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Physics motivation

—> Hard probes are produced in

hard scattering processes (large Q?)
in the early stage of the collision

—> They experience the full evolution of the

system — sensitive probes of the properties
of the hot and dense QCD matter (QGP)

—> Energy loss mechanisms

(to< 1 fmic)

—> Collective expansion

—> Hadronization mechanisms b /4\\b

—> Need reference measurements in pp and p-Pb collisions
— Perturbative QCD describes the cross sections measured in pp collisions.
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Hot and dense medium

effects: Pb-Pb collisions

Interaction with the QCD medium constituents

— Energy loss: E
- Elastic collisions (collisional energy loss)

- Gluon radiation (radiative energy loss) -AE
— Momentum gain due to the “push” from \ TJT ¥
medium collective expansion: 2 RN
- Thermalization in the medium? e —
_.-""' /”:r. ."*E_!Ehi-?-" -._.“
|

— In-medium hadronization:
- Hadronization via coalescence in the
medium vs fragmentation in the vacuum?

Goal: extract medium properties with

hard probes observables
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Study in-medium energy loss

— Production of hard probes (heavy quarks, jets...) in A-A collisions
is expected to scale with the number of
nucleon-nucleon collisions Ny (binary scaling) PbPb measurement

— Observable: nuclear modification factor % %

dNAA / dpT QCD medium
TAA>dep/de QCD vacuum pp reference

Raa(pr) = <

— If no nuclear effects are present — Ry, = 1 (binary scaling)

— In-medium parton energy loss via radiative (gluon emission)
and collisional processes depending on:

— color charge
— quark mass (dead cone effect)} g E>AEQ> AEygs> AEc> AEp
— path length and medium density Need to compare
RaA™, RaaD, RaaB
?— Ryp 71
Dokshitzer and Kharzeev, PLB 519 (2001) 199

Wicks, Gyulassy, J.Phys. G35 (2008) 054001
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Collectivity: azimuthal anisotropy

— Re-scatterings among produced particles convert the initial geometrical anisotropy
into an observable momentum anisotropy

— In addition, path-length dependent energy loss induces an asymmetry in momentum space

— Observable: elliptic flow v, = 2" Fourier coefficient of the particle azimuthal distribution

&N 1 AN >
“ & E@ 27 prdprdy (1 ' ?;:1 Zncosin(e ‘PRP)])
21Y
Reaction: © | in-plang vV, measurements probe:
plane X
— Lowl/intermediate py: collective motion,

degree of thermalization and
hadronization mechanism (recombination)

— High p+: path-length dependence energy loss
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Results from the main LHC
experiments

A. Dubla EMMI-NQM, GSI



Highlights from the

conference

Spectra Heavy flavour
- Charged particle Rap at 5 TeV - D meson Rap at 5 TeV
- Jet Raa @t 2.76 TeV - B meson Raa at 5 TeV
- Collectivity in small systems - Di-b-jet at 5 TeV
- Non-prompt J/psi at 2.76 TeV
nPDFs - Heavy flavour decay leptons

- Dijet pseudo-rapidity at 5 TeV
Flow: path lenght dependence

Jet structure - D meson v, at 5 TeV

- Splitting function at 5 TeV - High pt v, at 5 TeV

- Jet-track correlation at 2.76 TeV
Quarkonia

Boson-jet - Charmonium at 5 TeV

- Gamma-jet at 5 TeV - Bottomonium at 5 TeV

-Z-jetat 5 TeV
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Highlights from the

conference
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- Dijet pseudo-rapidity at 5 TeV

Flow: path lenght dependence>

- D meson v, at 5 TeV

- Splitting function at 5 TeV - High pt v, at 5 TeV
- Jet-track correlation at 2.76 TeV

Jet structure

Quarkonia

Boson-jet - Charmonium at 5 TeV

- Gamma-jet at 5 TeV - Bottomonium at 5 TeV

-Z-jetat 5 TeV
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Light flavour

Higher and higher p....

