Azimuthal Anisotropy Measurements in Small Colliding Systems

Li Yi
Yale University

Li Yi, RHIC & AGS 2015 Users’ Meeting



Motivation
Ridge yields
Vh Mmeasurement

Summary

Outline

Li Yi, RHIC & AGS 2015 Users’ Meeting



L arge vs small Colliding Systems
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L arge vs small Colliding Systems
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 Charged particle multiplicity
In high-multiplicity p+A ~ peripheral heavy ion
collisions
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Ridge in Small Systems



Ridge in Small Systems

CMS pPb pLs 718 (2013) 795
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Jetlike correlation residue
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Double Ridge

Near-side ridge in pPb

Double-ridge in high-mult. — low-multiplicity (for jets)
Near-side jetlike yield multiplicity dependence?
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Fvent Selection Effect on Jet

p + P b d +Au STAR, PLB 743 (2015) 333

ALICE, PLB 741 (2015) 38-50
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* High-multiplicity selects on jet with larger yield
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Near-side Jetlike Correlation Subtraction
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e High-mult. — jet in low-mult. = Double Ridge
* High-mult. — scaled jet in low-mult. = Away-side diminished
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Ridge and Jet Multiplicity Dependence
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 Ridge and jet have different multiplicity dependence in p+Pb

Li Yi, RHIC & AGS 2015 Users’ Meeting



Ridge In d+Au
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 Near-side ridge vyield depends on rapidity
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Ridge Yields Pseudorapidity Dependence
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* Ridge proportional to away-side (ratio independent of An)
 Away-side yield dominated by jets
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Ridge in He3+Au
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* Near-side ridge on both Au-side and He3-side
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Ridge prt Dependence in d+Au
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vn Measurements



V2-V5(p7)
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e Higher order v, is measured
Good agreement between experiments

 How is non-linear response”?
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PID vy in p+Pb
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Strange Particle Mass Ordering of vn

p+Pb Pb+Pb.
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PID vn In d+AU
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Multi-particle Correlations vz in p+Pb

ATLAS, PLB 725 (2013) 60-78

CMS, aI’X/V750205382 T T T T [ T T T T [ T T T 1 T
T | T

N I

CMS pPb s, = 5.02 TeV . > i TLA|S S i
0.10 + 0.3< pT <3.0 GeV/C; |Y|| <24 _| B p+Pb, \ SNN — 502 TeV, L — 1 ub-1 i
t . 0.1 int -
- e . :
O O

(\l i OQOOO 0 e OOO_ I 1L = ——H |
>oo5GDOOOO ;? u Tt ’—’341‘E 1= |
IO T ms! N 7] 0.05 __B —
| EI] m %+ * | i - ov.{2) |
| [I] | _ *V,{4} i
| - 0.3<p, <5GeV mv,{2PC} |
- Inl < 2.5 AV,{2} hydro |

| | | | | | | | | | | | | | | | | | 0210 | | | 4'IO | | I 6|() l ] l 81() [ I I1 (I)OI l I1 21(..)I

0 100 200 300
/ \Noffline / \ <EE.IFjb> [GeV]
trk
<Nch> =37+17

<Nch> =102+26
<Nch> =66+3 <Nch> =132+6

e Multi-particle cumulant needs ?Jn{k}» (9( ! )

M1-1/k

Li Yi, RHIC & AGS 2015 Users’ Meeting 19



co In p+Pb, Pb+Pb
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 Most central Pb+Pb vs from initial fluctuation

e Similarity with p+Pb?
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co{6) in p+Pb, Pb+Pb

cn{6} = 4(v,)°

ALICE, PRC 90, 054901 (2014)

ALICE i
® p-Pb s, =502TeV

O Pb-Pb s, =276 TeV —
L — v, {6} =45% .
0.2< p. < 3.0 GeV/c ]

C.{6}

QOCQ)O 7

0 © 7

O O §

Q _

0 Lo

g O |

. T e

I_I | | | | | I | | | L1 | | T
10 10° 10°

Nch(mlabl < 1)
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e How much contribution in high-multiplicity
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v3{2} In p+Pb, Pb+Pb

ALICE, PRC 90, 054901 (2014)
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Vn Scaling from pA -> AA

0+Pb 5.02 TeV
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G. Basar & D. Teaney, PRC 90, 054903 (2014)
Data: CMS, PLB 724 (2013) 213

‘Remove’ overall geometry in AA and isolation fluctuation part

Scaling ratio calculated from Glauber model
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vn(pT) Scaling from pA -> AA
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Vo (N) In p+Pb
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P. Bozek, A. Bzdak, G. MA, arXiv:1503.03655

ot dependence different predications
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http://arxiv.org/abs/arXiv:1503.03655

vo An & Multiplicity Dependence in d+Au

No jet subtraction
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e Similar V2 on Au-side & d-side while different near-side ridge vyield

STAR, PLB
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Vo & V3(PT1) IN d+Au and He3+Au
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vi Multiplicity Dependence in d+Au
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Uncorrected mid-rapidity dNc/dn STAR PLB

V1 ~ 1/Multiplicity <— Momentum conservation

e + same V2 in low- and high-multiplicity —>
Near-side ridge in high-mult. not in low-mult.
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vi(pT) in p+Pb and Pb+Pb

Momentum conservation contribution removed

p+Pb 5.02 TeV Pb+Pb 2.76 TeV
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ALICE, PRL 111, 232302 (2013
ATLAS, PRC 90, 044906 (2014) ( )

e Similar v4 trend in p+Pb & Pb+Pb

* Sign change at larger pyin p+Pb
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2 os

Transverse Momentum Factorization

Breakdown

CMS PbPb centrality(%)
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CMS, arXiv:1503.01692
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Away-side Jet Contribution in vn

p+Pb 5.02 TeV
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ATLAS, PRC 90, 044906 (2014)

» Large effect for pT > 3 GeV/c
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Transverse Momentum Factorization

o+Pb 5.02 TeV

Breakdown
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and measurement
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Pseudorapidity Factorization Breakdown

CMS, arXiv:1503.01692
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« Event plane fluctuation in pseudorapidity

e (Calculation?
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summary

* Ridge in observed in high-multiplicity pp, pPb,
dAu, He3Au

* Vvh measurements in small systems discussed and
compared with heavy-ion collisions

* Question remains: the physics mechanism®?
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Multi-particle Correlations

cn{4} =-(vn)"

e Multi-particle cumulant needs Un{k} > O(
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Pb+Pb 2.76 TeV

TABLE .

dN, /dn and (dN g, /dn)/({Npar }/2) values measured in Iyl < 0.5 for nine centrality classes. The
(Npart) obtained with the Glauber model are given.

Centrality ANy /dn (Npart) (ANen/dn)/({Npard/2)
0%-5% 1601 + 60 382.8 + 3.1 8.4 + 0.3
5%-10% 1294 + 49 329.7 + 4.6 7.9 + 0.3
10%-20% 966 + 37 260.5 + 4.4 74 +03
20%-30% 649 + 23 186.4 + 3.9 7.0 + 0.3
30%-40% 426 + 15 128.9 + 3.3 6.6 + 0.3
40%-50% 261 + 9 85.0 + 2.6 6.1 + 0.3
50%—60% 149 + 6 52.8 + 2.0 57+ 03
60%—-70% 76 + 4 30.0 + 1.3 5.1 +03
70%-80% 35 +2 15.8 + 0.6 4.4 + 0.4

ALICE, Phys. Rev. Lett. 106, 032301
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