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Compact Muon Solenoid (CMS)

2

EM and HAD calorimeters
|η|< 5

Silicon tracker
|η|< 2.4

Magnet yoke
3.8 T

Muon chambers
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Charged particle analysis
• Triggering:
– Min. bias: coincidence triggers
– BSC (3.2<|η|<4.7) or HF (2.9<|η|<5.2)

– 2011 jet triggers extend 
statistical reach of track pT

– Jets: Iterative cone + 
background subtraction
– Thresholds: 65 and 80 GeV

• Event Selection:
– Beam Halo veto
– Beam-scraping cleaning
– ECAL, HCAL noise cleaning
– Vertex with at least 2 tracks
– 3 towers (E>3 GeV) in HF±
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Track reconstruction
• Track reconstruction: iterative algorithm

– Find tracks in consecutive steps
– Remove hits belonging to tracks in each step
– Merge tracks based on the fraction of shared hits 
– “Calorimeter compatibility”: tracks are matched to                                                      

closest calorimeter cells (for track pT ≳ 30 GeV/c)

    → High efficiency, low fake track rate at high-pT
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PbPb charged particle spectra

• Measured up to        
100 GeV/c in six 
centrality bins

• Uses full 2011 run 
statistics at high pT 
– 150 µb-1

• Use to make RAA
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1 Introduction
The collision of heavy-ion nuclei (PbPb) at LHC is expected to form a hot and dense deconfined
state of matter at energy densities never explored before. One of the experimental signatures of
the so-called quark-gluon-plasma (QGP) formation is the attenuation or disappearance of the
spray of hadrons resulting from the fragmentation of a hard scattered parton having suffered
energy loss, i.e., “jet quenching” [1]. The energy lost by a parton in a medium provides funda-
mental information on its thermodynamical and transport properties (see [2, 3] for reviews). In
AuAu collisions of a center-of-mass energy of 200 GeV at RHIC, indirect measurements of jet
quenching have been made with high transverse momentum (pT) charged particles and their
correlations [4–7]. In PbPb collisions at the LHC, charged particle observations have confirmed
indirect jet quenching at 2.76 TeV [8, 9]. The leading hadron measurements are preferentially
from the population of jets that has the least interaction with the medium. These measurements
are also not sufficient to discriminate quantitatively between partonic energy loss models and
to extract key parameters such as the transport coefficient of the hot medium to measure the
stopping-power of the QGP precisely [10]. The most recent CMS (Compact Muon Solenoid)
experimental results from PbPb collisions demonstrate the jet reconstruction capabilities of the
detector system and show that dijet pairs become increasingly imbalanced in transverse mo-
mentum in the more central collisions [11, 12]. For the most central collisions, a significant
fraction of the “lost” jet energy is also observed to be radiated via low pT particles outside the
jet cone. Inclusive jet measurements also add to the understanding of quenching. To gain sen-
sitivity to the properties of the QGP and to quantify the underlying mechanism of the quench-
ing effects, the ratio of inclusive jet yields per event in PbPb collisions(dNAA

jets ) over those in
pp(dNpp

jets) is studied via the jet nuclear modification factor (RAA), formulated as

RAA =
dNAA/dpT

�Ncoll� dNpp
jets/dpT

=
dNAA/dpT

�TAA� dσpp/dpT
(1)

�TAA� = �Ncoll� /σNN
inel (2)

in which < Ncoll > is the average number of nucleon-nucleon collisions occurring in heavy-
ion(AA) collisions. < TAA > = < Ncoll > /σNN

inel is the nuclear overlap function calculated from
a Glauber model with a detailed description of the nuclear collision geometry (for a review
see [13]).

If the full jet energy is recovered inside the jet cone, independent of the fragmentation details,
even in the presence of strong jet quenching, this ratio should be equivalent to one. If the ratio
is less than one, it would suggest broadening of the jet structure due to jet-medium interac-
tions. The measurements of nuclear modification factors can differentiate between competing
models of parton energy loss mechanisms, hence reducing the large systematic uncertainties
introduced by different theoretical formalisms [14].

