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Why heavyflavours?

In pp collisions
A Reference for b and P¥Pbcollisions

highestcollisionenergies

In p-Pb collisions
A Testcold nucleamatter(CNM) effects
A Modification of PartorDistribution Functionsgluon
saturatioratlow x '

A Energylossin theinitial andfinal stage of theollisions
A k; broadening

(MPI)

A Test of perturbative QCOpQCD) calculationsatthe/Checktherole of multiple
initial hardpartonscattering

J.Eskolat al., JHEP 0904(2009)6
| Vitev at al., PRC 75(2007)064906

In Pb-Pb collisions

Powerful probes to study the Quark Gluon Plasma in heamycollisions
A Largemass(m, & 1 G&ic, m,& GeVic) in highvirtuality processe&Q > 2m, )
Y produced in theearly stages of theollisions

A Flavour is conserveih strong interactions

Y Heavy quarks experiencghe whole evolution of the medium,
interacting with its constituents
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Open HF in AA collisions: Observables

Parton energyloss
A oE depend®n thepartoncolor chargeand massin-mediumenergydensity pathlength
A Investigatedhroughthe Nuclear Modificaton Factor QT
Y ah

AEg >AEu,d,s>A Echarm>A Ebeauty ~ , Y Q, FQ l

Raa(Pr) < Raa(Pr) <REA(Pr) ?
PLB 519 (2001) 199, PLB 649 (2007)1:
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Open HF in A-A collisions Observables

Parton energyloss
A oE depend®n thepartoncolor chargeand massin-mediumenergydensity pathlength
A Investigatedhroughthe Nuclear Modificaton Factor QT
i 'L T

AEg >AEu’d’5>AECharm>AEbeauty ~~ o D g
Raa(Pr) < Raa(Pr) <Raa(pr) ?
PLB 519 (2001) 199, PLB 649 (2007)1:

Azimuthal anisotropy

A Initial spatialanisotropyY azimuthallyanisotropianomentundistribution

A non-centralcollisions
Y anisotropydominatedby elliptic flow 3,
A low p;: v, sensitive tacollectiveexpansion
A high p;: v, sensitive topathlengthdependencef
iIn-mediumpartonenergyloss

5o P GHAINO w) @@ W D
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measurements witn ALICE

Tracking
Chambers

ACORDE

EMCal
. TOF

Dipole
Magnet

HMPID
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HF measurements with ALICE

33\ \ 0o Opencharmfrom hadronic decays
* at central rapidity
DO- K- *(cU=123em, BR = 3.88N0.05 %)
D*- K- * *(cU=312em, BR = 9.13N0.19%)
D**- DO *(strong decay, BR = 67,7N0.5 %)
D.- K-K* *(cU=150em, BR =2.28N0.12)
e - S.*- pK’*(cU=60em, BR =5.0N1.3

_‘ E.ir* = / / . ¥ S s."- pKO%(cU=60em, BR =2.3N0.6)

= “§ 5o Openheavyflavourfrom

o0 4 semtleptonic decays

C,B,s.Y eanything

N

Rl

L3 Magnet
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HF measurements with ALICE
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D-mesornreconstructionn ALICE

pointing angle 6
© e Tpoint

ol

e (W
K Dnﬂight it~y -~ D reconstructed momentum

Reconstruction of secondary vertex
topologies, displaced from the primary
vertex by few hundreedm

e rimary yerféx
) secondary vertex

D-meson candidates selected applying
A Kinematical cuts: p;, impact parameter of single tracks
A Topological selectionscosine of pointing angle, distance
bet ween primary and seconda

Particle identification (usingTOF and TPC information) iarder
to identify kaonsand reduce theombinatoriabackground
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D-mesornreconstructionn ALICE

Raw yields extracted in differept intervals via a fit to the invariant mass distributio

c:&_)- 220:_ o I B R B R o] -
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N 1eof D*—> K 4 PP collision 5 ™ pp collisions JHEP 1201 (2012) 12!
8 oot ' S b $ JHER 207 (2012191
AU R E : PLB 718 (2012) 279
g 100171 - D! - K K'n* ]
80 ;— + + + + 100 and charge conj. ]
60-_ : - ]
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3 (+30)=122+23 - | I ( . E
O 7776 18 18 1.9 195 2 205 e ’Invaria;';’iqass K;;{Gevj;f} @ 5.02TeV
Inveriant Mass (KTCTC) (GeV/Cz) I PRL 113232301
BRELEL BLELEL N BLELEL LN B BN BN N BN
% S B B B L 12<p <16 GeV/c
% 8<p_<12GeV/ic sof- ’ Central
=250 T PP |5, =276 TeV Pb-Pb ]
(=) . " - h . .
S oo S (36) =611+ 39 aof-  Cenally:020% collisions - A Pb-Pbcollisions
8 B (36) = 659 + 7 ]
5150 p-Pb, | 5 =5.02 TeV 30- @ 2'76-|-ev
prop - JHEP 09 (2012) 112
100 20f
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o S (30) =67+ 15
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JHEP 1201 (2012) 12

