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Jets in ALICE TENNESSEE g &

Hard scattering (Q% > 1 (GeV/c)?)
@ Radiation of quarks and gluons

@ Hadronization into colorless spray of particles:
jets

ALICE
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Jets in ALICE

Pb—Pb collisions: scattered partons

interact with medium
— jet quenching

Large fluctuating background

— analyses are challenging
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THE UNIVERSITY OF ===

TENNESSEE ¥ ¥

KNOXVILLE

Hard scattering (Q% > 1 (GeV/c)?)
@ Radiation of quarks and gluons
@ Hadronization into colorless spray of particles
jets

The ALICE physics program is aimed primarily on
studying the strong interaction via heavy-ion
collisions

‘Absorption’
p+p  Downward shift

\(N.,n NIdp;

Shift spectrum to left
‘Energy loss’

Jet results in the ALICE experiment

ALICE



Jets in various systems

proton proton (pp)

o test of pQCD (constrain
models)

o reference for p—Pb Pb—Pb
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proton proton (pp)

o test of pQCD (constrain
models)

o reference for p—Pb Pb—Pb

proton lead (p—Pb) 7
@ cold nuclear matter effects @ — «— @
(nPDFs, CGC) p ;

@ jet quenching in small systems?

© — — @
p p

ALICE
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Jets in various systems TENNESSEE | ¥

KNOXVILLE S

proton proton (pp)

o test of pQCD (constrain © A

models) o
o reference for p—Pb Pb—Pb .
proton lead (p—Pb) 7
@ cold nuclear matter effects ©®© — «— @
(nPDFs, CGC) p

@ jet quenching in small systems?

lead lead (Pb—Pb)
@ medium-induced parton energy @—P 4—@
Pb Pb

loss (scattering, gluon radiation)

@ jets as perturbative probe of
QGP
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before starting with the results

jet analysis inga.nutshell



Tracking: |n| <0.9, 0° < ¢ < 360°
TPC: gas detector _ B
ITS: silicon detector _. _E

— Charged tracks

Charged ’ -
) particle

correction S| EMCal clustersl m

S/ EMCal

/ Pb-scintillator
sampling calorimeter
Inl <0.7, 80° < < 180°

Corrected
EMCal
clustenss

\ et S Particle level
“anti-ky/ -
jet spectrum
\/' Centrality in Pb-Pb

collisions determined

Average background using the V0 detector:
subtraction scintillator counters at
‘ forward rapidity

B e | W 1 (Pr™) = RMeomy, (pr®®t, pra)x £ (preer) x foor(pyear)

jet spectrum

RM,,, = Background fluctuations response matrix
RM,., = Detector effects response matrix

RMcomb = RMbkg *® RMdet



proton proton collisions
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jet spectra and shapes
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Good agreement with PYTHIA and HERWIG for different cone radii

ALICE
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Full jet cross section at measured up to low p’-;-stfu”, ratio to (N)NLO

inclusive jets, R = 0.4
2.2 T T T T T
pp, 2.76.TeV, CT10
|yl < 0.5, anti-k; alg.
1.8 0-5H0<IJR:HF<2H0ar=1:[ ]

uncorrelated scale choice|

&

Z

X
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T 14

k o

] ]

ER 4 ]

8 P

S o6 | ALICE data +—+— |

S NLO x (NP corr.)

2 NNLOg X (NP corr.) [

e 02r (NNLOg+LLg) x (NP corr) =<3 ]
20 40 60 80 100 120

pt [GeV]
Phys. Lett. B 722 (2013) 262-272

ALICE
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Full jet cross section at measured up to low p’-;-stfu”, ratio to (N)NLO

inclusive jets, R = 0.4 ratio of inclusive jets at R=0.2 and 0.4
T T T T T 1 T T T T T
pp, 2.76.TeV, CT10 pp. 2.76 TeV, CT10
|yl < 0.5, anti-k; alg. lyl < 0.5, anti-k alg.
1.8 I 0505 < g, e < 210, Ro F 11 ] 0.8 [ 0510 < g, Hr < 240, B

