist deg’ ].values * 60.0

# /N1 7 RFEIE
if ¢c1 ¢ and ¢l ¢ in df src.columns:
el = el - df src[cl c].values
if c2 ¢ and ¢2_c in df_src.columns:
e2 = e2 - df src[c2 c].values
m vals = df _src[m c].values if (m c and m ¢ in df src.columns) else np.zeros(len(df src))



1 AR/ ZE BT

gamma_t = -(el*np.cos(2xphi) + e2xnp.sin(2xphi))

gamma_x = +(el*np.sin(2%phi) - e2%np. cos(2%phi))

tev=vy

r_bins = np. logspace(np. lLog10(R_MIN), np. log10(R MAX), N BINS+1)
r _centers = np.sqrt(r bins[:-11xr bins[1:])

gt _prof = np. full(N_BINS, np.nan)
gx_prof = np.full(N BINS, np.nan)
gt_err = np. fulL(N_BINS, np.nan)
n_src = np.zeros(N _BINS, dtype=int)

for ib in range(N_BINS):
mask = (dist _am>=r bins[ib]) & (dist am<r bins[ib+1])
n_src[ib] = mask.sum()
if n_src[ib] < 10: continue

wb = w[mask]; gtb = gamma t[mask]; gxb = gamma x[mask]; mb = m vals[mask]
ws = np. sum(wb)
m mean = np.average(mb, weights=wb)

gt prof[ib] = np. sum(wbxgtb)/ws/(1+m_mean)
gx_prof[ib] = np. sum(wb*gxb)/ws/(1+m_mean)

t R 1 X3RE
sigma_shape = np.sqrt(np. sun(wb%gtb%*2)/ws - gt prof[ib]*%2)
gt err[ib] = sigma shape/np.sqrt(n src[ib])

# SN
valid = “np. isnan(gt prof) & (gt err>0)
sn_total = np.sqrt(np.sum((gt prof[valid]/gt err[valid])*%2)) if valid.sum()>0 else @

print(f” YV —R#HE: {len(df src):,}")

print(f” A#E>: {valid.sum()}/{N BINS}”)

print(f” S/N (total): {sn total:.1f}”)

print(f” gamma t F|A: {np.nanmax(gt prof):.4f} at R={r centers[np.nanargmax(gt prof)]:.1f}’ ")

# XITFRK
gx_mean = np.nanmean(gx prof[valid])
print(f” gamma x Y¥J: {gx mean:.5f} (RJLF R b: {PASS’ if abs(gx mean)<0.005 else ’FAIL'})”)

t 7o774IKRER
print(f’¥n  {"R[arcmin]’ :>10} {’R[kpc] :>8} {’gamma_t’:>10} {’err’ :>10} {’ gamma_x’ :>10} {"N_src’:>8}")
print(f” {"-"*60}")
for ib in range(N BINS):

if np.isnan(gt_prof[ib]): continue

r_kpc = r_centers[ib]*xam2mpc*1000

print(f” {r centers[ib]:>10.2f} {r kpc:>8.0f} {gt prof[ib]:>10.5f} {gt err[ib]:>10.5f} ”

7 {gx_prof[ib]:>10.5f} {n src[ib]:>8}")

# 74w NBAEZ

r fit = r_centers[valid]
gt fit = gt prof[valid]
err fit = gt err[valid]
n_data = len(r fit)

# CSV %77
pd. DataFrame ({
"r_arcmin’ : r_centers, 'r_kpc’ : r_centers¥am2mpcx1000,
"gamma_t’: gt prof, 'gamma t err’: gt err,
gamma_x": gx_prof, 'n_sources’: n_src
}).to csv(’cll individual shear.csv’, index=False)
print(f"¥n -> cl1_individual shear.csv”)

#
# 4. NFW 74w & (FRHTEY)
#
print(f"¥n{’ =" %70}")
print("[Step 3] NFW 7 1 v K”)
print(”="%x70)

def nfw_params(M200, c200, zL) :
rc=rho_cr(zl); r200=(3%M200/ (4*np. pi*200xrc))**(1./3.)
rs=r200/c200; dc=200. /3. %c200%*3/(np. Log(14+c200)-c200/(1+c200))
return rs, dckrc, r200

de

-

nfw_gamma(R _am, M200, c200):
rs, rho s, =nfw_params(M200, c200,Z L)
R Mpc=R_amxam2mpc; x=np.maximum(R Mpc/rs, 1e-6)
S=np. zeros_Llike(x); Sm=np.zeros Llike(x)
for i,xi in enumerate(x):
if xi<le-6: continue
elif abs(xi-1)<le-4: S[il=2xrsxrho_s/3; Sm[iJ]=4%rs*rho_s*(1+np. Log(0.5))
elif xi<1:
sq=np. sqrt (1-xi*¥2)
SLil=2x¢rskrho_s/(xi**2-1)*(1-np. Log((1+sq)/xi)/sq)
Sm[i]=4%rsxrho_s*(np. log(xi/2)+np. log((1+sq)/xi)/sq)/xi%*2
else:
sqg=np. sqrt(xi*x2-1)
SLil=2xrskrho_s/(xi%*2-1)%(1-np. arctan(sq)/sq)
Sm[i J=4xrs*rho_s*(np. log(xi/2)+np.arctan(sq)/sq)/xi**2



return (Sm-S)/Scr

chi2 nfw(p):

M, c=10%xp[0], 10%xp[1]

if c<1 or c>20 or MK1e12 or M>1e16: return 1e20

try: return np.sum(((gt_fit-nfw gamma(r fit,M,c))/err fit)**2)
except: return 1e20

-

de

best c2=np. inf; best p=(14,0.5)
for Lm in np. linspace(13,15.5,30):
for lc in np. linspace(0,1.2,20):
c2=chi2 nfw((lm, Lc))
if c2<best c2: best c2=c2; best p=(lm, lc)
try:
res=optimize.minimize(chi2 nfw, best p, method="Nelder-Mead’,
options={’xatol’ :0.0005," fatol’ :0.005, maxiter’ :5000})
if res. fun<best c2: best c2=res.fun; best p=res.x
except: pass

M200 nfw=10%xbest p[0]; c200 nfw=10%xbest p[1]
rs_nfw, , r200 nfw=nfw_params(M200 nfw, c200 nfw,Z L)
gt _nfw=nfw_gamma(r_fit, M200 nfw, c200 nfw)

chi2 nfw val=best c2; dof nfw=n data-2

h=H0/100; M200_sv=1e15/hx(SIGMA V/1082.9)*x(1/0.3361)

print(f” M 200(lens) = {M200 nfw:.2e} Msun”)

print(f” M 200(sigma v) = {M200 sv:.2e} Msun”)

print(f” M ratio = {M200 nfw/M200 sv:.2f}")

print(f” ¢ 200 = {c200 nfw:,2f}")

print(f” r 200 = {r200 nfwx1000:.0f} kpc, r s = {rs nfwx1000:.0f} kpc”)
print(f” chi2/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:.2f}")

#
# 5. Abel Z#: MOND/FEETIL
#
print(f"¥n{’ =" %70}")

print("[Step 4] Abel Z=#: MOND/FEE L")
print(”="x70)

def nfw _enclosed(r, M200, c200) :
rs, rho_s, =nfw_params(M200, c200,Z L)
x=r/rs; return 4%np.pi*rho_skrs¥3%(np. log(1+x)-x/(1+x))

-

def g mond f(gN, gc):
if gN<=0: return 0

return 0.5%(gN+np. sqrt (gNsk2+4xgckgN) )

-

def mond_rho_eff(r_arr, M200, c200, gc, fb=0.17):

n=len(r arr); Me=np. zeros(n)

for i,r in enumerate(r arr):
Mb=nfw_enc losed(r, M200, c200)*fb
rm=r*Mpc_m; Mkg=Mb*Msun
gN=G_SIxMkg/rm*kx2 if rm>1e10 else 0
go=g_mond_f(gN, gc)
Me[ i J=go*rm*%2/G_SI/Msun

rho=np. zeros(n)

for i in range(1,n-1):
dM=(Me[i+1]-Me[i-11)/(r_arr[i+1]-r arr[i-1])
rho[ i J=max (dM/ (4*np. pi*r_arr[i]%x2),0)

rho[@]=rho[1]; rho[-1]=rho[-2]

return rho, Me

def abel(R arr, r f, rho f):
Lr=np. Log10(r f); Lrho=np. Log10(np. maximum(rho f, 1e-50))
fi=interpolate. interpld(Lr, Lrho, fill value=-50, bounds error=False)
S=np. zeros(len(R arr)); rmax=r_f.max()
for i,R in enumerate(R arr):
if R<=0: continue
um=np. sqrt (max (rmax*x2-Rx%2, 0))
if um<=0: continue
def intg(u): return 10%xxfi(np. Log10(np. sqrt (ux*x2+R¥x2)))
try: v, =integrate.quad(intg, 0, um, Limit=200, epsrel=1e-4)
except: v=0
S[i]=2%v
return S

-

def comp DS(R arr,Sig):
sf=interpolate. interp1d(R arr,Sig, fill value=0, bounds error=False)
Sm=np. zeros(len(R arr))
for i,R in enumerate(R arr):
if R<=0: continue
try: v, =integrate.quad(lambda Rp:sf(Rp)*Rp, R arr[0]*0.1,R, Limit=100)
except: v=0
Sm[ i ]=2%v/R¥x2
return Sm-Sig

def mond_gamma_abel(R_am, M200, c200, gc, fb=0.17):
R Mpc=np. maximum(R_amxam2mpc, 1e-4)
rf=np. logspace (np. Log10(R Mpc.min()*0.1), np. Log10(R Mpc. max()*5), 400)
rho, Me=mond_rho_eff(rf, M200, c200, gc, fb)
Sig=abel(R Mpc, rf, rho)



DS=comp DS(R Mpc, Sig)
return DS/Scr, rho, Me, rf

fgc RAFvry
gc_grid=np. logspace(-12, -8, 80)
chi2 gc=np. full(len(gc_grid), np. inf)

print(f” g c 2F+ > ({len(gc grid)} &)...”")
t0=time. time()
for ig,gc in enumerate(gc grid):
try:
gt m, , , =mond gamma abel(r fit, M200 nfw, c200 nfw, gc)
if np.all(np.isfinite(gt m)):
chi2 gcligl=np.sum(((gt fit-gt m)/err fit)xx2)
except: pass
it (ig+1)%20==0:
bi=np.argmin(chi2 gc[:ig+1])
print(f” {ig+1}/{len(gc_grid)}: best gc={gc grid[bil/a0:.3f}a0, ”
f7chi2={chi2 gc[bil:.1f}, {time.time()-t0:.0f}s”)

best_ig=np.argmin(chi2 gc)
gc_best=gc grid[best ig]
chi2 best=chi2 gc[best ig]

a0 ig=np.argmin(np.abs(gc grid-a0))
chi2 ab=chi2 gc[al ig]

gt abel, rho best,Me best, rf=mond gamma abel(r fit, M200 nfw, c200 nfw, gc best)
gt mond abel, , , =mond gamma abel(r fit, M200 nfw, c200 nfw, a0)

dof_abel=n_data-2

i fEREXRE

dchi2=chi2_gc-chi2 best

m68=dchi2<1; m95=dchi2<4

L068=gc_grid[m68].min() if m68.sum()>0 else gc best
hi68=gc grid[m68].max() if m68.sum()>0 else gc best
L095=gc_grid[m95].min() if m35.sum()>0 else gc_best
hi95=gc_grid[m95].max() if m95.sum()>0 else gc best
al_in68=1068<=a0<=hi68; a0 _in95=1095<=a0<=hi95

print(f"¥n #ER:")

print(f” g ¢ = {gc _best/a0:.3f} a0 ({gc best:.2e} m/s"2)")

print(f” 68% CI: [{lo68/a0:.3f}, {hi68/a0:.3f}] a0d”)

print(f” 95% CI: [{l0o95/a0:.3f}, {hi95/a0:.3f}] a0”)

print(f” a0 in 68%: {'VES’ if a0 in68 else "NO'}")

print(f” a0 in 95%: {"YES' if a0 in95 else "NO’}”)

print(f” chi2(best)/dof = {chi2 best:.1f}/{dof abel} = {chi2 best/dof abel:.2f}”)
print(f” chi2(a0)/dof = {chi2 a0:.1f}/{dof abel} = {chi2 a0/dof abel:.2f}")
print(f” chi2(NFW)/dof = {chi2 nfw val:.1f}/{dof nfw} = {chi2 nfw val/dof nfw:.2f}")

