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What is the origin of the long range near side correlation in
small system?
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AA case were observed

Collective effect

Clear mass ordering
for VO

Larger “Radial flow”
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Possible interpretations

Initial state
interactions (CGC, ...)

Final state
interactions
(hydrodynamic, ...)
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Ridge yield to very high multiplicity

PRL 116 (2016) 172302
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Yet to explore: Origin of the ridge?

Detailed studies needed for

* v, and higher harmonics
e Particle species dependence

Multi-particle correlation
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Two particle correlation functions projected in ridge range (| An|>2),
fit by Fourier decomposition to get V, ,:
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Two particle correlation functions projected in ridge range (| An|>2),
fit by Fourier decomposition to get V, ,:
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= No energy dependence observed
= Similar shape as

p-Pb and Pb-Pb
= Smaller than bigger system

Similar effect involved with different
magnitude?
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Clear mass ordering up to 2 GeV/c

Similar to pPb and PbPb
Similar origin?

Number of Constituent Quark scaling
observed in pp

Quark degree of freedom?
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Multi-particle (>2) cumulants: v {4} = #~c {4}

((6))= <<ein(¢l+¢b+¢j—¢4-¢sﬂ»6)>> ) v, {6}=1 ic"{(s}
¢, {6} =((6))-9-((4))((2))+12- <<2>>3 Q-cumulant, PRC 83 (2011) 044913

v {4} = v {6} = ... 2 system is collective
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4- and 6-particle cumulant measured at different energies

Clear signal observed in 13 TeV sample!

x1'0"3' | - | CMS Rre/iminary x1'o-'6' | - | CMS Rre[iminary
I pp ] -+ pp Vs=13TeV
0.03¢ mis=13TeV 1 0.10F © pPPb |y =5 TeV :
! S \s=7TeV i |
_ o Vs=5TeV _ 0.3<pT<3GeV/c
0.02f ¥ J( § ml < 2.4
A o
01 $¢ 0.3<pT<SGeV/C c#:
[ ml <2.4 | _ Gk Gt
- - G0 ! _ +
0.00 s " dh dn ] _
| | ] |
_ _ 00—
o 50 100 150 200 o 50 100 150 200
offline offline
I\Itrk Ntrk

6/14/16 Zhenyu Chen - LHCP 2016, Lund



Multi-particle cumulant results CMS Preliminary
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Multi-particle cumulant results
compared to v,{2}

= Probe collectivity

v,{4} = +/—ca{4},

V }
v,{6} = \6/ ch{6} ,

Comparison between v,{2}, v,{4}
and v,{6}:
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=» Collectivity!
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Compact Muon Solenoid
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No energy dependence observed within systematics before or after
peripheral subtraction
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Before jet correlation subtraction:
= v,{2} consistent for all particles at low multiplicity

= Clear ordering for p; < 2.5 GeV/c at high multiplicity
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Similar pattern to what is observed in p-Pb and Pb-Pb? Similar origin?
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to Initial State fluctuations
= Still true before subtraction=» Upper limit
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to Initial State fluctuations
= Still true before subtraction=» Upper limit

One possible explanation: PRL 112 (2014) 082301 oz
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to IS fluctuations

One possible explanation: PRL 112 (2014) 082301
= smaller v,{2}/v,{4} =» Less IS fluctuating sources
= Still true before subtraction=» Upper limit
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Fundamental difference between ATLAS and CMS method:
Subtract or not the combinatoric pedestal in the correlation
function of low multiplicity from those of high multiplicity

T(A¢) = N{1+ Z 2V,acos(nAg))}

C I -
- Ridge Reqi ] n
1.65— idge Region —
- i ‘ZQ Z 2V, ac08(nA@)) |_
: i n
i 1.60__ .. .. a
ilg f ° * : :
e .'i'. e * - Baseline of the correlation:
,_|Z~g"55___ ._._ - .' : '—.L_ Related to number of pairs involved in the
20° ..lL'. ¢ correlation
150 a Amplitude of sinusoidal modulation <«
145, L . L | if NZ 2V,acos(nA¢)) = cste and N 0
A " thenV , &
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T (Ag) = FTHY (Ag) + TH9¢(Ag)

N L) 2 eos(ng)} = ENTH 1) 2 os(nbg)G{14) 2y ws(n o)

G = NHIM _ p LM

G.V;ridge _ ]\[HM.‘/2 . F.NLM.‘/QLM

HM
if V Z 2V, acos(nAg)) = cste and N N G smaller tharj N, v, 2
m==elp  Smaller G can be interpreted as
n
thenVnA & correlation wrt a subset of particle

HM: High Multiplicity
LM: Low Multiplicity
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Compact Muon Solenoid
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CMS pp Vs =13 TeV Preliminary
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Clear double ridge structure also observed for V° after subtracting jet

correlations
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Compact Muon Solenoid
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Compact Muon Solenoid
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CMS Preliminary

Multi-particle cumulant results
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