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Open heavy flavour in p-Pb collisions (¥

Heavy quarks effective probes of the Quark-Gluon Plasma in Pb-Pb collisions

Interpretation of Pb-Pb measurements
— understanding of cold nuclear matter (CNM) effects in initial and final state
= constrain them by studying p-Pb collisions

ALICE
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Open heavy flavour in p-Pb collisions (¥)

ALICE

Heavy quarks effective probes of the Quark-Gluon Plasma in Pb-Pb collisions

Interpretation of Pb-Pb measurements
— understanding of cold nuclear matter (CNM) effects in initial and final state

= constrain them by studying p-Pb collisions

p-Pb collisions not only reference for CNM effects:

in high multiplicity p-Pb collisions, effects typically observed in A-A collisions
ex. in the light flavour sector: long-range vo-like angular correlations, enhancement of baryon production
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Open heavy flavour in p-Pb collisions (¥)

ALICE

Heavy quarks effective probes of the Quark-Gluon Plasma in Pb-Pb collisions

Interpretation of Pb-Pb measurements

— understanding of cold nuclear matter (CNM) effects in initial and final state

= constrain them by studying p-Pb collisions
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Open heavy-flavour reconstruction in ALICE %

TPC: tracking,

TRD:elD |n|<0.9

TOF: PID |n|<0.9

VO, ZDC: trigger
and event
characterization

Fully reconstructed D mesons and Ac hadronic decays: ‘
ITS, TPC, TOF _.
Do =K, D+ »Kmrmt, D*+ — DOr, Ds* 2O+ KK+, )

A=K, Act—pKOs B

Partially reconstructed semi-leptonic decays
Muons: Forward Muon Spectrometer. D, B = p=+ X
Electrons: ITS, TPC, TOF, EMCAL, .D,B 2 ext+ X

PID |n|<0.9 R —

ALICE

'[EMCalL.: elD,
trigger [n|<0.7

ITS: vertexing,
tracking and PID
In|<0.9

-

Muon Spectrometer:
-4<n<-2.5
Tracking, Trigger, ulD

point

-
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secondary vertex

A
rec. track el
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Nuclear modifications
In p-Pb collisions




Nuclear Modification Factor: D-meson Rppp %

| d2 promptD / de dy

Rpr —

A dz2 GpromptD / de dy

o:csf—\

ALICE Preliminary  p-Pb, |sy, = 5.02 TeV
Prompt D mesons, -O.96<ycms<0.04

ALICE-PUBLIC-2017-008
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measured pp reference at Vs = 5.02 TeV

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

pp reference measured at 5.02TeV (NEW!)

ALICE-PUBLIC-2018-006

Ropo
compatible
with unity
within
uncertainties

- D9 measured down to pr=0:

- improved precision due to new reference
- Ds Rppr compatible with averaged non-strange

D mesons
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Nuclear Modification Factor: D-meson, Ac Rppb %
| oy /dprdy - ‘ — ALICE
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Rpr —
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pp reference measured at 5.02TeV (NEW!)
ALICE-PUBLIC-2018-006 pp reference scaled from 7 TeV

Eur.Phys.J. C77 (2017) 550

D% measured down to pr=0:

improved precision due to new reference
Ds Rppn cOmpatible with averaged non-strange
D mesons

charmed baryon Ac¢ Rppn cOmpatible
with D-meson Rppb
and consistent with unity within

uncertainties
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https://link.springer.com/article/10.1140/epjc/s10052-017-5090-4

Nuclear Modification Factor: D-meson Ryp, VS models %
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* Models including CNM effects only are
compatible with data

* a model including incoherent multiple
scattering describes data within
uncertainties for pr> 5 GeV/c
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Nuclear Modification Factor: D-meson Ryp, VS models %
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compatible with data

* a model including incoherent multiple
scattering describes data within
uncertainties for pr> 5 GeV/c
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| collisions can describe data up to pr~6 GeV/c

Models including QGP formation in p-Pb

Data do not favour a suppression larger
than 10-15% for 5<pr<12 GeV/c
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Nuclear Modification Factor: Rppb VS Raa %
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Suppression observed at intermediate-high
pr in Pb-Pb collisions is due to final-state

effects
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Heavy-flavour hadron decay electron Rppb %

