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Heavy flavours as a probe of the Quark-Gluon Plasma

ALICE

O© Heavy flavours (i.e. ¢ and b quarks) in heavy-ion
collisions are produced mainly in hard-scattering
processes

H;lgznjc HF prOdUCtiOn tprod 5 ﬁ/mc,b ~ 01(004) fm/C
QOGP formation tqap ~ 0.3 fm/c (LHC)

Quark-Gluon

S Plasma 0 Heavy flavours experience the whole system
NG - ¢4 quark evolution interacting with the medium constituents
agr— b - quatk;_‘ Primary Interaction Space ——» powerful probe for the characterisation

of the Quark-Gluon Plasma

Incoming Heavy Ion Beams

[1] F. M. Liu, S. X. Liu, Phys. Rev. C 89, 034906 (2014)
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Azimuthal anisotropy

- ALICE

=
~ ~ \¢ >N [ | [ | | | | | | | [ | T | T | [ | | | | | | | |
0af" ALICE D".D*, D*average  Pb-Pb, |s,, = 2.76 TeV
' Syst. from data . . -
A a Z X Syst. from B feed-down Centrality 30-50%
A 0.3
i
~ . |

~ Reaction plane Wgp 0.2 i | -
~ = \\VWU:\ %x\ |
u:i}:,; . j' R T T — —
d3N 1 d2N OO 0.1: ’,Z’ SR ’!:__:.-5,,:—___ — ~'t‘lﬂ_ ............ :
b = o {1 + ) vy cos[n(p — Urp), OREHZ . R
~ WHDG rad+coll |
P praprady n—1 C POWLArI?lG co -
-0.1--- Cao, Qin, Bass ]
d harmonic coefficient ELI Baps oo O RAER T D
secon - . -
_> t/UZ — <COS|:2(S0 - \IJRP)]> 11. . 1 ) O_l ! |é| ! |4|-| ! |é| ! |é| ! |1|O| | |1|2| | |1|4| ! |1|6|_
| i Elliptic Flow 3 el
O At low pr: participation in the collective motion
and thermalisation of heavy quarks in the & PRC 90, 034904 (2014)
medium [1]
O At high pr: path—length dependence of energy [1] S.Batsouli, S. Kelly, M. Gyulassy, J. L. Nagle, Phys. Lett. B 557, 26 (2003)
loss [2] [2] M. Gyulassy, 1. Vitev, X. N. Wang, Phys. Rev. Lett. 86, 2537 (2001)
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http://www.sciencedirect.com/science/article/pii/S0370269303001758?via=ihub
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Event-shape engineering

V,{SP, An>1} (ESE-selected)

0 The Event-shape engineering (ESE) technique allows us to study different observables in classes

(i) Event-by-event fluctuations

V{SP, |An|>1}

V,{SP, An>1} (unbiased)
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of events corresponding to the same centrality, but different eccentricity:

of elliptic flow
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& Phys. Rev. C 93,034916
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(iii)Search of the Chiral

Magnetic Effect

ALICE
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https://arxiv.org/abs/1709.04723?context=hep-ex

Thg ALICE detector %

ALICE

T . LIV N /R S IS W rﬁ\&'.l ‘

Time Projection
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O Track reconstruction

O Particle identification
via specific energy loss

Inner Tracking
System

O Track reconstruction
O Reconstruction of
primary and decay
vertices

:~ — '-‘_
-~ —

Time of Flight detector § V0 .detectors
O'Trigger
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. | O Centrality estimation

via the time-of-flight [ & == B Plane d ..
———— < O
measurement S— / ve I:It dne eternqmatmn
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Thg ALICE detector %

ALICE
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Inner Tracking
System

O Track reconstruction
O Reconstruction of
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Time Projection
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Reconstruction of D mesons n ALICE

ALICE
¢ D mesons are reconstructed in the mid-rapidity region via their hadronic decays
1) Meson Mass (GeV/c2) | decay channel ct (um) BR (%)
DO (cu) 1.865 K-7+ 123 3.93
D+ (cd) 1.870 K-zt 312 9.46
D*+ (cd) 2.010 DO(— K-z*) n* | strong decay | 67.7 (x 3.93)
Ds* (CS) 1.968 ¢ (— KKY) =+ 150 2.27
mt T o Full reconstruction of decay topologies displaced few hundred microns
from the interaction vertex
O© Reduction of the combinatorial background achieved applying:
Op (1) geometrical selection of displaced decay-vertex topology
) / Po  (ii)particle identification (PID) of decay tracks
SV o Signal extracted from invariant-mass analysis
PV D K- 0 Feed-down from b-hadrons subtracted with a FONLL-based method [2]