similar trendat\/i = 2.76TeV
JHEP 1207 (201291

A Dgintherange 2<p; <12GeV/c
Phys.Lett B718 (2012) 27994
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Multiplicity dependence of open charm yleld<

Q0OTQwrR ®w FN
Q0TQ Qw TN 0 }’N

/\l_ r T T T | T T T | T T T T ‘ T T T T [ T T T T ‘ ] /\'_ C T | T T T T " T T T T I T T T T I T T T T [ T T
Q 14— * o 14— —]
g DO, D*, D™ ] g O DO :
S - ALICE ’ ] . ) ~  ALICE ] -
5 19— eretimnazy — 12— sreitmnay ]
- - D [ A —
mZ 5 pp \s=7TeV, |y|<0.5 . prd - pp\s=7TeV ] .
O 10~ ¢ D°meson, 2<p <4 GeV/c — o 10|~ D°meson, |y|<0.5 —
- - % D" meson, 2<p <4 GeV/c T . ~ - ——1<p <2GeVic By 7
T+ 8— 4 D™ meson, 2<p <4 GeV/c — 3 8 =2<p <4GeVic 1 ]
_8' L +7%/-3% normalization unc. not shown B _8— L — 4 < pT <8 GeV/c a
3, - . = - ——8<p_<12GeV/c . *
o 6 . o 6 T ] —
—~ ~Z - -
> . Z . ' .
= C ’ ) - ]
ol & J ol % 3

: E : I ! +7%/-3% normalization unc. not shown
: - ! ——— ! —— 1 ——t \{ b \{ —+ N . PR U NN WU W A S SR WU NS SRR B
© p4fF . ) . R = o] E ' ' ! ' ! B
S B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E € 045 Biraction hypothesis: x 1/2 (2) at low (high) multiplicity =
3 oy |
c 02F = c 02— 3
= C = N —— 3
9 = e} O %= e la LTt TTTT Tt TI T B
-? E el E i e i l
3 -0-2§ 5 02— e ~
D -04F , 3 -04F =

m g 1 2 3 4 5 P : 5 . . :
dN,/dn /(dN_/dn) dN,,/on / (AN_/cinp

A Results for B, D*, D* in agreement A Increasing trend of the-eson yield as a

within uncertainties function of chargegbarticlemultiplicity
A no significantp; dependencwithin uncertainties
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Multiplicity dependence of open charm yleld<
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C 1 & C ]
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- L & D" meson, 2<p <4 GeV/c . ~ - ——1<p <2GeVic . 7
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.8' L +7%1/-3% normalization unc. not shown B _8— C —4c< pT <8 GeV/c ] ]
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o 6 . o 6 ] —
o C ] a- : ]
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z ¥ E > [ib E
S C ’ © - .
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G f'—- S T S S H ) j . [ l ey JI e ! [ ! ey ‘l | C
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3 oy |
- 0.2 = c 02— =
s o s B S— S
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© 02k 8 -0.2F e e e e e —
Q2 -04F ) ‘ ‘ o -0.4 ; E
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A Results for B, D*, D* in agreement A Increasing trend of the-eson yield as a

within uncertainties function of chargegbarticlemultiplicity
A no significantp; dependencwithin uncertainties

s Heavy-flavour production could be affectedby
Multi Parton Interactions (MPIs)
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Nuclear Modification Factor

T
¥

o | I T [ [ I ARRRS! I I I T I I I I 'Y
&t Prompt D" 1 Prompt D Prompt D** - Prompt D} ALICE

D™ |

p-Pb, | 5,,=5.02 TeV DO
181 .0.96<y  <0.04 T
96<y <0, ]

A’ R ppcompatiblewith unity in
0.4F - T ‘ ] 1< pT < 24GeV/C W|th|n
t T T the uncertainties

