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Outline: ™

¢ Introduction: measuring two-particle correlations

® [nvestigating correlations in high-multiplicity events: AA, pA, pp
systems

¢ LHC Run 2: looking for the “ridge” in pp collisions at Vs = 13 TeV

® Data sample
® Systematic uncertainties

® Two-particle correlations: results and comparisons

¢ Summary
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What is two-particle correlation used for?

CMS PbPb s, =2.76 TeV, 220 < N0\ "™ < 260

» Double ridge structure in (An, Ad)

1< p'T"g <3 GeV/c
1< p°T°3°° <3 GeV/c

NP
Ntrig dAn qu)

1
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=

What is two-particle correlation used for?

I ; =2 : ffline
Double ridge structure in (An, Ad) CMS PbPb sy, =2.76 TeV, 220 < N3 ™™ < 260
1 <PtTﬂg<3 GeV/c

Originally used to probe hydrodynamic 1<p; " <3GeVlc
in heavy ion collision

= Near side (around Ad =0) §2
=  Away side (around A} =n) \

1
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What is two-particle correlation used for?

CMS PbPb |s,, =2.76 TeV, 220 s NJ1'™ < 260

Double ridge structure in (An, Ad)

1< p‘Trig <3 GeV/c
1<p;* <3 GeV/c

Originally used to probe hydrodynamic
in heavy ion collision

= Near side (around Ad =0) izé:
= Away side (around A =) olg
2D correlation function reflect two =
particle correlation origin;
= Near side peak around (0,0): Jets
(and resonances)
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What is two-particle correlation used for?

CMS PbPb |s, =2.76 TeV, 220< N "™ < 260

Double ridge structure in (An, Ad)

1< p'T"g <3 GeV/c
1<p;***<3GeVlc

Originally used to probe hydrodynamic
in heavy ion collision

= Near side (around A¢ =0)

= Away side (around A} =n)

NP
Ntrig dA‘I’] dA¢

1

2D correlation function reflect two
particle correlation origin;
= Near side peak around (0,0): Jets

= Double side ridge structure: Back to back
jets + flow

cePF A. Moraes 26th November 2015 6

Centro Brasileiro de
Pesquisas Fisicas



C . 3 Gea .
N uon | CMS

N

N\

Solenoid <
experiment at -2~

CERN's LHC # z ]

What is two-particle correlation used for?

CMS PbPb |s, =2.76 TeV, 220< N{; " < 260

Double ridge structure in (An, Ad)

1< p‘T"g <3 GeV/c
1<p;***<3GeVlc

Originally used to probe hydrodynamic
in heavy ion collision

= Near side (around A¢ =0)

= Away side (around A} =n)

PN
N'(rig dAn dA(b

1

2D correlation function reflect two
particle correlation origin;
= Near side peak around (0,0): Jets

= double side ridge structure: Back to back
jets + flow

= Long range near side ridge structure? 1

Reflect hydrodynamic properties of the medium. What about small system?
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What is two-particle correlation used for?

offline

CMS pp \E=13 Te ,Ntrk <35

Double ridge structure in (An, Ad) 1<p. <3 GeVic

Originally used to probe hydrodynamic
in heavy ion collision

= Near side (around A¢ =0)
=  Away side (around A} =n)

2D correlation function reflect two
particle correlation origin;
"= Near side peak around (0,0): Jets
= Away side ridge structure: Back to back
jets
" No near-side long-range correlations in CMS Collaboration, JHEP 09 (2010) 091
low multiplicity events

26th November 2015 8

CBEk A. Moraes

Centro Brasileiro de
Pesquisas Fisicas



Compact

Muon —( N \y

Solenoid A
experiment at | éi"_-.f/
CERN's LHC AT — |
Why is it interesting in smaller systems?

Observation of near side long-range correlation in smaller system:
= Surprising!
= CMS collaboration was the first to discover it in small systems

1<p <3GeVic ;

5 |8 1.8]

Y5 3 1.7 o

£ 187 RSN
4 7 B,

4
near-side, long-range near-side, long-range
correlation correlation

* CMS Collaboration, JHEP 09 (2010) 091 CMS Collaboration, PLB 718 (2013) 795-814
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Why is it interesting in smaller systems?

