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Jets in ALICE

A

sEMCal is a Pb-scintillator
sampling calorimeter which
COVETS:

*In|<0.7,14<p<m

* tower An~0.014,A¢p ~0.014

| T Remove contamination from
Charged particles
Neutral
constituents

\%
Tracking:|[n|< 0.9, 0<@<2x > Chaf’ged N Jet 4/
TPC. ITS constituents

%ﬂ% Oliver Busch 15:55 Friday
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EMCal

An=1.4,A¢p=107°

Lead-scintillator sampling calorimeter
13 k towers

Each tower An X Ap=10.014 X 0.014
o(E)/E=0.12/NE + 0.02
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EMCal & DCal

Beam View

An=1.4,A¢p=107°

Installed by Fall 2014
An=1.4,Ap=60°

Lead-scintillator sampling calorimeter
13 k towers

Each tower An X Ap=10.014 X 0.014
o(E)/E=0.12/NE + 0.02
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Method
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Method

1. Find jet candidates 2. Subtract background
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Jet Reconstruction

*Input to the jet finder
* Assumed to be massless

» Charged tracks (ITS+TPC) with p,. > 150 MeV"

@ Cluster energies E > 300 MeV

cluster

* EMCal cluster energies corrected for charged
particle contamination with

Ecor _ orlg fz Matched Ecor 20

cluster — cluster cluster

f=100%

sALICE measures both Full Jets (tracks + clusters)
and charged jets (tracks only)

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013
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Jet Reconstruction

Jets reconstructed using FastJet package
*R=02-04
» Anti-k; — Used for signal determination

* k. — Used for background determination

*Correct for detector effects using unfolding

* Momentum resolution

t
%
!ﬂg

= T seba

* Energy resolution

* Track Matching

M. Cacciari, G. P. Salam, G.Soyez, JHEP 0804:063,2008
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Full Jet Selection Requirements

*EMCal fiducial acceptance cut
* R away from EMCal boundaries
* R=0.2:
? Nl <0.5
s 1.60 < ¢, <2.94

aJets with leading track p, > 100 GeV/c are

rejected due to limitations of tracking beyond
100 GeV/c

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013
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Jets in Heavy Ion Collisions
Experimental Challenges
* Need to remove underlying event (UE) contribution
* Drogu=Dr ja—PA+B,

* A =Jet area, p = median UE momentum density
C

e Pr. Jer=Jetp, from jet finder

* We can only remove the average background
contribution

B_from UE fluctuations

* Combinatorial (fake) jets can be reconstructed from UE
* Detector effect corrections depend on fragmentation

* Both background and detector effects are corrected in unfolding

» Corrects spectra for the B_ term

.% * Quantified in Response Matrix (RM)

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013

11



HI Background Determination

Charged Jets \/SNN

3p,, : median of pr ijet/ Aijet

@ 2 leading jets removed

@ May be sensitive to jet fragments outside
k. jet cone

» Determined event-by-event

sp,, 1s not corrected for detector effects
or missing energy

sSubtracted from signal jets on a
jet-by-jet basis

chunc — e
pT,jet T jet IOChA

=2.76 TeV 1 PbPb

JHEP 1203:053, 2012
(arxiv:1201.2423)

o FastJet k, (p™" = 0.15 GeVic)
- L Fit: (-3.3:0.3) GeVic + (0,0623-0.0002) GeV/c » N™
U] g
= 00 s
50
100—

Pb-Pb 15 = 2.76 TeV

10°

10°

10°

10°

107

10
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HI Background Determination
Full Jets Vs =2.76 TeV in PbPb

