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# -*- coding: utf-8 —x-

V-1: Sf14 EERIEOBIEIREE

SPARC 175885 g N(r) 7O7 745 f p (BHIEHEENR) %
BIEFTE L. BRI N gc & DOBEERIIT 5.

5297: uv run —-with scipy —-with matplotlib python sparc fp verification.py

WEIT7AI:
- Rotmod LTG/*.dat (SPARC[EI#GHE#AR)
- phasel/sparc_results.csv (74 v MER: vflat, Yd, rs, gcZ)
- TA3 gc_independent. csv (gc_over_a0)

A
- fp_verification_results.csv
- fig fp_vs gc.png
- fig c_vs sqrt_scaling.png
- fig_fp_mechanism_summary. png
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20 | - avY—ILICHEYT Y —
21 |
22 | E&: RO B (ROKIERR)
23 | Bft: 2026548
24 | "7
25 | import os, sys, glob, warnings
26 | import numpy as np
27 | from scipy import stats
28 |
29 | # --- matplotlib setup (IPAGothic for Japanese labels) ---
30 | import matplotlib
31 | matplotlib.use(’Agg’)
32 | import matplotlib.pyplot as plt
33 | from matplotlib import font manager as fm
34 | for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
35 | ’ /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
36 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ ]:
37 | try: _fm, fontManager, addfont(_fp)
38 | except: pass
39 | # Try IPAGothic first, fall back to MS Gothic on Windows
40 | for fontname in [’ IPAGothic’, 'MS Gothic’, 'DejaVu Sans’]:
41 | try:
42 | plt.rcParams[’ font. family’ ] = fontname
43 | break
44 | except:
45 | continue
46 | plt.rcParams[’ axes.unicode minus’] = False
47 |
48 | warnings. filterwarnings(’ ignore’)
49 |
50 | #
51 | # 0. Constants
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i
ad = 1.2e-10 # m/s"2 MOND acceleration
G SI = 6.674e-11  # m"3 kg"-1 s"-2

kpc m = 3.0857e19 # 1 kpc in meters

Msun = 1.989e30 # kg

i
# 1. Paths -- adjust to your local layout
it
BASE = os.path.dirname(os. path. abspath(_ file ))

ROTMOD = os. path, join(BASE, ’'Rotmod LTG’)

PHASE1 = os.path. join(BASE, ’phasel’, ’sparc results.csv’)
TA3 = os.path. join(BASE, ’TA3 gc_independent.csv’)

for p, label in [(ROTMOD, ’Rotmod LTG'), (PHASE1, ’sparc results.csv’), (TA3, ’TA3 gc independent.csv’)]:
if not os.path.exists(p):
print(f' [ERROR] {label} not found: {p}’)
print(f" -> BASE = {BASE}’)

sys.exit(1)
it
# 2. Load pipeline results
it

def load csv flexible(path):
""" oad CSV handling both comma and whitespace delimiters
r’, encoding="utf-8-sig’) as f:

nan
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| with open(path,
| header = f.readline().strip()
| sep =',” if’,” in header else None
| data = {}

| with open(path, ’'r’, encoding="utf-8-sig’) as f:
| cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
| rows = []

| for line in f:

| line = Lline.strip()

| if not Lline: continue

| parts = line.split(sep)

| rows. append([p. strip() for p in parts])
| for i, col in enumerate(cols):

| vals = []

| for row in rows:

| if i < len(row):

| try: vals.append(float(row[i]))
| except: vals.append(row[i])
| else:

| vals. append(np. nan)
| datalcol] = vals

| return data
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print("[1] Loading pipeline results...”)
phasel = load csv flexible(PHASET)
ta3 = load csv flexible(TA3)

# Build lookup: galaxy name -> {vflat, upsilon d, gc over a0, ...}
# Identify name column
def find name col(data):
for candidate in ['galaxy’, ’Galaxy’, ’'name’, ’Name’, ’GALAXY’]:
if candidate in data:
return candidate
# First column with string values
for k, v in data.items():
if isinstance(v[0], str):
return k
return Llist(data.keys())[0]

pl name col = find name col(phasel)
ta3 name col = find name col(ta3)

galaxy info = {}
for i, name in enumerate(phasel[p1 name col]):
name = str(name).strip()
info = {}
for k in phasel:
if k == pl _name col: continue
try: info[k] = float(phasel[k][i])
except: info[k] = phasel[k][i]
galaxy info[name] = info

i Merge TA3 gc over a0
for i, name in enumerate(ta3[ta3 name col]):
name = str(name).strip()
if name in galaxy info:
for k in ta3:
if k == ta3 name col: continue
try: galaxy info[name][k] = float(ta3[k][i])
except: galaxy info[name][k] = ta3[k][i]

| print(f" phasel: {len(phasel[pl name col])} galaxies’)
| print(f’ TA3: {len(ta3[ta3 name col])} galaxies’)
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|
141 | ¢
142 | # 3. Core computation: f p from g N(r) profile
143 | #
144 | def compute fp(radii_kpc, vgas, vdisk, vbul, upsilon d, upsilon b=0.7):
145 | o
146 | Compute f p = mass fraction where g N(r) < a0.
147 |
148 | For an exponential disk, Sigma(r) ~ exp(-r/hR). We approximate
149 | the local mass weight as proportional to |V bar(r)|"2 * r
150 | (since g N ~ V bar™2/r, and dM ~ Sigma 2pi r dr ~ g N r"2 dr / G).
151 |
152 | Actually, the simplest mass weight for a thin disk is:
153 | dM/dr = 2 pi r Sigma(r)
154 | We approximate Sigma(r) from the disk velocity:
155 | V disk™2(r) = 4 pi G Sigma 0 h R y"2 [I0 KO - I1 K1]
156 | Since we don’t have Sigma(r) directly, we use:
157 | g N(r) = V. bar"2(r) / r [centripetal acceleration from baryons]
158 | and weight by the mass enclosed in each radial annulus.
159 |
160 | For simplicity, we use mass weight ~ |V disk(r)| 2 as proxy for
161 | Sigma(r) (valid for exponential disk)
162 |
163 | Parameters
164 | —mmmee
165 | radii_kpc : array, radii in kpc
166 | vgas, vdisk, vbul : arrays, velocity components in km/s
167 | upsilon d : float, disk mass-to-light ratio
168 | upsilon b : float, bulge mass-to-light ratio (default 0.7)
169 |
170 | Returns
171 | =
172 | f p : float, plastic mass fraction
173 | g N array : array, g N(r) in m/s"2
174 |
175 | rm = radii_kpc * kpc. m # convert to meters
176 |
177 | # Baryonic velocity: V bar"2 = Vgas™2 + Yd * Vdisk™2 + Yb * Vbul~2
178 | #f Note: SPARC files give Vdisk for Yd=1, so scale by sqrt(Yd)
179 | vbar2 = (vgas¥¥2
180 | + upsilon d * np.sign(vdisk) * vdisk¥x2
181 | + upsilon b * np.sign(vbul) * vbulxx2)
182 | #f Handle sign convention: V can be negative (counter-rotating)
183 | vbar2 = np.abs(vbhar2)
184 |
185 | # g N(r) =V bar'2/r
186 | g N = np.zeros_Like(r_m)
187 | mask = r.m > 0
188 | g N[mask] = (vbar2[mask] % 1e6) / r m[mask] {# km/s -> m/s: *1e3, squared: *1e6
189 |
190 | #f Mass weight proxy: for exponential disk, dM/dr ~ Sigma(r) * r
191 | # Sigma(r) is proportional to the disk contribution:
192 | #t We use |Vdisk(r)|"2 as proxy for Sigma(r) * r (since Vdisk"2 ~ 4piG Sigma hR * Bessel)
193 | #t A simpler and more robust proxy: weight = max(|Vdisk|"2, |Vgas|“2) * delta r
194 | weight = np.abs(vdisk¥*2) * upsilon d + np.abs(vgas¥2)
195 | weight = np.maximum(weight, 1e-6)
196 |
197 | #t Compute f p = sum(weight where g N < a@) / sum(weight)
198 | plastic mask = g N < a0
199 | total weight = np.sum(weight)
200 | if total weight <= 0:
201 | return np.nan, g N
202 |
203 | f p = np.sum(weight[plastic mask]) / total weight
204 | return f p, g N
205 |
206 |
207 | def load rotmod(filepath):
208 | """ oad SPARC rotation curve file.”””
209 | rad, vobs, errv, vgas, vdisk, vbul, shdisk, sbbul =[], [1, [J, [J, (], [1, [, [J
210 | with open(filepath, 'r’) as f:
211 | for line in f:
212 | line = Lline.strip()
213 | if not line or line.startswith("# ): continue
214 | parts = Lline.split()
215 | if len(parts) < 6: continue
216 | try:
217 | rad. append(float (parts[0]))
218 | vobs. append(f loat(parts[1]))
219 | errv. append(float(parts[2]))
220 | vgas. append(float (parts[3]))
221 | vdisk. append(float (parts[4]))
222 | vbul. append (f loat (parts[5]))
223 | if len(parts) > 6: sbdisk.append(float(parts[6]))
224 | else: shdisk.append(0.0)
225 | if len(parts) > 7: sbbul.append(float(parts[7]))
226 | else: shbul.append(0.0)
227 | except ValueError
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i

continue
return (np.array(rad), np.array(vobs), np.array(errv),
np.array(vgas), np.array(vdisk), np.array(vbul),
np.array(shdisk), np.array(sbbul))

# 4. Process all galaxies

i

print(’[2] Processing SPARC galaxies...’)

results = []
rotmod files = sorted(glob.glob(os.path. join(ROTMOD, ’*.dat’)))
print(f" Found {len(rotmod files)} rotmod files’)

# Detect key column names in phasel
def get key(info, candidates, default=None):

4

for ¢ in candidates:
if ¢ in info:
return infolc]
return default

fpath in rotmod files:
gname = os.path. splitext(os. path. basename(fpath))[0]
gname clean = gname. replace(’ rotmod’, '’ ).strip()

# Find matching pipeline entry
info = None
for key in [gname clean, gname, gname clean.upper(), gname clean. lower()]:
if key in galaxy info:
info = galaxy info[key]
break
if info is None:
continue

#f Get Yd (optimal) and gc

ud = get key(info, ["upsilon d’, ’Upsilon d’, "Ud’, "ud’, ’Yd'], None)
gc_ad = get key(info, ["gc over a0’, 'gc/al’, ’gc ratio’ ], None)

vflat val = get key(info, ['vflat’, ’'Vflat’, 'v flat’], None)

if ud is None or gc_ad is None or vflat val is None:
continue

try:
ud = float(ud)
gc al = float(gc a0)
vflat val = float(vflat val)
except (ValueError, TypeError):
continue

if np.isnan(ud) or np.isnan(gc a0) or gc al <= 0:
continue

# Load rotation curve
try:

rad, vobs, errv, vgas, vdisk, vbul, sbdisk, sbbul = load rotmod(fpath)
except:

continue

if len(rad) < 3:

continue

i Compute f p
f p, g N = compute fp(rad, vgas, vdisk, vbul, ud)
if np.isnan(f p):

continue

c membrane = 1.0 - f p

# Compute G%Sigma® proxy = vflat™2 / hR
#f Estimate hR from rpk / 2.15 (pipeline convention)
vds = np.sqrt(np.maximum(ud, 0.01)) * np.abs(vdisk)
rpk_idx = np.argmax(vds)
rpk = rad[rpk_idx]
if rpk < 0.01 or rpk >= rad.max() * 0.9:
# Edge filter (same as pipeline)
continue
hR = rpk / 2.15 { kpc
hR_m = hR * kpc_m
vflat ms = vflat val * 1e3
GSO = vflat msxk2 / hR.m # m/s"2

#f Theoretical prediction: ¢ ~ sqrt(GSigmad / a0)
sqrt_ratio = np.sqrt(GSO / ad)

results. append({
"galaxy’ : gname clean
fp: fop,



316 ¢ _membrane’ : ¢ _membrane

|
317 | "gc_over ald’ : gc a0,
318 | " log gc a0’ : np. log10(gc al),
319 | "vflat’: vflat val
320 | "Yd @ ud,
321 | "hR_kpc’ : hR,
322 | "GSO” : GSO
323 | " log GSO a0’ : np. Log10(GSO / ad),
324 | "sqrt_GSO a0’ : sqrt ratio,
325 | "n points’: len(rad),
326 | g N_max’ : np.max(g_N),
327 | "g N.min": np.min(g N[g N > 0]) if np.any(g N > 0) else 0,
328 | 1
329 |
330 | N = len(results)
331 | print(f" Successfully processed: {N} galaxies’)
332 |
333 | if N<10:
334 | print(’ [ERROR] Too few galaxies. Check file paths and column names.’)
335 | print(f" Sample galaxy info keys: {list(galaxy info.keys())[:5]}")
336 | if galaxy info:
337 | sample = list(galaxy info.values())[0]
338 | print(f" Sample info keys: {list(sample.keys())}")
339 | sys.exit(1)
340 |
341 | #
342 | # 5. Statistical analysis
343 | #
344 | print(’¥n’ + ' ="%60)
345 | print("V-1: f p vs gc correlation analysis’)
346 | print(’="*60)
347 |
348 | fp arr = np.array([r[’f p’] for r in results])
349 | ¢ arr = np.array([r[’c_membrane’] for r in results])
350 | gc arr = np.array([r[’gc over a0’ ] for r in results])
351 | log gc = np.array([r[’ log gc a0’ ] for r in results])
352 | sqrt arr = np.array([r[’sqrt GSO a0’ ] for r in results])
353 | log GSO = np.array([r[’ log GSO a0’ ] for r in results])
354 |
355 | # --- Test 1: f p vs log(gc/a0) ——-
356 | rhol, pl1 = stats.spearmanr(fp arr, log gc)
357 | print(f ¥n[Test 1] f p vs log(gc/a0):’)
358 | print(f" Spearman rho = {rhol:.3f}, p = {p1:.2¢}")
359 | print(f" Expected: strong negative correlation (rho < -0.6)")
360 |
361 | # -— Test 2: ¢ = 1-f p vs gc/ad ——
362 | rho2, p2 = stats.spearmanr(c_arr, gc arr)
363 | print(f' ¥n[Test 2] ¢ = 1-f p vs gc/a0:’)
364 | print(f" Spearman rho = {rho2:.3f}, p = {p2:.2¢}")
365 |
366 | # -—- Test 3: c vs sqrt(GxSigma0/ad) —- the key prediction ——-
367 | rho3, p3 = stats.spearmanr(c arr, sqrt arr)
368 | print(f' ¥n[Test 3] ¢ = 1-f p vs sqrt(G«Sigma0/a0):")
369 | print(f" Spearman rho = {rho3:.3f}, p = {p3:.2¢}")
370 | print(f* This is the KEY test: c should scale as sqrt(GxSigma0/a0)’ )
371 |
372 | # -—- Test 4: log(c) vs 0.5%log(GxSigma0/a0) -- slope test -—-
373 | valid = (c_arr > 0) & (sqrt_arr > 0)
374 | log ¢ = np. log10(c arr[valid])
375 | log sqrt = np. log10(sqrt_arr[valid])
376 | log GSO v = log GSO[valid]
377 |
378 | slope, intercept, r val, p slope, se slope = stats. linregress(log GSO v, log ¢)
379 | print(f ¥n[Test 4] log(c) vs log(GxSigma0/ad) regression:’)
380 | print(f" slope = {slope:.3f} +/- {se slope:.3f}")
381 | print(f" Expected slope = 0.5 (sqrt scaling)’)
382 | print(f' p(slope=0.5) = {2%(1-stats. t.cdf(abs(slope-0.5)/se slope, df=sum(valid)-2)):.3f}")
383 | print(f" R"2 = {r valsx2: 3f}")
384 | print(f intercept = {intercept:.3f} (= log(eta) effectively)’)
385 |
386 | # --- Derived eta ——-
387 | eta eff = 10%xintercept
388 | print(f ¥n[Derived] eta eff = 10" {intercept:.3f} = {eta eff:.3f}’)
389 |
390 | # -—- Summary statistics -—-
391 | print(f ¥n--- Summary -—-")
392 | print(f'N = {N}")
393 | print(f f p: median = {np.median(fp arr):.3f}, ’
394 | f IQR = [{np.percentile(fp arr,25):.3f}, {np.percentile(fp arr,75):.3f}]")
395 | print(f'c = 1-f p: median = {np.median(c arr):.3f}, ’
396 | f IQR = [{np.percentile(c_arr,25):.3f}, {np.percentile(c arr,75):.3f}]")
397 | print(f gc/a0: median = {np.median(gc arr):.3f}")
398 |
399 | # Binney & Tremaine check: g peak vs 1.8%GxSigma0
400 | g N max arr = np.array([r[’g N max’] for r in results])
401 | GSO arr = np.array([r[’GS0’] for r in results])
402 | ratio peak = g N max arr / GSO arr
403 | print(f ¥n[BT check] g N max / (GxSigma0): median = {np.median(ratio peak):.2f} (expect 71.8)")
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|
405 | #
406 | # 6. Figures
407 |
408 | print(’¥n[3] Generating figures...’)
409
410 | # -— Fig 1: f p vs log(gc/a0) ——-
411 | fig, ax = plt.subplots(1, 1, figsize=(7, 5))
412 | ax.scatter(fp arr, log gc, s=12, alpha=0.6, c=log GSO, cmap="viridis’, edgecolors="none’)
413 | ax.set xlabel(’f p (g N < a0 mass fraction)’, fontsize=11)
414 | ax.set ylabel(’ log(gc / a0)’, fontsize=11)
415 | ax.set title(f'V-1: f p vs gc (N={N}, rho={rhol:.3f}, p={pl:.1e})’, fontsize=12)
416 | cb = plt.colorbar(ax.collections[0], ax=ax, label="log(GxSigma0/a0)’ )
417 | # Add trend Lline
418 | z = np.polyfit(fp_arr, log gc, 1)
419 | xline = np. linspace(0, 1, 100)
420 | ax.plot(xline, np.polyval(z, xline), 'r--", Iw=1.5, label=f"linear fit: slope={z[0]:.2f}")
421 | ax. legend(fontsize=9)
422 | ax.grid(True, alpha=0.3)
423 | fig.tight layout()
424 | fig.savefig(os.path. join(BASE, "fig fp vs gc.png’), dpi=150)
425 | print(’ -> fig fp vs gc.png’)
426 |
427 | # -—- Fig 2: ¢ = 1-f p vs sqrt(G*Sigmad/a0d) with slope test ——-
428 | fig, axes = plt.subplots(1, 2, figsize=(13, 5))
429
430 | ax = axes[0]
431 | ax.scatter(sqrt arr, c arr, s=12, alpha=0.6, c="steelblue’, edgecolors="none’)
432 | ax.set xlabel(’sqrt(GxSigmad / a0)’, fontsize=11)
433 | ax.set ylabel('c =1 - f p’, fontsize=11)
434 | ax.set title(f'c vs sqrt scaling (rho={rho3:.3f})", fontsize=12)
435 | # 1:1 reference (with eta normalization)
436 | xref = np. linspace(0, np.max(sqrt arr)x1.1, 100)
437 | ax.plot(xref, eta eff % xref, 'r-’, lw=1.5, label=f'c¢ = {eta eff:.2f} * sqrt(GS0/a0)’)
438 | ax. legend(fontsize=9)
439 | ax.grid(True, alpha=0.3)
440 |
441 | ax = axes[1]
442 | ax.scatter(log GSO v, log ¢, s=12, alpha=0.6, c='darkorange’, edgecolors="none’)
443 | ax.set xlabel(’ log(GxSigma0 / a0)’, fontsize=11)
444 | ax.set ylabel(’ log(c)’, fontsize=11)
445 | ax.set title(f Slope test: {slope:.3f} +/- {se slope:.3f} (expect 0.5)", fontsize=12)
446 | xfit = np. linspace(log GSO v.min(), log GSO v.max(), 100)
447 | ax.plot(xfit, slopexfit + intercept, r-', lw=1.5, label=f"fit: slope={slope:.3f}")
448 | ax.plot(xfit, 0.5%xfit + intercept, 'b--", Llw=1.0, label="theory: slope=0.5")
449 | ax. legend(fontsize=9)
450 | ax.grid(True, alpha=0.3)
451 |
452 | fig.tight layout()
453 | fig.savefig(os.path. join(BASE, "fig ¢ vs sqrt scaling.png’), dpi=150)
454 | print(’ -> fig ¢ vs sqrt scaling.png’)
455 |
456 | # -—- Fig 3: 4-panel summary -——
457 | fig, axes = plt.subplots(2, 2, figsize=(12, 10))
458 |
459 | # Panel A: f p distribution
460 | ax = axes[0, 0]
461 | ax.hist(fp_arr, bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
462 | ax.axvline(np.median(fp arr), color="red’, ls="--", label=f"median={np.median(fp arr):.2f}")
463 | ax.set xlabel(’f_p’, fontsize=11)
464 | ax.set ylabel(’Count’, fontsize=11)
465 | ax.set title("A: f p distribution’, fontsize=12)
466 | ax. legend()
467
468 | # Panel B: ¢ vs gc/ad
469 | ax = axes[0, 1]
470 | ax.scatter(c_arr, gc arr, s=12, alpha=0.6, c="steelblue’, edgecolors="none’)
471 | ax.set xlabel('c =1 - f p’, fontsize=11)
472 | ax.set ylabel(’gc / a0’, fontsize=11)
473 | ax.set title(f'B: ¢ vs gc/a® (rho={rho2:.3f})’, fontsize=12)
474 | # Plot cxal Lline (gc = c*al means gc/al = c)
475 | xline = np. linspace(0, 1, 100)
476 | ax.plot(xline, xline, 'r-=", lw=1, label="gc/ad = ¢ (exact match)’)
477 | ax. legend(fontsize=9)
478 | ax.grid(True, alpha=0.3)
479
480 | # Panel C: g peak / G*Sigmad distribution (BT check)
481 | ax = axes[1, 0]
482 | ax.hist(ratio peak[np.isfinite(ratio peak)], bins=30, color="darkorange’, alpha=0.7, edgecolor="white’)
483 | ax.axvline(1.8, color="red’, ls="--’, lw=2, label="BT prediction: 1.8")
484 | ax.axvline(np.median(ratio peak), color="blue’, ls="--", label=f"median={np.median(ratio peak):.2f}")
485 | ax.set xlabel(’g N max / (GxSigma0)’, fontsize=11)
486 | ax.set ylabel(’Count’, fontsize=11)
487 | ax.set title(’C: Binney-Tremaine check’, fontsize=12)
488 | ax. legend(fontsize=9)
489 |
490 | # Panel D: residual from sqrt law
491 | ax = axes[1, 1]
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if np.sum(valid) > 5:
residual = log ¢ - (0.5 * log GSO v + intercept)
x.hist(residual, bins=25, color="green’, alpha=0.7, edgecolor="white’)
x.axvline(0, color="red’, ls="--")
x.set_xlabel(’ log(c) - [0.5%log(GSO/a@) + const]’, fontsize=11)
.set_ylabel(’ Count’, fontsize=11)
x.set title(f'D: Residual from sqrt law (sigma={np.std(residual):.3f} dex)’, fontsize=12)

R IR
>

fig.suptitle(f'V-1: Condition-14 Mechanism Verification (N={N})’, fontsize=14, y=1.01)
fig. tight layout()

fig.savefig(os.path, join(BASE, ’fig fp mechanism summary.png’), dpi=150)

print(’ -> fig fp_mechanism summary.png’)

it
#f 7. Save results
tt
outcsv = os.path. join(BASE, ’fp verification results.csv’)
with open(outcsv, 'w, encoding="utf-8) as f:
cols = ["galaxy’, "f p’, 'c _membrane’, ’gc over al’, ’log gc al’,
"vflat’, "Yd", "hR kpc’, 'GSO’, ’log GSO a0’, 'sqrt GSO a0,
"g N max’, "g N.min", ’n_points’]
f.write(’,”.join(cols) + "¥n’)
for r in results:
f.write(’,” . join(str(r[c]) for ¢ in cols) + "¥n")
print(f ¥n[4] Results saved: {outcsv}’)

i
# 8. Final verdict
it
print("¥n’ + =" %60)
print(’ VERDICT" )
print (" =" x60)

verdict fp gc = "PASS’ if (rhol < -0.5 and p1 < 0.001) else 'FAIL’
verdict slope = "PASS’ if abs(slope - 0.5) < 2%se slope else "MARGINAL’ if abs(slope-0.5) < 3*se slope else 'FAIL
verdict bt = "PASS’ if 1.0 < np.median(ratio peak) < 3.0 else ’CHECK’

print(f [V-1a] f p vs gc correlation: {verdict fp gc} (rho={rhol:.3f}, p={pl:.1e})")

print(f" [V-1b] sqrt scaling slope: {verdict slope} (slope={slope:.3f}+/-{se slope:.3f}, expect 0.5)")
print(f" [V-1c] BT coefficient check: {verdict bt} (median ratio={np.median(ratio peak):.2f}, expect "1.8)")
print(f' [V-2] eta effective: {eta eff:.3f}")

print()

if verdict fp gc == "PASS’ and verdict slope in (’PASS’, ’MARGINAL):
print(’  >>> Condition-14 mechanism SUPPORTED: f p determines gc via sqrt scaling’)
print(f" >> ¢ = 1-f p ~ {eta eff:.2f} * sqrt(GxSigma0/a0)’ )
else:
print(’  >>> Results require further investigation’)
print(f" >>> f p-gc: {verdict fp gc}, slope: {verdict slope}’)

print (" ¥n[DONE]" )



2. [V-124] gc vs ED/NYAVEZEE Sigma_bar DIREE

HE RES
7274I% sparc_fp vikai.py
T8 549
HREEID V-128

T E R

ML ERA & BTFR DEFEIIASHEHA NS gc ~ Sigma_bar™(1/3) %, BIRATE#HEE L/ Signa_bar
HFRWTHREIT %, 5DD7A%E (proxy, Vdisk peak BT, disk+gas BT, BTFR#Z, cross-check) ZEBEFT R K,

FETRK
[*] proxy vflat™2/hR TORAO—7=0.5 (R—R 54 VFER)
[*] Vdisk peak BT (gc3kfk#F) TDRO—=1/3
[*] disk+gas BT TDRO—7=1/3
[*]1 1/3 vs 0.5 DEBLLHAED Sigma bar (TEET %D

flam

FAIL: Sigma bariE#TIlE R™2=0.016 (fE4HRI) . proxy D& alpha=0.548,

HAT7AIL

fig vikai_slope test.png, fig vlkai 4panel.png, vikai results.csv

2O ThEX

1| # -% coding: utf-8 —%-

2"

3| V-1 F4F14 BEERES —- gc oo Sigma bar”(1/3) OHREE

4 |

5 | mFiERl gc = etaxsqrt(ad*GSO proxy) & BTFR v flat™4 = gc*G#M bar
6 | ZABEDEDE. HO/NY A VEBE Signa bar & ORIFRIE:

7|

8 | gc = eta’ * a07(2/3) * (GxSigma_bar)~(1/3)

9|

10 | 75 log(ge/al) vs log(GxSigma bar/a0) dRO—7 = 1/3 AFFI N3,
1]

12 | KR 1) 7 Mi& SPARC 1758RATINAREEYT 3.

