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E Problem setting

nitial condition: a very small hot droplet in the state of
thermal equilibrium with zero viscosity when the
thermalization was happen very quickly at very initial
nmoments of inferaction.
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Problem setting

E

moments of interaction.

How these drops may e created?

1
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nitial condition: a very small hot droplet in the state of
thermal equilibrium with zero viscosity when the
thermalization was happen very quickly at very inifial
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E Problem setting

nitial condition: a very small hot droplet in the state of
thermal equilibrium with zero viscosity when the
thermalization was happen very quickly at very initial
nmoments of inferaction.

How these drops may e created?
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b Problem setting

* Calculate ¢,y viscosity of the 2-D charged and very dense
drop in the external field;
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E Problem setting

Calculate ¢, viscosity of the 2-D charged and very dense
drop in the external field;

The drop is very small r < 1 fm , charged and initially it is in
the state of local equilibrium;

The drop is in an external field, for 2-D drop the field is a
electrical one only;

The drop is unstable and we consider a process of the
drop’s expansion/compression basing on the microscopic
description of the process;
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Problem setting

E

Calculate ¢, viscosity of the 2-D charged and very dense
drop in the external field;

The drop is very small r < 1 fm , charged and initially it is in
the state of local equilibrium;

The drop is in an external field, for 2-D drop the field is a
electrical one only;

The drop is unstable and we consider a process of the
drop’s expansion/compression basing on the microscopic
description of the process;

Conclusion: we need to solve Vlasov equation for the
fime-dependent distribution function.
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E Plasma parameters

Coulomb coupling parameter with a as some
characteristic length:

U q2 3 1/3
Evin . akgT’ “ ’

with I' > 1 as a a strongly inferacting plasma, and I' < 1 as
a weekly interacting plasma;
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Plasma parameters

Coulomb coupling parameter with a as some
characteristic length:

U q2 3 1/3
Evin . akgT’ “ ’

with I' > 1 as a a strongly inferacting plasma, and I' < 1 as
a weekly interacting plasma;

Our parameters:

q° q° FCL kpT
X — X
amc? c2 c2

Faxt
QExtq - Up
amc? ELino

m x 1/a : < 1;

< 1
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External field configuration

|

In tThe rest frame of the drop:

12
Ay LOP¥ 290

272 2 = —AnqndVey 0(r — Ts(t))

Solution for the external field:

90(77 t) — Qpat /dQ/ﬂ ekL(rL—b) /OO eh=t27vY)
| 27> 0o kT + K2/ + 1/rhpn

where ¥ = (ry, z) Is posifion of the hot drop and the
position of the incident matter is given by 7, = (b, vt) with
ry = (re,ry), b= (b, by).
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E External field configuratfion

* At the relativistic limit when v ~ ¢:
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AL(F, )
A7) = A Ft) = 0.

* After a gauge transform

f==2Qgu0(z — ct) Ko(|rp. — b|/rp)
o(r,t) = A, (1 t) = 0
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E External field configuratfion

* Cylindrical coordinates

A (rt) = Ag(r,t)cosf+ A,(r,t)sind

Ar (777 t) — _QQELUtH(T) 6K0<|ra_/rb|//r0D) — _QCiOE;t 8[205(0&))9(7-)

with 7 = ¢t and &, = -

TOD

* Electrical field:

_9 QExt a[(0(50) 5(7_) — 9 QELEt

Erem 3 —
t(r T) oD 0o oD

K1 (&) 0(7)
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E Viasov equation

* Usual form:

10 N 0 [ q
¢ OT or c(,

* Integral form

fs(r, 5,7) = —CZ_ /dT/dT/éa(T—T/,T—T/) :

! NN S /7_)77_, P
) — E”rewt(r y T )> fail(é) ) T fO(T — G T, C))

: (Ers(r/, T

with & = (. 0(1)0(r — (. 7)
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E Viasov equation

