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* Can an analog of the second law of
thermodynamics be written in general fields
theories ?

* Deriving the Physical Process First Law (PPFL)
up to second order terms from these general
second laws



Noether theorem

Lagrangian: L(&, y)



Noether theorem

Lagrangian: L(&, y)

Dynamical fields



Noether theorem

Lagrangian: L(&, y)

Dynamical fields Background fields




Noether theorem

Variation with respect to SA SA
Lagrangian: L(¢, y) the diffeomorphism ‘f ﬁgA(gb’ x) = 55 ﬁggb + _ﬁé‘)(
I ox
0A

Dynamical fields Background fields 5§A(¢, X) §¢ £§¢



Noether theorem

Variation with respect to SA SA
Lagrangian : L(gb, X) the diffeomorphism é‘-’ ngA(gb’ )() — 5¢ ﬁggb + _Xﬁfx
— 4

Dynamical fields Background fields 5§A(¢, )() §¢ f,srgb
- oL 5 —0¢ + dO O )
i ¢ with { - p q

oL _
SL="8:¢+ dL® I:® = po:q

O



Noether theorem

Variation with respect to
Lagrangian: L(¢, y) the diffeomorphism éf ﬁsrA(gb, x) = ?;ﬁggb + 5_A£§X
— ox
dA

Dynamical fields Background fields 5§A(¢, X) = ¢£§¢

5 SL oL
- SL 5¢ + dO _ A0 - icL) = —— Lo — — Loy
3} ¢¢ with{(—) péq : g 5455 XSZ

oL _
SL="8:¢+ dL® I:® = po:q

O



Noether theorem

Variation with respect to
Lagrangian: L(¢, y) the diffeomorphism é‘-’ ngA(gb’ )() — §2£§¢ + 5_A£§X
— ox
dA

Dynamical fields Background fields 5§A(¢, X) §¢ £§’¢

5 SL oL
~oL=—0¢+dO — d(I;© - i;L) = —L:p - —Ly
i 09 ? with { © péq E e 0¢ : ox :

oL _
SL="8:¢+ dL® I:® = po:q

596 = Jt



Noether theorem

Variation with respect to
Lagrangian: L(¢, y) the diffeomorphism ‘f ngA(gb’ X) — §2£§¢ + 5_A£§X
— ox
dA

Dynamical fields Background fields 5§A(¢, X) §¢ £§¢

5 SL oL
~oL=—0¢+dO — d(I;© - i;L) = —L:p - —Ly
il 09 ? with { © péq E e o¢ : ox :

oL _
SL="8:¢+ dL® I:® = po:q

596 = Js =0if £ is a symmetry

of the environment



Noether theorem

Variation with respect to
Lagrangian: L(¢, y) the diffeomorphism ‘f ﬁgA(gé, X) — §2£§¢ + 5_A£§X
— ox
dA

Dynamical fields Background fields 5§A(¢, X) §¢ £§¢

5 SL oL
~0oL=—00+dO — d(I;© - i;L) = —L:p - —Ly
il 09 ? with { © péq E e 0¢ : ox :

oL _
;L= — 8¢+ dl:© I:® = porq l

596 — g =0 on-shell = 0if £is a symmetry

of the environment



Noether theorem

Variation with respect to
Lagrangian: L(¢, y) the diffeomorphism ‘f ngA(gb’ X) — §2£§¢ + 5_A£§X
I ox
dA
Dynamical fields Background fields 5§A(¢, X) §¢ £§¢
5 5L oL
~0oL=—00+dO — d(I;© - i;L) = —L:p - —Ly
i 09 ? with { © péq E e 0¢ : ox :
oL _
;L= — 8¢+ dl:© I:® = porq l
596 — g =0 on-shell = 0if £is a symmetry

of the environment

oL

. oL
We can prove : Je = (69[5 A¢ g) EM—(a-AX-f)-€M+dq§



Current on a null hypersurface and entropy
law



Current on a null hypersurface and entropy

law

_ OL OL
J§=—((S—¢'A¢‘§)'€M—(a'Ax'sz)'EMer%



Current on a null hypersurface and entropy
law

oL
' Pullback on N : dQ§ = I§® + (_ . AX . é’) - EM



Current on a null hypersurface and entropy
law

oL
' Pullback on N : dQ§ = I§® + (_ . AX . é’) - EM



Current on a null hypersurface and entropy

law
oL oL
Jg__(é_gb Aqb f) EM — (_X A Sz) €M+dCI§
oL
' Pullback on N : dCI§ = I§® + (_ . AX . é’) - EM



Current on a null hypersurface and entropy

law
o
Jé’—_(é_;;'Aqb f) (— A Sz) €M+dCI§
oL
N Pullback on N : dq§ = I§® + (5_ . AX . é’) - EM



Current on a null hypersurface and entropy

law
oL oL
j§:_(5_¢'A¢ £) - em - (_X - Ay - &) - €M+dCI§
oL
N Pullback on N : dq§ = I§® + (5_ . AX . é’) - EM

>0 Null energy conditions




Current on a null hypersurface and entropy

law
oL oL
JE:_((S_QS'Aqb £) - em - (_X - Ay - &) - €M+dCI§
oL
N Pullback on N : dq§ = I§® + (5_ . AX . é’) - EM

Y
I I I >0 Null energy conditions



Current on a null hypersurface and entropy

law
oL oL
jg’:_((s_qb'Agb £) - enm - (_X A, &) eyt dgs
" o dgg = 0@+ (2L A -
Pullback on N : = +(— - . - £
Entropy creation dqf = If@) + \T,uV?unvgN
terms come from the I I I > () Null energy conditions
presence of

background fields ! dS S + S




Gravity and PPFL

L=L"(g)



Gravity and PPFL

From the previous analysis

L = LEH(g) — dqf.” = ~[;©@57 — (

LEH

og

'Ag'_f}' EM



Gravity and PPFL

From the previous analysis
LEH

L= LEH(g) I —— dgi" = -LO** — ( 5 - Ay - £)- ey
With : dq: = -I;O"™ + T, n" ey
1
EH o
(q§ ),uv - 16 fpvpcrvp‘:z
@ =q; ~ L9

1
[©8 = / [(0"" =2 0Y"™)0¢ Y + 2(1, — OL)en" Jen — d IS gn)
N



Gravity and PPFL

From the previous analysis

EH
L= LEH(g) I —— dgi" = -LO** — ( ; - Ay - £)- ey
With : dq: = -0 + Twdn'ey
1 > 0
EH o =
(q§ ),uv - 16 fpvpcrvp‘:z
g = q;" - I:9

1
[©8 = / [(0"" =2 0Y"™)0¢ Y + 2(1, — OL)en" Jen — d IS gn)
N



Linearized perturbation



Linearized perturbation



Linearized perturbation



O'Qﬂ%

2

&

g+
!

¢ is Killing

Linearized perturbation

£°g

52

AN

Horizon is Killing



Linearized perturbation

~ S,
_ T = Ez Horizon is Killing
O N 51 e2T
- 8= %’ £°g
¢ is Killing
EH v K A 2 . v 4
dg = ~,O + T, 8 n"ey et %A(Z) = T, &"n" + O(e*)



