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Introduction

Early Universe

e Quark-Gluon Plasma (QGP): state

I | LHC Pb-Pb collisions

of strongly-interacting matter where > | ¢ .., QGP
qguarks and gluons are deconfined 2 Tc | Critical point

o 15518

First order
phase transition

Hadron Gas

Nuclear
matter

Temperatu

@ Focus on a selection of the most

recent LHC results for: 0 900
Baryon chemical potential (MeV)

Open heavy flavours —> probe the opacity of the QGP

Quarkonia —> sensitive to the temperature of QGP

A. Festanti LHCP 2017 2



Probing QGP with heavy flavours

My, Mg n|1s Aacp mc My

| | | | > MeV
1 10 102 T. Tagp 10° 104

e Early production in hard-scattering processes with high Q2 (mc, my >> Tacp)

e Production cross section calculable with pQCD (mc, mb >> Aacb)
@ EXxperience the entire evolution of the medium
e Strongly interacting with QGP
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Probing QGP with heavy flavours

My, Mg n|1s Aacp mc My

| | | | > MeV
1 10 102 T. Tagp 10° 104

e Early production in hard-scattering processes with high Q2 (mc, my >> Tacp)

@ Production cross section calculable with pQCD (mc, my >> Aaqcb)
@ EXxperience the entire evolution of the medium
e Strongly interacting with QGP

- energy loss via radiative and
collisional processes

path length and medium density
color charge (Casimir factor) AEg> AEyas> AE:> AEp
guark mass (dead cone effect)

Observable:
nuclear Raa(pr) = (
modification factor

dNaa/dpr
T'A A> dapp / dprt

A. Festanti LHCP 2017 4



Probing QGP with heavy flavours

My, Mg n|1s Aacp mc My

| | | | > MeV
1 10 102 T. Tagp 10° 104

e Early production in hard-scattering processes with high Q2 (me, mp >> Tacp)
@ Production cross section calculable with pQCD (mc, my >> Aaqcb)

@ EXxperience the entire evolution of the medium

e Strongly interacting with QGP

- energy loss via radiative and
collisional processes

 medium modification to HF hadron
formation

hadronisation via quark
coalescence
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Probing QGP with heavy flavours

My, Mg n|1s Aacp mc My

| | | | > MeV
1 10 102 T. Tagp 10° 104

e Early production in hard-scattering processes with high Q2 (me, mp >> Tacp)
e Production cross section calculable with pQCD (mc, mb >> Aacb)

@ EXxperience the entire evolution of the medium

e Strongly interacting with QGP

particle i*"

- energy loss via radiative and RP

collisional processes

« medium modification to HF hadron
formation

- participation in the collective
motion .

azimuthal anisotropy of
produced particles

Observable: Second coefficient of the Fourier expansion
V9 = (Cos 2(p —
elliptic flow vo 2 < (90 ¢2)> of the azimuthal distribution of D w.r.t. to RP
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Probing QGP with heavy flavours

My, Mg n|1s Aacp mc My

| | | | > MeV
1 10 102 T. Tagp 10° 104

e Early production in hard-scattering processes with high Q2 (mc, my >> Tacp)

@ Production cross section calculable with pQCD (mc, my >> Aaqcb)
@ EXxperience the entire evolution of the medium
e Strongly interacting with QGP

- energy loss via radiative and Lﬂ
collisional processes

« medium modification to HF hadron
formation

- participation in the collective
motion

e Cold Nuclear Matter (CNM) effects (not due to QGP formation) that can
modify heavy-flavour production in nuclear collisions studied in p-Pb
collisions —> nuclear modification factor Rypp
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Heavy-flavour decay muons

© Suppression of heavy-flavour decay muons increasing with centrality at
mid and forward rapidity (no strong dependence on Vsnn observed)
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® Rypp consistent with unity —> suppression in Pb-Pb collisions due to hot
nuclear matter effects
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Backward-y
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Charm suppression

25.8 pb™ (5.02 TeV pp) + 404 ub' (5.02 TeV PbPb)
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® Strong suppression of D-meson Raa in central Pb-Pb at Vsnn= 2.76 TeV and 5.02 TeV
e Similar suppression in semi-central events at different energies
®© Raa(D) ~ Raa(h) for pr>4 GeV/c
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Beauty suppression

