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Introduction

ALICE

/ a IS SPD (Pirel)
s b. ITS SDD (Drift)
c. ITS SSD (tip)

10.L3 Magnet
11. Absorber
ack

19 ACORDE

ALICE

@ D mesons via hadronic
decays (ITS, TPC, TOF)

@ PID, topological cuts
@ invariant mass analysis

@ Semi-leptonic decays of
heavy-flavor hadrons

e et (TPC, TOF, EMCal)
e »* (muon arm)

@ Jet reconstruction using anti-kr algorithm

e charged constituents (ITS, TPC) — charged jets
e add neutral constituents (EMCal, DCal) — full jets
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Pb—Pb collisions Jets
Heavy Flavor

ALICE

Jets as probe of the QGP

L A I I I IS I I PN I
L - - % shape uncertainty ] )
< rab TR Vo SOV () comelated uncertany | @ Jets are strongly suppressed in
[ A Re02 In,| <07 pr> 6 Gelie . Pb—Pb collisions compared to
o Data 1030 % (pDas) —— Data 10.30% ppPONIES) ] scaled pp collisions
- ] @ Quantified via nuclear
: ] modification factor:
0.4— —
F == relimin __ dNaa/dpr
0.2} ALICE Preliminary 7 RAA = 7<Nm|1>dl\/pp/dpr
R R R 1Y @ Attributed to parton energy loss
Prnjo (GEVIO) in the QGP

@ What is the underlying energy loss mechanism?
@ Is the internal structure of the jet modified?
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Pb—Pb collisions Jets
Heavy Flavor

ALICE

Jet Mass

First jet mass measurement in heavy-ion collisions
arXiv:1702.00804, submitted to PLB

100<p,. it <120 GeV/c

T

T T T T T
60<p, <80 GeVic 80<p,
ALICE @ 010%Pb-Pb |5, =276 Tev JEWEL + PYTHIA 0-10% Pb-Pb

s PYTHIA Perugia 2011 Recoil on

= = ' Q-PYTHA s Recoll off

<100 GeVic

.
M, it (GEVIC?)

Mg o0 (GEVIC?)

@ Models predict larger jet mass due to softening of parton
fragmentation in the medium — not observed Mass calculated from the
4-momentum of the jet

@ Competing effects: M= /E2 —p2 —p2

@ Softer fragmentation — jet mass increases
@ Out-of-cone radiation — jet mass decreases
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Pb—Pb collisions Jets

Heavy Flavor

Jet Mass (Pb—Pb and p—Pb collisions)

T

arXiv:1702.00804, submitted to PLB
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ALICE

No significant difference observed between p—Pb and Pb—Pb collisions
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Pb—Pb collisions Jets
Heavy Flavor

ALICE
Nsubjettiness
Nsubjettiness 7y is a measure of how much N-cored a jet is
N imin (AR; 1,AR; o,...,AR; Ry = jet resolution parameter
N = izt P mn;:{( /,\’,1 1.2 i.n) AR, j = distance in n, ¢ between track / and subjet
o0 22j—1 Pri pr.j = pr of track i
P S L L L B L I I X
W F ALICE Preliminary Tpueepbna 4 7y — 0:the jet has N or fewer cores
Ry BB e P e sapotneamy | TN — 11 the jet has more than N cores
S 3F s-ae<os 4 72/7 — 0: the jet has two hard cores
E E TT(1545) - TT(89) 3
B 25 40<pr<socevie —— - L
" 2; —i— 17 Coherent emission
= 1 — jet becomes more 2-pronged
= 15F [ T 3 (/7 decreases)
r — ]
1= =
050 " 3 Incoherent emission
— 1 — jet becomes less 2-pronged

sl Lo Lo Lo Lo Laaaa Laaag N
82703 04 05 06 07 08 08 1 (r2/7increases)
7,/T,

No modification observed compared to PYTHIA
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Pb—Pb collisions Jets
Heavy Flavor