ANo signiycant
between th& ,,of the four
ceelll e .I_ D_meSOereCieS

G|||||l||||||||l|||||||||||-IIII]IIIIlIIIIlIIII|IIII|I [RERARERNIRRERI ARRNA RRNE N SRNRY SARNY SRR FRRRY AARRA N
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

pr(GeVe) pr(GeVe) pr(GeVe) pr(GeVe)
Phys.Rev.Lett113 (2014) 23, 232301
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Nuclear Modification Factor

i;;g_""l""l""""""I_f-""I'"'I""I""I""I'._""I""I""I""I""I'.:_""I""I""I”"I""II 'Y T
ftw_Prompt D’ _:_Prompt D i Prompt D** i Prompt D ALICE ] T
- p-Pb, | 5,,=5.02 TeV DO D*+
1O-0.96<y, <0.04 T I | I
ANo signiycant
Tl between th& ,,of the four
.................... I-- i .|_ D-meSOrSpeC|eS
- | 'I‘ ‘ | A R, p,compatiblewith unity in
04 T T T ] 1 < p; < 24GeV/c within
°F 1 T I ' the uncertainties
0 ””él”II!(JIIIIIISIIIIEIKJjIIIEEI-””éll”IlO”HIL'I”|2|0””2|5| IHléllllﬂlolluilsll”2|0””2|51-|HLQHHWIOHIHISJHIZIOJHIZISI
pr(GeVe)  pr(GeVe)  pr(GeVe) pr(GeV)
Phys.Rev.Lett113 (2014) 23, 232301
O oseS 0 E A Results describedithin uncertainties by theoretical
2] ] l calculations that includeitial -state effects
R e e e & A NLO pQCDwith EPS09 Nucl Phys. B 373 (1992) 2¢
oe ¥ . | E A ColorGlass CondensaterXiv:1308.1258
o E A Energy lossnPDFs k-broadening
- E ;ngézuiigwhjﬁ;al:\it}h CTEQ6M+EPS09 PDF E JHEP 09 (2012 112
OBE 27 Vnavs power cor. K, broad + O Eioms 3 Phys. Rev. C 80 (2009) 054!
(0] 5 10 15 20‘0-r (Gz?//c)
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Nuclear Modification Factor

L B e e e B S LI o o B s e o o B s s e < 3 T T T
L | | | I | L LN L N B B A T 7 T 1
_& r ALICE p'Pb, ‘\SNN=5'02 TeV 1 ‘é : -4~ ALICE bt — (¢ +€)/2, TPC-TOF, ALICE reference : ﬁ LI L L I N L B
1.6 0 Rt oA — T T 4 ALICE byc - (¢ +€)/2, TPC-EMCal, ALICE reference : L _ + ]
Oﬁa S _/-?)vggigye D<'0DO£'1D ] 251 - AUCEDC (¢ +e)2 TPGEMGaL FONLL rference J D_p-z 5F p-PD | 8y = 5.02 TeV, - c.,b decays ]
14 I ' cms 1 g r J| normalization uncertainty ] ’ C 25<y <354 §
E E é r I FONLL + EPS09 shad. 4 - ALICE Preliminary cms ;
ool g i A
1 m 1 e | : r ] -
T — ] 150 _ 15
i 115 e . "L J C
0.8: i . r L ] _
0.6 - N L eas ] ] 1p
0.4F 3 t u | T ] g 1
F 7 U0 (FuliWatansoe) ] 05 | 1 . 05— Vitev: conerent scattering + k_broad + CNM Eloss
0.2l == pQCD NLO (MNR) with CTEQEM+EPS09 PDF ]| Sl ] C ‘ . T
[ o= Vitev: power corr. + k_broad + CNM Eloss ] r ALICE P-Pb, Sy, = 5.02 TeV, min. bias, 1.08 <y | <0.14 - oLl Syst(larnahc u:]ceﬁaln}y on norlma\lzatl‘on T
1 PRELIMINARY
00 L 1 L 5‘ L 1 L \1ID\ 1 L \1‘5\ 11 \2IO\ 1 L \2|5\ 1 U_J \ \ é \ L 4J, | | L é L L é L L |1E ] | L 112 L | | ;4 0 2 4 6 8 10 12 14 16
p, (GeV/c) P, (GeVig p. (GeVic)

Phys.Rev.Lett. 113 (2014) 23, 232301
A Similar trend for Dmesons, kectrons and muons from heaflgvour cecays

A Good agreement with theoreticalculations that includiaitial -state effects
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Multiplicity dependence of open charm yields

14— ALICE Preliminary
D° meson, , |<05

12 4 pp1s=7Tev
B 2<pT<4 GeV/c

10 # p-Pb,|s,, =5.02 TeV
2<p_<4 GeV/c

8; |

(°N®/dydp.) / (dzND/dyde)

‘I‘l\ll\l\||\|I\|\|\|\|J|||\|\I|

45 P
L o
2 L [®dm- +7%/-3% (3.1%) in pp (p-Pb)
L normalization unc. not shown
[ T 6% (3%) unc. in pp (p-Pb)
- on dN/dn / < dN/dn > not shown
!I } ! | } Il } . | | ! | | ] l 1 | I ]
0.4 B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity

B feed-down unc.

