< @

Istituto Nazionale di Fisica Nucleare

ALICE

Azimuthal anisotropy of heavy-flavor
production with ALICE at the LHC

Grazia Luparello on behalf of the ALICE Collaboration
INFN — Sezione di Trieste

11t International Workshop on Multiple Partonic Interactions at the LHC
Prague, 18- 22 November 2019



Istituto Nazionale di Fisica Nucleare

% 200k m
= < Quarks and Gluons
I — 2 Critical point?
o o 2 0
44: 2 [y eco,””')@
© o .
T l Hadrons %
> g_ 100f - %'%
- i o 5.
p T S b
o K % & i
I & éo'
2
Color Super-
Neutron stars  conductor?
, J L
0 1 A 7/
Nuclei Net Baryon Density

Compress Matter

INFN Creating hot and dense matter in the laboratory %

ALICE

Collisions of relativistic heavy nuclei create the
conditions for the phase transition from ordinary
matter to a strongly interacting, deconfined
medium:

Quark-Gluon Plasma (QGP)

* QGP evidence already at CERN-SPS and BNL-
RHIC experiments

* At the LHC: precise characterization of QGP
parameters
(degree of freedom, transport properties,...)
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INFN Nuclear collision and QGP expansion
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ALICE
Time—>»
T Energy Stopping Hydrodynamic N ) St
Initial state Hard Collisions Evolution Hadron Freezeout
Pre-thermal processes Thermalization QGP expansion Hadronization, Chemical freeze-out
scattering of incoming Equilibrium is (t~10 fm/c) Inelastic interactions cease,
quarks and gluons established Described by an almost particle abundances frozen

(t~1 fm/c) perfect fluid dynamics Kinetic freeze-out
Elastic interactions cease,
particle dynamics (spectra) frozen



(INFN Anisotropic flow coefficients %

ALICE
* Initial spatial anisotropy transferred into final
anisotropy in momentum via collective interactions

* Initial fluctuations in the nucleons position lead to
higher moment deformations in the fireball, each with
its own direction

Overlap region
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(INFN Anisotropic flow coefficients %

ALICE
* Initial spatial anisotropy transferred into final
anisotropy in momentum via collective interactions
* Initial fluctuations in the nucleons position lead to
higher moment deformations in the fireball, each with
its own direction

Overlap region

* Expressed via the Fourier

. d*°N _ 1 _d3N 00
decomposition of the By = ox m(l + > .1 2vpcos(n(p — ¥y)))
azimuthal distribution of
particle momenta Flow coefficients

nt" symmetry plane
vn = (cos(n(p — ¥y)))
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(INFN Why heavy-quark azimuthal anisotropies? %

QLICE
* Heavy quarks are produced in partonic hard scatterings e

i isi " Hotandidense.
in the initial phases of the heavy-ion collision _ éwm%fi

production time of cc(bb) pair at rest : | :««%{w%% N @q&;’ 5
Tprod = h/2me(b) = 0.1(0.02) fm/c < taep = 0.1-1 fm/c \ e-
< e
ko

* Flavor is conserved in strong interactions -> Transported through the full system evolution
* Interact with medium constituents via elastic and inelastic processes
* Reach (partial) thermalization
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(INFN ' Why heavy-quark azimuthal anisotropies?

QLICE
* Heavy quarks are produced in partonic hard scatterings e
- Horuvidiierse <
in the initial phases of the heavy-ion collision ” g/ il W;\% O
_ N o) - % - g > §u
production time of cc(bb) pair at rest : B " i ""““‘w{::” %?j%} % \RJ}‘\"@ ‘
Torod = A/2Mc(b) = 0.1(0.02) fm/c < tasp = 0.1-1 fm/c | . 6-
<@
k

* Flavor is conserved in strong interactions -> Transported through the full system evolution
* Interact with medium constituents via elastic and inelastic processes
* Reach (partial) thermalization

* What can be tested?
e HQ participation in the collective expansion, thermalization in the medium (low p+)
 Path-length dependence of in-medium energy loss (high py)
* Modification of the hadronization mechanisms in the medium
* Magnetic fields produced in heavy-ion collisions
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INFN HF reconstruction in ALICE %

, _ Muon Spectrometer: ALICE
ITS: vertexing, tracking, PID . .
tracking, trigger, piD
nl<0.9. -4<n<-2.5 Fully reconstructed D and Ac

