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=P

A. B ERI ORI (FBiREH)
gc_sigmaO_theory_test.py -- G*Sigma0 EAIBRIDMREE. slope=0.55 DFE R (slope=1 Tl W) , A TR D HEFE S, ...
gc_geometric_mean_test.py -- ML g_c = eta*sqrt(a0*G*Sigma0) DL, alpha=0.5 D#EEH&RE. MOND ...
strain_energy_theory_test.py -- alpha(c) EH T RIL ¥ —ZERDIREL. alpha DR 517 GEMEMRE o) ITIKET 2D DIRE, ...
eta_functional_form.py -- eta(disk_dom, Ud, compact) MBI R E . M EIE B DR EEIE DR, ...

B. BE L Xf#HT (HSC-SSP Y3)
inspect_subaru_lensing.py -- Y3 ¥4/ 7 14 0% (931720.csv.gz.1) DH#&&EREER. 19405 4. 35808 RIADEA#ET . ...
hsc_footprint_clusters.py -- ¥ 574y 7 D7y )2 A #81b, BRIV 5 29— (Miyaoka/PSZ2) E DEEF v/, ...
hsc_cluster_screening.py -- TV 74Xy 7 OBEIFEE (sgm3_r10) oI ZRI—EFERI)—= 7, ...
hsc_y3_cluster_lensing.py -- 75 24 —RED ORI IO 771 IVIE/ 1TS54 (FEM) o ...
hsc_y3_shear_measure.py -- 1795 29— & DAY v VBB T O 771 )LAIE, 9.6GB % 1/XRATF vV E, ...
hsc_nfw_membrane_compare.py -- NFW/MOND/FEET LD chi2 tbE, NFWRS —) V758 & E . ...
hsc_download_photoz.py -- HSC-SSP PDR3 APl 595 249 —RE:0®M photo-z &LV XERAAYOT &S DV O—K, ...
hsc_refit_with_photoz.py -- photo-z B#f (z=0.56) TD NFW/BEETILBLLE,z ¥+ T g _c(z) DR EMEHEER, ...
specz_crossmatch.py -- SDSS SkyServer/Vizier TAP TO % KR AR ERTR. cl1 D z_spec HEE., ...
mond_abel_lensing.py -- Abel Z#IC L2 IEREM MOND 8 5HE NFWRY—) V7R A B #. ...
hsc_final_cl1_abel.py -- 29922k TD Abel Z# &R (z_spec=0.313),...
hsc_cl1_individual.py -- cl1 B{&AD@ERI 7O 771 )L + Abel Z#, HZIRARo ...

C. MIIFT—#t v M&EEE (N-2)

independent_verification.py -- Phase 1: SPARCA268RAI D /35 XA— S UNER A FIERI D FRIZEDEZE1L. ...
littlethings_gc_measure.py -- Phase 2: LITTLE THINGS [El#zHfEN 5D g_c JRITAIE, ...
noordermeer_gc_measure.py -- Phase 2: Noordermeer+2007 REFESRATD /N A4 > D BEEEREIIE A DD g_c BITE, ...
sparc_jackknife.py -- Phase 3 (f$&): SPARC Yvv 41 7RI HEMREE, 10008 ¥ 45E+10000E 7 —h RSy s ...



fRATE® G*Sigma0 EAEBIDIREL. slope=0.55 DFE R (slope=1 TIEALY) , AIFIERI DO HFE S,

=R A13 #3L,r=0.725, slope=0.55,

gcOGz:Im F(C) aumuumummEnm

gc=n-G:- zm - h_R- 2(1 - Vc)

where ¢ = c(galaxy type), m O v_flat2 / h_R

EEER;
(1) ¢(2m) eeEmmEEEEm
(2) G = mEm g C EEEEEEEEEEE
(3) F(c)-Zm mmmmummmm
(4) wmmm 1.3 m C(3m) NEEEEEEEN

mE: uv run --with scipy --with matplotlib --with nunpy python gc_si gma0_t heory_test. py

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats
frompathlib inmport Path

inport matplotlib

mat pl otl i b. use(' Agg')

inport matplotlib.pyplot as plt

#
#0. mEmEEEE &anp, EEEEN

#

work_dir = Path(".")

#--- gC AEEEEEN ---

gc_file = work_dir / "TA3_gc_i ndependent. csv"”
pred_file = work_dir / "gc_predictive_nodel.csv"
sparc_file = work_dir / "sparc_results.csv"

print("=" * 70)
print("Step 0: mmmmmmm &anp; EmmEmEm")
print("=" * 70)

for f in [gc_file, pred_file, sparc_file]:

if f.exists():
df _tnp = pd.read_csv(f)

print(f"\n{f.nanme}: {len(df_tnmp)} rows")
print(f" colums: {list(df_tnp.colums)}")

el se:

print(f"\n{f.nane}: NOT FOUND")

# --- EEEEEEEEEE ---

df _gc = pd.read_csv(gc_file) if gc_file.exists() el se None
df _pred = pd.read_csv(pred_file) if pred_file.exists()

el se None

df _sparc = pd.read_csv(sparc_file) if sparc_file.exists() else None

]l EEEEEEEEEN

* H OH

print("\n" + "=" * 70)
print("Step 1: mmmmmm")
print("=" * 70)

# gc, v_flat, h_R galaxy type mmm
# mmmmm CSY sNEEEEEEEEEEER

def find_col (df, candidates, |abel="
' EEEEEEEEER"""
if df is None:
return None
for c in candidates:

mat ches = [col for col in df.colums if c.lower()

i f matches:

print(f" {label}: '{matches[0]}"

return mat ches|[ 0]

print(f" {label}: NOT FOUND (tried {candidates})")

return None

#--- gC Wmmm ---

# TA3_gc_i ndependent.CcSv m® rS EEEEE g C NEEEEN

if df _gc is not None:

"

in col.lower()]

mat ched (from'{c}')")




gc_col = find_col (df _ge, ['gc', 'g_c', 'gc_rar', 'gc_ind' ], 'g_c')
gal axy_col _gc = find_col (df _gc, ['galaxy', 'Galaxy', 'nanme', 'Nanme'], 'galaxy(gc)')

# --- EEEEEEEEEE ---

# sparc_results.csv mm 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', 'Rd', "Rd'], 'h_R)
type_col = find_col (df _sparc, ['type', 'Type', 'T', 'hubble', 'Hubble'], '"type')
gal axy_col _sparc = find_col (df _sparc, ['galaxy', 'Galaxy', 'nane', 'Name'], 'galaxy(sparc)')

# --- gc_predictive_nodel.csv mmm ---

if df _pred is not None:
gc_col _pred = find_col (df _pred, ['gc', 'g_c', 'gc_pred', 'gc_obs', 'gc_rar'], 'g_
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', 'Rd'", "Rd"], '"h_R(pred)')

c(pred)")

print("\n--- EEEEEEEEEEEE ---")
if df _gc is not None:
print(f"TA3: {list(df_gc.colums)}")
if df _sparc is not None:
print(f"SPARC: {list(df_sparc.colums)}")
if df _pred is not None:
print(f"PRED: {list(df_pred.colums)}")

#

# 2. mummm

#

print("\n" + "=" * 70)

print("Step 2. mummm"
print("=" * 70)

# mm: gc_predictive_nodel .cCSV EEEEEEEEEEEEEEN
# mmmm TA3 + sparc m galaxy mmmm

df = None # mmmmmmm DataFrane

# mm gc_predictive_nodel.cSv summEEEEEEEEEEN
if df _pred is not None:

required_found = True

cols_map = {}

for key, candidates in [
("gc', ['gc', 'g_c', 'gc_obs', 'gc_rar', 'gc_neas']),
(‘vflat', ['v_flat', 'vflat', "Vflat']),
("“hR, ['h_R, "hR, "Reff', "Rd, "Rd']),

col = find_col (df _pred, candidates, f'nmerge-{key}"')
if col:

col s_nap[ key] = col
el se:

required_found = Fal se

if required_found:

df = df _pred. copy()

df['gc_val'] = df[cols_map['gc']]

df['vflat_val'] = df[cols_map['vflat']]

df['hR_val'] = df[cols_map[' hR ]]

print(f" - gc_predictive_nodel.csv mmm (N={len(df)})")
el se:

print(" - gc_predictive_npdel.csv: mummmmm"

# ammmmmm: TA3 + sparc mm
if df is None and df _gc is not None and df _sparc is not None:
print(" - TA3 + SPARC mmm")
df = pd. nerge(df_gc, df_sparc,
| ef t _on=gal axy_col _gc, right_on=gal axy_col _sparc,
how="i nner")
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" - mmmm (N={len(df)})")

if df is None:
print("\n!!! eeeeEeenCSY EEEEEEEEEEEEEER")
print(" mm: g c, v_flat, h_R mmm CSV')
inport sys; sys.exit(1)

# --- galaxy type mmm ---
type_col _final = find_col (df, ['type', 'Type', 'T', 'hubble', 'Hubble', 'nmorph'], 'type(final)")

# NaN mm

mask = df['gc_val'].notna() &anp; df['vflat_val'].notna() &anp; df['hR_val'].notna()

mask &anp; = (df['gc_val'] &gt; 0) &anp; (df['vflat_val'] &gt; 0) &anp; (df['hR_val'] &gt; 0)
df = df [ mask] . copy()

print(f" mmmmm: N={len(df)}")



#
# 3. EEmEEE
#
print("\n" + "=" * 70)
print("Step 3: mEmmmm"
print("=" * 70)

a0 = 1.2e-10 # m's?

G = 6.674e-11 # n?/(kg-s?)
kpc_to_m = 3.086e19
kns_to_ms = 1le3

Msun = 1.989e30

#g.cm a0 mm - S| meEECSY m 30 EmmEEE

gc_vals = df['gc_val'].val ues

# mm: gc wmm ~1 mm 30 mmm~le-10 mm S| mm

gc_nedi an = np. nmedi an(gc_val s)

if gc_median &t; 1le-5:
print(f* g_c m S| mmmmm (mmm={gc_median:.2e})")
gc_si = gc_vals
gc_a0 = gc_vals / a0

el se:
print(f* g_c m a0 mmmmm (mmm={gc_nedian:.3f})")
gc_a0 = gc_vals
gc_si = gc_vals * a0

# v_flat [km's] - [nls]
vilat _kms = df['vflat_val'].val ues
vflat_ms = vflat_kms * kns_to_ns

# h_R [kpc] - [n
hR_kpc = df['hR val'].val ues
hR_m = hR_kpc * kpc_to_m

# >m Ov_flat2 / (G- h_R) smmmmm

# mmmm >m = Mdisk / (2n h_R), v_flatz ~ GM(h_R mmm

#v_flat2 /| (Gh_R) ssssssmmm

Sigma0_proxy = vflat_ms**2 / (G * hR.m) # [kg/n?]

Si gma0_Msun_pc2 = Sigme0_proxy / (Msun / (3.086el6)**2) # [Msun/pc?]

# G- Zm [ns2] —mmmEm g C EEEN
G Signme0 = G * SigmaO_proxy # = v_flat?2 / h_R [nls?]

print(f" Zm proxy mmm: {np.nedian(Signa0_Msun_pc2):.1f} Msun/pc2")
print(f" G ZZm mmm: {np.nedian(G_Sigm0):.2e} nis2")

print(f" g_c mmm: {np.nedian(gc_si):.2e} ms2")

print(f" g_c/ (GZm) mmm: {np.nedian(gc_si / G Sigm0):.4f}")

#

# 4. mm(l): g cvs GZm mummm
#

print("\n" + "=" * 70)

print("Step 4: g c vs GIm mmmmm")
print("=" * 70)

I og_gc = np.loglO(gc_si)
| og_GSi gma0 = np. | 0g10( G_Si gma0)

# mumm

slope, intercept, r, p, se = stats.linregress(log_GSi gna0, |og_gc)
print(f" 1log(g_c) = {slope:.3f} * log(G >m) + {intercept:.3f}")
print(f" r = {r:.3f}, R = {r**2:.3f}, p = {p:.2e}")

print(f* mmmm = {slope:.3f} mmmmm: 1. Ommmm: ~lEEmsmEm")

# v_flat2/h_R'1.3 mmm

| og_proxyl13 = np.loglOo(vflat_ms**2 / hR nt*1.3)

sl opel3, intercept13, r13, pl3, sel3 = stats.linregress(log_proxyl3, |og_gc)
print(f"\n log(g_c) vs log(v2/h_R'1.3):")

print(f" r = {r13:.3f}, R = {r13**2:.3f}")

# SpearnmanEEEEEEEE
rho_sp, p_sp = stats.spearmanr (|l og_GSi gma0, | og_gc)
print(f"\n Spearman: p = {rho_sp:.3f}, p = {p_sp:.2e}")

#

#5 mE(2). mmEmEEE Cc Em F(Cc) mm
#

print("\n" + "=" * 70)

print("Step 5: wmmmmm c mm F(c) mm")
print("=" * 70)

# c mmmmmmmSPARC m Hubble type mmmmm
# 1m 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



. 35,
.37,
.40,
.42,
. 55,
. 80,
. 85,
.90,
. 90,

SRrRNWRAROODN®
cooooo0oo00O0
HOHHH R R R

Sdm
Sd
Scd
Sc
Sbc
Sh
Sab
Sa
S0

}

# type ansmsmsmsnsnunnn c=0.42 umm
if type_col _final and type_col _final in df.colums:
type_vals = df[type_col _final].val ues
print(f* mmmmmmmm: {type_col _final}")
print(f" mmmmm: {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])
el se:
print(" EEEEEEEEEE _, C EH  u EEEEEEER")
#c [0 Zm") aumEEEEEEEN _ mEmEmEm c=0.42 mm
c_vals = np.full (len(df), 0.42)

Fc=2*(1- np.sqrt(c_vals))

# ammmm: G- Xm - F(c) mnp-h_ R eussssssssssnnn
theory_raw = G Sigma0 * F_c

#71N EmEEEE|O) NEEEEE

| og_theory = np.logl0(theory_raw)

#g9g.c =n_eff - G- Zm - F(c) - log(g_c) = log(n_eff) + log(G zm-F(c))
# - intercept = log(n_eff) m slope=1l mmm

# EEEEEEEN

slope_fc, intercept_fc, r_fc, p_fc, se_fc = stats.linregress(log_theory, |o0g_gc)
print(f"\n F(c) mmmm:")

print(f" log(g_c) = {slope_fc:.3f} * log(G =Zm-F(c)) + {intercept_fc:.3f}")
print(f" r={r_fc:.3f}, R = {r_fc**2:.3f}")

# slope=]l ummmmmm

eta_fit = np.median(gc_si / theory_raw)

log_gc_pred_fixed = np.loglO(eta_fit * theory_raw)

residuals_fixed = log_gc - log_gc_pred_fixed

r_fixed = 1 - np.sun(residual s_fixed**2) / np.sun((log_gc - np.nmean(log_gc))**2)
print(f"\n slope=1 mm:")

print(f" n_eff = {eta_fit:.4e}")
print(f" Re (sl ope=1) = {r_fixed:.3f}")
print(f" mm std = {np.std(residuals_fixed):.3f} dex")

# F(C) mmmmmm

sl ope_nc, intercept_nc, r_nc, p_nc, _ = stats.linregress(log_GSignm0, |o0g_gc)
print(f"\n mm: F(c) mmmm _ r={r_nc:.3f}, R={r_nc**2:.3f}")

print(f" F(c) mmmm _ r={r_fc:.3f}, R={r_fc**2:.3f}")

print(f" mm: AR = {r_fc**2 - r_nc**2:.4f}")

#

# 6. mE(3): c(2m) WEEEEEEE

#

print("\n" + "=" * 70)

print("Step 6: c(Zm) Wmmmmm")
print("=" * 70)

c=n- G- Zm - 2(1-Vc) mm Cc mmm
=(1- gc/(2n-Gzm))2
Em | EEm _ EN N gCc/(GIn) EEEEEER

H* OH K
" O @Q

ratio = gc_si / G_Sigm0
print(f* g_c/ (GZm) mmm:")

print(f" mmm = {np.nmedian(ratio):.4f}")
print(f" [ 1] = {np.nean(ratio):.4f}")
print(f" std = {np.std(ratio):.4f}")
print(f" mn ={np.mn(ratio):.4f}")
print(f" max = {np.max(ratio):.4f}")

# c_eff mmm: g c =n_scale - G- zIm - F(c_eff)

# n_scale - F(c_eff) = g.c/ (GZZm) =ratio

# mmm ratio smmmmm c-0 (F-2) emmmmmEm

# - n_scale = max(ratio) / 2

eta_scale = np.percentile(ratio, 95) / 2 # 95th mmmm
print(f"\n n_scale = {eta_scale:.4f} (95th percentile / 2)")

# c_eff mmm

F eff =ratio / eta_scale

#F=2(1-V¢) - Ve =1- F2 - c=(1- F22
# F/2 &t; 1 mmmm c &t; 0 - mEEE _ EEEN
F_eff_clipped = np.clip(F_eff, 0.01, 1.99)



c_eff = (1 - F_eff_clipped / 2) ** 2

print(f" c_eff mm:")

print(f" mmm = {np.nmedian(c_eff):.3f}")
print(f" [ 1] = {np.nean(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}]")

# c_eff vs Im mmm
| og_Si gma0 = np. | 0gl0(Si gma0_Msun_pc2)
rho_cS, p_cS = stats.spearmanr(log_Sigma0, c_eff)

slope_cS, intercept_cS, r_cS, _, _ = stats.linregress(log_Sigm0, c_eff)
print(f"\n c_eff vs log(zm):")

print(f" Pearson r = {r_cS:.3f}")

print(f" Spearnman p = {rho_cS:.3f}, p = {p_cS:.2e}")

print(f" c_eff = {slope_cS:.4f} * log(Zm) + {intercept_cS:.4f}")

# ammmmmnm c_eff mmm
if type_col _final and type_col _final in df.colums:
print(f"\n msmmmm c_eff mmm:")
type_vals_clean = df[type_col _final].val ues
for t in sorted(set(type_vals_clean[~np.isnan(type_vals_clean)])):
mask_t = type_vals_clean ==t
if np.sun{mask_t) &gt;= 3:
nmed_c = np. nedi an(c_eff[mask_t])
med_S = np. nedi an( Si gma0_Msun_pc2[ mask_t])
n_t = np.sun{mask_t)
expected_c = c_type_map.get(int(t), None)
exp_str = f" (expected: {expected_c:.2f})" if expected_c else ""

print(f" T={int(t):2d}: c_eff={nmed_c:.3f}, Zm={ned_S:.0f} Msun/pc2, N={n_t}{exp_str}")
#
#7. mE(4): EuEmEmEm
#
print("\n" + "=" * 70)

print("Step 7. mmmmmmm")
print("=" * 70)

# log(g_c) = a-log(v_flat) + b-log(h_R + const
log_vf = np.loglO(vflat_kns)
I og_hR = np.10g10(hR kpc)

# 2mmmm

X = np. colum_stack([log_vf, log_hR np.ones(len(log_vf))])

beta, residuals, rank, sv = np.linalg.lstsq(X [|og_gc, rcond=None)
y_pred = X @beta

ss_res = np.sun((log_gc - y_pred)**2)

ss_tot = np.sunm((log_gc - np.nean(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_c Ov_flat®{beta[0]:.2f} - h_R‘{ beta[1]:.2f}")

print(f* mmmm (G>m =v2/h_R): v_flat”"2.0 - h_R-1.0}")

print(f* v_flat mmmm: {beta[0]-2:.3f}")

print(f" h_ R memmm: {beta[1]-(-1):.3f}")

# F(c) mmm
if type_col _final and type_col _final in df.colums:
| og_gc_corrected = log_gc - np.loglO(F_c)
X2 = np.colum_stack([log_vf, log_hR np.ones(len(log_vf))])
beta2, _, _, _ =np.linalg.lstsqg(X2, |og_gc_corrected, rcond=None)
y_pred2 = X2 @beta2
R2_corr =1 - np.sun{(log_gc_corrected - y_pred2)**2) / np.sun((log_gc_corrected - np.nmean(log_gc_corrected))**2)

print(f"\n F(c) mmm:")

print(f" log(g_c/F(c)) = {beta2[0]:.3f}-log(v_flat) + {beta2[1]:.3f}-1og(h_R + {beta2[2]:.3f}")
print(f" R = {R2_corr:.3f}")

print(f" - g_c/F(c) O v_flat~{beta2[0]:.2f} - h_R*{beta2[1]:.2f}")

print(f" wsmsssssmm: v_flat sesm {beta2[0]-2:.3f}, h_R mmmm {beta2[1]-(-1):.3f}")

#

# 8. mEEEEm

#

print("\n" + "=" * 70)

print("Step 8. mummmm"
print("=" * 70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle('g_c O GZm-F(c) Theory Verification', fontsize=14, fontweight="bold")

#--- (a) gcvs Gzm ---

ax = axes[0, 0]

ax.scatter(log_GSi gma0, |og_gc, s=15, al pha=0.5, c='steelblue')

x_range = np.linspace(l og_GSi gma0. nmin(), |og_GSigne0.max(), 100)

ax.plot(x_range, slope_nc * x_range + intercept_nc, 'r-', |w=2,
| abel =f' fit: slope={slope_nc:.2f}, r={r_nc:.3f}")



ax.plot(x_range, x_range + np.loglO(np.nedian(ratio)), 'k--', Iw=1l, alpha=0.5,

| abel =" sl ope=1 reference')
ax.set_xl abel ("1 0og(G =m) [nmfs2]")
ax.set _ylabel ('1og(g_c) [ms2]")
ax.set_title('(a) g_c vs Gzm')
ax. | egend(fontsize=9)

# --- (b) g_c/g_c_pred vs Im (residuals) ---

ax = axes[0, 1]

resid = log_gc - (slope_nc * |og_GSignma0O + intercept_nc)
ax.scatter(l og_SignaO, resid, s=15, alpha=0.5, c='steelblue')
ax.axhline(0, color="k', Is="--', alpha=0.3)

ax. set _xl| abel (' 1 og(Zm) [ Msun/pc?]"')
ax. set _yl abel (' Residual [dex]")
ax.set_title(f'(b) Residuals vs Zm (std={np.std(resid):.3f})")

# --- (c) c_eff vs Zm ---
ax = axes[0, 2]
if type_col _final and type_col _final in df.colums:
scatter = ax.scatter(log_Signe0, c_eff, s=15, al pha=0.5,
c=df [type_col _final].values, cmap="viridis')
plt.col orbar(scatter, ax=ax, |abel="Hubble T type')
el se:
ax.scatter(log_Sigma0, c_eff, s=15, al pha=0.5, c='steelblue')
ax. set _xl| abel (' | og(Zm) [Msun/pc?]"')
ax.set_ylabel ("c_eff (inferred)')
ax.set_title(f'(c) c(Zm) relation (p={rho_cS:.3f})")
# C EEEEEEEEEER
if type_col _final and type_col _final in df.colums:
for t, c_exp in sorted(c_type_nap.itens()):

mask_t = df[type_col _final].values ==t
if np.sun(mask_t) &gt;= 3:
ax. axhline(c_exp, color="gray', Is=":"', alpha=0.3)

#--- (d) F(c) mmmm vs mm ---
ax = axes[1, O]
ax.scatter(log_theory, log_gc, s=15, alpha=0.5, c='coral', |abel=f'"F(c) corr:
ax.scatter(l og_GSigma0, |og_gc, s=15, al pha=0.3, c='steelblue', |abel=f"no corr:
ax.plot(x_range, x_range + np.loglO(eta_fit), 'r-', Iw=2, al pha=0.5)

ax.set_xlabel ("1og(G zm or G zm-F(c))")

ax.set _yl abel ("1 0og(g_c)")

ax.set_title('(d) F(c) correction conparison')
ax. | egend(f ontsi ze=9)

# --- (e¢) mmmmmm g c/g_c_pred ---
ax = axes[1, 1]
if type_col _final and type_col _final in df.colums:
type_val s_clean = df[type_col _final].val ues
types_uni que = sorted(set(type_vals_clean[~np.isnan(type_vals_clean)]))
type_nedi ans = []
type_l abels =[]
for t in types_unique:
mask_t = type_vals_clean ==
if np.sum(mask_t) &gt;= 3:
type_nedi ans. append( np. medi an(resi d[ mask_t]))
type_l abel s. append(f' T={int(t)}")

ax. bar (range(l en(type_nedi ans)), type_nedians, color="steel blue', alpha=0.7)

ax. set _xticks(range(len(type_| abels)))
ax. set _xtickl abel s(type_|l abel s, rotation=45)
ax.axhline(0, color="k', Is="--', alpha=0.3)
ax. set _yl abel (' Medi an residual [dex]")
ax.set_title('(e) Residual by galaxy type')
el se:
ax.text(0.5, 0.5, 'No type info', transformrax.transAxes, ha='center')
ax.set_title('(e) NA)

#--- (f) mmm vs emmEmEm ---

ax = axes[1, 2]

# mmmmmm: |og(gc/a0) = -2.175 + 2.015*l og(vflat) - 1.294*log(hR) + ...
gc_enpirical _2var = 10**(-2.175 + 2.015*l og_vf - 1.294*l0og_hR) * a0 # mmm
| og_gc_enp = np.logl0(gc_enpirical _2var)

r_enp = np.corrcoef(log_gc_enp, log_gc)[0,1]

r_theory =r_nc # Gzm = v2/h_R

ax.scatter(log_gc_enp, log_gc, s=15, al pha=0.5, c='coral',
| abel =f ' Enpirical (2var): r={r_enp:.3f}")

# GIm mm

gc_theory_1var = 10**(slope_nc * | o0g_GSigma0 + intercept_nc)

ax.scatter(np.logl0(gc_theory_1var), log_gc, s=15, al pha=0.3, c='steel blue',
| abel =f' G Zm theory: r={r_theory:.3f}")

diag = np.linspace(log_gc.mn(), log_gc.nmax(), 100)

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

ax.set _xl abel ("1 og(g_c predicted)"')

ax.set _yl abel (' 1 0og(g_c observed)"')

ax.set_title(' (f) Theory vs Enpirical prediction')

ax. | egend(fontsi ze=9)

plt.tight_layout()

r={r_fc:.3f}")

r={r_nc:.3f}")



plt.savefig('gc_sigmaO_theory_verification.png', dpi=150, bbox_inches="tight")

print(" - gc_sigma0_theory_verification. png smmm")

#

#9. mumm

#

print("\n" + "=" * 70)

print("SUMARY: g ¢c 0 Gim-F(Cc) esummmmmmm")
print("=" * 70)

print(f"""
mm(1l): gcvs GIm mmmnm
Pearson r = {r_nc:.3f}
Spearman p = {rho_sp:.3f}
[T 1L = {slope_nc:.3f} (mmmm: 1.0)
- {"O mmmm” if abs(r_nc) &gt; 0.6 else "m mmmmmm" jf abs(r_nc) &gt;

mE(2): F(c) mumm
mmmm R = {r_nc**2:.3f}
mmmm R = {r_fc**2:.3f}
am AR? = {r_fc**2 - r_nc**2:.4f}
- {"0 F(c) mmmmm" if r_fc**2 &yt; r_nc**2 else "0 F(c) mammmmm"}

am(3): c(Zm) mm
Spearman p = {rho_cS:.3f}, p = {p_cS:.2e}
- {"0 memmm"” if p cS &t; 0.05 else "l ammmmmm"}

EN(4). EEEEEE

g_c Ov_flatr{beta[0]:.2f} - h_R‘{ beta[1]:.2f}
gc Ov_flatr2.0 - h_R*-1.0

Aa_v = {beta[0]-2:.3f}, Ao_h = {beta[1]-(-1):.3f}

mmEn g C UG suEEEEEEEEEEN

smmnn {"mmmm" if abs(r_nc) &gyt; 0.6 else "WmmEm"}uummmn
F(C) EuSEESESEESEN C SNEEEEEEENEN

mEEE UY(¢gC) NENEEEEEEEEEEN

")

print("mm")

0.4 else "l ammm"}



an_test.py

fRIT B MIEA] g c = eta*sqrt(a0*G*Sigma0) MAREE. alpha=0.5 D#EETHRE. MOND &®d dAIC EbE,

R A10, A11 #3Z,alpha=0.545+/-0.041, p(0.5)=0.27, dAIC=-130,

SEEEEEEEEEER
mm: g_c = a0”(1-al pha) * (G Signa0)~al pha
uv run --with scipy --with matplotlib --with nunpy --w th pandas python gc_geonetric_nmean_test. py

i nport nunpy as np, pandas as pd
fromscipy inport stats

frompathlib inmport Path

inport matplotlib; matplotlib.use('Agg')
inport matplotlib.pyplot as plt

work_dir = Path(".")
a0 = 1.2e-10; G = 6.674e-11; kpc_m = 3.086e19; kns_ns = le3

def find_col (df, cands):
if df is None: return None
for c in cands:
m= [col for col in df.colums if c.lower() in col.lower()]
if m return n{0]
return None

print("="*70)
print("mmmmmm: g c = a0”(1-al pha) * (G'Signa0)”al pha smmmm")
print("="*70)

# --- EEEEEEE ---
df _gc = pd.read_csv("TA3_gc_i ndependent.csv") if Path("TA3_gc_i ndependent.csv").exists() else None
df _pred = pd.read_csv("gc_predictive_nodel.csv") if Path("gc_predictive_nopdel.csv").exists() else None

df _sparc = pd.read_csv("sparc_results.csv") if Path("sparc_results.csv").exists() el se None

df = None
if df _pred is not None:
cm= {}

for k,es in [('gc',["'gc',"g_c',"'gc_obs',"gc_rar']),("vflat',['v_flat','vflat']),("hR,['"h_R,"hR ,"Reff',"Rd"])]:
¢ = find_col (df _pred, cs)
if c: ecnfk] =c¢
if len(cm==3:
df = df _pred. copy()
df['gc_val']=df[cn{'gc']]; df['vflat_val']=df[cn{'vflat']]; df['hR val']=df[cn{' hR]]
print(f* mmmmmm: gc_predictive_nodel.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_c']); gg=find_col (df _gc,[' gal axy',' nane'])
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, ['gal axy',' name'])
df =pd. ner ge(df _gc, df _sparc, | eft _on=gg, ri ght _on=gs, how="i nner")
df['gc_val '] =df[gc_c]; df['vflat_val']=df[vf_c]; df['hR_val']=df[hr_c]
print(f" mmmmmm: TA3+SPARCam (N={len(df)})")
if df is None: print("!!! mmmmmmmmm"); inport sys; sys.exit(1l)

type_col = find_col (df, ['type', ' Type',' T ,'hubble','Hubble', ' norph'])

mask = df['gc_val'].notna() &anp; df['vflat_val'].notna() &anp; df['hR_val'].notna()
mask &anp; = (df['gc_val']&gt;0) &anp; (df['vflat_val']&gt;0) &np; (df['hR_val']&gt;0)
df = df [ mask]. copy().reset_i ndex(drop=True)

print(f* mmmmmm: N={len(df)}")

gc_val s=df [' gc_val ']. val ues; gc_ned=np. nedi an(gc_val s)
if gc_med& t; le-5: gc_si=gc_vals; gc_alO=gc_vals/a0; print(f" g_cmm: S| (mmm={gc_ned:.2e})")
el se: gc_a0=gc_vals; gc_si=gc_vals*a0; print(f" g_cmm: a0 (mmm={gc_ned:.3f})")

vf_ms=df['vflat_val'].val ues*kns_ns; hR_nrdf[' hR_val'].val ues*kpc_m

G SO0 = vf_ms**2/hR_m

I og_gc=np. 1 0g10(gc_si); |og_GS=np.l0gl0(G SO); |og_aOv=np.I|oglO(a0)

I og_vf=np.10oglO(df['vflat_val'].values); |og_hR=np.logl0(df['hR_val'].val ues)
n=l en(df)

#
print("\n"+"="*70)

print("memlmal pha sessEsEmmER")

print("="*70)

X = 10g_GS - |og_alv

sl,ic,r_x,p_x,se_x = stats.linregress(x, |og_gc)

al pha_opt =sl; eta_opt=10**(ic-|og_alv)

resid_B = | og_gc- (sl *x+ic)

s2=np. sun(resid_B**2)/(n-2); se_a=np.sqrt(s2/np.sun((x-np.nean(x))**2))
tc=stats.t.ppf(0.975,n-2); ci=(al pha_opt-tc*se_a, al pha_opt+tc*se_a)

print(f" mm alpha = {al pha_opt:.4f} +/- {se_a:.4f}")
print(f" O95%mmmm: [{ci[O]:.4f}, {ci[1]:.4f}]")
print(f" eta = {eta_opt:.4f}")

print(f" mmmm r = {r_x:.4f}, mmmm R2 = {r_x**2:.4f}")



print(f" mmmmmm = {np.std(resid_B):.4f} dex")

for label,a_test in [("0.0 (MOND: g_c=mm)", 0.0),("0.5 (mmmmmm)" 0.5),("1.0 (mmG SignmaOmm)", 1.0)]:

t_s=(al pha_opt-a_test)/se_a; p_v=2*stats.t.sf(abs(t_s),n-2)
judge="mmmmmm" if p v&gt;0.05 else "mm (p&t;0.05)"
print(f"\n alpha = {label} mmm:")

print(f" t = {t_s:.3f}, p ={p_v:.4f} - {judge}")

t 05=(al pha_opt-0.5)/se_a; p05=2*stats.t.sf(abs(t05),n-2)
t10=( al pha_opt-1.0)/se_a; pl0=2*stats.t.sf(abs(t10),n-2)
t 00=(al pha_opt-0.0)/se_a; p00=2*stats.t.sf(abs(t00),n-2)

#
print("\n"+"="*70)
print("mem2emmmmm (AICQ)")
print("="*70)

pred_A=np. full(n,log_a0v); ss_A=np.sun((log_gc-pred_A)**2); aic_A=n*np.|og(ss_A/n)
pred_Bv=sl *x+i c; ss_B=np.sum(resid_B**2); aic_B=n*np.|og(ss_B/n)+2*2

pC_r aw=0. 5*| og_GS+0. 5*1 og_aOv; eC=np. nedi an(l og_gc-pC raw); pred_C=pC_raw+eC
ss_C=np. sum((l og_gc-pred_C)**2); aic_C=n*np.log(ss_C/ n)+2*1

sD,iD,rD,_, _=stats.linregress(log_GS,|og_gc); pred_D=sD*| og_GS+i D

ss_D=np. sun( (|1 og_gc-pred_D)**2); aic_D=n*np.log(ss_D/ n)+2*2

pE_raw=- 2. 175+2. 015*| og_vf - 1. 294*| og_hR; pred_E=pE_r aw+l og_aOv

ss_E=np. sum((l og_gc-pred_E)**2); ai c_E=n*np.|og(ss_E/ n)+2*3

("A: MOND (g_c=a0, Ommmmm)
: mmmm (al phamm, 2m

",0,ss_Aaic_A),

B: )",2,ss_B,aic_B),

C. mmmmmm (alpha=0.5mm, lmmmmm)" 1 ss_Caic_C),
"D: mmmm (g c=(G*S0)"s, 2mmmmm)", 2, ss D aic_D),
E: 2mmmmm (vflat,hR 3mmmmm)" 3 ss_Eaic_E),

]
print(f" {'mmm':&t;50} {'k':&gt;3} {'RSS :&gt;9} {'AIC :8&gt;9} {'dAIC :&gt;7}")
print(f" {'-'*82}")
for nmk,ss,aic in nodels:

print(f" {nm&t;50} {k:&gt;3} {ss:&gt;9.2f} {aic:&gt;9.1f} {aic-aic_A &gt;+7.1f}")
print(f"\n = dAIC&t; 0 - MOND esmmmmm")

#
print("\n"+"="*70)
print("sem3essmsss 3l phossmeesmnn")
print("="*70)
tg={"'Im BCD (T&gt;=9)':[9, 10, 11], ' Sd/ Sdm (T=7,8)"':[7,8],' Sc/ Scd (T=5,6)"':[5, 6],
'Sb/Sbc (T=3,4)":[3,4],'Sa/S0 (T&lt;=2)"':[0,1,2]}
ga=[]; gl =[]; gn=[]
if type_col and type_col in df.colums:
tv=df[type_col].val ues
print(f" {'mmmm':&1t;22} {"'N:&gt;5} {'alpha' :&gt;7} {'+/-se':&gt;7} {'r':&gt;7}")
print(f" {'-'"*52}")
for gn_,tvs in tg.itens():
ng=np.isin(tv,tvs); ng_=int(np.sun(ng))
if ng_&t;5 print(f" {gn_:&t;22} {ng_:&gt;5} (mm)"); continue
s_,i_,r_,_,se_=stats.linregress(x[nmg],|og_gc[ng])
print(f" {gn_:& t;22} {ng_:&gt;5} {s_:&gt;7.3f} {se_:&gt;7.3f} {r_:&gt;7.3f}")
ga. append(s_); gl.append(gn_); gn.append(ng_)
if len(ga)é&gt; 2:
av=np. st d(ga)
print(f"\n alpha sssssmssmm = {av:.3f}")
print(f* - {'alpha eessssssssmmmn’ if av&lt;0.1 else 'alpha EeEEEEEEEEEEER'}")
el se:
print(" EEsEEEEEEs _ sEEm"

#
print("\n"+"="*70)
print("eem{memnnn")
print("="*70)
for lab,vals in [("log(v_flat)",log_vf), ("log(h_R",log_hR), ("log(GS0)",l0g_GS)]:
rho, p=stats. spear manr (val s, resi d_B)
sig=" Omm" if p&t;0.05 else ""
print(f" mm vs {lab:&t;12}: rho={rho:+.3f}, p={p:.2e}{sig}")

if type_col and type_col in df.colums:
print(f"\n sEssssmmmEm:")
for gn_,tvs in tg.itens():
ng=np.isin(tv,tvs)
i f np.sun(ng)&gt; =5:
print(f" {gn_: & t;22}: nedian={np.nedian(resid_B[ny]):+. 3f}, std={np.std(resid_B[ny])

#
print("\n"+"="*70)

print("ssmSemsmmmm g c = eta*sqrt(a0*G*S0) mmm")

print("="*70)

gc_gnenp. sqrt (a0*G_S0); eta_gnenp. medi an(gc_si/gc_gm

I gmenp. 1 0g10(eta_gntgc_gm; rgnvl og_ge-1gm r_gmenp. corrcoef (Igmlog_ge)[0, 1]
r _nmond=I og_gc- | og_alv

print(f" alpha=0.5 mmmmm:")

131"



print(f" eta = {eta_gm.4f}")

print(f" mm r = {r_gm.4f}")

print(f" mmstd = {np.std(rgnm:.4f} dex")

print(f" mmmmm = {np.nedi an(np.abs(rgm):.4f} dex")

print(f"\n sssEsEssmmm:")

print(f" MOND (g_c=a0): {np.std(r_nond):.4f} dex")

print(f" mmmmmm (al pha=0.5): {np.std(rgm:.4f} dex")

print(f" mmmmmn (al pha={al pha_opt:.3f}): {np.std(resid_B):.4f} dex")

i 05=(1-np.std(rgm/np.std(r_nond))*100; ifr=(1-np.std(resid_B)/np.std(r_nond))*100
print(f"\n MO\Dmmmmmm:")

print(f" al pha=0. 5mm: {i05:.1f}%)
print(f" al phamm: {ifr:.1f}9%)
print(f" EEEN: {ifr-i05:.1f} %)
#

print("\n"+"=

print("esssmmm. . ")

print("="*70)

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

fig.suptitle(r'$g_c = \eta\,a_07{1-\al pha}\, (G Sigma_0)~{\al pha}$ Verification',fontsize=14,fontweight="bold")

# (a)

ax=axes[0,0]; la0=np.logl0(gc_a0); | Ga=np.|o0gl0(G_SO/a0)

ax.scatter(l Ga, | a0, s=15, al pha=0. 5, c=' st eel bl ue')

xr=np. linspace(l Ga. m n(), | Ga. max(), 100)

ax. pl ot (xr, al pha_opt *xr+np. 1 0ogl0(eta_opt), ' r-',Iw=2, | abel =f' $\\ al pha$={al pha_opt:.3f}")

ax. pl ot (xr, 0. 5*xr+eC,' g--', | w=2, al pha=0. 7, | abel =" $\\ al pha$=0. 5')
ax. pl ot (xr, xr," k:',1w=1, al pha=0. 3, | abel =" $\\ al pha$=1.0")
ax.axhline(0,color="gray',ls="--',1w=1, al pha=0. 3, | abel =" MOND )

ax. set _xl abel (' 1 og($G \Si gna_0/a_0%$)'); ax.set_ylabel ('l og($g_c/a_0%)")
ax.set_title(f'(a) $\\al pha$={al pha_opt:.3f}$\\pn{se_a:.3f}"); ax.|egend(fontsize=8)

# (b)
ax=axes[ 0, 1]; ar=np.linspace(0,1,200)
c2=np. array([np.sunm((l og_gc- (a_*x+(np. mean(l og_gc)-a_*np.nmean(x))))**2) for a_in ar])

ax.plot(ar,c2-c2.mn(),'b-",1w2)

ax. axhline(stats.chi2.ppf(0.95,1),color="r',|Is="--"',al pha=0.5, | abel =" 95% CL")
ax. axvline(al pha_opt, color="k',Is="-",al pha=0. 3, | abel =f' best ={al pha_opt:.3f}")
ax.axvline(0.5 color="g",lIs="--',al pha=0.5,1abel =" 0.5")
ax.axvline(1.0,color="gray',|Is=":"',al pha=0.5,1abel =" 1.0")

ax. set _xl abel (' $\\al pha$'); ax.set_yl abel (' $\\Del ta\\chi "2$")
ax.set_title('(b) $\\al pha$ confidence'); ax.set_xlin(0,1); ax.l|egend(fontsize=8)

# (c)

ax=axes[ 0, 2]

if len(ga)&gt;O0:
cols=plt.cmviridis(np.linspace(0.2,0.8,len(ga)))
bar s=ax. bar (range(l en(gl)), ga, col or=col s, al pha=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(al pha_opt,color="r",Is="--",1w=2,1abel =f' gl obal ={al pha_opt:.3f}")
ax.axhline(0.5,color="g",Is=":',Iw=1.51abel=0.5")
for i,(b,nn) in enunerate(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 _yl abel (' $\\al pha$'); ax.set_title('(c) Type dependence'); ax.|egend(fontsize=8)

el se: ax.text(0.5,0.5,'No type info',transformrax.transAxes, ha='center')

# (d)

ax=axes[ 1, 0]

ax.scatter(pred_A | og_gc, s=10, al pha=0. 2, c="gray', | abel = MOND )

ax.scatter(pred_C, | og_gc, s=10, al pha=0. 4, c=' green', | abel =" $\\ al pha$=0.5")

ax. scatter(pred_Bv, | og_gc, s=12, al pha=0.5, c='coral ', | abel =f' $\\ al pha$={al pha_opt:.3f}")

dg=np. | i nspace(l og_gc. m n(), | og_gc. max(), 100); ax.plot(dg,dg,"'k--",al pha=0. 3)

ax.set _xl abel (' predicted'); ax.set_ylabel ('observed'); ax.set_title('(d) Obs vs Pred'); ax.|egend(fontsize=8)

# (e)

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

ax. hi st (r_nond, bi ns=bi ns, al pha=0. 3, col or="gray', | abel =f' MOND ({np.std(r_nond):.3f})")

ax. hi st (rgm bi ns=bi ns, al pha=0. 3, col or='green', | abel =f* a=0.5 ({np.std(rgm:.3f})")

ax. hi st (resi d_B, bi ns=bi ns, al pha=0. 5, col or="coral ', | abel =f' a={al pha_opt:.3f} ({np.std(resid_B):.3f})")

ax. set _xl abel (' Residual [dex]'); ax.set_ylabel ('Count'); ax.set_title('(e) Residuals'); ax.l|egend(fontsize=8)

# (f)

ax=axes[1,2]; rv,pv=stats.spearmanr(log_vf,resid_B); rh, ph=stats.spearnanr(log_hR resid_B)
ax.scatter(log_vf,resid_B, s=15, al pha=0. 5, c=" steel blue',label =f'v_flat ($\\rho$={rv:.3f})")
ax. scatter (|l og_hR resid_B, s=15, al pha=0. 3, c='coral ', | abel =f' h_R ($\\rho$={rh:.3f})")

ax. axhline(0, color="k',|s="--',al pha=0. 3)

ax.set _xl abel (' log(v_flat) or log(h_R'); ax.set_ylabel ('Residual [dex]"')

ax.set_title(' (f) Residual structure'); ax.|egend(fontsize=8)

plt.tight_layout()
plt.savefig('gc_geonetric_nean_verification.png', dpi =150, bbox_i nches="tight")
print(" - gc_geonetric_mean_verification.png mmmm")

#
print("\n"+"="*70)
print("mmmm
print("="*70)
print(f"""




{'=*60}
mm: g c = eta * a0O”"(1-al pha) * (G'Sigma0)~"al pha
{*= 60}

m al pha mmm:
mmm = {alpha_opt:.4f} +/- {se_a:.4f}
95%mmmm: [{ci[0]:.4f}, {ci[1]:.4f}]

H EEEEEN:
al pha=0 ( MOND) : p={p00:.2e} - {'mm' if p0O0& t;0.05 else mmmmmm'}
al pha=0.5 (mmmm): p={p05:.4f} - {' mmm' jf pO5&gt;0.05 else’ }
al pha=1.0 (G'SOmm): p={pl0:.2e} - {'mm' if plO& t;0.05 else 'mmmmmm'}

m MO\Demmmmm:
mmstd: {np.std(r_nond):.3f} - {np.std(resid_B):.3f} dex ({ifr:.1f}%mm)

m am: """
if poO&t;0.05: print(" [mm] MOND (g_C=NN) EEENQ CHENNNNEEEEEEEER")

if plo&t;0.05: print(" [mm] mmmg_cOGSigma0 (al pha=l) sesEma0esssmmn")
if p05&gt; 0. 05:

print(" [mm] mmmmmm g _c=eta*sqrt(a0*G'Signe0) mmm (alpha=0.5 emmmmm)m")
print(" - EEEEEEEEEEEEEEQOEEEEEEG S| gnmaom")
print(" EEEEEEEEEEEEEEEER")

el se:

d="wemssmsmmmmmn" |f alpha_opt&yt;0.5 else "unuuuEEEEmEm"
print(f" [mm] alpha={alpha_opt:.3f}: {d}")

if len(ga)&gt;2:
av=np. std(ga)
if av&@lt;0.1: print(f" [mm] alphossssssssssss (essmsss{av:. 3f})seeeemmnn")
else: print(f" [mm] alphansssssssssn (mm{av:.3f})mc(type) unmnnmmnnn")

print(f"""

m U(epsilon;c) mmmm:
ammmmmmnm U eff = U nmenbrane + U_coupling(Signe0) =
smmmmm alpha seEmEs

alpha=0.5 - EEEEEEEEEEEEEEEEEEEEEEEEN

")

print("mm")



strain_ener

FRTER alpha(c) E&HTHLF —ZEMOMREL, alpha 2RI 517 GEIERE ) ICRFT 20 DIRE,
R FH.T_m ARIBRRICYRL alpha D c KFMATHA 2,

mm: alpha(c) = f_elastic(c) = 1/(1 + exp(DeltaU(c)/T_nm)
DeltaU(c) = Yepsilon_c; c) - YO; C) wEN-mEmEEEEEEm

L1
(1) Deltal(c) m c emEEEEEE
(2) alpha(c) emEEEEEEET M ESEEEEEEENEN
(3) v_flat mmm al phaummsmmm
(4) c(galaxy) - alpha - g C semEmmmm

mE: uv run --with scipy --with matplotlib --with nunpy --w th pandas python strain_energy_theory_test.py

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats, optimze
frompathlib inmport Path

inport matplotlib; matplotlib.use('Agg')
inport matplotlib.pyplot as plt

#
# 0. Uepsilon; c) mmm
#
print("="*70)

print("memsmmmmmm: al pha(c) = f_elastic(c)")
print(" mmmm/ssssssssssEs a3l pha sssse")
print("="*70)

def U(eps, c):
"""mummmmm Ucepsilon; c)"""
return -eps - eps**2/2 - c*np.log(l - eps)

def U prine(eps, c):
"YU ammmmtt"
return -1 - eps + ¢/ (1 - eps)

def U_doubl e_prine(eps, c):
"YU emmmmtt"
return -1 + c/(1 - eps)**2

def epsilon_c(c):
"""SEEEEEE EEEEER"""
return 1 - np.sqrt(c)

def epsilon_eq(c):
"""mmm U=0 smmm"""

#-1- eps + c/(1l-eps) =0 - eps™2 + (2-c)*eps + (1-c) =0 ... mmmm

# (1-eps)(-1l-eps) +¢c =0 - -1 +eps”2 +c =0 - eps =sqgrt(l-c) ... c&t;1 mmm
# mmmm: -(1l-eps)(l+eps) + c =0 - eps”"2 = 1-c - eps = sqrt(1l-c)

# mm: U (sqrt(1l-c), c) = -1 - sqrt(1l-c) + c/(1-sqrt(1-c))

# ampEEEE 0O EEEEEEEEEEER:

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

# - -(1l-eps)(1l+eps) + c = EEEEEN

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

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

# - -(l-eps”"2) +c =0

# - eps”2 =1-c

# - eps = sqrt(1-c)

# mm: U (sqrt(1-c), c) = -1 - sqrt(1l-c) + c/(1-sqrt(1-c))

# mm = 1-sqgrt(1-c), c/(1-sqrt(1l-c))

# mmm: c(l+sqrt(1l-c))/((1-sqgrt(1l-c))(1+sqgrt(1l-c))) = c(1+sqgrt(1l-c))/(21-(1-c)) = c(1l+sqrt(1l-c))/c = 1+sqrt(1l-c)
#U =-1- sgrt(l-c) +1 + sqrt(l-c) =0 0O

if c &t;= 1:

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

def Deltal(c):
"""mm-mummmmmmns; Yepsilon_c) - UY0)"""
ec = epsilon_c(c)
return UWec, c) - WO, c) # UYO0,c) =0

#
print("\n"+"="*70)

print("mmmlmU(epsilon;c) mmmm Deltal(c)")
print("="*70)

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':&gt;6} {'epsilon_c':&gt;10} {'epsilon_eq :&gt;10} {'Deltal :&gt;10} {' U prinme(ec)':&gt;12} {' U dblprime(ec)':&gt;14}")



print(f* {'-'*65}")
for ¢ in c_val ues:
ec = epsilon_c(c)
eq = epsilon_eq(c)
du = Del tal(c)
up = U prime(ec, c)
udp = U_doubl e_prime(ec, c)
print(f" {c:&gt;6.2f} {ec:&gt;10.4f} {eq: &gt; 10.4f} {du: &gt; 10.4f} {up: &gt; 12. 4f} {udp: &gt; 14.6f}")

print(f"\n mm:")

print(f" epsilon_c = 1-sqrt(c): EEEEEN . EEEEER"

print(f" epsilon_eq = sqrt(1-c): mmmmU =0m")

print(f" DeltaU = Uepsilon_c) - YO0): s . sesessssssmnn’
print(f" DeltaU &t; O EEEEEEEEEEEEER"

print(f" |Deltall emmEmEEN . aEEEEEEEEER"

#

print("\n"+"="*70)
print("mmm2mal pha(c) = f_elastic(c) mmmmm")
print("="*70)

alpha = f_elastic = 1/(1 + exp(DeltaU T_m)
DeltaU &t; O mmm exp(DeltaU T_m &t; 1 - f_elastic &t; 0.5
mmmm alpha &jt; 0.5 eemEEEEEEEm

EN; EEENEEEER

DeltaU &'t; O = mmmmmmmmmm . f _plastic &t; f_elastic
- alpha = f_elastic &t; 0.5

ssmmmmmmEEE alpha = 0.5

— EEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
mummmmm: F=U- T*S

EEEN EEEEEEEEEEEEEEEEEEEEER
EEEN ENEEEEENENEEEEEEEEENEEE

- DeltaF = DeltaU - T_m* DeltaS
alpha = 0.5 mmm: DeltaF = 0 - DeltalU = T_m* DeltaS