13 |

14 | 247: uv run ——with scipy —-with matplotlib python sparc fp vikai.py
15

16| BEI7AI:

17 | - Rotmod LTG/*.dat

18 | - phasel/sparc_results.csv

19 | - TA3 gc independent. csv
20 |
21 | H7:
22 | - fig vikai slope test.png (XFERR: 1/320—-TRE)
23 | - fig vikai 4panel.png GRRIYT)—)
24 | - vikai_results.csv
25| - avV—ILICHEtY Y —
26 |
27 | &&: RO A (ROSYERT)
28 | Aft: 2026547
29 | "7
30 | import os, sys, glob, warnings
31 | import numpy as np
32 | from scipy import stats
33 |
34 | import matplotlib
35 | matplotlib.use(’Agg’)
36 | import matplotlib.pyplot as plt
37 | from matplotlib import font manager as fm
38 | for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
39 | " /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
40 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ J:
41 | try: fm. fontManager.addfont( fp)
42 | except: pass
43 | for fontname in [’ IPAGothic’, 'MS Gothic’, ’DejaVu Sans’]:
44 | try:
45 | plt.rcParams[’ font. family’ ] = fontname
46 | break
47 | except:
48 | continue
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plt.rcParams[’ axes.unicode minus’] = False
warnings. filterwarnings(’ ignore’)

tt

#f 0. Constants

i

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

G SI = 6.674e-11 # m3 kg™-1 s7-2
kpc m = 3.0857e19 #m

Msun = 1.989e30 # kg

pc m = 3.0857e16 #om

# Milgrom critical surface density

Sigma crit = a0 / G SI # kg/m"2

Sigma crit Msun pc2 = Sigma crit / Msun % pc m¥x2

print(f Milgrom critical surface density: {Sigma crit Msun pc2:.0f} M sun/pc™2")

i
# 1. Paths
i
BASE = os.path.dirname(os. path, abspath(_ file ))

ROTMOD = os. path. join(BASE, ’Rotmod LTG’)

PHASE1 = os.path, join(BASE, ’phasel’, ’sparc results.csv’)
TA3 os.path. join(BASE, ’TA3 gc_independent.csv’)

for p, label in [(ROTMOD, 'Rotmod LTG' ), (PHASE1, ’sparc results.csv’),
(TA3, ’TA3 gc independent.csv’)]:

if not os.path.exists(p):
print(f' [ERROR] {label} not found: {p}’)
sys.exit(1)
i
# 2. Load CSV helper
t

def load csv(path):
with open(path, 'r’, encoding="utf-8-sig’) as f:
header = f.readline().strip()
sep =',” if’,” in header else None
data = {}
with open(path, 'r’, encoding="utf-8-sig’) as f
cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
rows = []
for line in f:
line = Lline.strip()
if not line:
continue
rows. append([p. strip() for p in Line.split(sep)])
for i, col in enumerate(cols):
vals = []
for row in rows:
if i < len(row):
try: vals. append(float (row[i]))
except: vals.append(row[i])
else:
vals. append(np. nan)
datalcol] = vals
return data

de

-

find name col(data):
for ¢ in ["galaxy’, ’Galaxy’, ’name’, 'Name’, ’GALAXY’]:
if ¢ in data:
return ¢
for k, v in data.items():
if isinstance(v[0], str):
return k
return List(data. keys())[0]

de

-

get key(info, candidates, default=None):
for ¢ in candidates:
if ¢ in info:
try: return float(infolc])
except: return infolc]
return default

i
# 3. Load pipeline data
it
print("[1] Loading pipeline data...’)
phasel = load csv(PHASE1)

ta3 = load csv(TA3)

pl nc = find name col(phasel)
ta3 nc = find name col(ta3)

galaxy info = {}

for i, name in enumerate(phasel[p1_nc]):
name = str(name).strip()
info = {}
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for k in phasel:
if k == pl nc: continue

try: info[k] = float(phasel[k][i])
except: info[k] = phasel[k][i]
galaxy_info[name] = info

for i, name in enumerate(ta3[ta3 nc]):
name = str(name).strip()
if name in galaxy info:
for k in ta3:
if k == ta3 nc: continue
try: galaxy info[name][k] = float(ta3[k][i])
except: galaxy info[name][k] = ta3[k][i]

print(f" phasel: {len(phasel[pl nc])} galaxies’)
print(f’ TA3: {len(ta3[ta3 nc])} galaxies’)

i
# 4. Load rotmod and compute Sigma bar
i
def load rotmod(filepath):
cols = [[] for _ in range(8)]
with open(filepath, 'r’) as f:
for line in f:
line = Lline.strip()
if not line or Lline.startswith('# ):
continue
parts = Line.split()
if len(parts) < 6:
continue
try:
for j in range(min(len(parts), 8)):
cols[j].append(float(parts[j]))
for j in range(len(parts), 8):
cols[j].append(0.0)
except ValueError
continue
return tuple(np.array(c) for ¢ in cols)

print(’ [2] Processing galaxies...’)

results = []

rotmod files = sorted(glob.glob(os.path, join(ROTMOD, ’*,dat’)))
print(f" Found {len(rotmod files)} rotmod files’)

for fpath in rotmod files:
gname = os. path. splitext(os. path. basename(fpath))[0]
gname clean = gname. replace(’ rotmod’, ’’).strip()

info = None
for key in [gname clean, gname, gname clean.upper(), gname clean. lower()]:
if key in galaxy info:
info = galaxy infol[key]
break
if info is None:
continue

# Required quantities

ud = get key(info, ["upsilon d’, ’Upsilon d’, "Ud’, "ud’, "Yd'])
gc al = get key(info, ["gc over a0, ’gc/ald’, ’'gc ratio’])

vflat = get key(info, ['vflat’, 'Vflat’, 'v flat'])

if ud is None or gc ad is None or vflat is None:
continue

if np.isnan(ud) or np.isnan(gc_a@) or gc ad <= 0 or vflat <= 0:
continue

i Load rotation curve

try:
rad, vobs, errv, vgas, vdisk, vbul, shdisk, sbbul = load rotmod(fpath)
except:
continue
if len(rad) < 3:
continue
#f -—- Compute h R from r pk (pipeline convention) --—

vds = np.sqrt(max(ud, 0.01)) * np.abs(vdisk)

rpk_idx = np.argmax(vds)

rpk = rad[rpk_idx]

if rpk < 0.01 or rpk >= rad.max() * 0.9:
continue

hR kpc = rpk / 2.15

#f -——— Method A: Sigma bar from SBdisk (if available) -——

#f SBdisk in SPARC is face-on surface brightness in L sun/pc™2 (3.6um)
#f Sigma bar = Yd * SBdisk central

# SBdisk in rotmod is mag/arcsec”2 at each radius

#f Central SB = extrapolation or use max(SBdisk)
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# Actually: SBdisk column in rotmod is in L sun/pc”2
#f Use the disk luminosity profile to get total L disk

#f -——- Method B: Sigma bar from Vdisk profile (more robust) ---

#f For exponential disk: V disk peak™2 ~ pi%GxSigma@ bar * hR * f(2.2)
# £(2.2) = 2,272 % [10%KO - I1%K1] evaluated at y=1.1

# This gives Sigma@ bar from V_disk peak directly

#f But simpler: M disk = integral of disk mass

# M disk ~ Yd ®* L disk

#f Use: V disk™2(r) relates to Sigma(r) directly

#f -——— Method C (cleanest): Use vflat + hR to get GSO proxy

# then compute Sigma bar by removing gc contamination --—

#f GSO proxy = vflat™2 / hR [this is what the geometric mean law uses]
#f From the derivation: GSO proxy = sqrt(2pi * gc * G * Sigma bar)

#f So: GxSigma bar = GSO proxy™2 / (2pi * gc)

i = (vflat™2/hR)"2 / (2pi * gc ab * a0)

hR_m = hR_kpc * kpc_m
vflat ms = vflat * 1e3 # km/s -> m/s
GSO proxy = vflat ms*¥x*2 / hR m # m/s"2

gc =gc ad * a0 ff m/s"2

# Method C: derived from BTFR decontamination
G Sigma bar C = GSO proxy**2 / (2 % np.pi * gc) # m/s"2

#f -——- Method D (fully independent): Sigma bar from V disk peak --—

#f V disk peak = max(sqrt(Yd) * |Vdisk]|)

#f For exponential disk: V disk peak™2 = 0.56 * pi * G * SigmaQ bar * hR
#  (Binney & Tremaine eq 2.165, evaluated at r=2.2hR)

#f => G * Sigma@ bar = V disk peak™2 / (0.56 * pi * hR)

vdisk peak = np.max(np.sqrt(max(ud, 0.01)) * np,abs(vdisk))

vdisk peak ms = vdisk peak * 1e3

G Sigma@ bar D = vdisk peak ms*x2 / (0.56 * np.pi * hR m) # m/s"2

# -—— Method E: total Sigma bar = disk + gas -—-

#f Gas contribution: V gas peak

vgas_peak ms = np.max(np.abs(vgas)) * 1e3

# Approximate total baryonic: add gas disk

# G Sigma bar total ~ G Sigmad bar D + G Sigma gas

#f For gas: same exponential approximation

G Sigma gas = vgas peak ms¥x2 / (0.56 * np.pi * hR m) if vgas peak ms > 0 else 0
G Sigma bar E = G Sigma0 bar D + G Sigma gas

i Store all methods
results. append ( {

"galaxy’ : gname c lean,

"gc over al’: gc ad

" log gc a0 : np. log10(gc_a0),
“vflat’: vflat,

"Yd' : ud,

"hR_kpc’ : hR_kpc,

"GSO proxy’ : GSO proxy

" log GSO proxy’: np. log10(GSO proxy / a0),
# Method C: BTFR decontaminated

"G _Sbar C’: G Sigma_bar C,

" log_GShar_C’ : np. Log10(G _Sigma bar C / a) if G Sigma bar C > 0 else np.nan,
# Method D: V disk peak (BT formula)

"G Shar D" : G Sigma0 bar D,

" log GShar D’ : np. Log10(G Sigma0 bar D / a@) if G Sigmad bar D > 0 else np.nan,
# Method E: disk + gas

"G Shar E': G Sigma bar E,

" log GSbar E’: np. Log10(G Sigma bar E / a0) if G Sigma bar E > 0 else np.nan,
# For diagnostics

"vdisk peak’ : vdisk peak,

"vgas_peak’ : np. max(np. abs(vgas)),

i3]

N = len(results)
print(f’ Processed: {N} galaxies’)

if N<10:
print(’ [ERROR] Too few galaxies.’)
sys.exit(1)

it

#f 5. Statistical analysis

i

log gc = np.array([r[’ log gc a®’] for r in results])

#f -—- Method D: V disk peak (fully independent of gc) -—-
log GSbar D = np.array([r[’ log GSbar D’ ] for r in results])
valid D = np.isfinite(log GSbhar D) & np.isfinite(log gc)

# --- Method E: disk + gas -—-
log GSbar E = np.array([r[’ log GShar E’] for r in results])
valid E = np.isfinite(log GSbar E) & np.isfinite(log gc)
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#f -—- Method C: BTFR decontaminated (circular but diagnostic) ---
log GSbar C = np.array([r[’ log GShar C’] for r in results])
valid C = np.isfinite(log GSbar C) & np.isfinite(log gc)

# --- Original proxy (for comparison) -—-
log GSO = np.array([r[’ log GSO proxy’ ] for r in results])
valid 0 = np.isfinite(log GSO) & np.isfinite(log gc)

print("¥n’ + ’="%70)
print("V-1 revised: gc vs Sigma bar scaling test’)
print(’ =" %70)

def do regression(x, y, mask, label, expected slope):
”””Run regression and report.
xv, yv = x[mask], y[mask]
n = len(xv)
if n<5:
print(f ¥n[{label}] N={n} —-- too few points’)
return None

nn

slope, intercept, r val, p val, se = stats. linregress(xv, yv)
rho s, p_ s = stats. spearmanr(xv, yv)

#f Test slope = expected
t_stat = abs(slope - expected slope) / se
p slope = 2 * (1 - stats. t.cdf(t _stat, df=n-2))

print(f ¥n[{label}] N = {n}")

print(f" slope = {slope:.4f} +/- {se:.4f}")

print(f’ expected = {expected slope}’)

print(f" p(slope={expected slope}) = {p_slope:.4f}")

print(f" R"2 = {r valxk2: 4f}")

print(f’ Spearman = {rho s:.4f}, p = {p s:.2e}’)

print(f’ intercept = {intercept:.4f} (eta¥ = 10"{intercept:.3f} = {10xxintercept:.4f})")

verdict = "PASS’ if p slope > 0.05 else 'MARGINAL’ if p slope > 0.01 else ’FAIL
print(f VERDICT: ({verdict}’)

return {
"slope’ : slope, 'se’: se, 'intercept’: intercept,
"r2 : r val¥*2, "rho’: rho s, 'p spearman’: p s,
"p_slope’: p_slope, 'n’: n, 'verdict’: verdict,
"eta prime’ : 10%xintercept

}

print(’¥n--- Test 0: Original proxy (alpha=0.5 expected, baseline) ---")
r0 = do_regression(log GSO, log gc, valid 0,
"GSO proxy = vflat™2/hR’, 0.5)

print("¥n--- Test D: V disk peak Sigma bar (1/3 expected, INDEPENDENT) ---")
rD = do_regression(log GSbar D, log gc, valid D
"G«Sigma bar from Vdisk peak (BT)', 1/3)

print(’¥n-—- Test E: disk+tgas Sigma bar (1/3 expected, INDEPENDENT) ---")
rE = do regression(log GShar E, log gc, valid E,
"GkSigma bar disk+gas (BT)’, 1/3)

print(’ ¥n-—- Test C: BTFR-decontaminated (1/3 expected, CIRCULAR CHECK) ---")
rC = do_regression(log GSbar C, log gc, valid C
’GxSigma bar BTFR-decontam (circular)’, 1/3)

# --—- Additional: test slope=0.5 for Method D/E -——
print(’ ¥n-—- Cross-check: does 0.5 work for true Sigma bar? ---")
rD5 = do_regression(log GShar D, log gc, valid D,
"GxSigma bar (BT) vs slope=0.5", 0.5)
rE5 = do_regression(log GSbar E, log gc, valid E,
"GxSigma bar disk+gas vs slope=0.5", 0.5)

# -—- Diagnostic: distribution of Sigma bar/Sigma crit ———
G Sbar D arr = np.array([r[’G Sbar D’] for r in results])
Shar_ratio = G_Sbar D arr / (G SI * Sigma crit) # dimensionless

print(f' ¥n--- Diagnostic ---")
print(f" Sigma bar / Sigma crit (Milgrom):’)
print(f median = {np.nanmedian(Shar ratio):.4f}")

print(f’ I0R = [{np.nanpercentile(Sbar ratio, 25):.4f},

£’ {np. nanpercentile(Shar ratio, 75):.4f}]" )
print(f’ range = [{np.nanmin(Sbar ratio):.4f}, {np.nanmax(Sbar ratio):.4f}]")
print(f" (ALl << 1 confirms SPARC galaxies are low surface brightness dominated)’)

it
# 6. Figures
it
print(’¥n[3] Generating figures...’)

#f -—- Fig 1: Main slope test (D and E) -—-
fig, axes = plt.subplots(1, 3, figsize=(17, 5))



401 | for ax, logx, mask, reg, title, expected in [

402 | (axes[0], log GSO, valid 0, r0,

403 | ’Proxy: vflat™2/hR (baseline)’, 0.5),

404 | (axes[1], log GSbar D, valid D, rD

405 | "V disk peak (BT, independent)’, 1/3),

406 | (axes[2], log GSbar E, valid E, rE,

407 | "Disk+Gas (BT, independent)’, 1/3),

408 | 1:

409 | if reg is None:

410 | continue

411 | xv, yv = logx[mask], log gc[mask]

412 | ax.scatter(xv, yv, s=10, alpha=0.5, c="steelblue’, edgecolors="none’)
413 | xfit = np. Linspace(xv.min(), xv.max(), 100)

414 | ax.plot(xfit, reg[’slope’ J¥xfit + reg[’ intercept’], 'r-", lw=2,
415 | label=f"fit: slope={reg[”slope”]:.3f}+/-{reg["se”]:.3f}")
416 | ax.plot(xfit, expectedxxfit + reg[’ intercept’], "b—-", Lw=1.5,
47 | labe =" theory: slope={expected:.3f}")

418 | ax.set xlabel(’ log(GxSigma / a0)’, fontsize=10)

419 | ax.set_ylabel(’ log(gc / a0)’, fontsize=10)

420 | ax.set title(f {title}¥np(slope={expected})={reg[”p slope”]:.3f} [{reg[”verdict”]}]
421 | fontsize=10)

422 | ax. legend(fontsize=8, loc="upper left’)

423 | ax.grid(True, alpha=0.3)

424 |

425 | fig.suptitle(f'V-1 revised: gc vs Sigma bar scaling (N={N})’, fontsize=13)
426 | fig.tight layout()

427 | fig.savefig(os.path. join(BASE, 'fig vikai slope test.png’), dpi=150)
428 | print(’ -> fig vikai slope test.png’)

429 |

430 | # --- Fig 2: 4-panel summary ---

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

432 |

433 | # A: Sigma bar distribution

434 | ax = axes[0, 0]

435 | vals = log GSbar D[valid D]

436 | ax.hist(vals, bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
437 | ax.axvline(0, color="red’, ls='--", lw=2, label="G*Sigma bar = a0’ )
438 | ax.set xlabel(’ log(GxSigma bar / a0)’, fontsize=10)

439 | ax.set ylabel(’Count’, fontsize=10)

440 | ax.set title(’A: True baryon surface density’, fontsize=11)

441 | ax. legend(fontsize=9)

442 |

443 | f B: slope comparison across methods

444 | ax = axes[0, 1]

445 | methods = []

446 | slopes =[]

447 | errors =[]

448 | colors_bar = []

449 | for label, reg, col in [

450 | (" Proxy¥n(vflat™2/hR)’, r0, 'steelblue’),

451 | (’Vdisk peak¥n(BT)’, rD, ’'darkorange’),

452 | (’Disk+Gas¥n(BT)’, rE, 'green’),

453 | (" BTFR decontam¥n(circular)’, rC, "grey’),

454 | J:

455 | if reg is not None:

456 | methods. append (Label)

457 | slopes. append (reg[’ slope’ 1)

458 | errors. append(reg[’ se’ ])

459 | colors bar. append(col)

460 |

461 | x pos = np.arange(len(methods))

462 | ax.bar(x_pos, slopes, yerr=errors, color=colors bar, alpha=0.7,

463 | capsize=5, edgecolor="black’, Llinewidth=0.5)

464 | ax.axhline(0.5, color="blue’, ls="--", lw=1.5, label="0.5 (proxy prediction)’)
465 | ax.axhline(1/3, color="red’, ls="--", lw=1.5, label="1/3 (Sigma bar prediction)’)
466 | ax.set xticks(x_pos)

467 | ax.set xticklabels(methods, fontsize=8)

468 | ax.set ylabel(’Slope’, fontsize=10)

469 | ax.set title(’B: Slope comparison’, fontsize=11)

470 | ax. legend(fontsize=8)

471 | ax.grid(True, alpha=0.3, axis="y’)

472 |

473 | # C: Residuals from 1/3 law (Method D)

474 | ax = axes[1, 0]

475 | if rD is not None:

476 | xv = log GSbar D[valid D]

477 | yv = log gc[valid D]

478 | resid = yv - (1/3 % xv + rD[ intercept’])

479 | ax.hist(resid, bins=25, color="darkorange’, alpha=0.7, edgecolor="white’)
480 | ax.axvline(0, color="red", ls='--")

481 | ax.set xlabel(’Residual from 1/3 law [dex]’, fontsize=10)

482 | ax.set_ylabel(’ Count’, fontsize=10)

483 | ax.set title(f'C: Residual (sigma={np.std(resid):.3f} dex)’, fontsize=11)
484 |

485 | # D: Residuals from 0.5 law (proxy, for comparison)

486 | ax = axes[1, 1]

487 | if r@ is not None:

488 | xv = log GSO[valid 0]
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yv = log gclvalid 0]

residd = yv - (0.5 * xv + r@[ intercept’])

R IR
>

x.hist(residd, bins=25, color="steelblue’, alpha=0.7, edgecolor="white’)
x.axvline(0, color="red’, ls="--")
x.set _xlabel(’Residual from 0.5 law (proxy) [dex]’, fontsize=10)
.set_ylabel(’ Count’, fontsize=10)
x.set title(f'D: Proxy residual (sigma={np.std(resid0):.3f} dex)’, fontsize=11)

fig.suptitle(f'V-1 revised summary (N={N})’, fontsize=13, y=1.01)

fig. tight layout()

fig.savefig(os.path, join(BASE, ’fig vikai 4panel.png’), dpi=150)

print(’ -> fig vikai _4panel.png’)

#
# 7. Save CSV

#

outcsv = os.path. join(BASE, 'vikai results.csv’)

cols out = ["galaxy’, "gc over ad’, ’log gc a0, ’vflat’, 'Yd', 'hR kpc’,
"GSO proxy’, ' log GSO proxy’,
"G Sbar D', ’log GSbar D', ’'G Sbar E’, ’log GShar E’,
’G_Sbar C’, ’log GSbar C’,
"vdisk peak’, ’vgas peak’]

’

with open(outcsv,

w, encoding="utf-8") as f:

f.write(’,”.join(cols out) + "¥n’)

for r in results:

f.write(’, . join(str(r.get(c, ")) for ¢ in cols out) + "¥n’)

print(f ¥n[4] Saved: {outcsv}’)

#
# 8. Final Summary

i
print("¥n’ + =" x70)
print (" FINAL SUMMARY’ )
print(’ =" %70)

print("¥n Method

print(’ " 4+’ -"%95)

for label, reg, expected in [
("Proxy vflat™2/hR (baseline)’,
(’Vdisk peak BT (independent)’,
(’Disk+Gas BT (independent)’,
(’ BTFR decontam (circular)’,
(’Vdisk peak BT vs 0.5,
(’Disk+Gas BT vs 0.5,

if reg is None:
continue

| slope

r0, 0.5),
D, 1/3),
rE, 1/3),
rC, 1/3),
D5, 0.5),
rE5, 0.5),

+/- SE

| expected | p(match) | R™2

print(f  {label:30s} | {reg[”slope”]:.4f} +/- {reg[”se”]:.4f} |’

' {expected:. 4f} | {reg[”p slope”]:.4f}
' {reg["r2"]:.4f} | {reg["verdict”]}")

print("¥n Key question: Is the slope with TRUE Sigma bar closer to 1/3 or 0.57")
if rD is not None and rD5 is not None:
if rD["p _slope’] > rD5[" p slope’ ]:

print(’  >>> 1/3 is BETTER fit for true Sigma bar’)

elif rD5[’p slope’] > rD[’p slope’]:

print(’  >>> 0.5 is BETTER fit for true Sigma bar’)

else:
print(’  >>> Inconclusive’)

print("¥n[DONE]")

| verdict’)



3.[V-1b] gc DEFENNDRTE -- TREDFRERIEE

HE =
774I%& sparc_gc_vs_Mstar. py
T8 545
HREEID V-1b

T E R

gc vs vflat, hR, M bar OTODHELEOF + FEENFE + REBZEREL. gc ZERETI2YMEBEEERET 5, proxy =

vfla

t"2/hR D=4 (vflat, hR) DMIILBESA2HEHT 5,

FETAL

[*x] gc vs proxy (alpha=0.5 R—Z 54 )

[*] gc vs M barE#: (9cFFikizr. HEEDFAIN)
[*] gc vs Sigma_barBE#: (V-1RDEHER)

[*] gc vs vflat 540 / hR B (ERIFS)
[*x] ZZ&: gc ~ vflat™a x hR"b @ a,b #E
[*] p(a=1.0), p(b=-0.5) TproxyDfEERTE
[*] {m4ER3: vflat|hR, hR|vflat DIRILM

T am

REMFER: gc 7 vflat™1.10 x hR™(-0.56), R"2=0.529, p(vflat=1.0)=0.24, p(hR=-0.5)=0.49, M barE#
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fig gc_vs Mstar.png, gc_vs Mstar results.csv
RV ThEX
1| # -% coding: utf-8 —%-
2"
3 | V-1b: gc vs Mx EHEENR - gcDERENFIL/NY A VREEN?
4 |
5 | V-18C Sigma bar & DERIHERE (R72=0.016) L7zDIINL,
6 | T-5Tix log Mk A% gc & BB&HERT (r=10.80) %&RT,
7|
8 | KRZ YT & gc vs Mx DEEEIZEITLN:
9| (1) gc oc Mx"beta (Dbeta%HEE
10 | (2) Mx vs Sigma bar vs vflat™2/hR D END gc 2/E & < FRT B HLE
M (3 R OFSEH8 (M« & R ORITLHR)
12 |
13 | 247: uv run ——with scipy ——with matplotlib python sparc _gc vs Mstar.py
14 |
15| BET7AI:
16 | - Rotmod LTG/*.dat
17 | - phasel/sparc_results,csv
18 | - TA3 gc_independent. csv
19
20 | F#: RO B (ROKEEA)
21 | Bfd: 20265478
221"
23 | import os, sys, glob, warnings
24 | import numpy as np
25 | from scipy import stats
26 |
27 | import matplotlib
28 | matplotlib.use(’Agg’)
29 | import matplotlib.pyplot as plt
30 | from matplotlib import font manager as fm
31 | for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
32 | " /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
33 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ ]:
34 | try: _fm, fontManager, addfont(_fp)
35 | except: pass
36 | for fontname in [’ IPAGothic’, 'MS Gothic’, 'DejaVu Sans’]:
37 | try:
38 | plt.rcParams[’ font. family’ ] = fontname
39 | break
40 | except: continue
41 | plt.rcParams[’ axes.unicode minus’] = False



42 | warnings. filterwarnings(’ ignore’)

43 |

a | ¢

45 | # Constants

46 | #

47 | a0 = 1.2e-10

48 | G SI = 6.674e-11

49 | kpc m = 3.0857e19

50 | Msun = 1,989e30

51 | pcm = 3.0857e16

52 |

53 | #

54 | # Paths

55 | #

56 | BASE = os.path.dirname(os.path.abspath(_ file ))
57 | ROTMOD = os. path. join(BASE, ’Rotmod LTG’)

58 | PHASE1 = os.path. join(BASE, ’phasel’, ’sparc results.csv’)
59 | TA3 = o0s.path. join(BASE, ’'TA3 gc independent.csv’)
60 |

61 | for p, label in [(ROTMOD,  Rotmod LTG’), (PHASET,’ sparc results.csv’), (TA3,’ TA3 gc independent.csv’)]:
62 | if not os.path.exists(p):

63 | print(f [ERROR] {label} not found: {p}’); sys.exit(1)
64 |

65 | #

66 | # CSV loader

67 | #

68 | def load csv(path):

69 | with open(path, 'r’, encoding="utf-8-sig’) as f:
70 | header = f.readline().strip()

71 | sep =',” if’,” in header else None

72 | data = {}

73 | with open(path, 'r’, encoding="utf-8-sig’) as f:
74 | cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
75 | rows = []

76 | for line in f:

77 | line = Lline.strip()

78 | if not line: continue

79 | rows. append([p. strip() for p in line.split(sep)])
80 | for i, col in enumerate(cols):

81 | vals = []

82 | for row in rows:

83 | if i < len(row):

84 | try: vals. append(float(row[i]))
85 | except: vals.append(row[i])

86 | else: vals.append(np. nan)

87 | datalcol] = vals

88 | return data

89 |

90 | def find name col(data):

91 | for ¢ in ['galaxy’,’ Galaxy’,  name’,’ Name’,’” GALAXY' ]:
92 | if ¢ in data: return c

93 | for k,v in data. items():

94 | if isinstance(v[0], str): return k

95 | return Llist(data.keys())[0]

9% |

97 | def get key(info, candidates, default=None):

928 | for ¢ in candidates:

99 | if ¢ in info:

100 | try: return float(infolc])

101 | except: return infolc]

102 | return default

103 |

104 | #

105 | # Load data

106 | #

107 | print(’[1] Loading data...”)

