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Energy momentum tensor at equiliorium
The equatlon of relativistic hydrodynamlcs

,j' 9, T‘“’ = o 8u]“ = o '

At equilibrium the energy momentum tensor and charge
current are:

T (z) = (p+ p)uu” — g""p J* = nu

he basic assumption of an hydrodynamical evolution is the
local equilibrium condition

p(x) = peq (T(x), p(x)) P(2) = Peq (T'(2), p(x))
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Maximum Entropy Principle

Looking for the maximum of von Neumann entropy

' S = —tr(ﬁlog ﬁ)

with fix energy density and momentum density for a given
space-like hyper surface
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nutr(T* pre) = n,Try = n,TH nutr(J*pLE) = nujt p = nui”




Generalized equilibrium density matrix

p = %exp [— /L d¥, (f‘“’ﬁu — C;“)}

* if the vector field 5Mis a Killing vector ftield

o if C IS a constant

v
vuﬁl/ =+ vuﬁ,u =0 VVC =V, ( —
/62
The density matrix Is stationary, I.e.
independent from the choice of the hyper-

surface




Equilibrium with rotation and acceleration
The general solution in Minkovsky space-time depends on 10
constant parameters:

1
s (x) = b* + wh¥x, SHV _5(%@/ — 0,8,
B = i(l +az,0,0,at) BH — i(l X X)
| T 2,0, 0. L = T LW X X
acceleration angular velocity
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Basis vectors

The vorticity tensor can be decompose using the four velocity

wh” = a'u” — " ut + P w,u,

Four velocity

s :@L/\/@

Acceleration over temperature
Angular velocity over temperature Vi
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Mean value of the energy-momentum tensor

The density operator can be written in terms of the generator
of the Poincaré Group

f-‘f 1 1 1 *
p= - exp b, P* + 2w,“/J + CQ Z(3(@)) exp [—Bu(z)P* + (Q| + o(w)

It is possible to find an expansion in terms of correlation
function of the angular momentum and boost operators

O(z)) = (O(2)) g(a) + & (K,0(2)) g(a) + 0 (Jp0(2)) g(a)
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Mean value of the energy-momentum tensor

Because of the rotation invariance only 7 coefficient are

dif

‘erent from zero

T (z) = (p — a*Uy — w?Uy ) u*u” — (p — o*D, — w?D,,) A" + Aot o’ + WwHw” + G(urvy” + yHu”)

0,T" =0

The conservation of the energy momentum leads:

0
Ua = 5@5
Uy = B2

0p

(Do + A) — (Do + A)

B— (Dy+W) =D, +24 —3W

2G =2 (Do + D) + A+ 2 O Wt 3w
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Free complex scalar field

We consider a free complex scalar field at finite temperature
and chemical potential:

® [he Improved energy-momentum:

Tup =(1 —2€) (0000 + 050" 00d) — (1 — 4€)gapdd' - 0¢ + M gapd' ¢
+ Qf(gaﬂng ¢ + ¢T¢ — ¢Taaaﬁ¢ — aaaﬁ(bfqb)

® conserved current:

Jo = 1(¢T 000 — 0a0"¢)



Acceleration and rotation

o — W2D,) A + Aa*a” + Wwhw” + G(u*y” +v*u”) + o(w?) |

v, - (1 - 40 (ng) (Bp — p) + gy (Ep + u))

(0* + m?)(m? + 4p*(1 - 6€)) (n (B, — ) + 3 (Ep + p))

1
487232 / \/pz + m2
| T / n(2) (2)
f. W= 247r2ﬁ2 \/p +m2p ( 5 (Ep—p) +ng (Ep+ﬂ))

2 (2p°(1 - 6€) + p*m* (3 — 12¢)) (ng) (Bp — ) + i3 (Ep + u)) :

A= 487r2ﬁ2 /0 \/pz ye=

- dp 4 22\ (@ (@ _ 2)
@ = amip /0 N (p* (1 + 6€) + 3p*m?) (n$(E, — ) +n (B, + )
| Do = 1447r2ﬂ2 / \/p e, (8p°(6¢ — 1) + 3m”(24¢ — 5)) (nB (Ep — p) +ng’ (Ep + u)) ,

D wzﬁz i +m2 p* (5 (B, =)+ (By + )



Acceleration and rotation (massless case)

 T%(@) = (p— *Us —w*Up)uu” — (p = 0’ Dy — w?Dy) A + Aa¥a” + Wurn” + Guty” +9u”) +o(w?).