EMCal: elD, trigger
|I’]|<0.7 1

hadronic decays
Do = Knt, D* = Kn*rt*, D** = Dot
Dgt—=® it =K K it
/\J—*n“K’p, /\c+_,K0s p

TPC: tracking, PID
In|<0.9

TOF: PID »},,,,
In|<0.9

Aottt s Al

TRD: trigger, elD
In|<0.9

VO, ZDC: trigger and event characterisation
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INFN D-meson v, %

ALICE
* v, > 0 for non-strange D mesons at p; > 2 GeV/cin

semi-central Pb-Pb collisions

[aV) \\\\\\\\‘\\\\\\\\‘\\\\‘\\\\\\\\

> 04l ALICE Prellmlnary
" 30-50% Pb-Pb, |5, = 5.02 TeV

Prompt D, D D** average, ly1<0.8
v, {SP, IA nI>O.9}

Jhy, 2.5<y <4

v, {SP, |IAnl>1} JHEP 02 (2019) 012
n, lyl<0.5

v, {SP, |IAnI>2} JHEP 1809 (2018) 006
charged particles, 1771<0.8

v, {SP, |1Anl>2} JHEP 07 (2018) 103

* Indication of v,(D) < v,(m) at pr < 4 GeV/c

* vy(D) > v,(J/1p) at pr < 6 GeV/c

M

i Open-charm v, maybe enhanced from
obl -‘ SVST' from ‘Bf%d"dOW” 1 hadronization via coalescence of charm quarks

5 10 15 20 25 30 35 with light quarks
pT(GeV/c)

P
*%

—_—
—_——
I

[_] Syst. from data
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(INFN D-meson v,: comparison with models %

ALICE

* Comparison with theoretical
calculations

0.4 ALICE Preliminary lyl<0.8

- 30-50% Pb-Pb, |5, = 5.02 TeV « All models include a hydrodynamical model

for the QGP expansion

* TAMU, POWLANG, BAMPS-el include only
collisional energy loss

e Prompt D°, D, D** average
[ ] Syst. from data
I Syst. from B feed-down

v, {SP, IA71>0.9}

energy loss

i * All models, but BAMPS and DAB-MOD,
include hadronization via quark
recombination together with fragmentation

* All other models include also radiative

TAMU === LIDO
---- PHSD e BAMPS el+rad

01 - POWLANG HTL s BAMPS el
V.17 o MCc@sHQ+EPOS?2 DAB-MOD M&T

e TAMU: PLB 735 (2014) 445
5 10 15 20 25 30 35 PHSD: PRC 93 (2016) 034906
p_ (Gevic) POWLANG: EPIC 75 (2015) 121
MC@sHQ+EPOS2: PRC 89 (2014) 014905
LIDO: PRC 98 (2018) 064901
BAMPS: JPG 42, 115106 (2016)
DAB-MOD M&T: PRC 96 (2017) 064903
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v, {SP, 1A71>0.9}

(INFN D-meson v,: comparison with models %

1 dNAA/de
Neon dNpp/dpr

ALICE

Raa =

* Comparison with theoretical

LA I L L L L L L L LB B << T T T T T UL

r r H .
0.4~ ALICE Preliminary lyl<0.8 ] 2 24’ ALICE Preliminary ] calculations
- 30-50% Pb-Pb, |5, = 5.02 TeV 1 A N EE‘;b’D@ STy ‘ _
0ar E ©o o TrompttL DL Draverage i05 - 3 e All models include a hydrodynamical model
<L « Prompt D%, D¥, D** average 1 F i BAMPS el +rad. min BAMPS el. ] .
[ [ Syst. from data ] E — POWLANG HTL -++:- PHSD — for the QGP expansion
r Syst. f B feed-d i F -w= LIDO — - Catania = .
0.2 I Syst. from B feed-down 1 g B amy Mvcessaserosz 1 TAMU, POWLANG, BAMPS-el include only
] - 3 -
] > E collisional energy loss

[ pp reference
[ Filled markers: measured
|£:

Open markers: pT-extrapoIated )

* All other models include also radiative

\\\\\\\\\\\\\\E\\\\\\\\\\\\\&N 0.8 4L "