108 | phasel = load csv(PHASE1)

109 | ta3 = load csv(TA3)

110 | pl_nc = find name col(phasel)

111 | ta3 nc = find name col(ta3)

12 |

113 | galaxy info = {}

114 | for i, name in enumerate(phasel[pl nc]):

115 | name = str(name).strip()

116 | info = {}

17 | for k in phasel:

118 | if k == pl nc: continue

119 | try: infolk] = float(phasel[k][i])

120 | except: info[k] = phasel[k][i]

121 | galaxy info[name] = info

122 |

123 | for i, name in enumerate(ta3[ta3 nc]):

124 | name = str(name).strip()

125 | if name in galaxy info:

126 | for k in ta3:

127 | if k == ta3 nc: continue

128 | try: galaxy info[name][k] = float(ta3[k][i])
129 | except: galaxy info[name]l[k] = ta3[k][i]
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it
# Load rotmod and compute quantities
tt
def load rotmod(filepath):
cols = [[] for _ in range(8)]
with open(filepath, 'r’) as f:
for line in f:
line = Line.strip()
if not line or line.startswith("#’): continue
parts = Line.split()
if len(parts) < 6: continue
try:
for j in range(min(len(parts),8)):
cols[j].append(float(parts[j]))
for j in range(len(parts),8):
cols[j].append(0.0)
except ValueError: continue
return tuple(np.array(c) for ¢ in cols)

print(’[2] Processing galaxies...’)
results = []
rotmod files = sorted(glob.glob(os.path, join(ROTMOD, ’*,dat’)))

for fpath in rotmod files:
gname = os.path. splitext(os.path. basename(fpath))[0]. replace(’ rotmod’,’”).strip()
info = None
for key in [gname, gname.upper(), gname. lower()]:
if key in galaxy info:
info = galaxy info[key]; break
if info is None: continue

ud = get_key(info, ["upsilon d’,’Upsilon d’,’Ud",”ud",’Yd' ])
gc_ad = get key(info, ["gc over al0’,’ gc/ad’,’ gc ratio’])
vflat = get key(info, ['vflat’,’Vflat’,’v flat’])

if ud is None or gc ad is None or vflat is None: continue
if np.isnan(ud) or np.isnan(gc_a0) or gc_a0<=0 or vflat<=0: continue

try:

rad, vobs, errv, vgas, vdisk, vbul, shdisk, sbbul = load rotmod(fpath)
except: continue
if len(rad) < 3: continue

# hR from rpk

vds = np.sqrt(max(ud, 0.01)) * np.abs(vdisk)
rpk_idx = np.argmax(vds)

rpk = rad[rpk_idx]

if rpk < 0.01 or rpk >= rad.max()*0.9: continue
hR kpc = rpk / 2.15

hR_m = hR kpc * kpc_m

vflat_ms = vflat * 1e3
GSO proxy = vflat ms¥*2 / hR m

#f -—- M star estimation -—-

#f Method 1: from BTFR -- M _bar = vflat™4 / (gc * G)
gc si = gc ad * al

M bar btfr = vflat ms**4 / (gc si * G SI) { kg

M _bar btfr sun = M _bar btfr / Msun

# Method 2: from disk velocity profile (gc-independent)

#f M disk = Yd * L disk

#f For exponential disk: V disk peak™2 = 0.56%pi*G*Sigma@*hR

#t => Sigma0 = V disk peak™2 / (0.56%pi*GxhR)

#f => M disk = 2%pi*Sigma@*hR~2 = 2%V disk peak™2xhR / (0.56%G)
vdisk_peak_ms = np.max(np.sqrt(max(ud, 0.01)) * np.abs(vdisk)) * 1e3
M disk direct = 2.0 % vdisk peak ms*¥2 * hR m / (0.56 * G SI)

M disk direct sun = M disk direct / Msun

# Gas mass (same approach)

vgas_peak ms = np.max(np.abs(vgas)) * 1e3

M gas direct = 2.0 * vgas peak ms**2 * hR m / (0.56 * G SI) if vgas peak ms > 0 else 0
M gas direct sun = M gas direct / Msun

M bar direct sun = M disk direct sun + M gas direct sun

# Sigma bar (gc-independent)

Sigma bar = M disk direct / (2 * np.pi * hR m«x2) # kg/m™2
G Sigma bar = G SI * Sigma bar # m/s"2

results. append ({

"galaxy’ : gnanme,

"gc_over a0’ : gc_al

" log gc’: np. Llog10(gc ab),
vflat’: vflat,

"Yd' : ud,

"hR_kpc’ : hR kpc,
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"GSO proxy’ : GSO proxy

" log GSO’ : np. Log10(GSO proxy / a0),

# BTFR mass (circular)

" log Mbar btfr’: np. Log10(M bar btfr sun) if M bar btfr sun>d else np.nan
# Direct mass (independent)

"M disk sun’: M disk direct sun,

"M_gas sun’: M _gas direct sun

"M bar direct sun’: M bar direct sun
" log Mbar direct’ : np. log10(M bar direct sun) if M bar direct sun>@ else np.nan

" log Mdisk’: np. Log10(M_disk direct sun) if M disk direct sun>@ else np.nan,
# Surface density (independent)

"G_Sigma bar’: G Sigma bar,

" log_GSbar’ : np. Log10(G Sigma bar/a0) if G Sigma bar>d else np.nan,

# Individual components for decomposition

" log vflat’: np. log10(vflat),

" log hR’ : np. Llog10(hR kpc),

"vdisk peak’ : vdisk peak ms/1e3

i3]

N = len(results)
print(f’ Processed: {N} galaxies’)
if N<10:
print (" [ERROR] Too few galaxies.’); sys.exit(1)

i

# Arrays

i

log gc = np.array([r[’ log gc’] for r in results])

log GSO = np.array([r[’ log GSO"] for r in results])

log Mbar = np.array([r[’ log Mbar direct’] for r in results])
log Mdisk = np.array([r[’ log Mdisk’] for r in results])

log GSbar = np.array([r[’ log GSbar’] for r in results])

log vflat = np.array([r[’ log vflat’] for r in results])

log hR = np.array([r[’ log hR’] for r in results])

log Mbtfr = np.array([r[’ log Mbar btfr’] for r in results])
i

# Regression helper

i

def regtest(x, y, label, expected slopes=None):
mask = np.isfinite(x) & np.isfinite(y)
xv, yv = x[mask], y[mask]
n = len(xv)
if n<10:
print(f" [{label}] N={n} too few’); return None

slope, intercept, r val, p val, se = stats. linregress(xv, yv)
rho s, p_s = stats.spearmanr(xv, yv)

print(f ¥n [{label}] N={n}")

print(f slope = {slope:.4f} +/- {se:.4f}")
print(f R"2 = {r valxx2: 4f}")

print(f’ Spearman = {rho s:.4f} (p={p_s:.2e})")

if expected slopes:
for es in expected slopes:
t = abs(slope - es) / se
p = 2%(1-stats. t.cdf(t, df=n-2))
v = "PASS’ if p>0.05 else 'MARGINAL’ if p>0.01 else ’FAIL
print(f’ p(slope={es:.4f}) = {p:.4f} [{v}])

return {"slope’ :slope, ’'se’:se, ’intercept’ :intercept,
"r2" :r valxx2, 'rho’ :rhos, 'p s’:ps, 'n’:n,
. )

xv' ixv, yv’ iyv}

Tests

= FE

print("¥n’ + ’="%70)
print("V-1b: gc vs Mx direct regression’)
print (" =" x70)

print(’¥n--- A: Baseline proxy (vflat™2/hR) ---")
rA = regtest(log GSO, log gc, ’proxy vflat™2/hR’, [0.5])

print(’¥n--- B: gc vs M bar direct (gc-independent, BT) ---")
rB = regtest(log Mbar, log gc, 'M bar direct (BT)', [1/3, 1/4, 0.2, 0.125])

print("¥n-—- C: gc vs M disk only (gc-independent) ——-")
rC = regtest(log Mdisk, log gc, "M disk only’, [1/3, 1/4, 0.2, 0.125])

print("¥n--- D: gc vs Sigma bar (gc-independent, V-lkai recheck) ---")
rD = regtest(log GSbar, log gc, ’G#Sigma bar (BT)’, [1/3, 0.5])

print(’ ¥n-—- E: gc vs vflat only ---")
rE = regtest(log vflat, log gc, ’vflat only’, [1.0, 2.0])

print(’¥n--- F: gc vs hR only ——-")
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rF = regtest(log hR, log gc, "hR only’, [-0.5, -1.0])

print("¥n--- G: gc vs M bar BTFR (circular, diagnostic) ---")
rG = regtest(log Mbtfr, log gc, "M bar BTFR (circular)’, [1/3, 1/4])

i

# Multivariate: gc = a * log(vflat) + b % log(hR) + ¢

i

print(’¥n-—- H: Multivariate log(gc) = axlog(vflat) + b%log(hR) + ¢ ——")
mask = np.isfinite(log gc) & np.isfinite(log vflat) & np.isfinite(log hR)
X = np.column stack([log vflat[mask], Llog hR[mask], np.ones(mask.sum())])

y = log gc[mask]
# OLS

beta, residuals, rank, sv = np, linalg. Lstsq(X, y, rcond=None)

y pred = X @ beta
ss res = np.sum((y - y pred)#x2)
ss_tot = np.sum((y - y.mean())#*2)
r2 multi =1 - ss res/ss tot
nmulti = len(y)
it Standard errors
if len(residuals) > 0:
mse = residuals[0] / (n multi - 3)
else:
mse = ss_res / (n_multi - 3)

se beta = np.sqgrt(np.diag(mse * np. linalg. inv(X.T @ X)))

print(f" N = {n multi}")

print(f" log(gc) = {beta[0]:.4f}xlog(vflat) + {beta[1]:.4f}xlog(hR) + {beta[2]:.4f}")
{se beta[1]:.4f}

print(f" SE: {se_beta[0]:.4f}
print(f" R°2 = {r2 multi:.4f}")

print(f" vflat exponent: {beta[0]:.3f} +/- {se beta[0]:.3f}")
print(f" hR exponent: {beta[1]:.3f} +/- {se beta[1]:.3f}")

# Test: is it consistent with proxy (vflat™2/hR)"0.5 = vflat™1 * hR™(-0.5)?

print(f'¥n Proxy decomposition test:’)

print(f (vflat™2/hR)"0.5 predicts: vflat™1.0, hR™-0.5")

print(f Observed:

t_vf = abs(beta[0] - 1.0) / se_beta[0]
p vf = 2x(1-stats. t.cdf(t vf, df=n multi-3))
t hr = abs(beta[1] - (-0.5)) / se beta[1]
p_hr = 2%(1-stats. t.cdf(t_hr, df=n multi-3))
print(f p(vflat=1.0) = {p vf:.4f}")
print(f p(hR=-0.5) = {p_hr:.4f}")

vflat”{beta[0]:.3f}, hR"{beta[1]:.3f}")

it

# Partial correlation: gc vs hR controlling for vflat
it

print(’¥n-—- I: Partial correlations ---")

# gc vs hR | vflat

mask p = np.isfinite(log gc) & np.isfinite(log vflat) & np.isfinite(log hR)

gc p = log gclmask p]
vf p = log vflat[mask p]
hr p = log hR[mask p]

# Residualize gc and hR against vflat

, ., rgcvf, , = stats, linregress(vf p, gc p)
res_gc = gc_p - (stats. linregress(vf p, gc_p)[0]+vf p + stats. linregress(vf p, gc_p)[1])
res_hr = hr_p - (stats. linregress(vf p, hr p)[0]*vf p + stats. linregress(vf p, hr p)[1])
rho partial, p partial = stats.spearmanr(res gc, res hr)
print(f gc vs hR | vflat: rho partial = {rho partial:.4f}, p = {p partial:.4e}’)

print(f" (Does hR contribute BEYOND vflat?)’)

# gc vs vflat | hR

{se beta[2]:.4f}")

res gc2 = gc p - (stats. linregress(hr_p, gc p)[0]xhr p + stats. Linregress(hr p, gc p)[1])
res vf2 = vf p - (stats. linregress(hr p, vf p)[0]xhr p + stats. linregress(hr p, vf p)[1])
rho partial2, p partial2 = stats.spearmanr(res gc2, res vf2)
print(f' gc vs vflat | hR: rho partial = {rho partial2:.4f}, p = {p partial2:.4e}’)

print(f" (Does vflat contribute BEYOND hR?)’)

i

# Figures
i

print("¥n[3] Generating figures...’)

fig, axes = plt.subplots(2, 3, figsize=(17, 11))

# A: proxy baseline
ax = axes[0, 0]
if rA:

ax.scatter(rA[’xv’ ], rA[’yv'], s=10, alpha=0.5, c="steelblue’, edgecolors="none’)
xf = np. Linspace(rAl’ xv’ I.min(), rA[’ xv’ J.max(), 100)

ax.plot(xf, rA[’slope’ Jxxf+rA[" intercept’], 'r-’,

lw=2,

Llabel=f" slope={rA["slope”]:.3f}, R™2={rA["r27]:.3f}")

.plot(xf, 0.5xxf+rA[’ intercept’], ’b-—
ax.set xlabel(’ log(vflat™2/hR / a0)’)
ax.set_ylabel(’ log(gc/a0)’)

ax.set title("A: Proxy (baseline)’)

x. legend(fontsize=8)

a

=~

)

’
’

lw=1,

label="theory: 0.5")



394 | ax.grid(True, alpha=0.3)

395 |

396 | # B: M bar direct

397 | ax = axes[0,1]

398 | if rB:

399 | ax.scatter(rB["xv’ ], rB[’yv'], s=10, alpha=0.5, c="darkorange’, edgecolors="none’)
400 | xf = np. Linspace(rB[" xv’ J.min(), rB[" xv’ J.max(), 100)

401 | ax.plot(xf, rB[’slope’ J*xf+rB[" intercept’], "r-", lw=2,

402 | label=f" slope={rB["slope”]:.3f}, R™2={rB["r2"]:.3f}")
403 | for es, col, Ls in [(1/3,"blue’,’--"), (1/4,” green’,’ —="), (0.125, purple’,” :")]:
404 | ax.plot(xf, esxxf+rB[’ intercept’], color=col, Lls=ls, Llw=1,
405 | label=f" {es:.3f}")

406 | ax.set xlabel(’ log(M bar / M sun) [direct, gc-free]’)

407 | ax.set ylabel(’ log(gc/a0)’)

408 | ax.set title(’B: M bar direct (BT)")

409 | ax. legend(fontsize=7)

410 | ax.grid(True, alpha=0.3)

411 |

412 | f C: Sigma_bar

413 | ax = axes[0,2]

414 | if rD:

415 | ax.scatter(rD["xv’ ], rD["yv'], s=10, alpha=0.5, c="green’, edgecolors="none’)
416 | xf = np. Linspace(rD[" xv’ J.min(), rD["xv’ J.max(), 100)

47 | ax.plot(xf, rD[’slope’ J#xf+rD[" intercept’], "r-', lw=2,

418 | label=f" slope={rD["slope”]:.3f}, R™2={rD["r2"]:.3}")
419 | ax.set xlabel(’ log(GxSigma bar / a@) [direct]’)

420 | ax.set_ylabel(’ log(gc/a0)’)

421 | ax.set title(’C: Sigma bar (recheck)’)

422 | ax. legend(fontsize=8)

423 | ax.grid(True, alpha=0.3)

424 |

425 | # D: vflat only

426 | ax = axes[1,0]

427 | if rE:

428 | ax.scatter(rE[’xv’ ], rE[’yv'], s=10, alpha=0.5, c="crimson’, edgecolors="none’)
429 | xf = np. Linspace(rE[" xv’ J.min(), rE[" xv’ J.max(), 100)

430 | ax.plot(xf, rE[’slope’ J#xf+rE[" intercept’], "r-", lw=2,

431 | label=f" slope={rE["slope”]:.3f}, R™2={rE["r2"]:.3f}")
432 | ax.set xlabel(’ log(vflat / km/s)")

433 | ax.set ylabel(’ log(gc/a0)")

434 | ax.set title(’D: vflat only’)

435 | ax. legend(fontsize=8)

436 | ax.grid(True, alpha=0.3)

437 |

438 | # E: hR only

439 | ax = axes[1,1]

440 | if rF:

441 | ax.scatter(rF["xv’ ], rF["yv' ], s=10, alpha=0.5, c="teal’, edgecolors="none’)
442 | xf = np. Linspace(rF[" xv' I.min(), rF[’xv'].max(), 100)

443 | ax.plot(xf, rF[’slope’ J#xf+rF[’ intercept’], "r-", lw=2,

444 | label=f" slope={rF["slope”]:.3f}, R"2={rF["r2"]:.3f}")
445 | ax.set xlabel(’ log(hR / kpc)’)

446 | ax.set_ylabel(’ log(gc/a0)’)

447 | ax.set title("E: hR only’)

448 | ax. legend(fontsize=8)

449 | ax.grid(True, alpha=0.3)

450 |

451 | # F: R™2 comparison bar chart

452 | ax = axes[1,2]

453 | labels bar = []

454 | r2 bar = []

455 | cols bar = []

456 | for label, reg, col in [

457 | (" Proxy¥nvflat™2/hR’, rA, ’steelblue’),

458 | (M _bar¥n(direct)’, rB, ’darkorange’),

459 | (’Sigma_bar¥n(direct)’, rD, 'green’),

460 | (" vflat¥nonly’, rE, 'crimson’),

461 | (’ hR¥nonly’, rF, ’teal’),

462 | (’M_bar¥n(BTFR circ)’, rG, "grey’),

463 | J:

464 | if reg:

465 | labels bar.append(label)

466 | r2 bar.append(reg[’ r2’ 1)

467 | cols bar.append(col)

468 |

469 | # Add multivariate

470 | labels bar.append(’ vflat+hR¥nmultivar’)

471 | r2 bar.append(r2 multi)

472 | cols bar.append(’ purple’)

473 |

474 | xpos = np.arange(len(labels_bar))

475 | ax.bar(xpos, r2 bar, color=cols_bar, alpha=0.7, edgecolor="black’, Llinewidth=0.5)
476 | ax.set xticks(xpos)

477 | ax.set xticklabels(labels bar, fontsize=8)

478 | ax.set ylabel(R*2’, fontsize=11)

479 | ax.set title("F: Predictive power comparison’, fontsize=11)

480 | ax.grid(True, alpha=0.3, axis="y’)

481 | for i, v in enumerate(r2 bar):
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ax. text(i, v+0.01, f {v:.3f}’, ha="center’, fontsize=8)

fig.suptitle(f'V-1b: What drives gc? (N={N})’, fontsize=14, y=1.01)
fig. tight layout()

fig.savefig(os.path. join(BASE, ’fig gc vs Mstar.png’), dpi=150)
print(’  -> fig gc vs Mstar.png’)

i
i Save CSV
t
outcsv = os.path, join(BASE, "gc vs Mstar results.csv’)
cols out = ["galaxy’,’gc over a@’,’ log gc’,’ vflat’,’Yd',” hR kpc’
" log GSO’,’ log Mbar direct’,’ log Mdisk’,’ Log GSbar’
" log vflat’,” log hR’,’ log Mbar btfr’,’ vdisk peak’]
with open(outcsv, 'w', encoding="utf-8) as f:
f.write(’,”.join(cols out)+ ¥n’)
for r in results:
f.write(’,” . join(str(r.get(c,”’)) for ¢ in cols out)+ ¥n’)
print(f ¥n[4] Saved: {outcsv}’)

it
# Final Summary
it
print(’ ¥n' +" =" %70)
print(’ FINAL SUMMARY” )
print(’="%70)

print(f'¥n {"Predictor”:<25s} | {"slope”:>8s} +/- {"SE”:>6s} | {"R"2":>6s} | {"Spearman”:>8s}’)
print(’ '+ -"%70)
for label, reg in [

(’Proxy vflat™2/hR’, rA),

(M bar direct (BT)’, rB),

(M disk only’, rC),

(" GxSigma bar (BT)’, rD),

(’vflat only’, rE),

(ChR only’, rF),

("M bar BTFR (circ)’, rG),

if reg:
print(f"  {label:<25s} | {reg[”slope”]:>8.4f} +/- {reg[”se”]:>6.4f} |
' {reg["r2"]:>6.4f} | {reg[”"rho”]:>8.4f}")
print(f" {’vflat+hR multivar”:<25s} | {"--":>8s} {7-=":>6s} | {r2 multi:>6.4f} | {"--":>8s}")

print(f'¥n Multivariate decomposition:’)

print(f’ gc " vflat™{beta[0]:.3f} * hR"{beta[1]:.3f}")
print(f Proxy predicts: vflat™1.0 * hR™-0.5")
print(f p(vflat=1.0) = {p vf:.4f}")

print(f’ p(hR=-0.5) = {p hr:.4f}")

print(f’¥n Partial correlations:’)
print(f’ gc vs hR | vflat: rho={rho partial:.4f}, p={p partial:.4e}’)
print(f’ gc vs vflat | hR: rho={rho partial2:.4f}, p={p partial2:.4e}’)

print("¥n KEY QUESTION: Is gc driven by Mx (mass) or proxy (vflat™2/hR)?")
if rB and rA:
if rB['r2’] > rA[’r2’] % 0.8:
print(C’  >>> Mx has comparable predictive power -> mass is the driver’)
elif rB['r2’] < 0.1:
print("’  >>> Mx (direct) has NO predictive power -> proxy encodes something else’)
print(’  >>> gc depends on vflat (which includes DM/membrane effect)’)
else:
print("’  >>> Intermediate case -> further investigation needed’)

print(’ ¥n[DONE]" )
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AV ThEX
1| # -% coding: utf-8 —%-
2|
3| N-1 ETIEAREE: MONDEBRIHIES hR RIEEIDENR
4 |
5 | R(5)5%2M g obs = (g N + sqrt(g N°2 + 4%gcxg N)) / 2 IZHWT,
6 | MONDABER g obs ~ sqrt(gckg N) (& g N << gc D& ERIIT 5,
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1| #EE:
12 | (1) RERAIT x outer = g N(r outer)/gc A5t
13 |  (2) x outer & hR DIERIAFEER
14 | (3) MONDEBRMIHIE A (5 ) ICHAAAH. hRIGIEBEIAE X % HMREE
15 | (4) HEROEREMS MR
16 |
17 | 247: uv run --with scipy --with matplotlib python sparc N1 layer2.py
18 |
19 | RET7A:
20 | - Rotmod LTG/*.dat
21 | - phasel/sparc_results. csv
22 | - TA3 gc_independent. csv
23 |

