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Why heavy flavours?

# In pp collisions
 Reference for p-Pb and Pb-Pb collisions
 Test of perturbative QCD (pQCD) calculations at the
highest collision energies
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Why heavy flavours?

# In pp collisions
 Reference for p-Pb and Pb-Pb collisions

 Test of perturbative QCD (pQCD) calculations at the
highest collision energies

# In p-Pb collisions
» Test cold nuclear matter (CNM) effects:

« Modification of Parton Distribution Functions, gluon

. K.J.Eskola et al., JHEP 0904(2009)65
saturation at low x Vitev at al., PRC 75(2007)064906

» Energy loss in the initial and final stage of the collisions
* k; broadening
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Why heavy flavours?

In pp collisions
Reference for p-Pb and Pb-Pb collisions

Test of perturbative QCD (pQCD) calculations at the/check the role of multiple
highest collision energies

In p-Pb collisions
Test cold nuclear matter (CNM) effects:

» Modification of Parton Distribution Functions, gluon

. K.J.Eskola et al., JHEP 0904(2009)65
saturation at low x |Vitev at al., PRC 75(2007)064906

« Energy loss in the initial and final stage of the collisions
* k; broadening

initial hard parton scatterings
(MPI)
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Why heavy flavours?

# In pp collisions
 Reference for p-Pb and Pb-Pb collisions

* Test of perturbative QCD (pQCD) calculations at the /check the role of multiple
highest collision energies

#* In p-Pb collisions
« Test cold nuclear matter (CNM) effects:

» Modification of Parton Distribution Functions, gluon

. K.J.Eskola et al., JHEP 0904(2009)65
saturation at low x |Vitev at al., PRC 75(2007)064906

« Energy loss in the initial and final stage of the collisions
» Kk, broadening

++ In Pb-Pb collisions

Powerful probes to study the Quark Gluon Plasma in heavy-ion collisions:
* Large mass (m,=1.5 GeV/c, m, = 5 GeV/c) in high virtuality processes (Q > 2my,)
— produced in the early stages of the collisions

initial hard parton scatterings
(MPI)

» Flavour is conserved in strong interactions

— Heavy quarks experience the whole evolution of the medium,
Interacting with its constituents
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Open HF In A-A collisions: Observables

# Parton energy loss

» AE depends on the parton color charge and mass, in-medium energy density, path length

* Investigated through the Nuclear Modificaton Factor ANy, /dpr
Raa(pr) =

AEg >AEu,d,s>A Echarm>A Ebeauty ~ - 2 < Tan > dapp/de
Raa(P1) < Raa(Pr) < Raa(Pr) ?
PLB 519 (2001) 199, PLB 649 (2007)139
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Open HF In A-A collisions: Observables

# Parton energy loss

» AE depends on the parton color charge and mass, in-medium energy density, path length

* Investigated through the Nuclear Modificaton Factor ANy, /dpr
Raa(pr) =

AEg >AEu,d,s>A Echarm>A Ebeauty ~ 5 8 <Tan > dapp/de
Raa(P1) < Raa(Pr) < RpalPy) ?
PLB 519 (2001) 199, PLB 649 (2007)139

# Azimuthal anisotropy

« Initial spatial anisotropy — azimuthally anisotropic momentum distribution
» non-central collisions

— anisotropy dominated by elliptic flow v,
* low p+: v, sensitive to collective expansion

* high p;: v, sensitive to path-length dependence of . A
in-medium parton energy loss == N

2w dN /e
5 d = [1 + 2v; cos(¢ — Wgrp) +Qv, cos[2(p — Wrp)] + 4_:-\.-
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measurements with ALICE
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HF measurements with ALICE

_ 3N\ \ o Open charm from hadronic decays
* at central rapidity
D - Kxt* (ct = 123 pm, BR = 3.88 + 0.05 %)
D" - Ko™ (ct = 312 pm, BR = 9.13 + 0.19%)
D** — DO%* (strong decay , BR = 67,7 0.5 %)
D, - K'K*a* (ct = 150 pm, BR = 2.28 + 0.12)
==SNL «. AV . A" — pKzt* (ct =60 pm, BR=5.0+1.3)
_, %\:\ S N i At = pKO% (ct = 60 pm, BR = 2.3 £ 0.6)
= _ 4§ o Open heavy-flavour from
>80 semi-leptonic decays
C, B, A, — e + anything

N

HMPID
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HF measurements with ALICE

1'
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D-meson reconstruction in ALICE

#+ Reconstruction of secondary vertex
topologies, displaced from the primary
vertex by few hundred pum

pointing angle 6
© e Tpoint

et

o= (W
K Dnﬂight it~y -~ D reconstructed momentum

e rimary yerféx
) secondary vertex

#+ D-meson candidates selected applying
- Kinematical cuts: p;, Impact parameter of single tracks
» Topological selections: cosine of pointing angle, distance
between primary and secondary vertex, ...