N
N

0.4)

uncorrelated scale choice|

o
=
X
I3 -4
: .
;g; LarT T 06 :E LS .
] I ~ —
Z 1 & . S g
E x 0.4 4 i
S oel ALICE data +—+— ] B ALICE data +——
e NLO x (NP corr.) 2 02 F NLO x (NP corr.) i
2 NNLOg x (NP corr) [ ® NNLOR x (NP corr.) [
© 02F (NNLOR+LLg) x (NP corr.) = ] (NNLO+LLg) x (NP corr) E=
: : : ' 5 0 \ : X \ "
20 40 60 80 100 120 20 40 60 80 100 120
pt [GeV] pt [GeV]

Phys. Lett. B 722 (2013) 262-272 Phys. Lett. B 722 (2013) 262-272

Important to constrain NNLO calculations especially at low jet energies

ALICE
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Full jet cross section at measured up to low p’-;-stfu”, ratio to (N)NLO

inclusive jets, R = 0.4 ratio of inclusive jets at R=0.2 and 0.4
2.2 T T T T T 1 T T T T T
= pp, 2.76.TeV, CT10 pp. 2.76 TeV, CT10
= |yl < 0.5, anti-k; alg. F lyl < 0.5, anti-k alg.
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Phys. Lett. B 722 (2013) 262-272 Phys. Lett. B 722 (2013) 262-272

Important to constrain NNLO calculations especially at low jet energies

agreement between theory and experiment validates pQCD and justifies
using pp spectra as reference for p—Pb and Pb—Pb

ALICE
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proton lead

spectra and centrality
nuclear modification factor
di-jet-imbalance
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S — p—Pb spectra measured in various
ALICE p-Pb |5y = 5.02 TeV Centrality classes (ZNA) R
o centrality classes

FastJet anti-k jets, Iq‘ab\ <05 = 26240"/
B 40-60%
=4= 60-80%
—+— 80-100%
pp reference
(scaled pp jets 7 TeV)

10"

"

@ clear scaling with centrality

do/dp_ (mb c/GeV)

LICE p-Pb |5 = 5.02 TeV
astJet anti-k jets, Iq‘ab\ <05

B 40-60%
=4= 60-80%
—+— 80-100%

pp reference

dn/de (mb c/GeV)

o= (scaled pp jets 7 TeV)

sl v e ced e el ol cod ceid cond ol el ool 1o

e
[ —
esolution parameter R =0.2 ————
BT e S S S S|
20 40 60 80 100 120 ALICE

GeV/
Phys. Lett. B 749 (2015) 68-81  Prenm G/
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p—Pb charged jet spectra at /snn
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Phys. Lett. B 749 (2015) 68-81
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p—Pb spectra measured in various
centrality classes

@ clear scaling with centrality

@ spectra well-described by NLO
pQCD

< 1F T T T T T T T T T 3
© E ALICE p-Pb Sy, =5.02 TeV E
% E ==@== anti-k;jets R=04,1,]|<05 E
 —
'E 107 NLO pQCD calculations (boosted) -
< POWHEG+PYTHIA8 with CTEQ6.6+EPS09
| E o ——=—— NLO pQCD calculations (boosted) 1
o5 F POWHEG+PYTHIA8 with CTEQ6.6 1
Ol 102 -
L - ]
103 E —— E
E = 3
L Py ]
104
1 1 1 1 1 1 1 1 1
o 15F T T T T T T T T T a
T - - = NLO systematic uncertainties.
o
1
e antikyjets
05F % Nowmo nPDF) 1
20 30 40 50 60 70 80 90 100 110 120

Pren ot (GeV/c) .ICE
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Jet quenching in small systems? TENNESSEE
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Nuclear modification factor
dNPoh/dpr
(NEne)- ANPP /dpr

medium

Qppb(pT, Cent) =

no medium
Possible scenarios

® Qppb > 1 (enhancement)
® Qppb = 1 (no medium effect)

® Qppb < 1 (suppression)