Do quenching effects sustain at very high p7?
Suppression, path lenght and inner structure modification
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Charged hadron suppression
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— Energy loss at high p:
Rising trend as a function of pt up to 400 GeV/c
— approaching 1

— Center of mass energy dependence
Slightly larger E,;ss — higher pt and density
io
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1.6

1.4

1.2

Charged hadron vs jet

25.8 pb (5.02 TeV pp) + 404 ub” (5.02 TeV PbPb)
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— Charged hadron at high pt

HAA

CMS pp 5.43 pb™ + PbPb 166 ub™ (2.76 TeV)

- anti k, jets, Inl <2 0- 5% 1
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— hard fragmenting high pt jets

- Center of mass energy is different but changes are expected to be small
- High pt hadrons are less suppressed than jets

A
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v {SP}

v.{SP}

0.1

0.2

0.0F

Vz{SP} and V3{SP} up to high pt
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[ CMS Preliminary
- PbPb sy, =5.02 TeV

1 o v,{SP}
[ 0 v{SP}

| CMS-PAS-HIN-15-014 |

— FIRST TIME measured v, and v3 up to 100 GeV/c
— Vo remains positive at very high pt, v3 consistent with 0 for pt > 30 GeV/c

— Little centrality dependence of vz w.r.t v,
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Multi-particle cumulants

[ CMS Preliminary
" PbPb VST\JN =5.02 TeV CMS-PAS-HIN-15-014

— FIRST TIME measured v»{4,6,8} up to pt = 80 GeV/c

— Multi-particle seems to converge with v,{SP} at high pt
- Multi-particle nature at high pt — initial geometry effect 3
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Multi-particle cumulants

| CMS Preliminary
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— Low pr: vo{SP} > vp{4} ~ v{6} ~ vo{8}

— Expected in hydrodynamics
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Multi-particle cumulants

[ CMS Preliminary 1 1 ]
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— Low pr: vo{SP} > vp{4} ~ v{6} ~ vo{8}

— Expected in hydrodynamics
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vo{high} vs vs>{low}
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— High pt v, strongly correlated with low pt v5
— Slope decrease while increasing pt

— Clear demonstration that soft and hard v, probe the same initial geometry

— Not so easy: one both varies the geometry and the medium properties
— Use Event Shape Engineering! 16




Flow harmonics

|n Pb Pb at 5.02 TeV

™ T
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— Flow harmonics v, measured upton =7
— First measurements of v7 in 0-60% centrality
— kinematic range: 0.5 < p1 <25 GeV/c, |n| <2.5
— very weak pseudo-rapidity dependence
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Ridge in pp and p-Pb systems
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Ridge in pp and p-Pb systems

|

Q02 055GV ATLAS | = | amas 0 2
- , N 5°>60 Template Fits > O,5<p:'h<5 GeV
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— Shape of pr-dependence of v, is consistent
between p-Pb and pp (scaled by 1.51)
— v4/vo°® ratio is flat in Ny, in both systems
— Hint of a common origin of the ridge in the two systems?
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Multi-particle cumulants in pp

102
OOSX T ol T T T T T I T T T T
i ATLAS Preliminary
p+p Vs=13TeV
0.3< P, < 3 GeV
ml <25 ]

—&=— Method 1
—e— Method 2

c,{4}

Cumulants are extracted for reference -
particles (N "€f): 0.3 < p1 <3 GeVic .
using two methods:

Method 1: fixed Ny "€ multiplicity (avoids o e oMSo(4l §
multiplicity fluctuations) Fo N | e . A E
Method 2: events are selected using N - SNy B i
(p1 > 0.4 GeV/c) Y S

<Ntrk(pT > 0.4 GeV)>

— Weak energy dependence to cumulants, however systemtically higher c,{4}
measured at 13 TeV at low Ny, at higher Ny the trend is reversed.

— Method 1: positive cumulants, therefore no collective effects
— Method 2: negative cumulants over a broad range of N
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Multi-particle cumulants in pp

R —

T R
pel - A_;I'LAF _Pr%mTwlen\?ry -
Cumulants are extracted for reference 008 % 03<p <3GeV -
particles (Ni"®"): 0.3 < pt < 3 GeVic : + P oot
! 0.06— —#=— data, Method 1 —
using two methods: I —c— data, Method2 ]
Method 1: fixed N e multiplicity (avoids oo 3 g
multiplicity fluctuations) 0.02L ]
Method 2: events are selected using N E
(pT > 0.4 GeV/c) R R = R
0

| L | 1 1 1 1
150 200
<Ntrk(pT > 0.4 GeV)>

— Weak energy dependence to cumulants, however systemtically higher c,{4}
measured at 13 TeV at low Ny, at higher Ny the trend is reversed.