# Particle identification (using TOF and TPC information) in order
to 1dentify kaons and reduce the combinatorial background
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D-meson reconstruction in ALICE

Raw yields extracted in different p; intervals via a fit to the invariant mass distributions

L?I_g_ 220:— o [~r——+"+r-= T r-rr T rTr T T T T T T T ] H -
o 200F D+ 1<pt<2 Gevie A % 250 pp,1s=7 TeV D ®<p,<4Gevic ] * PP collisions
E 180F e 7Tev,c|:)mi7i:irc])bns - 4 > collisions_E @7 ey
- 4 - iy .
= 160 D' K g PP g ™ PP ; JHEP 1201 (2012) 128
w - -*E r
o | | e o iz
G 100t D! - K K* x* ' ( )
80 ;— + + + + 100 and charge conj. ]
60F C L]
_ p=1.869+0.002 nd u=1.96:3:0.nu'zacvic; E A
" 9=0,009:0.002 : °TOME 00ROV » p-Pb collisions
3 (+30)=122+23 S S T
Oy 775 78 185 1.9 195 2 205 I , 202 ’;'If’ @ 5.02 TeV
tnveriant Mass (Krn) (GeV/cz) Invariant Mass KKn (GeV/ic®)
o PRL 113, 232301
BRELEL BLELEL N BLELEL LN B BN BN N BN
% T T T [ 12<p <16 GeV/c
% 8 <p_<12GeV/c sof- ' Central
=250 T L PP, |5, =276 TeV Pb-Pb ]
o . . . h T
S oo S (36) =611+ 39 aof-  Cenally:020% collisions - * Pb-Pb collisions
8 B (36) = 659 + 7 ]
5150 p-Pb, | 5 =5.02 TeV 30- @ 2'76 TeV
Prop - JHEP 09 (2012) 112
100 20f
- u=1.862+ 0.005 GeV/c?
Vg p-Pb collisions ' & -0.023+ 0.005 GeV/c? '+'
S (80) =67+ 15
[ e————— T —— o] SPEPEPI EFEPEPEN BRI EPEPEPI ENPEPEN EMPIPEP B
0.14 0.145 0.15 0.155 0.16 1.75 1.8 1.85 1.9 1.95 2
M(Knr) — M(Kr) (GeV/c?) Invariant Mass (Kn) (GeV/c?)
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p-|— -alrrerential Cross SeCtIO

1201 (2012) 128

T 10T 5 O 10°g T3 o 1P 3
3 Y D° TeV, L Au%ﬁ ] %5 & D* 7TeV, L Auﬁﬁ ; és ? - ALICE E
8 102 ppis=7TeV,L, =5n | $ ol ,Ppis=7TeV,L, =5n i 8 D™ ppis=7TeV, L, =5nb" ]
8 0 =) : 115 e E
2 R DU 1|2 . D1 2 ol|[R D™+
_E 1 —— é _E 1? -&- stat. unc. 7: _E % _g
g 1 g ot &5 R =
I Demvens ] < E Oomvens %: ° F Ooemvens 7
E 10_27 +3.5% lumi, + 1.3% BR norm. unc. {not shown) E _8 10722_35/Im +2.1% BR norm. unc. {not shown) , E E 10_253‘5°/qlumi,i1.5%BR norm. unc. (mo?srfowln). . =
§E ——————————————————————— % §E E%E ------ E §E zgg ———— E
pT(GeV/c) p; (GeV/c) Py (GeV/c)
E 103§ T T T T T T 3
3 010 15 =7 TV, =480 # po-differential cross section measured for
102 = .
- z ol - DY%inthe range 1 < p; < 16 GeV/c
5 b o= R « D*,D**inthe range 1 <p; <24 Gev/c
P =% D~ JHEP 1201 (2012) 128
P similar trend at /s = 2.76 TeV
g 10" E JHEP 1207 (2012) 191
pe] N ]
P e g % - Dg"Iintherange 2 <p; <12 GeV/c
e = Phys.Lett. B718 (2012) 279-294
Py (GeV/C)
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do/dp; |IvI<Q-5 (ub/GeV/c)

Data

Data
CM-VFNS  FONLLC

p-|— dlﬁerentlal Cross SeCtIO

10° SRERE =
F ALICE £
- -1

102 i D,pp\s:TTeV,Lim=5nb 2
10 D E
- - sfat unc. ﬁ -
10 1L [Jsyst. unc. -
E [Jrone 3

I OJemvrns
1 0_2 ji 3.5% lumi, + 1.3% BR norm. unc. {not sho) _|
3.57 - =

Data
GM-VFNS

%%%E dO/de ||y|<9_5 (ub/GeV/C

1zo1 (2012) 128

103§HH T3
F . ALICE 7
D',ppis=7TeV,L =5nb" |

D**+

10— 13
E Aucg E
D pprs=7TeV, L, =5nb

D+

102 -

10k

do/dp; ||y|<Qi5 (Lb/GeV/c)

107 = 107 O = -
E [CJronw E F E\FONLL 3
10,2 | *3.5% lumi, £ 2.1% BR norm. unc. (not shown) | 10_2 + 3.5% lumi, = 1.5% BR norm. unc. (not shown) ]
| 3 E

= = a5 e ! —
e — —
150 — S u B I} —
= = [ P, Eerreyyy . B =
0.5 - =
33 E T T Y | e e o =
3 = =
25— — o B
125 3 G 3
I !Hg:—::—. - - e et > =3

[] = . . |

] 5 10 15 20 25 10 15 oR

pr (GeV/c) pr (GeV/c)

3103 L B L e

g i v-7 v, - # po-differential cross sections reproduced within

10%E . . 5 . .

