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(*) Jet Production in Heavy-lon Collisions

ALICE

e Jet: a spray of particles from hard parton fragmentation — get closer access
to parton energy

e Hard partons — produced before the QCD medium

.....

oroperties of the medium

Out-of-cone radiation
"?AA<1

Incoming /

parton

N3 /dp
™ <Taa > Aoy /Ao SRR

e (ut-of-cone radiation: energy loss in jet cone — Raa < 1

In-cone radiation
Jet broadening RAA (pT)

= Jet yield suppression, jet v2, dijet or hadron—jet acoplanarity...
¢ [n-cone radiation: medium modified fragmentation — Raa = 1

= Jet shape broadening, modification of transverse energy profiles...



Jet Measurement with ALICE
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e EMCal: Inl<0.7, 1.4<p<m
¢ a Pb-scintillator sampling
calorimeter *

Charged-particle correction: prevents

e Tracking: Inl<0.9, O<¢p<2m
energy double counting

e TPC: gas drift detector
e |TS: silicon detector
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ALICE
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e ATLAS: calorimetric jets

e ALICE: charged-particle jets — more
sensitive to the low-momentum fragments
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e Agreement between ALICE and ATLAS

Jet Yield Suppression
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= Contribution of low momentum jet fragments to jet energy is small

e [cp of jets and single hadrons are compatible

= |ndication that the momentum is redistributed to larger angles



Semi-inclusive Recoil Jet

ALICE
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e Recoll-jet ratio — consistent with PYTHIA reference
= Intra-jet energy profile is not changed significantly for R < 0.5
= Significant in-medium radiation to angles > 0.5 rad

e \Width of ®(jet,trigger) — similar in Pb—Pb and pp collisions

= No evidence for medium-induced acoplanarity



Jet Azimuthal Anisotropy
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e (Central collisions (0—5%): null-hypothesis can not be excluded (1.5~20)

= |nitial-state fluctuations (?)
e Semi-central collisions (30—50%): non-zero v2 (30 effect)

= Information of path-length dependence of parton in-medium energy loss

e Compatible with single particle and calo-jet v at high pr (with different
energy scales)

= [arge parton energy loss and that is sensitive to the collisions geometry



@O~ Jet Shapes
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e Radial momentum (g) — pr-weighted width of jet DT jet

e g shifted to lower values in Pb—Pb data relative to PYTHIA — indication of
more collimated jet cores in data

e prD — dispersion of jet constituents

e p1D shifted to large values relative to PYTHIA — indication of few jet
constituents and large dispersion



Sub-jet Structure: Proposed Observable8

ALICE
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e Smaller radius/area — reduces the background fluctuations and pile-up

e Opening the degree of freedom in jets — details of fragmentation with
decreased dependence on hadronic DOFs, provides sensitivity to details of
the parton radiation/shower

e Different multiplicity of sub-jets in the two models — sub-jet production is
sensitive to quenching mechanisms



Sub-jet Structure: Proposed Observable9

X. Zhang et al, arXiv:1512.09255
e The local background for the two sub-jets is (to a large extend) similar

ALICE

¢ use the pr difference between the two leading sub-jets

¢ In the leading order (FastJet medlan background subtractlon)
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Sub-jet Structure: Proposed Observabléo

a Umedlum/de ‘AZSJ X. Zhang et al, arXiv:1512.09255
RAA(AZSJ) — — d
d Uvacuum/ PT |AZSJ

< 24 L <24

I o T T T T T T
<C — : : s - — : :
& 5pE QPYTHIA276TeV & A S— = 5o PYTHIAHJEWEL 276 TeV S— g

= Jet anti-Kx., In JI=<1, sub- jet k+, __B..-..O,J ........................... ........................ _E o - Jet anti-Kx., In JI=<1, sub- jet k+, __B..-..O,J ........................... ........................ =

ALICE

1.8 ._.: S il S ............................. ............... I — 1.8 :_ ................... JGTR—-OS ....................... m.c.lu.swe....é ............................. ........................

1.6 ____ ”’ ............. .-............ ..... _-__,,__m_--._g 1.6 S JetR_.04 ........ e AZ<02 ..... ............................. ........................
1 .4 5,, z . .................................................................................... 1 .4

— mcluswe
1.2

1.2 /.«’ .................................................................................... _z z_
1 ’/ ......... ................................................................................... _; 1 ;_ ............................. ............................. ............................. ........................

— AZ, <O 2
0.8 ...,..,..zf ................ ............................ — Az, >08 ................... = 0.8
/ ; ; E E 06

0.6 B4 _
04 —— _ T m o e 04 ‘_____—_______________,__-.. ------ -ﬁ-i

e e S S =

0.2
0 1

50 100 150 200 250 300 100 150 200 250 300
(GeV/c) (GeV/c)

Tt.

e A jet by jet selection on Az carries little experimental difficulties (both N pp
and AA)

e Differences for Az selected jets with respect to inclusive Raa:

e Forlarge Azs: Raasuppressed in Q-PYTHIA but enhanced in JEWEL

_ _ Note: These are shown as examples
e The opposite behavior for small Az _ different selections on sub-jet pr

e Small R-jet dependence only for Q-PYTHIA

difference possible - e.g. moments of
the distributions, etc
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NKs’ Ratio in Jets

e The enhanced ratio of A/KsP at inter-median pr of inclusive VO in p—Pb and
Pb—PDb collisions relative to pp collisions is not present within the jet region

e Baryon enhancement does not origin from modified jet fragmentation

e Results independent on jet radii and disfavor the hard-soft recombination
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Conclusion

¢ |nclusive and semi-inclusive jet measurements

= Jet cores behavior as in vacuum

= Significant amount of energy radiated at large angles

¢ Non-zero v2 of single particles, charged jets and calorimetric jets
= | arge parton in-medium energy loss, sensitive to collision geometry up to
high pr
e Jet shapes: jets are more collimated and more pr dispersion in Pb—Pb
collisions
¢ Promising observable: sub-jet structure — sensitive to quenching details and

robust against heavy-ion background

e A/KsO ratio in jets: disfavor the soft-hard recombination mechanism






Jets in Small Systems

ALICE

Study of cold nuclear matter
¢ |nitial state effects:

= Color Glass Condensate (CGC)?

= nuclear modified Parton Distribution
Function (nPDF)...

e Final state effects:

= parton scattering in cold nuclear matter...

Baseline for heavy-ion collisions:

= disentangle the initial state effects from the hot and dense medium
produced in the final state of the heavy-ion collisions




Comparison with Theoretical Models
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e (Good agreement between data and models within errors

= both models fitted to the single particle Raa



