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Cavity surrounded by a heat reservoir

Euclidean path integral approach

Gibbons and Hawking!: Z = nge_’[g], ZLoloop = e lleal = ¢—BF,
Gross, Perry and Yaffe?: Black hole nucleation from hot flat space;
York's realization3: Finite cavity.

Entropy of self-gravitating radiation fluid
Sorkin, Wald and Zhang*: radiation as perfect fluid inside a spherical cavity.
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Self-gravitating fluid inside a cavity

The setup

The action

I = _716;,1)2 JVERd X+ [ Fnd*x — Sﬂl,pz J(K — Ko)y/7d3x

R, B

Radiation

Spherical symmetry

ds? = b(y)2dt? + a(y)?dy? + r?dQ?
Boundary conditions

Regularity:  b(0) finite, 2], =0,
r(0) =0;

Heat reservoir: B =27mb(1), r(1)=R;
Perfect fluid: € = aT}};

Local temperature: T, = ﬁ(y)

(ensures the conservation of the
stress-tensor).
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Self-gravitating fluid inside a cavity

Reduced action, equilibrium and stability

Imposing the Hamiltonian constraints, the action becomes (f =1— Zm—r(r))

I(R,B;m(r)) = %ﬁ (1—\/?) —47rf0Rsr2f_1/2dr; m(r) = 4n [y er’dr

Equilibrium equation (6/ =0)
RB s+ % (47r3p+m) =0 (TOV equation)

Stability conditions (52/ > 0)

[6m=—y2m2Tle - §m/(R)=0
r?f2(e+p)
Stable if y > 0 for all modes o6m

/ 2
7 m_ dTi 2} Ti dTi
L5m — ( é loc ) P < loc loc )
— \4nr2VFT2, de ’T]%)cf% 2r dr
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Self-gravitating fluid inside a cavity

Equilibrium solutions

0.35f -
o2="-
0.30F weeue 9(@)=ml?
03
,’m' 0.2
’ /g’” 22
o4 rd(m’) _2m'(1-4r——skEm')
dr - I£m
(1-2%7)
d(m/r) / m
r—g—=m (7)
z < log(r)
800 0.05 0.10 015 0.20 0.25 0.30

T. V. Fernandes Thermodynamics of hot curved space Dec 19, 2025



Self-gravitating fluid inside a cavity

Thermodynamic and mechanical stability
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Thermodynamic and mechanical
stability (orange)
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Mechanical stability (blue)
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Self-gravitating fluid inside a cavity

Thermodynamics
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' Black - radiation entropy;

Orange - fit to radiation entropy;
Blue - black hole entropy;
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Phase diagram Self-gravitating radiation vs Black hole

No solution ] Hot Curved Space
B Hot Curved Space dominated M Black hole dominated
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Construction of the canonical ensemble of a radiation fluid inside a cavity:
@ There is a stable solution that exists for a maximum compactness
2m

(5~ ~ 0.19) and temperature;

@ Thermodynamic and mechanic stability is represented by one single
condition;
2m" 0-755
@ Entropy goes as <PT) at first order;

@ There is black hole nucleation;

@ Picture becomes intricate beyond the Planck regime;
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