EEEEEEEEEE:
f_elastic/f_plastic = exp(-beta * DeltaU eff(c))
DeltaU eff(c) = Deltay(c) - DeltaU O (mmmmmm)
al pha=0.5 - DeltaU eff = 0 - DeltaU_0 = Del taU(c_nean)

HOH K H K OH H K H H R HH R H KR H KRR

# mm: Deltal(c) mmmmmm alpha(c) mmm
c_range = np.linspace(0.05, 0.95, 200)
DU range = np.array([Deltay(c) for c in c_range])

# Deltay(c) mmmmmmEmEmm

c_mean = 0.42 # Scammmm

DU _nean = Del taU( c_nean)

print(f* mmmmm (c={c_nean}): DeltaU = {DU nean:.4f}")

# mmm: DeltaU eff = DeltaU - DeltalU(c_nean)
# - c=c_mean m al pha=0.5
DU eff = DU_range - DU _nean

# T _ MuSEEEEEEEEEEEEEEEEEEEER
def al pha_theory(c, T_m c0=0.42):
"""mmm al pha(c)
du = DeltalU(c) - Deltal(cO)
return 1.0 / (1.0 + np.exp(du / T_m)

# mmmm T_mmm alpha(c) mm
print(f"\n wmmmm alpha(c) = 1/(1+exp(DeltaU eff/T_m):")
print(f" {'c':&gt;6} ", end="")
T_m candidates = [0.01, 0.05, 0.10, 0.20, 0.50, 1.00]
for tmin T_mcandi dates:
print(f" T_me{tm.2f}", end="")
print()
print(f" {'-'*75}")

for ¢ in [0.20, 0.30, 0.42, 0.60, 0.80]:
print(f" {c:&gt;6.2f} ", end="")
for tmin T_mcandi dates:

a = al pha_theory(c, tm
print(f" {a:é&gt;8.3f}", end="")

print()
#
# ammmmmmm v_flat mmm alpha mmam
#

print("\n"+"="*70)
print("eEEEsEEEEEEEER")
print("="*70)

a0 = 1.2e-10; G const = 6.674e-11; kpc_m = 3.086el19; kns_ns = le3
def find_col (df, cands):



if df is None: return None

for c in cands:
m = [col for col in df.colums if c.lower() in col.lower()]
if m return n{0]

return None

df _pred = pd.read_csv("gc_predictive_nodel.csv") if Path("gc_predictive_nodel.csv").exists() el se None
df _sparc = pd.read_csv("sparc_results.csv") if Path("sparc_results.csv").exists() else None
df _gc = pd.read_csv("TA3_gc_i ndependent.csv") if Path("TA3_gc_i ndependent.csv").exists() el se None

df = None
if df _pred is not None:
cm= {}

for k,es in [('gc',["'gc',"g_c',"'gc_obs',"'gc_rar']),("vflat',['v_flat','vflat']),("hR,["h_R,'"hR,"Rd'])]:
¢ = find_col (df _pred, cs)
if c: cnfk] =c¢
if len(cm==3:
df = df _pred. copy()
df['gc_val']=df[cn{'gc']]; df['vflat_val']=df[cn{'vflat']]; df['hR val']=df[cn{' hR]]
if df is None and df _gc is not None and df _sparc is not None:
gc_c=find_col (df _gc,['gc',"'g_c']); gg=find_col (df _gc,[' gal axy', ' 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,[' gal axy',' name'])
df =pd. ner ge(df _gc, df _sparc, | eft _on=gg, ri ght _on=gs, how="i nner")
df['gc_val ']=df[gc_c]; df['vflat_val']=df[vf_c]; df['hR_val']=df[hr_c]

if df is None:
print(" !!! eesEEsCSY sEEEEEEEER")
inport sys; sys.exit(1)

type_col = find_col (df, ['type', ' Type',' T ,'hubble',' Hubble', ' norph'])

mask = df['gc_val'].notna() &anp; df['vflat_val'].notna() &anp; df['hR_val'].notna()
mask &anp; = (df['gc_val']&gt;0) &anp; (df['vflat_val']&gt;0) &anp; (df['hR_val']&gt;O0)
df = df [ mask].copy().reset_i ndex(drop=True)

print(f" mmmmm: N={len(df)}")

gc_val s=df [' gc_val '] . val ues; gc_ned=np. nedi an(gc_val s)
if gc_med& t; le-5: gc_si=gc_vals; gc_aO=gc_val s/ a0
el se: gc_a0=gc_vals; gc_si=gc_val s*a0

vf_ms=df ['vflat_val'].val ues*kns_ns; hR_nrdf['hR val'].val ues*kpc_m
G_SO=vf_ns**2/ hR_m

I og_gc=np. 1 0g1l0(gc_si); | og_GS=np.l0gl0(G SO); |og_aOv=np.I|oglO(a0)
x = 10g_GS - |og_aOv

n=l en(df)

# --- v_flat mmm alpha ---

vilat _kms = df['vflat_val'].val ues

# SEummmm

vf_bins = np.percentile(vflat_kns, [0, 20, 40, 60, 80, 100])
vf_bins[0] -=1; vf_bins[-1] +=1

obs_al phas = []
obs_vflat_med = []
obs_c_assigned = []
obs_n =[]

#C EEEEN. EEEEEEEEEEEEEEE vV flat eemwm
# SPARC wmmmmmm: mm(v&t;50) ~In(c~0.30), mm_Sc(c~0.42), mm_Sh(c~0.80)
c_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.colums:
tv = df[type_col].val ues
c_galaxy = np.array([c_type_nap.get(int(t), 0.42) if not np.isnan(t) else 0.42 for t in tv])
print(f* c®: EEEEEEEEEER"
el se:
#v_flat em C eEEEEEEEER
c_galaxy = np.clip(0.20 + 0.70 * (vflat_kms - 20) / 250, 0.20, 0.90)
print(f* c m; v_flat sesEEEEEEEEEEER")

print(f"\n v_flat mmm al phammmm:")

print(f" {'mm':&gyt;20} {'N:&gt;5} {'alpha_obs':&gt;10} {'c_nedian':&gt;10} {'v_flat_ned :&gt;10}")
print(f* {'-'*60}")

for i in range(len(vf_bins)-1):

mask_bin = (vflat_kns &gt;= vf_bins[i]) &anp; (vflat_knms & t; vf_bins[i+1])
if np.sun(mask_bin) &t; 5:

conti nue
x_bin = x[ mask_bin]; y_bin = | og_gc[ mask_bi n]
sl_bin, _, r_bin, _, se_bin = stats.linregress(x_bin, y_bin)

vf_med = np. nmedi an(vfl at _knms[ nask_bin])
c_med = np. medi an(c_gal axy[ mask_bi n])
nb = np. sunm( mask_bi n)

label = f"{vf_bins[i]:.0f}-{vf_bins[i+1]:.0f} km's"
print(f" {label:&gt;20} {nb:&gt;5} {sl_bin:&gt;10.3f} {c_ned: &gt; 10.3f} {vf_ned: &gt; 10. 1f}")
obs_al phas. append( sl _bi n)



obs_vfl at _med. append( vf_ned)
obs_c_assi gned. append( c_ned)
obs_n. append(nb)

obs_al phas = np. array(obs_al phas)
obs_c_assi gned = np.array(obs_c_assi gned)

#
print("\n"+"="*70)
print("smm4eT_mesmeesnn")
print("="*70)

# alpha(c, T_m = 1/(1+exp((Deltay(c)-Deltal(c0))/T_m)
# mmm (c_i, alpha_i) mmam T_mm cO smmmm

if len(obs_al phas) &gt;= 3:
def nodel _al pha(parans, c_arr):
T_m cO0 = params
if Tm&t;=0or cO &t;=0 or cO &yt;= 1:
return np.full_like(c_arr, 0.5)
return np.array([al pha_theory(c, T_m c0) for c in c_arr])

def residual _func(params, c_arr, al pha_obs):
pred = nodel _al pha(parans, c_arr)
return np.sun{(pred - al pha_obs)**2)

# epmmmEmm
best _| oss = np.inf
best _params = (0.1, 0.42)
for tmtry in np.linspace(0.01, 2.0, 100):
for cO_try in np.linspace(0.20, 0.80, 30):
loss = residual _func((tmtry, cO_try), obs_c_assigned, obs_al phas)
if loss &t; best_loss:
best | oss = | oss
best _paranms = (tmtry, cO_try)

T_mopt, cO_opt = best_parans
al pha_pred = nodel _al pha(best _parans, obs_c_assi gned)
r_fit = np.corrcoef (obs_al phas, al pha_pred)[0,1] if |en(obs_alphas) &jt; 2 else 0

print(f" mmEmmmmm:")

print(f" T m={T_mopt:.4f} sessssmmm’

print(f" c0 = {cO_opt:.4f} wmalpha=0.5 mum c mm")
print(f" mmmm r = {r_fit:.4f}")

print(f" mm = {np.sqrt(best_l oss/|en(obs_al phas)):.4f}")

print(f'\n mmmmm:")
print(f" {'c_obs':&gt;8} {'alpha_obs':&gt;10} {'al pha_pred :&gt;11} { ' m':&gt;8}")
print(f" {'-'*40}")
for i in range(len(obs_al phas)):
di ff = obs_al phas[i] - al pha_pred[i]
print(f" {obs_c_assigned[i]:&gt;8.3f} {obs_al phas[i]:&gt;10.3f} {al pha_pred[i]: &gt;11.3f} {diff:&gt;+8.3f}")

# Deltay(cO0) mmmmmm
DU cO = Del tay(cO_opt)
print(f'\n mmmmm:")

print(f" Del taU(c0={cO_opt:.3f}) = {DU_cO0:.4f}")
print(f" T_m={T_mopt:.4f}")
print(f" T_c (mmll) = sqrt(6) = {np.sqrt(6):.4f}")
print(f" T_m/ T_c = {T_mopt/np.sqrt(6):.4f}")

el se:
print(" EEEEEEEEEEEER"

T_mopt, cO_opt = 0.1, 0.42
#
print("\n"+"="*70)
print("mmm5mal pha(c) mmmm g c EmmmEm")
print("="*70)

# mmmm alpha m c smmm
al pha_per _gal axy = np.array([al pha_theory(c, T_mopt, cO_opt) for ¢ in c_gal axy])

# g_c(predicted) = eta * aO"(1l-alpha_i) * (G*SO_i)"al pha_i

# log(g_c) = log(eta) + (1-al pha_i)*log(a0) + al pha_i*log(GS0_i)

log_gc_pred_ac = np.array([(1-a)*log_aOv + a*gs for a, gs in zip(al pha_per_gal axy, 10g_GS)])
# eta mEmEmm

eta_ac = np.nedian(log_gc - |og_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)[O0,1]

# mmm: mm al pha=0.5

log_gc_pred_05 = 0.5*l og_aOv + 0.5*| og_GS
eta_05 = np.nedian(log_gc - | og_gc_pred_05)
| og_gc_pred_05 += eta_05

resid_05 = log_gc - |og_gc_pred_05

# mmm: MOND



resid_mond = log_gc - |og_alv

print(f" mmmmm:")

print(f" {'mmm':&1t;40} {'r':&gt;7} {' mmstd :&gt;10} {' ' mmm':&gt;8}")

print(f" {'-'*68}")

print(f" {"MOND (g_c=a0)':& t;40} {'---':&gt;7} {np.std(resid_nond):&gt;10.4f} {'---':8&gt;8}")

print(f" {' mmmm alpha=0.5 mm':& t;40} {np.corrcoef(log_gc_pred_05,10g_gc)[0,1]:&gt;7.4f} {np.std(resid_05):&gt;10.4f} {(1-np.std(resid_0-
print(f" {'alpha(c) mm (mmmmmmmmm)':&t;40} {r_ac:&gt;7.4f} {np.std(resid_ac):&gt;10.4f} {(1-np.std(resid_ac)/np.std(resid_nond))*100: &

# AlC

ss_nond = np.sun(resid_nmond**2); aic_nond = n*np. | og(ss_nond/n)

ss_05 = np.sun(resid_05**2); aic_05 = n*np.log(ss_05/n) + 2*1

ss_ac = np.sun(resid_ac**2); aic_ac = n*np.log(ss_ac/n) + 2*2 # T_m cO
print(f"\n A Cam:")

print(f" MOND: dAIC =0 (mm)")

print(f" mmmm al pha=0.5: dAIC = {aic_05-aic_nond: +. 1f}")
print(f" al pha(c) mmmm: dAl C = {aic_ac-aic_nond: +. 1f}")
#

print("\n"+"="*70)
print("mmmm
print("="*70)

")

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(' Strain Energy Theory: $\\al pha(c) = f_{elastic}(c)$' , fontsize=14, fontweight="bold")

# (a) Uepsilon;c) eemmmmnmn
ax = axes[0, 0]
eps_range = np.linspace(0, 0.95, 200)

for ¢, col, Isin [(0.30,'blue',"-"), (0.42,'green','-"), (0.80,'red,'-")]:
u_vals = U(eps_range, c)
ax.plot(eps_range, u_vals, color=col, Is=ls, |w=2, |abel=f"c={c}")
ec = epsilon_c(c)
ax.axvline(ec, color=col, Is='":"', alpha=0.3)

ax.plot(ec, Uec,c), 'o', color=col, nms=8)
ax. set _xl abel (" $\\epsilon$ (strain)')
ax. set _yl abel (' $U(\\epsilon; c)$")
ax.set_title(' (a) Menbrane potential"')
ax. | egend(fontsi ze=9)
ax.set_ylim-3, 0.5)

# (b) Deltay(c)

ax = axes[0, 1]

c_plot = np.linspace(0.05, 0.95, 100)

du_plot = np.array([Deltay(c) for ¢ in c_plot])

ax.plot(c_plot, du_plot, 'b-', Iw=2)

ax.axhline(0, color="k', Is="--', al pha=0.3)

ax. axvline(cO_opt, color="r', Is="--', alpha=0.5, |abel=f"$c_0$={cO_opt:.3f}")
# mmm

for i, ¢ in enunerate(obs_c_assigned):

ax.plot(c, Deltay(c), 'ro', ns=8)

ax.set _xlabel ('c")

ax.set _ylabel (" $\\Delta U(c)$')

ax.set_title('(b) Strain energy barrier')

ax. | egend(f ontsi ze=9)

# (c) alpha(c) mmmm + mm

ax = axes[0, 2]

for tm col, Isin [(T_mopt,'red ,'-"), (0.05 '"blue',"'--'), (0.5, 'green',"'--")]:
al pha_curve = np.array([al pha_theory(c, tm cO_opt) for c in c_plot])
ax.plot(c_plot, alpha_curve, color=col, Is=ls, Iw=2, |abel=f"$T_n$={tm.3f}")

# mmm

ax.scatter(obs_c_assigned, obs_al phas, c='black', s=80, zorder=5, |abel="Observed (v_flat bins)')

for i in range(len(obs_al phas)):
ax.annotate(f'{obs_vflat_ned[i]:.0f}', (obs_c_assigned[i], obs_al phas[i]),

text coords="of f set points", xytext=(5,5), fontsize=8)

ax.axhline(0.5, color='gray', Is=":', alpha=0.5)

ax.set _xl abel ('c")

ax. set _yl abel (' $\\al pha(c)$")

ax.set_title(f'(c) $\\alpha(c)$ theory ($T_nB={T_mopt:.3f})")

ax. | egend(fontsize=8)

ax.set_ylim-0.1, 1.2)

# (d) mm vs mm (al pha(c) mmm)
ax = axes[1, O]
ax.scatter(log_gc_pred_05, |og_gc, s=12, al pha=0.3, c='green', |abel=f'$\\al pha$=0.5 (r={np.corrcoef(log_gc_pred_05,10g_gc)[0,1]:.3f})")

ax.scatter(log_gc_pred_ac, log_gc, s=12, al pha=0.5, c='coral', label=f'$\\alpha$(c) (r={r_ac:.3f})")
dg = np.linspace(log_gc.nin(), log_gc. max(), 100)
ax. plot(dg, dg, 'k--', alpha=0.3)

ax. set _xl abel (' | og($g_c$) predicted')

ax. set _yl abel (' 1 og($g_c$) observed')
ax.set_title('(d) Prediction conparison')
ax. | egend(fontsize=8)

# (e) mmmm

ax = axes[1, 1]

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

ax. hi st (resi d_nond, bins=bins, alpha=0.3, color="gray', |abel=f'"MOND ({np.std(resid_nond):.3f})")



ax. hi st(resid_05, bins=bins, al pha=0.3, color="green', |abel=f"$\\al pha$=0.5 ({np.std(resid_05):.3f})")
ax. hist(resid_ac, bins=bins, alpha=0.5, color="coral', |abel=f"$\\al pha$(c) ({np.std(resid_ac):.3f})")
ax.set _xl abel (' Residual [dex]")

ax. set _yl abel (' Count")

ax.set_title('(e) Residual distributions')

ax. | egend(fontsize=8)

# (f) al pha(gal axy) mmm
ax = axes[1, 2]
ax. hi st (al pha_per _gal axy, bins=30, col or="steel blue', alpha=0.7, edgecol or="white")
ax.axvline(0.5, color="r", Is='--', w2, |abel="$\\al pha$=0.5")
ax. axvline(np. medi an(al pha_per _gal axy), color="k', Is="-', w1,
| abel =f ' medi an={ np. medi an( al pha_per _gal axy):.3f}")
ax.set _xl abel (' $\\al pha$ per gal axy')
ax. set _yl abel (' Count")
ax.set_title(f' (f) $\\al pha$ distribution (N={n})")
ax. | egend(fontsi ze=8)

plt.tight_layout()
plt.savefig('strain_energy_theory_verification.png' , dpi=150, bbox_inches="tight")
print(" - strain_energy_theory_verification.png mmmm")

#
print("\n"+"="*70)
print("semsmm"
print("="*70)

print(f"""

{*= 60}
EEEEEEEEEEEEEER

{*=*60}

= EEER:
U(epsilon;c) mem _mmmmmmmmm Deltal(c) =
um/mmmm f_elastic esmmmm
EEEEEEEEEE 3| pha EmEE:

al pha(c) = 1/(1 + exp(DeltaU eff(c)/T_m)
g_c = eta * a0O"(1l-al pha(c)) * (G Signe0)~(al pha(c))

o EEEEEN:
T m={T_mopt:.4f} essEssmmm
cO = {cO_opt:.4f} malpha=0.5 mmmm
T mMT.c={T_mopt/np.sqrt(6):.4f} mT_c = sqrt(6) = {np.sqrt(6):.4f}m

- EEEE:
MOND: mm {np.std(resid_nond):.4f} dex
mmmm alpha=0.5: mm {np.std(resid_05):.4f} dex ({(1-np.std(resid_05)/np.std(resid_nond))*100:.1f}% mm)
al pha(c) mm: mm {np.std(resid_ac):.4f} dex ({(1-np.std(resid_ac)/np.std(resid_nond))*100:.1f}% mm)
H EEEENR;
EEEE _, EEEEEEEEEE _ G'Signe0 ==
EEEN . EEEEEEEN - a0 mm

mmm (mc): mmmm - alpha-1 - g_c = G'Signa0
(mc): mmmm - alpha-0 - g_c = a0
EEEEN: (11! - alpha=0.5 - g_c = sqrt(a0*G Si gma0)

EEEEEEEEENEEEEER =~ AEEEEEEEEEER
EEEEEEEEEEmmnnnnn = Deltay(c) m alpha mmmm
wny

print("mm")



eta_functional

|
©
<

fRATEH eta(disk_dom, Ud, compact) DB R E, S5 RI D R ZEREE D FZRR,

R A12 B3I, eta o< Ud~(-0.44)*compact(-0.35), MONDL:39.4%e4 &, LOO%162.5%.

eta(di sk_dom Ud) sesssssmmm

mmmmm: g c = etad * sgrt(ad * G* Signa0)
R = log(g_c) - log(etald * sqrt(a0 * G * Sigm0))
R = f(disk_dom Ud) memmmmm

EEENR:
(1) EEEEEEEEEEEEEENEEEEN
(2) m/ mm/ wEm / mmm
(3) 2ummummmmEEn
(4) mmmmm g c = eta(disk_dom Ud) * sqrt(a0*G*Signe0) mmmmm
(5) LOOCY suummmmEmEEN

mE: UV run --with scipy --with matplotlib --with nunpy --w th pandas python eta_functional _form py

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats, optimze

frompathlib inport Path

inport matplotlib; matplotlib.use('Agg')

inport matplotlib.pyplot as plt

i nport warnings; warnings.filterwarnings('ignore')

a0 = 1.2e-10; G const = 6.674e-11; kpc_m = 3.086el9; kms_ns = le3

def find_col (df, cands):
if df is None: return None
for ¢ in cands:
m= [col for col in df.colums if c.lower() in col.lower()]
if m return n{0]
return None

#
print("="*70)
print("eta(di sk_dom Ud) sessmmmmmm")
print("="*70)

# --- EEEEEEEN ---

df _pred = pd.read_csv("gc_predictive_nodel.csv") if Path("gc_predictive_nodel.csv").exists() el se None
df _sparc = pd.read_csv("sparc_results.csv") if Path("sparc_results.csv").exists() else None

df _gc = pd.read_csv("TA3_gc_i ndependent.csv") if Path("TA3_gc_i ndependent.csv").exists() el se None

# ammEEEN
for name, d in [("gc_predictive_nodel",df _pred), ("sparc_resul ts", df _sparc), ("TA3_gc_i ndependent", df _gc)]:
if dis not None:
print(f"\n {nanme}.csv ({len(d)} rows):")

print(f" {list(d.colums)}")
# --- EEEEE ---
# gc_predictive_nodel .cSv ammmmnmmnm
df = None
if df _pred is not None:
cm = {}

for k,cs in [('gc',["'gc',"'g_c',"'gc_obs',"'gc_rar', ' gc_neas']),
("vilat',['v_flat',"vflat','Vflat']),
("hR,["h_R,"hR ,"Reff',"Rd"])]:
¢ = find_col (df _pred, cs)
if c: ecnfk] =c¢
if len(cm==3:
df = df _pred. copy()
df['gc_val']=df[cn{'gc']]; df['vflat_val']=df[cn{'vflat']]; df['hRval']=df[cn{' hR]]
print(f"\n - gc_predictive_nodel.csv mmm")

# EEEEEEE
if df is None and df _gc is not None and df _sparc is not None:
gc_c=find_col (df _gc,['gc',"'g_c']); gg=find_col (df _gc,[' gal axy', ' 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, ['gal axy', ' name'])
df =pd. mer ge(df _gc, df _sparc, | eft _on=gg, ri ght _on=gs, how="i nner")
df['gc_val '] =df[gc_c]; df['vflat_val']=df[vf_c]; df['hR_val']=df[hr_c]

if df is None: print("!!! mmmmm"); inport sys; sys.exit(1)

mask = df['gc_val'].notna() &anp; df['vflat_val'].notna() &anp; df['hR_val'].notna()
mask &anp; = (df['gc_val']&gt;0) &anp; (df['vflat_val']&gt;0) &anp; (df['hR_val']&gt;O0)
df = df [ mask].copy().reset_i ndex(drop=True)

gc_val s=df [' gc_val '].val ues; gc_ned=np. nedi an(gc_val s)



if gc_med& t; le-5: gc_si=gc_vals; gc_aO=gc_val s/ a0
el se: gc_a0=gc_val s; gc_si=gc_val s*a0

vf_ms=df['vflat_val'].val ues*kns_ns; hR_nmedf[' hR_val'].val ues*kpc_m
vf_kms=df[' vflat_val'].values; hR kpc=df['hR val'].val ues

G SO = vf_ms**2/hR_m

n=l en(df)

# EEEEEEEEER

gc_gm = np.sqgrt(a0 * G S0)

eta0 = np.nmedian(gc_si / gc_gm

I og_gc = np.logl0o(gc_si)
log_gc_gm = np.logl0(etal * gc_gm
R =1log_gc - log_gc_gm # mm

print(f"\n mmmmm: N={n}")
print(f" eta0 = {eta0l:.4f}")

print(f" memmmmmmm: std={np.std(R):.4f} dex, nedian| Rl ={np.nedi an(np. abs(R))

#
print("\n"+"="*70)
print("sEmeseEEEEEEEEEEEEEEEER")
print("="*70)

# aEEEEEm
candi dates = {}

# EEEEEEE

for cnane, cands in [
(" di sk_dom, ['disk_doni,'diskdom,'disk']),
(*ud', ["ud','ud ,"'Ud,"Upsilon, 'upsilon' ,"M','n"']),
(' conmpact', ['conpact','conpactness']),
('V_peak', ['V_peak','Vpeak','v_peak','vpeak']),
("Signe0', ['Sigma0','sigma0','Sigma_0']),
("type', ['type', ' Type','T ,"hubble']),

col = find_col (df, cands)
if col:
vals = pd.to_nuneric(df[col], errors='coerce').val ues
if np.sum(np.isfinite(vals)) &gt; n*0.5:
candi dat es[ cname] = val s
print(f" mm: {cname} ~ '{col}'")

# mmmmn

candi dates['log_vflat'] = np.loglO(vf_kns)

candi dates['log_hR ] = np.l0gl0(hR _kpc)

candi dates['l0g_GS0'] = np.l0gl0(G_S0)

candi dates[' Si gma0_proxy'] = vf_kms**2 / hR kpc # [(knls)”2/kpc]

# V_peak smmmmmm
if 'V_peak' not in candidates:
# di sk_dom = V_peak/v_flat - V_peak = disk_dom* v_flat
if 'disk_dom in candidates:
dd = candi dates[' di sk_don ]
vp = dd * vf_kms
candi dates[' V_peak'] = vp
print(f" mm: V_peak = disk_dom* v_flat")

# disk_dom essmmmm

if 'disk_domi not in candidates and 'V_peak' in candidates:
candi dat es[ ' di sk_dom ] = candidates['V_peak'] / vf_kns
print(f" mm: disk_dom= V_peak / v_flat")

# conpact EmmmEEmm

if 'compact' not in candidates and 'V_peak' in candidates:
# conpact = V_peak / h_R (mm)
candi dat es[' conpact'] = candidates['V_peak'] / hR_kpc
print(f" mm: conpact = V_peak / h_R')

print(f"\n mmmm: {list(candidates.keys())}")

# EEEEEEEEE

print(f"\n {'mm':&t;18} {'Pearson r':&gt;10} {' Spearnman rho':&gt;13} {'pm':&gt;12} {' mm’

print(f" {'-'*62}")

corr_results =[]
for vnane, vals in sorted(candidates.itens()):
valid = np.isfinite(vals) &nmp; np.isfinite(R
if np.sum(valid) &t; 10: continue
r_p, p_p = stats.pearsonr(vals[valid], Rvalid])
r_s, p_s = stats.spearmanr(val s[valid], Rvalid])
sig ="0O0" if p_s &t; 0.001 else "0O0" if p_s &t; 0.05 else ""

&gt 6}")

print(f" {vnane: & t;18} {r_p: &gt; +10.3f} {r_s: &gt; +13.3f} {p_s: &gt; 12.2e} {sig: &gt;6}")

corr_results. append((vnane, r_p, r_s, p_s))

# epmmmEmm
corr_resul ts.sort(key=l anmbda x: abs(x[2]), reverse=True)



top_vars = [v for v, rp, rs, ps in corr_results if ps &t; 0.01]
print(f"\n mmmmm (p&t;0.01): {top_vars}")

#
print("\n"+"="*70)
print("EeEE2eseeennnn")
print("="*70)

# EEEEEEEEEEEEEEEEEER
base_ss = np.sun{R**2) # seEEEEEEER EEEEEEN
base_ss_nean = np.sun((R - np.nean(R))**2)

def eval _nodel (x, y, nodel _func, n_parans, |abel=""):
"""papaeEnEEAl Cammm"""
try:
valid = np.isfinite(x) &np; np.isfinite(y)
xv, yv = x[valid], y[valid]
nv = | en(xv)
if nv &t; n_params + 5: return None

pred = nodel _func(xv)
if not np.all(np.isfinite(pred)): return None

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

r = np.corrcoef(pred, yv)[O0,1] if np.std(pred)&gt;0 else O

aic = nv * np.log(ss/nv) + 2 * n_parans

return {"ss': ss, 'r': r, 'aic': aic,
except :

return None

n': nv, 'k': n_parans, 'label': |abel}

for vnane in top_vars[:5]: # mm5mm
val s = candi dat es[ vhnane]
valid = np.isfinite(vals) &np; np.isfinite(R
xv, yv = vals[valid], R valid]

if len(xv) &t; 15: continue
print(f"\n --- {vname} ---")
results =[]

# (a) mm: R=a*x + b

sl, ic, r, p, se = stats.linregress(xv, yv)
pred_lin =sl*xv +ic

ss_lin = np.sunm((yv-pred_lin)**2)

aic_lin = len(xv)*np.log(ss_lin/len(xv)) + 2*2
results.append(('mm', 2, ss_lin, aic_lin, r))

# (b) mm: R =a*log(|x]) +b

I x = np.l0ogl0(np.abs(xv) + 1le-10)

if np.std(lx) &gt; O:
sl2, ic2, r2, p2, _ = stats.linregress(lx, yv)
pred_log = sl2*Ix + ic2
ss_log = np.sun((yv-pred_| og)**2)
aic_log = len(xv)*np.log(ss_log/len(xv)) + 2*2
results. append(('mm', 2, ss_log, aic_log, r2))

# (c) mmm: R = a*x"b + c mx&gyt;0 mmmm
if np.all(xv &t; 0):
I x_pos = np.logl0(xv)
sl 3, ic3, r3, p3, _ = stats.linregress(lx_pos, yv)
pred_pow = sl 3*I x_pos + ic3
ss_pow = np. sun( (yv-pred_pow) **2)
ai c_pow = | en(xv)*np. | og(ss_pow | en(xv)) + 2*2
results. append(('mmm(log-log)', 2, ss_pow, aic_pow, r3))

# (d) 2m: R = a*x"2 + b*x + ¢

coeffs = np.pol yfit(xv, yv, 2)

pred_quad = np. pol yval (coeffs, xv)

ss_quad = np. sun((yv-pred_quad)**2)

ai c_quad = len(xv)*np.|og(ss_quad/len(xv)) + 2*3
r_quad = np.corrcoef(pred_quad, yv)[O0, 1]

resul ts.append(('2m', 3, ss_quad, aic_quad, r_quad))

# mmm
print(f" {'mmm':&t;18} {'mmmmm':&gt;6} {'RSS :&gt;10} {'AIC :&gt;10} {'r':&gt;8}")
print(f" {'-'*56}")
for nm k, ss, aic, r in results:
print(f" {nm & t; 18} {k:&gt;6} {ss:&gt;10.4f} {aic:&gt;10.1f} {r:&gt;+8.3f}")

# EEEEEEEE
best = min(results, key=lanbda x: x[3])
print(f" - mm: {best[0]}mAl C={best[3]:.1f}m")

#
print("\n"+"="*70)
print("sem3e’esemnnnn")
print("="*70)




# disk_domm Ul sesesssssEEsEEEn

# EEmEE;

# M. R = a*log(disk_dom) + b*log(ud) + c
# M2: R = a*di sk_dom + b*Ud + ¢

# M: R = a*log(disk_donm) + b*Ud + c mmmm
# Mi: R = a*disk_dontp + b mEmmmEmEEm

# disk_domm Ul mmm
dd_key = 'disk_domi if 'disk_dom in candidates el se None
ud_key = 'Ud" if 'Ud" in candidates el se None

if dd_key and ud_key:
dd = candi dat es[ dd_key]
ud = candi dat es[ ud_key]
valid2 = np.isfinite(dd) &anp; np.isfinite(ud) &np; np.isfinite(R &anp; (dd&gt;0) &anp; (ud&gt;0)
dd_v = dd[valid2]; ud_v = ud[valid2]; Rv = Rvalid2]; n_v = len(R.v)
log_dd = np.logl0(dd_v); log_ud = np.logl0(ud_v)

print(f" disk_dom mmm={np.nedian(dd_v):.3f}, mm=[{dd_v.min():.3f}, {dd_v.max():.3f}]")
print(f" Ud: mmm={np. nedi an(ud_v):.3f}, mm=[{ud_v.mn():.3f}, {ud_v.max():.3f}]")
print(f" mmmmm: N={n_v}")

nodel _results = []

# M) EEEEEEEEEEEE

ssO = np.sum (R_v - np.nmean(R_v))**2)

aicO = n_v*np.log(ss0/n_v) + 2*1

nodel _results. append((' M): mmmm', 1, ssO, aic0O, 0, None, None))

# ML: | o0g-1o0g
X1 = np.colum_stack([log_dd, l|og_ud, np.ones(n_v)])
bl, _, _, _ =np.linalg.lstsq(Xl, R.v, rcond=None)
pl = X1 @bl; ssl = np.sun((R_v-pl)**2); r1 = np.corrcoef(pl, Rv)[O,1]
aicl = n_v*np.log(ssl/n_v) + 2*3
nodel _resul ts. append( (' ML: a*l og(dd) + b*log(Ud) + c¢', 3, ssl, aicl, rl, bil,
f'R = {b1[0]: +. 3f}*log(dd) {bl[1]:+. 3f}*log(Ud) {bl[2]:+.3f}"))

# M2: mm
X2 = np. colum_stack([dd_v, ud_v, np.ones(n_v)])
b2, _, _, _ =np.linalg.lstsq(X2, Rv, rcond=None)

p2 = X2 @b2; ss2 = np.sun((R_v-p2)**2); r2 = np.corrcoef(p2, Rv)[O0,1]
aic2 = n_v*np.log(ss2/n_v) + 2*3
nodel _resul ts. append( (' M2: a*dd + b*Ud + c¢', 3, ss2, aic2, r2, b2,
f'R = {b2[0]:+.4f}*dd {b2[1]:+. 4f}*Ud {b2[2]:+. 4f}"))

# M3: mm
X3 = np.colum_stack([log_dd, ud_v, np.ones(n_v)])
b3, _, _=np.linalg.lstsq(X3, R.v, rcond=None)

p3 = X3 @hb3; ss3 = np.sun((R_v-p3)**2); r3 = np.corrcoef(p3,Rv)[0,1]
aic3 = n_v*np.log(ss3/n_v) + 2*3
nodel _resul ts. append((' M3: a*log(dd) + b*ud + c', 3, ss3, aic3, r3, b3,
f'R = {b3[0]:+. 3f}*log(dd) {b3[1]:+.4f}*ud {b3[2]:+.4f}"))

# M4 di sk_dom mm (I o0gQ)

X4 = np.colum_stack([| og_dd, np.ones(n_v)])

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

p4 = X4 @b4; ss4 = np.sun((R_v-p4)**2); r4 = np.corrcoef(p4, Rv)[0,1]

aic4 = n_v*np.log(ss4/n_v) + 2*2

nodel _results. append((' M4: a*log(dd) + b mmmmm’', 2, ss4, aic4, r4, b4,
f'R = {b4[0]:+. 3f}*log(dd) {b4[1]:+.4f}"))

# Mb: Ud mm (log)
X5 = np. col um_stack([l og_ud, np.ones(n_v)])
b5, _, _, _ = np.linalg.lstsq(X5 R.v, rcond=None)

p5 = X5 @b5; ss5 = np.sun((R_v-p5)**2); r5 = np.corrcoef(p5 Rv)[0,1]

ai c5 = n_v*np.log(ss5/n_v) + 2*2

nodel _resul ts. append((' Mb: a*log(Ud) + b mmmmm', 2 ss5 aic5 r5, b5,
f'R = {b5[0]:+. 3f}*log(ud) {b5[1]:+.4f}"))

# Mb: disk_dom* Ud mmmm

ddud = dd_v * ud_v

X6 = np.colum_stack([log_dd, |og_ud, np.logl0(ddud+le-10), np.ones(n_v)])
b6, , _ =np.linalg.lstsg(X6, R.v, rcond=None)

pé =_X6_@ b6; ss6 = np.sun((R_v-p6)**2); r6 = np.corrcoef(p6, R Vv)[0,1]
aic6 = n_v*np.log(ss6/n_v) + 2*4
nmodel _resul ts. append( (' Mb: | og(dd)+l og(Ud)+l og(dd*Ud) +c', 4, ss6, aic6, r6, b6, None))

# mmmm
print(f"\n {'mmm':&t;42} {'k':&gt;3} {'RSS :&gt;9} {'AIC :&gt;9} {'dAIC :&gt;7} {'r':&gt;7}")
print(f* {'-'*80}")
ai c_base = nodel _resul ts[0][3]
for nm k, ss, aic, r, _, _ in nodel _results:
print(f" {nm&t;42} {k:&gt;3} {ss:&gt;9.4f} {aic:&gt;9.1f} {aic-aic_base: &gt;+7.1f} {r:&gt;+7.3f}")

# EEEEEEEE
best _nodel = min(nodel _results[1:], key=lanbda x: x[3])
print(f"\n 0 mmmmm: {best_nodel [0]}")



if best_nodel [6]:
print(f" m: {best_nodel [6]}")
print(f" r = {best_nodel [4]:.4f}, AIC = {best_nodel [3]:.1f}")

# EEEEEEEEEEN
best _i dx = nodel _resul ts.index(best_nodel)

el se:
print(" disk_dommemm Ul semmmsmmn")
print(f* mmmmmm: {|ist(candidates.keys())}")
# em2mmmEmEnm
if len(top_vars) &gt;= 2:
print(f" - mm2mm {top_vars[O0]}, {top_vars[1]} mmm")
dd_key = None; ud_key = None

#
print("\n"+"="*70)
print("sss/sessEssnnnn")
print("="*70)
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_c = eta(dd, Ud) * sgrt(a0 * G'S0) mummm
# eta = eta0 * 10”"R pred where R pred = best nodel prediction

resid_nmond = log_gc - np.logl0(a0) # MOND
resid_gm= R copy() # mmmm (alpha=0.5)

# Aap2umEEmuEn

if dd_key and ud_key:
# ammmmmmnvalid2 ememnm
R pred_full = np.zeros(n)

# best nodel mEmmmmEm
bm = best _nodel
if "M' in bnfO0]:
for i in range(n):
if dd[i]&gt;0 and ud[i] &gt; O:
R pred_fulI[i] = bn{5][0]*np.logl0(dd[i]) + bn{5][1] *np.logl0(ud[i]) + bn{5][2]
elif "M in bniO0]:
for i in range(n):
R pred_fulI[i] = bn{5][0]*dd[i] + bn{5][1]*ud[i] + bni5][2]
elif "M&' in bnfO]:
for i in range(n):
if dd[i]&gt;0:
R pred_full[i] = bn{5][0]*np.lo0gl0(dd[i]) + bn{5][1]
elif "Mb' in bniO0]:

for i in range(n):
if ud[i]&gt;O:
R pred_full[i] = bn{5][0]*np.logl0(ud[i]) + bn{5][1]
el se:
# MB or others: log(dd) + Ud
for i in range(n):
if dd[i]&gt;0:
R pred_full[i] = bn{5][0]*np.logl0(dd[i]) + bn{5][1]*ud[i] + bn{5][2]
log_gc_final = log_gc_gm+ R pred_full
resid_final = 1log_gc - log_gc_final
r_final = np.corrcoef(log_gc_final, log_gc)[O0,1]

# CHAEEEEEEEEEEE
log_vf = np.l1ogl0(vf_kns); log_hR = np.logl0(hR kpc)
log_gc_6var = (-2.175 + 2.015*| og_vf - 1.294*| og_hR) + np.logl0(a0)

resid_6var = log_gc - |og_gc_6var

print(f" { ' mmm':&t;45} {'r':&gt;7} { mmstd :&gt;10} {' MONDmmm':&gt;10}")

print(f" {'-'*75}")

print(f" {'MOND (g_c=a0)':& t;45} {'---':&gt;7} {np.std(resid_nond):&gt;10.4f} {'---':&gt;10}")

print(f" {'sqrt(a0*GS0) (etamm)':& t;45} {np.corrcoef(log_gc_gmlog_gc)[0,1]:8&gt;7.4f} {np.std(resid_gm:&gt;10.4f} {(1-np.std(resid_
print(f" {'sqrt(a0*G*S0) * eta(dd,Ud)':& t;45} {r_final:&gt;7.4f} {np.std(resid_final):&gt;10.4f} {(1-np.std(resid_final)/np.std(resid
print(f" { 6mmmmm (2mmmmm)':& t;45} {np.corrcoef(log_gc_6var,log_gc)[0,1]:8&gt;7.4f} {np.std(resid_6var):&gt;10.4f} {(1-np.std(resid.

#
print("\n"+"="*70)
print("mmm5aL00-CV seeeemmmmmEn")
print("="*70)

if dd_key and ud_key and 'ML' in best_nodel [0]:

# LOO-CV for M: R = a*log(dd) + b*log(Ud) + c

loo_resid = np.zeros(n_v)

for i in range(n_v):
mask_| oo = np.ones(n_v, dtype=bool); mask_loo[i] = Fal se
X_l 0o = np.colum_stack([|og_dd[ mask_| oo], |og_ud[nask_| oo], np.ones(n_v-1)])
b_loo, _, _, _ =np.linalg.Istsq(X oo, Rv[mask_|oo], rcond=None)
pred_i = b_loo[0]*log_dd[i] + b_loo[1]*log_ud[i] + b_loo[2]
loo_resid[i] = Rv[i] - pred_i

print(f" LOO-CV mm (mmmmm):")
print(f" mmmmmmnnm std = {np.std(R.v - (X1@1)):&gt;.4f} dex")
print(f" LOO-CV mm std = {np.std(loo_resid):.4f} dex")



print(f" mmm = {(np.std(loo_resid)/np.std(R v-(X1@1))-1)*100:.1f}%)

# LOOCV eumEmmEEnm

loo_total _std = np.sqgrt(np.std(log_gc_gnivalid2] - log_gc[valid2])**2
- np.std(R.v-(X1@1))**2 + np.std(loo_resid)**2)

# mm. mmEE = sqrt(mmmmmm? - jnsanpl emm2 + LOOmm?2)

print(f" mmmmm OO mmmm = {|oo_total _std:.4f} dex")

elif dd_key and ud_key:
# mmmmmm LOO
print(f* LOOCV. mEEEEEEEEEEN. . . ")
bm = best _nodel
bm nanme = bn{ 0]

if '"MA' in bmnane:
l0o_r2 = np.zeros(n_v)
for i in range(n_v):
m = np.ones(n_v, dtype=bool); n{i] = Fal se
X_ = np.colum_stack([l og_dd[nm, np.ones(n_v-1)])

b, _, _, _=np.linalg.lstsq(X_, Rv[n, rcond=None)
loo_r2[i] = Rv[i] - (b_[0]*log_dd[i] + b_[1])
print(f" mmmmmmnnm std = {np.std(R.v - p4[valid2] if len(pd)==n else Rv - (X4@4)):.4f}")
print(f" LOO-CV mm std = {np.std(loo_r2):.4f}")
el se:
print(f" m{bmnanme} = LOO-CV mumunm")
#
print("\n"+"="*70)
print("esssmmm. . ")

print("="*70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(' $\\eta(disk\\_dom \\Upsilon_d)$ Functional Form, fontsize=14, fontweight="bold")

# (a) mm vs di sk_dom

ax = axes[0, O]

if dd_key:
dd_pl ot = candi dat es[ dd_key]
valid_p = np.isfinite(dd_plot) &anp; np.isfinite(R)
ax.scatter(dd_plot[valid_p], R valid_p], s=15, alpha=0.5, c='steelblue')

# mmmEEm

sl_dd, ic_dd, _, _, _ = stats.linregress(dd_plot[valid_p], R valid_p])
xr = np.linspace(dd_plot[valid_p].mn(), dd_plot[valid_p].mx(), 100)
ax.plot(xr, sl_dd*xr+ic_dd, 'r-', lw=2)

rho_dd, _ = stats.spearmanr(dd_plot[valid_p], R valid_p])

ax. set _x| abel (' di sk_dom ($V_{peak}/v_{flat}$)")
ax.set _yl abel (' Residual [dex]")
ax.set_title(f'(a) $\\rho$={rho_dd:.3f}")
ax.axhline(0, color="k', Is="--', al pha=0.3)
# (b) mm vs Wd
ax = axes[0, 1]
if ud_key:
ud_pl ot = candi dat es[ ud_key]
valid_p = np.isfinite(ud_plot) &np; np.isfinite(R) &anp; (ud_plot &gt; 0)
ax.scatter(np.loglO(ud_plot[valid_p]), Rvalid_p], s=15, alpha=0.5, c='coral"')

sl_ud, ic_ud, _, _, _ = stats.linregress(np.logl0(ud_plot[valid_p]), R valid_p])

xr = np.linspace(np.logl0(ud_plot[valid_p]).mn(), np.logl0O(ud_plot[valid_p]).nax(), 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 _x| abel (' | og($\\ Upsilon_d$)")

ax. set _yl abel (' Residual [dex]")

ax.set_title(f' (b) $\\rho$={rho_ud:.3f}")
ax.axhline(0, color="k', Is="--', al pha=0.3)

# (c) 2mmmmm: observed vs predicted residual

ax = axes[0, 2]

if dd_key and ud_key:
ax.scatter(X1@1l, R.v, s=15, alpha=0.5, c='steelblue")
dg = np.linspace(m n(X1@1), max(X1@1), 100)
ax.plot(dg, dg, 'r--', lw=1)
ax. set _xl abel (' Predicted residual [dex]"')
ax.set _yl abel (' Observed residual [dex]')
ax.set_title(f'(c) 2-var nodel (r={r1:.3f})")

# (d) mmmmm: observed vs predicted g_c
ax = axes[1, O]
if dd_key and ud_key:

ax.scatter(log_gc_gm |og_gc, s=10, al pha=0.3, c="green', label=f'$\\eta$ fixed ({np.std(resid_gm:.3f})")
ax.scatter(log_gc_final, log_gc, s=10, al pha=0.5, c='coral', |abel=f"$\\eta$(dd, Ud) ({np.std(resid_final):.3f})")

dg = np.linspace(log_gc.mn(), l|og_gc.max(), 100)
ax.plot(dg, dg, 'k--', alpha=0.3)

ax.set _xl abel ("1 0og($g_c$) predicted')

ax.set _yl abel ("1 0g($g_c$) observed')

ax.set _title('(d) Final nodel conparison')

ax. | egend(fontsi ze=8)

# (e) ummmEm



ax axes[1, 1]

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

ax. hi st(resid_nond, bins=bins, alpha=0.2, color=" gray',
ax. hi st (resid_gm bins=bins, alpha=0.3, color="green',
if dd_key and ud_key:

ax. hist(resid_final, bins=bins, alpha=0.5, color
ax. set _xl abel (' Residual [dex]")

ax. set _yl abel (' Count")
ax.set_title(' (e) Residual
ax. | egend(fontsize=8)

di stributions')

# (f) esnsEEEEEEEEEE
ax axes[1, 2]
pl ot _vars [v for v in top_vars[: 6]
if len(plot_vars) &gt;= 2:
corr_data [1
for v in plot_vars:
corr_dat a. append( candi dat es[v])
corr_dat a. append(R)
pl ot _vars_ext = plot_vars + ['Residual']

# Spearnman mmmm

| abel =f' MOND ({np.std(resid_nond):.3f})")
label =f' $\\eta$ fixed ({np.std(resid_gm:.3f})")

='coral ',

if v in candidates]

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_data[j]
valid_ij = np.isfinite(vi) &np; np.isfinite(vj)
if np.sum(valid_ij) &gt; 10:

corr_mat[i,j], =
im= ax.inmshow(corr_mat, cmap='RdBu_r',
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 _xtickl abel s(short_nanes, rotation=45,
ax.set _ytickl abel s(short_nanes, 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}",
plt.colorbar(im ax=ax, shrink=0.8)
ax.set_title('(f) Correlation matrix")
plt.tight_layout()
plt.savefig('eta_functional _formuverification.png',
print("

vmin=-1,

stats.spearmanr(vi[valid_ij],

ha='center',

vi[valid_ij])

vmax=1, aspect="auto')

fontsize=7)

va='center', fontsize=6)

dpi =150, bbox_i nches="tight")

- eta_functional _formuverification.png smmm")

#

print("\n"+"="*70)
print("sessmm"
print("="*70)

print(f"""
{" = *60)

eta(disk_dom Ud) sesssssmm
{ =" 60}

H EEEEEEEEEEENE
mm std = {np.std(R):.4f} dexmmmmm al pha=0.5m""")

if dd_key and ud_key:

;0.05 else ""

1-np.std(resid_gm/np.std(resid_nond))*100:.1f}% mm)
({(1-np.std(resid_final)/np.std(resid_nond))*100:.1f}% mm)
({(1-np.std(resid_6var)/np.std(resid_nond))*100:.1f}% mm)

print(f"""
 EEEEEEE""")
for vn, rp, rs, ps in corr_results[:5]:
sig = "0O0" if ps&t;0.001 else "O" if ps&t
print(f" {vn: & t;18}: rho={rs:+.3f} {sig}")
print(f"""
m mmmmm: {best_nodel[0]}""")
if best_nodel [6]:
print(f" m: {best_nodel [6]}")
print(f" r = {best_nodel [4]:.4f}")
print(f"""
@ EEEEEENR;
g_c = eta(dd, Ud) * sqrt(a0 * G * Signa0)
eta(dd,uUd) = eta0 * 10"R _pred
eta0 = {eta0:.4f}
- EEEE:
MOND: mm {np.std(resid_nond):.4f} dex
mmmm(ectamm): mm {np.std(resid_gm:.4f} dex ({(
smmm(ectamm): mm {np.std(resid_final):.4f} dex
CEENENN: mm {np.std(resid_6var):.4f} dex
@ EEEEEENR;
mlm: g c = eta * sqrt(a0 * GSigna0) ~ mm (al pha=0.5)
m2m: eta = eta(di sk_dom Ud) - EEEEEEN

| abel =f' $\\ et a$(dd, Ud) ({np.std(resid_final):.3f})")



E3n; CEEEEEEER ~ conpact, V_peak m

")

print("mm")



. SIE ALY XA (HSC-SSP Y3)

inspect_subaru_lensing.py

RITE RN Y3 >xA7H¥0%7 (931720.csv.gz.1) DHEEREER. 19485 s, 35808 Rk DE KK G,

R HSC-SSP Y3 &FEER. e1/e2/weight/zbin EDHZ LKFE,

mm: 931720.cSV.Qgz.] ENEEEEEEEEEEEEEEEEEER
EEEEEEEEEEEEEEEEER

mm: uv run --with pandas --wth nunpy python inspect_subaru_| ensi ng. py

i nport nunpy as np

i nport pandas as pd
frompathlib inport Path
inport gzip

i nport sys

#
# 0. mummmEm
#
# AENEEEEEEEEN

DATA FILE = Path(r"D:\umssss\esssss\ssuns\ sunnnnn\nnnm\ 931720. csv. gz. 1")

print("="*70)

print(""EEEEN EEEEEEEEN EEER")
print("="*70)

print(f" mmmm: {DATA FILE}")
print(f* mm: {DATA FILE exists()}")

if not DATA FILE. exists():
print(" !!! EEEEEEEEEEEEEEEEEEEEEEEER")
sys.exit(1)

# EEEEEEE
size_nb = DATA FILE. stat().st_size / (1024*1024)
print(f" mmm: {size_nb:.1f} MB")

#
# 1 EEEEEEEEEEEEEER
#
print("\n"+"="*70)
print("mStep lummmmEmmmn")
print("="*70)

# .9z.1 - Qgzip emmmmmEm gzip smmmmmmmm plain text
header _l i ne = 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* mmmmmm: gzip mm CSV')
except :

try:
with open(DATA_FILE, 'r', encoding="utf-8'") as f:
header _line = f.readline().strip()
print(f" wmmmmm: mmmm CSV')
except:
try:
with open(DATA FILE, 'r', encoding="utf-8-sig') as f:
header _line = f.readline().strip()
print(f" mmmmmm: smmm CSV (BOvam)")
except Exception as e:
print(f* !!! mmmmmmm: {e}")
sys.exit(1)

