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ge” seen in all systems at the LHC!
= Hydrodynamic flow origin in PbPb collision.

about small systems?

Zhenyu Chen - ISMD 2015, Germany



CMS/!
\ : ) o oy [
< DNE-rang ofc OPL
V. aw
) T
) PRL 115 (2015) 012301 | PLB 742 (2015) 200
(b) pPb sy =5.02 TeV,220 < Noi'™ < 260 T T . . 0.8 T ————
L CMS pPb |s,,, = 5.02 TeV . °[ CMS pPb s, = 5.02 TeV
| 0.3<p_<3.0GeVic;ml <24 i L L. =35nb "
. é ' : 0.10 O VL2, IAn>2} - ot "
O v{4} 1 | 0 -
| + v 1 02 ®Kg » -
s N o L e vvn o o 0 6600 HE 1 - o A/A ® ® :
32 W = K ] i ] |
2 o ALSSERIEIRES ) OOT 00 Sl b of  g¥e i
z 3 y. 4‘;"«*\\:‘ e - o + 1 [ ¥ e ]
% W - : L om fline .
= ::“:&‘ ‘# | [ ..’ 185<N,, <220
' _ T (0.006-0.06%)
| 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 O.OT__l__l___l__l__l___l__l__l___l__l__l__
) : 0 100 200 300 0 2 4 [
1<py<3GeVic 4 ptine pT (GeV)
0.2 r——— 7 T
. cms Preliminary ly <10 i
- * % — L[] L]
otel- & ° . ' Collectivity!
— - ® -
%J r | N N Q@ » * N e
€ o1g- I B Mass ordering!
= B [ ] -
014 * ppis=7TeV,L =5pb’ ] «“ : 7|
- ® pPbys, =502TeV,L =35nb" 7 Radlal ﬂOW *
| O PbPbySy=276TeV,L_ =23 ub’ ]
0.12— | T T T T AN SR TR S S P TR
03 0.4 05
%> HIN-PAS-15-006

10/5/15 Zhenyu Chen - ISMD 2015, Germany



N\
S 0 ° °

(@) pp Vs =7 Tev, N5 110

JHEP 09 (2010) 091

o
5/ "t
el L\ 4
BSOS A0

y j Vs
¢ NAAAKN

1 <p,<3GeVic -4

A& C J I
[ J
CMS Preliminary pp \/; =13 TeV (b)
N'" = 105

ri
1< pT<3 GeV/c

FSQ-PAS-15-002

Collectivity in even smaller system?

Hydro flow at the smallest scale?

Other contenders? E.g. Color Glass Condensate glasma
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No collision energy dependence
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No collision energy dependence
CGC overshoots at high multiplicity

Hydro calculations?
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What about v,, v5 in pp?

Particle species dependence?

Is it collectivity?

Zhenyu Chen - ISMD 2015, Germany

trk




In pA, hydro calculation limited by proton shape

initial
energy density
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pp collision provides exclusive probe of proton shape
fluctuation at very short time scale!
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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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Data & MC difference = contribution other than jet correlation
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Data & MC difference = contribution other than jet correlation

10/5/15 Zhenyu Chen - ISMD 2015, Germany



\\\ \ 0
S A A
~< \ \
)\
Preliminar -3 Preliminar
0.006 T T T T I T T T T I T T T T I T T y i<1lo 1 1 1 I 1 1 1 1 I T T T T I T T y-
-~ CMS pp \s =7 TeV 1 02 IAnl>2 i

- A0l > 2 T I ]
[ ~ PYTHIAG | i h¢O¢ Q ]

0.004f — 0.0 Q

< - Oo00o o O - < i Q 7
Y ONe) M _aol _
> | \\ O O O O i > 02 i (:) ) ’\ - B + |
AN pa —
0.002|- - _ - e A -
N oA - M ~ ~PYTHIA6 .
- . ~04f | —
| i B / T
i 0.3<p.<3GeV/c. [ / ]
T 06k 0.3<p_<3GeVic_
0.000 or T i
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 50 100 150 0 50 100 150
Noffline Noffline

trk trk

Data & MC difference = contribution other than jet correlation
Positive V;, = brand new phenomena!
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Back-to-back jet correlation on the away side
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Correlation between away and near-side jet contribution
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low multiplicity subtraction\to remove jet contribution:
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After low multiplicity subtraction
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“Double ridge” structure similar to pPb and PbPb
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V,, V3, become relative constant at high multiplicity

trk

Low multiplicity subtraction works well for jet correlation (MC)

10/5/15 Zhenyu Chen - ISMD 2015, Germany



10/5/15

0
' ' ' ' [ ' ' ' ' ' ' [ ' ' ]
O pPb sy =5.02TeV CMS Preliminary |
[1 PbPb \/s =2.76 TeV
g oo8t
8L g - ]
el i ] o © ©00000p o |
B B o © ]
= 0.05 —% —
B %Cz o ¢000¢g © _
B ‘. —pp \s=7TeV, no sub.”
- 0.3<p_<3GeVic ® pp \s=7TeV i
! ! ! ! | ! ! ! | ! ! | !
0 100 200 300
Noffline

V,(pp) = 4% at high multiplicity
V,(pp) < v,(pPb) < v,(PbPb)

trk

Zhenyu Chen - ISMD 2015, Germany




T T T T l T T T

0.03[~ O pPb \s,, =5.02 TeV B
" O PbPb |5, =276 TeV pop o
l o 85 :
- 1Al >2 & ]
EJ\T 0.02_— 8] —_
S : f -
20 ; Eb * CMS Preliminary N
- [% ++¢ o ®pp \s=7TeV ]
0.01— : —
- C) ]
i # 0.3< P, < 3 GeV/ic |
. ! ! ! I ! ! ! ! I ! ! ! ! | ! ]

0 100 200 300

Noffline

trk

v3(pp) = 1.2% at high multiplicity
Trend of deviation from v;(pPb) & v5;(PbPb) at high multiplicity
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v3(pp) = 1.2% at high multiplicity
Trend of deviation from v;(pPb) & v5;(PbPb) at high multiplicity
More constraints on the proton shape
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Compact Muon Solenoid
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No mass dependence of v, from jet correlation at low multiplicity
Mass ordering in low p; region at high multiplicity
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Presented the second-order (v,) and third-order (v;) anisotropy of
charge hadron, K% and A for high multiplicity pp collisions

Multiplicity dependent (charge hadron)
= overall v,(pp) < v,(pPb) < v,(PbPb)
= v,(pp) deviates from v,(pPb & PbPb) at high multiplicity

Transverse momentum dependent (PID)
= Mass ordering clearly observed in low p; region
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Compact Muon Solenoid
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Systematic studies considering: from low to high multiplicity
= Potential de-correlation between near and away side jet contribution
= Potential change of jet distribution in An and A

One overall test: cut leading particle p
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Subtraction robust against potential bias on jet mechanism
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The subtraction procedure to remove jet contribution
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Jet yield used in subtraction estimated by long-rang (| An|>2)
away side (|Ad|>2m/3) yield minus near side vyield (| Ad | <mt/3).
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CMS pp Vs =7 TeV
110 < NJI"™ < 150

. 2 PI°<3 GeV/.‘.“"

4

Two particle correlation constructed for:
= Charge hadron as both trigger and associated, h* — h*
= KO as trigger, charge hadron as associated, K% — h*
= A as trigger, charge hadron as associated, A — h*
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