#
# 6. EFILLLE
#
print(f"¥n{’ =" %70}")
print("[Step 5] EFILLLE”)
print(”="%70)

aic_nfw=chi2 nfw_val+2%2
aic_mond=chi2_a0+2x1
aic_mem=chi2_best+2%2

print(f’¥n  { €F)L’ :<45} {"chi2 :>7} {"dof’ :>4} {’chi2/dof’ :>9} {'AIC’ :>7} {’dAIC’ :>7}")

print(f” {"-"*82}")

print(f” {"NFW (M200, c200)’ :<45} {chi2 nfw val:>7.1f} {dof nfw:>4} {chi2 nfw val/dof nfw:>9.2f} {aic nfw:>7.1f} {0:>+7.1}")

print(f” {"MOND (g c=al, Abel)’:<45} {chi2 a0:>7.1f} {dof abel:>4} {chi2 ad/dof abel:>9.2f} {aic mond:>7.1f} {aic_mond-aic_nfw:>+7.1f}")

print(f” { f& (g9 c={gc best/a0:.3f}ad, Abel)’ :<45} {chi2 best:>7.1f} {dof abel:>4} {chi2 best/dof abel:>9.2f} {aic mem:>7.1f} {aic mem-aic nfw:>+7.1f}")

t 29 v vs ERIDLLE

print(f’¥n 2% v 4 vs ERDLLE:")

print(f” 24w 4 chi2/dof (NFW)=4,90, S/N=14.1")

print(f” cl1fER: chi2/dof(NFW)={chi2 nfw _val/dof nfw:.2f}, S/N={sn total:.1f}”)

i
t7. 7Oy b
i
print(f"¥n{’ =" %70}”)
print("[Step 6] 7Ow K”)
print(”="%70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f cll Individual (z spec={Z L}, $¥¥sigma v$={SIGMA V} km/s, S/N={sn total:.1f})",
fontsize=13, fontweight="bold’)
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ax=axes[0, 0]

ax.errorbar(r_fit,gt fitxle3, yerr=err fit*le3, fmt="0", color="black’, ms=6, capsize=3,
label="cl1 individual’, zorder=5)

ax.plot(r fit,gt nfwxle3,’ r-’, lw=2, label=f" NFW (M={M200 nfw:.1le})’)

ax.plot(r_fit,gt mond abelx1e3,’ b--", Llw=2, label="MOND Abel ($g c=a 0%)’)

ax.plot(r fit,gt abelxle3,” g-.’, lw=2, labe = Membrane ({gc best/a0:.2f}$a 0$)’)

#f gamma_x (null test)



gx_fit=gx_prof[valid]

ax.errorbar(r_fit,gx fitxle3, yerr=err fit*le3, fmt="x",color="gray’,ms=4, alpha=0.5,
labe =" $¥¥gamma_¥¥times$ (null)’)

ax. axhline(0, color="k’, Ls=" --", alpha=0. 3)

ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’)

x.set_ylabel(’ $¥¥gamma ¥¥times 10°3%’); ax.set title(’ (a) cl1 shear profile’)

ax. legend(fontsize=6)

1)

#(b) =

ax=axes[0, 1]

ax.errorbar(r_fit, (gt_fit-gt nfw)/err fit, fmt="o’,color="red’,ms=4, label="NFW" )
ax.errorbar(r_fitx1.03, (gt _fit-gt mond abel)/err fit, fmt="s’, color="blue’, ms=4, label="MOND’ )
ax.errorbar(r fitx1,.06, (gt fit-gt abel)/err fit, fmt=""",color="green’,ms=4, label="Membrane’ )
ax.axhline(0, color="k’, ls="--", alpha=0. 3)

ax. axhspan(-2, 2, alpha=0. 05, color="gray’ )

ax.set xscale(’ log’); ax.set xlabel(’R [arcmin]’)

ax.set_ylabel(’Residual/$¥¥sigma$’ ); ax.set title(’ (b) Residuals’)

ax. legend(fontsize=7)

# (c) g c constraint

ax=axes[0, 2]

fin=np. isfinite(dchi2)

ax.plot(gc grid[fin]/a0, dchi2[fin], b-", lw=2)

ax.axhline(1, color="orange’, ls="--", alpha=0.5, label="68% )

ax.axhline(4, color="red’, ls="--", alpha=0.5, label="95%" )
ax.axvline(1,0,color="gray’, ls=":", alpha=0.7, label="$a 0%’ )

ax.axvline(gc best/a0, color="green’, ls=" =", lw=2, label=f" best={gc_best/a0:.2f}$a 0% )
ax.axvline(0.825,color="orange’, ls="-.’ , alpha=0.5, Labe =" SPARC’ )

ax.set_xscale(’ log’); ax.set xlabel(’$g c/a 0%’ ); ax.set ylabel(’ $¥¥Delta¥¥chi“2$’)
ax.set title(’ (c) $g c$ constraint’); ax. legend(fontsize=6)
ax.set_ylim(0,min(30,dchi2[fin].max() if fin.sum()>0 else 30))

X X X X X X X X X

#(d) V—2¥HHE

ax=axes[1,0]

ax. bar (range(N_BINS),n src,color="steelblue’, alpha=0.7)

ax.set xticks(range(N _BINS))

ax.set xticklabels([f {r:.1f}’ for r in r centers], rotation=45, fontsize=7)
ax.set xlabel(’R [arcmin]’); ax.set ylabel(’N sources’)

ax.set title(f (d) Source count (total={n src.sum():,})")

X X X X X

it (e) BREE

ax=axes[1,1]

Mb=np. array([nfw_enclosed(r, M200 nfw, c200 nfw)*0.17 for r in rf])
Mn=np. array([nfw_enclosed(r, M200 nfw, c200 nfw) for r in rf])

ax. loglog(rf*1000, Me_best,’ g-’, Lw=2, label="$M_{eff}$ (membrane)’)
ax. loglog(rf*1000, Mb,’ b--", lw=2, label="$M {bar}$’)

ax. loglog(rfx1000,Mn,’ r:”, lw=2, label="$M {NFW}$’)

x.set_xlabel(’r [kpc]'); ax.set ylabel(’M(<r) [Msun]’)

ax.set title(’ (e) Enclosed mass’); ax. legend(fontsize=8)

1)

# (f) chi2/dof
ax=axes[1,2]
mode Ls=[" NFW’,” MOND¥n(Abel)’, f’ Membrane¥n(Abel)’ ]
c2d=[chi2 nfw_val/dof nfw,chi2 a0/dof abel,chi2 best/dof abel]
cols bar=["red’,” blue’,” green’]
bars=ax. bar (mode s, c2d, color=cols_bar, alpha=0. 7, edgecolor="black’ )
ax.axhline(1,color="k’, ls="--", alpha=0. 3)
for b,v in zip(bars,c2d):
ax. text(b.get x()+b.get width()/2,b.get height()+0.03, f’ {v:.2f}",
ha="center’, fontsize=11, fontweight="hold" )
ax.set ylabel(’ $¥¥chi“2$/dof’); ax.set title(’ (f) Model comparison’)

plt.tight layout()
plt.savefig("cl1 individual abel.png’,dpi=150, bbox inches="tight’)
print(” -> cl1_individual abel.png”)

#
8. mi&H~<l—
#
print(f"¥n{’ =" x70}”)
print("[&#EY <Y —1 cl1 {ERIARH")
print(”="x70)

print(f
cl1 (RA={CL1_RA}, Dec={CL1 DEC}):
z spec = {Z L} (22X /N—, sigma v={SIGMA V} km/s)
YV — 2§85 {len(df src):, } Rk (R<{EXTRACT RADIUS ARCMIN}’)
S/N = {sn_total:.1f}
gamma_x Y19 = {gx mean:.5f} (RJLF Ak {"PASS’ if abs(gx mean)<0.005 else "EFE’'})

NFW: M200={M200 _nfw:.2e}, c200={c200 nfw:.2f}
chi2/dof = {chi2 nfw val/dof nfw:.2f}
M200(Llens)/M200(sigma v) = {M200 nfw/M200 sv:.2f}

MOND (g c=al, Abel): chi2/dof = {chi2 a0/dof abel:.2f}
B (g c free, Abel): g ¢ = {gc_best/a0:.3f} a0
chi2/dof = {chi2 best/dof abel:.2f}
68% CI: [{Lo68/a0:.3f}, {hi68/a0:.3f}] ad
95% CI: [{l095/a0:.3f}, {hi95/a0:.3f}] a0
a0 in 95%: {'YES’ if a0 _in95 else "NO’}

28y vs ERIOBE:



NFW chi2/dof: 4.90 (stack) -> {chi2 nfw val/dof nfw:.2f} (individual)

SPARC & DES:
SPARC: 0.825 a0
cll:  {gc best/a0:.3f} a0
= {abs(gc_best/a0-0.825):.3f} al

Level ¥I7E: {"A (a0 FE#1)' if not a0 in95 else 'B (ad FHTEAL)}
)

print("527”")



C. Wiz —4t v MREE (N-2)

(AR RID SPARC A TOMITIREEE A RIRNICT vy A T TREPMIIMEAFEIILIZAETD YY) TR,

17. independent_verification.py

Phase 1: LITTLE THINGS / Karukes2017 / Noordermeer2007 H*% SPARC
N268RFAID /NS A= % INE , A FIEA D FRlZ= (MOND EDFEFIAN) =EE1L,

RINR gc/a070.75. BHARY gc/a072.1 #F il v_flat+h_R 23Tl g_c MIERT (b—bOY—FE7E) .

2OV ThEX:

BAEIERI DI T — 8 £ v MREE (N-2)

E#): SPARC AADEERHI#RT —4 T g ¢ = etaksqrt(a0xGSigmad) % iREE

F—HY—2R:
(1) LITTLE THINGS (0h+2015): 26 &/INFHRAUSRA D HI [OlERphAR
(2) Karukes & Salucci 2017: 36 ZF/NARAIEEA (coreNFW 74 v K)
(3) Lelli+2016b (SPARCAMRI): RHATIT 1 2 V4R

HREEFIE:
(A) &ERFD v flat, h R »5 GxSigmad %EtE
(B) RAR 74 v MT g ¢ &IRITAIE
(C) g c vs sqrt(a0*GxSigmad) DAEED% MREE
(D) alpha=0.5 D#&RE (SPARC &¥IZ(C)
(E) MOND (g c=al) & DLb#:

24T: uv run —-with numpy --with pandas --with scipy —-with matplotlib python independent verification.py

[x]EE: ORV )T MNIRXLREEFERT 2.
HEF—9 T 74INDY DY O— KD AEEARBE Phase 2 THERHRT 1 v M ERIT,

import numpy as np

import pandas as pd

from scipy import stats, optimize
from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

a0 = 1.2e-10 # m/s"2
G SI = 6.674e-11

kms = 1e3

kpc_m = 3.086e19

print(”="x70)

print "EMEIER ORI T —4 £y MREE (N-2) 7)
print(”="%70)

#

# 1. LITTLE THINGS &—#% (0h+2015, Table 3 + Iorio+2017)
#

f# Higa: 0h+2015 (AJ 149, 180), Iorio+2017 (MNRAS 466, 4159)
# v flat: BRAFBRTOBRERERE [kn/s]

thR F1RVZAT—IK GB.6umtETOT 7 1ILH5) [kpcl
# [*ISPARC ICEFN BRI TS VAT

print("¥n"+"="x70)
print("[7—#1] LITTLE THINGS (0h+2015)”)

print(”="%70)

little things = pd.DataFrame([
# galaxy, v flat, h R, distance, in sparc, source
#t v flat = RAFREEREE, h R =3.6um T4 RIRT—ILK

{"galaxy”: "CVnIdwA”, "v_flat”: 12.0, "h R”: 0.34, "dist”: 3.6, ”in_sparc”: True},
{"galaxy”: "DD043”, "v_flat”: 35.0, "h R”: 0.72, "dist”: 7.8, ”in sparc”: True},
{"galaxy”: "DD046”, ”v_flat”: 55.0, "h R”: 0.68, "dist”: 6.1, ”in_sparc”: True},
{"galaxy”: ”DD047”, "v_flat”: 60.0, "h R”: 1.55, "dist”: 5.2, ”in_sparc”: True},
{"galaxy”: "DD050”, "v_flat”: 38.0, "h R”: 1.01, "dist”: 3.4, ”in sparc”: True},
{"galaxy”: "DD052”, "v_flat”: 52.0, "h R”: 1.30, "dist”: 10.3, "in_sparc”: True},
{"galaxy”: ”DD053”, "v_flat”: 24.0, "h R”: 0.46, "dist”: 3.6, "in_sparc”: False},
{"galaxy”: "DD070”, "v_flat”: 45.0, "h R”: 0.57, "dist”: 1.3, ”in sparc”: False},
{"galaxy”: "DD087”, "v_flat”: 42.0, "h R”: 1.40, "dist”: 7.7, ”in_sparc”: True},
{"galaxy”: “DD0101”, "v_flat”: 50.0, "h R”: 0.75, "dist”: 6.4, ”"in_sparc”: False},
{"galaxy”: "DD0126”, "v_flat”: 37.0, "h R”: 0.80, "dist”: 4.9, ”in sparc”: True},
{"galaxy”: "DD0133”, "v_flat”: 47.0, "h R”: 1.10, "dist”: 3.5, ”in_sparc”: True},
{"galaxy”: "DD0154”, "v_flat”: 47.0, "h R”: 0.72, "dist”: 3.7, ”in_sparc”: True},
{"galaxy”: ”"DD0168”, "y flat”: 53.0, "h R”: 0.82, "dist”: 4.3, ”in sparc”: True},
{"galaxy”: ”DD0210”, "v_flat”: 15.0, "h R”: 0.17, "dist”: 0.9, ”in_sparc”: False},
{"galaxy”: "DD0216”, "v_flat”: 17.0, "h R”: 0.23, "dist”: 1.1, ”"in_sparc”: False},
{"galaxy”: "F564-V3”, "v flat”: 44.0, "h R”: 1.60, "dist”: 8.7, ”in sparc”: True},
{"galaxy”: "Haro29”, "v_flat”: 28.0, "h R”: 0.31, "dist”: 5.9, ”"in_sparc”: False},
{"galaxy”: "Haro36”, "v_flat”: 60.0, "h R”: 0.70, "dist”: 9.3, ”in_sparc”: False},
{"galaxy”: "1C1613”, "v_flat”: 20.0, "h R”: 0.77, "dist”: 0.7, ”in sparc”: True},



