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CMS Detector

HCAL Inl< 5.2
ECAL Ini< 3.0

Tracker [nl< 2.5
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PbPb dijet phenomenology

Leading jet (p;>120GeV/c)

Subleading jet (p>30GeV/c)
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PbPb dijet phenomenology
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PbPb dijet phenomenology

PLB 712 (2012) 176
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PbPb dijet phenomenology
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Jet anatomy

Fragmentation function difference (PbPb — pp):
Shows redistribution of particles in p;
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Jet
Py

Particle /

0.4
No change at

small r, high p;

Narrowing/depletion
at intermediate r, p;

0.1

+— Broadening/excess
03 atlarge r, low p;

0.2
Radius r

(3-5% of jet energy)

03 Jet shape ratio (PbPb/pp):

Shows redistribution of energy in r from jet axis
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ytjet: u,d quark energy Ioss
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Raa Z00: Signal and Control
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CMS (* preliminary)

PbPb\/sy = 2.76 TeV
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Vector-bosons show that hard scattering

rates are under good control
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Long-range correlations in pp and pPb
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Observation of long-range, near-side angular
correlations in proton-proton collisions at the LHC

Contents lists available at SciVerse ScienceDirect

Physics Letters B
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Observation of long-range, near-side angular correlations in pPb collisions at the
LHC™

CMS Collaboration*

Observed “flow-like” effects raise possibility of “final state”
effects in pPb for many observables, incl. e.g. jets (but this
is going to be subject of a talk at a different meeting...)
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Correlations in 7TeV pp collisions

Results based on 1fb1,

i.e. sampling 50billion pp events Intermediate P 1-3 GeV/c
with high multiplicity trigger

(b) MinBias, 1 .OGeVIc<pT<3.OGeVIc (d) N>110, 1.OGeVIc<pT<3.OGeVIc

R(AN,A()

Pronounced structure at large v around 6¢ ~ 0!
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Multiplicity Evolution in pPb

Low multiplicity

CMS pPb Vs =5.02 TeV| N < 35

1<p.°<2GeVic
1<p;™* <2GeVic
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Multiplicity Evolution in pPb

Increasing multiplicity

CMS pPb \fs = 5.02 TeV,

tri T . . .
f<p, <2GeVic Divide into 4 multiplicity bins:
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Multiplicity Evolution in pPb

Increasing multiplicity

CMS pPb \/s = 5.02 TeV

P Pb

trig

1< p, < 2 GeV/c
1<p™* <2GeVic
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Multiplicity Evolution in pPb

P Pb
Increasing multiplicity
CMS pPb Vs = 5.02 TeV| N> 110 | -
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Ridge Associated Yield

In the signal (N>110) In the py range where
region, the strength of the yield is the
ZYAM example the effect rises and strongest, the ridge
falls with p turns on at N=40
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New results on pPb correlations

* Analysis of 2013 pPb data set

— Including high multiplicity triggers sampling full luminosity
of 31/nb (30000x pilot run stat’s)
« Re-analysis of peripheral PbPb using identical
reconstruction, event selection, analysis code,...

« Comprehensive set of observables

— Associate yields (as in previous CMS pp and pPb
analyses)

— V, and v, from two particle correlations (w/ n gap)

— “Peripheral subtraction” a la ALICE, ATLAS
— Vv {4} four-particle cumulants

cMs, 1 o
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“Centrality” (multiplicity density) binning

n.b., particles are counted for p; > 0.4GeV/c, [n| < 2.4

pPb data PbPb data
Ngiftine bin || Fraction | (Ngifine) | (Nggrrected) [ <Centrality> | (Noifline) | (Nggected))
+ RMS (%)
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oPb vs PbPb

CMS Preliminary PbPb szN =2.76 TeV, 220 < N < 260

CMS Preliminary pPb s, = 5.02 TeV, 220 <N < 260

pPb

%<3 GeVic
1< p:ssoc < 3 GeVic

bPb and pPb using sam
multiplicity selection, 220 < N < 260

A pPb MinBias
O PbPb 50-100%

n.b., particles are counted for p; > 0.4GeV/c, [n| < 2.5

L IAINL] ML
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pPb vs PbPb: p; dependence

2<p,° <4 GeVic

0.3<p °<1GeVic

1<p,®<2GeVic
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CMS /1

Associated Yield / (GeV/c)

Multiplicity dependence

_I I Ll I 1 | 1 I 1 Ll | Ll I l 1 | I 1 __I 1 I 1 I I I 1 Ll I I I 1 I 1 I 1 I .
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“Long-range” associated yield: “Jet” yield:

Similar multiplicity dependence

for pPb and PbPb

Difference in absolute yield

Gunther Roland
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Nearly identical for pPb and PbPb
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4™ order cumulants in multiplicity bins