- A o e uncertainties by theoretical predictions based on pQCD:

o 0 e O e FONLL CERN-PHTH/2011-227

> E +
Z i e Ds e GM-VFENS Eur.Phys.JCc72(2012)
g I e ~ 19 * kq-factorization approach arxiv:1208.6126 [hep-ph]
-8 C 35/I‘ i T-ETBH‘H m\ ( |ho‘wn‘] | :::1

pT(GeV/C)
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Multiplicity dependence of open charm yields

d*N/dydpy Y™/ (emHEX NI
< d2N/dydps > ytot /(gtotx NOL  /etrigger)

eve

/\|_ r T T T | T T T I T T T T ‘ T T T T [ T T T T ‘ T ] /\'_ C T | T T T T " T T T T ] T T T T I T T T T [ T T
Q 14— * 4 ] Q 14— ]
£ T @ DO DY D™ £ O DY |
o) - ALICE ] ] B e ~ ALICE ]
= 12— ercstianane — S 12— saetiianaer ) —
=z - Ppis=7TeV |y|<0.5 h =z - ppis=7TeV .
O 10 + D°meson, 2<p <4 GeV/c — T 10 D°meson, ly|<0.5 —
g - % D" meson, 2<p_<4 GeV/c T . Z - e 1<p, <2GeVic ] ]
_= I 4 D" meson, 2<p_<4 GeV/c — - ~ = 2<p_<4GeVic . ]
8 . - 8

.8' L +7%1/-3% normalization unc. not shown B _8— C —4c< pT <8 GeV/c ] ]
> 6; i = - __8<pT<12GeV/c .. —
o o - T 6 - ]
> : DR . :
v 4 E S A =
~ r E 7] ~— - ] -
2— — 2 % —
L -] - C o ]

- . +7%/-3% normalization unc. not shown
I3 T'—- T T S S S H ) j . [ l ey JI e ! [ ! ey ‘l | C
€ 04 Biraction hypotnesis: x 1/2 (2) at low (high) multplicity E § 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
e 02 E c 02— =

<) oF = o e et e

S E o 0:: i [ .|
- -0.2F s 02F (i T g tieelietplied ]
o = 8 TE T T B
g 0.4F 5 5 ; : o 045 ]

0 1 @ g 1 ) 3 4 5

N N

dN,/dn / (dN_/dn) dN,,/on / (AN_/cinp

- Results for D°, D*, D** in agreement * Increasing trend of the D-meson yield as a

within uncertainties function of charged-particle multiplicity
* no significant p; dependence within uncertainties
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Multiplicity dependence of open charm yields

d*N/dydpy Y™/ (emHEX NI
< d2N/dydps > ytot /(gtotx NOL  /etrigger)

eve

/\|_ r T T T | T T T I T T T T ‘ T T T T [ T T T T ‘ T ] /\'_ C T | T T T T " T T T T ] T T T T I T T T T [ T T
Q 14— * 4 Q 14— -
£ T @ DO DY D™ £ O DY |
o) - ALICE ] ] B e ~ ALICE ]
= 12— ercstianane — S 12— saetiianaer ) —
=z - Ppis=7TeV |y|<0.5 h =z - ppis=7TeV .
O 10 + D°meson, 2<p <4 GeV/c — T 10 D°meson, ly|<0.5 —
-~ - % D" meson, 2<p_<4 GeV/c T : - - ——1<p <2GeVic | .
- - 4 D' meson, 2<p_<4 GeV/c — - T = 2<p_<4GeVic . ]
8 . - 8

.8' L +7%1/-3% normalization unc. not shown B _8— C —4c< pT <8 GeV/c ] ]
S 6 . S, [ ——8<p <12GeVic . ]
S 60 . S 6 ] =
S : 3 f ‘ ]
v 4 E S A =
~ r E 7] ~— - ] -
2 — 2 % —
L -] - C o ]

- . +7%/-3% normalization unc. not shown
G f'—- S T S S H ) j . [ l ey JI e ! [ ! ey ‘l | C
€ 04 Biraction hypotnesis: x 1/2 (2) at low (high) multplicity E § 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
< 0.2F = c 02— E

<) oF = o e et e

S E o 0:: i [ .|
& -0.2F B ot T R e <=4
o} F B CE| B
g -0.4: . 3 4 5‘ E -0.4 E} ‘ ‘ =

0 1 2 @ 0 1 ) 3 4 5

N N

dN,,/dn /(dN_ /dn) dN,,/cn / (IN_/chn)

- Results for D°, D*, D** in agreement * Increasing trend of the D-meson yield as a

within uncertainties function Of CharQEd'partiCIG mUItlp“Clty
* no significant p; dependence within uncertainties

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

ig-z_lllllllllllllllIIIIIIIIL:_IIIIIIIIIlIIIIIIIIIIIIIIlI__IIIIIIIIIlII\IlllII|IIII|I_:_IIIfIIIIIIIlIIIIIII||||||: R A — do-pA/de
ftw_PromptD _f_PromptD “PromptD oy _ Prompt DS ALICE ] p Axdo_pp/de
p-PDb, | 5,,=5.02 TeV D0 D [

18-0.96<y  <0.04

*  Ryp, compatible with unity in
0.4F - T ] 1< pT <24 GeV/C Wlthln
t T T the uncertainties

