sy DUBNA 2015

Measurement of D-meson
production in Pb-Pb collisions at
the LHC with ALICE

Andrea Festanti on behalf of the ALICE Collaboration
Universita degli Studi di Padova - INFN Sez. di Padova




€ Outline

ALICE —

@ Motivation and experimental observables
@ ALICE experiment

@ D-meson reconstruction

@ Results

> Nuclear modification factor vs. pr and centrality
> Azimuthal anisotropy

@ Conclusions

SQM2015, Dubna A. Festanti ” 7 2



% Motivation

ALICE

@ Charm and beauty quarks produced in hard-scattering
processes before the QGP formation

@ Initially-produced heavy quarks in Pb-Pb collisions
propagate through the medium interacting with its
constituents — sensitive probes of the properties of
the QGP
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Motivation

ALICE

@ Charm and beauty quarks produced in hard-scattering
processes before the QGP formation

@ Initially-produced heavy quarks in Pb-Pb collisions
propagate through the medium interacting with its
constituents — sensitive probes of the properties of

the QGP

INTERACTION WITH THE MEDIUM

- Parton energy loss via radiative (gluon emission)
and collisional processes
> colour charge

> quark mass
> path length and medium density

=N, AEy> AE 45> AE:> AEy
Compare Raa™, RaaP, RaaB
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Motivation

ALICE

@ Charm and beauty quarks produced in hard-scattering
processes before the QGP formation

@ Initially-produced heavy quarks in Pb-Pb collisions
propagate through the medium interacting with its
constituents — sensitive probes of the properties of

the QGP

INTERACTION WITH THE MEDIUM
- Parton energy loss via radiative (gluon emission)
and collisional processes
> colour charge
> quark mass
> path length and medium density

N, AEy> AEyos> AEo> A:

Compare Raa™, RBaal, RaaB
- Medium modification of the hadronisation P

process
> quark coalescence mechanism ?
- Participation in the collective expansion

> radial and elliptic flow

&, D-meson azimuthal
" anisotropy
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Observables

ALICE — * - i
G) Nuclear modification factor Raa: - Sensitive to parton energy loss
- Compares production yields in
Raa(pr) = ANaa/dpr Pb-Pb collisions to a binary-
| (Tan)dopp/dpT scaled pp reference

\
\, S—

@ Non-central Pb-Pb collisions = asymmetric
spatial distribution of partons
® Collective expansion: initial spatial anisotropy

— momentum anisotropy of the final-state v Za
particles Z

@ Heavy-quarks in-medium interactions + energy X, b
loss -?> participation in the collective expansion >
i«

@ Azimuthal anisotropy quantified in terms of

- elliptic flow v» Vo = <COS[2(90 — \IJRP)D

- azimuthal dependence of Raa with respect to the reaction plane

AN
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ALICE Expenment

TOF: particle identification via time of

flight measurement, Inl<0.9

TPC tracklng with up to 159 space
points per track and particle
identification via dE/dXx,
85<r<247 cm, InI<O 9
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TS: silicoﬁ ente*-btor, =
| vertexing and tracking, = =
. »--.,g, 3. 9<r<43 cm, InI<O 9

\l ‘ \—*"' L1 mhs » > A
: -atj Al === -
=== VO0: two arrays of scmtlllator tlles "'|
online trigger, event
characterisation, 2.8<n<5.1 (VO-A)
and -3. 7<n<-1 7 VO -C)

T 1) 1Nl

Data Sample Number of Events

2010 |Pb-Pb, Vsnn=2.76 TeV

2011 | Pb-Pb, Vsnn=2.76 TeV

16.4x108in 0-10%
4.5x106in 10-20%,
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% D-meson Reconstruction
ALICE —

®

DO, D+ and D™+ and their antiparticles were reconstructed in the central rapidity
reglon from their charged hadronrc decay channels

DOSKrt [BR 3.88+0.05%, cr~123 um]
“ D+—Krtnt [BR 9.13+0.19%, ct=312 um] |
D +—>D0n- [strong decay BR 67 7+O 5%]