-

U A ;DO - energy loss
o4 — POWLANGHTL . BAMPS ol 104 20 * All models, but BAMPS and DAB-MOD,
01" -y MC@sHQ+EPOS2 —— DAB-MOD M&T | (.2F" ] el )
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\: O: IncIUdehadronlzatlonVIaquark
5 1018 5 30 3 1 1 recombination together with fragmentation
P, (GeV/c)
First measurement of charm down to TAMU: PLB 735 (2014) 445
p. = 0in Pb-Pb collisions PHSD: PRC 93 (2016) 034906

POWLANG: EPIC 75 (2015) 121
MC@sHQ+EPOS2: PRC 89 (2014) 014905
LIDO: PRC 98 (2018) 064901

BAMPS: JPG 42, 115106 (2016)
DAB-MOD M&T: PRC 96 (2017) 064903

Grazia Luparello — MPI workshop 18/11/2019 9

simultaneously Ry, and flow of heavy-flavor hadrons




INFN D *-meson v,
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= T T 17T I T 1T ‘ T TT ‘ T TT ‘ T T T TT ‘ T TT I ]
()] - .. 7]
S 05 ALICE Preliminary lyl<0.8
= [ 80-50% Pb-Pb, |5, =5.02 TeV .
< B + + + ]
= 04 Prompt D' Prompt D°, D*, D* .
o . s ]
2 C + data e data i
;Z, 0.31 TAMU 77 TAMU E
- — PHSD ---PHSD .
0.2 ]
0.1~ 4$7
of R
—0.1 [ Syst. from data -
- [ Syst. from B feed-down :
_0-2_\ 111 I L1 11 ‘ - ‘ L1 11 ‘ 1111 ‘ - ‘ L1 11 I \_

5 10 15 20 25 30 35
P, (GeV/c)

TAMU: PLB 735 (2014) 445
PHSD: PRC 93 (2016) 034906

Grazia Luparello - MPI workshop

S,

ALICE
* v,(D.*) = vo(D) within large uncertainties
* Hadronization via quark recombination
included in both TAMU and PHSD models
* Good agreement between data and models
18/11/2019 10



INFN Event-Shape Engineering (ESE)
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* Events classified on the basis of the eccentricity, %»1 |
according to the magnitude of the second harmonic 35
reduced flow vector g, 3 -

10, 4 & £
q, = Nk Q,, = Ecosmp,., Q,,= 2sm 29, < 0

I i=1

1—5

o

<q22 > ~1+ <M a 1><v§ a 62> &: non-flow effects

-6
M: multiplicity v,: flow strength 10

107k

*« -+

T T T ‘ T T T ‘ T T T ‘ T T
ALICE Preliminary
30-50% Pb-Pb, |[s, = 5.02 TeV

7

e unbiased

20% smaII-qZPC i
20% Iarge_q;PC ;

2

20% smallest q2 20% largest q2

(v2> small—g, < <v2>unbiased <v2>large—q2 > <v2>unbiased

i
h
E‘i; ) — l y I —
8 10

q

ALICE

» Useful to study the interplay between the anisotropic flow of heavy quarks and that of the bulk

Grazia Luparello — MPI workshop 18/11/2019
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INFNEvent-Shape Engineering (ESE) %
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- ALICE Prel|m|nary
80-50% Pb-Pb, |5, = 5.02 TeV

ALICE

* Events classified on the basis of the eccentricity, 0.4F

according to the magnitude of the second harmonic
reduced flow vector g,

v,{SP, IAnI>O.
o
W

0.1
* Clear separation between v, measured in events 0
with small/large q, o [C3Syst from data

[ Syst. from B feed-down

* v,(large g,) > v,(unbiased)

W
- L
o
3
T
=
W)

©
W)

4
W)

*

%
Qo |
<
[)
=
Q
«Q
[©)
=
A
o
@

+

n
&)

* v,(small g,) < v,(unbiased)
(Effect could be slightly enlarged by non-flow correlations)

—_
a N

e

TPC

o
[4)]

o

¢+ 20% small- -q,
= 20% large- qTPC
e unbiased
|
2

vV, (lESE-seIected) ! v, (unbiased)
o
)l -

|
-

N
[e)]
o
—
o
_F
[\
—
N
-
ok

P, (GeV/c)
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INFN Event Shape Engmeermg (ESE)
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°’ 0.35F