* No significant difference
between the R, of the four
vl I- D_meson Species

G|||||1||||||||l|||||||||||'|||||||||||||1|||||||||||| [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

p; (GeV/c) p; (GeV/c) p; (GeV/c) p; (GeV/c)
Phys.Rev.Lett. 113 (2014) 23, 232301
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Nuclear Modification Factor

dopa/dpT

ug-g-””"'”l”” L A L L L B S L B L R I S LR B R R R A —
ft1 _Prompt D’ _:_Prompt D i Prompt D** i Prompt D ALICE ] p AX d o d
’ p-Pb,lsNN=5.02TeVDOE D*+ pp/ pT
8F-0.96<y, <0.04 T T
* No significant difference
Tl between the R, of the four
.................... I-- i .|_ D_meson Species
| + | { '+ Rypy compatible with unity in
04 T T T ] 1< p; <24 GeV/c within
2 1 I I the uncertainties
G||||||||||||||l|||||||||||'|||||||||||||1|||||||||||| [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
p; (GeV/c) pr (GeV/c) p; (GeV/c) p; (GeV/c)
Phys.Rev.Lett. 113 (2014) 23, 232301
'y 65_' auce o w502 ToV
o L oeeSo0i E  Results described within uncertainties by theoretical
2] ] l calculations that include initial-state effects:
1 e  NLO pQCD with EPS09 Nucl. Phys. B 373 (1992) 295
oe ¥ . | E  Color Glass Condensate arXiv:1308.1258
o E « Energy loss, nPDFs, k-broadening
| E ;ngciilufgv:ﬁﬁ;?ﬁh CTEQ6M+EPS09 PDF E JHEP 09 (2012) 112
0.22 r-_ :)litev: powercorr.+KTbroad+CNM Eloss 7: PhyS. REV. C 80 (2009) 054902
Qs T e s 20 e
P, (GeV/c)
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Nuclear Modification Factor

UL B e e |
o [ ALICE p-Pb, \ 5,=5.02 TeV
%.-JG_ Averal 0 + “+ ]

L —e— geD,D,D i

oc : -0.96<y,, <0.04 ]
HHHM | 1
1;.“ T e o | e
o8 [Id—" { =
0.6/ - .
0.4 -
r ---- CGC (Fujii-Watanabe) ]
0.2 [ == pQCD NLO (MNR) with CTEQ6M+EPS03 PDF ]
[ == Vitev: power corr. + kT broad + CNM Eloss 1
7\ L1 | ‘ I T I L1 ‘ I I L1 | L ]
% 5 10 15 20 25
p. (GeVic)

Phys.Rev.Lett. 113 (2014) 23, 232301

nuclear modification factor

HF decay e

3 T | T 1 T ‘ 1T I T T | LI ‘ 1T
—4- ALICE bc — (e" +€)/2, TPC-TOF, ALICE reference
—# ALICE b — (e" +€)/2, TPC-EMCal, ALICE reference
25 - ALICE bc — (e' +€)/2, TPC-EMCal, FONLL reference
J| normalization uncertainty
FONLL + EPS09 shad.
2
15

05|

L I T I‘l_rk T 177 I L I T 17T [ L
L .
y b — !

T

L]
1

p-Pb, | sy, = 5.02 TeV, min. bias, -1.06 < Yous < 0.14

ALICE

PRELIMINARY
|||||

-
-

Ll

lILIllllIllllllllllLllllllll

(=]

| B
2 4 6 8 10 12

14
P, (GeVic)

pPb

o o5k

HF decay u

L — Vitev: coherent scattering + kT broad + CNM Eloss

- ALICE Preliminary

[ === NLO (MNR) with EPS09 shadowing

i
P-Pb | sy

TTrrprrrrrri]

I
=5.02TeV, " c,b decays 1
2.5<ycms<3.54 ]

—_——

systematic uncertainty on normalization

a1
14 16
pT(GeV/c)

2 4 6 8 10 12

« Similar trend for D mesons, electrons and muons from heavy-flavour decays

» Good agreement with theoretical calculations that include initial-state effects

26/01/2015
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Multiplicity dependence of open charm yields

d2N/dydpy _ ymulej(gmulex Nmuit
< dZN/dyde > i Ytot/(etotx Netggnt/etrigger)

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; |

*  D-meson self-normalized yields
Increase with charged-particle
multiplicity

* no significant p; dependence

(°N®/dydp.) / (dzND/dyde)

‘lI\Il\l\|I\II\I\|\I\|JII|\I\|I

4~ IS within uncertainties
2:— (& normalizaion un. o Snown

# L AR « Similar trend observed in pp and p-Pb
0.4 ; B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) muttiplicity f cO I l iS | ons

B feed-down unc.

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

» MPIs contribute to high-multiplicity events in pp collisions
» The larger number of binary nucleon-nucleon collisions is expected to also contribute
to high-multiplicity events in p-Pb collisions
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Nuclear Modification Factor

QO P T T
S .. ALICE Preli O + *+j
g_ 1'8: Pb-Pb, \sNr:e_Ig“;gr'}/eV D D D N R _ 1 dNAA/de
’5. 1.6 7 AA —
- eAverage D°, D*, D**, 0-7.5%,|y|<0.5 <Tpy> dUpp/ dpy
@ 14 =Average D°, D, D**, 30-50%,|y|<0.5 | )
2 et s | LRGN Py N F
il o B * suppression in most central collisions
e ==+ |ess suppression in peripheral
0.6:—;\* 3 collisions!
oIl o 1 T
illij1 e ﬂ :
0.2 i g =
e T - - -—
p (GeV/C)
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Nuclear Modification Factor

