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Heavy flavor: a unique probe

® heavy quarks: charm (m, ~ 1.5 GeV), beauty (m, ~ 5 GeV)
o mc,b >> AQCD
- heavy quarks = genuine hard probes, even at low p;

® large mass - short formation time:
Tep ~ 12m, , < 0.1 fm << 7tgyep ~ 5-10 fm

® heavy quarks are unique

e interactions with produced QCD medium don‘t change the flavor
but can modify the phase-space distribution of heavy quarks

e thermal production rate in the QGP is “small“ (may be measurable > T)

-> destruction or creation in the medium is difficult
-> transported through the whole evolution of the system
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Open heavy-flavor measurements

® heavy-flavor hadron decays via weak interaction:
decay lengths ct ~ few 100 um - measure decay products

Full reconstruction of D meson hadronic Semi-leptonic decays (c,b)
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Testing pQCD calculations
In pp collisions

RHIC: Vs = 200, 500 GeV
LHC: Vs =2.76,7, 13 TeV



Heavy quarks in pp collisions

@ testing ground for perturbative QCD calculations

@ relevant production mechanisms

on the parton level
e LO: gluon fusion, quark-antiquark annihilation
e NLO: gluon splitting, flavor excitation

e Or even more complex, e.g. N
Multi Parton Interactions (MPI) .= .
@ reference for p(d)-A o '

and A-A collisions
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Heavy-flavor hadron production
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Leptons from heavy-flavor decays
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® e* (u*) from HF decays at mid (forward) rapidity

® pQCD calculations in reasonable agreement with data
within uncertainties
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Beauty production
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Total charm & beauty cross sections

—_~ TTTT] T L | | | —_ | T T T 1T 1T 117 |
o] - 4 o)
=. —@— ALICE (total unc) e = @ ALICE, pp 1s=2.76 TeV, |y|<0.8
~ 4l [ ALICE extr. unc. - | - 102 - —
9 10" E- Z5— ArLas Preliminary (total unc.) . E 3 E @ALICE,pp \s=7TeV, yl08 3
- [ ATLAS extr. unc. ‘< E \[_Q C DF. o5 _ 1 TeV 0.6 ’
b C —4— LHCb Preliminary (total unc.) L - b'Q r + COF, PP \s=1.96TeV, lyl<O.
A PHENIX ho] - % UA1,pp 1s=0.63TeV, |y|<1.5 .
- % STAR P " EPHENIX,pp 1s=0.2TeV, y|<0.35 L.
[] HERAB (pA) . i
103 M E653 M) L7 — — FONLL
E V E743(pA) ’ 3
C V¥ NA27 (pA) P 10 =
4 NA16(pA) ‘ .
O E769(pA) , C
NLO (MNR)  ~
107 _— I
- , cC bb
’
’ 1= —
’ - B -
:IQ F v ALICE extr. unc.
10 ! — B s SALICE extr. unc. |
= H JHEP 1207(2012)191 = - <  PLB 73§(2014)97 .
—1||| 1 |1|||||| 1 Ll 1 1 ||||||| 7 I L L ey 1 1 1 Illlll
10 10 10° 10* 102 10° 10*
\s (GeV) \s (GeV)

® experimental precision not yet satisfactory
(e.g. for quarkonia reference!)

e extend kinematic coverage (low p+!)
e larger data samples
e improved control of systematic uncertainties

® can data constrain pQCD parameters?

® further constraints: more differential measurements
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D-meson yields vs. multiplicity

® do Multi-Parton Interactions (MPI) play a role on the
hard scale relevant for heavy-flavor production?

N
‘ [6)]

N
o

(EN/dydp.) / (d*Nidydp.)
1_?LI T T a

ALICE, pp \s =7 TeV ]
¢ Average D°, D*, D** meson |y|<0.5, 2<p <4 GeV/c
¢ Jy — e'e, |y|<0.9, p>0 —

$ Jy - W, 25<y<4.0, p >0 m

E*” {

T

6// 3/ -
+ 6% ul (dN/dn)/(dN/d'q) l h own _|
I I I ,

e R
= B fraction hypothesis: x 1/2 ( ) at Iow (h gh) mult plcty

B feed-down unc.
o

s 6
PN
I

o
-
18
w

5 6 7 8 9
(dNy/dn) / (N _/dn)

N
[6)]

