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LIGH [-CONE HERMODYNAMICS

purification of the Minkowski vacuum

based on arXiv:230/.1203 1
in collaboration with Alejandro Perez



https://arxiv.org/abs/2307.12031

BLACK-HOLE THERMODYNAMICS

| M Bardeen, B Carter, and S W Hawking. The four laws of
black hole mechanics. Commun.Math.Phys. 31 (1973) 161-170

0. constant surface gravity k along the
horizon for stationary black holes

|, under small perturbations,

SM = Sﬁ(m Q8T + B6Q
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). AA>0

3. extremal black holes (k = 0) cannot
be obtained by a finite sequence of
processes from non-extremal ones




BLACK-HOLE THERMODYNAMICS

S W Hawking. Particle Creation by Black Holes.
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once Quantum Field Theory s taken Into 2
account, the analogy gets stronger ™,

Hawking radiation has
» T'=k/2n

. S=Al4




LIGH - CONETHERMODYNAMICS

1 De Lor and A Perez. Light Cone Thermodynamics.
Phys. Rev D 97(4) 044052, 2018

radial Conformal Killing Fields of Minkowski
spacetime (MCKEF) & given by

€9 — n v — 1 0 ) I u® — 14 2 :
27 17 Ov 27 17 ou

such that
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the MCKEF divides spacetime into six regions




LIGH - CONETHERMODYNAMICS

T De Lorenzo and A Perez. Light Cone Thermodynamics.
Phys. Rev. D, 97(4):044052, 2018

MCKFs define conformal Killing horizons

same topology as black-hole horizons
S*X |

bifurcate horizons, with MCFKs vanishing
on a 2-sphere of radius ry

they separate events in spacetime as in a
Reissner-Nordstrom black hole

7: courtesy of T De Lorenzo and A Perez



LIGH - CONETHERMODYNAMICS

1 De Lor and A Perez. Light Cone Thermodynamics.
Phys. Rev D 97(4) 044052, 2018
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0. generalized constant surface gravity k ‘ oA A
on the conformal Killing horizon T
A A M \ 4
. under conformally-invariant matter N 1 /A
perturbations §pr = " SA 4 SM ’
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3. extremal radial MCKFs have vanishing
“temperature’ and vanishing “entropy”



QUANTUM FELD THEORY

A Perez and SR. Light-cone thermodynamics: purification
of the Minkowski vacuum. arXiv:2307.1203 |

conformally invariant Klein-Gordon (KG) equation

(v“vu _ %R) ¢ =0

we define the vacuum In terms of the radial MCKF
N the regions where It's timelike

CLI‘O>€ — CLH‘O>§ — 0

to express the Minkowski vacuum in terms of these
modes It Is crucial to study analytic properties of
solutions of the KG equation on the light cone
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UNRUHR EFFECT FOR MCKF

A Perez and SR. Light-cone thermodynamics: purification
of the Minkowski vacuum. arXiv:2307.1203 |

this decomposition Is given by

O
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1 n=0
the surface gravity K Is Indeed a physical temperature, as

detected by conformally-invariant thermometers
following the radial MCKEF.

n7wi>1 & |n7wi>II

the laws of light-cone thermodynamics become actual
thermodynamical laws, with temperature k/2z and

entropy § = A/4.
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A Perez and SR Light-cone thermodynamics: purification 5A

P D Hislop and R Longo. Modular Structure of the Local

Algebras associated with the Free Massless Scalar Field Theory.

effect for bounded trajectories and thermal time hypothesis. 5 M

Class. Quant. Grav. 20 (2003) 4919-4932 o0

of the Minkowski vacuum. arXiv:2307/.1203 |
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VERY GOOD QUESTION

T De Lorenzo and A Perez. Light Cone Black Holes. Phys.
Rev. D, 99(6):065009, 2019

» under a family of conformal

transformations, the radial MCKFs
become actual Killing fields

» some of these geometries describe

-4 J  black-hole or cosmological solutions 7

* because of the conformal invariance of deSitter
the Klein-Gordon inner product, most spacetime
results naturally extend to these

spacetimes

near-horizon
near—ex:remal RN courtesy of T De Lorenzo and A Perez




