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ALICE: Probing the QGP properties
—|
v Quark-Gluon Plasma (QGP) - new state of matter with liberated quarks and gluons

Early evolution of the Universe
*  Can be created 1n high-energy heavy-ion collisions
* LHC: high temperature, low baryon chemical potential (~0)
* Phase transition to a deconfined state

* System of strongly interacting matter, local thermal equilibrium
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Heavy c and b quarks

_——— |

Large masses >> A,

v Produced mostly at the very early stage of a collision, 1n hard-scattering processes

v Production cross-section can be calculated with pQCD

v Hard fragmentation — 1.e. D meson 1s a good proxy for the charm quark

ALICE

\

HauJEﬂauEr

."'II f.-":"-. ¥ \".

fig =

(perturbative) ! Kv/

Farton Distribution

In nucleon
(non-perturbative)

Oy =5 PDF(x,,0")PDF (x,,0")

®| o

ab—qq

®D, 1(2,-0")

DEC 12", 2017



e
v Produced mostly at the very early stage of a collision, 1n hard-scattering processes

v Production cross-section can be calculated with pQCD

v Hard fragmentation — 1.e. D meson 1s a good proxy for the charm quark

In relativistic heavy-ion collisions

v Heavy quarks interact strongly with the medium

v Energy loss of parton due to interactions with the medium —
medium transport properties
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Measuring the medium effects, R

—|
Nuclear Modification Factor (R, ,)

v Compare particle production in heavy-ion collisions (Pb-Pb)
to the production 1n elementary collisions (pp)

AA

R (p ): dN sa/dp; If R,,=1 = no nuclear effects_g
AA\PT TAA>><d Opp/de If Rya#1 = nuclear effects 2SS
g T, e iy e
: Nuclear overlap function — PR R
: collision geometry :
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Measuring the medium effects, R

—|
Nuclear Modification Factor (R, ,)

v Compare particle production in heavy-ion collisions (Pb-Pb)
to the production 1n elementary collisions (pp)
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R ( )_ dN 4,/ dpy If R,,=1 = no nuclear effects
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: collision geometry :
D meson R
, Pb-Pb COlllSlOIlS at 5.02 TeV
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14+ e 1v Increasing suppression from peripheral to
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p-Pb collisions: D mesons R,, 9_“_@

v Reference for hot and dense medium effects observed in Pb-Pb collisions
* Cold nuclear matter effects: nPDFs, k broadening, energy loss ...

D meson R,
p-Pb colllslons at 5.02 TeV
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- [ ALICE Preliminary 0.96<y,,,<0.04 - Nuclear Modification Factor
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AN
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last month’s pp dataset at 5 TeV

=
L) | | I

=9

==
1

l*ll

| I [ I |

|l|l]l|l|l| llllll;lll]lllllll
% 5 10 15 20 25 30 35

p. (GeV/c)

HLICE 7 DEC 12™, 2017




Measuring the medium effects, v,

R, , does not tell the whole story

v Collective motion of the system — Azimuthal anisotropies
, , y )
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Measuring the medium effects,

R, , does not tell the whole story

v Collective motion of the system — Azimuthal anisotropies

Py
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D meson v,
Pb- Pb colllsmns at 5 02 TeV
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PRL 111 (2013) 102301
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0.3 v D meson v, >0 — charm quarks

sensitive to medium collective
motion
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p-Pb collisions: Azimuthal anisotropy
L etd—————————————

Di-hadron correlations

in azimuth and pseudorapidity p

Pb Pb

li
CMS PbPb |5, = 2.76 TeV, 220 < N2 < 260

1< p':g <3 GeV/c

1< p;“m <3 GeV/e
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. Back-to-
-~ back jets
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— e .

. . Back-to-

CMS pPb =5.02 TeV, N""™ ¢ 35 .
PPONow =502 TV N <% 1 back jets

1« pT <3 GeV/c :

dszair

Low multiplicity
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p-Pb collisions: Azimuthal anisotropy
L etted———————

Di-hadron correlations
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+ flow Low multiplicity

v In Pb-Pb the double-ridge structure dominated by v, — collective behavior
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p-Pb collisions: Azimuthal anisotropy
L etted———————

Di-hadron correlations

[} [} [ ] [} Pb
in azimuth and pseudorapidity p
Pb Pb _— éi— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
_.a — N;)ﬂ : BaCk-tO-
CMS PbPb |, = 2.76 TeV, 220 N, ™ < 260 _ offline .
V8w e 22 < CMS pPb \/sy, = 5.02 TeV, N, 2110 back jets

1< p':g <3 GeV/c

1< P, < 3 GeV/c
1< p;“’“-: 3 GeV/c

Hydrodynamic

properties of
the system
)iz y EZ % 1 8¢
L “-‘cs%: 174
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4
. Back-to- Jets
- backjets : /T -4

+flow | High multiplicity

v In Pb-Pb the double-ridge structure dominated by v, — collective behavior

% v Unexpected long-range near-side angular correlation in p-Pb
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p-Pb collisions: Azimuthal anisotropy
L etd—————————————

Di-hadron correlations
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i CMS PP \'suy =8.02TeV. N2 110 £ hack jets
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back jets : +Flow :
 +flow | S High multiplicity

v’ Initial state effects ?
v Final-state effects — system collectivity in p-Pb ?

