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RLICE

* Open heavy-flavor physics
 The ALICE open heavy-flavor program
« Selection of Run 1 results:

* pp collisions

* Pb-Pb collisions

e p-Pb collisions

e Conclusion and Outlook for Run 2 and Run 3
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Heavy-flavor cross sections

g Charm: m ~ 1.5 GeV/c?

« Charm and beauty quarks are produced in hard scatterings with large Q2
= Production cross sections calculable with perturbative QCD

« Abundant production of heavy quarks at the LHC
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Increase in Ouq from RHIC to the LHC:

JHEP 1207 (2012) 191
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Open heavy flavor in pp collisions

* Precision test of pQCD calculations based on the factorization approach:

RLICE

) -~ Fragmentation
(non-perturbative)

Oy 5 PDF (x,,0")PDF (x,.0°)\® 0, e ®D, 4 (z,.0")

Parton Distribution
in nucleon
(non-perturbative)

M
|l \
|lfAJ x1 ',/-\31
\/ N [ P
Hard Scatter ;_ \ )
Mangano et al., Nucl. Phys. B373 (1992) 295 (perturbative) ; €

Cacciari et al., JHEP 05 (1998) 007
Kniehl et al., PRD 71 (2005) 014018
Jung et al., JHEP 1101 (2011) 085

— Measure total and differential production cross sections

* More differential measurements — deeper insight into charm production -
» Azimuthal-correlation measurements: quark fragmentation and different QQ production
mechanisms leading to different angular correlations of Q and Q

» Heavy-flavor production as function of charged-particle multiplicity: role of multi-parton
interactions

* Provide a reference for p-Pb and Pb-Pb collisions
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Open heavy flavor in heavy-ion collisions [%]
RLICE

Heavy quarks produced at the early stage of the collision:
formation time of cc pairs: 1/(2m_) = 0.08 fm/c

» Expected formation time of the QGP < 0.1 fm/c n
» Expected lifetime of the QGP: 10 fm/c K
A reeze-Out t 4 To Ten Te
: : 1 A\ L
* Flavor conserved by the strong interaction \ t T T r: / »
>
— Heavy quarks experience
the full evolution of the deconfined medium c qua rk |
Q75
1,< 1 fmic B
!
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Main questions:
* Parton energy loss in the QGP

* Participation of the heavy quarks in the collective expansion of the medium
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Open heavy flavor in p-Pb collisions [%]

Study cold nuclear matter effects vhopg
to disentangle them from hot and dense matter effects in Pb-Pb collisions RLIGE

Anti-shadowing

Ratio of the Parton Distribution JHEP 0904 (2009) 65
Function (here for gluons) in

. I I

the nucleus and in nucleons o 14 [ =m0 / 1.4
2 12T 1.2
ol T S ' 1.0

=y —_— .
< 03§ 0.8
m{é 0.6 0.6
o 0.4
> 0.2 E 0.2
Shadowing 0 HEEE | | 0.0
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Modification of the parton distributions in nuclei

Shadowing / gluon saturation (Color Glass Condensate CGC) at low Bjorken x
JHEP 0904 (2009) 65, NPA 920 (2013) 78

k -broadening from multiple soft scatterings Vitev,PRC 75 (2007) 064906

Partonic energy loss from initial- and final-state radiation
Investigate potential final-state effects

; cortue &3 6
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ALICE at the LHC

RLICE

Muon Spectrometer
Trigger, tracking, muon identification
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The ALICE open heavy-flavor program

Mid rapidity
-09<n<0.9

« Hadronic decay of charm hadrons:
DO— K-t D*—DOor*
D*—-KT1rm*
DS —Pm KK

« Semi-electronic decay of
charm and beauty hadrons
Hc,b—>e+X

e BHJ/W+X

ST w2

Forward rapidity
-4<n<-2.5
e Semi-muonic decay of

Hc,b—>p+X

charm and beauty hadrons

()

RLICE
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The ALICE open heavy-flavor program [%]
RLICE

D-meson talks:

| Cc.Terrevoli: D mesons in pp and p-Pb collisions (Thu 17:20)
A. Festanti: D mesons in Pb-Pb collisions (Thu 17:00)
A.M. Barbano: D, meson in pp,p-Pb and Pb-Pb collisions (Thu 15:40)

Heavy-flavor decay lepton talk:

F. Bossu: Heavy-flavor decay leptons and muons from W-boson decays
(Thu 17:40)
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pp collisions (%]

Heavy-flavor decay electrons

2.2 nb” Beauty-decay electrons
PP 7 y
2010 16.5 nb Heavy-flavor decay muons
5 nb” D mesons
0.5(11.9) nb" Heavy-flavor and beauty-decay
electrons minimum-bias (EMCal
pp 2.76 trigger)
2011 19 nb™”’ Heavy-flavor decay muons
1.1 nb" D mesons
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Charm and heavy-flavor decay leptons
pp collisions at Vs = 7 TeV

RLICE

D mesons Heavy-flavor decay muons Heavy-flavor decay electrons
JHEP 1201 (2012) 128 ALICE: PRD 86 (2012) 11200
D, in PLB 178 (2012) 279 PLB 708 (2012) 265 ATLAS: PLB 707 (2012) 438
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 pQCD calculations describe the data within uncertainties
FONLL: JHEP 1210 (2012) 37; GM-VFNS: EPJ C72 (2012) 2082; k_-factorization: PRD 87 (2013) 094022

* Measurement of the heavy-flavor decay electrons complementary to the ATLAS results
e Similar situation at Vs = 2.76 TeV
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Beauty-decay electrons

pp collisions at Vs = 7 TeV

« Separate charm from beauty-decay electrons

» Good description of the data by FONLL

calculations
FONLL: JHEP 1210 (2012) 37

« Similar situation at Vs = 2.76 TeV

Talk by F. Bossu
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D meson-hadron azimuthal correlations

RLICE

Measure azimuthal correlations of D mesons and charged hadrons

pp collisions at Vs = 7 TeV

8 <p.L <16 GeV/c

Sensitive to: p3ss0¢ > 1 GeV/c

||||||||||||||||||||||| IIIIIIII

D meson - charged particle correlation
Average D°,D*,D*
8 < p? <16 GeV/c, p2**°°> 1.0 GeVic, |An| < 1.0

* Quark fragmentation
» cc production mechanisms

w
()
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3 —e— pp \5=7 TeV Data ALICE Preliminary

[ Simulations, pp 1s=7 TeV ]

P 5: —i#— Pythia8 seline uncertainty

. . . g o [ —% Pythia6, Perugia2010 N _ .

» Different PYTHIA tunes consistent with R —¢— Pythiad, Perugia2011 0 Soale uncertainty
the measurement within uncertainties - "
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» Expect smaller statistical errors with data 055 E
from Run 2 - .
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Multiplicity dependence of D-meson production

pp collisions at Vs =7 TeV [AL.ICE

Self-normalized
D-meson yields A arXiv: 1505.00664

ALICE
pp \s=7TeV, |y|<0.5

¢ D° meson, 2<pT<4 GeV/c
# D" meson, 2<p <4 GeV/c
+ D*" meson, 2<p <4 GeV/c |:ﬂ

@

Sensitive to:

* Interplay between hard and soft processes
e Multi-Parton Interactions (MPI)

D-meson per-event yields increase with
charged-particle multiplicity
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Talk by C. Terrevoli
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Multiplicity dependence of D-meson production

pp collisions at Vs =7 TeV [AL.ICE

Self-normalized
D-meson yields A arXiv: 1505.00664

LANLINNN LI L L L L L L L I L L O L L Y LB B

ALICE, pp \s =7 TeV
Average D°,D*, D** meson, |y|<0.5
1< p, < 2 GeV/c
2< p < 4GeV/c
4 < p < 8GeV/c

8<p < 12GeV/c
12<p < 20 GeV/c

!