D 2_ T | T 7T 1 ‘ T T ‘ T 177 | L 1 L ‘ ]
B ..f  ALICE Preliminary 0 + *+
5 "L Po-Pb, | sy, = 2.76 TeV D ) D ) D ] I 1 dN y,/dpy
S 1.6 — AA —
- eAverage D°, D*, D*, 0-7.5%,|y|<0.5 1 < TAA > do_pp/ de
@ 14 =Average D°, D*, D**, 30-50%,|y|<0.5 ]
1.2 | Filled markers : pp rescaled reference 1 at h I g h pT
’ - Open markers: pp pT-extrapolated reference 7 - - - =
| B * suppression in most central collisions
! —=" .« less suppression in peripheral
0.6:—-\* 3 collisions!
0.4 HHJ& H H m =
0.2 E—E— g H -
_\ L1l I L1 1 1 ‘ 111 ‘ 1111 ‘ L1 11 I L1 11 ‘ 111 ‘ L1 1 I_
% 5 10 15 20 25 30 35 40 s e ]
(ol (GeV/c) | gE POPbsy=276Tev e ]
[ A Heavy flavour decay pu* 0-10% central, 2.5<y<4.0
1.4F 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

* Trend similar to that observed for
« HF decay electrons (|y|<0.6)
« HF decay muons (2.5<y<4.0)
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Nuclear Modification Factor

D 2_ LI | L 1 ‘ ‘ T 177 | L 1 L ‘ 17T |_
S . ALICE Preliminar 0 + *+
E "L Pb-Pb,|sy, =276 TeV :
o 1.6 -]
: eAverage D°, D*, D*', 0-7.5%,|y|<0.5 ]
@ 14 =Average D°, D*, D**, 30-50%,|y|<0.5 -
1.2 ] Filled markers : pp rescaled reference 1

’ - Open markers: pp pT-extrapolated reference 7
i F

0.8:_ + /
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% * ]

0.4 HH ” —
0.2~ ‘E'—g—_ﬁ_ =

0_ ol b v b b \ L1 \ L1 ]

0 5 10 15 20 25 40

p (GeV/C)
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Nuclear Modification Factor

0.8

o R N L N
S .. ALICE Preliminary 0 + *+
E "®L Pp-Pb, |5 = 2.76 TeV D , D , D ] R = 1 dN y,/dpy
S 1.6 — AA —
Tt eAverage D°, D*, D*, 0-7.5%,|y|<0.5 1 < TAA > do_pp/ de
@ 14 =Average D°, D*, D**, 30-50%,|y|<0.5 [
2] e | BLAIGNDy y
il o . * suppression in most central collisions
0] [f /= « less suppression in peripheral
el E collisions!
*HHH 1 E Roe ~ 1
0'2}_ —E_—E_H E 5 B L B L B B B L
- Ill\lll‘l\l‘lll‘\ll\l\ll‘II‘\II: -8 ALICE p-Pb,\sNN=5.O2TeVE
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p (GeV/C) 5 14 Pb-Pb, | $,,=2.76 TeV|
= : B ¥, o|<0-5
- S 120 T comiity 40 60%
» No indication for cold nuclear matter effects 8 ' +_+;+- ﬂ I
within uncertainties for p+> 2 GeV/c 5 Eamf UM
©
=

» EPSO09 nuclear PDF parametrization predicts

small shadowing for Pb—Pb collisions
JHEP 09 (2012) 112
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Nuclear Modification Factor

within uncertainties for p:>2 GeV/c
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* suppression in most central collisions
* less suppression in peripheral
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EPS09 nuclear PDF parametrization predicts

small shadowing for Pb—Pb collisions
JHEP 09 (2012) 112
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Mass hierarchy: Ry (p+) D Vs @

T D
AEg >AEu,d,s>A Echarm>A Ebeauty RAA(pT) < RAA(pT) ?
O SR R R R R AR RN RS AR
O ;g PbPb\sy=276TeV P
g ae |+ Average D-meson and m R, close to
1.6—

- e Average D°, D", D |y|<0.5, 0-7.5% each other within uncertainties

1_4} owith pp pT-extrapoIated reference
- = Charged particles, m|<0.8, 0-10%
1.2 ¢ Gharged pions, [n|<0.8, 0-10%

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

Caveats:

Different shape of parton momentum spectra

Different fragmentation functions
Djordjevic, PL B734(2014)286;
Wicks et al., NP A872(2011)265

Contribution of soft processes at low p;

08 Charged particles

p. (GeVic) » Comparison not conclusive, more
precise measurements of the transverse
momentum dependence are required
26/01/2015 | 31t Winter Workshop on Nucleawr Dynamics | €. Meninno- 17
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Mass hierarchy: R,,(p+) D vs B

AEg >AEu,d,s>AEcharm>A Ebeauty B RA[A)\(pT) < RA,B&(pT) #

:::1.4TII\‘ITIIl\\IT[IITWIIII\II!IT\I!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
e e —
L - = Djordjevic Non-prompt J/y (6.5< P, < 30 GeV/c)
L Djordjevic Non-prompt J/y (with ¢ quark energy loss) 4
L Il - - = Djordjevic D mesons (8 < P, < 16 GeV/c) n
o8 @ m non-prompt J/¥ -
B | D mesons
0.6 %E
0.4 ~ : ,,,,,,,,,,,,,,,,,,,,,,,,, -
0.2~ @ CMS Preliminary Non-prompt J/y IEI ....... ) _
I~ 6.5<pT<30 GeV/c, |y|<1.2
| [1Systematic uncertainties CMS-PAS-HIN-12-014 ]
O\\I\‘I\\\|\\I\‘II\\l\\I\‘II\\l\\I\‘II\\
0 50 100 150 200 250 300 350 400
€ Npal_t weighted with N__»
26/01/2015
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D-meson R, IS lower than R, , of J/y
from B decays measured by CMS

