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INTRODUCTION

TWO PICTURES OF HADRON COLLISIONS

TWO PICTURES OF HADRON COLLISIONS

UrQMD, Marcus Bleicher

SHERPA, JHEP 02 (2009)
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INTRODUCTION

COLLECTIVITY IN SMALL SYSTEMS

IVITY IN SMALL SYSTEMS

ALICE, Phys Rev.Lett. 123 (2019)
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INTRODUCTION

EFFECTIVE KINETIC THEORY

QCD EFFECTIVE KINETIC THEORY

m Boltzmann equation C*2[f]

(8t +v- VX) f(X, b, t) = *C[f(X, b, t)]
Relevant LO scattering processes?:

> 2+ 2 elastic scattering.
> “1 4 2" collinear radiation. e[

m Out-of-equilibrium QGP description.

m Bottom-up thermalization in large systems?.

We use EKT to study collective flow in small systems.

1p. Arnold, G.D. Moore, and L.G. Yaffe, Journal of High Energy Physics (2003).
2R. Baier, A.H. Mueller, D. Schiff, D.T. Son, Phys. Lett. B 502 (2001)
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SINGLE HIT APPROXIMATION

METHOD

SINGLE HIT APPROXIMATION

Expand in the number of scatterings: f = f© + () 4 .

Free streaming (J; + v - V) f(o) =0.
Ist scattering (0, + v - Vy) f1) = —C[f).

== [ " ar OO ).
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METHOD INITIAL CONDITIONS

INITIAL CONDITIONS

A A
Linearized perturbation of symmetric background, “_ 7
0) _ F F rm - (r -
f = f + 6.}0 = f(p7x) <1 —+ Cﬁ COS(nd)X)) . ‘/)\I I g \
0 ' '
CGC motivated momentum distribution,
2p2 - x|
a _“Pe 2 4 g2p2 _
f:ﬁe 3, p£5%7 Q(XL):Qoe EOT.

Initially f isotropic in p; .
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METHOD

ANISOTROPIC ENERGY FLOW

ANISOTROPIC ENERGY FLOW

We find Fourier harmonics of transverse energy flow

dE | 9 pidpdp, dE |

— d —_— - 1 2 n °
dndo, T/ XJ_/ 2 pLf(T,x,p) Smdn + nglfu cos[n(¢p)]
In single hit approximation

o — i o d?x | d3p p1 cos[n(¢p)]dCacsa [ f,0f]
= [ [ e dBL/Crdp);
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METHOD

ESCAPE MECHANISM

ESCAPE MECHANISM

ELLIPTIC FLOW

T ~ 0.7R0
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METHOD

APE MECHANISM

ESCAPE MECHANISM

TRIANGULAR FLOW

/E FLOW IN SINC
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RESULTS

COLLECTIVE FLOW RESPONSE
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CONFORMAL SCALING

RESULTS

CONFORMAL SCALING

Due to conformal scaling parameters appear only in certain combinations

A1 B mg 70

EKT single hit flow response given by the scaling formula

~cl.

m 05" - contribution from classical loss/gain term.

m 02 - contribution from Bose-enhanced loss/gain term.
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CONFORMAL

RESULTS

CONFORMAL SCALING

Test scaling for many different configurations with numerical simulations.

Classical Bose-enhanced
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RESULTS

ELLIPTIC FLOW IN SMALL SYSTEMS

ELLIPTIC FLOW IN SMALL SYSTEMS

0.25 0.25
EKT A =10 005.02 TeV
0207 —— 005.02TeV ==+ pp5.02TeV 0.201 —_— A=20
— = pPb5.02TeV —— ITAy/s=06 — A=10
0.15 0.151
N o — A=5
IS S) .
0.10 0.10 — o5l ~ 0.57¢;
—_— Qo +33%
0.05 0.051 \\
0.00 0.00
0 20 40 60 80 100 0 20 40 60 80 100

centrality % centrality %

Vs ~ e R [1.3(m§)—0~44 + A4.2(m§)—0~59] 1073

Pocket formula used with realistic input parameters for small systems.
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CONCLUSIONS

CONCLUSIONS

m First study of QCD EKT in small systems.

m Non-trivial scaling properties of the collective flow.

m |dentified both similarities and differences between toy models.

m Reasonable order of magnitude of vy, smaller than ideal hydrodynamics.
Outlook:

m p | -dependence.

m U3, Uy, ...

m Higher order in scatterings.
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CONCLUSIONS

CONCLUSIONS

m First study of QCD EKT in small systems.

m Non-trivial scaling properties of the collective flow.

m |dentified both similarities and differences between toy models.

m Reasonable order of magnitude of vy, smaller than ideal hydrodynamics.
Outlook:

m p | -dependence.

m U3, Uy, ...

m Higher order in scatterings.

Thank you for listening.
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BACKUP: KINETIC THEORY

Defines collision term,
O+ Vz) f = —C*?[f] - C"[f]
where e.g.

111

Coalfl() = 357 2 (2° [ IMUPCR)! 80P+ K — P! K)
57 abed pkp’k’

$ASa O % S5 (L% fD) = (e b1+ F2)(1 £ )}
% [3(p — p)I** +8(p — K)0™ — 3(p — p')0™ — 3(p — K)o
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BACKUP: LINEAR Un:_/ dT,T,/rern(T,w)

-1

1 dE | _9\12 4¢(4) / /

D = 2m)* 0\ (P+ K — P — K
(1) Gm%<%@f> [ Mo e )

S| M(mZ, omp2)|?
[ M(m3)[?
X (pL cos(ngp) + ki cos(ngk) — k' | cos(ngw) — p'| cos(ngp))

+{fpfk[1+fp’][1+fk’]( o Cor + fie — = Cw +Gp +Ck)

fp fk

{Fofilt+ Folll + il = forfuell + Foll1 + fid |

— Fofiell+ Foll1 + fid (o + Cie ffpcp b ffkck) }
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BACKUP: EKT VS ITA
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BACKUP: EKT VS ITA

—£PDEKT(
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BACKUP: EKT VS ITA

—#PDEKT(2,7)/ (e37)
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