4 5 6
dN,/dn / (AN _/dn)

Q 6 7Q 6 & T 6
QOTQoR  ® I8N 6 W

A D-meson selhormalized yields
iIncrease witlchargedparticle
multiplicity

A no significantp; dependence
within uncertainties

A Similar trend observed in pp anePb
collisions

U MPIs contribute to high-multiplicity events in pp collisions
U The larger number of binary nucleon-nucleon collisions is expectetb also contribute
to high-multiplicity events in pPb collisions
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Nuclear Modification Factor

QO P T T
B ALICE Preli O + *+i :
% "t Po-Pb, \sNr:e_lr;I?g?ev D D , D E 'V p Qg JQn
S 16 . o = ; 5
=S| oAverage D°, D', D**, 0-7.5%,|y|<0.5 7 Y, QpdQy
@ 14 =Average D°, D*, D**, 30-50%,ly|<0.5 :
Eel e | ALHIG Py & "
il o . A suppressioim most centratollisions
e —=" A less suppression in peripheral
0.6:—-; E collisions!
0.4 | HHJEFJEﬁ«H» m -
0.2 E—E—_E_—H— H =
p (GeV/C)
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Nuclear Modification Factor

Q 2prrTTrrTr IARRE RRRE IR RN .
a— C R O + *+ ] c 114 \
=% popo, s aretoy D v Dy D v P Q0719
S 1.6/ - o = ; 5
=S| oAverage D°, D', D**, 0-7.5%,|y|<0.5 7 Y, QpdQn
@ 14 =Average D°, D*, D**, 30-50%,|y|<0.5 o
2] i meree | ALNIGN Py & "
il o . A suppressioim most centratollisions
i ——=" A less suppression in peripheral
0.6:—;; E collisions!
NG 1 -
itk ﬂ z
o2l U g —f =
[ T - R ; ;
(ol (GeV/c) 13 Pb-Pb,\syy=276TeV ceomoen ]

Heavy flavour decay p* 0-10% central, 2.5<y<4.0
Heavy flavour decay e* 0-10% central, |y|<0.6

with pp ref. from scaled cross section at \s =7 TeV
with pp ref. from FONLL calculation at \s = 2.76 TeV

A Trend similar to that observed for
A HF decay electrongy|<0.9
A HF decaymuons(2.5<y<4.Q
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Nuclear Modification Factor
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Nuclear Modification Factor

P

QY FQn

Y

Q54020

A suppressioin most centratollisions
A less suppression in peripheral
collisions!

_.+
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Average D°, D", D"

= |
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[.—||.—?—.||
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‘ T T T T ‘ T T T T | T T ]
p-Pb, \ 5,=5.02 TeV -
-0.96<y__ <0.04 |
Pb-Pb, | $,,=2.76 TeV|
v, _|<0.5

—e— centrality 0-20%

—a— centrality 40-80%
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Nuclear Modification Factor

within uncertaintiegor p;O 2 /Ge V

0.8
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RAA

1.4

1.2

0.8

26/01/2015

Mass hierarchy:R,,(p) D vs’

AEg >AEu,d,s>A Echarm>A Ebeauty

1.8F

1.6F

~ Pb-Pb, | 5, = 2.76 TeV

- eAverage D°, D", D |y|<0.5, 0-7.5%

} owith pp pT-extrapoIated reference
- = Charged particles, m|<0.8, 0-10%

- e Charged pions, n|<0.8, 0-10%

]_ ..........................................................................
- D mesons

FRELIMINARY

- Charged particles

R (Pr) < Raa(pr) 2

A Average Dmeson and R,, closeto
each other within uncertainties

Caveats

A Different shape opartonmomentum spectra

A Different fragmentation functions
Djordjevig, PL B734(2014)286;

Wicks et al., NA872(2011)265
A Contribution of soft processes at Ipw

U Comparison not conclusive, more
precisemeasurements of the transverse
momentum dependeneaee required
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Mass hierarchy:R,,(p+) D vsB