Observation of near side long-range correlation in smaller system:

= Surprising!
CMS collaboration was the first to discover it in small systems

| |
= All LHC collaborations involved now!!!
CMS pPb \/s = 5.02 TeV, NI"™ = 110 (b)  2<py, <4GeVic S PPD Gy =502 TeV
1<pT<3 GeV/c & ~ (0-20%) - (60-100%)
CMS pp Vs =7 TeV CMS N
N> 110, 1.0GeV/c<p_<3.0GeV/c 5 )
&
LHCDb (new!) (b)
Evenl.tjlass 0-3%
z§2.l?
o=
gz.
|
-| 2
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Where do these correlations come from?

< p-p ridge origin: remains unknown “* p-Pb ridge origin: collectivity,
hydrodynamics describe data well

CMS pPb \[sy, =5.02 TeV, m‘:lne =110 (b) 2<p,,, <4GeVi p-Pb (S, = 5.02 TeV
1<p_<3GeVic v TSPy =2QaVi0 N (0-20%) - (60-100%)
T

CMS pp Vs =7 TeV CMS
N =110, 1.0GeV/c<p_<3.0GeV/c ™

2

LHCb (new!)

|
Event class 0-3% :

/ 3
\ /

CBEk A. Moraes

Centro Brasileiro de
Pesquisas Fisicas

26th November 2015 |




Compact . .
Muon ( "\'\5/
Solenoid A
experiment at | éi,'._-f/
CERN's LHC /T — |

What do we want to learn (few questions only)?

Does the ridge magnitude depends on Vs?
= Tighter constrains on models
How the colliding system size affect such near-side long range correlations?

CMS pPb \[s = 5.02 TeV, N ™ = 110

1<p.<3GeVlc ‘
' CMS

(b) 2< pm'|° <4 GeVic
1< Py 2GeVic //

p-Pb 5, = 5.02 TeV
(0-20%) - (60-100%)
O

S
s

CMS pp Vs =7 TeV
N> 110, 1.0GeV/c<pT<3.0GeV/c

2

LHCDb (new!)

x|
Event class 0-3%

R(AN,A¢)

: *
EovE A. Moraes 26th November 2015 12
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CMS Experiment at the
Data recorded: 2015
Run / Event/ LS:

LHC-Run 2:
High-energy pp
collision
recorded by



https://cms.web.cern.ch/news/cms-presents-first-results-13-tev-2015-eps-hep-conference

LHC Run 2 - data taking has
successfully started!

Higher centre-of-mass energy:
pp collisions at Vs =13 TeV

Low pile-up runs (~1-2 colliston/crossing) tmportant for
characternization of pp collistons at the new energy.

26th November 2015
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CMS-FSQ-15-002 ; CERN-PH-EP-2015-271

Measurement of long-range near-side two-particle angular correlations in pp collisions at
\/s =13 TeV

CMS Collaboration
11 October 2015
Submitted to Phys. Rev. Lett.

Abstract: Results on two-particle angular correlations for charged particles produced in pp collisions at a center-of-mass energy of 13 TeV are
presented. The data were taken with the CMS detector at the LHC and correspond to an integrated luminosity of about 270 inverse-nanobarns. The
correlations are studied over a broad range of pseudorapidity (Il < 2.4) and over the full azimuth (¢ ) as a function of charged particle multiplicity and

transverse momentum (p ). In high-multiplicity events, a long-range (|Axl > 2.0), near-side (A¢ = 0) structure emerges in the two-particle An-A¢
correlation functions. The magnitude of the correlation exhibits a pronounced maximum in the range 1.0 < py < 2.0 GeV/c and an approximately
linear increase with the charged particle multiplicity. The overall correlation strength at /s = 13TeV is similar to that found in earlier pp data at /5 =

7 TeV, but is measured up to much higher multiplicity values. The observed long-range correlations are compared to those seen in pp, pPb, and PbPb
collisions at lower collision energies.