Not so trivial “reference” for Pb-Pb
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p-Pb collisions: Heavy-flavour v,
-
Correlation of electrons coming from heavy-tflavour hadron decay

with charge particles
Search for a possible v, -like modulation in p-Pb
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p-Pb collisions: Heavy-flavour v,
e A

Heavy-flavour electron v,
p-Pb collisions at 5.02 TeV

= 02T | | L BN
S o MR o yamiere -
S 018 <08 o perices Mo< i< 3 v Indication of heavy-flavour flow
Q0141 (0-20%) - (60-100%) = 1n p—Pb collisions !
SRS [n I 3 v Effect qualitatively similar to the
01 H_I_ { E one observed in the light flavour
b @ g  sector
r L 0
0.04 =
0.02; _f
e D ama
P, (GeV/c)

Paper in preparation
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p-Pb collisions: D mesons R,, vs centrality
- - - T T T A

Nuclear Modification Factor
in centrality classes

i LI T T T1 LI LI T T T1 T T T 1 LI T T
2 g5 | T I I I | [T
Gﬂ- - ALICE Preliminary Prompt D mesons ) Central
[ p-Pb, |8, =5.02 TeV Average D°, DF, D™
of 096 <y, <004 ] Peripheral

- —=— 0-10% ZN energy @
- —— 60-100% ZN energy @

51 H | -

05 _

I _I.
%IE-ZI
CEEn
IIIIE-ZI

EhllII5|IIII-II:]IIII-15IIIIE[]III 25 IIIS[]IIIIEEII
pT{GeW-:‘:]

v Compatible nuclear modification factors in central and
peripheral collisions within the uncertainties

S
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p-Pb collisions: D mesons R,, vs centrality
ittt ' S
Nuclear Modification Factor Central/

L centrality cla Peripheral
e 1y CIASSES better statistical precision

E_ﬂl IIIIIIIIIIIIIIIlIIIIIII_

I3 [T T 11 I LI I L O [T T Tt ]
Gﬂi L ALICE Preliminary Prompt D mesons - GU E:_ ALICE Preliminary s Average D', D", D™
| p-Pb, {5, =5.02 TeV Average D°, DF, D™ 1BE- P-PD, sy =5.02TeV - Charged partides 3
ol 096<y <004 J6F ]
- —=— 0-10% ZN energy @ T -
- —+—b0-100% ZN energy @
19 —
05 ] 04F B
. - - Centrd: 0-10% ZN energy ]
02F Periphera: 60-100% ZN energy =
i 1111 | 11 11 | 1 111 | 1111 | 1111 | 1111 | 1 11 1 | 1 1 ] [h: 1111 | 1111 | L1 1 1 | L1 1 1 | 111 1 | 1 111 | 1 111 | 1 1 .
Eh a 10 13 20 29 30 35 2 10 15 20 29 30 35
pT (GeV/e) pT (GeV/e)

v Hint of enhancement 1n central collisions compare to peripheral
(in 3-8 GeV/c with 1.56)

* Initial or final state effect?
% * Radial flow: Hint of collective effects ?

Paper in preparqtion -
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Conclusions
—|

v Small systems created in p-Pb collisions still not fully understood
v’ Status 1n heavy-flavour results:
* No modification in centrality integrated R,

* Hint of D-meson enhancement in central p-Pb collisions
* Indication of heavy-flavour elliptic flow 1n p-Pb

* Collectivity 1n p-Pb ?
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Heavy-flavour jets

v Heavy-quark cross-section in pp collisions
described by pQCD models
* However agreement on the upper band
of predictions

v Heavy-flavour jets — kinematics closer to
the 1nitial parton:
* Powerful additional test of pQCD
* Constrain charm production mechanism
* Access to the fragmentation function

I..
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Gluon Splitting
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Flavor Creation  _
C
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ALICE Preliminary

Prompt D, pp Vs=13 TeV
ly| < 0.5

—+- stat. unc.
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p-Pb collisions: D-jets
Pt RoToTS PESs

v Modification of heavy-flavour jets in p-Pb ?
v Reference for Pb-Pb: how the lost energy in the medium 1s radiated and dissipated
v Modification of the fragmentation function in the medium ?