[1] PDG, Chin. Phys. C40 (2016) 100001 [2] M. Cacciari, M. Greco, P. Nason, JHEP 9805, 007 (1998)
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http://iopscience.iop.org/article/10.1088/1674-1137/40/10/100001/meta
http://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007/meta

D-meson vy measurement Wh the EP method

0 D-meson va measured at mid-rapidity (ly| < 0.8) using the Event-plane method

O© Event-plane angle: M
Z (2¢:)
1 2.y i1
= = taﬂ where M
QQ X Z
1=1

sin (2;
Reactlon plane @2,y (2¢4)

estimator for the Reaction plane angle, measured with the
VO detectors (-3.7<n<-1.7 U 2.8<n<5.1)
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D-meson v, measurement Wh the EP method

ALICE

0 D-meson va measured at mid-rapidity (ly| < 0.8) using the Event-plane method

y
«? 0 Event-plane angle: estimator for the Reaction plane angle,
measured with the VO detectors (-3.7 <n<-1.7 U 2.8<n<5.1)
z X '\

c;g . ALICE Preliminary
‘ Out-of-plane D' — Kt © In-plane E
Reaction plane p 2 D R i o :
o 300 ut-of-plane -
© D-meson candidates divided in [n-plane = oeob -
7)) B
two samples: " S 2005
3 00k
+ In-plane o
Event plane by < 4}45?
+ Out-of-plane P PO o> S
1005, ¢4+ S e =
00 et JEaE =
50 10<,D <12 GeV/c _‘
30 50% Pb- Pb ﬁ 5 02 TeV -
I | | | 1 | | 1 1 1 r
0375778 185 19 195 > 2.05
: , :
O R;is the Event-Plane resolution M., (GeV/c?)
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D-meson v, in mid-central Pb-Pb collisions at Vsnn = 5.02 TeV
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& Phys. Rev. Lett. 120, 102301

© @IP—_{IIEI v2 compatible within

uncertainties in the whole pr coverage
of the measurement
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D-meson v, in mid-central P—Pb collisions at Vsyn = 5.02 TeV

ALICE
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.102301

D-meson v, in mid-central P—Pb collisions at Vsyn = 5.02 TeV
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D-meson v, in mid-central P—Pb collisions at Vsyn = 5.02 TeV

ALICE

o o°, D, D" alveragel, |y|<O|.8 l

o v,{EP, |An|>0.9}, \s,, = 5.02 TeV

® v{EP, |An|>0}, \ s\, = 2.76 TeV
PRL 111 (2013) 102301
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0 v,{SP, |An|>0.9}, JHEP 06 (2015) 190
o V.{EP, |An|>2}, PLB 719 (2013) 18
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D-meson v, in mid-central P—Pb collisions at Vsyn = 5.02 TeV

© Non-strange D-meson v,
compatible at Vsyn = 5.02 TeV
and Vsyn = 2.76 TeV

O Non-strange D-meson Vzl

similar to that of|z*

—» hint of difference for
pr <4 GeV/c

—p more statistics needed
to quantify it
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D-meson v; compared to models
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ALICE

O Improved precision of the
measurement can constrain
model parameters, e.g. the heavy-
flavour spatial diffusion

coefficient
\ Dy = (T/mQ)TQ

—» For models describing the data
with y2/ndf < 1:

1.5 <2l . D, <7
—® Tcharm — 3 — 14 fm/c

$ MC@sHQ+EPOS: PRC 89, 014905 (2014)
$ 1BT: Phys. Lett. B777 (2018) 255-259
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ESE for the D-meson v; - g2 selection

O© The magnitude of the second-harmonic
reduced flow vector

42 — \QQ\/\/M

can be used to quantify the eccentricity
(average v7) of the events

(g2) = 1+ Uz+52)> [1]
multiplicity 4/ /
elliptic flow non-flow effects

—p computed using tracks at mid-rapidity
7l < 0.8, since the selectivity of ¢

depends on the multiplicity and the ¢

resolution of the detector

[1] S. A. Voloshin, A. M. Poskanzer, and R. Snellings, Relativistic Heavy Ion
Physics,Vol. 1/23 (Springer- Verlag, 2010), pp. 5-54
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http://materials.springer.com/lb/docs/sm_lbs_978-3-642-01539-7_10
http://materials.springer.com/lb/docs/sm_lbs_978-3-642-01539-7_10

ESE for the D-meson v; - g2 selection

ALICE

O The magnitude of the second-harmonic o 1D :
reduced flow vector &UN " ALICE Preliminary -
of Po-Pb, |5y = 5.02 Tev -