— Method 1: positive cumulants, therefore no collective effects
— Method 2: negative cumulants over a broad range of Ny

— PYTHIA: confirm a negative contribution of fluctuation in method 2

— Conclusion: cy{4} in pp is sensitive to the choice of event class
— Mult. fluctuation and non flow could give a negative contribution to c,{4}
— Premature to conclude on collectivity w/o quantify influence of these effects 2
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Heavy flavour

Can we see the dead cone effect?

As pt gets larger — effect gets smaller
Low-pT contribution from other effects e.g. radial flow

Coalescence

Is D meson v, enhanced?
Ds measurements

22
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D and B cross sections at LHC

In pp collisions

25.8 pb™' (5.02 TeV pp)

‘“f CMS g 25.8 pb™ (5.02 TeV pp)
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: : : 25
HF production cross section well described by § 5
NLO calculations: SR === :
— D meson on upper edge of FONLL calculation & P . o uaooiun.
— B meson consisten with central vaues of FONLL 10 L 50
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D and B cross sections at LHC

In pp collisions

6\ T T T T T T | 17T | T T 1 l T I T T E 3 T T T T
- ALICE, pp, \s=7 TeV
- pp, \s=7 TeV . . ppo
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Q) | 86 sl e
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— D 2
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C\_IO B ] o 1
B N 5
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- - oS 2F 3
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B i < A e B =
] * 3.5% lumi, = 1.3% BR uncertainty not shown 05 | =2 =
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ALICE experiment:
D meson measurements down to pt = 0 GeV/c in both pp and p-Pb collisions!

Analysis based on PID only w/o reconstruction of decay vertex topologies
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D meson

nuclear modification factor
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energy of 5.02 TeV ik
— similar suppresion as observed 0.2
at2.76 TeV 0: | | I

— same level of suppression as for 10°

10
charged hadrons p_ (GeVic)

A. Dubla EMMI-NQM, GSI



J/y and D° signal in Pb-Pb with

— LHCDb can contribute to heavy-ion studies in a unique kinematic range

J/W->ptp Full statistics
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J/y and D° signal with LHCb:

fixed target

LHCDb is unique to explore
fixed targed physics
— will provide measurements in many

* SMOG data collected
» pHe at /sy, = 110 GeV
» pNe at /5y = 87 GeV, 110GeV

» pArat \/syy = 69 GeV, 110 GeV

different environment » PbNe at /Sy = 54 GeV

» PbArat /Sy = 69 GeV

pNe collisions at \/syy = 110 GeV, ~12 h (2015)

100} | = 60
= A LHCH preliminary = . by, LHCb preliminary
- - A 2015 pNe data © e f l 2015 phe data
E Eﬂ' |] |I "'u‘; II |
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o autth I Sjpﬁ in\aﬂ:r?;nt misgt?{hﬂegig? ??50 1800 1850 1900 1950 2000

1 K invariant mass (MeV/c?)
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Heavy-flavour decay electron

nuclear modification factor

arXiv:1609.07104
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New high p; Ry, measurements in several Pb-Pb centrality classes show stronger

suppression in the 10% most central collisions respect to semi-central collisions.
Stronger energy loss in central collisions due to the increase of medium density
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Heavy-flavour decay leptons

nuclear modification factor

i 2 LI I LI | LI I LI | LI | LI I LILL I LI I LI I LI
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F Pb-Pb, | 5, = 2.76 TeV . 1.4 —+— Centrality 0-10%, Pb-Pb, | 5, = 2.76 TeV —
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E--mnememmen e e S 3
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New R,, measurements in 0-10% central Pb-Pb collisions are extented down to p; = 0.5 GeV/c
— low-p, measurements crucial in all systems to test binary scaling of total cc cross section
— Suppression compatible with the one observed in the muon decay channel

— Heavy-flavour decay muon R,, at 5.02 TeV consistent with that at 2.76 TeV 2
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Beauty-decay electron R,

