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Reasons for kinetic theory approach

Small and dilute systems

ultra-peripheral
A+ A
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Question to be answered

for our approaches

How do flow harmonics v, evolve in time with dependence on

the various initial eccentricities €,,7
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Analytical approach

to calculate time-dependent v,

Calculate time-dependent anisotropic flow coefficients
Jeos (n (& = W,)) £ (1%, p1, ) x i
Hf( X,P1,P )de de

Vn (t’pJ_) —
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Analytical approach

to calculate time-dependent v, [ Analytical |
model 7‘
e Calculate time-dependent AFC N E—

JJ cos (” (¢ -,) )f (t.X,p,, @) d*x d¢p - - ]

Hf( < pl, ) 12x d¢ /’ in Boltzmann
| equation |

Vn (tﬂpj_) —

Use classma\ re\atlwstlc Bo\tzmann equatlon as equatlon of motion

[at+ \A V]f(t, X,p) =C. 1 [f(t, X,p)]

with loss term of 2-to-2 elastic collision kernel
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Analytical approach

to calculate time-dependent v,

e Calculate time-dependent AFC

|[ cos (n (p—¥,) )f(t, X,p., ) d*x do
jjf( XpJ_, )d2X de

e [Jsd Few coH|S|on hmlt

Loss term '

Vn (tﬂpj_) —

in Boltzmann equation §

Dependence on free-streaming distribution function R

wit| fO(6x.p) =P (0x = 1v.p)
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Analytical approach

to calculate time-dependent v,

e Calculate time-dependent AFC
|[ cos (n (¢ — Tn))f(t, X,p |, gb) d*x d¢
Vn (tﬂpj_) —
[[7(t,x,pL. ¢) d*x dop

e Use classical relativistic Boltzmann equation as equation of motion

[at'l' v V]f(t’ X’p) Ceotr [f( X p)]

RS |11itial distribution function (mc\udlng nitial eccentrlc:|t|es) as mput
e Few co for my calculation

e Depen| . I
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Analytical approach

to calculate time-dependent v,

Calculate time-dependent AFC -

|[ cos (n (¢p—¥,) )f(t, X,p., ) d*x de
[[7(t,x,p1, ) d?x d¢p

Use classical relativistic Boltzmann equation as equation of motion
[6t+ V- V]f(t, X,p) = C_ f(t, X,p)

with loss term of 2-to-2 elastic collision kernel

Loss term '

Vn <t9pJ_) —

in Boltzmann equation

Few collision limit

Dependence on free-streaming distribution function £ (t, X, p) = 0 ((),X — IV, p)

Initial distribution function (including initial eccentricities) as input for my calculation n'
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Our approaches to calculate v,

® Kinetic theory ', L Analytical |

. Numerical |

'® 2 dimensional . model § simulations |

'e Massless particles |

| 2 -2 |
| scatterings |

| 2 =0 |
scatterings |

Hendrik Roch |
Poster in session T |
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1.0 1

0.8+

0.6 -

0.4 -

0.2 1

0.0+

v, from our approaches

(Nyese) =~ 0.021 (2 —
—— (Nyese) = 0.022 (2 — 2)

analytical

0 1 2 3 A

® Analytical formula (with t. = t/R)
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few c:oH|S|on reglme
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IeSC v
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4
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Loss term dominates S|gna\ forN

Higher ordersin N_... can be neglected in

IeSC

DeV|at|on Increases W|th growmg NreSC |

f‘ G ood ag reeme nt fo r sma | | NreSC - '

Expansmn around smaH tlmes 4 => V2 X € t3 |

D 12 3 2 12
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v, from our approaches

with dependence on ¢,

-5
10 x 10
U4 (Niese) =~ 0.021 (2 — 0)
o e (N & 0.022 (2 — 2)
G - analytical
4_
2_
0- —
_94 = —
Ly
/[ — . . . .
0 1 2 3 4

® Analytical formula (with #. = #/R)

2048 \/w N . e; 22 : 54 2 12 ' 63 162 2 12
vy (t) = e 3 |—|56+21 6+ I )T S5t +24t+—+— |1

405 <384 +354/2 eg> 2 e B 3
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* |nitial eccentricity ¢, only
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Density plots from numerical simulations I

4
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v, from our analytical approach

with dependence on ¢, and ¢,

i Two contributions from ¢, and 622 |
ito v, ‘

iOscillating v, with dependence
lon time ¢

g9 = 0.15, ¢4 = 0.0
g9 = 0.0, 4 =0.15
E9 = 0.15, Eq — 0.15

iContributions compensate each |}
tother |

0 1 ) 3 4
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v from our analytical approach

with dependence on ¢,, ¢;, ¢, and ¢,

x107°

1.0

0.5-

0.0 - &=

—0.5-

Eq — 0.15
£33 = 0.15
gy =4 = 0.15

—1.07

g9 =¢e3=¢€4 =€ = 0.15 Ly

_15 ' T T T
1 2 3 4 D 6

CD-| |
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iThree contributions from ¢, €;
land €,€4 to v

| Oscillating v with dependence
jon time ¢
Additiona\ zero compared to v,

Isignal

iContributions compensate each |
tother |
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Summary

of our results on time-dependent anisotropic flow coefficients v,,

in few collision regime

e | oss term dominates the signal of anisotropic tlow coefficients v,,

2n+1

e Rediscovery of v,, o """ tor kinetic theory (expansion around small times #)

e Oscillation of v,, with dependence on time

e Compensation of linear and non-linear eccentricity-contributions to higher
flow harmonics v,,
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Outlook

* Further comparison with RTA-results obtained by our colleagues

e Extension to 3-dimensions and description of massiv particles
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Outlook

* Further comparison with RTA-results obtained by our colleagues

e Extension to 3-dimensions and description of massiv particles

Thanks for your attention
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Density plots from numerical simulations
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AFC v, for our approaches

with dependence on ¢, and ¢,

® Analytical formula

64+\/n N
Vs (l‘*) _ \/_ resc e_tg

405 (384 + 144 /2 2 +354/2 eg)

24) Iy () - (Sti’ 160+ 4 4?) I ()

243 €7 (5t3+ L4t +— t

: . 54 2 t7 ' 63 162 2 1
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AFC v, for our approaches

with dependence on ¢, and ¢,

21 45
V4 o 1V, resc [K44 €4 T K4 22 € 2] L
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Density plots from numerical simulations

V6 (t>x<)
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Initial distribution function

* |nitially factorized in position and momentum space

f9(0,r,p) =G(r)F(p)

* |nitial distribution function in position space

2 o0 n 2
G (r) < exp ( 2;2> [1 + Z €, (%) COS (n (6’ = ‘Pn)) exp ( 2;2>]
n=2

* |nitially isotropy in momentum space

= F(p) = F (pr)
OR

e Anisotropic initial momentum distribution

F(p)=F(p,) [1 +2 i (wiccos (k @) +wsin (k ¢) )]

k=2
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Eccentricity

[G(r,0) cos (n(0-%,)) r"*' dodr

e Formulae, =———————— -
jG(r, g) rnt+l d@ dr
weighted with r"

= Quter regions contribute stronger to €,
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