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Open heavy-flavour production :

. _ ALICE
& pp collisions:

¢ Test pQCD calculations
¢ Study hadronization mechanism
¢ Set a reference for p-Pb and Pb-Pb
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Open heavy-flavour production :

ALICE
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¢ p-Pb collisions

¢ Study cold nuclear matter (CNM) effects (nPDF, shadowing, gluon

saturation, kt-broadening, energy loss in CNM in the initial and
final state)

¢ Address possible collective effects and effects related to the
(possible) formation of a QGP in p-Pb collisions.
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Open heavy-flavour production :

ALICE
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¢ Pb-Pb collisions
¢ Heavy-quarks effective probe for the properties of the hot and dense
QCD matter produced in heavy-ion collisions

O Heavy-quark energy loss
O Quarkonium dissociation/regeneration
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Open heavy-flavour production :

ALICE
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& Pb-Pb collisions

¢ Heavy-quarks effective probe for the properties of the hot and dense
QCD matter produced in heavy-ion collisions

O Heavy-quark energy loss
O Quarkonium diSSOCiation/regeneration See talk of Enrico 8comparin
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Heavy-quarks in AA: General Picture

ALICE

¢ Heavy quarks produced at the early stage of the collision (At~ 1/2m ~ 0.01-0.13 fm)

€ Traverse the hot and dense medium:

[ Thermal production in the medium expected to do not play a major role (depend from
initial temperature) Phys.Rev. C51 (1995) 33263335

[ Thermal production from hadronic matter (i.e tN—AD) expected to play a minor effect

Phys. Rev. C56, 2707 (1997)

“€C

Expected to lose less energy than light time
quarks and gluons due to color-charge and >

dead cone effect — higher penetrating
power 1into QCD medium.

Yu. Dokshitzer and D.E. Kharzeev, Phys.Lett. B 519 199-206 (2001). Armesto, Carlos A. b |l'|
Salgado and Urs A. Wiedemann. PRD 69 (2004) 114003 P'o ¢

M. Djordjevic, M. Gyulassy, Nucl. Phys. A733 (2004) 265. 1

Eloss(light) > Eloss(C) > Eloss(b)

¢ What about charm strange hadrons (Ds)? If quark coalescence dominant mechanism of
charm hadron formation at low pr— strange charm hadrons strongly enhanced.

I. Kuznetsova and J. Rafelski, Eur.Phys.J. C51 (2007) 113-133.
M. He, R. J. Fries and R. Rapp, arXiv:1204.4442 [nucl-th].
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One observable: Nuclear Modification Factor

ALICE
[A Observable: Nuclear Modification Factor

PbPb measurement

§

Tan) dopp/dpr  QCD vacuum

1 dNxa /d CD Medium
Raa(pr) = < aa/dpr QO @

[F] What are the possibilities? pp reference

* If no nuclear effects present: Raa =1
o Effects of the hot and dense medium 0

produced 1n the collision break binary
scaling: Raa # 1

Raa(light) < Raa(D) < Raa(B)
several caveats to take into account!!

[ But also cold nuclear matter effects may lead to Raa # 1 (needs solid pA
reference)
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.. a more differential one: elliptic flow

s pressure and
multlple collisions
:1\

\

coordmate space.  reaction plane momentum space:
initial anisotropy final anisotropy

€ Quantified via the 2nd order Fourier coefficient v, (elliptic flow)

% = 12\7—7(%(1+2V1 cos(o —Wrp) +2v2cos2(9 —WYgp) +.....)

¢ Carries information on medium transport properties:

& Low pr: do b and c take part to the collective motion?
& High pr: path-length dependence of parton energy loss
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Open heavy-flavours in ALICE .

¢ Charmed hadrons in |y[<0.5:

DVI—>K-n*

D**—D0x*
Dt—K-ttn*
Dts—O(K-K*)nt
Ac—pK-tt and pKY
Act—etA(pm)ve
El—et+E-(mA)ve

¢ HF-hadron decay electrons (c,b hadrons — €X) in |y|<0.9
¢ HF-hadron decay muons (c,b hadrons — uX) in 2.5<y<4

€ B mesons via non-prompt J/¥ (b hadron — J/¥X with J/?¥ in e*e) in |y|<0.9

& HF-jets production, correlations with charged particles, ...
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ALICE

Open heavy flavour production
in pp collisions



D-meson production cross section at 5 and 7 TeV

5 TeV 13 TeV ALICE
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S ALICE Preliminary, pp, \s=5 TeV- - S . 7
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arXiv:1702.00766

A D-meson (D°, D+, D** and Ds*) production cross section
measured at several collision energies

¢ Down to pr=0 for DO at 7 TeV
& pQCD calculations describe the data within uncertainties,
data uncertainties much lower than theoretical ones
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https://arxiv.org/abs/1702.00766

Electrons from heavy-flavour hadron decays

13 TeV 7 TeV PLB, 721 (2013), 13-23 ALICE
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uons from heavy-flavour hadron decays
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8 TeV
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ALICE Preliminary

pp, \s=8 TeV, 2.5<y <4

3% normalization uncertainty not included
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| ALICE Preliminary
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ut <« HF, FONLL
pp, \s=8 TeV

u*  HF, 2<p <20 GeV/c —*= data

3% normalization uncertainty not included

¢

¢

................................

