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INTRODUCTION

Relativistic hydrodynamics from Statistical Quantum

Mechanics (SQM)

↑ = density operator It= Tr =1**

-Tril) Th Trigay = o

How to obtain i ?



GLOBAL EQUILIBRIUM

Entropy in SQM -Tr Blog

↑ can only depend on globally constant

d mentropy (basic principle of GalM)

10 constants D
.
"Juv mean values + some charges Qoi

Each constant > Lagrange multiplier



Fig] = - Tr(plogy) -bulTr(41-4. 4) +Ear(Tr(5- Jo
*)

+ [3:Tr(i) - Qo:) + ↑ (Trie- 1)

= Solution =
② = Tr (e-b.+1 : 5 + 2

. 3:/

b = constant future-timelike vector

E = Constant anti-symmetric tensor

Problem : prove it (T)



LOCAL EQUILIBRIUM

Maximize entropy with DENSITIES of conserved currents

1

MpTr(Fixi) = NuT(x) on T

-
nu Tr(jM(1) = m on E

>

Figz = - Tr(plogy) - SZp[BICTr(Fx) -Tien)
I

3xTr(yjM(x) - jogiven] + x(To(y) - 2) B
,
3 solutions

of the constraints

Solution :

(2) = exp[-)dInFBe-352]/Z
Io

problem : Prove thatBu is a killing rector at G
.
E

.
in ER

. (T



Physical meaning of B and 3 !

S = -Tr( 10gq) = logz + (d[uB- <T- SdInS(Y*

Suppose B is constant and so]

=> S = logz + Br (d[u(m- 3(d])[)

= logz +Be- 37

Comparing with classical expression
TS = logI + n . P -M Q

B= tu 3 = - Vx !

problem : Prove that Bm = butFurx at global equilibrium (T)

Problem : different cases for b, ; Tolman's law (TY



Calculate TMix1 = Tr(eF*

(x)
LE

Trix)=
Tre

Idea : mean value in x mostly determined by B ,
3 around X

e-LazyBois) e= S,(T(y 1 [Br(x + 2
, Pr(x)(y -x(

.)

= eB(, (y)Tay) + 2xBrix)(2,
(y)(y -x)F +....

imm

pa

=
e-Br(x)P

*

+ corrections

At the lowest order
TELE TrleRE Frix



-> Tex) = ABB + Barr

equivalent to (9 + p) ur-pqu2 Proof -> tutorial

Constitutive equations at LE

Tr(x) = Tidea + quantum corrections



ENTROPY CURRENT

"S = -To(logg) - - Tr(Gelogici) c
E maximized

↓
constrained ignorance

2) Extensivity

Let y(x) = zx(x)d)(3= 0 for simplicity) 5 = %(2)

2(x) = Tr(expl -X(d[B]) = O =Tr(exp[-x)dIF]
<)(x)

=(expl-(dFB) (1/dIFB) = - (dip(F+ (x)8
mean value with a With 5(x)



Integrating between 1 andXo

jdxGlog(x) = log2(-log =d (d= (d
IfXoSuch that log](Xo) =

=> logz = J Imm with Pr= Six (F)(x18-
Does it exist ?

Suppose Xo = + o = Lime- 10) 30)

10) = LLS of CdZFMB-

Project : calculate &P for =
e-yz



Entropycurrent

S = (d[q + The Be -5j npTM= naTh
nj = npje

S = (d[nd +TmB-3jr
In=

↑-
= Si = qu + Th

-

B - 3jr =
i

↑
n

-
iX

-

is it independent of I (better : the foliation ? (

No
,

because 3(n) and Blny both depend on the foliation.

It can be made independent only if there was a privileged foliation

I at global equilibrium .



Entropyproduction

↑
liffeomorphis

ddd3 ↑
&

=

1)-Zz = (dip-(dip)dip domain derivative =(dif

On the other hand :

2) = Tr(e-S) = To (e-(dire
= c)d3* 4 . (FrB. ) (n(d5= 0

= Z - Tr(e (dz . 5 4(FmBe))
whence

ling) = -(d



=> Cs(dipp" = (d2 . 34 . p = - /d203 <Fr4mBu

being 3 arbitrary => D. p = - <FM)
= UpBr

and
,

with current
,

D . p = - <FMB + <jM)eXp3

=> D . s = D . (p + TrB - jr) = D. p + 4xT - B.
+Th App. - 4/3

- 53 . j = -T-+ j 5p3 +Tm Dyb- - 4
,
3j =

D. s =TrTE) XpB--(j-j) Pr