ATLAS-CONF-2016-109 CMS-HIN-16-011-003
28.0 pb™' (pp 5.02 TeV) + 351ub™ (PbPb 5.02 TeV)
< B T | . . T T T ] B
" 1.4~ ATLAS Preliminary 4 ., CMS = TAMU
C PbPb, |[s, = 5.02 TeV, 0.42 nb"! ] b m Ry, == Djordjevic
1 2__ pp, /s =5.02 TeV, 25 pb'1 N = Correlated syst. uncert. CUJETS3.0
] - Non-Prompt J/y, lyl <2 ] 1'2_— Uncorrelated syst. uncert. AdS/CFT HH D(p)
st A - I Giobl uncert AdS/CFT HH D=const
0'8;_ Non-prompt J/P -
0.6/ -
04 44 ptp—4——+—+—
0.2 —
O_ | | | | | ] 1 0 1 02
910 20 30 40 p_ (GeV/c)
.

p, [GeV]

e Similar suppression (Raa~ 0.4) for non-prompt J/ and B= for pr> 10 GeV/c
observed in wide centrality class (0-80% for non-prompt J/{p and 0-100% for B?)
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Charm and beauty suppression

<1.4IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
< - ]
C - Pb-Pb, |5, =2.76 TeV - EPJ C 77 (2017) 252
{o- A 7 (ALICE) 8<p <16 GeV/c, lyl<0.8 | JHEP 11 (2015) 205
"L ®  Dmesons (ALICE) 8<p <16 GeV/c, lyl<0.5 .
- @ Non-prompt Jip (CMS) N
1— 6. 5<p <380 GeV/c, lyl<1.2 EPJC 77 (2017) 252 —

empty ) filled boxes: (un)correlated syst. uncert.

— *) 50-100% for non-prompt J/
0.8— I
0.6 I I

0.4 50-80%*
- F, ol i._. Non-prompt J/{

: 40-50%
0.2 30-40% 20 a0, Y

10-20% F‘_’- D I

n* shifted by +10 in (N 2 0-10%
L 111 | I | I | | | I I | | I 111 | L 111 | I | L 111
0 = 50 100 150 200 250 300 350 40

<Npart>

@ D-meson Raasignificantly smaller than the Raa of non-prompt J/g in central collisions —>
indication of mass dependent suppression for charm and beauty

@ Raa(D) ~ Raa(T) —> different vacuum fragmentation of charm vs. light quarks and light/heavy
quark pr spectrum are relevant in the Raa comparison
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Charm and beauty in p-Pb collisions
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®

Ds production in Pb-Pb collisions
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Enhanced production of quark s in Pb-Pb collisions with respect to pp collisions—> expected
larger Ds yields than non-strange D mesons at low pr (coalescence)

Hint of Raa(Ds) > Raa(D) in semi-central Pb-Pb collisions at Vs = 5.02 TeV (still large
uncertainties to draw conclusions)

Ds/DO ratio increasing going from pp, to semi-central and central Pb-Pb collisions (large
uncertainties in central collisions)

Support contribution from coalescence for hadronisation
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D-meson v

CMS Preliminary PbPb | sy, = 5.02 TeV
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© Significant D-meson v2 measured in semi-central Pb-Pb collisions at Vsnn = 5.02 TeV
® First measurement of Ds v» at LHC
e D-meson v2 has similar values as charged-particle v»
e Strong interaction of charm quark with medium constituents
- low pr: charm takes part in the collective expansion of the system
- high pr: path-length dependence of energy loss
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Heavy-flavour vz in p-Pb collisions

@ Strong interaction of charm quark with medium constituents in Pb-Pb collisions
—> coupling to the azimuthal anisotropy of the system

® Investigate azimuthal anisotropy in small systems like p-Pb collisions

_Q l_ | | | | | | | | | | | | | | | ] | I | | | | |

Q. - ATLAS Preliminary =

> p+Pb\s,=8.16 TeV, 171 nb" -
017 0.5<p3<5 Gev | e ATLAS measured heavy-
i n 0 0 000 0 00 g flavour decay muons vz in
i p-Pb collisions at 8.16 TeV
- i i e Significant v- (~0.6 hadron
0.05— i % i Vv2) observed for heavy-
- : flavour decay muons for
: o 0. 5<p <5 GeV (h-h Correlations) | multiplicities > 60
- [ 4<pT<6 GeV (h-u Correlations) -
| | | | | | | | | I | | | | | | | 1 | | | | | | I | | | |
OO 50 100 150 200 250 300
Nrehc
ATLAS-CONF-2017-006 ’
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Quarkonium suppression

Color Screening

© Quarkonium production suppression due to color screening in the QGP

T.Matsui and H.Satz, PLB178 (1986) 416

a

Sequential melting (25) }

o Different states with different binding ” -
energies (sizes) W(2S)