................................

ALICE

[ Cross section at 8 TeV in 2.5<y<4 rapidity integrated (left) and vs rapidity (right).
Similar agreement with pQCD calculations (FONLL) as the one found at central
rapidity
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ALICE

Can we dig a bit more?

¢ Role of multi-parton interactions
¢ Hadronization mechanisms



Production vs charged particle multiplicity

/dy

neHF

dN
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10 ~ B — D feed-down unc. not shown [ﬂ =
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ALICE

¢ Yield of forward HF-decay muons
iIncreases with charged particle
multiplicity at central rapidity

[ Faster than linear increase at high
mult.

4 Similar trend for HF-decay muons
(2.5<y<4) and D mesons (lyl<0.5)

M Model calculations need to include
multiple parton interactions to
gualitative describe the trend (see D
mesons in backup)

M pr dependence?
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Baryon to meson ratio in pp (and p-Pb): Ac

&

[ Further understanding of charm hadronization models: ALICE

O

€ Do we know charm fragmentation in baryons?
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PYTHIAS8: Comput. Phys. Commun. 178 (2008) 852-867, CR, ropes: Phys. Rev. D92 no. 9, (2015) 094010,
, HERWIG: Eur. Phys. J. C58 (2008) 639-707
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Baryon to meson rat
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ALICE

Open heavy flavour production
in p-Pb collisions

& Reference for cold nuclear matter (CNM)
effects.

¢ Initial/final-state effects (nPDF, saturation, kt
broadening, energy loss)

¢ Role of collision geometry/multiplicity
density

¢ Collective effects in small systems?



D-meson production :

(do/dpT)ppb ALICE

Rypy =
P A X (dU/de)pp
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G 10 = @ E B o D° _
3 [ ® : gt D

C 7 & D i
~ B o ¢ p-Pb . - ° :
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- —0— i g ey oL ey | Cm— BR— H .......................... I_
E Systematic uncertainties ¥ E L |
- |:’ Data . - 0,5_— n
1 = B feed-down T E - .
- +1.0%BR systematic uncertainty not shown . . ALICE-PUBLIC-2017-008 |

Coovaoa oo b b b b b 1T o b b b b L Lo 1y

0 5 10 15 20 25 30 35 % 5 10 15 20 25 30 35
P, (GeV/c) [ (GeV/c)

] Raa of strange and non-strange D mesons compatible with unity. Consistent
with small 1nitial state effects at LHC.
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D-meson production .

ALICE
f _I T T°1 I T 1T I T T T I T T1 I T 17T I T T T I T 11 I I I_
all 1 6Z_A_LICE Preliminary p—Pb, \/s\=5.02 TeV E
- Prompt D -0.96<y <004 ] : : :
L 2 rompt D mesons, :9.96</,,<09% 1 [ Described by models including
1.4 = = Average D°, D*, D* g
=) . cold nuclear-matter effects
120 # = -
i 1 [ Described my models including the
1l . .
IElE [ formation of QGP in p-Pb:
i g = data disfavour suppression
0.6 g ) —: >~15% at hlgh'pT
¢ /.. CGC (Fuji-Watanab : ' .
0.4]/ === FONLL with EPPS16 hPDF E = need to improve the precision of
;// EQE; St ai.: oonerent mulfiplo scattering o the measurement for a more
1 - uke _| :
0.2) =" POWLANG (HTL) § conclusive statement
U POWLANG (IQCD) ]
_I L 1 1 | I | | I | | I I | | I I | | I I | | I I | | | I_
® 5 10 15 20 25 30 35

o (GeV/e)
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D-meson production :

ALICE
f _l]lIIIIIIIll|]IIIIIIII]]IIIIIIII]]III_
Q:Q 1 6Z_A_LICE Preliminary p—Pb, \s\y=2-02 TeV _
C Prompt D -0.96<y__ <0.04 : : :
L 2 FOMPE = MESONS, ™25 ang= [ Described by models including
1.47 = Average D°, D*, D*

cold nuclear-matter effects

[ Described my models including the
formation of QGP 1n p-Pb:

= data disfavour suppression
>~15% at high-pr

3 //- - -. CGC (Fujii-Watanabe)
—= FONLL with EPPS16 nPDF

..... Vitev et al.: power corr. + k_broad + CNM Eloss

= need to improve the precision of
L garllg et al.: incoherent mulfiple scattering the measurement fOI' d mMorc
..... uKe

0.2 " POWLANG (HTL) conclusive statement
ro POWLANG (IQCD)

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
OO S 10 15 20 25 30 35

P, (GeV/e)

0.4

|IlI|]II|III|IlmII|III|III|

I
—
1

L1 1

New pp@ 5 TeV reference will improve significantly the measurement

30/10/2017 Alessandro Grelli




D-meson production vs centrality .

AN%% / dp ALICE
C7
ALICE-PUBLIC-2017-008 Q0—10 --'0(]) )= pPb T
pPb T
E_) T T T I T 17T | T TT I 1T T | 1T 17T | T TT I 1T 17T | 1] <TAA > o x dG / de
O 2:_ ALICE Preliminary ° Average DO’ D+, D** —: 0-10% PP
1.8~ P-Pb, \ s = 5.02 TeV = Charged particles
: : i2.5'_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ g2‘5'_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
1.6— — o ALICE Preliminary . o
B 1 ] i p-Pb, \ sy = 5.02 TeV ] - ¢ Average D°, D', D, 60-100% ZN energy 7
1.4 - = 2 0 ot s - 21— = Charged particles, 60-80% ZN energy
B B ® Average D", D", D*", 0-10% ZN energy - 5
1.2 - ] o Charged particles, 0-5% ZN energy
1_ I{ 1.5_— ——
0.8fF — [ |ﬂ1|=
— 1 o oaal | o IGRRERI & SRR I gl II'
o = - ¥ + 1
0.6 . ;
0.4 — 0.51- )
- Central: -10% 2N energy ] - :
0.2~ Peripheral: 60-100% ZN energy N
[ ] 0llIIIlIIlIIlIIIIIIIIIIlIIlIIlIIlIlIIl
0 oo v oo b b v b Ly T 0 5 10 15 20 25 30 35
0 5 10 15 20 25 30 35

P, (GeV/c)

€ Hint for D-meson “Central-to-peripheral” ratio (Qcp) larger than unity
v 1.56 in 2<p1<8€ GeV/c
€ Very similar to charged pion Qcp
Initial-state effect? Mass effect? Radial flow?
... need comparison with theoretical calculations
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Heavy-flavour decay electron v- :

‘I_/\ — T T I T T T T I T T T T I T | l T T T T I LI T I T T T T I T ’,_/-\ B T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I I_
k) 0.7 — ALICE Preliminary (c,b) — e - charged particle correlation — 'S 4.50— ALICE Preliminary (c,b) — e - charged particle correlation —
f; 0.6 PP \Sy=502TeV 5 pe <4 GeVic, 126 <y5, <034 3 O:’ ~ P-Pb, 5, =502TeV 45 pe<2GeVic,-1.26 <yg <034 ]
£ - jAnl<1.2 assos 1 8 |e 445 Anl<12 assoc —
(4] — —- _ yo) ~ =
o - -©-0-20% VOA class = - .

04— T — =~ 4.40— 7
| - 1 Tk TE .
é S 0.3 +60-100% VOA class - GTJ n -
=13 - ~ " —o-—0— = —g 43%= ==
© 0.2— —- —- O o — 92 N _
t — p— — —
— - —- e - u N
S0 5 0= e = 4.30— =
7 = %= g —~0—0— B - ]
o 0.0 sl TR B i
- 3% syst. Ap-uncorrelated unc. T - —Fi 7]
< -0.1E R Baseline stat. unc. 0-20% 1o syst.uno. in pof < 1 - Fit [T+ 2v; ,c08(A9) +2v, COS(2A9)] .
= : B - - — 8, === V,,modulation -- v,, modulation -
_o0.o_M Baseline stat. unc. 60-100% not shown ] 4.20— —
_ | 1 | 1 | 1 | | | | 1 | | | | | | | | 1 | | | | | | 1 | | | | | | I: B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | l_

-1 0 1 2 3 4 5 0 0.5 1 1.5 2 2.5 3
A¢ (rad) A¢ (rad)

[A Analysis of electron-hadron azimuthal correlations in 20% collisions with
higher multiplicity

[ 60-100% multiplicity class used to subtract the jet contribution
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Heavy-flavour decay electron v- .