N
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Sensitive to:

* Interplay between hard and soft processes
* Multi-Parton Interactions (MPI)

N
o
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(BN/dydp. ) / (N/dydp.)
RER K]
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- | 10 gl
D-meson per-event yields increase with
charged-particle multiplicity [+]
5
« Faster than linear increase ,.i‘ e o
0 + *p . . . . . | i ! 'EEE | | | !
D ’ D ’ D Compatlble within uncertainties 0.4 B fraction hypothesis: ><1/2 (2) at low (high) muItlpI|C|ty

« No p.dependence observed within
uncertainties

Talk by C. Terrevoli
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Multiplicity dependence of D-meson production %

pp collisions at Vs =7 TeV [AL.ICE

Self-normalized
e R s e B I B I
- ALICE, pp \s =7 TeV
¢ Average D°, D*, D** meson |y|<0.5, 2<p_<4 GeV/c

¢ Jy — e'e, |y|<0.9, pT>O
¢ Iy > pw, 25<y<4.0, p >0 m

Sensitive to:

N
o

IIIIIIIII|IIII|IIII|IIII

* Interplay between hard and soft processes
* Multi-Parton Interactions (MPI)
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D-meson per-event yields increase with
charged-particle multiplicity
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Talk by C. Terrevoli

Raphaelle Bailhache GOETHE 24

UNIVERSITAT

pppppppppppppppp

Relative charged-particle rhultiplicity
S{M 16
DUBNA2015




Multiplicity dependence of D-meson production

pp collisions at Vs =7 TeV [AL.ICE

Comparison with models: arXiv: 1505.00664
0 Alce ¢ T - Pewomtonpso g ¢
Percolation S 18F PP \s=7TeV ;X -.Epos3oee : ]
. . o _f # D meson : + —EPOS3.099 +Hydro M ]
Elementary sources of particle production: = 65 ees.oun and nomaizaon . T . PYTHIAB 157 E
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Ferreiro, Pajares, PRC 86 (2012) 034903 &155 T
o C v - * ;s
N ”, N gk 0 £ ; U
« EPOS 3.099 initial conditions: 2 i3 o 1 gn 3
Gribov-Regge multiple scattering, 3 § 2k E3 . i :
saturation scale, hadronization via string oF s . P
fragmentation, number of MPI related to N oof ( W
multiplicity S g ; o
EPOS 3.099 + hydrodynamical evolution 2 1e I E
Werner et al., PRC 89 (2014) 064903 o 14 ES E
NGRF:S ' T ;
“F10F ,' = $ "' /,‘_
« PYTHIA 8 s & s T T T
. . O 6k R // =T é% Lot ]
Soft-QCD tune with color reconnections, = * L ] ;
multi-parton interactions, initial and S o e, seeviet /“ 6<p, < 12.Gevic
final-state radiations 2 rATRTREIE N R ORI e

L
012 3 456 789 1234052467289
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Talk by C. Terrevoli d on d h
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Pb-Pb 2.76
2010

Pb-Pb 2.76
2011

Pb-Pb collisions [%]

21 (37) ub"
6 (34) ub-

RLICE

Heavy-flavor and beauty-decay electrons
Heavy-flavor decay muons
D mesons

Analyses with central trigger (EMCal trigger)

Analyses with semi-peripheral trigger
(EMCal trigger)

Raphaelle Bailhache GOETHE i
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In-medium parton energy loss [%l

* Collisional and radiative parton energy loss in the medium RLICE
* Energy loss depends on: T
« Color charge AE > AE

« Parton mass AE > AE,

Expect the ordering at the parton level:
AEg > AEU’ e AEC> AEb energy loss in

the medium

» Modification of the measured spectra quantified by the nuclear modification factor:

T

AA?

nuclear overlap function

R,, = 1 binary scaling
R,, # 1 medium effect

- Naive expectation: R, () >R, (D)>R,,(B)
More complicated due to different production kinematics and fragmentation of light and
heavy quarks

Raphaelle Bailhache GOETHE $ S¢ lM 19
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Nuclear modification factors of D mesons

L] L] - - ‘ -
R,, of D mesons as function of collision centrality and p_ SR KL
arXiv: 1506.06604 [nucl-ex]
D 1.2_I T TT | T TT | T T | T TT | T 11 | T 11 I T 11 | T TT I— O 2_I T | T T l T T I T T | T 1T T T T T T T I:
*g - ALICE  Pb-Pb, |5, =276TeV - *g g ALICE Preliminary K
S B S | Pb-Pb, s, =276TeV .
S s D° 1 Q 1.6 .
- . b 8<p,<16GeVic 1 S eAverage D°, D*, D**, 0-7.5%,|y|<0.5
s o | < 0.5 _ L 1An =Average D°, D*, D*, 30-50%,y|<0.5
B ® 7 1 2"_ Filled markers : pp rescaled reference ]
N (empty) filled boxes: (un)correlated syst. uncert. - ) R, i Open markers: pp p_-extrapolated reference
0.6/ - L b
- : 085 + Seealso JHEP 9 (2012) 112 1
0.4— — 0 6:_ | B
B % N 0.4 Hﬁ H —
0.2 — ujfd ‘H* ” )
- D", D" shifted by + 10 in (N IE - 0.2~ B H H 7]
O_I 111 | || | | | | 1111 | 1111 | 1111 I 1111 | 1 11 I— O_I L1 1 | | | | L 111 I L 111 | | | | | I | | | 111 I_
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35 40
(Npart> p. (GeV/c)

: : : . . Talk by A. F i
« Strong suppression of high-p. D mesons in central collisions alk by estanti

« Where does the energy lost end up ? Low-p_ measurements crucial in all systems

SEM 20
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Leptons from heavy-flavor decays

‘ -
U< cCb 25<y<4.0 (.0
e —cb |y|<0.6
< 2 _I T l T l T | T I T I I TT T T | LI R I B | ]
<C L ]
o, of ] Beauty-decay electron, |y|<0.8
L ALICE -
16 - Pb_Pb’ \SNN =276 TeV PRELIMINARY o
L A Heavy flavour decay u* 0-10% central, 2.5<y<4.0 ] o5 EEEEE————
145 Heavy flavour decay e* 0-10% central, |y|<0.6 ] s VL ' ' : ! ! ! ' -
""r e with pp ref. from scaled cross section at 1s = 7 TeV 1 e B Pb-PDb, \ s\ = 2.76 TeV, 0-20% centrality ]
1o - % with pp ref. from FONLL calculation at \s = 2.76 TeV h - -
<l | 2r 4 Db(>0) e ly<08
iy - [ syst. uncertainty i
i 15 - nomalization uncertainty -
0.8} r .
0.6/ O L ++ .................................................................................... E
0.4] - ]
4o C 0.5 | } ]
I ] [ ALICE Preliminary i
O_III|III|II||I|I||II||I[|III|III|III— -llll||||||.||||||||||||||||||||||||||||-
0 2 4 6 8 10 12 14 16 18 0

1 2 3 4 5 6 7 8
p,(GeV/c) p. (GeV/c)

Talk by F. Bossu

» Suppression of heavy-flavor decay leptons similar at mid rapidity and forward rapidity
« Hint for suppression of beauty-decay electrons for p. > 3 GeV/c
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Color-charge dependence of parton energy loss %

Talk by A. Festanti [

R\(m) ~ Ry, (D)

* Model reproduces the data.
Djordjevic, PL B734(2014)286

 Combination of;

» Color-charge dependent parton energy loss

- Different p. shape
 Different fragmentation

arXiv: 1506.06604 [nucl-ex]

WIGE

<1,4_IIIIIIIII|IIII|IIII|IIII|IIII T T IIII—
- Pb-Pb, | s, = 2.76 TeV -
1.2— A 7t (ALICE) 8<pT<16 GeV/c, |y|<0.8 —
i m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 ]
1— (empty) filled boxes: (un)correlated syst. uncert. .
B Djordjevic et al. Phys.Lett.B 737 (2014) 298 i
L o ot |
0.8 — = D mesons —
0.6 _|
04— —
B o, Bk - '--...\ _—
0.2 30-40% 50309 F\\ i
B . . 10-20% =
| n* shifted by +10in(N__ ) 0-10% |

0 L1 11 | | | L1 1 1 I 1 FI)I 1 | L1 11 | L 111 | L1 11 | L1 1 1

0 50 100 150 200 250 300 350 400

(N__ )

part
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Mass dependence of parton energy loss