{"galaxy”: "IC10”, "v_flat”: 35.0, "h R”: 0.30, "dist”: 0.7, ”in sparc”: False},
{"galaxy”: "NGC1569”, "v_flat”: 50.0, "h R”: 0.25, "dist”: 3.4, ”in sparc”: False},
{"galaxy”: ”"NGC2366”, "v_flat”: 50.0, "h R”: 1.30, "dist”: 3.4, ”in_sparc”: True},
{"galaxy”: "NGC3738”, "v_flat”: 55.0, "h R”: 0.38, "dist”: 4.9, ”in sparc”: False},
{"galaxy”: "UGC8508”, "v_flat”: 25.0, "h R”: 0.30, "dist”: 2.6, ”in sparc”: True},
{"galaxy”: "WLM", "v_flat”: 38.0, "h R”: 0.73, "dist”: 1.0, ”in_sparc”: True},

D

#

# 2. Karukes & Salucci 2017 Binr—%4

i

# Hi8i: Karukes & Salucci 2017 (MNRAS 465, 4703)

# SPARC 41 DFE/NRIT D H3E 1

print("¥n”"+"="x70)

print("[F—#42] Karukes & Salucci 2017 (SPARCHD#)”)

print(”="x70)

karukes = pd.DataFrame ([
{"galaxy”: ”"UGC4325”, "v_flat”: 40.0, "h R”: 1.15, "dist”: 10.1, "in_sparc”: False},
{"galaxy”: "UGC11557”, "v_flat”: 65.0, "h R”: 2.40, "dist”: 23.5, ”in_sparc”: False},
{"galaxy”: "UGC4499”, "v flat”: 55.0, "h R”: 1.40, "dist”: 13.0, "in sparc”: False},
{"galaxy”: ”"UGC5721”, "v_flat”: 70.0, "h R”: 1.10, "dist”: 6.7, ”in_sparc”: False},
{"galaxy”: "UGC7603”, "v_flat”: 60.0, "h R”: 1.70, "dist”: 9.4, ”in sparc”: False},
{"galaxy”: "UGC8490”, "v flat”: 45.0, "h R”: 0.60, "dist”: 4.7, ”in sparc”: False},
{"galaxy”: ”"UGC7524”, "v_flat”: 80.0, "h R”: 2.80, "dist”: 4.7, ”in_sparc”: False},
{"galaxy”: "UGC7559”, "v_flat”: 25.0, "h R”: 0.55, "dist”: 4.9, ”in sparc”: False},
{"galaxy”: "UGC12732”, "v flat”: 70.0, "h R”: 2.50, "dist”: 13.2, ”in_sparc”: False},
{"galaxy”: "UGC7866”, "v_flat”: 30.0, "h R”: 0.45, "dist”: 4.6, ”in sparc”: False},

D

#

# 3. REIRYT 4 X V4R (Noordermeer+2007, SPARCA})

i

print ("¥n"+"="%70)

print("[7—43] BRI « R V4R (Noordermeer+2007, SPARCH:) ”)

print(”="%70)

early_type = pd.DataFrame ([
{"galaxy”: “NGC2841 N”, ”v flat”: 305.0, "h R”: 3.50, "dist”: 14.1, ”in sparc”: False},
{"galaxy”: "NGC5533 N”, ”v_flat”: 240.0, "h R”: 5.20, "dist”: 54.0, ”in sparc”: False},
{"galaxy”: "NGC7331_N”, ”"v_flat”: 250.0, "h_R”: 3.10, "dist”: 14.7, ”"in_sparc”: False},
{"galaxy”: "NGC4138 N”, ”v flat”: 200.0, "h R”: 1.80, "dist”: 17.0, ”in sparc”: False},
{"galaxy”: "NGC4389 N”, ”v_flat”: 120.0, "h R”: 1.20, "dist”: 15.5, ”in sparc”: False},
{"galaxy”: "NGC4@13 N”, ”"v_flat”: 180.0, "h R”: 2.40, "dist”: 18.6, "in_sparc”: False},

D

#
t 4 F—9ME
#

print(C¥n”+7="70)
print("[Step 1] T—4¥#HA")
print(”="%70)

df all = pd.concat([little things, karukes, early typel,

[’ Noordermeer2007’ Jxlen(early type))

# SPARC 4+ a3ttH

df indep = df all["df all[’ in sparc’ 1].copy().reset index(drop=True)
df sparc_overlap = df all[df all[’ in_sparc’ ]].copy().reset index(drop=True)

print(f” £8RA%k: {len(df all)}”)

print(f” SPARC E#: {df all[’in_sparc’].sun()}”)

print(f” SPARC M3z: {len(df indep)} <- ThAMIERKR")

print(f’¥n vV —2BIAER:")
for src in df _all[’source’ ].unique():
n_total = (df all[’ source’ J==src)

n_indep = (df indep[’ source’ J==src).sum() if len(df indep)>0 else 0

.sum()

print(f” {src}: £{n_total}, ¥H3Z{n_indep}”)

#

# 5. MEEOFHHE
#

print("¥n"+"="%70)
print("[Step 2] ¥IEEDEE")
print(”="x70)

def compute quantities(df):

777y flat, h R A5 G«Sigmad, g ¢ FRIEEFE"""

vf ms = df[’v_flat’].values * kms
hR_m = df[’h R’ ].values * kpc_m

# G«Sigmad Z’O*F< = v flat"2 / h R [m/s"2]

G Sigma@ = vf ms**2 / hR m

# AT g ¢ = eta x sqrt(ad * GxSigma0)

it eta |& SPARC A5 etad %M (etad DIEIET 1 v M THRED)

gc_geomean = np.sqrt(al * G Sigma

df[’ G Sigma@’ ] = G _Sigma0

0)

ignore index=True)
df all[’source’] = ([’LITTLE THINGS’ J*len(little things) +
[’ Karukes2017 J*len(karukes) +



df[’ gc_geomean’ ] = gc_geomean

df[’ log GS’ ] = np. Log10(G_Sigmad)

df[’ log_gc geomean’ ] = np. Llog10(gc_geomean)
df[’ log GS a0’ ] = np. Log10(G Sigmad / ad)

return df

df_indep = compute quantities(df indep)
df sparc_overlap = compute quantities(df sparc overlap)

print(f” 7 —4 GxSigma0 #EFH: [{df indep[’ G Sigma0’ ].min():.2e}, {df indep[’ G Sigma0’ ]J.max():.2e}] m/s"2")
print(f” JRIIF—4 v flat &E@E: [{df indep[’v_flat’ J.min():.0f}, {df indep[’v_flat’ ]J.max():.0f}] km/s”)

i
#6. g c ODMIKE (RAR BHhR)
#
print("¥n"+"="%70)
print("[Step 3] g ¢ DHE")
print(”="x70)

it EEREROEMT — 9 DR Wce, v flat & hR A5 gc 2#HETS
t Ak BAEERTOMEE g obs = v flat"2/R max AR L.
N FUIEE g N = v_bar"2/R max Z#EE

#

#

# 4BNREITIE v bar << v _flat 22D T g N << g obs
# -> MOND 3P4E15: g obs "= sqrt(g N * g c)
#->9gc =gobs2/gN
#
#
#
#

LHL g N OEMEGELRWD, REFEEER:
(A) v_flat & h R DHHS g c ZHET ZRERMER (SPARC THEL)
(B) EfE7 1 v TR, BAFEHERD [T &DBEAEERE
# 753EA: SPARC DIRBRAVEIfR % @A

# log(g c/a@) “= alpha * log(G*Sigma0/a0) + log(etal)

# SPARC: alpha=0.545, Llog(eta0)(Et]Fh 5

# SPARC 74 v MEREMER (AF v v FORER)

ALPHA SPARC = 0.545

# thH & SPARC 74w kA5 (log(g c) = alphaxlog(GxS0/a0d) + intercept)
# intercept = log(a0) + log(etad) + alphaklog(ad) ... FERIIZEEHM

# > BEEMIC: g c pred = etad * a0 (1-alpha) * (GxS0) alpha

# etal (& SPARC 7 1 v hDHFRIED SHEE

#gc o MRAE] EOEBIRT « v RORBREREA, I TRHRREREEED:
it BRI DIBE: g N(R last) << ad -> MOND ;Z4&E1

# g obs(R last) = v _flat™2 / R last

# 9 c =g obs(R last)"2 / g N(R last) <- g N »hE

# g N OHEE: Freeman 714 25 DIHA
# v bar max "= v flat % sqrt(f bar * (1 + 3.3%h R/R last)) <- $HULVAEL
#f EREMICIE: g N oc v flat™2 * (h R/R last)™2 * f bar eff

#-> EfeA g c OHEIZOEBBOFHMRT—9 HFBE,

# TZTld Phase 1 & LT IFRADEEHFTY V] 2FRT:

# (1) GxSigmad M4 #H® SPARC & HET 3 H

#(2) v flat EVBIOMHETHMEEA SPARC EBET 5

# (3) AEMEEGMRT— I HNITERET 1 v b

# Phase 1: FRIOESHEFTY Y

print(f” Phase 1: FREEMF v/ (DiRMiRFMRT—4%4L) )

# SPARC O g c JAILAITESE & b8 B 728,
# AL v flat/h R #BFE®D SPARC $RAID g c EE SR
# SPARC: g c/a0 MFR{E = 0.825, alpha=0.545

# PIIT—4 D G+Sigmad/a0 FEFH
log GS a0 = df indep[’ log GS a0’ ].values

print(f’¥n ¥II5F—4 log(G*Sigmad/a0) 5 : [{log GS a0.min():.2f}, {log GS a0.max():.2f}1")
print(f” SPARC @ log(G*Sigma0/a0) &35F: [-2.5, "2.5] (H%) ”)
print(f” EIRGEH: +49 (WMILT—4(E SPARC DFEERICAS) ”)

#
# 7. SPARC 71 v MER%E[E>7FHAI
#
print("¥n"+”="%70)

print("[Step 4] SPARC 7 4 v MERICK 2 F B EHREE")
print(”="%70)

# SPARC THEIL X h/-fAfR:
#f log(g c) = alpha * log(G%S0/a0) + intercept
# alpha = 0.545, %= std = 0.313 dex

M T —HICRT 2 FA:
# 5 USRI RN S, MIIT—4 DRI
# AL (alpha, intercept) DEMRICEDIET

# LA LEIIT—4ICiE g c @ TERIE] A7
> RE: v flat 5 g c 2HET ZREBENEE

# 7%: MOND deep regime (g N << ad) TmDiEfl
# /AR (v flat < 80 km/s) TIEZ < DIFE g N < ad
#t ZDEE g obs "= sqrt(g N *x g c)



# v flat"2/R "= sqrt(g N * g ¢) at R = R last
# 72720 R last (ZERADRFABERER T, BE 3-5* h R

# EEML 9 c HIE:

# R last "= 4 % h R &{RE (FE/IMETDHEE)

# g obs(R last) = v flat™2 / (4%h R) [m/s"2 Tl&7%< (km/s) 2/kpc -> ZHNE]
# g N(R last) "= f disk * GxM disk / R last™2

# > &EEM: MOND T v flat™4 = g c * G % M bar (Tully-Fisher )
#->gc=vflat"4 / (G * M bar)

# Mbar "= Ud * L (Ud GEEAEL. L KR

# L oc Sigmad * h R"2 => M_bar oc Sigma@ * h R"2

t &LV —vRAEE:

# MOND Tully-Fisher: M bar = v flat™4 / (G N * a0) <- g c=a0 DIFH

#t EETIL TF: M bar = v flat™4 / (G N * g c)

#->9c=vflat"™4 / (G N * M bar)

# 772 L M bar ARBAARDT, Signad * h R™2 THEML:

# M bar "= 2%pi * Sigma@ * h R"2 (}EEHMEHE)

# Sigmad oc v flat2 / (G * h R) (ABETOFY)

# -> Mbar < v flat"2 * h R / G

#->9c=vflat"4/ (G*v flat"2 *x h R/ G) = v flat"2 / h R = GxSigma0

#t +IEE: ZOHETIE g c = GxSigmad ICAE>TLZED (b—bOY—)
# Tt MOND deep regime + FEEUABDIAMLIA g ¢ & GxSigmad %=ZHMICT 378

#-> #EER: g.c @ DRIDAIE] ICIREERBROFEE AR TAT 7 1 LHBFAR
#vflat & h R ZIFTIE g ¢ ZMITITHETEARW
print (£
BELRH:

v_flat & h R ZFTIE g c ZMIICHETEIARL,

g ¢ DAEICIEEEMBOEEAATOT 7M1 v(r) BRE,

IBE: MOND deep regime + ¥SEXFISHAHLITIE
g c OHED GxSignad &FMICAZ (h—hAY—) .