Low p_reach with AL

ICE

*+-tagged jets, p Pb at 5. 02 TeV

‘E B ALICE Prellmmary | | N
> 105pPo, [5,,=5.02Tev =
— Charged Jets, Anti-k;, R =0.4, | \ <05 - .
% winD" p, JBGWC e 7 v Agreement with NLO QCD model
s TN without medium nuclear modifications
0|0 B ' ' g ..
olgT  H T o POWHEG+PYTHIA6 x A (large model uncertainties)
107 = ] Syst. Unc. (theory) =
- ; -
102 & ° —= .
7 - Measurement of the fragmentation
. L — ! 1 function and of D’-tagged jets in
o L = .
E TNEr T T — progress — R, in p-Pb and Pb-Pb
g 12_. _______________________________________________________________________________________________________________________________ =
© 05;1 .......................................................................................................... —
05— 10 15 20 25 30
,u::Jmhi 1 (GeV/c)
|—
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p-Pb collisions: D-jets
Pt RoToTS PESs

v Modification of heavy-flavour jets in p-Pb ?
v Reference for Pb-Pb: how the lost energy in the medium 1s radiated and dissipated
v Modification of the fragmentation function in the medium ?

Low p_reach with ALICE

*+-tagged jets, p Pb at 5. 02 TeV

‘g B ALICE Prellmmary | | i
> 105pPo, [5,,=5.02Tev =
— Charged Jets, Anti-k;, R =0.4, | \< 0.5 - .
% L wi D" JSGeWC e 1Y Agreement with NLO QCD model
=_ K : gjj Une. (data without medium nuclear modifications
e[ B ' ' . .
ol I o POWHEG+PYTHIAG x A - (large model uncertainties)
107 = . ] Syst. Unc. (theory) E
- ; i
102 & ° —= .
7 - Measurement of the fragmentation
. L + function and of D’-tagged jets in
O L = .
E T T | progress—R,,in p-Pb and Pb-Pb
g 12_ _______________________________________________________________________________________________________________________________ _z
© 0521 .......................................................................................................... _; Th k
1015 20 25 %0 an you
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D mesons in pp and Pb-Pb collisions

—+- stat. unc.
[]syst. unc.
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g

D**" meson cross-section D meson R
collisions at 13 TeV AN

pPp Pb-Pb collisions at 5.02 TeV
E.IOSEIIIIlIIII|IIII|IIII|IIII|III'|""E g 2'|IllllllIl””lllIllH”lll.ll.lllllllIllllllllllll‘
S L ALICE Preliminary 7 g ALICE Preliminary -
B 107 Prompt D _13 TeV — - Pb-Pb, |(s,,,= 5.02 TeV E
O romp , PP VS= ev = | 6 Average D°, D*, D™, Iy1<0.5 E
%_ ¥l <0.5 ] ' ¢ 0-10% Z
= 10 —E 140 .« 3050% h
% E » G0-80% .
Q- . 1.2 -
S 1 | :
€ | | I
-c ----- I -

0.4 ﬁ
U’. 2 EE'E‘i“ﬂ‘_i__ﬂ_ﬁIIE:I:I markers: pprescaled reference

Open markers: pp pT-E.ﬂ]"ﬂmlﬂEd reference -

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

v D*"cross-section described well by pQCD calculations

v Increasing suppression from peripheral to central collisions Pb-Pb collisions
* Energy loss in the hot and dense medium
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D mesons in Pb-Pb collisions

0.4

0.3

0.2

0.1

D meson v,
Pb-Pb collisions at 5.02 TeV

ALICE

D’ D D average, lyl<0.8

. vg{EP |An=0.9}, ys,,, = 5.02 TeV
* vo{EP, |An=0}, %: 2.76 TeV
m PRL 111 (2013) 102301

2, ly1<0.5, s, = 2.76 TeV
0 v,{SP, |An/>0.9}, JHEP 06 (2015) 190
o vo{EP, |An/>2}, PLB 719 (2013) 18

T

K-8
s

SCEY
Eh Ty
]
1|=a=
_EE_

[ ] Syst. from data 30-50% [/ ™ Pb i

I Syst. from B feed-down

I I R L1 111 L 11 111 L 11
o 2 4 6 8 10 12 14 16 18 20 22 24

arXiv:1707.01005 p, (GeVic)

D meson R x
Pb-Pb collisions at 5.02 TeV

< R L R A N RS LA RARR) RN RARS
o ALICE Preliminary
1.8 Pb-PD, (5, = 5.02 TeV
16 Average D, D¥, D™, lyl<0.5
+ 0-10%
1.4 « 3050%

= 60-80%

1.2

X
g

0.6 H
0.4 p ﬁ
02 EH‘E ~H- _i__ﬂ_ﬁlled markers: pprescaled reference

Open markers: pp P, -gxtrapolated refE:rE:n::E -

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

v D meson v, >0 — charm quarks sensitive to medium collective motion

v Similar to charged hadrons

v Increasing suppression from peripheral to central collisions Pb-Pb collisions
* Energy loss in the hot and dense medium
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Outline
—_—m————

i. Motivation
ii.

ili. Summary
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