ALICE
electrons from charm+beauty decays electrons from beauty decays
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L ’ B FONLL + EPSO09NLO shad. 1
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2r A Preliminary, \s,, = 5.02 TeV Il Kang et al.: Incoherent multiple scattering
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Nuclear modification factor in centrality classes: Quprb %

investigating

i higr (PN dpray

cent __
Qpr —

Centrality classes: slicing the distribution of ALICE

the energy deposited in the neutron

. tD . . . :
multiplicity (Topp)™ x (d%0pp 0~ /dprdy)| calorimeter in the Pb-going side (ZNA)
p-Pb collisions Centrality determination in p-Pb
Phys. Rev. C 91 (2015) 064905
{2_5—IIIIIIIIIIII.II'IIIIIIIIIIIIIIIIIIII EZIS_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII|II_
o ALICE Preliminary o T
L p-Pb, \ Sy = 9.02 TeV ¢ Average D°, D', D**, 60-100% ZN energy
2 o 2= = Charged particles, 60-80% ZN energy
m Average D", D*, D**, 0-10% ZN energy
o Charged particles, 0-5% ZN energy Similar
e ALICE-PUBLIC 2017-008 sl charged-
particle Qcp

&
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_|_
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D, charged particles

OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlII

0.5

0

Phys. Rev. C 91
(2015) 064905

1 1 1 1 I 1 1 1 I=I 1 1 1 I 1 1 1 1 I 1 1 1 1

D, charged particles

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
P, (GeV/c) P, (GeV/c)
Qorb in most central (0-10%) and peripheral (60-100%) centrality
classes are compatible within uncertainties and consistent with unity.
Hint of Qupp>1 in central 0-10% in 3<pr< 8 GeV/c
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Nuclear modification factor in centrality classes: Qcp %

investigating 2 npromptD 1o o ALIGE
the high Ocp = (d°N /dp1dy)py, / (Topb)

multiplicity (dNPromeD /dprdy) gpy ' / (Tpe) 010

central/peripheral ratio

p-Pb collisions

o _]
QO 2_— ALICE Preliminary e Average D°, D', D** _: Similar as charged-
1.8 P—Pb, \ sy =5.02 TeV = Charged particles particle Qcp
1_63_ 4 Phys. Rev. C 91 (2015) 064905
1.4 - Q:p more precise measurement
1 23_ - than Qppo
“r ¢ . « independent from pp
N o S s L TR S . reference
¥ r: e some sources of systematic
0.84 - uncertainties cancel in the
0.6 D, charged particles @ — ratio
04 ~ontral: 0-10% ZN energy . Hint of Q;p>1in3 < pr< 8 GeV/c
0.2~ Peripheral: 60-100% ZN energy @ 1 [for D mesons with 1.5 o
- - significance
OO [ 5| L1 | |1|O| L1 |1|5| L1 |2|O| L1 | | L1 1| | L1 1| | L1 - Radlal ﬂOWf)

= Initi inal- ?
,0 (GeV/c) Initial or final-state effect
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Charm-hadron ratios
In small systems




Charm-hadron ratios

(B

ALICE
OD1.8_III|IIII|III.I|:III|IIIIIIIIIIIIIIII|IIII|IIII_ o 1_IIIIIIIIIIIIIIIIIIIIIIIII_
= o ALICE Preliminary yl<0.5 ] 0 0 95 ALICE Preliminary y|<0.5
N — — + 0 — —
QO ' ®opp Vs=502TeV i O "F wm pp, (s=5.02TeV ]
1 4 ¢ PPb.ysy=502Tev - 0.8F ¢ p-Pb, |5, =5.02 TeV -
r Pb-Pb, |s\\=5.02 TeV, arXiv:1804.09083 ] - Pb—Pb, {s,= 5.02 TeV, arXiv:1804.09083 .
1 oL ® 0-10% 7 0.7 e 0-10% =
T 30-50% D*+/D0 - : 30-50% -
1—_ A 60-80% ] 06:_ A 60-80% DS+/DO e
: 0.5 i =
| . 0.42— %: _ i —i
l H i 0.32— % ' {h =
E 0.2F . T 4 E
+£0.7% BR uncertainty not shown E 0.1= 13 7% BR uncertainty not shown E
o b b b b b b b b L o :111111111111111111111111[:
057770 15 20 25 30 35 40 45 50 % 510 20 25
P, (GeV/c) P, (GeV/c)
Relative abundances of D*+/D% and D<#/D0 compatible in pp and p-Pb collisions
e and also consistent with measurements in ete- collisions at LEP Giadilin, EPJ C75 (2015) 19
Hint of a enhanced production of Ds
w.r.t. non-strange D meson (D9) in
Pb-Pb collisions
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investigating
the high
multiplicity

p-Pb collisions

+

Q 2 < p_<4GeVic 4<p_<6GeVic 6<p, <8GeVic
+
a

Light flavour
sector:
strangeness
enhancement
with multiplicity

iIn small systems.