ALICE

Heavy-Flavor Production

@ Charm and beauty produced in high-Q? processes

@ Produced early in the collision — experience medium evolution
@ Negligible thermal production in the QGP (m., > Tocp)

2L e

T ALICE ]
@480 0-10% Pb-Pb, s, = 2.76 TeV T
g m 1 @ Thermalization in the QGP (low pr)
1.6 e Average D", D", D*", |y|<0.5 | .
E o with pp p,-extrapolated reference ] — charm expected to flow with the
1.4F = Charged particles, |<0.8 — .
E e Charged pions, n|<0.8 ] medium
1.2 =
I - @ Flavor-dependent energy loss in the
1C |
0.8 E QGP
“F JHEP 03 (2016) 081 E -
0.6 (2016) B @ Color charge (Casimir factor):
0.4 + éEq < AE, o
= ] @ Dead cone effect (radiative energy
0.2¢ T = loss): AE, < AE. < AE, g4,
Do b b b b b b Liw 0 1
G0 5 10 15 20 25 30 35 40  See also plenary Quarkonia and HF by A. Festanti, Tuesday
P, (GeV/c)
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Pb—Pb collisions

D-Meson vs 7 Elliptic Flow
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Jets
Heavy Flavor

ALICE

@ High-pr: sensitive to path-length
dependence of parton energy
loss

@ Low-pr: charm can thermalize in
the medium and flow
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Pb—Pb collisions Jets
Heavy Flavor

ALICE
J/v Elliptic Flow
E 0255 ALICE Prelimir:ary ' ; V,{EP, Aln:1.1)
=" 02 Pb-Pb |5, =5.02TeV, 20-40%  lobatsyst: 1%
0.5 - Incusive Jiy > Wi, 25 <y <4 3 @ Interactions of charm quarks
o b + £ with the QGP should give rise
ousf £ to a positive v»
O E 0 P Zhuang otal, pampt oy ] @ In particular, thermalized
~0.05F R. Rapp et al., inclusive Jiy 3
E R Rapp ot primoria iy ] charm quarks should flow
-0.1 L L L L L . .
oot e with the medium —
(re)generated J/v

Regeneration models have
difficulty reproducing the J/1 v»
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Pb—Pb collisions Jets
Heavy Flavor

ALICE

Strange and Non-Strange D Meson

Study possible coalescence with strange quarks,
enhanced in the QGP

S 0 BT T
— expected Raa(Ds) > Raa(D°,DT) & 05 ALIGE Preliminary 1
2 F E
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. s | . = & 4
1.2F B 0_1:, # Fh#:#%&o B
1 ] : gt
L ] O ]
0.8 HH++ B n ]
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Ef g1 7487 1 [ P ION ]
0.4F Eﬂﬂ‘ﬂ’& B _02:“4/'59'\8””\"H\HH\HH\‘:
F ] | 10 15 20 25
0-2F oLt e Py (GeVic)
SR T T PR AT A N I .
%570 15 20 25 30 35 40 First measurement of v (D7) at the LHC
p, (GeV/c) Similar v, of non-strange and strange D
Ry 4 of strange D meson slightly above the mesons

non-strange D, but compatible within uncertainties
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p—Pb collisions %
ALICE

p—Pb collisions: QGP in small systems?

e p—Pb collisions used to disentangle cold nuclear matter effects
from the QGP phenomenology in Pb—Pb collisions

o QGP-like effects in the soft sector observed in high-multiplicity
p—Pb (and pp) collisions

— Elliptic flow
— Strangeness enhancement
e What about hard probes?
— Jet quenching not observed (yet?)

