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Jets at ALICE
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Jet Reconstruction

ALICE

 Jet reconstruction with charged tracks reconstructed in tracking
detectors (ITS + TPC) + neutral energy in EmCal:

« High precision on particle level
« Uniform n-¢ acceptance:

« Tracking: [n|<0.9 O<p<2n
« EmCal: |n|<0.7 1.4<p<n

* ALICE uses sequential recombination algorithms from FastJet
package:

- Charged tracks: p. > 150 MeV/c; EmCal clusters: E.>300 MeV/c
- anti-k for signal (stable area)
- k; to estimate background density

- Boost invariant p. recombination scheme (sets jet mass to zero)




Raw vs corrected jet

ALICE

What we measure:
- p; of a jet which is clustered by a jet algorithm (anti-k;)

- hard jets + fakes on top of a soft background
p; resolution of jets affected by detector effects

What we want to measure:

- Jets which originate from the shower of a highly energetic parton

- Independent of detector effects and background fluctuations

Corrections:

- Average background » |et-by-jet

- Background fluctuations & Fake jets .
Unfolding
- Detector Effects
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ALICE

Event-by-event background
calculation — Fastdet method

p; density p: median of k.

clusters excluding 2 leading
clusters

p = median

Background density scales with
event multiplicity: p ~ N {p,)

Subtract average background from each jet event-by-event

sub

Pr,; = PT,j

— pA;




Event Background |l

ALICE

Full jets: p measured with charged
tracks and scaled up to
charged+neutral
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Raw Jet Spectrum

Jet spectrum of jets after background subtraction

Local variation of p - large distortion in background

subtracted jet spectrum
Charged Jets
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Unfolding

ALICE

PrObIem tO SO|Ve %l_ “ ¢ Measured
% 10 +*% + Truth
/ 1 * .0
My, = Ty 2.0 0
m m7t t - 10 * -
e \/ Q 107 . L,
Measured jet spectrum  Response matrix  'true' unknown 1o® 1{'
jet spectrum ¢« N e,
Response matrix encodes effectof .= ° . e
detector and background p, (GeVic)

ll-posed problem, cannot invert response matrix
Regularized unfolding

Used unfolding methods:

- X® minimization of refolded and measured spectrum
- SVD

- Bayesian




Response Matrix

Background Fluctuations Detector Effects

Determined separately

Mm — Gmﬁd . Gd:t ' Tt — ijt . Tt

Merged into one combined response matrix (G, )
- used for unfolding




ALICE

Detector Effects

Detector level jets
Anti-k_ jets reconstructed from

tracks after detector simulation
PYTHIA

Particle level jets
Anti-k_ jets reconstructed from

particles produced by PYTHIA

(charged or charged+neutral)
Detector level jets affected by: tracking efficiency and momentum resolution
Geometrical Matching between particle level and detector level jets gives
detector response

Charged Jets

No correctlon for missing neutral energy

Full Jets
arXiv:1301.3475
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Background Fluctuations

Background varies from region-to-region:

. . LHC2010 Pb-Pb ys=2.76 TeV
- statistical fluctuations
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Data driven method to quantify

Background Fluctuations «x

Background varies from region-to-region:
- statistical fluctuations
- collective effects

background fluctuations:
Random cone and high p. probe

embedding in Pb-Pb events
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Size of fluctuation depends on particle multiplicity in jet cone:
o(0p,,R=0.3) > o(dp,,R=0.2) and o(dp,,central) > a(dp.,peripheral)




Background Fluctuatlons 1

random cones
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Jet p. resolution

ALICE

 Detector effects and

_ Charged Jet Response
Background Fluctuations:

Partially compensating effects f;?f Enog_ Anti-k; R=0.3 Centrality: 0-10%
2 ' - = Background fluctuations
- At low [?T backgrc.)und 700 . Detoctor effocts
fluctuations dominate 68& 0.7} e Combined
. © o
- At high p. detector effects B
, 0.5
dominate -
| | 0.4 ALICE
» Correction done all at once via 030 8022013
unfolding 02k
Ojg—

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
qO 20 30 40 50 60 70 80 90 100 110

pif‘gf; (GeV/c)




What is a jet in HI?

