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I A surprising observation :

ㅣ Entropy in Black Hole Mergers
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·BlackHole Merger :
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* Why these values of Eg and Xg ? Thermodynamic principles in GR ?
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· LIGO-Virgo-Kagra : Routinely Observed Events

GWTC - 1
.
0 [1811

. 12907]

ー
⇌ pri

CS: = =105
h

GWTC- 5.0 [2605.27225]

#
_m =

_

:

↳ ㅣ

6WCo114 : (42
= 1 -F = (4 .

7 + 0.1) %

X
8

=傘 =0.58 I O. O어

1‰



12501.22388] PRL (2026)

IEntropyConjecture inBH Mergers : ∴

- Ingredients at Future Null Infinity It :

ㅣ
ー
)

φ+

_

ㅣ
i) Mass Mu) and Any . Mom. J(u) 笙笙-> relational with J as "time"

π

ii) GIV fx Fln) =- 5 (u ) =一
for quasi-circular orbits

with balance law Mors (a) -- Post-Newtonian Approx .

(PN)
iii) EEntropy : ad hos kerr

σ (M , 5 )= =
8+一勘

*Max-EntropyConjectureforBlack Hole Mergers

_Final Kerr BH { nag such that 이
二
(MC51 , 5)Jf

5 /15



↓ 흩 M
.

⑪

園*ci: Xy =逮
_

Ef = 1 -
_

0.752
_

ew

XMECO from XX5.
%.0 (Minimal Energy

X

6/15



*Max - EntropyConjecture : Evidence using PN approxMal
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*Max-EntropyConjecture : Evidence fromNumerical Relativity
(v3 .
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.
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Plan :

[Max-Entropy:n Black Hole Merge

* Note: not one of the laws of BH mechanics

ㅣ · addendum" to the 2nd law
[Bardeen-Carter-Hawking (1973)]

"

. no

E Principles :

_ ㅣ What is the entropy of the

classical gravitational field ?
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EthePostulatesofClassical Mechanics

I.ates : prob. distrib. fqipT in phase space
T

#. Observables: function Olgiipil
II

. Dynamics : 응 fE = IH , PE !
#I .

Measurement : Given a stated and
an

ー

the outcomes 1 of the measurement of 0 (the clicks)

are randomly distributed according to the marginal PDF

o (λ ) = ^ 5(Olpipil-X) Plaispi) IIdgidpi
#Preparation : The measurement of O with postsel. X

prepares
the state Elgipil = 50lgpi) -1)(gi ,Pil .
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*Rmarks:

· We do not confuse states ,
observables and clicks

· Pure states are pathological in classical mechanics
the two limits {t

"

t-tg do not commute I
1

[* X" : Lyaponor time

· Gromov's Thm (1983) :

Polgi,pil such that Pt (gi ,pil ㅳㅣ Agi Apil vi

⇒ ㅣ
AG(t) AP; lt) シ @

第Nu11*,also known af つ
the principle of f
the symplectic camel

∵
…… ; . … .
"

[Ian Stewart, Nature (1987) I
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#Entropyaclassical syttem

· Subsystem= Subalgebra of observables An A
· State of the subsystem -> marginal PDF In = Blaa
· Entropy of the subsystem

-Enlog di Stein's Lemma

Probr ~ e-Drc(I/lqey)

-> measure of statistical distinguishability of In fromDo

↓ Remark :

ㄱㅣthe entropy of the system is constant.
I assumed to bebut a subsystem can thermalize ㅣ far from thermal initiallyㄴ
ー·

thermalization time
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Entropy of te Cical ElectromaticField

리 Pr· Initial State FoTE ,
ET

,
Le ,

Iwith dispersions Agr Apr = @

· Cavity withEpeckof cal - Epipartitionof energy-
cannot violate the symplectic camel ineg.

· Equilibrium IBLÄ ,
E] = I Ip(qm ,pu)

- BWnAcqu ,Pa)
④Wr kBT

with Eplqnipu) = l _ wkA(qk ,P= )
ㅗ편

· Entropy (T=
NE
_

4 w.

* the symplectic camel saves equipartition from the UV catastrophe
& Planck's 1900 discovery :& universal h
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# Entropy-ofthe cesical gravitational field
· State Ithab, iib] with { H

, I } = 0
, { V

,
I } = 0

· Subsystem- > subalgebra of observables
…

* For BH mergers :

虀%A+ = Bondi aspects min.
0
, 6), NA(u, 0, 6){ ounl Bondi News (AB/u,0, 0) } ㅣ

· Entropy (_ (n) = (-E+ logs) dit

· Conjecture : for a stateI peeked with uncertainty a

in amplitude and phase of QNM perturbations of Kerr,
the entropy is δ

f =2tG %

an Bekenstein & Hawking (1974) : universal in-vacuum uncertainty h.
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Summary :

-assicalGravity. AeetoLlassical Information
ー 三器 = 8

# Final Mass & Spin in BH mergers

from a Max-Entropy principle
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