2 The CMS detector
The CMS detector [15] contains, within a 3.8 T magnetic field, a silicon pixel and strip tracker,
the lead-tungstate crystal electromagnetic calorimeter (ECAL), and a brass/scintillator hadron
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Charged particle RAA
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• Dip structure develops as a function of centrality
• RAA increases at high pT Eur. Phys. J. C72 (2012) 1945

PbPb

PbPb

http://arxiv.org/abs/arXiv:1202.2554
http://arxiv.org/abs/arXiv:1202.2554
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Charged particle RAA evolution
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Eur. Phys. J. C72 (2012) 1945

• Below 10 GeV/c, 
LHC is 50% 
more suppressed 
than RHIC

• Most models 
predict the rise at 
LHC, but the 
slope varies

PbPb

http://arxiv.org/abs/arXiv:1202.2554
http://arxiv.org/abs/arXiv:1202.2554
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Charged particle RAA
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN

• Central charged particle RAA shows suppression up to high pT

RAA~
0.13

RAA~0.5

PbPb

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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Jet RAA analysis
• Make measured jet spectra

– Jet triggered events E>80 GeV
– Inclusive jets pT>100 GeV/c, |η|<2
– Anti-kT particle flow jets, iterative background subtraction(PbPb)

• Remove detector effects in both PbPb and pp (jet pT resolution 
and jet pT scale):
– Main technique: unfold jet spectrum based on performance of 

PbPb MC (Bayesian unfolding)
• Cross-checks:

• Generalized Singular Value Decomposition (GSVD) unfolding
• Bin-by-bin unfolding
• Smear pp data based on jet resolution & scale from PbPb MC (different 

jet pT, centrality bins)

• Construct ratio of jet spectra: unfolded PbPb to unfolded pp
• Also analyzed with calorimeter jets instead of particle flow

9Poster: Ying Lu 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN


 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
70-90%

CMS Preliminary
 Particle Flow Jets R = 0.3TAnti-k

| < 2
jet
! (GeV/c) < 110, |

T
jet100 < p

(a)

 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
10-30%(d)

 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
50-70%

PbPb Data
PYTHIA+HYDJET

(b)

 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
5-10%(e)

 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
30-50%(c)

 > (GeV/c)
T

< Background p
0 20 40 60 80 100 120 140

N
or

m
al

iz
ed

 Y
ie

ld
 (a

. u
.)

-510

-410

-310

-210

-110

1

10
0-5%(f)

Marguerite Belt Tonjes Quark Matter 2012, Washington DC

Jet background from PbPb

• Average background pT subtracted from each jet 
– Example: 100 < jet pT < 110 GeV/c

• Remaining jet bins have similar agreement for data & MC
10CMS: HIN-12-004-PAS

PbPb

PbPb

http://cdsweb.cern.ch/record/1472722?ln=en
http://cdsweb.cern.ch/record/1472722?ln=en
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Jet background in PbPb

• Mean and width for background pT subtracted from jets
• Not detector η & pT energy corrected (factor ~10-25%)

➡Be careful when comparing directly to jet pT 

11

PbPb

PbPb

CMS: HIN-12-004-PAS
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RAA from unfolded jet spectra

12

PbPb

PbPb

CMS: HIN-12-004-PAS

http://cdsweb.cern.ch/record/1472722?ln=en
http://cdsweb.cern.ch/record/1472722?ln=en


 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(a)

70-90%70-90%

Bayesian
Bin-by-bin
Smearing
GSVD
No unfolding

CMS Preliminary

 Particle Flow Jets   R = 0.3TAnti-k

 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(d)

10-30%10-30%

 | < 2 !| 

 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(b)

50-70%50-70%

 = 2.76 TeVNNsPbPb        
-1bµ L dt = 129 "

 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(e)

 5-10% 5-10%

 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(c)

30-50%30-50%

 (GeV/c)
T

Jet p
100 150 200 250 300

AA
Je

t R
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
(f)

 0- 5% 0- 5%

Marguerite Belt Tonjes Quark Matter 2012, Washington DC

Jet RAA methods comparison

13

total 
systematic
only Bayesian

Uses 90% 
2011 statistics

• Good agreement between 4 different methods
• Unfolding only makes a small difference in the jet RAA

PbPb

PbPb

CMS: HIN-12-004-PAS
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Different jet cone size
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• No strong dependence on jet radius

PbPb

PbPb

CMS: HIN-12-004-PAS

total 
systematic
R=0.3
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Jet RAA

• Jet RAA decreases with increasing number of participants
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Systematics 
includes TAA 
uncertainty

PbPb PbPb
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Central RAA
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN

PbPb

Looking at the same parton pT rangeCharged particles from
 pT =20-100 GeV/c: 

z = pT(track)/pT(jet) =0.5
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Summary

In central PbPb collisions:
• Charged particle RAA: minimum of 0.13 at low pT

– Dip structure increases from peripheral to central
• Charged particle RAA ≈ 0.5 at high pT

• Jet RAA ≈ 0.5 for jets from pT of 100 to 300 GeV/c
• Jet RAA is independent of cone size for jets from  

pT of 100 to 300 GeV/c

Charged particle and jet RAA decrease from 
peripheral to central PbPb collisions at 2.76 TeV
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