AEg >AEu,d,s>A Echam4 Ebeauty —

:::1.4TII\‘ITIIl\\IT[IITWIIII\IIIITWI!II\I
T L Pb-Pb, \sy, =276 TeV :
1.2— ®m ALICE Preliminary D mesons ]
- 8<pT<16 GeV/c, |y|<0.5 -1
I Correlated systematic uncertainties 7
I [ Uncorrelated systematic uncertainties
12 I Bjordjevie Non-prompt Jiy (65<p, <30GeVic) |
L Djordjevic Non-prompt J/y (with ¢ quark energy loss) 4
L Il - - = Djordjevic D mesons (8 < P, < 16 GeV/c) n
0.8 tJ/qQ
B, non-promptJd/q
o |EER D meson
0.6 HE
0.4 ~ N ,,,,,,,,,,,,,,,,,,,,,,,,, -
- MS Preliminary Non-prompt Jiy |l == =~~~_ N
0.2— e cwms h
I~ 6.5<pT<30 GeV/c, |y|<1.2
| [1Systematic uncertainties CMS-PAS-HIN-12-014 ]
O\\I\‘I\\\l\\l\‘ll\\l\\l\‘ll\\l\\l\‘ll\\
0 50 100 150 200 250 300 350 400
€ Npal_t weighted with N__»
26/01/2015

aa(Pr) < RAA(pr) ?

A D-mesorR,, is lowerthanR,, 0 f  J /
from B decays measured by CMS

(similar p; rangebut |, < 1.2 |yb<05)
MSPASHIIN12-014

U consistentvith the expectatiofrom the
predicted energy loss hierarchy

A Differencebetween D mesons andn
promptJJ due to he massiependent
radiative anccollisional energy loss,

accordingo pQCDbasednodel
calculations Dijordjevig PL B7342014) 286289

U Good agreement between model
predictions and experimental date
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Elliptic flow 3,

“Q0 . -
S ek p Gcu AI(O W )QI[@-D
N 0.4 | \ 17 7 1O v
| ALICE Pb Pb \Syy=2.76 TeV |
C I o _
l eniralty 30-50% A Averagev, of the three mesonargerthan
D mesons

0.2

-0.2

A

= Prompt D°,D", D™ average, |y|<0.8, v,{EP}
"~ [_]Syst. from data

Charged partlcles_

A

¢ Charged particles, v,{EP,|An|>2}

[] Syst. from B feed-down

I AN T SR NN SN NN SN NN S S

0

L
16 18
P, (GeV/c)

2 4 6 8 10 12 14

PRL 111, 102301013

A A positivev, is also observed fqr; > 6 GeVc

26/01/2015

zeroin2<p;< 6 GeV/c witl
of 5.70
Vv, comparablen magnitude to that of

inclusive chargegarticles( dominated by

light flavour hadronsin 2 <p; <6 GeV/c
arxXiv:1205.5761

S

Low p; charm quarks participate in
the collective motion of the system

measurementiseeds more statistics

but a propestudy of the patlength dependence phartonicenergy loss via,
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Comparison with models

D mesons D mesons PR C90(2014)034904

(o CentralPb-Pbcollisions Semicentral Pb-Pbcollisions
g . B T T .I_' 1 ;' T T ‘ T T T ‘ T T T I T T T I T T T I T T T | T ] }N L T T T I T T T I T T T *l T T T ‘ T T T | T T T I T T T | T T T I T ]
o A ALICE D’, D*, D™ average, ly|<0.5 T - = ALICED'D'D"average  Pb-Pb, |5y =276 TeV -
ﬂ i . 0'4:|':| Syst. from data , =
1 e TP O L Centrallty 30-50% ]
v A Pb-Pb, | Sy = 2.76 TeV . :_|:| Syst. from B feed-down _:
ST TR Centrality 0-20% - 0.3¢ N
0.8 : WHDG rad-+coll — u ]
[ — . - POWLANG ] 0.2 ) .
L5 e Cao, Qin, Bass ] =L # N
06k SR MC@sHQ+EPOS, Coll+Rad(LPM) ]| o ]
O Y mimimie BAMPS ] Lo ]
L " - TAMU elastic ] 0.1 -, =
:L,.‘ s _S : 'é ,.E
L i C WHDG rad-+coll .
B bonerznre sy I = . POWLANG ]
0.2~ Pt EntUETTT T -Q.{F= -+ Cao, Qin, Bass — ]
B PR LN o 7 B NEIREY MC@sHQ+EPOQOS, Coll+Rad(LPM) - --- TAMU elastic
B ] Lo BAMPS — — UrQMD i
O 1 I C | 1 I 1 1 Il I 1 1 Il | 1 1 1 ‘ 1 1 Il | 1 1 1 I 1 1 1 I 1 Il 1 I 1 B

0 1 16 0 2 4 6 8 10 12 14 16
P, (GeV/c) P, (GeV/c)

