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What is a Jet?

\‘ Roone Colored partons undergo a
; hard scatter and hadronize
Into a spray of particles

Hard scattering

Expected to reflect the
kKinematics and topology of
the hard scattered partons

"""""""

Jets are defined by

B i elos algorithm used to find them

definition of what a jet is!
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Jets in Heavy-lon Collisions

Jets make an ideal probe of the medium

® Partons from hard scattering are produced early

® Propagating parton is modified by the QCD medium
® Observation of jet quenching indicates modification

Experimental challenges
® Need to remove underlying event contribution

rec

e Jet pr=pr —pPA
A = Jet area
p = Underlying event momentum density

rec

Pr = Jet p; from jet finder



Jet Finding Algorithms

Matteo Cacciari, Gavin P. Salam, Gregory Soyez, arXiv:0802.1189v2

antik, R=1 |

k, R=1 | P, [GeV] I

Background Signal
Not dependent on hardest Creates round jets arounc
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Jets at ALICE

DIPOLE
MAGNET

Tracking:| n |< 0.9, O<¢p<2n

: gas detector . Charged
letector constituents J ET
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Jets at ALICE

¢ EMCal is a Pb-scintillator
. sampling calorimeter which
- covers:

° |n|<0.7,14<p<nm
® tower An~0.014,A¢p ~0.014

DIPOLE
MAGNET

Charged hadronic correction
v prevents double counting

Tracking:| n |< 0.9, O<®<2xn

@aas detector _, Charged ___
detector constituents JET
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Hadronic Correction

We need to correct the double counting of charged
energy deposited in EMCal

® Energy deposition is a statistical process
® Corrected in unfolding

Charged tracks matched to clusters and clusters
are Corrected by Ecor _Eorlg _fE matched E“ s

cluster cluster cluster
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Jet Reconstruction

Input to the Jet Finder
e Assumed to be massless
® (Charged tracks with p; > 150 MeV/c (pp, Pb-Pb)

e EMCal clusters with E; > 300 MeV after hadronic correction: (pp, Pb-Pb)
Ecor _ Eorzg _ fE pmatched, Ecor > O

cluster cluster cluster

For pp analysis f = 1009,

Jets reconstructed using FastJet package
e R=0.2(pp, Pb-Pb)

® Anti-k; for signal jets (pp, Pb-Pb)

® Kk, for p calculation (Pb-Pb)

e EMCal jets: Fiducial cut requires jet fully contained in the EMCal
acceptance (pp, Pb-Pb)



Detector Effects - pp

® Bin-by-bin technique
® Compare the simulated cross sections before and after
Detector response

® Use uncorrected spectrum in data as weighting function

e Shift of jet energy scale ~ 20-259%

e Unmeasured neutrons and KO 's: compare proton and kaon
spectra to data; PYTHIA vs HI%RWIG

® Tracking inefficiency: track quality in data vs simulation
® Residual hadronic correction for EMCal: data-driven check
e JES uncertainty ~ 49,

® Jet energy resolution ~ 189,
® Detector resolution: data-driven check + test beam
® Fluctuations (e-by-e) in correction of jet energy scale
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pp Baseline Result
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Charged+Neutral
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Leading Track Bias
Leading Track p; > 5 GeV/c

® Reduces combinatorial background,
improves unfolding stability

Pb-Pb at Siun = 2.76 TeV
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Fully Reconstructed Jet Spectrum
See Salvatore’s talk O- ]_ O% Central |ty
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Fully Reconstructed Jet Ry,
0-109, Centrality

We want to understand how partons lose energy in
the medium and where that lost energy goes

Nuclear modification factor (Ras) - # Binary Collisions
e _ AA T
can help quantify jet suppression g,
® Which reference pp spectrum
should be used? 2
Biased? 1 d Nfefs
® Same as Pb-Pb N d d
Unbiased? R, = evems “Pral
AA 2
e (Calculable d O
® |R and colinear safe T

* dp,dn



Fully Reconstructed Jet R,
0-109, Centrality

¢ Biased pp reference

5 1-5

Pb-Pb yfs = 2.76 TeV

0-10% Centrality
Charged+Neutral Jets
Anti-k; R =0.2 n|<0.5

Leading charged track P, > 5 GeV/c

p >0.15 GeV/c
T,const

Biased pp reference

ALICE

PRELIMINARY
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T,jet

¢ Biased Pb-Pb

o Jets are suppressed in
a pr dependent

p. . > 5 GeV bias/Inclusive
T,ch o
o

Mmanner

pp ¥s =276 TeV

&

.