/G o
3 250 £ 1o0000f 0-10% Centrality Eoal 2, 0-10% Centrality | Pb-Pb | 5,,=2.76 TeV
8 q>, | g 108 '_Mean =1.76
b I - " [RMS =0.12 Pryec > 0-15 GeV/e
100t 2.2~ s Py ey > 0-30 GeV/c
200 0 175 o (Gewg;so B 10 ‘ ’
kyR=0.2 (p_,  >0.15 GeV/c) 5 - g o —
harged ’ - SEMC
0.30 GeV/
- pscaled (pT,cIuster> e C) :‘; ‘ ’ ’ ‘
il
150 Pb-Pb | s,,=2.76 TeV ﬁTT+T T +++++++ ‘ ‘ ‘ ‘ ‘
% B T T I I IRERRRREL, 44444040444,
100 ALICE -
L PERFORMANCE 1.4+
i 15/10/2012 -
: o D)
50— . ALICE
| | PERFORMANCE
i 4l 15110/2012
1 1 | 1 I | 1 | 1 I 1 1 | 1 I | | | | “ 3 B | | | | | | | | | | | | | | I | | | | I | | | | |
0 10 20 30 40 50 0 10 20 30 40 50
Centrality (%) Centrality (%)

Centrality dependent scale factor accounts for neutral energy

p scaled B p ch % p EMC
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Background Fluctuations
Full Jets \/SNN =2.76 TeV 1n PbPb

Aviy 0-10% Centrality .
e vv via 6
ALICE g Pr

PERFORMANCE ™/ RC R=0.2,0=4.9 GeV/c
15/10/2012
Emb R=0.2, 0= 5.8 GeV/c

v , ¥ v ronose-ssceve| @ Random cones (RC)

Emb R=0.3, 0=9.3 GeV/c

probability density
3

102

I ||l|l[|| I |l|||||| T ||Il|l|| T IIIIIIII I |||I|||| T TTTI

v
. o
103 V' 7 s ¢  Charged + Neutral Depends on
. D Prv >015GeVE @ Constituent cut R
) v . e P ciuster > 0-30 GeV/e
10" b - :
X A vy ¢ Centrality
= v .
108 e b, 'T, * Event plane
’ Af% :FZW ® Detector
10‘6 111 I 11 Y | 11 I 11 I 111 | 111 | 11 A IAI Y l*l?# | l*l 1 I
-80 -60 -40 -20 0 20 40 60 80 100 120
op. (GeV/c)

___ _rec 2
Opr=pr —PTR
op.. 1s not corrected for detector

Op- 1s used to construct unfolding response

effects — Experiment specific matrix
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Leading Track Jet Bias

Vs =2.76 TeV PbPb, R=0.2

Combinatorial “jets” '

*Combinatorial jets a challenge in HI collisions
@ Require leading track p.> 35 GeV/c
* Biases fragmentation

® Suppresses combinatorial “jets”

Measured spectra:

unc
pT jet ,Jet 10 A
Where P@,jet,A

comes from FastJet
anti-k_algorithm

arb. units

ratio

102

10

0=

103

10

107

10

1077

IIIIII|T| IIIIII|T| IIIIIIII| [IIIIIII| IIIIII|'|'|_LIIIIII|'|'| IIIIII|T| IIIIIIII| TTT

Pb-Pb | s,,=2.76 TeV
0-10% Centrality

¥

Anti-k; R=0.2 Inl < 0.5

Pryacic > 0.15 GeV/c

E: iuster > 0.30 GeV

—e— |nclusive

p'e2dnd 5 2 GeV/e
Ttrack

leading , 5 GeV/c
T,track

p
p"*’d'"g >8 GeV/c
p

leading . 10 GeV/c

T,track

ALICE

LY PERFORMANCE

®a 15/10/2012
n
Pa®

Mgy

R L N

B VR'!."H
|

. Fulljets,

i FE = R i i i i i
[ I I B T A A A A

-40 -220 0 20 40 60 80 100 120 140
pra‘” (GeV/c)
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Response matrix RM

quantifies detector response to jets

et
sRM

* “Particle” level jets — defined by jet finder on MC particles
@ Pythia with Pb-Pb tracking efficiency

det

* “Detector” level jets — defined by jet finder after event reconstruction through
GEANT