-> BlREIRT — & DEGA UZA (Phase 2) .
nny

#
t 8. REEMREE: Tully-Fisher BARDESFz v S
#
print("¥n"+"="x70)

print("[Step 5] XEEMEF: Tully-Fisher BA{RDIEE")
print(”="x70)

# MOND: M bar oc v flat™4 / a0 -> log(M bar) = 4%log(v _flat) + const
#t BEETIL: Mbar oc v flat™4 / g ¢ where g ¢ = etaksqrt(a0*GxSigma0)
# g c oc sqrt(v_flat™2/h R) oc v flat / sqrt(h R)

# -> M bar oc v flat™4 / (v flat/sqrt(h R)) = v flat™3 * sqrt(h R)

# -> log(M bar) “= 3xlog(v_flat) + 0.5%log(h R) + const

# DFYEMELBEAITIE BTFR OIEEH 4 -> 3 ILELT 5FA
I CHIRIRITICHRFERT AR

#f M bar ORIE: v flat™2 * h R (EDEMH,S)

log vf = np. log10(df indep[’ v_flat’].values)

log hR = np. log10(df_indep[’ h R’ ].values)

log Mbar proxy = 2xlog vf + log hR # log(v"2 * h R)

# MOND Fifl: Log(M bar) = 4xlog(v_flat) + const -> proxy & 4*log(v_flat)+...
# BEETILFA: Llog(M bar) = 3xlog(v flat) + 0.5%log(h R) + const

#f v flat vs M_bar proxy DEX

sl vf, ic vf, r vf, p vf, se vf = stats. linregress(log vf, log Mbar proxy)
print(f” Llog(M bar proxy) vs log(v_flat):”)

print(f” fEE = {sl vf:.3f} +/- {se vf:.3f}")

print(f” BERFH: MOND -> 4.0, My -> 73.07)

print(f” [¥] 7272 L M_bar_proxy = v'2xh R 2D THRE "2 H'EHE")
print(f”  -> ZOHEETREFIFATL")

# & YEEN: v flat™4/(GxSigmad) vs v_flat™4/a0 DLLER
# MOND: v flat™4/a0 = G*M_bar (BTFR)
# BE: v flat"4/g ¢ = GxM bar where g ¢ = etaxsqrt(a@xv"2/h R)

#
# 9. Phase 2 ~D¥fH: EEHIRT —4% OIS
#
print("¥n”+"="%70)

print(”[Step 6] Phase 2: [O#xpRiRT — 4 DENISHER")
print(”="x70)

print(f
Phase 1 ODiEs:
v flat & h R OHTIE g_c DIRITRILIE AR,
g c OREIE v(r) TAZ 7M1 IDBE,

Phase 2 THERT—4:
LITTLE THINGS MEBIEIEREAAR v(r) & NUFVERBETIL v bar(r)



T — S Gk
(1) LITTLE THINGS AFY A b:
https://science.nrao. edu/science/surveys/littlethings
-> EERERT — 7L (0h+2015 Table 4-7)

(2) VizieR:
0h+2015 (J/AJ/149/180) D machine-readable tables
-> rotcur_*.dat 771 JL

(3) GitHub:
https://github.con/... (BEHERART—9rHNIL)

MBIRENT L
R [kpcl: ¥R
V_obs [km/s]: &RIEIEREE
V err [km/s]: 8%
V bar [km/s]: /N F v EREE (HZHEE)
V gas [km/s]: HREFE
V star [km/s]: [EEZS

nomy
#
# 10. FTREAMRXES: SPARC E1ESRIT DML (ELLE
#

print(¥n”+7="70)
print("[Step 7] SPARC E#EER: DIMILRIEELLEL")
print(”="%70)

f# LITTLE THINGS & SPARC DMAICEF N BERAICOVT,
# JR3r7e v flat, h R ORIEEDO—BIEFERY 2
# > RS A—5 DREHMERD ARV & DIREE

if len(df _sparc overlap) > 0:
print(f” SPARC E#$R7: {len(df sparc overlap)}”)
print(f"¥n {8839 :<15} {"v flat(LT)’ :>10} {"h R(LT)’ :>8} {’GxS0/a0’ :>10}")
print(f” {"-"*48}”)
for , row in df sparc overlap. iterrows():
gs a0 = row[’G Sigma0d’] / a0
print(f” {row[’galaxy’ ]:<15} {row[’v flat’ ]J:>10.0f} {row[’h R’ ]:>8.2f} {gs a0:>10.2f}")

t HEFEFROD range

gc_pred = df sparc overlap[’ gc geomean’ ].values / a0

print(f"¥n A/ F30 g c/a0 &E: [{gc_pred.min():.3f}, {gc_pred.max():.3f}]1")
print(f” rhR{E: {np.median(gc pred):.3f}”)

print(f” MOND (a0): 24R5AIT 1.0")

i
# 1. MRILT— 5 DHTDHE
t

print("¥n"+"="%70)
print("[Step 8] SPARC #4£R3i D L&&(aIE39F381”)
print(”="x70)

if len(df_indep) > 0:

print(f” SPARC #4$Ria: {len(df_indep)}”)
print(f"¥n {8839 :<15} {"v flat’:>7} {"h R :>6} {’GxS0/a0’ :>10} {’gc geom/ad’ :>11} { vV —R’:K15}")
print(f” { -’ *68}”)
for , row in df indep.iterrows():

gs a0 = row[’ G Sigma0’] / a0

gc_ad = row[’ gc_geomean’] / a0

print(f” {row[’galaxy’ 1:<15} {row[’v flat’ ]J:>7.0f} {row[’h R’ ]:>6.2f} ”

”{gs a0:>10.2f} {gc a@:>11.3f} {row[’ source’ ]:<15}")

gc_pred_indep = df indep[’ gc_geomean’ ].values / a0

print(f"¥n BAEHFRIFE:")

print(f” thgufE: {np.median(gc pred indep):.3f} a0”)

print(f” . {np.mean(gc_pred indep):.3f} a0”)

print(f” #@: [{gc pred indep.min():.3f}, {gc pred indep.max():.3f}] a0”)
print(f” MONDF38: £$R5AIT 1.0 a0”)

print(f’¥n  HMSEILERAITIE:”)

print(f” SRNRE ({ESigmad) -> g < ad -> MONDA S DREEHThFR”)
print(f” KBRS (7FSigmad) -> gc > ab -> MONDA S DRMHH TN F”)

#
t12. 7oy b
#
print("¥n"+"="x70)
print("[Step 9] 7O K”)
print(”="x70)

fig, axes = plt.subplots(1, 3, figsize=(18, 6))

# (a) GxSigmad D FLLER
ax = axes[0]
if len(df indep) > 0:
ax. hist(np. log10(df indep[’ G Sigma0’ 1/a0), bins=15, alpha=0.7,
color="coral’, edgecolor="white’, label=f SPARC external (N={len(df indep)})’)
len(df sparc_overlap) > 0:
ax. hist(np. log10(df sparc overlap[’ G Sigma@’ ]/a0), bins=15, alpha=0.5,
color="steelblue’, edgecolor="white’, Llabel=f SPARC overlap (N={len(df sparc overlap)})’)
.set_xlabel(’ Log(G*Sigma0d/a0)’)
.set_ylabel(’ Count’)
.set title(’ (a) G¥Sigmad distribution’)

e

a
a
a

X X X



ax. legend(fontsize=8)

# (b) v_flat vs GxSigma@
ax = axes[1]
if len(df_indep) > 0:
ax. scatter (np. log10(df _indep[’ v_flat’]), np. log10(df indep[’ G _Sigma0’ ]/a0),
s=40, c="coral’, alpha=0.7, edgecolors="black’, Llinewidths=0.5,
Llabel=" SPARC external’)
len(df _sparc_overlap) > 0:
ax. scatter(np. log10(df sparc overlap[’v flat’]), np. log10(df sparc overlap[’ G Sigma0’ ]/a0),
s=40, c="steelblue’, alpha=0.7, edgecolors="black’, Llinewidths=0.5,
labe l=" SPARC overlap’)
.set_xlabel(’ log(v_flat) [km/s]")
.set_ylabel(’ log(G¥Sigma0/a0)’ )
.set title(’ (b) v _flat vs GSigma0’)
. legend(fontsize=8)

e

a
a
a
a

X X X X

# (c) HAFHFE g c/a0
ax = axes[2]
if len(df_indep) > 0:
gc_pred = df_indep[’ gc_geomean’ ].values / a@
ax. scatter (np. Log10(df_indep[’ G Sigma0’ 1/a0), np. log10(gc_pred),
s=40, c="coral’, alpha=0.7, edgecolors="black’, linewidths=0.5,
label="Geometric mean prediction’)

# MOND #3
x_range = np. Linspace(-2, 3, 100)
ax.axhline(0, color="blue’, ls="--", Llw=1.5, alpha=0.5, label="MOND (g c=a0)’)

# B9 (alpha=0.5)
ax.plot(x_range, 0.5%x range, 'g-’, lw=2, alpha=0.7, label="alpha=0.5")
ax.set xlabel(’ Log(GxSigma0/a0)’ )
ax.set_ylabel(’ log(g c_predicted/a0)’)
ax.set title(’ (c) Geometric mean prediction’)
ax. legend(fontsize=8)

X X x X

plt. tight layout()
plt.savefig(’ independent verification.png’, dpi=150, bbox_ inches="tight’)
print(” -> independent verification.png”)

t
#13. &Y< —
b

print("¥n"+7="70)
print("[&&H <Y —1")
print(”="x70)

print (£
N-2 3157 —% v MRFE: Phase 1 #&R

B 7Yk
SPARC #44R3T: {len(df indep)} &
(LITTLE THINGS: {(df_indep[’ source’ ]J=="LITTLE THINGS’).sum()},
Karukes2017: {(df indep[’ source’ ]=="Karukes2017’).sum()},
Noordermeer2007: {(df indep[’ source’ ]=="Noordermeer2007 ). sum()})
SPARC E#: {len(df _sparc overlap)} & (/85 X —4ESMHERR)

M Phase 1 D#EHR:
v_flat & h R OHTIE g_c DIRITHRIEEFATHE.
g c DRIEICIIEERMIR v(r) OERAATOT 74 ILHBE,
MOND deep regime TOHEIL GxSigmad D h—rATY—ICES,

B Phase 2 ~DWNEEIF:
LITTLE THINGS [E#zgh#R5—4 (0h+2015 Table 4-7) DENE
£ZERAD v(r), vobar(r) 7AZ7 74
RAR 71w MCZLD g c DMICAE
-> HAIIGER O AN ERIREE

B Phase 2 OF— Y BB H*%:
VizieR: J/AJ/149/180 (0h+2015)
URL: https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/AJ/149/180
WEFT—T)L: Table 4 (rotation curves)

BV IEERTD Supplementary Material A5 EIEEN{S.
)

print("5ET")



8. littlethings_gc_measure.py

fRIT B Phase 2: LITTLE THINGS (Oh+2015) ®E#REI#RT — 4 D S5RAR T4 T g_c ZMILAIE, VizieR
HEDT—FEIGEE,

&R VizieR T—#12/\U7 > 938 (v_gas, v_star) 7 L, g_c MIDHIEIXRITA A, &3 supplementary data ' E,

RYVThEX:

nan

N-2 Phase 2: LITTLE THINGS EI#RBhfRH 5D g c MILAE

Phase 1 THIBA: v flat & h R I TIE g c DMITRIEFATRE,
ElEEH#R v(r) O¥FRAFAETOT 7 A IHBE,

MET—4: 0h+2015 DOEERERT — I
mGHE:
(A) VizieR: https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/AJ/149/180
(B) 3 Supplementary: https://iopscience. iop.org/article/10.1088/0004-6256/149/6/180

mSE. UTORRICEE:
D:¥R¥ 2 XY MITY bOE—¥EFEHR¥C N E TOMIF¥/ S Y V¥Llittlethings rotcurves¥
DD053 rotcur.dat
DDO70_rotcur. dat
DD0101 rotcur.dat

774K (0ht2015 Table 4) :
R[kpc] V_obs[km/s] V_err[km/s] V_gas[km/s] V_star[km/s] V bar[km/s]

24T: uv run --with numpy —-with pandas --with scipy --with matplotlib python Llittlethings gc measure.py

import numpy as np

import pandas as pd

from scipy import stats, optimize
from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt
import glob

a0 = 1.2e-10

G SI = 6.674e-11
kms = 1e3

kpc_m = 3.086e19

print(”="%70)
print("N-2 Phase 2: LITTLE THINGS EI#Rpfigh 5D g ¢ MITAE")
print(”="%70)

=+

0. 7F—89F4LOUKY
#
DATA DIR = Path(r"D:¥R*¥ a2 XV NI Y NOEF—¥EFHR¥ N F TOEHP¥/S1 ¥ V¥littlethings rotcurves”)

#f SPARC 44 LITTLE THINGS R ') R k

TARGET GALAXIES = {
"DD053”:  {’v flat”: 24, "h R”: 0.46, "dist”: 3.6},
”DD070”: {"v_flat”: 45, "h R”: 0.57, "dist”: 1.3},
”DD0101”: {"v_flat”: 50, "h R”: 0.75, "dist”: 6.4},
”DD0210” : {"v_flat”: 15, "h R”: 0.17, "dist”: 0.9},
”DD0216”: {"v_flat”: 17, "h R”: 0.23, "dist”: 1.1},
"Haro29”: {"v flat”: 28, "h R”: 0.31, "dist”: 5.9},
"Haro36”: {"v_flat”: 60, "h R”: 0.70, "dist”: 9.3},
71C10”: {”v_flat”: 35, "h R”: 0.30, "dist”: 0.7},
"NGC1569”: {"v_flat”: 50, "h R”: 0.25, "dist”: 3.4},
”NGC3738”: {’v_flat”: 55, "h R”: 0.38, "dist”: 4.9},