Heavy-flavour?

NI A BRI R

' DJ/D* | ] |

L 10 102

10°

/D

e 8<p_<12GeVic 12<p_<16GeVic <chh/d '7>|,,|<0_5
T T 1 ALICE Preliminary
| i * * pp Minimum Bias, s = 5.02 TeV
I 1 <;> | @ p-Pb,|s, =5.02TeV
0.5} I + 1 * | SPD multiplicity classes
|

IIIIII 1 1 IIIIIII 1 1 IIIIIII 1 11 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 11 i4.3°/° BR uncertainty nOt Shown

10 102 10° 10 102 10°
(dN_/dr) (dN_/dn)

7|<0.5 In|<0.5

D</D+ measured as a function of multiplicity in different pr ranges
e compatible ratios in pp and p-Pb collisions
* no dependency vs multiplicity with the current uncertainties

Charm-hadron ratio: strange/no-strange %

ALICE
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collectivity in
high-multiplicity
p-Pb collisions?




HFe-hadron azimuthal correlations (¥
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— —— _on° . - o - o . .
8 04F == = 0:20% VOA class 3 0-20% and 60-100% 0-Pb collisions
, - *=60-100% VOA class 1 |+ multiplicity selected via VOA at
S e 0.3 — arx"’=13°5-°4§§7 3| forward rapidity 2.8 < n< 5.1
LILZ g 0.2 -+ —¢—T++ = |+ hint of a enhancement of near-
o 01 L = D= = S — and away-side peaks distribution
—| < - —— —— - .
NI o 2 I S *—+r—— | Incentral 0-20% p-Pb
L — .
T 21—0-1:_.Baseline stat. unc. 0-20% 3% Ag-correlated syst. unc. =
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—1 0 1 2 3 4 AQ (r5ad) % 451 AUCE | (cb)e-charged parile comeation
= - p'Pb-VS_;N=5-02 TeV 2<pe<4Gevic,-126<y° <034 ]
< - <1. ]
: : : dle |(?)72|0%)-(60-100%) 0.3 <p"<2GeVic .
= |et contribution subtracted: 1S F -
. . . T © - iv* ]
high-multiplicity - low-multiplicity events 3 44% arXiv:1805.04367 :
1Sk :
HM LM o €k .
1 dNab) <1 dNab> ( N g
— — | — = P|l1+ 2 2 X v2v2 x cos[nAg] 4.3 e
= -o- Data B
Na d(Aw) Na d(AQD) sub n=1 E —a[1+2V, cos(Ap)+ 2 V,, cos(2A9) ] E
L —— a=4.356+0.004 -
E - V,,=-0.0003 + 0.0007(stat.) E
Azimuthal modulation remains! | 42 =7 V2,=00040200007st) = - o
0 0.5 1 15 2 25 3
A (rad)
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HF-decay lepton vz in p-Pb %

ALICE

V2. second-order coefficient of the Fourier expansion of the azimuthal distributions of particles

T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0_2__ ALICE

B —0— (c,b) —e,Inl <0.8, 1Ayl <1.2 ]

_ p-Pb, VS_NN =5.02 TeV —— Charg. part., Inl <0.8, 0.8 <IAnl < 1.6 .

~ (0-20%) - (60-100%) —¢— u, p-going-4<n<-2515<IAgl<5
0.15__ —+— u, Pb-going -4 < n<-2.5,1.5<IAn <5 ]
B — ]

- H L i
0.1— H —
P :

L —}— ]
0.051 W= + | -
L —— T ]

oL  arXiv:1805.04367 -

_I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |_

1 2 3 4 ) 6

p. (GeV/e)

« HF-e v>>0in 1.5<pr<4 GeV/c in high
multiplicity events with significance >5 o

» sizeable effect, possibly lower than
charged-particles maximum, and similar
to inclusive muons at large rapidities
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HF-decay lepton vz in p-Pb

(B

. . . . ST . ALICE
V2. second-order coefficient of the Fourier expansion of the azimuthal distributions of particles
N N I B LA LN BRI
0.12 — ALICE Preliminary Inclusive u* ]
L p-Pb \'Syy = 8.16 TeV p-going:2.03<y_  <3.53 -

v,{2, lAnl > 1)
o

o
o
o

" [ Multiplicity class CL1: 0-10% Pb-going: -4.46 < Y <29

()]