-

Selection based on the reconstruction of secondary vertex topologles displaced by
a few hundred um from the interaction vertex

Topological cuts and particle identification of pions and kaons to reduce

combinatorial background @ Int. J. Mod. Phys. A 29 (2014) 1430044
£ 300 @ T
: b ALICE O
S 230¢ charged particles
3 - d :

3 2001 s pp (s=7TeV -

R ) = p-Pb |5y = 5.02 TeV
S 150" ® Pb-Pb s\ =276 TeV -
1005— 333‘“ ;
50- KH -
.ﬂﬁﬁfﬁ:tl‘%»oo

O | L | |

107 1 10

p, (GeV/c) p (GeV/c)
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D-meson Raa and Roavs. pr

ALICE —
| - B 1T T 1 | 1T 1T 1 | 1T T 1 1T 1T 1 | 1T 1T 1 | I ]
£ | Auce == PP, [5=5.02 ToV -

- * -U.9o< <V. —
& 1.6 Average D°, D", D™ Yoms 1
S - Pb-Pb, |5,=2.76 TeV-
'c-% 1.4~ -~ ly_ 1<0.5
O B _ _ —e— centrality 0-20%
% 1 -2__ [ +— — —o— centrality 40-80%
O i
E
-
©
Q
O
-
Z

III|III|IIHII|III|

O'8+-ES-: _
0.6/ ] %

g1l o
0.4— "+' i { Pb-Pb 40-80%—
- L _'Er_ﬂ__EI_ (2010 data) 1 §& JHEP 9 (2012) 112
0.2 mt } Pb-Pb 0-20% — §& Phys. Rev. Lett.
i | | | (2o|10 data)| 1 113 (2014) 232301
% 5 10 15 20 25
p. (GeV/c)

® Observed suppression (factor 3-5) for pr > 5 GeV/c in central (0-20%) Pb-Pb
collisions is due to strong final-state effects induced by hot and dense partonic
matter
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D-meson Raa vs. pr (2011 data)

ALICE —
- o o
Average Raa (0-7.5%) Average Raa (30-50%)

<2—?I-III|IIII|IIII|IIII|IIII|IIII|IIII|III4— <2III|III|III|III|III|III|III|III|III|III
< [ — ] < L[ |
@ [  ALICE Preliminary . iy 8 ALICE Preliminary ]
8L Pb-Pb, \ls =276 TeV ~ - Pb-Pb, \ls,, =2 76 TeV g
1.6/= ®Average D, D”, D*" Iyi<0.5 AU o - 1.6 'Averagzg o '|y'<05 ------ TAMU elastic ]
= W mmmms eastlc ] - 509 centra it jordjevi .
- 0-7.5% centrality Djordjevic () : [ = ° oo o gg)cg,dj(g?/r:?Bass _
1.4 e ass ) - 1.4 WHDG rad+coll
: WHf)G rad+co|| ] L MC@sHQ+EPOS
S e \“A%?Srg&’allfszgc “ - -3 Vitev, rad+dissoc -
e — — 1.2+ — = POWLANG ]
2 - — - E/QI\WF',—QNP(Q) . N BAMPS el -
L S - e ] - CIL T T . ]
1-L.2_"__'______________________________________”_”_"_"_”_"_"_"___B_AMES__G_[_'E@Q_(__)__I__ i BAMPS eltrad |
(*) predictions for 0-10% = B j 7]
(**) predictions for 0-5% | 0.8 - —
Filled markers : pp rescaled reference ] ) __j' ]
Open markers: pp pT-extrqpoIated reference ] -, i
— 0.6_.*./., - —----:'::
i - ! . "~f.___——-:::’-'-'--]l'—‘|'-' ::: - —— v
i O 4 _—:’ % P e : : —.-.’—':T_‘I- \\\\\\\\HI II||'_ ll‘!l }\.\u\-\ "\'11"'-"_‘\{\ _‘

_—{ Sl - ;..IA? ll.llllll.ll ,{ rlt\. |||||||||||||||| B R o § Ciriritisisssssias