}
#
B T—9FmHRAHS
i

print("¥n[Step 1] F—4 FHHAA")

if not DATA DIR.exists():
print(f” Il {DATA DIR} A*FELFtA. ")
print(f” Oht2015 MEERMIRT—F EUTHAS SV O— KL T REI L")
print(f” https://vizier,cds.unistra. fr/viz-bin/VizieR?-source=J/AJ/149/180")
print(f’¥n VizieR TOBRIEFIE:”)
print(f” 1. EZBURLERIL ™)
print(f” 2. 'Tables’ £ a T Table 4-7 ([OERphAR) %:&R”)
print(f” 3. 'Submit’” TF—4ERFR")
print(f” 4, TSV F7ld CSV ©4¥o>ro—R")
print(f” 5. {IRWZT & ICHEIL T {DATA DIR} (ICECSE”)
print(f"¥n $» 2\, VizieR TAP T—IEENIS:")
print(f”””
import requests
url = "https://tapvizier.cds.unistra. fr/TAPVizieR/tap/sync”
query ="’
SELECT * FROM "J/AJ/149/180/table4”



IRE)

r = requests.get(url, params={{"REQUEST”:”doQuery”, ”LANG”:”ADQL”",
"FORMAT”:”csv”, "QUERY” :query}})

with open(”0h2015 tabled.csv”,”w”) as f: f.write(r.text)

noy

t FEM: AREEHRCTHEEEZRY
print(f’¥n FEE—K: T —9 CUREEEERRLET)
demo_mode = True
else:
demo_mode = False
t =97 71 ILDHRER
files = List(DATA DIR.glob(”#.dat”)) + List(DATA DIR.glob(”*.csv”)) + Llist(DATA DIR.glob("*. txt”))
print(f” F—#4 354 L %“ k: {DATA DIR}”)
print(f” 774 JLE: {len(files)}”)
for f in files[:10]:

print(f” {f.name}”)
i
# 2. EEREIRANSD g ¢ BIE
#

print("¥n[Step 2] g ¢ JE (RAR 71w k) 7)

def rar_fit_gc(R kpc, V_obs kms, V_bar kms, V_err_kms=None):
"URAR T 4w T g ¢ EHEIE

g_obs = (1/2)(g_N + sart(g_N"2 + 4%g_cxg_N))
g obs =V obs"2 /R, gN-=Vbar2/R

R_m = R_kpc * kpc_m

g obs = (V obs kms * kms)*%¥2 / R m # m/s"2
g N = (V_bar kms * kms)**2 / R m # m/s"2

g N<E=0 RS NERE

valid = (g N > 0) & (g obs > 0) & np.isfinite(g N) & np. isfinite(g obs)
g obs v = g obs[valid]

g N v =g Nlvalid]

if len(g obs v) < 3:
return None, None, None

t BREDHRE

if V.err kms is not None:
g err =2 x V_obs kms[valid] * kms * V_err kms[valid] * kms / R m[valid]
g err = np.maximum(g_err, 0.1 * g obs v) # FHIK10%

else:
gerr=0.2x%gobsv #20%{RE

fgcod71vh
def mond model(g N, g c):
return 0.5 * (g N + np.sqrt(g N+x2 + 4xg_cxg N))

def chi2(log_gc):
gc = 10%*log_gc
g model = mond model(g N v, gc)
return np.sum(((g obs v — g model) / g err)*x2)

70y RY—F

gc_grid = np. logspace(-12, -8, 100)

chi2 grid = [chi2(np. log10(gc)) for gc in gc grid]
best idx = np.argmin(chi2 grid)

gc_best = gc_grid[best idx]

chi2 best = chi2 grid[best idx]

it @
try:
res = optimize.minimize scalar(chi2,
bounds=(np. Log10(gc_best)-1, np. log10(gc_best)+1),
method="bounded’ )
if res.fun < chi2 best:
gc_best = 10%xres. x
chi2_best = res. fun
except:
pass

it EFRXHE
dchi2 = np.array(chi2 grid) - chi2 best
mask68 = dchi2 < 1
if mask68.sum() > 0:
gc_lo = gc_grid[mask68].min()
gc_hi = gc_grid[mask68]. max()
else:
gc_lo = gc_hi = gc_best

dof = len(g obs v) - 1

return gc_best, (gc_lo, gc_hi), chi2 best/dof

#
# 3. RERADLE
#
print("¥n[Step 3] &ERAD g ¢ BE")




results = []

if demo_mode:
t 7E: AROERHIR
print(’” FEE—R: 18RTDEHRT—9 5 EK")
for gname, gparams in TARGET GALAXIES. items():
vf = gparams[’v_flat’]
hR = gparams[’h R’ ]

# AREEGE/EE: v(r) = v flat * (1 - exp(-r/h R)) + noise

R = np. Linspace(0.2%hR, 5%hR, 20)

V obs = vf % np.sqrt(1 - np.exp(-R/hR)) + np. random.normal (@, 0.05xvf, Llen(R))
V_bar = 0.3 * vf * np.sqrt(R/hR) * np.exp(-R/(2%hR)) # N AV HFS (FW)

V err = 0.1 % vf * np.ones(len(R))

gc, gc ci, chi2dof = rar fit gc(R, V obs, V bar, V err)

if gc is not None:
G Sigma@ = (vfxkms)*x2 / (hRkkpc m)
gc_geomean = np.sqrt(ad * G Sigma0)

results. append ({
’galaxy’ : gname,
‘v flat’: vf,
"h R : hR,
’gc_measured’ : gc,
"gc Lo’ : gc cil0],
“gc hi’: gec cil[1],
’gc_geomean’ : gc_geomean,
"gc a0’ : gc/a0,
gc_geom a0’ : gc geomean/a0,
"G Sigma0’ : G_Sigma0,
"chi2dof’ : chi2dof,
3
else:
t RF—y 012
for gname, gparams in TARGET GALAXIES. items():
t 77 MIRER
candidates = List(DATA DIR.glob(f"*{gname}*”)) + List(DATA DIR.glob(f"*{gname. Lower()}"))

if not candidates:
print(f” {gname}: F—4 T 7ML > RFvTS")
continue

fpath = candidates[0]
print(f” {gname}: {fpath.name}”)

try:
t FHRAH (74—< v b EEEHE)
for sep in ['¥t’, 7, 7 7, "'
try:

df rc = pd.read csv(fpath, sep=sep, comment="{#’,
skipinitialspace=True)
if len(df rc.columns) >= 3:
break
except:
continue

t hSL4%E (R, V.obs, Verr, Vbar #3F9)

cols = Llist(df rc.columns)

R = df rc.iloc[:, 0].values ff BHDAS L = F&F

V obs = df rc.iloc[:, 1].values # 2&B = SLRIEE

V err = df rc.iloc[:, 2].values if len(cols) > 2 else None

# V bar OFE
if len(cols) >= 6:
V_bar = df rc.iloc[:, 5].values # 6Z&FH =V bar G&H)
elif len(cols) >= 4:
V bar = df rc.iloc[:, 3].values
else:
V bar = 0.3 % V_obs # #HUL\E{L

by

gc, gc ci, chi2dof = rar fit gc(R, V obs, V bar, V err)

if gc is not None:
vf = gparams[’v_flat’]
hR = gparams[’h R’ ]
G Sigma@ = (vfxkms)*x2 / (hRxkpc m)
gc_geomean = np.sqrt(ad * G Sigma0)

results. append ({
galaxy’ : gname,
Tv_flat’: vf,
"h R : bR,
"gc_measured’ : gc,
"gec_lo’: gc cil0],
"gc_hi’: gc cil1],
’gc_geomean’ : gc_geomean,
"gc_al’ : gc/al,
"gc _geom a@’ : gc geomean/a0,
"G Sigma0’ : G Sigma0,



"chi2dof’ : chi2dof,
3
print(f” gc = {gc/a0:.3f} a0, chi2/dof = {chi2dof:.2f}”)
except Exception as e:
print(f” I5—: {e}”)

df results = pd.DataFrame(results)
print(f’¥n SAIESET: {len(df results)} #§@”)

i
# 4. MAITERIOREE
#

if len(df results) >= 3:
print("¥n”+"="%x70)
print("[Step 4] HfIFHERDIREE")
print(”="%70)

log gc = np. log10(df results[’ gc measured’ ].values)
log GS = np. log10(df results[’G Sigma@’ ].values)
log GS a0 = log GS - np. log10(a0)

log gc ab = log gc - np. log10(a0)

# alpha @71 v b
x = log _GS_ a0
sl, ic, r, p, se = stats. Linregress(x, log gc a0)

print(f” alpha(MIF—4) = {sl:.3f} +/- {se:.3f}")
print(f” r = {r:.3f}, p = {p:.4f}")

# alpha=0.5 DIRE

t 05 = (sl - 0.5) / se

p 05 = 2 * stats. t.sf(abs(t _05), len(x)-2)

print(f” alpha=0.5 #R7E: t={t 05:.2f}, p={p 05:.4f}")

print(f” -> { FEHTEAL (SPARC &EE) * if p 05>0.05 else "3#H (SPARC &FEE) '}”)

# SPARC O alpha=0.545 & (Dtb#k

t sparc = (sl - 0.545) / se

p_sparc = 2 * stats.t.sf(abs(t sparc), len(x)-2)

print(f” alpha=0.545(SPARC) #R7E: t={t sparc:.2f}, p={p_sparc:.4f}”)

# g c(measured) vs g c(geomean)

gc_ratio = df results[’gc measured’ ].values / df results[’ gc_geomean’ ].values
print(f"¥n gc(measured) / gc(geomean):”)

print(f” thgufE: {np.median(gc ratio):.3f}”)

print(f” Iy {np.mean(gc_ratio):.3f}")

print(f” std: {np.std(gc ratio):.3f}"”)

# MOND & LS

gc mond ratio = df results[’gc measured’ ].values / a0
print(f"¥n gc(measured) / a® (MOND):”)

print(f” thfE: {np.median(gc_mond ratio):.3f}”)

I RELE

resid geom = log gc a0 - (0.5 * x + np.median(log gc ad - 0.5%x))
resid mond = log gc a@ - 0

print(f"¥n F&E std:”)

print(f” MOND (g c=a0): {np.std(resid mond):.3f} dex”)
print(f” ML (alpha=0.5): {np.std(resid geom):.3f} dex”)
improv = (1 - np.std(resid geom)/np.std(resid mond)) * 100
print(f” & : {improv:.1f}%")

t ERT—TIN
print(f"¥n {8830 :<12} {"gc/a0’ :>7} {’gc_geom/ald’ :>11} {" kb=’ :>7} {’chi2/dof’ :>9}”)
print(f” {’-"*50}")
for _, row in df results.iterrows():
ratio = row[’ gc _measured’ ] / row[’ gc_geomean’ ]
print(f” {row[’ galaxy’ ]:<12} {row[’gc a@’1:>7.3f} {row[’gc_geom a0’ ]:>11.3f} ”
f”{ratio:>7.2f} {row[’chi2dof’ ]:>9.2f}”)

# CSV %77
df results.to csv(’ Littlethings gc results.csv’, index=False)
print(f"¥n -> littlethings gc results.csv”)

t 7oy h
fig, axes = plt.subplots(1, 3, figsize=(18, 6))

# (a) g c vs GxSigma0

ax = axes[0]

ax.scatter(x, log gc a0, s=60, c="coral’, edgecolors="black’, zorder=5,

label=f" LITTLE THINGS (N={len(df results)})’)

xr = np. linspace(x.min()-0.5, x.max()+0.5, 100)

.plot(xr, 0.5%xr + np.median(log gc a0-0.5%x), ’'g-’, lw=2,
label="alpha=0.5 (SPARC)’)

.plot(xr, slxxr + ic, "r—=", lw=2,
label=f"fit: alpha={sl:.2f}")

.axhline(0, color="blue’, ls=":", alpha=0.5, label="MOND (g c=al)’)

.set_xlabel(’ Log(G*Sigma0d/a0)’)

.set_ylabel(’ log(g c/a0)’)

.set _title(f’ (a) Geometric mean law (alpha={sl:.2f}+/-{se:.2f})")

. legend(fontsize=7)

3

1)
3

o
>

a
a
a
a
a

X X x X X

# (b) gc(measured) vs gc(predicted)



x = axes[1]

.scatter(np. log10(df_results[’ gc_geomean’ ]/a0),
np. Log10(df results[’ gc_measured’ ]/a0),
s=60, c="coral’, edgecolors="black’)

dg = np. Llinspace(-1.5, 1.5, 100)

ax.plot(dg, dg, 'k--", alpha=0.3)

ax.set xlabel(’ log(g ¢ predicted / a@)’)

ax.set_ylabel(’ log(g_c measured / a0)")

ax.set title(’ (b) Predicted vs Measured’)

o

a

3

> X< X

# (c) BEDTH

ax = axes[2]

ax.hist(resid mond, bins=10, alpha=0.5, color="blue’, label=f'MOND (std={np.std(resid mond):.2f})")
ax.hist(resid geom, bins=10, alpha=0.5, color="green’, label=f Geomean (std={np.std(resid geom):.2f})")
ax.set xlabel(’Residual [dex]’)

ax.set ylabel(’ Count’)

ax.set title(f (c) Residuals (improvement: {improv:.0f}%)")

ax. legend(fontsize=8)