® Particle level jets are geometrically matched to detector level jets

® Matrix has a dependence on spectral shape and fragmentation

3Jet-finding efficiency 1s probability of a matched particle level jet

— 250 : : = 5 1
§ Pythia \s,;, =-2.76 TeV. = - Pythia ys = 2.76 TeV 2l Pythia ys = 2.76 TeV
] e = 1~ © 1
<) 2 i I aEmE 10
55 g [ .§..+.-+-+-+'H'++
s = L1 -+ 107
|
0.8— 4
L 10
L Leading track P, > 5 GeVic H L IC E
- 10
0.6 R=02 PERFORMANCE
L 5 19/06/2013
10
- -6
i 107
ALICE i ALICE R=02
50 PERFORMANCE 0.2 PERFORMANCE 10 Leading track p_> 5 GeVic
25/06/2013 = 19/06/2013 * Particle Level
107 - 107 m Detector Level
L1 1 | 1 1 1 Il | Il 1 1 1 | 1 1 Il 1 10'10 i 1 1 1 | 1 1 1 | 1 1 1 | Il 1 1 | | 1 1 | 10'10 1 1 1 1 | 1 1 1 Il | 1 1 1 Il | 1 1 1 1 | 1 1 | |
100 150 200 250 30 40 60 80 100,,, 120 50 100 150 200 1250
Priet (GeVlic) Pr (GeV/c) pmEt (GeVic)

Christine Nattrass.christine.nattrass@utk.edu. Hiech PT at LHC 2013 16



—

Efficiency (%)

0.8

0.6

0.4

0.2

RM

det

Prj. (GeVic) Vic)

(a)
| 1 1 L
150 200 250
rec V/
pT.iet (Ge C)

- Pythia {s = 2.76 TeV
i bt -+ i+++++++++F++*+
: Leading track P, > 5 GeVic
_— R=0.2
: %
I ALICE
| PERFORMRNCE
= 19/06/2013
i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 40 60 80 100 120

gen
pT,jet (GeVic),

RM

bkg

na
w
(=]

200

1LjeL

150
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50

L |
100

120
meas
Pre (GeV/c)

Anti-k; R=0.2

pmrack >0.15 GeV/c

E cluster > 0-30 GeV

p'eading o, 5 GeV/e
T,track

(a) RMdei Detector response matrix
(b) F{Mbkg Background fluctuation matrix
(c) RM_ = RM_,  x RM,,

bk

(GeV/c)vic)

gen
T,jet

P

Response Matrix Construction
X RM =

RM

250

200

150=

100

50

(c)
% 40 8080 100 120
meas
[l (GeV/e)

Pb-Pb\s,,=2.76 TeV
0-10% Centrality

ALICE

PERFORMANCE
15/10/2012
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Background fluctuations
Detector effects

Combined

Leading track P> 5 GeV/c

ALICE

PERFORMANCE
28/06/2013
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b b b L |..|.|.. |.|.|.. |.|.\.l.l.\.l.l.l.l.l.l.\.l.l.l.ﬂ
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aJet resolution
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0.1

Jet Resolution

Charged

Anti-k+ R=0.2 Centrality: 0-10%
=  Background fluctuations

i— +  Detector effects —i
= * Combined =
;_ Leading track P> 5 GeVic _;
A ALICE -
E PERFORMANCE T
L 28/06/2013 —
EI 111 | LI | L1l | i | L1l | L1l | 1 | I | 1111 | L1 I_
0 20 30 40 50 60 70 80 90 100 110
part
pT,Ch jet (GGV/C)

» Dominated by background fluctuations at low momentum

» Dominated by detector effects at high momentum
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Results

