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KapauHanbHble BOMNPOCHI

Ecnn ecTtb Nnpr3HaKkm NOTOKOBLIX ABNeHUN B pPb aHanornyHbie B PbPb, 10O
noyemy HeT NoAABNEHMA CTPYN M yMmeHblieHus dakTopa R, 8 pPb ?

AsnatoTca v aHn3oTponua vyactuy, B pp, pPb u PbPb npu manbix p;
npoasneHnem KI'Tl cpeabl n, ecnn aa, To B YEM UCTOYHMK N KAKOBA

NPOCTPAHCTBEHHAA CTPYKTypa KITI?

MoeT nn cTpyKTypa cpeabl KIM mn3 ropaumx kanenb (hot spots) nau rpanyn-
KNacTepoB onmcatb Habaogaemole NOTOKOBbIE 3PPEKTHI?
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[1lpenckasaHue aHn3oTponuu B p+p

CERN, CMS WEEK Dec 12, 2008

*Estimates of hadron azimuthal anisotropy from multiparton interactions in proton-proton collisions at sqrt(s) = 14 TeV
d’Enterria D., Eyyubova G.Kh, Korotkikh V.L., Lokhtin I.P., Petrushanko S.V., SarchevaL.l., Snigirev A.M.
The European Physical Journal C March 2010, Volume 66, Issue 1, pp 173-185 .
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Fig. 8. Integrated elliptic flow v, parameter as function of centrality (left panel) and of normalised particle multiplicity (right panel) at
midrapidity in p-p collisions at /s = 14 TeV for the different proton density distributions considered in this work (Table 1). For comparison.
the v, for Au-Au at RHIC energies is shown as a dotted line.
For realistic proton transverse profiles, we find integrated elliptic flow v2 parameters
below 3% in p-p collisions at Vs = 14 TeV.
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Two-particle angular correlations

Associated particle per-trigger yield: Trigger particle
count “associated” particles in given pT range
relative to “trigger” particles in given pT range
vs azimuthal angle and pseudo-rapidity difference
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Pumx-sddext (2PC meton) ans pp, pPb, PbPb
CMS

p+p 7 TeV p+Pb 5.02 TeV Pb+Pb 2.76 A TeV, 0-5%

JHEP 09 (2010) 091 PLB 718 (2013) 795 JHEP 07 (2011) 076

CMS pPb \[s, = 5.02 TeV, N2/ > 110
1<p_<3GeVic

(b) (a) cms J Ldt=31ub"
Pbe\fsNN = 2.76 TeV, 0-5% centrality

(d) N>110, 1.0GeV/c<p <3.0GeV/c
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”Ridge” (long-range azimuthal correlations) is observed
in high multiplicity pp and pPb as well as in central and semi-central PbPb collisions
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Obnactb KONNEKTUBHOrO NOTOKA YacTUL, NO P,
ana v (2PC)
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el % S5 SR @ PasnoxeHve C(AQ) B pag ®ypbe:
i 15 <p] < 2 GeVic
ol 4% 08 <lan < 1.8 C(Ap,An) ~1+ ZZ Viacos(nAp) , Voa = (cos(nAy))
= 1008  $/0
3 L :,.-‘ . ' e, *,*..-;_*. @ Buinonuaerca paxkrop3auma rapmoHuk V,  Ha
v e | 3 _;’ & 3"“-1 < H ogHouacTuuHble koadhuumaHTtel vi(pt) B
o0y J b\ Vg NPOMEXyTOUHOM AuanaspHe pt:
0.99 2
= el Vo 22 (va{ 2} (pt")va{2H(PE9))
° 1.002 n
g 1 : * . i@ CyMmmMma nepeBbiX 5 rapMOHKK ONMUCLIBAET CTPYKTYPY
oee8r . T4 . 4 Koppenaunii
0 2 4 _
Ao [rad]