- T ATt ) i
= 0.2~ =TT T T T
O_IIII|IIII|IIIlrlI_Illllllllqlllllllll_ O_III|III|III|III|III|III|III|III|III|III_
0 5 10 15 20 25 30 40 0 2 4 6 8 10 12 14 16 18 20
P, (GeV/ C) p_(GeV/c)

@® Large suppression (factor 6) at pr=10 GeV/c in the 0-7.5% centrality class
® Suppression for pr> 4 GeV/c observed in the 30-50% centrality class
® Models including charm interactions with medium constituents can describe both

measurements
B : arXiv:1401.3817 BMC@sHQ+EPOS: PRC 89 (2014) 014905
& Djordjevic: arXiv:1307.4098 §2 Vitev, rad+dissoc: PRC 80 (2009) 054902
§Cao, Qin, Bass: PRC 88 (2013) 044907 FBPOWLANG: JPG 38 (2011) 124144
B : Nucl. Phys. A872 (2011) 265  §&BAMPS: PLB 717 (2012) 430
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®

D-meson Raa vs. centrality

ALICE —

D 1.2_I [ | T T | T T | T T | T T | T T | T T | [ I_ D 1.2_I [ | T T | T T | T T | T T | T T | T T | [ I_
g- e ALICE Pb-Pb, \ s, =2.76 TeV ] g- - ALICE Pb-Pb, \ s, =2.76 TeV ]
I = e =
o - 0 - o - 0 7
S TIA N g+ 5<p <8GeVic - < T N B+ 8<p <16 GeVic
| A D Iyl < 0.5 ] oc .l 40 lyl <0.5 ]
0.8/ o D" y N 08~ m 1) e D* g __
- nl (empty) filled boxes: (un)correlated syst. uncert. - _m (empty) filled boxes: (un)correlated syst. uncert. -
0.6/ + — 0.6 [Tt —
04 - 0.4 Iﬁ % i
0.2 lﬁ Eﬂﬂ - 0.2 Ehﬁ -
- D", D" shifted by = 10in (N__) . - D", D" shifted by = 10in (N__) EE i
_I L1 1 | L 111 | 111 1 | 111 1 | 111 1 | 111 1 | L 111 | L1 1 I_ _I L1 1 | 111 1 | 111 1 | 111 1 | 111 1 | L 111 | 111 1 | L1 1 I_

OO 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
<I\Ipart> <Npart>

@® Centrality quantified in terms of <Npart> (average number of nucleons participating in the
collision)

@® Consistent results among the three D-meson species in both pr intervals

® Suppression increases with centrality —> factor 5-6 in the most central collisions

¥;arXiv:1506.06604 -
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A

#) D-meson Raa: comparison with pions and beauty(

ALICE
§1.4_I T T | T 1T | T T | T T | T T | T T T 1T T T I_ }1.4_I [ | T T | T T | T 1T | T T | T T T 1T T T I_
@ | Pb-Pb, |sy =276 TeV : @ | Pb-Pb, |5y, =276 TeV :
121 - (ALICE) 5 8 GeV/e. [vI<0.8 ] 1o A T (ALICE) 8<pT<16 GeV/e, lyl<0.8 ]
s A ) <P <CeVIC, lyI<D. = "L ®m D mesons (ALICE) 8<p_<16 GeV/c, lyl<0.5 =
- B D mesons (ALICE) 5<p_<8 GeV/c, lyl<0.5 ] - @ Non-prompt J/y (CMS Preliminary) .
- T n - 6.5<pT<30 GeV/ce, lyl<1.2 cwms-pAs-HIN-12-014 n
1_ 50-80°% (empty) filled boxes: (un)correlated syst. uncert. | 1_ (empty) filled boxes: (un)correlated syst. uncert. |
- - - (*) 50-100% for non-prompt J/4 -
0.8+ — 0.8 H ]
0.6_— - 0.6 -
| | 0L § |
i ] o800 ]
0.4 Dm = 0.4( EIEI @ =
I 40-50% | I 40-50% Eﬂ |
0.2 30-40% . 300/ Elm . 0.2 30-40% 54 m00; [T .
- 10-20% & . 10-20% i
| «* shifted by +10 in (N 2 0-10% | | wt* shifted by +10 in (N 2 0-10% |
L1l | I | | L1l | | I I | | | | | | I | | I | [ | | [ | | [ | | | I I | | | | L1l | I | | [ |
O0 50 100 150 200 250 300 350 400 0O 50 100 150 200 250 300 350 400
<Npart> <Npart>