':030
<

o 0.25F

n

% 0.20F
>
0.15E
0.10F
0.05F
0.00F
~0.05E

P O
m o o

v, ESE / v, unbiased
5

:_ 20% smaII qTF’C/.g2 __ * 20% Iarge qTF’C/g2 E3 unbiased _ ALICE
: f ok Fre
F e R T "l »"'\}' :
A ST I SR e
=T % %y
3 + ¥ [OSyst. from data I E
E I Syst. from B feed-down ¥ E
BV [0 = S P PR T BT AN B B = = S| [ PR | ] ] b b b b b b L L 1T
_"'I"'I"'I"'I"'I"'I"'I"'I'::I T T T LI T T I': 2 4 6 8 10 12 9 1
- + 3 p_ (GeV/c)
= = o _EH_ __ 4 ALICE Preliminary
3 ESL oy _._1 30-50% Pb-Pb, {5 = 5.02 TeV
L I T - Prompt DO’ D+, D** average, lyl<0.8
3 1 — POWLANG HTL
2 3 ] --- POWLANG IQCD
- 1 4 -.-uDO
E I E DAB-MOD M&T POWLANG: EPJC 75 (2015) 121
- E i DAB-MOD Eq LIDO: PRC 98 (2018) 064901
E L |_:_ L I_j DAB-MOD M&T: PRC 96 (2017) 064903
2 4 6 8 10 12 14_16 2 4 6 8 10 12 1416
P, (GeV/c) p, (GeV/c)

Transport models describe the g, dependence of elliptic flow

Grazia Lu

parello — MPI workshop

18/11/2019
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(INFN Beauty-quark v, %

ALICE
o 03 R I L A I I
0.25 ;'ﬁg;:fgﬂg?%m= 5 02 ToV * Non-zero v, for e from beauty-hadron decays
02f b(=c)—e, ly<0.8 measured in semi-central Pb-Pb collisions
0.15

0.1

0.05

— * Significance of ~3.50 for 1.3 < p; <4 GeV/c

0 —— * Model describes the data well at high p;
~005E" g MC@sHQ+EPOS2
_0.10 L % ) I 2| ) I :|3 |- I4I. | - I5| |- I6| ) I 7| ) I 8
p_ (GeV/c)

ALI-DER-337261

behavior of the medium

Grazia Luparello — MPI workshop 18/11/2019 14
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INFN D-meson v, %

ALICE
 Strong magnetic field (~10'8 G) generated by the
movement of spectator protons
Q (quickly decreases (~1 fm/c) as the spectators fly away
500(\ * Charge-dependent v, due to two competing effects:

Q;b(“ CR F * Lorentz force vs. Faraday effect
< — Faraday effect

Lorentz force

E--2
VX ot

Grazia Luparello — MPI workshop 18/11/2019 15



(INFN D-meson v, %

ALICE
 Strong magnetic field (~10'8 G) generated by the

movement of spectator protons
(quickly decreases (~1 fm/c) as the spectators fly away
* Charge-dependent v, due to two competing effects:

* Lorentz force vs. Faraday effect

‘/ T T
— D[eg] , =t

0.04}F o 1

* Charm quarks are ideal probes of the properties of this - :j::: :i'j;' | _a §
. . 5 K < " - 1NVC \ \
magnetlc flEld B 0.02 K4 Lo e "™ Dleq) t=5tmic “ 8
_ a o
e produced when the B is maximum 2 o TN T AR
o
* kinetic relaxation time of charm similar to the QGP 00mk , f.';
lifetime N ©
. 4. . -0.04 om
* Theory predictions: larger directed flow of charm quarks A L SN a
. -2 -1.5 - -0.5 ( 0 2
compared to light quarks y

Grazia Luparello — MPI workshop 18/11/2019 16



(INFN D-meson v, %

Charged hadrons D° mesons ALICE
: : . -——— * Slope:

s | nuce ° T PePb sy ms0eTey 0 v * h=[1.68 + 0.49 (stat.) + 0.41 (syst.)]*10
o\ 10°k vy(m)
I B il

* DO:[4.9 + 1.7 (stat.) + 0.6 (syst.)]*101

T I B P N S $ _______ $ _______ $_ Larger than 0 with a 2.7¢ significance
P o i i 7 é 10-40%
L P> 0.2 GeVic 1 3<p. <6 (@aVic)
—0.5[bars: stat. uncert. E —+ Py |

| boxes (filled/empty): syst. uncert. (corr./uncorr.) Not feed-down corrected
] 1 ]

0.5~ -+ .