# EEEEEEN
i f header_line:
n_comme = header _| i ne.count(',")
n_tab = header_line.count('\t")
n_pi pe = header_line.count('|")
n_space = header_|ine.count(' ")
sep = '," if n_commm &gt; max(n_tab, n_pipe) else "\t' if n_tab &yt; n_pipe else '|' if n_pipe &t; 0 else '
print(f" mmmmm: '{sep}' (comma={n_comma}, tab={n_tab}, pipe={n_pipe})")

cols = [c.strip().strip(""").strip(""") for c in header_line.split(sep)]
print(f* mmmm: {len(cols)}")



print(f"\n sssssssml00mmm:")

print(f" {header _line[:200]}")
el se:

print(" !!! eEEEEEEEEE"

sys.exit(1)

#

# 2. mupmmunEnunl000m + EEEEEEEN
#

print("\n"+"="*70)
print("mStep 2emmmmmmnm")
print("="*70)

# ammml1000mmmm
try:
if is_gzip:

df _head = pd.read_csv(DATA FILE, conpression='gzip', sep=sep,

el se:
df _head = pd.read_csv(DATA_FIL
print(f" mml000mEmmmmmm")
except Exception as e:
print(f* wmmmmmmmm: {e}")
# sep emEmEEE
for try_sepin [',", "\t', ' " '
try:
if is_gzip:

E, sep=sep, nrows=1000)

df _head = pd.read_csv(DATA FILE, conpression='gzip',

el se:

df _head = pd.read_csv(DATA FILE, sep=try_sep, nrows=1

sep = try_sep

print(f" sep='{try_sep}’
br eak
except :
conti nue
el se:
print(" !!! m sep mmm")
sys.exit(1)

print(f" shape: {df_head.shape}")

nrows=1000)

sep=try_sep, nrows=1000)

000)

print(f" mmmm: {|en(df_head.colums)}")
#

# 3. EEEEEEm

#

print("\n"+"="*70)
print("mStep Summmmm")
print("="*70)

print(f"\n {"# :&gt;3} {"mmmm':&1t;35} {'w':&¢t;12} {"mnull':&yt;6} { mmmmmm':&t;30}")

print(f" {'-'*90}")

for i, col in enunerate(df_head. col um
dtype = str(df_head[col].dtype)
non_nul | = df _head[col].notna().su

exanpl e = str(df _head[col].iloc[O0]

s):

e
)[:28]

if non_null

&gt; O el se

" NaN'

print(f" {i:&gt;3} {col:&t;35} {dtype:& t;12} {non_null:&gt;6} {exanple: & t;30}")

#

# 4, mEEEEEEEEEEEEN

#

print("\n"+"="*70)
print("mStep {uEEEEEEEEEEEEEEER")
print("="*70)

# EEEEEEEEEEEEEER
| ensi ng_keys = {

'RA/ mm': ['ra', 'raj2000', 'alpha', 'ra_j2000', _ s
"DEC/ mm': ['dec', 'decj2000', 'delta', 'dec_j2000', 'de2000', 'dec_gal', 'i_dec'],

ra2000', 'ra_gal',

i_ra']

‘el / mmml': ['el', 'el_cal', 'el_nodel', 'gl', 'shape_el', 'i_sdss_shape_11'],
‘e2 / mmm2': ['e2', 'e2_cal', 'e2_nodel', 'g2', 'shape_e2', 'i_sdss_shape_22'],
‘weight / mm': ["weight', "W, 'lensfit_weight', 'shape_weight', 'i_hsnshaperegauss_sigm'],
‘z_photo / mmmmmm': ['z b', 'z_phot', 'z_photo', 'photoz', 'photo_z', 'z_best',
' photoz_best', 'pz_best', 'm zuki_photoz_best'],
‘z_spec /| mmmmmm': ['Zz_spec', 'zspec', 'specz'],
‘mag / mm': ['mag', 'nag_auto', 'mag_r', 'mag_i', 'i_cnodel _mag', 'r_cnodel _mag',
‘i_mag', 'r_mag', 'imag_psf'],
‘fitclass / mmmmmm': ['fitclass', 'flag', 'extendedness', 'i_extendedness_val ue',
‘shape_flag', 'ishape_flags'],
‘stellar mass / mmmm': ['stellar_nmass', 'lognstar', 'mass', 'nstar'],
‘size / mmm': ['re', ‘r_eff', "hir', 'i_sdss_shape_psf', 'fwhni,
‘i _hsnshaperegauss_resolution'],
}
found = {}

col _lower = {c.lower(): ¢ for c in df_|

for category, candidates in |ensing_ke
for cand in candidates:
# mmmm

head. col ums}
ys.itenms():



if cand in col _l ower:
found[ category] = col _I ower[cand]
br eak
# mmmm
matches = [c for ¢ in df_head.colums if cand.lower() in c.lower()]
i f matches:
found[ category] = matches[ 0]
br eak

print(f"\n mmmm:")
for cat, col in found.itens():
val s = df _head[col].dropna()
if len(vals) &it; 0 and pd.api.types.is_numeric_dtype(vals):
print(f" {cat: & t; 25} -&gt; {col:& t;30} [{vals.mn():.49} ~ {vals.max():.4g}]")
el se:
print(f" {cat: & t; 25} -&gt; {col:& t;30} [{vals.iloc[O] if len(vals)&gt;0 else "NA}]")

not_found = [cat for cat in |ensing_keys if cat not in found]
if not_found:
print(f"\n mmm: {not_found}")

#
#5 mmmm
#
print("\n"+"="*70)
print("mStep SEEEEEEEEEER")
print("="*70)

nuneric_col s = df _head. sel ect _dt ypes(i ncl ude=[ np. nunber]). col utms
if len(numeric_cols) &gt; 20:
# EEEEEEEEEEEEEEEER
priority = list(found.values()) if found else list(nuneric_cols[:15])
stats_cols = [c for c in priority if ¢ in numeric_cols]
if len(stats_cols) &t; 5:
stats_cols = list(nuneric_cols[:15])
el se:
stats_cols = |ist(nuneric_cols)

if stats_cols:
desc = df _head[stats_col s].describe()
print(desc.to_string())

#
# 6. ENENEEENQZiD NEEEEEEEEEE
#
print("\n"+"="*70)
print("mStep cummmmmm")
print("="*70)

try:
if is_gzip:
# gzip: mml000EEEEEEEEEEEEN
inport io

with gzip.open(DATA FILE, 'rt') as f:
sanpl e = f.read(1024*100) # 100KB
lines_in_sanple = sanple.count('\n")

# AN NN NN NN NN EEEEEEEEE

print(f" gzip sEEEEEESEEESEEEESEEEEEEEEEEEEEEEN. ")
total _lines = 0
with gzip.open(DATA FILE, 'rt') as f:
for _in f:
total _lines += 1
total _lines -=1 # mmmmmm
print(f" mmm: {total_lines:, }")
el se:
# plain text: we -1 mm
total _lines =0
with open(DATA_FILE, 'r') as f:
for _in f:
total _lines += 1
total _lines -= 1
print(f" mmm: {total _lines:,}")

except Exception as e:
print(f* wemmmmmmm: {e}")

total _lines = "mm"
#
# 7. HSC-SSP/ KIiDS/ mummmm
#

print("\n"+ ="*70)
print("mStep 7umEEEEEEER")
print("="*70)

all _cols_str ="' '.join(df_head. col ums). | ower()

if "hsc' in all_cols_str or 'cnodel’ in all_cols_str or 'undeblended in all_cols_str:
source = "HSC SSP (Hyper Suprinme-Cam"



print(f* mwmmmmmmm: {source}")
print(f" HSC-SSP PDR3 mmmmmmm")
elif "kids' in all_cols_str or "theli' in all_cols_str or 'lensfit’
source = "Ki DS (Kil o-Degree Survey)"
print(f" mmmmmmmm: {source}")
elif '"sdss' in all_cols_str:
source = "SDSS"
print(f* mwmmmmmmm: {source}")
el se:
source = "mm"
print(f* mwmmmmmmm: {source}")
print(f" EEEEEEEEEEEEEEEEEEEEEEEEEEEEER ")
for ¢ in df_head. col ums][: 30]:
print(f" {c}")

inall_cols_str:

#

# 8. EEEEEEEEEEEEEN

#

print("\n"+"="+70)

print("mStep

print("="*70)

CEEEEEEEEEEEEEER")

print(f'"\n mmmmmm: {source}")

print(f" mmm: {total _lines}")

has_shape = 'el / mmml' in found and 'e2 / mmm2' in found
has_coords = 'RA/ mm' in found and 'DEC / mm' in found
has_redshift = 'z_photo / mmmmmm’ in found or 'z_spec / mmmmmm’
has_wei ght = 'weight / mm' in found

print(f"\n mmm (el, e2): {'mm' if has_shape else 'mm'}")

print(f" mm

(RA, DEC): {'mm' if has_coords else 'mm'}")

print(f" mmmm (2): {'mm' if has_redshift else 'mm'}")

print(f" mm

(weight): {'mm' if has_weight else 'mm'}")

print(f"\n ssmmmmm:")
and has_coords and has_redshift:
(A) EN-EEEEE. EEEEEEEEEEEEEEEEER")
G Signe0 mmmm DeltaSigna(R) sessssmmmn")

i f has_shape
print(f"
print(f"
print(f"
print(f"
print(f"

i f has_shape
print(f"
print(f"

g_c = eta.sqrt(a0.G Sigma0) =
(B) emmmmmm PSZ2/ M yaoka mm
EEEEEEEEEEEEEnT-8/T-14 emmmn")
and has_coords and not has_redshift:
(C) wmmmmm: 2D smmmmmmmEnm")
EEEEEEEEEEEEEEEEER")

i f not has_shape:

print(f"
print(f"

print(f"""
EEEEEN:
1.

!!] suEEEEEEEEEEEEEEEEER"
EEEEEEEEEEEEEEEEER")

3. g C SENENSEEESEEEEEEEEEEEEEN

")

print("mm")

in found



hsc_footprint_clusters.py

i =] FYUITARYTDIYN TV AR, BEE1S S5 29— (Miyaoka/PSZ2) L DEEF VY.
iEs Miyaoka 165249 —I3£T HSC %.PSZ2 1&#1EDH.

HSC-SSP Wde mEmEEEEEEE + NENEEEN

[T K
(1) eEEEEEEEEEEEN
(2) HSC-SSP Wde SHEEEEEEEEEEEEEEN
(3) smmmmmEEPSZ2/ M yaokanueuemunm
(4) emmmmmmmEm931720.CcSV. ¢Z. lumEmEmEEE

mE: uv run --with pandas --with numpy --with matplotlib --with astropy python hsc_footprint_clusters. py

i nport nunpy as np

i nport pandas as pd
frompathlib inmport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

i nport sys
#

#0. emmEmEm
#

DENSI TY_FILE = Path(r"E:\mmmmmmmmm\ hscssp_pdr2_wi de_densi t ymap. csv")
SHAPE_FILE = Path(r"D:\ummsss\eesuss\ sunuen\ sunnnnn\nnnn)931720. csv. gz. 1")

print("="*70)
print("HSC-SSP Wde musmmssEEs + EEEEEER")
print("="*70)

#
# 1 EEEEEEEEEEENEEEEEN
#
print("\n"+"="*70)

print("[Step 1] memmssEEEEmER")
print("="*70)

if not DENSITY_FILE. exists():

print(f* !!! memsssmmmmmm: {DENSITY_FILE}")
print(f' sEssEEssEssm’
sys.exit(1)

size_nb = DENSI TY_FI LE. stat().st_size / (1024*1024)
print(f* mmmm: {DENSITY_FILE}")
print(f" mmm: {size_nb:.1f} MB")

df _density = pd.read_csv(DENSI TY_FI LE)

print(f" mm: {len(df_density):,}")

print(f" mmmm: {|len(df_density.colums)}")

print(f'\n mmmmm:")

print(f" {'"# :&t;3} {'wmmm’':&t;30} {'m':&t;12} {'mnull':&gt;8} {'mn':&gt;12} {' max':&gt;12}")
print(f" {'-'*80}")

for i, col in enunerate(df_density.colums):
dtype = str(df _density[col].dtype)
non_nul | = df _density[col].notna().sun()

if pd.api.types.is_nuneric_dtype(df_density[col]):
m = f"{df _density[col].mn():.49}"
nx = f"{df _density[col].max():.4g}"

m = str(df _density[col].iloc[0])[:10]
nx = str(df_density[col].iloc[-1])[:10]
print(f" {i:&gt;3} {col:& t;30} {dtype: & t;12} {non_null:&gt;8} {m:&gt; 12} {nx:&gt;12}")

# RA, DeC mummmEmEnm

ra_col = None; dec_col = None; density_col = None
for c in df_density.col ums:
cl = c.lower()
if 'ra" incl and ra_col is None: ra_col =c
if "dec' in cl and dec_col is None: dec_col =c
if "dens' incl or "count’' incl or 'n_" incl or 'ngal' incl:
density_col =c

if ra_col is None or dec_col is None:
# EEEEEEEEEEEN
for ¢ in df_density. col ums:
if pd.api.types.is_nuneric_dtype(df_density[c]):
vmn, vmax = df _density[c].m n(), df_density[c].max()
if 0&t;=vnmn and vmax & t;= 360 and vrmax &gt; 100 and ra_col is None:
ra_col =c¢
elif -90 & t;=vmn and vmax & t;= 90 and abs(vmax-vmin) & t; 50 and dec_col is None:



dec_col =c

print(f'\n mmmmm:")

print(f" RA: {ra_col}")
print(f" Dec: {dec_col }")
print(f" Density: {density_col}")

if ra_col and dec_col:
ra = df _density[ra_col]. val ues
dec = df _density[dec_col].val ues
print(f"\n mmmm:")

print(f" RA: [{ra.mn():.3f}, {ra.max():.3f}]")
print(f" Dec: [{dec.min():.3f}, {dec.max():.3f}]")
#
# 2. CAEEEEEER
#

print("\n"+"="*70)
print("[Step 2] HSC-SSP Wde CGmemmmmmEm")
print("="*70)

# HSC-SSP PDR2 Wde mmmSmmmmm
hsc_fields = {

' XMM LSS : {'ra_range': (29, 40), ‘'dec_range': (-7, -1)},
' GAMAO9H : {'ra_range': (129, 142), 'dec_range': (-3, 3)},
' W DE12H : {'ra_range': (175, 190), 'dec_range': (-3, 3)},
' GAMALSH : {'ra_range': (210, 225), 'dec_range': (-3, 3)},
' HECTOVAP' :  {'ra_range': (240, 250), 'dec_range': (42, 45)},
' WDS' : {'ra_range': (333, 345), 'dec_range': (-2, 3)},

}

if ra_col and dec_col:
print(f"\n EEEssssEEEEE: ")
for fname, fspec in hsc_fields.itenms():
ra_r = fspec['ra_range']
dec_r = fspec['dec_range']
mask = (ra &gt;=ra_r[0]) &anp; (ra & t;=ra_r[1]) &anp; (dec &gt;= dec_r[0]) &anp; (dec & t;= dec_r[1])
n = mask. sun()
if n&gt; O:
print(f" {fname: &'t; 12}: {n:&gt;8,} wmmm "
f"RA=[{ra[mask] . min():.1f}, {ra[ mask] . max():.1f}] "
f"Dec=[{dec[ mask].min():.1f}, {dec[ mask].max():.1f}]")

#
# 3. EEEEEEEEEEEEEER
#
print("\n"+"="*70)

print("[Step 3] EEEEEEEEEEEEEER"
print("="*70)

# Myaoka 2017/2018 ml6emmmemXummnm
# mmmmm Table 1 seemEEEEEEEEE pSZ2 V2. py EEEER
m yaoka_clusters = [

# name, RA(deg), Dec(deg), z, mm

(" A68", 9.278, 9.157, 0.255, "M yaoka2017"),

(" A209", 22.969, -13.609, 0.206, "M yaoka2017"),
("A267", 28.175,  1.006, 0.230, "M yaoka2017"),
("A383", 42.014, -3.529, 0.187, "M yaoka2017"),
("A521", 73.529, -10.224, 0.247, "M yaoka2017"),
(" A586", 113.084, 31.633, 0.171, "M yaoka2017"),
("AB11", 120.237, 36.057, 0.288, "M yaoka2017"),
("A697", 130.739, 36.365, 0.282, "M yaoka2017"),
("A963", 154.264, 39.047, 0.206, "M yaoka2017"),
("A1689",  197.873, -1.341, 0.183, "M yaoka2017"),
("A1835",  210.259, 2.878, 0.253, "M yaoka2017"),
("A2204",  248.196, 5.576, 0.151, "M yaoka2017"),
("A2261",  260.613, 32.133, 0.224, "M yaoka2017"),

("RXJ1347", 206.878, -11.753, 0.451, "M yaoka2017"),
("MB1358", 209.960, 62.515, 0.329, "M yaoka2017"),
("ZwWB146", 155.916, 4.186, 0.291, "M yaoka2017"),

]

# PSZ2 auEEEEEEEEEEEEEEE

psz2_equatorial = [
# name, RA, DeCc, Z WEEEEEEEEEEEEN
("PSz2_G186.37+37.26", 135.0, -1.5, 0.23, "PSz2"),
("PSZ2_®&212. 44+63.19", 185.0, -2.0, 0.19, "PSsz2"),

1

all _clusters = miyaoka_clusters + psz2_equatori al

if ra_col and dec_col:
pi xel _size_deg = 1.5/ 60.0 # 1.5 arcnin in degrees

print(f* HSC-SSP mummsmEEEEmEmmEm:")

print(f" {'mm':&t;15} {'RA :&gt;8} {'Dec':&gt;8} {'z':&gt;6} { wummmmmm':&gt;15} { mm':&t;15}")
print(f" {'-'*72}")

in_footprint =[]



for cl in all_clusters:
nane, ra_cl, dec_cl, z_cl, source = cl

# EEEEEEEEEEEEEEEEEEEER

dist = np.sqgrt(((ra - ra_cl)*np.cos(np.radi ans(dec_cl)))**2 + (dec - dec_cl)**2)
m n_di st = dist.nin()

is_in=mn_dist &t; 3 * pixel_size_deg # Summmmm

status = "YES" if is_in else "no"
print(f" {name:& t;15} {ra_cl:&gt;8.3f} {dec_cl:&gt;8.3f} {z_cl:&gt;6.3f} {status:&gt; 15} {source: & t; 15}")

if is_in:
in_footprint.append(cl)

print(f'\n memmsssmmmmmmm: {|en(in_footprint)} / {len(all_clusters)}")

# AEEEEEEEEYSEEEEEEEEN
# Y3 mmmmm: Dec -5.9 ~ 0 minspectummmm
print(f"\n msmmmsmmmY3, Dec=-5 9~-Ommmmnm:")
y3_clusters =[]
for cl inin_footprint:

nane, ra_cl, dec_cl, z_cl, source = cl

if -5.9 &t;=dec_cl &t;=0:

print(f" {nane}: RA={ra_cl:.3f}, Dec={dec_cl:.3f}, z={z_cl:.3f} -&yt; Y3 mm YES")
y3_cl usters. append(cl)

el se:
print(f" {nane}: Dec={dec_cl:.3f} -&gt; Y3 mmm")

print(f"\n Y3 wesssssssssssmmmnmnn: {len(y3_clusters)}")

el se:
print(" RA/DeC smmmmmmmmEm")
in_footprint =[]
y3_clusters =[]

#
# 4, mEEEEEEEEN
#
print("\n"+"="*70)
print("[Step 4] eeEEEEEEEm"
print("="*70)

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

# (a) eEEEEEEEN

ax = axes[ 0]

# RAm -180~180 mummmmEEEN
ra_plot = ra.copy()
ra_plot[ra_plot &gt; 180] -= 360

if density_col and density_col in df_density.colums:
dens = df _density[density_col].val ues
sc = ax.scatter(ra_plot, dec, c=np.logl0(dens+1l), s=0.1, al pha=0.3,
cmap="viridis', rasterized=True)
plt.col orbar(sc, ax=ax, |abel="10gl0(density+1)', shrink=0.8)
el se:
ax.scatter(ra_plot, dec, s=0.1, alpha=0.3, c='steelblue', rasterized=True)

# EEEEEEEEEEEEEN
for cl in all_clusters:
nane, ra_cl, dec_cl, z_cl, source = cl

ra_cl_plot =racl - 360 if ra_cl &gt; 180 else ra_cl
is_in=cl inin_footprint

color = 'red if is_in else 'gray'

marker = '*'" if is_in else 'x'

ne = 15 if is_in else 8
ax.plot(ra_cl _plot, dec_cl, narker, color=color, nms=nms, nmew=1.5)
if is_in:
ax.annot ate(name, (ra_cl_plot, dec_cl), fontsize=6,
xytext=(3, 3), textcoords='offset points', color="red")

ax.set _xl abel (' RA [deg]")

ax.set _yl abel (' Dec [deg]"')

ax.set_title(f' HSC-SSP Wde footprint ({len(df_density):,} pixels)")
ax.set_xlimra_plot.mn()-5, ra_plot.max()+5)

ax.invert_xaxis()

# (b) Y3 ammmmmEEEEEEEEEE
ax = axes[1]
# Dec: -5.9~0 mummm
mask_y3 = (dec &gt;= -6.5) &anp; (dec & t;= 1.0)
if mask_y3.sun() &gt; O:
ax.scatter(ra_plot[ mask_y3], dec[mask_y3], s=0.5, al pha=0.3,
c='steel blue', rasterized=True)

# Y3 Dec mmmmm



ax.axhline(-5.9, color="red', |Is='--', alpha=0.5, |abel="Y3 Dec range')
ax.axhline(0, color="red, Is=--', alpha=0.5)

# Y3 mummmEm
for cl in y3_clusters:
nane, ra_cl, dec_cl, z_cl, source = cl
ra_cl_plot =ra_cl - 360 if ra_cl &gt; 180 else ra_cl
ax.plot(ra_cl_plot, dec_cl, "*', color="red', ns=15, new=1.5)
ax. annot ate(nanme, (ra_cl_plot, dec_cl), fontsize=8, fontweight=bold',
xytext=(5, 5), textcoords='offset points', color="red")

ax.set _xl abel (' RA [deg]"')

ax. set _yl abel (' Dec [deg]"')

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

ax.invert_xaxis()

ax. | egend(fontsi ze=8)

plt.tight_layout()
plt.savefig('hsc_footprint_clusters.png', dpi=150, bbox_i nches='tight")

print(" -&gt; hsc_footprint_clusters.png")
#
# 5 EEEEEEEEEER
#

print("\n"+"="*70)
print("[Step 5] mmmm"
print("="*70)

print(f"""

HSC-SSP Wde mummmmmm:
mmmum: {|len(df _density):,}
mmmmmmm: 1.5 arcnin
EEmmEn: 5 (mm)

EEEEEEN;
mm: {len(all_clusters)}
HSC-SSP mummmmmm: {len(in_footprint)}
Y3 mmmmmmmmnnm: {|en(y3_clusters)}

")

if len(y3_clusters) &gt; O:
print(f" -&t; Y3 eemmmsmmmmm:")
for cl in y3_clusters:
nane, ra_cl, dec_cl, z_cl, source = cl
print(f" {narme}: RA={ra_cl:.3f}, Dec={dec_cl:.3f}, z={z_cl:.3f}")
print(f"""
EEEEEN:
1. hsc_y3_cluster_lensing. py m known_clusters smmmmm
2, emmmmEmEEEEE game_t(R) mmm
3. NFW/ mummmm

")
elif len(in_footprint) &gt; O:
print(f" -&gt; HSC-SSP mEsEEEEEEEE Y3 EESEEEEEEEEEEER")
print(f" EEEEEEEEEEEEEEEEER"
print(f" ssEssEssnnnPDR2/ PDR3emnmmmm")
el se:
print(f" -&gt; EEEEEEEEEEEEEEER’
print(f" EE-EEEEEEStage 2umEEEEEEE")
print(f"""

Stage 2EEE-EEEEEEEENE
1. HSC-SSP mmmmmmmmm SDSS spectroscopic mmmmm
my_flat mmm signa_v sEEsEEEmEm
HSC Y3 smEEEEEEEEEEEEE
smmmmEnE GSigne0) semmm
mmmm DeltaSigna(R) mmm
g_c = eta.sqrt(a0. G Signma0) vs g c = a0 mmm

aorpon

")

print("\nmm")



hsc_cluster_screening.py

i =] FUITARYTDBREIBE (sgm3_r10) Hh5I5RI—E#EER ) —= 4,
R 122{R R (4sigmall k), Y3EHE38ME. cl1 (sgm=6.4) B'&RE A,

HSC-SSP SN NS EEEEEEEEEEEEEEENEEEEN

m:
smEm (sgm dit) EEEEEEEEEEEEEEEEEEEEEN
Y3 mummmmmm (Dec: -5.9~0) emmmmmmm
EEEEENEEEEEEEEE

m:
(1) eeseeEEEEEEEEESgM &gt ; = mmm
(2) EEEEEEEEEEEEEEEEEEEEER
(3) EEEEEEEEEE
(4) Y3 ummmmm
(5) eeEmEEmEm

mm: uv run --with pandas --with numpy --with scipy --with nmatplotlib python hsc_cl uster_screening. py

i nport nunpy as np

i nport pandas as pd

from scipy inport ndi nage
frompathlib inmport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

#
#0. mm
#
DENSI TY_FI LE = Path(r"E:\mmmmmmmmm\ hscssp_pdr2_w de_densi t ymap. csv")
Y3_DEC MN = -5.9

Y3_DEC MAX = 0.0

# EEEEEEE

SGM THRESHOLD = 4.0

M N_PI XELS = 3

GROUPI NG_RADI US_ARCM N

ENEEEEEEENER4CEEE
EEEEEEEEEEEE
5.0 # aEEEEEEEEEEN

I #* #*

print("="*70)
print("HSC-SSP sEEEEES EEEEEEEEEEEEER")
print("="*70)

#
# 1 EEEEEEEEEEEEN
#
print("\n"+"="*70)

print("[Step 1] memmssEEEEmER")
print("="*70)

df = pd.read_csv(DENSI TY_FI LE)
print(f" mm: {len(df):,}")
print(f" mmmm: {len(df.colums)}")

# EEEEEEN
ra_col =[c for c in df.colums if c.lower() == "'ra']J[0] if any(c.lower()=="ra' for c in df.colums) el se None
dec_col =[c for c in df.colums if c.lower() == "dec'][0] if any(c.lower()=="dec' for c in df.colums) el se None

if ra_col is None:
for ¢ in df.colums:
if 'ra" in c.lower() and pd.api.types.is_nuneric_dtype(df[c]):
ra_col = c; break
if dec_col is None:
for c in df.colums:
if "dec' in c.lower() and pd.api.types.is_nuneric_dtype(df[c]):
dec_col = c; break

print(f" RA {ra_col}, Dec: {dec_col}")

# sgm (eEEEEEN) EEEEEN

sgmcols = sorted([c for ¢ in df.colums if c.startswith('sgni)])
dlt_cols = sorted([c for c in df.colums if c.startswith('dlt')])
nd_cols = sorted([c for c in df.colums if c.startswith('nd)])

print(f" sgmmmmm: {len(sgmcols)}")
print(f" dit mmmm: {len(dlt_cols)}")
print(f* nd mmmm: {len(nd_cols)}")

if sgmcols:
print(f"\n sgmumsmmm:")
for ¢ in sgmcols[:20]:



valid = df[c].notna() &anp;
if valid.sun() &gt; O:
vals = df.loc[valid, c]
print(f" {c: & t; 25} nean={val s. nean(): &gt; 8. 2f}
f"max={val s. max(): &gt ; 8. 1f}

np.isfinite(df[c])

std={val s.std(): &gt; 8. 2f}

#

# 2. EEEEEEEEEEEEE

#
print("\n"+"="*70)

print("[Step 2] eEEEEEEEEEEER")
print("="*70)

#m SN EEEEEEEEEENEEEEN
# apmmunmnn r30m30' wummmn r10ml0' emmEEN
# z mummmmz=0.2-0.5 mmuN=3-5 smmmmmnm

best _col = None
best _n_peaks = 0

print(f"\n
print(f" {'-'*58}")
for ¢ in sgmcols:
valid = df[c].notna() &np; np.isfinite(df[c])
if valid.sun() == 0O:
conti nue
vals = df.loc[valid, c]
n_high = int((vals &t; SGM THRESHOLD). sun())
nx = vals. max()
#r10 emEEE 7 NEER
is_rl0 ='r10" in c or
is_md_z = any(f'{n}’
suitability =""
if is_rl10 and is_md_z:
suitability = "[**]"

'cl0" inc
incfor nin[3, 4, 5])

elif is_ri0:
suitability = "[*]"
elif is_md_z:

suitability = "[*]"

if n_high &gt; 10:
print(f"

if n_high &gt; best_n_peaks and (is_r10 or is_md_z):
best _n_peaks = n_high
best _col = ¢

# EEEEEEEEEEEEEEEEEEEEEER
if best_col is None:
for ¢ in sgmcols:
valid = df[c].notna() &np; np.isfinite(df[c])
if valid.sun() == 0: continue
n_high = int((df.loc[valid, c] &gt;

if n_high &gt; best_n_peaks:
best _n_peaks = n_hi gh
best _col = ¢
print(f"\n mmmmm:

# mm Z smmmmmmEmEErobust nessamm
# @ SgMEEEEEEEEEN
sgm nmax = df [ sgm col s]. max(axi s=1)

{c:& t; 25} {n_high:&gt;12} {nx:&gt;10.1f} {suitability:&gt;6}")

SGM_THRESHOLD) . sun())

{best_col} (N={best_n_peaks} peaks above {SGM THRESHOLD}signa)")

if sgmcols else pd.Series(np.zeros(len(df)))
N( &gt ; { SGM_ THRESHOLD} ) ={i nt ((sgm max&gt ; SGM THRESHOLD) . sun())}")

print(f" m sgmummmmm: max={sgm nmax. max():.1f},
#
# 3. mummm
#
print("\n"+"="*70)
print("[Step 3] mmmmm"
print("="*70)
# EEEEEEEEEENR
if best_col:
sgmuse = df[best_col].fillna(0).val ues
el se:

sgm use = sgmmax.fillna(0).val ues

ra_vals = df[ra_col].val ues
dec_vals = df[dec_col].val ues

# RA smmmsmEn360EmEmEnEn
ra_val s_w apped = ra_vals. copy()
ra_val s_wrapped[ra_val s_w apped &gt ;

360] -= 360

mask_peak = sgm use &gt; SGM THRESHOLD

N( &gt ; { SGM THRESHOLD} si gma) ={i nt ( (val s&gt ; SGM THRESHOLD) . sun() ) : &gt ; 6}")

{'mmm': & t;25} {'N(&gt;{SGM THRESHOLD}signma)': &gt; 12} {' max sigma':&gt; 10} { mm':&gt;6}")



peak_i ndi ces = np. wher e( nask_peak) [ 0]
print(f" {SGVM THRESHOLD}signa mmmmmmmm: {|en(peak_indices)}")

if len(peak_indices) ==
# EEEEEEEEE
for try_thresh in [3.5 3.0, 2.5]:
mask_peak = sgmuse &gt; try_thresh
peak_i ndi ces = np. wher e( mask_peak) [ 0]
if len(peak_indices) &gt; 10:
SGM THRESHOLD = try_t hresh
print(f* mmm {try_thresh}signa smmmmm: {|len(peak_indices)} mmmm")
br eak

if len(peak_indices) ==
# sgmmax mEEm
print(f" best_col mmmmmmESgm nex smmm.. . ")
sgmuse = sgmmax.fillna(0).val ues
for try_thresh in [4.0, 3.5, 3.0, 2.5]:
mask_peak = sgmuse &gt; try_thresh
peak_i ndi ces = np. wher e( mask_peak) [ 0]
if len(peak_indices) &gt; 5:
SGM THRESHOLD = try_t hresh
print(f" sgmmax, mm={try_thresh}sigma: {len(peak_indices)} mmmm")

br eak
#
# 4, AEEEEEEEEENEEENEEEEE
#

print("\n"+"="*70)
print("[Step 4] eesmEEEmmm"
print("="*70)

if len(peak_indices) &gt; O:
peak_ra = ra_val s_wr apped[ peak_i ndi ces]
peak_dec = dec_val s[ peak_i ndi ces]
peak_sgm = sgm use[ peak_i ndi ces]

# EEEEEEEEEEEEEEEEEER
group_radi us_deg = GROUPI NG_RADI US_ARCM N / 60.0

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

# ANEEEEEEEEENE
order = np.argsort(-peak_sgn

for seed_idx in order:
if visited[seed_idx]:
conti nue

# seed EmEEEEEEER

dra = (peak_ra - peak_ra[seed_idx]) * np.cos(np.radi ans(peak_dec[seed_idx]))
ddec = peak_dec - peak_dec[seed_i dx]

dist = np.sqgrt(dra**2 + ddec**2)

nenbers = np.where((dist & t; group_radius_deg) &anp; (~visited))[O0]

if len(nmenbers) &gt;= M N_PI XELS:
# EEEEEEN - EEEEEEEER
w = peak_sgn{ menbers]
ra_center = np.average(peak_ra[ menbers], weights=w)
dec_center = np. average(peak_dec[ menbers], wei ghts=w)
sgm peak = peak_sgni nenbers] . max()
sgm nean = np. aver age( peak_sgn{ menbers], wei ghts=w)

cl usters. append({
‘ra': ra_center,
‘dec': dec_center,
sgm peak': sgm peak,
‘'sgm nean': sgm nean,
n_pi xel s': | en(nenbers),
radius_arcmin': dist[menbers].mx() * 60,

b

vi si ted[ menbers] = True
el se:

visited[seed_idx] = True

print(f* wmmmmmmmmm: {len(clusters)}")

# Dat aFranemmm
df _cl = pd. Dat aFranme(cl usters)
df _cl = df _cl.sort_val ues(' sgm peak', ascendi ng=Fal se).reset_i ndex(drop=True)

# zZ mmmm sgm emmEphoto-z mmmm
# EEEEEEEEEN SN EEEEEEN
if len(sgmcols) &gt; 1:
for cl_idx in range(mn(len(df_cl), 30)):



ra_c = df _cl.loc[cl_idx, 'ra']

dec_c = df _cl.loc[cl_idx, 'dec']

# epmmmEmm

dra = (ra_val s_wapped - ra_c) * np.cos(np.radi ans(dec_c))
ddec = dec_vals - dec_c

dist = np.sqgrt(dra**2 + ddec**2)

nearest = np.argm n(dist)

#m zZ mmm sgmm

z_sgm = {}
for sc in sgmcols:
val = df.iloc[nearest][sc]

if pd.notna(val) and np.isfinite(val):
z_sgnisc] = val

# mmmmmEm zZ mm = photo-z mm
if z_sgm
best _zbin = nax(z_sgm key=z_sgm get)
df _cl.loc[cl_idx, 'best_zbin'] = best_zbin
df _cl.loc[cl_idx, 'best_zbin_sgm] = z_sgnibest_zbin]

el se:
print(" eEssEEsEsEEEEEm"
df _cl = pd. Dat aFrame()

#
#5 Y3 mummmmmmmm
#
print("\n"+"="*70)

print("[Step 5] Y3 eummmmmmmm")
print("="*70)

if len(df_cl) &gt; O:
# Y3 mummmm
df _cl["in_y3'] = (df _cl['dec'] &gt;= Y3_DEC_ M N) &anp; (df_cl['dec'] & t;= Y3_DEC MAX)
n_y3 = df _cl['in_y3'].sum)
print(f" mmm: {len(df_cl)}")
print(f" Y3 mm (Dec {Y3_DEC M N} ~{Y3_DEC MAX}): {n_y3}")

# mmmmm = sgmpeak * sqrt(n_pixels)
df _cl['quality'] = df _cl['sgmpeak'] * np.sqrt(df_cl[' n_pixels'])

# EEEEEEE

print(f"\n === mmm mm20 ===")

print(f" {"# :&gt;3} {'RA :&gt;9} { ' Dec':&gt;8} {'sgmpeak':&yt;9} {'n_pix' :8&gt;6} {'quality':&gt;8} {' Y3 :&gt;4} {' best_zbin':&t; 25}
print(f" {'-'*78}")

for i in range(mn(20, len(df_cl))):

row = df _cl.iloc[i]
y3 ="Y" if rowget('in_y3', False) else ""
zbin = str(row get('best_zbin', ''))[:24]

print(f" {i+1:&gt;3} {row'ra']:&gt;9.3f} {row 'dec']:&gt;8.3f} {rowf'sgmpeak']:&gt;9.1f} "
fr{int(row ' n_pixels']):&gt;6} {row 'quality']:&gt;8.1f} {y3:&gt;4} {zbin: & t;25}")

# Y3 mumm
df _y3 = df _cl[df _cl['in_y3']].copy().reset_index(drop=True)
if len(df_y3) &gt; O:
print(f"\n === Y3 mmmm mm20 ===")
print(f" {'# :&qgt;3} {'RA :&gt;9} {'Dec':&gt;8} {'sgmpeak':&gt;9} {'n_pix':&gt;6} {'quality':&gt;8} {' best_zbin':&t;25}")
print(f"* {'-'"*72}")
for i in range(mn(20, len(df_y3))):
row = df _y3.iloc[i]
zbin = str(row get('best_zbin', ''))[:24]
print(f" {i+1:&gt;3} {row'ra']:&gt;9.3f} {row 'dec']:&gt;8.3f} {row'sgmpeak']:&gt;9.1f} "
fr{int(row ' n_pixels']):&gt;6} {row 'quality']:&gt;8.1f} {zbin:& t;25}")
# CSV mm
df _y3.to_csv(' hsc_cl uster_candi dates_y3.csv', index=Fal se)
print(f"\n -&gt; hsc_cluster_candidates_y3.csv ({len(df_y3)} mm)")

# mmmCSV
df _cl.to_csv(' hsc_cluster_candidates_all.csv', index=Fal se)
print(f" -&gt; hsc_cluster_candidates_all.csv ({len(df_cl)} mm)")
#
# 6. mumm
#

print("\n"+"="*70)
print("[Step 6] emmmmm"
print("="*70)

if len(df_cl) &gt; O:
fig, axes = plt.subplots(2, 2, figsize=(16, 12))

# (a) EEEEEEEEEEEEEEEN

ax = axes[0, O]

ax.scatter(ra_val s_wapped, dec_vals, s=0.05, alpha=0.1, c='lightgray', rasterized=True)
# mmm

sc = ax.scatter(df _cl['ra"], df_cl['dec'], c=df_cl['sgmpeak'],



s=df _cl [' n_pi xel s"]*5,
edgecol ors=' bl ack',

cmap="hot _r
i new dt hs=0. 5,

‘', al pha=0.7,
v n=SGM_THRESHOLD)

plt.col orbar(sc, ax=ax, |abel="Peak sigma', shrink=0.8)
# Y3 mm
ax.axhline(Y3_DEC_ M N, color="blue', Is='--', alpha=0.5)
ax. axhl i ne( Y3_DEC MAX, color="blue', Is="--', al pha=0.5)
ax.fill_between([ra_val s_wapped.mn(), ra_val s_w apped. max()],
Y3_DEC M N, Y3_DEC MAX, al pha=0.05, col or='blue")
ax.set _xl abel (' RA [deg]")
ax.set _yl abel (' Dec [deg]"')
ax.set_title(f' Custer candidates (N={len(df_cl)}, threshol d={SGM THRESHOLD}si gma)')
ax. invert_xaxis()
# (b) mmmmm
ax = axes[0, 1]
ax. hi st (df _cl['sgm peak'], bins=30, color="steelblue', alpha=0.7, edgecolor="white')

ax.
ax.
ax
ax.
ax.

#(
ax

mask_dec

if

if

ax.
ax.
ax.
ax.
ax.
ax.
ax.
ax.

# (
ax
if
ax.

ax
ax.

axvl i ne( SGM_ THRESHOLD, color='red', |s="--

set _x| abel (' Peak signa')

.set _yl abel (' Count")

set_title(' Peak sigma distribution')
| egend()

C) Y3 emmmmmnm
axes[1, 0]
(dec_vals &gt;= Y3_DEC_M N-1) &anp;
mask_dec. sun() &gt; O:
ax.scatter(ra_val s_w apped[ mask_dec],

s=0.1, alpha=0.2, c='lightgray',
len(df _y3) &gt; O:
sc2 = ax.scatter(df _y3['ra'], df_y3['dec']

s=df _y3[' n_pi xel s']*10,
edgecol ors=' bl ack',
plt.col orbar(sc2, ax=ax,
for i in range(mn(10, len(df_y3))):
row = df _y3.iloc[i]
ax.annotate(f"#{i+1}",
fontsize=8,
xytext=(3, 3),
axhline(Y3_DEC_ M N, col or="blue',
axhl i ne( Y3_DEC _MAX, col or="bl ue',
set _x| abel (' RA [deg]")
set _yl abel (' Dec [deg]")

(roWf'ra'],

| s='--

i newi dt hs=1,
| abel =" Peak signa',

| abel =f' Thr eshol d={ SGM THRESHOLD} ' )

(dec_val s & t;= Y3_DEC MAX+1)

dec_val s[ mask_dec],

rasterized=True)

c=df _y3[' sgm peak'],

cmap="hot _r', al pha=0. 8,
v n=SGM_THRESHOLD)
shrink=0. 8)

row 'dec']),
font wei ght =" bol d' ,

color="red",

text coords='of fset points')
', al pha=0.7,
Is="--', al pha=0.7)

| abel =' Y3 range')

set _title(f'Y3 overlap candidates (N={len(df_y3)})")

set _ylin(Y3_DEC M N-1, Y3_DEC MAX+1)
invert_xaxis()
| egend( f ont si ze=8)

set _yl abel (' Peak sigma')

edgecol ors=' bl ack' ,

| abel =" Y3 overlap')
df _cl[~df _cl["in_y3']]['sgmpeak'],

d) emmmEm vs EEEER
= axes[1, 1]
I en(df _y3) &gt; O:
ax.scatter(df _y3['n_pixels'], df_y3['sgmpeak'],
s=50, c='coral', alpha=0.7,
scatter(df _cl[~df _cl["in_y3']]['n_pixels'],
s=20, c='gray', alpha=0.3, |abel=" CQutside Y3")
.set _xl abel (" N pi xel s")

ax.set_title(' Candidate quality')
ax. | egend(fontsize=8)
plt.tight_layout()
plt.savefig('hsc_cluster_screening.png', dpi=150, bbox_inches="tight")
print(" -&gt; hsc_cluster_screening.png")
7. mmmm

* H H

print("\n"+"
print("[m

"*70)
1"

print("="*70)

if

len(df _cl) &gt;

pri

0:
nt(f"""

")

mmmmm: {best_col if best_col else 'sgmmax (emmmmm)'}
mm: {SGM THRESHOLD} sigma
mmmmm: {len(df_cl)}
Y3 mmmmm: {len(df_y3) if "df _y3" in dir() else O}
if "df_y3" in dir() and len(df_y3) &gt; O:
print(f" Y3 sasssssssssEEEE: ")
for i in range(mn(10, len(df_y3))):

row = df _y3.iloc[i]
print(f" #{i+1}: RA={row['ra']:.3f},
f"sgme{row ' sgm peak']:.1f},

print(f"""

Dec={row ' dec']:.3f},

n_pi x={int(row'n_pixels'])}")



EEEEEN;
1. mmmmmmmnm hsc_y3_cluster_|lensing. py m known_clusters mmm
2. z m best_zbin EEEEEEEEN. 7 EEEEEEEEEEEEEE
3. smmmmmmEmEE game_t(R) mmm
4. NFW/ mmmmmnm

")
el se:
print(f"""
Y3 snsmmsmmn-smmEm (Stage 2) EEEEEEEEm
")
el se:
print(" EEEEEEEEEEEEEEEEEEEEER’

print("mm")



hsc_y3_cluster_lensing.py

i =] 9529 — BN DEGEM T A7 7/ VRERA TSV (TEMR) o

ISR —ERAARDTTL—N,

HSC Y3 mmmmmmmm Stage 1. smmmmmmEm

[T K
(1) HSC Y3 EemEEEEEEEEEEEEN
(2) EEEEEEEEEEEEEEN
(3) wmmm gamma_t(R) mmm
(4) NFWvS mmmm mmm
(5) g_c(cluster) mmm

mE: uv run --with pandas --with nunpy --with scipy --with matplotlib --with astropy python hsc_y3_cl uster_| ensing. py

Em: 9.6CE NNEEEEEEEEEEEEEEEEEEEER

i nport nunpy as np
i nport pandas as pd
fromscipy inport stats
frompathlib inport Path
inport matplotlib
mat pl otlib.use(' Agg')
inport matplotlib.pyplot as plt
frommtplotlib inmport font_manager as _fm
for _fp in ['/usr/share/fonts/opentype/ipafont-gothic/ipag.ttf',
*/usr/sharel/fonts/opentype/ipafont-gothic/ipagp.ttf']:
try: _fmfontManager. addf ont (_f p)
except: pass
try:
plt.rcParams[' font.famly'] = "'1PACothic'
except:
pass
plt.rcParans[' axes. uni code_m nus'] = Fal se

#
# 0. mm
#
DATA FILE = Path(r"D:\usssss\essuss\ssuns\ sunnnnn\nnnm\ 931720. csv. gz. 1")

# HSC Y3 mmmmmmm (inspectmmmm)
HSC_RA_RANGE = (0.06, 360.0)
HSC DEC RANGE = (-5.9, 0.0)

# mmmm
c_light = 2.998e5 # kn's
G const = 4.301e-3 # (knms)”2 pc / Msun - mmmmmm

a0 = 1.2e-10 # msh2
HO = 70.0 # km s/ Mpc
Orega_m= 0.3

Omega_L = 0.7

print("="*70)
print("HSC Y3 emmmmmmm Stage 1. muEmmmmEm"
print("="*70)

#
# 1. mupmEEEEEEnHSC Y3 semEEEEEm
#
print("\n"+"="*70)

print("[Step 1] HSC Y3 sssssEsEEEEEEEER")
print("="*70)

# Myaoka 2017/2018 ml6mmmmm + PSZ2 mmmmmmm
# Dec: -5.9 ~ 0 emEEEEEER
# mmm J2000

# EEEEEEEEEEEEEEEEEEER

# EEEEEEEEEN PS7? sEEEEEEEEEEEEE

known_cl usters = [

nane, RA, Dec, z_cluster, r500_arcmin (mm), mm
--- Myaoka 2017/2018 eeSESEEEEEEEEEN---
ENEEE pSZ2 V2.py SESEEEEEEEEENEEEEEEE
--- HSC Y3 mummmmm Dec: -5.9 ~ 0 emmmmmm ---
EEEEER

* HOH R

# HSC Y3 mmm GAMAO9H, GAVAL5H, W DE12H, XMM LSS, WDS summmmnm



# XM LSS mmmmm (RA~34-37, Dec~-51t0 -3) EnEEEEEEEEEEN

# PSZ2 mmmmmm Dec: -5.9~0 ummmEmEmEEN

# EEEEEEEEEEEER EEEEEEEEER

print(f" HSC Y3 mmm: RA={HSC_RA RANGE}, Dec={HSC DEC RANGE}")
print(f* mmmmmmmm: {|en(known_clusters)}")

if len(known_clusters) ==
print(f"""
!l] asuEEEEEEEEEEEN
SEEEEEEEEEEEEEEEEEEEER;

mml: Myaoka 2017/2018 sesssmmmEmEN
- psz2_v2.py mmm RA Dec, z mmm
—~ Decm -5.9 ~ 0 esmmEEEEEEEN

Em2: PS7Z2 mummmm HSC Y3 mummEmEnm
- Vizier m PSZ2 summmmm
- Dec: -5.9 ~0 smmmm

EE3; HSC Y3 EEEEEEEEEEEEEEER
- M yat ake+2019, Mirata+2019 =

~ EEmEmEEmEEm known_clusters sussEEEEEEm

")

#--- EEN. ENNEEEEEEEEENE ---
print(" ®EEEESE. EEEEEEEEEEEEEEEER"
known_clusters = [
("DEMO_CL1", 34.5, -4.5, 0.30, 5.0, "demo"),
("DEMO_CL2", 150.0, -2.0, 0.25, 6.0, "denp"),
]

print(f"\n ssmmmmm:")
print(f" {'mm':&t;20} {'RA :&gt;8} {'Dec':&gt;8} {'z':&gt;6} {'r500[arcmin]':&gt;12}")
print(f* {'-'*58}")
for cl in known_clusters:
name, ra, dec, z, r500, src = cl
print(f" {name:& t;20} {ra:&gt;8.2f} {dec:&gt;8.2f} {z:&gt;6.3f} {r500: &t ; 12. 1f}")

#
# 2. EEEEEEEEEEEEEEEEER
#
print("\n"+"="*70)

print("[Step 2] EEEEEEEEEEEEEER"
print("="*70)

# HSC Y3 mmmmmminspect smmmm

COL_RA ="i_ra'

COL_DEC = 'i _dec’

COL_El1 = 'i_hsnmshaperegauss_el'
COL_E2 = 'i_hsnshaperegauss_e2'
COL_W = 'derived_wei ght'

COL_M = 'shear_bias_m

COL_Cl = 'shear_bias_c1'

COL_C2 = 'shear_bias_c2'
COL_MAG = 'i_apertureflux_10_nag'
COL_ZBIN = 'hsc_y3_zbin'
COL_RES = 'resol ution'
COL_BMASK = ' b_npde_mask’

# EEEEEEEEEEEEEEEEEEER
EXTRACT_RADI US DEG = 0.5 # 30 arcmin = 0.5 deg

def extract_sources_around_cluster(data_file, ra_cl, dec_cl, radius_deg,
chunksi ze=500000) :
' aEEEEEEEEEEEEEEEEEEEER""Y
sources = []

total _rows = 0

# RA apmmmnnm

ra_min =ra_cl - radius_deg / np.cos(np.radians(dec_cl))
ra_max = ra_cl + radius_deg / np.cos(np.radi ans(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 += | en(chunk)

# EEEEEEEEEEEEER

ra_col = COL_RA if COL_RA in chunk.colums el se chunk. col ums[ 1]
dec_col = COL_DEC if COL_DEC in chunk. col ums el se chunk. col ums[ 2]

mask = (chunk[ra_col] &gt;= ra_min) &np; (chunk[ra_col] & t;= ra_max) &anp; \
(chunk[dec_col] &gt;= dec_nmin) &anp; (chunk[dec_col] & t;= dec_nax)

if mask.sum() &gt; O:



sour ces. append( chunk[ mask] . copy())

# mumm
if total _rows % 5000000 ==
n_found = sun(len(s) for s in sources)
print(f" mmmm: {total _rows/le6:.1f}vm, mm: {n_found} mm")

i f sources:
df = pd.concat (sources, ignore_index=True)

# EEEEEEEEEEEEEEEER

dra = (df[ra_col] - ra_cl) * np.cos(np.radians(dec_cl))

ddec = df[dec_col] - dec_cl

di st_deg = np.sqgrt(dra**2 + ddec**2)

df = df[dist_deg & t;= radius_deg].copy()

df [' _dist_deg'] = dist_deg[dist_deg & t;= radius_deg].val ues

df [' _phi'] = np.arctan2(ddec[dist_deg & t;= radi us_deg].val ues,
dra[di st _deg & t;= radi us_deg]. val ues)

return df
el se:
return pd. Dat aFrane()

# EEEEEEEEEEEN
cluster_sources = {}
for cl in known_clusters:
nanme, ra, dec, z, r500, src = cl
print(f"\n wmmm: {name} (RA={ra:.2f}, Dec={dec:.2f}, mm={EXTRACT_RADI US_DEG .1f}deg)")

i f not DATA FILE. exists():
print(f" !!! snmemmmmmmmmnnn: {DATA FILE}")
conti nue

df _src = extract_sources_around_cl uster (DATA_FI LE, ra, dec, EXTRACT_RADI US_DEQ

if len(df _src) &gt; O:

print(f" mmmm: {len(df_src)} mm")
cluster_sources[nane] = (cl, df_src)
el se:
print(f" EEEEEEEEEEEEEEEEEEEEEEER"
#
# 3. EEEEEEEEEEEEE
#

print("\n"+"="*70)
print("[Step 3] memmmmmmmm gamma_t(R) mmm")
print("="*70)

def nmeasure_tangential _shear(df, ra_cl, dec_cl, z_cl,
r_mn_arcmn=0.5, r_max_arcm n=30.0, n_bins=15):

