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Quantum Remediation of Entropy Divergence in Black Hole Thermodynamics via Xuan Quantity

A longstanding challenge in modern physics is the divergence issue of the original Bekenstein-
Hawking entropy near spacetime singularities. This work introduces an innovative quantum-state
physical quantity—the Xuan Quantity—characterized by the core formula Q = mwv® ,which can be
represented as scalar, vector, or curvature-coupled states. By incorporating the Xuan Quantity into
black hole entropy correction models, we resolve the singularity-induced entropy divergence through
renormalization mechanisms. Specifically:

The scalar Xuan Quantity modifies the Bekenstein-Hawking entropy formula to
ensure thermodynamic consistency, satisfying the Second Law even in extreme curvature
regimes.formula:Q = mv® = pv®

The vectorial Xuan Quantity constructs entropy corrections linked to black hole angular
momentum, elucidating directional dependencies and canonical regularization processes tied to
quantum gravitational effects.formula:Q = mv?v = Ev

The curvature-coupled Xuan Quantity achieves natural geometric-material coupling, resolving
entropy divergences without ad hoc assumptions and establishing a novel interpretative framework
for extremal black hole thermodynamics.formula:Q = mv?® - R%).

This approach offers a fresh paradigm for quantum gravity research, bridging classical general
relativity with quantum field theory while preserving fundamental thermodynamic principles.

keyword: Black hole; entropy increase; quantum gravity; second law of thermodynamics; Xuan

Quantity; singularity regularization
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import math

import matplotlib.pyplot as plt

& A: Python X3l

from matplotlib.backends.backend_pdf import PdfPages

import matplotlib.font_manager as fm

def calculate_delta_S(A1, A2, Q1, Q2,
BEBMERBEITES (BaFE L)
:param Al: ZJF109HE M

:param A2: R JF2# & H

:param Q1: BFELIHNZE

:param Q2: ZF2HN X E

:param Lp: HFEHRKE (BRiAD)

:param gamma: ‘% ZHF (FRiL1)
:return: MEASK F[E] £ K

# ITEEANBRE

def single_entropy(A, Q):

if A<= 0or Q < O:

return 0.0 # FHWEFIRY

log_term = math.log(1+(A / Lp**2))
return A / (4 x Lp**2) + gamma * Q * 1

S1
S2

single_entropy(Al, Q1)

single_entropy (A2, Q2)

LTS

combinedl_area

(A1 + A2) / (4 * Lpx*
(A1 + A2) / (Lp*x2)
combined3_area = (Al x A2) / (Lp**4)

# BLEFTHEXES

log_product = math.log(l + combined2_a

combined2_area

interaction_term = gamma * (Q1 + Q2) *

# BERRXEE

S3 = combinedl_area + interaction_term

delta_S = 83 - (S1 + S2)
return S1, S2, S3, max(delta_S, 0.0)

Lp=1, gamma=1):

og_term

2)

rea + combined3_area)

log_product

# REALEFELE
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def main():
print("=== BFME A AT HEHE ===")
# KRB PN

A1 = None
A2 = Nomne
Q1 = None
Q2 = None

while True:

try:

Al = float(input ("FM A\ BF1WEHA (>0) :

if Al <= 0:
raise ValueError ("W AHATO")
break

except ValueError as e:

print (f"# A #1Z: {e}")

while True:

try:

A2 = float(input ("Fi A BF20EMHA (50) :

if A2 <= 0:
raise ValueError ("H M AFom)
break

except ValueError as e:

print (f"# A& 17 : {e}")

while True:

try:

Ql = float(input("iF#M A\ EFIHWZEQ (>0) :

if Q1 <= 0:
raise ValueError("ZX 2 ATF0")
break

except ValueError as e:

print (f"¥# AR {e}™)

while True:

try:

Q2 = float(input("Fi N\ B2 ZEQ (>0) :

if Q2 <= 0:

Il))

n))

ll))

II))

11
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raise ValueError("Z 2 ATF0")
break

except ValueError as e:

print (f"# A 1Z: {e}™)

# EHMEER
S1, S2, 83, delta_S = calculate_delta_S(A1l, A2, Q1, Q2)

# IR M
print ("\n=== Xz & ==="

print(£"s1 = {S1:.6£f}")
print (£"s2 = {S2:.6£f}")
print(£"S3 = {S83:.6f}")

print (£"AS_raw = {delta_S:.6f}")
print(£"AS_final = {max(delta_S, 0.0):.6f}")

print (f"\nit & 4 X: AS = {max(delta_S, 0.0):.6f}")

# WEXHFTXHTHR
font_path = fm.findfont(fm.FontProperties(family='SimHei'))
plt.rcParams['font.family'] = fm.FontProperties(fname=font_path) .get_name ()

# WEXEZRAFET (1FETF = 2,542 %)
cm_to_inch = 1 / 2.54

fig _width = 6 * cm_to_inch
fig_height = 6 * cm_to_inch

# Q% —A PDF >Cff

with PdfPages('fig.pdf') as pdf:

# QIE—IEY, BRANLHER

fig, ax = plt.subplots(figsize=(fig_width, fig_height), dpi=600)

# METEAEMNEE, ROEA
plt.subplots_adjust(left=0.1, right=0.9, top=0.9, bottom=0.1)

# TR AT

ax.axis('on')

# WENELATE
for spine in ax.spines.values():

spine.set_linewidth(0.5)



# FER AL AITRZ| B
ax.set_xticks([])

ax.set_yticks([])

# WEXAAE, ERAHEFERTRK

text = f"EFE1ME M Al: {Al:.6f}\n"
text += f"RFE2ME M A2: {A2:.6f}\n"
text += f"EF1MZE Q1: {Q1:.6f}\n"
text += f"EBIF2MZ & Q2: {Q2:.6f}\n\n"

text += £"S1 = {S1:.6f}\n"
text += £"S2 = {S2:.6f}\n"
text += f£"S3 = {S3:.6f}\n"

text += f"AS raw = {delta_S:.6f}\n"
text += f"AS_final = {max(delta_S, 0.0):.6f}"

# EAF LA MWXA, BEFERAN
ax.text(0.5, 0.5, text, horizontalalignment='center',

verticalalignment="'center', fontsize=6)

# R7FEWE| PDF
pdf.savefig(fig)
plt.close()

if __name__ == "__main__":

main()

13



