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Introduction

• Proton-nucleus collisions serve as baselines for the study of 

AA collisions
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• pA data essential for the study of nPDFs and gluon 

saturation at low x

  
• The large collisions energy at LHC allows the study of the 

production and propagation of high momentum probes 

  
• High p

T
 probes can be used to access the high x region 

  



Measured quantities

• Nuclear modification factor:

– Characterizes particle production compared to independent 

nucleon-nucleon collisions  
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RpPb < 1 (suppression) 
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RpPb=
1

〈T pPb〉

d 2 N pPb /dpT dη

  d 2σ pp/dpT dη RpPb < 1 (suppression) 

• Asymmetry of particle production:

– Particle production measured on the Pb-going side over the 

p-going side 
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Y asym=
d 2N ch/dpT dηPb-going

  d 2N ch /dpT dηp-going

~

RpPb > 1 (enhancement) 

RpPb = 1 (no effect) 



CMS Detector
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Silicon Tracker:
High level triggering, tracking
 

EM and Hadronic calorimeters

Hadronic Forward (HF) calorimeter: 
event selection

Muon chambers
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Triggering and event definition
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• Data:
– Use 26 nb-1 of √s

NN
=5.02 TeV pPb collected in 2013

• Online and offline event selection:

– Simultaneous presence of bunches in both beams

– At least 1 “pixel” track (p
T
>400 MeV/c) for minimum bias data

– Coincidence of at least one HF tower above 3 GeV on each side

– Beam-induced background events are suppressed 

Track

HF
HF
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Trigger combination
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• Extension of statistical reach:

– Minimum bias and track-triggered 
data with thresholds of p

T
 = 12, 20,
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   and 30 GeV/c

– Normalization factors computed from 
overlap of high-p

T
 events

• Particle yields are for:

– Double-sided (DS) selection: at 

least one particle with E>3 GeV 

on both sides (3<|η|<5)

– DS: 94-97% of inelastic collisions 

 
CMS-PAS-HIN-12-017



Tracking
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• Tracking

– Events are reconstructed with the standard pp reconstruction

– Track quality selections:

– Primary interaction vertex 

compatibility

– Number of hits, χ2 requirements

– Small relative p
T
 error
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– Efficiency: 75 – 89%  

– Misreconstruction rate: <2%

– Momentum resolution: <2%
CMS-PAS-HIN-12-017



Reference distribution
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• Nuclear modification factor 
requires a pp reference

– Direct interpolation performed on the 

invariant cross section – collision 
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– Low-p
T
: p

T
-based interpolation

– High-p
T
: x

T
-based interpolation

energy plane in bins of p
T
 and x

T
 

– Cross-over region between 12.5 

and 13.5 GeV/c

– Uncertainty: 10%
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Systematic uncertainties
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Physics results

12Krisztián Krajczár (CERN)           HP 2013 Cape Town, South Africa, November 4-8, 2013



Measured spectra
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• Spectra measured in CM rapidities:                 
η

CM
 = η

Lab
 + y

NN

• Convention:                                                      

Positive rapidities = p-going side

• Spectra are given for the DS selection

• Measurement up to p
T
=100 GeV/c 

• pp reference scaled by N
coll

=6.9

• Total uncertainties shown

CMS-PAS-HIN-12-017



Nuclear modification factor
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• Nuclear modification factor: reaches 1 at 2-3 GeV/c then starts 

to rise at about 20 GeV/c
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• Brown band: fully correlated uncertainties, yellow band: all 

other uncertainties CMS-PAS-HIN-12-017



Yield asymmetry

15

• Yield asymmetries in the CM frame: Pb-going/p-going side
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• Low-p
T
 yields are significantly larger on the Pb-going side

high-p
T
 yields are similar (for DS events)

CMS-PAS-HIN-12-017



Yield asymmetry
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• Parton – hadron kinematic correlation study using PYTHIA

• Most of the hadrons studied are coming from a mean x region 

usually associated with anti-shadowing

• All η bins have hadrons from the x = 0.02 – 0.2 region         

Similar anti-shadowing effects might result in flat Y

CMS-PAS-HIN-12-017



Summary

• Spectra of charged particles measured in pPb collisions in 

several pseudorapidity bins for DS events
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• Public document: CMS-PAS-HIN-12-017
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• Reference distribution is derived using interpolation 

techniques

• R
pPb

: reaches 1 at 2-3 GeV/c, rises at high-p
T
 reaching 

1.3-1.4 at 100 GeV/c

• Y
asym

: increasingly larger yield on the Pb-going side at 

low-p
T
, similar yields at high-p

T



CMS Heavy Ion Physics Results
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN


Backup slides

19Krisztián Krajczár (CERN)           HP 2013 Cape Town, South Africa, November 4-8, 2013



Dijet-η measurement
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• The dijet-η distribution shifts to the Pb-going side with HF energy 
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Yield asymmetry: HF-based event classes
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• Yield asymmetries HF-based event classes
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• Similar shift observed to the dijet-η measurement

PAS-CMS-HIN-12-017



Pythia reference distribution

22

• Reference distribution is taken from Pythia
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• Two tunes: ProQ20 and Z2; high-p
T
 bump is present

PAS-CMS-HIN-12-017



Comparison to EPS09
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• Measured R
pPb

 for charged particles in |η
CM

|<1 compared to 

y=0 EPS09 prediction for π0
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Yield asymmetry: Lab. frame
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• Yield asymmetries in the lab. frame: Pb-going/p-going side
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