Links: e-print arXiv:1510.03068 [hep-ex] (PDF) ; CDS record ; inSPIRE record ; CADI line (restricted) ;

http.//cms-results.web.cern.ch/cms-results/public-results/publications/
FSQ-15-002/index.html

A (subwmitted to PRL)
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The Compact Muon Solenoid detector
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experment at v

CERN's LHC /7 -

= —— ———————

CMS DETECTOR — —

STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonmes SILICON TRACKERS

Overall d

Ovwerall length :28.7 m

Magnetic

¥ CRYSTAL

ELECTROMAGNETIC

CALORIM

e

(online selection)

cm )

CBPF

~76,000 scintillating PBWO , crystaly

HADRON CALORIMETER (HC .'\L\)
Brass + Plastic scintillator ~7,000 channels

==~

lameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels

Microstrips (80x180 pm) ~200m” ~9.6M channel

—
e - .
S S —

field : 38T

BT PERCONDUCTING SOLENOID
Niobiam titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m” ~ 137,000 channels

e e -

FORWARD CALORIMETER =
Steel + Quartz fibres ~2,000 Channels

e selection)

ETER (ECAL)

) > N “
s - N P .
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Data: proton-proton collisions at Vs =13 TeV .=~

Crrm x HC /

e Integrated luminosity: 270 nb™!
® Pile-up conditions: 1.3 (average number of collisions per bunch crossing)

® Data collected with full solenoid magnetic field (B = 3.8T)

e [Extension of the 7 TeV results to higher energy and higher
multiplicity.

® Trigger (online): Ecar> 15 or 40 GeV (L1 trigger)
pixel tracking N« > 60, 85, 110 with In1>2.4, pr> 0.4 GeV/c

e Trigger (offline): at least one tower in each of the two HF calorimeters
(3 < Iml<5) with more than 3 GeV (suppress diffraction)

® Pile-up rejection: vertices cannot be too close above some multiplicity

e Tracks are weighted by 1/efficiency

CBPF. A Moraes 26th November 2015 |7
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SOIQnoId

CERN LHC "‘.

Multiplicity class (Ngiﬂine Fraction (N"fﬂ“‘e> <NC°m°-Cted

Minimum bias 1.0 2341
2,34] 0.82 13 16 +1
35,79] 0.15 47 58 +2
80, 104] 0.02 88 107 +4
105, 134] 33%10-* 113 13145
>135 14x10~° 145 168 +7

arXiv:1510.03068 [nucl-ex]
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Constructing the correlation function

CERN's LHC 7/

e Trigger particle: a hadron in a certain pr bin

¢ Same and mixed event pair distributions

B 1 dZNsame
B Ntrig dAWdA(P

1 dZNmix
B(An, Ap) =

S(An, Ap)

Nt]jg dAWdA(P

A0.04__ ‘?::;;“
e h ?j%ffﬁ‘#::f&__ R
<0.031 " g
N ittt e
e B R
:0 “2 ’J'f":';' ‘-’ﬁf?’#gfl’ f)::l:r Y 'y,
'<| - "-"f‘n £ £ ; "?' "l‘

e’
“20.01

—
o
T

Same event Mixed event

cm )
N II '
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Constructing the correlation function s

CERN's LHC A1 — |

1< P, < 3 GeV/c

e Trigger particle: a hadron in a certain pr bin o o (3= 19TV N <9

¢ Same and mixed event pair distributions

SIS
X XAX NS “‘/ "
XSS Ty
"""‘,‘%.. /

e

S
S

e 2D associated yield per trigger

i d2 Npair

Pair acceptance
correction factor

® Fourier coefficients Vi for [1)[>2

1 dealI’ Nassoc _ _
— 1+Y 2V,Acos(nA
Ntrig dA(P 291 ; = ( (P)
+
CBPE A. Moraes 26th November 2015 20
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Systematic uncertainties
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® Results are insensitive to tracking efficiency (ratios)

® Requiring 1 vertex and no pile-up rejection has only a small
effect

e Different trigger combinations were tested

® Various fit functions to determine the ZYAM factor®

Systematic uncertainty sources Abs. uncertainty (x107°)
Track quality requirements 0.6

Trigger efficiency 1.5

Correction for tracking efficiency <0.08

Effect of pile-up events 0.6

Vertex selection 1.0

ZYAM procedure 0.7

Total 2.4

i' * ZYAM: Zero Yield At Minimum (constant subtracted)

cBPE A. Moraes arXiv:1510.03068 [nucl-ex] 26th November 2015 21
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Two-particle correlations in pp at Vs=13 Te V=i =

offline CMS pp V; =13 TeV, N""" > 105 (b)

<
trk

CMS pp |s =13 TeV, N trk

1< P, < 3 GeVic

35 (a)