® Sequential melting with increasing
temperature

A. Festanti LHCP 2017 16



Quarkonium recombination

(Re)combination

® Increasing the collision energy the cc

pair multiplicity increases

e Enhanced quarkonium production via
(re)combination at hadronisation or

during the QGP phase

@ Negligible recombination contribution
for bottomonia even at LHC energies

Cold nuclear matter effects

Central AA N,: Nypp

collisions event event
SPS, 20 GeV ~0.2
RHIC, 200GeV ~10
LHC, 2.76TeV ~85
LHC, 5.02 TeV ~115

Private communication R.Arnaldi, A.Dainese,

I
A

3

F.Prino
-

statistical regeneration

—

J/ Production Probabilit

sequential suppressk

Energy Density

P. Braun-Muzinger,J. Stachel, PLB 490(2000) 196

R. Thews et al, Phys.Rev.C63:054905(2001)

@ On top of hot matter mechanisms, the effects related to cold nuclear matter
(CNM) might affect quarkonium production —> addressed with p-Pb

collisions
A. Festanti
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Low pr J/l|.l

rrrr[rrrr[rr1rr[rrrr[rrrr[ 1t 11t [ rrr[rrr T <):14| ||||||||||||||||||||

(R B R | (e L
< . .- i _
i 14 i Inclusive J/y — u*u Forward y h D’: - ALICE, inclusive Jiy — e*e Central y
, ® ALICE, Pb-Pb |5, =5.02TeV,25<y <4, p.<8GeVic ] 1.2 ® Pb-Pb, |s,, = 5.02 TeV (Preliminary)
108 m ALICE, Pb-Pb |5, =2.76 TeV, 2.5 < y <4, p_<8 GeV/c _ - m 5 Pb-Pb, |5, =276 TeV (PLB 734 (2014) 314-327)
| O PHENIX, Au-Au s, =02 TeV, 1.2 <lyl <2.2,p_>0 GeV/c 1F i
1 - E
osf ALICE, 5.02 TeV - 0.8 -
6 H ] - §
3 @ H : 0.4 —
0.4F ALICE 2.76 TeV - - i
@@1 : 1 2.76 TeV |E
0.2} Fi ] 0.2 ]
@ PHENIX 0 2 Tev = | | 1 1 1 | | 1 1 1 | | 1 1 1 | | | 1| 1 1 I_
0 100 150 200 256' 300 = SéO ' 406 0 50 100 150 200 250 300 350 400
<N > < Npart >
part

© Clear J/Y suppression with almost no centrality dependence for Npat> 100 in ALICE

e Stronger J/Y suppression vs centrality at RHIC than at LHC, despite the larger energy
density

® No significant Vsnn dependence of Raa (2.76 vs 5.02 TeV) at central and forward-y
within uncertainties

e Important role of recombination at LHC energies JHEP 05 (2016) 179
PLB 734 (2014) 314

PRL 109 (2012) 072301
A. Festanti LHCP 2017 18



03<p <2Gaﬁc
2<p <5GeV/c
5<pT<8GeV/c
8<pT<12 GeV/c

100

150

200

250

300 350 400
< Npart >

® Suppression increasing with centrality
for high pr J/@ —> down to Raa~ 0.3

®© Raa increases for pr > 20 GeV/c —>
energy loss effect (rather than
dissociation)?

A. Festanti

LHCP 2017
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< | , | :
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e Extended kinematic coverage (pr =

J/Y in p-Pb at Vsyn=8.16 TeV

20GeV/c)

® Rypb in p-Pb at Vsnn=8.16 TeV and 5.02 TeV are

compatible

0.6
0.4

0.2F

ALICE Preliminary

Inclusive J/y — utu, p-Pb \[sNN =8.16 TeV

%

Transport (hot + cold nuclear effects) (P. Zhuang et al.)

| | EPSO09NLO + CEM (R. Vogt)
nCTEQ15 (J. Lansberg et al.)
CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)

|:| Energy loss (F. Arleo et al.)

= = = Comovers (E. Ferreiro)

CERN-ALICE-PUBLIC-2017-001

R,pp prompt J/y

[
-

See talk by B Schmldt

|:| HELAC Onla Wlth EPSO9LO ]
HELAC — Onia with nCTEQ15 7
\ HELAC — Onia with EPS09NLO
“2Z1 Energy Loss
CGC
4 LHCb (5TeV)
4 LHCb (8.16TeV)

D
o

[am—
)}

LI I B B
I

0.5

0< pr< 14GeV/c
Prehmmary LHCb

0.0
~5.0

Ll
—2.5 0.0 2 5 5.0
y*

LHCB-PAPER-2017-014 in preparation

® Rypo compatible with unity at backward rapidity while
clear suppression at forward rapidity