— Analysis based on the electron impact parameter distribution.
— First Ry, measurement of beauty-decay electron:

— Rpp < 1 for pr >3 GeV/c
— consistent with the picture of mass-dependent radiative and collisional energy loss
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o ]
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S 1.5 + b,c —e :
S * ]
E | | _
Jo L B Lol
. ]
= il +

O 5 | ‘ + ® _

ll . ~ g - '
—I 1 | | | 1 | | 1 1| | 1 1 | | 1 11 | 1 11 | 1 1 | | 1 1 1 | 1 1| | 11 I—

0O 2 4 6 8 10 12 14 16 18 20
arXiv:1609.03898 P, (GeV/c) 30
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D-meson and J/y — B

Raa VS centrality

— Similar <pt> (~10 GeV/c) for D and B

<1.4IIII|IIIIIIIIIIIIII[IIII|IIIIIIIIIIII
< — -
@ | Pb-Pb, sy =2.76 TeV i mesons (J/y < B) from CMS
19 . m D mesons (ALICE) 8<p_<16 GeV/c, ly|<0.5 _
- Non- Jy (CMS Prelimi . . -
- ® 6.%28:2?0pge$/g, |y|<1.?(‘!l\TSIgSg-)HlN-12-o14 . — Indication of RAA(D) < RAA(JILI" «— B)
4. temety) filled boxes: {unjcorrelated syst. uncert. in central events at high p
- Djordjevic et al. Phys.Lett.B 737 (2014) 298 _
B - = D mesons N
L — = Non-prompt J/y T
0.8 H ...... Non-prompt J/y with ¢ quark energy loss —| v DjordjeViC: non_prompt J/LIJ RAA
o CMS-PAS-HIN-12-014 1 considering for energy loss
0.6 "'\""\:ﬂ:‘ﬁ‘ .
- Q\ ................... T~ = L —- b quark mass} tlgsrﬂggs
S LT ~
0.4 S, I -
B B L / C quark mass e ETEs
B 40-50% ~ gt ]
0.2— 30-40% 0 a0 E\ :"""'u-u =
- " 10-20% T"‘\ : B f
: (*) 50-100% for non-prompt J/y 0-10% : ./ DjOI'djeVIC D_meson RAA
| | | [ | | [ | | [ | 1 | | | [ | | | | | L 111
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— pQCD model including mass-dependent radiative and collisional energy loss predicts

a difference between the D-meson and non-prompt J/y R, , similar to that observed
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J/y — B Rpp Vs centrality and pT

CMS m - 2'76 TeV { T TTT LI | L r7 17T | LI T TT r7T 17T TTTT
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B |Y| < 24 A 1_ Olyl = 2,8 <p_<40 GeVic, Cent. 0-B0% 7]
1t : :
0 8: se100% i 0.8:— CMS non prompt 1.6<|y|<2.4 _:
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; * e 1‘2;20% : 0 4__ *‘* .*. " | E
0.4 N = g tEﬁ g* : Ho
0.2 n
0.2 i i
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Strong suppression observed for non-prompt J/p in Pb-Pb collisions
Clear suppression as a function of centrality and pt

2.76 TeV and 5.02 TeV (ATLAS) results well consistent within the uncertainties 1
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Elliptic flow of J/y — B

New measurement of v, of non-prompt J/y in Pb-Pb collisions at 2.76 TeV

CMS PbPb |s,, = 2.76 TeV
0.25 1 1 T I | T T I 1 i i 11 .
Nonprompt J/y Cent. 10-60% 1
0.2 _
+16<|y|<24 *|y| <24 ,
0.15
4]
-
0.1 +
0.05[-
*
D 1 1 | I S - | 1 1 L L1 | | 1 1 1.1 .
0 5 10 15 20 25 30
P, (GeV/c)

— Central value of v, of non-prompt J/p compatible within 2o with O

— Looking to see the new measurement with Run 2 data with larger statistics
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L
B" meson Raa