N
o

—
o
LI L B A

(FN/dydp.) / (d*Nidydp.)
||EI1I1‘|\|1|II a

B feed-down unc.
o

s 6
PN
I

T T T e T
ALICE, pp \s =7 TeV

Average D° D*, D*" meson ly]<0.5, 2<p <4 GeVic |

Non-prompt J/y — e'e’, |y|<0.9, p_> _

= -0

~ FINAL

]

(dN/dn)/(dN/dn) 1 'sho wn:
Py

Bfacto hypothess 1/2( )atlow (hgh) multplcty

| arXiv:1 505:006'64 7

O T T

5 6 7 8 9
(dNy/dn) / (N _/dn)

® D-meson yields increase more than linear with dN_,/dn

® similar increase for open and hidden charm

- behavior driven by production mechanism, not hadronization
® similar trend for non-prompt JAp from open-beauty decays

® models including MPI describe observed trend
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Cold nuclear matter effects
in p(d)-A collisions

RHIC: d-Au collisions at Vsy, = 200 GeV
LHC: p-Pb collisions at Vs, = 5.02TeV



Heavy quarks in p(d)-A collisions

® quantify cold nuclear matter effects

e nuclear modification of
Parton Distribution Functions
(shadowing, gluon saturation)

e k; broadening
e energy loss in cold nuclear matter
e multiple binary collisions

® final state effects? Y
® reference for A-A collisions e
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Electrons from HF decays at RHIC
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® R, , > 1 for low-p; electrons at mid rapidity
(also for muons at backward rapidity)

® no “large” enhancement via anti-shadowing expected

® consistent with radial flow
- D-meson measurement highly desirable
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HF decay electron R, at the LHC
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® R, consistent with unity and described by models
including initial-state effects or radial flow within uncertainties

® R, of beauty-hadron decay electrons consistent with
inclusive HF decay electron R, and with unity

® no indication for suppression at intermediate/high p;

Kang et al.: PL B740 (2015) 23; Sharma et al.: PR C80 (2009) 054902:;
‘ FONLL: M. Cacciari et al., JHEP 9805 (1998) 007; EPS09: K. J. Eskola et al., JHEP 04 (2009) 065
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: Backward:
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® R, of HF decay muons is consistent with unity at forward rapidity
and slightly larger than unity at backward rapidity for 2 < p; <4 GeV/c

® described within uncertainties by models including
cold nuclear matter effects

NLO (MNR): M. Mangano et al., NP B373 (1992) 295; EPS09: K. J. Eskola et al., JHEP 04 (2009) 065;
Z.B. Kang et al.: PL B740 (2015) 23; |. Vitev: PR C75 (2007) 064906
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D-meson Rpr at the LHC

PRL 1 1 3(201 4)232301
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® R ., consistent with unity for all D-meson species

® described within uncertainties by models
including initial-state effects

® no indication for suppression at intermediate/high p+

H. Fujii & K. Watanabe, arXiv:1308.1258; pQCD NLO (MNR): M. Mangano et al., NP B373 (1992) 295;
EPS09: K. J. Eskola et al., JHEP 04 (2009) 065; Vitev: PR. C75 (2007) 064906
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Multiplicity (in)dependence: Q_;,
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B-meson Rpr at the LHC

34.6 nb™' (pPb 5.02 TeV)

-CMS B"
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® B-meson R, for various species
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BO

® pp reference from FONLL pQCD

® consistent with unity
- no indication for significant
cold nuclear matter effects
@ capability to reconstruct B mesons

in Pb-Pb collisions as well!
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Beauty and charm jets
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® b-jet R p,, consistent with ® first c-jet measurement
unity within uncertainties in nuclear collisions
® no significant suppression due ® PYTHIA agrees with
to cold nuclear matter effects measured spectrum
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Dense/hot QCD matter effects
In A-A collisions

RHIC: Au-Au (U-U) collisions at Vsy, = 200 (193) GeV
LHC: Pb-Pb collisions at Vsy, = 2.76TeV



Heavy quarks in A-A collisions

® interaction of heavy quarks with hot/dense medium

e parton energy loss via radiative and
collisional processes
— depends on
— color charge
— quark mass
— path length in the medium
— medium density and temperature

> expect: AE; > AE, , > AE > AE,,
=2 R,A(light hadron) < R,,(D) < RyA(B)?
— caveats:
- different shapes of parton p; distributions in pp collisions