Talk by A. Festanti SEREME

CMS /1 ALICE: arXiv: 1506.06604 [nucl-ex]
'R,,(J/¥<-B)>R,,(D) CMS Preliminary: CMS-PAS-HIN-12-014
See also CMS: JHEP 05 (2012) 063
S' '| k' t' . .< D>~< B> <<(1.4II||||I||||||I||I|I|I|II|IIII|IIIIlIII
« Similar kinematic region: <p. P e Pb-Pb, | 5,y = 2.76 TeV

m D mesons (ALICE) 8<pT<16 GeV/e, |y|<0.5

« Quark mass used in the model crucial to O B GV Iyt B oAb 2014

reproduce the data ’ (empt;) filled boxes: (un)correlated syst. uncert.
Djordjevic, PL B734(2014)286 Djordjevic et al. Phys.Let.B 737 (2014) 298 §

1.2

— = D mesons .
— = Non-prompt J/y ~

. : IR | I - - Non-prompt JAy with Kk loss |
« Similar pattern from other calculations el PITPIOTPE Y I & TR ney B
TAMU elastic: arXiv:1401.3817 [nucl-th] - ]
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905 0.6 |f .
BAMPS: J.Phys.G38 (2011) 124152 i R
WHDG: J.Phys.G38 (2011) 124114 0.4L T
Vitev et al., Phys.Rev.C80 (2009) 054902 ' - \ .............. .
0.2 \E‘:":"‘"::—_
E (*) 50-100% for non-prompt J/y 10-20% 0_10%. E
L1 11 | L 111 | L1 11 | L1 11 | L 111 | | I L 111 | |
0O 50 100 150 200 250 300 350 400
<Npart>
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Mass dependence of parton energy loss

CMS /i
' R, (J/¥<—B) > R,,(D)

« Similar kinematic region: <p °>~<p_°>

 Quark mass used in the model crucial to

reproduce the data
Djordjevic, PL B734(2014)286

« Similar pattern from other calculations

TAMU elastic: arXiv:1401.3817 [nucl-th]
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905
BAMPS: J.Phys.G38 (2011) 124152

WHDG: J.Phys.G38 (2011) 124114

Vitev et al., Phys.Rev.C80 (2009) 054902

with AE

beauty

with AE

charm

<14

1.2

0.2

*\
=
hVn

RLICE

Talk by A. Festanti

ALICE: arXiv: 1506.06604 [nucl-ex]
CMS Preliminary: CMS-PAS-HIN-12-014
See also CMS: JHEP 05 (2012) 063

||||||I||||||I||I|||I|II||IIIII|I|II||

Pb-Pb, \ s\ =2.76 TeV
m D mesons (ALICE) 8<pT<16 GeV/e, |y|<0.5
@ Non-prompt J/iy (CMS Preliminary)
6.5<pT<30 GeV/c, |y|<1.2 CMS-PAS-HIN-12-014
(empty) filled boxes: (un)correlated syst. uncert.

Djordjevic et al. Phys.Lett.B 737 (2014) 298
— = D mesons
= = Non-prompt J/y
Non-prompt J/y with ¢ quark energy loss —|
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Non-prompt J/W from ALICE

ALICE: arXiv: 1504.07151v2 [nucl-ex]
CMS: JHEP 05 (2012) 063

= 2 0-20%
5 Pb-Pb, s\ =2.76 TeV z20-100% CMS (Jy|<2.4)
a —@- 0-50% ALICE (|y|<0.8)
g \ Alberico W. M. etal.  Vitevl. et al. Aichelin J. et al.
o 1.5 HTL & w/o Coll. Diss. Coll.
o X \ - - LatQCD B with Coll. Diss. Coll.+LPM Rad.
<< A,
8 <C \\\ 7/, WHDG He M. et al. N\ Djordjevic M. et al.
D: k AdS/CFT = = Uphoff J. et al.
T==%
N
B \& e
0.5 S \<<x 0 RN
1 | 1 1 I 1 | 1 | I | 1 1 | | | 1 1 1 | 1 1 1 1 | 1 | 1 1 I 1
0 5 10 15 20 25 30

pT(GeV/ C)

RLICE

4.5 < pT(J/\p) <10 GeV/c

___________________________________________________

et al.

___________________________________________________

i w/o Coll. Diss.

Vitev |. M. et al.

W|th CoII Diss.
I | | | | ! I

0 0.5
non-prompt J/y
R AA

ALICE measurements at low p. complementary to CMS results
Measured R,, seems to be overestimated by some models in 4.5 < p_(J/¥) <10 GeV/c
More precise data needed to discriminate among models

Ads/CFT: Maldacena et al.

Rev. D89 no. 7, (2014) 074018, Nucl. Phys. A931 (2014) 581-585; Alberico et al

, Int. J. Theor. Phys. 38 (1999) 1113-1133, Gubser et al., Phys. Lett. B428 (1998) 105-114; Aichelin et al., Phys.
., Eur. Phys. J. C71(2011) 1666, Eur. Phys. J.C73 (2013) 2481;

Djordjevic et al., arXiv:1307.4098; He et al., Phys. Lett. B735 (2014) 445-450; Uphoff et al., Phys. Lett. B717 (2012) 430-435; Vitev et al., Phys.
Rev. C80 (2009) 054902, Phys. Rev. C87 (2013) 044905; WHDG: Nucl. Phys. A784 (2007) 426-442
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Lifting of strangeness suppression

Expect an enhancement of strange D meson, D, compared to non-strange D mesons: §(=! T{] =
* In-medium strangeness enhancement He et al. PRL 110 (2013) 112301

-
h'l 'I-

Andronic et al. PLB 659 (2008) 149

* Hadronization via recombination Kuznetsova, Rafelski EPJ C51 (2007) 113

D 2_] T I T T I T T I T T TT | T T | T T T I T T | T I_
S 1 g PO-PDASyy=276TeV E
O C ] o
Q;: 1.6 FRELEMENREY - ~ T D% Pb-Pb Preliminary, pp JHEP 01 (2012) 128
D:<1 4:_ . Average DO, D+, D*+ 0-7.5%, |Y|<0-5 _: bm L Ds: Pb-Pb Preliminary, pp PLB 718 (2012) ALICE
F I e D} 0-7.5%, |y|<0.5 s ol
1.2 __ Filled markers : pp rescaled reference | - Pb-Pb at m =276 TeV
C Open markers: pp p_-extrapolated reference i —$— stat. unc.
1| — 1.5 [ syst. unc.
L i 7] L
0.8 i i ppat Vs =7 TeV
F — L —— stat. unc.
B i 1= \ [ syst. unc.
m E : + 5.4% BR unc. (not shown)
H T | E 0.5 *
HH“H‘:E:_H_ ||| — i 1 == I ,+\ 1
- i e e o=
O IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII_ 02I : |4|-| I Iél : Iél : |1|OI : |1|2| : |14
0 5 10 15 20 25 30 35 40
p_ (GeV/c) p, (GeVrc)
T

« D_compatible with average D mesons within uncertainties Talk by A.M. Barbano
« Hint for an enhancement at low p_ Results also in 20-50%
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Collectivity? Elliptic-flow measurements [%]

RLICE
 Initial spatial asymmetry in semi-central collisions
— Converted into azimuthal anisotropy of final

hadron yields via interactions in the medium

dN Ny

i (1 + 2v; cos(p — ¥1) + 2vp cos[2(p — W) +...)

Elliptic flow v, = second Fourier coefficient

» Participation of charm quarks in the collective motion
of the medium: v, > 0 at low p_

- Path-length dependence of energy loss at high p.