Sraal oo o Bt
FIRST EVER measurement of fully o7 il i, ' e 'Ku
reconstructed B® meson in Pb-Pb collisions = % U H
c”" o 25.8 pb™' (5.02 TeV pp) + 350.68 pb ™' (5.02 TeV PbPb)
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Strong suppression of B mesons between 7-50 GeV/c
T 34
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Flavour dependence of E|,¢s

at 5.02 TeV

Raa of B, D and charged hadrons fully compatible within the uncertainties in the
available pt range (REMEMBER: p1° > 7 GeV/c)

25.8 pb”' (5.02 TeV pp) + 350.68 ub™ (5.02 TeV PbPb)

C B meson
R CMS n—
U Preliminary "= B <24
121 | ® |D%ly|<1.0
" Tanandlumi. [ e ] charged hadrons ly| < 1.0
1'_““‘3'-’-”3'“‘}’
£ Centrality 0-100% : :
. / - Does it mean that there is no
o O°F _+_++ flavour dependence?
0.6 E ﬁ | Not necessarily!!!
0.4?# Wy N Lk
. 112:1@ = — AE, > AE, 45> AE, > AE,
[ — different shape of the parton pt spectra
01 — m = '1'{']2 - — different parton fragmentation functions

P (GeV/c)
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Flavour dependence
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Same suppression for b-jets and inclusive jets at high pt
— mass difference negligible at high pt
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Flavour dependence

at high pT

___166ub" (PbPb 2.76 TeV)
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Same suppression for b-jets and inclusive jets at high pt
— mass difference negligible at high pt

— Contribution of gluon splitting processes? In GSP case, we are not measuring the
b-quark E o5 but to some fact gluon Eogs 37
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Di-b-jet measurements

in Pb-Pb at 5.02 TeV

In back-to-back events bb production via gluon splitting is negligible

PT1>PT2

* X~1 H ﬂ X<1 b—
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X distribution of di-b-jets significantly modified in central Pb-Pb collisions
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Di-b-jet measurements

in Pb-Pb at 5.02 TeV

25 pr (5 02 TeV pp) + 404 ub {5 02 Te“u’ Pbe]
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015 o bdiets =
01aF N 3 — Same average asymmetry
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{ part

There is no significant difference in the suppression of inclusive and b-jets
even after excluding the contribution of gluon splitting processes
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D-meson elliptic flow

CMS Preliminary PbPb |5, =5.02 TeV
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— vp > 0 at low and high pt in peripheral events

— In 0-10% — consistent with v, of charged hadrons

—In 10-30% and 30-50%
— Low pt: Vo (promt D9) < v5(charged hadrons)

— High pt: V5 (promt D9) ~ v5(charged hadrons) 40
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D-meson elliptic flow at

different collision eneraies

CMS Preliminary PbPb ||'_ 5.02 TaV

AR RARRRRRR | RAALE LLLLE LARN AARE RAARE
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CMS preliminary results at 5.02 TeV are consistent with ALICE results
at 2.76 TeV within uncertainties
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D-meson triangular flow

CMS Preliminary PbPb |s,,, = 5.02 TeV
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— FIRST observation of triangular flow for charm!

— p1 dependence
— Low p7: v3 (prompt DO) > 0;
— High pt: v3 (prompt DO) ~0

— Little centrality dependence as for charged hadrons 42
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D.* as a probe of charm recombination
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TAMU, PLB 735 (2014) 445
— Non-strange D

— Strong DS+ suppression in central collisions
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The final picture

3 °F
T 1.8 0-10%Pop
e Average 0°, O°, D°

1.6
1.4
1.2

0.4 :'-E

L

A. Dubla EMMI-NQM, GSI

ALICE

wilh pp o -exirap relerpncs

NLO{MNR] with EPS0S shad

> 10

e
| g 1 g 8

D, | 5p = 2.76 TeV

o TAMU elastic
A2 avee Cao, Qin, Bass
WHDG rad+coll

MC@sHO+EPOS ]

POWLANG

BAMPS el

BAMPS el +rad
« PHSD

=

I~ S

15 20 25 30 35 40

P, (GeV/c)

s ALICE D"D’, D" average  20-30%, Pb-Pb
Syst. from data | Sy =2.76 TaV

Syst. from B feed-down

0.1 o A

0.4

WHDG radscoll
— POWLANG in-medium had
MC@sHO+EPOS
Cao, Qin, Bass
TAMU elastic

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

PHSD
BAMPS el

BAMPS el.+rad.

