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Charm results review with ALICE Run 1 data.

A biased review of heavy-flavour production results in heavy-ions collisions.
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2 In central heavy-ion collisions D mesons are more suppressed than Non-prompt J/.

2 Models that include a different energy loss in the QGP for charm and beauty quarks
describe the data.

2 The medium transfer information of its collective expansion to the charm quarks.
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A very quick review / outline
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2 In central heavy-ion collisions D meson are more suppressed than Non-prompt J/.

2 Models that include a different energy loss in the QGP for charm and beauty quarks
describe the data.

2 The medium transfer information of its collective expansion to the charm quarks.
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Heavy-flavour production in pp collisions
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@ LO: o). : @NLO:
g+g 2 Q+Q . 4\ D’ g — Q+ Q gluon splitting
g+g - Q+Q g Cle) = Q* = Q + Q flavour excitation
g c
P p* This processes require a detailed study to
better understand which is their
Gluon fusion mechanism is the contribution at different pr.
dOmInant at LHC energIeS FIa;/or Excitation (”EFEX”) Gléjon SpIitting(”(%SP”)

E —_— = — —— _ —
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Heavy-flavour production in pp collisions

@ LO: (ol : @NLO:
g+g 2 Q+Q L D" g — Q+ Q gluon splitting
g+g - Q+Q e Clo)=> Q* — Q + Q flavour excitation
9 9 = . . .
P p* This processes require a detailed study to

better understand which is their

Gluon fusion mechanism is the contribution at different pr.

dOmInant at LHC energleS Flavor Excitation(”EFEX") Glct]Jon SpIitting(”(%SP”)

Since y = mq = as(4) << 1 = pQCD calculations. E ﬁ

g g ! 9

2 Fixed-Order-Next-to-Leading-Log (FONLL):
2 large log beyond NLO are taken into account in the NLO resummation (at high pr).
2 Fit of the moments of the fragmentation distributions JHEP 0407, 033 (2004)

2 General Mass Variable Flavour Number Scheme (GM-VFNS):
2 large log beyond NLO are absorbed in the c-quarks PDF and the fragmentation
function of ¢ = hadron PRL 96 (2006) 012001

e
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Charm production in pp collisions @ /s = 7 TeV
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7z pQCD based calculations (FONLL, kr-factorization, GM-VFENS) are compatible with data.

IPHC 26/02/16 - ALICE HF Results

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys J. C72(2012) 2082, kr factorisation: arXiv:1301.3033

D. CAFFARRI (CERN) -5




Charm production in pp collisions @ /s = 7 TeV
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2z pQCD based calculations (FONLL, kr-factorization, GM-VFENS) are compatible with data.
2 Even if slightly closer to the higher/lower band of the theoretical calculations.

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys J. C72(2012) 2082, kr factorisation: arXiv:1301.3033
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HF production in pp collisions @ /s = 7 TeV

(ub/GeVic)
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Z pQCD based calculations (FONLL, kr-factorization, GM-VENS) are compatible with data.
zBeauty production described well by the central value theoretical calculations

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, kr factorisation: arXiv:1301.3033
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Charm and Beauty production
in pp collisions @ /s =7 TeV

ATLAS, arxiv:1512.02913 ATLAS, JHEP 10 (2013) 042
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Charm and Beauty production
in pp collisions @ /s =7 TeV

ATLAS, arxiv:1512.02913 ATLAS, JHEP 10 (2013) 042
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Charm and Beauty production
in pp collisions @ /s =7 TeV
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Charm and Beauty production
in pp collisions @ /s =7 TeV
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2 Total charm and beauty cross sections production have been evaluated
2 In both cases the cross section evolution is well reproduced by pQCD-based

calculations.

2z ~x10 cc pairs and ~x2 bb pairs produced at LHC Run1 energy with respect to RHIC.
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Why heavy flavour in Pb-Pb collisions?
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Why Pb-Pb collisions?
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High-density and high-temperature QCD

2 Ultra-relativistic heavy ions allow to study

; 200F m
v B
| = |5 ks and Gl
the phase diagram of the nuclear matter. = s (R Quarks and Gluons
% 2 B O
:‘i 100.1 ', Hadrons %%
5
|_

2 They are “good tools” to compress and heat
nuclear matter in order to recreate
a very high energy density
: : Nuclei Net Baryon Density
strongly interacting
deconfined medium.

)

&
&
&

Color Super-
Neutron stars  conductor?

\ "
W

e

Energy Stopping Hydrodynamic ) oSS
Hard Collisions Evolution Hadron Freezeout

2 Characterization of the state of the nuclear
matter with hydrodynamics quantities, given
its complexity and its extension.
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Hot nuclear matter

2 Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in

order to recreate

2 a very high density
2 strongly interacting
2 deconfined medium.

2Multiplicity of particle produced directly
proportional to the energy density of the
system. € ~ 12 GeV/fm3a LHC

arXiv:1512.06104
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S = transverse dimension of nucleus

7, ="formation time"~ I fm/c

IPHC 26/02/16 - ALICE HF Results

D. CAFFARRI (CERN) - 10




Hot nuclear matter

2 Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in
order to recreate

? a verv high density ALICE, PLB 696, 4 (2011)
e . 6000 hys. Lett. B 696 (2011) 328 (values scaled)
9 Strongly Interacting E L A EB95 27,3.3, 3.8, 4.3 GoV | ]
2 deconfined medium. 2 s000f 4 NA4987,125, 173 Gev + :
o, [ % STAR62.4, 200 GeV
% 4000F O PHOBOS 62.4, 200 GeV
[ ®  ALICE 2760 GeV

2Multiplicity of particle produced directly
proportional to the energy density of the

2m)*? R R
W
(@)
o
o

2000%: ‘If% :
"

system. £ ~ 12 GeV/fm3a LHC 1000
0: A I S
2Bose Einstein correlation between identical ° >00 1000 1500 o /dﬁ‘;oo

bosons allow to study the extension of the
system. “homogeneity” V ~ 5000 fm?3
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Hot nuclear matter

2 Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in
order to recreate
9 avery hlgh denSity PLB 754, 235-248 (2016)

2 strongly interacting k) :""""""""""""
2 deconfined medium. E 105 Egi'&f,pﬁbmﬂ.mev E
%j ::: L . ;gf;l\l( ?511 ie;f)1 sat 1 40%° MeV _
2 Multiplicity of particle produced directly : _Z'§2Z§_’;f,'¢:f)m=°fsw '
proportional to the energy density of the gk T =200 25 L TIMN

system. £ ~ 12 GeV/fm3a LHC v

102:— E E
2 Bose Einstein correlation between identical _33 WEE ]
bosons allow to study the extension of the T R
system. “homogeneity” V ~ 5000 fm?3 i )
2 Direct photon emitted by the hot system (as ! : i
black body radiation) T ~ 304 + 11 £ 40 MeV "o 1 2 e el
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Centrality and reaction plane

2 Centrality:
2 Quantity to determine the overlap region of the two nuclei during the
collisions.
2 Geometrical model allow to determine the number
of participant to the collision.
2 Events are classify in “centrality classes” in
terms of the percentiles of the total AA cross section.

D. CAFFARRI (CERN) - 11
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Centrality and reaction plane

2 Centrality:
2 Quantity to determine the overlap region of the two nuclei during the
collisions.
2 Geometrical model allow to determine the number
of participant to the collision.
2 Events are classify in “centrality classes” in
terms of the percentiles of the total AA cross section.

2 Reaction Plane:
2 Quantity to determine the “orientation” of the two nuclei during the
collisions.
2 The angle Wr between the x axis and the impact parameter (b)
direction identifies the reaction plane.
2 The event plane can be measured using the azimuthal distribution of
measured particles.

E

_
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How to investigate nuclear matter?

Matter we want to study

Calibrated
Calibrated Light Meter
LASER
I

courtesy T.Ullrich
IPHC 26/02/16 - ALICE HF Results
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How to investigate nuclear matter?

Matter we want to study

Detectors

Probes

1 Energy released

in A+A collision

courtesy T.Ullrich

E
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Hard and self-generated probes

Matter we want to study

Detectors

Hard Probes

Self-generated probes

Energy released
iIn A+A collision

courtesy T.Ullrich

E
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Hard, self-generated and calibrated probes

2 The behaviour of the probes should be well understood in “standard

matter” (pp collisions).
uu PWeII understood in pp collisions

E
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Hard, self-generated and calibrated probes

2 The behaviour of the probes should be well understood in “standard

matter” (pp collisions).
ﬁipww understood in pp collisions

2 p-A collisions allows to investigate the Cold Nuclear Matter effects.
Those effects are related to the difference for a parton of being wounded in
a nucleons or in a nucleus.

A
ST Slightly affected by the hadronic
matter matter and in a well understood way
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Hard, self-generated and calibrated probes

2 The behaviour of the probes should be well understood in “standard

matter” (pp collisions).
ﬁipww understood in pp collisions

2 p-A collisions allows to investigate the Cold Nuclear Matter effects.
Those effects are related to the difference for a parton of being wounded in
a nucleons or in a nucleus.

A
ST Slightly affected by the hadronic
matter matter and in a well understood way

2 A-A collisions allows to investigate Hot Nuclear Matter effects
Interaction of the probes with the hot, dense and deconfined nuclear matter

+ Strongly affected by the
deconfined medium

_

E
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So why heavy flavour in Pb-Pb collisions?

2 Since they originate from hard processes, where large momentum
transfer p is involved, their production can be computed using pQCD.
2 And we already discussed that these calculations are in good
agreement with data.
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So why heavy flavour in Pb-Pb collisions?

2 Since they originate from hard processes, where large momentum
transfer p is involved, their production can be computed using pQCD.
2 And we already discussed that these calculations are in good
agreement with data.

2 Hard probes are usually produced in hard parton-parton scatterings in the
early stage of the collisions.
2 At <1/mq = ~0.1 fm/c for charm and ~0.01 fm/c for beauty quarks

2 taee ~ 0.3 - 1 fm/c
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So why heavy flavour in Pb-Pb collisions?

2 Since they originate from hard processes, where large momentum
transfer p is involved, their production can be computed using pQCD.
2 And we already discussed that these calculations are in good
agreement with data.

2 Hard probes are usually produced in hard parton-parton scatterings in the
early stage of the collisions.
2 At <1/mq = ~0.1 fm/c for charm and ~0.01 fm/c for beauty quarks

2 taee ~ 0.3 - 1 fm/c

2 They can “observe” the full evolution of the hot nuclear matter and interact
with it if they are color charged.
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Heavy quarks interactions with the medium:
Energy Loss

2 Partons travel -4 fm in the high colour-density medium.

E E-AE
2 In their path they can loose energy for two mechanisms:
- - . . AE
Scatterings with other partons = collisional energy loss +
=» dominates at low-pT - e
Gluon radiation = radiative energy loss i
=» dominates at high energy o EE

X
(medium)

2 The reduction of the parton energy translates to a reduction in the average
momentum of the produced hadron.

‘Energy loss’ ‘Absorption’

Npin d?N/d?py

PP Downward shift

\

Shift spectrum to left
A+A

Pr

D. CAFFARRI (CERN) - 15
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Observables:

2 Nuclear modification factor (Raa):

Z Comparison of the spectra in pp and AA collisions.
2 If AA collisions would be a “simple” superposition of many pp

collisions Raa = 1 1 y d*N a4 /dpdn
< Neo > d*Npy/dprdn

2 Similar ratio can be build comparing central and peripheral AA g

collisions (Rcp) @

Raa(pr) =

| IPHC 26/02/16 - ALICE HF Results D. CAFFARRI (CERN) - 16




Heavy quarks interactions with the medium:
E n ergy LOSS Baier, Dokshitzer, Mueller, Peigne’, Schiff, NPB 483 (1997) 291.

Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

2 Medium modeled with static scattering centers
2 Coherent gluon wave function accumulate kr due to multiple
scatterings =» the gluon decoheres and it is radiated.

\%é% bath length L Radiated gluon energy distrib:

< 1 d/ w,/w forow<w,
w— < a,Cp ,

dw (w./w)” forw=w,

L e—

BDMPS (R=c0)

R=40000

IPHC 26/02/16 - ALICE HF Results D. CAFFARRI (CERN) - 17




Heavy quarks interactions with the medium:

Energy Loss

Baier, Dokshitzer, Mueller, Peigne’, Schiff, NPB 483 (1997) 291.
Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

2 Medium modeled with static scattering centers
2 Coherent gluon wave function accumulate kr due to multiple
scatterings =» the gluon decoheres and it is radiated.

path length L

1{{60/6
v

BDMPS (R=c0)

’.
R=40000

Radiated gluon energy distrib:

w— xa.C,

d/ w,/w forow<w,
dw

(w./w)* forw=w,

Cc, Casimir Factor: 4/3 for g, 3 for g
w. =ql*/2 Scale of the radiated energy
R=wl Constraint: kt< w

Transport coefficient related to
= the medium characteristics
and to the gluon density

IPHC 26/02/16 - ALICE HF Resuits
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Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

2 Medium modeled with static scattering centers
2 Coherent gluon wave function accumulate kr due to multiple
scatterings =» the gluon decoheres and it is radiated.

path length L Radiated gluon energy distrib:

=

w,/w forow<w,

(w./w)* forw=w,

BDMPS (R=c0)

‘.
R=40000

R=wlL Constraint: kt< w

Transport coefficient related to
| the medium characteristics
' and to the gluon density

e
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Heavy quarks interactions with the medium:
Mass dependence of the Energy Loss

2 Gluon radiation of heavy quarks is suppressed due to the

introduction of a mass term in the propagator: Gluonsstrahlung probability
2 Dead cone effect sg - 1
[6° + (mg, /EQ)2]2
o __pnaes .
2 2
N z’ a =a)£ x| 1+ "o 12
Dokefitzer and Karzeow, PLB 519 (2001) 196, Oy dOlygr |\ Eo | O
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Heavy quarks interactions with the medium:
Mass dependence of the Energy Loss

2 Gluon radiation of heavy quarks is suppressed due to the

introduction of a mass term in the propagator: ST TS (s S

2 Dead cone effect ?’f SR
49299‘ 1607 +(my /[ E)” ]
_npoot= )
Q o i dI my) 1
JP(:%S; 1602. dm P x| 14 - 02
Dokshit Kh T
ngzh:é:: andoéiar;;é?/nPLB 519 (2001)) 199. A0l ey dolyGur E 0
Y
2 Energy distribution of radiated gluons is ‘ — Gram dN oy - 1750 |
0.8 — Bottom dN /dy = 1750
suppressed by an angle-dependent factor: _ - Charm aNjoy - 2900
. . — - Bottemn ng!dy-EQCII]
heavy qqarks might lose less energy in o8 B (m.~5 Gev)
the medium ? N
YD m~156ev) ~~~__
0.2k H‘”u“--“h___'_-_—-'-:
00— é | -||n ' 1|5 ' 2|n | z*ls 30

Wicks, Gyulassy, “Last Call for LHC Predictions” workshop, 2007 PT(GEV)

e
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Heavy quarks interactions with the medium:
Mass dependence of the Energy Loss

2 Gluon radiation of heavy quarks is suppressed due to the

introduction of a mass term in the propagator: ST TS (s S

2 Dead cone effect I”’i SR
49’399‘ 1607 +(my /[ E)” ]
_pios= — )
? z‘ a —a)dl x| 14 22 | :
oKsNnitzer, oze, Iroyan - A 2
Bollzsmzer aKnr;I Kha-ll:zeév P\IJ_FI;GSII;(;(?(?:)) :8(9)2 dw HEAVY dw LIGHT E 0
10——71— L B
2 Energy distribution of radiated gluons is - __ harm N ey = 1750 |
0.8 __ Botte mdN g/dy = 1750 -
suppressed by an angle-dependent factor: _ - Gharm an 1oy - 2900
. . — - Boito mdN .Idyr 2900
heavy quarks might lose less energy Iin _osf B (m.~5 Gev)
the medium ? 3
n YD m~156ev) ~~~__
] B k —————
AE(light) >AE(c) > AE(b) =» Raa(t) < Raa(D) < Raa(B) *|  ~~ o= _
0.0 ! | ! I 1 I 1 I ! ] !

