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Collectivity in small systems
QCD critical point



Discovery at the LHC
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Particles with large rapidity separation prefer similar azimuthal
angles (collimation)!

Backto-back contribution also present (jets, obvious)



Experimental data (sample)
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The effect is larger ip+Pbthan p+pcollisions

CMS CollJHEP 1009 (2010%1; PLB 718013)795

ALICE Coll., PLB 7P913)29

ATLAS Coll., PR10, 182302 (2013
PHENIX ColPRL111, 212301 (2013}+Auat 200GeV
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at the same multiplicity in
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Themore particles the stronger the effectnot shown here
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. J-Y.Ollitrault,
Elliptic flow PRD46 (1992029

transverse plain
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mean free path
characteristic length scale
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described by fluid dynamics
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flow is anisotropic
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described by statistical mechanic:
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Let us consider an extreme case, particles only at 0‘and
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after integrating

There are obvious twparticle correlations over,
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2-particle correlation function is peaked at 0 ahénd has minimum
at“ ¥c. Forreab itisAl ©- e

There are alsonulti-particle correlations



N.Borghini P.M.Dinh J-Y.Ollitrault

Multi-particle correlations PR3 (2001) 054906
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for many other implementations
p+A GlaubeMC it looks similar
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CMS data
CMS Coll., PRL 115, 012301 (2015)
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collectivity beyond reasonable doubt 9




: B.Alver G.Roland,
Triangular flow PRC 812010) 054905

Sometimes system looks like a triangle
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Perhaps we can apply hydrodynamics to kimghltiplicity pp and pA
collisions. Thanteraction region is small but dense.
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Standardhydro can fit data fop+Pb

P, [GeVic]
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AMPT model (elastic scatteringSpzrtons & papre 72 (2005 064601
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PHENIXp+Au d+Au He3+Au

?’HeAu

dAu pAu
v, = V" > v,
> F
p+AU ‘ 0.22 * ‘He+Au 200GeV 0-5%, arXiv:1507.06273
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Clear response to global geometry.
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QCD critical point



Z. Fodor, S.D. Katz

Why heavyon collisions? JHE®203 (2002p14
critical point
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’ Atomic nuclei Neutron stars

Baryon density




In general phase transition influence fluctuations
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Qritical opalescence
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We studycumulantsof 0 £ , £ is baryon/charge number
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Polyakovioop-extendedQuarkMesonModel (PQM)
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