ALICE
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Jet quenching in small systems? TENNESSEE
Nuclear modification factor

pr CI 0@ 2: ALICE Pb‘ 502"r v p. int‘eNal (GeV/D>‘ E

Qpr(PT, Cent) = i cent/ L} 1O Eactiot o ;YfTeNis I, 1 <05 =igspT<gg E

<N§Ce)nt> . Npp/de 16jRe1erence Scaled ppjels7TeV -70;£:<80 ]

145 E

medium 2 c ol . E

e 1:"-’”-"* == i) ---14

no medium osk ‘W . E

Possible scenarios o8 ]

04F 1

o Qpr > 1 (enhancement) 0-2;ResolutionparameterR:OA *;

C 1 1 1 1 1 1

0-20% 20-40% 40-60% 60-80% 80-100%

® Qupp = 1 (no medium effect) Phys. Lett. B 749 (2015) 63-81  Cenvaliy (2NA)

® Qppb < 1 (suppression)

Qpppb consistent with unity for all centrality classes

@ no final state effect on jet spectra

ALICE
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Jet quenching in small systems? TENNESSEE
Nuclear modification factor
Pb g 2r T T T ™
de d S E ALICE p-Pb {5, =5.02 TeV py interval (GeVic) 3
Qpr(PT, cent) = i Cent/ PT 1'8?Fastdetpann-lf;s, | <05 ;igspT<§g E
<Ngce)nt> . dNPP/de LG;Reierence: Scaled pp jets 7 TeV -70;£:<80 1
14F E
medium 2 c ol . E
e 17’-’”-"* == i ----
no medium osk ‘W . E
Possible scenarios osk ]
04F 1
o Qpr > 1 (enhancement) 0-2;*ResolutionparameterR:OA *;
C 1 1 1 1 1 7

0-20% 20-40% 40-60% 60-80% 80-100%

® Qupp = 1 (no medium effect) Phys. Lett. B 749 (2015) 63-81  Cenvaliy (2NA)

® Qppb < 1 (suppression)

Qpppb consistent with unity for all centrality classes
@ no final state effect on jet spectra

@ in contrast to collective behavior at low pr
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Acoplanarity in p—Pb collisions: di-jet kt TENNESSEE g §
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Di-jet imbalance in Pb—Pb strong evidence of parton energy loss
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T e " E + ot
= 12f E + T
>
A TR Fplrdad - T R g L R .
T 08 ¥ E
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. Leeetiet it b i i
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Ikl (GeVic) Ik, | (GeV/c) kr,| (GeV/c) |+, (GeV/c)
Phys. Lett. B 746 (2015) 385

kt = ij,tfuu sin(Agjjet)

Imbalance in p—Pb is consistent with PYTHIA predictions AlTée
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Centrality dependence of di-jet kt in p—Pb TENNESSEE
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1 g ‘ A R A RARREmaE S
- £ ALICE p-Pb |s\,=5.02 TeV p;f‘assoc o (GeV/c)
§ 1— Anti-k; R=0.4 VOA event class O 15-25
> 0ERe T Do40%  F m 25-40
G 0= Od0t00% ] :@:@;@, > 40
5= 10%F = 3 :$:‘=%=_ :
3 : —0=_p_ ——
$E s —i—
© 5 10° 760<p°”*”e<80 GeV/c | 0-40% (VOA) —H—
Q2 E 3
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2° 15< <P assoc]et< Py o GeV/c 70<pTVie( <120 GeV/c
10k = ST T I TR P ST P
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Phys. Lett. B 746 (2015) 385

kr = P e sin(Apdiet)

no centrality dependence of di-jet kt
consistent with Q,pp observation of no modification of jet spectra

ALICE
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ET T T T T T 3
- E ALICE p-Pb |5,(=5.02 TeV ] e o (@eV/C)
Q i Anti-k; R=0.4  VOA event class] 0 15-25
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0] =0 ¢ 40-100% :&56;—@— O >40
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0 10 20 30 40 50 600 10 20 30 40 50 60 70
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Phys. Lett. B 746 (2015) 385

kr = P e sin(Apdiet)

no centrality dependence of di-jet kt
consistent with Q,pp observation of no modification of jet spectra
no evidence of jet quenching in p—Pb collisions ALTGE
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Jets in Pb—Pb collisions: parton energy loss ~ TENNESSEE s
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Jets in Pb—Pb collisions are used to study the QGP via medium-induced
energy loss