1< P, < 3 GeVic

0 a®
- /{Ij "\ .,s"i‘
% |2 018 ; AN
3k AR
e i ﬁ%‘ o
~lz" 0144 W\ ) 9"“/,/ \
/ XY\ \ "‘*0 '/ ‘ ,_‘;‘
* 71/ & “&‘ };

li‘\v'.'-", : b '§
LAAAX Y\

Low multiplicity | High multiplicity

Features:

* jet peak (truncated)
* away-side back-to-back jet correlation
* near-side, long-range “ridge”

CBPF
Centro Brasileiro de
Pesquisas Fisicas

A. Moraes arXiv:1510.03068 [nucl-ex] 26th November 2015 22
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M CMS
30|0l::::: /,//

Pr OjeCtiOH to1D experiment at |22\

CMS pp (s =13TeV,N""" > 105 (b)

rk
1< P, < 3 GeVic

l <A I L1l 1 1 l L1 1 1 l 1

o 0 1 2 3
1T IA®| (radians)

ZYAM: Zero Yield At Minimum (constant subtracted)

Allows comparisons to lower energy data and p+Pb and Pb+Pb

CBPF

A. Moraes arXiv:1510.03068 [nucl-ex] 26th November 2015 23
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CERN's LHC /AT

2
|l\r\.
X

‘\ \\\‘

Near-side long range correlated yield increases
with multiplicity.

0.1< P, < 1.0 GeV/c 1.0< P, < 2.0 GeV/c 20< P, < 3.0 GeV/c 3.0< P, < 4.0 GeV/c
0.1
- :Chﬁ? Covam =075 [ ®PP Is=13TeV C,,, =012 0 oy ™ 204 Cpvam =003
ofiline
S N, <35 opp |s=7TeV
O - 3
. 0.05 |- K " 8 Qe
§ I g ! i X OO- OO
.4 F - o d OVae®
M M k! 0032“" Q;o”
- IZ: 0 - }.QM - F‘Q@ﬂ%&
I-l L | PR | PR | oo v o by vy v by gyl L oo o by v v by vy 0 | NS W YR TN [T TN ST ST N NN WY NN NN U N
flin _ _ _ _
_ 35 < N:'k "<80 Com=228 | Corma=043 | Cypa= 008 C = 0-04
S -(35 r Noﬁllne< - -
O = =Mk i i i —
_ v 005 O - - S
5 | _g_ 2 (9900‘ I QQO‘.I‘ M 500 O
=% I ™ [ a ‘ 0e888%% 092e>" S
e L i ! i ‘e
= Iz“ 00“000“ M f .|'. W g
—| ol 1 & s T D B N A R S B T O O | i ea v b g g g0 o g g | | B A Al 1 a1 m
flin _ _ _ _ .
- 80 < No e< 105 CZYAM =282 | CZYAM =033} CZYAM_ 0.19 F CZYAM =0.06 g
< o ! ! X
g (90 <N" <110) [ i oQ
 oosl YL o 2 I
F R=4 . o 09 - Q.'O.. 3 - Z
“Zl < . i Oe.
© (@)
Lo . B f Q_ - .9“..0! =
-5 = Qe > i
z" oBgEgeoy 89%a0ad L Ao
-l....l....|....|.-l....I....I....I,;I 1 | .IF....I....I....I.
s N:::line2 105 CZYAM =4.77 CZYAM =1.27 CZYAM =0.28 CZYAM =0.09
! . o i
Oh _(Noml e2 110) 0.80_ 000‘
_ ¢ 005 Uk 090 - 0,09. - -
32| 3 | Os I Oe el
“Le | g 8o o pfe” 1 soe
P F.aeog@ [ 808002 Pesovaaut” #
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Calculating the yield

1 dN™"
Ntrig dA(I)

Fourier fit

1.32

1.31

1.3

1.29

1.28

1.27

1.26

1.25

Compact

determined by ZYAM procedure and to be subtracted

CMS pp /s=13 TeV
105 < N0 <135

- 1< p,*** <2 GeV
- 1AnI>2
S/A\%
o il | I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1
1 0 1 2 4
A ¢ (radians)

Yield

deair
Ntrig qu)