@ Described by models including CNM effects

A. Festanti

LHCP 2017

Rpr

<TI0

2.2r
) - ALICE
L Inclusive JAp — u*u, -4.46 < Yos <2:96
1.8
160 Backward y
1.4F 1
1.2F [
1E i i
0.8
0.6
o4l ® p-Pb s, =5.02 TeV (JHEP 02 (2014) 073)
0:2 7 ® p-Pb \s,, =8.16 TeV (preliminary)
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

2.2¢

) - ALICE
t Inclusive Jiy — u'w, 2.03 < Yoms < 3.53
1.8
16F Forward y
1.4+
1.2F

0.8F

1f EEEEEEH H-

C o ®
06 H
0.4 i ® p-Pb VTW =5.02 TeV (JHEP 02 (2014) 073)
0-2 F ® p-Pb \s,, =8.16 TeV (preliminary)
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P, (GeV/c)

JHEP 02 (2014) 073
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I:{pr

J/Y in p-Pb at Vsyn=5.02 TeV

5 pPb 34.6 nb™, pp 28.0 pb! (5.02 TeV) 5 _pPb 34 6 nb PP 28 0 pb (5.02 TeV)
_l T | T T | T T | T T I T T | T T I T T I T T I T T |_ _I I T | | | T 1 | I_
1.8 Prompt J/y CMS &  1sf Prompt J/w CMS -
1.6 7 18F EPJC 77 (2017) 269 E
1.4 = 1.4 JHEP 02 (2014) 073 =
N [ : N ]
1: o o ® ° » ® |- Dfi 1: s 0 + .
- E o E DF&E]—¢ E
085 EPJC 77 (2017) 269 1 08 de E
0.6 ATLAS-CONF-2015-023 4 oep" -
0.4;——0— 10 <p_<30 GeV/c —; 0-4;— ®15<y,, <193 —;
0.2 ~5 ATLAS: 8<p, <30 GeVic 1 o0s2f FALICE: 203 <y, <853
] N inclusive J/y ]
I 1 1 1 | 111 1 | 1 11 1 | 1 1 1 | I 1 1 1 | | 1 1 1 1 | 111 1 I I I I |_ _I 1 1 1 | L1 1 1 | 1 1 1 1 | | I I | | L1 1 1 | | I | | I_
5-2-15-1-050 05 1 15 2 % 5 10 15 20 25 30
Yoo, p_ (GeV/c)

e Weak CNM effects at high pr

® Rypp compatible in the common y and pr intervals between ALICE, ATLAS
and CMS

e Strong J/P suppression observed at high pr in central Pb-Pb collisions is
not due to CNM effects

A. Festanti LHCP 2017 21



J/P elliptic flow in Pb-Pb

PbPb =2.76 TeV
E 0-25 e ' ' ' I ! ' ' I ' ' ' I ' ' ' I ' ' ' I ' ' ' — 0.2 C|M|S|| 1T 11 I T 11 | T T T 1 | W I I T |e|
L] - ALICE, Pb-Pb, 20-40% . - p 1/ -
& gof - . . - Frompt J/y Cent. 10-60% -
N 0.2 Inclusive Jy — uu,25<y <4 LOW —_ I 1
0.15 - = 0.15- 4+ 1.6<|y|<2.4 uly|<2.4 -
: ¢ - ]
0.1 i + —
E + E >(\l 0.1+ _
0.05 |- = : * :
B ' : o I :
n ] 0.05- —
0.05 é + V2{EP, An = 1_1}, \/TI\IN =5.02 TeV | gobva syst. = + 1.0%, Preliminary _E : :
- + V2{EP, AT] = 53}, \/TI\IN =2.76 TeV ! govasyst - + 1.3%, PRL 111(2013)162301 . : 7
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e J/Y from (re)combination could lead to an elliptic flow at LHC energies —>
hint observed in Run1 results

e Evidence for a positive J/P v2 in Run2 data —> a significant fraction of
observed J/P comes from charm quarks thermalised in the QGP

® V2 remains significant at high pr where (re)combination contribution should
be negligible —> energy loss path-length dependence
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@ Binding energy: Y(2S) ~ 60 MeV vs. J/Y ~ 640 MeV —> much stronger
dissociation effect expected