0 5 10 15 20 25 30
Wicks, Gyulassy, “Last Call for LHC Predictions” workshop, 2007 PTIGEV)
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Heavy quarks interactions with the medium:
Take part in the collective expansion

2 Due to the extended size of the nuclei overlap
regions of the collisions, produced particles
undergo collective effects.

JonsametrrnIny,
»

2 Different pressure gradients, due to the different
geometry of the collisions might modify the particle
distrioution. N
2 All particles in the same region might be push

apart all together (collectively)
2 Particle that have to traverse longer path might
loose more energy in the medium.

oot
eremassameet® s SRR Ly

E
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Heavy quarks interactions with the medium:
Take part in the collective expansion

2 Due to the extended size of the nuclei overlap
regions of the collisions, produced particles
undergo collective effects.

T LoaoseseettTagy

2 Different pressure gradients, due to the different
geometry of the collisions might modify the particle
distrioution. N
2 All particles in the same region might be push

apart all together (collectively)
2 Particle that have to traverse longer path might
loose more energy in the medium.

"
o o
eremassameet® Sas TIPSR o

? Soft particle, whose quarks come mainly from the medium, feel these
common behavior.

2What about charm (and beauty) that are produced at a previous and
independent stage? And that they are way heavier?

E

IPHC 26/02/16 - ALICE HF Resuits

e
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Observables:

2 Nuclear modification factor (Raa):

Z Comparison of the spectra in pp and AA collisions.
2 If AA collisions would be a “simple” superposition of many pp

collisions Raa = 1 1 y d*N a4 /dpdn
< Neo > d*Npy/dprdn

2 Similar ratio can be build comparing central and peripheral AA
collisions (Rcp)

Raa(pr) =

2 Azimuthal anisotropy (v2) :
2 Initial spatial anisotropy transferred to the momentum C?;\;
anisotropy of particles. ‘ N

dN N,
e 2—72(1 + 2vy cos(p — V1) + 2u2(pr) cos2(p — Wa)| + ...)

E
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Heavy quarks interactions with the medium:
Recombination

2 Due to the high density of the medium, low pT partons combine to form
higher pT hadrons, instead of higher pT partons fragmenting into lower pT
hadrons

1 : d . , : : , }

o e o e0° © "Awd i
.o 8 °g° ° O’oo © %102
@O OO ... —
0© Q'OS oo ol © 910-3
0 0O 8P o °©°
o %° o %0 & .4
o °©° 10
° >
5
.010
-6
é‘_m
* 107
10°®
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Heavy quarks interactions with the medium:
Recombination

2 Due to the high density of the medium, low pT partons combine to form
higher pT hadrons, instead of higher pT partons fragmenting into lower pT
hadrons

1 : d . , : : , }

-1
~ 10
o e o e0° © 1 i

o O O
.800 OO.O

@O :OO ... — O
0© g8 %o ol ©
(o] © 8%00. (o] © ©
o @O (o) o
° O O
o) O

2 3 4 5 6 7 8 9 10
pr (GeV)
2 Recombination and radial flow can push even further hadrons formed by

partons “taken from the medium?”.

2 Is charm (and beauty) so “part of the medium?” (i.e. thermalized) that
follow this mechanism to create hadrons, getting together with light
partons of the medium?

e

| IPHC 26/02/16 - ALICE HF Results D. CAFFARRI (CERN) - 21




Cold nuclear matter effects: Saturation

- H1 PDF 2000

2 Bjorken x probed with HF production at 3
the LHC < 102 (usually called small-x) | E zeuss POF

Q’=10 GeV?

__ — ——
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Cold nuclear matter effects: Saturation

xf(x,Q%

- H1 PDF 2000

2 Bjorken x probed with HF production at :
the LHC < 1072 (usually called small-x) wf| E zeusseor

Q’=10 GeV?

B> Strong rise of the gluons density in the
nucleus for this regime (factor A3 ~ 6).

2 New QCD regime where gluons are
dense and “extended” (low-p) they can
overlap — Saturation

| IPHC 26/02/16 - ALICE HF Results D. éAFFARRI (CERN) - 22




Cold nuclear matter effects: Shadowing

2 Due to the high density of gluons present in the nucleons (saturation
regime), possible modification of the PDF could be considered.

2 Shadowing: parton densities in nuclei are depleted with respect to free
patrons (“low-x gluon fusion”).

xGa(x, Q2) = A xg(x, Q) Rc” (x, Q?)

Ry RS R
_1aF ——— S | | I I I I I l'\‘:__: 14
= 12| e W i3 4 12
O 10 beeeeemn e e u ~= N4 10
o8 N 08
P Most of the low-x data are 7 o[ — myor oo B2 1 0s
. . 29 B T : k
in non-perturbative range LAYy g %?o(%:o@o) B3 S 105
e . b TIPSO +
2 Difficult to constraint the O O w 0 o o 0 0 o w10 0 0 1
pQCD CaICUIatlonS | see e.g: Eskola et al. JHEP0904(2009)065
2 Large uncertainties on
Re” (x, Q9

E —_— = e — _ —
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Other cold nuclear matter effects

B> Colour Glass Condensate:
2 Effective theory used to approximate the saturation regime.
2 Based on the hight density of gluons that don’t change their
position rapidly.

McLerran,Venugopalan PRD49 (1994) 2233, Fujii-Watanabe, arXiv:1308.1258

P> kT broadening:
2 partons can reduce their transverse momentum due to multiple
soft collisions before the hard scattering occurs.

M. Lev and B. Petersson, Z. Phys. C 21 (1983) 155., X. N. Wang, Phys. Rev. C 61 (2000) 064910.

P> Parton energy loss:
2 recent calculations based on the possibility that cc pair are also
affected by energy loss in pPb due to the high energy density
reached at LHC energies.

F. Arleo, S. Peigne, T. Sami, Phys. Rev. D 83 (2011) 114036.

E
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How do we measure HF in Pb-Pb collisions ?
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How do we measure HF in Pb-Pb collisions
with ALICE?

E
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HF decay muons reconstruction in ALICE

VZERO scintillators detector:
trigger, centrality determination ' - v D’B’ AC/" e T ﬂ+X
— " “‘\

et »
— =2 ‘ ’
"“‘---- < “:‘“"““ \

=~ P> Muon spectrometer:
— \ U-ID via tracks matched

with and trigger system
-4 <nN<-2.5
== e~ P> Background coming

from K and 1t decays
removed with Pythia MC
simulations.

M
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HF decay electrons reconstruction in ALICE

v DB, Aec,... > e+X

In| < 0.9

ITS: tracking, vertexing
TPC: tracking, PID

TOF, EMCAL, TRD: e-ID

2 Background
subtraction based on
cocktail method and
removal of Dalitz decay
and photon conversion

D. CAFFARRI (CERN) - 27
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Non prompt J/P reconstruction in ALICE

vV B—=]J/¢y +X

In| < 0.9

ITS: tracking, vertexing
TPC: tracking, PID
TOF, TRD: e-ID

2 Exploit the
displacement of J/{ of
-hundreds pm in the

transverse plane.

2 Simultaneous fit of
pseudo-proper decay
length (Lxy) and invariant
mass.

D. CAFFARRI (CERN) - 28
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D meson reconstruction in ALICE

In| < 0.9

ITS: tracking, vertexing
TPC: tracking, PID
TOF: K-ID

D0 — K-t

D+ = K™ttt

D™+ — DOt

Dst = ¢ it = K- Kt

D+ = K% r*
DS+ — KOS K+
Nt — pKm
Nt = K% p

IPHC 26/02/16 - ALICE HF Resuits D. CAFFARRI (CERN) - 29




D meson reconstruction in ALICE

D mesons full hadronic recons

DO — K_T[+ pomtlng angle ep'oimin’-
Mass = 1864.80 + 0.14 MeV %] e e etrocted moment
ct =123 pm e \

e K

secondary vertex
D+ = Kttt
Mass = 1869.60 + 0.16 MeV

cT=311.8 uym Invariant mass analysis

. mainly based on:
D+ — DO 1t

Mass = 2010.25+ 0.14 MeV 2 secondary vertex reconstruction

2 kaon identification

E

IPHC 26/02/16 - ALICE HF Resuits

D. CAFFARRI (CERN) - 30




D meson reconstruction in ALICE

2 Displaced vertex topology:

2 tracking and vertexing precision crucial for heavy flavour analysis

2 Inner Tracking System with 6 Si layers:

two pixel layers at 3.9 cm and 7 cm
200

180
160
140
120
100
80
60
40
20
0

d, r¢ resolution (um)

JHEP 09 (2012) 112

T T
de
O e
Ooe
e

T T T T T |
Pb-Pb,\/S,, = 2.76 TeV, min. bias

® Data
0 Simulation with residual misalignment

(only id. pions for p, < 2 GeV/c)

de
oe
0e
Oe
Ooe
Qe
Qe

29
09

o9

»

— b
i
aé

1 10

P, (GeV/c)

2 Impact parameter resolution ~ 60pm for pr = 1 GeV/c

IPHC 26/02/16 - ALICE HF Restllts
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D meson reconstruction in ALICE

2 Conservative PID strategy used to identify the kaon candidates.
2 Kaons are identified via:
2 the energy loss deposit in the TPC (0.6 < p < 0.8 GeV/c 20 cut)
2 the velocity measurement in the TOF (p < 2 GeV/c 30 cut)

— 200 o
S 1gof 16 b
PR Pb-Pb {S=2.76TeV 1 = Y -
& 160f — 0-95—
3 140f 0.8F
S 1205k 07F | /
~ 100F 0o V.
80 0.55—
04F -
60} .
0.3
40 g _— o
0.2
20 — n =
| | | | 11 | | | | | | | 11 1 | ] 0 1 C1 1 == : = g 1
02 0.3 1 2 3 4567890 20 0 05 5 2 25 3 3.
p (GeV/c)
2 Keep the signal loss as small as possible int. J. Mod. Phys. A 29 (2014) 1430044

2 Background reduction by a factor 3 for central Pb-Pb collisions

E —_— = —
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Results:
¥ pp collisions @ /s =2.76, 7 TeV
¥ p-Pb collisions @ /snn=5.02 TeV
¥ Pb-Pb collisions @ /snn=2.76 TeV

E
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Results:
¥ pp collisions @ /s =2.76, 7 TeV
¥ p-Pb collisions @ \/sny= 5.02 TeV
¥ Pb-Pb collisions @ /snn=2.76 TeV

e
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(ub/GeV/c)

do / dp |

Data / Theory

Charm production in pp collisions @ /s = 2.76 TeV

t lyl<0.5

D meson e from HF decay py from HF decay
3 JHEP 1207 (2012) 191 Phys. Rev. D 91 (2015) 012001 Phys. Rev. Lett. 109 (2012) 112301
10 E LA L L L LI A L L A BN C\l: H LN N L L L Y L N L B L L LY L B N BN B B |% P F T T T T T T T T T T T T T T T T T T T =
- ALICE § & —e— ALICEc,b—e 1 2 . F _ x i
F . D% ppis=276TeV,L =11nb’ | 3 1 o FONLL . b o 0 1> E_\ALICE pp Vs=2.76 TeV, u*<-HF in 2.5<y<4 ]
102 [0 4 S0t — —GMVANScb—e o O QO —— data -
= 3 Fa b k.-factorizatonc,b e 3§ O 1A7L e a
: 3 E i +~factorization c e o 107 & [ ] u*<-HF, FONLL e
B | 1 310 ERE:] N, — — - u*<—charm, FONLL ]
10 —— = ] =100 i Ny e u*<beauty, FONLL
: 1 310 ER<) RN
B ¥ 1 % =10 L Y
e 5 gt 37 F
: = 1 g 1 %0tk —
- & stat. unc. . T 10° ---Q, 3 © C
10‘1 — []syst. unc. — B 3 3
- [JFONLL 3 10°L 4 10 E
- A + 1.9% lumi, = 1.3% BR norm. unc. (not shown — E 1
B [C1GM-VFNS 1.9% lu 1.3% orm. unc. (not shown) ] 3 102 Llnt=19 nb
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
g 3 107 b I 99 i ati : ;
gi Data/ FONLL = = op, Vs =276 TeV, Iyl < 0.8 bemew 1.9% normalization uncertainty not included
= 3 | additional 1.9% normalization uncertainty 1 T
215_ _§ 1085 | | | Ly vy |?: 2’ 2'55_ _é
= 3 > 3F 1 1 ] ] = 2F ]
JFE = S o 5E| FONLL E (LE 1.5F
3E- 4 £ 5 33 1 B i
2;_ _; g 15:_ :;m‘ o] @ 9 .16. _§ -.CE 05;_ E
1E- & = VF [ eee Ef "} @-pecadecadinn K. E S T
0: 2 4 6 8 10 12 1=4 °© T ‘ ---------------------- E © OO 2 4 6 8 10
0.5 Jhovr*™ = p. (GeV/c)
p (GeV/C) E. !y by s sy s by ey 1 g t
t 2 4 6 8 10 12
P, (GeV/c)

¥ pQCD-based calculations (FONLL, GM-VFNS, kr factorization) compatible with data
% HF muon data used as reference for Pb-Pb at the same energy.
% For other channels a /s extrapolation based on pQCD calculations is used.

R.Averbeck et al., arXiv:1107.3243
FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, kr factorisation: arXiv:1301.3033
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(ub/GeV/c)

t lyl<0.5

do / dp, |

Data / Scaled

Charm production in pp collisions @ /s = 2.76 TeV

—
o
[¢M)

—
o
[\S]

10

10

D meson
JHEP 1207 (2012) 191

E T | T T T | T T T | T T T | T T E
= ALICE 13
- D’ meson ]
3 == E
B == B
E & 2.76 TeV data ¥ E
[ syst. unc. ]

-7 TeV scaling

[Jsyst. unc. E

+ 3.5% lumi (7 TeV scaling), = 1.9% lumi (2.76 TeV data)

+1.3% BR norm. unc. (not shown)

N

-—

data/theory

o

e from HF decay

Phys. Rev. D 91
T T I T T T I T T T

(2015) 012001

—— ALICEc,b—e
FONLLc,b — €
— — GM-VFNS ¢, b —e

k,-factorization c, b — e

Illllé

E

II|_|_|,| IIIII|_|_|,| IIIII|_|_|,| 1111l

II|_|_|,| 111

= —— =
25 FONLL 3
2 5
5 E Wk .- —1 &, =
i e A PrE SRS
B LT =

= 1 I L I L 1 I 1 1 I 1 1 I 1 1 1 I
0 2 4 6 8 10 12
p_ (GeV/c)

py from HF decay

Phys. Rev. Lett. 109 (2012) 112301

S . o[ ALICE pp Vs=2.76 TeV, u=<HF in 2.5<y<4 ]

o 100 E

O] R ——] data .

0107 E [ us<HF, FONLL -

S - — — - u*<—charm, FONLL .

(o} 6| --

DL BN - u*<beauty, FONLL

!9- 5 C ~,~:~‘~.'~'

L 10° ¢

} ;

% 4nd

e 10 '=—

10°F '
102; L.=19 nb”
1.9% normalization uncertainty not included

- 2.5 - T

2.2

L 1'515_

3 : = -

E 0.55_ L | L L L | L L L | L L L | L L L I_é

© & 2 4 6 8 10
P, (GeV/c)

¥ pQCD-based calculations (FONLL, GM-VFNS, kr factorization) compatible with data
% HF muon data used as reference for Pb-Pb at the same energy.
% For other channels a /s extrapolation based on pQCD calculations is used.

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72

R.Averbeck et al., arXiv:1107.3243
(2012) 2082, kr factorisation: arXiv:1301.3033
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Heavy flavor production vs multiplicity

* Studied observable: self-normalized yields in multiplicity intervals relative to
the multiplicity integrated ones

d?NP/dydpy  _ (d*NP /dydpr)™" /(€™ X Neyiy)
< d*NP/dydpr > (d*NP /dydpr)t' /(" x N,.)