ALICE
Not possible to distinguish if jet originates from hard process

of combinatorial clusters — matter of definition

Even in pp: 2 GeV cluster a jet? 5 GeV? 10 GeV?

In heavy-ion collisions: low p_ jets appear at high p.

- Very high p.: jet clearly visible — unknown which constituent
from background and hard jet

- Intermediate p,: mix of combinatorial and hard clusters

- Very low p.: dominated by combinatorial clusters
ALICE approach

Inclusive spectra: unfold only considering jets above a certain p., select
jets with a high p. constituent

Recoil spectra: trigger recoil jets, subtract combinatorial jets, unfold




Combinatorial Jets

a leading =5 GeV/
¢ pT,track ¢
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Unfolding Strategy

ALICE

Raw jet spectra need to be corrected for background fluctuations
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Unfolding Strategy

ALICE

Raw jet spectra need to be corrected for background fluctuations

and detector effects.

Fake jets ¢
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Detector effects
shifts jets to
lower p,




Unfolding Validation

ALICE

« LBNL background model: background fluctuations + fake jets
« Model is tuned to reproduce general features of ALICE data:
- Soft component: Boltzmann distribution <p.>=670 MeV/c

- Hard jet component: power law (p.”)
Raw Jet Spectra in model
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measurement for central g' o o Aniik, R =03
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« Unfold measured spectrum in S b o i****
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http://arxiv.org/abs/arXiv:1208.1518

unfolded/truth

Unfolding Validation Il

ALICE

Unfolding done with 3 algorithms (prior is measured spectrum)

Comparison of unfolded spectrum to the true jet spectrum
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Systematics x* method

ALICE

Systematic unfolding uncertainty evaluated by varying:
» Unfolding p, ranges

* Reqgularization
* Prior
- Op; distribution
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Unfolded Jet Spectra

Charged Jets

Pb-Pb |/5,,,=2.76 TeV
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Systematic uncertainties from unfolding and
detector effects

Leading hadron bias introduces correlation with
flow modulation - larger average background
-~ small effect and taken into account in
response matrix




Recoll Jets
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Unfolding for background fluctuations
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Summary

ALICE

ALICE measures jets with constituents p.>150 MeV/c

- Average HI background is subtracted event-by-event

- Background fluctuations, combinatorics and detector effects
are corrected by unfolding

Unfolded jet spectra (inclusive and recoil) as independent as
possible from background and detector effects

— should be able to compare with jet quenching MC without
background effects

- incorporating background in the model only needed for specific
studies/scenarios: strong correlated effects in background




ALICE

backup
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Jet p_ resolution ch vs full

Detector effects and Background Fluctuations:
Partially compensating effects

Correction done at once via unfolding

Charged Jet Response Full Jet Response
:
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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: e
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Jet Suppression

o Pb-Pb {5, =2.76 TeV
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Unfolding the background

Need to unfold measured jet spectrum to obtain 'real’ jet spectrum
(Truth)

ALICE

Low p, jets are dominated by random collections of particles -
background jets. These appear up to very high p..
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Jet Constituents

Spectra corrected for detector level effects for particles with p, > p, ... iack

R=0.2: PbPb very similar to Pythia - shift of spectrum in pt for PbPb and Pythia.
Not many soft particles in small cone of R=0.2.
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ALICE

Uncorrected Jet Spectra
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Area dependence

ALICE

« Multiplicity bin typical for LHC2010 Pb-Pb 15=2.76 TeV
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Flow effect on biased jets

ALICE

Flow bias: high p. hadron correlated to event and participant

plane. Background density per unit area below jet is larger.
Magnitude of bias on inclusive jet spectra depends on p. of trigger.
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Hadron triggered jet spectra are corrected for the flow bias.




Unfolding Validation Il

ALICE

Refolded spectra in background model
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Bayesian: due to large number of combinatorial jets fluctuating around measured
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