ALICE 2. 76 TeV ALICE 5 02 TeV CMS, 5.02 TeV ALICE, 5 02 TeV

— 2,5 ................................ — 25— 77+ r 7 rrrr 7 T T T T T T T T
é- I I 2_ B [ [ [ I I [
3{ ALICE inclusive JAp, y(2S), Pb-Pb, 2.5<y<4, 0<p_<3 GeV/c 3{ Jhp, Y(2S), Pb-Pb |s,, =5.02 TeV
< L — < B . . 7]
E 2 - VS = 5.02 TeV (Preliminary) ] § 2 ~ ALICE, 3<p <8 GeV/c, 2.5<y<4.0, Inclusive (Prellml-nary) ]
a m =276 TeV (JHEP 05 (2016) 179) Cent. : (T) i CMS, 3<p_|_<30 GeV/c, 1.6<y<2.4, Prompt only (arXIV:161 1 01438) Cent. i
% . i Upper limits include global uncertainties 0-90 /o__ % |5 - Upper limits include global uncertainties 0-90 /o__
: :
y iy

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

) JHEP 05 (2016) 179 (N, B arXiv-1611.01438 M

e Y(2S) shows a stronger suppression in central collisions than J/{
o Results at Vs = 5.02 TeV are compatible with the ones at 2.76 TeV

o Good compatibility between ALICE and CMS results Vsnn=5.02 TeV in a
similar kinematic range
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Bottomonium sequential suppression

Pbe 351 ub™ (5.02 TeV

~—"

PbPb 368/464 ub™, pp 28.0 pb™' (5.02 TeV)

cx/ng S —— ' T T T I""I"": _|||||||||||||||||||||||||||||||||||||||||_ i
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2000 ANV . Sy V Y(38)95% CL | E
15008 E E N QMS PAS-HIN-16-023 ZE E
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m,, (GeV/c?) CO Npart @
© Y(1S) (En~ 1100 MeV), Y(2S) (En~ 500 MeV) and Y(3S) (Eb ~ 200 MeV)
have very different sensitivity to the medium
e Strong suppression of Y (2S5, 3S) with respect to Y(1S) increasing with
centrality (already observed at Vsnn = 2.76 TeV)
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e Complete set of results from LHC Run1 and already many results at Run2 energies
are available

e Heavy quarks/quarkonia —> privileged probes for the study of the Quark-Gluon
Plasma

- open charm/beauty mesons

energy loss pattern, including mass-dependent effects, in agreement with
theoretical calculations

significant v» —> participation of charm quarks in the collective expansion of
the QGP (low pr) + path-length dependence of parton energy loss (high pr)

indication of a modification of the charm quark fragmentation (hint of less
suppressed Ds w.r.t. non-strange D mesons)

>~ quarkonium

charmonium —> suppression plus (re)generation (low pr)
bottomonium —> sequential suppression as expected from color screening

@ Most of the heavy quarks/quarkonia related observables will benefit from the
incoming additional Run2 data and from the experiment upgrades
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Comparison with models

e Simultaneous comparison of different observables with theoretical models —>
constrain heavy-quark transport coefficient of the medium

é ZEI T T T T T | T T | T T | T T | I I I I | T T | T T T I_ a O 3_| T T T | T T T T | T T T T | T I I I I I I I I_
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{ of e Xu,Cao,Bass — — AdS/CFT:HHD,,, - - [ oyst. irom B teed-down -
&L —— SCET,,oNLO v BAMPS el.+rad. : C m
1‘ mrm Djordjevic TAMU - - ]
. — 3 T

0.8 = -
0.6/} il e E E
fj Allg <79 Z ? ~ _... Xu,Cao,Bass ]
0.4 \ Xat — - . TAMU BAMPS el.+rad. .
- . -0.05 ...... PHSD —— SCET,, s NLO —
0.2 — - — . POWLANG HTL — — AdS/CFT:HH D_,, ]
] | | | | | | | : _0.1E -+ MC@sHQ+EPOS2 — — AdS/CFT:HH D(p) -
AT T T T T T T T O O ._||||||||||||||||||||||||||
OO 10 15 20 25 30 35 40 5 10 15 20 25
P, (GeV/ce) p. (GeV/c)

A. Festanti LHCP 2017



Heavy-flavour electrons

PLB 754 (2016) 81

5 3 [ LI I LI I LI I LI I LILIL I LI I LI I LILIL I LILIL I LI | arXIV1 609'071 04
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T el —= ITS+TOF+TPC elD, lyl < 0.8 - )
C . .—— ALICE Preliminary —-n E : T |;I I+| I-I T | T T 1 |° T T 1 | T T 1 | T T 1 | LI T I:
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o - arXiv:1609.07104 ] L6 o IS\ = 2.76 TeV, arXiv:1609.07104 E
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®© Suppression of heavy-flavour decay electrons at low pr in central Pb-Pb collisions at
Vsnn = 2.76 TeV

@ No strong modification of the electron spectrum in p-Pb with respect to pp collisions
© Similar suppression observed at Vsyn = 2.76 TeV and 5.02 TeV
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Charm and beauty suppression
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® Hint of Raa(e « b) > Raa(e + b+c) in central Pb-Pb collisions at Vsnn = 2.76 TeV



