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Motivation 1

big picture/ultimate Goal:

understanding the equilibration and isotropization processes in the

QGP system

weak coupling approximation:

/s = 0o = weak coupling

f>1: QYM = classical approximation

g>N.f < 1 perturbative = weakly coupled classical theory = EKT..
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Motivation 2
> Effective kinetic theory:
pua,ufp = O[fp]

» C'[fp] describes interactions/collisions that drives the system
back to equilibrium
» Choice of C[f] impacts transport coefficients

» Prior aHydro studies = RTA (Anderson-Witting)

( Dekrayat Almaalol, Mubarak Algahtani, and Michael Strickland Phys. Rev. C 99, 044902 - Apr 2019 )
» More realistic collisional kernel = better access to EKT
» How dynamics depend on the choice of C|[f]?

immediate goal:
- explore sensitivity of the aHydro equations to the non-linear dy-
namics of the effective kinetic theory collisional kernel

- set the stage for working with the QCD collisional kernel
= (preliminary results today).
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LO Scalar Collisional Kernel

Leading order A¢* conformal theory

2 > 2 scattering

Clfy) = 55 [ dKAK'dP |M|? (2m)46W (ko4 k' —p®—p'*) F(k, k', p, p')

Fk K p,p') = frfw W+ afp) A+ afy) — (L +afe) (1 + afi) fofr

” Romatschke-Strickland ”
F(@,p) = fea (X /P2 FE@ PP + %)

feq(z) = 1/[exp(z) — a] ~v = exp (u/A) particle fugacity

& anisotropy parameter

A scale parameter

— [ _d w2 o dBp 1 Lorentz-invariant
Jar=]J @m? 2mo(p"p —m*) 20(Ey) = [ (2m)3 Ep integration measure
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AHydro equations of motion

n*" momentum integral operator

2 — N X WUV Vy __ AUV Uy
PO0ufp = Clfpl = Ong= [dPpiphs .- pkn g(p) = O IH" "2 =Ccnv2

0+1d Dynamical Equations for a General Kernel in a Conformal System

-0th moment: J,n" =0 = (number conservation)

__n
uy, projection = Dn+nf=0 Orn i

-1st moment: 0,T"" =0 = (Energy-momentum conservation)

uyuy projection = De+4¢ef -3, Pr =0

; With € = ubu¥Ty,

=
Pp = XFXYT,

-2nd moment: 9,I*" = C"¥ = (Dissipative dynamics)

2z — %(mz + yy + 22) projection=-

o-I; + (9 — 291) =¥
; With I; = uH XY XM 00

C = XI'XYCuy

(Bjorken flow => Milne coordinates 6 = u*9,, = 97, 0z =60, =0,and 0, = 9, u” = —1/7.
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Moments of the Scalar Kernel ~ 9\ I = CH

Csc =0 Cusc =0

1
= o / dKdK'dPAP" |M[*(2m)*6* (k™ + K'* — p® = p'*) F(k, K, p, " )p"p"

2 d int [
" = o 2/deK Py p‘;\/” (8d integral )

/ F(k, k' p,p")p"p”

P ~
P—p

. kk'(1 — cos Q)
p=p k(1 — cosOrp) + k' (1 — cos Oyp)
Kk —k-K
Ktk -k p_K - p

To evaluate this integral, we used Monte Carlo integration. GNU Scientific
Library (GSL) VEGAS algorithm was used with 107 evaluations per iteration.)
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Moments of the RTA kernel

In the relaxation-time
approximation

Craalfy] = 22 [fealp/T) ~ ;]

eq
21 (independent of momenta)

Teq = T

Landau matching;

aun'u =0 Crra = Teq [Tl - neq} =0
v Crra = ! =0
9,T"" =0 RTA = E[E — €eq] =

T=R(E)VITEA
o Y
o MY

1

Apv _ Apv nv
2V = Crra Crra =
Teq

/

3
(57";3 [Fealp/T) — o) "D
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Matching: Small Anisotropy Expansion

AT 4 (0 —260;) =C%
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Small / Large Values of £
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Isotropic vs Highly Oblate Initial Conditions

Initial vlaues: Ty = 500MeV 79 = 0.25 fm/c
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Isotropic = Pr(10)/Pr(10) =1 anisotropic = Pr,(70)/Pr(m0) = 1078
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Anisotropic Attractor
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(M. Strickland , J. Noronha , G. Denicol arXiv:1709.06644) o
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QCD attractor " preliminary”

> Effective kinetic theory for QCD ( AMY)

ploufp = C22[fp] + ClZ[fp]

» numerical method (kurkela: 1506.06647)
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QCD attractor: Comparison to RTA

P attractor behavior at very early times.
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Conclusions and Outlook

> 1st study of the realistic scalar collisional kernel in aHydro
» Development of larger momentum anisotropy

» Determined the non-equilibrium attractor for the LO scalar

kernel

» Preliminary: implement realistic QCD scattering kernel in

Ahydro equations
( D. Almaalol, A. Kurkela, M. Strickland: In progress )
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Thank you
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Back up: Exact solution for the Attractor

af(r,w.

o7

) jwlmu-_,,:;)”(;)fu..,-.m M f) = / AP (p )" (p- 22" f(r 1w, pr) -

Frpr) = D)) + [ D) o)

120/~ 1.0 attractor
’ N 038 -~ aHydro
g 15 5 06 ——— vHydro
[ 1.10 =04 = Ns
1.05, 02
1.00 0.0 1 X "
001 010 1 10 100 001 010 1 10 100
20 1.0
15 08
2 = 0.6]
=" =
04
05 02|
0.0 0.0 .0 =
001 010 1 10 100 001 010 1 10 100 001 010 1 10 100
104 1.0 1.0
1'02 0.8 0.8
g 5 06 5 06
I 1.00 i3 s
DY Roq o4
0.98
0.2 0.2
0.96, f
0.0 0.0 =
0.01 010 1 10 100 001 010 1 10 100 001 010 1 10 100
w w w

(Michael Strickland, Ubaid Tantary arXiv:1903.03145)
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Motivation2: Choice of C[f] - previous work
» Prior aHydro studies = RTA (Anderson-Witting)
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( Dekrayat Almaalol, Mubarak Algahtani, and Michael Strickland Phys. Rev. C 99, 044902 - Apr 2019 )
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