— different fragmentation functions
— role of soft particle production at low p;

e collectivity in the QGP

— initial spatial asymmetry
- azimuthal asymmetry of particle emission in momentum space

— heavy quarks participate in collectivity of the medium in case of sufficient
re-scattering = approach to thermalization

— high p;: path-length dependence of energy loss > azimuthal asymmetry

c quark
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~ Phase (< 1,)
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B-Let suppressmn at the LHC
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® fully reconstructed b jets in Pb-Pb collisions at 2.76 TeV
® suppressed compared to measured pp reference
® qualitatively consistent with light-flavor jet suppression

® b-jet suppression shows strong centrality dependence
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Electrons at RHIC
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® electrons from HF decays in Au-Au T o\ o
collisions at 200 GeV e i A
® suppression of the yield at high p; j::*}f,’.'l N / e

® binary scaling of the total yield 4 T
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® positive v, BRI " ;
® model comparison:
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Electrons in U-U collisions at RHIC

® new pp reference from STAR .. ~NEW
for electrons from HF decays ¢ = S, ol —
® p; reach extended to higher 2 g e

and lower p+

® U-U collisions

® energy density ~20% larger
than in same centrality

Au-Au collisions

s UsU, centralty 0-5% (ToF+zoc) NV
—*—— Au+Au, centrality 0-5%

Data/FONLL

10

-

A Preliminary — .Vitev; large Cronin

EILIEIEY |.Vitev; small Cronin

T IIIIIIII

+ #{T»ﬁ " B o ncerany o, | @ Ry 4 fOr electrons from HF
3 # ----------------------------------------- P 4 decays in 5% most central
FE o g ¥ #’f # collisions systematically lower

T IIIIIIII

- than for Au-Au collisions, but

-y
- -
-
S
-
-
-

" still within uncertainties

| 1 1 1 1 | 1 Il 1 1 | 1 Il 1 1 | 1 1 1 1 I 1 1 1

10"H

1
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c—~2e vs. b>e at RHIC

® PHENIX Silicon Vertex Detector (VTX)

® DCA; resolution ~ 60 um

® unfolding of measured electron
dN/dp; and DCA; distributions

-> dN/dp; of
¢ & b hadrons

® p° <4 GeVic

® electrons from
beauty decays
suppressed
less than
those from
charm decays

® new constraints-

for models

@ MM Kobe, 2.10.2015
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HF decay leptons at the LHC: R, ,

AA

R

HF decay e, U
E Pb-Pb, | 5, = 2.76 TeV. E
1.8 Centrall\ty h<‘:Tass 0-10% AI—|CE Preliminary E
1.6 =
- E_ —4— e'«HF* -0.6<y<0.6 UPDATED _E
E —4— e HF, 2.5<y<4 .
l2pF [ syst. uncertainty =
L | B
0.6 H =
%MM&H&
0.2 =
= (*) e*<W contribution not subtracted .
- o]
o0 14 16 18 20
P, (GeV/c)

® high-p; leptons suppressed
® similar for HF decay electrons (|y| < 0.6)

and muons (2.5<y<4,|y| <1)

<
<
o

1

0.8

0.6

0.4

0.2

® pronounced centrality dependence

® also: hint for suppression of electrons

from beauty decays

HF decay u
LI B
| ATLAS Prellmmary
. VS = 2.76 TeV NEW
N ] | —‘—‘7_ ]
i = [ ] ]
— _H-h'{"—*ﬂ l — — % -
[« 0-10% 2011 Pb+Pb L, =0.14nb™" |
[ +20-30%  2013ppL =4.0pb” B
[ +40-60% | <1 ATLAS-CONF-2015-053
4 6 8 10 12 14
P, [GeV]
< 25 T o T T T
T Pb-Pb, | Sy = 2.76 TeV, 0-20% centrality ]
2 —4—b(>c) e ly <08
C - [ syst. uncertainty
1.5:_ + B nomalization uncertainty -
| ++ _______________________________________________________________________________ _:
s 1+ ]
E ALICE Preliminary

® cold nuclear matter effects small at high p;
- hot/dense medium effect
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HF decay Ieptons at the LHC: v