24 | FE: RO B (ROREERT)

25 | Bft: 202648

2% | "

27 | import os, sys, glob, warnings
28 | import numpy as np

29 | from scipy import stats

31 | import matplotlib

32 | matplotlib.use(’Agg’)

33 | import matplotlib.pyplot as plt

34 | from matplotlib import font manager as fm

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

36 | " Jusr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
37 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ ]:

38 | try: fm. fontManager.addfont( fp)

39 | except: pass

40 | for fontname in [’ IPAGothic’, 'MS Gothic’, ’DejaVu Sans’]:
41 | try:

42 | plt.rcParams[’ font. family’ ] = fontname

43 | break

44 | except: continue

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

46 | warnings. filterwarnings(’ ignore’)

47 |

48 | #
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i Constants
it
al = 1.2e-10

G SI = 6.674e-11
kpc m = 3.0857e19

i
it Paths
it
BASE = os.path.dirname(os. path. abspath(_ file ))

ROTMOD = os. path, join(BASE, ’'Rotmod LTG’)

PHASE1 = os.path. join(BASE, ’phasel’, ’sparc results.csv’)
TA3 o0s.path. join(BASE, ’TA3 gc_independent.csv’)

for p, label in [(ROTMOD,’ Rotmod LTG"), (PHASET, sparc results.csv’),
(TA3,’ TA3 gc_independent.csv’)]:

not os.path.exists(p):

print (f' [ERROR] {label} not found: {p}’); sys.exit(1)

—+

i
#f CSV / rotmod loaders (same as previous scripts)
t
def load csv(path):
with open(path, 'r’, encoding="utf-8-sig’) as f:
header = f.readline().strip()
sep =',” if’,” in header else None
data = {}
with open(path, 'r’, encoding="utf-8-sig’) as f
cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
rows = []
for line in f:
line = Lline.strip()
if not line: continue
rows. append([p. strip() for p in line.split(sep)])
for i, col in enumerate(cols):
vals = []
for row in rows:
if i < len(row):
try: vals. append(float(row[i]))
except: vals.append(row[i])
else: vals.append(np.nan)
data[col] = vals
return data

de

=Y

find name col(data):

for ¢ in ["galaxy’,’ Galaxy’,’ name’,’ Name’,’ GALAXY’ ]:
if ¢ in data: return c

for k,v in data.items():
if isinstance(v[0], str): return k

return List(data.keys())[0]

de

-

get key(info, candidates, default=None):
for ¢ in candidates:
if ¢ in info:
try: return float(infolc])
except: return infol[c]
return default

de

-

load rotmod(filepath):
cols = [[] for _ in range(8)]
with open(filepath, 'r’) as f:
for line in f:
line = Lline.strip()
if not line or line.startswith("# ): continue
parts = Lline.split()
if len(parts) < 6: continue
try:
for j in range(min(len(parts),8)):
cols[j].append(float(parts[j]))
for j in range(len(parts),8):
cols[j].append(0.0)
except ValueError: continue
return tuple(np.array(c) for ¢ in cols)

i
# Load data
it
print("[1] Loading data...’)
phasel = load csv(PHASE1)

ta3 = load csv(TA3)

pl nc = find name col(phasel)
ta3 nc = find name col(ta3)

galaxy info = {}

for i, name in enumerate(phasel[p1 nc]):
name = str(name).strip()
info = {}
for k in phasel:
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if k == pl nc: continue

try: infolk] = float(phasel[k][i])

except: info[k] = phasel[k][i]
galaxy info[name] = info

for i, name in enumerate(ta3[ta3 nc]):
name = str(name).strip()
if name in galaxy info:
for k in ta3:
if k == ta3 nc: continue
try: galaxy info[name][k] = float(ta3[kI[i])
except: galaxy info[name][k] = ta3[k][i]

it
# Process galaxies
tt
print(’ [2] Processing galaxies...’)

results = []

rotmod files = sorted(glob.glob(os.path, join(ROTMOD, ’*,dat’)))

for fpath in rotmod files:
gname = os.path.splitext(os.path.basename(fpath))[0]. replace(’ rotmod’,’”’
info = None
for key in [gname, gname.upper(), gname. lower()]:
if key in galaxy info:
info = galaxy infolkey]; break
if info is None: continue

).strip()

ud = get_key(info, ["upsilon d’,’Upsilon d’,’Ud",”ud",’Yd" ])
gc ad = get key(info, [’gc over a0’,’gc/al’,’ gc ratio’])
vflat = get key(info, [’vflat’,’Vflat’,’v flat’])

if ud is None or gc_a@ is None or vflat is None: continue
if np.isnan(ud) or np.isnan(gc_a@) or gc a@<=0 or vflat<=0: continue

try:

rad, vobs, errv, vgas, vdisk, vbul, sbdisk, sbbul = load rotmod(fpath)
except: continue
if len(rad) < 3: continue

#f hR from rpk

vds = np.sqrt(max(ud, 0.01)) * np.abs(vdisk)
rpk_idx = np.argmax(vds)

rpk = rad[rpk idx]

if rpk < 0.01 or rpk >= rad.max()*0.9: continue
hR kpc = rpk / 2.15

hR'm = hR kpc * kpc m

# g N(r) from baryonic components

rm=rad * kpc_m

vbar2 = (vgas**2 + ud * np.sign(vdisk)*vdisk#x2
+ 0.7 * np.sign(vbul)*vbul¥x2)

vhar2 = np.abs(vbar2)

g N = np.zeros Llike(r m)

mask r =rm>0

g N[mask r] = vhar2[mask r] * 1e6 / r m[mask r]

gc si = gc ad * al

#f -—- Key quantity: x outer = g N(r_outer) / gc ——
#f Use outer 3 points average for stability

n_outer = min(3, len(rad))

g N outer = np.mean(g N[-n outer:])

x outer = g N outer / gc si if gc si > 0 else np.nan

#t -—— g N at various radii -—-

#f At r = 2.2 hR (peak region)

r peak target = 2.2 * hR kpc

idx_peak = np.argmin(np.abs(rad - r peak target))
g N peak = g N[idx peak]

x peak = g N peak / gc si if gc si > 0 else np.nan

# -—— MOND transition correction ——-
#f Full formula: g obs = (g N + sqrt(g N°2 + 4%gcxg N)) / 2
#f Deep MOND: g obs MOND ~ sqrt(gc * g N)
#f Ratio: g obs full / g obs MOND = correction factor
#f At r_outer:
if g N outer > 0 and gc si > 0:
g obs full = (g N outer + np.sqrt(g N outer%x2 + 4xgc si*g N outer)) / 2
g obs mond = np.sqrt(gc si * g N outer)
correction = g obs full / g obs mond # > always, larger for larger x
else:
correction = np.nan

# -—— vflat from full formula vs MOND Limit ——-

#f vflat obs™2 / r_outer = g obs full

# vflat mond™2 / r outer = g obs mond = sqrt(gc * g N)
#f So vflat obs / vflat mond = sqrt(correction)
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# And (vflat

obs"2/hR) / (vflat mond"2/hR) = correction

#f The proxy GS@ = vflat™2/hR includes this correction factor

vflat ms = vflat % Te3
GSO _proxy = vflat ms**2 / hR.m

# —— Corrected proxy: remove transition effect ———

#f GSO corrected = GSO proxy / correction™2

#f (because vflat™2 ~ g obs * r, and correction = g obs full/g obs mond)
# Actually: vflat™2/r = g obs at r_outer

#f proxy = vflat"2/hR = g obs(r outer) % r outer/hR

# MOND proxy

= sqrt(ge*g N(r outer)) * r outer/hR

# So proxy/MOND proxy = correction
# To get "MOND-corrected proxy”: divide by correction

if np.isfinite(correction) and correction > 0:
GSO corrected = GSO proxy / correction

else:

GSO _corrected = np.nan

# Also compute a per-point mean correction
corrections all = np.ones Like(g N)
for i_r in range(len(g N)):

if g N[i

gf =
gn =

r] > 0 and gc si > 0:
(g N[i r] + np.sqrt(g N[i rlxx2 + 4xgc sixg N[i r])) / 2
np.sqrt(ge_si * g N[i_r])

corrections all[i r] = gf / gm

mean_correcti

on = np.mean(corrections all[g N > 0])

results. append({

"galaxy’ : gname,

"gc over al’: gc ad

" log gc’: np. Llog10(gc_a0),
“vflat’: vflat,

"Yd' : ud,

"hR_kpc’ : hR_kpc,

" log hR’: np. Log10(hR kpc),

" log vflat’: np. log10(vflat),

"GSO proxy’ : GSO proxy

" log GSO’ : np. Log10(GSO proxy/a0),
"x_outer’: x_outer,

" log x outer’: np. Log10(x_outer) if x outer > 0 else np.nan,
" x_peak’ : x_peak,

"g N outer’: g N outer,

"g N peak’ : g N peak,

"correction’ : correction

" log correction’ : np. log10(correction) if np.isfinite(correction) and correction>0 else np.nan,
"mean_correction’ : mean correction
"GSO corrected’ : GSO corrected

" log GSO
" r outer |
"r_outer |

1))

N = len(results)

corr’:  np.log10(GSO corrected/ad) if np.isfinite(GSO corrected) and GSO corrected>® else np.nan
kpc’ : rad[-1],
over hR’: rad[-1] / hR kpc if hR kpc > 0 else np.nan,

print(f" Processed: {N} galaxies’)

if N<10:

print(’ [ERROR] Too few galaxies.’); sys.exit(1)

i

#t Arrays

it

log gc = np.array([r[’ log gc’] for r in results])
log hR = np.array([r[’ log hR’] for r in results])
log vflat = np.array([r[’ log vflat’] for r in results])
log GSO = np.array([r[’ log GSO'] for r in results])
x_outer = np.array([r[’ x_outer’] for r in results])

log x outer = np
correction = np

array([r[’ log x outer’] for r in results])
array([r[ correction’] for r in results])

log corr = np.array([r[’ log correction’] for r in results])
log GSO ¢ = np.array([r[’ log GSO corr’] for r in results])

r over hR = np.array([r[’r outer over hR’] for r in results])
it

# Analysis

tt

print("¥n’ + ’="%70)

print("N-1 Layer
print(’ =" x70)

# --- A: x_outer
valid = np.isfini

2: MOND transition correction analysis’)

distribution ——-
te(x_outer) & (x outer > 0)

print(f ¥n[A] x outer = g N(r outer)/gc distribution (N={np.sum(valid)})’)
print(f median = {np.nanmedian(x outer[valid]):.4f}")

print(f I0R =

[{np.nanpercentile(x outer[valid], 25):.4f}, ’

f” {np. nanpercentile(x_outer[valid], 75):.4f}]")
print(f range = [{np.nanmin(x outer[valid]):.4f}, {np.nanmax(x outer[valid]):.4f}]" )
print(f’ fraction x outer > 0.1 (significant transition):



313 | ' {np. sum(x_outer[valid]>0.1)/np.sum(valid):. 1%}’ )

314 | print(f fraction x_outer > 0.5 (strong transition):

315 | " {np. sum(x_outer[valid]>0.5)/np. sum(valid):. 1%}’ )

316 |

317 | # --- B: x_outer vs hR correlation -—-

318 | mask b = np.isfinite(log x outer) & np.isfinite(log hR)

319 | rho xh, p xh = stats.spearmanr(log x outer[mask b], log hR[mask b])

320 | print(f ¥n[B] x outer vs hR correlation’)

321 | print(f Spearman rho(log x outer, log hR) = {rho xh:.4f}, p = {p xh:.2e}")
322 | print(f Expected: negative (compact galaxies have larger x outer)’)

323 |

324 | slope xh, int xh, r xh, , se xh = stats. linregress(

325 | log hR[mask b], log x outer[mask b])

326 | print(f Linear: log(x outer) = {slope xh:.3f}xlog(hR) + {int xh:.3f},

327 | 'R 2={r_xh*x2:, 3f}")

328 |

329 | # --- C: correction factor distribution -—-

330 | valid ¢ = np.isfinite(correction)

331 | print(f ¥n[C] Correction factor g obs full / g obs MOND (N={np.sum(valid c)})’)
332 | print(f median = {np.nanmedian(correction[valid c]):.4f}")

333 | print(f I0R = [{np.nanpercentile(correction[valid c],25):.4f},

334 | " {np. nanpercentile(correction[valid c],75):.4f}1")

335 | print(f range = [{np.nanmin(correction[valid c]):.4f},

336 | £’ {np. nanmax(correction[valid c]):.4f}1")

337 |

338 | # --- D: Does correction correlate with hR? -—-

339 | mask d = np.isfinite(log corr) & np.isfinite(log hR)

340 | rho ch, p ch = stats.spearmanr(log corr[mask d], log hR[mask d])

341 | print(f ¥n[D] Correction vs hR’)

342 | print(f Spearman rho(log correction, log hR) = {rho ch:.4f}, p = {p ch:.2e}")
343 |

344 | # --- E: Original proxy regression (baseline) ---

345 | mask e = np.isfinite(log GSO) & np.isfinite(log gc)

346 | slope 0, int 0, r 0, , se 0 = stats. linregress(log GSO[mask e], log gc[mask e])
347 | print(f ¥n[E] Baseline: log(gc) vs log(proxy/a0)’)

348 | print(f slope = {slope 0:.4f} +/- {se 0:.4f}, R"2 = {r 0xx2:,4f}")

349 |

350 | # --- F: Corrected proxy regression —--

351 | mask f = np.isfinite(log GSO ¢) & np.isfinite(log gc)

352 | if np.sum(mask f) > 10:

353 | slope ¢, int.c, rc, , sec = stats. linregress(log GSO c[mask f], log gc[mask f])
354 | print(f ¥n[F] Corrected proxy: log(gc) vs log(proxy corrected/a0)’ )

355 | print(f slope = {slope c:.4f} +/- {se c:.4f}, R"2 = {r c*x2:.4f}")
356 | print(f (Compare with baseline R"2 = {r 0%x2:,4f})")

357 | else:

358 | slope ¢, r_c, se ¢ = np.nan, np.nan, np.nan

359 | print(f’¥n[F] Too few valid corrected points ({np.sum(mask f)})")

360 |

361 | # --- G: Multivariate with correction -—-

362 | # log(ge) = a*log(vflat) + bxlog(hR) + ¢ -- original

363 | # log(gc) = axlog(vflat) + bklog(hR) + dxlog(correction) + ¢ -- with correction
364 | mask g = (np.isfinite(log gc) & np.isfinite(log vflat) &

365 | np. isfinite(log hR) & np.isfinite(log corr))

366 |

367 | print(f ¥n[G] Multivariate analysis (N={np.sum(mask g)})")

368 |

369 | # G1: without correction (reproduce V-1b)

370 | X1 = np.column stack([log vflat[mask g], log hR[mask g], np.ones(mask g.sum())])
371 | y = log gc[mask g]

372 | betal, resl, _, _ = np.linalg. Lstsq(X1, y, rcond=None)

373 | ss resl = np.sum((y - X1 @ betal)**2)

374 | ss tot = np.sum((y - y.mean())*x2)

375 | r2.1 =1 - ss resl/ss tot

376 | msel = ss_resl / (len(y)-3)

377 | sel = np.sqrt(np.diag(msel * np. Llinalg. inv(X1.T @ X1)))

378 |

379 | print(f* G1: log(gc) = {betal[0]:.4f}xlog(vflat) + {betal[1]:.4f}*log(hR) + {betal[2]:.4f}")
380 | print(f SE: {se1[0]:.4f} {sel[1]:.4f}")

381 | print(f R™2 = {r2 1:.4f}")

382 |

383 | # G2: with correction

384 | X2 = np.column stack([log vflat[mask g], log hR[mask g], log corr[mask g],

385 | np. ones(mask_g. sum())])

386 | beta2, res2, , = np.linalg. stsq(X2, y, rcond=None)

387 | ss res2 = np.sum((y - X2 @ beta2)**2)

388 | r22 =1 - ss res2/ss tot

389 | mse2 = ss res2 / (len(y)-4)

390 | se2 = np.sqrt(np.diag(mse2 * np. linalg. inv(X2.T @ X2)))

391 |

392 | print(f'¥n G2: log(gc) = {beta2[0]:.4f}xlog(vflat) + {beta2[1]:.4f}*log(hR) ’
393 | '+ {beta2[2]:.4f}*log(corr) + {beta2[3]:.4f}")

394 | print(f SE: {se2[0]:. 4f} {se2[1]:. 4f}

395 | ' {se2[2]:.4f}")

396 | print(f R™2 = {r2 2:.4f} (vs {r2 1:.4f} without correction)’)

397 |

398 | # Is correction term significant?
399 | t corr = abs(beta2[2]) / se2[2]
400 | p corr = 2%(1-stats. t.cdf(t corr, df=len(y)-4))
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print(f p(correction coeff = 0) = {p corr:.4f}")

# Did hR coefficient change?
print(f'¥n hR coefficient comparison:’)
print(f’ Without correction: {betal[1]:.4f} +/- {sel[1]:.4f}")
print(f With correction: {beta2[1]:.4f} +/- {se2[1]:.4f}")
delta hR = abs(beta2[1]) - abs(betal[1])
print(f |hR coeff| change: {delta hR:+.4f}")
if abs(beta2[1]) < abs(betal[1]) * 0.5:

print(f >>> hR effect ABSORBED by correction (>50% reduction)’)
elif abs(beta2[1]) < abs(betal[1]) * 0.8:

print(f >>> hR effect PARTIALLY absorbed ({(1-abs(beta2[1])/abs(betal[1]))*100:,0f}% reduction)’)
else:

print(f’ >>> hR effect NOT absorbed by correction’)

# -—— H: Partial correlations with correction controlled ———
print(f ¥n[H] Partial correlations controlling for correction’)

# gc vs hR | vflat, correction

X ctrl = np.column stack([ log vflat[mask g], log corr[mask g]])
y gc = log gc[mask g]

y hR = log hR[mask g]

#f Residualize gc and hR against (vflat, correction)

beta gc = np. linalg. Lstsq(np.column stack([X ctrl, np.ones(len(X ctrl))]),
y gc, rcond=None)[0]

res gc =y gc - np.column stack([X ctrl, np.ones(len(X ctrl))]) @ beta gc

beta_hr = np. linalg. Lstsq(np. column_stack([X ctrl, np.ones(len(X ctrl))]),
y hR, rcond=None)[0]
res hR = y hR - np.column_stack([X ctrl, np.ones(len(X ctrl))]) @ beta hr

rho partial new, p partial new = stats.spearmanr(res gc, res hR)
print(f gc vs hR | (vflat, correction): rho = {rho partial new:.4f}, p = {p partial new:.4e}’)

# Original partial for comparison

X ctrl0 = log vflat[mask g].reshape(-1,1)

beta gc0 = np. Llinalg. Lstsq(np. column_stack([X ctrl0, np.ones(len(X ctrl0))]),
y gc, rcond=None)[0]

res gc@ = y gc - np.column stack([X ctrl0, np.ones(len(X ctrl0))]) @ beta gc0

beta hr@ = np. Llinalg. Lstsq(np.column_stack([X ctrl0, np.ones(len(X ctrl0))]),
y hR, rcond=None)[0]

res hRO = y hR - np.column stack([X ctrl®, np.ones(len(X ctrl0))]) @ beta hr0

rho partial orig, p partial orig = stats.spearmanr(res gc0, res hRO)

print(f gc vs hR | vflat only (original): rho = {rho partial orig:.4f}, p = {p partial orig:.4e}’)
print(f’ Reduction: {rho partial orig:.4f} -> {rho partial new:, 4f}
£ ({(1-abs(rho_partial new)/abs(rho partial orig))*100:.1f}%)")

it
# Figures
tt
print(’¥n[3] Generating figures...’)

fig, axes = plt.subplots(2, 3, figsize=(17, 11))

# A: x_outer distribution

ax = axes[0, 0]

xo valid = x_outer[np. isfinite(x outer) & (x outer > 0)]

ax. hist(np. log10(xo valid), bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
ax.axvline(np. log10(0.1), color="orange’, ls="--", lw=2, label="x=0.1 (10% transition)’)
ax, axvline(np. log10(0.5), color="red’, ls="--", lw=2, label="x=0.5 (strong transition)’)

> X

ax.set xlabel(’ log(x outer) = log(g N(r outer)/gc)’)
ax.set_ylabel(’ Count’)

ax.set title(’A: MOND departure parameter’)

ax. legend(fontsize=8)

#f B: x outer vs hR
ax = axes[0, 1]
mb = np.isfinite(log x outer) & np.isfinite(log hR)
ax.scatter(log hR[mb], log x outer[mb], s=10, alpha=0.5, c="steelblue’, edgecolors="none’)
xf = np. linspace(log hR[mb].min(), log hR[mb].max(), 100)
ax.plot(xf, slope xh#xf + int xh, "r-", lw=2,

label=f" rho={rho_xh:.3f}, p={p xh:.le}’)
.set xlabel(’ log(hR / kpc)’)
.set_ylabel(’ log(x outer)’)
.set title(’B: x outer vs hR")
. legend(fontsize=8)
.grid(True, alpha=0.3)

3

a
a.
a
a

> X x X

a

3

# C: correction factor vs hR

ax = axes[0, 2]

md = np, isfinite(log corr) & np.isfinite(log hR)

ax.scatter(log hR[md], log corr[md], s=10, alpha=0.5, c="darkorange’, edgecolors="none’)
ax.set xlabel(’ Llog(hR / kpc)’)

ax.set_ylabel(’ log(correction factor)’)

ax.set title(f’C: Correction vs hR (rho={rho ch:.3f})")

ax.grid(True, alpha=0.3)

X X X x X
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# D: Original vs corrected proxy

ax = axes[1, 0]

mf = np.isfinite(log GSO) & np.isfinite(log gc)

ax.scatter(log GSO[mf], log gc[mf], s=10, alpha=0.3, c="steelblue’
edgecolors="none’, label=f'Original R"2={r 0x*x2: 3f}")

mfc = np.isfinite(log GSO c) & np.isfinite(log gc)

if np.sum(mfc) > 5:

ax.scatter(log GSO c[mfc], log gc[mfc], s=10, alpha=0.3, c="red
edgecolors="none’, label=f Corrected R™2={r c**2:,3f}")

.set_xlabel(’ log(proxy / a0)’)

.set_ylabel(’ log(gc / a0)’)

.set title(’D: Original vs corrected proxy’)

. legend(fontsize=8)

.grid(True, alpha=0.3)

3

a.
a
a
a.
a

X X x x X

# E: hR partial correlation before/after

ax = axes[1, 1]

ax.scatter(res hRO, res gc0, s=10, alpha=0.3, c="steelblue’, edgecolors="none’
label=f"Original: rho={rho partial orig:.3f}")

.scatter(res hR, res gc, s=10, alpha=0.3, c="red’, edgecolors="none’
label=f"+ correction: rho={rho partial new:.3f}’)

.set xlabel(’hR residual (after controlling)’)

.set_ylabel(’gc residual (after controlling)’)

.set title("E: hR partial correlation’)

. legend(fontsize=8)

.grid(True, alpha=0.3)

a.