JHEP 09 (2015) 148
L B I L I I I I I

[ [ [ [
ALICE, pp (s =7 TeV

¢ Average D°, D*, D** meson lyl<0.5, 2<p <4 GeV/c
# Non-prompt J/y — e'e, lyl<0.9, pT>O

N
o1

* Results for both D meson and non-prompt
J/P show an increase of the yield with
charged-particle production.

N
o

(?N/d ydp.) / (PN/d ydp_)
o o

9]

$»$ +6%/-3% normalization unc. not shown

B + 6% unc. on (dN/dn) / (dN/dn) not shown
m!llllllllIIIIII!IIIIIIIII!IIII!IIII!IIII

o
n

B fraction hypothesis: x 1/2 (2) at low (high) multiplicity

o
N

|
o
N
I|III T

B feed-down unc.
o

0 1 2 3 4 5 6 7 8 9
(AN, /cn) / (N_/cm)

|
o
N
'
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Heavy flavor production vs multiplicity

* Studied observable: self-normalized yields in multiplicity intervals relative to

the multiplicity integrated ones

d?NP/dydpy  _ (d*NP /dydpr)™" /(€™ X Neyiy)
< d*NP/[dydpr > (NP [dydpr)' /(e X N;ie,,)

* Results for both D meson and non-prompt
J/P show an increase of the yield with
charged-particle production.

arXiv:1602.07240

ALICE
Average D°, D*, D** meson

|

2<pT<4 GeV/e, Iylabl<0.5
¢ pp, \s=7TeV
§ p-Pb, |5, = 5.02 TeV

15
* in pp collisions, high multiplicity events 10 C :
come mainly from MPIs, . v L -
| o o OO e
* N p_Pb COII|S|OnS, h|gh mUIt|pI|C|ty events § 0.4 B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity E
« - . c 02t =
are also originated from collisions with R :
Necoil > 1 8 0af :
m 0 1 2 3 4 5 6 7 8 9
(AN /dn) / (dN_ /dn)
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Results:
¥ pp collisions @ /s = 2.76, 7 TeV
¥ p-Pb collisions @ \/snny= 5.02 TeV
¥ Pb-Pb collisions @ /snn=2.76 TeV

e
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HF decay leptons in p-Pb collisions

* Rppo measurement is compatible with unity within uncertainties for
backward, central and forward rapidity.
* Slightly enhanced at backward rapidity (large-x in the Pb).

* Results are described by models that include Cold nuclear matter effects

Rpr

oIIIIIIIII‘IIIIIIIIIIIIIIIIII

N |‘|||
L T

-
(&)

-

o
&)

o

p-Pb \/ =5.02 TeV, u*<-c,b decays
A<y < -2.96

ALICE Preliminary u
{ II nlnnk
L I. i I”
i RER A T

alu kil I ik T |] i Iluzlulii"'
NLO (MNR) with EPS09 shadowing
— Z. B. Kang et al.: incoherent multiple scattering

systematic uncertainty on normalization
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

4 6 8 10 14 16
P, (GeV/c)

12

Z. B. Kang, et al., Phys. Lett.B740(2015) 23-29

2.5

[ p-Pb, Sy = 5.02 TeV ALICE
cb—(e"+e)/2,-1.065 < Y e <0.135
i e
1.5 M \ i
_Q r %
g [l :
o L
- !""_ * ,, M -
il T A
% Kang et al.: incoherent multiple scattering -
05 N Sharma et al.: coherent scattering + CNM
’ ll:FFONLL + EPS09NLO shad.
= Blast wave calculation
B Normalisation uncertainty i
lll‘lll‘lll‘lll‘lll‘111‘1
0 2 4 6 8 10 12
p_ (GeV/c)

] 25

] 1.5

0.5

O 1 1 1

R. Sharma et aI.T, Phys. Rev.C80(2009) 054902

M. Sickles, “Phys.Lett.B731 (2014) 51-56

p- Pb \/ 5 02 TeV u*<— c,b decays
2. 5«/0ms<3 54 :

H

ALICE Preliminary

‘ """HIIHHH--HH nﬂulllllll

—— NLO (MNR) with EPS09 shadowing
—— Vitev: coherent scattering + k broad + CNM Eloss

systematic uncertainty on normalization
I L L L I L L L I L L L I L L L I L L L I L L L I L L L

0

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

Mangano et al., Nucl. Phys. B 373 (1992) 295.
Eskola et al., JHEP 0904 (2009) 065
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HF decay leptons in p-Pb collisions

* Rppo measurement is compatible with unity within uncertainties for
backward, central and forward rapidity.
* Slightly enhanced at backward rapidity (large-x in the Pb).

* Results are described by models that include Cold nuclear matter effects

e B _I T T I T T T I T T I T T T I T T T I T T T I i
'_Q:"'I"'I L I e C Pb 502TeV s ¢.b decays

<N p-Pb \/ =5.02 TeV, u*<cbdecays ] & RRRERRRRER o 5[ p- V n yS -
[ T 55 ALICE Preliminary N -
a - 4<y o -2.96 : | Pb =5.02 TeV, -1.06 0.14 - imi 2 5ql°ms<3 54 -
m - ALICE Preliminary T 3 st o e oF ALICE Preliminary V=
. ° —-C) —e l— —
- . 25 [Isyst error i i
[ ] m normalization uncertainty = -
15F ! I 10080 = — 7
F W I i 0} I IE N 5
1 : _ | ! I ..... H I H l l ! n q II !--.IhlHu I A nlxl ] LTI Lot Ll -
- alulujily I 4 I |] i Ilu!iulii"' E - e — = IS -
[ == NLO (MNR) with EPS09 shadowing B - == NLO (MNR) with EPS09 shadowing _:
0.5 - —— Z. B. Kang et al.: incoherent multiple scattering . - Vitev: coherent scattering + k broad + CNM Eloss .
N systematic uncertainty on normalization 7 P; (GeVic) B systematic uncertainty on normalization .
oL+ ] PR TN N T T [N T T N T T T N T T T A T S [N S Y T T B AT BN ST AT AR AT B A

0 2 4 6 8 10 12 14 16 % "2 4 6 8 10 12 14 16
p. (GeVic) p. (GeV/c)

Z. B. Kang, et al., Phys. Lett.B740(2015) 23-29 R. Sharma et al., Phys. Rev.C80(2009) 054902 Mangano et al., Nucl. Phys. B 373 (1992) 295.

M. Sickles, “Phys.Lett.B731 (2014) 51-56 Eskola et al., JHEP 0904 (2009) 065
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D meson in p-Pb collisions

* D meson Rppr compatible with unity within uncertainties.

* Models that include Cold Nuclear Matter effects describe the data:
* MNR calculation for heavy-flavour production with EPS09 parametrizations

Of N UCIGar PDF Mangano et al., Nucl. Phys. B 373 (1992) 295. Eskola et al., JHEP 0904 (2009) 065

¥ CGC predictions PRL 113 232301 (2014)

Fujii-Watanabe, arXiv:1308.1258 hg_ B - I R A
- ALICE -Pb, \s=5.02 TeV T
o8 1.6 0 - P m -
: . . "L —=— AverageD",D", D" i
* Vitev: kt broadening+CNM energy loss L 006sy <004 i
R. Sharma et al., PRC 80 (2009) 054902. 1 '4:_ _:
1.2/ ) —
| e ¥
L el ]
0.8 —
0.6 3 —
0.4/~ -
~ ----CGC (Fujii-Watanabe) i
0.2/ == PQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]
IETE Vitev: power corr. + k_broad + CNM Eloss i
i | | | | | | | | | | | | | | | | | | | | | | | I_
OO 5 10 15 20 25
p. (GeV/c)
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D meson in p-Pb collisions

* D meson Rppp compatible with unity within uncertainties.
* Models that include Cold Nuclear Matter effects describe the data.

* D meson do/dy measurements do
not show rapidity dependence in
the range -1.265 < yems < 0.35

¥ Models including CNM effects
describe the data.

10

- 0° meson —e— 2<p <5 GeV/c % ]

- —— 5<p_<8 GeV/c i

| p-Pb, {5=5.02TeV __ g " 16Gevic ALICE |
T PRELIMINARY

A i g—g(FONLL) x Ro(MNR+EPS09)]

Systematic uncert.

[ from Data
[ ] from B feed-down subtr.

Normalization (+ 3.4%) and BR syst. unc. not shown

p—>» <«—Pb

-1.5 -1 -0.5 0 0.5

ycms
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D meson in p-Pb collisions

* D meson Rppp compatible with unity within uncertainties.

* D meson do/dy measurements do not show rapidity dependence in the
range -1.265 < yems < 0.35.

* Models that include Cold Nuclear Matter effects describe the data.

arXiv:1602.07240

025 I|IIII|IIIIIIII|IIII|IIII_
o ALICE ZN Energy Classes
5 p-Pb, |5y = 5.02 TeV s020%
*Rppb also consistent with unity for a 2 Average D', D, D* © 40-60%
. crlon % 096 <y, <004 *60-100%
central and peripheral events within o

—_
9]

uncertainties

vvvvv

0.5

;

IIII|IIII|IIII|IIII|IIII|IIII
oO 5 10 15 20 25 30

[N (GeV/c)
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Results:
¥ pp collisions @ /s = 2.76, 7 TeV
¥ p-Pb collisions @ \/sny= 5.02 TeV
¥ Pb-Pb collisions @ /snn=2.76 TeV

e
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HF decay electrons in Pb-Pb collisions

0-10% centrality 40-50% centrality

E 2 [ L | L | L | T T | T T | T T | T T | T T | L i j: 2 | L | L | T T | T T | T T | T T | T T | L | L ]
o of Pb-Pb, \syy = 2.76 TeV, 0-10% central, lyl<0.6 T g - Pb-Pb, \'s = 2.76 TeV, 40-50% central, lyl<0.6 1
(7p] R . . _ _ (- R .
S i e with pp ref. from scaled cross section at I's = 7 TeV ’ ) 6 ~ —e— with pp ref. from scaled cross section at (s=7TeV ]
$ [ * withppref. from FONLL calculation at Vs = 2.76 TeV @ | = with pp ref. from FONLL calculation at Vs = 2.76 TeV ]
2 1a4f . D 1.4 .
> | 1 © [ ’ ]
g 12r ALICE Q 12r - ALICE
q) : PRELIMIMNARY i _O o — PRELIMIMNARY ]
O AR ] = L] .
> K : o i il ]
(>D 0.8 7] % 0.8 T _+_ .
T [ ] = [ ]
? 0.6 :— H\ % c%\ 06:— ) | —:
o Tt T £ g -'
2 —@- : T :
o2l + 1 oz :
0 : L1 1 | L1 1 | L1 1 | 11| | 11| | 11| | 11| | 11| | L1 1 : O : L1 1 | L1 1 | 11| | L1 1 | 11| | 11| | 11| | L1 1 | L1 1 :

o 2 4 6 8 10 12 14 16 18 O 2 4 6 8 10 12 14 16 18
P, (GeV/c) P, (GeV/c)

*Clear suppression observed for 3 <pr< 18 GeV/c for central collisions
*Hint for difference of the HF decay electron Raa measured in central (0-10%) and
semiperipheral collisions (40-50%)

| IPHC 26/02/16 - ALICE HF Results | | D. CAFFARRI (CERN) - 42




HF decay electrons and muons in Pb-Pb collisions

0-10% centrality 40-50% centrality
}2_|||||||||||||||||||||||||||| I
< 2 LI I LILEL I LILEL I LINILEL I LILEL I LINLEL I LI I LILEL I LINLEL I LI m :

- Pb-Pb, |5, = 2.76 TeV _ 181 -
1.8 Centrality class 0-10% ALICE Preliminary s 6l Po-Pb. sy =276TeV anany
1.6 T A Heavy flavour decay u* 40-80% central, 2.5<y<4.0 i
—+— e*<—HF*, -0.6<y<0.6 L Heavy flavour decay e* 40-50% central, lyl<0.6 _
1.4 = e y ” 14 - @ with pp ref. scaled cross section at Vs = 7 TeV 1
—4— u=<-HF, 2.5<y<4 1ol % with pp ref. FONLL calculation at Vs = 2.76 TeV -

1.2 s =]

Syst. uncertainty

Illlllllllllllllll_!LIII|III|III|III|III
- .
-

lllllllll Illlllllillllllllllllllllll

0.8 81
0.6 H of
0.2 [
(*) e"<W contribution not subtracted 02 | —
O i B i i
O 4 16 18 20 O _I | 1 | 11| | 11| | 1 1 1 | 11| | L 1 | | L 1 | | L 1 | | 1 | I_
p. (GeVic) 0o 2 4 6 8 10 12 16 18

p (GeV/c)
Muons results: Phys.Rev.Lett. 109 (2012) 112301

*Clear suppression observed for 3 <pr< 20 GeV/c for central collisions

*Hint for difference of the HF decay electron Raa measured in central (0-10%) and
semiperipheral collisions (40-50%)

*Similar suppression in central (electrons) and forward (muons) rapidity
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HF decay electrons from B decay in Pb-Pb collisions

HF decay e,u (from ¢ and b) HF decay e (from b)
- o) i .
0-10% centrality 0-20% centrality

2—"Plb'P'b'\l/L'lz'7'6'Tl'V"l"'l"'l"'l"'l" :():25 LIS B B N B B B N B N N B I B B L B B
— -PD, \| S\ = 2. e L . — -
1.8 Centrality class 0-10% ALICE Preliminary o i Pb-Pb, \s,, = 2.76 TeV, 0-20% centrality
1.6 — ol _
- —4— e*<HF* -0.6<y<0.6 . - ——4—b(—=c)—elyl<0.8 4
1.4 e+ = ej ” — N [ ] syst. uncertainty i
= —t+— w<HF, 2.5<y<4 E - nomalization uncertainty -
1.2F Syst. uncertainty . 151 __
f e T R : + ]
0.8 :_ _: 1 :_ ................................. + .................................................................................... _:
0.6 H — N i
0.4 F %%@Mﬂﬂwﬁ 3 0.5 ———— .
02 :_ (*) e"<W contribution not subtracted —: : ALICE Prellmlnary :
O - ' T N S N S S S T . —' o ey 0 by by b by by e '—
O 2 4 6 8 10 12 14 16 18 20 0 1 2 3 4 5 6 7 8
p. (GeV/c) p. (GeV/c)

*Clear suppression observed for 3 <pr< 20 GeV/c for central collisions
*Suppression also for HFe from B decays but systematics still large to conclude
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D-meson Raa Vs pr

*D meson Raa measured from 2010

0.8
0.6
0.4+
0.2F

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

p. (GeV/c)

data. JHEP 09 (2012) 112 arXiv:1509.06888
E 2_| T T T | T 11 | T 171 | T 171 T 171 | T T | T I_
— QC 8:— ALICE -
* pr reach extended and uncertainties T 0-10% Pb-Pb, |5, = 2.76 TeV m D’ .
reduced with data from 2011. 1.6p AD' Y105 7
- eD” ]
1.4¢ ]
*Suppl‘ession up tO d faCtor Of 5'6 at 1.2:— Filled markers : pp rescaled reference —:
- @) : - d ref -
pt~10 GeV/c for 0-10% central N R Pen markers: PP pyextrapolated reteren
collisions. 5

..|...|...|...|..H

==
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D-meson Raa Vs pr

*D meson Raa measured from 2010

data. JHEP 09 (2012) 112 arXiv:1509.06888

< R R I I I LR I IR IS IR

@ qab ALICE E

* pr reach extended and uncertainties 1'8; 30-50% Pb-Pb, |5, = 2.76 TeV mD’ ’

reduced with data from 2011. 1.61 AD” Iy1<0.5

1.4F °D -

*Suppression up to a factor of 5-6 at 1.oF . -

pt ~10 GeV/c for 0-10% central A I

collisions. 0_82_ : _

*Suppression up to a factor of 3 at 0'6;_ : E

pt ~10 GeV/c for 30-50% semi- 0'4;_ @ i E

peripheral collisions. 0.2 E
% 101212 16 18 20

p. (GeV/c)
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D-meson Raa Vs pr