%x10” x10™
N 1 1 I 1 I I 1 1 | I 1 | 1 1 I I 1 1 I I N 1 | 1 1 I I 1 1 I l 1 I 1 1 I l
- pPb HIJING vsm =5.02 TeV, Gen-level I pPb data vsm =5.02 TeV
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0.02F o N binwidthof 5
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Cumulant analysis in bins of multiplicity
Need to consider bin widths carefully
CMS analysis: (narrow bins + averaging)
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v, in pPb and PbPb

Dash-dot line: peripheral subtracted

multiplicity >
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v, shows similar shape in pPb and PbPb, but is smaller in pPb
v,{4} is only 20% smaller than v,{2} below 2 GeV/c

“Peripheral subtraction” has small effect at high multiplicity
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Vv, in pPb and PbPb

PbPb "

o
>
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v, smaller in pPb than PbPb

v,{4} drops at low multiplicity

“Peripheral subtraction” has small effect at high multiplicity

CMS /1|
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vV, In pPb and PbPb

" pPb

" (a) PbPbys, =276 TeV T (b)pPb {5, =5.02TeV
Pbe 0,10_— 0.3<pT<3GeVIc’-I,_"‘.,&Ot? CMS Preliminary
n ‘,,O-‘. g pEEEEE |
L - B 4
o I : - i ° !.,-,_Q__,l_!l.,._. P
0.05} (O aEg e m g W -
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i m v, {4) _
0‘00! — ] e
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o V2{I2Wv2 (4} T =
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04F +0000 ® ®Ogve0 e T ]
024————960 200 300 0 100 200 300
offline offline
Ntrk Ntrk

“Fluctuations” larger in pPDb,

{2} = \/< vy >2 +02 00, \/05{2} —v2{4}

{4} = \/< vy >2 —02, 02

cMs, |
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with moderate multiplicity

v3{2} +v3{4}
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v, in pPb and PbPb

Dash-dot line: peripheral subtracted

multiplicity >

||||||||||||||||||||||||||||||||||||||||||||
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v; has similar shape in pPb and PbPb; magnitude comparable

“Peripheral subtraction” makes essentially no difference

Hydro prediction: Bozek, v;{PP}, not including fluctuations
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v, in pPb and PbPb

P b P b N I T T ' T I ' L T Ll l L ' I — I l 1 l l Ll 1 1 l I 1 l 1 1 l 1 1 - p P b

- (a) PbPb {s,, = 2.76 TeV 1 (b) pPb {5y = 5.02 TeV :
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¥ »e® 1 e i AN
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i .... 4 i J
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0.01 # 4 e ]
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V5 shows similar shape in pPb and PbPb; magnitude comparable

“Peripheral subtraction” makes essentially no difference
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v, comparison with ATLAS in pPb

0.10

0.05

0.00

CMS Prellmmary pr \[ 5 02 TeV
@ Vv.{2 |An>2} o 0 3< p, < 3 GeV/ic _|
e V{2, [an|>2}, N° <20 sub.
m v,{4}

Jﬂo

ATLAS, 0.3 < p, < 5 GeV/c
- O Vv,{2, |AT'||>2} 50-100% sub.
B O v,{4}

@ - Q. 90080y,

1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1
0 100 200 300
offline
Ntrk

pr

ATLAS: arXiv:
1303.2084

Subtract N, °M"e<20 (70-100%) to avoid removing signal
« ATLAS subtract 50-100%; forward-calorimeter centrality
Some difference vs ATLAS in v,{4}: multiplicity fluctuations?
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« Direct comparison of high statistics, high
multiplicity pPb and PbPb data
— Studied v, multiplicity dependence in pPb and PbPb
— Somewhat smaller magnitude of v, in pPb
— Large v,{4} in pPb
— Large v4{2} in pPb (comparable to PbPDb)

* Ready to use full arsenal of jet studies in pPb

cMS, | N
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C

No ridge anywhere in pPb M

Compare to AMPT and HIJING pPb

CMS Preliminary

HIJING pPb, N>=120

T T T T[T T T T T T

tri 0.1 <p_< 1.0 GeV/ T10<p_<2. i O<p_<3. i
1< p:g <3 GeVl/c 3 P, eVic ] 0<p <2.0GeVic 20<p <3.0GeVic
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s K i
.| ’ k1 O pPb HIJING MC
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3.0<p, <4.0GeVic
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Triggers and event selection

T T T T | I. T T T I T T T T I I T T T
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Event selection:
. HF coincidence of at least 1 tower above 3 GeV
. Vertex requirement: lisFake & |v,|<15 cm & position.Rho<0.15 cm
& nTracks>=2
. Fraction of highPurity tracks > 25% to remove beam scraping
events
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