® Comparison of charged-pion and

D-meson Raa in 5<pr<8 GeV/c

@ Compatible results within

uncertainties

¥;arXiv:1506.06604

® Comparison of charged-pion, D-meson and
non-prompt J/P Raa

® Similar <pr> (~10 GeV/c) for D and B
mesons (B — J/Y)

® Indication of Raa(D) < Raa(B) in central
Pb-Pb collisions
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D-meson Raa: comparison with model predictions.

ALICE —
< 1 4 LI | T T | L | T T | T T | T T T T T T < 1 4 T T | T T | T T | T T | T T | L T T L
< r . < r .
@ - Pb-Pb, |5y, =276 TeV - @ Pb-Pb,|sy =276 TeV -
1.2 A x* (ALICE) 8<p.|_<16 GeV/c, lyl<0.8 ] 19 m D mesons (ALICE) 8<p_|_<16 GeV/c, lyl<0.5 ]
- . - @ Non-prompt JAp (CMS Preliminary) .
- m D mesons (ALICE) 8<p <16 GeVe, lyl<0.5 . - 6.5<p_<30 GeV/c, lyl<1.2CMS-PAS-HIN-12-014 .
1— (empty) filled boxes: (un)correlated syst. uncert. ] - (empty) filled boxes: (un)correlated syst. uncert. N
L o _ 1 L Djordjevic et al. Phys.Lett.B 737 (2014) 298 _
B Djordjevic et al. Phys.Lett.B 737 (2014) 298 _ B — = D mesons _
S T — - — = Non-prompt J/y —
0.8 — — D mesons ] 0.8 H ...... Non-prompt J/p with ¢ quark energy loss —
L - = — 7]
B e 7] m RN = - N
i i R e e, —— — — ]
L 50-8(5375\ g . u \\'“-\., ............... —~~ : —~
0.4— N~ — 0.4 S ﬂ\_
- . $'l...: ~ -~ ] — H \'...\....\.. .......... —
S © BERRECTN i -l L, ~ . el @ & N = = o S C T U LT 7
- 40-50% \\ ----- \\ ~ — - 40-50% = \\ o -, —
0.2 30-40% 50309, F‘\\ ...... o~ 0.2 30-40%  54_300 E ~—
- _ _ 10-20% gk i [ . . 10-20% "]
_ n* shifted by +10in (N__) 0-10% | - (7)/50-100% for non-prompt J/y 0-10% |
O I | | L1 11 | | | | L 111 | L1l | L1l | L1 11 | L 111 O L1l | | | I | | | | | L1 | | | I | | I |
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
N
< part> <Npart>

Comparison with a pQCD model including mass-dependent radiative and collisional energy 10ss:

® Agreement between D-meson and pion Raa @ Larger suppression of D mesons than of

@® Colour-charge effect compensated by non-prompt J/Y for the most central
softer fragmentation and pr spectrum of collisions
gluons with respect to ¢ quarks @ Difference driven predominantly by the
¥ arXiv:1506.06604 guark-mass dependence of energy loss

@ Phys. Lett. B 737 (2014) 298 o
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D-meson Raa: comparison with model predictions:

ALICE —
§;arXiv:1506.06604

2(14_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_ }1.4_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_
C i Pb-Pb, \/ SNN = 2.76 TeV i C i Pb-Pb, \/ SN = 2.76 TeV i
1o ® D mesons (ALICE) 8<pT<16 GeV/c, lyl<0.5 | 1o ™= D mesons (ALICE) 8<pT<16 GeV/c, lyl<0.5 |
L @ Non-prompt JAp (CMS Preliminary) . T @ Non-prompt JAp (CMS Preliminary) .
- 6.5<p_<30 GeV/c, lyl<1.2 CMS-PAS-HIN-12-014 . - 6.5<p_<30 GeV/c, lyl<1.2 CMS-PAS-HIN-12-014 .
- (empty) filled boxes: (un)correlated syst. uncert. . - (emptg) filled boxes: (un)correlated syst. uncert. .
L MC@SHQ+EPOS2 Phys.Rev.C 89 (2014) 014905 T T T T AMU elastic myeone s o s
- — = D mesons - - — = D mesons -
- — = Non-prompt J/i - - — = Non-prompt J/y -
0.8 E ﬂ\ Non-prompt J/+p with ¢ quark energy loss — 0.8+ H ...... Non-prompt J/y with ¢ quark energy loss —|
i S~ ] NS N
0-61 H EI ~—— - 0.5 \\t:ﬂ\ B ]
0 — — ~ \'... ' o —

[ 50-80%" "\ ‘ [ 50-80% NS, CHIRTETS ﬂ: ===
0 4__ ...... N H __ 0 4__ \§:""'---........::... """"::E —_
N - : 0 gTEsss=iosl
I 40-50% \\‘mm - ] i 40-50% ST -
0.2 30-40% 50 500, ™ 0.2- 30-40%  50.309% .
- 10-20% m - - 10-20% m -
— (*) 50-100% for non-prompt J/ ° 0-10% | — (*) 50-100% for non-prompt J/y ° 0-10% |
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

OO 50 100 150 200 250 300 350 400 OO 50 100 150 200 250 300 350 400

(N N
part part
® Model including collisional processes + ® Model including only collisional processes
radiative corrections + hydrodynamical ( T-matrix approach) + hydrodynamic

expanding medium + quark recombination =~ medium evolution + quark recombination
@® Large difference between D mesons and ®@ No radiative AE—> smaller mass effect
non-prompt J/y —> mass dependence of

energy loss ¥ Nucl. Phys. A910-911 (2013) 409;

,Phys. Rev. C 89 (2014) 014905 Phys. Lett. B 735 (2014) 445
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% D-meson Vy

ALICE - —
@® D-meson v2 measured with
- event-plane method (experimental estimate of the reaction plane)
- correlation methods: scalar product and 2- partlcle cumulants

0.6f Prompt D° , D° l vAEP TPC}] T ALICE v{SP TPC}] T v2{2}:

L lyl<0.8 ¥ I ]
04 T T *_ * B
#{F . "W N '!' 2 ﬂﬁ :
O+ Fot [P Fo '*_ ............... ||” ............ 3
‘m— 1 H'] T :

0.6f
lyl<0.8

o EH ............ B oo o e fo # ...... _$_ ..................

-0.2r~ T T ]
........................................................................

R LN BLELELE NLELELE BRI BLELEL BUELELE BLELELE NLELELE | ] 1 1 1 1 1 I I 1 LI SR L BN B NLELELE BLBLELE BRI UL BLEL |
06" Prompt D* vAEP TPC} T vASP TPC} T vA2}

[ lyl<0.8 I .$_ I _$_ N
04 T T 7
0.2f- 'H’%ﬁ_? ‘H + ‘ —#— T ‘ —$— .

o S USSR i O -$ ............................... Foo _$' ............................... J

N I Pb-Pb, \s,,=2.76 TeV I Open box: syst. from data
02 T Centrallty 30 50 / _.._ Shaded box: syst. from B feed-down

PP BV B BPEPEP BPEPEE PR PP BT B B NP EPEPEP EPEPETE BT A T b b b e by b

é éll é é 1I0 1I2 1I4 1I6 1I8 2 4 6 8 10 12 14 16 18 é :1 fli £I3 1I0 1I2 1I4 1I6 1I8
P, (GeV/c)

@ v» of the three species consistent within uncertainties
@® v> larger than 0 in 2<pr<6 GeV/c, consistent results from the three methods