MYHKT. KPWMBas — CYMMa rapMOHKK VN
PLB 708, 249 (2012) ALICE

v, Vg A
T 0.1 T = T T
- 05% g % 10 ]
g P ™ w  .t' | Pb+Pb, 276 TeV, Hl++
1 ] M L G.Eyyubova et al. Phys.Rev. C91 (2015)
_ _ T _ "M {:‘Hﬂ 6, 064907
ol B o 1': (pT plcm)
' 5% LY o N N ) V) = —”
.4 3035% . 5 Mﬂwbﬂw E . + v,{2PCY(pt) = ——
: oF %bec% o=r ] 1’u(pT )
0z 4 LY 1 of v ] o
ok (i‘r‘P C>L,Om . m_ v _ o Mmb% ] o pr~ 4 GeV/c
I I TR T B AT METOA, 2-X YaCTUYHbIX
a 2 4 [ ] 2 4 [ a F] 4 & E: o o
b, GeVic b, Govis b, GV (ZPC)KOppeflijLI,MVI C TPUITEpHOM
YacTULEN AAET Te XKe 3HaYeHus
Figure 5: Top row: Single-particle coefficients v, obtained w.r.t. rapMOHMUK, 4TO N Dypbe pasnoxKeHne
known 1‘eac.ri0n plane and v, {2PC]} extr_acred from ¥, for T_hic same OAHOYACTUYHBIX pacnpep,eneHMﬁ Ha
P; = pT in HYDIET++ generated 0-5% central PbPb collisions at

saw = 2.76 TeV. Bottom row: The same as top but for 30-35% cen- FEHEPaTopHOM YPOBHE.

22.09.15 5
trality. CemuHap JICB 03®B3, B.J1. KOpoTKux

7



e ma

dakTopusauma B obnactu Puaka 8 PbPb Ha CMS
CMS, PbPb 2.76 TeV, arXiv:1201.3158
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NS ridge structures in angular correlations
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Bce aKcnepumeHTasibHble rpynnbl HabaaaloT PUaK-3dPeKT Npm BbICOKON MHOXKECTBEHHOCTH
, Aaxke LHCb (cnhea.cnanng) LHCb-CONF-2015-004
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Puox adodoekt B Pb+p n p+Pb npn 5.02 TeV B LHCDb

LHCb-CONF-2015-004

LHCb p+Pb sy =5TeV
2.0<p,<3.0GeV/c
Event class 0-3%
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Figure 4: Two-particle correlation functions for events recorded in the p+Pb (a) and Pb+p (b)
configurations, showing the 0 — 3% event-activity class. The analysed pairs of prompt charged
particles are selected in a pp-range of 2 — 3GeV/c. The near-side peak around (An = A¢ =0) is
truncated in each histogram.
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Punok adodoekT B p+p npu 13 TeV

arXiv:1509.04776
ATLAS O_5<p$’b<5.0 GeV  ATLAS O_5<p$’b<5_0 GeV
\s=13 TeV 10<N L?]C<3D Vs=13 TeV N 29;21 20

3 | g 102}
= =
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Figure 2: Two-particle correlation functions, C(An, A¢), in 13 TeV pp collisions in N3¢ intervals 10-30 (left) and
> 120 (right) for charged particles having 0.5<p1<5.0 GeV. The distributions have been truncated to suppress the
peak at An=A¢=0 and are plotted over ;] < 4.6 to avoid statistical fluctuations at larger |An].
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Azimuthal anisotropy harmonics from long range correlatons
in high multplicity pp collisions at 13 TeV, ATLAS

* Two--partcle CF’"eh'at'O” | arXiv:1509.0477  CERN-PH-EP-2015-251
— Fourier harmonics extracton September 17, 2015
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The v2 values in the 13 and 2.76 TeV data are consistent within uncertainties. These results suggest that the
ridge in pp collisions arises from the same or similar underlying physics as observed in p+Pb collisions, and

that the dynamics responsible for the ridge has no strong energy dependence
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Azimuthal anisotropy harmonics from long range correlatons
iIn high multplicity pp collisions at 7 TeV, CMS

e Two--partcle correlation
— Fourier harmonics extracton
— Peripheral subtracton procedure

AN2015_066_v9_15-009, HIN-15-009-pas-v2
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* After peripheral subtraction
— v, decrease at high p;, converges to O for all particle species
— Mass ordering observed at low p;, identical v, at higher pT

* Overall, for high multiplicity pp events (before & after subtraction)
— At low pT region, same observation as for pPb and PbPb

— At higher pT, reverse of mass ordering is not observed
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Manble HyKnoHHble cuctembl d+Au, SHe+Au