0.06 |- : + -
- T L —

B ] é_ i
0.04 —
K Systematic Uncertainty ]

0.02 —— p-going =
- —}— Pb-going i

O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 5 6
P, (GeV/c)

NEW! p v2 measured in different collision energy Vsnn = 8.16 TeV, in an extended prrange
 where HF-u components dominate
Analysis Strategy: Q-cumulants with 2-particle correlations

0-10% high-multiplicity class: CL1, Nyackiets= # track segments in the two innermost layers of the ITS

similar values at forward and backward rapidities
M v2>0 in 2<pr<6 GeV/c in high multiplicity events with significance >3 o

- compatible with HF-e and inclusive p in p-Pb collisions at 5.02 TeV
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Conclusions ®

§1.87T\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\T7
& [ ALICE Preliminary  p-Pb, s, =5.02 TeV

* Ryrw Of heavy-flavour hadrons compatible with unity and 18 pomoma, 0% o0
described by models including CNM effects o |

- Measured D-meson Rppp at high pr disfavours QGP models
that predict a significant suppression at high prin p-Pb

collisions
- suppression in Pb-Pb collisions at intermediate pr is due b T
to final-state effects p. (GeV/c)

- Investigation of high-multiplicity p-Pb collisions:
« D-meson Qupp compatible with unity
 Hint of D-meson Qcp > 1 at low-intermediate pr
« No modification in the ratios of strange/non-strange mesons in
different systems and vs multiplicity
* Non-zero v» for HF-decay leptons in high multiplicity events
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Conclusions

* Rpprp Of heavy-flavour hadrons compatible with unity and
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C.Terrevoli 18



Conclusions

* Rorn Of heavy-flavour hadrons compatible with unity and
described by models including CNM effects
- Measured D-meson Rppp at high pr disfavours QGP models
that predict a significant suppression at high prin p-Pb
collisions
- suppression in Pb-Pb collisions at intermediate pr is due
to final-state effects

NhAalAaarv mnn“ﬁf\f\'ﬁon factor

* Investigation of high-multiplicity p-Pb collisions:

Q1.8J\H‘HH
o

‘ L ‘ L ‘ L
2 [ ALICE Preliminary  p-Pb, \sy =5.02 TeV
L = Prompt D mesons, -0.96<y__ <0.04

TT T T[T
I I

. AZ, lyl<0.5, 0-80%
p-Pb reference from JHEP 04 (2018) 108

1.8 p-P

1.6

1.4F

1.2

7\\\\‘\\\\‘\\\\‘\
" ALICE Preliminary

b, {Syy = 5.02 TeV

ﬁ%ﬁmgq T T

= Charged particles

‘ T 17T ‘ 1T 17T I T
Average D°, D¥, D*

/D"

« D-meson Qupp compatible with unity ch
 Hint of D-meson Qcp > 1 at low-intermediate pr

- No modification in the ratios of strange/non-strange mesons in
different systems and vs multiplicity

2<pT<4GeV/c

it +*

4<pT<6GeV/c

q) h

T
6< P, <8GeVic

:H+

L
[a]

D/

- Non-zero v for HF-decay leptons in high multiplicity events ¢,

0.5

8<pT< 12 GeV/c

12<pT< 16 GeV/c

PRI PRI EEETE T BT
10 12 10°

(N _/dn)

ch [n[<0.5 ]

1 ALICE Preliminary

pp Minimum Bias, s = 5.02 TeV

@ p-Pb,|s, =502TeV
SPD multiplicity classes

.| 4.3% BR uncertainty not shown

C.Terrevoli 18

HF production in p-Pb with ALICE



Conclusions

&1.87\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
[ ALICE Preliminary  p-Pb, (s, =5.02 TeV

* Rpprp Of heavy-flavour hadrons compatible with unity and s
described by models including CNM effects i3 :
- Measured D-meson Rppp at high pr disfavours QGP models
that predict a significant suppression at high prin p-Pb
collisions
- suppression in Pb-Pb collisions at intermediate pr is due
to final-state effects

g2 i
iy . AL lyI<0.5,0-80%
p-Pb reference from JHEP 04 (2018) 108

T T 71T ‘ T 1T ‘ T 17T ‘ 1T 17T ‘ T 1T ‘ T 17T ‘ 1T 17T I T
] = ALICE Preliminary e Average D°, D*, D**

