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Charged jets at ALICE
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Full 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
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Jet Reconstruction at ALICE

There is no unambiguous jet definition!
e Algorithms must be IR and collinear safe

Fluctuating background and combinatorial
jets require care in HI analyses

Input to the jet finder
® Charged tracks (ITS+TPC) with pr > 150 MeV/c

e EMCal clusters corrected for charged particle
contamination with E;”,... =300 MeV

Ecor = Eorig _prmatched, ECCZOLt’;ter ZO , f — 100%

cluster cluster

FastJet package: Anti-k; (k; used for background)
* R=0.2-0.6
® Boosted p; recombination scheme



Jets In pp
QCD baseline studies
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Jet Cross-Section (pp)

Vs = 2.76 TeV, R = 0.4 Inclusive

PLB 722, 262 2013
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Hadronization needed for

theory-data agreement!

* Important reference
for Pb-Pb collisions

« Good agreement
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NLO calculations

 Many orders of
magnitude

Jets are a well
calibrated probe for
the QGP



Jet Cross-Section (pp)

PLB 722, 262 2013
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Jet Cross-Section Ratios
Vs = 2.76, 7 TeV. R = 0.2-0.6 Inclusive

PLB 722, 262 2013
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Hadronization necessary for theory-data agreement

Sensitive to jet structure

Jet broadening due to medium effects could change

this ratio




Vs = 7 TeV, R = 0.4 leading charged jet SeePoster
Momentum
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Jet constituent analyses are more differential
structure measurements than cross-section ratio



Jets in p-Pb
Cold Nuclear Matter (CNM)
baseline studies




pp = p-Pb

Vacuum = CNM

pPb
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p-Pb collisions

allow us to study

CNM

Important to

understand QGP

effects

Initial state

effects vs final

state effects

« Small for
Inclusive
spectra



Jet cross-section and R
Vs = 5.02 TeV, R = 0.4 Incluswe

arXiv:1310.3612
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Ropp = 1 for minimum bias charged jets

CNM have a negligible effect on the cross-section
* Dbinary scaling holds

pp reference / TeV data scaled using Pythia




Jet cross-section Ratio
Vs = 5.02 TeV, R = 0.4 Inclusive
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Charged k; in p-Pb

Vs = 5.02 TeV. R = 0.4
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« Good agreement between data and PYTHIA versus pq;
indication of additional k; in p-Pb collisions
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pp and p-Pb jets
We have established a good baseline for
heavy i1on jet measurements by quantifying
observables in both pp and p-Pb

® pp jet observables agree well with models

Jets do not appear to be modified in p-Pb

compared to pp

® However more
differential analyses
are on-going!
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Jets In Pb-Pb
QGP

Rosi Reed - Hard Probes 2013



Pb Pb
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Heavy-lon challenges

Jet finding algorithms will cluster “jets” from soft

background
e Combinatorial jets (fake)
® Depend on R and jet constituent p;

2 methods to remove fake jets
® | eading track bias, h-jet correlations

pp Vs = 2.76 TeV

fake jets
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Jet Spectra

Vsyy = 2.76 TeV, R = 0.4 Inclusive

arXiv:1311.0633

1

_ | | | | | S Pb-Pb\s,=2.76 TeV Anti-k; R=0.2
i B T T T T T T T T T T T T T T T ] ()
O 104k Centrality 0-10% C h a rge d - S _10°= 0-10% Centrality i <0.5
~ E . 3 Z|o F
= e Alljets 3 E2- r P cons: > 0-15 GeV/c
% C + Leading track p. > 5 GeV/c N °© %% B
g 10° = = Leading track p_ > 10 GeV/c = "Zg - pmeading> 5 GeV/c
= E [ correlated unc_ertamty 3 Z oL B Pr1caing> 10 GeVIC
~le= T shape uncertainty T g
Q@ 10° — E
j— -O = — = -
S| © E ol N, uncertainty m 1 -
S| &L - . -
o - 10 E = -8
Q. E == = 107
© C J— - E
—|8 O Avce — E o ALICE
< C PbPb\5,=2.76 TeV ~ =8= - -
= ! CharedJetS + '||||||||||||||||||||||||||||||||||||||||||||
— 28 10 Anti-lgT R-02 —— = 0% 30 50 60 70 80 90 100 020
E . 3 p eVic
C p‘T"“k >0.15 GeV/c == K
10'10 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 .
0 20 40 60 80 100 arXiv:1304.6668

Pran (GEVIO

Leading track bias removes combinatorial jets but
blases the fragmentation
ALICE uses a leading track bias of pry...c > 5 GeV/c
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Ratio of Jet Spectra
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* No evidence of jet structure modification in core
» Charged jet ratio o(R=0.2)/0(R=0.3)
 consistent with vacuum jets (PYTHIA)
* No centrality dependence
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Hadron-jet
Vs = 2.76 TeV, R=0.4

