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e Energy momentum tensor :
™ _/de“p” (f +f) = eut'u” — PA™ + i
e Net particle four current:
N :/de“ (f=f) =nu"+n*

e Landau frame': u, T = eu”
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INTRODUCTION

e For equilibrium system:

«= [ dP(u-p) (f-+ )
Py = —éAW/dP P’ (fo+ o)
mo= [ apu-p) (5 - )

e Maxwell -Juttner distribution function :

Jo=exp(=f(u-p)+a)
I

1
=7 *=71
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INTRODUCTION

INTRODUCTION

« For out of equilibrium system:
e = /dP(u- p)* (f + 6f)
6P = %Aaﬁ / dP p®p° (5f + 6f)
sn— [ dP(u-p) (3 - &)
nt = Ag/dppa (6f — of)

T = AL / dp p*p” (of + of)

Where,
2

1
2. v Bw AV
A = 2 <A5AB +A5AL -3

aB T 9 AHVAQB>
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TR Ny
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BoLTZMANN EQUATION

e Bhatnagar-Gross-Krook (BGK) approximation®:

prouf =P ()

TR
e For BGK:
1
OuNt = —— <n— nn0> =0
TR Ny
0, T = v <6 — n60> =0
TR no

oIf c = nﬂoeo — Matching condition

3P L. Bhatnagar, E. P. Gross, and M. Krook. Phys. Rev., 94:511-525, 1954
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

EVALUATION OF 0f

. .  up)

e Boltzmann Equation in BGK model: p*9,f = —*= R” (f -2 ﬁ))
e Matching condition = =
€0 0
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EVALUATION OF 0f

e Boltzmann Equation in BGK model: p#d,.f = — (L;'Rp) (f — n%ﬁ))
n

e Matching condition £ = -

» Modified BGK (MBGK) model: p#d,f = — (%2 (f - gfo)

e For first order
TR

(u-p)

O€
5f) = gﬁ) - P"0ufo

P Oufo = (Anb + App"V o + ArptpYouw) fo
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EVALUATION OF 0f

e For first order
TR

(u-p)

)
5F = ?Zﬁ) _ P oo
P Oufo = (Aub + Anp"V o + Azp'p o) fo

5f WD = 13 (Bub + Bup"V o + Bep"pY o) fo

Je = TR/dP(u . p)? (Bnﬁ) + Bnﬁ)) 0
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

EVALUATION OF 0f

5f(1):TRﬁ)[{3(rzl¢2.ﬁp)+b°+(u'p) (Xb_§>}9

) {(”%P) (e TPO) } P (Vue) + W]

5f(1):TRﬁ’[{3(’71142.ﬁp) +bo+2xa+ (u-p) <Xb—§>}9

1 y o By ptou
+{<u-p>+<eo+1>o>}””<v“ " ) ]
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

EVALUATION OF 0f

3
1 1o Bp*p o
‘{<u-p>‘<eo+Po>}””V““)+ e
of J_”H( )+bo+2xa (u'P)<Xb—§>}0
0 By pou
{ eo+Po)}pﬂ(v“O‘)Jr (u-p)u]
Ly(eo + Po) — Lyno Iy (e0 + Po) — Iyno
“ Lo — LoL, LI — Lyl
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5f(1):TRﬁ)[{3(rzl¢2.ﬁp)+b°+(u'p) (Xb_§>}9

) {(”%P) (e TPO) } P (Vue) + W]

5f(1)=TRﬁJ[{?m+bo+2xa+(u-p) <xb—§>}0

1 y o By pou
+{<u-p>+<eo+Po>}””<V“ " ) ]

_1)4 =
Lh = (.’Z(c]Jrl)l)!!/dP(u - p)2a (Aaﬂpap6>q (fo+h)
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

TRANSPORT COEFFICIENTS

e For MBGK
oS! = -p1o — n'V,a+ oy,

where?,

II=0P— %(56 + %511, nt = kVta, 7 =2not”

4Pave| Kovtun. 10.1007/JHEP10(2019)034
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TRANSPORT COEFFICIENTS

e For MBGK
oS! = -p1o — n'V,a+ o,

where,

IMI=46P— %(56 + %5?2, n' = kVta, " =2not

on =g (xa+ bo) nod, de=mr(xa+ bo)eob,

e+ P 5 n
0P = [(xa + by) Py + xb% L el
_ I-I— I’l% _ BI-I-
K = 1TR |11 5(60+P) y N =TRP I3y
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

CHOICE OF by

« Ay = [dP (u-p)" (of + 6f)
Al = A =0 — RTA

o A} = 0 gives,

By =~ (1/170) [olfino = BE 1 + e (o — I
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TRANSPORT PROPERTIES IN BHATNAGAR-GROSS-KROOK MODEL