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013
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Full Jet Cross-Section 1n pp

arXiv:1301.3475 \s =2.76 TeV, R = 0.4 Inclusive
PLB: 10.1016/j.physletb.2013.04.026
I N ! ' I ' ' ! I ! ' ' I I = — O
% 10° anti-k, R = 0.2, lhl<0.5 . 'fhadcor 100 A’?
O : 15
S - ¥ ALICEpp (s=276TeV: L, =136nb" 3
z 10% il | | Systematic uncertainty . Pr > 150 MeV/c
e = -
' - B 7. >
-g 10_5 B % N ‘ET 300 M@V
- = E
Q. = = .
. o° L CINL0 (v Armesto) === 1 *Green and magenta bands:
o  F [INLO(G. Soyez) é NLO on Parton level
107 B NLO + Hadronization (G. Soyez) -
% 2 F ... Il " M M L " " M | M " " Il M M " I_z ‘Blue band: NLO —|_
S 19 = hadronization
= 051 g
@ 2 *Hadronization necessary
1]
3 1-51 for better fit to data
= 05 | , , . 3
20 40 60 80 100 120
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Full Jet Cross-Section 1n pp
Vs =2.76 TeV,R = 0.2, 0.4 Inclusive

arXiv:1301.3475
PLB: 10 1016/] physletb 2013 04 026

% 10° anti-k,, R = 0 2, h'|I<0 5 —;. % 10° E anti-k,, R = 0.4, nl<0.5 _;
o e ¥ ALICEpp /s=2.76TeV:L_=13.6nb" = -.‘50.. = EE # ALICEpp Vs=276TeV:L_=13.6nb" =
g 10 il [ ] Systematic uncertainty 1 =a e i &= [ | Systematic uncertainty i
= e : 3 £ = = =
= F == 1 = F — ]
'gl_'i 0® = % = -gl—1 0® = = =] =
o = = = o = i =
% 10°® | []NLO (N. Armesto) — % 10 L ["]NLO (N. Armesto) —r
% [ ]NLO (G. Soyez) % % = [ ]NLO (G. Soyez)
1o NLO + Hadronization (G. Soyez) | 1o — [ZZ]NLO + Hadronizatlon (G. Soyez)
LI SN ' | ‘ 5 g 2
T 15 = D 15
o 1 W] ™ o ® ] [ = 9 1
Z 05 Z 05
g 2 8 2
3 15 T 3 1.5
o 1 s = S 1
=z 05 , , , N =z 05E , | , e
20 40 60 80 1 00 120 20 40 60 80 1 00 120
Pr ot (GeV/c) Pyt (GeV/c)

Agreement between data and NLO+ hadronization calculations
is good for both R =0.2 and 0.4

/)
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Full Jet ratios 1n pp
Vs =2.76 TeV,R = 0.2, 0.4 Inclusive

; 1-4__ Enti-k-r, h‘||-=:0.5
T - N ALICE pp Vs =2.76 TeV
€ | [ ] Systematic uncertainty
L 12 LO (G. Soyez)
N - NLO (G. Soyez)
A [ NLO + Hadronization (G. Soyez)
o _
b D_B:— R
U 6 : — 5- ------------------- o e ——— e
K. -
Ra R AT I ;
0.4
0.2:—arXiv:1301.3475
_ PLB: 10.1016/j.physletb.2013.04.026
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0"""30 a0 5 60 70 80 90 100
pT’iet (GeV/c)

Good agreement between data and NLO+ hadronization calculations

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013




T 107 Pb-Pb y/s,,, = 2.76 TeV
"'6‘“ B NN~ <
% 0-10% Centrality
g 103 & Charged+Neutral Jets
'gl_ 1 Anti-k; R = 0.2 n|<0.5
O
o *  Leading charged track P> 5 GeV/c
Z 10% ¢ .
-Ug - . Prconst > 0.15 GeV/c
> I
E | L
T 107 F :
- ALICE g
PRELIMINARY
10‘5IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
30 40 50 60 70 80 90 100110120

Full Jet Spectrum 1n Pb-Pb

Charged+EMCal Jets \s = 2.76 TeV, R=0.2 0-10%

ch+em
pT,j&t (GeVi/c)

*Jets are corrected for
background fluctuations and
detector effects in unfolding

* Bayesian method

sSystematics:
2 ~19% (p, dependent)

® EMCal effects (Resolution,
scale, clusterizer, non-linearity)