(similar p; range but |y],, < 1.2 ¥lo <0.5)
CMS-PAS-HIIN-12-014

» consistent with the expectation from the
predicted energy loss hierarchy

Difference between D mesons and non-
prompt J/¥ due to the mass-dependent
radiative and collisional energy loss,

according to pQCD based model
calculations Diordjevic, PL B734 (2014) 286-289

» Good agreement between model
predictions and experimental data

ALICE



Elliptic flow v,
Z;ZN [1+ 2v; cos(p — Wgp) @S 2("))

N4 T T T ' ' ' T T T T [
| ALICE Pb Pb \Syy=2.76 TeV |
l Convally3050% 1« Average v, of the three mesons larger than
0.2k <§> Y D mesons zero in 2 < py < 6 GeV/c with a significance
Charged partlcles_ of 5.7 6
4 o | . :
j % * vV, comparable in magnitude to that of

inclusive charged particles ( dominated by
¢ Charged particles, v,{EP,|An|>2}

e ] light flavour hadrons) in 2 < p; <6 GeV/c
L ot pomct ST - arXiv:1205.5761

-0.2—[] Syst. from B feed-down —
L | 1 { 1 J | J 1 | 1 | I I 1 I 1 ‘
0 2 4 6 8 10 12 14 16 18 @
P, (GeV/c)

PRL 111, 102301 (2013)

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

« Apositive v, is also observed for p; > 6 GeV/c

but a proper study of the path-length dependence of partonic energy loss via v,
measurements needs more statistics

26/01/2015 | 31t Winter Workshop on Nucleawr Dynamics | €. Meninno- 19



Comparison with models

D mesons D mesons PR C90(2014)034904
(o Central Pb-Pb collisions Semi-central Pb-Pb collisions I
<l L L L I B B B N U L I B N B B BRI Epe

A
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ALICE D°, D*, D"* average, |y|<0.5
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— . - POWLANG
........ Cao, Qin, Bass
....... MC@sHQ+EPOS, Coll+Rad(LPM)
“  aim== BAMPS
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[ ] Syst. from B feed-down

- WHDG rad+coll
. POWLANG

\
i
:
P
T
L
e
\II\|||||‘JEI\II|I\II|I\\Il\JII

ALICE D°,D", D" average  Pb-Pb, | Sy =2.76 TeV -

Centrality 30-50%

[ -.-.- Cao, Qin, Bass —
oo MC@sHQ+EPOS, Coll+Rad(LPM) - - - - TAMU elastic
[ === BAMPS — — UrQMD
R11]IIlIILllllljlllllllllllllllll
2 4 6 8 10 12 14 16
P, (GeV/c)

TAMU elastic: PL B735(2014)445; Cao, Qin, Bass: PR C88(2013)044907;
€89(2014)014905; Vitev, rad+dissoc: PR C80(2009)054902; POWLANG: JP G38(2011)124144; BAMPS: PL B717(2012)430

: NP A872(2011)265; MC@sHQ+EPOS: PR

» Models that are best in describing R, tend to underestimate v, and the models
that describe v, tend to overestimate the measured R, , at high p;
Simultaneous description of the large suppression of D mesons in central
collisions and their anisotropy in non-central collisions is challenging
26/01/2015 | 31t Winter Workshop on Nucleawr Dynamics | €. Meninno- 0
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Conclusions

# Excellent performance of ALICE for heavy-flavour measurements

##D-meson production in pp collisions:
-« well described by pQCD calculations within uncertainties
- multiplicity trend of p-differential yields can be interpreted in terms of MPIs

##D-meson production in p-Pb collisions:
- Small modification with respect to pp collisions, well described by
models including cold nuclear matter effects

#*D-meson production in Pb-Pb collisions:

= Strong suppression at high p; in the most central collisions, due to
the parton energy loss in the medium

* v, in 2< p< 6 GeV suggests that low p; charm quarks participate in
collective motion of the system
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Perspectives

More data are required to sharpen conclusions and provide new results

= With RUN 11 (More statistics available and increased beam energy)
* Improve D°, D*, D** measurements precision, going to lower
and higher p-
» Perform measurements for rare charmed hadrons D.*, A *

26/01/2015 | 31st Winter Workshop onw Nuclear Dynamics | €. Meninno- 22



Perspectives

More data are required to sharpen conclusions and provide new results

= With RUN 11 (More statistics available and increased beam energy)
* Improve D°, D*, D** measurements precision, going to lower
and higher p-
» Perform measurements for rare charmed hadrons D.*, A *

# With ALICE Experiment Upgrade (2018)
* Unique HF measurements will be available

26/01/2015 | 31st Winter Workshop onw Nuclear Dynamics | €. Meninno- 22



Perspectives

More data are required to sharpen conclusions and provide new results

= With RUN 11 (More statistics available and increased beam energy)
« Improve D° D*, D** measurements precision, going to lower
and higher p-
» Perform measurements for rare charmed hadrons D.*, A *