Out-of-cone radiation
I:QAA<:I'

Incoming /

parton

In-cone radiation
Jet broadening

Two qualitative scenarios
1) Out-of-cone radiation: Raa < 1, modification of jet spectra
2) In-cone radiation: Raa = 1, changes in jet shapes ALICE
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Out-of-cone radiation: Raa of jets
- <12
% ALICE {5y =2.76 TeV « ALICE Pb-Pb {Sp;=2.76 TeV Antid; R=02 || <05 [=9e%>5 Gevio
S qosh Anti R=0.2 n | <05 ] T ITITITS EEREEESIEITRRTITR I
> . o=, P> 5 Gevie ¥ Data0-10% [JComelated unceniainy ¢ Data 10-30% [JCorrelated uncertainty
g osl 5 Shape uncertainty || 5 Shape uncertainty
g e — JEWEL «ex JEWEL
F‘2§ 107 J— 0l — YaEM - = YaJEM
5 = =] -
- L
4= pp 04
10%E "y 0-10%Pb-Pb ==
¢ 10-30% Pb-Pb §+
] [_] Correlated uncertainty 0.2
BB 9 Shape uncertainty
109 ol
0 50 100 0
pTlie‘(GeV/c) pmg‘(GeV/c) pTlie‘(GeV/c)
ALICE, PLB 746 1-14 ALICE, PLB 746, 1-14
Ran = d’N*/dprdn _ QCD in medium
= ~ -
(Tan)-d?opp/dprdy — QCD in vacuum

@ Strong suppression in central and semi-central colisions
@ Resonable model agreement (JEWEL', YaJEM?)
Indication of out-of-cone radiation

ALICE

1K.C.Zapp et al. JHEP 1303 080 2T.Renk‘ PRC 78 034908
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Semi-inclusive hadron-jet distributions

low pr tgigger
i
S

QAvecol = |

i
e
recoil jets “background' jets

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

ALICE
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Semi-inclusive hadron-jet distributions TENNESSEE
T 10gr T T T T T T
i i i Q E ALICE 0-10% Pb-Pb {5y = 2.76 TeVq
hlgh pTJ; Erl,gger IOW PT trlgger % 1 Anti-k;. charge%s, R= 0.5e§
w,/ ) ) £ 7T-Ap<0.6 3
i , 5 107F OTT{8.9} E
g3 f Integral: 0.921+ 0.004
Elcalu s ®  TT(20,50} 3
Drecoil = — © Vg . E _._In(egral: 0.904 +0.007 3
S 10°F o E
e 1of e,
7] % !
y 10°g E
- N S E Statistical errors only 3
recoil jets background' jets 10°46"%6 020 40 80 80 100 120
preco,ch (GeV/c)
JHEP 09 (2015) 170 T jet
A 1 &N 1 PN
recoil = TTAA h — CRef - AA h
NLES dpSt  dniet ~~ N dpS.  dniet
trig 9PT jet9lje Prug€TTse  ~p  tHe PT jetAje Pt €T Trer

difference between semi-inclusive recoil jet yields in two intervals of
hadron trigger pt - powerful background jet subtraction

ALICE
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Semi-inclusive hadron jet distributions TENNESSEE |g §
1 dNRR 1 dNP
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E<1§ (ub Atk cha\/r;djets,.‘?=0.5 1 Pb—Pb collisions to Aeco; Measured
' 1-Ap<06 E .
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ALICE
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Jet shapes - distributions within the jet cone
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— ‘jet width’ — ‘constituent dispersion’
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fully corrected (particle level) probes of jet fragmentation
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Jet shapes illustrated - pp simulations TENNESSEE
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collimated jets have lower g <> less constituents gives higher ptD
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L T m Quark jets ] O L T pp Vs=2.76 TeV ]
25 . -4 o 5F e Gluon jets -
r 1 = r Quark jet ]