® Unfolding
® Tracking efficiency

* Background

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013
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Full Jet R
AA

szN =2.76 TeV, R=0.2 0-10%

1.5
-t Pb-Pb |s,,, = 2.76 TeV

Y _ 0-10% Centrality Reference pp spectrum and

Charged+Neutral Jets Pb-Pb spectrum both have
_ Anti-k; R = 0.2 |n|<0.5 leading track p. > 5 GeV/c
1- Leading charged track P> 5 GeV/c

2 RLEIE D R = 0.2 jets are suppressed in
Blased pp reference % central collisions

ALICE

PRELIMINARY fhadcor

pr > 150 MeV/c

= 100%,

E, > 300 MeV

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
% 4050 60 70 80 90 100 110 120
pch*em (GeV/c)

T,jet
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LHC Jet R Comparisons
AA

g 1.5 _ Pb-Pb |s,,, = 2.76 TeV
e 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

1 = BTlﬁ'Dsnétd pp reference

.  CMSR,, R=0.20-5%
Read from HIN-12-004-PAS

Sys. Unc. not included
yi<2 :

T T
ALICE

PRELIMINARY

I|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300

pch*em (GeV/c)

Tjet
» ALICE and CMS are consistent within ovejﬁap region with the same R and

different constituent cuts, background subtraction method and acceptance
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LHC Jet R Theory Comparisons
AA

.= T0 GeV. way = 0.5 GeV
w, = 50 GeV, wpy = 0 GeV

1.2 + CMS data (preliminary) e 7
ALICE data (preliminary) m

1 K. Tywoniuk 1S2013

g (L8} .
=
o
=~

Q: (.6 | .

(.4 F + 4

50 100 150 200 250 300 350 400
pL |GeV]
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Conclusions

AP antikq, |n|<0.5
o 1
1l m  ALICE pp Vs=2.76 TeV
o [ Systematic uncertainty
B12r ] LO (G. Soyez)
N T -] NLO (G. Soyez)
u u u h N LO ﬁ 1 [_"] NLO + Hadronization (G. Soyez)
o T
Jet In pp consistent wit
SesE=——
0_4*' L L= 1
- arXiv:1301.3475
02 PLB: 10.1016/j.physletb.2013.04.026
G_‘ el b b b b 1

L P IS B
30 40 50 60 70 80 90 100
Pr et (GeVic)

3 1'57 Pb-Pb |fs,,, = 2.76 TeV

nd 0-10% Centrality
() r Charged+Neutral Jets
L Anti-k. R=0.2 n|<0.5
AA Leading charged track p_ > 5 GeV/c
P> 0-15GeVic T

1= u Biased pp reference
CMSR,, R=0.2 0-5%

- Indicates strong suppression of jets Sl
- Consistent with CMS with same R

|
SELITR I

ALICE

PRELIMINARY
| |

II‘\\I\ L1 1 | \II\‘\I\\
50 100 150 200 250 300

ch+em
I pT'jet (GeVic)
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Future

-

PN - %
. 1

+ Identified particles in full gSEECE E g 8

» Calorimeter triggered jets

dependence

e DCal for back-to-back full |
di-jets

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hich PT at LHC 2013 28

-

— Reaction plane

AT
i\
=
2l
b
. ¢
Ny i

. | ]




Backup
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' Unfolding Evaluation
f Closure test
|

To benchmark unfolding methods “truth” spectra are
embedded into data

3 ® Do we recover this truth spectrum?

v Embed Pythia jets into Pb-Pb data, at particle level and at
? detector level

® Select detector level jets with MC energy “measured jets”