L 10 [vy(h) - vih) I e vor-v@® $
8 i _H___-“ n"/ | . . . .
I < Lo §rrorgorcs L i $ ___________ ) Provide insights into the effects of the
g AT 1 strong magnetic fields created in non-central
by L 5-40% 4 10-40% . o
3 I | - heavy-ion collisions
2 p.>0.2 GeVic 3< p, < 6 (GeV/c)
£~ o T
E —0.51 dav,/dn =[1.68 + 0.49 (stat) = 0.41 (syst)] - 10* ——  dAv,/dn=[4.9 + 1.7 (stat) + 0.6 (syst)] - 10"

— I—0|.5I — (IJ — O.|5 — I—OI.5I — (I) — O.I5 —
n n

ALI-PUB-337380
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ALICE h-x
p-Pb |5y, = 5.02 TeV

(0-20%)-(60-100%) /"

Grazia Luparello — MPI workshop

RN p, <20 GeVic

% per An (rad”)
o
>

1 dNass
N‘Tg dAg

0.155

o
o

.
0.145p"

DAL SN TP BRI EFEPEPE EPEPEPEP EPEPIEP O

-x -
16|-P-Pb {5 =5.02Tev  1.5<p <2.0GeVic ]

B B i e e
ALICE h
[ (0-20%)-(60-100%)
= Data —a;+ ZZancos nAo fit
u n=1
---n=1 =n=2 © n=3

[ [An| > 0.8 (Near side only) Scaleunc.=5%

18/11/2019

INFN  What about collectivity in p—Pb collisions? %

ALICE

* Long-range flow-like angular
correlations observed in p—Pb collisions

* Small-size QGP in p—Pb collisions?
* |nitial conditions effect?
e QCD effects to be taken into account?

18



(INFN v, of muons from HF decays in p—Pb collisions %

< 014 e ALICE
o C ALICE Preliminary Inclusive p* ]
A 012~ ) ]
= - p-Pb, Sy =8-16 TeV p-going:2.03 <y <353
< 0.1 Muttiplicity class VOM: 0-20% Pb-going: -4.46 < Yoy < 29677
Soosb [© ] p-going =
> C & + il [ e | Pb-going ]
0.06 2. @ -
C e ]
004 - £ % -
0.02f- =
0 F HF-u account for ~60% at 2 GeV/c B

-0.02 sl by by by by vy by ey by oy by gy 1y gy

o 1t 2 3 4 5 6 7 8 9 10
pT(GeV/c)

* v,(u) > 0in p—Pb collisions at 8.16 TeV with significance > 5a for 0.5 < p; < 6 GeV/c
* Tendency for smaller v, at low py in p-going direction
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(NFN y, of muons from HF decays in p—Pb collisions

?0'14_ lllllllllllllllllllllllllllllllllllllllllllllll - 30.14 _llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ HLICE
C/\S 0.12 - ALICE Preliminary Inclusive p* 3 a 012 C ALICE Preliminary Multiplicity class VOM: 0-20%
= C p-Pb, (= 8.16 TeV p-going: 2.03 <y, <353 3 &5 E E p-Pb, |5, = 8.16 TeV, 1%, p-going, -4 < 17 < -2.5 -
< 0.1 Muttiplicity class VOM: 0-20%  Pb-going: -4.46 < y < -2.9671 o 01 _—E p-Pb, {5y, =5.02TeV, (cb) ~ e, |7/ <08 =
o\ C [ o ] p-going o ] ™~ C Phys. Rev. Lett. 122, 072301 -
Z~0.08 — > 0.08 - —
i C ) + B [ e | Pb-going . C _@7 .
0.06 — -<1>- @ — 0.06 - i .H —
s . - # :
0.04 F . o £ 3 0.04 |- -8 gty 3
0.02 — 0.02 -H- —
oF 3 oF -
- HF- u account for ~60% at 2 GeV/c : C ]
- -1 _l 111 I 11 1 1 I 111 1 I 111 1 I 111 1 I 111 1 I 111 1 I 11 1 1 I 11 1 1 I 111 l_

_0.02 sl by by by by vy by ey by oy by gy 1y gy _002

pT (GeV/C) pT (GeV/c)

