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● Hard (large Q2) probes of QCD matter:
jets, heavy-quark, QQ, γ, W, Z

● “Self-generated” in the collision at 
τ<1/Q (or τ<1/m) < 0.1 fm/c

● “Tomographic” probes of hottest 
and densest phase of medium

● Nuclear modification factor

●

● Quantify change of production rates from expected binary scaling
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TAA dσpp /dpT
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... and contributions at this conference

EMCal
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Identified particles
(Xianguo Lu)

High pT correlations
(Rongrong Ma)

Heavy flavor
(Elena Bruna)

γ-h correlations
(Xiangrong Zhu)

Direct photons
(Mauro Cosentino)

Forward heavy flavor
(Xiaoming Zhang)

Neutral mesons
(Fengchu Zhou)

Quarkonia
(Hongyan Yang)

First p-Pb results
(C.L.)

Full jet results
(C.L.)



5Charged particle suppression factor 

arXiv:1208.2711

Strong suppression observed; max at 6-7 GeV/c, followed by slow rise.
Sensitivity to energy dependence of quenching, or effect of initial state? 

http://arxiv.org/abs/1208.2711


6Existing control measurements

See talk by M.Cosentino, 10/23/2012

The production of color neutral probes is consistent 
with binary scaling, albeit with large uncertainties. 



7Proton-lead collisions at √sNN=5.02 TeV

HLT event display (13 Sep 2012)



8Detector configuration and dataset

(at 4.4 TeV)

lab

Illustration (HIJING at 4.4 TeV)

(1x4TeV) (82x4TeV)

● Trigger

● VZERO-A or C

● ZDC-A or ZDC-C

ΔYNN=0.465

● Dataset

● One fill (a few millions triggers)

● A part with displaced vertex to have 
ITS coverage over 6 units in η



9NSD event sample
● Event selection

● VZERO-A and VZERO-C

● Cross check with 
ZDC on nucleus side

● Resulting event sample 

● Non single-diffractive with 
negligible contamination 
from SD and EM processes

● Validated from cocktail

● DPMJET for NSD (2b)

● PHOJET + Glauber for 
incoherent SD part (0.1b)

– SD/INEL = 0.2 (                          )
● EM with STARLIGHT (0.1-0.2b)

● Normalization uncertainty: 3.1%

arXiv:1208.4968

A p-Pb collision is defined to
be NSD if at least one binary
collsion is NSD.

(Fraction of SD p-Pb collisions
is dominated by Npart = 2 events.) 

http://www.arxiv.org/abs/1208.4968


10Pseudorapidity density at mid-rapidity
arXiv:1210.3615

● Measurement (tracklet based)

● dN/dη = 16.81 ± 0.71 (syst)

● Includes NSD normalization 
uncertainty of 3.1%

● Glauber model

● With σINEL= 70 ± 5 mb

● <Npart> = 7.9 ± 0.6 (syst)

● Participant scaled value 

● (dN/dη)/<Npart> 
= 2.14 ± 0.17 (syst)

● About 15% below NSD pp, 
and similar to pp INEL

http://arxiv.org/abs/arXiv:1210.3615


11Pseudorapidity density (data + models)
arXiv:1210.3615

Most models predicted values within 20%. Saturation 
models have too steep rise between p and Pb region.

NB: 
HJING calculations
for NSD expected to 
increase by ~4% 

http://arxiv.org/abs/arXiv:1210.3615


12Pseudorapidity density (data + models)
arXiv:1210.3615

Quantification of differences between models and data in p and Pb region

http://arxiv.org/abs/arXiv:1210.3615


13Charged particle spectrum

● Measurement (track based)
in p-Pb in 3 η-intervals

● Corrections based on 
DPMJET and HIJING

● Systematic uncertainty: ~5.3%

● NSD normalization: 3.1 %

● No strong η dependence 
within our acceptance

● Reference constructed from pp 
(INEL) data at 2.76 and 7 TeV

● Scaled by factor obtained 
from NLO calculation

● Interpolation below 5 GeV/c

● <TpPb> = 0.0983 ± 0.0035 mb-1 
from Glauber model 

arXiv:1210.4520

http://arxiv.org/abs/1210.4520


14Nuclear modification in p-Pb vs Pb-Pb
arXiv:1210.4520

High-pT charged particles exhibit binary scaling. Initial state effects are small.

http://arxiv.org/abs/1210.4520


15Comparison to d-Au at 0.2 TeV

Cronin effect much smaller (if at all present) at the LHC energies.

arXiv:1210.4520

http://arxiv.org/abs/1210.4520


16Comparison to model predictions

● Most models describe RpPb 
quite well at high pT

● Differences mainly at low pT

● HIJING 2.1 with sg=0.28 
parameter overshadows

● Neither HIJING 2.1 nor 
DPMJET describe the 
p-Pb pT spectra itself

NB: 
HJING calculations
for NSD expected to 
increase by ~4% 



17Jet quenching
Elastic energy loss: Radiative energy loss:

ΔEloss(g)  >  ΔEloss(q)  >  ΔEloss(Q) 
(color factor) (dead-cone effect)

Energy/momentum diffusion tensor:
encodes properties of the medium.