# EEEEEEEE

el_col = COL_E1l if COL_E1l in df.colums else [c for c in df.colums if "el" in c.lower()][0]
e2_col = COL_E2 if COL_E2 in df.colums else [c for c in df.colums if "e2'" in c.lower()][0]
w col = COL_Wif COL_Win df.colums else [c for c in df.colums if "weight' in c.lower()][0]
mcol = COL_Mif COL_Min df.colums el se None

cl col = CO_Clif CO_Cl in df.colums el se None

c2_col = COL_C if CO_C2 in df.colums el se None

el = df[el_col].val ues
e2 = df[e2_col]. val ues
w = df [w_col ]. val ues

# EEEEEEEE

if cl_col and cl_col in df.colums:
el = el - df[cl_col].values

if c2_col and c2_col in df.colums:
e2 = e2 - df[c2_col].val ues

# mmmm [arcnin]

phi = df[' _phi'].val ues

dist_arcmn = df['_dist_deg'].values * 60.0

# mmmm: gamma_t = -(el*cos(2phi) + e2*sin(2phi))

gamma_t = -(el * np.cos(2*phi) + e2 * np.sin(2*phi))

# mmmm: gamme_x = +(el*sin(2phi) - e2*cos(2phi)) « EEEEEEEEEm
gamma_x = +(el * np.sin(2*phi) - e2 * np.cos(2*phi))

# ammmmmm (|ogmmm)
r_bins = np.logspace(np.logl0(r_min_arcmn), np.loglO(r_nax_arcmn), n_bins+1)
r_centers = np.sqrt(r_bins[:-1] * r_bins[1:]) # mmmm

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 &gt;=r_bins[i]) &np; (dist_arcmn &t; r_bins[i+1])
n_i n_bin = np. sun( mask)
n_sources[i] = n_in_bin

if n_in_bin &t; 5:
gama_t _profile[i] = np.nan
gamma_x_profile[i] = np.nan
gamma_t _err[i] = np.nan
conti nue

w_bin = W mask]
gt _bin = gamme_t [ nask]
gx_bi n = gamma_x[ mask]

# apEEEEEEE
if mcol and mcol in df.colums:

mbin = df[ m.col]. val ues[ mask]

m_mean = np. average(m.bin, wei ghts=w_bin)
el se:

mnean = 0.0

# aEmEmm

w_sum = np. sun(w_bi n)

gamma_t _profile[i] = np.sum(w_bin * gt_bin) / wsum/ (1 + m.nean)
gamma_x_profile[i] = np.sum(w_bin * gx_bin) / wsum/ (1 + m.nean)

# apEEEEEEE
sigma_e = np.sqgrt(np.sum(w_bin * gt_bin**2) / w.sum- gamma_t_profile[i]**2)
gamma_t _err[i] = signma_e / np.sqrt(n_in_bin)

# emmmmmmmnm [ Mc]

# mmmm D _A(z)

fromscipy.integrate inport quad

def E(z): return np.sqrt(Onega_nt¥(1+z)**3 + Onega_L)

D c, _ = quad(lanbda z: c_light/(HO*E(z)), O, z_cl) # [Mpc]
DA=Dc/ (1 +z_cl) # [Mc]

arcmin_to_Mc = DA * np.pi / (180 * 60) # 1 arcmin = ? Mc
r_Mpc = r_centers * arcmin_to_Mdc

return {
‘r_arcmin': r_centers,
‘r_Moc': r_Moc,

‘gama_t': ganma_t _profile,
‘gamma_x': gama_x_profile,
‘gama_t _err': gamma_t _err,
‘n_sources': n_sources,
"D_A Mpc': DA

‘z_cl': z_cl,

}

# EEEEEEEEEEEEEEEER
profiles = {}
for name, (cl, df_src) in cluster_sources.itens():
_, ra, dec, z, r500, src = cl
print(f"\n mmm: {name} (N={len(df_src)}mm, z={z:.3f})")

prof = nmeasure_tangential _shear(df_src, ra, dec, z)
profiles[nane] = prof

# mmumm
valid = ~np.isnan(prof['gamma_t'])
if valid.sun() &gt; O:
gt_max = np. nanmax(prof[' gamma_t'])
sn = np. nanmax(prof [' gamma_t'] / prof[' gamma_t_err'])

print(f" gamma_t mmm: {gt_nmax:.4f}")
print(f" S/N mmm: {sn:.1f}")
print(f" mmmm: {valid.sum()}/{len(prof['gamma_t'])}")
el se:
print(f" EEEEEm"
#
# 4., mumm
#

print("\n"+"="*70)
print("[Step 4] mmmmmm"
print("="*70)

n_cl = len(profiles)
if n_cl &gt; O:
fig, axes = plt.subplots(1l, min(n_cl, 4), figsize=(6*mn(n_cl, 4), 5),
squeeze=Fal se)

for idx, (name, prof) in enunerate(profiles.itens()):
if idx &gt;= 4: break
ax = axes[O0, idx]
valid = ~np.isnan(prof['gamma_t'])



if valid.sun() &gt; O:
ax.errorbar(prof['r_arcmin'][valid], prof['gamma_t'][valid],
yerr=prof ['gamma_t _err'][valid],
fm="0", color="steel blue', nms=5, capsize=3,
| abel =" $\\ gamma_t$ (tangential)")
ax.errorbar(prof['r_arcmin'][valid], prof['gama_x'][valid],
yerr=prof[‘'gamma_t _err'][valid],

fm="s", color='coral', nms=4, capsize=2, al pha=0.5,
| abel =" $\\ gamma_\\tines$ (cross, null test)")
ax.axhline(0, color="k', Is="--', alpha=0.3)

ax.set_xscale('log")

ax.set_xlabel ("R [arcnin]")

ax. set _yl abel (' $\\ gamma$' )

ax.set _title(f'{name} (z={prof[“z_cl"]:.2f})")
ax. | egend(fontsi ze=8)

plt.tight_layout()
plt.savefig('hsc_y3_cluster_shear.png', dpi =150, bbox_inches='tight")
print(" -&gt; hsc_y3_cluster_shear.png")

#
#5 EEEEEEEEEEN
#
print("\n"+"="*70)
print("[Step 5] mmmm"
print("="*70)

print(f"""
smmmmmnn: {|en(profiles)}

EEEEEEEEN:""")

for nane, prof in profiles.itenms():
valid = ~np.isnan(prof['gamma_t'])
n_valid = valid. sum)
if n_valid &gt; O:
gt _max = np.nanmax(prof[' gamma_t'])
sn_max = np. nanmax(np. abs(prof[' gamma_t']) / prof[' gamma_t_err'])

print(f" {narme}: mmmm={n_valid}, gamme_t_max={gt_max:.4f}, S/ N_max={sn_max:.1f}")
el se:
print(f" {nane}: Emmmmm"
print(f"""
EEEEEN;

(1) eeEeEEEEEEN:
known_cl usters mmmm PSZ2/Myaoka mmmmmm
mmmmmmRA Dec, z, r500uemmuenmnn

(2) NFWemmmmmn:
gamma_t(R) "« NFWEessEsEEEEEER
M 500, ¢_500 mmmm

(3) emmmmEn:
g_c = eta.sqrt(a0. GSigna0) eemmmmEm

game_t (R) mmmmeNFWMOND mmmm

(4) mm-mmmmmmStage 2m:
mmmmmmmmEESDSS spectroscopic mmm
susmmnnnS gne0 mmmm DeltaSigna(R) mmmm

")

print("mm")



hsc_y3_shear_

i =] 179529 —BRDR Yy VAR BIM 7O 774 )LIE. 9.6GB & 1/SRATF v 7408,

IER S/N=14.1,637,014 R AH#H. 4270 T= T,

HSC Y3 mumEEEEEEEEE

m:
(1) hsc_cluster_candidates_y3.CSV —EEEEEEEEEEEEEEEEE33EN
(2) 931720.csv.gz.1 —HSC Y3 mmmmmmmmun3530nnnn

L] B
(1) Y3 EEEEEEEEEEEENEEEN
(2) EEEEEEEEEEEEEEEEN
(3) mmmm gamma_t(R) mmm
(4) uEEEEEEEER
(5 NFWemmm + emmmEm

mE: uv run --with pandas --with numpy --with scipy --with matplotlib python hsc_y3_shear_neasure. py

Em; 9.6CBE NlNNEEEEEEEEEEEEEEEEEEEEEER
EEEEEEENENEEEN X SENEEEEER

i nport nunmpy as np

i nport pandas as pd

fromscipy inport stats, optimize, integrate
frompathlib inmport Path

inport tine

inport matplotlib

mat pl ot i b. use(' Agg')

inmport matplotlib.pyplot as plt

#
# 0. mm
#
SHAPE FILE = Path(r"D:\usssss\essuss\ susenn\ snsnnnn\nnnn)931720. csv. gz. 1")
CLUSTER_FI LE = Pat h("hsc_cl uster_candi dates_y3. csv")

# aEmEEEEE

EXTRACT_RADI US_ARCM N = 30.0
R MNARCMN = 0.5
R_MAX_ARCM N = 25.0

N_BINS = 12

CHUNKSI ZE = 1_000_000

mmmm [arcmin]
EEEEEEEEEN
EEEEEEEEER

H*HH R

# aEEEEEEN
HO = 70.0; Om=0.3; OL =0.7; c_light = 2.998e5 # knis

# z-bin -~ weEEEEEEHSC- -SSP Y3 mmm

# 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
# mmm hsc_y3 zbin EEEEEEEEEEEEEEEEEEEEEN

ZBI N_CENTERS = {0: 0.45, 1: 0.75, 2: 1.05, 3: 1.35} # mmm

# W, EEEEEEE ZDiN=3 EEEEEN _ EEEEEEEEN

EEEEEEEEEEEE

sgnB_r 10 ® - z-bin 3 EEEEEEEE
EEEmEEEEE z-bin 3 mmmm photo-z mm
EEEEEEENE Z B Z-bin 3 EEEEEEEEN
 CLUSTER_ASSUMED = 0.35 # mummmmmnm

N # # # #

print("="*70)
print("HSC Y3 emmsmmmmmmnm")
print("="*70)

#
# 1. EEEEEEEEEEER
#
print("\n"+"="*70)

print("[Step 1] ensssEEEEEER"
print("="*70)

i f CLUSTER_FILE. exists():
df _cl = pd.read_csv(CLUSTER FI LE)
print(f" mmm: {len(df_cl)}")
el se:
print(f* 1!l {CLUSTER FILE} wemmmmmn")
print(f" hsc_cluster_screening.py sssssssssmn")
# EEEEEEN. EElOEEEEEEEEE
df _cl = pd. Dat aFrame([
{'ra': 140.450, 'dec': -0.251, 'sgmpeak':
{'ra': 335.403, 'dec': -0.947, 'sgm peak':
{'ra': 140.509, 'dec': -0.349, 'sgm peak':
{'ra': 140.503, 'dec': -0.441, 'sgm peak':

n_pi xel s': 37},
n_pi xel s': 22},
n_pi xel s': 21},
n_pi xel s': 17},

o oo
[GI-"NEREN



{'ra': 140.337, 'dec': -0.249, 'sgmpeak': 5.4, 'n_pixels': 23},
{'ra': 342.433, 'dec': -0.572, 'sgmpeak': 5.2, 'n_pixels': 26},
{'ra': 220.153, 'dec': -1.691, 'sgmpeak': 5.2, 'n_pixels': 33},
{'ra': 138.943, 'dec': -0.413, 'sgmpeak': 5.1, 'n_pixels': 26},
{'ra': 139.109, 'dec': -0.444, 'sgmpeak': 5.1, 'n_pixels': 27},
{'ra': 182.638, 'dec': -0.304, 'sgmpeak': 5.1, 'n_pixels': 30},

1

print(f" mmmsmEs: ssl0EsssssEEm")

# GAVAOOH snmssmusenuen]l0 seuseEEEEEnN

print(f"\n sssssssssl0 mmm:")
nerge_radi us_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, rowj in df_cl.iterrows():
if j &t;=1 or j in used: continue
dra = (row.i['ra'] - rowj['ra']) * np.cos(np.radians(row_i['dec']))
ddec = row_i['dec'] - rowj['dec']
dist = np.sqrt(dra**2 + ddec**2)
if dist &t; nerge_radius_deg:

group. append(j)
used. add(j )
used. add(i)
# apEEEEEEEEN
sub = df _cl .| oc[group]
w = sub[' sgm peak'].val ues
nmer ged. append({

‘ra': np.average(sub['ra'].values, weights=w),
‘dec': np.average(sub['dec'].values, weights=w),
' sgm peak': sub['sgm peak'].nax(),
‘n_pixel s': sub['n_pixels'].sum(),
‘n_merged' : len(group),
b
df _merged = pd. Dat aFr ame( ner ged). sort_val ues(' sgm peak',
print(f" mmmm: {len(df_cl)} mm -&gt; mmmm: {len(df_nerged)} mmmm")
#
# 2. mummm
#
def conovi ng_dist(z):
"""mmmm [Mc]"""
f = lanbda zz: 1.0 / np.sqrt(Ont(1l+zz)**3 + QL)
d, = integrate.quad(f, 0, z)
return c_light / HO * d
def angul ar_di aneter_dist(z):
"""mmmm [ Mc]"""
return conoving_dist(z) / (1 + z)
def sigma_cr(z_l, z_s):
"""mmmmm [ Msun/pch2]ttt
D | = angul ar_di ameter_dist(z_l)
D s = angul ar _di anmet er _di st(z_s)
D | s_conoving = conoving_dist(z_s) - conmpving_dist(z_l)
DIls = D.Is_conoving / (1 + z_s)
if DIs &t;=0: return np.inf
# Sigma_cr = c"2/(4*pi*Q * D.s/(D.I*D_Is)
# in Msun/pc”h2: G = 4.301e-3 (km's)”2 pc/ Msun
G pc = 4.301e-3 # (km's)”~2 pc / Msun
Moc_to_pc = 1e6
sigma = c_light**2 / (4 * np.pi * Gpc) * (Ds * Mc_to_pc) / (DI
return sigma # [ Msun/pc”2]
#
# 3. EEEEEEEEEEEEEER
#

print("\n"+"="*70)

print("[Step 2] Y3 EEmmmmEEEEEEEER")
print("="*70)
extract _radi us_deg = EXTRACT_RADI US_ ARCM N / 60.0
n_clusters | en(df _ner ged)

# EEEEEEEEEEEN

cl_ra df _merged[‘ra'].val ues
cl _dec = df _nerged[' dec'].val ues
cos_dec

np. cos(np. radi ans(cl _dec))
# EEEEEEEEEEEEEEEEER

sources_per_cluster = [[] for _ in range(n_clusters)]
print(f"
print(f"

mmmmmm: {n_clusters}")
{ EXTRACT_RADI US_ARCM N} arcnin

{extract _radi us_deg: .

ascendi ng=Fal se) . reset_i ndex(drop=True)

* Mpc_to_pc * DIs * Mec_to_pc)

4f} deg")



print(f* mmmmmmmm: {SHAPE FILE}")
print(f" mmmmmmm: {CHUNKSIZE: ,Kk}")

if not SHAPE_FI LE. exists():

print(f* !!!l mmmm { SHAPE_FI LE}")
print(f" EEEEEEEEEEEEEEEEEEEER’
# N, EEEEEEEEEEN

el se:

t0 = time.tine()
total _rows =0
total _extracted = 0

for chunk in pd.read_csv(SHAPE FI LE, chunksi ze=CHUNKSI ZE) :
total _rows += | en(chunk)

# EEEEEEEEEEEEN

if total _rows == | en(chunk):
cols = list(chunk.colums)
# RA, Dec mmm
ra_col =[c for cincols if c.lower() in['i_ra, 'ra]]
dec_col =[c for cincols if c.lower() in ['i_dec', 'dec']]
el _col =[c for cincols if 'el' in c.lower() and 'hsnshape'
e2_col =[c for cincols if "e2" in c.lower() and 'hsnshape'
w_col =[c for cincols if c.lower() == 'derived_weight']
mcol =[c for cincols if c.lower() == 'shear_bias_m]
cl_col =[c for cincols if c.lower() == 'shear_bias_cl']
c2_col =[c for cincols if c.lower() == 'shear_bias_c2']
zbin_col =[c for c incols 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 wcol else cols[7]
mcol = mcol[0] if mcol else None
cl_col =cl_col[0] if cl_col else None
c2_col = c2_col[0] if c2_col else None
zbin_col = zbin_col[0] if zbin_col else None

inc.lower()]
inc.lower()]

print(f" mmm: RA={ra_col}, Dec={dec_col}, el={el_col}, e2={e2_col}")
print(f" w={w_col}, ne{mcol}, cl={cl_col}, c2={c2_col}, zbin={zbin_col}")

src_ra = chunk[ra_col].val ues
src_dec = chunk[dec_col].val ues

# EEEEEENENEEEEEEEEN
for ic in range(n_clusters):
dra = (src_ra - cl_raf[ic]) * cos_dec[ic]
ddec = src_dec - cl_dec[ic]
dist2 = dra**2 + ddec**2
mask = dist2 &t; extract_radius_deg**2

if mask.sum() &gt; O:
sub = chunk[ mask] . copy()
sub[' _dist_deg'] = np.sqgrt(dist2][msk])
sub[' _phi'] = np.arctan2(ddec[mask], dra[nmask])
sources_per_cluster[ic].append(sub)
total _extracted += mask.sun()

# mm
if total _rows % 5_000_000 ==
elapsed = tinme.tine() - tO
pct = total _rows / 35_800_000 * 100

print(f" {total _rows/1le6:.1f} Mm ({pct:.0f}%, mm: {total _extracted:,},

f"mm: {el apsed:.Of}m")

elapsed = tinme.tine() - tO

print(f"\n mm: {total _rows:,}mmm, {total _extracted:,}mmmm, {elapsed:.0f}m")

# EEEEEEEEEEEEN
for ic in range(n_clusters):
if sources_per_cluster[ic]:

sources_per_cluster[ic] = pd.concat(sources_per_cluster[ic], ignore_index=True)

el se:
sources_per_cluster[ic] = pd. DataFrane()

n_per_cl = [len(s) for s in sources_per_cluster]
print(f"\n sEssssssmEmE:")
for ic in range(n_clusters):
print(f" #{ic+l} (RA={cl_ra[ic]:.2f}, Dec={cl_dec[ic]:.2f}): "

f'{n_per_cl[ic]:,} mm, sgne{df_nerged.iloc[ic]['sgmpeak']:.1f}")

#
# 4., EEEEEEEEEEEE
#
print("\n"+"="*70)

print("[Step 3] eEEEEEEEEEER"




print("="*70)

r_bins = np.logspace(np.l 0gl0(R_.M N ARCM N), np.|0gl0(R_MAX_ARCM N), N_BI NS+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) &t; 50:
al | _profiles.append(None)
conti nue

el = df _src[el_col].val ues

e2 = df _src[e2_col].val ues

w = df _src[w_col].val ues

phi = df _src[' _phi'].val ues

dist_arcmin = df _src[' _dist_deg'].values * 60.0

# EEEEEEEEN

if cl_col and cl_col in df_src.colums:
el = el - df_src[cl_col].val ues

if c2_col and c2_col in df_src.colums:
e2 = e2 - df _src[c2_col].val ues

# EEEEEEE
mvals = df _src[mcol].values if (mcol and mcol in df_src.colums) else np.zeros(len(df_src))

# EEEEEEN
gamma_t = -(el * np.cos(2*phi) + e2 * np.sin(2*phi))
gamma_x = +(el * np.sin(2*phi) - e2 * np.cos(2*phi))

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 &yt; = r_bins[ib]) &anp; (dist_arcmn &t; r_bins[ib+1])
n_src[ib] = mask.sum()
if n_src[ib] &t; 5: continue

w_b = w mask]
w_sum = np. sun(w_b)
m nean = np. average(mval s[ mask], wei ghts=w_b)

gt_prof[ib] = np.sum(w_b * gamma_t[nmask]) / w_sum/ (1 + m.nean)
gx_prof[ib] = np.sum(w_b * gamma_x[nmask]) / w_sum/ (1 + m.nean)

si gma_shape = np.sqrt(np.sum{w_b * gamma_t[mask]**2) / w_sum - gt_prof[ib]**2)
gt_err[ib] = signma_shape / np.sqrt(n_src[ib])

# EEEEEEEE

D A = angul ar _di anet er _di st (Z_CLUSTER_ASSUVMED)
arcmin_to_Mc = DA * np.pi / (180 * 60)
r_Mpc = r_centers * arcmin_to_Mc

# SIN
valid = ~np.isnan(gt_prof)
sn_total =0
if valid.sun() &gt; 0 and np.any(gt_err[valid] &gt; 0):
sn_total = np.sqgrt(np.sun((gt_prof[valid] / gt_err[valid])**2))

prof = {
‘r_arcmin': r_centers, 'r_Mc': r_Mmc,
‘gamma_t': gt_prof, 'gamma_x': gx_prof,
‘gama_t _err': gt_err, 'n_sources': n_src,
‘sn_total': sn_total,

al | _profiles.append(prof)

if sn_total &gt; 1:
print(f" #{ic+l}: S/N={sn_total:.1f}, N.src={n_src.sum():,}, "
f"gamma_t _max={np. nanmax(gt _prof):.4f}")

#
#5 mmEmmEm
#
print("\n"+"="*70)
print("[Step 4] mammmm"
print("="*70)

# EEEEEEEEEEEEEEEER

gt _stack = np.zeros(N_BINS)
gx_stack = np. zeros(N_BI NS)

gt _stack_err = np.zeros(N_BINS)
w_stack = np.zeros(N_BI NS)



n_stack = np.zeros(N_BINS, dtype=int)
n_used = 0

for ic, prof in enunerate(all_profiles):
if prof is None: continue
valid = ~np.isnan(prof['gamma_t']) &anp; (prof['gamma_t_err'] &gt; 0)
if valid.sun() == 0: continue

n_used += 1

for ib in range(N_BINS):
if not valid[ib]: continue
ivar = 1.0 / prof['gama_t_err'][ib]**2
gt_stack[ib] += prof['gamma_t'][ib] * ivar
gx_stack[ib] += prof['gamma_x"'][ib] * ivar
w_stack[ib] += ivar
n_stack[ib] +=1

for ib in range(N_BINS):
if w.stack[ib] &gt; O:
gt _stack[ib] /= w_stack[ib]
gx_stack[ib] /= w_stack[iDb]
gt _stack_err[ib] = 1.0 / np.sqrt(w_stack[ib])
el se:
gt _stack[ib] = np.nan
gx_stack[ib] = np.nan
gt_stack_err[ib] = np.nan

D A stack = angul ar_di anet er _di st (Z_CLUSTER_ASSUMED)
r_Mc_stack = r_centers * D A stack * np.pi / (180*60)

valid_s = ~np.isnan(gt_stack) &anp; (gt_stack_err &gt; 0)
sn_stack = np.sqgrt(np.sun{(gt_stack[valid_s]/gt_stack_err[valid_s])**2)) if valid_s.sum()&gt;0 else O

print(f* wsssssmmmsmmm: {n_used}")
print(f" mmmm S/N {sn_stack:.1f}")
if valid_s.sum() &gt; O:
print(f" ganmma_t(stack) mmm: {np.nanmax(gt_stack):.5f}")
print(f" game_t(stack) mmmm: {gt_stack[valid_s][O0]:.5f} +/- {gt_stack_err[valid_s][0O]:.5f}")

#
#6. NFWeneemmmmnm
#
print("\n"+"="*70)
print("[Step 5] NFWmmmm")
print("="*70)

def nfw_shear(r_Myc, M00, c200, z_l):
""'NFW EEEEEEEEEEEEEEEE"""
# r200 from M200
rho_cr =3 * HO**2 / (8 * np.pi * 4.301e-3) * le-6 # Msun/Mc"3 mm
r200 = (3 * M00 / (4 * np.pi * 200 * rho_cr))**(1/3) # Mc
rs =r200 / c200
X =r_Mc/ rs

# NFW convergence profile (sinplified)
kappa = np. zeros_|ike(x)
for i, xi in enunmerate(x):
if xi &t; 1:
f =210/ (xi**2 - 1) * (1 - np.log((1l+np.sqrt(1-xi**2))/xi) / np.sqrt(1-xi**2))
elif xi &gt; 1:
f =10/ (xi**2 - 1) * (1 - np.arctan(np.sqrt(xi**2-1)/1) / np.sqrt(xi**2-1))
el se:
f =10/ 3.0
kappal[i] = f

# mm: gamme_t = kappa * scaling

rho_s = MO0 / (4 * np.pi * rs**3 * (np.log(1+c200) - c200/(1+c200)))
# mmm shear m kappa_bar - kappa sssssssmmm

scaling = 2 * rho_s * rs / sigma_cr(z_l, 0.75) # z_s=0.75 mm
gamma_nfw = kappa * scaling * le-6 # usuEEEEmEm

return gama_nfw

# ANEEEEEEEEENEEEEEEEE
if sn_stack &gt; 3:

print(f" mmmm S/ N={sn_stack:.1f} &gt; 3: NFWemmmmm")
# appEEEEEEEEEeNF s EEEEEEEEEEEEEN
print(f* mmmms NFWessssEEEEEEEEER")

el se:

print(f" mmmm S/ N={sn_stack:.1f} &t; 3: NFWemmmmmm")

#
#7. ummm
#
print("\n"+"="*70)
print("[Step 6] mmmm"
print("="*70)




fig, axes = plt.subplots(2, 2, figsize=(14, 12))

# (a) EEEEEEEEEEEN
ax = axes[0, 0]
valid_p = ~np.isnan(gt_stack)
if valid_p.sun() &gt; O:
ax.errorbar(r_centers[valid_p], gt_stack[valid_p]*1e3,
yerr=gt_stack_err[valid_p]*1le3,
frm="0', color="steelblue', ns=6, capsize=3, |abel="$\\gamma_t$ (stacked)")
ax.errorbar(r_centers[valid_p], gx_stack[valid_p]*1le3,
yerr=gt_stack_err[valid_p]*1e3,
fnm="s", color="coral', ns=4, capsize=2, al pha=0.5, |abel="$\\gamma_\\times$ (null)")
ax.axhline(0, color="k', Is="--', al pha=0.3)
ax.set_xscale('log')
ax.set_xlabel ('R [arcnmin]")
ax. set _yl abel (' $\\ gamma \\tines 10"3$')
ax.set _title(f'Stacked shear (N={n_used}, S/ N={sn_stack:.1f})")
ax. | egend(fontsize=9)

# (b) memmmmmmm S/N

ax = axes[0, 1]

sn_vals = [p['sn_total'] if p else 0 for pin all_profiles]

ax. barh(range(len(sn_vals)), sn_vals, color="steel blue', alpha=0.7)
ax.axvline(3, color="red, Is='--', alpha=0.5, |abel="S/ N=3")
ax.set _xl abel (' Total S/N)

ax.set _yl abel (' Cluster #')

ax.set_title('Individual S/N)

ax. | egend(fontsi ze=8)

# (C) e EEEEEEEEEEEEEN
ax = axes[1, 0]
colors_list = ['steelblue', 'coral', 'green', 'purple', 'orange']
plotted = 0
for ic, prof in enunmerate(all_profiles):
if prof is None or prof['sn_total'] &t; 1: continue
if plotted &gt;= 5: break
valid_i = ~np.isnan(prof['gamma_t'])
if valid_i.sun() &t; 3: continue
ax.errorbar(prof['r_arcmin'][valid_i], prof['gamma_t'][valid_i]*1le3,
yerr=prof['gamma_t_err'][valid_i]*1e3,
fmt="0-', ne=4, capsize=2, color=colors_list[plotted % 5],
| abel =f " #{ic+1} (S/N={prof["sn_total"]:.1f})"', al pha=0.7)
plotted += 1
ax.axhline(0, color="k', Is="--', alpha=0.3)
ax.set_xscale('log')
ax.set_xlabel ('R [arcmin]")
ax. set _yl abel (" $\\gamma_t \\times 1073$")
ax.set_title(' Top individual profiles')
ax. | egend(fontsize=7)

# (d) emmmmm

ax = axes[1, 1]
if valid_p.sun() &gt; O:
ax. bar (range(N_BINS), n_stack, color="steel blue', alpha=0.7)
ax.set _xticks(range(N_BINS))
ax.set _xticklabel s([f'{r:.1f}" for r in r_centers], rotation=45, fontsize=7)
ax.set_xlabel ('R [arcnmin]")
ax.set_ylabel (' N clusters contributing')
ax.set_title('Bin participation')

plt.tight_layout()
plt.savefig('hsc_y3_shear_profiles.png', dpi=150, bbox_inches='tight")
print(" -&gt; hsc_y3_shear_profiles.png")

#
#8 mEmEm
#
print("\n"+"="*70)
print("[Step 7] mmmmm"
print("="*70)

# AaEEEEEEN
result = pd. Dat aFrame({
‘r_arcmin': r_centers,
‘r_Mdc': r_Moc_stack,
‘gamma_t': gt_stack,
‘gamma_x': gx_stack,
‘gamme_t _err': gt_stack_err,
‘n_clusters': n_stack,
b
result.to_csv(' hsc_y3_stacked_shear.csv', index=Fal se)
print(f" -&gt; hsc_y3_stacked_shear.csv")

# EEEEEENEEEEEN

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 O
row ' n_sources'] = n_per_cl[ic]

sunmmary. append(row)

pd. Dat aFr ame(summary) . to_csv(' hsc_y3_cl uster_shear_summary. csv', index=Fal se)
print(f" -&gt; hsc_y3_cluster_shear_summary.csv")

#

#9. mmumEm

#

print("\n"+"="*70)
print("[mmmm]")
print("="*70)

print(f"""

EEEEEEEEEEEEENE
{n_clusters} (mmmm)
smmmmmnEn; {n_used} (EEEmmmm)
mmmm S/N {sn_stack:.1f}
mm z_cluster: {Z CLUSTER ASSUMED}

am: """

if sn_stack &gt; 5:

print(f" SIN&t; 5 mmmsmsssssssNFWVEEEE + EEEEEEEEER")
print(f" EEEEEE: ")
print(f" (1) mmm NFWeEsssssmmmmmEm")
print(f" (2) gc =eta.sqrt(a0. GSigne0) EeEEEmEmEm")
print(f" (3) NFWvs mmmmm chi2 mm")
elif sn_stack &gt; 3:
print(f" SIN&Gt; 3. EEEEEEEEEEEEEEEEEEEEEEEEER"
elif sn_stack &gt; O:
print(f" S/IN&t; 3] EEEEEEEEEEEEEEEEEEEEEEER"
print(f" EEE. EE-EEEEEESt3ge 2EmmEEER")
el se:
print(f" EEEEEEEEEEEEEEEER"

print("\nmm")



hsc_nfw brane_compare.py

fETE NFW/MOND/FEET LD chi2 LR, NFWRT =Y V7 5a %,

K #[E, MOND>>NFW(dAIC=-32) B DT—T 14777 M (#EN13),

NFWemEm + EmEEEm

hsc_y3_stacked_shear.csvanumssussuunnnnn

NFW emsemmeemmsnM 200, c_200m
MONDmg_c=a(uummmmmm

mmmmmg _c=eta*sqrt(a0*G'Signe0)emmmmnnn
3ummm chi2 mm

g_C EEmEm

mE: uv run --with pandas --with numpy --with scipy --with matplotlib python hsc_nfw nenbrane_conpare. py

i nport nunpy as np

i nport pandas as pd

fromscipy inport optimze, integrate
frompathlib inport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

#
# 0. eEmEmEE
#
HO = 70.0; Om=0.3; OL = 0.7; c_light = 2.998e5
G N = 4.301e-3 # (km's)"2 pc / Msun

a0 = 1.2e-10 # m sh2

a0_pc = a0 / 3.086e-17 # pc/s"2 ... emmmmEm \pC EmEmN

# mmm: mm Mpc, mm Msun, mm knis

# G = 4.301e-3 (knm's)”~2 pc/Msun = 4.301e-9 (k' s)”~2 Mpc/ Msun
G Mc = 4.301e-9 # (km's)”2 Mpc / Msun

L =0.35 # AaEEEEEEEEER
ZS=0.75 # EEEEEEEEZ-Din EEEm

print("="*70)

print("NFWesmm + smmmmm")

print("="*70)

print(f" z_lens ={Z_ L}, z_source = {Z_S}")

#
# 1 mEmmm
#
def E(z): return np.sqrt(Onm(1+z)**3 + QL)
def conoving(z):
d, _ = integrate.quad(lanbda zz: c_light/(HO*E(zz)), 0, z)
return d
def D A(z): return conoving(z) / (1+z)
def D A2(z1, z2):
return (conoving(z2) - conoving(zl)) / (1+z2)

def rho_cr(z):
"""mmmm [ Msun/ Mpch3]"""
return 3*(HO*E(z))**2 / (8*np.pi*G M)

def Sigma_cr(z_l, z_s):
"""mmmmm [ Msun/ Mpch2]"""
D =DA(z_l)
Ds = D_A(z_s)
Dis = D A2(z_I, z_s)
if Dis &t;=0: return np.inf
return c_light**2 / (4*np.pi*G M) * Ds / (D * Dis)

Scr = Sigma_cr(Z.L, Z.S)

DI = DAZL)

print(f" DA(z_l) ={Dl:.1f} Mc")

print(f" Sigma_cr = {S cr:.3e} Msun/Mc"2")
print(f" Sigma_cr = {S cr * 1le-12:.1f} Msun/pc”2")

#
# 2. NFWWemmmmmmmWight &np; Brainerd 2000m
#
def nfw_parans(M00, c200, z_I):

"UUNFWeemmmmmm"""

rc = rho_cr(z_l)

r200 = (3*M200 / (4*np.pi*200*rc))**(1./3.) # Mc

rs = r200 / c200

delta_c = 200./3. * ¢c200**3 / (np.log(1+c200) - c200/(1+c200))




rho_s = delta_c * rc # Msun/Mc"3
return rs, rho_s, r200

def nfw. sigma(R rs, rho_s):
""U"NFWmmm Sigma(R) [ Msun/ Mpch2]"""

x =R/ rs
result = np.zeros_like(x, dtype=float)
for i, xi in enumerate(x):

if xi &t; le-6:
result[i] =0
elif abs(xi - 1) &t; le-6:
result[i] =2 * rs * rho_s / 3.0
elif xi &t; 1:
sg = np.sqrt(1 - xi**2)
result[i] = 2*rs*rho_s / (xi**2-1) * (1 - np.log((1+sq)/xi)/sq)
el se:
sq = np.sqrt(xi**2 - 1)
result[i] = 2*rs*rho_s / (xi**2-1) * (1 - np.arctan(sq)/sq)
return result

def nfw_sigma_nean(R rs, rho_s):
"""NFWmmmmm Sigma_nean(& t;R) [ Msun/Mch2]"""

x =R/ rs
result = np.zeros_like(x, dtype=float)
for i, xi in enumerate(x):

if xi &t; le-6:
result[i] =0
elif abs(xi - 1) &t; 1le-6:
result[i] = 4*rs*rho_s * (1 + np.log(0.5))
elif xi &t; 1:
sg = np.sqrt(1 - xi**2)
g = np.log(xi/2) + np.log((1l+sq)/xi) / sq
result[i] = 4*rs*rho_s * g/ xi**2
el se:
sq = np.sqrt(xi**2 - 1)
g = np.log(xi/2) + np.arctan(sq) / sq
result[i] = 4*rs*rho_s * g/ xi**2
return result

def nfw_delta_signma(R M00, c200, z_l):
"""NFWm DeltaSigma = Sigma_nean(&t;R - Sigma(R"""
rs, rho_s, r200 = nfw_parans(M00, c200, z_I|)
sig = nfw.sigm(R rs, rho_s)
sig_mean = nfw_sigma_nean(R, rs, rho_s)
return sig_nean - sig

def nfw gamma_t (R arcmn, M00, c200, z_|, z_s):
""U"NFWemmmm ganma_t"""

D = D A(z_l)

R Mpc = Rarcmin * np.pi / (180*60) * DI

ds = nfw_ del ta_si gma(R_Mc, MO0, c200, z_l)
Scr = Sigma_cr(z_I, z_s)

return ds / Scr

#

# 3. mEEEmEE

#

print("\n"+"="*70)
print("[Step 1] mummmmm"
print("="*70)

data_file = Path("hsc_y3_stacked_shear.csv")
if data_file.exists():
df = pd.read_csv(data_file)
print(f* mmmm: {data_file} ({len(df)} mm)")
el se:
print(f" !l {data_file} aueeeEeemEEnmmn")
df = pd. Dat aFranme({
‘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, O0.001],
‘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],

b

r_data = df['r_arcmin'].val ues

gt_data = df['gammm_t']. val ues

gt_err = df['gamma_t_err'].val ues

gx_data = df['gamma_x"'].values if 'gamma_x' in df.colums el se np.zeros_|ike(gt_data)

valid = np.isfinite(gt_data) &np; np.isfinite(gt_err) &anp; (gt_err &gt; 0)
r_fit = r_data[valid]

gt_fit = gt_data[valid]

err_fit = gt_err[valid]

print(f" wwwmm: {valid. sum)}")
print(f* ganmm_t mm: [{gt_fit.mn():.4f}, {gt_fit.max():.4f}]")
#




# 4, NFWmmmm
#
print("\n"+"="*70)
print("[Step 2] NFWmummm")
print("="*70)

def chi 2_nfw parans):

| og_M200, |0g_c200 = parans

M200 = 10**| og_M200

€200 = 10**| og_c200

if c200 &t; 1 or c200 &gt; 20 or M20O &t; l1lel2 or M20O &gt; 1el6:
return 1e20

try:
gt _nodel = nfw_gamma_t(r_fit, MO0, c200, Z_L, Z 9)
return np.sun(((gt_fit - gt_nodel) / err_fit)**2)

except:
return 1e20

# EEEEEEE + EEN
best _chi2 = np.inf
best _params = (14.0, 0.5)

for Imin np.linspace(13.0, 15.5, 20):
for Ic in np.linspace(0.0, 1.2, 15):
c2 = chi2_nfw((lm lc))
if c2 &t; best_chi2:
best _chi2 = c2
best _paranms = (Im Ic)

# mmm
try:
res = optimze.mnimze(chi2_nfw, best_params, nethod='Nel der-Mead',
options={'xatol': 0.001, 'fatol': 0.01})
if res.fun &t; best_chi2:
best _parans = res.x
best _chi2 = res.fun
except :
pass

M200_fit = 10**best_parans[ 0]
€c200_fit = 10**best_parans[ 1]
dof _nfw = len(r_fit) - 2
chi 2_nfw_val = best_chi2

rs_fit, rho_s_fit, r200_fit = nfw_parans(M00_fit, c200_fit, Z_L)

print(f* M200 = {M20O_fit:.2e} Msun")

print(f" ¢_200 = {c200_fit:.2f}")

print(f" r_200 = {r200_fit:.2f} Muc")

print(f" r_s = {rs_fit:.3f} Mc")

print(f" chi2/dof = {chi2_nfw val:.1f}/{dof _nfw} = {chi2_nfw val/dof _nfw .2f}")

gt_nfw = nfw gama_t(r_fit, M20OO_fit, c200_fit, Z_L, Z 9S)

#
#5 MOND mmmmg c = aOm
#
print("\n"+"="*70)

print("[Step 3] MOND/ mummmm")
print("="*70)

# mm MOND emmmEE:

# g_obs = (1/2)(g_N + sqrt(g_N'2 + 4*g_c*g_N))
# g N=CGMbar(&t;R / R'2 ammmmnm

# gamma_t = DeltaSigma_eff / Sigma_cr

# NFWESESEESEEEEESEEEEEEEEENEEEEEE

f_bar = 0.17 # Orega_b / Orega_m

M bar_200 = f_bar * M20O_fit

print(f" mmmmmmmm: Mbar = {f_bar} x M 200 = {M bar_200:.2e} Msun")

# apmmmeueueeeeNFWennnnunnn f_bar um

def baryon_mass_encl osed(R _Mpc, M bar, c200, z_l):
""gaaEEEEEEeEeeNFEeEnnn
rc = rho_cr(z_l)
r200 = (Mbar / f_bar / (4./3.*np.pi*200*rc))**(1./3.)
rs = r200 / c200
X = RMc / rs
# NFWencl osed mass: M& t;r) = 4*pi*rho_s*rs”3 * [In(1+x) - x/(1+x)]
delta_c = 200./3. * ¢c200**3 / (np.log(1+c200) - c200/(1+c200))
rho_s = delta_c * rc
Menclosed = 4 * np.pi * rho_s * rs**3 * (np.log(l+x) - x/(1+x))
return Menclosed * f_bar

def nond_gamma_t (R _arcmin, Mbar, ¢c200, z_|I, z_s, g_c_value):
""UNOND/ ammEEEEER"""
D =DAz_l)



Scr = Sigma_cr(z_I, z_s)
R Mpc = Rarcmin * np.pi / (180*60) * DI

# mmmmm g N

M enc = baryon_nass_encl osed(R_Myc, Mbar, c200, z_l)
R m= R Mec * 3.086e22 # Mc -&jt; m

M kg = Menc * 1.989e30 # Msun -&gt; kg

G Sl = 6.674e-11

g N=GSlI * Mkg / Rnt*2 # ms 2

# MOND mm
g_obs = 0.5 * (g_N + np.sqrt(g_N*2 + 4*g_c_val ue*g_N))

# g_Obs EmEmEEEEEE
Meff = g_obs * Rm*2 / GSI / 1.989e30 # Msun

# DeltaSigna eemEEmEEm

# Sigma_eff(R) = Meff / (pi * R'2) mummm

# mm: gamma_t ~ (Meff - Menc) / (pi * R Mpcr2) / Sigma_cr

# ammmmmmmnnMeff(&t; R uunnnnn

# mmmm: DeltaSigma = Sigma_nean(& t;R) - Sigm(R) m g_obs mmmm

# appuuueuunaNFWunm Meff/ MNFWannnm

gt _nfw_here = nfw game_t (R arcnmin, MOO_fit, c200_fit, z_I, z_s)
scaling = Meff / (baryon_mass_encl osed(R_Moc, Mbar, c200, z_I) / f_bar)
# EEEEEEEEEER

scaling = np.clip(scaling, 0.01, 100)

return gt_nfw here * scaling

# MONDmg_c = aOm

gt _nmond = nond_gamma_t (r_fit, Mbar_200, c200_fit, Z_L, Z_S, a0)
chi2_nond = np.sun(((gt_fit - gt_nmond) / err_fit)**2)

dof _nmond = len(r_fit) - 1 # Mbar mmmm

# Qg C ENEEEEEEEEEEEEN
def chi2_gc(log_gc):
gc_val = 10**1 og_gc
try:
gt_m = nond_gamu_t(r_fit, Mbar_200, c200_fit, Z L, Z_S, gc_val)
return np.sun(((gt_fit - gt_m / err_fit)**2)
except :
return 1e20

# Qg C EmEEEEEN

gc_grid = np.logspace(-12, -8, 100)

chi2_gc_grid = np.array([chi2_gc(np.logl0(gc)) for gc in gc_grid])
best _gc_i dx = np.argm n(chi 2_gc_grid)

gc_best = gc_grid[best_gc_idx]

chi 2_gc_best = chi 2_gc_grid[best_gc_idx]

# mmm
try:
res_gc = optimze.mnimze_scal ar(chi2_gc, bounds=(np.l0gl0(gc_best)-1, np.logl0(gc_best)+1),
nmet hod=' bounded")
if res_gc.fun &t; chi2_gc_best:
gc_best = 10**res_gc. x
chi 2_gc_best = res_gc.fun
except :
pass

gt _menbrane = nond_gamma_t (r_fit, Mbar_200, c200_fit, Z_L, Z_ S, gc_best)
dof _gc = len(r_fit) - 2 # Mbar + g_c

print(f"\n MOND (g_c = a0 = {a0:.1le} ms"2):")

print(f" chi 2/ dof = {chi 2_nond: . 1f}/{dof _nond} = {chi 2_nond/ dof _nond: . 2f}")
print(f"\n mmmm (g_c free):")

print(f" g_c_best = {gc_best:.2e} ms”2 = {gc_best/a0:.3f} a0")

print(f" chi 2/ dof = {chi2_gc_best:.1f}/{dof _gc} = {chi2_gc_best/dof _gc:.2f}")
#

# 6. mEmmm

#

print("\n"+"="*70)
print("[Step 4] mmmmm"
print("="*70)

n_data = len(r_fit)

aic_nfw = chi2_nfw val + 2*2
aic_nond = chi2_nond + 2*1

ai c_menbrane = chi 2_gc_best + 2*2

print(f" {' ' mmm':&t;35} {'chi2 :&gt;8} {'dof':&gt;5} {'chi2/dof':&gt;9} {'AIC:&gt;8} {'dAIC :&gt;8}")

print(f" {'-'*78}")

print(f" {'NFW(M20O, c200)': & t;35} {chi2_nfw val:&gt;8.1f} {dof _nfw &t;5} {chi2_nfw val/dof _nfw &gt;9.2f} {aic_nfw &gt;8.1f} {aic_nfwal
print(f" {'MOND (g_c=a0, Mbar free)':& t;35} {chi2_nond:&gt;8.1f} {dof _nond: &t ; 5} {chi 2_nond/ dof _nond: &gt ;9. 2f} {aic_nond: &gt ; 8.1f} {aic
print(f" { ' mmmm (g_c free, Mbar free)':& t;35} {chi2_gc_best:&gt;8.1f} {dof_gc: &gt; 5} {chi2_gc_best/dof_gc: &gt; 9. 2f} {ai c_menbrane: &gt ; 8



# ¢ C ENEEEEEEEEN
# ammmmm Signe0 seeNFW eeeemnnm

# Sigma0 ~ Mbar / (pi * rs”2)

Si gma0_cluster = Mbar_200 / (np.pi * (rs_fit * 1e6)**2)
G Sl = 6.674e-11; Msun = 1.989e30; pc_m = 3. 086el6

G _SignmaO_cluster = G SI

gc_geonean = np.sqrt(a0 * G SignaO_cluster)

# Msun/ pch2

* Sigma0_cluster * Msun / pc_nt*2 # ms"2

= {gc_geonean: . 2e} ms”"2 = {gc_geonean/ a0:.2f} a0")

print(f"\n mmmmmm Sigma0 mm: {SigmaO_cluster:.1f} Msun/pch2")
print(f" G Signma0 = {G Signa0_cluster:.2e} nls"2")

print(f" mmmmmm: g c = sqrt(a0 . G Signa0)

print(f" mmmmm: g_c = {gc_best:.2e} ms”"2 = {gc_best/a0:.3f} a0")
print(f" m: g_c(fit) / g_c(geonean) = {gc_best/gc_geonean:.3f}")

#

#7. g_C ummmm

#

print("\n"+"="*70)
print("[Step 5] g_C mmmmm")
print("="*70)

# Delta chi2 =1 m 68%Cl, =4 m 95%Cl
gc_scan = np. | ogspace(np. | 0gl0(gc_best)-2,

chi 2_scan = np.array([chi2_gc(np.l0gl0(g)) for g in gc_scan])
dchi 2 = chi2_scan - chi 2_gc_best
# 68% ClI

mask_68 = dchi2 &t; 1.0
if mask_68.sunm() &gt; O:

gc_l 0o_68 = gc_scan[mask_68]. m n()
gc_hi _68 = gc_scan[ mask_68] . max()
print(f" 68%Cl: [{gc_lo_68:.2e}, {gc_hi_68:.2e}] ms”2")
print(f" [{gc_l o_68/a0:.3f}, {gc_hi_68/a0:.3f}] a0")
# 95% Cl
mask_95 = dchi2 &t; 4.0

if mask_95.sun() &gt; O:

gc_l 0_95 = gc_scan[ mask_95] . m n()

gc_hi _95 = gc_scan[ mask_95] . max()

print(f" 95%Cl: [{gc_lo_95:.2e}, {gc_hi_95:.2e}] m s 2")
print(f" [{gc_l 0_95/a0:.3f}, {gc_hi_95/a0:.3f}] a0")

# a0 mClummm
a0_in_68 = gc_lo 68 &t;=a0 & t;= gc_hi_68 if nmask_68.sun() &gt;
a0_in_95 = gc_lo 95 &t;= a0 & t;= gc_hi _95 if mask_95.sun() &gt;

np. 1 0g1l0(gc_best) +2, 500)

0 el se Fal se
0 el se Fal se

print(f"\n a0 = {a0:.1le} nms"2 m:")

print(f" 68% Cl m: {"YES if a0_in_68 else 'NO}")
print(f" 95% Cl m: {'YES if a0_in_95 else "NO}")
#

# 8. mmmm

#

print("\n"+"="*70)
print("[Step 6] mmmm"
print("="*70)

fig, axes = plt.subplots(2, 2, figsize=(14, 12))
# () EEEEEEEE + EEEEN
ax = axes[0, 0]
ax.errorbar(r_fit, gt_fit*1e3, yerr=err_fit*1le3,
fm="0", color="black', ms=6, capsize=3, |abel="HSC Y3 stacked', zorder=5)

ax.plot(r_fit, gt_nfwile3, 'r-', |w=2,

| abel =f ' NFW (M={ M200_fit:.1le}, c={c200_fit:.1f})")
ax.plot(r_fit, gt_nond*1e3, 'b--', Iw=2,

| abel =f' MOND ($g_c$=%$a_09%)")
ax.plot(r_fit, gt_nenbrane*1le3, 'g-.', Iw=2,

| abel =f" Menbrane ($g_c$={gc_best/a0:.2f}$a_0%)")
ax.set_xscale('log")
ax.set_xlabel ('R [arcnmin]")
ax. set _yl abel (" $\\gamma_t \\times 1073$")
ax.set_title(' Shear profile: NFWvs MOND vs Menbrane')
ax. | egend(fontsize=8)
# (b) mm
ax = axes[O0, 1]
ax.errorbar(r_fit, (gt_fit-gt_nfw/err_fit, fnm="0", color="red , ns=5, |abel=" NFW)
ax.errorbar(r_fit*1.05, (gt_fit-gt_nmond)/err_fit, fnt="s', color="blue', ns=5, |abel="MOND )
ax.errorbar(r_fit*1.1, (gt_fit-gt_nmenbrane)/err_fit, fmt="2", color="green', nms=5, |abel="Menbrane')
ax.axhline(0, color="k', Is="--', alpha=0.3)
ax.axhline(2, color='gray', Is=:', alpha=0.3)
ax.axhline(-2, color="gray', Is=":', al pha=0.3)
ax.set_xscale('log')
ax.set_xlabel ("R [arcmin]")
ax. set _yl abel (' Residual / $\\sigm$')

ax.set _title(' Residuals")
ax. | egend(fontsize=8)

#(c) gcm chi2 summnnm



ax = axes[1, 0]

ax. plot(gc_scan/ a0, dchi2, '"b-', |w=2)
ax.axhline(1, color="orange', |s='--', alpha=0.5, |abel="68%CL")
ax.axhline(4, color="red, Is=--', alpha=0.5, |abel=95%CL")
ax.axvline(1.0, color="gray', Is=":', alpha=0.5, |abel="$g_c=a_0$ (MOND)')
ax. axvline(gc_best/a0, color="green', |Is='-', alpha=0.7, |abel=f'best={gc_best/a0:.2f}%a_0%$')
if gc_geonean &gt; O:
ax. axvline(gc_geonean/ a0, color="purple', Is='--', al pha=0.5,

| abel =f' geonmean={ gc_geonean/ a0: . 2f } $a_0%$")
ax. set _xl abel (' $g_c / a_0%$')
ax. set _yl abel (' $\\ Del ta\\chi ~2$")
ax.set_title('$g_c$ constraint')
ax.set _xscale('log')
ax.set_ylim0, mn(20, dchi2.max()))
ax. | egend(fontsize=7)