1

0.06

0.05

0.04

0.03

0.02

0.01

Muon (MS
Solenoid ,/_//
experiment at -2~ ~
CERN's LHC AT — |
- CMSpp /s=13TeV -
- 105 < NJ'"™ < 135 .
C 1< p;'g’ass <2 GeV *
- 1AnI>2
- -
- -
f— @ @
E -+
— s - A
- S a3
P A -
@ @
L 1 I 1 Il I 1 1 1 1 I 1 1 I 1 1 1 1 1 I 1
0 1 2 4
A¢(radians)
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Very similar to what we observed at 7 TeV

0.04
CMS ” (a) (b)
. ® pp\s=13TeV, N° "> 105 L «xss Glasma+BFKL, 13 TeV »
&) O ppls=7TeV, N°“""° 110 _ . Glasma+BFKL, 7 TeV «
= J
8 S Glasma+BFKL Nofﬂme =1 00, 13 Tev 1 .O < pT < 2.0 GeV/C .0.
S~ i i i :
& » 1= Glasma+BFKL, N°"' " <100, 7 Tev 2.0 <|An| < 4.0 ;
o 0.02| - = +
= 2
8 | ol
S ‘o g
%
< g
0...
0 m fesese &
1 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0 2 4 100 150
o (GeV/C) Noﬁlme

trk

Low-multiplicity: Ridge-like correlations are absent.
High-multiplicity: Ridge-like correlations emerge with an approximately linear rise.

nfé':i,o . A.Moraes 26th November 2015 26




- . . Co ion | CMS
Comparison with different systems e

CERN's LHC /A —_|

- CMS
- A PbPb |s = 2.76 TeV A
s | opPb |s=5.02Tev [}J
g |
(3 i opp\{g=13TeV A : o O
5 - opp\s=7TeV =
2 E A =
; 0.1} 0
2 s
T A O 2.0 <|An| < 4.0
s |
g(; I A = = 1.0<p_<2.0GeV/c
: A @ i 8
oﬁw‘eg’o.o.
I T, H T T

offline
N

trk

Ridge vyield starts to increase linearly for the three systems from Nk ~ 40
(approximately)

_Strong system-size dependence of the Associated Yield slope increase

CBPF A Moraes 26th November 2015 27
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 Two-particle angular correlations in pp collisions at Vs = 13 TeV have been
measured by the CMS experiment at the LHC.

arXi0:1510.03068 (submitted to PRL)

* Two-particle azimuthal correlations in high-multiplicity pp collisions exhibit
a long-range structure in the near side ( Agp=0 ) extending over at least 4 units

in 1.
- The effect is most evident in the intermediate transverse momentum region

between 1 and 2 GeV/c.

* The near-side long-range yield obtained with the ZYAM procedure is found to
be consistent with zero in the low-multiplicity region, with an approximately
linear increase with multiplicity for Noffine tric = 40.

* A strong collision system size dependence is observed when comparing data
from pp, pPb, and PbPb collisions.

* No collision energy dependence of the near-side associated yields is
observed over the overlapping event multiplicity and pT ranges.

A. Moraes 26th November 2015 28
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Silicon Drift Detectors

« Solid State Design
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» Low Cost

FAST SDD°
Count Rate =>1,000,000 CPS

Resolution Peaking Time
125 eV FWHM 4 us
130 eV FWHM 1 s
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160 eV FWHM 0.05 ps

SDD Spectrum
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11.2 ps peaking time
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CERN Courier November 2015

News

LHC EXPERIMENTS

CMS observes long-range correlations
in pp collisions at 13 TeV

The CMS collaboration has
published its first particle-
correlation result from
proton—proton (pp) collisions
at a centre-of-mass energy of
13 TeV. The paper describes the observation
of a phenomenon first seen in nucleus—
nucleus collisions, and also detected by
CMS in 2010 in the initial LHC pp collision
run, at a centre-of-mass energy of 7 TeV.
CMS later also observed the phenomenon
in proton—lead (pPb) collisions at a
centre-of-mass energy of 5 TeV per nucleon
pair. The phenomenon is an unexpected
correlation between pairs of particles
appearing in so-called high-multiplicity
collisions, which are collisions that
produce a large number of particles, i.e.
approximately more than 100 charged
particles with transverse momentum
pr>0.4GeV/e within the pseudorapidity
region Inl<2.4. The correlation manifests
itself as aridge-like structure in a 2D
angular correlation function.