*D meson Raa measured from 2010

data. JHEP 09 (2012) 112 arXiv:1509.06888
B 2IIII|IIII|IIII|IIII||II||IIII|IIII|IIII
- 0 + *+

o 018 ALICE AverageD",D’,D
* pt1 reach extended and uncertainties & Pb-Pb, |5, = 2.76 TeV, lyl<0.5
: e 0-10%

reduced with data from 2011. S 1.6 o with pp p_-extrap. reference
-+ 1 4 m 30-50%
8 ' o p-Pb, |5, =5.02 TeV, -0.96 <y __ <0.04

*Suppression up to a factor of 5-6 at£ 1.2

pr~10 GeV/c for 0-10% central ¢ 1;¢HHHHH _______________________________________ ._

collisions. § 0. 8;-_"_ ___ _

: S 0.6 i - -

*Suppression up to a factorof3at = Efil H + m -

pr ~10 GeV/c for 30-50% semi- 048 *H - ° H -

peripheral collisions. 0.2- g g g H E
%50 15 20 25 30 35 40

*The p-Pb results indicate that the p. (GeV/c)
suppression comes from a final
state effect.
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D-meson Raa Vs pr

*D-meson Raa measured also by STAR

at RHIC for \/SNN = 0.2 TeV. arXiv:1509.06888
E 2:I T T 171 | [ I:EI |I2:I rvr 17010117 1710 17 1T 17 T T T T 1T TT I:
: @ q.8f T e H,] -
* The two measurements are in T rar [ﬂ " .
agreement for pr> 2 GeV/c. 1-65 82_ --- H ---- i -
* but we know that the pr spectrainal 1.4¢ m;ﬂ . @ =
the two energies are different. 1.9F I B R BTy
L2 S ALICE, 0-10% Pb-Pb, |, =276 TeV -

e Average D°, D*, D*", lyl<0.5
o with pp pT-extrapoIated reference

0.8
0.6&
0.4

||||||||||||||I|'

g STAR, 0-10% Au-Au, \'s,,, = 200 GeV
m D°, lyl<1 m
B ﬂ PRL 113 (2014) 142301 H
0-2;_ f g H
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
OO 5 10 15 20 25 30 35 40
P, (GeV/c)
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D-meson Raa Vs pr

*D-meson Raa measured also by STAR

at RHIC for \/SNN = 0.2 TeV. arXiv:1509.06888
E 2:I T T 171 | [ I:EI |I2:I rvr 17010117 1710 17 1T 17 T T T T 1T TT I:
: @ q.8f T e H,] -
* The two measurements are in T rar [ﬂ " .
agreement for pr> 2 GeV/c. 1-65 82_ --- H ---- i -
* but we know that the pr spectrainal 1.4¢ m;ﬂ . @ =
the two energies are different. 1.9F LT BB N R P
L2 S ALICE, 0-10% Pb-Pb, |, =276 TeV -

e Average D°, D*, D*", lyl<0.5
o with pp pT-extrapoIated reference

0.8
* At low-pr1 the pattern is different for &

||||||||||||||I|'

6
the two measurements but... 0 g _SOT’/?;;?-W% Au-Au, |5y = 200 Gﬁv
¥ different pT Shapes 0'4: Eﬂ PRL 113 (2014) 142301 H
* different initial state effects (CNM) 02— Uig g - f
* different coIIe.ctiv.e rad.ial flow 00 e a0 " 5E 30 aE 40
* larger hadronisation via P, (GeV/c)

recombination?
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D-meson Raa Vs pr

*D-meson Raa measured also by STAR

at RHIC for /sy = 0.2 TeV. arXiv:1509.06888
< 1 -4—| T T 1 L | [ | [ | T 1 | T 1 | L | —
e | ALICE ]
* The two measurements are in Jol A 0-10% Pb-Pb, | syy =2.76 TeV
=L e Average D", D", D" lyl<0.5 -
agreement for pr> 2 GeV/c. - :
* but we know that the pr spectrainat 17/, \'\ """"""""""""""""" l—

] ) - - - - TAMU elastic, EPS09 shadowing

the two energies are different. AT —— TAMU elastic, no shadowing -
0.8/ \ ...~ MC@sHQ+EPOS, EPS09 shadowing ]
C tellel ' — — MC@sHQ+EPOS, no shadowing
7T :
06 __,' : g "_‘ \ __
* At low-pr the pattern is different for T i\ )
the two measurements but... 0'4? I N RPNy Ve
* dl_ﬁerent p_T_s_hapes 0.2f E[\“, S I
* different initial state effects (CNM) i = -
. : : _| ' BN BN E BN SR EE BRI BRSNS B RN BT RN |_

* different collective radial flow O "4 "6 8 10 12 12 16

* larger hadronisation via p. (GeV/c)
recombination?

IPHC 26/02/16 - ALICE HF Results | | D. CAFFARRI (CERN) - 44




Ds-meson Raa Vs pr

* Ds-meson yields could be sensitive to
strangeness enhancement observed

In heavy-ion collisions < 2p
: : o
* charm - strangeness recombination 1.8

effects? 1.6
1.4

1.2

0.8\
0.6
0.4
0.2
of

/
///

III|III|III~|\I
—

(//
\
\

TAMU, PLB 735 (2014) 445
— - Non-strange D

e
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Ds-meson Raa Vs pr

* Ds-meson yields could be sensitive to
strangeness enhancement observed arXiv:1509.07287

. . . . < _I T T | T 1T | T T | T 10 | T T | T 1T | T 10 | T T T I_

In heavy-ion collisions o @ 4 g ALICE 0-10% Pb-Pb, |5 = 2.76 TeV ]

* charm - strangeness recombination T ]

effects? 1.61 e Average D°, DY, D**, lyl<0.5

1 4: [ O with pT-extrapoIated pp reference A

. - D!, lyl<0.5 -

*¥Ds-meson Raa measured for the first 1.00] ¥ Vs E

time in heavy-ion collisions A -

i'_ . TAMU, PLB 735 (2014) 445 A

. . . 0.8 — Non-strange D —

% Although compatible within ; 6?{}» | D | E

uncertainties all three Ds point are a1 /71/ :

0.4 U NI [ oV IBER s ] =

above the non-strange D meson S = H ]

Raa. 0.2 ‘é‘I—E— i E

_I 1 1 | | I | | I | | I | | I | | I | | I | | 1 1 1 I_

| ® 5 10 15 20 25 30 35 40

* Run2 data needed to improve the Raa P, (GeV/ce)

measurement and performe the vz
one.
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?
AE(light) >AE(c) > AE(b) = Raa(1t) < Raa(D) < Raa(B)

*D-meson Raais compared with charged

* For ptr < 6 GeV/c, D-meson Raais

pions and charged hadrons Raa for arXiv:1509.06888
O_1O%Centralcollisions :E 2:|||||||||||||||||||||AI|_I|(|:|E||||||||||||1:
T 18- 0-10% Pb-Pb, | 5 =276 TeV —
* Raa results are consistent for pt > 6 1.6 e Average D°, D, D", lyl<05 ]
G V / B o with pp pT-extrapoIated reference
SV/C. 1.4 m Charged particles, nl<0.8
- e Charged pions, ni<0.8

slightly larger than Raa of 1. 1.2 E
* 10 effect in 4 pr bins L -
0.8 E
0.63—‘+ =
0.4 4 +ﬁ*ﬂ-—¢+—*—:
0.2%'#&#:'#; H =
%510 15 20 25 30 35 40
P, (GeV/c)
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?
AE(light) >AE(c) > AE(b) = Raa(1t) < Raa(D) < Raa(B)

*D-meson Raais compared with charged

* For ptr < 6 GeV/c, D-meson Raais

pions and charged hadrons Raa for arXiv:1509.06888
0_10% Central COIIiSionS E 2:IIII IIII|IIII|IIIIlllALllélEllllllllllllj:
T 18- 0-10% Pb-Pb, |y = 2.76 TeV —
* Raa results are consistent for ptr > 6 1.6F e Average D’, D%, D*,lyl<0.5 ]
- o with pp pT-extrapoIated reference _
GeV/c. 1 45 m Charged particles, hi<0.8
E e Charged pions, m<0.8

slightly larger than Raa of 1. 1.2 E

* 10 effect in 4 pr bins T .-
0.8 .

* Direct interpretation of results 0_63'+ -
complicated by: i

0.4

?:
;%
.

¥ harder pr distribution and i
fragmentation of charm quarks P g et H H
O_|||||||||||||||||||||||||||||||||||||||I’

¥ pions can have a large contribution b5 10 15 20 25 30 35 40
from radial flow P, (GeV/c)
¥ different CNM effects for mand D
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D-meson Raa vs Npart

JHEP11(2015)205

—
[\

*¥D-meson Raa measured as a
function of the centrality of the
collisions

- ALICE  Pb-Pb, s, =276 TeV

R,, prompt D
T
|

0
= B+ 8<p_ <16 GeVic
A
\ lyl < 0.5
0.8 o o D* y

% Stronger suppression observed at
intermediate and high-pt going 06
from peripheral to central events.

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

L B L B
=

0.4
¥ Compatible results for D, D*, D™ H_]%
measurements 0.2
- DY, D shlftedby+10|n(N )
Oo""5'0'"aéa"as'o""zéa"'zéa"ééa"ééa"aoo

<Npart>
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?
AE(light) >AE(c) > AE(b) = Raa (1) < Raa (D) < Raa (B)

-* D-meson RAA VS Npal’t iS Compared <(14 T T | T 1T | T 1T | T T | T 17T | T I'lI-|IEIPll:II.(IZ(l):I-ISI)ZIOI5
. < - _
with non-prompt J/p from CMS and @ | Pb-Pb, |5y, =2.76 TeV :
. I . . A 7 (ALICE) 8<pT<16 GeV/c, lyl<0.8 |
t from ALICE in a similar kinematic 120 4 FALCR oop cCoVc 05 -
ran g e. - ° 2' %Zﬁ:génOpEJ(E/{/P/ (C(,: I|\}/1|S<1 .?Im;hPi;i)lN-1 2014 ]
* central rapidity region L (empty) filled boxes: (un)correlated syst. uncert.
- (*) 50-100% for non-prompt J/y .
* <p1> -10 GeV/c - -
PT 0.8 HI .
0.6/ E| -
¥ Larger suppression observed for D : I -
~ 50-80%* N
mesons than B mesons: 0.4 IZI -
¥ Raa (B) > Raa (D) SR :
¥ Similar suppression observed for 0.2 30-40% 20 30% F’o P
D mesons and T  n* shifted by +10 in (N 2 10-20% 0-10% |
L1 11 | L1 11 | I .| | | I I | | L1 11 | L 111 | L1 11 | L1 11
* Raa (1) = Raa (D) % 50 100 150 200 250 300 353 4>oo
part
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?
AE(light) >AE(c) > AE(b) = Raa (1) < Raa (D) < Raa (B)

-* D-meson RAA VS Npal’t iS Compared <(14 T T | T T | T T | T T | T T | T T T IJlHIEIT].I:I-(I2|0:II-5I)2I0I5
: < - .

with non-prompt J/P from CMS and @ | Pb-Pb, s, =2.76 TeV :

. . : . : . m D mesons (ALICE) 8<p_<16 GeV/c, lyl<0.5 _

t from ALICE in a similar kinematic 120 o Norprompt i (CMS Preliminary i
ran g e - 6.5<pT<?_,0 GeV/c, lyl<1.2 CMS-PAS-HIN-12-014 —

' 1‘____________(?_rT‘_"_’FY_)_f'!'_‘??'_F’_‘??‘_e_?f_(_‘ff‘_)_‘?‘?_r related syst. uncert. 7

* central rapidity region
* <pr> -10 GeV/c

Djordjevic et al. Phys.Lett.B 737 (2014) 298 _
- = D mesons |
— = Non-prompt J/y -

0.8 B H ------ Non-prompt J/yp with ¢ quark energy loss —

o6 == —g_ -

¥ Larger suppression observed for D - B0BOR e, ﬁ‘~:@::~\\ -
B S, e S~

mesons than B mesons: 0.4/ \l\\f:\‘ ............... =~
Sl Tttt —_

* Raa (B) > Raa (D) i 40-50% T\: e
0.2 30-40% " 20-30% § \\\I“::__

L (*) 50-100% for non-prompt J/p 10-20% 0-10%

-* MOdeIs that inCIUde mass L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111
dependence of the energy loss Q% 50 100 150 200 250 300 35/(\)/ 400
predict a difference in the Raa of D < part>
and B mesons
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Azimuthal anisotropy v»

D meson

Phys Rev. Lett. 111, 102301 (2013)

* Smilar amount of vo for D mesons and . So4ET T T T T T T T T O

| ALICE Pb Pb sy =276TeV |

Centrality 30-50% |

<>

02 E{
f O O o o)

0_ ......................................................................................................... e ol (RO ]

¢ Charged particles, v {EP,IAnI>2}
= Prompt D°,D*, D" average, lyl<0.8, v2{EP}
~ [_] Syst. from data ]

-0.2—[ ] Syst. from B feed-down —
PR AR (NN SRN NNNT SN NN S NN SO NS R I
0 2 4 6 8 10 12 14 16 18
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Azimuthal anisotropy v>

* Smilar amount of vo for D mesons and rt.

* Similar amount for HF decay muons and electrons in
different rapidity regions (v2 ~ 0.08 for pr~ 5 GeV/c)

e from HF decay p from HF decay

USRI I B R B PhysLettB753(2016)4156
ALICE Preliminary . L

"= ALICE, v4{EP, IAn| > 0.9}, Iyl <0.7 ] T - 20-40% Pb-Pb, F—Z 76 TeV  ALICE

Moz _—ueHF in 2.5<y<4

o
o1

o
N
1 LI

syst error ] >

o
w
IIIII
l

Pb-Pb, \s\\ =2.76 TeV
20-40% Centrality Class

O
N
L
|
o

Heavy flavour decay electron v,

[ |
0.1f . 04 —+ v5T{SP}
| : : VSGHF{Z}
o) S I ] 02k —+ V;eHF{4}
A i [__] Syst. uncertainty
0 2 4 6 8 10 12 14 p (GeV/c)
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Azimuthal anisotropy v>

* All channels show positive vz for semi-

peripheral classes (30-50% or 20-40%).