3, Phys. Rev. C 90 (2014) 034904
SQM2015, Dubna A. Festanti 1 3




DY and Charged-particle v,

ALICE —
S AR L R A LR R R R IR RN RN RN RN RN R R AR NN R RARN RARE RN RRRNRARE RRRN RRRN N
0.6 ALICE 4 @ PpPromptD°lyl<0.8, v{EP} 1 _
| Pb-Pb, m=2_76 TeV 1 Syst. from data
i T -Syst. from B feed-down
0.4 -+ 4 _

0 Charged particles, v {EP,IAnI>2}

[ Centrality 0-10% T Centrality 10-30% | Centrality 30-50%

i rmmn e nmmanmmimmmnmmmnmmanmmanmi
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

P, (GeV/c) P, (GeV/c) P, (GeV/c)

@® v» of similar magnitude for charmed hadrons and light-flavour hadrons

@ Indication of decreasing trend of v» towards more central collisions (consistent
with decreasing initial-state geometrical asymmetry)

¥ Phys. Rev. C 90 (2014) 034904
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D-meson Azimuthal Anisotropy

ALICE — .

T T T T T T T T T < 2 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 I
= 04 ALI|CE l l Pb Plb \'s l 2 7|6 TeVJ_ ” : | AILICE | | | In PI | | | :
L -, = c. _| 1.8 B InPlane —
Cent I'tN I\Iso 50% - Po-Pb, |5 =276 TV o OutOf Plane ® -
- entrality 30-50% . - : i -
1.6~ Centrality 3(3 532/0 Syst. Uncertainties i
B ‘ 7] - PromptD ", D . Correlated .
14— [ Uncorrelated —]
0.2— o - y1<0.5 Anticorrelated N
L _| 1o — I Global Normalization
i _ L = —
| ,,—,h,hSY A AC eI L — 08 M n -
i | B | mm _
] o i 1 o6~  TH — — 3 B
] m Prompt D",D", D " average, lyl<0.8, v,{EP} ] 0.4:_ g —E*El— 1 :+: i _:
[ ] Syst. from data N L _
B L N
-0.2—[__] Syst. from B feed-down — 0.2 R :%: i
| | | | | | | | | | | | | | | | | | B ]
0 2 4 6 8 10 12 14 16 18 0 IR AN B SR RN B BN RN B SR B RN N R B AN R B

p. (GeVic) o 2 4 6 8 10 12 14 16

P, (GeV/c)

@ D-meson v2 and, in-plane and out-of-plane D° Raa in Pb-Pb collisions in the 30-50%
centrality class

® vo larger than 0 in 2<pr<6 GeV/c with a significance of about 50 Consistent with
3 | expectations from

@ Less suppression in the in-plane direction .
collective flow

¥ Phys. Rev. Lett. 111 (2013) 102301 §& Phys. Rev. C 90 (2014) 034904 7
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D-meson v2 and Raa

ALICE — - ;
Comparison of theoretical model predictions to different observables simultaneously —>
constraints on the description of the energy-loss mechanisms.

o o
v2 (30-50%) RAA (O 7 5 /o)

>(\] B T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T _ } 2 ? T T | IIIIIIIIIIIIIIIIIIIIIIIIIII 4—_
_ = ALICED°,D*, D* average Pb-Pb, s\, =2.76 TeV _ C 8 _:_ ALICE Prellmmary E
OA—D Syst. from data , ] ' - Pb-Pb, \/s =2.76 TeV -
] Syst. from B feed-down Centrality 30-50% E i
| 1.6 = ®A D’ D , D* " 1y1<0.5 —
0.3 - - verage A0S TAMU elastic (*) 7
O 4 _2 0-7.5% centrality e Djord v|c éass ]
- s WHDG rad+coll ) -
=L chE s - POWLAN ]
- e e B/?MPS eIG(g‘) -
N 1_: ____ BAMPS el.trad ()

= R (*) predictions for 0-10%

0 . 1 | -'*"I (**) predictions for 0-5%

Filled markers : pp rescaled reference

1 u
' aa-
!
!
¢

o
[ I

z Open markers: pp pT-extrqpoIated reference ]
WHDG rad-+coll o .