3 02 _I I | | | | I | I | | | I I | | | | I | | | | I | | | I _ HLICE
= 18: ALICE Preliminary ] <1 m
@ - p-Pb, \s,, =5.02 TeV (6.0) e, An| < .
d 0.16 nl <0.8 - Charg. particles, 0.8 < |[An| < 1.6 -
o = ' PLB 726 2013 164-177 .
(Q\| 0.14— (0-20%) - (60-100%) —
S o012 e " E#l =
0.1 EIL_ B l =
0.08 H- I -
0.06 o) N -
= ut L[ .
0.04 [ =
0.02— —
_I | | I | | | | I | | | | I | | | | I | | | | I | | | | :
0 1 > 3 4 5 6
p_ (GeV/c)

¢ Positive v» measured for heavy-flavour decay electrons at ~4.4c:

M Initial-state effects, collective effects?
[M Data suggest a v- comparable with the one of charged particles
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Study of HF jet production in p-Pb (and pp) :

.._'_| = T T T T I T T T T | T T T T T T T T I T T T T -] ‘l'__'l T T T T | l. I' T T | T T T T I T T T T | T T T H LIC E
S — ALICE Preliminary = ) — ALICE Preliminary 7
> [pp\s=7TeV - > 10=p-po, 5, =5.02Tev =
5 10 ECharged Jets, Anti-k;, R = 0.4, |njet| <05 = o) — Charged Jets, Anti-k;, R = 0.4, l’]jetl <05 -
2 ~ with D, p_ >3GeV/c | paia ] s _ with D", p__ >3 GeV/c il
2 ’ — =2 : —
= = e Data 3
_ Syst. Unc. (data) ] "y r 3
102> = < P -
c\gg.- - o L o POWHEG+PYTHIA6 3 o5, Flo Syst. Unc. (data) :
8 . []Syst. Unc. (theory) - olgT H [T o POWHEG+PYTHIAG x A
; 1077 . [_] Syst. Unc. (theory) =
107 ¢ 3 — ® 3
- . - s -
ol i ] 107 i =
- s -
>.. - + — > — | I | | | | I ! | l | | —
(@) - - F— — 3
o e — (@] 2 1 + ___________________ _:
S S = g el : -
- E E : 15 S I R Ea— SR SE— +
| s e s S B = s Bl L] E
S = E 8 F E
05 E_ .................................................................................... _E 05 ; ______________________________ _:
O - T T S S 3
5 30 0
5 10 15 20 25 30
(GGV/C) p _ (GeVlc)
T,ch jet

v D-jet spectrum measured down to pr=5 GeV/c — strong constraint for theory
V] Described by POWHEG+PYTHIA6 (Perugia 2011 tune) simulation within uncertainty
V] Unique opportunity to study charm jet properties and structure (... in Pb-Pb)
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ALICE

Open heavy flavour production
in Pb-Pb collisions

Note: lead ions are extended objects therefore collisions can be
classified based on “centrality”. In central collisions, i.e 0-10%,
we have larger overlap than in peripheral.

participants

before collision after collision



D-mesons Raa :

JHEP 03 (2016) 081  ALICE-PUBLIC-2017-003 ALICE
E 2_|||||||||||||||||||.|||-||||||||||||||||| T IIII_
A ’ 8:— ALICE Prellmmary B [Z ALICE measured non-strange D
' B Average DO, D*, D*, y|<0.5 . mesons Raa in LHC run I and II in
1.6+ 0-10% Pb-Pb \s,, = 5.02 TeV — several centrality regions
1 4: ¢ 0-10% Pb-Pb \ s, = 2.76 TeV, JHEP 03 (2016) 081 ’
“Tp | 9090% PhPb sy, = 5.02 TeV 1 [ Run I data: extended pr reach and
" = 30-50% Pb-Pb |s,, = 2.76 TeV, JHEP 03 (2016) 081 ’ . . .
1.2 = increased statistical precision
1?'- _____ 'Ff'iéé'fé?k_é}é?'rib_r'és_ééie'ﬁ'r'éf'ér'éjéé ________________ e [ Similar suppression at 2.76 and 5.02
0.8l OPen merers: pp pyexiapoialed reietEnee - TeV .. that cannot be explained with
0 6:m N initial state effects
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D-mesons Raa

JHEP 03 (2016) 081 ALICE-PUBLIC-2017-003
< 2_]]II|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_
< - . -
T 4 gf ALICE Preliminary E
- Average D’, D*, D*, |y|<0.5 ]
1.6+ 0-10% Po-Pb \s,, = 5.02 TeV -
B ¢ 0-10% Pb-Pb \s,, =2.76 TeV, JHEP 03 (2016) 081 _
1 4 | m 30-50% Pb-Pb \s,,, = 5.02 TeV ]
B = 30-50% Pb-Pb \s,, =2.76 TeV, JHEP 03 (2016) 081 _
1.2 -. Djordjevic | s,,=5.02 TeV i
gfl - Diordievie \sy=276TeV -
i Filled markers: pp rescaled reference 30-80%_]
O . 8—_“ Open markers: pp pT-extrapoIated reference ]
06: 1 - _i
gl BE :
AN s LR
0.2 HE o i —
L @V?J !i w _
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III_
O 5 10 15 20 25 30 35 40 45 50
p_ (GeV/c)
T
30/10/2017 Alessandro Grelli