TAMU elasticPL B735(2014)44%jaq Qin, BassPR C88(2013)044907, : NP A872(2011)263C@sHQ+EPOBR

C89(2014)014905; Vitev, rad+dissoc: PR C80(2009)052402/. ANGIP G38(2011)124148AMPS PL B717(2012)430

A Modelsthat are best in describifty, tend to underestimatg and the models
that describe, tendto overestimateéhe measureB,, at highp;

Simultaneous description tfe largesuppression dD mesons in central
collisionsand their anisotropy in necentralcollisions is challenging
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Conclusions

Excellent performance of ALICE fdreavyflavour measurements

D-meson production in pp collisions
A well described by pQCbalculations withiruncertainties
A multiplicity trendof p,-differentialyieldscan be interpreteith terms of MPIs

D-meson productiom p-Pb collisions
A Small modification with respect fap collisions well described by
modelsincludingcold nuclearmattereffects

D-mesonproduction in PEPbcollisions

A Strongsuppressio@t high p; in themostcentralcollisions due to
the partonenergylossin the medium

Av,i n  DOGEY suggestshatlow p; charmguarksparticipaten
collectivemotion of thesystem
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Perspectives

More data are required to sharpen conclusiongpamddenew results

With RUN Il (More statistics available ariiocreasedeam energy)
A Improve ¥, D*, D** measurements precision, going to lower
and highep-
A Perform measuremertfisr rarecharmechadronD S, s .*
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Perspectives

More data are required to sharpen conclusiongpamddenew results

With RUN Il (More statistics available ariiocreasedeam energy)
A Improve ¥, D*, D** measurements precision, going to lower
and highep-
A Perform measuremertfisr rarecharmechadronD S, s .*

With ALICE Experiment Upgrad€o018)
A Unigue HF measurements will lbgailable
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With RUN Il (More statistics available ariiocreasedeam energy)
A Improve ¥, D*, D** measurements precision, going to lower

Perspectives

More data are required to sharpen conclusiongpamddenew results

and highep-

A Perform measuremertfisr rarecharmechadronD S, s .*

With ALICE Experiment Upgrad€o018)

ALICE, CERMNC€2013-024

q: 2_ LI I A B A B | LI B B | L B | | T T T 7 | T ]
=L L i
™ 1.8-ALICE Upgrade  Pb-Pb,\[syy = 5.5 TeV
16 Lt = 10 nb™, centrality 0-10%
1.4 D%— Kt e
B o Non-prompt JAiy— e'e ALICE i
1.2 __*—+T+ P P t’s:at!fonly} *:;:;;:; B
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Oﬁfﬂ- . —
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0: 1 PR | IR BRI | 1 |
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ALICE, CERNC€013024

::E\.I 0.4: T T T T T I T T T | T T T | T T | T T I:
0.35- ﬁ Pb-Pb, {§y=5.5 TeV ]
0 35 oot Centrality 30-50% ]
r 10
0 25: D% K o+ 1.6x10 " events
. = prompt
0'2:_ —— from B -
0.15— «© 5 DO__
o1  "Pooc 3
0.05- v TTTrteeen v riiead
4 i
Oj | | | |

TN I T T I I R T T | [
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26/01/2015

| 31st Winter Workshop on Nuclear Dynamics | E. Meninno

(D)

ALICE



Perspectives

More data are required to sharpen conclusiongpamddenew results

With RUN Il (More statistics available ariiocreasedeam energy)
A Improve ¥, D*, D** measurements precision, going to lower

and highep-

A Perform measuremertfisr rarecharmechadronD S, s .*

With ALICE Experiment Upgrad€o018)

26/01/2015

10— LU I I LRI R
=) ALICEUpgrade Pb Pb,\ sy =55TeV

§ ‘ L, = 10 nb™", centrality 0-20%

ALICE A/KS param (2.76 TeV) |
- Ko et al. [EUD GeV) )

E
& |’ Hﬂ —TAMU Rapp et al. (2.76 TeV)

nnnnnnnnnnn

-/
;Hﬁ

NN N N Lovelooileneloneles
0 2 4 6 8 1{] 12 14 15 18 20 22
p, (GeVic)

S . measurements for the first time in
Pb-Pbcollisions at the LHC

M. He et al., arXiv:1204.4442[nuth] Y.Oh
et al. Phys. Rev. C79, 044905(2009)
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Cross section in pp collision® 2.76TeV

—_
L
=
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o]
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—
n
=}
'
=
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©
~
Lo}
o

F 276 TeV data

T [ syst.unc.