Raphaelle Bailhache GOETHE 4
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Heavy-flavor elliptic flow %

Talk by A. Festanti Talk by F. Bossu QLT
bV P im

v,(e<Db,c) at mid rapidity
~ v,(M<Db,c) at foward rapidity

v,(D) ~ v,(charged particles)

2

PRL 1 1 1 (201 3) 102301 >N 0.5 | LI I LILEL I LI I LI I LILEL I LI I LI |
PRC 90 (2014) 034904 " ALICE Preliminary g
N o4—" T v Tt .t Tt Tt B ]
 ALICE Pb-Pb, \ s\ =2.76 TeV _ 0.4 e Heavy-flavour decay e*, v,{EP, |An| > 0.9}, ly| < 0.7 —
Centrality 30-50% . [ = Heavy-flavour decay p, v,{2},25<y<4 i
0 ‘Q} . 0.3 Pb-Pb, (S = 2.76 TeV -
0.2~ N [ 20-40% Centrality Class
o i 0.2 .
Y G o o - l :
_ . i
0_ ......................................................................................................... L. -] — 01_— II + i $. | * »
i ¢ Charged particles, v {EP,|An|>2} L | E = : L1t 1 E
m Prompt D°,D*, D™ average, |y|<0.8, v,{EP} ] OHt----------------ommmm oo —
~ [_] Syst. from data 7 [ ] i
-0.2—[ ] Syst. from B feed-down — i i
| | | | | I | I | I I [ I | I | | | _0.1 11 1 I 11 1 I L1 1 I 1 1 I 11 1 I 11 1 I L1 1

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14

P, (GeVre) p, (GeV/c)

- Positive v, of D mesons (5.70 effect in 2<p.< 6 GeV/c ), heavy-flavor decay electrons (30
effect in 2<p_<3 GeV/c) and muons (30 effect in 3<p <5 GeV/c)
» Hint for participation of charm in the collective expansion of the medium
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Comparison with models

AL
hVn

PRL 111 (2013) 102301
PRC 90 (2014) 034904

:((1 2 T |/| !l ‘ T T | T 1 T | T 1 T | T T T | T 1 l T T 1 | L | T >(\l [T 1T | T T T | LI | T T | LI ] 1 1T | T T | T T T | ]
| . 3 B - 0t '+ _ —
T R ALICE D°, D*, D™ average, ly|<0.5 0ar" g“cf D [; D*average  Pb-Pb, |5\ =2.76 TeV -
e - s e Centrality 30-50% 1
AL Pb-Pb, sy =276 TeV "SIl Syst. from B feed-down .
Ly __-",\‘\"'.‘ \ Centrality 0-20% . 0.3 - e
0.8F: Vi |2 WHDG rad-coll — n .
K ,-X 2\t — . POWLANG ’ 0oL . , 7
IR [ N W Cao, Qin, Bass ] gl ¥ “, N
0.6 B i MC@sHQ+EPOS, Coll+Rad(LPM) | - e .
L e BAMPS i 04 4 ST LTRNY = ) N E
e Y mmeas TAMU elastic _ L ’f/ _,’(F,':F_'.;:-.— = 1 T N
|1 - z B I P _.._.._,,-_-7.17?:';‘ i A Eilans)
0.4 o 0:5*%‘;/’ s T2 1 T | | A— o
B i - WHDG rad-+coll .
B i - =  POWLANG .
0.2 -0.1F="-"- Cao, Qin, Bass 7
B B eCIEY MC@sHQ+EPOS, Coll+Rad(LPM) - - -- TAMU elastic
— ] | omimim BAMPS — — UrQMD _
O - 1 | | | 1 | | | 1 1 1 | 1 1 1 | 1 1 1 | | | 1 | 1 | | | 1 1 | | | B 1 1 1 | L1 1 | 1 1 1 [ 1 1 1 l 1 L1 I 11 1 | 1 1 1 [ 1 1 1 | 1 ]

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

Simultaneously description of v, and R,, challenging for the models

WHDG: Nucl. Phys. A 872 (2011) 265; MC@sHQ+EPOS, Coll+Rad(LPM): Phys. Rec. C89 (2004) 014905; TAMU elastic: arXiv:1401.3817 [nucl-th];
POWLANG: Eur. Phys. J. C71 (201) 1666, J.Phys. G 38 (2011) 124144; BAMPS: Phys. Rev. C 84 (2011) 024908; J. Phys. G38 (2011) 124152 Phys.
Lett. B 717 (2012) 430;arXiv:1310.3597v1[hep-ph] ; UrQMD: arXiv:1211.6912[hep-ph]; J. Phys.Conf. Ser. 426 (2013) 012032; Cao, Qin, Bass:

Phys. Rev. C 88 (2013) 044907
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p-Pb collisions =

RLICE

Syste/yar Vs, Int. Luminosity Analysis
(TeV)

p-Pb 5.02 48.6 ub" Heavy-flavor and beauty-decay electrons

2013 D mesons

p-Pb 5.02 196 ub'(4.9x10° ub') Heavy-flavor decay muons with Muon

2013 Single Low triggered ( with Muon Single
High triggered)

Pb-p 5.02 254 pb1(5.8x10° ub') Heavy-flavor decay muons with Muon

2013 Single Low triggered ( with Muon Single
High triggered)
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D-meson R
pPb

RLICE

Phys. Rev. Lett. 113 (2014) 232301

o) B T T T | T T T I T T 1 | T T T I T T T | T T ]
Q:% - ALICE p-Pb, | 5,,;=5.02 TeV -
16 Average D°, D", D ]
i -0.96<y_ <0.04 §
1.4 .
« R, of D mesons compatible with unity within of i
uncertainties L I
L A b g L B S | el |
« R, described by: | | 0ak -
« MNR pQCD calculation with EPS09 : ]
parametrization of shadowing 0.6 - -
NPB 373 (1992) 295, JHEP 0904 (2009) 065 - .
« Vitev — coherent scattering, k-broadening and 04 . cGC (Fuji-Watanabe) E
energy |OSS in COId nuc|ear matter 0.2__ —— pQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]
PRC 75 (2007) 064906 [ = Vitev: power corr. + k_broad + CNM Eloss ]
[ —_— C 1 1 L1 | 1 1 | I L1 1 1 | 1 L1 1 | 1 | — | 1 ]

C[\ilgSA% - czool%r %ass condensate 05 ) 50 N o 5%
(2013) p, (GeV/c)

Talk by C. Terrevoli
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Heavy-flavor decay lepton Rpr

Talk by F. Bossu

Mid rapidity

Heavy-flavor decay electrons
Beauty-decay electrons

e
g L[
[ ALICE Preliminary
r -4+ ALICEb,c - e
C 1 ~4-ALICEb (—c)—>e
25—
C § normalization uncertainty
2
15—
1:._ O e L L)L I .................. ---
0.5] L
r p-Pb, \ s = 5.02 TeV, min. bias, -1.06 <y | < 0.14
Covv b v v b b by b Ly
0 2 4 6 8 10 12
P, (GeV/c)

14

o
o
3

@

Forward rapidity

P .
Pb
K3y

Probe low Bjorken x

Heavy-flavor decay muons

AL BN LI B I BN LIS LN
o5 C p-Pb \ s =5.02 TeV, u*«c,b decays 1
F o 25<y  <3.54 3
C ALICE Preliminary ]
2 — p—
15F -
1 R - e L]
L == NLO (MNR) with EPS09 shadowing
0.5 L Vitev: coherent scattering + kT broad + CNM Eloss 4
B systematic uncertainty on normalization ]
ol Lo v b L L L 1 1y 0 1
0 2 4 6 8 10 12 14 16

P, (GeV/c)

el

o

G
ac

2

1.5

1

0.5

25F

0 2 4 6 8 10 12 14 16

RLICE

Backward rapidity

Pb .
ki ' p

Probe high Bjorken x
Heavy-flavor decay muons

T
p-Pb \ S

———— .
=5.02 TeV, u*«c,b decays 1
4y <296 7

cms

- ALICE Preliminary

[ == NLO (MNR) with EPS09 shadowing
C —— Z.B.Kang et al.: incoherent multiple scattering

systematic uncertainty on normalization ]
M BT BRI PR B PR B

- Cold nuclear matter effects don't lead to a strong suppression in the measured p_range

» Data described within uncertainties by models which include cold nuclear matter effects
MNR pQCD calculation with EPS09 parametrization of shadowing NPB 373 (1992) 295, JHEP 0904 (2009) 065
Vitev: coherent scattering, k -broadening and energy loss in cold nuclear matter PRC 75 (2007) 064906

Z. B. Kang et al.: incoherent multiple scattering PLB 740 (2015) 23
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R . (P;) compared to R,,(p;) %