>

a.
a
a
a.
a

X X x x X

# F: R"2 comparison
ax = axes[1, 2]
labels = [’ vflat+hR¥n(original)’, ’vflat+hR¥n+correction’, 'proxy¥noriginal’,
"proxy¥ncorrected’ ]
r2s = [r2.1, r2.2, r 0xx2, r cxx2 if np.isfinite(r c) else 0]
cols = ["steelblue’, 'darkorange’, 'green’, 'red ]
ax. bar(range(len(labels)), r2s, color=cols, alpha=0.7, edgecolor="black’, Llinewidth=0.5)
ax.set xticks(range(len(labels)))
ax.set xticklabels(labels, fontsize=8)
ax.set_ylabel("R™2")
ax.set title(’F: Model comparison’)
for i, v in enumerate(r2s):
ax. text(i, v+0.01, f {v:.3f}’, ha="center’, fontsize=9)
ax.grid(True, alpha=0.3, axis="y’)

X X x x X

fig.suptitle(f'N-1 Layer 2: MOND transition correction (N={N})’, fontsize=14, y=1.01)
fig. tight layout()

fig.savefig(os.path. join(BASE, ’fig N1_layer2.png’), dpi=150)

print(’  -> fig N1_layer2.png’)

i
i Save CSV
i
outcsv = os.path, join(BASE, "N1 layer2 results.csv’)
cols out = ["galaxy’, gc over al’,’ log gc’,’ vflat’,”hR kpc’,’ log hR’,” log vflat’,
"x outer’,” log x outer’,’ correction’,’ log correction’
" GSO proxy’,” log GSO',” GSO corrected’,’ log GSO corr’,
"r outer kpc’,’ r outer over hR']
with open(outcsv, 'w', encoding="utf-8) as f:
f.write(’,”.join(cols out)+ ¥n")
for r in results:
f.write(’,” . join(str(r.get(c,””)) for ¢ in cols out)+ ¥n’)
print(f -> {outcsv}’)

i
# Verdict
it
print(’¥n’ + =" x70)
print(’ VERDICT" )
print(’ =" x70)

print(f'¥n x outer median: {np.nanmedian(x outer[valid]):.4f} )
if np.nanmedian(x_outer[valid]) < 0.05:
print(’  >>> Most galaxies are deep in MOND regime (x outer << 1)")
print("’  >>> Transition correction is negligible for most galaxies’)
print("’  >>> hR partial correlation is NOT explained by transition effect’)
elif np.nanmedian(x outer[valid]) < 0.3:
print("’  >>> Moderate MOND departure for typical galaxies’)
print(’  >>> Transition correction may partially explain hR effect’)
else:
print(’  >>> Significant MOND departure - transition correction is important’)

print(f'¥n hR partial correlation:’)

print(f Original (gc vs hR | vflat): rho = {rho partial orig:.4f}")
print(f’ After correction (gc vs hR | vflat,corr): rho = {rho partial new:.4f}")
reduction = (1-abs(rho partial new)/abs(rho partial orig))*100

print(f Reduction: {reduction:.1f}%’ )

if reduction > 70:
print("  >>> hR effect EXPLAINED by MOND transition correction’)
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print(’  >>> N-1 Layer 2: RESOLVED’)
elif reduction > 30:
print(’  >>> hR effect PARTIALLY explained by transition correction’)
print("’  >>> N-1 Layer 2: PARTIAL’)
else:
print(’  >>> hR effect NOT explained by transition correction’)
print(’  >>> N-1 Layer 2: hR contribution is INDEPENDENT of MOND transition’)

print(f ¥n Correction coefficient in multivariate:’)
print(f coeff = {beta2[2]:.4f} +/- {se2[2]:.4f}, p = {p_corr:.4f}")
if p corr < 0.05:
print(’  >>> Correction is statistically significant in multivariate model’)
else:
print("’  >>> Correction is NOT significant in multivariate model’)

print(’ ¥n[DONE]" )
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29U ThEX

1| # -% coding: utf-8 —%-

2|

3 | N-1 Layer 2b: fEEBMF v ¥ + Yd-hR BRh 7488

4 |

5 | #R5E1: Yd vs hR D8R - hRIGHEREH YIZEEI DRI

6 | #EF2: gcIEfkiFcorrection (gc->a0EE) TEERAEME LMk iBHBME
7|

8 | %47: uv run ——with scipy --with matplotlib python sparc N1 layer2b. py
9|

10 | RET7AIL:

11 | - Rotmod LTG/*.dat

12 | - phasel/sparc_results,csv

13 | - TA3 gc_independent. csv

14 |

15 | Z&: kO B (ROKEEAT)

16 | Bf: 2026548

17 | "

18 | import os, sys, glob, warnings
19 | import numpy as np

20 | from scipy import stats

22 | import matplotlib
23 | matplotlib.use(’Agg’)

24 | import matplotlib.pyplot as plt

25 | from matplotlib import font manager as fm

26 | for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
27 | " /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
28 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ ]:

29 | try: fm, fontManager.addfont( fp)

30 | except: pass

31 | for fontname in [’ IPAGothic’, 'MS Gothic’, ’DejaVu Sans’]:
32 | try:

33 | plt.rcParams[’ font. family’ ] = fontname

34 | break

35 | except: continue

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

37 | warnings. filterwarnings(’ ignore’)

38 |

39 | a0 = 1.2e-10

40 | G SI = 6.674e-11

41 | kpc.m = 3,0857¢19

42 |

43 | BASE = os.path.dirname(os. path. abspath( file ))

44 | ROTMOD = os.path. join(BASE, "Rotmod LTG)

45 | PHASE1 = os.path. join(BASE, ’phasel’, ’sparc_results.csv’)



46 | TA3 = os.path. join(BASE, ’TA3 gc_independent.csv’)
47 |
48 | for p, label in [(ROTMOD,  Rotmod LTG’), (PHASET,  sparc results.csv’),

49 | (TA3,’ TA3 gc_independent.csv’)]:

50 | if not os.path.exists(p):

51 | print (f' [ERROR] {label} not found: {p}’); sys.exit(1)
52 |

53 | #

54 | # Loaders (same as previous)

55 | #

56 | def load csv(path):

57 | with open(path, 'r’, encoding="utf-8-sig’) as f:
58 | header = f.readline().strip()

59 | sep =',” if’,” in header else None

60 | data = {}

61 | with open(path, 'r’, encoding="utf-8-sig’) as f:
62 | cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
63 | rows = []

64 | for line in f:

65 | line = Lline.strip()

66 | if not line: continue

67 | rows. append([p. strip() for p in line.split(sep)])
68 | for i, col in enumerate(cols):

69 | vals = []

70 | for row in rows:

71 | if i < len(row):

72 | try: vals. append(float(row[i]))
73 | except: vals.append(row[i])

74 | else: vals.append(np.nan)

75 | datalcol] = vals

76 | return data

77 |

78 | def find name col(data):

79 | for ¢ in ["galaxy’,’ Galaxy’,’ name’,’ Name’,’ GALAXY’ ]:
80 | if ¢ in data: return c

81 | for k,v in data.items():

82 | if isinstance(v[0], str): return k

83 | return List(data. keys())[0]

84 |

85 | def get key(info, candidates, default=None):

86 | for ¢ in candidates:

87 | if ¢ in info:

88 | try: return float(infolc])

89 | except: return infol[c]

90 | return default

91 |

92 | def load rotmod(filepath):

93 | cols = [[] for _ in range(8)]

94 | with open(filepath, 'r’) as f:

95 | for line in f:

96 | line = Lline.strip()

97 | if not Line or Lline.startswith("#’ ): continue
98 | parts = Lline.split()

99 | if len(parts) < 6: continue

100 | try:

101 | for j in range(min(len(parts),8)):
102 | cols[j].append(float(parts[j]))
103 | for j in range(len(parts),8):

104 | cols[j].append(0.0)

105 | except ValueError: continue

106 | return tuple(np.array(c) for ¢ in cols)

107 |

108 | #

109 | # Load data

1m0 | ¢

111 | print(’[1] Loading data...”)

112 | phasel = load csv(PHASE1)

113 | ta3 = load csv(TA3)

114 | pl_nc = find name col(phasel)

115 | ta3 nc = find name col(ta3)

16 |

117 | galaxy info = {}

118 | for i, name in enumerate(phasel[pl nc]):

119 | name = str(name).strip()

120 | info = {}

121 | for k in phasel:

122 | if k == pl nc: continue

123 | try: infolk] = float(phasel[k][i])

124 | except: info[k] = phasel[k][i]

125 | galaxy info[name] = info

126 |

127 | for i, name in enumerate(ta3[ta3 nc]):

128 | name = str(name).strip()

129 | if name in galaxy info:

130 | for k in ta3:

131 | if k == ta3 nc: continue

132 | try: galaxy info[name][k] = float(ta3[k][i])
133 | except: galaxy info[name][k] = ta3[kI[i]
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# Process ga

#

laxies

print("[2] P
results = []
rotmod files

for fpath in
gname =
info = N

for key

if k

if info

ud =
gc al =
vflat =

if ud is
if np.is

try:
rad,

except:

if len(r

vds = np
rpk_idx
rpk = ra
if rpk <
hR_kpc =
hR.m =

# g N at
rm=ra
vbar2 =

g N=np
mask_r =
g N[mask

gc si =
vflat_ms
GSO_prox

# outer
n out =
g N oute

#t -—- Co

if g No
of =
gm =
corr

else:
corr

# -—- Co

if gNo
gf a
gm_al
corr

else:
corr

f - Pe
corrs_gc
corrs_al
for i r

ifg

mean_cor
mean_cor

results.
"gal

rocessing galaxies...’)
= sorted(glob. glob(os. path. join(ROTMOD, "*.dat’)))

rotmod files:
os.path. splitext(os. path. basename(fpath))[0]. replace(’
one
in [gname, gname.upper(), gname. lower()]:
ey in galaxy info:
info = galaxy infolkey]; break
is None: continue

_rotmod’,

get key(info, ["upsilon d’,”Upsilon d’,’Ud", ud’,’Yd" ])
get key(info, ['gc over a0’,’gc/a0’,’ gc ratio’])
get key(info, ['vflat’,’Vflat’,’v flat’])

None or gc_a@ is None or vflat is None: continue

nan(ud) or np.isnan(gc_a0) or gc a0<=0 or vflat<=0 or ud<=0: continue

vobs, errv, vgas, vdisk, vbul, sbdisk, sbbul = load rotmod(fpath)

continue
ad) < 3: continue

.sqrt(max(ud, 0.01)) * np.abs(vdisk)
= np. argmax(vds)
dlrpk_idx]

0.01 or rpk >= rad.max()*0.9: continue
rpk / 2.15

hR_kpc * kpc_m

outer points
d * kpc m
np. abs(vgas**2 + ud * np.sign(vdisk)*vdisk#*2
+ 0.7 * np.sign(vbul)*vbul*%2)
.zeros Llike(r m)
rm>0
r] = vbar2[mask r] * 1e6 / r m[mask r]

gc al * a0
= vflat * Te3
y = vflat msx*2 / hR m

g N (average of last 3 points)
min(3, Llen(rad))
r = np.mean(g N[-n out:])

rrection WITH gc (original, potentially circular) ——-
uter > 0 and gc_si > 0:

(g N outer + np.sqrt(g N outer¥x2 + 4xgc si*g N outer)) / 2
np.sqrt(gc_si * g N outer)

gc = gf / gm

~gc = np.nan

rrection WITHOUT gc (gc -> a0, breaks circularity) --—-

uter > 0:

0 = (g N outer + np.sqrt(g N outer*x2 + 4xalxg N outer)) / 2
0 = np.sqrt(ad * g N outer)

a0 = gf a0 / gm a0

al = np.nan

r-point mean corrections (both versions) -—-

Lall =[]

all =[]

in range(len(g N)):

 NCir] > 0:

gf1 = (g N[i r] + np.sqrt(g N[i rl*x2 + 4xgc sixg N[i r])) / 2
gml = np.sqrt(gc_si * g N[i_r])

corrs gc all.append(gf1/gml)

9f2 = (g N[i_r] + np.sqrt(g NLi_rl#x2 + 4xalxg N[i_r])) / 2
gn2 = np.sqrt(ad * g N[i r])
corrs_a0_all.append(gf2/gm2)

r gc = np.mean(corrs gc all) if corrs gc all else np.nan
r a0 = np.mean(corrs_a@ all) if corrs a0 all else np.nan

append ({
axy’ : gname,

"gc al’ : gc a0,

" log
Tvfl

gc’: np. log10(gc_a0),
at’: vflat,

)



222 | 'Yd : ud,

223 | " log Yd: np. Llog10(ud),

224 | "hR kpc’ : hR kpc

225 | " log hR’ : np. log10(hR kpc),

226 | " log vflat’: np. logl0(vflat),

227 | "GSO_proxy’: GSO proxy,

228 | " log GSO’ : np. Log10(GSO proxy/a0),

229 | ’g N outer’: g N outer,

230 | “corr gc’: corr gc,

231 | " log_corr_gc’ : np. log10(corr gc) if np.isfinite(corr gc) and corr gc>@ else np.nan,
232 | "corr_al’: corr_a0,

233 | " log_corr_a0’ : np. log10(corr_a0) if np.isfinite(corr_a0) and corr_ad>@ else np.nan,
234 | "mean_corr_gc’ : mean corr_gc

235 | "mean_corr_a0’ : mean_corr_a0,

236 | 1)

237 |

238 | N = len(results)

239 | print(f" Processed: {N} galaxies’)

240 | if N < 10:

241 | print(’ [ERROR] Too few.”); sys.exit(1)

242 |

243 |t

244 | t Arrays

245 |

246 | log gc = np.array([r[’ log gc’] for r in results])

247 | log hR = np.array([r[’ log hR’] for r in results])

248 | log vflat = np.array([r[’ log vflat’] for r in results])

249 | log GSO = np.array([r[’ log GSO’ ] for r in results])

250 | log Yd = np.array([r[’ log Yd'] for r in results])

251 | Yd arr = np.array([r[’Yd ] for r in results])

252 | log corr gc = np.array([r[’ log corr gc’] for r in results])

253 | log corr a0 = np.array([r[’ log corr a0’ ] for r in results])

254 |

255 |

256 | # PART 1: Yd vs hR correlation

257 |

258 | print(’¥n' + ’="%70)

259 | print("PART 1: Yd vs hR hidden correlation’)

260 | print(’="%70)

261 |

262 | maskl = np.isfinite(log Yd) & np.isfinite(log hR)

263 | rho Yd hR, p Yd hR = stats.spearmanr(log Yd[mask1], log hR[mask1])

264 | sl yh, int_yh, r yh, p yh, se yh = stats. linregress(log hR[mask1], log Yd[mask1])
265 | print(f"¥n [1a] Yd vs hR:")

266 | print(f Spearman rho = {rho Yd hR:,4f}, p = {p Yd hR:.2e}")

267 | print(f Linear: log(Yd) = {sl yh:.3f}*log(hR) + {int yh:.3f}, R"2={r yh%x2: 3f}")
268 |

269 | # Yd vs vflat

270 | masklv = np.isfinite(log Yd) & np.isfinite(log vflat)

271 | rho_Yd vf, p_Yd vf = stats.spearmanr(log Yd[maskiv], log vflat[masklv])

272 | print(f'¥n [1b] Yd vs vflat:’)

273 | print(f Spearman rho = {rho Yd vf:,4f}, p = {p Yd vf:.2e}")

274 |

275 | # Yd vs gc

276 | masklg = np.isfinite(log Yd) & np.isfinite(log gc)

277 | rho Yd gc, p Yd gc = stats.spearmanr(log Yd[maskig], log gc[maskig])

278 | print(f ¥n [1c] Yd vs gc:’)

279 | print(f Spearman rho = {rho Yd gc:.4f}, p = {p _Yd gc:.2e}’)

280 |

281 | # Partial: gc vs hR | (vflat, Yd)

282 | mask p1 = np.isfinite(log gc) & np.isfinite(log hR) & np.isfinite(log vflat) & np.isfinite(log Yd)
283 | X ctrl = np.column stack([log vflat[mask p1], log Yd[mask p1], np.ones(mask p1.sum())])
284 | y gc = log gc[mask p1]

285 | y_hR = log_hR[mask p1]

286 |

287 | b gc = np. linalg. Lstsq(X ctrl, y gc, rcond=None)[0]

288 | res gc =y gc - X ctrl @ b gc

289 | b hR = np. linalg. Lstsq(X ctrl, y hR, rcond=None)[0]

290 | res hR = y hR - X ctrl @ b_hR

291 | rho hR Yd, p hR Yd = stats.spearmanr(res gc, res hR)

292 |

293 | # Original partial (vflat only)

294 | X ctrl@ = np.column stack([log vflat[mask p1], np.ones(mask p1.sum())])

295 | b gcd = np. Llinalg. Lstsq(X ctrl0, y gc, rcond=None)[0]

296 | res gc0 =y gc - X ctrld @ b _gc0

297 | b hRO = np. linalg. Lstsq(X ctrl0, y hR, rcond=None)[0]

298 | res hRO = y hR - X_ctrl0 @ b_hRO

299 | rho hR orig, p hR orig = stats.spearmanr(res gc0, res hRO)

300 |

301 | print(f"¥n [1d] hR partial correlations:’)

302 | print(f gc vs hR | vflat: rho = {rho hR orig:.4f}, p = {p hR orig:.4e}’)
303 | print(f gc vs hR | (vflat, Yd): rho = {rho hR Yd:.4f}, p = {p_hR Yd:.4e}")
304 | red yd = (1 - abs(rho hR Yd)/abs(rho hR orig))#100 if abs(rho hR orig)>0 else 0
305 | print(f Reduction by adding Yd: {red yd:.1f}%")

306 |

307 | # Multivariate: gc = a*vflat + b*hR + cxYd + d

308 | X m3 = np.column stack([log vflat[mask p1], log hR[mask p1], log Yd[mask p1],
309 | np. ones(mask p1.sum())])



310 | b3, , , _ = np.linalg. Lstsq(X m3, y gc, rcond=None)

311 | ss3 = np.sum((y gc - X m3 @ b3)*x2)

312 | ss_tot = np.sum((y gc - y gc.mean())#x2)

313 | r2.3 =1 - ss3/ss_tot

314 | mse3 = ss3 / (len(y_gc)-4)

315 | se3 = np.sqrt(np.diag(mse3 * np. Linalg. inv(X m3.T @ X m3)))

316 |

317 | print(f'¥n [le] Multivariate: vflat + hR + Yd')

318 | print(f log(gc) = {b3[0]:.4f}*log(vflat) + {b3[1]:.4f}*xlog(hR)

319 | '+ {b3[2]:.4f}*log(Yd) + {b3[3]:.4f}")

320 | print(f’ SE: {se3[0]:.4f} {se3[1]:.4f}

321 | ' {se3[2]:.4f}")

322 | print(f R™2 = {r2 3:.4f}")

323 | t_yd = abs(b3[2]) / se3[2]

324 | p yd coeff = 2x(1-stats.t.cdf(t yd, df=len(y gc)-4))

325 | print(f p(Yd coeff = 0) = {p yd coeff:. 4f}")

326 |

327 | # Compare with vflat+hR only (same mask)

328 | X m2 = np.column stack([log vflat[mask p1], log hR[mask p1], np.ones(mask p1.sum())])
329 | b2, , , _ = np.linalg. Lstsq(X m2, y gc, rcond=None)

330 | ss2 = np.sum((y_gc - X_m2 @ b2)#%2)

331 | r2.2 =1 - ss2/ss tot

332 | print(f Compare: vflat+hR only R™2 = {r2 2: 4f}")

333 | print(f Delta R"2 from Yd: +{r2 3 - r2 2:.4f}")

334 |

335 | #

336 | # PART 2: gc—free correction (circularity removal)

337 |

338 | print(’¥n’ + ' ="%70)

339 | print(’PART 2: gc-free correction (gc -> a0)’)

340 | print(’="%70)

341 |

342 | # Compare distributions

343 | valid ¢ = np.isfinite(log corr gc) & np.isfinite(log corr ad)

344 | print(f ¥n [2a] Correction distributions (N={np.sum(valid ¢)}):")

345 | print(f With gc: median = {np.nanmedian(np.array([r["corr gc”] for r in results])[valid c]):.4f}")
346 | print(f With a0: median = {np.nanmedian(np.array([r[”corr a0”] for r in results])[valid c]):.4f}")
347 |

348 | # Correlation between two corrections

349 | rho cc, p cc = stats.spearmanr(log corr gc[valid c], log corr a@[valid c])

350 | print(f'¥n [2b] corr gc vs corr ad: rho = {rho cc:.4f}, p = {p cc:.2e}’)

351 |

352 | # corr a0 vs gc (should be LESS correlated than corr gc vs gc if circularity matters)
353 | mask cg = np.isfinite(log corr gc) & np.isfinite(log gc)

354 | rho cg gc, p cg gc = stats.spearmanr(log corr gc[mask cgl, log gc[mask cgl)

355 | mask ca = np.isfinite(log corr ad) & np.isfinite(log gc)

356 | rho ca gc, p ca gc = stats.spearmanr(log corr aO[mask cal, log gc[mask cal)

357 | print(f'¥n [2c] Circularity check:’)

358 | print(f corr gc vs gc: rho = {rho cg gc:.4f}, p = {p cg gc:.2e} (circular)’)
359 | print(f corr ab vs gc: rho = {rho ca gc:.4f}, p = {p ca gc:.2e} (gc-free)’)
360 |

361 | # Multivariate with gc-free correction

362 | mask 2m = (np.isfinite(log gc) & np.isfinite(log vflat) &

363 | np. isfinite(log hR) & np.isfinite(log corr al))

364 |

365 | print(f'¥n [2d] Multivariate with gc—free correction (N={np.sum(mask 2m)})")
366 |

367 | y2 = log gc[mask 2m]

368 | ss tot2 = np.sum((y2 - y2.mean())#**2)

369 |

370 | # Without correction

371 | X_nc = np.column_stack([log vflat[mask 2m], log hR[mask_2m], np.ones(mask 2m.sum())])
372 | b.nc, , , _ = np.linalg. lstsq(X nc, y2, rcond=None)

373 | r2.nc =1 - np.sum((y2 - X nc @ b nc)%x2)/ss tot2

374 | mse nc = np.sum((y2 - X nc @ b nc)*x2) / (len(y2)-3)

375 | se nc = np.sqrt(np.diag(mse nc * np. linalg. inv(X nc.T @ X nc)))

376 |

377 | print(f G1: vflat+hR: R"2 = {r2 nc:.4f}’")

378 | print(f vflat™{b nc[0]:.3f}+/-{se nc[0]:.3f}, hR™{b nc[1]:.3f}+/-{se nc[1]:.3f}")
379 |

380 | # With corr gc (circular)

381 | X cg = np.column stack([log vflat[mask 2m], log hR[mask 2m],

382 | log corr gc[mask 2m], np.ones(mask 2m.sum())])

383 | b.cg, , , _ =np.linalg. lstsa(X_cg, y2, rcond=None)

384 | r2 cg=1-np.sum((y2 - X cg @ b cg)*%2)/ss tot2

385 | mse cg = np.sum((y2 - X cg @ b cg)*x2) / (len(y2)-4)

386 | se cg = np.sqrt(np.diag(mse cg * np. linalg. inv(X cg.T @ X cg)))

387 | t cg = abs(b cg[2]) / se cg[2]

388 | p cg = 2«(1-stats. t.cdf(t cg, df=len(y2)-4))

389 |

390 | print(f ¥n G2: vflatthR+corr gc (circular): R"2 = {r2 cg:.4f}")

391 | print(f vflat™{b cg[0]:.3f}, hR"{b cg[1]:.3f}, corr gc”{b cg[2]:.3f}+/-{se cg[2]:.3f}")
392 | print(f p(corr_gc=0) = {p_cg:.4f}’")

393 |

394 | # With corr a@ (gc-free)

395 | X ca = np.column stack([log vflat[mask 2m], log hR[mask 2m]

396 | log corr a@[mask 2m], np.ones(mask 2m. sum())]1)

397 | bca, , , =np. linalg. lstsq(X ca, y2, rcond=None)
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r2 ca=1-np.sum((y2 - X ca @ b ca)**2)/ss tot2

mse ca = np.sum((y2 - X ca @ b ca)*x2) / (len(y2)-4)

se ca = np.sqrt(np.diag(mse ca * np. linalg. inv(X ca.T @ X ca)))
t_ca = abs(b_ca[2]) / se ca[2]

p ca = 2«(1-stats. t.cdf(t_ca, df=len(y2)-4))

print(f' ¥n G3: vflatthR+corr ad (gc-free): R°2 = {r2 ca:.4f}")

print(f vflat™{b ca[0]:.3f}+/-{se ca[0]:.3f}, hR™{b ca[1]:.3f}+/-{se ca[1]:.3f},
f'corr_a0~{b_ca[2]:.3f}+/-{se_ca[2]:.3f}")
print(f p(corr_a0d=0) = {p ca:.4f}’)

# hR partial with gc-free correction controlled

X ctrl2 = np.column stack([log vflat[mask 2m], log corr a@[mask 2m],
np. ones (mask_2m. sum())])

b gc2 = np. linalg. Lstsq(X ctrl2, y2, rcond=None)[0]

res gc2 = y2 - X ctrl2 @ b gc2

y hR2 = log hR[mask 2m]

b hR2 = np. linalg. Lstsq(X ctrl2, y hR2, rcond=None)[0]

res hR2 = y hR2 - X ctrl2 @ b_hR2

rho hR a0, p hR a@ = stats.spearmanr(res gc2, res hR2)

# Original partial (same mask)

X ctrlOb = np.column stack([log vflat[mask 2m], np.ones(mask 2m, sum())])
b gcOb = np. Linalg. Lstsq(X ctrlOb, y2, rcond=None)[0]

res gcOb = y2 - X ctrlOb @ b gcOb

b hROb = np. Linalg. Lstsq(X ctrl@b, y hR2, rcond=None)[0]

res hROb =y hR2 - X ctrl@b @ b hROb

rho hR Ob, p hR Ob = stats,spearmanr(res gcOb, res hROb)

print(f'¥n [2e] hR partial correlations:’)

print(f’ gc vs hR | vflat: rho = {rho_hR 0b:.4f}")
print(f gc vs hR | (vflat, corr gc): rho = (from Layer2: -0.227)")
print(f’ gc vs hR | (vflat, corr a0): rho = {rho hR a0:.4f}, p = {p _hR a0:.4e}")

red a0 = (1 - abs(rho hR a0)/abs(rho hR 0b))*100 if abs(rho hR 0b)>0 else 0
print(f Reduction (gc-free correction): {red a0:.1f}%’ )

i
# PART 3: Full 4-variable model
i
print(’¥n’ + =" x70)

print(" PART 3: Full model comparison’)
print (" =" x70)

mask all = (np.isfinite(log gc) & np.isfinite(log vflat) & np.isfinite(log hR)
& np.isfinite(log Yd) & np.isfinite(log corr af))

y all = log gc[mask all]
ss all = np.sum((y all - y all.mean())*x2)

models = {}

M1: vflat + hR

1 = np.column_stack([log vflat[mask all], log hR[mask all], np.ones(mask all.sum())])
1 = np. Linalg. Lstsq(X 1, y all, rcond=None)[0]

r2ml =1 - np.sum((y all - X 1 @ b_1)%x2)/ss all

models[’ vflat+hR’] = {"r2": r2 ml, "k’ : 2, "beta’: b 1}

# M2: vflat + hR + Yd

X 2 = np.column_stack([log vflat[mask all], log hR[mask all], log Yd[mask alll],
np. ones(mask all.sum())])

b 2 = np. linalg. Lstsq(X 2, y all, rcond=None)[0]

r2m2=1-np.sum((y all - X 2 @ b 2)*x2)/ss all

mse m2 = np.sum((y all - X 2 @ b 2)*x2) / (len(y all)-4)

se m2 = np.sqrt(np.diag(mse m2 * np. linalg. inv(X 2.T @ X 2)))

models[’ vflat+hR+Yd" ] = {"r2": r2 m2, 'k’ : 3, 'beta’: b 2, 'se’: se m2}

# M3: vflat + hR + corr_ad

X 3 = np.column stack([log vflat[mask all], log hR[mask all], log corr a@[mask all],
np. ones(mask_all.sum())])

b 3 = np. linalg. Lstsq(X 3, y all, rcond=None)[0]

r2m3 =1 - np.sum((y all - X 3 @ b 3)*%2)/ss all

mse m3 = np.sum((y all - X 3 @ b 3)*x2) / (len(y all)-4)

se m3 = np.sqrt(np.diag(mse m3 * np. Linalg.inv(X 3.T @ X 3)))

mode ls[’ vflat+hR+corr a0’ ] = {"r2’: r2 m3, 'k’: 3, "beta’: b 3, "se’: se m3}

# M4: vflat + hR + Yd + corr_al

X 4 = np.column_stack([log vflat[mask all], log hR[mask all], log Yd[mask all],
log corr al[mask all], np.ones(mask all.sum())])

b 4 = np. linalg. Lstsq(X 4, y all, rcond=None)[0]

r2m4 =1 - np.sum((y all - X 4 @ b 4)*%2)/ss all

mse m4 = np.sum((y all - X 4 @ b 4)*x2) / (len(y all)-5)

se m4 = np.sqrt(np.diag(mse m4 * np. Linalg. inv(X 4.T @ X 4)))

models[’ vflat+hRtYd+corr a0’] = {"r2': r2 m4, 'k’ : 4, "beta’ : b 4, 'se’: se m4}

n all = mask all.sum()

print(f'¥n N = {n all}’)

print(f ¥n {"Model”:<28s} | {"R"2”:>6s} | {"AIC":>8s} | k')
print(" ' + ’-"%55)
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for name, m in models. items():
k =ml"k']
r2=ml’r2"]
ss r = (1-r2) * ss all
aic = n all * np. log(ss r/n all) + 2%(k+1)
m[’aic’] = aic
print(f  {name:<28s} | {r2:>6.4f} | {aic:>8.1f} | {k}")

aic_base = models[’ vflat+hR’ 1["aic’ ]
print(f'¥n dAIC vs baseline (vflat+hR):")
for name, m in models. items():
print(f {name:<28s}: dAIC = {m[”aic”]-aic base:>+7.1f}")

print(f’¥n Full model (M4) coefficients:”)

print(f vflat:  {b 4[0]:.4f} +/- {se m4[0]:.4f}")
print(f’ hR: {b 4[1]:.4f} +/- {se m4[1]:.4f}")
print(f’ Yd: {b _4[2]:.4f} +/- {se m4[2]:.4f}")
print(f’ corr a0: {b 4[3]:.4f} +/- {se m4[3]:.4f}")