* Final expression

— o 47Tq27'L T /8f3(r_5(7_7/)7577/)
fs(r, G 7) = = re /0 i Opr (Gr) |
| /’I"_CT(T_T ) dZZ / fs(Z7 ”U;, Ul@a T/)dzflj/ —+
2q QEat B T\ 0 falr =G, 5) _ 3
+ CToD Kl (50 C?“ TOD) apr(gr) T fO(T CTT’ C)

* At = 0 we have

fSQ(T,pT) — QQQExt Kl(&)) ast(Tapr)

Crop apr(é-r) — fO(TapT)
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b Viasov equation

* |nitial conditions:

s -~ ’ QQQEa:t Uea:t
o0 0) = STFEOA, Ay = ~

and in the first two orders of the approximation:

—

fao(r, Q) = fo(r,¢) + Mo K1 (&) 3%?’ -

* Solution of the equation:;

— —

fulr, &m) = 3 fulr, Q)7

Transport properties —p. 10



Distribution function

|

* First order approximation:

fulr, &) = _Crafoégia ¢) —r2Aaf%(g’ ¢)
2 P 5 —
- CerKl(éo)aa@(g; ) _ 2AA0K1(§0)8 J;)C(;“ )

2
where A = 2742

rmc?

* Applicabllity of this approximation scheme:

2

At <1 or U,/mc® < 1
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E Initial distribution function

* |nitial equilibrium distribution function

fo(r,p) = ( )(HJ__WrPH KT, )G(p.) / G(p,)dp, =1

where

(ﬁ/ d’U@/ dv.0(H, — w, Py — kTL)) =1,
27

H, = ﬁ(p?%—pg) + q Py,

lq| By 8 q*

P p— — C 2 , C: , p— ,
b= (m = muwer/2) we = O s =
2T, /m L We 1/2

= = =014+ (1 - .
(Cd;l_ . WT) (Wr . WT_) ) wr 2 { ( nSQ) }
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b [ransport properties

* Radial velocity:

B [ d*vv, f, - cr
<U7“> o fdQUfs o CAOK1(§O)+TTZ% <

mc? mc?

2kT 2wqn r?
J__|_ q b)

* Azimuthal flow velocity:

d? s
<Ue> — J dvuy f =w, T + 7N K wy

J d*v f

* Transverse shear Viscosity coefficient:

Org = nm/d% (v, — (V) (vg—(vg)) = nmTc (AOK1)2
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Shear viscosity

We have an anomalous viscosity, see references, where 7 is
not a mean free path:

5 U;wt 2
T < h/me, ngy® o hn (A K1) ~ hn

The entfropy of the process remains constant,
s = sg = const, Therefore the ratio

n/s =mn/s
changes only because a change of the viscosity

coefficient n and overall ratio remain small.
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summary:

Shear viscosity arises as “anomalous” in the Viasov
eqguation framework for the non-equilibrium disfribution
function;
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summary:

Shear viscosity arises as “anomalous” in the Viasov
eqguation framework for the non-equilibrium disfribution
function;

Shear viscosity depends on the external field value and
changes from zero fo some maximum value but remaining
small anyway;
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summary:

Shear viscosity arises as “anomalous” in the Viasov
eqguation framework for the non-equilibrium disfribution
function;

Shear viscosity depends on the external field value and
changes from zero fo some maximum value but remaining
small anyway;

The ratio of viscosity to the entropy also changes from zero
to some small value, the entropy remains constant during
all process of drop’s expansion/comipression.
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summary:

Shear viscosity arises as “anomalous” in the Viasov
eqguation framework for the non-equilibrium disfribution
function;

Shear viscosity depends on the external field value and
changes from zero fo some maximum value but remaining
small anyway;

The ratio of viscosity to the entropy also changes from zero
to some small value, the entropy remains constant during
all process of drop’s expansion/comipression.

For 3-D case of drop’s expansion/compression with
magnetic field included (in calculation) results must be

similar.
» ERTT
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