— Difficult to characterize the event activity classes =~
centrality classes in Pb—Pb

x Event multiplicity strongly affected by jets
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p—Pb collisions

ALICE

Semi-Inclusive Hadron-Jet Cross Section

o\o1-3:\\\\‘\\\\‘\\.\\.‘\\\\‘\\\\\\\\\\\\: OJetSI’eCOHGdfromhlgh-pr
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© 0.8- p-Pbat sy, =5.02TeV e T oY dp

<ZE F Anti—k, charged jets, R = 0.4 . — no T,py scaling needed

N 075 1T{12,50) - TT(6.7} E L L

06 T-Ap<06 7 @ No mod|f|(;at|<?n of the jet ¥I§|d

F[ Syst. uncert. ] observed in high event activity
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'O?l'k}et (GeV/c) zNA-= energy deposited in forward neutron
’ calorimeters (Pb-going direction)
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p—Pb collisions

ALICE

Jet Hard Substructure

@ Reclusterize anti-ky jets with Cambridge/Aachen
@ Undo last step of C/A until soft-drop condition z, > 0.1 on the two subjets in fullfilled

_ min(pr,1,Pr,2)
J Pr,1+PT,2
%l%‘m8- T T T ] %lg’s_ T T T ] %lgms_ T T T ]
-8 60 <p (GeV/c) < 80 N 80 <p, (GeV/c) < 100 2 100 <p. (GeV/c) < 120
= T, chiet = T, chiet = T, chiet
sf g 6 g sf g
i Charged jets ) ALICE Preliminary i —=— p-Pbys, =5.02TeV
Anti-ky, R = 0.4 Systematic uncertainty
ar 1 In l<05 1 4F . 1 4F . PYTHIA6 Perugia 2011
i 4
T [
2 iy U 2 i W ] 2f L, 4
L L L L L L L L L
0.1 02 03 0.4 05 0.1 02 03 0.4 05 0.1 0.2 03 04 05
Zq Zq Z

@ No modification in the jet hard substructure observed in minimum-bias p—Pb
compared to PYTHIA

@ Next: redo the analysis in multiplicity classes, measure a pp baseline
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Summary and Outlook ALICE

Summary

Pb-Pb collisions
@ New observables to investigate modifications in the jet internal
substructure
@ jet mass and nsubjettiness
o first such measurements in heavy-ion collisions
e no modification attributable to the QGP observed within a jet cone
radius of R < 0.4
@ More precise measurements of the heavy-flavor vo and Raa

o first measurement at the LHC of the v» of strange D mesons
e V», of pions, open and hidden charm as well as strange D mesons
are compatible within uncertainties
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ALICE

Summary

p—Pb collisions
@ Self-normalized semi-inclusive hadron-jet cross sections used to
compare jet production in high-multiplicity vs. low-multiplicity
@ No suppression of the jet production observed in high-activity
(“central”) p—Pb collisions

@ No modification observed in the jet hard substructure
(minimum-bias events)
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Summary and Outlook ALICE

Future plans

More analysis ongoing from

= E ALICE Prefiminary ' 3
ALICE % [ pp.V5=7Tev B
o 10 E Charged Jets, Anti-kr, A =0.4,n_| <0.5 E
@ Charm jets tagged with fully g EwihD'p >3GeVie | pu, 1
T2 Syst. Unc. (data |
reconstructed D mesons JECETS S POWHEG PYTHIAS
A C o [ Syst. Unc. (theory) 7
@ D-h (pp and p—Pb) and e-h 10° ¥ 3
correlations B $ 1
104 —
@ b-jets (pp and p—Pb) . E
@ Di-jet asymmetry £ 1_§§#++ : 3
@ 7-jet correlations $ ol | ‘ :
@ Jet-h correlations L | R R
[ ot (GeV/c)

@ More jet shape observables Analysis ongoing in p—Pb and Pb-Pb
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Introduction
Pb—Pb collis

Extra Slides
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ALICE

D-Meson Production vs. Multiplicity

A 25T T T
e ALICE ZN Energy Classes -
E [ pPb(5n=502Tev ©0-20% 1
5 o .o =20-40% ]
- [ Average D°, D", D* 440-60% i
O%L [ -096<y, <004 £60-100% 4
15 -
T 1
”‘i .
0.5* —
[ JHEP 08 (2016) 078 ]
b b b b i
O0 5 10 15 20 2 30

