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Goal: To understand initial conditions of pPb collisions
through long range correlations of produced charged
particles
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Goal: To understand initial conditions of pPb collisions
through long range correlations of produced charged
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Compact Muon Solenoid

EM Calorimeter (ECAL) Hadron Calorimeter (HCAL)

Beam Scintillator Counters (BSC)

Forward
Calorimeter
(HF)

TRACKER
(Pixels and Strips)

Very large coverage for tracking Muon System
(]An| up to 5.0)!
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Defining two particle correlation

|| CMS Experiment at LHC, CERN

<i| Data recorded: Mon Nov 8 11:30:53 2010 CEST
\[ Run/Event: 150431 / 630470

| Lumi section: 173

\EMS Experiment at the LHC, CERN
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Defining two particle correlation

CMS CMS Experiment at LHC, CERN
B <i| Data recorded: Mon Nov 8 11:30:53 2010 CEST
[ Run/Event: 150431 / 630470

| Lumi section: 173

\EMS Experiment at the LHC, CERN
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Defining two particle correlation

Associated hadron yield per trigger:

Divide Signal by Background
2 atr
LN — B(0,0) x S(An,40)

Signal pair distribution: Background pair distribution:
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R
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Defining two particle correlation

High multiplicity pp (N>110)+/s = 7 TeV

pp Ns=7TeV, N> 110 CMS Preliminary

2<p®<3GeVic -
1< p:““ <2 GeVic 7
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Signal pair distribution:

Background pair distribution:
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Understanding the correlation function

pp \'s =7 TeV, N> 110

. CMS Preliminary
2<p®<3GeVic )
1 < p:ssoc: < 2 Gevfc
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“Near-side” (Ap, An ~ 0)
correlations from single jets




Understanding the correlation function

“Away-side” (A ~ m)
back-to-back jet correlations
CMS Prelimi

pp \'s =7 TeV, N> 110

2<p” <3 GeVic
1<pi*<2GeVic_~7-"

2|3 140

5|5 1.35 /
o1.301™s '

—|_+= 4
z, A;,"gll\\

%0““\ 4 “Near-side” (A, An ~ 0)
correlations from single jets
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Understanding the correlation function

Striking “ridge-like” structure extending over An
at A¢ =0

pp \'s =7 TeV, N> 110

. CMS Preliminary

In high-multiplicity , N>110

2<p” <3 GeVic

1 < p:ssoc: < 2 GBV.I"C Where:

gz 31.40

b5 1:35] ) N = number of offline tracks
o1.3017 N .

T2 ,t! t“ I’llﬂ with p;>0.4 GeV/c
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Understanding the correlation function

’ 10/17/2012  Dragos Velicanu

35-40% centrality

CMS PbPb 2.76 TeV

1 PN
NtrigdAn dA(I)

-4 EPIC 72 (2012) 2012

p250c: 2—4 GeV/c
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Understanding the correlation function

\ 35-40% centrality
% )
,'\\@’/-\,/ CMS PbPb 2.76 TeV

Vol
| )t N_}VZA cos(2 A¢) &
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EPJC 72 (2012) 2012

L
p250c: 2—4 GeV/c
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Any guesses for pPb correlations?

=1 10/17/2012 Dragos Velicanu Hot Quarks 2012 14 O
( |



Any guesses for pPb correlations?

What do we expect to see in
(high-multiplicity) pPb?

CMS Experiment at LHC, CERN

Data recorded: Thu Sep 13 05:21:23 2012 CEST
Run/Event: 202792 / 1737666483

Lumi section: 918

Orbit/Crossing: 240400935 / 1986
N=235 event Pt e
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CMS Preliminary

_ offline
PPb \[Sy, = 5.02 TeV, NI > 110_
1< p‘r < 3 GeV/c

5 E 1.8
2 1.617 NS Vs
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AR AN
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CMS Preliminary

_ offline
PPb \[Sy, = 5.02 TeV, NI > 110_
1< p‘r < 3 GeV/c

dngaw
Nyq dAT dAG
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A (relatively big) ridge!