¥ > 30 effect

*Indication that v2 for charm particles
increases from central to peripheral
collisions, as expected by the collisions
geometry

py from HF decay

Phys. Lett. B 753 (2016) 41-56

L O2pr— o T
T EPb-Pb, |5,=2.76 TeV ALICE
P E u<HF in 2.5<y<4 and 3<p_<5 GeV/c
0.1 o
0.05 i
Ela
0 ____________________________________________

-0.05 F —4— VSGHF{SP}
01 —— v T2}

-0.15 Syst. uncertainty ]
0 2 'l Il 11 I Il Il 11 I 11 Il Il I 11 Il Il I 11 Il Il I Il 11 Il I Il 11 Il I Il 11 l:
0 5 10 15 20 25 30 35 40
Centrality (%)
D meson
Phys. Rev. C. 90, 034904 (2014)
>C\l _I T TT | T TTT | T TTT | T TTT | T TTT | T T 1T | T TTT | T TTT | T TT I_l T TT I_
03[ ALICE Prompt D°,D° -
C Pb-Pb, |Sy,=2.76TeV lyl<0.8 ]
0.25— ]
- Py -
0.2 i =
- ¥ =
0.15— —
N ]
C 1 ]
0.1— ]
: EP TPC E
005 v 2<pT<3 GeVic
S | 3<p <4 GeVic 7
O © 4<p,<6 GeVic
E Syst. from B feed-down not shown | | | | | E
0 111 I5 111 I1 OI 11 I1 5I 11 I2OI 11 I25I 11 I:30I 11 I:35I 11 I40I 11 I45I 11 I50

Centrality (%)
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py from HF decay

Azimuthal anisotropy v2 , oplhmlevBrROwMSs
T Pb-Pb, |s5,,=2.76 TeV ALICE 3
O < HF in 2.5<y<4 and 3<p_<5 GeV/c E
0.1 —
* All channels show positive vz for semi- oos o i E
peripheral classes (30-50% or 20-40%). N S E
* > 30 effect 005F- —— yiHFgp) 3
01 —— Vi) E
*Indication that v» for charm particles 015 Syst. uncertainty E
increases from central to peripheral s w0 15w s G do
collisions, as expected by the collisions D meson
Phys. Rev. C. 90, 034904 (2014)
geometry N Lrrrrprrrrprrrrprrreprrrrprr e p e e e p et e re e
0.3 ALICE Prompt D° , D° =
C Pb-Pb, |5y =2.76TeV lyl<0.8 ]
0.25— ]
*Information on the initial azimuthal 02 HH——
anisotropy transferred to charm quarks 0.15] | 1 -
01E- ! E
: EP TPC E
005 v 2<pT<3 GeVic
- o 3<pT<4 GeV/ic
O ® 4sp<6GeVic 3
O_IH|.5”H1OI-HI15||H20HH2|5HH3|0HH3|5H||4|0H”4|5H”;0

Centrality (%)
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Azimuthal anisotropy vz and Raa

*Azimuthal anisotropy can be related with:

* Low prv2 — pressure gradients in medium
expansion - measure of strength of
collectivity (mean free path of outgoing
partons)

* High pt v2 — path-length dependent energy
loss in an almond-shaped medium
— asymmetry in momentum space

E
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Azimuthal anisotropy vz and Raa

i, T e
e T Jaente= ”

*Azimuthal anisotropy can be related with:
* Low prv2 — pressure gradients in medium
expansion - measure of strength of

'''''
.. o
------

.
"ot rmansameet® ! Tt

VI ' 0
collectivity (mean free path of outgoing L D MeSON 1 e o0 gsasns oy
partons) I ALICE .
8L Po-Pb, s =276 TeV  § Ouorpane (@)
- — Centrality 30-50% - ]
* High pr v2 = path-length dependent energy "°F " 10" o gt unceraintes
loss in an almond-shaped medium A Y1<0.5 ) Unoorclaed
. - — I Global Normalization
— asymmetry in momentum space 2 ]
e — E
*Raa measured in the two azimuthal regions: 08 i+ o
In-plane and out-of-plane. 0.6]- =N _ § =
0.4F u%ﬁ Ef ar =
*More suppression is observed out-of-plane .- L =
with respect to in-plane region. 3...|...|...|...|...|...|...|...|.3

* as expected due to the different path Iength =t E p:?ee\}fc)

e
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< 1 .4—5 T TT | T 1T | T 1T | T 1T | T 1T | T 1T | T 1T | T T T+
D:< B ALICE 1
‘ 0-10% Pb-Pb, \/sN =2.76 TeV -
1.2 f". e Average D°, D*, D** lyl<0.5 7
7"- O with PP P -extrap. reference -
A T TAMU siastic
LR - Cao, Qin, Bass _
i TS,
0.8k — . POWLANG _
ity - BAMPS el. 7]
j, ------------ BAIé/IPS el.+rad ]
0.6} -
04 I3 __
0.2} Mg g N
O_I | 11 | | | | I\’I I/|~IAI,I\I (I | I | | | | | | L 111
0 5 10 15 20 25 30 35 40

Raa and va: comparison with models

¥ Simultaneous measurement/description of v and Raa
— understanding of heavy quark transport coefficients of the medium

arXiv:1509.06888

1.4

1.2F

0.8
0.6
0.4

0.2

P, (GeV/c)

*

arXiv:1509.06888

T I T | T TT | T TT | T TT | T TT | T TT | T TT | T TT | T 7T | T TT
: ALICE ]
= 30 50% Pb-Pb, \/ =2.76 TeV -
- 3 e Average D°, D*, D , lyl<0.5 ]

T AU eastie I__
L | BT - Cao, Qin, Bass _
L WHDG rad-coll _
| S MC@sHQ+EPOS |

S E: — . - POWLANG i
CO N cieimn BAMPS el.

- l W BAMPS el.+rad ]
_:..'_ J o rrdeem S ]
_:.'I!:'. ¢"";=:_'__i
Z_. :, ...... _—
_F .................... .|

O_I [ 1 | [ 11 | L 11 | L 11 | [ 11 | [ 11 | L 11 | [ 11 | 11 | [ 1 I_

0O 2 4 6 8 10 12 14 16 18 2
p_ (GeV/c)

W\
>

|
o
—

0.4

0.3

0.2

0.1

Phys. Rev. C. 90, 034904 (2014)

_I T T | T T T | 1T | 1T | T T T | 1T | 1T | T T T | T
:_ = ALICE D°,D*, D" average 30-50%, Pb-Pb _:
| [ ]Syst. from data Sy =2.76 TeV. 7]
_ []Syst. from B feed-down i
_Ei:’n_/ ]
| % i amiantlar it
O i _]
B WHDG rad+coll .
_ — . POWLANG in-medium had. ] ]
—.... MC@sHQ+EPOS  ...... PHSD —
_ -.-.- Cao, Qin, Bass - BAMPS el. i
- -lTAMU elastilc o I?|>AMPSI el. +ra}d ]

O 2 4 6 8 10 12 14 16
p. (GeV/c)

does not include radiative energy loss and overestimate the Raa.

— Radiative energy loss needed to describe the Raa in central collisions
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Raa and va: comparison with models

¥ Simultaneous measurement/description of v and Raa
— understanding of heavy quark transport coefficients of the medium

arXiv:1509.06888 arXiv:1509.06888
}1.4—g||||||||||A|L||(|:|E|||||||||||||||||||||||4—;1_4,E:,,|,,,l,,,l,,,|,,,|,,,|,,,|,,,|,,,|,,,>(\j R e
| 1 - ALICE i B 0 R+t [+ 30-50%, Pb-Pb ]
@ 1 0-10% Pb-Pb, 5y = 2.76 TeV 1 [ 30-50% Pb-Pb, |'s,, = 2.76 TeV 1 0.4t ALOED D DraverRde e 576 Tev
1.2[" e Average D°, D*, D** lyl<0.5 1 1.2 e Average D°, D*, D**, lyl<0.5 ] pL12yst. from data " .
i G 2 St g _ []Syst. from B feed-down i
5 Owith pp p.-extrap. reference N o N L _
U { A I_‘ 0.3 .
- A - - -- TAMU elastic i R 1 N TAMU elastic . - .
A, = Cao, Qin, Bass _ L | Ets e Cao, Qin, Bass _ = .
i '-%l WHDG rad+coll i - 1gld WHDG rad+coll ] - 3
0.8 ... MC@SHQ+EPOS 1 o084 e Mc@sHQ+EPos | 0.2 -
Nelp — . POWLANG 1 V.o — . - POWLANG B ]
gl - =.=. BAMPS el. ~ L S BAMPS el. ) C ]
B T Eﬁlé/lgs el.+rad ] B l --------------- BAI\S/IPS el.+rad ] IS i
06 ”,‘ ] 06—:". .............. O O 1__;: ............ -
¥ - 1 O A e ) :
0.4 ] 0.41;.:. ...... 47 Of“‘ ................................ —
E Y - B i - WHDG rad+coll ]
- M - /‘ ] B ] . — . POWLANG in-medium had. ] -
0.2 R o e ST : = 0.2 - 0.1 MC@sHQ+EPOS ... PHSD ]
i S B S ~\' 7 ] - o - ----- Cao, Qin, Bass ---  BAMPS el. -
[ Ny ran N - _ i i - ----TAMU elastic BAMPS el.+rad.
O||||||||||||||{f|'||(||'||||||||||||||||| | | | | | | | | | Coovv v b b e b b b P
0 5 10 15 20 25 30 35 40 O0 2 4 6 8 10 12 14 16 18 2 0 2 4 6 8 10 12 14 16
p_ (GeVic) p_ (GeVic) p_ (GeVrc)

*¥WHDG does not include an expanding medium and underestimate va.
¥ , , MC@sHQ include both collisional energy loss in an

expanding medium and recombination — better agreement with vz data
- /PO al, F M.Nahrgang et al., PRC 89 (2014)
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D-meson and 1t Raa: comparison with models

¥ Simultaneous measurement/description of v2 and Raa
— understanding of heavy quark transport coefficients of the medium

arXiv:1509.06888 19 arXiv:1509.06888 arXiv:1509.06888
. IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

- 0-10% Pb-Pb, |s = 2.76 TeV ALICE

- 0-10% Pb-Pb, |5y, = 2.76 TeV ALICE
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e Average D°, D', D*' lyl<0.5

R '

O with pp p_-extrap. reference -« Charged pions, Inl<0.8 1 oo 4 D ch
! ~ o Charged particles, l<0.8 i ? Aanlly1<0.8)/R\(nl<0.8)
Djordjevic 0.8 N
WHDG rad-+coll I CUJET 3.0 | - CUJET 3.0
0.8 —— Vitev, Rad+dissoc = Djordjevic . Djordijevic
— Vitev, Rad 0.6—— Vitev rad - —— Vitev rad
i %: 2
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'
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<1.4_—I-III|IIII|IIII|IIII|IIII|IIII|IIII|III-I—

T
__
IR

* R2.(lyl<0.5)/R . (Il<0.8)

D
AA

WHDG rad+coll —— Vitev rad+dissoc

WHDG rad+coll

0.4

IIII| IIIIIIII | IIIIIIII |IIII| IIIIIIII O_
%510 15 20 25 30 35 40 B 5 10 15 20 25 30 35 4 b5 10 15 20 25 30 §5V/40
p_ (GeVic) p. (GeVic) p.. (GeVic)

*0nly and CUJET 3.0 models can describe the two Raa (p1>5 GeV/c).
—they both include radiative and collisional energy loss.

J. Xu et al.,arXiv:1508.00552
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Conclusions and outlook

¥ Many different measurements of heavy flavour productions in pp collisions
at LHC shows good agreement with pQCD calculations.
¥ More differential measurement (D-h, yields vs multiplicity, ...) can be a good
tool to investigate further this sector.
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Conclusions and outlook

¥ Many different measurements of heavy flavour productions in pp collisions
at LHC shows good agreement with pQCD calculations.
¥ More differential measurement (D-h, yields vs multiplicity, ...) can be a good
tool to investigate further this sector.

¥ In p-Pb collisions, no clear evidence of effects due to cold nuclear matter
or collectivity have been measured in the heavy flavour sector with Run1
data.
¥ Something could be there (also looking at model predictions) at very low-pr.
Further investigation (and data) needed!
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Conclusions and outlook

¥ Many different measurements of heavy flavour productions in pp collisions
at LHC shows good agreement with pQCD calculations.
¥ More differential measurement (D-h, yields vs multiplicity, ...) can be a good
tool to investigate further this sector.

¥ In p-Pb collisions, no clear evidence of effects due to cold nuclear matter
or collectivity have been measured in the heavy flavour sector with Run1
data.
¥ Something could be there (also looking at model predictions) at very low-pr.
Further investigation (and data) needed!

* In Pb-Pb collisions, heavy flavour particles are suppressed with respect to
pp collisions. An interaction with the medium is clearly observed for
those particles.

* The mechanisms that might play a role in this interactions are still not clearly
accessed. More precise data and more “sophisticated” model comparison
are needed to better understand them.

E

e
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¥ Characterise mechanisms of quark-medium interaction:
¥ Heavy Flavour dynamics and hadronsation at low pr.

*¥What is needed?
¥ Precision measurements also down to pr = 0.

* How this can reach?
¥ Improve vertexing resolution
¥ Preserve particle identification (to reject the background)
¥ Large statistics (no dedicated trigger)

E
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2 Both trackers fully based on
Monolithic Active Pixel Sensor

S pree. 1S | Nowrs | wrT

(MAPS) Acceptance In|<0.9 In|<1.5 -3.6<n<-2.3

Absorber N Layers 6 7 5

EIT Inner radius 3.9cm 2.3 cm /

Pipe radius 2.94 cm 1.86 cm /

MFT Layer
i ~1.1% X,  0.3-0.8% X,  0.6% X,
: 12x100 um? - 2 - 2
u 20x830 um?

Max. Po-Pb - hiz 100 kHz 100 kHz

readout rate

ITS Outer Barrel | +5. CERN-LHCC-2013-024
ITS Inner Barrel MFT: CERN-LHCC-2015-001

E —_— = — —— _ —
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2 ITS pointing resolution
2 x3 better in transverse plane
2 x6 better along the beam

2 MFT pointing resolution better
than 100pum for pt > 1 GeV/c

F Current ITS (data)
300 }‘{ ................ U pgraded---l'T-S ................ _

Pointing Resolution

10’ 1 10

Adapted from
CERN LHCC-2013-024

| &
3

. 140 -

120

100 _‘

60

| — l T T ] T T | T T

o
i =Y
N

8 10
P. [GeV/c]

CERN-LHCC-2015-001
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2>What we have now at 2 Upgraded detector performance:
ot~ 10 GeV/c D and non-prompt J/ Raa Vs pr
down to pr=0

JHEP11(2015)205 2
é 1 .4 T ] LI I L l T ] T l T I | B l | é : e I pen I e I e I e I e I l :
- Pb-Pb, | S = 2.76 TeV ; T 1.8F-ALICE Upgrade  Pb-Pb,\[s, = 5.5 TeV -
| A 7 (ALICE) 8<p_<16 GeVic, |y|<0.8 N - ~ 1 . ]
120 o D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 . 1.6 Ly = 10 nb, centrality 0-10% 7
- e le\l%n-prosmoptG J/%(C?Afls, f’rzeliminary) . - .
B . ev/c, - -PAS-HIN-12-014 m - - —
Pt IR Y . __
s (empty) filled boxes: (un)correlated syst. uncert. - N N
- (*) 50-100% for non-prompt J/y - 1 2—__+_'+' L Non- prompt J/\I]—) ete 2};}35“ ]
0.8:- ] - * (stat. only) 23/09/2013 ]
: H : e -
0.6/~ 4 " - 0.8ff + &
i | - * -
- 50-80%" 4 . 0.6 _—ﬂ + =
0.4~ F # - - B + .
: 40-50% F | 045 =, o i .
- % . - - n
0.2 30-40% 20 0% B ol 0.2 —
o 10-20% A - _
- n* shifted by +10 in <N ) 0-10% | O Cova o bv v b by v byov g v by v 1T
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Back up
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Raa VS Npart (Other models)
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Raa VS Npart (Other models)
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Summary of the models

HQ production Medium Modeling Heavy quarks interactions Hadronization
FONLL, no shadowing Glauber model collision radiative + fragmentation
(AIP Conf Proc. 1441 geometry, no hydro collisional energy loss
(2012) 889 evolution
POWLANG POWEG (NLO) + EPS09 2+1d expanding medium HQ transport (Langevin) + fragmentation
(J. Phys. G 38 (2011) shadowing with viscos hydro evolution collisional energy loss
124144)

Cao, Quin, Bass

LO pQCD + EPS09

2+1d expanding medium

HQ transport (Langevin) +

recombination +

(Phys Rev C 88 (2013) shadowing with viscous hydro evolution quasi elastic scattering + fragmentation
044907) radiative energy loss
MC@sHQ+EPOS2 FONLL, no shadowing 3+1d fluid dynamical HQ transport (Boltzmann) + recombination +
(Phys Rev C 89 (2014) expansion (EPOS) radiative + fragmentation
014905) collisional energy loss.
MC@NLO, no shadowing | 3+1d fully dynamic parton | HQ transport (Boltzmann) + fragmentation

(Phys Lett B 717
(2012) 430)

transport model

collisional energy loss

(arXiv:1401.3817)

FONLL + EPS09
shadowing

transport + 3+1d ideal hydro
evolution

HQ transport (Langevin) +
collisional energy loss +
diffusion in hadronic phase

recombination +
fragmentation

UrQMD
(arXiv:1211.6912)

PYTHIA, no shadowing

3+1d ideal hydro evolution

HQ transport (Langevin) +
collisional energy loss

recombination +
fragmentation
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Djordjevic calcluations