1.8 p-PDb, {5y = 5.02 TeV = Charged particles ~ —|

1.6 =
1.4 -
- .-l-..--.l;ll'hrh_L . N

I I I

NhiAalAaar mnAiFinﬂHon factor
P2l

- Investigation of high-multiplicity p-Pb collisions: £ T e r "
« D-meson Qyrp compatible with unity 3 | Poos <" Jo.0s
o Hi - =1 I € 0.6 o AYD° -
Hint of I?_me_son. CQcp > 1 _at low-intermediate pr °T Hi R e 760 2016y 20
- No modification in the ratios of strange/non-strange meg | I ~e- P/, PLB 728 (2014) 25-58
different systems and vs multiplicity D 0.4 +4
- Non-zero v for HF-decay leptons in high multiplicity e *
_ — _
0.2_—* H __
¢
0 é 1|0 | 1|5 2IO

Charm Baryons-to-meson ratios

C.Terrevoli 18 HF production in p-Pb with ALICE



Conclusions

* Rpprp Of heavy-flavour hadrons compatible with unity and
described by models including CNM effects

- Measured D-meson Rppp at high pr disfavours QGP models
that predict a significant suppression at high prin p-Pb
collisions

- suppression in Pb-Pb collisions at intermediate pr is due

to final-state effects

* Investigation of high-multiplicity p-Pb collisions:
« D-meson Quyp, compatible with unity
 Hint of D-meson Qcp > 1 at low-intermediate pr

- No modification in the ratios of strange/non-strange mesons in’

different systems and vs multiplicity

« Non-zero v» for HF-decay leptons in high multiplicity events

g 1 .87T T ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ T
U:Q [ ALICE Preliminary  p-Pb, (s, =5.02 TeV
1.61 : Prompt D mesons, -0.96<y_<0.04

< 2
<
c r A%, lyl<0.5, 0-80%

- p-Pb reference from JHEP 04 (2018) 108

T T 71T ‘ T 1T ‘ T 17T ‘ 1T 17T ‘ T 1T ‘ T 17T ‘ 1T 17T I T
2[~ ALICE Preliminary e Average D°, D*, D**

1.8~ P—Pb, |5y =5.02 TeV = Charged particles

1.6

NhAalAaarv mnn“ﬁf\f\'ﬁon factor
N

1.4

12}5@%&@& TR S

2<p <4 GeVic 4<p <6GeVic 6<pT<8GeV/c

/D"

i " it

N
-~

B B B B B B B BB
0.2~ ALICE —o— (cb)— e, <08, lAnl<1.2

" p-Pb,\s=5.02TeV _ Charg. part., Iyl < 0.8, 0.8 <Ayl < 1.6

[ (0-20%) - (60-100%) —4— yu, p-going -4<n<-2515<IAyl<5 |
0.15 —+— 1, Pb-going -4 <n<-25,15<IAnl <5 —]

o e
A H_H_
fusS

: %ﬁ%

@
0.05 :—%

A_
N
Wl
o

—~ O
0]

[ GeV/c)

C.Terrevoli 18

HF production in p-Pb with ALICE



Conclusions ®

§1.87T\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\T
[ ALICE Preliminary  p-Pb, (s, =5.02 TeV

* Ryrw Of heavy-flavour hadrons compatible with unity and e
described by models including CNM effects g ]
- Measured D-meson Rppp at high pr disfavours QGP models

< 2
<C
iy r AL lyl<0.5, 0-80%

that predict a significant suppression at high prin p-Pb
collisions

- p-Pb reference from JHEP 04 (2018) 108

NhAalAaarv mnn“ﬁf\f\'l-:on factor
N

- suppression in Pb-Pb collisions at intermediate pris due | © . i i reary - o000
to final-state effects |
. . . . o 12}5@%&@& TR TR
- Investigation of high-multiplicity p-Pb collisions: b e e
» D-meson Qupp compatible with unity
» Hint of D-meson Qcp > 1 at low-intermediate pr i +{ h it
- No modification in the ratios of strange/non-strange mesons in’ i

different systems and vs multiplicity
» Non-zero v» for HF-decay leptons in high multiplicity events = oz e " e -

[ (0-20%) - (60-100%) —4— yu, p-going -4<n<-2515<IAyl<5 |
15— —+— , Pb-going -4 < <-2.5,1.5<lAnl <5 ]

[ p-Pb, {5y =5.02TeV o chao part, i <08,08<a <16 -
Collective effects in p-Pb: origin? Initial- or final-state effects |,