Assumes combinatorial jets are not correlated with
the trigger hadron

P, distribution of recoil charged jets

g - Simulation: PYTHIA6 (Perugia2010)
. -1
| h Jet |< O 6 10 PYTHIA pp Vs = 2.76 TeV
‘P . = (P g 71, 5 [ anti-k_, R=0.4
° S B ) T _
trig recoil S0 engy,, 0" - 4% <06, hf*_1<0.5
© = ."0"' -
: FlosL Tee, Ttees
trigger gV E e, .
= %o
hadron i eee
104 e, Coo,
= o
- N L 2
o —4-15< p'T"g <20 GeV/c ".'
10- E trig "’
recoil - —4—20<p;? <50 GeV/c -0-_’“. .
i 10° e
Jet EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;.
0 10 20 30 40 50 60 70 80 90 100
p" (GeV/c)

Tjet

Hadron triggered recoll jet spectrum has a
minimal fragmentation bias down to low p; and
large R



1

Dominated by
uncorrelated ¢
combinatorial z
jets

o
>
)
©)

10

Hadron-jet

Another way to remove combinatorial background

——

Pb-Pb @2.76TeV 0-10%
Charged jets p:°"5t>0.1 5 GeV/c
anti-k. R=0.4 A>0.4

e TT[9,10] Integral:0.834
o TT[19,25] Integral:0.835

°
C®
¢ —'4'— B Apeeon(TTI19,25]-[9,10])
Jjﬁ +f
FILICE
| L , |[PERFORMANCE | , , | v v v 1y
-40 -20 20 40 60 80 1 00 1 20

19 < pi*99°" < 25 GeV/c
9 < ptmgger <10 GeV/c

Rosi Reed - Hard Probes 2013

p°°"’°h=prTe°°-p A (GeV/c)

T,jet

il = Difference of per trigger yield of recoi

<€ QCD
jets




hal correlation

Hadron-jet azimut

: _ TT[19,25]-[9,10] GeV/c
© 0.04—

©
= —#- Pb-Pb: \s, = 2.76 TeV, 0-10% (uncorrected)
'<§]- " - PYTHIA (v6.421) embedded in Pb-Pb
20.03—
<§ - 3 antik , R = 0.4
N % 4 40< p:“j; °°°°° < 60 GeV/c
0.02— ’
- plrack > 0.15 GeV/c

0.01—

ﬁm

diteret Tt St
Eoo A B . SO

Charged

trigger
hadron

recoil
jet

Folded PYTHIA

reference

4.5
A(p = |(ptrig-q)ch,ietl (rad)

consistent with

Pb-Pb 0,,,.=0.215+0.023+0.031 data

PYTHIA: G,q,,=0.256+0.009

1 dN 1 dN
Arecoil (qu) = ( )19—25 o (
N trig dA(p N trig dACO

Consistent with
no medium-
induced jet
deflection

)9—10



Hadron-jet azimuthal correlation
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Deflection is similar to vacuum jets

Hadron-jet results in agreement with dijet results
Over a broad momentum range, jets are not



Charged Jet Recoil Spectra

sy = 2.76 TeV, R=0.2, 0.4, 0.5
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Conclusions

In Pb-Pb collisions ALICE has shown that
® Jets are suppressed Ry, Rep <1

® Ratio of jet cross-sections in HIl collisions consistent with
vacuum case

® Hadron-jet analysis allows for a larger R
Compatible with no energy redistribution within R=0.5

No indication of CNM effects for these jet observables
® Ropp =1

® Kk;is in agreement with the vacuum case

® Good baseline for future 5.5 TeV Pb-Pb collisions!

Coming soon: more differential jet structure analyses, PID
jets and modification versus reaction plane

Poster on future
b-tagging capabilies
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H|l Background Determination
Charged Jets Vs, = 2.76 TeV

0 éJnderI ing event density (p.,), JHEP 1203:053, 2012
epen Slon (arxiv:1201.2423)
e Constituent cut -
: © FastJet k, (p;"'.ons GeV/c)
e Centrality D | Fit:(3.3:0.3) GeVic + (0.0623:0.0002) GeVic x N7,
e Event plane 2 " o

N
]
—T

. ch
® Pch - median of pT,ijet /Aijet
e 2 |leading jets removed

¢ May be sensitive to jet
fragments outside k; jet cone 100

® Determined event-by-event

150

Pb-Pb 15 =2.76 TeV

° p., is not corrected for detector : ™"
effects or missing energy , )\
= L 1 S Ly, e

© Subtracted from signal jets on a o e A 30024;,

jet-by-jet basis

Rosi Reed - Hard Probes 201



HIl Background Determination ruil Jets
Vsyy = 2.76 TeV

<
> 2500 2 o000 ty o4l 2,00 Pb-Pb | 5,,=2.76 TeV
& L
o C Pryack > 0-15 GeV/c
22— -
B : P > 0.30 GeV/c
200 o GeV/g)SO : T,cluste
k:R=0.2 (p_,  >0.15 GeV/c) 2 - 0 4
C
| T,cluster i ‘ ‘
1.
150 5 =2.76 Te 8 THT%H H
1.6/ mn T
K II I TN AAAAAALALLLL
100 L M . 000 QA 02 PERFORMANCE 1.4 -
50 .~ ALICE
- | PERFORMANCE
4= 151022012
| 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | | 1 1 1 |
0 10 20 30 0 10 20 30 40 50
Centrality (%) Centrality (%)