F 1 Z g | | uark jets 1
20— . - — 4 e -
L —— 4 L 4
Fr . ] F . 1
15? - 3j |
10 ] 2 e = —
E s - E L —— ]
5 B 1= —o— " E
F - F e ]

) T S A VAN o GmH\‘=‘m‘H\H"muumumumum
0 0.02 0.04 0.06 0.08 0.1 0.12 0 0.1020.30405060.70809 1
g pTD

g and p7D are sensitive to differences in fragmentation
between quark and gluon jets
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Jet shapes in Pb—Pb collisions TENNESSEE

35 6

oo T T T T T T ™1 O T T T T T T
.8’ £ ALICE Preliminary ] D._ [ ALICE Preliminary ]
> 30 POPOVBw=276TeV 4 ALICE Data = Q  [PbPbys,=276Tev  -#ALICEData ]
35 E Antik; charged jets, A= 02 © Shape uncertainty ] B 5[ anti, chargedjets, A =02 Dgzz%?a‘t‘:giﬁg‘r‘!’;lmy 7
@ 25:_ 40 < P < 60 GeV/e C]Correlated uncertainty 7 Z  [40<p"<60GeVic &9 JEWEL vacuum ]
2 r [0 JEWEL vacuum m| © 4; @ JEWEL recoils off |
< E [ JEWEL Recoils off 1 @ [ [IPYTHIA Perugia 11 ]
< o0b o [1PYTHIA Perugia 11 E > E PYTHIA Perugia 11 quarks -
~— F PYTHIA Perugia 11 quarks - 2 C [ PYTHIA Perugia 11 gluons
L [1PYTHIA Perugia 11 gluons J = 3 |
15 = - L !
E ol Bl 2F 3
10- 3 : = ]
s = E 1= :
F —_——— 1] E _———
oc 1 1 | f——— 1 | 1 1 I [ S ——.|
0 0.02 004 0.06 008 0.1 0.12 8.3 04 05 06 07 08 09 1

9 [

g in Pb—Pb
e small R (=0.2)
@ Jets more collimated

@ Soft particles emitted at
larger angles

ALICE
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Jet shapes in Pb—Pb collisions TENNESSEE

o 35¢ okn T T T T n N 6 T T T T T T ]
S o Tov ] o Pt (s aAUCE Dain .
. Po-Pb {5y =276 Te E [ Pb-Pb Sy, = 2.76 Te ‘ ]
% 30; Anti-k; charged jets, R = 0.2 +éhla%§ 5:;:namly ] T 5[ antik, chargedjets, R =02 Dg:‘:gf;ggiﬁg‘r‘élm 1
E 40<p™®" <60 GeVic [Correlated uncertainty 3 Z  [40<p”" <60GeVic &9 JEWEL vacuum Y ]
£ 25 T [ JEWEL vacuum = o - T @8 JEWEL recoils off 1
2 E 8 JEWEL Recoils off ] A 4- [1PYTHIA Perugia 11 7
Z E A [1PYTHIA Perugia 11 3 > E PYTHIA Perugia 11 quarks -
= 20 PYTHIA Perugia 11 quarks | = IPYTHIA Perugia 11 gluons
£ [ZIPYTHIA Perugia 11 gluons = 3 =
15 B T or ]
- 7 = = i3 = E
=2 = ] 77 = .
O: 1 1 Il — ﬁ” - 3 1 L [ — —
0 0.02 0.04 0.06 0.08 0.1 0.12 8.3 04 05 06 07 08 09 1
g p;D
g in Pb—Pb prD in Pb—Pb
e small R (=0.2) e small R (=0.2)
@ Jets more collimated o prD is larger than PYTHIA
@ Soft particles emitted at e indicative of larger pt
larger angles dispersion in Pb—Pb

qualitative agreement with JEWEL (QCD in medium)
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Conclusion

proton proton (pp)

o test of pQCD (constrain
models)

o reference for p—Pb Pb—Pb
e consistent with pQCD
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Conclusion

proton proton (pp)

o test of pQCD (constrain
models)

o reference for p—Pb Pb—Pb

e consistent with pQCD
proton lead (p—Pb)

e CNM effects (nPDFs, CGC)
@ jet quenching in small systems?