Djordjevic, Djordjevic, PRL 112 (2014) 042302

1 1 - 1f : ;
AE>AE, 4 2AE, Fragmentation c—D Distortion dl_le to
Ran(9)<Rpa(uds)SRa(€) °°T  Rpa(D)=Rpa(C) 0.8+ frfgmentatlon
061 <067 o Raa(h)=Raa(uds)>R,4(9)
2
= 0.4+ | _ % 04+ 1?_?_2__'_ 04+
e ammm G
0.2+ ?-w"" _______ 02+ e 02+
-7 T g G il S
T w4 5 0 10 20 30 40 50 0 10 20 30 40 50 19
E(GeV) E(GeV) E(GeV)

¥ Gluons loose more energy due to a larger Casimir factor

¥ Energy loss is not sensitive to charm fragmentation into hadrons

¥ Softer fragmentation of gluons than light quark and their larger energy loss
makes their contribution to the Raa “less strong” than the one of light quarks
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CMS DV results

CMS Preliminary PbPb \s,, = 2.76 TeV CMS Preliminary PbPb \s,, = 2.76 TeV
. 5 R L | ' 1 I ] 1 1 L] I 1 L} 1 L I ' L] | ' l | ' ] ' ] | -'II . § R L | ' L I ] 1 | L] I 1 ] 1 ' l L ] 1 ' l 1 L L] I ] | -'ll
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1 - 15 -
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0.6 - 0.6 '| =
- . ] - | ? ]
04 P = 04 * . -
- . ¢ . - e .
0.2 . - 0.2 =
0: 11 11 l A1 1 L l 1 L1 1 l L1 1 1 l L1 1 1 l 11 :[-l 0: A 1 1 1 l L1 1 L l 1 1 1 l L1 1 1 l L1 1 1 l 11 :u
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CMS DV results

imi PbPb\s,, = 2.76 TeV

& : . Prompt DO RQ Ce nt. 0-1 Oo/o : . g : L LI l L L l Ll *' LI ' L L ' LI LI l o] ] El
"85 Syst PbPb data <10 g * PromptD'Rs, Cent. 30-50%
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- mms étpg N __+BR - 1.6} Er. pp reference .
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- — - o 3
08 = ] 0.8~ =
o SN 5 06F .
0.4 2 . o b " QH - o ' . .
N ) . . - 0.4 ' -
- e — - ]
0.2 . n 0.2 — -
0 [~ 11 11 l A1 1 L l 1 L1 1 l L1 1 1 l L1 1 1 l 11 -l.l : l l l l l :

o 5 020 ( éiv o %% 0 15 20 25
Pr P, (GeVic)
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CMS DV results

CMS Preliminary PbPb \s,, = 2.76 TeV 2CMS Preliminary PbPb \s,, = 2.76 TeV
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CMS DV results

CMS Preliminary PbPb \s,, = 2.76 TeV 1 4CMS Preliminary PbPDb |5y, = 2.76 TeV
“g LI LI B LR LR LN L L LB L L L. ..-lllllllllllllllllllllllllllllll!llllIII—
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ITS upgrade: Charm “hadrochemistry”

2 N\c = pKmr and Ds = KKt (ct=60 and 150 um) will be measured
with good precision for pT>2 GeV/c.
2z No — Acrmt (c1=450 pum) accessible for pT>7 GeV/c.

D%and D_. R,,

( 2._ T T T T | T T T I T T T T I T T T T l I T T T T I T _
< = 4
1.8-ALICE Upgrade  Pb-Pb,\s=5.5TeV -
160 ! L, = 10 nb”, centrality 0-10% -
1.4F D°— K'n* g
128 D:— K'K'n ALICE
R -]
0.8ff - =
0.6-1 8
: 'E' ¢ 7.77-7 ¢ ¢ ]
04fF o, v _g — & —8—
0o2- T 3
0: 1 | | | R | | .

0 5 10 15 20 25 30
P, (GeV/c)

Q
Q

/(A/D)

Pb-Pb

(A./D)

A./D “enhancement”

10 TTT

B I L I L I LI I L I L I T 1T l T 1T l T 1T l T 1T l L ]—
- ALICE Upgrade Pb-Pb,\/s\, = 5.5 TeV .
L., = 10 nb™", centrality 0-20% -

'Ir —— TAMU, Rapp et al. (2.76 TeV) |
/|

ALICE A/Kg param (2.76 TeV)
Ko et al. (200 GeV)

RRRRRRRRRRR

26/09/2013

]
I 1

coa v b b b b by
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P, (GeVic)

Significance

A, significance

—l TT I TT1T l TrT I TTT I TTT l TT1rT ] TTrT l TTT l TT1T I TTT I TTT I TTT [ l—‘
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—_ —_
N B
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o
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2 ;

O:lllllllllllllllllllllllllllllllllllllllllllllll:
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ALICE, CERN-LHCC-2013-024
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ITS upgrade: Beauty
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Beauty production in pp collisions @ /s = 7 TeV

non-prompt J/

JHEP 11 (2012) 065

6\ 1 O E T T T T T T T T T T T T ‘ T T T ‘ T T T ‘ E
% - pp, Vs=7TeV .
% @ ALICE, lyl<0.9
= %+— = CMS, lyl<0.9
> 1F v ATLAS, lyl<0.75 E
§ . f
o0 —+— 1
£
081 0" = Riat E
ke - F o ]
i Bhaa ]
=
1 0-2 = ﬂ: —
3 P | | I | Lo
10% 2 4 6 8 10 1
p, (GeV/ce)

T

Data/FONLL 1/(2in) dzo/(dp dy) (mb/(GeV/c)?)

Data/FONLL

b(—c)—e/lc—e

e from B hadrons decay

PLB 721 (2013) 13-23

op, Vs =7 TeV, f Ldt=2.2nb"

10° ® b(—=c)—e
.:;‘;,—; D A ‘ v C—e
10¢ L IO Ty — FONLLb (—c) —e
LS —FONLLc — e
10°

35 E (d) E
2_2 : [ ]total uncertainty ° :
2 E_ [ 3
15:— ° ° . 3
05 N s | | | ! L, 2
0 1 2 3 4 5 6 7 8

P, (GeV/c)

2z pQCD based calculations (FONLL) are compatible with data.

2 Beauty production described well by the central value theoretical calculations
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D meson in p-Pb collisions

* D meson Rppr compatible with unity within uncertainties.
* Models that include Cold Nuclear Matter effects describe the data:
* MNR calculation for heavy-flavour production with EPS09 parametrizations

Of N UCIGar PDF Mangano et al., Nucl. Phys. B 373 (1992) 295. Eskola et al., JHEP 0904 (2009) 065

¥ CGC predictions

Fujii-Watanabe, arXiv:1308.1258

* Vitev: kt broadening+CNM energy loss

Y. Xu, arXiv:1510.07520

1.4 ; ;
R. Sharma et al., PRC 80 (2009) 054902. === D-meson, col.+rad. D(27T)=5.0
® D-meson, shadowing, no evol
1.2} _ 4 ALICED D" D**
*Y. Xu et al. (arXiv:1510.07520 .
* 1.0 .... ..........“ .......'.
o] ® 1l
: 5 THIT-VJ‘
[ad
* Shadowing + Energy loss ol i I -
0.6} p+Pb @ 5.02 TeV
0-45 10 15 20 25

pr (GeV)
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Goals:

D-hadron correlation in pp @ collisions at /s = 7 TeV

* Study charm production mechanism (pp, p-Pb)

D meson
* Address possible modification to charm fragmentation

rigger
Si'\i'giﬂron
properties and path-length dependence of energy loss
(Pb-Pb)
Method:

Away
side

* Measure the associated hadron yields in the near
and away side regions

Associated
hadrons
.%\g_llllllI|IIII|IIII|IIII|I0|1I|III_ 2
) T D meson-charged hadron azimuthal correlations (D°,D * average) 1 d ; \/ S (A ¢ A 77)
g1 8Fpp s=7Tev,L =5nb" - assoc  __ 2
2 1= o assoc — _
5, g fs< p? <16 GeVlc, pI*"> 0.3 GeV/c : A A B A A
° 75 it ALICE N @AD @,An
1'|ZQ C +14% scale uncertainty ~ PRELIMINARY 7 t ng
6 —— Data ]
$ —¢— Pythia Perugia 0 ]
5 —4— Pythia Perugia 2010
ad —e— Pythia Perugia 2011
af oddt

* Correlation measurements are in agreement

with Pythia within large statistical and
systematic uncertainties.

*Precise measurement expected from LHC Run?2
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How to measure heavy quarks?

%k Leptons (e, y) from semileptonic decays of
hadrons containing heavy quarks.

* |Inclusive measurement (i.e. cannot
distinguish between charm and beauty
decay)

* [arger BR for those channels than
exclusive reconstruction.

* Broad correlation between leptons and
hadron.

2k Fully reconstructed D mesons:
Exclusive measurement (charm only !)
Secondary vertex reconstruction important to @ "
reduce the background! -
Vertex detector !! mpt pranetrs 100

pointing angle Gpoim

secondary vertex
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D mesons in ALICE

* Displaced vertex
topology used in the
reconstruction.

* Inner Tracking System vy
with 6 Si layers: . |
two pixels layers at 3.9 =~
and 7 cm ) u
200 = D.,f — ¢t — KK*mtt
ERNS Pb-Pb,\/Syy = 2.76 TeV, min.bias E ~ |n|<0.9
S 160" - - ITS: tracking, vertexing
g 1400 ] E Qk TPC: tracking, PID
% 1205_ o Siarl:lilation with residual misalignment_g TOF: K-ID
© 100:_5 ° (only id. pions for pt<2GeV/c) .
80 e = :
of s 1 * Impact parameter resolution -60pum for
40- BRI TS : pT =1 GeV/c
20;— ol o o . 3—;
P, (GeVlc)
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u reconstruction in ALICE

* p-defined as matched tracks with tracklet in the trigger
chambers
remove punch-through hadrons

* Cut on the p x DCA reject tracks from beam-gas interaction

*Background subtraction:
* background contribution decreases with pt = measurement for
pT> 2 GeV/c

* Main source: muon from pions g 10° PP 15=2.76 TeV, PYTHIA Perugia-0
&) - v . o all
and kao_ns dec?ays | | o 100 oo = e beauty
* Subtracting using MC simulation ¢ £ ‘. Ve
. . . S 10°c X » o secondar
as input (Pythia, Phojet) s E""o7 1. o reaon
\-8? 102% A :) : ; : ® . & fake tracks
2 E : O o) ' : - : L
© 10=E O o Y : - = : bt ®
= A O M I : * ..,
L g O v [ ®
e L& - Y .‘.‘.‘
0 6 10
P, (GeV/c)



e-ID in ALICE

<> TPC (dE/dx) + TOF + TRD
<~ TPC (dE/dx) + EMCAL

-
)]

1 1 1 1 1 I 1 1 1
p-Pb, \[s_NN =5.02 TeV
1.5<p<1.6 (GeV/c)
ALICE

PERFORMANCE

27/06/2013

Y
(=)

no pions, TPC

11 -i - : - - sl Tl 1 1 -l' 11 "I T T | PR T T N T T
-5 0 5 10 15 20 25 30
no pions, TOF

ALICE

PERFORMANCE

15/05/2012
pp Vs=2.76 TeV

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

n°l < 0.7

IR B B 1

Q

o_llllllllllllllll

4 6 8 10
dE/dx - (dE/dx),

O dE/dx
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e reconstruction in ALICE

*Background subtraction:
*cocktail method : MC hadron generator for different background sources
*ete” invariant mass method to remove Dalitz decay and photon conversion

10"

—_ T 1T I LI I L L I LI I L L I LI I L I LI I T g
’g Vs=7TeV,[Ldt=2.6nb" TPC-TOF/TPC-TRD-TOF
2 1075 —— (e'+€)/2,lyl<0.5 E
= E background cocktail 1
%L10_3:;\\ mmm g0 conv. of y E u)104_|||||||||||||||||||||||||||||||||||_
o meson 3 - - -
S m C - ]
Z a2 i > = x
O\ T E S coptossseoss?
—~ E\x ] o PY .
N A ] i “#‘““ .
= : E s . P —e— Like-sign
. 1A N i 10° - ,gﬂ.' —
10° E - e ~e— UnLike-sign E
C 3 : A a
- - - o _
10_7E_ E S T
- ] e 1
10°F E
E 3 102 = —
9 [, = _
10k : ALICE |
& e mm e e T B PERFORMANCE ]
-10 e i o i
10 ¢ L’ RO ST 3 i 09/07/2013 _
i e BT e _
3 95_:::.LIL.U.::}::::}::::'l'::::}.l:.l:}*.:*.:{::u.{w_E B Pb-Pb \s\,=2.76 TeV B
g 85— 7 cocktail systematic uncertainty E 10 = 0-8% Central 3
i) 7§ inclusive electron systematic uncertainty E o pe>2 GeV/c 7
3 = = L T _
5 6f E . pA$9250.3 GeV/c ]
8 g E T
] - 3
2 5K E B 1
é 45_ _g 1 | | | | | | | | | | | | | | | | | L 111 | | I |
2 3_ E 0 0.05 0.1 0.15 0.2 0.25 03 035 0.4
g 2F E Invariant mass (€ ,e*) (GeV/c?)
2 1E —— R e
E :I 111 I L1 1 1 I L1 1 1 I 11 1 I L1 1 1 I 11 1 I 111 I:
% 1 2 3 4 5 6 7 8 B19
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HF electrons @ RHIC

* Inclusive measurement (c+b) using electrons

!

e
L L I L L L]

=109 ’
EST TAR Preliminary ® 0-10% (Ncoll: 941)
n= 0-12%
" normalization uncertainty

lllllllll

=
- -
i —
: » ﬁ
T T e : 10

p
PRL 98, 192301 (2007}

* Same suppression as for light-flavour

hadrons above 5 GeV/c

* Smaller suppression at 2-3 GeV/c but
cannot conclude on mass effects.

>
o
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Va
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PHENIX, PRC 84, 044905 (2011)
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HF e comparison with models

< 2_I LI I LI I LILIL I LI I LI I LI I LI I LI I LI I_ (q\] _I LI I I I I I I I I I I I I I LI I I I LI I I I I_
I<1 8:- Pb-Pb, {syy = 2.76 TeV, 0-10% central, lyl<0.6 z 0.3; ®  ALICE : Pb-Pb, s,,, = 2.76 TeV, 20-40% central, Iyl<0.7
CC) "~ @ with pp ref. from scaled cross section at{s=7TeV . g - == BAMPS .
"3 1.6:‘_*,', Bvxllt;\PpSp ref. from FONLL calculation at \s =2.76 TeV_: 50_25; ~ = Rappetal —:
% [ — - Rappetal. . ] q; " POWLANG % .
g 1.4 e POWLANG 1 & 02p ALICE
8 1 2:_ r|l‘ - _: 8 E _ PRELIMINARY E
8 . [, ] -SO 15__ -]

\ . = 4
S 1 s T rrmrmmmmmmmmm ] 8 _ \lﬂ: i
) 3 1 m 01 * ¥ - ~
(% 08__ l 7 . C _' - _m_ aY, H .
= AR 1 ! .~ H = - .
i N 1 =0.05-,"~_ N i M
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804'_ . -~ - 1 L O# _________________ I TR N .
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O:I 11 I 11 1 I | . | I | I | I | I | I 11 1 I 11 1 I | I | I 11 I- :I | | I 11 1 I 11 1 I 11 1 I | I | I | I | I | | I:

O 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 éZ v/ 34
p, (GeV/c) p, (GeV/c

Uphoff et al. arXiv: 1112.1559, TAMU M. He, R. J. Fries and R. Rapp, arXiv:1204.4442[nucl-th]
POWLANG W. M. Alberico et al. Eur. PhyisJ. C71
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HF u comparison with models

LL C ol RS LN B I I BRI I BN I I
T <18E-Pb-Pb, |5,=2.76 TeV ALICE E Pb-Pb, | 5\=2.76 TeV ALICE 3
T 4 g u<HF in 2.5<y<4 2F u<HF in 2.5<y<4 -
: —— R, in0-10% x .
t4E MC@sHQ+EPOS 0-10% - =
12 e TAMU elastic 0-10% - .
1 Erpennes R BAMPS 0:10%.................. o 3
0.8 E— h \:;1' , E u<HF Y : E
: NN 1B == vy {2} in 20-40% -
0o R _ e MC @sHQ+EPOS 20-40% ]
0.4F JRRRR 1 X R En ks L TAMU elastic 20-40% 3
02F giRts t : BAMPS 30-50% -
O: -0. T PP PR FET R P TE AT E T PR PR T P R
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 8 9 1
p. (GeVic) p. (GeVic)

Uphoff et al. arXiv: 1112.1559, M. He, R. J. Fries and R. Rapp, arXiv:1204.4442[nucl-th], MC@sHQ+EPOS
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D mesons: systematic uncertainties

Cross section systematic uncertainties

pr interval (GeV/c) 1-2 16-24
Data systematics
Yield extraction 8% 11%
Correction for reflections 3% 4%
Tracking efficiency 6% 6%
Cut efficiency 8% 5%
PID efficiency 0 0
D? pr distribution in MC 2% 0
B feed-down yield % %
Total "% T12%
Rppp systematic uncertainties
pr interval (GeV/c) 1-2 16-24
B feed-down yield T % los%
pp reference 21% %
25 34
Total tgsy t45.6%
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D mesons vs multiplicity

lZ Multi-Parton Interactions at the LHC ? y‘m
IZ MPIs are expected to play an important role at LHC ‘ 8]\
energies: D N~

M CMS measurement of jets and underlying events show a

better agreement with models including MPlIs g
Eur. Phys. J C73 (2013) 2674

[ ALICE measurement of mini-jets shows an increase of MPI P

contribution with increasing charged particle multiplicity R et
JHEP 09 (2013) 049 ®.%
A &S
M MPIs and heavy-flavour ? ’

IZ NA27 measured that events with charm production have

larger charged particle multiplicity (pp collisions, /s = 28 GeV) 7. phys ca1:191
IZ LHCb measured double charm production that shows a

better agreement with models including double parton

scattering J. High Energy Phys., 06 (2012) 141

[F] ALICE measured an increase of J/{ yield vs multiplicity Phys.Lett. B712 (2012) 165-175
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HF vs mult in pp

PYTHIA mechanisms of HF

production:

1. First hard process (gg =¥ cc,
c+u =¥ c+u)

2. Hard MPI process

3. Gluon splitting from hard
process (g = bb )

4. Gluon splitting with the
gluon coming from ISR/FSR

(dN/dy) KdN/dy)

-d
n

-
o

(d®N/d ydp.) / (PN/d ydp.)