# (d) eeEEEEEEm
ax = axes[1, 1]
nodels = ['NFW, 'MOND\n($g_c=a_0$)', 'Menbrane\n($g_c$ free)']
chi 2_val s = [chi 2_nfw_val /dof _nfw, chi2_nond/dof_nond, chi2_gc_best/dof _gc]
colors = ['red', 'blue', 'green']
bars = ax. bar(nmodel s, chi2_vals, color=colors, alpha=0.7, edgecol or="black')
ax.axhline(1, color="k', Is="--', alpha=0.3)
ax. set _yl abel (' $\\ 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,
f'{val:.2f}', ha='center', fontsize=10)

plt.tight_layout()
pl t.savefig(' hsc_nfw _nmenbrane_conparison. png', dpi =150, bbox_inches="tight")

print(" -&gt; hsc_nfw nenbrane_conparison. png")
#

#9. mmmm

#

print("\n"+"="*70)
print("[mmmm]")
print("="*70)

print(f"""
HSC Y3 mENEEEEEENENEEN:
SIN = 14.1

z_lens = {Z_L} (mm), z_source = {Z_S}

NFW mmmm:
M 200 = {M2OO_fit:.2e} Msun
c_200 = {c200_fit:.2f}
chi 2/ dof = {chi2_nfw_val:.1f}/{dof _nfw} = {chi2_nfw_val/dof_nfw.2f}

MOND (g_c = a0):
chi 2/ dof = {chi2_nond: . 1f}/{dof _nond} = {chi 2_nond/dof _nond: . 2f}
dAlI C vs NFW = {ai c_nond-ai c_nfw +. 1f}

mmmm (g c free):
g_c = {gc_best:.2e} ms"2 = {gc_best/a0:.3f} a0
chi 2/ dof = {chi2_gc_best:.1f}/{dof _gc} = {chi2_gc_best/dof _gc:.2f}
dAl C vs NFW = {ai c_nenbr ane-ai c_nfw +. 1f}

EEEEEEEEEN:
g_c(geonean) = sqgrt(a0 . G Signma0) = {gc_geonean:.2e} m s"2 = {gc_geonean/al:.2f} a0
g_c(fit) / g_c(geonmean) = {gc_best/gc_geonean:. 3f}

)

if chi2_gc_best/dof_gc & t; chi2_nfw val/dof_nfw

print(f" spEss NFWEEssEEsEEEEm")

elif abs(chi2_gc_best/dof_gc - chi2_nfw.val/dof_nfw) &t; 0.1:
print(f" spEEs \FWesssEmEmmmEm")

el se:
print(f" NFW esEEEEEEEEEEEEEER")

if not a0_in_95:

print(f" g_c = aOmMONDmm 95% C| mmmm")
elif not a0_in_68:
print(f" g c = aOmMONDmm 68% Cl mmmmmmm 95%C/ mmmEEEEEE")
el se:
print(f" g c = auMONDemmmmmmmm")
print(f"""
EEEN:
* z_lens = {Z L} eeEEEEEEEEEEEEEEEEEEEN
* mummmmeNFWammmm f_bar = {f_bar} sessssssssssmmnm

*mm MOND s ESEESEESEEEEEEEEENEEEN
* mmmmmmm 7z lens, f_bar eeEEmmmmm
mny

print("mm")



hsc_download_photoz.py

fRIT B HSC-SSP PDR3 APl 559524 —E50®M photo-z &LV AR\ AYOT %S5 HO—RK,

R 59524 —® photo-z BR1§M 1, 2z=0.37-0.79,

HSC-SSP PDR3 EEEEEEEEEEENEEEEEN

Cl aude CodemVS CodcNmEEEENEENENEEENE
SEEEEEEEEEEEEEEEEEEEEEER

Em; HSC SSP EEEEEEEEEEEEEEEER
mm: python hsc_downl oad_phot 0z. py --user YOUR_USERNAME --password YOUR_PASSWORD

mm: https://hsc-rel ease. ntk. nao. ac. j p/ doc/

i nport argparse

inport json

inport tine

i nport sys

i nport os

frompathlib inmport Path
fromurllib.parse inport urlencode
from getpass inport getpass

# requests EEEEEEEEEEEEN
try:
i nport requests
except |nportError:
print(“"requests mmmmm:")
print(" pip install requests")
print(" mmm: uv run --with requests python hsc_downl oad_phot oz. py")

sys.exit(1)
#
# 0. mm
#

HSC APl _URL = "https://hsc-rel ease. nt k. nao. ac. j p/ dat asear ch/ api / cat al og_j obs/"
QUTPUT_DIR = Path(r"D\usssss\ sessEs\ sesns\ seuenen\nunn")

# EEEEEEEEEEEEEEEEEEEEEEN

CLUSTERS = [
{"name": "cl1", "ra": 140.45, "dec": -0.25, "label": "GAMAO9H #1 (sgm=6.4)"},
{"name": "cl2", "ra": 142.21, "dec": -0.12, "label": "GAMAO9H #2 (S/N=8.0)"},
{"name": "cl 3", "ra": 140.30, "dec": -0.35, "label": "GAMAO9H #3 (S/N=7.2)"},
{"name": "cl4", "ra": 182.68, "dec": -0.28, "label": "WDE12H (S/ N=6.8)"},
{"name": "cl5", "ra": 216.75, "dec": -0.20, "label": "GAVA15H (S/N=6.4)"},
{"name": "cl6", "ra": 335.40, "dec": -0.95, "label": "WDS (sgm5.9)"},
{"name": "cl7", "ra": 342.43, "dec": -0.57, "label": "WDS #2 (sgn¥5.2)"},
{"nanme": "cl 8", "ra": 139.00, "dec": -0.41, "label": "GAMAO9H #4 (S/N=6.2)"},

]

#

# 1. HSC-SSP APl mmm

#

cl ass HSC_SSP_API :
def __init__(self, user, password):

sel f.session = requests. Session()
sel f.user = user

sel f. password = password

sel f.api _url = HSC_API _URL

def _auth(self):
"""BasiCEEEEEEEEEN
return (self.user, self.password)

def submit_query(self, sql, release_version="pdr3"):
trSQeEmEmEtt”

payl oad = {
"sql": sql,
"out_format": "csv",
"include_netainfo": "no",
"rel ease_version": rel ease_version,
}
print(f" [T 1111 B
try:

r = sel f.session. post (
sel f.api _url,
dat a=payl oad,
aut h=sel f. _auth(),
ti meout =60



def

def

def

except requests.exceptions. ConnectionError as e:

print(f" 1! mummm: {e}")
return None

if r.status_code == 401:

print(f" !!] EEEEEEEEEEN/ EEEEEEEEEEEEEER")

return None

if r.status_code != 200:

print(f" 1l HTTPmmm: {r.status_code}")

print(f" {r.text[:500]}")
return None

try:
result =r.json()

except :
print(f" 1 JSONemmmmm")
print(f" {r.text[:500]}")

return None

job_id = result.get("id")
if job_id:

print(f" mmm| D {job_id}")
return job_id

wai t _for_job(self, job_id, max_wait=300, interval=5):

ENEEEEEE
url = f"{self.api_url}{job_id}/"
el apsed = 0

while elapsed &t; max_wait:

r = self.session.get(url, auth=self._auth())

if r.status_code != 200:

print(f" 1! memmmmmmmm: {r.status_code}")

return None

status = r.json()

state = status.get("status", "unknown")

if state == "done":

print(f" mm ({el apsed}m)")

return status
elif state == "error":

print(f" 11l mmm: {status.get('error', 'unknown')}")

return None

tinme.sleep(interval)
el apsed += interval
if elapsed %30 == 0:

print(f" mmm. .. ({elapsed}m)"”)

print(f" 11l emmmmm ({max_wait}m)")

return None

downl oad_resul t(self, job_id, output_path):

"""maCSVamEEEEE

url = f"{self.api_url}{job_id}/result/"

print(f" EEEEEEm, . ")

r = self.session.get(url, auth=self._auth(), streanrTrue)

if r.status_code != 200:

print(f" 11! memmmmmmm: {r.status_code}")

return Fal se

wi th open(output_path, 'wb') as f:

for chunk in r.iter_content(chunk_size=8192):

f.write(chunk)

size_nb = os. path. getsize(output_path) / (1024*1024)
print(f" mm: {output_path} ({size_nmb:.1f} MB)")

return True

query_and_downl oad(sel f, sql, output_path, release="pdr3"):

EEEEN SN . EEEEEEEEEEE

job_id = self.submt_query(sqgl, rel ease)

if job_id is None:
return Fal se

status = self.wait_for_job(job_id)
if status is None:
return Fal se

return sel f.downl oad_resul t(job_id,

out put _pat h)




hel p="wmmmmphot o- zEmmmn")
help="ussEEEEEEmnn"

# 2. mummm
#
def photoz_query(ra, dec, radius_arcsec=300):
"""musmmmmEm photo-z mmm"""
return f"""
SELECT
object_id,
ra, dec,
phot oz_best,
photoz_err68_ni n, photoz_err68_max,
i _cnodel _mag,
i _ext endedness_val ue
FROM
pdr 3_wi de. f or ced
LEFT JO N pdr3_wi de. phot oz_mi zuki USI NG (obj ect _i d)
WHERE
cone_search(coord, {ra}, {dec}, {radius_arcsec})
AND i _cnodel _nmag &'t; 24.5
AND phot 0oz_best |'S NOT NULL
AND phot oz_best BETWEEN 0.01 AND 2.0
AND i _ext endedness_value = 1
def |ens_gal axy_query():
' EEEEEEEEEEEEEEN-EEEEEEE"""
return """
SELECT
object_id,
ra, dec,
phot oz_best,
phot oz_err68_mi n, photoz_err68_nax,
i _cnodel _mag,
r_cnodel _mag,
g_cnodel _nag,
i _ext endedness_val ue,
i _sdss_shape_shapell,
i _sdss_shape_shape22
FROM
pdr 3_wi de. f or ced
LEFT JO N pdr3_wi de. phot oz_m zuki USI NG (obj ect _id)
WHERE
dec BETVEEN -5.9 AND 0.0
AND i _cnodel _mag &'t; 21.5
AND i _ext endedness_value = 1
AND phot 0z_best BETWEEN 0. 05 AND 0. 45
AND phot oz_best |'S NOT NULL
LIMT 100000
#
# 3. mmmmm
#
def main():
parser = argparse. Argunent Parser (description="HSC-SSP mesmmmsmmn")
parser.add_argunent ("--user", "-u", hel p="HSC-SSP mmmmm")
par ser. add_ar gunent (" - - password”, "-p", hel p="HSC-SSP mmmmm")
parser. add_argunent ("--ski p-clusters", action="store_true",
par ser. add_ar gunent ("--ski p-1ens", action="store_true",
args = parser.parse_args()

print("="*70)
print("HSC-SSP PDR3 mmmmmmmmm")
print("="*70)

# mmmm
user = args.user or input("HSC-SSP mmmmm:

")

password = args. password or getpass("HSC-SSP mmmmm:

api = HSC_SSP_API (user, password)

# EEEEEEEEEN

QUTPUT_DI R nkdi r ( par ent s=Tr ue,
print(f" {QUTPUT_DI R} ")

exi st _ok=True)
EEER

# --- mummmmm photo-z ---
if not args.skip_clusters:
print(f"\n{'=*70}")
print(f"[Phase 1]
print(f"{'="*70}")

for cl in CLUSTERS:
name = cl[' nane']
ra=cl['ra']
dec = cl['dec']
| abel = cl['label"]

EEEEEEEEEE photo-Z WEmmmmm")



outpath = QUTPUT_DIR / f"hsc_photoz_{nane}. csv"

print(f"\n --- {label} (RA={ra}, Dec={dec}) ---")
if outpath.exists():
print(f" mmmm: {outpath} - mmmm"
continue

sgl = photoz_query(ra, dec)
success = api.query_and_downl oad(sql, outpath)

if not success:
print(f" !l spmEEEEEEEER"

tinme.sleep(2) # APl mmumm

# --- EEEEEEEEE ---

if not args.skip_|lens:
print(f"\n{"="*70}")
print(f'[Phase 2] sumssssssEssmmmn’
print(f"{"="*70}")

outpath = QUTPUT_DIR / "hsc_| ens_gal axi es. csv"

i f outpath.exists():
print(f" mmmm: {outpath} - mmmm"
el se:
sgl = |l ens_gal axy_query()
success = api.query_and_downl oad(sql, outpath)

if not success:
print(f* !!! aEEsEEEEEEEEER"

#--- AEmEm ---
print(f"\n{'="*70}")
print(f"[memm]™)
print(f"{'="*70}")

for f in sorted(QUTPUT_DI R gl ob("hsc_photoz_*.csv")):
size_kb = f.stat().st_size / 1024
try:
i nport pandas as pd
df = pd.read_csv(f, nrows=5)
n_cols = | en(df.col ums)
# emmmEm
n_lines = sum(1 for _ in open(f)) - 1
print(f" {f.nanme}: {n_lines:,} m, {n_cols} mmm, {size_kb:.0f} KB")
except :
print(f" {f.nane}: {size_kb:.0f} KB")

lens_file = QUTPUT_DIR / "hsc_| ens_gal axi es. csv"

if lens_file.exists():
size_nb = lens_file.stat().st_size / (1024*1024)
print(f" {lens_file.nane}: {size_nb:.1f} MB")

print(f"""
EEEEEN;
1. hsc_photoz_cl*.cSv aumaEmmsmmnm
SEEEEEEEEEEEEER
2. photo-Z EEEEEEEEEEEEEEER
3. z_lens mummm \FWessmmsmmEm

")

print("mm")

if __name__ =="__min__
mai n()



hsc_refit_with_photoz.py

fETE® photo-z B#7 (z=0.56) TD NFW/EET L BLLE.z AF+>V T g_c(z) DREMHER.

R g ¢=0.777a0 (95%Cl=[0.537,1.026]), a0 FEHTI7R\\,

NFW/ mmmmmmmz_|ens mmmm

phot0-zZ EEEEEEEEEEEEEEEEEEEEEE
cll (z=0.79 &gt; z_source) mmmm

uv run --with pandas --with numpy --with scipy --with matplotlib python hsc_refit_w th_photoz. py

i nport nunpy as np

i nport pandas as pd

fromscipy inport optimze, integrate
frompathlib inport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inmport matplotlib.pyplot as plt

#
# 0. amEEER
#
HO = 70.0; Om=0.3; OL = 0.7; c_light = 2.998e5
G Mc = 4.301e-9 # (km's)~2 Mpc / Msun

a0 = 1.2e-10 # m sh2

# Y3 amumEmunm

# zbin=3: z~1.2-1.5 (mm ~1.35)

# apEEEEEEEEEEEN Z S ~ 0.85-1.0 wmm
ZSEFF =10 # mmmm z_s=1.0

# photo-z WEEEEEEEEEEEEN

CLUSTERS_PHOTQZ = [
# name, ra, dec, z_cluster, z_SN, mm
("cl2", 142.21, -0.12, 0.670, 5.5, "
("cl 3", 140.30, -0.35, 0.370, 4.2,
("cl4", 182.68, -0.28, 0.510, 5.2,
("cl5", 216.75, -0.20, 0.610, 7.4,
#cllm 2z=0.789 m z S EEEEEEEEN
# ("cl1", 140.45, -0.25, 0.789, 4.0, "mm: z_ | ~ z_s"),

]

print("="*70)

print("NFW/ wmmmmmmEphoto-z mmmm")
print("="*70)

print(f" z_source (mm) = {Z S EFF}")
print(f* mmmmmmmm: {|en(CLUSTERS_PHOTQZ)}")
print(f" mm: cll (z=0.789 &gt; z_s mmm)")

for name, ra, dec, z, sn, status in CLUSTERS_PHOTQZ:

print(f" {nane}: z={z:.3f}, S/IN={sn:.1f} [{status}]")
#
# 1 mEmmm
#

def E(z): return np.sqrt(Om(1+z)**3 + QL)
def conoving(z):
d, _ = integrate.quad(lanbda zz: c_light/(HO*E(zz)), 0, z)
return d
def D A(z): return conoving(z) / (1+z)
def D A2(z1, z2): return (conoving(z2) - conoving(zl)) / (1+z2)
def rho_cr(z): return 3*(HO*E(z))**2 / (8*np.pi*G _Mc)

def Sigma_cr(z_l, z_s):
D = DA(z_l); Ds = D A(z_s); Ds =DA2(z_l, z_s)
if Ds &t;=0: return np.inf
return c_light**2 / (4*np.pi*G Mc) * Ds / (D * Ds)

# ammmmmm Signa_cr mmm
print(f"\n Sigma_cr mm:")
for nane, ra, dec, z_l, sn, st in CLUSTERS_PHOTQZ:
Scr = Sigma_cr(z_|l, Z_S EFF)
D =DA(z_l)
arcmin_to_Mec = D * np.pi / (180*60)
print(f" {nane}: z={z_l:.3f}, D A={D:.0f} Mc, "
f"Sigma_cr={Scr:.2e} Msun/Mc”2, 1'={arcmin_to_Mc:.4f} Mc")

#

# 2. NFWWemmmmmmWight &np; Brainerd 2000m

#

def nfw_paranms(M00, c200, z_|):
rc = rho_cr(z_l)




r200 = (3*M200 / (4*np.pi*200*rc))**(1./3.)

rs =r200 / c200

delta_c = 200./3. * ¢c200**3 / (np.log(1+c200) - c200/(1+c200))
rho_s = delta_c * rc

return rs, rho_s, r200

def nfw sigma(R rs, rho_s):

x =R/ rs
result = np.zeros_|like(x, dtype=float)
for i, xi in enumerate(x):

if xi &t; le-6: result[i] =0
elif abs(xi-1) &t; le-6: result[i] = 2*rs*rho_s/3.0
elif xi &t; 1:
sg = np.sqrt(1-xi**2)
result[i] = 2*rs*rho_s/(xi**2-1) * (1 - np.log((1+sq)/xi)/sq)
el se:
sq = np.sqrt(xi**2-1)
result[i] = 2*rs*rho_s/(xi**2-1) * (1 - np.arctan(sq)/sq)
return result

def nfw_sigma_nean(R rs, rho_s):

X =R/ rs
result = np.zeros_|ike(x, dtype=float)
for i, xi in enumerate(x):

if xi &t; le-6: result[i] =0

elif abs(xi-1) &t; 1e-6: result[i] = 4*rs*rho_s*(1+np.l0g(0.5))

elif xi &t; 1:
sg = np.sqrt(1-xi**2)
g = np.log(xi/2) + np.log((1+sq)/xi)/sq
result[i] = 4*rs*rho_s*g/xi**2

el se:
sq = np.sqrt(xi**2-1)
g = np.log(xi/2) + np.arctan(sq)/sq
result[i] = 4*rs*rho_s*g/xi**2

return result

de

=

nfw gamma_t (R _arcmin, M00, c200, z_|, z_s):
rs, rho_s, r200 = nfw_parans(M00, c200, z_Il)
D =DA(z_l)

R Mpc = R_arcmin * np.pi/(180*60) * DI

R _Mc = np. maxi nun(R_Moc, 1le-6)

sig = nfw_sigma(R M, rs, rho_s)

sig_nmean = nfw_sigma_nmean(R _Mpc, rs, rho_s)
ds = sig_nean - sig

Scr = Sigma_cr(z_I, z_s)

return ds / Scr

#

#3. MONDE mummm
#

f_bar = 0.17

def baryon_encl osed(R _Myc, M0O0_total, c200, z_l):
rs, rho_s, r200 = nfw_parans(M00_total, c200, z_I)
X = RMc/ rs
X = np. maxi mun(x, le-6)
Menc = 4*np.pi*rho_s*rs**3 * (np.log(1l+x) - x/(1+x))
return Menc * f_bar

def nond_game_t (R _arcmin, M0O, c200, z_|, z_s, gc_val):
D =DAz_l)
Scr = Sigma_cr(z_I, z_s)
R Mpc = Rarcmin * np.pi/(180*60) * D
R _Mpc = np. maxi num( R_Moc, 1le-6)

M bar = baryon_encl osed(R_Moc, M00, c200, z_I)
R.m= R Mc * 3.086e22

M kg = Mbar * 1.989e30

G Sl = 6.674e-11

g N=GSl * Mkg / Rnt*2

g_obs = 0.5 * (g_N + np.sqrt(g_N*2 + 4*gc_val *g_N))

Meff_kg = g_obs * Rnt*2 / G.SI
Meff = Meff_kg / 1.989e30

# NFWemsmunm

gt_nfw = nfw gamma_t (R _arcmn, M200, c200, z_|, z_s)

M nfw = baryon_encl osed(R_Myc, M00, c200, z_I) / f_bar
scaling = np.where(Mnfw &yt; 0, Meff / Mnfw, 1.0)

scaling = np.clip(scaling, 0.01, 100)

return gt_nfw * scaling

#
# 4. mumEmEmEm
#




print("\n"+"="*70)
print("[Step 1] eEEEEEEEEEEEEEEEER")
print("="*70)

# hsc_y3_stacked_shear.csyv snmmmmsmmsmmnm

# EEEEEEEEEEEEEEEEEEEEEEEEEEN

stacked_file = Path("hsc_y3_stacked_shear.csv")
summary_file = Path("hsc_y3_cl uster_shear_summary.csv")

if stacked_file.exists():
df _stack = pd.read_csv(stacked_file)
print(f* wmmmmm: {stacked_file} ({len(df_stack)} mm)")
el se:
print(f" EEEEEEEEEEEEEEEEEEEEER"
df _stack = pd. Dat aFrane({
‘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],
9

r_data = df _stack['r_arcmin'].val ues
gt_data = df _stack[' gamma_t']. val ues
gt _err = df _stack[' ganma_t _err'].val ues

valid = np.isfinite(gt_data) &anp; np.isfinite(gt_err) &np; (gt_err &gt; 0)
r_fit = r_data[valid]

gt_fit = gt_data[valid]

err_fit = gt_err[valid]

#
#5. z_lens mmm NFWemmmmmmm
#
print("\n"+"="*70)

print("[Step 2] z_lens mmmm + mm Z mmmEm")
print("="*70)

# (A z_lens sumEEEEEEm
z_scan = np.arange(0.20, 0.85, 0.05)
gc_vs_z =[]

print(f"\n z_lens mummmm:")
print(f" {"z_I"':&gt;6} {'chi2_NFW:&gt;10} {'chi2_MOND :&gt; 10} {'chi2_nenbrane': &gt; 14} {'g_c/a0':&gt;8} {' M200': &gt;12}")
print(f" {'-'*65}")

for z_l in z_scan:
if z_| &t;= Z_S EFF - 0.05:
conti nue
# NFWemmm

def chi2_nfw_z(parans):
Im lc = parans
M ¢ = 10**Im 10**lc
if c&t;1 or c&gt;20 or M&t;1lel2 or Mgt; lel6: return 1e20
try: return np.sun(((gt_fit - nfw.gamma_t(r_fit, M c, z_|, Z S EFF))/err_fit)**2)
except: return 1e20

best_c2n = np.inf; best_pn = (14, 0.5)
for Imin np.linspace(13, 15.5, 15):
for Ic in np.linspace(0, 1.2, 10):
c2 = chi2_nfw z((Im Ic))
if c2 &t; best_c2n: best_c2n = c2; best_pn = (Im lc)
try:
res = optimze.mnimze(chi2_nfw z, best_pn, nethod="Nel der-Mead')
if res.fun &t; best_c2n: best_c2n = res.fun; best_pn = res.x
except: pass
M200_z = 10**best_pn[0]; c200_z = 10**best_pn[1]

# MOND
gt _nmond_z = nond_game_t (r_fit, M200_z, c200_z, z_l, Z S _EFF, a0)
c2_rmond = np.sunm(((gt_fit - gt_nond_z)/err_fit)**2)

# EEEENQ C HEN

def chi2_gc_z(lgc):
try: return np.sun(((gt_fit - nond_gamma_t(r_fit, M00_z, c200_z, z_|, Z_S EFF, 10**lgc))/err_fit)**2)
except: return 1e20

gc_grid = np.logspace(-12, -8, 80)

c2_grid = [chi2_gc_z(np.logl0(g)) for g in gc_grid]
gc_best _z = gc_grid[np.argnmn(c2_grid)]

c2_menbrane = nmin(c2_grid)

gc_vs_z.append({'z_I"': z_l, 'gc': gc_best_z, 'gc_a0': gc_best_z/ao0,
‘chi2_nfw: best_c2n, 'chi2_nond': c2_nond, 'chi2_nenbrane': c2_nenbrane,

" MR00' : M200_z})

print(f" {z_l:&gt;6.2f} {best_c2n:&gt;10.1f} {c2_nond: &gt ; 10. 1f} {c2_menbrane: &gt ; 14. 1f} "



f"{gc_best_z/a0: &gt; 8.3f} {M0O0_z: &gt ; 12. 2e}")
df _zscan = pd. Dat aFranme(gc_vs_z)

# (B) EEEN 7 EEEEEEEEEEEN
z_weights = np.array([sn for _, _, _, _, sn, _ in CLUSTERS_PHOT(Z])

z_values = np.array([z for _, _, _, z, _, _ in CLUSTERS_PHOT(Z])

z_mean = np. average(z_val ues, wei ghts=z_wei ghts)
z_medi an = np. nedi an(z_val ues)

print(f"\n sEssmsmmmm:")
print(f" mmmm 7z = {z_nean:.3f} (S/Nam)")
print(f" mmm z = {z_nedian:.3f}")

Z_L_BEST = z_mean

#
# 6. WmEE Z EEEEEEE
#
print(f"\n{'=*70}")

print(f"[Step 3] z_lens = {Z_L_BEST:.3f} mmmmmmm")
print(f"{'="*70}")

Scr_best = Sigma_cr(Z_L_BEST, Z_S_EFF)

D _best = D_A(Z_L_BEST)

print(f" DA = {D _best:.0f} Mc")

print(f" Sigma_cr = {Scr_best:.2e} Msun/Mc”"2")

# NFWemmm
def chi 2_nfw_best (parans):
Im lc = parans
M ¢ = 10**Im 10**lc
if c&t;1 or c&gt;20 or MRIt;1lel2 or MEgt;lel6: return 1le20
try: return np.sun(((gt_fit - nfw gamme_t(r_fit, M c, Z L_BEST, Z S EFF))/err_fit)**2)
except: return 1e20

best_c2 = np.inf; best_p = (14, 0.5)
for Imin np.linspace(13, 15.5, 20):
for Ic in np.linspace(0, 1.2, 15):
c2 = chi2_nfw_best((Im Ic))
if c2 &t; best_c2: best_c2 = c2; best_p = (Im Ilc)
try:
res = optimze.mnimze(chi2_nfw best, best_p, nethod='Nel der-Mead',
options={'xatol':0.001, 'fatol':0.01})
if res.fun &t; best_c2: best_c2 = res.fun; best_p = res.x
except: pass

M200_best = 10**best_p[0]; c200_best = 10**best_p[1]

rs_best, _, r200_best = nfw_parans(MO0O0_best, c200_best, Z_L_BEST)
chi 2_nfw_ val = best_c2

dof _nfw = len(r_fit) - 2

gt _nfw = nfw gamme_t (r_fit, M2OO_best, c200_best, Z L_BEST, Z_S EFF)

print(f"\n NFWmmmm:")

print(f" M 200 = {M200_best:.2e} Msun")

print(f" c_200 = {c200_best:.2f}")

print(f" r_200 = {r200_best:.2f} Mdc, r_s = {rs_best:.3f} Mc")

print(f" chi 2/dof = {chi2_nfw_val:.1f}/{dof _nfw} = {chi2_nfw_ val/dof_nfw .2f}")
# MOND

gt_nond = nmond_ganma_t(r_fit, MROO_best, c200_best, Z_L_BEST, Z_S _EFF, a0)
chi2_nond = np.sun(((gt_fit - gt_nond)/err_fit)**2)
dof _nond = len(r_fit) - 1

print(f"\n MOND (g_c = a0):")
print(f" chi 2/ dof = {chi 2_nond: . 1f}/{dof _nond} = {chi 2_nond/dof _nond:.2f}")

# mmmEmEg C mEm
def chi2_gc_final(lgc):
try:
gt_m= nond_gamma_t(r_fit, MO0O_best, c200_best, Z L_BEST, Z_S EFF, 10**|gc)
return np.sun{((gt_fit - gt_m/err_fit)**2)
except: return 1le20

gc_grid = np.logspace(-12, -8, 200)

c2_grid = np.array([chi2_gc_final (np.logl0(g)) for g in gc_grid])
gc_best = gc_grid[np.argnin(c2_grid)]

chi2_gc_val = c2_grid.mn()

dof _gc = len(r_fit) - 2

gt _menbrane = nond_gamma_t (r_fit, MO0O_best, c200_best, Z L_BEST, Z S EFF, gc_best)

print(f"\n mmmm (g_c free):")

print(f" g_c = {gc_best:.2e} ms"2 = {gc_best/a0:.3f} a0")

print(f" chi 2/ dof = {chi2_gc_val:.1f}/{dof _gc} = {chi2_gc_val/dof_gc:.2f}")
#Qg_C mmmm



dchi2 = c2_grid - chi2_gc_val

nmask68 = dchi2 &t; 1.0; mask95 = dchi2 &t; 4.0

gc_l 068 = gc_grid[mask68].min() if nmask68.sun()&gt; 0 el se gc_best
gc_hi 68 gc_grid[ mask68] . max() if mask68.sun()&gt; 0 el se gc_best
gc_l 095 = gc_grid[mask95].min() if nmask95.sun()&gt; 0 el se gc_best
gc_hi 95 = gc_grid[ mask95] . max() if mask95. sun()&gt; 0 el se gc_best

print(f" 68% Cl: [{gc_|l 068/a0:.3f}, {gc_hi68/a0:.3f}] a0")
print(f" 95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0")
a0_in_68 = gc_lo68 & t;= a0 & t;= gc_hi 68
a0_in_95 = gc_lo095 &t;= a0 & t;= gc_hi 95

print(f" a0 in 68%Cl: {"YES if a0_in_68 else 'NO}")
print(f" a0 in 95%Cl: {'YES if a0_in_95 else 'NO}")
#

#7. mEmEmEm

#

print(f"\n{"'="*70}")
print(f"[Step 4] mmmmm (z_lens = {Z L_BEST:.3f})")
print(f"{'="*70}")

aic_nfw = chi2_nfw val + 2*2
aic_nmond = chi2_nond + 2*1
ai c_mem = chi 2_gc_val + 2*2

print(f"\n {'mmm’':& t;35} {'chi2 :&gt;8} {'dof':&gt;5} {'chi2/dof':&gt;9} {'AIC:&gt;8} {'dAIC :&gt;8}")

print(f" {'-'*78}")

print(f" {"NFW (MO0, c200)': & t;35} {chi2_nfw val:&gt;8.1f} {dof _nfw &t;5} {chi2_nfw val/dof _nfw &gt;9.2f} {aic_nfw &gt;8.1f} {0: &gt ; +8.
print(f" {'MOND (g_c=a0)':& t;35} {chi2_nond: &gt;8.1f} {dof_nond: &gt;5} {chi 2_nond/dof _nond: &gt ; 9. 2f} {ai c_nond: &gt ; 8. 1f} {ai c_nond-ai c_nf
print(f" { mmmm (g_c free)':& t;35} {chi2_gc_val:&gt;8.1f} {dof _gc: &gt;5} {chi2_gc_val/dof_gc: &gt;9.2f} {aic_mem&gt;8.1f} {aic_nemaic_n

# z=0.35 mmmm
print(f"\n z_lens=0.35mmmvs z_|lens={Z L_BEST:.3f |ammmmnm:")

print(f" m: g _c = 0.733 a0, chi 2_MOND=29.7")
print(f" m: g c = {gc_best/a0:.3f} a0, chi2_MOND={chi 2_nond:.1f}")
#

# 8. g_c(z) mmmm
#

print(f"\n{"="*70}")
print(f"[Step 5] g_c(z_lens) mmmm")
print(f"{"'="*70}")

print(f"\n z_lens mmmmmm g c/a0 mmm:")
for rowin gc_vs_z:
print(f" z={rowf'z_I"']:.2f}: g_c = {row'gc_a0']:.3f} a0")

if len(df _zscan) &gt; 3:
gc_a0_vals = df _zscan['gc_a0']. val ues
print(f"\n g_c/a0 mmm: [{gc_a0O_vals.nmn():.3f}, {gc_a0O_vals.max():.3f}]")

print(f" g_c/a0 mmmm: {np.nedian(gc_a0_vals):.3f}")
print(f" g_c/a0 mmmmm: {np.std(gc_a0_vals):.3f}")
#
# 9. SPARC smmmmm
#

print(f"\n{"="*70}")
print(f"[Step 6] SPARC anmmmmmmmm")
print(f"{'="*70}")

print(f"""
L1 Y] L L] g_c/ a0 L L]
mm ( SPARC) RAR mumm 0.825 +/- CV~1 smEmEEEm
mm ( SPARC) EEEEEm al pha=0. 545 EEEEm

smmnn(HSC) wmmm(z=0.35) 0.733 +/- 0.12 mmm
mmmnn(HSC) mmmm(z={Z_L_BEST:.2f}) {gc_best/a0:.3f} +/- ? mmm
")

#
# 10. mumm
#
print(f"\n{'=*70}")
print(f'[Step 7] mmmm"”
print(f"{'="*70}")

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f' NFWvs MOND vs Menbrane ($z_| $={Z_L_BEST:.3f}, $z_s$={Z_S EFF})",
fontsize=14, fontweight="bold")

# (a) EEEEEEEE + EHEN
ax = axes[0, O]
ax.errorbar(r_fit, gt_fit*1e3, yerr=err_fit*1le3,
fm="0", color="black', ms=6, capsize=3, |abel="HSC Y3 stacked', zorder=5)

ax.plot(r_fit, gt_nfwle3, 'r-', Iw=2, |abel=f"NFW (M{M0O0_best:.1le})")
ax.plot(r_fit, gt_rmond*1e3, 'b--', Iw=2, |abel=f'MOND ($g_c$=$a_0%$)"')
ax.plot(r_fit, gt_menbrane*le3, 'g-.', |w=2, |abel =f'Menbrane ($g_c$={gc_best/a0:.2f}$a_0%$)")

ax.set_xscale('log")



ax.set_xlabel ("R [arcnin]")

ax.set _yl abel (' $\\gamma_t \\times 1073%$')
ax.set_title(f'(a) Shear profile ($z_| $={Z_L_BEST:.2f})")
ax. | egend(fontsize=7)

# (b) mm

ax = axes[0, 1]

ax.errorbar(r_fit, (gt_fit-gt_nfw/err_fit, fnm="0", color="red , ns=5, |abel=" NFW)
ax.errorbar(r_fit*1.05, (gt_fit-gt_nmond)/err_fit, fnt="s', color="blue', ns=5, |abel="MOND )
ax.errorbar(r_fit*1. 1, (gt_fit-gt_menbrane)/err_fit, fnm="2", color="green', ns=5, |abel =" Menbrane')
ax.axhline(0, color="k', Is="--', al pha=0.3)

ax. axhspan(-2, 2, al pha=0.05, color="gray')

ax.set _xscale('log')

ax.set_xlabel ("R [arcmin]")

ax. set _yl abel (' Residual / $\\sigm$')

ax.set_title(' (b) Residuals')

ax. | egend(fontsi ze=8)

# (c) gc chi2 esemmmm
ax = axes[0, 2]

ax.plot(gc_grid/a0, dchi2, '"b-', |Iw=2)

ax.axhline(1, color="orange', |s='--', alpha=0.5, |abel="68%CL")

ax.axhline(4, color="red', Is='--', alpha=0.5, |abel="95%CL")

ax.axvline(1.0, color='gray', Is=":', alpha=0.5, |abel="%a_0%$ (MOND)')

ax. axvline(gc_best/a0, color='green', |Is='-', alpha=0.7, |abel=f'best={gc_best/a0:.2f}%a_0%$')

ax. set _xl abel (' $g_c / a_0%$')

ax. set _yl abel (' $\\ Del ta\\chi ~2$")

ax.set_title('(c) $g_c$ constraint')

ax.set_xscale('log")

ax.set _ylim(0, mn(20, dchi2[np.isfinite(dchi2)].max() if np.any(np.isfinite(dchi2)) else 20))
ax. | egend(fontsize=7)

# (d) g_c(z_lens) mmmm
ax = axes[1, 0]
if len(df _zscan) &gt; O:

ax.plot(df _zscan['z_l"], df_zscan['gc_a0'], 'o-', color="steel blue', ns=6)
ax.axhline(1.0, color='gray', |Is='--', alpha=0.5, |abel=" %$a_0%")
ax. axhline(0.825, color="orange', Is=":"', alpha=0.5, |abel="SPARC (0.825)")
ax. axvline(Z_L_BEST, color='red', Is='--', alpha=0.5, l|abel=f'$z_|$={Z_L_BEST:.2f}")
# EEEEEEEN 7 EEN
for _, _, _, z_cl, sn, _ in CLUSTERS_PHOTQZ:

ax.axvline(z_cl, color="green', Is=":", alpha=0.3)

ax.set _xl abel (' $z_{lens}$ (assuned)')
ax.set_yl abel (' $g_c / a_0%$')
ax.set_title('(d) $g_c$ stability vs $z_|1$')
ax. | egend(fontsize=7)

# (e) chi2/dof mm

ax = axes[1, 1]

model s = ['NFW, f' MOND\n($g_c$=%a_0%)', f' Menbrane\n($g_c$={gc_best/a0:.2f}$a_0$)"']
chi 2dof = [chi 2_nfw_val /dof _nfw, chi2_nond/dof_nond, chi2_gc_val/dof_gc]

cols = ['red, '"blue', 'green']
bars = ax. bar(nmodel s, chi2dof, color=cols, alpha=0.7, edgecolor="black"')
ax.axhline(1, color="k', Is="--', al pha=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 _yl abel (' $\\ chi ~2$/ dof ')
ax.set_title(f'(e) Mdel conparison ($z_| $={Z_L_BEST:.2f})")

# (f) z=0.35 vs z=new mmm

ax = axes[1, 2]

# z mm MOND chi 2 m nenbrane chi2

if len(df _zscan) &gt; O:
ax.plot(df _zscan['z_|l"], df_zscan['chi2_nfw], 'r-o', ns=4, |abel="NFW)
ax. plot(df _zscan['z_I"'], df_zscan['chi2_nond'], 'b--s', ms=4, |abel="MOND)
ax.plot(df _zscan['z_|"'], df_zscan['chi2_nenbrane'], 'g-.”", nms=4, |abel="Menbrane')
ax.axvline(Z_L_BEST, color="red', Is="--', alpha=0.5)
ax. set _xl| abel (' $z_{1ens}$")
ax. set _yl abel (' $\\chi ~2$")
ax.set_title(' (f) $\\chi”2$ vs $z_I$")
ax. | egend(fontsize=7)

plt.tight_layout()
plt.savefig('hsc_refit_photoz.png', dpi=150, bbox_inches="tight")
print(" -&gt; hsc_refit_photoz.png")

# CSV mm

df _zscan.to_csv(' hsc_gc_vs_zl ens.csv', index=Fal se)
print(" -&gt; hsc_gc_vs_zlens.csv")

#

# 11, mmmmEm

#

print(f"\n{"="*70}")
print(f'[memmmm]")
print(f"{'="*70}")



print(f"""
photo-z mmmmmm (z_lens = {Z_L_BEST:.3f}):

NFW M200={ M200_best: . 2e}, ¢200={c200_best:.2f}, chi 2/dof ={chi 2_nfw_val/dof _nfw .2f}
MOND: g_c=a0, chi2/dof={chi 2_nond/dof _nond:.2f}, dAl C={aic_nond-aic_nfw +. 1f}
mmmm: g _c={gc_best/a0:.3f}a0, chi2/dof={chi2_gc_val/dof_gc:.2f}, dAI C={aic_memaic_nfw +. 1f}

g.C mmm:
g_c = {gc_best:.2e} ms”"2 = {gc_best/a0:.3f} a0
68% Cl: [{gc_l 068/a0:.3f}, {gc_hi68/a0:.3f}] a0
95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0
a0 in 95%Cl: {"YES if a0_in_95 else 'NO}

SPARC ENEEEEEN:
SPARC mmmm: g c = 0.825 a0 (Cv~1)
HSC mmmm: g_c = {gc_best/a0:.3f} a0
mmm: {'2signemmmmm’ if abs(gc_best/a0 - 0.825) &t; 2*0.15 else 'mmmmm'}

EEEEEEN
mmmm (g c &t; a0) wmemmmmmmmm . level {"A if not a0_in_95 else 'B'}

")

print("mm")



specz ssmatch.py

fRATEH SDSS SkyServer/Vizier TAP TH YK A RIZERIR.cl1 D z_spec FEE.

HR cl1: z_spec=0.313 (22881, sigma_v=527 km/s) . photo-z=0.789 (i@ X,

HSC susmmesemssnn SDSS suEEEEEEEE
SEEEEEEEEEER;
(1) SDSS DR18 CasJobs API
(2) Vizier TAP (SDSS spectroscopic catal og)
(3) NED batch query

mE: Uuv run --with requests --with pandas --with nunpy --with astropy python specz_crossmatch. py

i nport nunpy as np

i nport pandas as pd
frompathlib inmport Path
inport tine

i nport sys

try:
i nport requests
except InportError:
print("pip install requests"); sys.exit(1)

try:
from astropy. coordi nates inport SkyCoord
fromastropy inmport units as u
HAS_ASTROPY = True

except:
HAS_ASTROPY = Fal se
print(" astropy EE. EEEEEEEEEEEEER")

#

# 0. eEEEmEN

#

CLUSTERS = [
{"name": "cl1", "ra": 140.450, "dec": -0.251, "z_phot": 0.789, "label": "GAMAO9H #1"},
{"name": "cl2", "ra": 142.210, "dec": -0.120, "z_phot": 0.670, "label": "GAMAO9H #2"},
{"name": "cl 3", "ra": 140.300, "dec": -0.350, "z_phot": 0.370, "label": "GAMAO9H #3"},
{"nanme": "cl4", "ra": 182.680, "dec": -0.280, "z_phot": 0.510, "label": "WDEL2H'},
{"name": "cl5", "ra": 216.750, "dec": -0.200, "z_phot": 0.610, "label": "GAVA15H'},

]

SEARCH _RADI US_ARCM N = 5.0
QUTPUT_DIR = Path(r"D\usssss\ssssss\ seses\ sseenen\nunn")

print("="*70)
print("esssEsEsEEEEEEn"
print("="*70)

#
# 1. Vizier TAP mmmmSDSS DR18 SpecChj m
#
def query_vizier_sdss_specz(ra, dec, radius_arcm n=5.0):
"""Vizier TAP m SDSS smsmummmm"""
radi us_deg = radius_arcnmin / 60.0

# SDSS DR18 spectroscopic catalog via Vizier TAP
tap_url = "https://tapvizier.cds.unistra.fr/TAPVi zi eR/ tap/ sync"

query = f"""
SELECT TOP 1000
"V/ 154/ sdss16", RAJ2000, DEJ2000, zsp, e_zsp, zph, Spd, Q
FROM " V/ 154/ sdss16"
WHERE 1=CONTAI NS( PO NT(' I CRS', RAJ2000, DEJ2000),
CIRCLE('ICRS', {ra}, {dec}, {radius_deg}))
AND zsp &gt; 0.01
AND zsp &lt; 2.0
AND Q &gt; = 2

paranms = {
"REQUEST": "doQuery",
"LANG': "ADQL",

"FORMAT": "csv",
"QUERY": query,
}

try:
r = requests.get(tap_url, params=parans, timeout=60)
if r.status_code == 200 and len(r.text) &gt; 10:



fromio inmport StringlO
df = pd.read_csv(Stringl Q(r.text), comment='#")

return df
except Exception as e:
print(f" Vizier mmm: {e}")

return None

SDSS SkyServer APl mmmmmmm

o FH H
N

query_sdss_skyserver(ra, dec, radius_arcm n=5.0):
""" SDSS SkyServer SQL Search API"""

sql = f"""
SELECT TOP 500
s.specbj ID, s.ra, s.dec, s.z as z_spec, s.zErr, s.zWrning,
s.class, s.subd ass, s.velDisp, s.velD spErr,
p. nodel Mag_r, p.nodel Mag_i, p.nodel Mag_g
FROM SpecOhj AS s
JO N PhotoObj AS p ON s.bestObjID = p.objID
WHERE
dbo. f Get Near bySpecbj Eq({ra}, {dec}, {radius_arcmin}) IS NOT NULL
AND s.z &t; 0.01 AND s.z &t; 2.0
AND s. zWarning = 0
AND s.class = ' GALAXY'

url = "https://skyserver.sdss. org/ dr18/ SkyServer W5/ Sear chTool s/ Sql Sear ch"
parans = {"cnd": sql, "format": "csv"}
try:

r = requests.get(url, parans=parans, timeout=60)
if r.status_code == 200:
fromio inmport StringlO
lines = r.text.strip().split('\n")
# SDSS returns header + data, sonetinmes with error messages
if len(lines) &t; 1 and not lines[0].startswi th('ERROR):
df = pd.read_csv(Stringl Q(r.text))
return df
except Exception as e:
print(f" SkyServer mmm: {e}")

return None

# 3.

NED mmmmmm

def

query_ned(ra, dec, radius_arcm n=5.0):
"""NASA/ | PAC Extragal acti c Database (NED) near position search"""
url = "https://ned.ipac.cal tech. edu/ cgi - bi n/ obj search"
parans = {
"search_type": "Near Position Search",
"in_csys": "Equatorial",
"in_equi nox": "J2000. 0",
"lon": f"{ra:.5f}d",
"lat": f"{dec:.5f}d",
"radius": f"{radius_arcmn}",

"hconst": "70",

"onegani': "O0.3",

"omegav": "0.7",

"corr_z": "1",

"z_constraint": "Unconstrained",

"ot _include": "ANY",
"nmp_op": "ANY",

"out_csys": "Equatorial",

"out _equi nox": "J2000. 0",

"obj _sort": "Distance to search center",
"of": "ascii_tab",

"zv_breaker": "30000.0",
“list_limit": "100",
"ing_stanmp": "NO',

}

try:
r = requests.get(url, parans=parans, timeout=60)
if r.status_code == 200 and len(r.text) &gt; 100:
fromio import StringlO
# NED auEEEEEEEEEEEEEEE
lines = r.text.split('\n")
data_lines = [I for | inlines if | and not |.startswith('# ) and not
if len(data_lines) &gt; 1:
return r.text # EEEEEEEN
except Exception as e:
print(f" NED mmm: {e}")

return None

I.startswith('|")]



#
# 4. mEEmEm
#
print(f"\n mmmm: {SEARCH RADI US_ARCM N} arcm n")
print(f* mmm: {|len(CLUSTERS)}")

all _results = {}

for cl in CLUSTERS:
name = cl[' name']
ra=cl['ra']
dec = cl['dec']
z_phot = cl['z_phot']
| abel = cl['label"]

print(f"\n{'="*60}")
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_nedian': None,
‘n_cluster_nenbers': 0, 'vel _disp': None}

# --- mml: SDSS SkyServer ---
print(f" [1] SDSS SkyServer mmm.. .")
df _sdss = query_sdss_skyserver(ra, dec, SEARCH RADI US_ARCM N)

if df _sdss is not None and | en(df_sdss) &gt; O:

print(f" mmmunm: {|len(df_sdss)}")

# z_spec mum

z_col ="'z_spec' if 'z_spec' in df_sdss.colums else 'z' if 'z' in df_sdss.colums el se None
if z_col:

z_specs = df _sdss[z_col].dropna().val ues
z_specs = z_specs[(z_specs &gt; 0.01) &anp; (z_specs &t; 2.0)]

if len(z_specs) &gt; O:
resul ts[' n_specz'] = |l en(z_specs)
results['z_spec_nedian'] = np.nedi an(z_specs)

# photo-z mmm+/- 0.05ummmmEm

dz = 0.05
nmenbers = z_specs[(z_specs &gt; z_phot-dz) &anp; (z_specs & t; z_phot+dz)]
resul ts['n_cluster_nenbers'] = | en(nmenbers)

if len(nmenbers) &gt; 3:
resul ts['z_spec_peak'] = np.nedi an(nenbers)
results['vel _disp'] = np.std(nmenbers) * 3e5 # kni's
print(f" z_spec(mmmm): {results['z_spec_peak']:.4f} "
f"({len(nenbers)}mm, sigma_v={results['vel _disp']:.0f} km's)")

# zZ aEEEEE

print(f" z mm:")
zbins = np.arange(0, 1.2, 0.05)
hi st, _ = np.histogran(z_specs, bins=zbins)
for i, hin enunerate(hist):
if h &t; O:
bar = '# * h
print(f" z={zbins[i]:.2f}-{zbins[i+1]:.2f}: {bar} ({h})")

# ammmmmmnve/Disp snmmnnnnm
if "velDisp' in df_sdss. col ums:
vd = df _sdss[' vel Di sp'].dropna()
vd = vd[vd &gt; 50] # 50 knis mmmm
if len(vd) &gt; O:
print(f" SDSS mmmm: nedi an={vd. nedian():.0f} km's (N={len(vd)})")

# CSV mm
outpath = QUTPUT_DIR / f"specz_{nanme}_sdss. csv"
df _sdss.to_csv(outpath, index=Fal se)

print(f" -&gt; {outpath}")
el se:

print(f" SDSS semmmEmmER")
# --- mm2: Vizier ---
if results['n_specz'] ==

print(f" [2] Vizier mmm.. .")

df _viz = query_vizier_sdss_specz(ra, dec, SEARCH RADI US_ARCM N)
if df _viz is not None and len(df_viz) &gt; O:
print(f" Vizier mm: {len(df_viz)} mm")
z_col_v =[c for c in df_viz.colums if 'zsp' in c.lower() or 'z_spec' in c.lower()]
if z_col_v:
z_v = df _viz[z_col _v[0]].dropna().val ues
z_v =z_v[(z_v &t; 0.01) &anp; (z_v &t; 2.0)]
resul ts[' n_specz'] = len(z_v)
if len(z_v) &gt; O:
results['z_spec_nedian'] = np.nedian(z_v)



menbers = z_v[(z_v &gt; z_phot-0.05) &anp; (z_v & t; z_phot+0.05)]
resul ts[' n_cluster_nmenbers'] = | en(nenbers)
if len(nmenbers) &gt; 3:

resul ts['z_spec_peak'] = np.nedi an(nenbers)

resul ts['vel _disp'] = np.std(nmenbers) * 3e5

print(f" z_spec(mmmm): {results['z_spec_peak']:.4f}")

tinme.sleep(l) # APl mmmm
all _results[name] = results

#
#5 mEEmmm
#
print(f"\n{"'=*70}")
print("[mems] sEEEEEEEEEEEER"
print(f"{"="*70}")

print(f"\n {'mm':&t;8} {'z_phot':&gt;7} {' N_spec':&gt;7} {' N_menber':&gt;9} {'z_spec':&gt;7} {'sigma_v':&gt;8} {'mm':&t;15}")
print(f" {'-'*65}")

confirmed =[]

for nane, res in all_results.itens():
z_phot = res['z_phot']
n_spec = res['n_specz']
n_nmem = res[' n_cl uster_nenbers']
z_spec = res.get('z_spec_peak')
vd = res.get('vel _disp')

if z_spec and n_nmem &gt;= 5 and vd and vd &gt; 200:
status = "mmmm"
confirmed. append(res)
elif z_spec and n_nem &gt; = 3:
status = "mm"
confirned. append(res)
elif n_spec &gt; O:
status = "mmmm"
el se:
status = "mmmm"
z_str = f"{z_spec:.4f}" if z_spec else "--"
vd_str = f"{vd:.0f}" if vd else "--"
print(f" {nane:& t;8} {z_phot:&gt;7.3f} {n_spec:&t;7} {n_mem &gt;9} {z_str:&gt;7} {vd_str:&gt;8} {status:&t;15}")

print(f"\n mmmm/mmsmmmm: {|len(confirmed)} / {len(CLUSTERS)}")

# EEEEN 7 EEEEEEN
if confirmed:
z_confirmed = [c['z_spec_peak'] for ¢ in confirmed if c['z_spec_peak']]
n_nenbers = [c['n_cluster_nenbers'] for ¢ in confirmed if c['z_spec_peak']]
if z_confirned:
z_avg = np.average(z_confirned, wei ghts=n_nenbers)
print(f"\n mmmmmm z mmmmm: {z_avg:.4f}")
print(f" photo-z mmmm:")
for c in confirned:
if c['z_spec_peak']:
dz = c['z_spec_peak'] - c['z_phot']
print(f" {c['nane']}: z_phot={c['z_phot']:.3f}, z_spec={c['z_spec_peak']:.4f}, "
frdz={dz: +. 4f}")

# mmCSV
df _sunmary = pd. DataFrane(al |l _results.val ues())
df _sunmary.to_csv(OUTPUT_DIR / "specz_summary.csv", index=Fal se)
print(f"\n -&gt; specz_summary.csv")
print(f"""
EEEEEN:

mmmmmmm z_spec m hsc_refit_with_photoz.py m Z_L_BEST mmm
- (_C EEEEEEEEEN

")

print("mm")



sing.py
A7 B Abel Z5#21C & 2 EHe 7 MOND #8518, NFWR Y —U > 7 i LU B L.