ALICE

[ ALICE measured non-strange D
mesons Raa in LHC run I and I 1n
several centrality regions

[ Run II data: extended pr reach and
increased statistical precision

[ Similar suppression at 2.76 and 5.02
TeV .. that cannot be explained with
initial state effects

Expected from theory calculations

as a consequence between the balance
between harder spectrum and denser
medium

Djordjevic, Phys. Rev. C92 (2015) 024918
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D-mesons Raa: comparison with models

< 21IIII IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII_ HLICE
o, o ALICE Preliminary Transport models

1 8:_ 0-10% Pb-Pb, V SNN =5.02 TeV - PHSD PRC 93 (2016) 034906 (collisional + radiative energy loss,
1 | 6 il | 1% | <0.5 recombination, hydro and nPDF)

— i BAMPS el.+rad. LBT arXiv:1703.00822 (collisional + radiative energy loss,

i BAM PS | recombination, hydro and nPDF

1 4% * Average D, D', D™ """ SoiaNG HTL ’ )

;5% ______ PHSD BAMPS J. Phys. G42 (2015) 115106 (collisional + radiative
1.2 == ——— LBT energy loss, hydro)

E - == TAMU

POWLANG EPJC 75 (2015) 121 (collisional energy loss,

Filled markers: pp rescaled reference recombination, hydro + nPDF)

Open markers: pp p_-extrapolated reference TAMU Phys. Lett. B735 (2014) 445 (collisional energy loss,
O . 8 M recombination, hydro + nPDF)
0.6
"j’: \
o =3l
" - el l\ = :
0.4F ﬁ B Tor C i I
O . 2 é %’x‘é\g{-ﬁ H _Fg;*_“m\‘_“.\\.lﬂﬂ‘.'. """""""""""""""""" —
B ”///,,,fm,, nﬂ\-\ ...... 7
O l 111 I L1 l’ ll,“lm;“ll“ “I”Il\“\l\ |/, A | L 111 I 1111 I 1111 I 1111 I L1 1 N

0 5 10 15 20 25 30 35 40 45 50
P, (GeV/ce)

M Radiative energy loss needed to describe the data at high pr while at low pr collisional + shadowing
improve the data description
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D-mesons Raa: comparison with models :

Filled markers: pp rescaled reference

< 2L| 1T | 1T T | T T | T T | 1T T | 1T T | T T | T T I T T | 11 |_ HLICE
D:< - ALICE Preliminary .
1.81 0-10% Pb-Pb, s =5.02TeV —
g y]<0.5 E
1,45 « A o MC@sHQ+EPOS?2 E
ol verage U, U, -..=+ Djordjevic .
L —— SCET,,, 9=1.9-2.0 i
T i e e s ey ]
0 8:—'H Open markers: pp p_-extrapolated reference _: QCD based E;,cc models
L _ CUJET3.0 JHEP 02 (2016) 169 (collisional + radiative energy
06 - ’ ] loss)

Djordjevic PRC 92 (2015) 024918 (collisional + radiative energy

O . 4 n B loss, nPDF)

O 2 - . MC@sHQ+EPOS PRC 89 (2014) 014905 (collisional + radiative
L energy loss, recombination, hydro and nPDF)
O | | | I [ | L 111 | L1l | L 111 | L 111 | [ I L 111 | [ 111 SCET JHEP 03 (2017) 146 (Colhsional + radiative energy 1055,

0 5 10 15 20 25 30 35 40 45 50 .ppp
P, (GeV/c)

M Radiative energy loss needed to describe the data at high pr while at low pr collisional + shadowing
improve the data description
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Ds meson Raa C

ALICE-PUBLIC-2017-003 AL I CE
[ If coalescence processes play a major

3 2prrrrTT T ALICE 'F',r'e'l'i;];i'n'é'r}',' AL role in charm hadronization, the Raa
Q: 1 8_— 0-10% Pb-Pb, \/% - 502 TeV ] Of Ds 1S expe.:cted to be largely
1 6:— y|<0.5 - enhanced with respect the other D
T . N Raa
1 45 - PHSD, Average D', D", D** = . .
e -PHSD, D! . 1 ™ Dsin ALICE data show an hint of
1.2t ng gYeraQe b, D", D™ - enhancement wrt the non-strange D
N ] mesons.
1h T Filled markers: pp rescaled reference
: “ Open markers: pp pT-extrapoIated reference _:
0'82‘ e Average D°, D*, D** - ’
06—*_._. ]
O '2? -%?-'In;f!—"'"".' Ve —;
O_IIII|IIII|IIIIIII.;I|IIIIIIIII|IIII|IIII|IIIIIIIII—
O 5 10 15 20 25 30 35 40 45 50
P, (GeV/c)
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Ds meson Raa C