y_ <08 ALICE
a (-20% Pb-Pb, Sam 278 TeV
FOMLL + EPS0ENLD shad
wnne MCEPsHOEPDS2, Coll+ RadLPM
vees BAMPE, k=1.0 1
— HAMPS, k=02
WHDG
TAMLI
wees POWLANG-IOCD (T
— POAWLANG-HTL (T

b{—=c)—e

155 MaV)
155 ko)

P, (GeV/e)

44



The final picture

2F -
é ALICE

« 1.8-0-10% Pb-Pb, | 5, = 2.76 TeV

[}
e Average D°, 0°, D" i<0.5 1702 Eﬁ.ﬁ“‘&;ﬁ:qafﬂ
1.8 - Sl e DG rad+coll ]
with [ p -eeirag B h’\_,@e.HOGEF'DS
14 HLO{MMNR] with EPS0S shad e E-"-Mpé
BAMPS el «rad
12 . PHS
1 i
0.8-{ii '
0.6

%,

02l 8
550 15 20 25 30 35 40
P, (GeV/c)

25.8 pb™' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)

- CMS [#]R,, D°
1 I4: Preliminary —— 5. Canetal
1.2 - " — PHED w shadowing
ke T &nd lumi. _
1l uncertainty.... e SR
i Centrality 0-10%
L lyl <1

s ALICE D°0", D" average 20 0%, Pb-Pb
Syst. from data S =276 TeV

Syst. from B feed-down

- +ﬁ+

0.4

0.2

0.1

WHDG radscoll
— - POWLANG in-medium had

-0.1 MC@sHO+EPOS . PHSD
Cao, Qin, Bass BAMPS el |
TAMU elastic BAMPS el.+rad.
0 2 4 6 8 10 12 14 16
p. (GeV/c)
D4 -ITrT'l':ITITETT1T|TI1'I:ITITI'|'IITI'|'I1rI'l'ITI:I'r.
r Cent. 30-50%
0.3 = Theory prediction for prompt D
o, —LBT CUJET3 1
U2 rmgl —TAMU ]
01§ fa
‘:'2 _.__._I—_‘ — W ]
D' .........................................................
01 2
STETI PRYTH FUTR] PRURY SUTTI RTURY FRUTE SNATI A
I 5 10 15 20 25 30 35 40

P (GeVic)

3 ................... TR FE .
ﬁ } b{—=c)—e |<ﬂﬂ ALICE
] | -
o s 0=20% F" Ph, | $,,, = 2.TE TeV
o 2.5 FOMLL + EPS0SMLO shad

1.4

wes MCEPSHO-EPOS2, Coll+RadiLPM) 4
=+ BAMPS, k=1.0 1
— BAMPS, ksl 2
WHDG
TAMLI

ses POWLANG-IQCD (T =155 MaV] 4
— POAWLANG-HTL (T =155 eV
AdS/ACFT

Pertteesbenssnra T

0 1 2 3 4 5§ ﬁ '.7" 3 g 1’:'
p, (GeVic)
25.8 pb” (5.02 TeV pp) + 350.68 pb"' (5.02 TeV PbPb)
CMS B ly|<24
PfEfImmﬂ-r}’ — M. Djordjevic et al.
M. He et al.
[ T as and lumi, — CUJET3.0 0-20%

P, (GeV/c)

A. Dubla EMMI-NQM, GSI



Conclusion

Demonstration that soft and hard v probe the same initial geometry

I

Additional studies on collectivity in small systems carried out by ATLAS
— Premature to conclude on collectivity in pp collisions

Strong suppression of particle yields in Pb-Pb collisions — final-state effect

Strong suppression of B mesons and similar to D mesons and charged hadrons
— Described by theoretical models implementing mass-dependent energy loss

L

—> A non-zero elliptic flow of heavy flavours was measured
in semi-central collisions at both 2.76 and 5.02 TeV

First ever measured v3 of D mesons

U

Suggests collective motion of low-p; heavy quarks (mainly charm)