0.1 ‘H‘_E__m—*_
A H_H_
g

: %EL

S
0.05 :—%

A_
N
Wl
o

—~ O
0]

[ GeV/c)

C.Terrevoli 18 HF production in p-Pb with ALICE



Conclusions

* Rpprp Of heavy-flavour hadrons compatible with unity and
described by models including CNM effects

- Measured D-meson Rppp at high pr disfavours QGP models
that predict a significant suppression at high prin p-Pb
collisions

- suppression in Pb-Pb collisions at intermediate pr is due

to final-state effects

* Investigation of high-multiplicity p-Pb collisions:
« D-meson Quyp, compatible with unity
 Hint of D-meson Qcp > 1 at low-intermediate pr

- No modification in the ratios of strange/non-strange mesons in’

different systems and vs multiplicity

» Non-zero vz for HF-decay leptons in high multiplicity events = oz aee
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Data Samples

p-Pb collisions, data samples:

Min. bias Vsnn=5.02 TeV min.bias
Runi 2013 100 M Lini= 47.8 pub-1
Run2 2016 600 M Lini= 292 pub-1

electrons (2016) Vsnn=8.16 TeV min. bias
Trig.1(p>10 GeV/c) Lint = 599 pb-1

Trig.2 (pr>5 GeV/c) Lint = 34.6 pb-1

~20M MB events L, = 10.1 ub-1

Muons (2013) Vsny =5.02 TeV min. bias

Trigger MSL (p; > 0.5 GeV/c) p-Pb Lint = 196 pb~1, Pb-p Lint = 254 pb-

Trigger MSH (p; > 4.2 GeV/c) p-Pb Lint = 4.9 - 103 pb-1, Pb-p Ljnt = 5.8 - 103 ub-1

Muons (2016) /syy =8.16 TeV min. bias
Trigger MSL (p; > 0.5 GeV/c) p-Pb Ljpnt =22 M, Pb-p Lint = 3.4M

Trigger MSH (p; > 4.2 GeV/c) p-Pb Lipnt = 17M > Pb-p Ljnt =34M
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Heavy-flavour hadron decay lepton Rppo

‘forward rapi dity‘ backward rapidity] ALICE

mé; 2; E:p-Pb'\sNN 502 TeV | e A3 2: Ep-Pbl\sNN =502TeV ALICE ’_‘
5 E_Ht(—HF, 2.03<y_ <3.53 (p-going) x~10-5 '2 F w'HF,-446 <y <-2.96 (Pb-going) x~102 3
1.8 i— —— pp rescaled reference 1.8 E_ —— pp rescaled reference _é
1.6 ;— —— Pp p,-extrapolated reference 1.6E —— pp p,-extrapolated reference =
1.4 - =
12F 14F E
1E# 1.2 SR BT ]
0.8F e R I T T =
0.6 === NLO (MNR) with EPS09 shadowing o8 T EEE 2
0.4 f— Vitev: coherent scattering + k broad + CNM Eloss 0.6 ; =e==t NLO (MNR) with EPS00 shadowing _;
0.2 z—_ Systematic uncertainty on normalization 0.4 E-==""= Kang et al.: incoherent multiple scattering -
Cooo o 1o o by by by e s by by oy by | - s : " i —
e e s w0 1 e s o E. . Systgmatic ynoeriaiy on tormalizaten
PLB 770 (2017) 459 P, (GeVic) O 2 4 6 8 10 12 14 16

PLB 770 (2017) 459 p_ (GeV/c)

Forward: T

p
g% Pb ; Pb
o p-going Backward:
R U n 1 \@;\P Pb-going

Different rapidity ranges allow access to different

Bjorken-x regimes

» central and forward production consistent with no
nuclear modification

e hint of enhancement at backward rapidity at low pr

» described by models including CNM effects
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charm hadrons: Family Portrait in p-Pb and Pb-Pb

B 2 i I I I I I LI I I I I ] é 2 i 1 1 1 1 I 1 1 1 I I I I I I I I I I I I I I I I I |
O [ p-Pb, {5 =5.02 TeV s A}, lyl<0.5, 0-80% 1
HCE i -096<y<004 o ) " p-Pb reference from JHEP 04 (2018) 108 i
- . ALICE Preliminary - « Average D°, D', D™, lyl<0.5, 0-10% (arXiv:1804.09083)
.c—D 1 -5_ I 1 5 B D' | o o ]
E i | | & Dy, lyl<0.5, 0-10% (arXiv:1804.09083) i
L.(i) : : ¢ charged particles, Inl<0.8, 0-10% (arXiv:1802.09145) ]
= i 1 R i
O i I i
c 1 - - ----- - -
= | . i i
S T ALICE :
Cj) 0 5-_ _- 0 5- Hg‘}, Pb-Pb, VSNN =5.02 TeV -
Z L = A, pp rescaled reference . w‘H o . H . H i
-  Average D°, D*, D*, pp measured reference - = ' i