0.8 +' I i

il lpAt :
0.4

ol
02k - 'Hrf—_li—

Phys. Rev. Lett. 113 (2014) 232301 QLICE
B _I T T | T T T | T T T 1 | T T T | T T T I T I_ bl P im
5 - ALICE —a— p-Pb, | 5,=5.02 TeV -
) 1 6 __ 0 + *y '0.96<ycms<0.04 __
“— YL AverageD",D",D -
_5 14 Pb-Pb, | 5=2.76 TeV+
=5 F - v, |<05 i
o - —e— centrality 0-20% i
?'.é 1 -2:— T + - __ centrality 40-80% B
= 1__++ Lt | + _____________________________ il
qv)
g |
O
-]
Z

L_—o— |l

III|III|III|III|III

Talk by C. Terrevoli

OIIllllIllllllllllllllllllll
0 5 10 15 20 25

P, (GeV/c)

The suppression at high p. in Pb-Pb collisions is a final-state effect
Same conclusion for the other channels
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1 dNassoc
Ny dAe

- baseline (rad™)

correlations in pp and p-Pb collisions

D meson — hadron correlations

D meson — charged particle RLICE
correlations in p-Pb collisions
compared to PYTHIA tunes

D meson — charged particle

4T T ~ [T T T T T T T T T T T
=" ' D'meson - charged particle correlation R s 4F D meson - charged particle correlation L
3.5 Average D°,.D*,D* - g - Average D°,.D*,D* .
| - 8 < p$ <16 GeV/c, piSSOC >0.5GeV/c, |An| < 1.0 : _OE) 3.5 8 < p? <16 GeV/c, pissm > 0.5 GeV/c, |An| < 1.0 -
g —#— pp 15=7 TeV ALICE Preliminary o - —e— p-Pb\s=5.02TevData  ALICE Preliminary 3
C ] 22 o . ]
C -Pb =5.02 TeV ‘ i i 3 Simulations, pp 15=5.02 TeV —
C —4— PP sy © aseline uncertainty pp ] '? - —s— Pythia8 aseline uncertainty |
2.5:— D baseline uncertainty p-Pb _: g oD 55 —4— Pythia6, Perugia2010 . _ E
C % scale uncertainty pp . nsZ 3 OF —¢— Pythia6, Perugia2011 . scale uncertainty
2 o ‘e scale uncertainty p-Pb Bl = ol -
: ] =T -
1.5— -] C J
C ] 1.5— —
1 E E E
0.5 = - :
C + 3 0.5—
4 T
-0.5¢ E 0.5 .
11 | I I L1 1 | | I | I | L1 1 1 | L 111 | i C1 1 | I | | | | | | | I I | | I | | I |
-1 0 1 2 3 4 ) -1 0 1 2 3 4 5
A¢ (rad) Ao (rad)

» Distributions in p-Pb and pp are similar after baseline subtraction
« Within uncertainties p-Pb results consistent with various PYTHIA tunes
« Statistics of Run 2 will allow better constraints of model calculations
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Multiplicity dependence of D-meson production

RLICE

/\l_ _I 1T L L | L | L | L LI | L | LI I_
% 25— . ALICE —
= ~  Average D”, D*, D*" meson, y <05 ]
Talk by C. Terrevoli O ~ 4 pp,\s=7TeV ]
NZ 20~  2<p <4 GeVic —
o 4 p-Pb, |5, =5.02 TeV i
— - Preliminary, 2<pT<4 GeV/c i
El— 15— —
© - PP ]
> B -Pb .
. : . O 10— P _
« Similar trend in pp and p-Pb collisions but: E B % ]
QN - R T 7]
: , : : . © - E e i
« Multi-parton interactions in pp collisions ~— s ]
« Multiple nucleon-nucleon collisions - o B argkeaon et Ve s .
in p-Pb collisions N S on (@Nosamy (e oy notshown
. ‘4_!‘!!!a!!1!!1!!!!!1!!1!!z!!s!!!!!u!!!!!!!!!!
2 : —
N =
C -
; .
(o] =]
VBT e e o0 S S TS ST -
oS —=
o ]
L A =
m 9
(dN_/dn) / (chh/dT]>
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Heavy-flavor decay electron—hadron correlation [%]

Measure angular correlations of heavy-flavor decay electrons and charged hadrons

RLICE

1.0< p;° < 2 GeV/c p-Pb, |5, = 5.02 TeV 7
(0-20%) - (60-100%), Multiplicity Classes from VOA

O . 5 < pTh < 2 . O GeV/C (e from c,b)-h correlation — \<
1.0 < p® < 2.0 GeV/c
0.5<pT<2.0 GeV/c HLICE

PRELIMINARY

Angular correlations
in high-multiplicity events (0-20%)

Angular correlations
in low-multiplicity events (60-100%)

To remove jet correlations

(1/N) (&N, / dAndAg) (rad”)

 Indication for double-ridge structure, as observed for light-flavor two-particle correlations
PLB 719 (2013) 29, PLB 726 (2013) 164

« Heavy flavor possibly affected by the processes potentially leading to long-range correlations
in An of light-flavor hadrons:

. In_|t|al state: CGC arXiv:1302.7018 Talk by F. Bossu
* Final state: Hydrodynamics PLB 718 (2013) 1557

S{OIM 36
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Conclusion [%]

RLICE

* |n Pb-Pb collisions:
« Heavy quarks probe the transport properties of the QGP in heavy-ion collisions

 Run 1 measurements provide insight into the properties of the QGP matter
o Ru(M~R,,(D) <R, (J/¥Y-B)relatedto AE > AE > AE >AE,

- Heavy-flavor v, > 0 indicates that charm quarks participate in the collective expansion at
low p_

* In pp collisions:
* pQCD calculations describe the data
» Further studies of charm production via D meson-hadron correlations and multiplicity-

dependence studies

* In p-Pb collisions:
« Cold nuclear matter effects don't lead to a strong suppression in the measured p_ range

« Double-ridge structure observed in electron-hadron azimuthal correlations at low p._:
CGC, hydrodynamic expansion, some other mechanisms ?
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Outlook

Run 2 2015-2018

On going

. Higher energies (pp at Vs=13TeV, Pb-Pb at Vs,,=5.1TeV)

and higher interaction rates
» Larger data sample compared to Run 1
« Extend p. range (down to p.=0 and towards high p.)

* More precise measurements of azimuthal correlations, beauty and heavy flavor in jets
« Study hadronization of heavy quarks: measure baryons and D_

Run 3 2020-2023

New ITS, new TPC readout, Muon Forward Tracker (MFT)
high-rate readout upgrade for all detectors
- Improve p_ reach and precision of the current measurements

== Distinguish between models Plenary talk by A. Dainese (Sat 10:00)
* Beauty measurements: Talk by F. Fionda (Thu 18:00)
e Displaced D mesons

» Separate charm and beauty at forward y with the MFT
* Direct measurement of B hadrons
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RLICE

Back-up
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D-meson reconstruction at mid rapidity [ ]

Displaced decay vertices (|n|<0.9)
D—KT* (c1=123 pm)
D*—KTr'm* (c1=312 um)

D —em —K*KT* (c1=150 um)

D*—DOor*
N —pKTr*,pK?°

0
" D reconstructed momentum 300

Poightline—, .-
b T \ i
x p myrfﬁ secondary vertex -
gsoo: ‘ —
= [ ALICE
S 250¢ charged particles
3 I :
@) L
8 200r A ppis=7TeV ]
z [ 3 ® p-Pb \s,=5.02 TeV
O {50 ® Pb-Pb s, =276 TeV -
A
r []
: s
100 s,
L .3 4
L 3 T
50r ..&ﬁﬁim ) ]
r ®e % * oy
i MR S L PN
0 L L R | L L oo L
10 1 10
p. (GeV/c)

Int. J. Mod. Phys. A 29 (2014) 1430044

3<p.<5 GeV/c s

aV] [T ]

© 800 i

cT=60 um = Pb Pb | Sy = 2.76 TeV % .
( H ) % g Centraf\‘ty 10-20% ]
= 7008l 4 ALICE

o)) 07/07/2013 ]

=600 —

o ]

.0:-’ 500 —

[= 0 K ]

T D°— Kn* + c.c. =

-

S (30) = 1048 + 81

200 5/B (36) = 0.1851

IS
o
o
TTTTTTTTTTTTTTTTTTT T TTTTTTTTT] T T Ig0
\ \ I I I [

100- 1 = (1.865 £ 0.001) GeV/c?
o 07,0012+0,001) GeVict |, |
17 18 19 2 21

Invariant Mass (Kn) (GeV/c?)