CHOICE OF by
e Ar = [dP (u-p)" (6f £ 5f)

e A7 =A; =0 = RIA
o A7 = 0 gives,

= <1/Ir+,0> { r+10 - BI r11 T Xa (I+ IEO)}
¢ 2 matching conditions for MBGK:

ENg = €g N

Af =0
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¢/(s0mRT) < 0

FiGURE 1: Dependence of the parameter
by on z at zero chemical potential.

oz="1 T=—(0

¢ 5o = entropy density

¢=0 _ +Py)—(5/3) B
0 5500 = xb(€o Xboe)o}ﬁé’o) 3
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NUMERICAL RESULTS

03
r=0
------ r=1
r =2 (RTA)
er =3

¢/(s0mRT) < 0

FiGURE 1: Dependence of the parameter
by on z at zero chemical potential.

oz="1 T=—(0

¢ 5o = entropy density

¢=0 _ +Py)—(5/3) B
By 0o = xb(€o Xboe)o}ﬁé’o) 2

® bjla=0 = ﬁ (BIry1,1 — Xplr1,0]
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['RANSPORT PROPERTIES IN BHATNAC
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FIGURE 2: Dependence of {/ (so7rT) on T/m for various a = u/ T for r=2 (RTA)
and r=0(MBGK)
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SCALING OF (/n

oy

(¢/m/(1/3 —¢
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FIGURE 3: Variation of (¢/n)/(1/3 — c2)? with respect to z for various .
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z=05 = 4(r+1) 3 s
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SUMMARY

SUMMARY

e Formulation of relativistic dissipative hydrodynamics from
BGK collision kernel is discussed.

e The theory is controlled by a free parameter related to free-
dom of a matching condition.

¢ The effect of choice of matching condition on dissipative
coefficients is examined.

e Scaling properties of the ratio of coefficients of bulk viscosity
to shear viscosity on the conformality measure are investi-
gated.
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EVALUATION OF 0f

e Boltzmann Equation in BGK model: p*d,,f = —% (f — fo)

e Matching condition £ =

 Modified BGK (MBGK) model: p*9,,f = — (up) (f — éﬁ))

TR

e For first order

de T
1 _ % R u
5f Eofb (u . p) p 6#.](6

P"Oufo = (Anb + App"V o+ Arpt o) fo



EVALUATION OF 0f

e For first order

TR

(u-p)

de
5f(1) — gfo _ P oufo

P Oufo = (Anb + App"V o+ ArptpYou) fo

(5f(1) =1TR (BHQ + BnP”VMOé + Bﬂpupyaﬁw)ﬁ)



EVALUATION OF 0f

e For first order

TR

(u-p)

)
SFM = ;§ﬁ> = P8, fo
p"@u b = (Apf + Anp“VMa + Awp“p"a,w)fo

6fY) = 1R (Bf + Bap"Vya + Bep"p’ow) fo

Je = TR/dP(u . p)? (Bnﬁ) + an‘o) 9
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EVALUATION OF 0f

e By coefficient matching:

s = B — - [P (- p)? (Bufo + Buh)

A = — [(u.p)z (Xb‘ﬁ) —(M‘P)XaﬂLB?)mz]

1270(60 + Po) — I:;Bn() - Il+0(60 + P()) — I{OI’ZO

Xﬂ + 7+ S I b + 7+ —
I3OIIO - 120120 130110 - 120120



EVALUATION OF 0f

e By coefficient matching:

An 1 2 B 7

— s = B - [dP (- p)? (Bufo + Buf)

2

AHZ—[(M'P)Z(Xb—§>—(u'P)xa+B’:]
N :I‘ZT)(€0+P0)*I§?)H0 :I;()(G()%»Po)*]{ol’lo

o ol ol o o Al
Lol — Lol Lolip — Lol

_1)4 7
Iniq = (Z(CH—l)l)H/dP(u . p)2d (Aagpapﬁy (fo£h)



EVALUATION OF 0f

e By coefficient matching:

(:l.np) — By — elo/dP (u- p)* (Bufo + Buf

Ap = — [(u.p)z (Xb_§> —(U‘P)XaJrﬂ?)mz]

1 1
Bu= Y be(u-p)* Bu= Y be(u-p)*
k=-—1 k=-—1



EVALUATION OF 0f
e By coefficient matching:

it o )

Ap = — [(u.p)z (Xb_§> —(U‘P)XaJrﬂgnz]

1 1
B Y bt e 3 )
k=-1 k=-1

- B 2

B() = b0+2Xa-
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