~ { = generic




~Acceleration and rotation (Bessel Series)

o — W?Dy) A + Aota” + Ww w” + G(u*y” +y*u”) + o(w?)

, - 2COSh(n) S s
] Uy = o2 ; 972 (1 —4§)K2(zn)
| Uy = m_ ~ 2cosh(yn) [(n®z® + 24€) K2 (nz) + 3(1 — 8¢)nzK3(nz)]
“T a2 e 2g? ’ S
~m? <X 2 cosh(yn)
W = W — 972 (26 - 1)K2(m)
A= W D ok: "°:Z§y") ((4€ — 2)Ka(nz) + (1 — &)nzKs(nz)]
X 2cosh
¢= ;n? n=1 Cogxgyn) [(65 - 3)K2(n-’17) + nz K3 (na:)]
;" %2 2 cosh
D, = ﬁ 2. C(;im(zy n) (12 — 48¢) K2 (nz) + (24€ — 5)nzK3(nz))
X 2cosh
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Dirac rlelo

We consider a Dirac field at finite temperature and chemical
potential and we compute the coefficients using two different
energy-momentum tensor

* [he symmetric
P _ _ _
Taﬁ — Z [¢7@85¢ — 5’5¢Wa¢¢765a¢ — @WWW}

e [he canonical

T _
Taﬁ — 5 W%@mﬁ — aﬁ¢’7a¢}
e The currents
Ja = ZE%AD ]g — &757047#



Coefficients for the symmetric tensor




Coefficients massless case

 T(2) = (p— 02U — WU )uls” — (p— 02Dy — wDy) A + Ade” + Wuwn” + G(uly” +7u) + o(w?)
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Coefficients symmetric (Bessel series)

e = e A B A N N RN - T PN B SRE

 TH(z) = (p — @*U, — w?Uy)u*u” — (p— &®D, — w?D,,) A + Ad*a” + Wwtw” + G(u*y” +4*u”) + o(w?) |

Uy =— 16177:2ﬂ2 nz=:1 zn(—1)" (3K3(:cn) + K3 (am)) cosh(yn)
Uy = Z n?(-1)" (K (zn) + Kl (:n) 31{;2(23 ) ) cosh(yn)
W =0

A=0

G

2 ™

m " £

= — s Zam(—l) K3(zn) cosh(yn) }
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m? n
D, = ~ 18n25° E zn(—1) (K;;(mn) + 3K, (xn)) cosh(yn)
n=1

; m2 o0
, Dy = — 167232 ; zn(—1)" (K3(-”m) — K, (mn)) cosh(yn)




Coefticients canonical (T=0 )

— a2 PPV ORI N T Y e e o o s e e Y 2

 TH(z) = (p— a’U, — w?U,)u*u” — (p — a*D, — w?D,) A* + Aot o’ + Wwtw” + G(ury” +v*u”) + o(w?) |

For T=0 the distribution function becomes a step function

I 3ER — 4m?E; Do_ EZ A—0
“ 127232p3, * 127232’ ’
v, — _EEE2E 5o P o o _BRA30




Axlal current

In fermion case we have also the axial current that is
conserved In massless case.

52 = Py a1 0%7> = 2mihy°ep

The only contribution is due to the vorticity (have the same
parity and time reversal )

oy = (ods + wPApas?




The (non-)conservation of axial current

The divergence of the axial current leads the following relation

/BN §,5|8,5
0" (Ja) = Ozw(ﬁj '%J)

The left right hand side must be equal to

(0952) = —2mia - w(K3J39y50) = a - wi®

Vanish In massless case, in order to have a conserved current.

1 o0 m? 3 %,
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Conclusions and QOutlook

The ideal form of the energy momentum tensor
get extra correction due to vorticity and
acceleration.

The second order coetficients involving vorticity
and acceleration are generally different from zero
for a free case despite of the other transport
coefficient.

They depend on the particular theory and also on
the choice of the energy momentum tensor
operator.

They are generally negligible, but can be relevant
IN some extreme situation.