# With ALICE Experiment Upgrade (2018)

ALICE, CERN-LHCC-2013-024 ALICE, CERN-LHCC-2013-024
< 2r | | | I o 0.4r T I I I
o Lk — ] E |€§§a .
1.8:—ALICE Upgrade Pb-Pb,\js,, =5.5TeV e 0.355 Pb-Pb, ys,,,=5.5 TeV
L= 10 nb’, centrality 0-10% F ALICE ‘ 3
1'6, i 0.3- 3010/2013 Centrality 30-50% E
c 0 - - r 10
145 D°— K+ N : 0L ke 1.6x10'"° events
1_2—_+++| Non-prompt J/y— e'e” ALICE 0.25!
-+ (stat. only) 03 o prompt
1:_ ---------- Ao _: 0-2? o = —=— from B |
+ . Fo o g
0.8 + DO 1 oas- - "o DO—
&e}ﬁ e -~ c Yoo
- + : 0.t  "%occ 4
0.4_ -E-'E' —a— & E s Ta R N e R=Re R AR
o2t - 005 v Tt *vii4443
: 11 1 1 11 | | I - | | - | | I | 1 | 1 : :1 i :
OO 5 1 0 15 20 25 30 OO L1 é L1 1 4|- 1 6 11 é L1 I1 |0I 1 1 2 1 |4I 1 I1 6
p, (GeVic) P, (GeV/c)
26/01/2015 | 31st Winter Workshop onw Nucleawr Dynamics | €. Meninno- 22 %%
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Perspectives

More data are required to sharpen conclusions and provide new results

= With RUN Il (More statistics available and increased beam energy)
« Improve D° D*, D** measurements precision, going to lower

and higher p-
» Perform measurements for rare charmed hadrons D.*, A *

# With ALICE Experiment Upgrade (2018)

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)

I LN

HLI.CE AC measurements for the first time in
1 /’ ‘m{( 1 Pb-Pb collisions at the LHC
L : .

0 2 4 6 8 '1{]' '1|2' ' 1|4 1|:a ' 1|8 ' glg 29 M. He et al., arXiv:1204.4442[nucl-th] Y.Oh

p, (GeVic) et al. Phys. Rev. C79, 044905(2009)
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Cross section In pp collisions @ 2.76 TeV

—_
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©
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Data / Scaled

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)

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)

p; differential cross section measured for
DY in the range 1 < p; <12 GeV/c

26/01/2015

D*, D** in the range 2 < p; < 12 Gev/c

(ub/GeV/c)

pt |\y|<0.5

de/d

Data / Scaled
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10— g
= ALICE A
L D "meson |
10%E -
10E E
1E == -
F -®2767TeVdata
[ O syst.une —
4 =7 TeV scaling
10 E  [Jsyst unc. =
E +3.5% lumi (7 TeV scaling), + 1.9% lumi (2.76 TeV data)
+1.5% BR narm. unc. (not shown)
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Heavy flavour decay electron R o,

- 3 i —TT T T T
g E I+ALICEb,cI—)(e:+ei)/2,'|!PC—TOF, AL|c|E reference E H F decay e R — do-pA/de
N S Gttt ; PA = Axdoun/dpy
% B L | normalization uncertainty T pp
g i FONLL + EPS09 shad. :
H | | + HFdecay e*/e" R, consistent with unity
15 1 ] within uncertainties
C [ [ I S e 7
13|/MEuRiasss N T L. | |
I ] | » (Good agreement with theoretical FONLL
o5/ T . pQCD calculations with EPS09 PDF
o -Pb, \ sy, = 5.02 TeV, min. bias, -1.06 < CMS<0.14 ] S % ¢
F R, PR T as T parameterizations of shadowing
0 2 4 6 8 10 12 14
pT(GeV/c)
mi; - ALICE Preliminary
Tl eaenen Beauty-hadron decay e
C ~4-ALICEb(—>c)>e
2.55_ § normalization uncertainty
2~
R L[ T ° Rppy Of electrons from beauty-hadron
el la +—I& ---------------- IL --------- N — decays is also compatible with unity
F - within uncertainties
E p-Pb, \ sy, =5.02 TeV, min. bias, -1.06 <y, <0.14
¢ 5 - R P
P, (GeV/e)
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Heavy flavour decay muon R,
dopa/dpr

FORWARD rapidity HF decay # BACKWARD rapidity Rra = 7550 —a,-

& LI | I LELEL I LI I LI I T L I T LLEL I i %
' . C p-Pb | s\, = 5.087eV, pe c,b deca @
T 25<y <354 1
- ALICE Preliminary .
2r - E
155 ] 15F
1 r 1 E. ..................... .
[ == NLO (MNR) with EPS09 shadowing i L == NLO (MNR) with EPS09 shadowing -
0.5 ‘ : — 05 == - ‘ . il
- — 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
O0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
P, (GeVlc) P, (GeV/c)

* Rppp of HF decay p consistent with unity at forward rapidity (p-going direction)

* Rypy slightly larger than unity in the range 2 < p < 4 GeV/c at backward rapidity

guongyiecten) described by MNR pQCD calculations with EPS09 PDF
parameterizations of shadowing
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Nuclear Modification Factor R,.(p+)

D 2_[ T I LI I 1T ‘ 1T 1 T TT I T T I 1T [ T 1T T I_ Average RAA Of D mesons in the 0_20%
42_1.8; DO Dt D*+ Auce - centrality class compared to the expectation
- 0-20% centrality - . ;
S 6 Po-Pb) 5 =276 TeV from NLO pQCD with nuclear shadowing
n::E1' ab Average D°, D, D™, |y|<0.5 JHEP 09 (2012) 112
- NLO(MNR) with EPS09 shad. - - = ]
2 - " T « EPS09 nuclear PDF parametrization predicts
I S —, = small initial state effects for Pb—Pb collisions
0.8:— ]
E Ropo ~ 1
0.6 - 3
04 H 4@* g 5 AL B L B L 7 R IR L B
02i HEL—E'_—B— E £ - ALICE p-Pb, | Suy=5.02 TeV
L ] & 1.6~ Average D°, D*, D™ 0-96<Ye, <004 —
0_\ ol b b b b b Ly \ | L] g :_ Pb-Pb, \ 5,=2.76 Te\E
0 2 4 6 8 10 12 14 18 = ) Voml<05 :
O B —e— centrality 0-20% |
p (GeV/C) = te2 il _9_c.entralit::4(}30@/c E
* Cold nuclear matter effects smaller than | & o || E
uncertainties for p;>3 GeVic | 2 [l -
oaf Tk -
o2l =

