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Overview

• Experimental results using reconstructed jets in AuAu and 
PbPb collisions from QM’11 and QM’12

• No survey of models
• Brief discussion of jet finding performance and 

backgrounds
• Survey of results

– Considerations for comparison to theory?
– Consistency of experimental results?

2



Gunther Roland Wayne State August 2012

Overview, part II

• Inclusive Jet RAA and RCP
– ALICE: R. Reed, QM’12, ATLAS: arXiv:1208.1967; CMS: HIN-12-004; STAR: H. Caines, QM’11

• Dijet asymmetries
– ATLAS: Phys.Rev.Lett. 105 (2010) 252303, M. Rybar, HP 2012; CMS:PRC 84 (2011) 024906, PLB 712 (2012) 176  

• Inclusive jet v2
– ATLAS-CONF-2012-116; STAR: A. Ohlson, QM’12

• Jet anatomy: Jet shapes and fragmentation functions
– ATLAS-CONF-2012-115; CMS-PAS-HIN-12-010

• Lost energy: Missing pT and jet-track correlations
–  CMS:PRC 84 (2011) 024906, H. Caines, QM’11 

• Into the future:
– gamma-jet: ATLAS-CONF-2012-121. CMS arXiv:1205.0206 
– b-jets: CMS PAS HIN-12-003
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http://prl.aps.org/abstract/PRL/v105/i25/e252303
http://prl.aps.org/abstract/PRL/v105/i25/e252303
http://prc.aps.org/abstract/PRC/v84/i2/e024906
http://prc.aps.org/abstract/PRC/v84/i2/e024906
http://www.sciencedirect.com/science/article/pii/S037026931200487X
http://www.sciencedirect.com/science/article/pii/S037026931200487X
http://prc.aps.org/abstract/PRC/v84/i2/e024906
http://prc.aps.org/abstract/PRC/v84/i2/e024906
http://arxiv.org/abs/arXiv:1205.0206
http://arxiv.org/abs/arXiv:1205.0206
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Backgrounds and 
jet finding performance
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Some basic info

• Jet finding algo: Anti-kT , using R from 0.2 to 0.5
• Background subtraction

– ALICE, STAR: ρ x Area
– ATLAS, CMS: iterative background subtraction in eta-rings

• Jet constituents
– ALICE: tracks; tracks + ECAL matching

• tracks from pT > 0.15 GeV/c (R-independent)

– ATLAS: calorimeter (ECAL+HCAL) towers; tracks
• calo jets from pT  > 0.5-1GeV (??) (R-dependent)

– CMS: Particle flow (combined tracks, ECAL, HCAL); calorimeter 
towers
• PF objects from pT > 1 GeV (R-independent)
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ALICE jet background studies
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Large background 
per unit area

Combination of  
“soft” underlying 
event and 
“coincidence” with 
hard scattering

Background fluctuations depend strongly on 
pT threshold and cone size
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Underlying Event Subtraction (CMS)

η

φ

1. <ET> calculated in strips of η. Subtract 
<ET> + σ

η

φ

2. Run anti-kT algorithm on background-
subtracted towers

η

φ

3. Exclude reconstructed jets
and re-estimate background

η

φ

4. Re-run anti-kT algorithm to 
get final jets

For details see:
•CMS, arXiv:1102.1957
•Kodolova et al., 
      EPJC 50 (2007) 117

http://arxiv.org/abs/1102.1957
http://arxiv.org/abs/1102.1957
http://www.springerlink.com/content/jr1k6t53n02k4268/?MUD=MP
http://www.springerlink.com/content/jr1k6t53n02k4268/?MUD=MP
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Underlying event subtraction (ATLAS)
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“Closure tests”

9

• Some CMS jargon
– “gen level”: final state particle truth info of event generators 

(e.g. PYTHIA) before decay of long-live particles (cτ > 1cm)

– “reco level”: after simulation of all decays, full simulation 
(GEANT 4) and reconstruction of tracks, photons, jets etc

– “embedding”: combining a single generator hard scattering 
event (e.g. a PYTHIA pp dijet event) with the heavy-ion 
underlying event (from data or from HYDJET). Called 
“overlay” by ATLAS