ALICE-PUBLIC-2017-003 AL I CE
[ If coalescence processes play a major

< 2_I T T T I T T I T T I T T I T TT I FTTT | 1T I T T I [T I_ o . o
Q:< . ALICE Preliminary i role in charm hadronization, the Raa
1 8_— 0-10% Pb-Pb, \/% - 502 TeV ] Of Ds 1S expe.:cted to be largely
1 6:— y|<0.5 - enhanced with respect the other D
" ] Raa
1 ab ...PHSD, Average D°, D¥, D** - ' .
T .. PHSD, D] . 1 [ Dsin ALICE data show an hint of
1.2t N %mg gYeraQe b, D", D™ - enhancement wrt the non-strange D
i s ] mesons.
1} """"""""""""""""" Filled markers: pp rescaled reference A
O 83 l Open markers: pp p_-extrapolated reference _: +Qm ' E A|j|CE |l:>re|irlninar;/ | ||y|<o‘_5
P, e Average D°, D", D : R T
O 6_f 3 [L_ i - — = = 60-80% Pb-Pb, | 5 = 5.02 TeV ;
b A\ (. 7 i + pp,is=7TeV ]
W - 0.8~ :
0.4F VW I — ; :
?3\9 e H [ﬂ ] 0.6~ .
0.2F S8E-5 - i % :
‘ 7] 0.4 e -
O L 111 I L 111 | L 111 I (| ; | I | 111 I L 111 I L 111 | L 111 I L 111 I 111 I— 02i LIJ 5
0 5 10 15 20 25 30 35 40 45 50 S bkl |
p_ (GeV/c) 002468101213T 8

= Not conclusive, additional data needed
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10 102 10°
(N /di)

ALICE Preliminary

pp Minimum Bias, \s =7 TeV
Eur.Phys.J C77 (2017) no.8, 550
® p-Pb,\s,, =502TeV
SPD multiplicity
() Pb-Pb,\sy,=5.02 TeV
VO multiplicity

n|<0.5

1+3.7% BR uncertainty not shown

ALICE
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Mass dependence: D vs B .

[ D meson from ALICE and non-prompt J/y from CMS ALICE
}1-4_| T 1 | T 11 | T 11 | T T 1 | T T 1 | T 11 | T 11 | L |— JHEP'|5‘|'| (20]5)205’JHEP]706(20]7)032

iy - Pb-Pb, \ s, =2.76 TeV 5 EPJ C 77 (2017) 252

{ ol A (ALICE) 8<p <16 GeV/c, |y|<0.8 ]

"L m  Dmesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 .

- @ Non-prompt J/y (CMS) .

1— 6. 5<p <30 GeV/C ly|<1.2 EPJC 77 (2017) 252 -

(empty) filled boxes: (un)correlated syst. uncert.
*) 50-100% for non-prompt J/y

/\

0.8 + -
0.6 B -
0.4| 50-80%" Elg . N
I 40-50% ]
0.21- 30-40% 5000, HE =
i 10-20% 1

| nt sh||fted by|+10 in |(N ) | | | 0|10% | JHEP 1706 (2017) 032

OO 50 100 150 200 250 300 350 400
<Npar’[>
‘J > (/
centrality
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ass dependence: D vs B :

[ D meson from ALICE and non-prompt J/y from CMS ALICE
}1-4_| T 1 | T 11 | T 11 | T T 1 | T T 1 | T 11 | T 11 | L |— JHEP'|5‘|'| (20]5)205’JHEP]706(20]7)032
iy - Pb-Pb, \ s, =2.76 TeV 5 EPJ C 77 (2017) 252
{ ol A (ALICE) 8<p <16 GeV/c, |y|<0.8 ]
"L m  Dmesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 .
- @ Non-prompt J/y (CMS) .
1— 6. 5<p <30 GeV/C ly|<1.2 EPJC 77 (2017) 252 -

0.8

0.6

(empty) filled boxes: (un)correlated syst. uncert.
*) 50-100% for non-prompt J/y

/\

[——1

/

¢ Similar D meson and pion
Raa Expected from charm-
quark mass effects +
different charm and gluon/
light-quark spectrum slope

0.4/ 50-80%" _
i 0 and fragmentation
i 40-50% M. Djordjevic, PRL112 (2014) 042302
0.21- 30-40% 5000, HE
i 10-20%
s sh||fted by|+10 n |<N rt> | | | JHEP 1706 (2017) 032
0O 50 100 150 200 250 300 350 400
(N__>
part
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Mass dependence: D vs B .