=

e T T s a0 e
P, (GeV/c) !
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ALICE Experiment Upgrade

* New Silicon Trackers
* new beam pipe with smaller diameter
* new, high-resolution, low material Inner Tracking System (ITS)

Improve impact parameter resolution
Improve tracking efficiency and p; resolution at low p;

* new Muon Forward Tracker (MFT) to add vertexing capabilities to the current
Muon Spectrometer

 Detector readout and online systems upgrade
« MWAPCs with micropattern gaseous detectors, new read-out electronic
» Transition Radiation Detector (TRD), Time Of Flight detector (TOF), and Muon
Spectrometer - upgrade of the read-out electronics
» Forward trigger detectors upgrade
» Online systems and offline reconstruction and analysis framework upgrade (O2)
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Physics motivations: A_in Pb-Pb collisions

s Charm is a very sensitive probe of the high-density color deconfined state, the Quark

Gluon Plasma (QGP).

«» The measurement of A" could give an insight into the hadronization mechanisms:

Excess of baryons with respect to mesons,

Expected performance with ITS upgrade
(Monte Carlo studies)

o 2.5 ARRRE RS RARRN RARRN LR RRARE RARRE RN
measured with STAR at RHIC and ALICE at S» ] Pb-Pb,\/s\ = 5.5 TeV -
o o L 10 i
the LHC in the light sector, suggests 2 e CS;ZflazvezmﬁrgmnbL
hadronization via coalescence of constituent E . -
155 | ALICE A/Kg param. |
quarks i T ------- PYTHIA, pp
1+ N =
¥ 2.2¢ y|<0.5 STAR: Au-Au at |s,,=0.2 TeV What abOUt - ]
< 2F & MK 0-5% o K® 0-5% 050 .
e 18F ; & A/K2 60-80% -~ A/KC 60-80% Charm SeCtorr) "~ -
> 16F \PaT8 ALICE: Pb-Pb at |5,,,=2.76 TeV L i -
14F ﬁ'T‘\,HWEO“ 4 AKS 0-5% 00 ______ YT Ty
12F T4 Pod, 4~ V/KC 60-80% 1 2 3 4 5 6 7 ;?(G2V/c1)0
1 _ :% | ‘:’.l. N systematic uncertainty 1
5 =
oo iﬁj}: L ‘T ALICE,CERN-LHCC-2013-024
3 & Tl ¢
04F e : . .
ook e _i:%; — fgl\;esf" The measurement of the A, yield relative to
0 L N PR B [ B - - _ .-
5 P i 5 & oowd? | radial flow D mesons in Pb-Pb collisions would address
2

Phys. Rev. Lett. 111, 222301 (2013)
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the baryon over meson ratio in the heavy-
quark sector
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A —pK7*in pp and p-Pb collisions

*»*Analysis based on the reconstruction of displaced decay vertices

o Reduce the combinatorial background via topological selection and ideg

decay particles

*» LOOSE TOPOLOGICAL CUTS
o Ct(A.") isonly 60 um, small
compared to resolution on the vertex
position provided by the current ITS

+» Particle Identification (PID), to
identify p, K, &, essential for this
analysis
o Bayesian approach to combine
response of TPC and TOF
o Maximum probability criterion to
identify tracks uniquely

Entries / 10 MeV/c?
o

-
(=]

F3<p A, <4 GeVic

¢ E_ ALICE AC_) pK n+

A= pK'm* pp, \s=T7TeV

Entries/0.03

2<p, <6GeVic

e Signal (MC)

B«  Background (from pp data)

P e Tt 4 i
N L e et T wudwn

DD 01 02 03 04 05 06 07 08 09 1

msew.q::-q

pp \s = 7 TeV, 3.x10° events

10/10/2012

it i e

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

Invariant Mass pKn (GeV/cé)
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Entries/10 um
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Decay Length (cm)
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reduced by a
factor 100
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A, —pKOin pp and p-Pb collisions ...

track A
. . . O Negative
< KO reconstructed from pairs of opposite-sign tracks forming a vertex A, Track
displaced from the interaction vertex Secondoryl8 Ve”f" 57 vca
o Tracks selected according to topological cuts do(positive. i\"““‘) B sPointing angle

Primary Ve”e’?\doﬁegahve track)

< Athird track identified as a proton is attached to the K% to

+ 0
form the A_" candidate
N% ok Kg—H'ETC -'-. ppis=7TeV
A clear K% signal in m;, (*,m) limits the £ +f

combinatorial background, despite of low B.R.

PEFE I N i -
045 046 047 048 049 05 051 052 053 054
Invariant Mass (n'm) [GeV/c?]

** Particle Identification (PID), to "¢ ssisceve ; A — K Background is
. o - - %‘10‘5;— ‘ppis=7TeV,3.16 x 10° events
identify p, essential for this 3 suppressed by a
. P10 )

analysis g.r : factor 20 using

o Detector used: TOF and TPC =, —jmweureen P

o Approach: number of sigma ;. Tiemein  © ALICE

cuts T T TR 222{2912‘2_54 536
Invariant Mass KZp (GeV/c?)
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