@ no jet quenching

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

© — — @
p P

o §8
p
Pb

ALICE
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Conclusion

proton proton (pp)

o test of pQCD (constrain
models)

o reference for p—Pb Pb—Pb

e consistent with pQCD
proton lead (p—Pb)

e CNM effects (nPDFs, CGC)
@ jet quenching in small systems?
@ no jet quenching

lead lead (Pb—Pb)

@ medium-induced parton energy
loss (scattering, gluon radiation)

@ jets as perturbative QGP probe

e significant changes in jet
energy and fragmentation

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

© — — @
p P

o_.._@
p
Pb
@**@
Pb

Pb

ALICE
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Energy loss and medium geometry

Different theoretical predictions on path-length
(L) dependence of parton energy loss (AE)**°

AE x L <> AE x 1?2 s AE « 137

—_— —_— —_—

collisional  radiative ~ AdS/CFT
chJet. direct connection between in-medium

V2 .
path-length and jet suppression

Vi it 0 7 O (> Vst 07

Hydrodynamic flow is suppressed on an
event-by-event basis

dN/dp

3R Baier et al. NPB484 265-282 (o< L) 5C Marquet, T. Renk, PLB685 270-276 (o Lg)
ALICE

4R Baier et al. NPB483 201-320 (o< L2)
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Energy loss and medium geometry - v5" TENNESSEE g §
Different energy scales for v5™", v2Ch it and v. °h+em’et , qualitative

comparison only

5 R 5 — Lo o
N - ALICE h B o ALICE -
> [ ® v "*0-5%, Stat unc. 7 > ® v 30-50%, Statunc. |
~ 0.3 Po-Pb V5, =276 Tev 04 < o (ahape) ] 0.3~ Po-Pb V5, =276 TeV — Stume chape) ]
g [ R=02anti-ky, I _|<0.7 4 . ] E R=02anti-ky, In_|<0.7 4 . ]
Q. L et Syst unc. (correlated) i O et Syst unc. (correlated) i
> F B ATLAS VR 510% > B ATLAS vS°®30-50%
0.2 O ¢ CMms vpan(\Aan) 0-10% | 0.2 ®  CMS vf*{|an|>3} 30-50% |
r ‘ ALICE v{*Y{jAn|>2} 0-5% 5"’ . ALICE v§*'{|An|>2} 30-50%]
[ 1 % 1
0.1z - 0.1-9 =
? & ] 9 ]
o0 [ o - B é - - B
of 1 0 7 ]
L (a ‘ pT‘lack >0.15 GeV/c pT s’ >3GeV/c ] (b) ‘ P o >0.15 GeV/c pT it >3 GeV/c ]

0 50 1 00 1 50 0 50 1 OO 1 50

Py, p;'e‘ (GeV/c) Py, pf‘ (GeV/c)

PLB 753 (2016) 511-525 PLB 753 (2016) 511-525

Non-zero v( ) indicative of dependence on (effective) path-length

what role do initial state fluctuations play?

ALICE
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Experimentally, jets are tricky TENNESSEE

KNOXVILLE

/ Same pp collision event \

Need to define jet in experiment and theory

ALICE
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Jets and jet finding TENNESSEE [g §

KNOXVILLE

For a rainy afternoon: (anti)-kr jet finding:
define for all protojets (tracks)

d,- :p—rzp

, N
RQ,
AF =(vi — y)* + (pi — @)

d;j =min (pT?,-’i pnf”)
Small R

from Yen-Jie Lee

@ smallest dy = d;; — merge tracks

@ smallest dv = di — d; is a jet R: resolution parameter (maximum
... go back to the beginning angular separation of tracks in 7, ¢)

Fast, infrared / collinear safe
... but all tracks get clustered

ALICE
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Jet reconstruction in Pb—Pb collisions TENNESSEE

KNOXVILLE

. all tracks get clustered ’
@ Generally not so problematic in pp collisions ...

