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Outline
¢ Local equilibrium in quantum relativistic theory
¢ The B frame
¢ Landau vs B frame
¢ (Corrections to stress-energy tensor
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Motivations: relativistic hydrodynamics of

strongly interacting fluids (QGP, cold atoms...)

¢ Full quantum-relativistic treatment

TF(x) =ty (? -T_'N()c))

fen.

¢ Covariance maintained throughout

¢ Kinetic-theory free




Local thermodynamical equilibrium

Maximization of entropy with fixed densities of conserved currents

S = —+r (fulca ?LE) max. w.r.t. ?LE

nytr(pLE j;lw(x))ren = Ny (T'w(ir))LE = ny Ti g (2) = n, T (2)
np,tr(ﬁLEj“(x))ren = Ny (Ju(x»LE — nuﬂij(x) - n#ju(w)
As entropy is a non-conserved global quantity in LTE, it requires the specification

of one frame, namely a 3d spacelike hypersurface with its normal # at any time
(a spacetime foliation)
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np,TffE[ﬁ, £, n] = nuT“V nu]ﬁE[Ba £, n] = nujua

This operator, as expected, depends on the hypersurface 2
It is independent if

0,y + 0B, =0 9, = 0.

B Killing vector field
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Global equilibrium

By =b, +wux” E — Const

Reproduces all known forms of global equilibrium
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LOCAL equilibrium depends on 2

A choice has to be made. The simplest is to define LTE
on the hypersurface orthogonal to (8 itself

n=vers 3 The B frame

Equations

defining 3
and &

ﬂ“Tff’é[,B,f] — BMTW/ Bu]ﬁE[ﬂa‘g] — (Bujua

This is possible if B is vorticity-free. If it is not, the
definition has to be modified, but it can still be done




Features of the [ frame

+ Simplest form of entropy density S =—+¢(% ley% )

02 = [ s, @ = st = ¢H + TS By — €ty + st (n)

stn, =n,o" +n,T" 5, —&n,g".

VB2 =B+ BuB,TH — &Buj",

® vers B is the four-velocity of an ideal relativistic
thermometer, that is an object able to reach equilibrium

with respect to energy and momentum echange with the
fluid in x




Relativistic hydro in the  frame

Equation of state Ideal s.e.t.
2 v d y y %, + h

All gradients in #, T can be recasted as gradients of 3

VIR AWDE + 5,6 = B (925” +05)
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Actual vs LTE density operator (see E. Grossi's talk)

0, TH"" = B,Ltr(,’o\j“\“”)ren = tr(ﬁ@uf“”)ren = 0,

where p is the fixed density operator in the Heisenberg picture.
In hydro, it is the initial LTE operator, as used in Zubarev method

The true mean value of an operator can be
expanded from present LTE

R R Y, ,5 ,
T = <TI0 + 0(9p%)
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Landau vs 8 frame

Eckart ]'(“ -ny”
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Landau vs 8 frame (cont'd)

If <%y =<T» they coincide

Yet, in general

v -~ - LV 1 7 LV i 7 LV
TIfLE(a:) = tr(pLeT™"" (x))ren = Z—LEtr (exp [—/di)u (T’ B, — f]")] TH (:v))

ren

Only if 6 and § are constant
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L n

2




B # Landau. An equilibrium calculation: the

free scalar field with rotation

~ 1 ~ -~ ~
£ = 5 (Bu.w o' — 771.2-¢;2)
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In this case B=(1/T)(1,w x x)
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Keeping in mind B, = by + wnz”
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It can be shown by explicit calculation
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Local equilibrium expansion

T (x) = tr(ﬁLEffW(x))ren = ZLLEtr (exp [—/dEu (Twﬁu _ g’jﬂ)] fW(a:))

remn

The correlation length between the stress-energy tensor
in hydrodynamic limit is much smaller than the length of  variation,
so the exponent can be expanded in a Taylor series from x

exp -— /dZ” (T“"_BV E E}“)]
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Vorticous case

Define the field 4(x) inspired by the equilibrium solution

/61/(1;) = bI/(x) + wl,,\(.’lf)l)‘,

1 1
wua(T) = —5(8,,,8)\ — O\fBy) — 5 (xP0,0,8x — xP0,0:\0,) + ...

This is not vorticous and can be taken as frame field
(JBII' o w,,,,\:v’\)dT""’ =0 (:Blt - w,,,,\a:’\)dj“ =0

ST = TH-TL
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Take & = o for simplicity and expand the exponent of the LTE operator
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Result

_ b,,(.r)ﬁ" + %:U,\,,(I).TM/ - %(V,\.L + V,,.A)I’:?"
— 1 —
LY = 5 / A (y) nu(y* — ) T (y) + (A < v)
™\

N

. : TAY . TAv A Dv VDA
Taking into account that JV =Y + a2 PY — 2P

the LTE exponent can be finally written

- 1 - 1 -
— Bu(z)P” + 5%,,(1').];?" —5(VaBu + V.8x)L3"

T \ 2

Local velocity Local vorticity Local shear
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Outlook and conclusions

® The (3 frame is a well suited frame for strongly interacting fluids, when a
kinetic description is impossible

¢ It allows to treat hydrodynamics in a quantum relativistic framework and
to properly express the condition of local thermodynamical equilibrium
and to expand from it (Zubarev approach, see talk by E. Grossi)

¢ B does not coincide with Landau whenever the stress-energy tensor at
LTE difters from the ideal form

¢ Stress energy tensor at LTE gets 2nd order quantum corrections
depending on local vorticity (and acceleration). Are they relevant for

hydro applied to QGP?
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Polarization

The B field enters in the expression of the polarization vector of
particles in a (thermal)vorticous motion
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