Following the CMS observation at 7 TeV,
interest was expressed concerning the
dependence of this phenomenon on the
centre-of-mass energy. To more readily
address this question, CMS collected a
special 13 TeV data set, with an integrated
luminosity of 270 nb~'. Here, the average
number of simultaneous collisions in a beam
bunch crossing was as low as about 1.3,
presenting conditions similar to those used
for the 7 TeV analysis. Because the effect is
expected to appear only in high-multiplicity
events, a special trigger was developed
based on the number of charged particles
detected in the silicon tracker system.

Indeed, about once in every 3000 pp
collisions with the highest produced particle
multiplicity at 13 TeV, CMS observes an
enhancement of particle pairs with small
relative azimuthal angle A¢ (figure 1). It
therefore appears that charged particles have
aslight preference to be emitted pointing in
nearly the same azimuthal direction, even
if they are very far apart in terms of polar
angle, which is measured by the quantity n.

Such correlations are reminiscent of effects
first seen in nucleus—nucleus collisions at
Brookhaven’s RHIC and later in collisions
of lead—lead nuclei (PbPb) at the LHC.
Nucleus—nucleus collisions produce a hot,
dense medium similar to the quark—gluon
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Fig. 1.2D two-particle correlation function
in pp collisions atVs = 13 TeV for pairs of
charged particles, with each particle in the
transverse-momentum range

1 <p;<3GeVic. Results are shown for a
high-multiplicity sample. The sharp peak
from jet correlations around (An, Ap) =
(0,0) is truncated to better exhibit the
long-range correlation at Ap=0.

plasma thought to have existed in the first
microseconds after the Big Bang. The
long-range correlations in PbPb collisions are
interpreted to result from a hydrodynamic
expansion of this medium. Such a medium
was not expected in the simpler pp system,
and therefore the CMS results from 2010 led
to a variety of theoretical models aiming for
an explanation.

Remarkably, the new 13 TeV results
demonstrate that, within the experimental
uncertainties, the strength of the correlation
(expressed in terms of associated particle
yield) does not depend on the centre-of-mass
energy of the pp collision but only on the
particle multiplicity. This lack of energy
dependence is similar to what is observed for
hydrodynamic-flow coefficients measured in
nucleus—nucleus collisions at RHIC and the
LHC. Compared with the pp results, pPb and
PbPb collisions produce correlations that are
four and 10 times stronger, respectively, but
which are qualitatively very similar to the pp
results. The new results from pp collisions
extend the measurements to much higher
multiplicities compared with those at 7 TeV,
and provide the opportunity to understand
this curious phenomenon better.

o Furtherreading
cds.cern.ch/record/2056346
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Disposition of the different detectors in the silicon tracker. PIXEL (blue) refers
to silicon pixel detectors while TIB, TID, TOB and TEC (red) all refer to silicon
strip detectors

] Photo of silicon strip
() detectors in the barrel region.
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Event display: high-multiplicity collision ..==% —
recorded in pp at Vs =7 TeV
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Image of a 7 TeV proton-proton collision in CMS producing more than
100 charged particles.
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Two-particle correlation in pp at Vs =7 TeV gt K

(a) CMS MinBias, p_>0.1GeV/c (b) CMS MinBias, 1.0GeV/c<p_<3.0GeV/c CERN's LHC Z

/o
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An identical analysis of high
multiplicity events in PYTHIAS8 results
in correlation functions which do not
exhibit the extended ridge at Ap =0,
while all other structures of the
correlation function are qualitatively
reproduced.
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The intermediate pr range in high multiplicity events
shows an unexpected effect: a clear and significant
“ridge”-like structure emerges at A@ = 0 extending to
|An| of at least 4 units. This is a novel feature of the
data which has never been seen in two-particle
correlation functions in pp or ppbar collisions.
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collisions: comparison of similar
multiplicity events in PbPb and pPb

(a) CMS PbPb s, =2.76 TeV, 220 < N3 "* < 260 (b) CMS pPb s, = 5.02 TeV, 220 < NJ{"™ < 260

1<p;”<3GeVic

1<p;”<3GeVic -
1<pi™*“<3GeVic

1< p;'”‘ < 3 GeVic

dszair

Nysig dAN dAO
w W W W
- N W A

1

dszatr
ng dAn dA¢

1

N
F=N
Addlaaal

CBPF
Centro Brasileiro de
Pesquisas Fisicas

A. Moraes 26th November 2015 34



