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Hard Probes in QGP &)

ALICE

Hard scatterings produce high energy partons
* Initial state production known from pQCD
« Parton loses energy due to interaction with medium
- Jet Quenching
 Jet Quenching observed via suppression in single and away side
di-hadron production

e Use jet reconstruction to constrain
o [ ALCEPbPD {5, =276Te : parton kinematics better

Charged particles, | n|<0.8

P e e
B Gentrallty: 0_50",“ T | T T T I T T T I T T T | T T T I | T T T | T T T T T T I T T T |
i ] =2 [ Near-side 8 GeVic <p,,, <15 GaVie 1 Away-side ALICE
0.8 N 7 20 F\ow=276TeV Py assoc <Pting ml<t1o I ]
r ] 0-5% Pb-Pb/pp  80-90% Pb-Pb/pp
O Flat bkg m Flat bkg
O n-gap @ m-gap N

0.6 - _ 15 B T & vy bkg # v, bkg

W
i C & &b ‘i’@ T i
P T R e
o L 4 & i
w—.- - 0.5 :_ _:_ i i 4
051615 20 55 50 55 40 4550 00 g T T T e T T
PT (GeV/c) P assoc (GEVIC) P, (GeVic)
Phys.Lett. B 720 (2013) 52-62 PRL 108 092301 (2012)

0.2f




Jets in ALICE

ALICE

@ EMCal is a Pb-scintillator
;- sampling calorimeter which

25 i i
=58 i 1 :‘E g

covers:
' Nl<0.7,14<q<T
| tower An~0.014, Agp~0.014

Charged hadronic correction
prevents double counting

Tracking:|n|<0.9, O<gp<2T1t

TPC: gas detector Charged Neutral
ITS: silicon detector —> constituents_> jET - constlituents
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Jets in ALICE

ALICE

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

« High precision at particle level

« Uniform n-¢p acceptance:

 Jet reconstruction with FastJet:
« Charged particles: p. > 150 MeV/c; EMCal clusters: E;>300 MeV
- anti-k_ for signal (stable area)
* k. to estimate background density

« Boost invariant p. recombination scheme




Jet spectra in pp

Inclusive jet spectra in pp collisions.
Baseline for Pb-Pb and p-Pb analysis.
NLO pQCD with hadronization reproduces data.

Charged Jets
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Jet structure in pp

Momentum distribution of Cross section ratio
jet constituents 0(R=0.2)/0(R=0.4)
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Scaled momentum & = In ( D7

Jet transverse structure.

Consistent with rising trend:
- hump-backed plateau jet collimation.




Jet spectrum in p-Pb

Minimum bias p-Pb events at Vs = 5.02 TeV

ALICE
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Jet spectrum corrected for background from underlying event and detector effects.

No jet suppression in p-Pb collisions within uncertainties

no cold nuclear matter effects — pp good reference for Pb-Pb
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Jet transverse structure p-Pb ﬁ
Cross sectlon ratlo
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Jet cross section ratio compatible with PYTHIA in p-Pb collisions

— no modification of jet core within uncertainties
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Jets iIn Heavy-lon Collisions@®

ALICE

« Due to interactions of the hard parton with the medium, the jet is
modified relative to pp: Jet Quenching

Out-of-cone radiation

Rans1 ot d*N . /dp.dn
| R, =2 -
Incoming —7 Hu \Negw) d*o,/dppdn

AA
parton y)
In-cone radiation
Jet broadening

Experimental challenge in HI collisions:
Separate jet signal from large soft background




Event Background @

| ALICE
Charged background density p

S [ Fastetk (p['"=0.15GeVrc) « Event-by-event background
D | Fit:(:3.3:0.3) GeV/c + (0.0623:0.0002) GeV/c x N* bstract
O == - supstraction
?Z 200— 0-10% =
;) N . .
S i e p: p, density per unit area
© 150
T : « Background density scales with
3 100 ; event multiplicity: p ~ N{p,)
5 o—w Pb-Pb | = 2.76 TeV
f B entries . = 102
s | 7~ |, * Correction for background
L y fluctuations and detector effects
% 000 2000 3000 via unfolding
Ninp
JHEP, 1203, Multiplicity &
053 2012

Subtract average background from each jet event-by-event

b
Pr,; = D15 — PA;




Jet Spectra in Pb-Pb

ALICE
Full Jets Charged Jets
« R = 0.2; Central events « R =0.3; 4 centrality intervals
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m  (10-30%)/(50-80%)  Charged Jets
s (30-50%)/(50-80%)  Anti-k;R=0.2

py>k > 0.15 GeV/c ALICE

Jet RCP n:%

PRELIMINARY

TT = llllllll
=

1 1 dchhJet 0.8 ‘ ‘ * v A
- ] &
Ren — <TAA> Newvi dp T,jetdn central e [« | < . ]
CP — P 0.4l o 1 ¢ | e )
1 1 d Nch Jet E | [ )
02— (] correlated uncertainty
(Tan) Nev dprjecd |periphera (RZ0.2 | Sy
pS"r%*? (GeVic)
Strong suppression for jets & e (010%N(5080%)  PbPb|s,276Tev
= m  (10-30%)/(50-80%)  Charged Jets
N_o S_trong [N dep.endenge "fI oL 4 Glevolneng  AmRess A
Similar suppression for jet radii MR
R=0.2 and R=0.3 o8- ]
: 1
S e e B s
Central events jet R, ~ 0.4 === 4+
. . 02— [_] correlated uncertainty
Peripheral closer to unity "R=0.3 [0 shape uncertainy