T 'NY &

-vvxlrrr-'tv--[r--r]'-tvl-rr-lr_v“-r"tlitlIlrvwvlv1rllvllvlvvt?q1:
PYTHIA 8.157 SOFTQCD } Average B-mesons i |
MPV FSR/ ISR/ Colour ON T --F
1 = -Firsth )
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: 4+ —Gluon splitting :
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- = MPI 1 : 1
- — Gluon splitting from hard process . '_.', -
[ —ISR/FSR w1 - [ il
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o ; -
o i s ,ﬁ ] i 8
} “.' "' /\/ — R » - ES o .:
i A 4_/’ _ 7 p i3
- c/ i : S
. / s b1 i
C e T P P DT T T
—'"'l"'lr"l"""]'Y"'!"YTr‘K-"- N
. Average D-mesons all contributions 4 Average D-mesons hard process .
: -- 1<p <2 GeVic >, :: -=r '<p <2 GeVic 4
" -...2<p <4 GeV/c S L .- 2<p <4 GeVic N
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i —8<p <12 GeV/c g ] — 8<p<12GeVic )
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e e

HF vs mult in pp

PYTHIA mechanisms of HF

production:
1. First hard process (gg =¥ cc,
c+u =¥ c+u)

2. Hard MPI process

Gluon splitting from hard
process (g = bb )

Gluon splitting with the
gluon coming from ISR/FSR

| In Pythia 8 first hard process 7
independent of multiplicity but
dependent on the P

| |

1

L\
N

(d*N/d ydp.) / (& idydp.)

(dN/dy) KdN/dy)

D mesons
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- MPV FSR/ ISR/ Colour ON T -.
10k op 15 = 7 TeV . 2t hard process 5
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- — ISR/FSR . S il
6 T B mesons Apf -
L ; < ft ]
of O i

-d
N

®__o o\
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HF vs mult in pp

PYTHIA mechanisms of HF

production:

1.

2.

c+u =¥ c+u)

process (g = bb )

] Slmllar trend for D and B mesons ]
but different “saturation”

threshold

e e = e——

First hard process (gg =¥ cc,

Hard MPI process
Gluon splitting from hard

Gluon splitting with the
gluon coming from ISR/FSR

D mesons
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HF vs mult in pp

PYTHIA mechanisms of HF
production:

1. First hard process (gg =¥ cc,

c+u =¥ c+u)

2. Hard MPI process

3. Gluon splitting from hard
process (g = bb )

4. Gluon splitting with the

gluon coming from ISR/FSR

At high multiplicity at pr
ordering is expected forall

processes.

D mesons
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e
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D mesons: Cross section vs y

° © [io T T ] N(\_)_I""I""I""_ RS L L
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D mesons: Cross section vs y
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Multiplicity
differential
yiEIdS in PT
intervals
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Assumption: the fraction of prompt D mesons fprompt does not depend on multiplicity

D vs multiplicity: Feed down subtraction

dQND/dyde B (d2ND/dyde)mult/(€mult > Névggétt) *fprompt
< d2NP/dydpr > (d>NP /dydpr)tot/(e!t x NL%,;) * forompt
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D vs multiplicity: Feed down subtraction

Assumption: the fraction of prompt D mesons forompt does not depend on multiplicity

dQND/dyde _ (dZND/dyde)mult/(emult Nﬂggétt) *fpémpt
< d*NP [dydpr > (d2NP /dydpr)t /(€' x Nijens) ™ fopbmpt

181 A B L L L I L LN LR

ALICE Pb \/ =5.02 TeV
Average DOp , D** meson Iy I<05

-0 1<p < ZGeV/c
- 2<p < 4GeV/c
- 4<p < 8GeV/c
- 8<p < 12 GeV/c
+12<p < 24 GeV/c

ia

; + 3.1% normalisation unc. not shown

+ 6.3% unc. on (dN/dn) / (dN/dn) not shown

Systematic uncertainties assigned due

to beauty feed down fraction:
variation of beauty contribution vs
multiplicity up to a factor of 2

\
|III|III|III|I‘II|III|III|III|III

\III|III|III|III|III|III|III|III|III

P e B e e e e e e e e e e e e e e e e e e e S e ——E e

B fraction hypothesis: x 1/2 (2) at low (high) multiplicity

maxiumum 20% at high pr

@
B feed-down unc.,




D vs multiplicity: systematic uncertainties

Yield extraction systematic uncertainties

pr (GeV/c) Multiplicity bin

1-24 25-44 45-59 60-74 75-99 100-199
1-2 4% 3% 3% 5% 6% -
2-4 3% 3% 3% 3% 3% 5%
4-8 3% 3% 3% 3% 3% 5%
8-12 4% 3% 3% 3% 4% 5%
12-24 6% 3% 3% 5% 5% -
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Comparison of pp and p-

[ The trend seems to be similar also
when we compare Pb-Pb results,
but...

[ highest multiplicity bin in Pb-Pb
collisions corresponds to 10% of the
total cross section, for pp to only 1%.

Ph collisions

/\l_ e rp e | LI | |||||||||||||||| ]

% 25— ALICE —
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e = _
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Qppro: Multiplicity estimator definitions

M VOA:

A < Nooi €U0 > from Glauber fit to VOA

amplitude

M multiplicity from Negative Binomial

Distribution (NBD)

M ZNA: < Nooi ™t > obtained with an Hybrid

method

[ Slice events in ZN energy (Pb going side)
A < Npart> in ZN energy class obtained by
scaling it to the minimum bias multiplicity at

mid-rapidity.

Events (a.u.)

ALICE p-Pb at |sy = 5.02 TeV |
L4 Data
02 NBD-Glauber fit
Sescns u=11.0, k=0.44
o
.‘\\ §
ALICE v
0° e 8
0-4
o o
ol o & o | %
© < N - []
1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 100 200 300 400 500
VZERO-A amplitude (a.u.)
IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
ALICE p-Pb at \s,,, = 5.02 TeV
C— 0-5% Vo
= 5-10%
B 10-20%
|
1000011 === 60-80% 7]
B 80-100%
5000 —

100 200 300 400 500

600 700 800 800
ZN-A Energy (a.u.)
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Qp

Pb: Hybrid method some details

Assumption 1 : ZN insensitive to dynamical
biases =» slice events in ZN
Assumption 2:

a. mid-rapidity dN/dn scales with Npart

b. Pb-side dN/dn scales with Npart ( = Ncoll
for p-Pb collisions)

c. Yields at high-pT scales with Ncoi

(S)i
(Npart>;‘nu}t (Npart>MB' <S> I
MB
<Nm”>;_nu]t — <Npﬂﬂ>?mlt 1
i (S)i
Nc Pb side Nc )
< l::-]]); < 011)MB <S>MB
- S)-
N:: f.nb_h pr  _ Nc ] ( i
< D]])I < oll)MB <S>MB

mult
coll > / < NcoII >

(N

-~ ALICE PRELIMINARY . _. E
14 = p'Pb \/?NN - 5.02 Tev NCO|| ZN-C|aSSGS E
ey . N E

— 9 high-p_ —
o SN 3

— -Sigae —
6 f_ 8 © NcoII _f
4 ;_ SyS: < NcoII > MB ‘ _;
o —_—
145 =

1_._:Q:=i= . _l_E

—— n .
0.9 —
0 10 20 30 40 50 60 70 80 90

ZN Energy Event Class (%)
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CL1
Q

Qp

pPb
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CL1
Q

QpPb: other estimators

pPb
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How to measure heavy quarks?

* Non-prompt J/y from B hadron decays.
* First ‘direct” beavty measurement
* Exploit the displacement of J/p of .
~hundreds ym in the fransverse plane. —T.

* Simultaneous fit of pseudo-proper decay
length (Liy) and invariant mass.

* Displaced electrons coming from B hadron g rawceremn
decays. B e .
* |solate the contribution of electrons ? SERN, T

cowming for B hadrons using the larger T
impact parameter. g A
* Fit of the different component in the P S Dl
impact parameter distributions. Ml Ml 01
e i 0n dca x sgn(charge x field) (cm)
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Heavy flavour vo

* Low-pT: do heavy quarks take part in the
collectivity? P —_
* Jue to their large mass they should _.
“feel” less the collective expansion Loy

Out-of—p,laﬁe
..-"'_<

* High-pT” probe the path length AL <
dependence of the heavy quarks energy
loss

02 — 0.3 , , , , , Coll (via resonance)
PbPb Sqrts - 2.76 TeV min bias : electrons’ Iyl < 0.8 — : : . .
0.18 | —— B-mesons j 025 | muons, 2.5 < Iyl <4.0 | thick: D-Mesons Coalescence ——
0.16 | —— D-mesons - . non-prompt J/psi, [yl < 2.4 - thin: B-Mesons Fragmentation -----
014 | b-quarks ] . D mesons, lyl <0.5 0.15 1 AusAu - 200 GeV Resonance 150 MeV |
- c-quarks 0.2 | . T Centrality 20%-40%
0.12 | | n=3+2, running coupling,
é\' 0.1+ 0.15 k=0.2, K=3.5 | 04 |
o .
008 | >
0.06 | 0.05
004 +
002 ; . o
0.0 : : : : : : : " Pb+Pb _ 0 [
0 2 4 6 8 10 12 14 005 L Ye=276TeV |  b=9.71m . . l
p; [GeV] o 2 4 6 8 10 12 o e
pr [GeV]
J. Aichelin et al. in arXiv:1201.4192 J. Uphoff et al. in arXiv:1205.4945 T. Lang et al., arXiv:1211.6912
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s In PbPb collisions

* Abundance of strange quarks in the QGP (strangeness
enhancement)

* Large Ds enhancewment expected if ¢ quarks recombine in the
QGP (recombination/coalesence models)

2r
o t.'l'.‘E 1.8 - He, Fries, Rapp, based on arXiv:1204.4442
S 1O am s B ; Pb-Pb, 2.76 TeV, 0-10%
§ ?' ’ 1 6_ ———DgatT,
g % 1.4¢ ——-DatT,,
8. O o o ..
>
I

.......... 1.2F
Toa, b MENES0g S ML

i " 0.8; /7
. - N AT
B A 0.657 \\ |
I : ALICE pp & 800 GeV :/ Q\ J
] STAR Au-Au, pp at 200 GeV 0'4_ \\ = B
104 A ALCE Po-Phat 275 TeV ] - S
[ 2 emnrerm 00y 0.2F
1 L IIIIII[ 1 IIIIIII 1 11 :
\ o 2746 8 101214 16 18 20 22 24
(Noart p, (GeV/c)

|. Kuznetsova and J. Rafelski, EPJC51, 113 (2007)
M. He et al. arXiv:1204.4442
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T T T | T T | T T T | T T T | T T T | T T T T Al N T T T | T T T | T T T | T T T | T T T | T T T | | T T T | T ]
N > = + *+ -
ALICE D°, D*, D™ average, lyl<0.5 0.4 AUICE D’,D", D*average  Pb-Pb, |s,, =2.76 TeV ]
7 T Syst. from data . -
............................................................................................................................. ] _I:I y rom Centrallty 30-50% |
Pb-Pb, |syy = 2.76 TeV . -] Syst. from B feed-down .
Centrality 0-20% . -
WHDG rad+coll ] _
= — 1 « POWLANG i ]
5 —— Cao, Qin, Bass -
0 6";' ....... MC@sHQ+EPQOS, Coll+Rad(LPM) _| ]
I VIR Y T ST BAMPS _ -
N 1§ ST TAMU elastic - ]
57 — UrQMD g
0.41— 0 -
_ 0 DY P - WHDG rad+coll .
- . A L — . POWLANG N
0.2 \4{‘&:::_\__%__.=:_.=__,_=.,, .0.{f="-"- Cao, Qin, Bass ]
B T i Y B nCIRTEY MC@sHQ+EPOS, Coll+Rad(LPM) - --- TAMU elastic -
B = IPIPATY BAMPS — — UrQMD ]
O | | | | | | | | | | | | | B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | T

0 4 6 8 0 2 4 6 8 10 1 1
P, (GeV/c)
HQ production Medium Modeling Heavy quarks interactions Hadronization
FONLL, no shadowing Glauber model collision radiative + fragmentation

(AIP Conf Proc. 1441 geometry, no hydro collisional energy loss
(2012) 889 evolution
POWLANG POWEG (NLO) + EPS09 2+1d expanding medium HQ transport (Langevin) + fragmentation
(J. Phys. G 38 (2011) shadowing with viscos hydro evolution collisional energy loss
124144)

Cao, Quin, Bass
(Phys Rev C 88 (2013)

LO pQCD + EPS09
shadowing

2+1d expanding medium
with viscous hydro evolution

HQ transport (Langevin) +
quasi elastic scattering +

recombination +
fragmentation

044907) radiative energy loss
MC@sHQ+EPOS2 FONLL, no shadowing 3+1d fluid dynamical HQ transport (Boltzmann) + recombination +
(Phys Rev C 89 (2014) expansion (EPOS) radiative + fragmentation
014905) collisional energy loss.
MC@NLO, no shadowing | 3+1d fully dynamic parton | HQ transport (Boltzmann) + fragmentation

(Phys Lett B 717
(2012) 430)

transport model

collisional energy loss

(arXiv:1401.3817)

FONLL + EPS09
shadowing

transport + 3+1d ideal hydro
evolution

HQ transport (Langevin) +
collisional energy loss +
diffusion in hadronic phase

recombination +
fragmentation

UurQMD
(arXiv:1211.6912)

PYTHIA, no shadowing

3+1d ideal hydro evolution

HQ transport (Langevin) +
collisional energy loss

recombination +
fragmentation
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Quarkonia

S

% At the low-pr (o1 > 0) : [
* ALICE observes a constant suppression |
vs centrality. 0.65_
¥ The suppression is smaller than what F

was observed at RHIC: o -
¥ predicted signature for regeneration 0'2;_ w0
% 50 100 150 200 250 800 850 400
(N o)
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Quarkonia

¥ At the low-pr (ot > 0) :
¥ ALICE observes a constant suppression
vs centrality.
¥ The suppression is smaller than what
was observed at RHIC:
¥ predicted signature for regeneration

* At high-pt (o7 > 6.5 GeV/c) :
¥ CMS observed a suppression for J/P
with pt > 6.5 GeV/c.
¥ Similar (but slightly smaller) suppression
than at RHIC.