ICNFP, Kolymbari, Aug. 23-30, 2015
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Comparison with various theoretical predictions are made, including to models
where the hot spots created by the impact of the three 3He nucleons on the Au nucleus expand
hydrodynamically to generate the triangular flow. The agreement of these models with data may

indicate the formation of low-viscosity quark-gluon plasma even in these small collision systems.
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“Tiny Drops of Early Universe 'Perfect' Fluid” He3 + Au, RHIC
https://www.bnl.gov/newsroom/news.php?a=11749
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The upper panel of this image represents initial hot spots created by collisions of one, two, and three-
particle ions with heavy nuclei. The lower panel shows the geometrical patterns of particle flow that would
be expected if the small-particle collisions are creating tiny hot spots of quark-gluon plasma.
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AMPT (Mmogenb napTOHHbIX B3aUMOOEUCTBU

Long-range azimuthal correlations in proton-
proton and proton-nucleus collisions from
the incoherent scattering of partons

G.-L. Ma and A.Bzdak , arXiv:1404.4129
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Figure 2: The initial parton distribution in a p+p collision (left panel)
and a p+Pb collision (right panel) for two typical AMPT events (with
string melting mechanism) with the number of produced charged par-
ticles, Nyack. larger than 110 (|| < 2.4, pr > 0.4 GeV). Here b is the

impact parameter.
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dnykTyauum gopmbl oonactmn Kl I1" B
moaenu AMPT

http://myweb.ecu.edu/linz/ampt/

ZW. Lin,

Vol. 7 (2014)
Acta Physica
Polonica B
Proceedings
Supplement,
p 193

http://myweb.ecu.edu/ljnz/ampt/e200-sm-b10fm-phiO-thetaO.gif

box range: +—15.00fm

View of the transverse plane along the beam axis at the time of 1 fm=c for
a 200 AGeV Au+Au event at impact parameter b =10 fm from the string melting
VerSion Of AMPT. CemuHap JICB O2®B3, B./1. KopoTKkumx
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[MapoonHamnyeckas nornepeyHas ninoTHOCTL [
aHTponuu B PbPb T

Ulrich Heinz , J.Scott Moreland (Ohio State U.Phys.Rev. C84 (2011) 054905
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FIG. 3: (Color online) Influence of the growth of the proton with collision energy on the initial transverse entropy
density s(r,70=0.4fm/c) (in fm ) for a typical central (b=0) Au+Au collision from the MC-KLN model. All
four panels use identical nucleon distributions in the two colliding nuclei, but the width v/B of the nucleon thickness
function changes with \/: (indicated above each panel) as listed in Table 1.
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CpaBHeHne PbPb n pPb gna notoka V,
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U3mepeHme V, B pPb anA BbICOKUX KYMYNSAHTOB CBUA,ETE/NIbCTBYET O MFOro4acTUUYHbIX KOPPEeNAaLUaAxX
* Correlations in p-Pb more than a 2-particle effect

« But difference in strength of v, between p-Pb and Pb-Pb

YausutenoHoe cxoactso 3aBucumocteirt V(N ) 419 PbPb n pPb

Michael Weber (CERN) - WPCF 2014 - 25.08.2014 20
CMS-HIN-14-006
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* v;is similar for both systems at same multiplicity
* Driven by fluctuations?

YousutenoHoe cosnageHue 3asucumoctert V(N o) 418 PbPb u pPb

Phys. Lett. B 724, (2013) 213

‘ Michael Weber (CERN) - WPCF 2014 - 25.08.2014 21
arXiv:1406.2474 [nucl-ex]
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CpaBHeHue PbPb n pPb ansa flow V,

G.Bazar,D.Teante,Phys.Rev. C90 (2014) 5, 0549036 arXiv:1312.6770

A scaling relation between proton-nucleus and nucleus-nucleus
collisions (arXiv:1312.6770) “KnacmepHas mooess KI'T1”

«... AIcTOYHHKOM moToka B POPb u pPb saBasiercst oxunakoBbIii MexaHn3m
KOJUICKTUBHOI0 OTKJIMKA HA (PIIyKTyauuu B mojoxennu kiaacrepos KI'L .....»»