# Final partial: hR after everything
X fin = np.column_stack([log vflat[mask all], log Yd[mask all],
log corr_a@[mask all], np.ones(mask all.sum())])
b fin gc = np. linalg. Lstsq(X fin, y all, rcond=None)[0]
res fin.gc =y all - X fin @b fin gc
y hR all = log hR[mask all]
b fin hR = np. linalg. Lstsq(X fin, y hR all, rcond=None)[0]
res fin hR = y hR all - X fin @ b_fin hR
rho fin, p fin = stats.spearmanr(res fin gc, res fin hR)

print(f ¥n [Final] gc vs hR | (vflat, Yd, corr a0):’)

print(f’ rho = {rho fin:.4f}, p = {p fin:.4e}")

print(f Original (] vflat only): rho = {rho hR orig:.4f} )

total red = (1 - abs(rho fin)/abs(rho hR orig))*100 if abs(rho hR orig)>0 else 0
print(f Total reduction: {total red:.1f}%")

i
#f Figures
it
print(’¥n[3] Generating figures...’)

fig, axes = plt.subplots(2, 3, figsize=(17, 11))

#1:Yd vs bR

ax = axes[0, 0]

m = np.isfinite(log Yd) & np.isfinite(log hR)

ax.scatter(log hR[m], log Yd[m], s=12, alpha=0.5, c="steelblue’, edgecolors="none’)
xf = np. linspace(log hR[m].min(), log hR[m].max(), 100)

ax.plot(xf, sl yh*xf + int yh, "r=", lw=2, label=f" rho={rho Yd hR:,3f}, p={p Yd hR:.le}")
ax.set xlabel(’ log(hR / kpc)’)

ax.set ylabel(’ log(Yd)’)

ax.set_title("1: Yd vs hR correlation’)

ax. legend(fontsize=8)

ax.grid(True, alpha=0.3)

>
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# 2: corr _gc vs corr_a

ax = axes[0, 1]

vc = np.isfinite(log corr gc) & np.isfinite(log corr a0)

ax.scatter(log corr _a@[vc], log corr gclvc], s=12, alpha=0.5, c="darkorange’, edgecolors="none’)

Lim = [min(log corr a@[vc].min(), log corr gclvcl.min()),
max(log corr al[vc].max(), Llog corr gc[vc].max())]

.plot(lim, Llim, "k==", lw=1, label="1:1")

.set xlabel(’ log(corr a@) [gc-free]’)

.set_ylabel(’ log(corr_gc) [circular]’)

.set title(f’2: Two corrections (rho={rho cc:.3f})")

. legend(fontsize=8)

.grid(True, alpha=0.3)

>
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# 3: corr_al vs gc (should be weaker)

ax = axes[0, 2]

ax.scatter(log corr _a@[mask cal, log gc[mask cal, s=12, alpha=0.5, c="green’, edgecolors="none’)
ax.set xlabel(’ log(corr a0) [gc-free]’)

ax.set_ylabel(’ log(gc/a0)’)

ax.set title(f’3: corr_a@ vs gc (rho={rho ca gc:.3f})")

ax.grid(True, alpha=0.3)

# 4: R°2 comparison
ax = axes[1, 0]
names = Llist(models.keys())
r2s = [models[n][’ r2’] for n in names]
cols = ['steelblue’, 'darkorange’, 'green’, 'red ]
ax. bar (range(len(names)), r2s, color=cols[:len(names)], alpha=0.7,
edgecolor="black’, linewidth=0.5)
ax.set xticks(range(len(names)))
ax.set xticklabels([n.replace(’+, +¥n’) for n in names], fontsize=7)
ax.set ylabel("R™2")
ax.set title(’4: Model comparison’)
for i,v in enumerate(r2s):
ax. text(i, v+0.01, f {v:.3f}’, ha="center’, fontsize=8)
ax.grid(True, alpha=0.3, axis="y’)

3

> X
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|
575 | # 5: hR partial correlation progression
576 | ax = axes[1, 1]
577 | stages = ['| vflat’, '| vflat,Yd", '| vflat,corr a0’, ’| vflat,Yd, corr a0’ ]
578 | rhos = [rho hR orig, rho hR Yd, rho hR a@, rho fin]
579 | barcolors = ['steelblue’, ’darkorange’, ’green’, ’red’]
580 | ax.bar(range(len(stages)), [abs(r) for r in rhos], color=barcolors, alpha=0.7,
581 | edgecolor="black’, Llinewidth=0.5)
582 | ax.set xticks(range(len(stages)))
583 | ax.set xticklabels(stages, fontsize=7, rotation=15)
584 | ax.set ylabel(’ |rho| (hR partial)’)
585 | ax.set title(’5: hR partial reduction’)
586 | for i,v in enumerate(rhos):
587 | ax. text(i, abs(v)+0.01, f {v:.3f}’, ha="center’, fontsize=8)
588 | ax.axhline(0.1, color="grey’, ls=":", label="negligible threshold")
589 | ax. legend(fontsize=7)
590 | ax.grid(True, alpha=0.3, axis="y’)
591 |
592 | # 6: Residual from full model
593 | ax = axes[1, 2]
594 | resid full =y all -X4@b 4
595 | ax.hist(resid full, bins=25, color="purple’, alpha=0.7, edgecolor="white’)
596 | ax.axvline(0, color="red, Lls='--")
597 | ax.set xlabel(’Residual [dex]’)
598 | ax.set ylabel(’ Count’)
599 | ax.set title(f'6: Full model residual (sigma={np.std(resid full):.3f})")
600
601 | fig.suptitle(f N-1 Layer 2b: Circularity + Yd check (N={N})’, fontsize=14, y=1.01)
602 | fig.tight layout()
603 | fig.savefig(os.path. join(BASE, ’fig N1 _layer2b.png’), dpi=150)
604 | print(" -> fig N1 _layer2b.png’)
605 |
606 | #
607 | # Save CSV
608 | #
609 | outcsv = os.path. join(BASE, N1 _layer2b results.csv’)
610 | cols out = ["galaxy’,’gc a0’,’ log gc’,’ vflat’,’Yd’,” log Yd’,  hR kpc’,’ log hR’,
611 | " log vflat’,” log GSO',  corr gc’,” log corr gc’, corr ad’,’ log corr a0’ ]
612 | with open(outcsv, 'w', encoding="utf-8") as f:
613 | f.write(’,”.join(cols out)+ ¥n’)
614 | for r in results:
615 | f.write(’,” . join(str(r.get(c,””)) for ¢ in cols out)+ ¥n’)
616 | print(f -> {outcsv}’)
617 |
618 | t
619 | # Final Verdict
620 | #
621 | print("¥n’ + ' ="%70)
622 | print(’ FINAL VERDICT')
623 | print(’="%70)
624 |
625 | print(f'¥n PART 1: Yd-hR correlation’)
626 | if abs(rho_Yd hR) > 0.3 and p_Yd_hR < 0.01:
627 | print(f >>> Yd and hR ARE correlated (rho={rho Yd hR:.3f})")
628 | print(f >>> hR partial may partly reflect Yd variation’)
629 | else:
630 | print(f >>> Yd and hR are NOT strongly correlated (rho={rho Yd hR:,3f})")
631 | print(f >>> hR effect is INDEPENDENT of Yd’)
632 |
633 | print(f'¥n PART 2: Circularity’)
634 | print(f corr gc vs gc: rho = {rho cg gc:.3f} (circular)’)
635 | print(f corr_ab vs gc: rho = {rho ca gc:.3f} (gc-free)’)
636 | if abs(rho ca gc) < abs(rho cg gc) * 0.5:
637 | print(f >>> Layer 2 R"2 boost was LARGELY circular’)
638 | elif abs(rho_ca gc) < abs(rho_cg gc) * 0.8:
639 | print(f >>> Layer 2 R"2 boost was PARTIALLY circular’)
640 | else:
641 | print(f >>> Layer 2 R"2 boost was GENUINE (not circular)’)
642 |
643 | print(f ¥n PART 3: hR partial after all controls’)
644 | print(f Original: rho = {rho hR orig:,4f}")
645 | print(f Final: rho = {rho fin:.4f}")
646 | print(f Reduction: {total red:.1f}% )
647 | if abs(rho_fin) < 0.1:
648 | print(f >>> hR effect FULLY EXPLAINED by Yd + transition’)
649 | elif abs(rho fin) < 0.2:
650 | print(f >>> hR effect MOSTLY explained ({total red:.0f}%)")
651 | else:
652 | print(f >>> hR effect PARTIALLY explained ({total red:.0f}%), residual remains’)
653 |
654 | print(’¥n[DONE]")
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7274I% sparc N1 layer3.py
T8 659
MREEID N-1 Layer 3

T E R

KB )+ K(5) DEIIHND gc ~ Sigma bar HNFRINBDICge vs Sigma bar
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layer3 fix.py,

FETAL
[*] Test 1: BTFR¥%RZ = vflat™4/(G#M bar) vs hR
[*] Test 2: gc vs Sigma bar (V-12RDHEFEER)
[*] Test 4: vflat™4 vs M bar (BTFREXILEE)
[*] Test 5: c fit (#XE&=8) vs gc

E
Test 1: BTFREEZ vs hR rho=-0.168 (85\\) , Test 4: BTFR slope=1.095, p(1.0)=0.262 (BXIL) . Test 3 (X/NT D=
layer3 fix.py THZE1T.

HAT7714)L

fig N1 layer3.png, N1 layer3 results.csv

29U ThEX

# —%- coding: utf-8 —%—

99991

N-1 Layer 3: U(e;c)n b8 — BIREEHEXORBBIFREOREE

HK(5') + X(5) DFEIH,S gc = ] X 2z X a¥* X 6 X T _bar A"FHIN D,
LAL V-124T gc vs = bar (& R*°=0.016, COFEDREHET %,

F A M1: BTFREEZ = vflat[X]/(GXM bar direct) vs hR
— BTFRIChRIREF A D % 1

F A N2: gc vs M bar/hR* (= = bar) OEEER
— KEBFE gc o< I _bar OFEREER

WN = ©oo~No o~ wN =

14 | 72 K3: 7 eff =gc / (nX* X al}] X vflat®/mR) DOEEHE
15 —= np'Z barikEMERSHEBZL TS

17 | &R M4: BTFRERIZFE —- vflat[X vs gcXGXM bar DEEMR
18 | — BIFREH&FEHNEDRRERILTWSH

20 | 7R N5: U(e;c) DBAZE U (& _eq;c) &gcDBIR

21| - c ZRRAG)NSEHEL, U LochiEBERR

22 |

23 | 24F: uv run --with scipy —-with matplotlib python sparc N1 layer3.py
24 |

25 | EF&: RO B (OROKYIERT)

26 | Bff: 2026548

271"

28 | import os, sys, glob, warnings

29 | import numpy as np

30 | from scipy import stats

31|

32 | import matplotlib

33 | matplotlib.use(’Agg’)

34 | import matplotlib.pyplot as plt

35 | from matplotlib import font manager as fm

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

37 | " /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
38 | r’ C:¥Windows¥Fonts¥msgothic, ttc’ ]:

39 | try: _fm. fontManager. addfont(_ fp)

40 | except: pass

41 | for fontname in [’ IPAGothic’, 'MS Gothic’, ’DejaVu Sans’]:

42 | try:

43 | plt. rcParams[’ font. family’ ] = fontname

44 | break

45 | except: continue
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plt.rcParams[’ axes.unicode minus’] = False
warnings. filterwarnings(’ ignore’)

al =1.2e-10

G SI = 6.674e-11

kpc. m = 3.0857e19

Msun = 1.989e30

pcm = 3.0857e16

BASE = os.path.dirname(os. path. abspath(_ file ))

ROTMOD = os. path, join(BASE, ’'Rotmod LTG’)

PHASE1 = os.path. join(BASE, ’phasel’, ’sparc results.csv’)
TA3 = os.path. join(BASE, ’TA3 gc_independent.csv’)

for p, label in [(ROTMOD,’ Rotmod LTG"), (PHASET, sparc results.csv’),

i

(TA3,’ TA3 gc_independent.csv’)]:
if not os.path.exists(p):
print (f' [ERROR] {label} not found: {p}’); sys.exit(1)

# Loaders

i

def load csv(path):

de

de

de

i

=Y

-

-

with open(path, 'r’, encoding="utf-8-sig’) as f:
header = f.readline().strip()
sep =',” if’,” in header else None
data = {}
with open(path, 'r’, encoding="utf-8-sig’) as f
cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
rows = []
for line in f:
line = Lline.strip()
if not line: continue
rows. append([p. strip() for p in line.split(sep)])
for i, col in enumerate(cols):
vals = []
for row in rows:
if i < len(row):
try: vals. append(float(row[i]))
except: vals.append(row[i])
else: vals.append(np.nan)
data[col] = vals
return data

find name col(data):

for ¢ in ["galaxy’,’ Galaxy’,’ name’,’ Name’,’ GALAXY’ ]:
if ¢ in data: return c

for k,v in data.items():
if isinstance(v[0], str): return k

return List(data.keys())[0]

get key(info, candidates, default=None):
for ¢ in candidates:
if ¢ in info:
try: return float(infolc])
except: return infol[c]
return default

load rotmod(filepath):
cols = [[] for _ in range(8)]
with open(filepath, 'r’) as f:
for line in f:
line = Lline.strip()
if not line or line.startswith("# ): continue
parts = Lline.split()
if len(parts) < 6: continue
try:
for j in range(min(len(parts),8)):
cols[j].append(float(parts[j]))
for j in range(len(parts),8):
cols[j].append(0.0)
except ValueError: continue
return tuple(np.array(c) for ¢ in cols)

# UCe;c) functions

i

def U(eps, ¢):

de

—+

"""U(eic) = - - €2/2 - ckln(1-€)7"”
if eps >= 1.0 or eps < 0:
return np.nan
return -eps - eps¥*2/2.0 - ¢ * np. log(1.0 - eps)

U prime(eps, c):
PP (gge) = -1 - & +c¢/(1-e)””
if eps >= 1.0:
return np.nan
return -1.0 - eps + ¢/(1.0 - eps)



def U double prime(eps, c):
" (gye) = -1 4+ ¢/(1-)2"”
if eps >=1.0:
return np.nan
return =1.0 + ¢ / (1.0 - eps)**2

de

-

epsilon eq(x, c):

""" e eq(x,c) = (-x + sart((x+2)* - 4c)) / 2"

disc = (x + 2.0)%x2 - 4,0%c
if disc < 0:
return np.nan
return (-x + np.sqrt(disc)) / 2.0

i

# Load data
it

print("[1] Loading data...’)
phasel = load csv(PHASE1)

ta3 = load csv(TA3)

pl nc = find name col(phasel)
ta3 nc = find name col(ta3)

galaxy info = {}
for i, name in enumerate(phasel[p1 nc]):
name = str(name).strip()
info = {}
for k in phasel:
if k == pl_nc: continue

try: info[k] = float(phasel[k]1[i])

except: info[k] = phasel[k][i]
galaxy info[name] = info

for i, name in enumerate(ta3[ta3 nc]):
name = str(name).strip()
if name in galaxy info:
for k in ta3:
if k == ta3 nc: continue
try: galaxy info[name][k] = float(ta3[k][i])
except: galaxy info[name][k] = ta3[k][i]
i
# Process
i

print(’[2] Processing galaxies... )
results = []

rotmod files = sorted(glob.glob(os.path, join(ROTMOD, ’*,dat’)))

for fpath in rotmod files:

gname = os. path. splitext(os.path.basename(fpath))[0]. replace(’ rotmod’,””).strip()

info = None

for key in [gname, gname.upper(), gname. lower()]:

if key in galaxy info:

info = galaxy info[key]; break

if info is None: continue

ud = get key(info, ["upsilon d’,’Upsilon d’,’Ud", ud",’Yd' ])

gc_ald = get key(info, ["gc over a0’,’ gc/ad’,’ gc ratio’])
vflat = get key(info, [’vflat’,’Vflat’,’v flat’])

# T-type for ¢ fit calculation

ttype = get key(info, ['T",’t type’,’ T type’, ttype’])

# Stellar mass

log mstar = get key(info, [’ log Mstar’,’ logMstar’,’ log Mx’])

# Surface brightness

log sb = get key(info, [’ log SBdisk’,’ logSBdisk’,’ SBdisk’])

if ud is None or gc_a@ is None or vflat is None: continue
if np.isnan(ud) or np.isnan(gc a@) or gc a0<=0 or vflat<=0 or ud<=0: continue

try:

rad, vobs, errv, vgas, vdisk, vbul, sbdisk, sbbul = load rotmod(fpath)

except: continue
if len(rad) < 3: continue

vds = np.sqrt(max(ud, 0.01)) * np.abs(vdisk)

rpk_idx = np.argmax(vds)
rpk = rad[rpk_idx]

if rpk < 0.01 or rpk >= rad.max()*0.9: continue

hR_kpc = rpk / 2.15
hR'm = hR kpc * kpc m

vflat ms = vflat * 1e3
gc_si = gc al * al
GSO proxy = vflat ms**2 / hR m

#f M_bar direct (BT formula, gc-independent)

vdisk peak ms = np.max(np.sqrt(max(ud, 0.01)) * np.abs(vdisk)) * 1e3

M disk = 2.0 % vdisk peak ms**¥2 % hR m / (0.56 * G SI)
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vgas peak ms = np.max(np.abs(vgas)) * 1e3

M gas = 2.0 * vgas peak ms¥x2 x hR m / (0.56 * G SI) if vgas peak ms > 0 else 0
M _bar direct = M disk + M_gas

M _bar sun = M bar direct / Msun

#f Sigma bar direct
Sigma bar = M disk / (2 * np.pi * hR mxk2) f kg/m"2
G Sigma bar = G SI * Sigma bar

#f -—— Test 1: BTFR residual -—-
#f BTFR: vflat™4 = gc * G * M _bar
#f Residual: R BTFR = vflat™4 / (G * M_bar_direct)
#f If BTFR is exact, R BTFR = gc
if M bar direct > 0:
R BTFR = vflat ms¥x4 / (G SI * M bar direct)
log R BTFR = np. log10(R BTFR / a0)
else:
R BTFR = np.nan
log R BTFR = np.nan

# BTFR ratio: should be gc if BTFR exact
btfr_ratio = R BTFR / gc_si if gc_si > 0 and np. isfinite(R BTFR) else np.nan

# —— Test 3: 7 residual —

#f From proxy: gc = n® X aX X vflat®/hR

# So n* =gc/ (a X vflat’/hR) = gc / (al{ X GSO_proxy)

eta sq = gc si / (ab * GSO proxy) if GSO proxy > 0 else np.nan

log eta sq = np. log10(eta sq) if np.isfinite(eta sq) and eta sq > 0 else np.nan

#f -—— Test 5: ¢ fit from empirical formula (8) ---

# log c_fit = -0.894 + 0.278xlog(M*/1079 Msun) - 0.046%T + 0.153*Log(SBdisk)
c fit = np.nan

eps_eq_val = np.nan

U pp = np.nan

if (log mstar is not None and ttype is not None and log sb is not None
and not np. isnan(log mstar) and not np.isnan(ttype) and not np.isnan(log sb)):
# log mstar in SPARC is log10(Mx/Msun), need log10(M/10°9 Msun) = log mstar - 9
log m9 = log mstar - 9.0
log ¢ fit = -0.894 + 0.278xlog m9 - 0.046%ttype + 0.153*log sb
c fit = 10%xlog ¢ fit

# Compute & eq at x = g N/gc = 0.5 (typical transition)
# Use x=0.5 as representative
x rep = 0.5
if 0 <c fit<10:
eps eq val = epsilon eq(x rep, min(c fit, 0.999))
if np.isfinite(eps eq val) and 0 < eps eq val < 1:
U pp = U double prime(eps eq val, min(c fit, 0.999))

results. append ({

"galaxy’ : gname

"gc al’ : gc_ a0,

" log gc’ : np. log10(gc_abd),

Tvflat’: vflat,

"Yd : ud,

" log Yd: np. Log10(ud),

"hR_kpc’ : hR_kpc,

" log hR’ : np. Log10(hR kpc),

" log vflat’: np. log10(vflat),

"GSO proxy’ : GSO proxy.