Reconstruction and selection of secondary vertex
topologies away from the primary vertex
PID (TPC and TOF) to reduce the combinatorial
background, specially at low p.

Invariant mass analysis to extract the signal
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Heavy-flavor decay muons at forward rapidity [%]

Track selection: (LICE
» Acceptance and geometrical cuts:
Select tracks in the acceptance of the spectrometer
e Muon trigger matching:
Reject hadrons that cross the absorber
» Pointing angle to the vertex:

Remove beam-gas events and particles produced in the
absorber

— Remaining main background: .
. ,..»'/'" —e R B Y A \\:\\
“ \\\\:

- ~~ p from | —
I absorber heavy flavours Tracking Chambers
> u from
--|p 2 absorber P"maf\fn/K
|~ |1 from o
_IP ........... .4 secondary /K sorber
—— Punch through - -
-IIF i abeorber 7% hadrons Trigger Chambers
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Heavy-flavor decay electrons at mid rapidity [ ]

Electron identification based on:

A s
. ITS-TPC-TOF at low and intermediate p, RLICE
« TPC-EMCal at high p.
@ 200:-_ N W | R R 1 € 700r .
§ 1802':3 R ] §600E ) . é
§ 1607 3 TPC & 35 | ITS ALICE |
5 140 R NG
W : Pb-Pb {Sy=2.76TeV] B ¥ - Pb-Pb (5y=2.76TeV ]
8 120 1 g 4o0p i Stk
R o 2
80 _ = ‘ : .
50 " ‘ - s 2002
1oof
02 03 1 53 4567890 20 4
p (GeV/c) p (GeV/c) -
o 2—
ol
Non heavy-flavor background EMCal ALTCE
from photonic sources subtracted by: 1af
* Cocktail method N PR TS 7Y 0

EMCal Trigger Events
Track 3.5<pT<4.5 GeV/c

» Photonic background reconstruction 0.8

m° <0.7

0.4 TP
0.2f r<'4.5 GeVic C
MB triggers and electron triggers with EMCal ( and TRD) A N dE/'él‘x'-'@"E/dx>1° |

OdE/dx

S{(IM 42
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Beauty-decay electrons at mid rapidity [%l
RLICE

Beauty hadrons have large lifetime ( ¢t ~ 500 uym) Phys. Lett B721 (2013) 13-23
=) broad d, distribution of decay electrons

"PYTHIA\s=7TeV,ly| <08, ©® b(>c)—e

- 1<p,<6 GeV/c S X e

L < conversion elec.
o Dalitz elec.
Ry

counts

Promary
Vertex
-

d"':l A 3k | lcolnversion electrons 3

' : : o Data/MC 1<p_<2 GeV/c (b) 1

do: Transverse impact parameter o 25F 0 Data/MC 2<p.<6 GeVic E

= 2f (% Jf E

R _

T 15F 3

3 1} Jﬁ}l} ¢¢¢ ég@%ﬂ@@éa «iﬁi@é» Jﬁ | J\

Apply a minimum d, cut or fit the d, distribution Qe L

d, (um)

Other method in pp collisions:
Electron-hadron A¢@ correlation (wider for beauty-decay electrons than for charm-decay electrons)
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Beauty via non-prompt J/psi at mid rapidity ( ]
FLICE

* Measure displaced J/¥ from beauty-hadron
decays

« Simultaneous fit to invariant mass and pseudo-
proper decay length (x) distributions

JHEP 11 (2012) 065

£
310° —#+— dam 2.92 < M(e"e) < 3.16 GeV/c?
S - f!t, all
) TR P A fit, prompt J/y y2/dof = 27/44
= —— — fit, J/y from b-hadrons
c —— . - fit, background
L L
— ALICE pp, \s=7TeV
—> 10 =
L — L pT - p>13 GeV/c
Xy ) -
|}5’Jﬂp| n
T —
'1 — @ ® [ ] ® q pOo 0690 o o
- N
X = ’Vzﬂwvc: - N
o I - o \Nﬁx ™
B /’ B .

20001800 <3000 28000500 1000 18002000
M J/l.|J mass from the PDG pseudoproper decay length (um)

JW?
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Semileptonic decays [%]

Measure the cc and bb production cross sections LLICE
through semi-leptonic decays of open charm and open beauty hadrons:

Branching Ratios:

c—I+X 9.6%
In ALICE: b—|+X 11%
Electrons at mid rapidity boc—ol+X  10%

Muons at forward rapidity

Raphaelle Bailhache GOETHE 4
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Multiplicity dependence of D-meson production (%]

pp collisions at Vs = 7 TeV RLICE

arXiv: 1505.00664

50 L | T T 1 I 1T T 1 | T T T I T T 1 | T

Sensitive to: ALICE, pp \s =7 TeV
 Interplay between hard and soft processes 40— -

* Multi-Parton Interactions (MPI) ly| < 0.9, pT(J/1|1) > 1.3 GeV/c
30— —

D-meson per-event yields increase with
charged-particle multiplicity

)
o
|
I;L
|

_______________ gl L

* Faster than linear increase
« DO D*, D™ compatible within uncertainties
« No p dependence observed within

uncertainties
* Similar trend observed for inclusive J/W T T
and non-prompt J/W¥ from B-hadron decays Oo 1 2 3 4 5

46
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Fraction of J/y from b hadrons (%)
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Lifting of strangeness suppression

Expect an enhancement of strange D meson, D, compared to non-strange D mesons: §(=! T{] =
In-medium strangeness enhancement He et al. PRL 110 (2013) 112301

L]

Andronic et al. PLB 659 (2008) 149

Hadronization via recombination Kuznetsova, Rafelski EPJ C51 (2007) 113

D _l T I T T | T T | T T T I T 1T I T T | T T T | T I_
8., of Pb-Pb)\ sy, =276 TeV % E
5t .
OD 2.5 5_ 1.6 PR?LLII:EIEERY —
~ i D°: Pb-Pb Preliminary, pp JHEP 01 (2012) 128 < B ]
"D"’ | D: Pb-Pb Preliminary, pp PLB 718 (2012) ALICE fI<1 4F * Average DO, D*, D " 0-7.5%, |y|<0.5 7
of ¢ D; 0-7.5%, |y|<0.5 3
i Pb-Pb at \s,, = 2.76 TeV 1.2 Filled markers : pp rescaled reference |
B —4— stat. unc. Open markers: pp p_-extrapolated reference |
L AR [ ~
1.5 [ syst. unc. TAMU, arXiv:1204.4442
- ppat Vs=7TeV 0.8 —— D Dy
L —— stat. unc. 7
- \ (] syst. unc. 0.6 - _:
E +5.4% BR unc. (not shown) 0.4 A~ 4 A / m _:
0.5 + = Iﬂ H .
i == == — =1 0 - E
0_ | 1 1 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 O L 11 I L 111 | I | l L 111 I L 111 I I l L 111 | 111 ]
2 4 6 8 10 12 14 0 5 10 15 20 25 30 35 40
p, (GeVic) )

« D_compatible with average D mesons within uncertainties Talk by A.M. Barbano
« Hint for an enhancement at low p_ Results also in 20-50%
Raphaelle Bailhache GOETHE L
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Lifting of strangeness suppression %

*i -
n

B

E 3 i T | | | L | L I T I [ AII_|IICIEI | T | I |
QC [ Pb-Pb,\s, =276 TeV LA T g
o5l Prompt D_ mesons, |y| < 0.5 ]
"~ Centrality class i
- 0-7.5% -} i
2r 20-50% ~
150 L -
e -
0.5 =
O B L1 | | L1 | | L1 1 | L1 1 | L1 | | L1 1 | L1 | | L1 1 | | i

0 2 4 6 8 10 12 14 16

[ (GeV/c)

Raphaelle Bailhache GOETHE 4

UNIVERSITAT

S{IM 48




Multiplicity dependence of D-meson production

‘ -
E h 'II{ .