[0 PHENIX (PRC 84(2011) 054912), 1.2<lyl<22, p >0 GeV/c  global syst.= = 9.2%

Inclusive JAy — u*w, Pb-Pb |s,, =2.76 TeV and Au-Au |s,, =0.2 TeV
Il ALICE (PLB 734 (2014) 314), 2.5<y<4, O<pT<8 GeV/c global syst.= = 15%

0 50 100 150 200 250 300 350 400

(N )

pZ 1.4

1.2

g __IIICIMISI IPIrleIIIirIT'I'ilr]Ial.rlyl | LI | IIIIIIII | TT I:
- PbPb\/s\\=2.76 TeV ‘

PAS HIN-12-014 -

—
T T TEmE T T

0.8
LI

0.6]-

0.4

0.2 Iyl <2.4

- 6.5< p, < 30 GeV/c

Prompt J/p

IIII|III
0O 50

100 150 200 250 300 350 400 B40

| ——————

-



Quarkonia Y
n: 1.2 PHENIX (PRC 84(2011) 054912), 1.2<lyl<2.2, p >0 GeV/c  global syst.= = 9.2%
% At the low-pr (pr > 0) : me T
¥ ALICE observes a constant suppression :
vs centrality.
¥ The suppression is smaller than what
was observed at RHIC:
¥ predicted signature for regeneration

Inclusive JAy — u*w, Pb-Pb |s,, =2.76 TeV and Au-Au |s,, =0.2 TeV
Il ALICE (PLB 734 (2014) 314), 2.5<y<4, O<pT<8 GeV/c global syst.= = 15%

0 ~""50 100 150 200 250 300 350 400
(N o)
Regeneration involves mainly low-pr 14
:EE T Inclusive JAy — u*w, Pb-Pb \s, . =2.76 TeV
charm quarks? < o
. . Il ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<pT<8 GeV/c global syst.= + 15%
Charm quarks take part in the ﬂ
evolution of the system? -
% Models that include recombination of o
charm quark in a deconfined system 041
can describe J/{ suppression.

== Shadowing+comovers+recombination (E. Ferreiro, PLB 731 (2014) 57)

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OO 50 100 150 200 250 300 350 400

(Nt




Quarkonia in pPb

¥ Differently from open HF, J/{
production is sensitive to cold
nuclear matter effects:

% at forward rapidity the J/Q
production is suppressed by about
20%

¥ models including shadowing and
coherent energy loss

e

arXiv:1308.6726

b

p-Pb \s,,,= 5.02 TeV, inclusive J/y—p*u

0.6
04
- e ALICE: ﬂ-ﬂpT*ﬂﬁ GeVlie, (arXiv:1308.6726)
025 LHCh: 0<p_ <14 GeVic, (arXiv:1308.6729)
D_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
-4 -3 -2 -1 0 1 2 3 4
yl:ﬂ"lS
L — -
Keo)
‘2—11 4 p-Pb \sy,= 5.02 TeV
Q: ALICE (JHEP 02 (2014) 073): inclusive J/y—u*u, 0< <p.< <15 GeV/c

0.6F

0.4

0.2

0.8}

Lin (-4.46<y  <-2.96)= 5.8 nb™, L, (203<y_ <3.53)= 50nb
ALICE Preliminary: inclusive J/w—»e e, P> 0

L (-1.37<y _ <0.43)= 52 ub!

global uncertainty = 3.4%

........

| N EPS09 NLO (Vogt)

~# CGC (Fujii et al.)

N ELoss, q, =0.075 GeV%fm (Arleo et al.)
| ] EPS09 NLO ELoss, q, =0.055 GeVZfm (Arleo et al.)
= EPS09 LO central set (Ferrelro et al.)

- == EPS09 LO central set + ¢, = 1.5 mb (Ferreiro et al.)
- EPS09 LO central set + 6, = 2.8 mb (Ferreiro et al.)

-III|IIII|IIII|IIII|IIII|[III|IIII|IIII|IIII|III
4 3 2 1 0 1 2 3 4

e — ———



-onia suppression at LHC

* Putting all quarkonia results together I I R AR AR A AN

: - CMS Preliminary 0-100% -

from the CMS experiment: 12 PbPby(Sg, = 2.76 TeV .

* Excited states are always more s Inclusive w(25) (65 < p_ <30 GeVic, Iyl <16) -

suppressed than the ground state. 0.8 Y(3S)(lyl <2:4), 5% upper limi .

* Is really binding energy driving the [ ;:ozrii)flj/l\: (26.‘2<p,<3o Gevic, by <24)

quarkonia suppression? 08¢ y(15) (lyl <2.4) 7

0'4:_ Y(1S) -

* |Important caveats: I ® oy i

* centrality and pT ranges 0.2~ y(28) Y(25) .

* regenerations O:f..ﬂ(?s.)........l,.l.,. 1

* initial state effects (pAl!) o 0z 04 06 08 1 12
Binding energy [GeV]
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J/P in pA collisions

* J/P production in pA collisions measured by the ALICE and LHCb detectors.
* Both of them are “asymmetric” detector for what concerns J/{
reconstruction.

* Data collected in two configurations:
* p-Pb:
* p going through the muon arm (forward direction)
* X Iinvestigated:
* Pb-p:
* Pb going though the muon arm (backward direction)
* X Iinvestigated:

2.03<yus<3.53 -4.46<y-ms<-2.96

B43



J/U in pA collisions

arXiv:1308.6726

* Differently from open HF, J/{

production is sensitive to cold nuclear
matter effects:

* at forward rapidity the J/{

production is suppressed by about
20%

* models including shadowing and
coherent energy loss

0.6

04

0.2}

T

p-Pb s,,= 5.02 TeV, inclusive J/y—u*u

o ALICE: 0<p_<15 GeVlc, (arXiv:1308.6726)
o LHCb: 0<p <14 GeV/c, (arXiv:1308.6729)

0.6}

0.4

0.2

0.8}

4 -3 -2 - 0 1 2 3 4

p-Pb \sy,=5.02 TeV
ALICE (JHEP 02 (2014) 073): inclusive J/y—p*u, 0<p <15 GeV/c
Ly (-4.46<y  <-2.96)=5.8nb", L (2.03<y <3.53)=5.0 nb’
ALICE Preliminary: inclusive J/y—e‘e’, pT>0

Ly (-1.37<y  <0.43)= 52 pb”

global uncertainty = 3.4%

........

I I EPS09 NLO (Vogt)
8l CGC (Fujii et al.)
: [ ELoss, qo=0.075 GeV¥fm (Arleo et al.)
| ] EPS09 NLO + ELoss, qo=0.055 GeVZ/fm (Arleo et al.)
|——— EPS09 LO central set (Ferreiro et al.)

|- == EPS09 LO central set + 5, = 1.5 mb (Ferreiro et al.)
[ === EPS09 LO central set + ¢, =2.8 mb (Ferreiro et al.)

_IIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIII
4 3 2 4 0 1 2 3 4




J/P in pA collisions

* Differently from open HF, J/{
production is sensitive to cold nuclear
matter effects:

* at forward rapidity the J/{

production is suppressed by about
20%

* models including shadowing and
coherent energy loss

* at forward rapidity the suppression
seems to be driven by low-pT J/{

* at backward rapidity the slight
enhancement seems to be driven by
high-pT J/

Rpr

Rpr

140 ALICE Preliminary
" [ p-Pb \s=5.02 TeV, inclusive Jiy -y
12 -4.46<y_ <-2.96, L, =5.8nb"
1 I o
0.8
0.6F
0.4
i 7] EPS09 NLO (Vogt)
02 __ - ELoss with q°=0.o75 GeV¥fm (Arleo et al.)
i - EPS09 NLO + ELoss with q°=0.055 GeV/fm (Arleo et al.)
IIIIIIIlIIIlllillllilllllllllIIIIIIIIII
00 1 2 3 4 5 6 7
p. (GeV/c)
140 ALICE Preliminary

- p-Pb \s,=5.02 TeV, inclusive J/y—-u'w
- 2.03<y_ <353, L,=50nb"

1.2}

0.8}

0.6F

0.4

[ EPS09 NLO (Vogt)
I CGC (Fuiii et al.)

0.2

0 |||||||| Lvv v v 1000 RTINS T R

[l ELoss with q°=0.075 GeV2/fm (Arleo et al.)
- EPS09 NLO + ELoss with qo=0.055 GeV?/fm (Arleo et al.)
] |

0 1 2 3 4 5 6
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When we consider all data together...

I ALICE inclusive J/y—p*u
1 4 . e Ry (2.03<yms<3.53)x L (-4.46<ycms<-2.96), \Sy\= 5:02 TeV

- r (preliminary)
1 2__ AF»‘ (25y <4 \Syy= 2.76 TeV, 0-90%)

* Evaluate CNM effects with pA data: f
* 2 =» 1 kinematics for J/{ production %f e —H——H— ___________________
wos;

* CNM effects factorize in pA 0'8_"@_ p-Pb
* CNM evaluated as Rpa X Rap since the o =§=‘H—

0.6
X coverage is similar as PbPb _E— _B_ ———— g

0.2F

I- hypothesis: factorization of shadowing effects from the two

* CNM effects don’t explain the N SN T T
suppression observed at high-pT, that S0 b Gevie)
it is then coming from hot medium 2B cemmmenre s, fom
effects.

B J/w forw backw
1.6 Ropo X Fopy

1 4 - Rpypp: | Syy=2-76 TeV, 2.5<y <4, 0-90% (arXiv:1311.0214)
- - 1o forw , limi
C I'a’p,,h T \S=5-02 TeV, 2.03<y  <3.53 (preliminary)

1.2 — n:;b i\ NN_S..02TV 4.46<y_ <-2.96 (preliminary)
* Clear pT trend observed when 1~Pr ........ e ]
considering the ratio of the Raa in the 0.8} H
two collisions system: OoF _H_
. . 0.4
* SuppreSSIon at hlgh_pT 02 f_hypotlh'esis:factorizationofshadoyvingeffectsfromt_hetwo
* enhancement at low-pT o Ll L ]




Y production in p-Pb

* Y production in p-Pb collisions
measured by ALICE and LHCDb at
forward rapidity, by CMS at mid-
rapidity.

* Similar suppression for Y(1S) at
forward and backward rapidity,
even if LHCb data systematically
higher than ALICE ones

* |n p-Pb collisions excited Y states
suppressed with respect to pp
collisions.

* Similar effects for the Y(2S) and
Y(3S) with respect to the ground
state.

p-PD {50, = 5.02 TeV, inclusive Y(15)=u'y

v ALICE
m LHCD

-

06
0.4k
0.2
I:]TIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4 3 2 4 0 1 2 3 4
J"r{:ms
5&1 4-_CMS pPb 5, =5.02TeV CMS PbPb y5,, =276 TeV .—_
- - @y |<ts3Ll=3tnb’ A Iy J<24 L=150p0" |
= B = ¥  95% upper limit ]
EE 1.2 PRL 109 (2012) 222301
E i p* = 4 Gevic _
£ 1 T
.;F = —
2 -Pb ]
= 0.8 + p B
= _
W
3 if
206 -
0.4+ .
Pb-Pb
0.2 T ]

T{25)/T(15) T(35)T(15)
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P(2S) in pPb

. Rpr mUItlp“Clty and momentum o 1.8F iLlC;;pP'Pb \Syn= 5-02 TeV, inclusive JAp, y(2S)—>u*w
integ rated: 1.6 *2\ o Y(2S)
PE 4
@ Both backward and forward rapidity b
clear suppression observed. Final
state effect? ol
0.4 ; | EPS09 NLO (Vogt) \
0.2 F | ELosswith g =0.075 GeV?m (Arleo et al.)
B . EPSOQ NLO + ELoss with qo_o .055 GeV/fm (Arleo et al.)
oLl Lo b b e b a b Lo Lua g
VR S e R R S R
ycmS

P(2S) measured in
® forward rapidity region
B 2.03 < ycms < 3.53 (forward)
B -4.46 < ycms < -2.96 (backward)
Bpr>0
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L|)(QS) Qpr

P(2S) =» p+p- measured in

%ﬂ‘; 4| mnolusive y(28) - u ALICE Preliminary
B forward rapidity region BT (w02 TeV
B 2.03 < ycms < 3.53 (forward) L

B -4.46 < ycms < -2.96 (backward

B Focus on the ZN estimator that it is
considered to be the less biased.

B Multiplicity integrated values for o_gf_ ® Prgoing direction, 2.03 <, <353
backward and forward rapidity

m PDb-going direction, -4.46 Y s -2.96

| | | |
80-100 60-80 40-60 20-40

5-20

ZN Energy Event Class (%)

f, élear suppreésion of P(2S)

| Increasing suppression from low to high multiplicity events




P(2S) Qpro PFH\>>X<<fE;‘l|X

P(2S) =» p+p- measured in S 14k ALICE Preliminary
@ forward rapidity region s I o ALICE pPh {502 ToV (2030, <858, prgaing diection
%3Q 1.2 - m ALICE p-Pb {5,,=5.02 TeV (-4.46<y__<-2.96, Pb-going direction)
. 2_03 < yCMS < 3_53 (forward) : | ¢ PHENIX d-Au s,= 200 GeV (ly__1<0.35), PRL 111,202301(2013)
B -4.46 < yows < -2.96 (backward || -
0.8F ¢
- 1
. . . 06 B ¢
B Focus on the ZN estimator that it is :
considered to be the less biased. 0.41 %
B Multiplicity integrated values for 0.2F ]
backward and forward rapidity N S T I T T T

0 2 4 6 8 10 12 14 16 18

mult dAu
<Ncoll >, <Ncoll >

f, Clear suppression of (2S)
' Increasing suppression from low to high multiplicity events




L|)(QS) Qpr

mult
pPb

Q

Backward rapidity

[ Inclusive J/ip, ¥(2S) — w'w

¢ Jy
m y(29)

Forward rapidity

ALICE Preliminary
[ p-Pb {s,,=5.02 TeV, -4.46 Y < "2-96 (Pb-going direction)

80-100 60-80 40-60 20-40
ZN Energy Event Class (%)

[ Inclusive JAp, y(2S) — nw'w

L sy
T e y(29)

80-100

ALICE Preliminary
[ p-Pb |s,=5.02 TeV, 2.03 <Y < 3-53 (p-going direction)

ZN Energy Event Class (%)

f, Florv;lard ra&dity: J/P and 4l|)(2$) show a simiar decrasing trend vs
| event activity
 Backward rapidity: J/ and ((2S) clear different behavior, P(2S) is more

suppressed in high multiplicity events.



Wrap up (IV): Qppp

B D mesons: no multiplicity dependent
modification of the spectra is observed

Within uncertainties. %hg_ - E_Inclusive Jhp—utu, p-Pb VS_NN= 5.02 TeV, 0<p_|_<15 GeV/c
' [ = 2.03<ycms<3.53, p-going direction
] J /l-l) Qpr: 1.4 g o -4.46<y__ <-2.96, Pb-going direction
* Backward rapidity: Increase of Qppo 1ok
for increased event activity; stronger i ] 4 B
enhancement at high-pr 1"% """""""""""" B""""""'"XLiEE'E;;.i;;i};;;;,'I
* Forward rapidity: Decrease of Qpprb o8l = %
for increased event activity; stronger —— [=] & .
. 0.6
suppression at low-pT : =
0.4 . | | | | |
. 80-100% 60-80% 40-60% 20-40% 10-20% 5-10%
i3 LI)(QS) Qpr; ZN Energy Event Class

Increasing suppression from low to
high multiplicity events
Similar suppression at both rapidities
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