@ ... but in Pb—Pb this means including overwhelming energy from uncorrelated
emissions

anti-k, R=0.4 [FastJet]
b, [GeV] =

simulation

ALICE
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Jet reconstruction in Pb—Pb collisions TENNESSEE

KNOXVILLE

. all tracks get clustered ’
@ Generally not so problematic in pp collisions ...

@ ... but in Pb—Pb this means including overwhelming energy from uncorrelated
emissions

o, o [GoV]

simulation A y simulation ) y
Challenge: inclusive measurement of jets while removing UE

@ ‘Background’ (Underlying Event) large [1] compared to jet energy

@ UE is not unifotext (e.g. flow [2]) and has large statistical fluctuations [3])
ALICE
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To get a feeling

ALICE Pb-Pb \'s,,=2.76 TeV
. Inclusive
+ Leading track P> 5GeV/c
- Leading track p_ > 10 GeV/e
-.-‘ T
- Centrality: 0-10%
- Charged Jets
. Anti-k; R =02
e Inl<0s
+.
. * + e p‘T’““>0.1SGeV/c
+ **
i
= iy
*
-
-
+ = -y
-
-
- kS
‘\\II\\\‘\\\‘II\‘\\\‘\\III\*‘*
-20 0 20 40 60 80

-40

— nraw
pT,chjet_ Tchjet

100

(GeV/c)

|et

THE UNIVERSITY OF

TENNESSEE g §

KNOXVILLE i

ALICE Pb-Pb |[5,,=2.76 TeV
Inclusive

+ Leading track P> 5 GeVic
n Leading track P> 10 GeV/c

Centrality: 0-10%
- * Charged Jets
Anti-k; R =03
*  In <05

. Gt * p>0.15GeVic
- .

+o
- iy o+

”
- .’.
.+ -y
u

‘T‘w ul s sl

-20 0 20 40 60 80 100

P, =p™ A, (GeV/c)

.ch |et T.ch |et

Leading hadron cut removes fake jets
At low pt contribution from fake clusters is overwhelming
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[1] UE energy (pch) TENNESSEE

KNOXVILLE

Event-by-event estimate of
energy density of UE

. O [ Fastletk, (p""=0.15 GeVic)
'I?t h %, L Fit: (-3.3:0.3) GeV/c + (0.0623:0.0002) GeV/c x N 10°
_ H € o =y
(pch) = median et 2 200
10°
Linear dependence of (pc,) on 10t
multiplicity
10°
100
ick le: 0-10%
Quick example: 0 102
centrality
o (peh)~ 140 GeV/c A™! 1
2 Satul 2500
Y b P N B SR PR
AoccmR % 7000 2000 3000
ALICE, JHEP 1203 (2012) 053 input

x 70 GeV/c charged
background for R = 0.4 . ‘

ALICE
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[2] Jet-by-jet UE subtraction TENNESSEE |g §

KNOXVILLE

< 200

Pb-Pb Vs = 2.76 TeV ALICE
Single event

Adjust jet-by-jet for UE energy

() (GeV/c
o
T \o‘\ T 17T

_I_

jet raw

T, ch — pT ch — Pch IocaIA

4

. 50 ]
using jet area A and UE energy Fo15<p  <5Gevie,m <09 1
density pCh local [ 7P,® —— p0(1+2v2005(2[¢-‘PEPv2])) ]

O-», - py(1+2v,cos(@lo-¥,, 1) 7
PO T T I T T T ST AT T AN
0

¢ (rad)

PLB 753 (2016) 511-525

UE flow (v2 and v3 and ...) can be accounted for in pch jocal
event-by-event

pen(0) = po (1 +2{va cos[2(p — VEp, )] + vs cos[3(¢ — Wip 3)] + ... })

ALICE
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[3] Fluctuations of UE TENNESSEE [g §

KNOXVILLE

UE fluctuations in ¢, n around {pcn)
@ A jet of pr = x sitting on an upward fluctuation of magnitude a will be
reconstructed at pr =X+ a...
. likewise a jet of pr = x sitting on a downward fluctuation of magnitude a will be
reconstructed at pr = x - a