@2 = |Q2|/VM [ Mypeal 0.8 =410°

— TPC TPC 110
) .. -~ 60% small- -q, — — 20% large- a, -
can be used to quantify the eccentricity ;| — _ -
(average v7) of the events :

6 10°

< ~ ] —|— U2 + 52)> [1]

multiplicity 4/ /

non-flow effects
elliptic flow L T N

—p computed using tracks at mid-rapidity < . —» 30 32 34 36 38 40 42 44 46 48 50
7| < 0.8, since the selectivity of g» / i . Centrality (%)

— — O Events divided in two classes:
(1) 60% with smallest g2

1

depends on the multiplicity and the ¢

resolution of the detector

[1] S. A. Voloshin, A. M. Poskanzer, and R. Snellings, Relativistic Heavy Ion
Physics,Vol. 1/23 (Springer- Verlag, 2010), pp. 5-54
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ESE for the D-meson v; - g2 selection

ALICE

O© The magnitude of the second-harmonic o 12 .

reduced flOW vector = o i ALICE Prellmlnary .

- Pb-Pb, | s, = 5.02 TeV :
g2 = |Q2|/VM - .l<0.8 e

: . - 60% small- a,° | —-20%large- qTF’Cl -

can be used to quantify the eccentricity \ = = h_ -
(average v7) of the events <+ ; .

(q3) =1+ ¢ 02+52)> [1] 4
‘/ B 10
multiplicity /
elliptic flow  non-flow effects

1

0 32 34 36 38 40 42 44 46 48 50
Centrality (%)

—p computed using tracks at mid-rapidity
7l < 0.8, since the selectivity of ¢

depends on the multiplicity and the ¢

| O Events divided in two classes:
resolution of the detector

| | ey (1) 60% with smallest g
[1] S. A. Voloshin, A. M. Poskanzer, and R. Snellings, Relativistic Heavy Ion
Physics,Vol. 1/23 (Springer- Verlag, 2010), pp. 5-54 (11) 20% Wlth ] arge St q>
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ESE for the D-meson v; - gz selection

ALICE

O (; selection performed in 1% - wide
centrality intervals, because of the

~ ALICE Preliminary
- Pb-Pb, |5y, = 5.02 TeV

. - < 0.8 3
centrality dependence of the g3 (v - —= 10
Y aep q2 (V2) - --60% small-q," h——zo% Iarge—quo‘ :
> | 276 502 Tev ALIGE PbPh i e
0.15 — : : :i:mﬂlﬂ} 0.2<pT<3GeV/C .
; nl <08 otherwise
* va{2,An[>1}
© Vi) unbalance
. v 2 An>1) ] 10
N R centrality >
distribution % T A
and spoil
ESEp 4_._>%o 32 34 36 38 40 42 44 46 48 50 |
0.05 . Centrality (%)
selection P4 i ¢
— — O Events divided in two classes:
0 020 30 a0 50 60 70 80 (1) 60% with smallest (2

Centrality (%)

(1) 20% with largest g2
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ESE tfor the D-meson vy - Ry solution

ALICE
O Event-plane resolution computed L 12 :
independently for each ESE-selected ~« | ALICE Preliminary :
- Pb-Pb, |5, = 5.02 TeV -
sample \ 0 | os ;
| - ' =10
N e ol ---60% small-q " ﬁ——ZO%Iarge—q;PC\ -
x ALICE Preliminary - Y e e—— — -
5 09¢ ey : Ry ocvoV M [1]
5 o0sf Riaga P 6 10°
®) C w _
% O6§_ Pb-Pb,V?W=5.02 TeV _i 4
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T 035 . 20%largeq™ 4 (large v;) and
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- | | Syst. from sub-event definition - . 1y (O
O.‘IE l | | | E with small q> Centrallty (%)
N T I I
30 35 40 45 50 small vy o ,
Centrality (%) ( ) 0 Events divided in two classes:
(1) 60% with smallest g2
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ESE for the D-meson v

V,{EP, |An|>0.9}
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O Larger(smaller) D-meson v, in the large(small)-g> sample

indicates a positive correlation between D-meson v, and the
collective expansion of the bulk matter
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O Events divided in two classes:
(1) 60% with smallest g2
(1) 20% with largest g2
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ESE for the D-meson v
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B Syst. data ]
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~ In <08 ~
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O D-meson vy about 50%(30%) larger than the unbiased one in the large(small)-g2 sample

O© Same pseudorapidity interval for D mesons and g2 could lead to an increase of the effect due
to autocorrelations and non-flow contributions

14/06/2018
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Autocorrelations and non—ﬂw contributions