Beauty suppression

CMS-PAS-HIN-16-011
25.8 pb™ (5.02 TeV pp) + 350.68 ub™ (5.02 TeV PbPb)
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Charm and beauty suppression
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@ D-meson Raasignificantly smaller than the Raa of non-prompt J/g in central collisions —>
indication of mass dependent suppression for charm and beauty

@ Raa(D) ~ Raa(T) —> different vacuum fragmentation of charm vs. light quarks and light/heavy
quark pr spectrum are relevant in the Raa comparison
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Ds production in Pb-Pb collisions

< 2_I T | T T | T T | T T | T T | T T | T T | rrrT
m< : 8— ALICE 0-10% Pb-Pb, |'s, = 2.76 TeV _
1-6;_ e Average D°, D', D**, lyl<0.5 _
1 4L o with p_-extrapolated pp reference -
1 2? & D!, lyl<0.5 -
L —
! TAMU, PLB 735 (2014) 445 :
0.8]—," #_ + E — Non-strange D —
C D , -
06% \ ! & ,__,/{/ _:
0.4 U NIl diiEm s~ -
0.2 iji—ﬂ— i H -
O_I [ 1 1 | I | [ 1 1 1 | [ 1 1 1 | I | [ 1 1 1 | I | [ 1 | I_

0O 5 10 15 20 25 30 35 40

p_ (GeV/c)

A. Festanti LHCP 2017 33



HF electrons v»
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DO v» and v3

CMS Preliminary PbPb s, = 5.02 TeV
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D-meson v: - Event Shape Engmeerlng AnaIyS|s
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M: multiplicity

. (0)) _
® (o, second order reduced flow vector, defined as: ¢ = —MI 02 = A\/Q%,x+Q%,y

M
= Zcoquo,, Oy = Zl sin 2 @;

® @2 depends on multiplicity and strength of the flow —> connected to event
eccentricity

e Measuring v» at different g- values —> study charm quark coupling to the light
hadron bulk

e Significant separation of D-meson v- in events with large and small g-
(autocorrelation and non-flow effects between g- determination and D-meson
reconstruction not removed)
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ATLAS Preliminary
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Heavy flavour v2 in p-Pb collisions
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Heavy flavour v2 in p-Pb collisions

o IS - s e B e I | e T T -
3 e ] ]

2 F ATLAS Preliminary

O 1.1 p+Pb | 5,=8.16 TeV, 171 nby’
1.08- 0. 5<p <5 GeV, 4<p"<6 GeV

C 1<|An|<5 60<N <80

1.06F o C(A ¢) (huCorreIat ons)

104:_ o} FC (A¢)+G

ATLAS Prellmmary

p+Pb | 5,,=8.16 TeV, 171 nb™
0. 5<p <5 GeV, 4<p”<6 GeV
L 1<|An|<5 100<N . <120

] 1-04__ L4 C(A¢) (huCorreIat ons)

= T o FC™™no)+G

\
C(Ad)

1 .06

: 5
: d|An| S(|An|, A
 Ciagy = J A S0AnA9) _ S(Ag)

F—C"™g) ] 1.02= — c"™(ag) 7 5 B A
102;_ ____Cr\dge(A¢) +FCperlph(O) ] Cr\dge(Aq)) +FCperiph(o) dlAnl B(lAn| A¢)
1 G +FC™™(0 1= a+FC™™(0) 1 ?
0.98f 098;1
0.96F%g_, P | T o T R .
SN - 096 T vt Tt
-1 0 1 2 3 4 -1 0 1 2 3 4
A A
S e I 9 CtemplA FcpenphA Cndge A
p-t 1.06— i -4 F E +
NS ATLAS Preliminary 5 < ATLAS Prellmlnary I
© L p+Pb | 5,,=8.16 TeV, 171 nb” © 4 04—p+Pb | S\y=8.16 TeV, 171 nb’’ 3
104l | 0.5<pi<5 GeV, 4<p“<6 GeV 0.5<p3<5 GeV, 4<p/<6 GeV ]

 1<jAni<5, 140<N <160 ] 1-03: 1</An|<5, N >2oo
® C(Ad) (huCorreIatlons) T

L 1 0o ® C{8) (s Correlaions)
1.02* o EC™ P(A¢) k

1 E o FC™™(a0)+G

_C \\\\\ (a0) . 101? — C°™ag) — w
i “F(a0) +FC™™(0) o o | {5 -- - C"*(ag) +FC™™(0) =
r G+FC"e”ph(0) o o E G+ FC™™(0) : rid c
: ' g o ¥ : . C"*(Ap) =G|1+ 20y, COS (nAQ)

0.98R 0 oo™ A s o oo NI n,n
PlaC g oo oo Al T T 0.98Fleec . ,, N
:.-.|....|.‘..|.-.—..|H‘.|...,\HT 097 | v e =
1 0 1 2 3 4 1 0 1 2 3 4
A0 Ad

Unn(P%, P2) = vn(PLon(P3)

n(P%) = V(P PR /0n(PD) = Unn(P%, PRI \[0mn(P, D).