AbelZH#a TNFW>>MOND (THEE, B 7 —F 1 777 DR,

MOND/ smmmmmmn: Abe/ aEEEEEEEEEER

MOND mmm NFW EEEEEEEEEEEEEN
mEm 3D emm 2D eEEEEEEEEE

| 1 N
MOND: g_obs(r) = (1/2)(g_N + sqgrt(g_N‘2 + 4*g_c*g_N))

rho_eff(r) = (1/4pi*GQ * (1/r”2) * d/dr[r”"2 * g_obs(r)]

mmmmm: Sigma(R) = 2 * integral _RMinf rho_eff(r) * r / sqrt(r”"2-R\2) dr
DeltaSignma(R) = Sigma_nean(& t; R - Sigma(R

gamma_t (R) = DeltaSigma(R) / Signa_cr

uv run --with pandas --with numpy --with scipy --with matplotlib python nond_abel _| ensing. py

i nport nunmpy as np

i nport pandas as pd

fromscipy inport integrate, optinize, interpolate
frompathlib inmport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

#

# 0. mm

#

HO = 70.0; Om=0.3; OL = 0.7; c_light = 2.998e5
G _Mc = 4.301e-9 # (km's)~2 Mpc / Msun

G Sl = 6.674e-11 # m3 / (kg s"2)
Msun = 1.989e30 # kg

Mpc_m = 3. 086e22 # m

a0 = 1.2e-10 # msh2

pc_m = 3.086el6 # m

m zucll emmmEEEm
13 # cll mmmm (22mm, sigma_v=527 knis)

| |
0.3
1.0 # mEmEm 7

print ("="*70)

print("VMOND/ smemsmnn: Abel smsmEmEmEmER")
print("="*70)

#
# 1, mEmmEm
#

def E(z): return np.sqrt(Om(1+z)**3 + QL)
def conoving(z):
d, _ = integrate.quad(lanbda zz: c_light/(HO*E(zz)), 0, z)
return d
def D A(z): return conoving(z)/(1+z)
def D A2(z1, z2): return (conoving(z2)-conoving(zl))/(1+z2)
def rho_cr(z): return 3*(HO*E(z))**2/(8*np. pi *G_Mc)

def Sigma_cr(z_l, z_s):
D =D A(z_l); Ds=D_A(z_s); Dis=D A2(z_l,z_s)
if Dis&t;=0: return np.inf
return c_light**2/(4*np.pi *G Mc) * Ds/(D *D's)

Scr = Sigma_cr(Z_L, Z_S)

D = D_A(Z_L)

print(f" z_I={Z_L}, z_s={Z_S}")

print(f" DA ={D:.0f} Mc, Sigma_cr = {Scr:.3e} Mun/Mc"2")

#

# 2. AEEEEEEEEEEEEEEEEEE + NFWamm

#

def nfw_encl osed_mass(r_Mc, MO0, c200, z_I):

"""NFWemmmm"""

rc = rho_cr(z_l)

r200 = (3*M200/ (4*np. pi *200*rc))**(1./3.)

rs = r200/c200

delta_c = 200./3.*c200**3/(np. | og(1+c200)-c200/ (1+c200))
rho_s = delta_c*rc

X =r_Mc/rs

return 4*np. pi *rho_s*rs**3*(np. | og(1+x)-x/ (1+x))

def nfw_density(r_Mc, MO00, c200, z_|):
"""NFW mm"""
rc = rho_cr(z_l)



r200 = (3*M200/ (4*np. pi *200*rc))**(1./3.)

rs = r200/c200

delta_c = 200./3.*c200**3/(np. | og(1+c200)-c200/ (1+c200))
rho_s = delta_c*rc

X = r_Mc/rs

return rho_s/ (x*(1+x)**2)

#3. MONDE mmmmm

def g_newton(r_Mc, M bar_enclosed):
"""mEEmEEEE [N sh2]
r_m=r_Mc * Mc_m
M kg = M bar_encl osed * Msun
if r_me&t; 1el0: return O
return GSI * Mkg / r_nr*2

def g_nond(g_N, g_c):
"UUMOND mmmmm [misA2]ttt
if g_N&t;=0: return 0
return 0.5*(g_N + np.sqrt(g_N*2 + 4*g_c*g_N))

def effective_encl osed_mass(r_Moc, Mbar_enclosed, g_c):
"""MOND emmEEENR [NSUI"I] e
r_m=r_Mc * Mc_m
gN = g_newton(r_Myc, M bar_encl osed)
gobs = g_nond(gN, g_c)
Meff = gobs * r_m*2 / G SI / Mun
return Meff

# 4. Abel mEEEEEEEE

def conpute_rho_eff(r_array, M200_total, c200, z_|, g_c, f_bar=0.17):
"""MOND mm3Dmm rho_eff(r) mmmmm"""
n = len(r_array)
Meff = np.zeros(n)

for i, r in enumerate(r_array):
M bar = nfw_encl osed_mass(r, M00_total, c200, z_I) * f_bar
Meff[i] = effective_enclosed_mass(r, Mbar, g_c)

# rho_eff = (1/4pi*r~2) * dMeff/dr

# EEEEEEEEEE

rho_eff = np.zeros(n)

for i in range(l, n-1):
dvdr = (Meff[i+1] - Meff[i-1]) / (r_array[i+1] - r_array[i-1])
rho_eff[i] = dMir / (4*np.pi*r_array[i]**2)

# eEmmEE
rho_eff[0] = rho_eff[1]
rho_eff[-1] = rho_eff[-2]

# EEEEEEEEEEEEEEEN
rho_eff = np. maxi mum(rho_eff, 0)

return rho_eff, Meff

def abel _project(R.array, r_fine, rho_fine):
"""Abel mm: 3Dmm - 2Dmmm
Sigma(R) = 2 * integral _R'inf rho(r) * r / sqrt(r”2 - R*2) dr
#rho smmmm
log_r = np.10gl0(r_fine)
I og_rho = np.l0gl0(np. maxi nun(rho_fine, 1le-50))
rho_interp = interpolate.interpld(log_r, log_rho, kind='linear',
fill_val ue=-50, bounds_error=Fal se)

def rho_func(r):
return 10**rho_i nterp(np.10gl0(r))

Sigma = np.zeros(len(R array))
r_max = r_fine. max()

for i, Rin enumerate(R array):
if R&t;=0: continue
# mmmmm: rho(r) * r / sqrt(r*2 - R'2)
# mmm r=R mmm: mmmm y = sqrt(r*2 - R*2), dr = u/r * du
# integral = integral _OMumax rho(sqrt(ur2+R'2)) du
u_max = np.sqgrt(r_max**2 - R**2) if r_nmax &gt; Relse O
if unmx &t;=0:
Sigma[i] =0
conti nue

def integrand(u):
r = np.sqrt(u**2 + R**2)
return rho_func(r)



try:
val, err = integrate.quad(integrand, 0, u_nmax, |imt=200,
epsrel =le-4, epsabs=0)
Sigma[i] =2 * val # mmmm
except :
Sigma[i] =0

return Sigma

def conpute_delta_sigma(R array, Signe_array):
"""DeltaSigma(R) = Sigma_nmean(& t;R) - Sigm(R"""
# Sigma_nmean(& t;R) = (2/R*2) * integral _O0"R Signe(R) * R dR
Si gma_mean = np. zeros(len(R_array))

# mm
Sigma_interp = interpolate.interpld(R array, Signa_array, kind='linear',
fill _val ue=0, bounds_error=Fal se)
for i, Rin enunerate(R array):
if R&t;= 0: continue
def integrand(Rp):
return Sigma_interp(Rp) * Rp
try:
val, _ = integrate.quad(integrand, R array[0]*0.1, R |imit=100)
Sigma_nean[i] =2 * val / R*2
except:

Sigma_nean[i] =0

return Sigma_nmean - Signe_array

# 5 EEEEEEEEEEEEE

def full_nond_shear (R arcnmin, M200, c200, z_|, z_s, g_c, f_bar=0.17):
"""Abel mummmEEEEs VONDS sEsEEEEm"""
Dl _val = D_A(z_l)
Scr_val = Sigma_cr(z_l, z_s)

# arcmin - Mc
R Mpc = R arcmin * np.pi/(180*60) * D _val

# 3D e EEEEEEEEEER

r_mn=RMc.mn() * 0.1

r_max = R Mpc.max() * 5

r_fine = np.logspace(np.loglO(max(r_min, 1le-4)), np.logl0(r_max), 500)

# MOND mmmm
rho_eff, Meff = conpute_rho_eff(r_fine, MO0O, c200, z_|, g_c, f_bar)

# Abel mm
Sigma = abel _project (R Mc, r_fine, rho_eff)

# Del taSi gna
DS = conpute_del ta_si gma(R_Moc, Signm)

# mam
gamma_t = DS/ Scr_val

return gamma_t, Sigma, DS, rho_eff, Meff, r_fine

NFWesmmmmmmmmn\Wight &anp; Brainerd 2000m

Q H H H
(2]

ef nfw_gamma_exact (R _arcmin, M200, c200, z_I|, z_s):
"""Wight &np; Brainerd (2000) wmmm NFWmm"""
rc = rho_cr(z_l)
r200 = (3*M200/ (4*np. pi *200*rc))**(1./3.)
rs = r200/c200
delta_c = 200./3.*c200**3/ (np. | og(1+c200)-c200/ (1+c200))
rho_s = delta_c*rc
D _val = DA(z_l)
R Mpc = Rarcnin * np.pi/(180*60) * D _val
X = R Mpc/rs

# Sigma(x) m Signe_nean(x) smmm
Sigma = np.zeros_|ike(x)
Si gma_mean = np. zeros_l i ke(x)

for i, xi in enumerate(x):

if xi &t; le-6: continue

elif abs(xi-1) &t; le-4:
Sigma[i] = 2*rs*rho_s/3.0
Sigma_nean[i] = 4*rs*rho_s*(1+np.l0g(0.5))

elif xi &t; 1:
sg = np.sqrt(1-xi**2)
Sigma[i] = 2*rs*rho_s/(xi**2-1)*(1-np.log((1+sq)/xi)/sq)
g = np.log(xi/2)+np.log((1+sq)/xi)/sq



Sigma_nean[i] = 4*rs*rho_s*g/xi**2
el se:
sq = np.sqrt(xi**2-1)
Sigma[i] = 2*rs*rho_s/(xi **2-1)*(1-np. arctan(sq)/sq)
g = np.log(xi/2)+np.arctan(sq)/sq
Sigma_nean[i] = 4*rs*rho_s*g/xi**2

DS = Signma_nean - Sigm
Scr_val = Sigma_cr(z_l, z_s)
return DS/ Scr_val

7. epEEEEEEEEEE

* H H

print(f"\n{"'=*70}")
print("[Step 1] memmmmm"
print("="*70)

data_file = Path("hsc_y3_stacked_shear.csv")
if data_file.exists():
df = pd.read_csv(data_file)
el se:
df = pd. Dat aFrane({
‘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],
b

r_data = df['r_arcmin'].val ues

gt_data = df['gammm_t'].val ues

gt_err = df[' gamma_t _err']. val ues

valid = np.isfinite(gt_data) &np; np.isfinite(gt_err) &anp; (gt_erré&gt;0)
r_fit =r_data[valid]; gt_fit = gt_data[valid]; err_fit = gt_err[valid]

print(f" wmmmm: {valid.sum()}")

#
#8 NFWmmmm
#
print(f"\n{'="*70}")

print("[Step 2] NFWmmmm (mmm)")
print("="*70)

def chi 2_nfw parans):
Im lc = parans
M ¢ = 10**Im 10**Ic
if c&t;1 or c&gt;20 or M&t;1lel2 or Megt; lel6: return 1e20
try: return np.sun(((gt_fit-nfw gamma_exact(r_fit,Mc,Z L,Z S))/err_fit)**2)
except: return 1le20

best = np.inf; bp = (14,0.5)
for Imin np.linspace(13,15.5, 20):
for Ic in np.linspace(0,1.2,15):
c2 = chi2_nfw((Imlc))
if c2& t;best: best=c2; bp=(Imlc)
try:
res = optimze.mnimze(chi2_nfw, bp, nmethod="Nel der-Mead")
if res.fun&t;best: best=res.fun; bp=res.x
except: pass

M200_nfw = 10**bp[ 0] ; c200_nfw = 10**bp[ 1]

gt_nfw = nfw_gamua_exact (r_fit, M200_nfw, c200_nfw, Z_L, Z9S)

chi2_nfw val = best; dof_nfw = len(r_fit)-2

print(f" MO00={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 mummmm
#
print(f"\n{"'="*70}")

print("[Step 3] MOND) emmmmmmm (Abel mm)")
print("="*70)

# Qg C ammmEEEEN

# MO0 " NFWENEEEEEEEEEEEEENEEEN
gc_grid = np.logspace(-12, -8, 60)

chi 2_gc_abel = np.full(len(gc_grid), np.inf)

print(f* g_c mmmmm ({len(gc_grid)} m)...")
for ig, gc_val in enunerate(gc_grid):
try:
gt_nmodel, _, _, _, _, _ = full_rond_shear(r_fit, M0O_nfw, c200_nfw, Z L, Z_S, gc_val)
if np.all(np.isfinite(gt_nodel)):
chi2_gc_abel[ig] = np.sun(((gt_fit-gt_nodel)/err_fit)**2)
except Exception as e:
pass

if (ig+l) %20 == 0O:



best _so_far = gc_grid[np.argm n(chi2_gc_abel [:ig+1])]
print(f" {ig+1}/{len(gc_grid)}: best g_c = {best_so_far/a0:.3f} a0")

# mmm g_C

best _i dx = np. argmi n(chi 2_gc_abel)
gc_best _abel = gc_grid[ best_idx]

chi 2_abel _best = chi 2_gc_abel [ best _i dx]

# g_c = a0 m chi2
a0_i dx = np.argm n(np.abs(gc_grid - a0))
chi 2_a0_abel = chi 2_gc_abel [a0_i dx]

# EEEEEEEEEEEEEEN
gt _abel _best, Signma_best, DS _best, rho_best, Meff_best, r_fine =\
full _nmond_shear (r_fit, M200_nfw, c200_nfw, Z L, Z_S, gc_best_abel)

# MOND (g_c=a0) wmmmmmm
gt_abel _nond, _, _, _, _, _ = full_nond_shear(r_fit, M20O_nfw, c200_nfw, Z_ L, Z_S, a0)

dof _abel = len(r_fit) - 2 # M0O + g_c

print(f"\n Abel mm MOND ammmmm:")

print(f" g_c(best) = {gc_best_abel:.2e} ms"2 = {gc_best_abel/a0:.3f} a0")

print(f" chi 2/ dof (best) = {chi 2_abel _best:.1f}/{dof _abel} = {chi 2_abel _best/dof _abel:.2f}")
print(f" chi 2/ dof (a0) = {chi 2_a0_abel : . 1f}/{dof _abel } = {chi 2_a0_abel / dof _abel : . 2f}")

# mmmm

dchi 2_abel = chi2_gc_abel - chi2_abel _best

mask68 = dchi 2_abel & t; 1; mask95 = dchi2_abel &'t ;4

gc_l 068 = gc_grid[nmask68].mn() if mask68.sun()&gt; 0 el se gc_best _abel
gc_hi 68 = gc_grid[ mask68]. max() if mask68.sum()&gt; 0 el se gc_best _abel
gc_l 095 = gc_grid[mask95].min() if nmask95.sun()&gt; 0 el se gc_best _abel
gc_hi 95 = gc_grid[ mask95] . max() if mask95. sum()&gt; 0 el se gc_best _abel

a0_in_68 = gc_|l 068&l t;=a0& t; =gc_hi 68
a0_in_95 = gc_l 095& t; =a0&l t; =gc_hi 95

print(f" 68% Cl: [{gc_l 068/a0:.3f}, {gc_hi68/a0:.3f}] a0")
print(f" 95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0")
print(f" a0 in 68%Cl: {"YES if a0_in_68 else "NO}")
print(f" a0 in 95%Cl: {"YES if a0_in_95 else 'NO}")

#

# 10. NFWeesuemEmEEEEm

#

print(f"\n{"=*70}")
print("[Step 4] Abel mm vs NFWesssssmmmEm")
print("="*70)

print(f* maNFWesmmmmmmmm: g c = 0.777 a0")
print(f* mmAbel mmm: g_c = {gc_best_abel /a0:.3f} a0")
print(f" m: {abs(gc_best_abel/a0 - 0.777):.3f} a0")

#

# 11, emEmEm
#
print(f"\n{"=*70}")
print("[Step 5] mmmmm"
print("="*70)

aic_nfw = chi2_nfw. val + 2*2
ai c_nond_abel = chi2_a0_abel + 2*1
ai c_nmem abel = chi 2_abel _best + 2*2

print(f"\n {'mmm':& t;40} {'chi2 :&gt;8} {'dof':&gt;5} {'chi2/dof':&gt;9} {'AIC:&gt;8} {'dAIC :&gt;8}")

print(f" {'-'*78}")

print(f" {'NFW (mmm)':& t;40} {chi2_nfw val:&gt;8.1f} {dof _nfw &t;5} {chi2_nfw val/dof _nfw &gt;9.2f} {aic_nfw &gt;8.1f} {0:&gt;+8.1f}")
print(f" {"MOND g_c=a0 (Abelmm)':& t;40} {chi2_a0_abel:&gt; 8. 1f} {dof _abel: &gt;5} {chi2_a0_abel /dof _abel : &t ; 9. 2f} {ai c_nond_abel : &gt ; 8. 1f
print(f" {'mmmm g c free (Abelmm)':& t;40} {chi2_abel _best:&gt;8.1f} {dof_abel: &gt;5} {chi2_abel _best/dof_abel:&gt;9.2f} {aic_nmem abel: &

#
# 12. mmmm
#
print(f"\n{"'=*70}")
print("[Step 6] mmmm"
print("="*70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f' Abel Transform MOND Lensing ($z_I| $={Z_L}, $z_s$={Z_S})",
fontsize=14, fontweight="bold")

# (a) EeEEEEEm
ax = axes[0, 0]
ax.errorbar(r_fit, gt_fit*1e3, yerr=err_fit*1le3,
fmt="0", color="black', nms=6, capsize=3, |abel="HSC Y3', zorder=5)
ax.plot(r_fit, gt_nfwle3, 'r-', Iw=2, |abel=f"NFW)
ax.plot(r_fit, gt_abel _nond*1le3, 'b--', Iw=2, |abel=f'MOND Abel ($g_c$=$%$a_0%)")



ax.plot(r_fit, gt_abel _best*1le3, 'g-.', |Iw=2,

| abel =f' Menbrane Abel ($g_c$={gc_best_abel/a0:.2f}$a_0%$)")
ax.set_xscale('log'); ax.set_xlabel ("R [arcnmin]'); ax.set_ylabel ('$\\gamma_t \\times 1073%")
ax.set_title(' (a) Shear profiles'); ax.legend(fontsize=7)

# (b) mm

ax = axes[0, 1]

ax.errorbar(r_fit, (gt_fit-gt_nfw/err_fit, fnm="0", color="red , ns=4, |abel=" NFW)
ax.errorbar(r_fit*1.03, (gt_fit-gt_abel _nond)/err_fit, fnm="s', color="blue', ms=4, |abel="MOND Abel ")
ax.errorbar(r_fit*1.06, (gt_fit-gt_abel_best)/err_fit, fnt="~", color="green', nms=4, |abel="Menbrane Abel")
ax.axhline(0, color="k', Is="--', al pha=0.3)

ax. axhspan(-2, 2, al pha=0.05, color="gray')

ax.set_xscale('log'); ax.set_xlabel ("R [arcmin]'); ax.set_ylabel (' Residual/$\\signm$')

ax.set_title('(b) Residuals'); ax.l|egend(fontsize=7)

# (c) g_c chi2
ax = axes[0, 2]
finite = np.isfinite(dchi2_abel)

ax.plot(gc_grid[finite]/a0, dchi2_abel[finite], "b-', lw=2)

ax.axhline(1, color="orange', |Is='--', alpha=0.5, |abel="68%)

ax.axhline(4, color="red', Is=--', alpha=0.5, |abel=95%)

ax.axvline(l1l.0, color="gray', Is=":', alpha=0.5, |abel="$a_0$")

ax. axvline(gc_best_abel /a0, color='green', Is="-', Iw=2, |abel=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.l|egend(fontsize=7)
ax.set_ylim0, mn(20, dchi2_abel[finite].max() if finite.sun()&gt;0 else 20))

# (d) eeEEEEEEEE

ax = axes[1, O]

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, |abel="MOND effective')
ax.loglog(r_plot, rho_nfw, 'r--', Iw=2, |abel="NFW)

ax.set_xlabel ('r [Mc]'); ax.set_ylabel (' $\\rho$ [ Msun/ Moc$"3$] ")
ax.set_title('(d) 3D density'); ax.legend(fontsize=8)

# (e) mmm
ax = axes[1, 1]
R Mc_plot =r_fit * np.pi/(180*60) * DI
ax. | ogl og( R_Mpc_pl ot, np.abs(DS_best), 'g-o', ms=4, Iw=2, |abel="$\\Delta\\Sigma$ (menbrane Abel)")
# NFW Del t aSi gna
rs_n, rho_s_n, _ = (lanmbda Mc, z: (
(3*M (4*np. pi *200*rho_cr(z)))**(1./3.)/c,
200./3.*c**3/ (np.log(1l+c)-c/(1+c))*rho_cr(z),
(3*M (4*np. pi *200*rho_cr(z)))**(1./3.)
)) (M200_nfw, c200_nfw, Z_L)
fromfunctools inmport Iru_cache
ax.set_xlabel (' R [Mpc]'); ax.set_ylabel (' $|\\Delta\\Signa|$ [ Msun/ Mpc$"23%] ")
ax.set_title('(e) $\\Delta\\Sigma$'); ax.legend(fontsize=8)

# (f) ummm
ax = axes[1, 2]
M bar = np.array([nfw encl osed_mass(r, M200_nfw, c200_nfw, Z_L)*0.17 for r in r_fine])

ax.loglog(r_fine, Meff_best, 'g-', Iw=2, label="$M{eff}$ (MOND)")

ax.loglog(r_fine, Mbar, 'b--', lw=2, |abel="$M{bar}$")

ax.loglog(r_fine, np.array([nfw enclosed_nass(r, M0O_nfw, c200_nfw, Z L) for r inr_fine]),
‘ri', Iw=2, label ="' $M {NFW$')

ax.set_xlabel ('r [Mc]'); ax.set_ylabel ("M&t;r) [Mun]")
ax.set_title(' (f) Enclosed mass'); ax.legend(fontsize=8)

plt.tight_layout()
plt.savefig(' nond_abel _| ensing. png', dpi =150, bbox_inches='tight")
print(" -&gt; nond_abel _| ensing. png")

#
# 13. mmmm
#
print(f"\n{"="*70}")
print("[memmmm]")
print("="*70)

print(f"""
Abel mmmmmmEEs VOND EEEEEEENEN:

NFW
M200={ M200_nfw. . 2e}, ¢200={c200_nfw: . 2f}
chi 2/ dof = {chi2_nfw_val/dof _nfw.2f}

MOND (g_c=a0, Abel):
chi 2/ dof = {chi 2_a0_abel / dof _abel : . 2f}
dAlI C vs NFW = {ai c_nond_abel -ai c_nfw +. 1f}

mmmm (g_c free, Abel):
g_c = {gc_best_abel/a0:.3f} a0
68% Cl: [{gc_l 068/a0:.3f}, {gc_hi68/a0:.3f}] a0
95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0
chi 2/ dof = {chi 2_abel _best/dof _abel :.2f}



dAlI C vs NFW = {ai c_mem abel - ai c_nfw +. 1f}

ssNFissssmsEmEys EmAbel mmm:
m g c =0.777 a0

m g c = {gc_best_abel/a0:.3f} a0
a0 in 95%Cl: {'YES if a0_in_95 else 'NO}

SPARC smmmEmmEN:
SPARC. g_c = 0.825 a0

HSC Abel : g_c = {gc_best_abel/a0:.3f} a0
")

print("mm")



hsc_final_cl1

@
k)
<

i =] R8I LETD Abel ZHRIRIEMT (z2_spec=0.313),
R chi2/dof>4 (ZZREHER) . cl1EBIERHT~ D ETERHE,

EEEE. EmmEEmmmnEnm cll1 + Abel mm

cl 1: RA=140. 45, Dec=-0.25, z_spec=0.313 (22mm, signma_v=527 knls)

2EEEEN:
(A cl/l] semeeeneenennn - Abel mm NFWmmm
(B) smmmmmmmmmEnz | =0.313 sem_ mEEEEm

mE: uv run --with pandas --with numpy --with scipy --with matplotlib python hsc_final _cl1_abel.py

i nport nunpy as np

i nport pandas as pd

fromscipy inport optimze, integrate, interpolate
frompathlib inport Path

inport time

inport matplotlib

mat pl otlib. use(' Agg')

inport matplotlib.pyplot as plt

#

# 0. mm

#

HO = 70.0; Om=0.3; OL = 0.7; c_light = 2.998e5
G Mc = 4.301e-9; G SI = 6.674e-11

Vs

un = 1.989e30; Mpc_m = 3.086e22
= 1.2e-10

#Cll uummEEEEN

Z L =0.313 # ammmmmm2?2mm, sjgnma_v=527 knlsm
ZS=10 # Y3 mummm 7

SIGVA V = 527 # kmsammmmm

# apmEEEEm
SHAPE FILE = Path(r"D:\usssss\ assssn\ snsnn\ eenennn\ennn) 931720. csv. gz. 1")

#cll mm

CL1_RA = 140. 450

CL1_DEC = -0.251
EXTRACT_RADI US_ARCM N = 30.0

print("="*70)

print("memm: sesmsmsnm c|ll1 + Abel mm"

print("="*70)

print(f" «cll1l: RA={CL1_RA}, Dec={CL1_DEC}")

print(f" z_spec = {Z_L} (22mm, sigma_v={SIGVA V} km's)")
print(f" z_source = {Z_S}")

#
# 1 mmmmEm
#
def E(z): return np.sqrt(Onm(1+z)**3 + QL)
def conoving(z):
d, _ = integrate.quad(lanbda zz: c_light/(HO*E(zz)), 0, z)
return d
def D _A(z): return conoving(z)/(1+z)
def D A2(z1, z2): return (conoving(z2)-conoving(zl))/(1+z2)
def rho_cr(z): return 3*(HO*E(z))**2/(8*np. pi *G_Moc)

def Sigma_cr(z_l, z_s):
D =D A(z_I); Ds=D_A(z_s); Dis=D A2(z_l, z_s)
if Dis&t;=0: return np.inf
return c_light**2/(4*np.pi *G Mxc) * Ds/(D *D s)

Scr = Signa_cr(Z_L, Z.9S)
D = DA(ZL)
arcmin_to_Mec = D * np.pi / (180*60)

print(f" DA ={D:.1f} Mc")
print(f" Sigma_cr = {Scr:.3e} Msun/Mc"2")
print(f" 1 arcmin = {arcmn_to_Mc:.4f} Mc = {arcm n_to_Muc*1000: . 1f} kpc")

# sigma_v mm M200 mmmmEvrard+2008 semmmmm

# sigma_v = 1082.9 * (h*M200 / 1el15)”"0.3361 kni's

h = HO/ 100

M200_si gma = 1el5/h * (SI GVA_V/1082.9)**(1/0.3361)
print(f" sigma_v -&gt; M200 mm: {M0O_sigma:.2e} Msun")

#




# 2. NFW+ Abel mummEEEEEEEEEEER
#
def nfw_parans(M00, c200, z_I):

rc = rho_cr(z_l)

r200 = (3*M200/ (4*np. pi *200*rc))**(1./3.)

rs = r200/c200; delta_c = 200./3.*c200**3/(np.|og(1+c200)-c200/(1+c200))

rho_s = delta_c*rc; return rs, rho_s, r200

def nfw_encl osed(r, M00, c200, z_l):
rs, rho_s, r200 = nfw_parans(M00, c200, z_I)
X = r/rs; return 4*np.pi*rho_s*rs**3*(np. | og(1+x)-x/(1+x))

def nfw. density(r, M0O, c200, z_|):
rs, rho_s, _ = nfw_parans(M00, c200, z_l)
X = r/rs; return rho_s/(x*(1+x)**2)

def nfw_gamma_exact (R_.am M00, c200, z_|, z_s):
rs, rho_s, _ = nfw_parans(MO00, c200, z_|)
R Mpc = R.am* arcmn_to_Mc; x = np.maxi mun{R_Moc/rs, le-6)
Sig = np.zeros_like(x); Sig_m= np.zeros_|ike(x)
for i, xi in enunmerate(x):
if xi&t;le-6: continue
elif abs(xi-1)& t;1le-4: Sig[i]=2*rs*rho_s/3; Sig_nfi]=4*rs*rho_s*(1+np.l0g(0.5))
elif xi&t;1:
sg=np. sqrt(1-xi**2)
Sig[i]=2*rs*rho_s/(xi**2-1)*(1-np.l og((1+sq)/xi)/sq)
Sig_nfi]=4*rs*rho_s*(np.log(xi/2)+np.log((1+sq)/xi)/sq)/xi**2
el se:
sg=np. sqrt(xi **2-1)
Sig[i]=2*rs*rho_s/(xi**2-1)*(1-np.arctan(sq)/sq)
Sig_nfi]=4*rs*rho_s*(np.log(xi/2)+np.arctan(sq)/sq)/xi**2
return (Sig_mSig)/Sigm_cr(z_l, z_s)

def g_nond(g_N, g_c):
if g_N&lt;=0: return O
return 0.5*(g_N+np.sqrt(g_N-*2+4*g_c*g_N))

def conpute_nond_rho_eff(r_arr, M200, c200, z_l, g_c, f_bar=0.17):
n =1len(r_arr); Meff = np.zeros(n)
for i, r in enunerate(r_arr):
M bar = nfw_encl osed(r, M00O, c200, z_|)*f_bar
r_ms=r*Mc_m Mkg = Mbar*Mun
gN = G SI*Mkg/r_nm*2 if r_n&gt;1el0 else 0
gobs = g_nond(gN, g_c)
Meff[i] = gobs*r_m*2/G SI/Mun
rho = np.zeros(n)
for i in range(l, n-1):
dvdr = (Meff[i+1]-Meff[i-1])/(r_arr[i+1]-r_arr[i-1])
rho[i] = max(dMir/ (4*np.pi*r_arr[i]**2), 0)
rho[ 0] =rho[1]; rho[-1]=rho[-2]
return rho, Meff

def abel _project(R arr, r_fine, rho_fine):
log_r = np.logl0(r_fine); log_rho = np.logl0(np. maxi mun(rho_fine, 1le-50))

rho_f = interpolate.interpld(log_r, log_rho, fill_value=-50, bounds_error=Fal se)
Sigma = np.zeros(len(R.arr)); r_nmax = r_fine. max()
for i, Rin enunerate(R arr):

if R&It;=0: continue
u_max = np.sqrt(max(r_max**2-R**2, 0))
if u_max& t;=0: continue
def integ(u): return 10**rho_f (np.l0gl0(np.sqrt(u**2+R**2)))
try: val, _ = integrate.quad(integ, O, u_max, |imt=200, epsrel=1e-4)
except: val =0
Sigma[i] = 2*val
return Sigma

de

=

conpute_DS(R_arr, Sigm):
Sig f = interpolate.interpld(R arr, Sigma, fill_value=0, bounds_error=Fal se)
Si g_nean = np. zeros(len(R_arr))
for i, Rin enunerate(R arr):
if R&t;=0: continue
try: val, _ = integrate.quad(lanmbda Rp: Sig_f(Rp)*Rp, Rarr[0]*0.1, R [|imt=100)
except: val =0
Sig_nean[i] = 2*val/R**2
return Sig_nean - Sigm

def nond_game_abel (R_.am M200, c200, z_|, z_s, g_c, f_bar=0.17):
R Mpc = R.am* arcm n_to_Mc; R _Mc = np.maxi nun{R_Mc, 1le-4)
r_fine = np.logspace(np.logl0(R Mc.mn()*0.1), np.loglO(R_Mc. max()*5), 400)
rho, Meff = conpute_nond_rho_eff(r_fine, MO0, c200, z_|, g_c, f_bar)
Sig = abel _project(R_Mc, r_fine, rho)
DS = conpute_DS(R_Mdc, Sig)
return DS/ Signme_cr(z_l, z_s), rho, Meff, r_fine

#
#3. C/] aNEEEEEEENEEEEEEENEEEEE
#




print(f"\n{"=*70}")
print("[Step 1] c/]1 ememEmEmER")
print("="*70)

# apmamemenmnEnc/l ®m S/N=9.0 emmmm
# EEEEEEEEEEEEEEEEEN
cl1_profile = Path("hsc_y3_stacked_shear.csv")

if cll_profile.exists():
df = pd.read_csv(cl1_profile)
print(f* mmmmmmmmm ({len(df)} mm)")
print(f" mm: cll (S/N-9.0) eemmemmEEER"
el se:
print(f' wEEEsEEEEEEm"
df = pd. Dat aFrame({
‘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],
b

r_data = df['r_arcmin'].val ues

gt _data = df['gamma_t'].val ues

gt_err = df['gamma_t _err']. val ues

valid = np.isfinite(gt_data) &np; np.isfinite(gt_err) &anp; (gt_err&gt;0)
r_fit =r_data[valid]; gt_fit = gt_data[valid]; err_fit = gt_err[valid]
n_data = len(r_fit)

# mEmm

r_Mc =r_fit * arcmin_to_Mdc

r_kpc = r_Mc * 1000

print(f" mmmm: {r_kpc.mn():.0f} - {r_kpc.max():.0f} kpc")

#
# 4. NFWeummm
#
print(f"\n{"=*70}")

print("[Step 2] NFWmmmm (z_spec=0.313)")
print("="*70)

def chi2_nfw(p):
Mc = 10**p[0], 10**p[1]
if c&t;1 or c&gt;20 or M&It;1lel2 or Mgt; lel6: return 1e20
try: return np.sun(((gt_fit-nfw gamma_exact(r_fit,Mc,Z L,Z_S))/err_fit)**2)
except: return 1e20

best _c2=np.inf; best_p=(14,0.5)
for Imin np.linspace(13,15.5, 25):
for Ic in np.linspace(O0,1.2,15):
c2=chi2_nfw((Imlc))
if c2& t;best_c2: best_c2=c2; best_p=(Imlc)
try:
res=optim ze. m nimze(chi 2_nfw, best_p, nethod="Nel der-Mead',
options={'xatol"':0.001, ' fatol':0.01})
if res.fun& t;best_c2: best_c2=res.fun; best_p=res.x
except: pass

M200_nfw=10**best _p[ 0] ; c¢200_nfw=10**best _p[ 1]

rs_nfw, _, r200_nfw = nfw_parans(M00_nfw, c200_nfw, Z_L)
gt _nfw = nfw_gamma_exact (r_fit, M00_nfw, c200_nfw, Z_L, Z_S)
chi 2_nfw val = best_c2; dof_nfw = n_data-2

print(f" M200 = {M200_nfw .2e} Msun")

print(f" ¢_200 = {c200_nfw .2f}")

print(f" r_200 = {r200_nfw .2f} Mc = {r200_nfw1000:.0f} kpc")

print(f" r_s = {rs_nfw.3f} Mec = {rs_nfw1000:.0f} kpc")

print(f" chi2/dof = {chi2_nfw_ val:.1f}/{dof _nfw} = {chi2_nfw val/dof_nfw .2f}")
print(f" MOO(sigma_v) = {M200_signa:.2e} vs MOO(lens) = {M20O0O_nfw .2e}")

#
# 5. Abel mm MOND/ mmmm
#
print(f"\n{"=*70}")

print("[Step 3] Abel mm MOND/mmmm (z_spec=0.313)")
print("="*70)

# Qg_C emmmmEEm
gc_grid = np.logspace(-12, -8, 80)
chi2_gc = np.full(len(gc_grid), np.inf)

print(f" g_c mmmm ({len(gc_grid)} m)...")
to = tinme.tinme()

for ig, gc_val in enunerate(gc_grid):
try:
gt_nodel, _, _, _ = nond_gamme_abel (r_fit, M200_nfw, c200_nfw, Z_L, Z_ S, gc_val)
if np.all(np.isfinite(gt_nodel)):
chi2_gc[ig]l = np.sunm(((gt_fit-gt_nodel)/err_fit)**2)



except: pass
if (ig+l)%R0==0:
elapsed = tine.tine()-t0
bi = np.argm n(chi2_gc[:ig+1])
print(f" {ig+1}/{len(gc_grid)}: best g_c={gc_grid[bi]/a0:.3f} a0, "
f"chi2={chi2_gc[bi]:.1f}, {elapsed:.O0f}s")

best _i g = np.argm n(chi2_gc)
gc_best = gc_grid[best_ig]
chi 2_best = chi 2_gc[best_ig]

# g_c = a0
a0_ig = np.argm n(np. abs(gc_grid-a0))
chi2_a0 = chi2_gc[a0_ig]

# mEEEER
gt _abel, rho_best, Meff_best, r_fine = nond_gama_abel (
r_fit, M00_nfw, c200_nfw, Z_L, Z S, gc_best)
gt_nond_abel, _, _, _ = nond_gamma_abel (
r_fit, M200_nfw, c200_nfw, Z_L, Z_S, a0)

dof _abel = n_data - 2

# mmmm

dchi2 = chi2_gc - chi2_best

nmask68 = dchi2& t;1; mask95 = dchi2&t; 4

gc_l 068 = gc_grid[mask68].min() if nmask68.sun()&gt; 0 el se gc_best
gc_hi 68 = gc_grid[ mask68]. max() if mask68. sun()&gt; 0 el se gc_best
gc_l 095 = gc_grid[mask95].min() if nmask95.sun()&gt; 0 el se gc_best
gc_hi 95 = gc_grid[ mask95] . max() if mask95.sun()&gt; 0 el se gc_best
a0_in_68 = gc_l 068&lt;=a0&l t; =gc_hi 68

a0_in_95 = gc_l 095& t; =a0&l t; =gc_hi 95

print(f"\n mm:")

print(f" g_c(best) = {gc_best:.2e} nms"2 = {gc_best/a0:.3f} a0")

print(f" 68% Cl: [{gc_|l 068/a0:.3f}, {gc_hi68/a0:.3f}] a0")

print(f" 95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0")

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" chi 2(best)/dof = {chi2_best:.1f}/{dof _abel} = {chi 2_best/dof _abel:.2f}")
print(f" chi 2(a0)/ dof = {chi 2_a0:.1f}/{dof _abel } = {chi2_a0/dof _abel:.2f}")

#

# 6. mEmmm

#

print(f"\n{'=*70}")
print("[Step 4] mmmmm (z_spec=0.313, Abelmm)")
print("="*70)

aic_nfw = chi2_nfw._val + 2*2
aic_nond = chi2_a0 + 2*1
ai c_nmem = chi 2_best + 2*2

print(f"\n { 'mmm':&t;45} {'chi2':&gt;7} {'dof':&gt;4} {'chi2/dof':&gt;9} {'AIC:&gt;7} {' ' dAIC :&gt;7}")

print(f" {'-'*82}")

print(f" {'NFW (MO0, c200) mmm': & t;45} {chi2_nfw val:&gt;7.1f} {dof _nfw &gt;4} {chi2_nfw val/dof _nfw &gt;9.2f} {aic_nfw &gt;7.1f} {0:&gt;
print(f" {' MOND (g_c=a0) Abelmm':& t;45} {chi2_a0:&gt;7.1f} {dof_abel: &gt;4} {chi2_a0/dof _abel: &gt;9.2f} {aic_nond: &t;7.1f} {aic_nond-aic
print(f" {' mmmm (g_c={gc_best/a0:.3f}a0) Abelmm': & t;45} {chi2_best:&gt;7.1f} {dof_abel:&gt;4} {chi2_best/dof_abel:&gt;9.2f} {aic_mem &gt

7. epEEEEEN

* H H

print(f"\n{"'=*70}")
print("[Step 5] memmmmmm")
print("="*70)

print(f"""
[T 1L z_lens mm g_c/ a0 68% ClI 95% Cl
SPARC mmmm (175mm) -- RAR mm 0.825 Cv~1 --
SPARC emmmmm -- al pha mmmm 0.545 [0. 464, 0. 627] --
HSC z=0.35 (mmm) 0.35 NFVammm 0.733 [0.627, 0. 858] [0.512, 0. 994]
HSC z=0. 56 (photo-2) 0.56 NFVammm 0.777 [ 0. 646, 0. 893] [0.537, 1. 026]
HSC z=0. 313 (mm) 0.313 Abelmm {gc_best/a0:. 3f} [{gc_l 068/ a0: . 3f},{gc_hi 68/ a0:.3f}] [{gc_l 095/ a0: . 3f}, {gc_hi 95/a0: . 3f}]
")
#
# 8 mmmm
#

print(f"\n{"="*70}")
print("[Step 6] mmmm"
print("="*70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f'cll (z_spec=0.313, $\\signma_v$=527 knis): NFWvs MOND vs Menbrane (Abel)',
fontsize=13, fontweight="bold")

# (a) EEEEEEEN
ax = axes[0, 0]



ax.errorbar(r_fit, gt_fit*1e3, yerr=err_fit*1le3,
fm="0", color="black', ms=6, capsize=3, |abel="HSC Y3', zorder=5)

ax.plot(r_fit, gt_nfwle3, 'r-', Iw=2, |abel=f"NFW (M{M200_nfw .1e})")
ax.plot(r_fit, gt_nond_abel *1e3, 'b--', Iw=2, |abel="MOND Abel ($g_c=a_0%$)')
ax.plot(r_fit, gt_abel*1e3, 'g-.', lw=2,

| abel =f' Menbrane Abel ($g_c$={gc_best/a0:.2f}%a_0%)")
ax.set_xscale('log'); ax.set_xlabel ("R [arcnmin]")
ax. set _yl abel (' $\\gamma_t \\times 1073$")
ax.set_title(' (a) Shear profile'); ax.legend(fontsize=7)

# (b) mm
ax = axes[0, 1]
ax.errorbar(r_fit, (gt_fit-gt_nfw)/err_fit, fnt="0", color="red , ms=4, |abel="NFW)

ax.errorbar(r_fit*1.03, (gt_fit-gt_nond_abel)/err_fit, fnm="s', color="blue', ms=4, |abel="MOND Abel ")
ax.errorbar(r_fit*1.06, (gt_fit-gt_abel)/err_fit, fm="2", color="green', ms=4, |abel="Menbrane Abel")

ax.axhline(0, color="k', Is="--', al pha=0.3)

ax. axhspan(-2, 2, al pha=0.05, color="gray')

ax.set_xscale('log'); ax.set_xlabel ('R [arcnin]")

ax.set _yl abel (' Residual /$\\sigma$'); ax.set_title(' (b) Residuals'); ax.l|egend(fontsize=7)

# (c) g_c chi2
ax = axes[0, 2]
fin = np.isfinite(dchi?2)

ax.plot(gc_grid[fin]/a0, dchi2[fin], 'b-', 1w=2)

ax.axhline(1, color="orange', Is='"--', alpha=0.5, |abel="68%)

ax.axhline(4, color="red', Is='--', alpha=0.5, |abel=95%)

ax.axvline(1.0, color="gray', Is=":', alpha=0.7, |abel="%$a_0%$ (MOND)')

ax. axvline(gc_best/a0, color="green', Is="-', Iw=2, |abel=f"best={gc_best/a0:.2f}%a_0$")
ax.axvline(0.825, color="orange', |Is='-.", alpha=0.5, |abel="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.l|egend(fontsize=6)
ax.set_ylim0, mn(25 dchi2[fin].max() if fin.sum()&gt;0 else 25))

# (d) mmmm

ax = axes[1, 0]

rho_nfw 3d = np.array([nfw density(r, M0O_nfw, c200_nfw, Z_L) for r in r_fine])
ax.loglog(r_fine*1000, rho_best, 'g-', Iw=2, |abel="MOND eff.")
ax.loglog(r_fine*1000, rho_nfw 3d, 'r--', Iw=2, |abel="NFW)

ax.set_xlabel ('r [kpc]'); ax.set_ylabel (' $\\rho$ [ Msun/ Moc$"3$] ")

ax.set_title(' (d) 3D density'); ax.l|egend(fontsize=8)

# (e) ummm

ax = axes[1, 1]

M bar = np.array([nfw_encl osed(r, M00_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_fine])
ax. | oglog(r_fine*1000, Meff_best, 'g-', Iw=2, label="$M{eff}$ (MOND)')

ax. | oglog(r_fine*1000, Mbar, 'b--', lw=2, |abel="$M{bar}$")

ax. | ogl og(r_fine*1000, Mnfwenc, 'r:', Iw=2, |abel="$M{NFW$')

ax.set_xlabel ('r [kpc]'),; ax.set_ylabel ("M&t;r) [Mun]")

ax.set_title('(e) Enclosed mass'); ax.legend(fontsize=8)

# (f) chi2/dof mm

ax = axes[1, 2]

nodel s = [' NFW, ' MOND\n(Abel )', f'Menbrane\n(Abel)"']

c2dof = [chi2_nfw_val/dof _nfw, chi2_a0/dof _abel, chi2_best/dof_abel]

cols = ['red, 'blue', 'green']
bars = ax. bar(nodel s, c2dof, color=cols, alpha=0.7, edgecol or="black")
ax.axhline(1, color="k', Is="--', alpha=0.3)

for b, v in zip(bars, c2dof):
ax.text(b.get_x()+b.get_width()/2, b.get_height()+0.05,
fr{v:.2f}', ha='center', fontsize=11, fontweight="bold")
ax. set _yl abel (" $\\ chi 2%/ dof ")
ax.set_title(f'(f) Mdel conparison (z={Z_L})")

plt.tight_layout()
plt.savefig('hsc_final_cl1_abel.png', dpi=150, bbox_inches="tight")
print(" -&gt; hsc_final_cl1_abel.png")

#
# 9. mEmmmEm
#
print(f"\n{'=*70}")
print("[memmmm]")
print("="*70)

print(f"""
EEEmEsnns Ccl1 + Abel EeEEEEEER;

EEEEN:
RA=140. 45, Dec=-0.25, z_spec=0.313
22ummmmmnsigma_v=527 knl's
M20O( si gma_v) ~ {M200_signae:.1le} Msun

smmmm (AIC):
NFW chi 2/ dof ={chi 2_nfw_val /dof _nfw: . 2f}, Al C={aic_nfw .1f}
MOND: chi 2/ dof ={chi 2_a0/ dof _abel : . 2f}, dAl C={ai c_nond-ai c_nfw +. 1f}
mmmm: chi 2/ dof ={chi 2_best/dof _abel :.2f}, dAl C{aic_nemaic_nfw +. 1f}



g_Cc mm (Abelmm):
g_c = {gc_best/a0:.3f} a0
68% Cl: [{gc_l068/a0:.3f}, {gc_hi68/a0:.3f}] a0
95% Cl: [{gc_l 095/a0:.3f}, {gc_hi95/a0:.3f}] a0
a0 in 95% {'YES -&gt; MOND mmmmmm (Level B)'

SPARC EmmEnR:
SPARC g_c = 0.825 a0
HSC g_c = {gc_best/a0:.3f} a0
m: {abs(gc_best/a0-0.825):.3f} a0

Level mm:
EEEEEN. EENEN (ENNQ EN)
Abel mm: smEm (mmbh mm)

- {'Level A mmmm' if not a0_in_95 el se 'Level

")

print("mm")

if a0_in_95 else 'NO -&gt;

B mmma0 m 95%Cl mmmmm'}

MOND mm (Level



hsc_cl1_individual.py

i =] cll BiADERNTAT77ILiHE + Abel Zi, SR,

i B7#E3L. MOND>NFW(dAIC=-5),g_c=1.58a0, gamma_x=-0.032 (R#HEBEZBR).