" log GSO’ : np. Log10(GSO proxy/a0),

"M _bar_sun’: M bar sun,

" log Mbar’ : np. Log10(M bar sun) if M _bar sun > 0 else np.nan

"G Sigma bar’: G Sigma bar,

" log GShar’ : np. Log10(G Sigma bar/a0) if G Sigma bar > 0 else np.nan
"R BTFR’ : R BTFR,

"log R BTFR’:  log R BTFR,

"btfr_ratio’:  btfr_ratio

" log btfr ratio’: np.log10(btfr ratio) if np.isfinite(btfr ratio) and btfr ratio > 0 else np.nan
"eta sq’ : eta sq

"log eta sq’:  log eta sq

" ttype’ : ttype if ttype is not None else np.nan,

" log mstar’ : log mstar if log mstar is not None else np.nan

" log sb’: log sb if log sb is not None else np.nan

T fit’: c fit,

"log ¢ fit': np. log10(c_fit) if np.isfinite(c fit) and ¢ fit > 0 else np.nan,
"eps_eq’ : eps_eq val

"Upp’: U_pp,

i3]

= len(results)

print(f’ Processed: {N} galaxies’)
if N<10:

#
#

print(’ [ERROR] Too few.”); sys.exit(1)

Arrays



310

| #
311 | log gc = np.array([r[’ log gc’] for r in results])
312 | log hR = np.array([r[’ log hR’] for r in results])
313 | log vflat = np.array([r[’ log vflat’] for r in results])
314 | log GSO = np.array([r[’ log GS@’ ] for r in results])
315 | log Mbar = np.array([r[’ log Mbar’] for r in results])
316 | log GShar = np.array([r[’ log GShar’] for r in results])
317 | log R BTFR = np.array([r[’ log R BTFR’] for r in results])
318 | log btfr r = np.array([r[’ log btfr ratio’] for r in results])
319 | log eta sq = np.array([r[’ log eta sq’] for r in results])
320 | log Yd = np.array([r[’ log Yd'] for r in results])
321 | log c fit = np.array([r[’ log c fit’] for r in results])
322 | U pp arr = np.array([r[’U pp’] for r in results])
323 | ¢ fit arr = np.array([r[’c fit’] for r in results])
324 |
325 | #
326 | ft Test 1: BTFR residual vs hR
327 | #
328 | print("¥n’ + ’="%70)
329 | print(’ TEST 1: BTFR residual vs hR’)
330 | print(’="%70)
331 |
332 | maskl = np.isfinite(log btfr r) & np.isfinite(log hR)
333 | print(f"¥n N = {np.sum(mask1)}")
334 |
335 | # BTFR ratio distribution
336 | br = np.array([r[’btfr ratio’] for r in results])
337 | br valid = br[np. isfinite(br) & (br > 0)]
338 | print(f" BTFR ratio = vflat™4/(G«M bar direct*gc):’)
339 | print(f median = {np.nanmedian(br valid):.2f}")
340 | print(f I0R = [{np.nanpercentile(br valid, 25):.2f}, {np.nanpercentile(br valid,75):.2f}]")
341 | print(f (should be “1.0 if BTFR exact with M bar direct)’)
342 |
343 | f BTFR residual vs hR
344 | rho br hR, p br hR = stats. spearmanr(log btfr r[mask1], log hR[mask1])
345 | sl br, int_br, r br, _, se br = stats. linregress(log hR[mask1], log btfr_ r[mask1])
346 | print(f'¥n Llog(BTFR ratio) vs log(hR):")
347 | print(f Spearman rho = {rho br hR:,4f}, p = {p br hR:.2e}")
348 | print(f slope = {sl br:.3f} +/- {se br:.3f}, R"2 = {r brk«2: 3f}")
349 |
350 | # Also check: does R BTFR predict gc?
351 | masklb = np.isfinite(log R BTFR) & np. isfinite(log gc)
352 | sl rb, int rb, r rb, , se rb = stats.linregress(log R BTFR[maskib], log gc[maskib])
353 | rho rb, p rb = stats.spearmanr(log R BTFR[mask1b], log gc[mask1b])
354 | print(f ¥n log(R BTFR/a0) vs log(gc/a0):")
355 | print(f slope = {sl rb:.3f} +/- {se rb:.3f}, R"2 = {r_rb*x2: 3f}")
356 | print(f’ Spearman rho = {rho rb:.4f}")
357 | print(f (should be slope=1, R"2=1 if BTFR exact)’)
358 |
359 | #
360 | # Test 2: gc vs = bar (re-confirm V-12k)
361 |
362 | print(’¥n’ + ' ="%70)
363 | print(’ TEST 2: gc vs Sigma bar (re-confirmation)’)
364 | print(’="%70)
365 |
366 | mask2 = np.isfinite(log GSbar) & np.isfinite(log gc)
367 | sl2, int2, r2, , se2 = stats. linregress(log GSbhar[mask2], log gc[mask2])
368 | rho2, p2 = stats spearmanr (log GSbar[mask2], log gc[mask2])
369 | print(f' ¥n = {np. sum(mask2)}")
370 | print(f slope = {sl2:.4f} +/- {se2:.4f}, R"2 = {r2%x2:.4f}")
371 | print(f* Spearman rho = {rho2:.4f}, p = {p2:.2¢}")
372 | print(f* (V-12& reported: slope=0.080, R"2=0.016)")
373 |
374 |
375 | # Test 3: 7 residual structure
376 |
377 | print(¥n’ +’="%70)
378 | print(" TEST 3: eta residual structure’)
379 | print(’="%70)
380 |
381 | mask3 = np. |sf|n|te(log eta sq)
382 | print(f'¥n = {np. sum(mask3)}’)
383 | print(f log(eta"Z) distribution:’)
384 | print(f median = {np.nanmedian(log eta sq[mask3]):.4f}")
385 | print(f std = {np.nanstd(log eta sq[mask3]):.4f} dex’)
386 | print(f eta = 10" (median/2) = {10#*(np.nanmedian(log eta sq[mask3])/2):.4f}")
387 |
388 | # Does n correlate with = bar? If so, n cancels the = bar dependence
389 | mask3s = np.isfinite(log eta sq) & np.isfinite(log GSbar)
390 | rho eta S, p eta S = stats.spearmanr(log eta sq[mask3s], log GSbar[mask3s])
391 | sl eS, int eS, r eS, , se eS = stats. linregress(log GSbar[mask3s], log eta sq[mask3s])
392 | print(f' ¥n log(eta”2) vs log(GxSigma bar/a0):")
393 | print(f Spearman rho = {rho eta S:.4f}, p = {p eta S:.2e}’)
394 | print(f slope = {sl eS:.3f} +/- {se eS:.3f}, R"2 = {r eSkx2: 3f}")
395 | print(f If eta cancels Sigma bar: expect slope ~ -1.0")
396 |
397 | # n vs hR
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mask3h = np. isfinite(log eta sq) & np.isfinite(log hR)

rho eta hR, p eta hR = stats.spearmanr(log eta sq[mask3h], log hR[mask3h])
print(f'¥n log(eta™2) vs log(hR):")

print(f’ Spearman rho = {rho eta hR:.4f}, p = {p eta hR:.2e}")

# m vs Yd (known from 5-5: eta ~ Yd"-0.44)

mask3y = np. isfinite(log eta sq) & np.isfinite(log Yd)

rho eta Yd, p eta Yd = stats.spearmanr(log eta sq[mask3y], log Yd[mask3y])

sl eY, int eY, r eY, , se eY = stats. linregress(log Yd[mask3y], log eta sq[mask3y])
print(f'¥n log(eta™2) vs log(Yd):")

print(f’ Spearman rho = {rho eta Yd:.4f}, p = {p eta Yd:.2e}")

print(f’ slope = {sl eY:.3f} +/- {se eY:.3f}")

print(f (5-5 reports eta ~ Yd"-0.44, so expect slope ~ -0.88 for eta™2)’)
i

# Test 4: BTFR quality check

it

print(’¥n’ + =" x70)
print(" TEST 4: BTFR direct check’)
print(’ =" x70)

# vflat™4 vs M bar direct (gc-free)

log vf4 = 4 % log vflat # log(vflat™4)

mask4 = np. isfinite(log vf4) & np.isfinite(log Mbar)

sl4, int4, r4, , sed = stats. linregress(log Mbar[mask4], log vf4[mask4])
rho4, p4 = stats, spearmanr(log Mbar[mask4], log vf4[mask4])

print(f ¥n N = {np.sum(mask4)}’)

print(f" log(vflat™4) vs log(M bar direct):’)

print(f slope = {sl4:.3f} +/- {se4:.3f} (expect 1.0 for BTFR)’)
print(f R°2 = {r4%x2:.3f}")

print(f’ Spearman rho = {rho4:.4f}")

# p(slope=1)

t4 = abs(sl4 - 1.0) / sed

p4s = 2x(1-stats. t.cdf(t4, df=np.sum(mask4)-2))
print(f’ p(slope=1.0) = {pds:.4f}")

# BTFR with hR correction: vflat™4 vs M bar * hR™b

# Multivariate: log(vflat™4) = a%log(M bar) + bxlog(hR) + ¢

maskdm = np. isfinite(log vf4) & np.isfinite(log Mbar) & np.isfinite(log hR)
X4 = np.column_stack([log Mbar[mask4m], log hR[mask4m], np.ones(mask4m.sum())])
y4 = log vf4[mask4m]

b4, , , = np.linalg. Lstsq(X4, y4, rcond=None)

ss4 = np.sum((y4 - X4 @ bd)*x2)

ss4t = np.sum((y4 - y4.mean())**2)

r2 4m = 1 - ss4/ss4t

msedm = ss4 / (len(y4)-3)

sedm = np.sqrt(np.diag(msed4m * np. linalg. inv(X4.T @ X4)))

print(f’¥n Multivariate BTFR: log(vflat™4) = {b4[0]:.3f}*log(M bar) + {b4[1]:.3f}*log(hR)")
print(f SE: {se4m[0]:.3f}, {se4m[1]:.3f}")

print(f’ R™2 = {r2 4m:.3f} (vs univariate {rd4*x2: 3f})")

t_hR4 = abs(b4[1]) / se4n[1]

p hR4 = 2x(1-stats. t.cdf(t hR4, df=len(y4)-3))

print(f p(hR coeff = 0) = {p hR4:.4f}")

print(f -> hR adds to BTFR? {"YES” if p hR4 < 0.05 else "N0”}")
t

#f Test 5: U’ (e eq; c fit) vs gc

i

print("¥n’ + =" x70)
print(" TEST 5: U¥ ¥ (epsilon eq; ¢ fit) vs gc’)
print(’ =" %70)

mask5 = np.isfinite(log ¢ fit) & np.isfinite(log gc) & np.isfinite(U pp arr)
n5 = np. sum(mask5)
print(f"¥n N with valid ¢ fit and U¥' ¥ : {n5}")

if n5 > 10:
#t c fit vs gc
rho cg, p cg = stats.spearmanr(log ¢ fit[mask5], log gc[mask5])
sl cg, int cg, r cg, , se cg = stats. linregress(log ¢ fit[mask5], log gc[mask5])
print(f' ¥n log(c fit) vs log(gc/a0):’")
print(f Spearman rho = {rho cg:.4f}, p = {p _cg:.2}")
print(f slope = {sl cg:.3f} +/- {se cg:.3f}, R"2 = {r cg*x2:.3f}")
print(f (gc = c*al predicts slope=1.0)")
t5 = abs(sl cg - 1.0) / se cg
p5s = 2x(1-stats. t.cdf(t5, df=n5-2))
print(f p(slope=1.0) = {p5s:.4f}")

# U’ vs gc

Log_Upp = np. Log10(np. abs(U_pp_arr[mask5]))

sign Upp = np.sign(U pp arr[mask5])

rho ug, p ug = stats. spearmanr(log Upp, log gc[mask5])

print(f ¥n log|U¥ ¥ | vs log(gc/a0):’)

print(f Spearman rho = {rho ug:.4f}, p = {p_ug:.2}")

print(f U¥¥ > 0 fraction: {np.sum(sign Upp > 0)/len(sign Upp):.1%}")
print(f (U¥'¥ > 0 means stable equilibrium)’)



486

|
487 | #f ¢ fit distribution
488 | cf valid = ¢ fit arr[np.isfinite(c fit arr) & (c fit arr > 0)]
489 | print(f'¥n c¢ fit distribution:’)
490 | print(f median = {np.nanmedian(cf valid):.3f}")
491 | print(f I0R = [{np.nanpercentile(cf valid, 25):.3f}, {np.nanpercentile(cf valid,75):.3f}]1")
492 | print(f fraction ¢ fit > 1: {np.sum(cf valid > 1)/len(cf valid):.1%}")
493 | else:
494 | print("  Too few galaxies with ¢ fit data. Skipping.”)
495 | rho ¢g = r cg = np.nan
496 |
497 |
498 | tt Figures
499 | #
500 | print(’¥n[3] Generating figures...’)
501 | fig, axes = plt.subplots(2, 3, figsize=(17, 11))
502 |
503 | # 1: BTFR ratio distribution
504 | ax = axes[0, 0]
505 | br log = log btfr r[np.isfinite(log btfr r)]
506 | ax.hist(br_log, bins=30, color="steelblue’, alpha=0.7, edgecolor="white’)
507 | ax.axvline(0, color="red’, ls="--", w=2, label="BTFR exact (ratio=1)")
508 | ax.set xlabel(’ log(vflat™4 / (GM barxgc))’)
509 | ax.set ylabel(’ Count’)
510 | ax.set title(’1: BTFR ratio (should be ~0)’)
511 | ax. legend(fontsize=8)
512 |
513 | # 2: BTFR residual vs hR
514 | ax = axes[0, 1]
515 | m = np.isfinite(log btfr r) & np.isfinite(log hR)
516 | ax.scatter(log hR[m], log btfr r[m], s=10, alpha=0.5, c="steelblue’, edgecolors="none’)
517 | xf = np. linspace(log hR[m].min(), log hR[m].max(), 100)
518 | ax.plot(xf, sl brxxf + int br, "r=", lw=2
519 | label=f" rho={rho_br hR:.3f}, slope={sl br:.3f}")
520 | ax.set xlabel(’ log(hR / kpc)”)
521 | ax.set ylabel(’ Log(BTFR ratio)’)
522 | ax.set title(’2: BTFR residual vs hR’)
523 | ax. legend(fontsize=8)
524 | ax.grid(True, alpha=0.3)
525 |
526 | # 3: n* vs = _bar
527 | ax = axes[0, 2]
528 | m3 = np.isfinite(log eta sq) & np.isfinite(log GShar)
529 | ax.scatter(log GShar[m3], log eta sq[m3], s=10, alpha=0.5, c='darkorange’, edgecolors="none’)
530 | xf = np. linspace(log GSbar[m3].min(), log GSbar[m3].max(), 100)
531 | ax.plot(xf, sl eS«xf + int eS, "r-", lw=2
532 | label=f"slope={sl eS:.3f} (cancel=-1.0)")
533 | ax.plot(xf, -1.0%xf + int_eS, "b--", lw=1, label="exact cancellation’)
534 | ax.set xlabel(’ log(G*Sigma bar / a0)’)
535 | ax.set_ylabel(’ log(eta™2)”)
536 | ax.set title(’3: Does eta cancel Sigma bar?’)
537 | ax. legend(fontsize=8)
538 | ax.grid(True, alpha=0.3)
539 |
540 | # 4: BTFR direct
541 | ax = axes[1, 0]
542 | m4 = np.isfinite(log Mbar) & np.isfinite(log vf4)
543 | ax.scatter(log Mbar[m4], log vf4[m4], s=10, alpha=0.5, c="green’, edgecolors="none’)
544 | xf = np. linspace(log Mbar[m4].min(), log Mbar[m4].max(), 100)
545 | ax.plot(xf, sldxxf + int4, 'r-", lw=2, label=f slope={sl4:.3f}, R"2={r4«x2:, 3f}")
546 | ax.plot(xf, 1.0%xf + int4, "b—-", lw=1, label="BTFR: slope=1")
547 | ax.set xlabel(’ log(M bar / M sun) [direct]’)
548 | ax.set ylabel(’ log(vflat™4)")
549 | ax.set title(’4: BTFR quality’)
550 | ax. legend(fontsize=8)
551 | ax.grid(True, alpha=0.3)
552 |
553 | # 5: ¢ fit vs gc
554 | ax = axes[1, 1]
555 | m5 = np.isfinite(log ¢ fit) & np.isfinite(log gc)
556 | if np.sum(mb) > 5:
557 | ax.scatter(log ¢ fit[m5], log gc[mb], s=10, alpha=0.5, c="purple’, edgecolors="none’)
558 | xf = np. linspace(log ¢ fit[m5].min(), log ¢ fit[m5].max(), 100)
559 | if np.isfinite(r cg):
560 | ax.plot(xf, sl cgxxf + int cg, "r-", lw=2
561 | label=f"slope={sl cg:.3f}, R™2={r cg*%2:.3f}")
562 | ax.plot(xf, 1.0%xf, "b--", lw=1, label="gc=c*al (slope=1)")
563 | ax.set xlabel(’ log(c fit)")
564 | ax.set_ylabel(’ log(gc/a0)’)
565 | ax.set title(’5: ¢ fit vs gc (eq.8 -> gc=c*ad?)’ )
566 | ax. legend(fontsize=8)
567 | ax.grid(True, alpha=0.3)
568 |
569 | # 6: Summary R® bar chart
570 | ax = axes[1, 2]
571 | labels = [’ proxy¥nalpha=0.5", 'M bar¥ndirect’, ’Sigma bar¥ndirect’,
572 | "R BTFR¥n=vf 4/GM’, "¢ fit¥n(eq.8) ]
573 | r2s = [
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stats. Linregress(log GSO[np. isfinite(log GSO)&np. isfinite(log gc)l,
log_gclnp. isfinite(log GS0)&np. isfinite(log gc)])[2]**2,
stats. Linregress(log Mbar[np. isfinite(log Mbar)&np. isfinite(log gc)]
log gclnp. isfinite(log Mbar)&np. isfinite(log gc)])[2]%%2,
r2%%2 if np.isfinite(r2) else 0,
r rb¥x2 if np.isfinite(r rb) else 0,
r cg¥x2 if np.isfinite(r cg) else 0,
]
cols = ["steelblue’, ’darkorange’, ’green’, ’crimson’, 'purple’]
ax.bar(range(len(labels)), r2s, color=cols, alpha=0.7, edgecolor="black’, Llinewidth=0.5)
ax.set xticks(range(len(labels)))

3

ax.set xticklabels(labels, fontsize=8)
ax.set ylabel("R™2")
ax.set_title(’6: gc prediction comparison’)

for i, v in enumerate(r2s):
ax. text(i, v+0.01, f {v:.3f}’, ha="center’, fontsize=8)
ax.grid(True, alpha=0.3, axis="y’)

fig.suptitle(f'N-1 Layer 3: Self-consistency algebra (N={N})’, fontsize=14, y=1.01)
fig. tight layout()

fig.savefig(os.path, join(BASE, ’fig N1_layer3.png’), dpi=150)

print(’  -> fig N1_layer3.png’)

i
it Save CSV
it
outcsv = os.path. join(BASE, "N1 layer3 results.csv’)
cols out = ["galaxy’,’gc a0’,’ log gc’,’ vflat’,’Yd’,  hR kpc’,’ log hR’,
" log GSO’,’ log Mbar’,’ log GSbar’,’ log R BTFR’,’ log btfr ratio’,
"log eta sq’,’c fit’,  log ¢ fit’, eps eq’,” U pp’]
with open(outcsv, 'w', encoding="utf-8) as f:
f.write(’,”.join(cols out)+ ¥n’)
for r in results:
f.write(’,” . join(str(r.get(c,””)) for ¢ in cols out)+ ¥n")
print(f" -> {outcsv}’)

i
# Verdict
i
print("¥n’ + ’="%70)
print(’ VERDICT" )
print (" =" x70)

print(f ¥n TEST 1: BTFR residual vs hR’)
if abs(rho br hR) > 0.3 and p br hR < 0.001:
print(f >>> BTFR has hR dependence (rho={rho br hR:.3f})")
print(f >>> Standard BTFR is NOT exact - hR modifies it’)
elif abs(rho_br hR) > 0.15 and p_br hR < 0.05:
print(f >>> Weak hR dependence in BTFR (rho={rho br hR:.3f})’)
else:
print(f >>> No significant hR dependence (rho={rho br hR:.3f})")

print(f ¥n TEST 2: gc vs Sigma bar’)
print(f >>> Confirmed: R™2={r2%x2:, 3f} (unchanged from V-12%)’)

print(f ¥n TEST 3: eta cancellation’)
if abs(sl eS + 1.0) < 2xse eS:
print(f >>> eta DOES cancel Sigma bar (slope={sl eS:.3f} ~ -1.0)")
print(f >>> This explains why gc vs Sigma bar is flat!’)
elif abs(sl eS) > 0.3:
print(f >>> eta PARTIALLY cancels Sigma bar (slope={sl eS:.3f})’)
else:
print(f >>> eta does NOT cancel Sigma bar (slope={sl eS:.3f})")

print(f ¥n TEST 4: BTFR quality’)
print(f >>> vflat™4 vs M bar direct: slope={sl4:.3f}, R™2={r4xx2: 3f}")
if p hR4 < 0.05:

print(f >>> hR adds to BTFR (p={p hR4:.4f}): BTFR has hR residual’)
else:

print(f >>> hR does NOT add to BTFR (p={p_hR4:.4f})")

print(f'¥n TEST 5: ¢ fit (eq.8) vs gc’)
if n5 > 10 and np. isfinite(r cg):
print(f’ >>> slope={sl cg:.3f}, R2={r cg*x2:,3f}")
if abs(sl cg - 1.0) < 2xse cg:
print(f >> gc =c fit * a0 is CONSISTENT)
else:
print(f’ >> gc = c fit * ad is NOT consistent (slope !=1)")

print(f ¥n SYNTHESIS:”)

print(f’ The gc-Sigma bar contradiction is resolved if:")

print(f (a) eta has Sigma bar dependence that cancels -> Test 3’)
print(f’ (b) BTFR itself has hR dependence -> Test 1 + Test 4’)
print(f (c) Both effects combine’)

print(’ ¥n[DONE]")
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3 | N-1 Layer 3 {EIEER: n2EtE/NJIBE + Test 3 BET
4 |
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6 | #BIE: eta sq = gc™2 / (ad * GSO) <« gc D3

7|

8 | 1R#L:

9 | gc = eta* sqrt(ad * GSO)

10 |  gc™2 = eta™2 * ad * GSO

11| eta™2=gc™2 / (ad * GSO)

12 |

13 | Test 1,2,4,5 (FetadbikfF7 D TRIEE R & HF.

14 | Test 3 DHHERIT.

15

16 | 2247: uv run —-with scipy ——with matplotlib python sparc N1 layer3 fix.py
17 |

18 | &F#: RO B CROKER)

19 | Bf: 2026548
2 | "7
21 | import os, sys, glob, warnings
22 | import numpy as np
23 | from scipy import stats
24 |
25 | import matplotlib
26 | matplotlib.use(’Agg’)
27 | import matplotlib.pyplot as plt
28 | from matplotlib import font manager as fm
29 | for fp in [’ /usr/share/fonts/opentype/ipafont-gothic/ipag. ttf’,
30 | " /usr/share/fonts/opentype/ipafont-gothic/ipagp. ttf’,
31 | r’ C:¥Windows¥Fonts¥msgothic. ttc’ ]:
32 | try: fm. fontManager.addfont( fp)
33 | except: pass
34 | for fontname in [’ IPAGothic’, 'MS Gothic’, ’DejaVu Sans’]:
35 | try:
36 | plt.rcParams[’ font. family’ ] = fontname
37 | break
38 | except: continue
39 | plt.rcParams[’ axes.unicode minus’] = False
40 | warnings. filterwarnings(’ ignore’)
41 |
42 | a0 = 1.2e-10

G SI = 6.674e-11
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101
102
103
104
105
106
107
108
109
110
m
112
13
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131

kpc m = 3.0857e19
Msun = 1,989e30
pcm = 3.0857e16

BASE = os.path.dirname(os. path. abspath(_ file ))

ROTMOD = os. path, join(BASE, ’Rotmod LTG")

PHASE1 = os.path. join(BASE, ’phasel’, ’sparc results.csv’)
TA3 os.path. join(BASE, ’TA3 gc_independent.csv’)

for p, label in [(ROTMOD,’ Rotmod LTG"), (PHASE1, sparc results.csv’),
(TA3,’ TA3 gc_independent,csv’)]:
if not os.path.exists(p):
print(f [ERROR] {label} not found: {p}’); sys.exit(1)

i
# Loaders
it
def load csv(path):
with open(path, 'r’, encoding="utf-8-sig’) as f:
header = f.readline().strip()
sep =, if’,” in header else None
data = {}
with open(path, 'r’, encoding="utf-8-sig’) as f:
cols = [c.strip() for ¢ in f.readline().strip().split(sep)]
rows = []
for line in f:
line = Lline.strip()
if not line: continue
rows. append([p. strip() for p in line.split(sep)])
for i, col in enumerate(cols):
vals = []
for row in rows:
if i < len(row):
try: vals. append(float(row[i]))
except: vals.append(row[i])
else: vals.append(np.nan)
datalcol] = vals
return data

de

-

find name col(data):

for ¢ in ["galaxy’,’ Galaxy’,’ name’,’ Name’,’ GALAXY’ ]:
if ¢ in data: return c

for k,v in data. items():
if isinstance(v[0], str): return k

return List(data.keys())[0]

de

-

get key(info, candidates, default=None):
for ¢ in candidates:
if ¢ in info:
try: return float(infolc])
except: return info[c]
return default

de

-

load rotmod(filepath):
cols = [[] for _ in range(8)]
with open(filepath, 'r’) as f:
for line in f:
line = Lline.strip()
if not Line or line.startswith("# ): continue
parts = line.split()
if len(parts) < 6: continue
try:
for j in range(min(len(parts),8)):
cols[j].append(float(parts[j]))
for j in range(len(parts),8):
cols[j].append(0.0)
except ValueError: continue
return tuple(np.array(c) for ¢ in cols)

t
# UCe;c) functions
i
def epsilon eq(x, c¢):

disc = (x + 2,0)%%2 - 4,0%c

if disc < 0: return np.nan

return (-x + np.sqrt(disc)) / 2.0

def U double prime(eps, c):
if eps >= 1.0: return np.nan
return -1.0 + ¢ / (1.0 - eps)*x2
t
# Load & process
i

print("[1] Loading data...’)
phasel = load csv(PHASE1)

ta3 = load csv(TA3)

pl nc = find name col(phasel)



132 | ta3 nc = find name col(ta3)

133 |

134 | galaxy info = {}

135 | for i, name in enumerate(phasel[pl nc]):

136 | name = str(name).strip()

137 | info = {}

138 | for k in phasel:

139 | if k == p1 nc: continue

140 | try: info[k] = float(phase1[k][i])

141 | except: info[k] = phasel[k][i]

142 | galaxy info[name] = info

143 |

144 | for i, name in enumerate(ta3[ta3 ncl):

145 | name = str(name).strip()

146 | if name in galaxy info:

147 | for k in ta3:

148 | if k == ta3 nc: continue

149 | try: galaxy info[name][k] = float(ta3[k][i])

150 | except: galaxy info[name][k] = ta3[k][i]

151 |

152 | print(’[2] Processing galaxies...”)

153 | results = []

154 | rotmod files = sorted(glob.glob(os.path. join(ROTMOD, ’#,dat’)))

155 |

156 | for fpath in rotmod files:

157 | gname = os. path. splitext(os.path. basename(fpath))[0]. replace(’ rotmod’,’”).strip()
158 | info = None

159 | for key in [gname, gname.upper(), gname. lower()]:

160 | if key in galaxy info:

161 | info = galaxy info[key]; break

162 | if info is None: continue

163 |

164 | ud = get_key(info, ["upsilon d’,’Upsilon d’,’Ud",”ud",’Yd' ])
165 | gc_ad = get key(info, ["gc over al0’,’ gc/ad’,’ gc ratio’])

166 | vflat = get key(info, ['vflat’,’Vflat’,’v flat’])

167 | ttype = get key(info, [T, t type’, T type’, ttype’])

168 | log mstar = get key(info, [’ log Mstar’,’ logMstar’,’ log Mx’])

169 | log sb = get key(info, [’ log SBdisk’,’ logSBdisk’,’ SBdisk’])

170 |

171 | if ud is None or gc a@ is None or vflat is None: continue

172 | if np.isnan(ud) or np.isnan(gc_a@) or gc a@<=0 or vflat<=0 or ud<=0: continue
173 |

174 | try:

175 | rad, vobs, errv, vgas, vdisk, vbul, sbdisk, sbbul = load rotmod(fpath)
176 | except: continue

177 | if len(rad) < 3: continue

178 |

179 | vds = np.sqrt(max(ud, 0.01)) * np.abs(vdisk)

180 | rpk_idx = np.argmax(vds)

181 | rpk = rad[rpk_idx]

182 | if rpk < 0.01 or rpk >= rad.max()*0.9: continue

183 | hR kpc = rpk / 2.15

184 | hR'm = hR kpc * kpc m

185 |

186 | vflat_ms = vflat * le3

187 | gc si = gc ad * ad

188 | GSO proxy = vflat ms%x2 / hR m

189 |

190 | # M bar direct (BT)

191 | vdisk peak ms = np.max(np.sqrt(max(ud, 0.01)) * np.abs(vdisk)) * 1e3
192 | M disk = 2.0 % vdisk peak ms*x2 * hR m / (0.56 * G SI)

193 | vgas_peak ms = np.max(np.abs(vgas)) * 1e3

194 | M gas = 2.0 * vgas peak ms*¥*2 * hR m / (0.56 * G SI) if vgas peak ms > 0 else 0
195 | M bar direct = M disk + M gas

196 | M bar_sun = M bar direct / Msun

197 |

198 | Sigma bar = M disk / (2 * np.pi * hR m%%2)

199 | G Sigma bar = G SI * Sigma bar

200 |

201 | #f —— FIXED: 7* = gc® / (al{ X GSO_proxy) ———

202 | eta sq = gc sixk2 / (ad * GSO proxy) if GSO proxy > 0 else np.nan
203 | log eta sq = np. log10(eta sq) if np.isfinite(eta sq) and eta sq > @ else np.nan
204 |

205 | # m (not n?)