– “closure test”: comparison of an observable (e.g. dijet Aj) for 
e.g. PYTHIA gen level truth vs reco level result after embedding 
for the same set of PYTHIA events
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• Azimuthal decorrelation:
|ΔφJγ|, and its parametrized width σ(|ΔφJγ|)

• Transverse momentum ratio:
xJγ = pT

Jet/pT 
γ, and its mean 〈xJγ〉

• Fraction of photons with associated jets: RJγ

• pT 
γ > 60 GeV/c (to have sufficient xJγ phase space)

• pT
Jet > 30 GeV/c (constrained by efficiency)

pT
γ

|ΔφJγ|

pT
Jet

Example: photon-jet closure test

10
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Example: photon-jet closure test

11

For this analysis, the effect of background 
fluctuations, UE background subtraction, jet 

finding, photon isolation, background jets etc etc 
etc is fully accounted for by simple Gaussian 

smearing of jet energy
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Closure test for modified jets (PYQUEN)
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For this analysis, the effect of background fluctuations, 
UE background subtraction, jet finding, photon 

isolation, background jets etc etc etc is fully accounted 
for by simple Gaussian smearing of jet energy

True also for models that show a strong quenching 
effect (e.g. PYQUEN)
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Background in data and MC
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Crucial test of validity of procedure
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Jet background in PbPb

• Mean and width for background pT subtracted from jets
– before jet energy correction

• Again, data and MC agree

14

PbPb

PbPb
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Jet finding performance: ATLAS vs CMS

15
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Jet RCP  and RAA
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ATLAS unfolded jet RCP

17

Anti-kT w/ iterative background 
subtraction
RCP: relative to 60-80% centrality

Flat at ~ 0.5
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ALICE unfolded jet spectra in PbPb

18

Charged track jets
Anti-KT with fastjet bkg subtraction
Leading-track requirement to suppress UE jets

CMS Charged particles
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ALICE unfolded jet spectra in PbPb

19

Charged track jets
Anti-KT with fastjet bkg subtraction
Leading-track requirement to suppress UE jets
RCP: relative to 50-80% centrality
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RAA from unfolded jet spectra

20

PbPb

PbPb
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Jet RAA methods comparison

21

• Good agreement between 4 different methods in CMS
• Unfolding only makes a small difference in jet RAA above pT > 100GeV

Unfolding
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Consistency of jet RCP results

22

• Experiments agree (barely) within systematic uncertainties
• Flat (ATLAS, CMS) vs rising RCP is important
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Consistency of jet RCP results

23

“Artist’s impression” of 
correction to full jets

• Experiments agree (barely) within systematic uncertainties
• Flat (ATLAS, CMS) vs rising RCP is important
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Jet RAA in AuAu at RHIC

24

• Large difference between jet and pion RAA (unlike LHC)
• Large uncertatainty 
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Suppression vs cone size

25

• No strong dependence on jet radius

PbPb

PbPb

total 
systematic
R=0.3
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Suppression vs cone size

• Moderate, but significant R dependence of jet suppression, 
rising from ~0.4 to ~0.6 for R from 0.2 to 0.5
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Radius dependence RHIC vs LHC

27

• Stronger dependence seen at RHIC?
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Dijet asymmetries
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First observation of dijet asymmetries 

29

• For central events, a strong imbalance of leading vs subleading 
momentum develops

• Azimuthal back-to-back correlation remains
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Dijet balance centrality evolution from 2011 data set

9

Fragmentation function comparison
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Fraction of matched jets

31
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Dijet imbalance vs pT

11

• Dijets in reference (pp, PYTHIA) more balanced with increasing pT

• <pT,2/pT,1> in PbPb consistent with a constant offset from reference MC
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Inclusive jet v2
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Jet v2 in ATLAS

34

jet v2 measured wrt event plane 
from forward calorimeters
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Jet v2 vs charged particle v2

35
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Jet v2 in STAR

36
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Jet v2 in STAR

37
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Fragmentation functions
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Fragmentation functions

39
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Fragmentation functions

• Distribution of associated track pT in cone, relative to 
measured jet pT

–plot Z = pT, track/pT,jet cos(ΔR), ξ = ln(1/z) and track pT

–No direct connection to parton pT at scattering

•

40
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Fragmentation functions

• Distribution of associated track pT in cone, relative to 
measured jet pT

–plot Z = pT, track/pT,jet cos(ΔR), ξ = ln(1/z) and track pT

–No direct connection to parton pT at scattering

• “Associated tracks” are defined relative to track 
population in same-event displaced cone
–ATLAS: “cone grid”; CMS: “eta-reflected cone”
–No distinction between in-cone “associated tracks” from 

medium response or from hard-parton fragmentation 
• 1st point can be addressed with photon-jet