. POWLANG _ ] -

0.1~ - Cao, Qin, Bass PP e i | .
Cpeeee MC@sHQ+EPOS, Coll+Rad(LPM) - --- TAMU elastic q*r < 1 -

[ - BAMPS — — UrQMD g;;;mlﬂffjj; Eluyereriesterr . -
v e e P e b b by by |||||||’||—|| ||_||_|||||||||€|||||||||_

0O 2 4 6 8 10 12 14 16 5 fo %5 2025 a0 88 40
p. (GeVic) p. (GeV/c)

@ Anisotropy best described by models including mechanisms that transfer to the
charm quark the elliptic flow of the medium during the system expansion
(collisional processes, hadronisation by recombination with light quarks)

® Models that best describe Raa tend to underestimate the measured v-
¥ Phys. Rev. Lett. 111 (2013) 102301 §& Phys. Rev. C 90 (2014) 034904
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Conclusions

@ Strong suppression of D mesons observed in central Pb-Pb collisions for
pr>5 GeV/c

@ p-Pb results demonstrate that the suppression at high pr in Pb-Pb collisions
IS due to the interaction with the hot and dense partonic medium

@ Similar D-meson and charged-pion Raa over the entire centrality range

@ Larger suppression of D mesons with respect to B mesons (non-prompt J/{
by CMS) at pr~ 10 GeV/c

@ D-meson v2 larger than 0 in the interval 2< pr<6 GeV/c with a significance
of 50

@ LHC Run 2 objective: Raa and v> measurements with better precision and in
an extended pr range

SQM2015, Dubna A. Festanti
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D-meson Raa vs. pr (2011 data)

ALICE —
D 2_I 11 | T T | T T | T 11 | T 11 | T 11 T 11 T 1 I_
E_ g ALICE Preliminary -
S5 | Pb-Pb s, =276TeV i
O 1.6 ]

S r eAverage D°, D*, D**, 0-7.5%,lyl<0.5 -
T 1ap =Average D°, D*, D**, 30-50%,lyl<0.5 -
12 N Filled markers : pp rescaled reference ]
' .. Open markers: pp pT-extrapoIated reference i
e R
0.8 + =
0.6 -
B - z
0.4/l |u J& H + -
0.2 -H—_B_ H H i ]
O_I | | 1 | I I | I I | I I | I I | L 11 1 | L 1 1 1 | L | | I_

0 5 10 15 20 25 30 35 40

P (GeV/ce)

@® Large suppression (factor 6) at pr=10 GeV/c in the 0-7.5% centrality class
® Suppression for pr> 4 GeV/c observed in the 30-50% centrality class
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A%

e D-meson Raa vs. pr (2011 data)

ALICE —

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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14E
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o 3 Io: S
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p (GeV/c)

RAMLLALRARY
==

B AUCEF%eMnmaw Pb-PDb, \/s,, =2.76 TeV
- ® Average D, D", D" lyl<0.5, ONy 5%
0. SH: owith pp P, extrapolated reference

| |||||||||||||||fii[7

05 H et 2T
0.4 [PRL 113 (2014) 142301] |
_ T
0.2 ﬂi&_ﬁ_—ﬁ— f
| T U R P PN PN P S

0 5 10 15 20 25 30 35 40
p_ (GeV/c)

® D-meson Raa at LHC and RHIC: different trend observed for pr<2 GeV/c
- stronger shadowing at LHC
- momentum distribution less steep in pp collisions at LHC
- different impact of coalescence
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Feed-Down D-meson Subtraction

ALICE —

1 A7DO4+DO
dO’DO _ 1 fprompt (pT) Nraw (pT) s | <vrid

de A?JAPT (ACC X E)prompt (pT) -BR - Lint
|Y1ab|<0.5

* Crefl (pT)

NDO feed —down raw

fprompt = 1- NDO raw —
d20' FONLL
= 1= (Taapa)) X ( )
(P4) dydp T / feed—down

(ACC X 6)feed down - AyApr - BR - Nth
N DY ravv/2

feed —down
X LA A (pA)

X

X

® pPQCD calculation of the beauty production cross section —> D from B yield
® Assumption on the nuclear modification factor of D mesons from B decays.