«... MPUOJINKEeHNEe OTMHAKOBOT0 OTHOIeHusi B POPb u pPb aiaunbl mpobera
NapTOHA K pa3Mepy U3Jayvarouiei CUCTeMbl f ¢, / L Mpu (PUKCHPOBAHHOI

MHO’KE€CTBCHHOCTH ...»

«... IPM 3TOM BO3MOKHO cOrJIacoBaTh pe3yabTaThl V, (N ) TP HCKIIOYeHUH
reoMeTpuyeckoro gpakropa B rapmoHuke v2 ajst Pb+Pb »
(v2{2} = J1- g
2{2})PbPb,rscl = V' ane v2{2})PbPb -

«... CBSI3b MEXKIY CpeIHel Y Heprueid morepu sHeprua AE u pazmepom
n3Jyvyamineii cucreMbl L 3aBHCHT OT HaYaJIbHOI# YHeprun naprona. Kpurnueckast
JHeprus Juist Havaua jet quenching E_ =gL? nemocrarouna misi pPb
croiaxkHoBeHuii. [loromy He HaGmMwaawT jet quenching aas pPb »
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G.Bazar,D.Teante,Phys.Rev. C90 (2014) 5, 0549036 arXiv:1312.6770

VcknioyeHne reomeTpuyeckoro goaktopa
B rapmMoHuke v, ona Pb+Pb

Jlist PbPb BTOpO# KyMYJISHT SKCIICHTPUCHUTETA 3aBUCHUT OT

Tr€OMETPUUYECKOTO 00J1acTh 2 1
912 2, R

[IEPEKPBITUS €, (€2{2})44 = €5 + (0€3) + () 1_5 1O T

1 OT PIIyKTyaIuii ¥clust Velust

INIOTHOCTH KJIACTCPOB U 0o0JIee BLICOKUX ITOIIPAaBOK

Jlnst pPb mepBoro unena Her, €, =0, a BTOpOH, yNpaBISIFOIIHIA
(rryKTyaIrusiMu IIOTHOCTH KITacTepoB , C TouHOCThIO 10 O (1/N? o)
onuHakoB mias pPb u PbPb.
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\ E2 {2} - b an 29). Left: Original values. Right: The fluctuation

pared to (v2{2})ppp. The scaling factor is extracted

Koopduuuent k2 3aBucut omunakoeiM 00pazom mst POPb u pPb ot otHOmenus ¢, / L .
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Scaling pPb and PbPb

G.BASAR, D. TEANEY, A scaling relation between proton-nucleus and nucleus-nucleus
collisions (arXiv:1312.6770)
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FIG. 2. The integrated v2{2} for PbPb and pPb vs. multiplicity from [23]. Left: Original values. Right: The fluctuation

dependent elliptic flow, (v2{2})porvsa = /1 — €2/€2{2}? (v2{2})pvpy, compared to (v2{2})ppp. The scaling factor is extracted
using the Phobos Glauber Model [24] in A + A simulations, and is not a fit.

IlepecuéT BTOpOIi rapmonuku B POPD ¢ yuérom reomerpuueckoro ¢pakropa
naéT moJiHoe coBnajgeHue pe3yasraroB V, aias PbPb u pPb
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[opaydme kannu KI'T]

HeKOTOpre BblBOAbl:

1.

2.

22.09.15

Cnepyet nepexoautb Ha UccneaoBaHUA Habngaemblix B
3aBMCUMOCTU OT MHOXXECTBEHHOCTM!.

B Teopuun enatenbHo mccnenoBaTb 04HOBPEMEHHO
PbPb, pPb n pp ctronkHoBeHuUA.

HI coobLecTBo BCE 60blLLe CKNOHAETCA K ngee
obpa3oBaHua Knacrepos (ropaunx kanenb) KIM, KkoTopble,
nepeKkpbiBaACb, MCNYCKAIOT aHU3OTPOMHbINA KONNEKTUBHbIN
NOTOK YacTuu,.

Ha QM15 HaBepHAKa 6yayT AOKAaAbl, NpeTeHAaylowme Ha
eANHbIN MEeXaHU3M KONIZIEKTUBHOTO NOTOKa Npu
CTONNKHOBEHUMU MabIX CUCTEM.
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