3

3

plt. tight layout()
plt.savefig(’ Littlethings verification.png’, dpi=150, bbox inches="tight’)
print(” -> littlethings verification.png”)

#
# J&Y<—
#

print(C¥n”+7="70)
print("[&&H <Y —1")
print(”="x70)

if len(df results) >= 3:
print(f"””
N-2 JRITAREERE R :
5 —#: LITTLE THINGS (SPARC4+) {len(df results)} #R5a
alpha = {sl:.3f} +/- {se:.3f}
alpha=0.5 #RE: p = {p_05:.4f} -> {"EEA’ if p 05>0.05 else ' &S’
gc BEZEckE: {improv:.1f}% (MONDLL)
SPARC (alpha=0.545) &MZE: p = {p sparc:.4f}
)
else:
print(f"””
N-2 JHITAREEF: Phase 2 E4TICIZEERRNIGET — 9 DL E,

F— Y RSFIE:
1. VizieR (https://vizier.cds.unistra.fr/) T J/AJ/149/180 %R
. Table 4-7 QOEERBIRT—9 &5 o vO—K
. {DATA DIR} |CEZE
. ARV T NEBRT

A w N

222

print("5ET")



9. noordermeer_gc_measure.py

fETE® Phase 2: Noordermeer+2007 BRHIEIF 1 2 74RAI D /N7 > S BECIEREIRAD g ¢
EIRIDAE. REFEBI AN BVREIEN SR (gc/a072.1 F3l),

b3 VizieR KRE Sk, RIT A EENDEHEIVI I M BE,

RYVThEX:

nan

Noordermeer+2007 /N 7 > HBECEREHFR DG & g ¢ JAIE

H8t: Noordermeer (2008, MNRAS 385, 1359) — [Ol#zphigT—4
Noordermeer & Verheijen (2007, MNRAS 381, 1463) — BEET I

VizieR 74 0% J/MNRAS/385/1359 ([EI45EH#R)

BHART 4 R 7R TO/NY F ¥ HRECIEREIAR:
V_obs, V gas, V. disk, V bulge AERIICREI NS
> g N ZERICEHEARE > g c OMILAENTTEE

HATIER DO FH: g c/a0 ~ 1.7-2.7 (MOND D2-3f%)
- REBBNDOEVRIR R

24F: uv run —-with requests —-with numpy —-with pandas --with scipy ——with matplotlib python noordermeer gc measure.py

import numpy as np

import pandas as pd

from scipy import stats, optimize
from pathlib import Path

import sys

import matplotlib

matplotlib. use(’ Agg’)

import matplotlib.pyplot as plt

try:
import requests
except ImportError:
print("pip install requests”); sys.exit(1)

abd = 1.2e-10; G_SI = 6.674e-11; kms = 1e3; kpc_m = 3.086e19

print(”="%70)

print("Noordermeer+2007 FHAEISRSA: g ¢ JMITHEIE")
print(”="x70)

#

# 1. VizieR BOTF—9 B

#

print("¥n[Step 1] VizieR A5 F— & EfE")

DATA DIR = Path(r"D:¥RF a2 XY NI Y hOP—¥FEFHERABES N E TOEIY/ A Y ¥noordermeer”)
DATA DIR.mkdir(exist_ok=True)

# Noordermeer 2008 (MNRAS 385, 1359) ™ VizieR A4 O%
# [ClEsph#R: J/MNRAS/385/1359/table2 (observed rotation curves)
# EEETI): J/MNRAS/385/1359/table3 or similar

TAP_URL = "https://tapvizier.cds.unistra, fr/TAPVizieR/tap/sync”

def vizier query(query, filename):
"""NizieR TAP ¥ 1) ZRfTL T CSV {REF"""
outpath = DATA DIR / filename
if outpath.exists():
print(f” F+ v af#fA: {outpath}”)
return pd. read csv(outpath)

params = {”"REQUEST”: “doQuery”, ”LANG”: "ADQL”, "FORMAT”: ”csv”, "QUERY”: query}
try:
print(f” TV ETH...”)
r = requests.get(TAP_URL, params=params, timeout=120)
if r.status_code == 200 and len(r.text) > 50:
from io import StringI0
taxy hIERE
lines = [L for L in r.text.split(’¥n’) if not L.startswith("#’)]
text = "¥n’.join(lines)
df = pd.read csv(StringIO(text))
df. to csv(outpath, index=False)
print(f” {%#F: {outpath} ({len(df)} 4T)”)
return df
else:
print(f” LXKV ZAH%EL ({len(r. text)} bytes)”)
print(f” 4EEE: {r.text[:3001}")
except Exception as e:
print(f” TS5—: {e}”)
return None

#--— 2T EERfRT— T OKRE -
print("¥n [1a] AATRERT—TILERRE...”)
tables query = """



SELECT table name, description
FROM TAP_SCHEMA. tables
WHERE table name LIKE ’%385/1359% OR table name LIKE ’%381/1463%
ORDER BY table name
df tables = vizier query(tables query, "noordermeer tables.csv”)
if df tables is not None and len(df tables) > 0:

print(f” Boho/kF5F—TI:")

for , row in df tables. iterrows():

print(f” {row. i loc[0]}: {str(row.iloc[11)[:601}")

# --—- 2 T12: Noordermeer 2008 MD[EIEnEHIE ———
print("¥n [1b] ElEREIRT—4 2HS...")

t BBoHsOT ID 25T

catalog ids = [
" ”J/MNRAS/385/1359/table2””,  # Noordermeer 2008 observed RC
’”J/MNRAS/385/1359/table3””, mass models
" J/MNRAS/385/1359/tableal”, # appendix
" J/MNRAS/381/1463/table1”,  f Noordermeer & Verheijen 2007
’”J/NMNRAS/381/1463/table2”” ,

]

df_rc = None
for cat id in catalog ids:
query = f”SELECT TOP 5 * FROM {cat id}”
print(f"¥n F1T: {cat_id}”)
try:
params = {"REQUEST”: “doQuery”, ”LANG”: ”"ADQL”, ”FORMAT”: ”csv”, "QUERY”: query}
r = requests.get(TAP_URL, params=params, timeout=30)
if r.status code == 200 and len(r.text) > 100:
lines = [L for L in r.text.split(’¥n’) if not L.startswith("#’) and L.strip()]
if len(lines) > 1:
from io import StringI0
df test = pd. read csv(StringI0(’ ¥n’. join(lines)))
print(f” Eh: {len(df test)} 17, HS5L: {list(df test.columns)}”)

t 27 -9 0T
full query = f”SELECT * FROM {cat id}”
df full = vizier query(full query, f”noordermeer {cat id.strip(’¥"").replace(’/’,” ’)}.csv”)
if df_full is not None and len(df_full) > 0:
if df rc is None or len(df full) > len(df rc):
df rc = df full
print(f” #A: {len(df _rc)} 1377)
except Exception as e:

print(f” K {e}”)

- oTY3: /AN A= ——
print("¥n [1c] SR/ X—9 EHRFK...”)
for cat_id in [’ ”J/MNRAS/381/1463/table1”, ’”J/MNRAS/385/1359/tablel” J:
query = f”SELECT * FROM {cat id}”
df params = vizier query(query, f”noordermeer params {cat id.strip(’¥"").replace(’/",” ')}.csv")
if df params is not None and len(df params) > 0:
print(f” R /X5 X —% : {len(df params)} $8@”)
print(f” #5 L {list(df params.columns)}”)
break

i
# 2. F—yEEDHER

++

print("¥n"+"="%70)
print("[Step 2] F— 4 BEDHER")
print(”="x70)

if df_rc is not None:
print(f” EERMIET—4: {len(df rc)} 47, {len(df rc.columns)} HS L")
print(f"¥n HSL—E:")
for i, col in enumerate(df rc.columns):
dtype = str(df rc[col].dtype)
non null = df rc[coll.notna().sum()
if pd.api.types. is numeric_dtype(df rc[col]):
mn = f7{df rc[coll.min():.3g}”
mx = f"{df _rc[col].max():.3g}”
else:
mn = str(df_rc[coll.iloc[0])[:15] if non null > 0 else "NaN”
mx =
print(f” {i:>2} {col:<25} {dtype:<10} N={non null:>5} [{mn} ~ {mx}]”)

t RARH S LORE
name_col = None
for ¢ in df_rc.columns:
if df rc[c]l.dtype == "object’ or 'name’ in c. lower() or 'ngc’ in c.lower() or 'galaxy’ in c. lower():
unique = df_rc[c].nunique()
if 3 < unique < 100:
name _col = ¢
break

if name col:
galaxies = df rc[name col].unique()
print(f"¥n £R50%: {len(galaxies)}”)
for g in galaxies[:20]:
n = (df rc[name col]==g).sum()



print(f” {g}: {n} F—4A&")

#NUFVRPDAT LRE
print(f"¥n N F VR H S LDEFR:")
for keyword in ['Vgas’, ’Vdisk’, ’'Vbulge’, ’Vbar’, 'Vobs’, ’Vrot’,
’gas’, 'disk’, ’bulge’, ’'star’, !
"HI’, ’stellar’, ’total’]:
matches = [c for ¢ in df rc.columns if keyword. lower() in c. lower()]
if matches:
print(f” " {keyword}’ -> {matches}”)

’ P

bar’,

’

obs’,

rot’,

else:
print(” EIFREHIRT — & IS KRL”)
print(” FES YU O—RHEBETT:")
print(” https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/MNRAS/385/1359”)
print(” https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/MNRAS/381/1463")

#
# 3. SRA/XS X —4 DR
i
if "df params’ in dir() and df params is not None:

print(f"¥n”+"="%70)

print("[Step 3] $RA/XS5 X —4")

print(”="x70)

print(f” #HS5L: {list(df params.columns)}”)

print(df params.to string())

#
# 4 gcIE (F—orHNE)
#
print("¥n”+”="%70)
print("[Step 4] g c EIE")
print(”="%70)

HADE B2} I NOI= e

def find baryon columns(df):
T EEREHRT — TIUD SN F VRSN S LEEE
result = {}
cols lower = {c. lower(): ¢ for ¢ in df.columns}

i 2
for key in ["rad’, 'r’, 'radius’, 'dist’]:
for cl, co in cols_lower. items():
if key in cl and result.get("R’) is None:
result[’R’] = co

i BRERE
for key in [’vrot’, ’"vobs’, ’vtot’, ’v obs’]:
for cl, co in cols_lower. items():
if key in cl and result.get(’V obs’) is None:
result[’V obs’] = co

AR
for key in ["vgas’, 'v gas’, 'vhi’]:
for cl, co in cols_lower. items():
if key in cl and result.get(’V gas’) is None:
result[’V gas’] = co

t 712y
for key in [’vdisk’, ’vdis’, 'v_ disk’, 'vstar’, 'v_star’]:
for cl, co in cols_lower. items():
if key in cl and result.get(’V disk’) is None:
result[’V disk’] = co

AV
for key in ["vbul’, "v bul’, ’'vbulge’']:
for cl, co in cols_lower. items():
if key in cl and result.get(’V bulge’) is None:
result[’V bulge’] = co

# N+ EE
for key in [’vbar’, 'v_ bar’, 'vbary’]:
for cl, co in cols_lower. items():
if key in cl and result.get(’V bar’) is None:
result[’V_bar’] = co

i BR=
for key in ["e vrot’, "err’, e v’ ]:
for cl, co in cols_lower. items():
if key in cl and result.get(’V err’) is None:
result[’V_err’] = co

return result

de

-

rar fit gc(R kpc, V_obs kms, V_bar kms, V_err kms=None):
PURAR T4y hT g ¢ EFET

R.m = R kpc * kpc_m

g obs = (V_obs kms % kms)%%2 / R m

g N = (V bar kms * kms)*%2 / R m

valid = (g N > 1e-15) & (g obs > 1e-15) & np.isfinite(g N) & np.isfinite(g obs)
if valid.sum() < 3:
return None, None, None



g obs v = g obs[valid]; g N v = g N[valid]
gerr =0.15 % g obs v if V_err_kms is None else ¥
np. maximum(2%V _obs kms[valid]¥kms*V err kms[valid]*kms/R m[valid], 0.1%g obs v)
def chi2(lgc):
gc = 10%xlgc
gm = 0.5%(g N v + np.sqrt(g N vk*2 + 4%gckg N v))
return np.sum(((g obs v - gm)/g err)x*2)

gc grid = np. logspace(-12, -8, 100)
c2 = [chi2(np. log10(g)) for g in gc grid]
bi = np.argmin(c2); gc_best = gc grid[bil; c2 best = c2[bi]

try:
res = optimize.minimize scalar(chi2, bounds=(np. log10(gc_best)-1, np. log10(gc_best)+1),
method="bounded’ )
if res.fun < c2 best: gc best = 10%xres.x; c2_best = res. fun
except: pass

dc2 = np.array(c2) - c2 best

m68 = dc2 < 1

lo = gc grid[m68].min() if m68.sum()>@ else gc best
hi = gc grid[m68].max() if m68.sum()>0 else gc best

return gc best, (lo, hi), c2 best/max(valid.sum()-1,

B SRS X =5 (GRX{E)
GALAXY_PARAMS = {

"NGC2841”: {”v_flat”: 305, "h R”: 3.5, "dist”: 14.1, "in_sparc”: True},
”NGC5533”: {”v_flat”: 240, "h R”: 5.2, "dist”: 54.0, ”in_sparc”: False},
"NGC7331”: {”v_flat”: 250, "h R”: 3.1, "dist”: 14.7, "in_sparc”: True},
"NGC4138”: {”v_flat”: 200, "h R”: 1.8, "dist”: 17.0, ”"in_sparc”: False},
”NGC4389”: {”v_flat”: 120, "h R”: 1.2, "dist”: 15.5, ”in_sparc”: False},
"NGC4013”: {”v_flat”: 180, "h R”: 2.4, "dist”: 18.6, "in sparc”: True},
"NGC3992”: {”v_flat”: 260, "h R”: 4.1, "dist”: 22.6, ”in_sparc”: False},
”NGC5055”: {”v_flat”: 210, "h R”: 3.0, "dist”: 10.1, "in_sparc”: True},
"NGC3953”: {”v_flat”: 230, "h R”: 3.5, "dist”: 17.0, "in sparc”: False},
”NGC4051”: {”v_flat”: 155, "h R”: 1.7, "dist”: 17.0, ”"in_sparc”: False},
”NGC2903”: {”v_flat”: 195, "h R”: 2.1, "dist”: 8.9, ”in_sparc”: True},
"NGC3198”: {”v flat”: 150, "h R”: 3.0, “dist”: 13.8, "in sparc”: True},
”NGC2998”: {”v_flat”: 215, "h R”: 3.8, "dist”: 67.0, "in sparc”: False},