Centrality dependent scale factor accounts for neutral energy
Pscaled = Pch X SEmC



Backeround Fluctuations

0

JHEP 1203:053, 2012
(arxiv:1201.2423)

® random cones WM e 00, 0" 07,0110
1 kA RC (wo lead. jet) a=10.1
v RC randomized i «+o+v M 209 M =80,0=286

— a,=144.3, a = 1.4 ¢/GeV

probability density
=

-
Qe
w

% Pb-Pb:0-10%
Ve R=04
tae P=0.15GeVic

Jets sy = 2.76 TeV

Fluctuations in the background
determined via dp+

® Random cones (RC)

® Depend on

Constituent cut
R

Centrality

10* )
10° *‘ ..o
Ta o
10.5 L N 1:"-. 1“-"-‘.00“1 N
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op;" (GeVr/c)

dp Is not corrected for

detector effects

Experiment specific

Event plane
Detector

0Py = Pric — Py TR’

dps Is used to construct
unfolding response matrix



Background fluctuations
Full Jets Vsyy = 2.76 TeV

z g |
e 5, #v%s,  0-10% Centrality can be used to
5~ E ALICE oy _
S T, rmmewes determine dpy
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rec

dp.. (GeV/c) 5pT = pT,RC - pA - pT,probe

As R increases, width of dp; increases which complicates
unfolding

dp Is used to construct unfolding response matrix
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detector __particle, , particle
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rull Jet Detector Effects pp
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Shift of jet energy scale ~ 209%, JES uncertainty < 3.69, unfolding
® Depends on fragmentation model technique
PYTHIA vs HERWIG, quark vs gluon jets used to correct
Jet energy resolution ~ 18% detector

e Dominated by tracking efficiency (similar in Pb-Pb) effects

arXiv:1301.3475
PLB: 10.1016/j.physletb.2013.04.026



0.5

0.4

0.3

0.2

0.1

TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTTT ‘ TTTT
Anti-k; R=0.2 Centrality: 0-10%
=  Background fluctuations

A Detector effects
® Combined

IXIIII‘IIIIII\HlIIIIl\\I

Leading track p,> 5 GeV/c %

ALICE

PERFORMANCE
28/06/2013

Hlll\l'll I|||\I‘JIII‘IIII‘IIIIlIJH|IIII|HII

IIHII lII|II\||IIII

I\II|I\\I||I|I|II\\|II!\|II\I|III\‘IIII‘IIII'\\II

o

20 30 40 50 60 70 80 90 100 110

P (GEVIC)

det )/ppart
Tjet” * T, jet

o(p

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

[TTTT ‘ TTTT | FTTT | TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTTT
Anti-k+ R=0.2 Centrality: 0-10%
= Background fluctuations

T
11

NH|IIII|

A Detector effects
. Combined

- Leading track p_> 5 GeV/c ;
3 % E
e :
- | —
" ne o
E n PERFORMANCE
— -.-.-.. 28/06/2013

" "O.oooO¢o..o-o.o :

(1 -
AAAAAA!=-.=A‘;AAAAAAAAAAAAAzﬂffffgll.lgll!l!!l!g
l

Illl

HY|III:|IH

o Lo b b Lo |...."|........|........“..."".'.'. E\

20 30 40 50 60 70 80 90 100 110
Part (GeV
pT,jet( /C)

Charged jet 59% JES uncertainty is at 50 GeV and 39 is at 100 GeV



Rcp/Rep

Phys. Lett. B 719 (2013) 220-241

2 l b
b+Pb\sNN— 276 TeV 0-10%

P
IL dt =7 ub‘ ATLAS

1.8

1.6

1.4

T T T T[T I T T[T 11T
H
: ny
. |
O O ¢
=N
N N N N

0.8 | | | | | | I |
40 50 60 70 100 200




(mb c/GeV)
3

do
p_dn
3

d

—t
Q
o

10°¢

107
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pp 7 TeV ch. jets R=0.4 -
ALICE prelim ]
. PP 2.76 TeVch.jetR=0.4
ALICE prelim
I 5.02TeVch.jetR=0.4 |
reference via scaling of 7 TeV data

ALICE

PRELIMINARY

20 40 60 80 100
ch
pT,jet (GeV/c)

reference is created from pp
jets at / TeV scalign done via

reproducing the same scaling
obtained from MC described
by: N

5TeV _MC
Nsrow = Noguy

N7TeV_MC

Where N is one bin of the jet
spectrum. Several Monte

Carlo generators used give an
uncertainty of roughly 29

2.76 TeV data has larger
uncertainty