/\l_ _I LI | L I T 17T L T 1T l T 17T T 17T I L I T T1TT I_
_8- 25— ALICE —
=~ _ Average D°, D*, D** meson, <05 i
. : . O - ¢ pp,\s=7 TeV =
. Slm_llgr trend in pp collisions and p-Pb = op  2<p.<4GeVic ]
collisions but: % ~ % p-Pb,|sy,=5.02TeV -
sl L Preliminary, 2<pT<4 GeV/c |
~ | |
* Multi- [?artonllnteractlcl)ns in plf) collisions E 15 D meson, ly, ,J<0-5 pp ~
I_\/Iultllgbe nu”c eon-nucleon co isions S -4 Pb-Pb, |5, 22.76 TeV 0-Pb i
in p-Pb collisions > - imi B
P Q 10__ Prehmmary, 2<pT<3 GeV/c Pb-Pb B
z T :
. . . O - e =
* In Pb-Pb collisions: = - e .

5__ m W W lé//?/ (31/)[1/]|nhpp(p Pb) [Pb-Pb] |
. . | [~ normalization unc. not shown n
In medium parton-energy loss + radial L L 6% (3%) [3.1%)] unc. in pp (p-Pb) [Pb-Pb] _]
. . . . nchd/dN/d not shown |

fIOW modlfy the pT dIStrIbUtlon Of D . :m #I 1 l 1 1 1 l 11 1 | 1 1 IOI | lhllnl <l |1 ln>l I0 lslol | 111
. . e e . © (0.4F B fraction hypoth d p-Pb: x 1/2 (2) at low (high) multiplicit -
mesons in a centrality/multiplicity =T SOl ol el ol il e it G
dependent wa s “E E
p y 2 o= e e s
© L T TTTT}eceeseseseccessssseeesssssesesssssssseseeeeeead] o
- 0.2 1 —
() C .
- ".q_) _0.4__. PR ST S (N SR TN SR TR T SR SN SN S N SN TR N S SN SN SN TR SR (T S ST ST SR (T SR ST ST T NN ST SR S S R S S .__
Talk by C. Terrevoli m 0 1 2 3 4 5 6 7 8 9

N N

(dN,/dn) / (d Ch/dn)

SOM 49
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Multiplicity dependence of D-meson production

Investigate scaling of charm production in p-Pb collisions w.r.t pp collisions

RLICE

VOA
pPb (PT)
D 3 N T T TT | T 17T | T TT | T 17T | T 1T ‘ 1T T T ]
*g- - ALICE Preliminary ZN Energy Event Class |
S + p-Pb, =5.02 TeV ° -
S5l P V ©0-20% N
§O§ “Average D, D** -0.96 < y_ <0.04 #60-100% ]
ol ]
B ZNA estimator j
1.5 -
T L
0.5 .
r Filled markers : pp rescaled reference
r Open markers: pp pT—extrapoIated reference
0 C L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | I I ‘ I
0 5 10 15 20 25
p_ (GeVic

mult/de
G]auberdj\}’Pp/dPT
D 3 0 T 17T | T T T | T T T | T T T [ T T T | T T T 71 ]
° = imi VOA Multiplicity 4
g - 'IA:;IBICE Pre_“;nlonzarlyev Event Classes (Pb-side) -
S o5l P V = 9. ©0-20% N
S £ [Average D’ D" -096<y <004 *60-100% ]
O L cms |
o _ I ]
- VOA estimator i
150 -
Ty [—
0.5 ﬂ_ .
r Filled markers : pp rescaled reference 7
~ Open markers: pp pT-extrapolated reference T
B 11 1 | L1 1 1 I L1 1 1 | N ‘ L1 1 1 | | N 1
00 5 10 15 20 25 30
(GeV/ o))

- Similar bias in <N_ > determination as for charged hadrons

« With ZNA estimator (least bias estimator) no multiplicity dependent modification of D-
meson production in p-Pb collisions w.r.t pp collisions

Talk by C. Terrevoli
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Mass dependence of parton energy loss

Talk by A. Festanti SEREME

. . @® Non-prompt J/y (CMS) 6.5<p_<30 GeV/c, |y|<2.4
e Quark mass used in the model crucial to JHEP 05 (2012) 063 I

reproduce the data N (empty) filled boxes: (unjcorrelated syst. uncert.
Djordjevic, PL B734(2014)286 Djordjevic et al. Physles7s7 (2014208

chs, 1 ALICE: arXiv: 1506.06604 [nucl-ex]
'R,,(J/J¥-B)>R,,(D) CMS Preliminary: CMS-PAS-HIN-12-014
See also CMS: JHEP 05 (2012) 063
§1_4_IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII
« Similar kinematic region:<p_°>~<p_°> @ | Pb-Pb,\s,=276TeV
1 2 ® D mesons (ALICE) 8<pT<16 GeV/e, |y|<0.5

Illllll

— = D mesons -
— = Non-prompt J/y .

« Similar pattern from other calculations 08— o Non-prempL <y wilhic quark energyloss—
TAMU elastic: arXiv:1401.3817 [nucl-th] - 7
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905 0.6_— e, |
BAMPS: J.Phys.G38 (2011) 124152 I =TT —_ 020% -
WHDG: J.Phys.G38 (2011) 124114 - 50- Lo i
Vitev et al., Phys.Rev.C80 (2009) 054902 0.4l S it

- \a. S Ee e W i
- ., | Ttrea, B
- 40-50% ~a g, e il
0.2  20-100% 30-40% o4 a0, E\\\ e,
- 10-20% - :
i 0-10%
I | | I | | | | | | | | I | | | | I | | | |
OO 50 100 150 200 250 300 350 400
<Npart>
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Mass dependence of parton energy loss

Talk by A. Festanti SEREME

CMS /| ALICE: arXiv: 1506.06604 [nucl-ex]
'R,,(J/J¥-B)>R,,(D) CMS Preliminary: CMS-PAS-HIN-12-014
| See also CMS: JHEP 05 (2012) 063
§1.4IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII
« Similar kinematic region:<p_°>~<p_°> @ Pb-Pb, \ s\ = 2.76 TeV
1.2 m D mesons (ALICE) 8<pT<16 GeV/e, |y|<0.5

. . @ Non-prompt J/y (CMS Preliminary)
 Quark mass used in the model crucial to 6.5<p_<30 GeV/c, |y|<1.2 CMS-PAS-HIN-12-014

reproduce the data ’ (empt)}) filled boxes: (un)correlated syst. uncert.
Djordjevic, PL B734(2014)286 TAMU elastic  Phys Lot 735 (2014) 445 1

III|III
Illllll

- = D mesons -
- = Non-prompt J/y -

« Similar pattern from other calculations 0.8~ _jof [l Nor-prompl ity With ¢ quari energyiossi—
TAMU elastic: arXiv:1401.3817 [nucl-th] - 7
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905 ool B3 N
BAMPS: J.Phys.G38 (2011) 124152 ] |
WHDG: J.Phys.G38 (2011) 124114 - i
Vitev et al., Phys.Rev.C80 (2009) 054902 0.4 N

: 40-50% i
0.2 30-40%  50.309% ] 7
. . 10-20% L
: (*) 50-100% for non-prompt J/y 0-10% :
1L 111 I | | | 111 1 | I | | I | | [ 111 | | 111 | | |
00 50 100 150 200 250 300 350 400
<Npar’[>
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Mass dependence of parton energy loss

Talk by A. Festanti SEREME

CMS /| ALICE: arXiv: 1506.06604 [nucl-ex]
'R,,(J/J¥-B)>R,,(D) CMS Preliminary: CMS-PAS-HIN-12-014
| See also CMS: JHEP 05 (2012) 063
f((1.4IIII||I|I|III||I|I||IIII|IIII|IIIIIIII
« Similar kinematic region:<p_°>~<p_°> c Pb-Pb, \ s\ =2.76 TeV
1.2 m D mesons (ALICE) 8<pT<16 GeV/e, |y|<0.5

@ Non-prompt J/w (CMS Preliminary)
6.5<p_<30 GeV/c, |y|<1.2 CMS-PAS-HIN-12-014

(emth) filled boxes: (un)correlated syst. uncert.