M D meson from ALICE and non-prompt J/y from CMS

30/10/2017
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Pb-Pb, | s = 2.76 TeV
m D mesons (ALICE) 8<pT<16 GeV/c, |y|<0.5
® Non-prompt J/y (CMS)

6.5<pT<30 GeV/c, |y|<1.2 EPJC 77 (2017) 252
(empty) filled boxes: (un)correlated syst. uncert.

Djordjevic et al. Phys.Lett.B 737 (2014) 298
— = D mesons
— = Non-prompt J/y

vy

L ]
L]
....
....
....

40-50% ' '
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x ° 10-20%
(*) 50-100% for non-prompt J/y 0-10%

=1/ |
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Non-prompt J/y with ¢ quark energy loss —
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&

(N

-

Alessandro Grelli
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ALICE

JHEP 1511 (2015) 205, JHEP 1706 (2017) 032
EPJ C 77 (2017) 252

consequence of
mass difference in

pQCD based
model calculation

J

JHEP 1706 (2017) 032
Djordjevic: Phys.Lett. B734 (2014)

22



Heavy-flavour decay leptons :

3 T T T T T T T T T T T [ T T T
S l |o—zol% Pt|>—Pb,|\/s—N,\|l= 2.7|6 Te\|/ AI_|ICEE PLB 771 (2017) 467-481 ALICE
§2-5'_ .b(ec)—>e,|ycms|<0.8 ]
= I b,c—oe |y |<06
C n cms
O
5 2 \ :
QO {
81.5¢ -
E * :
& Al ‘
o T -
;505 | l |
R e 1t +
IIIIIllIlIIIIllIllIIIllIllllIlIIlllllll_
0 2 4 6 8 10 12 14 16 18 20

P, (GeV/ce)

M Beauty main component from pr > 5 GeV/c = indication of beauty
suppression at high pr

[ Beauty-electron Raa measured directly with impact parameter fit =
indication of suppression for pr>3 GeV/c
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Heavy-flavour decay leptons :

3 T T T T T T T T T T T T T
S| | |o—zol% Pt|>—Pb,|\/s—N,\|l= 2.7|6 Te\|/ AI_|ICEE PLB 771 (2017) 467-481 ALICE
§2-5'_ .b(ec)—>e,|ycms|<0.8 ]
= I b,c—oe |y |<06
C n cms
2 L
_8 M Beauty electr?ns
8150 -
& * :
T 1 1L O “
o T -
205 i + t |4 | Beauty + charm
Z05- et e 1 y

4 electrons
lIlIIlllllllllllll[lllllllllllIllllllll_
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P, (GeV/ce)

M Beauty main component from pr > 5 GeV/c = indication of beauty
suppression at high pr

[ Beauty-electron Raa measured directly with impact parameter fit =
indication of suppression for pr>3 GeV/c
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Elliptic flow

ALICE
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- ALICE ® V,{EP, |An>0.9},\ s, =5.02TeV ] 5 04 w Prompt D ]
- ® v,{EP, |[An|>0}, \ s\ =2.76 TeV 7] & 0.1F * '+— .
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Elliptic flow

&

ALICE
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Elliptic flow

A2
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Elliptic flow with Event-Shape Engineering

ALICE

¢ Event eccentricity quantified by q: o 12 — )
&O_N " ALICE Preliminary i
- Pb-Pb, | s, = 5.02 TeV i
2 2 1 | NN _
(42)=14(M -1)(v -0,) <08 3
] S — % 60% smallg”*° 20% large-g*° | ]
sl 7" o_sma -q, — - 20% large-q, =
Study the charm-quark coupling to the light-hadron '
bulk by measuring v» at different qz values 6 10°
a E IAll_IICEI PI Illl .I I T T T I T T T l T T T I E 4
R 0.6¢ relminary ® 60% small-q) " ] 10
S _[ 30-50%Pb-Pb, s, =502TeV .
ﬁh 0.5 Prompt D°, D* average 20% large-q, 2
& 0.4 [ syst. data ¢ unbiased
O %0 32 34 36 38 40 42 44 46 48 50 |

Centrality (%)