}

if df _rc is not None and len(df rc) > 0:
baryon cols = find baryon columns(df rc)
print(f” NUFUHSLRHEER: {baryon cols}”)

has_baryon = "V _bar’ in baryon cols or ("V_gas’ in baryon cols and 'V disk’ in baryon cols)

if has_baryon:
print(f” NUAVHBWT—9HY -> 9 c MEERET")

results = []
for gname, gparams in GALAXY PARAMS. items():
if name col is None: continue

#SBARTT 1Y (HBI—B)
mask = df rc[name col].astype(str).str.contains(gname. replace(’ NGC',” NGC ’).replace(’ NGC ’,  NGC’ ),
case=False, na=False)
if not mask.any():
mask = df rc[name col].astype(str).str.contains(gname[-4:], case=False, na=False)

if not mask.any():
print(f” {gname}: F—4#4L")
continue

df g = df rc[mask]. copy()
print(f’¥n {gname}: {len(df g)} F—%&")

R = df g[baryon cols['R’]].values if 'R’ in baryon cols else df g.iloc[:,0].values
V_obs = df g[baryon cols[’V obs’]].values if 'V _obs’ in baryon cols else df g.iloc[:,1].values
V_err = df g[baryon cols[’V err’]].values if 'V_err’ in baryon cols else None

#f V bar DS

if "V_bar’ in baryon cols:
V bar = df g[baryon cols[’V bar’]].values

else:
V_gas = df g[baryon cols.get(’V gas’, df g.columns[0])].values if 'V gas’ in baryon cols else np.zeros(len(df g))
V disk = df g[baryon cols.get(’V disk’, df g.columns[0])].values if 'V disk’ in baryon cols else np.zeros(len(df g))
V_bulge = df g[baryon cols.get(’V bulge’, df g.columns[0])].values if 'V bulge’ in baryon cols else np.zeros(len(df g))
V_bar = np.sqrt(np.abs(V_gas)*V gas + np.abs(V disk)*V_disk + np.abs(V_bulge)*V bulge)
V bar = np.sign(V gas**2 + V_disk**2 + V bulgex*2) * np.sqrt(np.abs(V gas**2 + V disk**2 + V_bulge**2))

# NaN BRE
ok = np.isfinite(R) & np.isfinite(V obs) & np.isfinite(V bar) & (R>0) & (V obs>0)
if ok.sum() < 3:

print(f” BMT—9FRE ({ok.sun(O} =)7)

continue

gc, gc ci, chi2dof = rar fit gc(R[ok], np.abs(V obs[ok]), np.abs(V bar[ok]),
np.abs(V err[ok]) if V err is not None else None)



if gc is not None and gc > 1e-12:
vf = gparams[’v_flat’]
hR = gparams[’h R’ ]
GSO = (vfskms)*%2 / (hRxkpc m)
gc_geom = np.sqrt(ad * GSO)

results. append ({
galaxy’ : gname, ‘v flat’: vf, "h R': hR,
"g¢’: gc, "gc lo’: gc ci[0], gc hi’: gc ci[1],
"gc al’ : gc/al, 'gc geom ad’ : gc geom/ad,
"GSO’ : GSO, ’chi2dof’ : chi2dof,
’in_sparc’ : gparams[’in_sparc’], 'n_points’: ok.sum(),
3
print(f” gc = {gc/a0:.3f} a0, geomean = {gc_geom/al:.3f} a0,
f”chi2/dof = {chi2dof:.2f}, N={ok.sum()}”)

else:
print(f”  gc 74 v MR (FRICERYMEE) 7)
print(f” V_bar/V_obs HA&f& = {np.median(np.abs(V_bar[ok])/np.abs(V obs[ok])):.3f}")

if results:
df res = pd.DataFrame(results)
df res.to csv(’noordermeer gc results.csv’, index=False)
print(f’¥n -> noordermeer gc results.csv ({len(df res)} #Ri)”)

i SPARC 4t & THREE
df_indep = df res["df res[’ in_sparc’ 1].copy()
print(f"¥n SPARC #R5a: {len(df_indep)}”)

if len(df_indep) >= 3:
log gc = np. log10(df_indep[’ gc’ 1. values)
log GS = np. log10(df indep[’ GSO’ 1. values)
x = log GS - np. log10(a0)
y = log_gc - np. log10(a0)

sl, ic, r, p, se = stats. linregress(x, y)
t05 = (sl-0.5)/se; p05 = 2xstats. t.sf(abs(t05), len(x)-2)

print(f’¥n === WMIMMRFEHER ===")

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

print(f” alpha=0.5 #%E: p = {p05:.4f} -> {"EA’ if p05>0.05 else ' FES'}")
print(f” SPARC alpha=0.545 & MLIb#k: Z= = {abs(sl-0.545):.3f}")

resid geom = y - (0.5%x + np.median(y-0.5%x))
resid mond = y
improv = (1-np.std(resid geom)/np.std(resid mond))*100
print(f” F&Z=okE: {improv:, 1f}% (MONDLL)”)
else:
print(f” NUFVHBENS LML)
print(f” #MHIN/iHhSLA: {baryon cols}”)
print(f” FEITHSLWIGEZERET 2HVENHY XT”)
else:
print(” EEEEIRT —9 7L, VizieR ASFHFHEBLTLL LI WN:")
print(” https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/MNRAS/385/1359”)

i
5 HvU—
#
print("¥n"+"="x70)
print("[¥= 1 —1")
print(”="x70)

if “results’ in dir() and results:
print (£
Noordermeer BRHEREUSRIBID g ¢ JAITE:
SIEREN: {len(results)} SR
SPARC#: {len([r for r in results if not r[’in_sparc’11)} 4R

ERT—TI:
' 8R5A :<12} (" gc/a0’ :>7} { geom/al’ :>8} { Lk’ :>6} {'SPARC’ :>6}
{ =" x42}7"")
for r in results:
ratio = r[’gc’ 1/r[’ gc_geom a0’ 1/a0 if r[’gc_geom a@d’ ]>0 else 0
sparc = 'YES' if r[’in sparc’] else "NO’
print(f” {r[’galaxy’ ]:<12} {r[’gc_a@ 1:>7.3f} {r[’gc_geom a0’ 1:>8.3f} {r[’gc’ 1/np.sqrt(ad*r[’GSO’ ]):>6.2f} {sparc:>6}”)
else:
print(f
T — 9 RSIRIR:
VizieR TAP: {"EZh’ if df rc is not None else " 2RBX’ }
Ol#xpa#R: {len(df rc) if df rc is not None else 0} 4T
N)F 8 {HY’ if "has_baryon’ in dir() and has_baryon else ' 7 L/K#E:R"}

RDRTy 7
(1) VizieR @ Web 41 ¥4 —T7 —ZDSFEF Y vO— K
https://vizier.cds.unistra. fr/viz-bin/VizieR?-source=J/MNRAS/385/1359
(2) OERERiRT— 7 )L (Table 2 #8%4) % CSV TRE
(3) {DATA DIR} ICEE®& L THEIT
)

print("52T”")



20. sparc_jackknife.py

=l Phase 3 (&) : SPARC BB TOU vy 2+ ZHIIMAREE. 524 L34 E)(1000E). v_flatA 4 Bl BT 5 1 75,
7—KZS5vF(10000E) D4FELE,

ER A14F£31, alpha=0.547+/-0.037, 95%Cl=[0.479,0.625],96.5% T alpha=0.5 &7, 100% T MOND
FYeE (RRIE31%).

29T hEX:

N-2 X#: SPARC ¥+ v &+ 4 7 IITHARET

NET—4 v NHFIART DD, SPARC PIEE THIIMEEIRIEY .

ik
(1) Sv & L3xnE: 1758RA%87+88ICHE]. —AT alpha =7 1 v b, {5 THREE
(2) v flat EVBI¥EHE: & UHSEHAERY H L THRIIREE
(3) R4 1 7BU: Im/Sd/Sc/Sh/Sa % R EICHIE/MREE
(4) 10008 7—h R b5 v 7T alpha OFEFEM %R
(5) 74 —JUKRI: SPARC DEET 1 —IL RSB HNIEER

[¥] Zhid TEOMIIRIE] TERWA
TSPARC DRFEDH Tt v MIEEFELABERTIEAW] ZE%&2RT,

2247: uv run —-with numpy --with pandas --with scipy ——with matplotlib python sparc_jackknife.py

nan

import numpy as np

import pandas as pd

from scipy import stats

from pathlib import Path

import matplotlib
matplotlib.use(’ Agg’)

import matplotlib.pyplot as plt

a0 = 1.2e-10; G SI = 6.674e-11; kms = 1e3; kpc m = 3.086e19

print(”="x70)
print("N-2 {&: SPARC ¥+ v U+ 4 7IIIMMRIE")
print(”="x70)

i

i
0. T—YFmH~RAHS
t
d

ef find col(df, cands):
for ¢ in cands:
m = [col for col in df.columns if c. lower() in col. lower()]
if m: return m[0]
return None

pred file = Path(”gc predictive model.csv”)
gc_file = Path(”TA3 gc_independent. csv”)
sparc_file = Path("sparc results.csv”)

df = None
if pred file.exists():
df pred = pd. read csv(pred file)
cn = {}
for k, cs in [("gc’,["gc’,’ g ¢’, gc obs’, gc rar’ 1),
(vflat’,[’'v_flat’,’vflat’]), ChR’,[’h R’,"hR’,"R d’ 1)]:
¢ = find col(df pred, cs)
if c: em[k] = ¢
if len(cm)==3:
df = df pred. copy()
df[’ gc val’ J=df[em[’ g¢’ J1; df[’ vflat val’ J=df[cm[’ vflat’]]; df[’hR val’ J=df[cm[’ hR’ 1]

if df is None:
print("!1l gc predictive model.csv AMAE”); import sys; sys.exit(1)

type col = find col(df, [’ type’, Type’,’T’,’ hubble’])

mask = df[’gc val’ J.notna() & df[’vflat val’ ].notna() & df[’hR val’].notna()
mask &= (df[’gc val’1>0) & (df[’vflat val’1>0) & (df[’hR val’ 1>0)

df = df[mask].copy(). reset index(drop=True)

n = len(df)

print(f” AZF—4: N={n}")

gc vals = df[’gc val’ ].values

gc med = np.median(gc vals)

if gc med < 1e-5: gc_si=gc vals; gc_al=gc vals/a0
else: gc_al=gc vals; gc_si=gc_vals*al

vf ms = df[’ vflat val’ ].valuesxkms
hR m = df[’ hR val’ ].values¥kpc m

G SO = vf ms**2/hR m

log gc = np. log10(gc_si)

log GS = np. log10(G _S0)

x full = log GS - np. log10(a0)

y full = log gc - np. log10(a0)



t 2674 v b (BRE)
sl full, ic full, r_full, p full, se full = stats. linregress(x full, y full)
print(f” £k alpha = {sl full:.4f} +/- {se full:.4f}”)

#
1. SUYLEAHENREE (1000/E)
#

print ("¥n"+"="%70)
print("[AREE1] 5> 4 L$5E (1000E]) )
print(”="x70)

np. random. seed(42)
N_ITER = 1000
alphas_train = []
alphas test = []
resid train std = []
resid test std = []
alpha diffs = []

p05 test = []

for i in range(N_ITER):
idx = np. random. permutation(n)
half =n // 2
train = idx[:half]; test = idx[half:]

=+

ity hT alpha 2714 v
sl tr, ic_tr, r_tr, , se tr = stats. linregress(x full[train], y full[train])
alphas_train. append(sl tr)

# 7R M2y MI#EA

pred test = sl tr * x full[test] + ic_tr
resid test = y full[test] - pred test
resid test std.append(np.std(resid test))