MC@sHQ+EPQOS2 Phys.Rev.C 89 (2014) 014905 |
— = D mesons .
= = Non-prompt J/y -

III|I1I

 Quark mass used in the model crucial to

reproduce the data 1
Djordjevic, PL B734(2014)286

« Similar pattern from other calculations 0.8 S Non-prompt J/y with ¢ quark energy loss —
TAMU elastic: arXiv:1401.3817 [nucl-th] ™
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905 N EI S~
BAMPS: J.Phys.G38 (2011) 124152 ' ~—_

WHDG: J.Phys.G38 (2011) 124114

L 3

T 1 | T T I 1T I 1T | 11
N
C.’
(0}
S
O\ °
*
*
7/

=
/
i
|
E3
III|III|III|III

Vitev et al., Phys.Rev.C80 (2009) 054902 0.4 &
40-50% i
0.2 30-40% 50000, B T
. o ’ 10-20% L
(*) 50-100% for non-prompt J/y 0-10%
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OO 50 100 150 200 250 300 350 400
<Npal‘t>
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Mass dependence of parton energy loss

Talk by A. Festanti E_, ; .f{ e
hVn P im

ALICE preliminary

CMS /1 See also ALICE: arXiv: 1506.06604 [nucl-ex]
-~ R,,(J/¥-B)>R,,(D) CMS Preliminary: CMS-PAS-HIN-12-014
‘ See also CMS: JHEP 05 (2012) 063
R R Rl KRR R LR R RERANEERAD ERRE
. : : : . D~ ~ B oC L | ALICE Preliminary D mesons
« Similar kinematic region:<p_°>~<p_®> E Bep <16 GeVie, 0.5
L ¢ CMS Preliminary Non-prompt J/y
* Quark mass used in the model crucial to i 6.5<p_ <30 GeV/c, ly|<1.2
reproduce the data 1_—----------------------------;—--;-;—-éml;é93”-?-'?-’*?3”'-“-'-‘5‘3'91-‘-‘--
Djordjevic, PL B734(2014)286 I BAMPS. B — J/y L
0.8 s WHDGLB - .
« Similar pattern from other calculations i — = Vitev ra{dm;ss,g )
TAMU elastic: arXiv:1401.3817 [nucl-th] [ St
MC@sHQ+EPOS2: Phys. Rec. C89 (2014) 014905 0.6/ B ......................... N
BAMPS: J.Phys.G38 (2011) 124152 - O L s - -
Vitev et al., Phys.Rev.C80 (2009) 054902 - , :EL ) )
0.2~ ~ = E T
[ Pb-Pb, \sy=276TeV — =
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|1III_

0 50 100 150 200 250 300 350 400
( Npart weighted with NCO”)
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Modification factors of D mesons (%]

E 2_IIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII E-::.]{:I:

< 2
< E
T 18f
1.6F

TR

0.8 E

At

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

IIIIIllIlIIIIlI

ALICE Pre!)iminarx, Pb-Pb, s,, =2.76 TeV
e Average D°, D*, D " |y|<0.5, 0-7.5%
owith pp pT-extrapoIated reference

STAR, Au-Au, s, =0.2TeV
0.6 +ﬁ -Dg—|y|<1,0-10°/o NN

[PRL 113 (2014) 142301]
0.4 |

0.2 ﬂ-&_ﬁ_—ﬁ— U H

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OO 5 10 15 20 25 30 35 40

p. (GeV/c)

: : : . . Talk by A. F i
« Strong suppression of high-p. D mesons in central collisions alk by estantl

« Where does the energy loss end up ? Low-p. measurement crucial

IlIIlIIIIIIIlIlI:i_fII
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Heavy-flavor elliptic flow

Talk by A. Festanti

PRL 111 (2013) 102301
PRC 90 (2014) 034904

RLICE

>N -lll[lllIllIIIIIIIIlIIIIIIIIIIIIIIIII--IHIIIIIIIIIlllIIIIIIIIIIIIIIIIIIIII“IIIIIIIIIIIIIIIIIII lll]llllllllllll-
0.6 ALICE 4 @ pPrompt D’ |y|<0.8, v.{EP} 4 _
Pb-Pb, \s =276 TeV Syst. from data
i -Syst. from B feed-down
0.4 - =4~ -

.

-0.2
[ Centrality 0-10%

IIIIIIIIIIIIIIIIII!IIIIII[IIIIIIIIII

Q  Charged particles, v.{EP,|An|>2}

Centrality 10-30%

Centrality 30-50%

IIIIIIIIIIIIIIIIIII|III]III|IIIIIII|-

2 4 6 8 10 12 14 16 18

P, (GeV/c)

2 4 6 8 10 12

14 16 18
P, (GeV/c)

2 4 6 8 10 12 14 16 18
pT(GeV/c)
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W-boson productions

Electroweak probe produced in hard interactions QLICE
« Sensitive to modification of parton distributions inside the nucleus

-
h'l 'I-

» Test binary scaling of hard processes

Fit the single-muon p_ distribution sl Measure production cross section at

T’G”E‘ N,._=380.6:23.5 . data
~ E "
> [ x3ndt=85.1/64 HureWr,
S OE gy Range: 12<p" <80 GeV/c w2y
Qn— 2.03<y" <3.53 —ATLAS
o E p-Pb | 5,,=5.02 TeV
E ALICE Preliminary
2 10°E
S -
- s
10
: V ?ﬁ’ :
B A
EEFEN R S SRR I S
_ ]
i 0.5 Ol
g %% BT
; e oe) % Priddde L b
O S MR
g-o.sg I W# | T
-1E \SECHG322T ST O]
10 20 30 40 50 60 70 80

P, (GeV/c)

forward and backward rapidity

ol LA N R NN NN AR N R LRI WL R
= #°F ALICE Preliminary  p-Pb, | s =5.02 TeV -
! pt>10 GeV/c )
b 200 T -

W+ W ]
Open Boxes: Syst. Uncertainty _|
Vertical Bars: Stat. Uncertainty _

150 -

Data N

O pre W' ]

100 o« wew -

—E— pQCD NLO, CT10 with EPS09 PDF

o0 e Wt .

We W o

— :

0 L1 1 I L1 1 I L1 1 I 11 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1

-6 -4 -2 0 2 4 6 8 10 12

n
y cms

* |sospin effect visible at backward rapidity
» Results described by pQCD at NLO
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A measurements

L X L e
O 1 O 44 2.0<€p.<3.0GeV/c
S ° A > KSp S 11: T
% 18 g 165 pp \s =7 TeV, 3.16x 10° events
o) ~e oo To R S
< 17 = .F
» »n 9
D 16 Q2 r
= Mean = 2.283 + 0.002 S gb Mean =2284+0.002
T 15 Sigma = 0.006 + 0.003 5 °F Sigma=0.010+0.002
Significance (30) 3.5+ 1.2 7:_ Significance (30) 4.7+ 1.2
14 S (30) 1267 + 436 - S (30) 1529 + 385
13 S/B (3c) 0.0096 6F S/B (35) 0.01 45
P N S ST T S T ' -

MR P IR ST R
222 224 226 228 23 232 234 236
Invariant Mass Kgp (GeV/c?)

055 Dok 296 208 23 232 PX 236
Invariant Mass Ksp (GeV/c?)

N x10°

O [ 3.0sp<4.0GeVic

= I

S 3.5

To} [ & -— 4

~ —

A

E [ Mean=2.288+0.002 £ £ Mean=2.285+0.004

UCJ 550 Sigma = 0.004 £ 0.002 UCJ Sigma = 0.013 + 0.004
L significance (30) 3.4+ 1.1 0.9F significance (30) 3.5+ 1.1 ALICE

" S(30)446+ 150 0.8 S(3a) 496+ 152 PERFORMANCE

2 [ SBEo)00e 0.7 /B (30) 00255 1171012012

025 Dok 526 528 23 232 554 236
Invariant Mass Ksp (GeV/c?)

005 D04 506 208 23 232 554 236
Invariant Mass Ksp (GeV/c?)

RLICE

Analyses in the following channels:
N, —K% and A —pKm
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