Un,n (p%,p%)zvn(p%)z

A. Festanti LHCP 2017 ATLAS-CONF-2017-006 38



Heavy flavour v2 in p-Pb collisions

ATLAS-CONF-2017-006
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qu 14 i Inclusive J/ip — p*u 7
, ® ALICE, Pb-Pb \s,, =5.02TeV, 25 <y <4, p.<8GeVic
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e Clear J/Y suppression with almost no centrality dependence for Npat>100 in ALICE

[ Inclusive J/ip — u*u’, 0-20% centrality N
® ALICE, Pb-Pb |s,=5.02TeV,25<y <4
W ALICE, Pb-Pb |5, =276 TeV, 25 < y <4 N
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e Stronger J/Y suppression vs centrality at RHIC than at LHC, despite the larger energy density

e Weaker low pr suppression measured at LHC

o No significant Vsnn dependence of Raa (2.76 vs 5.02 TeV) at central and forward-y within

uncertainties

e Important role of recombination at LHC energies
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Low pr J/l|J central vs. forward y

— <
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e Hint (<2sigma, only in one centrality class) for a weaker suppression at y~0

with respect to forward-y results in central

expected in a (re)combination scenario
excluded)

o No significant Vsin dependence of Raa (2.76 vs 5.02 TeV), confirming forward-

y observation
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0 50 100 150 200 250 300 350 400
< Npart >
Pb-Pb collisions at Vsnn = 5.02 TeV
(even if fluctuation can not be
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= 0.25 e B N L
W F ALICE Preliminary, Pb-Pb s, = 5.02 TeV, 20-40%
~ 02F =
= . Jy —>ete, central y -
015 —
" N
0.1 + ¢ { s =
C ¢ ¢ -
0.05 —
- Jp —> p+y-, forward y -
OF N
_ + Inclusive J/y — pn, v,{EP, An= 1.1}, 2.5 < y < 4, global syst: 1%
~0.05 |- —
- + Inclusive J/iy — e'e, v,{EP, An =0}, vl < 0.9 .
_O 1 B 1 1 1 ] 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
0 2 4 6 8 10 12

P, (GeV/c)

® First ALICE measurement of J/§ v» at mid-rapidity shows agreement with
forward-y results within uncertainties
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E 0_25 : 1 1 1 1 I I. I- 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
Ll - ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV .
>*2'\I 02 __ N N N —_
" + \ D mesons .
- i i
0-15 C | %‘ .+. I J/P -
0.1 ;— N ; + ‘+: _;
" » .
0.05 :—+ —.— L _:
OF -
- ¢ Inclusive J/yw — p'u-, v {EP, An = 1.1}, 2.5 < y <4, 20-40%, global syst: 1%_]
—0.05 :— M Prompt D°, D" average, v,{EP, |An] = 0.9}, Iyl < 0.8, 30-50% —:
- > Syst from B feed-down n
_01 I T T T TR (NN TN TR TR TN AN TN TN AN T NN RN SN SN SN NN TR TR S B
0 5 10 15 20 25

P, (GeV/ce)

e Observed J/P v» similar to the one of D mesons
Different kinematic range:
JIV: 2.5<y<4, centrality 20-40%
D: 1yl<0.8, centrality 30-50%
Different pr of the charm quarks
e Learn about light vs. heavy quark flow
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W(2S) in p-Pb at Vsnn=5.02 TeV

pPb 34.6 nb™", pp 28.0 pb™ |'Syy = 502 TeV
I | 1T T 1 | T T 1

LI L L L L L L L L
" 43_CMS'PAS' IN-16-015 cms - fm 3} Promptwlzs) ATLAS Prelilminary -

. Preliminary 5 5[ GGCF o, = 0.11 p+Pb \/s, = 5.02 TeV 7
- - : o< <moev
1%55~ s * E

% 08 $ ﬁ EEL 1 s i -
C - $ Pb ]
0.61- $ . O + _______ * ______________________ -

0 4__ 6.5 < p.< 10 GeV/c B E e Data % E

T B Prompt J/4p (HIN-14-009) _ 0.5~ o Data (No Bias Correction) * ]