IIIIIIII|III[|IIII|1I1I|1I1I|IIIIIII

IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

0.2
L . | |
0.1 i@— Significant separation of D-meson v in events
s - — with large and small qp:
.| <0.8 N .
01" il <0.8 = Charm quarks sensitive to the light hadron
~0.25- - T bulk collectivity and event-by-event initial
. (GeV/c) condition fluctuations
.
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ALICE upgrade: toward LHC run Il

iy

assuming recorded pp reference with \2 higher significance than Pb-Pb ﬂ L I C E
§2_5_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ a 1OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
o : ALICE Simulation 1 5 i i

' - Upgrade - 1S i Pb-Pb,\ s\, =2.5TeV ]
2 0L Pb-Pb, s,y =55Tev | < | L. =10 nb", centrality 0-20% -

L. =10 nb”, centrality 0-10 % ° & i , |

E B*=D 1t (D —K*T) { & ALICE A/Kg param (2.76 TeV)
1.5 ¢ projected statistical uncertainty — Qo ‘ ?XJL&II%(ZOO ?eY) 2 76 TeV

i 276 TeV, Uphoff et al., Phys.LettB717 | = - , Rapp et al. (2.76 TeV) |

- . 2.76 TeV, He et al., arXiv:1208.0256 . )\

. | -

L .5 -
R
- )
0.5 —e— Tl g @it Bttt — |—|
! ] 1 U e
:|,|,||,|,||||||||||||||||||||||||I||I|l: _lllllllllllllllllllllllIlllllllllllllllllll_
000510 15 20 25 30 35 40 0 2 4 6 8 10 12 14 16 18 20 22
p. (GeVic) p. (GeV/c)

[ The upgrade of the ALICE detector in long shutdown II will improve its heavy-flavour
measurement capabilities

Precise D and B measurements will be possible down to low-pt (0 for D mesons)
Precise charmed baryon/meson ratios in Pb-Pb down to low-pr
Heavy-flavour leptons, correlations ........

€0 €

€«

J. Phys. G 41 (2014) 087002
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http://dx.doi.org/10.1088/0954-3899/41/8/087002

Summary

“€C

Precision cross-section measurements in pp. Differential
oroduction (vs charged particle multiplicity) investigated

& pPb measurements to investigate initial state effects

€ Energy loss via D and B measurements

€ Test of charm hadronization in QGP via coalescence

& Charm takes part to the collective expansion of the medium

[/] Some open question:

[ What is the role of collisional energy loss?

8
8
8

Have we observed charm coalescence?
Do we see collectivity also in pPb?

s charm thermalised?

1 Does beauty takes part in the collective expansion of the medium?
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.. a bit more in detail

transport coeff,

probe OUT

A

probe IN

L Casimir coupling factor: 4/3 for quarks and 3 for gluons

Phys.Rev.D71:054027, 2005  Nucl.Phys. A690 (2001) 731-751
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.. a bit more in detail

transport coeff,

probe OUT

A

probe IN

L Casimir coupling factor: 4/3 for quarks and 3 for gluons

Phys.Rev.D71:054027, 2005  Nucl.Phys. A690 (2001) 731-751

Radiative: Dead cone effect Collisional (assuming Langevin formalism):

dx = 2t
Q dp—ipdt+@+dp)dtp

Both the terms: I'(p) e D are proportional to 1/mgq

Gluonsstrahlung plrobability
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Total cross-section
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D ratios in pp and Ds cross-section
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Pythia8.157 - D, B vs multiplicity
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(d°N/d ydp.) / (dPN/d ydp,)
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[M Charm production at
charged particle densities
above 2-3 times the
average not reproduced by
models (expecially at high

pr)

[ Interplay between MPI and
additional hadronic
Interactions?

M Something else?
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D-h correlations in pPb
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HF-decay e-h correlations in Pb-Pb
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Near-side yield: ratio Pb-Pb/p-Pb

_L_III|IIIIIIIIIIIIII|IIIIIIIIIlIIIIl[III]IIII

E —@—
E —
:u——.——v
- :—0——'
l—g*—'ﬂ
(s 2o
(4] ||||||||I||||||||||||||||||||||||||||||||||

1.5 2 2.5 3 3.5 4 4.5
passoe (GeV/e)

o
%)
-I'lllIIIIIIIl'|'l|l||IIIIIIIIIIIIIIIIII

/L L L L L L L DL L L L B L .
assoc
ALICE Preliminary E,:%Tzo/ <3tGIeV/C
* -Pb, 0-20% centra
V5 =202 TeV s p-Pb

corr. sys. unc. Pb-Pb = 4%
corr. sys unc. p-Pb = 1 5%

1 i )
@ Uncorr. sys. unc. +
1 Stat. err. on baseline, Pb-Pb
@ Stat. err. on baseline, p- Pb | |
-2 ~1 0 1 2 3 4
Ao (rad)