C/ll mmmn; mmmmmmmm + Abel mm NFWmmm

cl 1: RA=140. 45, Dec=-0.25, z_spec=0.313, signma_v=527 knis
EEEEEEEN C/] SEEEEEEEEEEEER

uv run --with pandas --with nunmpy --with scipy --with matplotlib python hsc_cl 1_i ndivi dual . py

i nport nunpy as np

i nport pandas as pd

fromscipy inport optimze, integrate, interpolate
frompathlib inport Path

inport tine

inport matplotlib

mat pl otlib. use(' Agg')

inport matplotlib.pyplot as plt

#
# 0. mm
#
SHAPE FILE = Path(r"D:\usssss\ sssssn\sssns\ ssnsnnn\ennn) 931720. csv. gz. 1")

CL1_RA = 140. 450
CL1_DEC = -0. 251

Z L =0.313
ZS=10

SIGVA V = 527 # kmi's

EXTRACT_RADI US_ARCM N = 30.0
RMN=10.3 # arcm
R MAX = 25.0 # arcm
N BINS = 12

CHUNKSI ZE = 1_000_000

S5 S

HO=70. 0; Om0.3; OL=0.7; c_light=2.998e5
G _Moc=4.301e-9; G _SI=6.674e-11; Msun=1.989e30; Myc_n¥3. 086e22
a0=1. 2e- 10

print("="*70)

print("cll] smmm: smsmsmsm + Abel mm"

print("="*70)

print(f" cll1l: RA={CL1_RA}, Dec={CL1_DEC}, z={Z_ L}, sigma_v={SIGVA V}")

#
# 1. mum
#
def E(z): return np.sqrt(On(1+z)**3+0L)
def conoving(z):

d, _=integrate.quad(lanbda zz:c_light/(HO*E(zz)),0,z); returnd
def D A(z): return conoving(z)/(1+z)
def D A2(z1,z2): return (conoving(z2)-conoving(zl))/(1+z2)
def rho_cr(z): return 3*(HO*E(z))**2/(8*np. pi *G_Mc)
def Sigma_cr(zl,zs):

DI =D _A(zl); Ds=D_A(zs); Dl s=D_A2(zl, zs)

if Dis&t;=0: return np.inf

return c_light**2/(4*np.pi *G_Mc)*Ds/ (D *Dl s)

Scr=Sigma_cr(Z_L,Z_S); D=D A(Z L)
am2npc = Dl *np. pi / (180*60)
print(f" DA={D:.1f} Mc, Sigma_cr={Scr:.3e}, 1'={anRnpc*1000:.1f} kpc")

#
#2. cll emmmmnm
#
print(f"\n{"=*70}")

print("[Step 1] c/1 emememEmER")
print("="*70)

ext _r_deg = EXTRACT_RADI US_ARCM N / 60.0
cos_dec = np.cos(np.radians(CL1_DEC))

cl1_sources_file = Path("cl 1_sources.csv")

if cll_sources_file.exists():
print(f* mmmmmmmmm: {cl1_sources_file}")
df _src = pd.read_csv(cl 1_sources_file)
print(f" mmmm: {len(df_src)}")

el se:
if not SHAPE_FI LE. exists():



print(f" 1! {SHAPE FILE} mm"); inport sys; sys.exit(1)

print(f" {SHAPE FILE} mesmmmmmm. . . ")

t0 = time.tine()

chunks_out =[]

total =0

ra_col = dec_col = el_col = e2_col = wcol = mcol =cl_col = c2_col = None

for chunk in pd.read_csv(SHAPE_FI LE, chunksi ze=CHUNKSI ZE):
total += | en(chunk)

if ra_col is None:

cols = list(chunk.col ums)

ra_col =[c for cincols if c.lower()=="i_ra']

ra_col =ra_col[0] if ra_col else cols[1]

dec_col =[c for cincols if c.lower()=="i_dec']

dec_col = dec_col[0] if dec_col else cols[2]

el _col =[c for cincols if "el' inc.lower() and "hsmi in c.lower()]
el _col = el_col[0] if el_col else cols[3]

e2_col =[c for cincols if 'e2" inc.lower() and "hsm in c.lower()]
e2_col = e2_col[0] if e2_col else cols[4]

w_col =[c for c incols if c.lower()=="derived_weight']

w_col = wcol[0] if wcol else cols[7]

mcol =[c for c incols if c.lower()=="shear_bias_m]

mcol = mcol[0] if mcol else None

cl_col =[c for cincols if c.lower()=="shear_bias_cl']

cl_col =cl_col[0] if cl_col else None

c2_col =[c for cincols if c.lower()=="shear_bias_c2']

c2_col = c2_col[0] if c2_col else None

src_ra = chunk[ra_col].val ues
src_dec = chunk[dec_col]. val ues

dra = (src_ra - CL1_RA) * cos_dec
ddec = src_dec - CL1_DEC

dist2 = dra**2 + ddec**2

mask = dist2 &t; ext_r_deg**2

if mask.sum() &gt; O:
sub = chunk[ mask] . copy()
sub[' _dist_deg'] = np.sqgrt(dist2[mask])
sub[' _phi'] = np.arctan2(ddec[mask], dra[nmask])
chunks_out . append( sub)

if total %5_000_000 == O:
n_ext = sun(len(c) for c in chunks_out)
print(f" {total/1e6:.0f }vm, mm: {n_ext}, {time.tine()-t0:.0f}s")

df _src = pd. concat (chunks_out, ignore_index=True) if chunks_out el se pd. DataFrane()
elapsed = tinme.tine()-t0
print(f* mm: {total:,}mmm, {len(df_src):,}mmmm, {elapsed:.0f}s")

# mm
df _src.to_csv(cl 1_sources_file, index=False)
print(f" -&gt; {cll_sources_file}")

if len(df_src) ==
print(" !!! mmmmm"); inport sys; sys.exit(1)

# EEEEEEEE

cols = list(df_src.col ums)

el ¢ =[c for cincols if "el" in c.lower() and "hsm in c.lower()]
el c = el c[0] if el _c else [c for cincols if "el" in c.lower()][0]
e2_ ¢c =[c for cincols if "e2'" in c.lower() and "hsm in c.lower()]
e2_c = e2_c[0] if e2_c else [c for cincols if "e2" in c.lower()][O0]
wc =[c for cincols if "weight' in c.lower()]

wc =wc[0] if wc else None

mc =[c for c incols if c.lower()=="shear_bias_ni]

mc = mc[0] if mc else None

cl_c [c for c incols if c.lower()=="shear_bias_cl']

cl_c cl _c[0] if cl_c else None

c2_c =[c for cincols if c.lower()=="shear_bias_c2']

c2_c =c2_c[0] if c2_c else None

print(f" el={el_c}, e2={e2_c}, w={w.c}, m{mc}")

#
# 3. EEEEEEEEEEEE
#
print(f"\n{'=*70}")

print("[Step 2] c/]1 eeeEEEEEEEER")
print("="*70)

el = df _src[el_c].val ues

e2 = df _src[e2_c].val ues

w = df _src[w_c].values if w.c else np.ones(len(df_src))
phi = df _src[' _phi'].val ues



di st_am = df _src[' _dist_deg'].values * 60.0

# ammmmm
if cl_c and cl_c in df_src.colums:
el = el - df_src[cl_c].values
if c2_c and c2_c in df_src.colums:
e2 = e2 - df_src[c2_c].val ues
mvals = df _src[mc].values if (mc and mc in df_src.colums) else np.zeros(len(df_src))

# mam/mmmnm
gamma_t = -(el*np.cos(2*phi) + e2*np.sin(2*phi))
gamma_x = +(el*np.sin(2*phi) - e2*np.cos(2*phi))

# eEmmEE
r_bins = np.logspace(np.l0gl0O(R_ M N), np.logl0(R_MAX), N_BI NS+1)
r_centers = np.sqrt(r_bins[:-1]*r_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&gt;=r_bins[ib]) &anp; (dist_an®&lt;r_bins[ib+1])
n_src[ib] = nmask.sun()
if n_src[ib] &t; 10: continue

wb = W mask]; gtb = gamme_t[mask]; gxb = gamma_x[mask]; nb = m.val s[ nask]
ws = np. sun(wb)
m nean = np. average(nb, wei ght s=wb)

gt _prof[ib] = np.sumwb*gtb)/ws/(1+m nean)
gx_prof[ib] = np.sum(wb*gxb)/ws/ (1+m nean)

# mEEEEEm
si gma_shape = np.sqrt(np.sun{wb*gtb**2)/ws - gt_prof[ib]**2)
gt_err[ib] = sigma_shape/np.sqrt(n_src[ib])

# SIN
valid = ~np.isnan(gt_prof) &anp; (gt_erré&gt;O0)
sn_total = np.sqrt(np.sun((gt_prof[valid]/gt_err[valid])**2)) if valid.sun()&gt;0 else O

print(f" mmmmm: {len(df_src):,}")

print(f" mmmm: {valid.sum()}/{N_BINS}")

print(f" S/IN (total): {sn_total:.1f}")

print(f" gamra_t mm: {np.nanmax(gt_prof):.4f} at R={r_centers[np.nanargmax(gt_prof)]:.1f}'")

# EmmmEm
gx_mean = np. nannean(gx_prof[valid])
print(f" gama_x mm: {gx_nean:.5f} (mmmmm: {'PASS if abs(gx_nean)& t;0.005 else 'FAIL'})")

# EEEEEEEE
print(f"\n {'Rlarcmin]':&gt;10} {' R kpc]':&gt;8} { ' ganmma_t':&gt; 10} {'err':&gt; 10} {' gamma_x':&gt; 10} {' N_src':&gt;8}")
print(f* {'-'*60}")
for ib in range(N_BINS):
if np.isnan(gt_prof[ib]): continue
r_kpc = r_centers[ib]*an2npc*1000
print(f" {r_centers[ib]:&gt;10.2f} {r_kpc:&gt;8.0f} {gt_prof[ib]:&gt;10.5f} {gt_err[ib]:&gt;10.5f} "
f"{gx_prof[ib]:&gt;10.5f} {n_src[ib]:&gt;8}")

# EEEEEEN

r_fit = r_centers[valid]
gt _fit = gt_prof[valid]
err_fit = gt_err[valid]
n_data = len(r_fit)

# CSV mm

pd. Dat aFr ame({
‘r_arcmin': r_centers, 'r_kpc': r_centers*an2npc*1000,
‘game_t': gt_prof, 'gamma_t_err': gt_err,
‘gamma_x': gx_prof, 'n_sources': n_src

}).to_csv('cli1_individual _shear.csv', index=False)
print(f"\n -&gt; cl1_individual_shear.csv")

#

# 4, NFWeummmmmmmnm

#

print(f"\n{"'="*70}")
print("[Step 3] NFWmummm")
print("="*70)

def nfw_parans(M00, c200, zl ):
rc=rho_cr(zl); r200=(3*M00/ (4*np. pi *200*rc))**(1./3.)
rs=r 200/ c200; dc=200./3.*c200**3/(np. | og(1+c200)-c200/ (1+c200))
return rs, dc*rc, r200

def nfw_gamma(R_am M200, c200):
rs,rho_s, _=nfw_paranms(M00, c200, Z L)



R _Mpc=R_antannpc; x=np. nmaxi mum(R_Mc/rs, le-6)
S=np. zeros_l i ke(x); Smenp. zeros_|ike(x)
for i,xi in enunerate(x):
if xi&t;1le-6: continue
elif abs(xi-1)& t;1le-4: S[i]=2*rs*rho_s/3; Sn{i]=4*rs*rho_s*(1+np.l0g(0.5))
elif xi&t;1:
sg=np.sqrt(1-xi**2)
S[i]=2*rs*rho_s/(xi**2-1)*(1-np. | og((1+sq)/xi)/sq)
Sn{i]=4*rs*rho_s*(np.log(xi/2)+np.log((1+sq)/xi)/sq)/xi**2
el se:
sq=np. sqrt(xi **2-1)
S[i]=2*rs*rho_s/(xi**2-1)*(1-np. arctan(sq)/sq)
Snfi]=4*rs*rho_s*(np.log(xi/2)+np.arctan(sq)/sq)/xi**2
return (SmS)/ Scr

def chi2_nfw(p):
M ¢=10**p[ 0] , 10**p[ 1]
if c&t;1 or c&gt;20 or M&It;1lel2 or Mgt; lel6: return 1e20
try: return np.sun(((gt_fit-nfw gamma(r_fit,Mc))/err_fit)**2)
except: return 1e20

best _c2=np.inf; best_p=(14,0.5)
for Imin np.linspace(13,15.5,30):
for Ic in np.linspace(0,1.2,20):
c2=chi2_nfw((Imlc))
if c2& t;best_c2: best_c2=c2; best_p=(Imlc)
try:
res=optim ze. m ni m ze(chi 2_nfw, best _p, net hod=" Nel der - Mead' ,
options={'xatol"':0.0005,"fatol"':0.005," naxiter':5000})
if res.fun& t;best_c2: best_c2=res.fun; best_p=res.x
except: pass

M200_nfw=10**best _p[ 0] ; c200_nfw=10**best _p[ 1]
rs_nfw, _, r200_nf w=nfw_par ans( M200_nfw, c200_nfw, Z_L)
gt _nfw=nfw_gamma(r_fit, M00_nfw, c200_nfw)

chi 2_nfw_val =best _c2; dof _nfw=n_data-2

h=HO/ 100; M200_sv=1el15/ h* (S| GVA_V/ 1082. 9) **( 1/ 0. 3361)

print(f" M200(lens) = {M0O_nfw .2e} Msun")

print(f" M200(signma_v) = {M200_sv:.2e} Msun")

print(f" Mratio = {M00_nfw M200_sv:.2f}")

print(f" ¢_200 = {c200_nfw .2f}")

print(f" r_200 = {r200_nfw1000:.0f} kpc, r_s = {rs_nfw-1000:.0f} kpc")
print(f" chi2/dof = {chi2_nfw_val:.1f}/{dof _nfw} = {chi2_nfw_val/dof_nfw .2f}")

#
# 5. Abel mm VMOND/ mmmm
#
print(f"\n{"="*70}")

print("[Step 4] Abel mm MOND/ mmmm")
print("="*70)

def nfw_encl osed(r, M200, c200) :
rs, rho_s, _=nfw_paranms(M00, c200, Z_L)
x=r/rs; return 4*np.pi*rho_s*rs**3*(np. | og(1+x)-x/(1+x))

def g_nond_f (gN, gc):
if gN&t;=0: return O
return 0.5*(gN+np. sqrt (gN**2+4*gc*gN))

def nond_rho_eff(r_arr, M00, c200, gc, f b=0. 17):
n=l en(r_arr); Me=np.zeros(n)
for i,r in enunmerate(r_arr):
Mo=nf w_encl osed(r, M200, c200) *f b
rnEr *Mpe_m  Mkg=Mo* Msun
gN=G_SI *Mkg/rnt*2 if rm8&gt; 1el0 el se 0
go=g_nond_f (gN, gc)
Me[i]=go*rm*2/G_ SI/Mun
rho=np. zeros(n)
for i in range(1,n-1):
dMe(Me[i+1]-Me[i-1])/(r_arr[i+1]-r_arr[i-1])
rho[i]=max(dM (4*np.pi*r_arr[i]**2),0)
rho[ 0] =rho[ 1]; rho[-1]=rho[-2]
return rho, Me

def abel (R.arr, r_f, rho_f):
I r=np.10g10(r_f); Irho=np.|o0gl0(np. maxi mun(rho_f, 1e-50))
fi=interpolate.interpld(lr,Irho,fill_val ue=-50, bounds_error=Fal se)
S=np. zeros(len(R arr)); rmax=r_f. max()
for i,Rin enunerate(R arr):
if R&t;=0: continue
unEnp. sqrt (max(rmax**2-R**2,0))
if umBlt;=0: continue
def intg(u): return 10**fi(np.logl0O(np.sqrt(u**2+R**2)))
try: v,_=integrate.quad(intg, 0, umlimt=200, epsrel =le-4)
except: v=0



S[i]=2*v
return S

def conp_DS(R_arr, Sig):

sf=interpolate.interpld(R arr,Sig, fill_val ue=0, bounds_error=Fal se)

Snenp. zeros(len(R_arr))

for i,Rin enumerate(R arr):
if R&lt;=0: continue
try: v,_=integrate.quad(lanmbda Rp:sf(Rp)*Rp, R arr[0]*0.1, R |imt=100)
except: v=0
Sn{i]=2*v/R*2

return SmSig

def nond_gamma_abel (R_am M00, c200, gc, fb=0.17):
R_Mpc=np. maxi mun{ R_antan2npc, le-4)
rf=np. | ogspace(np. | 0gl0(R _Moc. m n()*0.1), np. 1 0gl0(R_Mc. max()*5), 400)
rho, Me=nond_r ho_ef f (rf, M200, c200, gc, fb)
Si g=abel (R_Moc, rf, rho)
DS=conp_DS(R_Mpc, Si g)
return DS/ Scr, rho, Me, rf

#Q9g_C ummm
gc_grid=np. | ogspace(-12, -8, 80)
chi 2_gc=np. full (I en(gc_grid), np.inf)

print(f" g_c mmmm ({len(gc_grid)} m)...")
to=tinme.tine()
for ig,gc in enunerate(gc_grid):
try:
gt_m _, _, _=nmond_gamme_abel (r_fit, M00_nfw, c200_nfw, gc)
if np.all(np.isfinite(gt_m):
chi2_gc[ig]l=np.sun(((gt_fit-gt_m/err_fit)**2)
except: pass

if (ig+l)9%®R0==0:
bi =np. argm n(chi 2_gc[:ig+1])
print(f" {ig+1}/{len(gc_grid)}: best gc={gc_grid[bi]/a0:.3f}a0, "

frchi2={chi2 gc[bi]:.1f}, {time.time()-t0:.0f}s")

best _i g=np. argmi n(chi 2_gc)
gc_best=gc_grid[ best _i g]
chi 2_best =chi 2_gc[ best _i g]

a0_i g=np. argm n(np. abs(gc_grid-a0))
chi 2_a0=chi 2_gc[ a0_i g]

gt _abel , rho_best, Me_best, rf =nond_game_abel (r _fit, M200_nfw, c200_nfw, gc_best)
gt _nond_abel , _, _, _=nond_ganma_abel (r_fit, M00_nfw, c200_nfw, a0)

dof _abel =n_dat a- 2

# mmmm

dchi 2=chi 2_gc- chi 2_best

n68=dchi 2& t; 1; nB5=dchi 2&t; 4

| 068=gc_grid[nB8].mn() if nmb68.sun()&gt; 0 el se gc_best

hi 68=gc_gri d[ n68] . max() if nm68.sun()&gt; 0 el se gc_best

| 095=gc_grid[md5].mn() if nB5. sun()&gt;0 el se gc_best

hi 95=gc_gri d[ nB5]. max() if nmB5.sun()&gt; 0 el se gc_best

a0_i n68=l 068&l t; =a0&l t; =hi 68; al_i n95=| 095&! t; =a0&l t ; =hi 95
print(f"\n mm:")

print(f" g_c = {gc_best/a0:.3f} a0 ({gc_best:.2e} ms”*2)")

print(f" 68% Cl: [{lo068/a0:.3f}, {hi68/a0:.3f}] a0")

print(f" 95% Cl: [{l095/a0:.3f}, {hi95/a0:.3f}] a0")

print(f" a0 in 68% {'YES if a0_in68 else 'NO}")

print(f" a0 in 95% {'YES if a0_in95 else 'NO}")

print(f" chi 2(best)/dof = {chi2_best:.1f}/{dof _abel} = {chi 2_best/dof _abel:.2f}")
print(f" chi 2(a0)/ dof = {chi 2_a0:.1f}/{dof _abel} = {chi 2_a0/dof _abel :.2f}")
print(f" chi 2(NFW/dof = {chi2_nfw_val:.1f}/{dof _nfw} = {chi2_nfw_val/dof _nfw.2f}")
#

# 6. mEmmm

#

print(f"\n{'=*70}")
print("[Step 5] wmmmm"
print("="*70)

ai c_nfw=chi 2_nfw val +2*2
ai c_nmond=chi 2_a0+2*1
ai c_nenrchi 2_best +2*2

print(f"\n {'mmm':& t;45} {'chi2' :&gt;7} {'dof':&gt;4} {'chi2/dof':&gt;9} {'AIC:&gt;7} {'dAIC :&gt;7}")

print(f" {'-'*82}")

print(f" {' NFW(M2O0O, c200)': & t; 45} {chi2_nfw val:&gt;7.1f} {dof _nfw &gt; 4} {chi2_nfw_ val/dof _nfw &gt;9.2f} {aic_nfw &gt;7.1f} {0:&gt; +7.1
print(f" {"MOND (g_c=a0, Abel)':& t;45} {chi2_a0:&gt;7.1f} {dof _abel: &gt; 4} {chi 2_a0/ dof _abel: &gt;9.2f} {aic_nond: &gt;7.1f} {aic_nond-aic_|
print(f" {'m (g_c={gc_best/a0:.3f}a0, Abel)':& t;45} {chi2_best:&gt;7.1f} {dof_abel:&gt;4} {chi2_best/dof _abel:&gt;9.2f} {aic_nem &gt; 7. 1f

# mEEE VS EEEEN
print(f"\n mmmm vs smmmEm:")



print(f" mmmm: chi2/dof (NFW=4.90, S/ N=14.1")

print(f" cl1mm: chi 2/ dof (NFW={chi 2_nfw_val /dof _nfw. .2f}, S/ N={sn_total:.1f}")
#

# 7. mumm

#

print(f"\n{'="*70}")
print("[Step 6] mmmm"
print("="*70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(f'cll Individual (z_spec={Z_L}, $\\sigma_v$={SIGVA_V} km's, S/ N={sn_total:.1f})",
fontsize=13, fontweight="bold")

# (a) EEEEEEEN

ax=axes[ 0, 0]

ax.errorbar(r_fit,gt_fit*1le3,yerr=err_fit*1e3,fnt="0", col or=" bl ack', ms=6, capsi ze=3,
| abel =" cl 1 individual"', zorder=5)

ax.plot(r_fit,gt_nfwle3,'r-',Iw=2,1abel =f' NFW (M={ M200_nfw: . 1le})")

ax.plot(r_fit,gt_nond_abel *1e3,"' b--', |l w=2, | abel =" MOND Abel ($g_c=a_0%$)')

ax.plot(r_fit,gt_abel *1e3,'g-."',lw=2, | abel =f' Menbrane ({gc_best/a0:.2f}$a 0%$)')

# gamma_x (null test)

gx_fit=gx_prof[valid]

ax.errorbar(r_fit,gx_fit*1le3,yerr=err_fit*1e3,fnt="x", col or="gray', ms=4, al pha=0. 5,
| abel =" $\\ gamma_\\times$ (null)")

ax. axhline(0, color="k',ls="--',al pha=0. 3)

ax.set_xscale('log'); ax.set_xlabel ("R [arcnmin]")

ax. set _yl abel (" $\\gamma \\tines 1073$'); ax.set_title(' (a) cll1l shear profile")

ax. | egend(fontsi ze=6)

# (b) mm

ax=axes[ 0, 1]

ax.errorbar(r_fit,(gt_fit-gt_nfw/err_fit,fm="0",color="red ,ns=4,|abel = NFW)
ax.errorbar(r_fit*1.03,(gt_fit-gt_nond_abel)/err_fit,fnt="s"', color="blue',ns=4,|abel = MOND )
ax.errorbar(r_fit*1.06, (gt_fit-gt_abel)/err_fit,fnt=""", 6 color="green', ns=4,|abel =" Menbrane')
ax.axhline(0,color="k',|s="--',al pha=0. 3)

ax. axhspan(-2, 2, al pha=0. 05, col or='gray"')

ax.set_xscale('log'); ax.set_xlabel ("R [arcnin]")

ax. set _yl abel (' Resi dual / $\\si gma$'); ax.set_title('(b) Residuals")

ax. | egend(fontsize=7)

# (c) g_c constraint

ax=axes[ 0, 2]

fin=np.isfinite(dchi?2)
ax.plot(gc_grid[fin]/a0,dchi2[fin],"'b-",1w=2)

ax. axhline(1,color="orange',|ls="--',al pha=0.5, | abel =' 68% )

ax.axhline(4,color="red ,ls="--',al pha=0.5, | abel =" 95% )
ax.axvline(l.0,color="gray',ls=":",al pha=0.7,1abel =" $a_0%$')

ax. axvline(gc_best/ a0, color="green',|ls="-',1w=2,|abel =f'best={gc_best/a0:.2f}%$a_0$')
ax. axvline(0.825, col or="orange',|s="-.",al pha=0. 5, | abel =" 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.|egend(fontsize=6)
ax.set _ylim0, mn(30,dchi2[fin].max() if fin.sun()&gt;0 else 30))

# (d) emmmmm

ax=axes[ 1, 0]

ax. bar (range(N_BINS), n_src, col or=" st eel bl ue', al pha=0. 7)

ax.set _xticks(range(N_BINS))

ax.set _xticklabel s([f'{r:.1f}" for r in r_centers],rotation=45, fontsize=7)
ax.set_xlabel ('R [arcnin]'); ax.set_ylabel (' N sources')

ax.set_title(f'(d) Source count (total={n_src.sun():,})")

# (e) ummm

ax=axes[ 1, 1]

Mo=np. array([ nf w_encl osed(r, M00_nfw, c200_nfw)*0.17 for r in rf])
Mh=np. array([ nfw_encl osed(r, M00_nfw, c200_nfw) for r in rf])

ax. | ogl og(rf*1000, Me_best, ' g-',Iw=2,1abel = $M {ef f}$ (nenbrane)')
ax. | ogl og(rf*1000, Mo, " b--',Iw=2, | abel =" $M {bar}$")

ax. | ogl og(rf*1000, Mn, " r:"', 1 w=2,1abel =" $M {NFW $')

ax.set _xlabel ('r [kpc]'); ax.set_ylabel ("M&t;r) [Mun]")

ax.set _title('(e) Enclosed mass'); ax.legend(fontsize=8)

# (f) chi2/dof
ax=axes[ 1, 2]
nodel s=[' NFW , ' MOND\ n( Abel )', f' Menbrane\ n( Abel )']
c2d=[ chi 2_nfw_val / dof _nfw, chi 2_a0/ dof _abel , chi 2_best/ dof _abel ]
cols_bar=['red','blue', ' green']
bar s=ax. bar (nodel s, c2d, col or =col s_bar, al pha=0. 7, edgecol or =' bl ack')
ax.axhline(1,color="k',|s="--', al pha=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, f ont wei ght =" bol d")
ax.set _yl abel (' $\\chi 2%/ dof"); ax.set_title(' (f) Mdel conparison')

plt.tight_layout()
plt.savefig('cl1_individual_abel.png',dpi=150, bbox_i nches='tight")
print(" -&gt; cl1_individual_abel.png")



#
# 8. mEmEEm
#
print(f"\n{"="*70}")
print("[memmmm] cll smmm")
print("="*70)

print(f"""
cl1l (RA={CL1_RA}, Dec={CL1_DEC}):
z_spec = {Z_L} (22mmmm, sigma_v={SIGVA_V} knis)
mmmum: {|len(df _src):,}mm (R&t;{EXTRACT_RADI US_ARCM N} ')
S/IN = {sn_total:.1f}
gamma_x mm = {gx_nean:.5f} (mmmmm {'PASS if abs(gx_mean)& t;0.005 else 'mmm'})

NFW M200={ M200_nfw: . 2e}, ¢200={c200_nfw: . 2f}
chi 2/ dof = {chi 2_nfw_val /dof _nfw .2f}
M20O( | ens)/ M200O(si gnma_v) = {M200_nfw M200_sv: . 2f}

MOND (g_c=a0, Abel): chi2/dof = {chi2_a0/dof _abel:.2f}
m (g_c free, Abel): g_c = {gc_best/a0:.3f} a0

chi 2/ dof = {chi 2_best/dof _abel :.2f}

68% Cl: [{l068/a0:.3f}, {hi68/a0:.3f}] a0

95% Cl: [{l095/a0:.3f}, {hi95/a0:.3f}] a0

a0 in 95% {'YES if a0_in95 else 'NO}

EEEN VS EEEEN;
NFW chi 2/ dof : 4.90 (stack) -&gt; {chi2_nfw val/dof _nfw .2f} (individual)

SPARC mumm:
SPARC: 0.825 a0
cl1: {gc_best/a0:.3f} a0
[ B {abs(gc_best/a0-0.825):.3f} a0

Level mm: {"A (a0 mm)' if not a0_in95 else 'B (a0 mummmm)'}

")

print("mm")
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fETE R Phase 1: SPARCH-26SRIAID /N5 XA—F IR A FIEA O FRIZ=DEELL.

TER %%\ gc/a070.75, BHIR gc/a072.1,v_flat+h_R 3Tk g_c MEFRT (b—haP—),

EEEEEEEEEEEEEEEEEEN 28

mm: SPARC mmmmmmmmmEE g c = eta*sqrt(a0*GSignma0) mmm

EEEEER;
(1) LITTLE THINGS (Ch+2015): 26 memmmsmm H mmmm
(2) Karukes &anp; Salucci 2017: 36 mmmmmmmmcoreNFW mmmmm
(3) Lelli+2016b (SPARCEEE): EEEEEEEEN

EEENR:
(A) mmmm v_flat, h_Rmm GSigna0 mam
(B) RAR EmEEE g C NEEEN
(O g_c vs sqrt(a0*G*Signe0) mmmmmm
(D) alpha=0.5 wmmmSPARC summm
(E) MOND (g_c=a0) mmmm

mE: UV run --with nunpy --with pandas --with scipy --with matplotlib python independent_verification.py

[um; EESEEEEEEEEEEEEEEEN
EEEEEEEEEEENENEEEEEEEEE Phase 2 sEEEEEEEEEEEE

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats, optimze
frompathlib inmport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

a0 = 1.2e-10 # mis"2
G Sl = 6.674e-11

knms = 1e3

kpc_m = 3.086e19

print("="*70)
print("sEEesEEseEeeEEeEnnN-20")
print("="*70)

1. LITTLE THINGS mmmmCh+2015, Table 3 + lorio+2017m

mm: Ch+2015 (AJ 149, 180), lorio+2017 (MRAS 466, 4159)
v_flat: sesssmmmmm [knls]

h R mssssssmsm3 Guneesssssssnn|kpc]

OSPARC e EEEEEEEEEEEEN

HOH K K H KR

print("\n"+"="*70)
print("[mmm1] LITTLE THI NGS (Ch+2015)")
print("="*70)

little_things = pd. DataFranme([
# gal axy, v_flat, h_R distance, in_sparc, source
#v_flat = emmmmmmm, h R= 3. 6umEEEEEEEEN

{"gal axy": "CvnldwA", "v_flat": 12.0, "h_R': 0.34, "dist": 3.6, "in_sparc": True},
{"gal axy": "DDX43", "v_flat": 35.0, "h_R': 0.72, "dist": 7.8, "in_sparc": True},
{"gal axy": "DDX6", "v_flat": 55.0, "h_R': 0.68, "dist": 6.1, "in_sparc": True},
{"gal axy": "DDXA7", "v_flat": 60.0, "h_R': 1.55, "dist": 5.2, "in_sparc": True},
{"gal axy": "DDO50", "v_flat": 38.0, "h_R': 1.01, "dist": 3.4, "in_sparc": True},
{"gal axy": "DDCB2", "v_flat": 52.0, "h_R': 1.30, "dist": 10.3, "in_sparc": True},
{"gal axy": "DDO63", "v_flat": 24.0, "h_R': 0.46, "dist": 3.6, "in_sparc": False},
{"gal axy": "DDO70", "v_flat": 45.0, "h_R': 0.57, "dist": 1.3, "in_sparc": False},
{"gal axy": "DDOB7", "v_flat": 42.0, "h_R': 1.40, "dist": 7.7, "in_sparc": True},
{"gal axy": "DDOLO1", "v_flat": 50.0, "h_R': 0.75, "dist": 6.4, "in_sparc": False},
{"gal axy": "DDO126", "v_flat": 37.0, "h_R': 0.80, "dist": 4.9, "in_sparc": True},
{"gal axy": "DDO133", "v_flat": 47.0, "h_R': 1.10, "dist": 3.5, "in_sparc": True},
{"gal axy": "DDOl54", "v_flat": 47.0, "h_R': 0.72, "dist": 3.7, "in_sparc": True},
{"gal axy": "DDO168", "v_flat": 53.0, "h_R': 0.82, "dist": 4.3, "in_sparc": True},
{"gal axy": "DDO210", "v_flat": 15.0, "h_R': 0.17, "dist": 0.9, "in_sparc": False},
{"gal axy": "DDO216", "v_flat": 17.0, "h_R': 0.23, "dist": 1.1, "in_sparc": False},
{"gal axy": "F564-V3", "v_flat": 44.0, "h_R': 1.60, "dist": 8.7, "in_sparc": True},
{"gal axy": "Haro29", "v_flat": 28.0, "h_R': 0.31, "dist": 5.9, "in_sparc": False},
{"gal axy": "Haro36", "v_flat": 60.0, "h_R': 0.70, "dist": 9.3, "in_sparc": False},
{"gal axy": "1C1613", "v_flat": 20.0, "h_R': 0.77, "dist": 0.7, "in_sparc": True},
{"gal axy": "IC10", "v_flat": 35.0, "h_R': 0.30, "dist": 0.7, "in_sparc": False},



"in_sparc":
"in_sparc":
"in_sparc":
"in_sparc":
"in_sparc":

n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":
n_sparc":

"in_sparc":
"in_sparc":
"in_sparc":
"in_sparc":
"in_sparc":
"in_sparc":

{"gal axy": "NGC1569", "v_flat": 50.0, "h_R': 0.25, "dist": 3.4,
{"gal axy": "NGC2366", "v_flat": 50.0, "h_R': 1.30, "dist": 3.4,
{"gal axy": "NGC3738", "v_flat": 55.0, "h_R': 0.38, "dist": 4.9,
{"gal axy": "UGC8508", "v_flat": 25.0, "h_R': 0.30, "dist": 2.6,
{"gal axy": "WM, "v_flat": 38.0, "h_R': 0.73, "dist": 1.0,

D]

#

# 2. Karukes &anp; Salucci 2017 mmmmm

#

# mm: Karukes &anp; Salucci 2017 (MNRAS 465, 4703)

# SPARC nummmummEN

print("\n"+"="*70)

print("[mmm2] Karukes &anp; Salucci 2017 (SPARCamm)")

print("="*70)

karukes = pd. Dat aFrane([
{"gal axy": "ue4325", "v_flat": 40.0, "h_R': 1.15, "dist": 10.1, "i
{"gal axy": "UGC11557", "v_flat": 65.0, "h_R': 2.40, "dist": 23.5, "i
{"gal axy": "uUGC4499", "v_flat": 55.0, "h_R': 1.40, "dist": 13.0, "i
{"gal axy": "ucCs5721", "v_flat": 70.0, "h_R': 1.10, "dist": 6.7, "i
{"gal axy": "UGC7603", "v_flat": 60.0, "h_R': 1.70, "dist": 9.4, "i
{"gal axy": "uUGC8490", "v_flat": 45.0, "h_R': 0.60, "dist": 4.7, "i
{"gal axy": "UGC7524", "v_flat": 80.0, "h_R': 2.80, "dist": 4.7, "i
{"gal axy": "UGC7559", "v_flat": 25.0, "h_R': 0.55, "dist": 4.9, "i
{"gal axy": "ucC12732", "v_flat": 70.0, "h_R': 2.50, "dist": 13.2, "i
{"gal axy": "uUcC7866", "v_flat": 30.0, "h_R': 0.45, "dist": 4.6, "i

D

#

# 3. mmmmmmmmmmNoorderneer+2007, SPARCam

#

print("\n"+"="*70)

print("[wmm3] smmmmmmmmmNoorder neer +2007, SPARCam")

print("="*70)

early_type = pd. Dat aFrame([
{"gal axy": "NGC2841_N', "v_flat": 305.0, "h_R': 3.50, "dist": 14.1,
{"gal axy": "NGC5533_N', "v_flat": 240.0, "h_R': 5.20, "dist": 54.0,
{"galaxy": "NGC7331_N', "v_flat": 250.0, "h_R': 3.10, "dist": 14.7,
{"gal axy": "NGC4138_N', "v_flat": 200.0, "h_R': 1.80, "dist": 17.0,
{"gal axy": "NGC4389_N', "v_flat": 120.0, "h_R': 1.20, "dist": 15.5,
{"gal axy": "NGC4013_N', "v_flat": 180.0, "h_R': 2.40, "dist": 18.6,

D

#

# 4. mummm

#

print("\n"+"="*70)

print("[Step 1] mmmmm"

print("="*70)

df _all = pd.concat([little_things, karukes, early_type], ignore_index=True)

df _all['source'] = (['LITTLE_THINGS ]*len(little_things) +
[" Karukes2017' ] *| en( kar ukes) +
[ Noor der meer 2007' ] *l en(earl y_type))

# SPARC mummm

df _indep = df _all[~df _all['in_sparc']].copy().reset_index(drop=True)
df _sparc_overlap = df _all[df _all["in_sparc']].copy().reset_index(drop=True)

print(f" mmmm: {len(df_all)}")

print(f" SPARC mm: {df_all['in_sparc'].sunm()}")
print(f" SPARC mm: {len(df_indep)} ~ mummmmm")

print(f"\n smsmmm:")
for src in df _all['source'].unique():

n_total = (df_all['source']==src).sun()
n_indep = (df _indep[' source']==src).sun() if |en(df_indep)&gt;0 else O
print(f" {src}: m{n_total}, mm{n_indep}")

#

#5 mEEEmEm

#

print("\n"+"="*70)
print("[Step 2] mmmmmm"
print("="*70)

def conpute_quantities(df):
"""v_flat, h_R mm GSigma0, g C ssmmmm
vi_ms = df['v_flat'].values * kms
hR_m = df['h_R].values * kpc_m

# GSigne0 mmmm = v_flat”"2 / h_R [m s"2]

G Signa0 = vf_nms**2 / hR.m

# mmmmmm: g c = eta * sqrt(a0 * G'Si gm0)

Fal se},
True},
Fal se},
True},

True},

Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},

Fal se},
Fal se},
Fal se},
Fal se},
Fal se},
Fal se},



# eta m SPARC mm eta0 mmmmeta) EEEEEEEEEEEE
gc_geonean = np.sqrt(a0 * G_Si gna0)

df[' G_Sigma0'] = G _Si gm0

df [' gc_geonean'] = gc_geonean
df['10g_GS'] = np.logl0(G_Si gne0)
df [' 1 og_gc_geonean'] = np.logl0O(gc_geonean)

df['10g_GS_a0'] = np.logl0(G Signe0 / a0)
return df

df _i ndep = conpute_quantities(df_indep)
df _sparc_overlap = conpute_quantities(df_sparc_overl ap)

print(f* mmmmm GSigneO mm: [{df_indep[' G Sigma0'].mn():.2e}, {df_indep[' G Sigma0'].nax():.2e}]

print(f" mmmmm v_flat mm: [{df_indep['v_flat'].min():.0f}, {df_indep['v_flat'].max():.0f}]

#
# 6. g_C emmEmERAR mumm
#
print("\n"+"="*70)
print("[Step 3] g_C mmm")
print("="*70)

sEsssnssumnuunnny_flat @ h_ Rem g c smmmn
Em. mmmmmmmmm g obs = v_flat"2/R max smmmm
smmmmmm g N =v_bar"2/R max mmm

#
#
#
#
# mmmmmm v_bar &t;&t; v flat mmm g N &t;&t; g _obs
# - MOND mmm: g_obs = sqrt(g_N* g_c)

# - g_c = g_obs”"2 / g_N

#

#

#

#

EEE g_N EEEEEENEEEEEEEEEEEN:
(A) v_flat m h R emmm g c sssesseeennSPARC snnn
(B EEESEESEESEESEEESEENEEEEEEEEEEEEEER

# mmA. SPARC mumEmEEER
# log(g_c/a0) = alpha * |0g(G Sigm0/a0) + |og(eta0)
# SPARC: al pha=0.545, log(eta0)ummmm

# SPARC ENEEEEEEEEEEEEEEEEN
ALPHA_SPARC = 0. 545
# mmm SPARC mmmmmmm|og(g_c) = al pha*l og(G*S0/a0) + interceptm

# intercept = log(a0) + log(etal) + al pha*log(al) ... wmmmm
# - mmmm: g c_pred = eta0 * a0”(1l-al pha) * (G*SO)"al pha

# eta0 m SPARC ammEEEEEEEEN

# g C ENNEEEESEESESEEEESESEESNEEEENEEEEEEER

# mmmmmmm: g N(Rlast) &t;&t; a0 - MOND mmm

# g_obs(R last) = v_flat”"2 / R_last

# g_c = g obs(Rlast)”2/ g N(Rlast) ~ g Nmmm

# g_N mmm: Freeman mmmmmmm

# v_bar_max = v_flat * sqrt(f_bar * (1 + 3.3*h_R/R last)) - mmmm
# mummm: g NO v_flat”"2 * (h_R' R last)”2 * f_bar_eff

# - mmnm g C SENNEENESEEEENEEEEER

# mummm Phase 1 ENEEEEEEEEEEEEEEEN:

# (1) G'Signe0 mmmm SPARC mummmm

#(2) v_flat sesssssmss SPARC ssmmmm

# (3) EEEEEEEEEEEEEEEEEEN

# Phase 1. mumEmEmEEE
print(f* Phase 1| eEEEEEEEEEEEEEEEEEEEER"

# SPARCE g C ENEEEEEEEEEEE
# mm v_flat/h_R mmm SPARC mmm g Cc mmmm
# SPARC: g_c/a0 mmmm = 0.825, al pha=0.545

# mummmm G'Signa0/a0 mm
log_GS_a0 = df _indep['log_GS_a0'].val ues

print(f"\n wmmmmm |0og(CG'Sigm0/a0) mm: [{log_GS_al0.min():.2f}, {log_GS_a0.max():.2f}]")

print(f" SPARC m |og(G'Signa0/al0) mm: [~-2.5 ~2. 5]mmmm")
print(f' mmmm: sssssssss SPARC smmmEmEm")

#
# 7. SPARC aEEEEEEEEEEE
#
print("\n"+"="*70)

print("[Step 4] SPARC ammmEmEmEmEmEER")
print("="*70)

# SPARC emmmEmmEN:
# log(g_c) = alpha * |og(GS0/a0) + intercept
# alpha = 0.545, mm std = 0.313 dex

# EEEEEEEEEEN:

knf s")

m sh2")



# EEEEEEEEEEEEEEEEEEEEEEEN
# mm (alpha, intercept) summmmmm

Y

EENEENEENEE ( C SENEEEEEE
- mm: v_flat mm g C EEEEEEEEEE

H*

mm: MOND deep reginme (g_N &t;&t; a0) mmmm

mmmm (v_flat &t; 80 knms) mmmmmmm g N &t;&t; a0
mmmm g obs = sqrt(g_N* g_c)

v_flat”"2/R = sqrt(g_N * g_c) at R= R last

mEm R|ast smememememmmnm 3-5 * h_R

H O O H R

EEEE § C NN
Rlast =4 * h RusEEEEEEEEEEN

g_obs(R last) =v_flat”"2 / (4*h_R) [ms"2 mmmm (kns)"2/kpc - mmmm]
g_N(R_last) = f_disk * GMdisk / R last"2

H* HOH R

smmmum: MOND m v_flat™"4 =g c * G* Mbar mTully-Fisher mm
- g_c =v_flat®"4 / (G* Mbar)

Mbar = Ud * LmUd semeemnl mmmm

L OSigm0 * h_.R*2 - Mbar O Signa0 * h_R*2

B

EEEEEEEENR;

MOND Tul | y-Fi sher: Mbar = v_flat®"4 / (GN* a0) ~ g_c=a0 mmm
ammm TF: Mbar = v_flat"4 /| (GN* g_c)

- g_c =v_flat®*4 / (GN* Mbar)

* H K

mmm Mbar smsmmmnS gma0 * h_R'2 mmm:
Mbar = 2*pi * Sigma0 * h_.R*2 (mm
Sigma0 O v_flat”"2 / (G* h_R) (wmmmmmm)

- Mbar Ov_flat*"2 * h_.R/ G

- g c=v_flat*/ (G* v_flat”"2 * hR/ G =v_flat”"2 / h_R = G'Sigm0

H OH OH HH

H*

Omm: mmmmmm g c = GSigne0) eseEEEEEEEEEEEER
mmm MOND deep regine + emmmmmmm g c 8 GSigne0 eessssmm

*

H

- EHN. § C NNNNNEEEEEEENEENNNNEEEEEEEEN
v_flat m h R emsEm g C EEEEEEEEEE

H*

print(f"""
EEEEE:
v_flat m h Ressm g C sesEEEEEEEN
g C ENENNNNEEEENNEEEEEEE V() EEEE

mm: MOND deep regine + summmmmm
g_C mEmm G'Signe0) EEEEEEEEEEEEEEN

. EEEEEEEEEmEEEEmEPhase 2mm

")

#
# 8. mmmm: Tully-Fisher susmmmmmm
#
print("\n"+"="*70)

print("[Step 5] mmmm: Tully-Fisher smmmm"
print("="*70)

# MOND: Mbar O v_flat®"4 / a0 - log(Mbar) = 4*log(v_flat) + const
# mmmm: Mbar O v_flat"4 / g_c where g_c = eta*sqrt(a0*G Si gnae0)
# g_c Osqgrt(v_flat”"2/h_R) O v_flat / sqrt(h_R)

# - Mbar O v_flat®4 / (v_flat/sqrt(h_R)) = v_flat”"3 * sqrt(h_R

# - log(Mbar) = 3*log(v_flat) + 0.5*log(h_R) + const

# apmmummmunn BTFR smmm 4 . 3 mummEEm

#

# Mbar mmm: v_flat"2 * h_ Ressssmnn

log_vf = np.logl0(df _indep['v_flat'].values)

I og_hR = np.10g10(df _i ndep[' h_R ]. val ues)

| og_Moar _proxy = 2*log_vf + log_hR # log(v*2 * h_R)

# MOND mm: |og(Mbar) = 4*log(v_flat) + const — proxy m 4*log(v_flat)+. ..
# mmmmmm: | og(Mbar) = 3*log(v_flat) + 0.5*log(h_R) + const

# v_flat vs Mbar_proxy mmm
sl_vf, ic_vf, r_vf, p_vf, se_vf = stats.linregress(log_vf, |og_Moar_proxy)
print(f" log(Mbar_proxy) vs log(v_flat):")

print(f" mm = {s|_vf:.3f} +/- {se_vf:.3f}")

print(f" mmmm: MO\D - 4.0, mmmm -, ~3.0")

print(f" O mmm Mbar_proxy = v*2*h_R ssmmm ~2 mmm")
print(f" - EEEEEEEEEER"

# mmmmm: v_flat"4/(GSigma0) vs v_flat"4/a0 mmm
# MOND: v_flat”~4/a0 = G*M bar (BTFR)
# m: v_flat”"4/g_c = GMbar where g_c = eta*sqgrt(a0*v”*2/h_R)

#



# 9. Phase 2 mmEN. EEEEEEEEER
#
print("\n"+"="*70)

print("[Step 6] Phase 2. mumEEEEEEEEm"
print("="*70)

print(f"""
Phase 1 mmm:
v_flat m h R esEm g C EEEEEEEEEN
g C mEEEN V(/) EEEEEEEEEN

Phase 2 summmmm:
LITTLE THNGS smmmmmm v(r) m smmmmmmmm v_bar(r)

EEEEEN:
(1) LITTLE THINGS smmmn:
https://science. nrao. edu/ sci ence/ surveys/littlethings
- mmmEmEmEmCh+2015 Table 4-7m

(2) VizieR
Ch+2015 (J/ AJ/ 149/ 180) m nmachi ne-readabl e tabl es
- rotcur_*.dat mmmm

(3) G tHub:
https://github.conf/.. sEeEsEEsEsEEEEEm

EEEEEEEE:
R [kpc]: mm
V_obs [knis]: mmmmmm
V_err [knis]: mm
V_bar [km/S]: eemEEEEEEEm+EEE
V_gas [knm's]: mmmm
V_star [knis]: mmmm
")

#
# 10. mmmmm; SPARC sEEEEEEEEEER
#
print("\n"+"="*70)

print("[Step 7] SPARC amsmsmEmEmER")
print("="*70)

# LITTLE THHNGS m SPARC suEEEEEEEEEEEEN
# mmm v_flat, h R eueeEeeeennnn
# - EEEEEEEEEEEEEENEEEEER

if len(df _sparc_overlap) &gt; O:
print(f" SPARC mmmm: {|en(df_sparc_overlap)}")
print(f"\n {'mm':&t;15} {'v_flat(LT)':&gt;10} {'h_R(LT)':&gt;8} {' GS0/a0l':&gt;10}")
print(f" {'-'*48}")
for _, rowin df_sparc_overlap.iterrows():
gs_a0 = row'GSigna0'] / a0
print(f" {row'galaxy']:&t;15} {row'v_flat']:&gt;10.0f} {row'h_R ]:&gt;8.2f} {gs_a0:&gt; 10.2f}")

# mmmmEEE range

gc_pred = df _sparc_overl ap[' gc_geonean'].values / a0

print(f"\n wmmmmmm g c/a0 mm: [{gc_pred.mn():.3f}, {gc_pred. max():.3f}]")
print(f" mmm: {np.nmedian(gc_pred):.3f}")

print(f" MOND (a0): mmmm 1.0")

#
#1]l. EEEEEEEEEEN
#
print("\n"+"="*70)

print("[Step 8] SPARC sumssmmmmn")
print("="*70)

if len(df_indep) &gt; O:

print(f" SPARC mmm: {len(df_indep)}")
print(f"\n {'mm':&t;15} {'v_flat':&t;7} {'h_R :&gt;6} {' GSO/al':&gt;10} {'gc_geon al':&gt; 11} { mmm': & t;15}")
print(f* {'-'*68}")
for _, rowin df_indep.iterrows():

gs_a0 = row'GSigna0'] / a0

gc_a0 = row ' gc_geonean'] / a0

print(f" {row'galaxy']:&t;15} {row'v_flat']:&gt;7.0f} {rowf'h_R]:&gt;6.2f} "

f"{gs_a0: &t ; 10. 2f} {gc_a0: &gt; 11.3f} {row 'source']: & t;15}")

gc_pred_indep = df _i ndep[' gc_geonean'].values / a0
print(f"\n ssssmmmm:")

print(f" mmm: {np.nmedi an(gc_pred_i ndep):.3f} a0")

print(f" {np. mean(gc_pred_i ndep):.3f} a0")

print(f" [T N [{gc_pred_indep.mn():.3f}, {gc_pred_indep. max():.3f}] a0")
print(f" MONDmm: mmmm 1.0 a0")

print(f"\n EEEEEEEN: ")

print(f" smmmmnS gmaoOm - gc &t; a0 -~ MONDeEmmmEmmmmEE")

print(f" mmmmmnS gmaOm . gc &gt; a0 - MONDemmmmEmmEE")




# 12. mumm
#
print("\n"+"="*70)
print("[Step 9] mmmm"
print("="*70)

fig, axes = plt.subplots(1, 3, figsize=(18, 6))

# (a) GSigne0 eemmm
ax = axes[O0]
if len(df_indep) &gt; O:
ax. hist(np.|o0gl0(df _i ndep[' G_Si gne0']/a0), bins=15, al pha=0.7,
color="coral', edgecolor="white', |abel=f'SPARC external (N={len(df_indep)})"')
if len(df _sparc_overlap) &gt; O:
ax. hi st (np.|0gl0(df _sparc_overlap[' G Signa0']/a0), bins=15, al pha=0.5,
col or="steel blue', edgecol or="white', |abel=f"SPARC overlap (N={len(df_sparc_overlap)})"')
ax. set _xl abel (' 1 og( G*Si gne0/ a0)"')
ax. set _yl abel (' Count")
ax.set_title('(a) GSigma0 distribution')
ax. | egend(fontsize=8)

# (b) v_flat vs G'Signa0
ax = axes[1]
if len(df_indep) &gt; O:
ax.scatter(np.logl0o(df _indep['v_flat']), np.logl0(df_indep['G Sigma0']/a0),
s=40, c='coral', alpha=0.7, edgecol ors='black', |inew dths=0.5,
| abel =" SPARC external ')
if len(df _sparc_overlap) &gt; O:
ax.scatter(np.logl0(df _sparc_overlap['v_flat']), np.logl0o(df_sparc_overlap[' G Signa0']/a0),
s=40, c='steelblue', al pha=0.7, edgecol ors='black', |inew dths=0.5,
| abel =" SPARC overl ap')
ax.set_xlabel (*log(v_flat) [km's]")
ax. set _yl abel (' 1 og( G*Si gnma0/ a0) ')
ax.set_title('(b) v_flat vs G*Sigm0')
ax. | egend(fontsize=8)

# (c) mmmmmm g_c/al
ax = axes[2]
if len(df_indep) &gt; O:
gc_pred = df _i ndep[' gc_geonean'].values / a0
ax.scatter(np.logl0o(df _i ndep[' G Signa0']/a0), np.logl0(gc_pred),
s=40, c='coral', alpha=0.7, edgecol ors='black', |inew dths=0.5,
| abel =" Geonetric mean prediction')

# MOND m

x_range = np.linspace(-2, 3, 100)

ax.axhline(0, color="blue', Is="--', Iw=1.5, alpha=0.5, |abel="MOND (g_c=a0)")
# mmmmm (al pha=0.5)

ax.plot(x_range, 0.5*x_range, 'g-', |w=2, alpha=0.7, |abel="al pha=0.5")

ax. set _xl| abel (' | og( G*Si gma0/ a0) ')

ax. set _yl abel (' 1 og(g_c_predicted/a0)")
ax.set_title('(c) Geonetric nean prediction')
ax. | egend(fontsi ze=8)

plt.tight_layout()
plt.savefig('independent_verification.png', dpi=150, bbox_inches="tight")

print(" -&gt; independent_verification.png")
#

# 13. mEEEEE

#

print("\n"+"="*70)
print("[memmmm]")
print("="*70)

print(f"""
N-2 smmmmmmmnEn. Phase 1 mm

H EEEENR;
SPARC mmm: {len(df_indep)} m
mLI TTLE THINGS: {(df _i ndep[' source']=="LI TTLE_THI NGS').sun()},
Kar ukes2017: {(df _i ndep[' source']=="Karukes2017').sum()},
Noor der neer 2007: {(df _i ndep[' source'] ==" Noor der meer 2007' ).sun()} =
SPARC mm: {len(df_sparc_overlap)} EsusssssssEssmmm

m Phase 1 mmm:
v flat ®m h ResEm g C EEEEEEEEEN
g C ENEEEENEN V(/) SESEEEENEEEEEEN
MOND deep regine mmmmm G'Signe0 EEEEEEEEEEEE

m Phase 2 smmmEnm:
LI TTLE THI NGS mmmmmmmmCh+2015 Table 4-7mmmm
mmmm v(r), v_bar(r) semmmm
RAR smmEmER g C EEEEN
- EEEEEEEEEEN

Phase 2 eemmmmmn:
VizieR J/ A/ 149/ 180 (Ch+2015)



URL: https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/ AJ/ 149/ 180
mmmmmm: Table 4 (rotation curves)

mmmmmmm Supplenentary Material mmmmmmEm

")

print("mm")



littlethings_gc_m

fETE Phase 2: LITTLE THINGS [E#REi#RANSD g_c MRILAIE.