ALICE

o0 To study non-flow contaminations and autocorrelations measurement repeated correlating
(i) D-meson v in one half of the TPC (0 <1< 0.8 or -0.8 <1 <0)
(ii) g2 in the other half of the TPC (-0.8 << 0.8 or 0 < 1< 0.8)

B | | | | | | | | | | | | | | | | | | | | | |
— ALICE Preliminary -

- 30-50% Pb-Pb, |5, = 5.02 TeV
- Prompt D°, D* average

TPC—]
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e
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(oLt ] ] |
0.2 2 4 6 8 10 12

p_ (GeV/c)
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Autocorrelations and non—ﬂw contributions

ALICE

o0 To study non-flow contaminations and autocorrelations measurement repeated correlating
(i) D-meson v in one half of the TPC (0 <1< 0.8 or -0.8 <1 <0)
(ii) g2 in the other half of the TPC (-0.8 << 0.8 or 0 < 1< 0.8)

6;. E | N N S N Y S L B L B B B - a - | 1 7 .I .I LA N S B ER B B B ]

O Effect still K 0.6/ ALICE Preliminary * 60% small-q™"° K 0.6 ALICE Preliminary * 60% small-q™°
= [ 80-50% Pb-Pb, s, = 5.02 TeV 2 - = [ 30-50% Pb-Pb, |5, = 5.02 TeV PG

NN . o __TPC — " 20% | - —

present, s 0-5:_ Prompt D°, D* average 20% large-q, B ﬁh 0'5: Prompt D°, D* average °1argeq,  —
but reduced 5 0.4 [Jsyst das ¢ unbiased - L 0.4 [ syst data ¢ unbiased -
N C Svst. B feed-dow N R - Syst. B feed-down -

l > 0.3 o :+: — > 0.3:— ‘ =
S SIS R ¥ Y SI

[s it only due to - e < =+ - 01 T + -
0.1 +— . _ : 1 :

autocorrelations O_i _____________________________ E | -
and nOn‘fIOW ) 15 |nD| <0.8 g ) 1; 0< n, < 0.8 ! -0.8 < M, < 0 -

. . —U. 1 ] —J. I -0.8 0 0 0.8 =
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Spoil of the g3 selectivity

— ALICE
: : o 10r
O The reduction of the separation between the & - ALICE Preliminary 40°
ESE-selected v, observed by performing the ,%5) N 9;_ 30-50% Pb-Pb, | sy, = 5.02 TeV -
measurement with |Ay| > 0 between the D- ° 8 -
meson vz and the g3 is a superposition of two 7E -
etfects: 6 —=10?
(i) removal of non-flow contributions and 5_
autocorrelations -
(ii) spoil of the g, selectivity due to the
reduction of the number of tracks used to 3F 10
compute g2 S e
—p reflected in a broad correlation 1 o a
between g2(0 < #<0.8) and O 1 2 3 4 5 6 778900
q2(-0.8 < <0) gTPC <0

2
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Conclusions and outlook

o DO, D+, D*+, D¢ unbiased v, in mid-central Pb-Pb collisions at Vsyy = 5.02 TeV
(1) Non-strange D-meson elliptic flow larger than zero in and similar to that of pions
(i1) Ds* vo compatible to that of non-strange D mesons and positive with 2.60 significance

O Event-shape engineering for the
D-meson v
(1) Suggests a correlation between the

|||||||||||||||||||

[ 1 ] 0.6r D fin,n=2 pr>0GeV
2.76 TeV

D-meson v; and light hadrons v
(i1) Next step: comparison to models

—» can we learn something more iy vl

about the coupling of the
charm quark with the

medium? 1] Gossiaux SQM17

3] Beraudo QM18
14/06/2018
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2] Prado et all., Nucl. Phys. A 967 (2017) 664-667

[2]

[3]
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https://indico.cern.ch/event/576735/papers/2565859/files/5971-gossiaux_SQM3.pdf
https://www.sciencedirect.com/science/article/pii/S0375947417301604
https://indico.cern.ch/event/656452/contributions/2869965/attachments/1649346/2637123/beraudo-QM.pdf
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D-meson v ALICE - CMS comparison
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Different g2 selectivity - charged particles

03
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TPC
2

35% large-q, "~ O 55% small-q

q, " (70% rej.) ¢ q)"° (70% rej.)

V,{SP, An>1} (ESE-selected)
V,{SP, An>1} (unbiased)
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10

p. (GeV/c)

ALICE

O The effect observed considering the
10% events with largest(smallest) g2
computed using the VOC can be
obtained using TPC:

(1) releasing the selection on g2 (35%
for the large-g2 sample and 55% for
the small-g; sample)

(i1) decreasing artificially the number
of tracks used to compute gz of 70%
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Coupling between radial and elliptic flow - identified particles

ALICE
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