Rfeed down Rprompt

Variation considered to
1 < Rigd—down /pPrompt 3 estimate the systematic

uncertainty
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D-meson Cross Section

ALICE —
6\ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S D° meson ALICE Preliminary
O
(5 1 ey
~ _ﬂ— Pb-Pb, \s,,=2.76 TeV

To S ! I :
< . @: 30-50% centrality
=10 S
T - Q: —e— ALICE data
Q B 3t
LS 2 ’@' WHDG rad-+coll
> 10°F «—;q- — POWLANG
o - \ Y == Cao, Qin, Bass
- .,&.e, .- MC@sHQ+EPOS2
10_3 Yest. e, - - - TAMU elastic
E_ '/%/ Iﬁ‘\’.s
- ‘\‘E,,”,’w:\
I L
107 F == ij
- SNV -‘s
: ' /‘ .,,'.0,
-5 | = 1.3% BR syst. unc. not shown
10 EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O 2 4 6 8 10 12 14 16 18
P, (GeV/c)
B : Nucl. Phys. A872 (2011) 265 B : arXiv:1401.3817

BPOWLANG: JPG 38 (2011) 124144
®&Cao, Qin, Bass: PRC 88 (2013) 044907
BMC@sHQ+EPOS: PRC 89 (2014) 014905
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% D-meson v» - Event-Plane Method

ALICE —

® D9 meson azimuthal anisotropy quantified through:
- elliptic flow v2: the second coefficient of the expansion

|y Nin—plane — Nout—of—plane
Ry 4 Nin—plane T Nout—of—plane eane

out-of-plane

Vo —

reaction

- nuclear modification factor Raa azimuthal dependence planc

with respect to the reaction plane

| AN 1n(out)/de
Rm(out) _
P T TLT (W dpn) 2
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“vent-Plane Angle

ALICE = —
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ALICE
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D-meson Azimuthal Anisotropy

DO Rana (30-500/0)
. In-plane Out-of-plane
<-_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_lIII|III|II|||||||||||||||||||||||_
m< PromptDo,Bo m InPlane Q T ALICE -
¥1<0.5 ® OutOfPlane —  Pb-Pb, r 2.76 TeV WHDG rad+coll
Syst. uncertainties 1 c o == POWLANG i
—  Correlated I entrality 30-50% - .=+ (Cao, Qin, Bass i
(1 Uncorrelated ___“/' .-Iu.-lu: I\B/IA(?I\%PSSI-IQ-FEPOS "
Anticorrelated - \ = = = TAMU elastic .
________________|:__|_G_'°_b'i"_”9r£“?'lzf“l°£‘____' AL e oo uQMb i
.—'
a - N
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® Raa measured in-plane and out-of-plane, sensitive to
- path length dependence of parton energy loss at high pr
- collectivity at low pr
B - Nucl. Phys. A 872 (2011) 265 &BBAMPS: PLB 717 (2012) 430
BPOWLANG: JPG 38 (2011) 124144 B : arXivi1401.3817
@C&O, Qin, Bass: PRC 88 (2013) 044907 @UI’QMDI J. Phys. Conf. Ser. 426 (2013) 012032
BMC@sHQ+EPOS: PRC 89 (2014) 014905 §&Phys. Rev. C 90 (2014) 034904
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Feed-Down D-Meson v

ALICE —

prompt __ 1 all 1—f prompt = feed—down
U2 — U2 Vs
f prompt f prompt
Assumption /Ugeed—down _ vgrompt

Variation considered to
estimate the systematic
uncertainty

0 < Ugeed—down < Ugrompt
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Scalar Product and 2-Particle Cumulant

ALICE

Scalar Product

i 0 o .0
oL (R @)

2\V(@&-2y (%2

—

i = (cos2@p,sin2q@p

N—"

Elliptic flow computed by correlating D mesons from the positive eta-region and charged
particles in the negative eta-region (and vice-versa)

Two-Particle Cumulant

2 0
Vz{z}— \/<<Qa Zb>

No pesudo-rapidity gap between the D mesons and reference particles
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