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Discovery of long range “ridge” in pPb

Near side long range “ridge”, Ap ~ 0 |
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Long range rapidity correlations
seen in AA collisions and only in
high multiplicity pp and pPb
collisions

What could we learn from

latest pPb run?

® In AA collisions, long range
correlations arise from
collective flow

® Are these correlationsin
pPb also related to

hydrodynamic flow as in
PbPb?




Similarity between pPb and PbPb collisions
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Remarkable similarities in pPb and PbPb for same multiplicities

3




Identified particle v, in AA collisions
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Transverse Momentum P (GeVlc)

e Mass ordering at low p; seen in AA collisions.
e A cross-over of v, observed at around 2 GeV




Quark Number Scaling

0.08 ® Number of constituent

quark scaling (NCQ)

0.06 observed in AA
- collision.
i‘ 0.04 ® A possible indication of

parton degree of

0.02 freedom.

Study mass dependence

and NCQ scaling for a wide

p; range in CMS:

® In high multiplicity pPb
collision events

® Compare results with

5 o5 : T 5 same multiplicity in

PbPb collisions
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Data set, triggers and multiplicity distribution

Data sets:

» 2013 pPb + Pbp, 35nb!

» 2011 PbPb, 2.3 pub* (50-100%)
Triggers:

» High multiplicity triggers in 2013
» Minimum bias trigger
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V° Candidates Reconstruction

The K% and A candidates (generally referred to as /) are
reconstructed by combining pairs of oppositely charged tracks.
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Candidates / 0.5 MeV

V° Candidates Reconstruction
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Calculation of signal fraction

f = signal yield/total yield = S/(S+B)
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Two-particle correlation function

 Two-particle correlation functions are constructed for:
— K9 as trigger, inclusive charged hadron as associated, K%-h*.
— A as trigger, inclusive charged hadron as associated, A-h*.
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Extraction of v

Two-particle correlation functions are projected in “ridge” range (|An|>2 ),

N\

fit by a Fourier decompositiontogetV _,.: 1 dN? N
nA = —awe 1143 2V cos(nAg) ¢
N,, dA¢ 2 . J
Vh: Vh—h OB-_CM'SpIPbIm':sl.OQIT'eV'I_'_"II"Illlli-_"l"ll"lll_
n nA % :l;iri;t(r?gin;) GeV h*h"I + me 220 = N <260 K(S)-hi 1 — Fourier fits A/A-h*]
> 0 1 I _
— (_I) 0_2__1<p%SS°C<3GeV T & 0 O 0<N<35 1 h
Assume 5 e [ Long range (IAn| > 2) T 1 1
Q-Z< L
factorization I 0.1
1—le o
v . O e
K. —h ; ‘Shortrange (Al <1) T
KO VAS s 03 + minus ms 1 T ]
V S _ha % i Long range (IAnl >2) T
n h - +* T n
V ., 0.2r -+ L) | T .
n g < + + - =
Zls il o
VAR Tt o P oo I '
VA — nA '_lz“ 40 T "l I &£ <
n I N I i e ma AR s 5505 i
\V4 0 2 4 0 2 4 0 2 4
n A¢ (radians) A¢ (radians) A¢ (radians)

obs — Sig, bkg.(1._
v °0s =y SiE.f + v Pke.(1-f)



Pb

Py e
_>§

>

p Pb

—)Oé(—

>

0.4

0.2

0.0

0.0

Low multlpI|C|ty Vo in pr and Pbe

CMS Pbe \/ 2 76 TeV
L,=23 pr

1

35 < NOI'"™ < 60 1

60 < NOI'"™ < 120 :

[ K 1 (80+4%) 1 (73:4%)
"o A/A j
-_‘{}’ h* * 1 i 1 ¢ __
¢ | g @ IR ;-
T ON™ass o ¥ : . :
B it ,,,,,,, (90<8%) = T = ]
e ey B L S S U
L =35nb" 35 < NoMne g0 | 60 < O™ < 120 |
, 1 (24.5-48%) 1 (2.5-24.5%) -
' -- ,
i 1 N # 1 ]
.. 9 *Noffline 35 ) 2 ¢ 1 & i i . ¢ % i
at ( 43*19%)* ra® K oA
| ) ] | | ! | ! ! | | ! ! | ! ! |
0 2 4 2 4 0 2 4
p. (GeV) p. (GeV) p. (GeV)

® v, patterns are compatible for K%, A and inclusive charged hadron at low multiplicity
(<60) for both pPb and PbPb
® At 60-120 multiplicity, a hint of a deviation of v, between K% and A is observed.




ngh multlpI|C|ty v2 in pr and PbPb
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Mass ordering below 2 GeV and a cross-over at around 2 GeV observed.
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NCQ scaling of v, in pPb and PbPb
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NCQ scaling holds within 10% in pPb, better than in PbPb (25%).
— Suggesting parton degree of freedom in pPb collision?




High multiplicity v; in pPb

| T T T | T T T |
- CMS pPb s, =5.02 TeV .
[ Ly=35nb" 1
KO 185 < N <350 |
oo s (0-0.06%) i
o A/A 1 c
) hi + N \(')
® >
| ¢ :
0.05[- : " W o —
[ + # :
& I g
_ ;}J + . 3
000+ 1 A
0

0.04

0.02

0.00

_ =

155

1.0f

0.5

0.0 05 1.0 15 2.0
KET/nq (GeV)

Similarity between v, and v; in pPb:

® NCQ scaling holds within 20%

® Mass ordering below 2 GeV and a cross-over at around 2 GeV




Conclusion

® Second-order (v,) and third-order (v;) anisotropy harmonics of K% and A
particles are presented over wide multiplicity range and broad p; range in
pPb collisions

- Compared to PbPb results with same multiplicities

e Low multiplicity (N, °M"e < 60)

v, are compatible for K% and A in both pPb and PbPb collisions

® Higher multiplicity (60 < N, °ne <350)

- Mass ordering of v, and v; observed in pPb collision, more prominent
than in PbPb collision at same multiplicities

- A cross-over at around 2 GeV is observed for both pPb and PbPb
collisions

® Number of constituent quark (NCQ) scaling of v, and v, observed in high
multiplicity pPb collision

- Holds better than in PbPb collision at same multiplicities
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Two-particle correlation function
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High multiplicity v; in PbPb
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Comparison to ALICE result
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