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1
% 30 40 50 60 80 90

pﬁharged (GeV/c)

o




< 1.5

Jet A,, vs Hadron R, ,

Jets

Pb-Pb s, = 2.76 TeV
0-10% Centrality
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Phys.Lett. B 720
(2013) 52-62

Jet R,, ~ Hadron R,




R=0.2/R=0.3

Ratio of jet cross sections

g(R=0.2)/0(R=0.3)

2 — —
18 = D Pb-Pb |5, =2.76 TeV ® PbPb 0-10% ~_ Pb-Pb V5 =2.76 TeV Centrality 0-10%
1sE %g : Eb::;b 50-80% = [[®@ ] ALICE Charged Jet
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o(R=0.2)/0(R=0.3) consistent with vacuum jets
for peripheral and central collisions

— Nno sign of jet broadening within uncertainties
Good agreement with energy loss MC JEWEL.

JEWEL: Zapp, Krauss, Wiedemann arXiv:1111.6838
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Recoll Jets

ALICE
« Hadron-triggered semi-inclusive %‘:‘igger
recoil jet distribution 4 /' hadron
A . = Signal — Background
recoil
jet
« No fake jetsin A __ and
minimal fragmentation bias Hard jets
- Cangotolarger Rand lower p. s ™'F e
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fluctuations and detector effects
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No indication of modification to jet core




Summary

ALICE

« Jets strongly suppressed in central heavy-ion collisions

- similar to charged hadron suppression

- Jets less suppressed in peripheral collisions

- No signs of modified jet structure observed in ratio of jet cross
section g(R=0.2)/a(R=0.3)

» Recoll jets: little room for modification of jet core in Pb-Pb

* No cold nuclear matter effects observed in p-Pb jet spectra:
R .,~1 and jet cross section ratio consistent with PYTHIA




ALICE

backup
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Detector Effects

ALICE
Particle level jets Detector level jets
Anti-k_ jets reconstructed from Anti-k_ jets reconstructed from
particles produced by PYTHIA tracks after detector simulation
(charged or charged-+neutral) PYTHIA

Detector level jets affected by: tracking efficiency and momentum resolution
Geometrical Matching between particle level and detector level jets gives
detector response
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Background Fluctuations %

Background varies from region-to-region:

.. . LHC2010 Pb-Pb ys=2.76 TeV
- statistical fluctuations

—

. 2 k 0-10% centrality
- collective effects I o RC Pb+Pb anti-k,
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Background Fluctuations

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

Data driven method to quantify
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)




Jet p. resolution

« Detector effects and Background Fluctuations:
Partially compensating effects

« At low p. background fluctuations dominate

« At high p. detector effects dominate

Charged Jet Response
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Combinatorial Jets %

« Combinatorial jets: clusters which
do not originate from a hard
process.

« Bump at zero: combinatorial jets 4—"

Transition to 'real' is grey area

« Combinatorials reduced by
selecting jets with a leading track
of p. > 5, 8, 10 GeV/c. Selection
after jet finding.

However, fragmentation bias

« ~60-80 GeV: hard jets start to
dominate
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Jet Suppression in Pb-Pb ®

o Pb-Pb |/5,,=2.76 TeV

= = Centrality 0-10%
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» Leading track requirement -
fragmentation bias at low p.

- potentially modified by jet
quenching

Fragmentation bias the same for
central and peripheral events.




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 fluctuating 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

e Corrections:

- Average background » |et-by-jet

- Background fluctuations & Fake jets .
Unfolding
— Detector Effects




 Problem to solve:

Mm — Gm,t ' T;;

/

Measured jet spectrum  Response matrix

« Response matrix encodes effect of
detector and background

1/N,,, dN/dp

'true' unknown
jet spectrum

Unfolding

- 107

10

1

B

AL TCF

* Measured
+ Truth

* ill-posed problem, cannot invert response matrix

» Regularized unfolding

» Used unfolding methods:

- X? minimization of refolded and measured spectrum

- SVD

- Bayesian




Unfolding Strategy ®

ALICE
Raw jet spectra need to be corrected for background fluctuations

= Fake jets | e Measured Combinatorial jets
& | y—gohere suppressed with
D.l_ ¥  Unfolded Bkg Fluct minimum o, cut on
% measured spectrum
- Feed in from low p_:
i ALICE
PERFORMANCE unfolded spectrum
26/07/2012
starts at p.=0 GeV/c
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e
Background P (GeVic)

fluctuations shift low
p; jets to high p.




Unfolding Strategy

ALICE

Raw jet spectra need to be corrected for background fluctuations

and detector effects.

Fake jets *
__y— 00 here v
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ALICE vs ATLAS vs CMS &
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All experiments see jet suppression and are consistent in overlap
region.




Spectra corrected for detector level effects for particles with p,

Jet Constituents

>
pt,min,track

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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Recoll jets

ALICE

 Difference distribution of recoll jets
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