* v,(u) > 0in p—Pb collisions at 8.16 TeV with significance > 5a for 0.5 < p; < 6 GeV/c
» Tendency for smaller v, at low p; in p-going direction

* Compatible v, of muons at forward rapidity and v, of e from HF-hadron decays at mid-
rapidity in p—Pb collisions at 5.02 TeV

Grazia Luparello — MPI workshop 18/11/2019 19
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INFN Conclusions %

ALICE

In Pb—Pb collisions:

D-meson v, > 0: participation of charm quarks in the collective expansion of the system

ESE measurement: confirmation of a correlation between the anisotropic flow of charm
qguarks and bulk matter

Precision measurements start to constrain QGP parameters in models

Direct flow measurement: positive slope of dAv;/dn for D° and D°

v, of e from beauty hadron decays > 0: participation of charm quarks in the collective
expansion

In p—Pb collisions:

Positive v, of leptons from decays of open heavy-flavor hadrons in high multiplicity p—Pb
collisions: Collective effects? Initial or final state cold nuclear matter effects?

Grazia Luparello — MPI workshop 18/11/2019 20



(NN Back up slides %

ALICE
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O Event-Shape Engmeermg %

6';‘ 0.5F I T T t
= :ALICE Prellmlnary 1 10, | M M ALICE
S 0.4-30-50% Pb— = - :
5 - 30-50% Pb-Pb, VS = 502 TeV ] q, = 2 0, = 2(:082%’ QZ,_y =25m2¢‘_
503 & s VM - P
o2 R <q22>~1+<M—1><v§ —62>
E E+E=$= ] &: non-flow effects
0.1 Z$Z=§i§= = M: multiplicity v,: flow strength
S
70.1:_ [ Syst. from data E
£ mSyst from B feed-down 1 * (g, calculated with VOA
%\3?:‘:H}H:}:H}H;};H}H:}H:}é o ) o .
8 , o Prompt D°, D', D" average, lyl<0.8 3 * Reduced eccentricity discriminating power
5 ] . . .
5 o R * Hint of separation also with g,"%*
> 15F =
2 s —HH—
5 F T NS SR 3
S 0.5 —
& F g
7 0; ¢+ 20% small-gy°A ]
%—0.5; " 20% |arge qVOA ?
> 4t unbiased =
B R S S R R VR T
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(INFN Beauty-quark v, %

& 0.3 ALICE

] 025; ALICE Preliminary 1 * Non-zero v, for e from beauty-hadron decays
E 20-40% Pb-Pb, {sy = 5.02 TeV ] measured in semi-central Pb-Pb collisions
02 b(—=c)—e, lyl<0.8 =
ook E * Significance of ~3.50 for 1.3 < p; <4 GeV/c
o1 E * Model describes the data well at high p;
0.05; i «
- ] > [ ALICEPb-Pb |sy,=5.02TeV 5-60% 1
e ————3- 02 L, .
E 7 + S<y<4 R
~0.05F g MC@sHQ+EPOS2 = E m  Inclusive J/y 1
_o :\ - ‘ Il | ‘ - ‘ | ‘ | ‘ | ‘ I 11 | ‘ J : 0-15? . Y(1S) i
o 1 2 3 2 5 6 7 8 i Y(1S), TAMU model ]
P, (GeVic) 0 1:, ——— Y(1S), BBJS model B
: * ® |8
. [ ; g
 Bottomonia (bb bound state) v,~0 0.05¢ :ﬁ 14
= 4 ™
* Impact of path-length dependent energy loss ok ? I - = o
L A
and coalescence? g 1 ? 1 &
-0.05 | | E
| ‘ | | ‘ | | | | | |
2 4 6 8 10
p_ (GeV/c)
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(NFN What about collectivity in p—Pb collisions? %

ALICE 3 T mee T ) ALICE
-Pb |'s,, = 5.02 TeV < p.<2.0GeVic = r - < p_<20GeVic ] 1
oy | N2 anpem pacsm ecncieied o Long-range flow-like angular
g flg o T A R men correlations observed in p—Pb collisions
| — % 0.155f==n=1 = n=2 e n=3
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INFN e- from HF decays in p—Pb collisions %
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* v,(u) >0in p-Pb collisions at 8.16 TeV with significance > 50 for 0.5 < p; < 6 GeV/c
* Tendency for smaller v, at low p; in p-going direction
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