41
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Fragmentation functions

42

Unfolded for jet resolution (negligible  
effect except for lowest z bin)
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Fragmentation functions

pp smeared and reweighted to match PbPb jet pT spectrum
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Fragmentation function comparison

44

Note: Only one set of syst. uncertainties shown: Good agreement
Depletion from 3-4GeV to 40-50GeV (2-3% of total jet energy)
Enhancement below 3-4GeV (~ 2% of jet energy)
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Differential jet shapes

45

Again, depletion/enhancement pattern (correlation between fragment pT and r)
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Lost energy
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Energy redistribution
The momentum difference in the dijet is balanced by 
low pT particles mainly at large angles relative to the	
 

away side jet axis
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Momentum balance from jet-track correlations

48

STAR AuAu 200GeV preliminary
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Photon-jet
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Photon-Jet Angular Correlation
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No angular decorrelation observed (now with much lower jet pT)
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Angular decorrelation?

51
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Photon-Jet Momentum Balance

photon-jet momentum balance shifts in central events
(relative to PYTHIA reference, calibrated in 7GeV pp)
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Photon-Jet Momentum Balance

Reasonable agreement between ATLAS and CMS
NOTE: CMS correlates photon w/ associated jet, ATLAS w/ leading jet
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b-tagging
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Secondary Vertex Mass Fits

17

• After enriching sample in       b-jets 
with the SSVHE tagger, we fit the SV 
mass distribution

• Shapes of b and non-b templates 
taken from MC, normalizations 
allowed to float

• The shapes of the non-b templates 
are cross-checked with a data-
driven method 

• The stability of the fits and the 
shapes of the templates are the 
dominant sources of systematics 
uncertainty )2Secondary vertex mass (GeV/c

0 1 2 3 4 5 6

N
um

be
r o

f j
et

s
10

210

310

410

510

)2Secondary vertex mass (GeV/c
0 1 2 3 4 5 6

N
um

be
r o

f j
et

s
10

210

310

410

510
PbPb data
b-jet template
c-jet template
usdg-jet template

 < 100 GeV/c
T

80 < p

/NDF = 10.1 / 112χ

CMS Preliminary  = 2.76 TeVNNs

b-tagged sample



 (GeV/c)
T

Jet p
80 100 120 140 160 180 200

b-
je

t f
ra

ct
io

n
0

0.01

0.02

0.03

0.04

0.05

0.06
CMS Preliminary  = 2.76 TeVs

-1 L dt = 231 nb∫
pp Data
Pythia
Syst. uncertainty

 (GeV/c)
T

Jet p
80 100 120 140 160 180 200

b-
je

t f
ra

ct
io

n
0

0.01

0.02

0.03

0.04

0.05

0.06

 (GeV/c)
T

Jet p
80 100 120 140 160 180 200

b-
je

t f
ra

ct
io

n

0

0.01

0.02

0.03

0.04

0.05

0.06
CMS preliminary  = 2.76 TeVNNs

Centrality 0-100%

-1bµ L dt = 150 ∫
PbPb Data
Pythia+Hydjet
Syst. uncertainty

 (GeV/c)
T

Jet p
80 100 120 140 160 180 200

b-
je

t f
ra

ct
io

n

0

0.01

0.02

0.03

0.04

0.05

0.06

Gunther Roland Wayne State August 2012

b-Tagging Purity and Efficiency

18

Purity:   b-jet fraction in SV tagged 
sample extracted from SV mass fit

Efficiency:  Fraction of b-jets which 
are tagged by their SV

• Efficiency is extracted from simulation and with a data-driven method using the 
JP tagger, i.e., w/o requiring a SV

• For both efficiency and purity, MC is fairly close to data “out of the box”

PbPb pp
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b-jet Fraction vs. Centrality

20

b-jet fraction does not show a strong centrality dependence
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Summary

• Fantastic set of new results on jets from LHC and RHIC
• In general, good consistency between experiments
• Interface to theory needs to be refined:

–unfolding?
– folding?
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