B D¢, pp measured reference 7 -=o-lliﬂli-|§|-:&:ﬁ|:$ -
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Azimuthal Flow ®
ALICE

e Signature of collective motion in heavy-ion collisions, due to presence of QGP
* Provide experimental information on the equation of state and the transport properties of the created QGP

3 ﬁ’ Initial spatial anisotropy of peripheral collisions

X * “almond shaped” of the overlap region:
* larger pressure gradient in x-z plane than iny
direction
* particle re-scattering: convert the initial spatial
anisotropy into a momentum anisotropy

Observable: elliptic flow vz

Second coefficient of the Fourier expansion of
the azimuthal distributions of particles

dN

dcp <1+ 2 z vy cos[n(p — Y,)]

low pT: multiple interactions between partons (collectivity)
positive v- for HF hadrons —> charm participates to the collective effects in the QGP
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D-hadron and e-hadron azimuthal correlations

Charged
hadron

ol ALICE
Azimuthal correlations of D mesons and HF decay electrons with investigating
o 4 charged particles: Ag=@ep-¢cn distributions access charm the high
e fragmentation and jet properties multiplicity
D
m=" D-h correlation in minimum bias _ p-Pb collisions

ER [T Plp |a||r‘|d| |D-Pb COIIISIonS T T 1 - e-h co':relatlon: -

B ocrunne | A0 _ different centrality classes inpPb____

21 2—55' 8 < pP < 16 GeV/c, s > 1 GeV/c E 'c'cg 0.7 ALICE (c,b) — e - charged particle correlation

T < - = 06:— p-Pb, s =5.02TeV 5 _ e c4GeV/c,-1.26<y® <034 3

415 L i ()} M -

%Z 1 —}pp, (5=5.02TeV, |y? |<05 ] = 0.5 - Anf<1.2 0.3< pTCh <2GeVic =

W E . : o TUE ~+ 0200 :

o8l —— p-Pb, {5, =5.02 TeV, -0.96 < y° < 0.04 B § 04 :::_*_ 0-20% VOA class E

B B B baseline-subtraction unc. ] | n -#-60-100% VOA class .

0.6:— E%E j; j/ scale uncertainty E}Eglg _: E . 035_ . . _E

-+ E|:|E ) LILZ g 0.2 + - ., =

0.4— — - = -

: - + ] Sl ot - D= =R

02 F + - E T 0.0 = g

O :t#szﬁ ------------------------------ - " | —0.1-WBaseline stat. unc. 0-20% 3% A¢-correlated syst. unc. 3

:I L1 1 | I T | | I T | | I T | | I T | | I T | | L 11 I: _O 2 _.Basellne Stat unC 60 1000/ 10/0 A(p Corr SySt unC In |A(p| ) 1 _f

0 05 1 15 2 25 3 = 1 1 | 11 11 | 11 11 | 11 11 | 1 1 11 | 1 11 1 | 1 11 1 | 1 —

Ao (rad) —1 0 1 2 3 4
A (rad)
arXiv:1805.04367

No evidence of modification of charm
quark production and fragmentation in
different collisions systems.

* references for future Pb-Pb measurements

hint of a enhanced of near and away
side peaks distribution in central 0-20%
p-Pb collisions than in 60-100%
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muon V2

f-JH B I I I I I I I I I I I I I I I I I I I I I I I I I
2-particle correlation<(2>>n — ((COS n(gpl — goz)» A 0-12 = ALICE Preliminary Inclusive p*
Cumulants expressed in terms of S qLPPP Vs =816TeV P-going: 2.03 <y, <353
azimuthal corr. ¢, {2} = ((2))n o ~ Multiplicity class CL1:0-10%  Pb-going: -4.46 <y_ _<-2.96
>"0.08
Cumulants are
directly related to the Fourier coefficients 0.06

1

Systematic Uncertainty

vn{2} = v cni2} 0.04

oIIIIIIIIIIIIIIIII

0.02 — —f— p-going
—}— Pb-going
(g J T | I TN N TN AN TR T SO SR [N TN RN TR TR NN TN SR T T N T S
1 2 3 4 5 6
Rapidity gap between Particle of interests (F p. (GeVic)
Particles: muons (forward rapidity)
v2 calculation: d,{(2)
- reference flow voref= v ¢n{2} v2{2}(pT. M) =
- d={2}: differential cumulants (POI correlated with 1 reference particle) €212}

Non-flow subtracted: few particle correlations not associated to the common symmetry plane
Correlations between particles in jets, or from resonance decays, etc.