206 | eta val = np.sqrt(eta sq) if np.isfinite(eta sq) and eta sq > 0 else np.nan
207 | log eta = np. log10(eta val) if np.isfinite(eta val) and eta val > 0 else np.nan
208 |

209 | # BTFR residual

210 | if M bar direct > 0:

211 | R BTFR = vflat ms*x4 / (G SI * M bar direct)

212 | btfr_ratio = R BTFR / gc_si if gc_si > 0 else np.nan

213 | else:

214 | R_BTFR = np.nan

215 | btfr_ratio = np.nan

216 |

217 | #f c fit from eq(8)

218 | ¢ fit = np.nan

219 | U pp = np.nan



220 | if (log mstar is not None and ttype is not None and log sbh is not None
221 | and not np. isnan(log mstar) and not np. isnan(ttype) and not np. isnan(log sb)):
222 | log m9 = log mstar - 9.0

223 | log ¢ fit val = -0.894 + 0.278xlog m9 - 0.046%ttype + 0.153%log sb
224 | c fit = 10%xlog ¢ fit val

225 | x_rep = 0.5

226 | if0<cfit<10:

227 | eps eq val = epsilon eq(x rep, min(c fit, 0.999))

228 | if np.isfinite(eps eq val) and 0 < eps eq val < 1:

229 | U pp = U double prime(eps eq val, min(c_fit, 0.999))

230 |

231 | results. append ({

232 | "galaxy’ : gname

233 | "gc ad’ : gc a0,

234 | " log gc’: np. log10(gc ad),

235 | Tvflat’: vflat,

236 | TYd ud,

237 | " log Yd: np. Llog10(ud),

238 | "hR_kpc’ : hR_kpc,

239 | " log hR’: np. Log10(hR kpc),

240 | " log_vflat’: np. log10(vflat),

241 | " GSO_proxy’ : GSO_proxy,

242 | " log GSO’ : np. Log10(GSO proxy/a0),

243 | "M _bar sun’: M_bar sun,

244 | " log Mbar’ : np. Log10(M bar sun) if M bar sun > 0 else np.nan
245 | "G Sigma bar’: G Sigma bar,

246 | " log GSbhar’ : np. Log10(G Sigma bar/a0) if G Sigma bar > 0 else np.nan
247 | "eta sq’ : eta sq,

248 | "log eta sq’: log eta sq

249 | Teta' : eta val,

250 | " log eta’ : log eta,

251 | "btfr ratio’:  btfr ratio,

252 | "log btfr r’:  np.logl0(btfr ratio) if np.isfinite(btfr ratio) and btfr ratio > 0 else np.nan,
253 | T fit’: c fit,

254 | "log ¢ fit': np. log10(c fit) if np.isfinite(c fit) and ¢ fit > 0 else np.nan,
255 | U pp’: U_pp,

256 | 1

257 |

258 | N = len(results)

259 | print(f" Processed: {N} galaxies’)

260 | if N < 10:

261 | print(’ [ERROR] Too few.”); sys.exit(1)

262 |

263 |

264 | # Arrays

265 |

266 | log gc = np.array([r[’ log gc’] for r in results])

267 | log hR = np.array([r[’ log hR’] for r in results])

268 | log vflat = np.array([r[’ log vflat’] for r in results])

269 | log GSO = np.array([r[’ log GS@’ ] for r in results])

270 | log Mbar = np.array([r[’ log Mbar’] for r in results])

271 | log GSbar = np.array([r[’ log GSbar’] for r in results])

272 | log eta sq = np.array([r[’ log eta sq’] for r in results])

273 | log eta = np.array([r[’ log eta’] for r in results])

274 | log Yd = np.array([r[’ log Yd'] for r in results])

275 | log ¢ fit = np.array([r[’ log ¢ fit’] for r in results])

276 | log btfr r = np.array([r[’ log btfr r’] for r in results])

277 | eta arr = np.array([r["eta’] for r in results])

278 | ¢ fit arr = np.array([r[’c fit’] for r in results])

279 | U pp arr = np.array([r[’U pp’] for r in results])

280 |

281 |

282 | # Sanity check: 7 values

283 | #

284 | print("¥n’ + ' ="%70)

285 | print(’ SANITY CHECK: eta values (FIXED)')

286 | print(’="%70)

287 |

288 | m_eta = np.isfinite(log eta)

289 | print(f"¥n N = {np.sum(m eta)}’)

290 | print(f" eta distribution:’)

291 | print(f median = {np.nanmedian(eta arr[m eta]):.4f}")

292 | print(f IQR = [{np.nanpercentile(eta arr[m etal, 25):.4f},

293 | ' {np.nanpercentile(eta arr[m etal, 75):.4f}1")

294 | print(f range = [{np.nanmin(eta arr[m eta]):.4f}, {np.nanmax(eta arr[m eta]):.4f}]")
295 | print(f (5-5 reports etad ~ 0(1). Should be 70.1-1.0)")

296 |

297 | print(f' ¥n eta”2 distribution:’)

298 | eta sq arr = np.array([r['eta sq’] for r in results])

299 | print(f median = {np.nanmedian(eta sq arr[m eta]):.6f}’)

300 | print(f log10(eta”2) median = {np.nanmedian(log eta sq[m eta]):.4f}")
301 |

302 | # Verification: pick a typical galaxy

303 | for r in results:

304 | if 0.2 < r[’gc ad’] < 0.3 and 80 < r[’vflat’] < 120:

305 | print(f ¥n Verification galaxy: {r["galaxy”]}’)

306 | print(f gc = {r["gc a0”]:.3f} a0 = {r["gc a0”]*al:.3e} m/s"2")
307 | print(f vflat = {r["vflat”]:.1f} km/s’)



308 | print(f hR = {r[”hR kpc”]:.2f} kpc’)

309 | print(f GSO = {r[”"GSO proxy”]:.3e} m/s"2")

310 | print(f eta”2 = gc"2/(a0%GS0) = {r["eta sq”]:.6f}")

311 | print(f eta = {r["eta”]:.4f}")

312 | print(f Check: eta*sqrt(a0*GS0) = {r[”eta”J*np.sqrt(ad*r["GSO proxy”]):.3e}
313 | f'vs gc = {r["gc a0"]*a0:.3e}")

314 | break

315 |

316 |

317 | # TEST 3 CORRECTED: 7 structure

318 | #

319 | print("¥n’ + ' ="%70)

320 | print(’ TEST 3 CORRECTED: eta residual structure’)

321 | print(’="%70)

322 |

323 | # -—- 3a: n vs = bar ——

324 | mask3s = np.isfinite(log eta) & np.isfinite(log GShar)

325 | rho eS, p eS = stats.spearmanr(log eta[mask3s], log GSbar[mask3s])

326 | sl eS, int eS, r eS, , se eS = stats. linregress(log GSbar[mask3s], log eta[mask3s])
327 | print(f ¥n [3a] log(eta) vs log(GxSigma bar/a0):")

328 | print(f N = {np.sum(mask3s)}")

329 | print(f Spearman rho = {rho eS:.4f}, p = {p_eS:.2}")

330 | print(f slope = {sl eS:.4f} +/- {se eS:.4f}, R"2 = {r eS¥x2: 4f}")

331 | print(f If eta cancels Sigma bar: expect slope ~ -0.5")

332 | print(f (because gc=etaksqrt(a0+GS0) and gc constxSigma bar~0’)

333 | print(f -> eta ~ Sigma bar”(-0.5) to cancel)’)

334 | t cancel = abs(sl eS - (-0.5)) / se eS

335 | p cancel = 2%(1-stats. t.cdf(t cancel, df=np.sum(mask3s)-2))

336 | print(f p(slope=-0.5) = {p cancel:.4f}")

337 |

338 | # -—- 3b: 1 vs hR -—

339 | mask3h = np.isfinite(log eta) & np.isfinite(log hR)

340 | rho eH, p eH = stats.spearmanr(log eta[mask3h], log hR[mask3h])

341 | sl eH, int eH, r eH, , se eH = stats. linregress(log hR[mask3h], log eta[mask3h])
342 | print(f'¥n [3b] log(eta) vs log(hR):")

343 | print(f Spearman rho = {rho eH:.4f}, p = {p eH:.2e}")

344 | print(f slope = {sl eH:.4f} +/- {se eH:.4f}, R"2 = {r eHxx2: 4f}")

345 |

346 | # -—- 3c: 71 vs vflat —

347 | mask3v = np.isfinite(log eta) & np.isfinite(log vflat)

348 | rho eV, p eV = stats.spearmanr(log eta[mask3v], log vflat[mask3v])

349 | sl eV, int eV, r eV, , se eV = stats, linregress(log vflat[mask3v], log eta[mask3v])
350 | print(f'¥n [3c] log(eta) vs log(vflat):")

351 | print(f Spearman rho = {rho eV:.4f}, p = {p eV:.2}")

352 | print(f slope = {sl eV:.4f} +/- {se eV:.4f}, R"2 = {r eVxx2: 4f}")

353 |

354 | # -—- 3d: 1 vs Yd (known from 5-5: eta ~ Yd"-0.44) -—

355 | mask3y = np.isfinite(log eta) & np.isfinite(log Yd)

356 | rho eY, p eY = stats.spearmanr(log eta[mask3y], log Yd[mask3y])

357 | sl eY, int eY, r eY, , se eY = stats. linregress(log Yd[mask3y], log eta[mask3y])
358 | print(f'¥n [3d] log(eta) vs log(Yd):")

359 | print(f Spearman rho = {rho eY:.4f}, p = {p eY:.2}")

360 | print(f slope = {sl eY:.4f} +/- {se eY:.4f}")

361 | print(f’ (5-5 predicts: slope ~ -0.44)")

362 | t yd = abs(sl eY - (-0.44)) / se eY

363 | p_yd = 2%(1-stats. t.cdf(t yd, df=np.sum(mask3y)-2))

364 | print(f p(slope=-0.44) = {p yd:.4f}")

365 |

366 | # --- 3e: m vs M bar direct -—-

367 | mask3m = np.isfinite(log eta) & np.isfinite(log Mbar)

368 | rho eM, p eM = stats.spearmanr(log eta[mask3m], log Mbar[mask3m])

369 | sl eM, int eM, r eM, , se eM = stats. linregress(log Mbar[mask3m], log eta[mask3m])
370 | print(f'¥n [3e] log(eta) vs log(M bar direct):’)

371 | print(f Spearman rho = {rho eM:.4f}, p = {p eM:.2e}")

372 | print(f slope = {sl eM:.4f} +/- {se eM:.4f}, R"2 = {r_eMx2: 4f}")

373 |

374 | # -—- 3f: n vs c_fit —

375 | mask3c = np.isfinite(log eta) & np.isfinite(log ¢ fit)

376 | if np.sum(mask3c) > 10:

377 | rho eC, p eC = stats.spearmanr(log eta[mask3c], log c fit[mask3c])

378 | sl eC, int eC, r eC, , se eC = stats. linregress(log c fit[mask3c], log eta[mask3c])
379 | print(f'¥n [3f] log(eta) vs log(c fit):")

380 | print(f Spearman rho = {rho eC:.4f}, p = {p eC:.2e}")

381 | print(f’ slope = {sl eC:.4f} +/- {se eC:.4f}, R"2 = {r_eC*2: 4f}")

382 | print(f (gc=c*al means eta=gc/sqrt(a0%GS0)=c*ad/sqrt(a0*GS0)=c*sqrt(ad/GS0))" )
383 | else:

384 | rho eC = r eC = sl eC = np.nan

385 | print(f' ¥n [3f] Too few ¢ fit values ({np.sum(mask3c)})’)

386 |

387 | # --- 39: m vs GSO proxy (the tautology check) ---

388 | # Since eta = gc/sqrt(a0%GS0), and gc ~ GS0°0.5 (the geometric mean law),

389 | # eta ~ GS0°0.5 / GS0°0.5 = constant (if law is exact)

390 | # Any deviation shows eta’s dependence structure

391 | mask3g = np.isfinite(log eta) & np.isfinite(log GSO)

392 | rho eG, p eG = stats.spearmanr(log eta[mask3g], log GSO[mask3g])

393 | sl eG, int eG, r eG, , se eG = stats. linregress(log GSO[mask3g], log eta[mask3g])
394 | print(f'¥n [3g] log(eta) vs log(GSO proxy/a0):’)

395 | print(f Spearman rho = {rho eG:.4f}, p = {p eG:.2e}")
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print(f slope = {sl eG:.4f} +/- {se eG:.4f}, R"2 = {r eGkx2: 4f}")
print(f’ If gc=eta*sqrt(a0+GS0) exact with const eta: slope=0")
print(f’ Residual from 0.5 law: slope = {sl eG:.4f} = alpha eff - 0.5 = {sl eG+0.5:.4f}")

it
# TEST 5 RECHECK: c fit vs gc
i
print("¥n’ + =" x70)

print(" TEST 5 RECHECK: ¢ fit vs gc’)
print(’ =" %70)

mask5 = np.isfinite(log ¢ fit) & np.isfinite(log gc)

n5 = np. sum(mask5)

if n5 > 10:
sl5, int5, r5, , seb = stats. linregress(log ¢ fit[mask5], log gc[mask5])
rho5, p5 = stats.spearmanr(log ¢ fit[mask5], log gc[mask5])
print(f ¥n N = {n5}")
print(f  log(gc/a0) vs log(c fit):")
print(f slope = {sl5:.4f} +/- {seb:.4f}, R™2 = {rb*x2: 4f}")
print(f Spearman rho = {rho5:.4f}, p = {p5:.2e}")
tbs = abs(sl5 - 1.0) / seb
p5s = 2%(1-stats. t.cdf(t5s, df=n5-2))
print(f’ p(slope=1.0) = {p5s:.4f} (gc=c*al prediction)’)

#f Does adding eta improve gc prediction from ¢ fit?

maskbe = mask5 & np.isfinite(log eta)

if np.sum(mask5e) > 10:
X5 = np.column stack([log ¢ fit[maskbe], log eta[mask5e], np.ones(mask5e.sum())])
y5 = log gc[mask5e]
b5, , , _ = np.linalg. Lstsq(X5, y5, rcond=None)
ssbr = np.sum((y5 - X5 @ b5)*x2)
ssbt = np. sum((y5 - y5.mean())**2)
r2 be = 1 - ssbr/ssbt
msebe = ssbr / (len(y5)-3)
sebe = np.sqrt(np.diag(msebe * np. Linalg. inv(X5.T @ X5)))
print(f'¥n gc = c fita * eta"b:’)
print(f c fit {b5[0]:.3f}+/-{se5e[0]:.3f}, eta"{b5[1]:.3f}+/-{sebe[1]:.3f}")
print(f R™2 = {r2 5e:.4f} (vs c fit alone {rb%x2: 4f})")

else:
print(f Too few ¢ fit values ({n5})")

i
# SYNTHESIS: What determines eta?
i
print("¥n’ + =" x70)

print (" SYNTHESIS: What determines eta?’)
print(’ =" x70)

print(f'¥n {"Variable”:<20s} | {"slope”:>8s} +/- {"SE”:>6s} | {"R"2":>6s} | {"rho”:>6s} | {"p”:>10s}")
print(C 7 + ' -"%75)
for label, sl, se, r2, rho, p in [

(" GkSigma bar’, sl eS, se eS, r eSxx2, rho eS, p eS),

(hR’, sl eH, se eH, r eHx*2, rho eH, p eH),

("vflat’, sl eV, se eV, r eVxx2, rho eV, p eV),

(’Yd', sl eY, se eY, r eYxk2, rho eY, p eY),

("M bar direct’, sl eM, se eM, r eM«2, rho eM, p eM),

(’GSO_proxy’, sl eG, se eG, r eGxk2, rho eG, p eG),

if np.isfinite(sl):
print(f  {label:<20s} | {sl:>8.4f} +/- {se:>6.4f} | {r2:>6.4f} | {rho:>6.4f} | {p:>10.2¢}")

if np.isfinite(sl eC):
print(f  {"c fit”:<20s} | {sl eC:>8.4f} +/- {se eC:»6.4f} | {r eCxx2:>6.4f} | {rho eC:>6.4f} | {p eC:>10.2¢}")

it
it Figures
i
print(’¥n[3] Generating figures...’)

fig, axes = plt.subplots(2, 3, figsize=(17, 11))

# 1: eta distribution
ax = axes[0, 0]
ev = eta arr[np. isfinite(eta arr) & (eta arr > 0)]

ax.hist(np. log10(ev), bins=30, color="steelblue’, alpha=0.7, edgecolor="white )
ax.axvline(np. log10(np. nanmedian(ev)), color="red", ls="--",
labe l=f" median={np. nanmedian(ev):.4f}")
ax.set xlabel(’ log10(eta)’)
ax.set ylabel(’ Count’)
ax.set title(’1: eta distribution (FIXED) )
ax. legend(fontsize=8)

# 2: eta vs Sigma bar

ax = axes[0, 1]

m = np.isfinite(log eta) & np.isfinite(log GShar)

ax.scatter(log GSbar[m], log eta[m], s=10, alpha=0.5, c="darkorange’, edgecolors="none’)
xf = np. linspace(log GSbar[m].min(), log GSbar[m].max(), 100)

ax.plot(xf, sl eSxxf + int eS, "r-', lw=2, label=f"slope={sl eS:.3f}")

ax.plot(xf, -0.5%xf + int eS, "b--", Llw=1.5, label="full cancel: -0.5")



484 | ax.set xlabel(’ log(G«Sigma bar / a0)’)

485 | ax.set ylabel(’ log(eta)’)

486 | ax.set title(f'2: eta vs Sigma bar (rho={rho eS:.3f})")

487 | ax. legend(fontsize=8)

488 | ax.grid(True, alpha=0.3)

489 |

490 | # 3: eta vs Yd

491 | ax = axes[0, 2]

492 | m = np.isfinite(log eta) & np.isfinite(log Yd)

493 | ax.scatter(log Yd[m], log eta[m], s=10, alpha=0.5, c="green’, edgecolors="none’)
494 | xf = np. Linspace(log Yd[m].min(), log Yd[m].max(), 100)

495 | ax.plot(xf, sl eYsxf + int eY, "r-', (w=2, label=f"slope={sl eY:.3f}")

496 | ax.plot(xf, -0.44%xf + int eY, "b--", lw=1.5, label="5-5 prediction: -0.44)
497 | ax.set xlabel(’ log(Yd)’)

498 | ax.set ylabel(’ log(eta)’)

499 | ax.set title(f'3: eta vs Yd (rho={rho eY:.3f})")

500 | ax. legend(fontsize=8)

501 | ax.grid(True, alpha=0.3)

502 |

503 | # 4: eta vs GSO proxy

504 | ax = axes[1, 0]

505 | m = np.isfinite(log eta) & np.isfinite(log GSO)

506 | ax.scatter(log GSO[m], log eta[m], s=10, alpha=0.5, c='crimson’, edgecolors="none’)
507 | xf = np. linspace(log GSO[m].min(), log GSO[m].max(), 100)

508 | ax.plot(xf, sl eGxxf + int eG, 'r-', Lw=2, label=fslope={sl eG:.3f}")

509 | ax.axhline(np.nanmedian(log eta[m]), color="grey’, ls=":", label="const eta’)
510 | ax.set xlabel(’ Log(GSO proxy / a0)’)

511 | ax.set ylabel(’ log(eta)’)

512 | ax.set title(f 4: eta vs proxy (rho={rho eG:.3f})")

513 | ax. legend(fontsize=8)

514 | ax.grid(True, alpha=0.3)

515 |

516 | # 5: ¢ fit vs gc

517 | ax = axes[1, 1]

518 | m5p = np.isfinite(log ¢ fit) & np.isfinite(log gc)

519 | if np.sum(mbp) > 5:

520 | ax.scatter(log ¢ fit[m5p], log gc[mbpl, s=10, alpha=0.5, c="purple’, edgecolors="none’)
521 | xf = np. Linspace(log c_fit[m5pl.min(), log c fit[mSpl.max(), 100)

522 | if np.isfinite(sl5):

523 | ax.plot(xf, slbxf + int5, 'r-’, lw=2, label=f"slope={sl5:.3f}, R"2={r5*x2:, 3f}")
524 | ax.plot(xf, 1.0%xf, "b--", lw=1, label="gc=c*al’)

525 | ax.set xlabel(’ log(c fit)’)

526 | ax.set ylabel(’ log(gc/a0)’)

527 | ax.set title(’5: ¢ fit vs gc’)

528 | ax. legend(fontsize=8)

529 | ax.grid(True, alpha=0.3)

530 |

531 | # 6: R"2 summary for eta correlations

532 | ax = axes[1, 2]

533 | labels bar = [’Sigma bar’, "hR’, 'vflat’, "Yd', M bar’, ’GSO proxy ]

534 | r2s bar = [r eSxx2, r eHxx2, r eVkx2, r eY*x2, r eMxx2, r eGxx2]

535 | if np.isfinite(r eC):

536 | labels bar.append(’c fit’)

537 | r2s bar.append(r eCk%2)

538 | cols bar = [’darkorange’,’ teal’,’ crimson’,  green’,’ steelblue’,” grey’, purple’ IJ[:len(labels bar)]
539 | ax.bar(range(len(labels bar)), r2s bar, color=cols bar, alpha=0.7,

540 | edgecolor="black’, Llinewidth=0,5)

541 | ax.set xticks(range(len(labels bar)))

542 | ax.set xticklabels(labels bar, fontsize=8, rotation=15)

543 | ax.set ylabel(’R"2 with log(eta)’)

544 | ax.set title(’6: What determines eta? )

545 | for i, v in enumerate(r2s bar):

546 | ax. text(i, v+0.005, f {v:.3f}’, ha="center’, fontsize=8)

547 | ax.grid(True, alpha=0.3, axis="y’)

548 |

549 | fig.suptitle(f'N-1 Layer 3 FIX: eta structure (N={N})’, fontsize=14, y=1.01)
550 | fig.tight layout()

551 | fig.savefig(os.path. join(BASE, 'fig N1 layer3 fix.png’), dpi=150)

552 | print("  -> fig N1_layer3 fix.png’)

553 |

554 | #

555 | # Save CSV

556 | #

557 | outcsv = os.path. join(BASE, "N1 layer3 fix results.csv’)

558 | cols out = [’galaxy’,’gc a0’,’ log g¢’,’ vflat’,’Yd',  log Yd', hR kpc’,’ log hR’,
559 | " log GSO’,” log Mbar’,’ log GShar’,’eta’,’ log eta’,’ log eta sq’,
560 | " log btfr r’,’c fit’,"  log ¢ fit’,”U pp’]

561 | with open(outcsv, 'w', encoding="utf-8) as f:

562 | f.write(’,”.join(cols out)+ ¥n')

563 | for r in results:

564 | fowrite(’,”.join(str(r.get(c,”’)) for ¢ in cols out)+ ¥n’)

565 | print(f* -> {outcsv}’)

566 |

567 | #

568 | # Verdict

569 | #

570 | print(’¥n’ + ’="%70)

571 | print(’ VERDICT (CORRECTED)”)



572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596

print(’ =" x70)
print(f'¥n eta median = {np.nanmedian(eta arr[m eta]):.4f} (should be 0(0.1-1))")

print(f'¥n KEY: Does eta cancel Sigma bar dependence?’)

print(f’ log(eta) vs log(GxSigma bar/a0): slope = {sl eS:.4f} +/- {se eS:.4f}")

if abs(sl eS - (-0.5)) < 2xse eS:
print(f >>> YES: slope consistent with -0.5 (full cancellation)’)
print(f >>> gc T etaksqrt(a0xGS0) with eta”Sigma bar™-0.5")
print(f >>> means gc is INDEPENDENT of Sigma bar (as observed)’)
print(f >>> N-1 Layer 3: RESOLVED (eta absorbs Sigma bar)’)

elif abs(sl eS) > 0.2:
print(f >>> PARTIAL: slope={sl eS:.3f} (not -0.5 but significant)’)
print(f >>> eta partially cancels Sigma bar’)

else:
print(f >>> NO: eta does not cancel Sigma_bar’)

print(f'¥n eta vs Yd: slope={sl eY:.3f} (5-5 predicts -0.44)")
print(f p(slope=-0.44) = {p yd:.4f}")

print(f'¥n eta vs GSO proxy: slope={sl eG:.3f}")
print(f (deviation from @ = deviation of alpha from 0.5)")
print(f effective alpha = 0.5 + {sl eG:.4f} = {0.5+sl eG:.4f}")

print("¥n[DONE]")
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