S
ALICE A
D° meson

==

==
——

7 TeV scaling

E [syst unc.

+3.5% lumi (7 TeV scaling), +1.9% lumi (2.76 TeV data)
+1.3% BR norm. unc. (not shown)

Data / Scaled

do/dp,| . (HbIGeVic)

Data / Scaled

LRI R
ALICE 1
D" meson |

==

%276 TeV data

[ syst. unc.
-+ 7 TeV scaling

[Jsyst. unc.

+3.5% lumi (7 TeV scaling), +1.9% lumi (2.76 TeV dala)
+2.1% BR norm. unc. (not shown)

A p- differential crossectionmeasured for
A DOin therange 1< p; < 12 GeV/c

A D*, D**in the rang& < p; < 12 Gevi/c

26/01/2015
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(ub/GeV/c)

pt |\y|<0.5
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Data / Scaled
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F ALICE A
L D " meson
10%: .
10E E
1E == =
F ®276TeVdata 3

e —

4 =7 TeV scaling
10 E  [Jsyst unc. 3
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B

ALICE



Heavy flavour decay electron Jg,

B 3 T I T T T | T T T I T T T I T T T
*g r —4— ALICE b,c — (" + €)/2, TPC-TOF, ALICE reference ]
s C —#— ALIGE b,c — (¢" + e)/2, TPC-EMCal, ALICE reference 7]
'% 25— —# ALICE b,c — (" + €)/2, TPC-EMCal, FONLL reference |
SSED B | normalization uncertainty T
B - FONLL + EPS09 shad. -
E - A
5 2 —
8 L A
(&) - -
3 L A
g C i
syl | 7
- [ [ I 00— -
Bl LT L e
osf-|[ [ N
- ALICE P-Pb, {8y, = 5.02 TeV, min. bias, -1.06 <y < 0.14
: PRELIMINARY :
IIIIIII | Il 1 1 I | | 1 I Il 1 1 | Il 1 | | 1 | 1
0 2 4 6 8 10 12 14
P, (GeV/c)
el
o N .
T 4 ALICE Preliminary
4 ALICEbc — e
—~4-ALICEb(—>c)—e
2.5

26/01/2015

—

|IIII|IIII|IIII|IIII|\\\\‘\\

05|

l § normalization uncertainty
| ]
] e

[—=1
’llr
P
4

!

—

.

p-Pb, \ s, = 5.02 TeV, min. bias, -1.06 < Y ems < 0.14

OrTTTT

P I
12 14
P, (GeV/e)

h,;
B
.
=]
>

HF decaye vy A

¥

A HF decay &e R p,consistentvith unity
within uncertainties

A Good agreement with theoretidg&DNLL
PQCD calculations with EPS09 PDF
parameterizationsf shadowing

Beautyhadron decay e

A R,p, Of electrons from beautigadron
decays is also compatible with unity
within uncertainties
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Heavy flavour decaynuon R,

FORWARD rapidity HF decaye BACKWARD rapidity " 7

§ LI | I LELEL I LI I LI I T L I T LLEL I i %
© o6 - p-Pb \ s, =5.07eV, p'c,b deca T
T 25<y <354 1
- ALICE Preliminary .
2r .
15F -
1 E‘ E
[ == NLO (MNR) with EPS09 shadowing ] F == NLO (MNR,) with EPS09 shadowing ]
0.5 ‘ : — 05 == - ‘ . o]
- — Vitev: coherent scattering + kT broad + CNM Eloss - - —— Z.B.Kang etal..incoherent multiple scattering i
- systematic uncertainty on normalization 1 C : syst?matic ulncertainlly on no:malizatilon | I .
-||||||1|||1|||||||||||||||1|||||- 0""""""""llllllll
OO 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
P, (GeVlc) P, (GeV/c)

ARprof HF decay € consi st entgoingiditettionu ni ty .

A R,pp Slightly larger than unity in the range<?p< 4 GeV/c at backward rapidity

G dolrg,aiection) describedoy MNR pQCD calculations with EPS09 PDF
parameterizations of shadowing
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Nuclear Modification FactorR,, (p+)

D 2_[ T I T I T T ‘ 17T 1 LI I T TT I T [ T 1T T T I_
-~ C + * 4 i
S 0-20% centrality .
516 Pb-Pb,\ 5 =2.76 TeV
140 Average D°, D*, D™, |y|<0.5 -
o - F—] NLO(MNR) with EPS09 shad. 1
1.2 —
o =
0.8 -
0.6 -
. Ubpg o H—
0.21 EL -
0:\ | | L1l | L 11 ‘ L1 1 ‘ L1 | | L1 1 I 11 { L1 | | L1 l:

0 2 4 6 8 10 12 14 1 1

26/01/2015

6
P, (GeV/c)

A Cold nuclear matter effects smaller th
uncertainties for pO GeVic
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8

AverageR,, of D mesons in thei@0%
centrality class compardd theexpectation
from NLO pQCDwith nuclear shadowing

JHEP 09 (2012) 112

A EPSO0Muclear PDF parametrizatigmedicts
small initial stateeffects forPl Pb collisions

_.l+

p T | T T T T I T T T T ‘ T T T T ‘ T T T T | T T ]
£ - ALICE p-Pb, | Suy=5.02 TeV
| . -0.96< <0.04 _
S 1.6\ average D°, D", D Y oms .
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-'(_U‘ ’ : __ |}.Icms|<0'5 :
o B —e— centrality 0-20% ]
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= 0.6~ -%* (}_ l) -]
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ALICE Experiment Upgrade

A New Silicon Trackers
A new beam pipe with smaller diameter
A new, highresolution, low material Inner Tracking SystéiS)

Improve impact parametegsolution
Improvetracking efficiency ang-; resolutionat low p;

A new Muon Forward Tracker (MFT) eddvertexing capabilities to the current
Muon Spectrometer

A Detector readout and online systemgrade
A MWPCswith micropattern gaseous detectors, new {@attklectronic
A TransitionRadiation Detector (TRD), Time Of Flight detector (TOF), and Muon
Spectrometer upgrade of the readut electronics
A Forwardtrigger detectorsipgrade
A Onlinesystems and offline reconstruction and analysis framework upgragle (02
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Physics motivationss . in Pb-Pb collisions

x Charm is a very sensitive probe of the hagnsity color deconfined state, the Quiz

Gluon Plasma (QGP).

x The measurement gf." couldgive an insight into the hadronization mechanisms

Excessof baryonswith respectto mesons,

Expectedperformance with ITS upgrade
(Monte Carlo studies)

o 2.5 ARRRE RS RARRN RARRN LR RRARE RARRE RN
measuredvith STAR at RHIC and ALICE at S Pb-Pb, 5, = 5.5 TeV |
o o L 10 i
the LHC in the light sector, suggests 2 e CS;ZflazvezmﬁrgmnbL
hadronization via coalescenc®f constituent E ALIGE AT param. |
quarks 1'5; % ------- PYTHIA, pp ]
1+ N =
& 22F yi<os STAR: Au-Au at |5,,=0.2 TeV Wh at abOUt ] ]
< 2 = AK30-5% o A/K2 0-5% 050 b
e 18F ; & A/K2 60-80% -~ A/KC 60-80% Charm SeCtOI"? "~ -
> 16F \PaT8 ALICE: Pb-Pb at |5,,,=2.76 TeV L i -
14F C'T‘\,\Lﬁf'ﬂ“ + A.fK% 0-5% 00 ..... 1‘2‘ ...... é ...... A ..... é é}m_m
12F B Tob ~4- A/KG 60-80%
1k :% 1 ‘.5.'. " systematic uncertainty P, (GeVic)
3 ¢ 1
08 T, . ALICE,CERNHCE013024
06 3 oﬁ%é - ¢ “]L
04F i . . .
ook * ES =l C;:I\ée;t' The measuremenof the s, yield relativeto
T e e s a0 2 | radialfl D mesonsn Pb-Pb collisionswould address
p. (GeV/c) lal Tlow

Phys Rev. Lett. 111, 222301 (2013)
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s_."Y p K*in pp and pPb collisions

x Analysis based on the reconstruction of displaced decay vertices
0 Reduce the combinatorial background via topological selection gag_identification of

decay particles

8
E - Ac— pK'T pp, s =T7TeV
[ 2<p, <6GeVic
x LOOSE TOPOLOGICAL CUTS e siemiono)
B Background (from pp data)

o ct( §')isonly 60 umsmall
: @

compared to resolution on the vertex | .=

position provided by the current ITS :

cose,

pointing

x Particle ldentification (PID), to

identify p, K, ", essential for this

F3<p A, <4 GeVic

Entries / 10 MeV/c?
o

analysis
0 Bayesian approach to combine pp ‘szﬂe\f\iﬁiem
response of TPC and TOF
o Maximum probability criterion to T
identify tracks uniquely BT
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factor100
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s 'Y pK%%in ppand p-Pbcollisions ...

track o
. . . I // Negatlve
x K9 reconstructed from paid oppositesign tracks forming a vertex sk
displaced from the interaction vertex Secondary VOvertex ¥¥bca
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