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Anisotropic hydrodynamics: origins

@ Initial state created in high energy nuclear collisions is highly
anisotropic: negative longitudinal pressure and positive resulting in
fast, mainly longitudinal, expansion.

o Experimental data shows that collective effects play important role in
this expansion.

@ At the tree level and leading gradient approximation the simplest idea
is to construct anisotropic hydrodynamics.

@ In this talk we discuss equations describing propagation of sound in
non relativistic and relativistic anisotropic hydrodynamics.
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Non-relativistic hydro: generic equations

@ Continuity equation, equations for velocity and temperature:

8—+V():0

ot
0 P >
— 7|=_

<8t +u- V> Vp

0 24
el . - _Z 5. A

p(at+u V)@ 3Vq 3p
@ In the RHS of the above equations
<>
(). =pi (VP) =0ips b A=pihs

ij i

A. Leonidov(?):(0):() M. Kirakosyan(® GC 2017 02.06.2017




Non-relativistic hydro: fields

o Fileds:
p(r t) = m/d3v f(r,v,t)
a(rt) = (v(r.1))
o(.t) = Zmlv—uf)
alrt) = Zmp{(v—u)v —uP)
pi = pl(vi—ui)(vj — uj))
A = %m(aju,-Jra,-uj)
o Averaging:
e
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Non-relativistic hydro: isotropic case

o Distribution function:

FO(r,v,t) = n(r, t) <£)3/2 exp [—E(V —u)’

2wl 20
o Fields:
p(rt) = mn(r,¢)
O(r,t) = 0(r, 1)
qO(r,t) = 0

)
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Non-relativistic hydro: isotropic case

@ Hydrodynamic equations:
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Non-relativistic hydro: anisotropic case

@ Distribution function:

FO(r,v,t) = n (l)m exp {2 [(v = w2+ &(r, e)(v; — u.)?] |

270 20
o Fields:
(an) H = mn(r, t)
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Non-relativistic hydro: anisotropic case

@ Hydrodynamic equations:
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Non-relativistic anisotropic hydro: sound

@ Generic equations:

Otp+pV-u = 0
(Or+u-V), = 0
atu+vlp+5v-(p9) v Hfaa( 3 p0) es

p 1+¢
6(€)240 im;atpo _ fi 0

o Leading order in spatial gradients of &:

~ORp VITEDH) = o 0He0) + 1+€<0§1i§)(p9)

t
PO~ 9O exp { / dt
to
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Relativistic anisotropic hydrodynamics: basics

o Distribution function

f(va) = f;'so (W>

A(x)
n= v 2 2
P =uwP = p°+ f(X)PL
@ Energy-momentum tensor:
THY = (6 =+ PT)UMUV — PTng + (PL — PT)Z“ZV
o Fields (energy, density, pressure)

e = R(&eio(N i)
n = RO(&)”iso(Aa /j)
Pri. = R711(&)Piso(N, i)
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Relativistic anisotropic hydrodynamics: basics and sound

@ Basic equations:

9, T =0
94" =0

e Equation for sound waves:

.0e(0) .. 92:(0)
crAn) + ¢502nM — .07 = [g AT
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