5
P, (GeV/c)

@ No suppression observed for
D mesons in the measured pr
interval within uncertainties

@ No ordering w.r.t. multiplicity
classes

We use the expression Qupy, instead of Rppy, to
stress the possible presence of biases in the
centrality selection
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ALICE

J/1) Elliptic Flow

—~ 025 T T T T

@ EALICE Preliminary, Pb-Pb | s, =5.02 TeV

K 0.2 E
: ++++ 3 @ Interactions of charm quarks
g ' f * % s with the QGP should give rise
: 3(__ E to a positive v,
4 ey w0 1,2 <t ] @ In particular, thermalized

—0.05 ™ Prompt D°, D" average, v,{EP, lan| = 0.9}, iyi <05 3050% 3
POE e o ] charm quarks should flow
0 5 1‘0 1I5 2’0 25 H H
o, GeVIe with the medium —
(re)generated J/v

Similar v, for hidden (J/v) and
open (D) charm

Salvatore Aiola (Yale University) Jets and heavy flavor in heavy-ion collisions with ALICE19/16



ALICE

HF Nuclear Modification Factor
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N

@ Raa measured in Run-2 with much greater precision
@ No dependence on /snn Observed
@ Potential to be more constraining for the models
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ALICE

Heavy-Flavor Electrons

e e R e
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ALICE

Heavy-Flavor Muon Forward/Backward Ratio

0w e e
lILL F p-Pb S\ = 5.02 TeV ALICE
1.4+
T uteHF, 2.96<ly_ |<3.53 @ Cold Nuclear

12F Matter effects more
B T pronounced at
large rapidities
0.8 =

@ Measurement in
agreement with
NLO calculations

I"'blj'"lIII
|:§:\:|

0.4 === NLO (MNR) with EPS09 shadowing
r _I Systlematicluncertallinty onlnormallizationI | with nuclear
2 11 111 11 11 11 111 11 11 .
025 =% "% "% & 10 12 14 16 shadowing

-~

P, (GeV/c
Crucial to disentangle from QGP phenomenology
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ALICE

Jet-Hadron Correlations

2/-Away-side Yield Ratio oy e~ 270 o) 3050%
r out/in chine | _ 90.40 G/ A -
L ALICE Preliminary ~ Prunciet = 20-40 GeVie ot ofplane
L pehe, ES*>3.0 GeV £ NN
- lead clus_ .
51.57 Er*°©56.0 GeV mid-plane
b L
5 L
3 . .
> 0 * ) Reaction in-plane
1
= t
L Scale uncertainty 6%
0.5 + [ Background unc.
L |An|<0.6
L AS yield range: 21/3 < A¢ < 47/3
el PPN I RN I U BRI PR PR I

-

4 5
paee (GeV/c)

@ Partons expected to loose more energy when traversing more medium (out-of-plane)
@ No difference observed between in- and out-of-plane jet-hadron yields
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e-h Correlations
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ALICE

1 Trigger: heavy-flavor electron

Associated: charged hadron

@ Near side — modification of the
parton fragmentation in the
QGP

@ Away side — path-length
dependence of in-medium
energy loss

@ Ay measured for
4 < pt <12GeV/candin 4
bins of pi** from 1 to 5 GeV/c

@ Next: measure Icp and Iaa
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ALICE

D-Meson Elliptic Flow at \/sx\ny = 5.02 and 2.76 TeV
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transport models

Salvatore Aiola (Yale University) Jets and heavy flavor in heavy-ion collisions with ALICE25/16



ALICE

Azimuthal D-h correlations
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Jets in Heavy-lon Collisions
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ALICE

Nuclear modification factor:

dNpa /dpr
Rax — IAA
AA NcoIIdep/dpl'

Strong suppression of high-pr
hadrons

Binary scaling works for EW probes
(v, Z, W)

No suppression observed in
high-pr hadrons in pA collisions
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