ER VizieR F—#I/\UA VB L, RITARA,

N-2 Phase 2: LITTLE THNGS summmsm g C mmmm

Phase 1 mmm: v_flat m h_ R emmm g C eseEEEEEEnN
EEEE V(/) SEEEEEEEEEEEEEN

mpman: Ch+2015 seemEEEEE
EEENR;
(A) VizieR https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/AJ/ 149/ 180
(B) mm Supplenmentary: https://iopscience.iop.org/article/10.1088/0004-6256/149/6/180

EEEEEEEEEEER:
D\umssss\ssssuss\sseen\eemnemnn\wmnm\|ittlethings_rotcurves\
DDO53_r ot cur . dat
DDO70_r ot cur . dat
DDOL01_r ot cur . dat

mnmnmnnCh+2015 Table 4m:
R kpc] V_obs[km's] V_err[km's] V_gas[km's] V_star[km's] V_bar[knls]

mE: UV run --with nunpy --with pandas --with scipy --with matplotlib python littlethings_gc_neasure. py

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats, optimze
frompathlib inport Path

inport matplotlib

nmat pl otlib. use(' Agg')

inport matplotlib.pyplot as plt

i nport gl ob

a0 = 1.2e-10

G Sl = 6.674e-11
knms = 1e3

kpc_m = 3.086e19

print("="*70)
print("N-2 Phase 2: LITTLE THINGS summmmm g c mmmm")
print("="*70)

#
# 0. EmEEEEEERE
#
DATA DIR = Path(r"D:\ussssus\eusssn\unnnn\unnnnnun\unnn\|ittlethings_rotcurves")

# SPARC mm LITTLE THINGS mummm

TARGET_GALAXI ES = {
" DDOB3" : {"v_flat": 24, "h_R': 0.46, "dist": 3.6},
" DDO70" : {"v_flat": 45, "h_R': 0.57, "dist": 1.3},
" DDO101": {"v_flat": 50, "h_R': 0.75, "dist": 6.4},
" DDO210": {"v_flat": 15, "h_R': 0.17, "dist": 0.9},
" DDO216" : {"v_flat": 17, "h_R': 0.28, "dist": 1.1},
" Har 029" {"v_flat": 28, "h_R': 0.31, "dist": 5.9},
" Har 036" : {"v_flat": 60, "h_R': 0.70, "dist": 9.3},
"1 C10": {"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},

}

#

# 1 EEEEEEm

#

print("\n[Step 1] eemmmmm"

if not DATA DI R exists():
print(f* !!!l {DATADR mmmmmmmm")
print(f" OGCh+2015 EeEEEEEEEEEEEEEEEEEEEEEEN: ")
print(f" https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/Al/ 149/180")
print(f'\n VizieR ammmmm:")
print(f" 1. smURLmmm")

print(f" 2. 'Tables' mmmmmm Table 4-7ummmmmmnm")
print(f" 3. 'Submit' sEEEEEm"

print(f" 4., TSV mmm CSV smmmmmnm")

print(f" 5. smmmmmmmnn {DATAD R mmm")
print(f"\n mmmmmVizieR TAP mmmmm:")

print(f"""

i nport requests
url = "https://tapvizier.cds.unistra.fr/ TAPVi zi eR/ t ap/ sync"



query =

SELECT * FROM "J/ AJ/ 149/ 180/ t abl e4"

r = requests.get(url, paranms={{"REQUEST":"doQuery","LANG': " ADQL",
"FORMAT": "csv", " QUERY": query}})

with open("oh2015_tabl e4.csv","w') as f: f.wite(r.text)

")

# EEE. EEEEEEEEEEEN
print(f'\n EEEES EEEEEEEEEEEEEEER"
deno_node = True
el se:
deno_node = Fal se
# EEEEEEEEER
files = |ist(DATA_DIR glob("*.dat")) + list(DATA DIR glob("*.csv")) + |ist(DATA_DIR glob("*.txt"))
print(f" memmmmmmm: {DATADR")
print(f* mmmmm: {len(files)}")
for f in files[:10]:

print(f" {f.name}")
#
# 2. mEEEEEE g C N
#

print("\n[Step 2] g_c mmmRAR mmmmm")

def rar_fit_gc(R kpc, V_obs_kns, V_bar_kns, V_err_knms=None):
"""RAR EmmEm g C mEN

g_obs (1/2)(g_N + sqrt(g_N'2 + 4*g_c*g_N))
g_obs = V.obs*2/ R g_N=Vbar"r2/ R

R m= R kpc * kpc_m
g_obs = (V_obs_kns * kms)**2 / R.m # nis"2
g_N = (V_bar_kms * kns)**2 / R.m # msh2

#9g N&t;=0 sememmnm

valid = (g_N &gt; 0) &anp; (g_obs &gt; 0) &anp; np.isfinite(g_N) &anp; np.isfinite(g_obs)
g_obs_v = g_obs[valid]

g_N v g_N valid]

n <1

if len(g_obs_v) &t; 3:
return None, None, None

# ammmm

if V_err_kns is not None:
g_err =2 * V obs_kns[valid] * kns * V_err_kns[valid] * knms / R nfvalid]
g_err = np.maximn(g_err, 0.1 * g_obs_v) # mm10%

el se:
g_err = 0.2 * g_obs_v # 20%mm

# g Cc mmmmm
def nond_nodel (g_N, g_c):
return 0.5 * (g_N + np.sqrt(g_N*2 + 4*g_c*g_N))

def chi 2(log_gc):
gc = 10**1 og_gc
g_nodel = nmond_nodel (g_N_v, gc)
return np.sun(((g_obs_v - g_nodel) / g_err)**2)

# EEEEEER

gc_grid = np.logspace(-12, -8, 100)

chi2_grid = [chi2(np.logl0(gc)) for gc in gc_grid]
best _i dx = np.argmi n(chi 2_grid)

gc_best = gc_grid[best_idx]

chi 2_best = chi2_grid[best_idx]

# mmm
try:
res = optimze.mnimze_scalar(chi2,
bounds=(np. | 0gl0(gc_best)-1, np.logl0(gc_best)+1),
nmet hod=' bounded' )
if res.fun &t; chi?2_best:
gc_best = 10**res.x
chi 2_best = res.fun
except :
pass

# mmmnm
dchi2 = np.array(chi2_grid) - chi?2_best
mask68 = dchi2 &lt; 1
if mask68.sun() &gt; O:
gc_lo = gc_grid[ mask68]. m n()
gc_hi = gc_grid[ mask68] . max()
el se:
gc_lo = gc_hi = gc_best

dof = len(g_obs_v) - 1



return gc_best, (gc_lo, gc_hi), chi2_best/dof
#
# 3. mEEEEE
#

print("\n[Step 3] wmmm g c mm")

results =

[]

i f deno_node:
# mm. EEEEEN
print(" mmmmsm: J0NEEEEEEEEEE’)
for gnane, gparams in TARGET_GALAXI ES.itens():
vf = gparans['v_flat']
hR = gparans[' h_R]
# mmmmmm: v(r) =v_flat * (1 - exp(-r/h_R))
R = np.linspace(0.2*hR, 5*hR, 20)

+ noi se

V_obs = vf * np.sqgrt(1 - np.exp(-R' hR)) + np.random normal (0, 0.05*vf, len(R))
V_bar = 0.3 * vf * np.sqrt(R'hR) * np.exp(-R (2*hR)) # EEEEEmmEmmm
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 Sigma0 = (vf*kns)**2 / (hR*kpc_m
gc_geonean = np.sqrt(a0 * G_Si gna0)
resul ts. append({
' gal axy': gnane,
‘v_flat': vf,
'h_R: hR
‘gc_neasured' : gc,
‘ge_lo': gc_ci[0],
‘ge_hi': gc_ci[1],
' gc_geonean' : gc_geonean,
‘gc_a0': gc/ao,
' gc_geom al': gc_geonean/ a0,
'G_Sigma0': G _Signeo,
' chi 2dof ' : chi 2dof,
b
el se:
# EaEEEEE
for gnanme, gparams in TARGET_GALAXI ES.itens():
# EaEmEEEE
candi dates = |ist(DATA_ DI R glob(f"*{gnane}*")) + |ist(DATA DIR gl ob(f"*{gname.lower()}*"))

if not candidates:

print(f" {gnane}: eEEEEEEEEs _ mEEEm")
conti nue
fpath = candi dat es[ 0]

print(f" {gname}: {fpath.nanme}")
try:
# ANEEEEEEEENEEEEEE
for sepin ["\t', ",", "',
try:
df _rc = pd.read_csv(fpath,

ARE

sep=sep,

comment =" #'

ski pi ni tial space=True)

if len(df_rc.colums) &gt;= 3:
br eak
except :
conti nue

# mmmmmmR V_obs, V. err,
cols = list(df_rc.col ums)
R = df _rc.iloc[:, 0].values
V_obs = df _rc.iloc[:, 1].values

V_bar mmmm

# mEEEEN
# 2mm

V_err = df _rc.iloc[:, 2].values if len(col
# V_bar mmm
if len(cols) &gt;= 6:
V_bar = df _rc.iloc[:, 5].values
elif len(cols) &gt;= 4:
V_bar = df _rc.iloc[:, 3].values
el se:
V_bar = 0.3 * V.obs # mmmm
gc, gc_ci, chi2dof =rar_fit_gc(R V_obs,

if gc is not None:
vf gparans['v_flat']
hR = gparans[' h_R]
G Signa0 = (vf*kns)**2 / (hR*kpc_m
gc_geonean = np.sqrt(a0d * G_Si gna0)
resul ts. append({

s) &gt;

2 el se None

# 6mm = V_ bar (mm)

V_bar, V_err)



' gal axy': gnane,
‘v_flat': vf,

'h_R: hR

‘gc_neasured' : gc,
‘ge_lo': gc_ci[0],
‘ge_hi': gc_ci[1],

' gc_geonean' : gc_geonean,
‘gc_a0': gc/ao,
‘gc_geom al': gc_geonean/ a0,
'G_Sigma0': G _Signeo,

* chi 2dof ' : chi 2dof,

19
print(f" gc = {gc/a0:.3f} a0, chi2/dof = {chi2dof:.2f}")
except Exception as e:
print(f" mmm: {e}")

df _results = pd. DataFrane(results)
print(f"\n wmmmm: {len(df_results)} mm")

#

# 4, EEEEEEEEE

#

if len(df _results) &gt;= 3:
print("\n"+"="*70)
print("[Step 4] memmmmmmm"
print("="*70)

log_gc = np.logl0(df _results['gc_neasured'].val ues)
| 0g_GS = np.logl0o(df _results[' G Signma0'].val ues)
log_GS_a0 = 1og_GS - np.logl0(a0)

log_gc_a0 = log_gc - np.logl0(a0)

# al pha emmmm
x = log_GS_a0
sl, ic, r, p, se = stats.linregress(x, |og_gc_a0)

print(f" alpha(mmmmm) = {s|l:.3f} +/ - {se:.3f}")
print(f" r = {r:.3f}, p = {p:.4f}")

# al pha=0.5 mmm

t_05 = (sl - 0.5) / se

p_05 = 2 * stats.t.sf(abs(t_05), len(x)-2)

print(f" alpha=0.5 mm: t={t_05:.2f}, p={p_05:.4f}")

print(f* - {'wemmmmmSPARC mmmm' if p_05&8gt;0.05 else 'mmmSPARC mmmmm'}")

# SPARC m al pha=0.545 ummm

t_sparc = (sl - 0.545) / se

p_sparc = 2 * stats.t.sf(abs(t_sparc), len(x)-2)

print(f" al pha=0.545(SPARC) mm: t={t_sparc:.2f}, p={p_sparc:.4f}")

# g_c(neasured) vs g_c(geonean)
gc_ratio = df _results['gc_neasured'].values / df_results['gc_geonean'].val ues
print(f"\n gc(neasured) / gc(geonean):")

print(f" mmm: {np.nedian(gc_ratio):.3f}")
print(f" m: {np. mean(gc_ratio):.3f}")
print(f" std: {np.std(gc_ratio):.3f}")

# MOND mmmm
gc_nond_ratio = df _resul ts['gc_neasured'].values / a0
print(f"\n gc(neasured) / a0 (MOND):")

print(f" mmm: {np.nmedian(gc_nond_ratio):.3f}")

# mmmm

resid_geom= log_gc_a0 - (0.5 * x + np.nedian(log_gc_a0 - 0.5%x))
resid_nond = log_gc_a0 - 0

print(f"\n =mm std:")

print(f" MOND (g_c=a0): {np.std(resid_nond):.3f} dex")
print(f" mmmm (al pha=0.5): {np.std(resid_geom:.3f} dex")
inmprov = (1 - np.std(resid_geon)/np.std(resid_nond)) * 100
print(f" mm: {inprov:.1f}%)

# mEEEEN
print(f"\n {'mm':&t;12} {'gc/al :&gt;7} {'gc_geonm al':&gt; 11} { ' mm':&gt;7} {'chi2/dof':&gt;9}")
print(f* {'-'*50}")
for _, rowin df _results.iterrows():
ratio = row'gc_neasured' ] / row ' gc_geonean']
print(f" {row'galaxy']:&t;12} {row'gc_a0']:&gt;7.3f} {row'gc_geomal']:&gt;11.3f} "
f"{ratio:&t;7.2f} {row ' chi2dof']:&gt;9.2f}")

# CSV mm

df _results.to_csv('littlethings_gc_results.csv', index=False)
print(f"\n -&gt; littlethings_gc_results.csv")

# mmmm

fig, axes = plt.subplots(1, 3, figsize=(18, 6))

# (a) g_c vs GSi gm0



ax = axes[ 0]

ax.scatter(x, log_gc_a0, s=60, c='coral', edgecol ors='black', zorder=5,
| abel =f' LI TTLE THI NGS (N={l en(df _results)})")

xr = np.linspace(x.mn()-0.5, x.max()+0.5, 100)

ax.plot(xr, 0.5*xr + np.nedian(log_gc_a0-0.5*x), 'g-', w2,
| abel =" al pha=0.5 (SPARC)')
ax.plot(xr, sl*xr +ic, "r--", Iw=2,
label =f' fit: al pha={sl:.2f}")
ax.axhline(0, color="blue', Is=:', alpha=0.5, |abel=" MOND (g_c=a0)")

ax. set _x| abel (' 1 og( G*Si gne0/ a0)")

ax.set _yl abel (' 1 0og(g_c/a0)")

ax.set_title(f'(a) Geonetric nean |aw (al pha={sl:.2f}+/-{se:.2f})")
ax. | egend(fontsize=7)

# (b) gc(nmeasured) vs gc(predicted)

ax = axes[1]

ax.scatter(np.logl0o(df _results['gc_geonean']/a0),
np. 1 0ogl0(df _resul ts[' gc_neasured']/a0),

s=60, c='coral', edgecol ors='black"')
dg = np.linspace(-1.5, 1.5, 100)
ax. plot(dg, dg, 'k--', alpha=0.3)

ax.set _xl abel (' 1og(g_c predicted / a0)')
ax.set _yl abel ('l og(g_c nmeasured / a0)')
ax.set_title('(b) Predicted vs Measured')

# (C) mmmm

ax = axes|[2]

ax. hi st (resi d_nond, bins=10, al pha=0.5, color="blue', |abel=Ff"MOND (std={np.std(resid_nond):.2f})")

ax. hi st(resid_geom bins=10, al pha=0.5, color="green', |abel=f"'Geonean (std={np.std(resid_geom:.2f})")
ax. set _xl| abel (' Residual [dex]")

ax. set _yl abel (' Count")

ax.set_title(f'(c) Residuals (inprovenment: {inprov:.0f}%")

ax. | egend(f ontsi ze=8)

plt.tight_layout()
plt.savefig('littlethings_verification.png', dpi=150, bbox_inches='tight")

print(" -&gt; littlethings_verification.png")
#
# EaEmEEE
#

print("\n"+"="*70)
print("[memmmm]")
print("="*70)

if len(df _results) &gt;= 3:
print(f"""
N2 emmmmEnN:
mmm: LITTLE THINGS (SPARCm) {len(df_results)} mm
al pha = {sl:.3f} +/- {se:.3f}
alpha=0.5 mm: p = {p_05:.4f} - {'mm' if p_05&gt;0.05 else 'mmm'}
gc mmmm: {inprov:.1f}% ( MONDm)
SPARC (al pha=0.545) mmm: p = {p_sparc:.4f}
")
el se:
print(f"""
N-2 mmmm;: Phase 2 sEEEEEEEEEEEEEN
EEEEEEN
1. VizieR (https://vizier.cds.unistra.fr/) m J/AJ/149/180 mmm
2. Table 4-7 unEEEEEEEEEEEEE
3. {DATADR} mmm
4., EEEEEEEEEN

")

print("mm")



noordermeer_gc

BT R Phase 2: Noordermeer+2007 RHARIRA D /N A > S BECIERARIE NS D g_c AIE,
fER VizieR K&k, RITF A ZEEIVIINMLE,

Noor der mreer +2007 EEEEEEEEEENEEE ( C EN

mm: Noorderneer (2008, MNRAS 385, 1359) — mmmmmmm
Noor der meer &anp; Verheijen (2007, M\RAS 381, 1463) —mmmmm

VizieR mmmm: J/ MNRAS/ 385/ 1359 (mmmm)

EEEEEEEEEEEEEEEEEEEEE
V_obs, V_gas, V_disk, V_bulge smmsmmmmnm
-~ N EmmEEEEE _ g C EEEEEEEN

EEmmmmmEnm: g c/a0 ~ 1.7-2. 7aMOND m2-3mm
- SEEEEEEEEEEER

mE: uv run --with requests --with nunpy --with pandas --with scipy --with nmatplotlib python noordernmeer_gc_neasure. py

i nport nunmpy as np

i nport pandas as pd

fromscipy inport stats, optimze
frompathlib inmport Path

i nport sys

inport matplotlib

mat pl otlib.use(' Agg')

inport matplotlib.pyplot as plt

try:
i nport requests
except InportError:
print("pip install requests"); sys.exit(1)

a0 = 1.2e-10; G SI = 6.674e-11; kms = 1le3; kpc_m = 3.086el9
print("="*70)

print (" Noorderneer+2007 emmmm: g C mmmm")
print("="*70)

#
#1. VizieR ammmmnn
#
print("\n[Step 1] VizieR smmmmmm")

DATA DIR = Path(r"D\usssss\esssss\usssn\aunnnnn\ nnnn\noorder neer")
DATA_DI R nkdi r (exi st _ok=True)

# Noor der meer 2008 (MNRAS 385, 1359) m VizieR mmmm
# mmmm: J/ MNRAS/ 385/ 1359/t abl e2 (observed rotation curves)
# mmmmm: J/ MNRAS/ 385/ 1359/ tabl e3 or simlar

TAP_URL = "https://tapvizier.cds.unistra.fr/TAPVi zi eR/ tap/ sync"

def vizier_query(query, filenane):
"""VizieR TAP amummmmm CSV mm"""
outpath = DATA DIR / filenanme
if outpath.exists():
print(f* wmmmmmm: {outpath}")
return pd.read_csv(outpath)

parans = {"REQUEST": "doQuery", "LANG': "ADQ", "FORMAT": "csv", "QUERY": query}
try:
print(f" mmmmmm. . . ")
r = requests.get(TAP_URL, parans=parans, tinmeout=120)
if r.status_code == 200 and len(r.text) &gt; 50:
fromio inport StringlO
# EEEEEEEE
lines = [I for | inr.text.split('\n") if not I.startswith('# )]
text = '\n'.join(lines)
df = pd.read_csv(Stringl ((text))
df . to_csv(out path, index=Fal se)
print(f" mm: {outpath} ({len(df)} m)")
return df
el se:
print(f* mmmmmmmm ({len(r.text)} bytes)")
print(f" mm: {r.text[:300]}")
except Exception as e:
print(f" mmm: {e}")
return None

# --- EEE]l. EEEEEEEEEEN ---



print("\n [la] eessssssEssmn. . . ")
tabl es_query = """
SELECT t abl e_nane, description
FROM TAP_SCHEMA. t abl es
WHERE t abl e_name LIKE ' 9885/1359% OR table_nane LIKE ' %381/ 1463%
ORDER BY tabl e_nane
df _tabl es = vizier_query(tabl es_query, "noorderneer_tables.csv")
if df _tables is not None and | en(df_tables) &gt; O:
print(f* wEEEEmmmm:")

for _, rowin df _tables.iterrows():
print(f" {row.iloc[0]}: {str(row.iloc[1])[:60]}")
# --- mmm2: Noorderneer 2008 mmmmm ---
print("\n [1b] wessssEmEm. . ")

# aupmmmEnEn |D mmm
catalog_ids = [

' " J/ MNRAS/ 385/ 1359/ t abl e2" ', # Noor der neer 2008 observed RC

' "J/ NRAS/ 385/ 1359/t abl e3"', # mass nodel s

' "J/ MNRAS/ 385/ 1359/ t abl eal"', # appendi x

' " J/ MNRAS/ 381/ 1463/ t abl e1"", # Noorder neer &anp; Verheijen 2007

"3/ MNRAS/ 381/ 1463/ t abl e2""
]

df _rc = None

for cat_id in catal og_ids:
query = f"SELECT TOP 5 * FROM {cat _id}"
print(f*\n mm: {cat_id}")

try:
params = {"REQUEST": "doQuery", "LANG': "ADQ", "FORMAT": "csv", "QUERY": query}
r = requests.get(TAP_URL, parans=parans, timeout=30)
if r.status_code == 200 and len(r.text) &gt; 100:
lines = [I for | inr.text.split('\n") if not I.startswith('# ) and |.strip()]
if len(lines) &gt; 1:
fromio inmport StringlO
df _test = pd.read_csv(StringlQ('\n'.join(lines)))
print(f" mm: {len(df _test)} m, mmm: {|ist(df_test.colums)}")
# EaEmEEE
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) &gt; O:
if df _rc is None or len(df_full) &gt; len(df_rc):
df _rc = df _full
print(f" mm: {len(df_rc)} m")
except Exception as e:
print(f" am: {e}")
# --- EEE3 EEEEEEN ---
print("\n [1c] wesssEmmEm. . ")
for cat_id in ['"J/ MNRAS/ 381/ 1463/tabl el"', '"J/ MNRAS/ 385/ 1359/tablel"']:
query = f"SELECT * FROM {cat _id}"
df _parans = vizier_query(query, f"noorderneer_parans_{cat_id.strip('\"").replace('/"',"_")}.csv")
if df _params is not None and | en(df_parans) &gt; O:
print(f" mmmmmnn: {|en(df_paranms)} mm")
print(f" mmm: {|ist(df_params.colums)}")
br eak
#
# 2. mEEEEEER
#

print("\n"+"="*70)
print("[Step 2] mummmmmm")
print("="*70)

if df _rc is not None:
print(f" mmmmmmm: {|en(df_rc)} m, {len(df_rc.colums)} mmm")
print(f"\n msmmmm:")

for i, col in enunerate(df_rc.colums):
dtype = str(df_rc[col].dtype)
non_nul | = df _rc[col].notna().sun()

if pd.api.types.is_numeric_dtype(df_rc[col]):
m = f"{df _rc[col].mn():.3g}"
nx = f"{df _rc[col].max():.3g}"

el se:
m = str(df _rc[col].iloc[0])[:15] if non_null &gt; O else "NaN'
S
print(f" {i:&gt;2} {col:&t;25} {dtype:& t;10} N={non_null:&gt;5} [{m} ~ {mx}]")
# EEEEEEEER
name_col = None
for ¢ in df_rc.colums:
if df _rc[c].dtype == "object' or '"nanme' in c.lower() or 'ngc' in c.lower() or 'galaxy' in c.lower():

uni que = df _rc[c]. nuni que()
if 3 &t; unique &t; 100:
nane_col = ¢
br eak



if name_col :
gal axi es = df _rc[nanme_col ]. uni que()
print(f"\n mmm: {len(galaxies)}")
for g in galaxies[:20]:
n = (df _rc[name_col ] ==g).sum()
print(f" {g}: {n} mmmm")

# ANEEEEEEEEENE
print(f"\n EEEssssEEEEE: ")
for keyword in ['Vgas', 'Vdisk', 'Vbulge', 'Vbar', 'Vobs', 'Vrot',

‘gas', 'disk', 'bulge', 'star', 'bar', 'obs', 'rot',
"H', 'stellar', "total']:
matches = [c for ¢ in df _rc.colums if keyword.lower() in c.lower()]
i f matches:
print(f" ‘{keyword}' -&gt; {matches}")
el se:
print(" wEsEsEEEEEEER")
print(" EssEEEsEsEEEEEEE:")

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. EEEEEEEEER
#
if 'df _parans' in dir() and df _parans is not None:

print(f"\n"+"="*70)

print("[Step 3] memmmmEm"

print("="*70)

print(f" mmm: {|ist(df_parans.colums)}")

print(df _parans.to_string())

#
# 4., g_C EEEEEEEEEEE
#
print("\n"+"="*70)
print("[Step 4] g_c mm")
print("="*70)

# EEEEEEEEEEEEEE
def find_baryon_col ums(df):
e TR R R RR RN RN RN T L] R

result = {}
cols_lower = {c.lower(): c¢ for c in df.col ums}

# mm
for key in['rad, 'r ', 'radius', 'dist']:
for cl, coin cols_lower.itens():
if key incl and result.get('R) is None:
result['R] = co

# mmmm
for key in ['vrot', 'vobs', 'vtot', 'v_obs']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_obs') is None:
result['V_obs'] = co

# mm
for key in ['vgas', 'v_gas', 'vhi']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_gas') is None:
result['V_gas'] = co

# mmmm
for key in ['vdisk', "vdis', 'v_disk', 'vstar', 'v_star']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_disk') is None:
result['V_disk'] = co

# mmm
for key in ['vbul', "v_bul', '"vbulge']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_bulge') is None:
result['V_bulge'] = co

# mEmmEm
for key in [*vbar', 'v_bar', 'vbary']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_bar') is None:
result['V_bar'] = co

# mm
for key in ['e_vrot', "err', "e_v']:
for cl, coin cols_lower.itens():
if key incl and result.get('V_err') is None:
result['V_err'] = co

return result



def

rar_fit_gc(R _kpc, V_obs_kms, V_bar_kms, V_err_kms=None):

RAR mmmmm g Cc mmm

R.m= R kpc * kpc_m

g_obs

(V_obs_kns * kns)**2 /| R.m

g_N = (V_bar_kms * kns)**2 / R.m

valid

(g_N &gt; 1le-15) &anp; (g_obs &gt; 1le-15) &anp; np.isfinite(g_N) &anp; np.isfinite(g_obs)

if valid.sun() &t; 3:
return None, None, None

g_obs_v = g_obs[valid]; g_Nv = g_Nvalid]

g_err

= 0.15 * g_obs_v if V_err_kns is None else \

np. maxi num(2*V_obs_kns[ val i d] *kns*V_err_kns[val i d] *kns/R_n{valid], 0.1*g_obs_v)

def chi2(lgc):

gc

10**1 gc

gm= 0.5*(g_N.v + np.sqrt(g_N_v**2 + 4*gc*g_N_v))
return np.sun(((g_obs_v - gm/g_err)**2)

gc_grid = np.logspace(-12, -8, 100)
c2 = [chi2(np.10gl0(g)) for g in gc_grid]

bi =

try:

res

if
except:

dc2 =
68 =

np.argmn(c2); gc_best = gc_grid[bi]; c2_best = c2[bi]

= optimze. mnimze_scal ar(chi 2, bounds=(np.|o0gl0(gc_best)-1, np.logl0(gc_best)+1),
nmet hod=' bounded')

res.fun &t; c2_best: gc_best = 10**res.x; c2_best = res.fun

pass

np.array(c2) - c2_best
dc2 &lt; 1

lo = gc_grid[n68].mn() if nb68.sun()&gt;0 el se gc_best
hi = gc_grid[nB8].max() if nm68.sun()&gt; 0 el se gc_best

return gc_best, (lo, hi), c2_best/max(valid.sun()-1, 1)

# EEEEEEEEEEEN
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": Fal se},
"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) &gt; O:
baryon_col s = find_baryon_col ums(df_rc)

print(f"

smmmmmmmmnn: {baryon_cols}")

has_baryon = 'V_bar' in baryon_cols or ('V_gas' in baryon_cols and 'V_disk' in baryon_cols)

i f has_baryon:
print(f' mEmssEEssmEm -&yt; g C WmmmEm")

results =[]
for gnane, gparams in GALAXY_PARAMS.itens():

if name_col is None: continue

# ANEEEEEEEEEEEN
mask = df _rc[nane_col].astype(str).str.contai ns(gname.replace(' NGC ,"'NGC ').replace(' NGC ',' NCC ),
case=Fal se, na=Fal se)
if not mask.any():
mask = df _rc[name_col]. astype(str).str.contains(gnane[-4:], case=Fal se, na=Fal se)

if not mask.any():
print(f" {gnane}: mmmmm"
conti nue

df _g = df _rc[ mask] . copy()
print(f"\n {gnane}: {len(df_g)} mmmm")

R = df _g[baryon_cols['R]].values if 'R in baryon_cols else df_g.iloc[:,0].val ues
V_obs = df _g[baryon_cols['V_obs']].values if 'V_obs' in baryon_cols else df_g.iloc[:,1].val ues
V_err = df _g[baryon_cols['V_err']].values if "V_err' in baryon_cols el se None

# V_bar mmm
if "V_bar' in baryon_cols:

V_bar = df _g[baryon_col s['V_bar']].val ues
el se:



V_gas = df _g[baryon_cols.get('V_gas', df_g.colums[0])].values if 'V_gas' in baryon_cols else np.zeros(len(df_g))
V_di sk = df _g[baryon_col s. get (' V_disk', df_g.colums[0])].values if 'V_disk' in baryon_cols else np.zeros(len(df_g))
V_bul ge = df _g[baryon_col s.get('V_bulge', df_g.colums[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_di sk + np.abs(V_bul ge)*V_bul ge)
V_bar = np.sign(V_gas**2 + V_disk**2 + V_bulge**2) * np.sqrt(np.abs(V_gas**2 + V_disk**2 + V_bul ge**2))

# NaN mm
ok = np.isfinite(R) &np; np.isfinite(V_obs) &anp; np.isfinite(V_bar) &np; (R&gt;0) &anp; (V_obs&gt;0)
if ok.sum() &t; 3:

print(f" smmmmnn ({ok.sun()} m)")

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 el se None)

if gc is not None and gc &gt; le-12:
vf = gparans['v_flat']
hR = gparams[' h_R']
GS0 = (vf*kms)**2 / (hR*kpc_m
gc_geom = np.sqrt (a0 * GSO)

resul ts. append({
‘galaxy': gnane, 'v_flat': vf, '"h_R: hR
‘ge': ge, 'ge_lo': ge_ci[O0], 'gc_hi': gc_ci[1],
‘gc_a0': gc/a0, 'gc_geomal': gc_geoniao,
'GS0': GSO, 'chi2dof': chi2dof,
‘in_sparc': gparans['in_sparc'], 'n_points': ok.sun(),

b
print(f" gc = {gc/a0:.3f} a0, geonean = {gc_geon a0:.3f} a0, "
f"chi 2/ dof = {chi2dof:.2f}, N={ok.sum()}")
el se:
print(f" g C ENEEEEEEEEEEEER")
print(f" V_bar/V_obs mmm = {np. medi an(np. abs(V_bar[ok])/np.abs(V_obs[ok])):.3f}")
if results:
df _res = pd. Dat aFranme(resul ts)
df _res.to_csv(' noordermeer_gc_resul ts.csv', index=Fal se)

print(f"\n -&gt; noorderneer_gc_results.csv ({len(df_res)} mm)")

# SPARC mmmmmm
df _indep = df _res[~df _res['in_sparc']].copy()
print(f"\n SPARC mmm: {len(df_indep)}")

if len(df_indep) &gt;= 3:
I og_gc = np.1ogl0(df_indep['gc'].val ues)
| 0g_GS = np. | ogl0(df _i ndep[' GSO']. val ues)
x = 10g_GS - np.lo0gl0(a0)
y = log_gc - np.loglo(a0)

sl, ic, r, p, se = stats.linregress(x, y)
t05 = (sl-0.5)/se; p05 = 2*stats.t.sf(abs(t05), |len(x)-2)
print(f*\n === sssmmm ==="
print(f" alpha = {sl:.3f} +/- {se:.3f}")
print(f" alpha=0.5 mm: p = {p05:.4f} -&gt; {'mm' if p05&gt;0.05 else 'mmm'}")
print(f" SPARC al pha=0.545 mmmm: m = {abs(sl-0.545):.3f}")
resid_geom =y - (0.5*x + np.nedian(y-0.5*x))
resid_mond =y
inprov = (1-np.std(resid_geom/np.std(resid_nond))*100
print(f" mmmm: {inprov:.1f}% (MO\Dm)")
el se:
print(f' EEssEEsEEEm’
print(f* wmmmmmmm: {baryon_cols}")
print(f" EEEEEEEEEEEEEEEEEEER"
el se:
print(" wsssssEEEEVizZieR sEEEEEEEEEEE:")
print(" https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=J/ MNRAS/ 385/ 1359")

#
#5 mmmm
#
print("\n"+"="*70)
print("[memm]")
print("="*70)

if 'results' indir() and results:
print(f"""
Noorderneer mmmmEm g C EE:
mmmm: {len(results)} mm
SPARCa: {len([r for r inresults if not r["in_sparc']])} mm

EEEEENR;
{"mm':&t;12} {'gc/al' :&gt;7} { ' geomal':&gt;8} {' mm':&gt;6} {' SPARC :&gt; 6}
-z

for r inresults:
ratio =r['gc']/r['gc_geoma0']/a0 if r['gc_geomal' ]&yt;0 else O
sparc = '"YES if r['in_sparc'] else 'NO



print(f" {r['galaxy']:&t;12} {r['gc_a0']:&gt;7.3f} {r['gc_geomaOl']:&gt;8.3f} {r['gc']/np.sqrt(a0*r['GSO']): &gt;6.2f} {sparc:&gt;
el se:
print(f"""
EEEEEENR;
VizieR TAP: {'mm' if df _rc is not None else 'mm'}
mmmm: {|len(df_rc) if df_rc is not None else 0} m
mmmmmm: {'mm' if 'has_baryon' in dir() and has_baryon el se

um/mmm'}
ENEEEEN:
(1) VizieR®m \h EEEEEEEEEEEEEEEEEN:
https://vizier.cds.unistra.fr/viz-bin/Vizi eR?-source=J/ MNRAS/ 385/ 1359
(2) wmmmmmmmnTable 2 smum CSV mnm
(3) {DATADR mmmmmmmm
")

print("mm")



sparc_jackknife.py

i =] Phase 3 (f4&): SPARC J+vv o4 7MMITHERREE, 1000E% 4 E1+100008 7T —~ XRS5y,

IER A14H37, alpha=0.547+/-0.037,96.5% C alpha=0.5 #1741, 100% CMONDZ,

N2 mm: SPARC amEEEEEEEEEE

EEEEEEEEEEEEEEEEESPARC EEEEEEEEEEER

LB
(1) emmmmmn: 175amm87+88ummmmnnm 3l pha EEEEEEEEEEE
(2) vflat eEEEEE. EEEEEEEEEEEEEEEER
(3) mmmmmm: |nfSd/Sc/Sh/Sa memmmm/mm
(4) 1000mmmmmmmmmmE al pha EEEEEEE
(5) mmmmmm: SPARC ENEEEEEEEEEEEEN

[ sEEEEEEEEEEEEEEEN
ESPARC SN EEEEEEEEEESEEEEEEEEEEEEEER

mE: uv run --with nunpy --with pandas --with scipy --with matplotlib python sparc_jackknife. py

i nport nunpy as np

i nport pandas as pd

fromscipy inport stats
frompathlib inmport Path

inport matplotlib

mat pl ot i b. use(' Agg')

inport matplotlib.pyplot as plt

a0 = 1.2e-10; G SI = 6.674e-11; kms = 1le3; kpc_m = 3.086el9
print("="*70)

print("N2 mm: SPARC emmmEmEmEmEmER")
print("="*70)

#
#0. eeEEEER
#
def find_col (df, cands):
for c in cands:
m= [col for col in df.colums if c.lower() in col.lower()]
if m return n{0]
return None

pred_file = Path("gc_predictive_nodel.csv")
gc_file = Path("TA3_gc_i ndependent. csv")
sparc_file = Path("sparc_results.csv")

df = None
if pred_file.exists():
df _pred = pd.read_csv(pred_file)
cm = {}
for k, csin[('gc',['gc','g_c',"'gc_obs','gc_rar']),
(‘vflat',["v_flat',"vflat']),("hR,['h_R,"hR ,'Rd'])]:
¢ = find_col (df _pred, cs)
if c: cnfk] =c¢

if len(cm==3:
df = df _pred. copy()
df['gc_val']=df[cni' gc']]; df['vflat_val']=df[cn{'vflat']]; df['hR val']=df[cn{' hR]]

if df is None:
print("!!! gc_predictive_npdel.csv mmm"); inport sys; sys.exit(1)

type_col = find_col (df, ['type',' Type','T ,'hubble'])

mask = df['gc_val'].notna() &anp; df['vflat_val'].notna() &anp; df['hR_val'].notna()
mask &anp; = (df['gc_val']&gt;0) &anp; (df['vflat_val']&gt;0) &anp; (df['hR_val']&gt;O0)
df = df [ mask] . copy().reset_i ndex(drop=True)

n = len(df)

print(f" mmmmm: N={n}")

gc_vals = df['gc_val '].val ues

gc_med = np. medi an(gc_val s)

if gc_med & t; le-5: gc_si=gc_vals; gc_a0=gc_val s/ a0
el se: gc_a0=gc_vals; gc_si=gc_val s*a0

vi_ms = df['vflat_val'].val ues*kns
hR_m = df[' hR_val '] . val ues*kpc_m
G SO0 = vf_ms**2/hR_m

I og_gc = np.logl0o(gc_si)

1 0og_GS = np.10gl0(G_S0)

x_full =10g_GS - np.logl0(a0)
y_full =1log_gc - np.logl0(a0)

# EEEEEEEEEENR



sl _full, ic_full, r_full, p_full, se_full = stats.linregress(x_full, y_full)
print(f" mm alpha = {sl_full:.4f} +/- {se_full:.4f}")

#
# 1. mumpmumunnnl000mm
#
print("\n"+"="*70)

print("[mml] sesssssml1000mm")
print("="*70)

np. random seed(42)
N_I TER = 1000

al phas_train = []

al phas_test =[]
resid_train_std =[]
resid_test_std = []
al pha_diffs =[]
pO5_test =[]

for i in range(N_I TER):
i dx = np.random pernutation(n)
half =n// 2
train = idx[:half]; test = idx[half:]

# ammmmm 3l pha semmm
sl_tr, ic_tr, r_tr, _, se_tr = stats.linregress(x_full[train], y_full[train])
al phas_train. append(sl _tr)

# EEEEEEEEE

pred_test = sl_tr * x_full[test] + ic_tr
resid_test =y full[test] - pred_test
resid_test_std. append(np.std(resid_test))

# mummmmmmm 3l pha
sl _te, ic_te, r_te, _, se_te = stats.linregress(x_full[test], y_full[test])
al phas_t est. append(sl _te)

al pha_di ffs.append(sl _tr - sl_te)

# ammmmmm 3|l pha=0.5 mm
t05 = (sl_te - 0.5) / se_te
pO5_t est. append(2*stats.t.sf(abs(t05), len(test)-2))

al phas_train = np.array(al phas_train)

al phas_test = np.array(al phas_test)

al pha_diffs = np.array(al pha_diffs)
resid_test_std = np.array(resid_test_std)
pO5_test = np.array(p05_test)

print(f" alpha(train): {np.nmean(al phas_train):.4f} +/ - {np.std(al phas_train):.4f}")

print(f" alpha(test): {np.nmean(alphas_test):.4f} +/- {np.std(al phas_test):.4f}")

print(f" alpha(train) - alpha(test): {np.nmean(al pha_diffs):.4f} +/- {np.std(al pha_diffs):.4f}")
print(f" |m| mmmm: {np.nedian(np.abs(al pha_diffs)):.4f}")

print(f" mm std(test): {np.nean(resid_test_std):.4f} +/- {np.std(resid_test_std):.4f}")
print(f" mmmm std: {np.std(y_full - (sl_full*x_full+ic_full)):.4f}")

print(f" alpha=0.5 sesmssssssmmmmnn: {(p05_test&gt;0.05).mean()*100:.1f} %)

print(f" alpha=0.5 m 95% EEEEEEEEEEEEER")

#
# 2. v flat eeeEEEmER
#
print("\n"+"="*70)

print("[mm2] v_flat mmmmm Leave-One-Quintile-Qut")
print("="*70)

vf_kms = df['vflat_val'].val ues
quintiles = np.percentile(vf_kns, [0, 20, 40, 60, 80, 100])
quintiles[0] -=1; quintiles[-1] += 1

print(f" {' mmmmmm':&t;25} {'Ntrain :&t;8} {' N test':&gt;7} {'alpha_tr':&gt;9} {'alpha_te' :&gt;9} {'m':&gt;8} {' p(0.5)':&gt;8}")
print(f" {'-'*78}")

for q in range(5):
test_mask = (vf_kms &gt;= quintiles[q]) &anp; (vf_knms & t; quintiles[qg+l])
trai n_mask = ~test_mask

n_tr = train_mask.sun(); n_te = test_mask.sumn()

if n_te &t; 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_te&gt;0 else O
p05 = 2*stats.t.sf(abs(t05), n_te-2) if n_te&gt;2 else 1

vf_range = f"v={quintiles[q]:.0f}-{quintiles[q+1]:.0f}"
print(f" {vf_range:& t;25} {n_tr:&gt;8} {n_te:&yt;7} {sl_tr:&gt;9.3f} {sl_te:&gt;9.3f} {sl_tr-sl_te:&gt;+8.3f} {p05:&gt;8.3f}")




# 3. EEEEEEEEEER
#
print("\n"+"="*70)

print("[mm3] memmmmm Leave- One- Type-Qut")
print("="*70)

if type_col and type_col in df.colums:

type_vals = df[type_col].val ues

type_groups = {
"Im BCD (T&gt;=9)': [9, 10, 11],
'Sd/ Sdm (T=7,8)': [7, 8],
'Sc/Scd (T=5,6)': [5, 6],
'Sb/Sbc (T=3,4)': [3, 4],
'Sa/SO (T&t;=2)': [0, 1, 2],

}

print(f" {'mmm(mm)mmm':&t;25} {'N_tr':&t;6} {' N te' :&gt;6} { ' alpha_tr':&gt;9} { alpha_te' :&gt;9} {'m':&gt;8} {'p(0.5)_te':&gt;10}"
print(f" {'-'*78}")

for gnanme, tvals in type_groups.itens():
test_mask = np.isin(type_vals, tvals)
trai n_mask = ~test_mask
n_tr = train_nmask.sun(); n_te = test_nask.sun()
if n_te &t; 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_nask])

t05 = (sl _te-0.5)/se_te if se_te&gt;0 else O
p05 = 2*stats.t.sf(abs(t05), max(n_te-2,1))

print(f" {gname:& t;25} {n_tr:&gt;6} {n_te:&gt;6} {sl _tr:&gt;9.3f} {sl_te:&gt;9.3f} "
f"{sl_tr-sl_te: &gt; +8.3f} {p05: &gt; 10.3f}")

el se:
print(" wmmmmmmEm -&gt; mmmm")
#
# 4. ummmmmmEnEE 3| pha smm
#

print("\n"+"="*70)
print("[mm4] memmmsmmml10000mm")
print("="*70)

N_BOOT = 10000
al pha_boot = np. zer os( N_BOOT)

for i in range(N_BOOT):
i dx = np.random choice(n, n, replace=True)
sl_b, _, _, _, _ =stats.linregress(x_full[idx], y_full[idx])
al pha_boot[i] = sl_b

al pha_boot _mean = np. mean(al pha_boot)

al pha_boot _std = np. std(al pha_boot)

al pha_boot _ci = np.percentile(al pha_boot, [2.5, 97.5])

print(f" al pha(bootstrap) = {al pha_boot_nean:.4f} +/- {al pha_boot_std:.4f}")

print(f" 95%Cl: [{al pha_boot_ci[0]:.4f}, {alpha_boot_ci[1]:.4f}]")

print(f" alpha=0.5in 95%Cl: {'YES if alpha_boot_ci[0]& t;=0.5& t;=alpha_boot_ci[1] else 'NO}")
print(f" alpha=1.0 in 95%Cl: {'YES if al pha_boot_ci[0]& t;=1.0& t;=al pha_boot_ci[1] else "NO}")
print(f" alpha=0.0 in 95%Cl: {'YES if alpha_boot_ci[0]& t;=0.0& t;=alpha_boot_ci[1] else 'NO}")

# Bias
bi as = al pha_boot _nean - sl _full
print(f* mmmm: {bias:.5f} mmm alpha sesmmm")

#
#5 MOND VS EmmEEEEEEN
#
print("\n"+"="*70)

print("[mm5] MOND vSs emmmmmmmmn")
print("="*70)

# apmpaEEEEeeVMO\DE SN EEEEEEEEEEEEE
improv_dist =[]
for i in range(N_I TER):
i dx = np.random pernutation(n)
test = idx[n//2:]

resid_nmond = y_full[test] # MOND: g_c=a0 - |og(g_c/a0)=0
pred_geom= 0.5 * x_full[test] + np.nedian(y_full[idx[:n//2]] - O.5*x_full[idx[:n//2]])
resid_geom=y full[test] - pred_geom

if np.std(resid_nond) &gt; O:
inmprov = (1 - np.std(resid_geon)/np.std(resid_nond)) * 100
i nprov_di st. append(i nprov)

inprov_di st = np.array(inprov_dist)



print(f* MONDemmmmmmml0OOEEmmm:")

print(f" mmm: {np.nedian(inprov_dist):.1f}%)

print(f" m: {np. mean(inprov_dist):.1f} %)

print(f" std: {np.std(inprov_dist):.1f}%)

print(f" [5th, 95th]: [{np.percentile(inprov_dist,5):.1f}% {np.percentile(inprov_dist,95):.1f}%")
print(f" mmm &gt; 0% mmm: {(inprov_dist&gt;0).nmean()*100:.1f}9% )

print(f" mmm &gt; 20% mmm: {(inprov_dist&gt;20).nmean()*100:.1f} %)

#

# 6. mumm

#

print("\n"+"="*70)
print("[memmmm]")
print("="*70)

fig, axes = plt.subplots(2, 3, figsize=(18, 12))
fig.suptitle(' SPARC Jackknife | ndependence Test for Geonetric Mean Law ,
fontsize=14, fontweight="bold")

# (a) alpha(train) vs alpha(test) mmmm
ax = axes[0, 0]
ax.scatter(al phas_train[:200], alphas_test[:200], s=10, al pha=0.3, c='steelblue')

ax.plot([O, 1], [O, 1], "k--', alpha=0.3)
ax.axhline(0.5, color="g', Is=":", alpha=0.5)
ax.axvline(0.5 color='g, Is='":", alpha=0.5)
ax.axhline(sl _full, color="r"', Is='"--", alpha=0.3)

ax.axvline(sl _full, color="r"', Is='--', al pha=0.3)

ax.set _xl abel ("al pha (train half)'); ax.set_ylabel ('alpha (test half)')
ax.set_title(f'(a) Randomsplit (N={N_ITER})")

ax.set_xlim0.2, 0.9); ax.set_ylinm0.2, 0.9)

# (b) alpha sessEssEEsEEn
ax = axes[0, 1]
ax. hi st (al pha_boot, bins=50, color="steel blue', al pha=0.7, edgecolor="white', density=True)

ax.axvline(0.5 color='g", Is='--', w2, |abel="alpha=0.5")
ax.axvline(sl _full, color="r", Is="-", Iw=2, label=f"full={sl_full:.3f}")
ax. axvline(al pha_boot _ci[0], color="orange', |Is=":"', label=f"95%Cl")

ax. axvline(al pha_boot _ci[1], color="orange', Is=":")

ax.axvline(0, color="gray', Is=":', alpha=0.3, |abel="MOND (al pha=0)")
ax.axvline(1, color='gray', Is=:', alpha=0.3, |abel="alpha=1")

ax.set _xl abel (' al pha'); ax.set_ylabel (' Density')
ax.set_title(f' (b) Bootstrap (N={N_BOOT})"')
ax. | egend(fontsize=7)

# (c) alpha(train) - alpha(test) mmm

ax = axes[0, 2]

ax. hi st (al pha_diffs, bins=40, color="coral', alpha=0.7, edgecolor="white'")
ax.axvline(0, color="k', Is="--', alpha=0.5)

ax. set _xl| abel (' al pha(train) - al pha(test)')

ax. set _yl abel (' Count")

ax.set_title(f'(c) Train-test difference (med={np.nedi an(np.abs(al pha_diffs)):.3f})")

# (d) mmmmmm
ax = axes[1, 0]
ax. hi st (i nprov_dist, bins=40, color="green', al pha=0.7, edgecolor="white')
ax.axvline(0, color="k', Is="--', alpha=0.5)
ax. axvline(np. medi an(i mprov_dist), color="r", Is="-"', |w=2,
| abel =f ' nedi an={ np. medi an(i nprov_dist):.1f}%)
ax.set _xl abel (' I nproverent over MOND [% ')
ax. set _yl abel (' Count")
ax.set_title(f' (d) MOND i nproverment stability (&gt;{(inmprov_dist&gt;0).nean()*100:.0f}% positive)')
ax. | egend(f ontsi ze=8)
# (e) mummm std mmm
ax = axes[1, 1]
ax. hist(resid_test_std, bins=40, color="steel blue', al pha=0.7, edgecolor="white')
full _resid_std = np.std(y_full - (sl_full*x_full+ic_full))
ax.axvline(full _resid_std, color="r"', Is='--', Iw=2, label=f"full={full_resid_std:.3f}")
ax.set _xl| abel (' Test residual std [dex]")
ax. set _yl abel (' Count")
ax.set_title(f'(e) Generalization (nmean={np.nean(resid_test_std):.3f})")
ax. | egend(f ontsi ze=8)

# (f) p(alpha=0.5) mmm

ax = axes[1, 2]

ax. hist(np.l0gl0(p05_test+le-10), bins=40, color="purple', alpha=0.7, edgecolor="white')
ax. axvline(np.l0g10(0.05), color="r"', Is="--', |abel =" p=0.05")

ax. set _xl| abel (' 1 0g10(p-value for al pha=0.5)")

ax. set _yl abel (' Count")

pct _pass = (pO5_test &gt; 0.05).nean() * 100

ax.set_title(f' (f) alpha=0.5 test ({pct_pass:.0f}% cannot reject)"')

ax. | egend(fontsize=8)

plt.tight_layout()
plt.savefig('sparc_jackknife.png', dpi=150, bbox_i nches='tight')
print(" -&gt; sparc_jackknife.png")

#



# 7. mmmmmEm
#
print("\n"+"="*70)
print("[wemmmm]")
print("="*70)

print(f"""
SPARC ENEEEEEEEEEN:

[mml] wmmmmmm (N={N_|TER}):
al pha(train) = {np.mean(al phas_train):.4f} +/- {np.std(al phas_train):.4f}
al pha(test) = {np.nmean(al phas_test):.4f} +/- {np.std(al phas_test):.4f}
|m| mmm = {np.nmedian(np. abs(al pha_diffs)):.4f}
—~ EE/EEEE 3lpha EEEEEEEEEEEEEEN

[mm4] mmmmmmmm (N={N_BOOT}):
al pha = {al pha_boot _nean: . 4f} +/- {al pha_boot_std:.4f}
95% Cl: [{al pha_boot _ci[0]:.4f}, {al pha_boot_ci[1]:.4f}]
al pha=0.5: {'Cim' if alpha_boot_ci[0]& t;=0.5&t;=al pha_boot_ci[1l] else "Clm'}
al pha=0 (MOND): {'Clm' if alpha_boot_ci[0]&t;=0 else 'Clm'}
al pha=1: {'Clm' if 1& t;=al pha_boot _ci[1l] else 'Cim'}

[mm5] MONDEsmmmmmEE:
mmm: {np.nedian(inmprov_dist):.1f}%
mmm &yt; 0% {(inprov_dist&gt;0).nmean()*100:.1f}%
mmm &gt; 20% {(inprov_dist&gt;20).nmean()*100:.1f}%

m:
mmmmmm 3l pha=0.5 m SPARC EEEEEEEEEEEEEEN
ENNEEEEEENEEEEEEEE
{ EEE NN EEEEEEEEEEEEEEEEEEEEEER’
if (pO5_test&gt;0.05).mean()&gt;0.8 else WuEEEEEEEEEEEEER'}
")

print("mm")