Phisical origin still
unclear

CMS Preliminary

_ affline
pPb y[s,, = 5.02 TeV, N’ "™ > 10_
1<p, <3GeVic

(d) N>110, 1.0GeV/c<p_<3.0GeV/c
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Much bigger than pp
CM‘S % 10/17/2012 Dragos Velicanu Hot Quarks 2012 18 \ .-.7 4



A (relatively big) ridge!

Initial-state geometry
+

collective expansion

CMS Preliminary

_ affline
pPb y[s,, = 5.02 TeV, N’ "™ > 10_
1<p, <3GeVic

PbPb \[s, = 2.76 TeV
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Multiplicity Evolution

_>'(_

Low multiplicity o Low transverse

CMS Preliminary denSIty

_ offline
pPb ysy, =5.02 TeV,|N_ "~ <35
1<p, <3GeVic

Divide into 4 multiplicity bins:
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Multiplicity Evolution

Increasing multiplicity

CMS Preliminary

pPb \fs,, = 5.02 TeV
1< p; < 3 GeV/c
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Increasing
transverse density

Divide into 4 multiplicity bins:

100 200
Ntrkofﬂine



Multiplicity Evolution

P Pb

Increasing multiplicity '« High transverse

CMS Preliminary denSIty

pPb \[S ., = 5.02 TeM 90 < No™™ < 110 ||
1 = p‘r = 3 GEV.I"C

Divide into 4 multiplicity bins:
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Multiplicity Evolution

Highest transverse
density

Increasing multiplicity

CMS Preliminary

_ offline
PPb \[Sy = 5.02 TeV|N2""™ > 110 -
1 < p‘r = 3 GEV.I"C

Divide into 4 multiplicity bins:
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Quantitative evolution of ridge effect

Want to use the same approach as in pp ridge
paper for apples-“apples” comparison

—_——
WhRAO

1

dszalr
Nirig dAN dAG
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Quantitative evolution of ridge effect

CMS pPb \'s =5.02 TeV, N= 110
T T T T T T T T
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Quantitative evolution of ridge effect

CMS pPb \'s =5.02 TeV, N= 110
T T T T T T T T
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Multiplicity

Voo

1-2 2-3

Multiplicity and pT dependence

0-1
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Multiplicity and pT dependence
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No ridge anywhere in pPb MC

Compare to AMPT and HIJING pPb
HIJING pPb, N>=120

1<p*<3GeVic
1< p:“"': <3 GeVic
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CMS Preliminary

Generator-level
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Ridge Associated Yield

ZYAM example

CMS pPb Vs =5.02 TeV, N= 110
A R ——
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CMS pPb Vs = 5.02 TeV,
A R

261 10/17/2012

ZYAM example

N=110

0 <p':"‘< 2 GeVic
- 1<p <2 Gevic

2<|An|<4

Associated ‘geld / (GeV/c)
-
&2

Dragos Velicanu

In the signal (N>110)
region, the strength of
the effect rises and falls

with pT

Ridge Associated Yield

o
o
B

Nofne > 110

L(a) C

0 1<p <2Gevic :

Vls Preliminary
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Ridge Associated Yield

In the signal (N>110) In the. Py Fange where
region, the strength of the yield is the .
ZYAM example the effect rises and falls strongest, the ridge
with pT turns on at N=50
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Summary and Conclusions

* Asignificant ridge is observed in high
multiplicity (central) pPb collisions at 5 TeV
— strong mechanism to produce particles in a plane
— much larger than pp

CMS Preliminary

7| T T T T ‘ T T T T | T T T T ‘ L
w— — ffli

- PPb {5, =5.02 TeV, NI7™ > 110

_1<p <2GeVic ]
- 2<|an<4 -

Correlations from back to
L back jets

Correlations from planar ' ‘e . Correlations from planar
particle production particle production

Ad|

NS 1
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Summary and Conclusions

* Asignificant ridge is observed in high
multiplicity (central) pPb collisions at 5 TeV
— strong mechanism to produce particles in a plane
— much larger than pp

* Effect turns on slightly above average
minimum bias multiplicity
e Effect rises and falls with pT

— similar trend as observed in both PbPb and pp
ridge before
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Thank you LHC!

e All this came from a few hours of LHC pPb test
running, only one fill!l Hope for more surprises
from full pPb run coming up in January!
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