● Induced radiation
● Increased splitting probability

(broadens radiation)
● Finite quark mass vetos small 

angle radiation (dead-cone effect)
● Modified angular pattern due 

to enhanced incoherence between 
successive splittings

● Color exchange with medium
● Modifies color flow in the jet 

(affects hadronization)
● Modelling dependence

● Piecewise description
● Approximations

Out-of-cone radiation (Jet RAA<1)

In-cone radiation
(FF modication)

Search for effects in data:

1



18Jet reconstruction overview

NB.:
In pp, 
RMbkg=1



19Jet reco in pp and Pb-Pb at 2.76 TeV

● Constituents (input to jet finder)

● Assumed to be massless

● Charged tracks with pT>150 MeV/c

● EMCAL clusters with ET > 300 MeV/c after hadronic correction

– Correction for track-matched clusters to prevent double counting

– As default, f=100% used

● Jet reconstruction using FASTJET

● R=0.2 (also R=0.4 for pp)

● Anti-kT for signal jets

– Area cut > 0.6 πR2

– Fiducial cuts to select jets fully contained within the EMCAL

● KT for background estimate (Pb-Pb)

E clus
cor=E clus

orig− f ∑ p track
matched , Eclus

cor ⩾0



20Jet cross section in pp

Good agreement between data and NLO, as well as PYTHIA8 
calculation with the experimental and theoretical uncertainties

R=0.2 R=0.4



21Ratio of jet cross sections in pp

Jets are not corrected back to parton level. Hadronization matters!



22Jet reconstruction in Pb-Pb
New analysis 
(presented at HotQuarks)

● Challenge: Underlying event (UE)

● Average background

● Background fluctuations

● Combinatorial (fake) jets



23Average background

● Calculate density on event-by-event basis 

● Similar to arXiv:1201.2423

● The median of the density of kT charged jets: ρch= median {pTi/Ai}

● Use scale factor to obtain ρ = s x ρch  

 S
Median e-by-e density Scale factor

http://arxiv.org/abs/1201.2423


24Background fluctuations

● Region-to-region 
background fluctuations 
limit the jet energy 
resolution

● Size of fluctuations 
are estimated using

● Random cones

● Single particle 
embedding

R=0.2

R=0.3

σ ≈ 5.5 GeV/c for R=0.2
σ ≈ 9.0 GeV/c for R=0.3



25Combinatorial jets

● Combinatorial jets are obtained 
from jet finder by clustering 
soft, mostly uncorrelated 
particles from UE 

● Leading hadron bias

● Combinatorial jets can be 
effectively suppressed by 
requiring a high pT track

● Bigger effect when changing 
from 0 to 5 GeV, than from 
5 to 10 GeV

● Bias present up to ~100 GeV 

● Use 5 GeV/c for R=0.2  



26Detector response matrix

● Detector effects

● PYTHIA6 + GEANT3 simulation

– Assumes that response is the same as 
for jet fragmentation in vacuum (pp)

● Energy scale shift: ~20-25%

– Unreconstructed neutrons and K0
L

– Tracking efficiency

● Jet energy resolution: ~20%

● Jet reconstruction efficiency: 
95% at 80 GeV/c

Detector response



27Background fluctuation matrix

● Background fluctuations

● δpT distribution from random cones

● R=0.2

Detector response Background fluctuations



28Final response matrix
Detector response Background fluctuations Final response

Anti-KT jet finder:
R = 0.2
pT

track > 0.150 GeV/c
ET

clus > 0.3 GeV/c
pT

leading track > 5 GeV/c



29Bayesian unfolding



30Hadronic correction

The energy deposition of hadrons in the EMCal is a statistical 
process that largely can be accounted for in the unfolding.

Before unfolding After unfolding



31Jet spectrum in central Pb-Pb

● Jet spectrum after 
background correction
and unfolding

● Statistical uncertainty 
from cov. matrix

● Systematic uncertainties

● ~20% (pT dependent)

● Unfolding

● Hadronic correction

● Tracking efficiency

● EMCal related effects 
(energy resolution + scale, 
clusterizer, non-linearity)

● Background fluctuations



32Jet RAA in central collisions

Bias/Inclusive PYTHIA

Jet suppression is jet pT dependent

(~0.85 at 30-40 GeV/c)



33Jet RAA in central collisions

Bias/Inclusive PYTHIA
(~0.85 at 30-40 GeV/c)

Consistent with CMS prel. results in overlap region



34Effect of leading hadron bias

Leading hadron biased spectra

pT
track >5 GeV/c

pT
track >10 GeV/c

Ratio of 10 over 5 GeV/c biased spectra

Ratio in PYTHIA is consistent with data within uncertainties 
suggesting that the jet core fragments like in vacuum.



35Summary 

● First results from p-Pb collisions at 5.02 TeV

● Measurements of dN/dη and dN/dpT constrain models

– Important to measure the diffractive component

● RpPb consistent with unity above 2 GeV/c (at mid-rapidity)

● Cronin effect much smaller than at RHIC if at all present

● First full (EMCAL+Tracks) jet RAA results in Pb-Pb (R=0.2)

● At low jet pT suppression decreases with pT

● At ~100 GeV/c suppression consistent with CMS result

● Jet core (for leading hadron biased jets) fragments like in vacuum



36Extra



37Centrality dependence of RAA



38Systematic uncertainties (Pb-Pb)

Charged + Neutral jet analysis (R=0.2)



39Charged particle multiplicity vs. centrality

LHC centrality evolution very similar to RHIC

Pb+Pb, √sNN=2.76 TeV

2.5% bins

|η|<0.5

Interpol.  

PRL, 106, 032301 (2011)

RHIC 
data
scaled 
by 2.1


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