# ANy NHIZOD alpha
sl te, ic_te, r te, , se te = stats. linregress(x full[test], y full[test])
alphas_test.append(sl te)

alpha diffs.append(sl tr - sl te)

# ANty MT alpha=0.5 #&E
t05 = (sl te - 0.5) / se te
p05_test. append(2xstats. t.sf(abs(t05), len(test)-2))

alphas_train = np.array(alphas train)
alphas_test = np.array(alphas_test)
alpha diffs = np.array(alpha diffs)

resid test std = np.array(resid test std)
p05_test = np.array(p05 test)

print(f” alpha(train): {np.mean(alphas train):.4f} +/- {np.std(alphas_train):.4f}”)

print(f” alpha(test): {np.mean(alphas test):.4f} +/- {np.std(alphas test):.4f}”)

print(f” alpha(train) - alpha(test): {np.mean(alpha diffs):.4f} +/- {np.std(alpha diffs):.4f}")
print(f” |Z| dFR{E: {np.median(np.abs(alpha _diffs)):.4f}")

print(f” %2 std(test): {np.mean(resid test std):.4f} +/- {np.std(resid test std):.4f}”)
print(f” £ std: {np.std(y full - (sl fullsx fulltic full)):.4f}"”)

print(f” alpha=0.5 A*F X htzv M TEHTEXAVHER: {(p05_test>0.05).mean()*100:. 1f}%")
print(f” alpha=0.5 #* 95% LI ETEMTEANI & &HR")

#
# 2. v_flat AR DRERIE
i
print ("¥n"+"="%70)

print("[#R5F2] v _flat ADMIBID Leave-One-Quintile-0ut”)
print(”="x70)

vf kms = df[’ vflat val’].values
quintiles = np.percentile(vf kms, [0, 20, 40, 60, 80, 100])
quintiles[0] -= 1; quintiles[-1] += 1

print(f” { TR MELAL :<25} {"N_train’:>8} {'N test’:>7} {’alpha tr’:>9} { alpha te’:>9} {"Z’:>8} {’p(0.5)" :>8}")
print(f” { -'%78}")

for g in range(5):
test mask = (vf kms >= quintiles[q]) & (vf kms < quintiles[qt+1])
train_mask = “test_mask

n_tr = train mask.sum(); n_te = test mask.sum()
if n_te < 5: continue

sl tr, ic_tr, , , _ = stats. linregress(x full[train mask], y full[train mask])
sl te, ic te, , _, se te = stats. linregress(x full[test mask], y full[test mask])

t05 = (sl _te-0.5)/se te if se tedd else 0
p05 = 2xstats. t.sf(abs(t05), n te-2) if n ted2 else 1

vf _range = f’v={quintiles[q]:.0f}-{quintiles[q+1]:.0f}”
print(f” {vf_range:<25} {n tr:>8} {n te:>7} {sl tr:>9.3f} {sl te:>9.3f} {sl tr-sl te:>+8.3f} {p05:>8.3f}")

#
# 3. SRAY 1 TRIDRTERIE
i

print("¥n"+"="x70)



print ("[#REE3] $R5A 4 1 FBID Leave-One-Type-Out”)
print(”="%70)

if type col and type col in df.columns:

type vals = df[type col].values

type_groups = {
*Im/BCD (T>=9)": [9, 10, 11],
’Sd/Sdm (T=7,8)": [7, 8],
’Sc/Sed (T=5,6)": [5, 6],
"Sb/She (T=3,4): [3, 4],
"Sa/S0 (T<=2)’: [0, 1, 2],

}

print(f” { FAMERM)Z 14 77 : <25} N tr’ :>6} {'N te’:>6} {"alpha tr’:>9} {"alpha te’:>9} {"£’:>8} {"p(0.5) te’ :>10}")
print(f” { -"%78}")

for gname, tvals in type groups.items():
test mask = np.isin(type vals, tvals)
train_mask = “test mask
n_tr = train_mask.sum(); n_te = test mask.sum()
if n_te < 5: continue

sl tr, ic_tr, , , _ = stats. linregress(x full[train mask], y full[train mask])
sl te, ic_te, , _, se te = stats. linregress(x full[test mask], y full[test mask])

t05 = (sl _te-0.5)/se te if se tedd else 0
p05 = 2xstats. t.sf(abs(t05), max(n_te-2,1))

print(f” {gname:<25} {n_tr:>6} {n te:>6} {sl tr:>9.3f} {sl te:>9.3f} ”
f7{sl_tr-sl te:>+8.3f} {p05:>10.3f}")
else:

print(” $RAL 1 SEHLL > RF v T)

i
t4 T—HKRKNSvY 7T alpha DHFH
#
print("¥n"+"="%70)

print("[#5F4] 7— k2 hS v 7 (10000E]) )
print(”="x70)

N_B0OT = 10000
alpha_boot = np.zeros(N BOOT)

for i in range(N _BOOT):
idx = np. random. choice(n, n, replace=True)
sl.b, , , , _ = stats. linregress(x full[idx], y full[idx])
alpha boot[i] = sl b

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

print(f” alpha(bootstrap) = {alpha boot mean:.4f} +/- {alpha boot std:.4f}”)

print(f” 95% CI: [{alpha boot ci[0]:.4f}, {alpha boot ci[1]:.4f}]")

print(f” alpha=0.5 in 95% CI: {’YES’ if alpha boot ci[0]<=0.5<=alpha boot ci[1] else "NO’}")
print(f” alpha=1.0 in 95% CI: {’YES’ if alpha boot ci[0]<=1.0<=alpha boot ci[1] else "NO’}")
print(f” alpha=0.0 in 95% CI: {"YES’ if alpha boot ci[0]<=0.0<=alpha boot ci[1] else "NO'}")

# Bias
bias = alpha_boot _mean - sl full
print(f” /N4 7R: {bias:.5f} (&4 alpha »"SDREE) )

#
# 5. MOND vs #ARIFIIDIERZERE M
#

print("¥n"+7="70)
print("[#REE5] MOND vs BfAFIHDEKEREM")

print(”="%70)

t 525 LEFET, MONDFKZE & EMFEHFEZEDRELDDTH
improv dist = []
for i in range(N_ITER):

idx = np. random. permutation(n)

test = idx[n//2:]

resid mond = y full[test] # MOND: g c=a@ -> log(g c/a0)=0
pred geom = 0.5 % x_full[test] + np.median(y full[idx[:n//2]] - 0.5%x_full[idx[:n//2]1])
resid geom = y full[test] - pred geom

if np.std(resid mond) > 0:
improv = (1 - np.std(resid geom)/np.std(resid mond)) * 100
improv_dist.append(improv)

improv_dist = np.array(improv_dist)

print(f” MONDLLZXZR DS % (1000E ¥ 5E1) )

print(f” thgufE: {np.median(improv dist):.1f}%")

print(f” E1:  {np.mean(improv_dist):.1f}%")

print(f” std: {np.std(improv dist):.1f}%")

print(f” [5th, 95th]: [{np.percentile(improv dist,5):.1f}%, {np.percentile(improv dist,95):.1f}%]")
print(f” WER > 0% DOBESK: {(improv_dist>0).mean()*100:. 1f}%”)

print(f” WEE > 20% OMEZE: {(improv dist>20).mean()*100:. 1F}%")



i
#6. FOovk
#
print ("¥n”+"="70)
print("[7O vy MERK])
print(”="x70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(’ SPARC Jackknife Independence Test for Geometric Mean Law’,
fontsize=14, fontweight="bold’)

# (a) alpha(train) vs alpha(test) D&EI#E

ax = axes[0, 0]

ax.scatter(alphas train[:200], alphas test[:200], s=10, alpha=0.3, c="steelblue’)
ax.plot([0, 11, [0, 1], "k--", alpha=0.3)

ax.axhline(0.5, color="g’, ls=":", alpha=0.5)

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

ax.axhline(sl full, color="r", Lls="--", alpha=0.3)

ax.axvline(sl full, color="r", ls="--", alpha=0.3)

ax.set xlabel(’alpha (train half)’); ax.set ylabel(’alpha (test half)’)
ax.set title(f’ (a) Random split (N={N_ITER})’)

ax.set xlim(0.2, 0.9); ax.set ylim(0.2, 0.9)

X X X X X X x X X

# (b) alpha ®H#H (F—+R+Fv )

ax = axes[0, 1]

ax.hist(alpha boot, bins=50, color="steelblue’, alpha=0.7, edgecolor="white’, density=True)
ax.axvline(0.5, color="g’, ls="--", lw=2, label="alpha=0.5")
ax.axvline(sl full, color="r", ls="-", lw=2, label=Ff"full={sl full:.3f}")
ax.axvline(alpha boot ci[0], color="orange’, ls=":", label=f"95% CI")
ax.axvline(alpha boot ci[1], color="orange’, ls=":")

ax.axvline(0, color="gray’, ls=":", alpha=0.3, label="MOND (alpha=0)")
ax.axvline(1, color="gray’, ls=":", alpha=0.3, label="alpha=1")

ax.set xlabel("alpha’); ax.set ylabel(’Density’)

ax.set title(f (b) Bootstrap (N={N BOOT})’)

ax. legend(fontsize=7)

X X X X X X X x X X

# (c) alpha(train) - alpha(test) M9 %
ax = axes[0, 2]

ax.hist(alpha diffs, bins=40, color="coral’, alpha=0.7, edgecolor="white’)
ax.axvline(d, color="k’, ls="--", alpha=0.5)

ax.set xlabel(’alpha(train) - alpha(test)’)

ax.set_ylabel(’ Count’)

ax.set title(f (c) Train-test difference (med={np.median(np.abs(alpha diffs)):.3f})")

# (d) REEODTH
ax = axes[1, 0]
ax.hist(improv dist, bins=40, color="green’, alpha=0.7, edgecolor="white’)
ax.axvline(d, color="k’, ls="--", alpha=0.5)
ax.axvline(np.median(improv dist), color="r", ls="-", [w=2,
labe l=f" median={np.median(improv dist):.1f}% )
.set_xlabel(’ Improvement over MOND [%]")
.set_ylabel(’ Count’)
.set_title(f’ (d) MOND improvement stability (O{(improv_dist>d).mean()%100:.0f}% positive)’)
. legend(fontsize=8)

> X

a
a
a
a

X X x X

# (e) 7R MEZE std DHFH

ax = axes[1, 1]

ax.hist(resid test std, bins=40, color="steelblue’, alpha=0.7, edgecolor="white’)
full resid std = np.std(y full - (sl fullxx full+ic full))

ax.axvline(full resid std, color="r", ls="--", lw=2, label=f"full={full resid std:.3f}")
ax.set xlabel(’ Test residual std [dex]’)

ax.set_ylabel(’ Count’)

ax.set_title(f (e) Generalization (mean={np.mean(resid test std):.3f})")

ax. legend(fontsize=8)

# (f) p(alpha=0.5) D2

ax = axes[1, 2]

ax. hist(np. log10(p05 test+le-10), bins=40, color="purple’, alpha=0.7, edgecolor="white’)
ax. axvline(np. log10(0.05), color="r", Lls="--", label="p=0.05")

ax.set xlabel(’ log10(p-value for alpha=0.5)")

x.set_ylabel(’ Count’)

pct _pass = (p05_test > 0.05).mean() * 100

ax.set title(f (f) alpha=0.5 test ({pct pass:.0f}% cannot reject)’)

ax. legend(fontsize=8)

1)

plt. tight layout()
plt.savefig(’ sparc_jackknife.png’, dpi=150, bbox inches="tight’)
print(” -> sparc_jackknife.png”)

#
7. &Y<y —
#
print("¥n"+"="x70)
print("[J\i&H~< Y —1")
print(”="x70)

i

print(f
SPARC v v U F A 7RSI HEMREE:

[#REE1] 54 LknE (N={N_ITER}):
alpha(train) = {np.mean(alphas train):.4f} +/- {np.std(alphas train):.4f}
alpha(test) = {np.mean(alphas test):.4f} +/- {np.std(alphas test):.4f}



|2| dhdfE = {np.median(np.abs(alpha diffs)):.4f}
> El#/7 A M T alpha E—Bl. YTty MREMRL,
[#3E4] 7— bR N5y 7 (N={N_B0OT}):
alpha = {alpha boot mean:.4f} +/- {alpha boot std:.4f}
95% CI: [{alpha boot ci[0]:.4f}, {alpha boot ci[1]:.4f}]
alpha=0.5: {CIR’ if alpha boot ci[0]<=0.5<=alpha boot ci[1] else 'CI4 }
alpha=0 (MOND): {’CIP’ if alpha boot ci[01<=0 else ’CI4’}
alpha=1: {"CI’ if 1<=alpha boot ci[1] else 'CI4"}

[#REE5] MONDILERERDRE M :
thgifE: {np.median(improv dist):.1f}%
fESR > 0%: {(improv_dist>0).mean()*100:.1}%
WER > 20%: {(improv dist>20).mean()*100:.1f}%

o
LAT%RR alpha=0.5 (£ SPARC D EDY Ty N TEHERILT 5.
BEDIRARICIKE LR TR,
{HET—2 Y NTORIEFBIEHEBELD, AB—FMHEERIINA,
if (p05 test>0.05).mean()>0.8 else '—EMDHY Ty hTARREMHY, '}
")

print("ET")