Il6 <>\') Use e.g. random cone procedure to determine
8 magnitude of fluctuations

14
=
12 o pr = p%rack p7rR2
10 —~
cone pr eXpeCtatlon

dpr distribution used to unfold jet spectra:

Frens(x) = / R(x]y) fwe(y)dy

oON b O O

ALICE
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[3] Fluctuations of UE

UE fluctuations in ¢, n around {pcn)

THE UNIVERSITY OF

TENNESSEE g §

KNOXVILLE i

@ A jet of pr = x sitting on an upward fluctuation of magnitude a will be
reconstructed at pr =X+ a...

. likewise a jet of pr = x sitting on a downward fluctuation of magnitude a will be
reconstructed at pr = x - a

S g T
% ALCE o Pb-Pb \$=2.76 TeV ]
c r Centrality: 0-10% A
S e S = pi**>015GeV/c
> - .-. Random Cones ]
£ r . en o R=02 1
Q0 E . s 0 =447 GeVic 3
« F R=0.3 1
F - } E

8 I . o o | o=T15Gevic |
= 10°E ° =
e S o= :
F - ]

104 ® = E|

F m . E

F . ]

10° * -
wsﬁ?*+
40 20 0 80

JHEP 30 (2014) 013

p°h (GeV/c)

Use e.g. random cone procedure to determine
magnitude of fluctuations

Spr = p%rack p7rR2
N——

N——— .
cone pr expectation

dpr distribution used to unfold jet spectra:

Frens(x) = / R(x]y) fwe(y)dy

ALICE
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and no jet talk without unfolding ... TENNESSEE |y §

fmeas(X):/R(X‘y)ﬁrue(y)dy

@ fiue(y): 'true’ jet pr
@ fmeas(X): ‘measured’ jet pr
@ R(x|y): response function

ALICE
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and no jet talk without unfolding ... TENNESSEE

Fress(x) = / R(x|y) firue(y )y

@ fiue(y): ‘true’ jet pr
@ fmeas(x): ‘measured’ jet pr
@ R(x|y): response function

A particle level jet at 200 GeV ....

@ ... can end up between 20
and 100 GeV in the detector
.!

Unfolding spectra introduces a
systematic uncertainty
@ Unavoidable for meaningful
comparison to theory and
between experiments
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anti-k. R=0.2 p >5GeV/c
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(Qprp and centrality in p—Pb collisions TENNESSEE

(Nconr) not easy to determine in

.. > 107 > 10?
p—Pb collisions 3 Glauber-MC “S20000[- Glauber-MC
S 6001 p-Pb {/sy, = 5.02 TeV s Pb-Pb {s, =2.76 TeV I’
3 s 10 g15000 10
Pb
Npent/dp'l' 400
QPPb(PT7 Cent) = NCO” AN /d 0000 o
(Néent)" Jdpr |
10° 5000 10°
‘Pb—Pb approach’(a) is biased
PP ( ) % 10t Qom0 m0 ag0 - 10°
. . Ny Noar
Hybrid centrality method (b): figures on this slide: arXiv 1412.6828 (submitted to Phys. Rev. C)

@ Estimate centrality from Zero Degree Calorimeter
o (Ncerl-,lt) scales with charged particle multiplicity in mid-rapidity or Pb-going side

1.8

58 [ emfasew . os awew | & PLICE p-Pb ySy=5.02 TeV .+ om - wem 1 oron)
25} et aucerremmany © 510% - oo | O 1.6 ) o 510% . goaon 1 Syst on nomaizaton
N . « 80-100% 14 Charged particles |n |<0.3 oW [ Srst.on N
. 2040%
12 j =
: w;tiﬁj aSE= -:r**###% %C
0.8
0.6/ |
ZN + N e / ZN+ NG
0.4
118
i
16
0 5 10 15 20 25 30 O%0 5 10 15 20 25 80 ) 5 10 15 20 25 30
a P, (GeVric) p; (GeV/c) p; (GeV/c)
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