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Jets in ALICE
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Jet R
AA

Qut-of-cone radiation
R . <1

parton

In-cone radiation
Jet broadening

e Out-of-cone radiation: energy loss in jet cone

Jet yield suppression, di-jet energy
imbalance, jet-jet/hadron-jet acoplanarity...

e In-cone radiation: medium modified
fragmentation

— Jet shape broadening, modification of
transverse energy profile...

e Consistent with Raa of charged particles and
charged-jet Raa at 2.76 TeV
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Jet-hadron correlations vs reaction plane
1.5<p 7<2.0 GeV/c

Full iet 45F In-plane - Mid-plane - Out-of-plane - All combined angles
u Je S p:_hc, E:_""s>3_0 GeV [ Pb-Pb \ s, = 2.76 TeV, 30-50% Background: 0.8<|An|<1.2 -&- Signal+Background
. 40F pleadclus_g oy - Anti-k_ full jets, R=0.2 |} Signal+Background: |An|<0.6 | -e- Background domin.
1 ) sSigna |+b kg d S ¢¢ 1_T5<p55;c< se | p;h:::i; = 20-40 GeVic ALICE Preliminary I RPF background
2) bkgd dominated O 35F T - : if X2/NDF = 0.879
3) bkgd RPF fit 2ol fi
Z o5} '
= i
~— [
T [ ] 2.0
rigger
15F ,
< 05}
Nut-nf-plane 5 0.0
S-05 | -
mid-plane -1 0123 4 10 1,2 3 4 101 2 3 4 10 1 2 3 4
al0) Ad A Ad
Feaction
In-plane Mid-plane Out-of-plane All angles
. 1.5<p75°°<2.0 Pb-Pb, | s, = 2.76 TeV, 30-50% pihc, E:Ius>3_0 GeV Scale Uncertainty 6.0%
_g 1k |an] < 0.6 I Anti-k, full jets, R=0.2 | Elaei 6 0 Gev BCorrelated unc.
5 ; H ' P [@Background unc.
\ Z o5 f ii
L4 E@ | J‘;' g b A ' -
Associated g |
M IR I I SN U L I Lo b by Lo Lo b b L s L L 1y

-1 0 1 2 3 4 -1 0 1 2 3 4 -1

e Background uncertainty non-trivially correlated point-to-point
Method described in Sharma, Mazer, Stuart, Nattrass Phys. Rev. C 93 (2016), 044915
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Near- and away-side yields

Full jet-hadron correlations vs reaction plane

Jets 20-40 GeV/c, 30-50% centrality

FC R S O S A

P> (GeV/c)

Lt-ofplane

mid-plane

inplane

Eeaction
plare

. : Pb-Pb | s, = 2.76 TeV, 30-50% i : : Pb-Pb \ s, = 2.76 TeV, 30-50%
L 8 Near-side yield .\ fuljets, R=0.2 - Away-side yield , . ijets, R=0.2
h+n = il i h+ = il
t P 2280, GeVie N pehine = 20-40 GeV/c
= | pehc, EX553.0 GeV PR | | pehc, EX553.0 GeV
Sy l EX?°5,6.0 GeV ) EX?°5,6.0 GeV
; o &l In-plane ; i &l In-plane
) - + | [a7] Mid-plane ) + * [a7] Mid-plane
ED\: B } [® Out-of-plane 9 1 0_1 = ¢ [® Out-of-plane
= i I L i [ Background unc. vl_ 0 ++ [ Background unc.
% I ¢ Scale uncertainty 6% % B Scale uncertainty 6%
= ey = 0 $9
O ALICE Preliminary é O i ALICE Preliminary
- |An|<0.6 4 |An|<0.6 " $
NS yield range: -1.047<A¢<1.047 i it AS yield range: 2.094<A($<4.189 4
points displaced for visibility B points displaced for visibility
10_1I|I I|IIlI|lIIIIIIIIlIIIllIIIIlIlIIll 10—2| IlIllllllllllllllllllllllllllllllll

TR i R L i
P> (GeV/c)

* Possible competing effects:

— Quenching (decrease yield in — out)
— Bremsstrahlung (increase yield in — out)
— Jet-by-jet fluctuations in energy loss (Milhano & Zapp, Eur.Phys.J. C76 (2016) no.5, 288 )
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https://arxiv.org/abs/1512.08107