® Unfold the “measured” jets and compare to embedding
particle level jets

® Tests corrections for both detector effects and background
fluctuations

® Does not test the effect of fake jets

ALICE Christine Nattrass.christine.nattrass@utk.edu. Hiech PT at LHC 2013 30



.> Closure test

\ < 2r
> 2 | Pb-Pb VS = 2.76 TeV
5 1.3_— 0-10%
| S R =0.2

£ 1.6 Leading track p_> 5 GeV/c

> 40 —SVD
3 "' — Bayesian

12 — 1
V C
) 1C
‘ 0.8
| 0-6:_ %
- IStat. Error

| 0.4
) r ALICE
) 0.2 PERFORMANCE
) E IVRT N o tvvi AR TI
i 11 N N e

‘D, Bayesian and X2 minimization
&

* Measured jets are all
reconstructed jets with
MC energy > 1 GeV

* Background
subtracted
 Unfolded jets are
corrected from measured
jets
 RMbkg constructed
with RC
 RMdet constructed
with PYTHIA
* Truth is PYTHIA particle

% 40 50 60 70 80 90 1%[:ijt Eégwéfn level jets
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? Unfolding Methods

Bayesian

® Toy model investigation indicates that this method is susceptible to
fakes

® Regularization is number of iterations

3 ® Requires a reasonable prior

® Prior is the initial solution for the unfolding method

> SVD
® Toy model investigation shows this method performs well
® Tikhonov regularization method suppresses small singular values

1
) ® Requires a reasonable prior
)
) )(2

® Toy model studies show good agreement with SVD

; ® Regularization is employed by assuming a local power law (for jet
spectra)

® Does not have a qunn dpnpndpnrp on nrlnr

,HLICE Christine Nattrass.christine.nattrass@utk.edu. Hieh PT at LHC 2013
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‘ Comparison to Models

,‘ vsNN = 2.76 TeV, R=0.2,0.3 0-10%
78 vl B Y mesinw | PYTHIA used for
| Centrality 0-10% Centrality 0-10%
o« l -ﬁ.Ll::EG‘hll'ﬂﬂ:lJﬂ o Q -ALtI-hIlI:EGhlrgthﬂ Charged pp

.. 1. i PYTHIA+JEWEL o2 4 PYTHIA+JEWEL

reference

imﬂﬁﬂmqﬁm%

R=0.2,0.3 jets

Charged Jets Charged Jels are Suppressed
Anti-k. R = 0.2 Anti-k, R =0.3 .
I > 0.15 GeVic s=somseve 1IN CENtral
107 10" P
0 40 50 60 70 80 90 100 10 % 0 50 6 70 80 80 100 10 collisions
P (GeVic) pS"*%* (GeVi/c)

’i Good agreement between JEWEL and inclusive charged jet
- RAA

)
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RAA Comparison

 Jet RAA ~ Hadron RAA

)
'\I g 1‘
) e B ALCEh! ALICE Preliminary
i — Renk ASW 0-5% Pb+Pb \-"SNN=2.76 Tev
| I Renk YaJEM

----- Renk YaJEM-D

B -

p, (GeV)

< 1.5

o

~ Charged jet RAA ~ Full Jet RAA

Pb-Pb s, = 2.76 TeV
0-10% Centrality

Charged+Neutral Jets
Anti-k. R =0.2 In|<0.5

pT,i::c:m

Biased pp reference

e 0.15 GeV/c

Leading charged track P, > 5 GeVic

ALICE

PRELIMINARY
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T
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Pythia
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2
Pb-Pb | 5,=2.76 TeV
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1.6:— hrd ALICE Charged Jet
i PRELIMINARY A PYTHIA+JEWEL
1.4
- Charged Jets
1.9 Aﬂti'k-r R=0.2
p‘T”"’k > 0.15 GeV/c
1__ ................................................................ I
0.8}~
0.6
04 e
.
: - _m_—@——@—;@;
0.2_—i!i
:IIIIIIIII|IIII|IIiI|t|ll|IIII|IIII|I!II
%0 40 50 60 70 80 90 100 110

p;f}et (GeVle)

;' Jet RAA was surprisingly low, though this is reproduced by some models
Where is the missing energy? Large angles? Low pT?
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Unfolded Biased Jet Spectra

Leading track bias improves unfolding
stability

® Reduces combinatorial jets

arXiv:1208.1518

v @ Bias of 5 GeV/c does not significantly
change pp, Pb-Pb spectra
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