¢ Non-flow subtraction: estimated in pp at 13 TeV

pr,sub(pT) _ d2* (pr)—k-d2 (pr) L — <M>PP(0—100%)

UQ chb_k.cgp T <M>pr(ce,nt)

Non-Uniform-Acceptance corrections

36



V{2, [Anl > 1}

muon V2

ALICE ATLAS
https://cds.cern.ch/record/2244808
N LI L L I L LI I REEREARL R AN
0.12 |- ALICE Preliminary Inclusive u* - R ogl. ATLAS Preliminary 0.5<p<5 GeV |
B _ Al 8 fe  _ -1 rec a
- p-Pb \/?NN =8.16 TeV p-going: 2.03 < Y ous <3.53 A > i p+Pb \ SNN‘8'16 TeV, 171 nb N ¢, 2100 |
o :_Multiplicity class CL1:0-10% Pb-going:-4.46<y < -2.96—: - h-u Correlations
: ous ) 0.06 ¢ —
0.08 — — - =
- . - I P ]
0.06 [~ ] 0.04 .
: 1 == i I ? ]
0.04 T — - ]
B Systematic Uncertainty ] - ¢ 7
_ _ ] 0.02— —
0.02|- —— p-going . i |
- —}— Pb-going . I ]
O L L L L l L L L L l L L L L l L L L L l L L L L l L L L O L1 1 1 I L1 1 I L1 1 | | L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I | L1
0 1 2 3 4 o 6 4 4.5 5 5.5 6 6.5 7 7.5 8
p. (GeV/c) pﬁ [GeV]
muon vz

azimuthal correlation with charged
particles and muons

In|<2.5
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Charm hadron ratio: strange/no-strange %

investigating

the hlgh é 2<p.<4GeVic 4<p <6GeVic 6<p <8GeVic
multiplicity pp g
and i T

p-Pb collisions

o it g oM +

P Lol sl sl L
| LR LR L
la) 10 10° 10°
=~ 8<pT< 12 GeV/c 12<pT< 16 GeV/c <chh/dn>|
Dw 1|<0.5
r T 7 ALICE Preliminary
* i * ] o5 pp Minimum Bias, ¥s = 5.02 TeV
i + 1 ]l @ p-Pb,ys,, =502TeV
o5} ! 1

+ SPD multiplicity classes

o il il L +4.3% BR uncertainty not shown

10 102 10° 10 102 10°
<chh/d 77>|n|<o.5 <chh/d 77>|

1n|<0.5

Ds/D+ measured as a function of multiplicity in different
T ranges

* ratios compatible in pp and p-Pb collisions
* no dependency with the current uncertainties
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Charm hadron ratio: strange/no-strange %

investigating - ALICE
the hlgh é 2<pT<4GeV/c 4<pT<GGeV/c 6<pT<SGeV/c
multiplicity pp =

1_ — -

SRy ‘4 "ﬁ a 4 +*% Hi

10 102

and
p-Pb collisions

+ 3
() 10
— 8<p_<12GeV/c 12<p_<16 GeV/c (dN /d77>
o T T ch 17]<0.5
r T 7 ALICE Preliminary
i * i * ] 25 pp Minimum Bias, Vs = 5.02 TeV
| + ¢ 1 ]l @ p-Pb,ys,, =502TeV
0.5l | 1 SPD multiplicity classes
I

arXiv:1804.09083
VO multiplicity classes

* 1 O Pb-Pb, s, =5.02 TeV

ol 1 vl 1 vl 1 L1 vl 1 Lol 1 vl 1 Ll i4'3°/° BR uncertainty nOtShown

10 102 10° 10 102 10°
(dN_ /dm) (dN_ /dn)

|171<0.5 |171<0.5

Ds/D+ measured as a function of multiplicity in different
T ranges

* ratios compatible in pp and p-Pb collisions

* no dependency with the current uncertainties
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New pp reterence: better precision at low pt

& 1 _8 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | T 11 | 1
IQ ~ ALICE Preliminary  p-Pb, \s, = 5.02 TeV
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