Near- and away-side yield ratio

Full jet-hadron correlations vs reaction plane
Jets 20-40 GeV/c, 30-50% centrality
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e Within uncertainties of current statistics, no event plane ordering

* Indication that path-length is a secondary effect to fluctuations of

jet energy loss in the medium

» Consistent with reanalysis of STAR dihadron correlation data

Nattrass, Sharma, Mazer, Stuart, and Bejnood (Phys. Rev. C 94, 011901(R) 2016)
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Jet mass
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* Quenching models (JEWEL, Q-PYTHIA) show a larger mass than
pp-like PYTHIA jets

e Pb-Pb measurement can discriminate among these predictions
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 In pp collisions: g consistent with PYTHIA even for low R

e In Pb—Pb collisions: may be slightly more collimated
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 In pp collisions: agrees with PYTHIA

e In Pb—Pb collisions: agrees with PYTHIA
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Dispersion p.D
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e Measures dispersion — fewer constituents— lower p,D

 In pp collisions: agrees with PYTHIA
%  In Pb—Pb collisions: slightly more collimated
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Conclusions

Jet suppression

__4

No rxn plane dependence — jet-by-jet
fluctuations in energy loss significant?

T —

\

Consistent with expectations from vacuum
Slight hints of more collimation in Pb—Pb

/

4
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Jet mass
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* Quenching models (JEWEL, Q-PYTHIA) show a larger mass than pp-like PYTHIA jets

- JEWEL: 2—2 pQCD matrix elements with parton shower taking into account radiation. For charged jets the
background subtraction is implemented by shifting the distribution considering the background estimated for full
jets and the difference between full and charged jets in pp

— Q-PYTHIA: PYTHIA with medium effects in the final state branching through an additive term in the splitting
functions computed in the multiple-soft scattering approximation

 JEWEL with “recoil off” (removing recoil centres before hadronization) shows a depletion
of the jet mass wrt pp due to less low-p; fragments wrt recoil on

Pb-Pb measurement can discriminate among these predictions

NS
77/ \\N
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https://arxiv.org/abs/1702.00804

Jet R
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Qut-of-cone radiation

R, . <1

In-cone radiation
Jet broadening

Incoming
parton

e Out-of-cone radiation: energy loss in jet cone

— Jet yield suppression, di-jet energy

imbalance, jet-jet/hadron-jet acoplanarity...

e In-cone radiation: medium modified
fragmentation

— Jet shape broadening, modification of

e

Data 30-50 % fop:Datay .
== Data 30-50 % (ppPOWHEG) o

transverse energy profile... % _________ 2 D ___________ 30 ___________ 4 D ___________ 50 ___________ Som ___________ BD ___________ 9 D _________ m
(GeV/c)
e Consistent with Raa of charged particles and Pranse
charged-jet Raa at 2.76 TeV d2 N / de d77
Raa =
| Taad?oPr /dprdn
HLICE Christine Nattrass, EPS 2017
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Nsubjettiness: search for color
(de)coherence

Resolved Unresolved

subtructure subtructure

0.4 0.2 0.4 2

Casalderrey-Solana, Mehtar-Tani, Salgado,
Tywoniuk Phys.Lett.B 725 (2013) 357-360

 Find jets with anti-k, algorithm
e Run £k, algorithm over jet constituents

« Reverse the last merging 7,

Y piyMin(AR, ,,AR, ,..AR, )

i=1 —
Roz pr
i=1

N: number of subjets
M: number of tracks
ARU: n-¢ distance between track i

Ty—

and subjet j
R : jet resolution parameter

rN—>0: Jet has N or fewer cores
‘L’N—>] : Jet has at least N+1cores
7 /t —0: Jet has N cores

N N-1

‘52/‘51—>0: Jet has 2 cores

HLICE Christine Nattrass, EPS 2017
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Nsubjettiness

Data mean = 0.638+0.005 (stat)
PYTHIA mean 0 667i0 001 (stat)

Data mean = 0.652+0.011 (stat)
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 7,/T, measures alignment of radiation to two subjets

« No significant shift in 7,/7, to higher values—no

significant change 1n alignment of radiation to the cores
ALICE Christine Nattrass, EPS 2017




Jet reconstruction

? [nput to the jet finder
2 Assumed to be massless

@ Charged tracks (ITS+TPC) with p. > 150 MeV/c

3 Cluster energies E > 300 MeV

cluster

* EMCal cluster energies corrected for charged particle
contamination with

f=100%
cor . orlg Matched cor
E cluster — cluster f 2 E cluster = 0
* ALICE measures