—> Comparison of different observables (Raa, v2) at different collision energies
with theory provide additional constrain the energy-loss and hadronization models
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Multi-particle cumulants in pp

el O 3X1q73 T T T T T T T T T T T
S ATLAS Preliminary ~ —s—p+p V5= 13TeV -
Cumulants are extracted for reference ° 0.3<p, <3 GeV —+ p+p (5=5.02TeV |
: . ml <25
particles (N "€f): 0.3 < p1 <3 GeVic 0 A\

—2F
-4f
—-6F
-8

using two methods:

Method 1: fixed N e multiplicity (avoids

multiplicity fluctuations) 0.1
Method 2: events are selected using Ny

(p1 > 0.4 GeV/c)

I T T I | T T T I | T T T
111 | I | | | — I | |

— Weak energy dependence to cumulants, however systemtically higher c2{4}
measured at 13 TeV at low Ntrk, at higher Ntrk the trend is reversed.

48

A. Dubla EMMI-NQM, GSI



Physics motivation

Cold nuclear matter effects:
p-Pb colhs:ons

» GOAL.: assess the role of cold
nuclear matter (CNM) effects

o Initial-state effects:

v" Nuclear modification of the PDFs
— shadowing at low Bjorken-x is the =
dominant effect at LHC energies

v Initial-state energy loss

v’ kr broadening
— due to multiple collisions of the
parton before the hard scattering

R, (r.Q =169 GeV')

&’ Final-state effects
v’ Final-state energy loss

v Interactions with the particles
produced in the collision
— collective expansion?
— Mini QGP?

» Crucial for interpretation of Pb-Pb

results
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Model predictions:

RAA and Vz
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— Vv, and Ry measurements for different heavy-flavour decay channels
together start to provide constraints for models.

— Both collisional and radiative energy loss mechanisms and an expanding medium
seem to be needed to describe v, and Ry, for most of the model.

— Role of recombination of heavy quark in the medium seems to help in describing v,
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D-meson

nuclear modification factor
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— Ryp, consistent with unity (PRL 113 (2014) 232301) — no strong modification of D-meson
spectra in p-Pb collisions relative to pp collisions
— Large suppression of D-mesons at high p; in Pb-Pb collisions — larger suppression in the 10%

most central collisions — final-state effect due to charm quark in-medium energy loss
— D-meson R,, compatible within uncertainties with by for pr > 2 GeV/c

— low-p; measurements crucial in all systems to test binary scaling of total cc cross sections,
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R, Of beauty decay electrons

and J/y — B

— Indication of suppression RyA(J/W < B) in central events at high pr

— R,p measurement of beauty:
— Hint for Ry < 1 for beauty-decay electrons in pt > 3 GeV/c

— models including in-medium energy loss can describe qualitatively

: — C) —
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Model predictions:

RAA and V2
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D-meson and pion Rpa
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— Expected hierarchy in the energy loss: “@ — @ - @

AE, > AE, 5> AE; > AE, 2> Rpa(TT) < Raa(D) < Raa(B)
— D meson and m Ryp as a function of pr and N, are compatible within uncertainties
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D-meson and pion nuclear

modification factor
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— Expected hierarchy in the energy loss: © C ®
AE, > AE, 45> AE; > AE, 25 Raa(TT) < Raa(D) < Raa(B)
— D-meson and 1 Rpp as a function of py and <N,,> are compatible within uncertainties
— Consistency between Raa(D) and Raa (1) described by models taking into account:
— AE, > AE, ;> AE,
— different shape of the parton pt spectra
— different parton fragmentation functions 55
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D-meson and pion Rpa
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— low-p;. measurements better described by model including nuclear shadowing (EPSQ9)
— low-p; measurements crucial in all systems to test binary scaling of total CcC cross section
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pr-differential cross section
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Model predictions:

D meson RAA and V2

— POWLANG: JPG 38 (2011) 124144; Eur. Phys.J. C71 (2011) 1666; — TAMU: arXiv:1401.3817;
— MC@HQ+EPOS: PRC 89 (2014) 014905;

— UrQMD: arXiv:1211.6912[hep-ph];
J.Phys. Conf. Ser. 426 (2013) 012032; -
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arXiv: 1405.2001; PRL 111, 102301 (2013)

OO

Rap measured in-plane and out-of-plane, sensitive to
— path length dependence of parton energy loss at high p
— collectivity at low Pt 58
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