0.2 :_ ® Prompt Y(2S) _: - | | | | ]

O:' | L | | 0 5 10 15 20 25

-3 -2 -1 0 1 2 ¢ <Npar>

® Suppression of Y(2S) at backward rapidity observed by CMS (not expected
from models including CNM and coherent energy loss effects, it might be
consistent with the picture of final state inelastic interactions with the
medium produced in pPb collisions)

@ Decreasing trend of the Y(2S) Rpprp With increasing centrality
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Bottomium feed-down

Andronic A., Arleo, F., Arnaldi, R. et

l. Eur. Phys J.C 2016 76:107
Low pT

Low pT

MFrom2S:7-8 %
From 3S <1 %
BFrom1P:~15%
mFrom2P:~4 %
BFrom3P:~2 %

W Direct: ~70 %

Low pT

MFrom3S:7<?74 %
From3P:?<?3 %
MFrom 2P :?7<?20 %

M Direct: ?7>? 70 %

High pT High pT
BFrom3S:4-8 %
From 3P : 3-6 % mFrom 3P : 30-50 %
B From 2P : 20-40 % ® Direct: 50-70 %
® Direct: 50-70 %

Y(1S) Y(2S) Y(3S)

@ Prediction on the basis of LHC results

M From 3P :?<? 30 %

M Direct:?>?70 %

High pT

mFrom 2S:12-16 %
From 3S :2-3 %

®mFrom 1P : 26-32 %

wFrom 2P :4-8 %

mFrom 3P :2-4 %

M Direct: ~45%
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Y(1S) Raa vs. centrality/energy

CMS-PAS-HIN-16-023

16 PbPb 368/464 ub™, pp 28.0 pb™' (5.02 TeV)
. _I_I I | T T 1 I T T I | | T T | T T I T T 1 | T T | I_ |
i p:” <30 GeV/c CMS ]
1.4 H v <2.4 Preliminary 1 g
1.2/F + .
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0.4__ B@ @ B] N % ]
0 23_ 5.02 TeV + E
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0O 50 100 150 200 250 300 350 400

Npart

R AA

12}

081
0.6~
04l

0.2

PLB 738 (2014) 361-372

o Hint of larger suppression at Vsnn= 5 TeV with respect to 2.76 TeV
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ALICE, Inclusive Y(1S) — u'u,25< y <4
m Pb-Pb s, =5.02 TeV, Preliminary global sys.= + 10%
" m Pb-Pb s, =276 TeV, (PLB 738 (2014) 361-372)  global sys.= = 13%
5.02 TeV
$ [']ﬂ 2.76 TeV
qﬂ L] L]
11 | | I I | | | I I | | | I I | | | I I | | | I I | | | I I | | | I I |
50 100 150 200 250 300 350
<Npart>
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Y(1S) Raa vs. pr

PbPb 368 ub”, pp 28.0 pb” (5.02 TeV)

i T 1T 1 | 1T 1T 1 I T 1 | L I 1T T 1 I T T 1
« -y <24 CMS |
a - ALICE Preliminary, Pb-Pb \/s—NN =5.02 TeV 1__ " Cent. 0-100% Pfé/iﬁq’ihé’ry
12 B |
- B Inclusive Y(1S) — u'u’, 2.5 <y < 4, centrality:0-90% global sys.= + 5% O 8 __ Krouppa, Strickland Py Y(1 S) __
1 Lo o o o o e e e e e e e e e e e e e .
Strickland et al., arXiv:1605.03561 [ 4mom/s=1 B Y(2S) |
e 4mn/s = 1 - — = 9 1
0.8 DA <06L — 41t 1/s=2 | ] Y(3S)68% CL -
0.6 :_ — - 4an/s =3 o - mzin 4m n/s=3 ! Y(3S)95% CL :
0.4 pummrm i i ®.- ® N
- T i
= = ORI o E— _
0.2 1
0 - I I I I I I I el | . N
0 2 4 6 8 10 12 14 | -
p (GeV/C) | I | I I I | I I | 1 Iil | | I I I I I | |
5 10 w 25 30
o (GeV/c)
CMS-PAS-HIN-16-023

e Both ALICE and CMS measure mild or no dependence on pr of the Raa
e Fair agreement with theoretical model
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CMS-PAS-HIN-16-023
arXiv:1611.01510

Y(1S) Raa vs. y
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© Suppression increases with y at Vsny = 2.76 TeV

© Suppression is constant at Vsnn = TeV
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E. Scomparin, QM2017 d

@ Some tension in the Raa evolution vs y with energy, still large uncertainties
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