@ Full Jets (tracks + clusters) — corrected to include n, Ko

® Charged jets (tracks only) — corrected to charged particle
energy only

ALICE Christine Nattrass, EPS 2017
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Analysis details and correction procedure

Raw distributions:

Two Systems: pp MB at Vs=7 TeV and Pb-Pb (0-10% central) at Vs, =2.76 TeV
Charged particle tracks as input (TPC+ITS detectors), py ™" = 0.15 GeV/c
anti-k; algorithm, R=0.2, E-scheme

Background subtraction:

Uncorrelated average background removal from shape observables using new techniques:
Area Subtraction [G.Soyez et al, Phys.Rev.Lett 110 (2013) 16] (default method)
Constituents Subtraction [p.Berta et al, JHEP 1406 (2014) 092]

Unfolding of residual background fluctuations and detector effects:
2D Bayesian techniques (T.Adye, CERN-2011-006 )2011) 13)
are applied to unsmear the jet p; and the shape simultaneously

Reported corrected p;range: 40-60 GeV/c in both systems



Background subtraction performance in Pb-Pb

BLICE

%‘J 10 :All_mlé SIirTI“JIlE-EchIrII T | T T T | T T T | T T T | T T T | T T T E 1 TTT | TTrTT T TTT I IIA.II_IKI; EISIirI.T-;IJllé-tlicI".lI | LI ﬁ Ig
= 1E-R=0-2, Antik; charged jets ~ - R=0.2, antik_charged jets -
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1078 i T % 10 Pythia Det. Level T 3
. E - Pythia Det. Level 3
107 - Eb}.:ttn:g Eﬁbédevdgld Area. Sub (2nd order) T -I- 5 . . Pyth!a Embedded Area. Sub {Endjr_der} ]
—— Pythia Embedded Const. Sub = 10 & = Pythia Embedded Const. Sub -
1078 E —— Pythia Embedded Unsubtracted T = =~ Pythia Embedded Unsubtracted E
— = ]
10—9 g b b b b b b g s 1ﬁ_ﬁ,,,,|,,,,|,,,,|,,,,|....I....I..#I....I....I....

0 002 004 006 0.08 01 012 014 0.16 0 10 20 30 40 50 60 70 80 90 100
uncorrected g uncorrected LeSub(GeV/c)

Pythia detector level jet embedded into Pb-Pb events and background subtracted

Subtracted jet shape approaches that of the original probe (compare black and red or green)
Residual differences between the shape in PYTHIA and that of the PYTHIA embedded
subtracted come from background fluctuations that need to be unfolded

Note: LeSub is largely background invariant: very unlikely that an uncorrelated high p; track
replaces the leading or subleading jet tracks.
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Uncertainties in the measurement
pp Pb-Pb ALIGE

-

L
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Uncertainties:
-Tracking efficiency uncertainty of 4% dominates the Jet Energy Scale uncertainty
-Unfolding:
Regularization variations of +3 iterations
Truncation of the measured yield at a 10 GeV lower value (10 and 20 GeV/c in pp and Pb-Pb resp.)
Prior: intrinsic correlation between pJ®%Pa and shapeP?™ with which response is built.
Default is PYTHIA Perugia 0, variation is a smearing of such correlation by 20%
-Additional ingredient in Pb-Pb: background subtraction method variation
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Analysis Details and Correction Procedure
ALICE

Raw distributions:
Two systems: pp Minimum Bias at Vs=7 TeV and Pb-Pb (0-10% central) at Vs,,,=2.76 TeV

Charged particle tracks as input, p;<°"t > 0.15 GeV/c
anti-k; algorithm, R=0.4, E-scheme

Background subtraction:

Average background removal from shape observables event-by-event using new techniques:
Derivative (Area based) Subtraction [G.Soyez et al, Phys.Rev.Lett 110 (2013) 16] .

Constituent Subtraction [P.Berta et al, JHEP 1406 (2014) 092] (default method).

Combinatorial background suppressed in Pb-Pb using hadron-jet coincidence technique.
Correction for residual background fluctuations and detector effects via unfolding:
2D Bayesian techniques (T.Adye, CERN-2011-006 )2011) 13).

are applied to unsmear the jet p; and the shape simultaneously.

Reported results in p;range: 40-60 GeV/c in both systems.
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