- Pythia
Charged+Neutral Jets
Anti-k; R=0.2 n|<0.5
Pr const >0.15 GeV

e v e e v e b b w

20 60 80 100 120
p

T

C’J?;‘te"‘ (GeVl/c)

Bias/Unbiased
pp in Pythia
~0.85 for
30-40 GeV/c




LHC Jet Ran (Rep) Comparison

é 1.5
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0-10% Centrality
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Anti-k_algorithm R = 0.3 —
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ALICE Preliminary 0-10%/50-80% Track Jet ]

ATLAS 0-10%/60-80% Calo Jet
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* All experiments see Jet suppression in central Pb-
Pb collisions at 2.76TeV R\

® Comparison is complicated
n, pr constituent, Background

G\s




CMS and ALICE
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Conclusions

Reporting on a corrected fully reconstructed jet
spectrum from 2011 Pb-Pb data in 0-109% in ALICE

First full jet Rya with prer < 100 GeV/c at the LHC

R = 0.2 jets are suppressed in 0-109,
® Further study needed

® Variations on jet radius

® Event plane dependence

R = 0.3 measurement coming soon!

All experiments should work towards an Apples-to-

Apples comparison! ,/ 4\1 4\] ,4\]
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Hadron RAA

ALICE, charged particles, Pb-Pb
00-5%

\Sy =276 TeV, In1<0.8
©20-40% ALICE Preliminary

I:{AA

1?'..

040-80%

0 10 20 30 40 50 gt

Rosi Reed - Hot Quarks 2012




Anti-KT

Sequential Recombination Algorithm

2 , ,
d, —min(, AR AR = (-3 +(4,-9)

p. p; R
1
Creates round jets around the dp = —
hardest particles! P
Procedure

® compute all d; and dig
® Find minimum of the d;; and dig

® If itisad,;, recombine i and jinto a new particle

® otherwise declare it to be a jet and remove it from the
sample ‘

~ ® Repeat until all particles are use
Rosi Reed - Hot Quarks 2012 '




KT

Sequential Recombination Algorithm

AR’ AR =(y,-y,) +(¢,—9.)

d; = min(k, k)~

diB = ké
Procedure
® compute all d;j and dig
® Find minimum of the d;; and dig
® If itisad;, recombine i and jinto a new particle
® otherwise declare it to be a jet and remove it from the
sample

® Repeat until all particles are used

e




What are we trying to learn
Jets in heavy ions?

I IIIIIII| I IIIIIII| I I
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Good Jet Finding Algorithms

e Jets are defined by the algorithms that create them

® A good algorithm defines jets that are:
® The same for
® experimental analysis
® Monte Carlo Simulations
® analytical parton calculations
collinear safe
IR safe

® not sensitive to the hadronization mechanism
® Collinear safe - emission of a collinear gluon does not change the jet

®* |R safe - emission of a soft gluon does not change the jet

Two divergences:

—W)H%O Pt > >

Cceliinear Soft




JetR,,

JetR,,

Different jet cone size
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No strong dependence on jet radius
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Unfolding
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1 EXPERIMENT

» UE and detector effects result in finite JER
¢ Jet spectrum is steeply falling
¢ Result is significant bin migration

» Use MC to generate response matrix
e Contains information about bin

mlgratlon Hocker and Kartvelishvili:
» SVD unfolding Pep-pr/9509307

¢ |[nvert response using curvature
constraint on result to regularize
unfolding

» Unfolding checks
e Apply to MC, look for bias

e “Refold” data, check refolded looks
like input

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK o5
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Anti-k_ algorithm R = 0.3

CMS Preliminary 0-10%/50-90% Particle Flow Jet
ALICE Preliminary 0-10%/50-80% Track Jet

ATLAS 0-10%/60-80% Calo Jet

o

50 100 150 200 250
Jet P, (GeV/c)

300