N _HF decaye, u HF decay u
= 04 _——o—Heavy -flavour decay e*, V,{EP, |An| > 0.9}, ly| < 0.7 — > 01 <Py <45GeV i 45<p <SGeV N_EW
E ALICE Preliminary : - ++ +—§—+
03 - —= Heavy-flavour decay p, v{2, |An| > 1.7}, 25 <y <4 005~ ATLA32P7r§I_irmi\r/1ary _.___._ 7
L arxivi1507.03134 B I |Syy=2.76Te ! ——]
i Pb-Pb, | 5, = 2.76 TeV oL BOMPLePbL,=0t4mbT ¢ .
B 20-40% Centrality Class B : : . : . : } I ]
0.2 N 04 5<p <55GeV I 55<p_<6GeV ]
[T SIS S g |
0.1 II + J _h | — 0055 g = —— ]
[ B I S S : — —+
0 L N E S B ]
U 2 - 4 0/ ] 0_1:_ 6<p, <8GeV _:_ 8<p, <10GeV ]
_O 1 L 1 11 I 1 1 1 I 1 11 I 1 IOI I 11 IOI I/Iol ] + :— *
0 2 4 8 10 12 14 oosF T, —{—+ ]
p. (Gev/c) e —+—
] ] ] % ATLAS-CONF- 2015- Q5G]
V5 > (0 at mtermedlate/hlgh Pt o of 10<p <120y | I 12<p<14Gev
® similar for e* and p* at mid rapidity =~ | [
and muons at forward rapidity
® v, decreases towards central collisions’ .
. . . 60 50 40 30 20 .10 . 50 40 30 20 |i1t0 [%]
® confirms strong interaction of centralty (%] centralty

heavy quarks with the medium

® charm (even beauty?) quarks participate in the collectivity of the QGP
R. Averbeck, Im = 1l
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D-meson suppression

arX|v 1509 06888 __ e D (Run 14) [l Extrapolated error from p+p ref.
B 2_[ L L |EI'N'A_L i Do(Run 10+11) . NB Un(ﬁnElty
- C 0 + *+ ] o
O - ALICE AverageD",D",D h 3l o
S 1 '85 Pb-Pb, \ 5, = 2.76 TeV, |y|<0.5 - FINAL : AUtAU10-40%
C1.6__ .0'.1:(’/0 . ] :E 2k||1\‘x\lll\l\l‘l\l\l\l\lll\\\ll < : STARPreIiminary
2 ° ;"(‘;_585 p,-extrap. reference 1 o gf ALICE 0-10% Pb-Pb, | 5, = | 0:< ol
8 1 '4:_ 0 p-Pb, \ s =5.02 TeV, -0.96 <y__<0.04 B B
= 1.9F A 1'6; e Average D°, D*, D** i
© C ! ot 7 1 4F o with p_-extrapolated pp | 1 __T ............ -
8 1HH H ------------------------------------------------ H ; 2_5_ ¢+ DI, ly<05 - "
= y 1 Tk arXiv:1509.07287 I T T B
S 0.8 B L T % 1 2 3 4 5
=2 - r TAMU, PLB 735 (201¢
g 0.6 0'8j . — g?n strange D pT (GeV/C)
Z C H 0 6* s 1
| oy /
0'4: J&‘Hﬁ 4H7 0 4: | i A \A/v{/”{ Kuznetsova, Rafelski EPJ C 51 (2007) 113
0.2F ﬁ% 5 + “F e A He et al. PRL 110 (2013) 112301
T E 0.2 ﬁ: m —E—_H_ Andronic et al. PLB 659 (2008) 149
oLl Eove il L Coli L
b5 16 15 20 25 3035 40 %5015 20 25 30" 35 40

P, (GeV/c) p. (GeVic)

® observed suppression in ® hint for less suppression of
central Pb-Pb collisions at D.* compared to non-strange
the LHC is due to the strong D mesons at LHC/RHIC

interaction of charm quarks e expected if recombination plays

with the dense/hot partonic a role in charm hadronization
: TAMU: He et al.: PRL 110(2013)112301; Kuznetsova, Rafelski:
medium ~ EPJ C51(2007)113; Andronic et al.: PL B659(2008)149
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® STAR Heavy Flavor Tracker (HFT)
® DCA; resolution ~ 30 um

°‘3;A;;Au'2aa¢e'vja-gao;'""""'N"f'l"‘t"N’E: W
025l e D° on-flow est. - - 7005—Au_Au ;
[ —— TAMU w c diff. ] L 600
0.2f — TAMU wo ¢ diff. = g N >
N = .+.
_oasf = 400F o Al X . E
g 0.1f \:&300:_12; Without HFT Cuts 1 + + ?
- § E 10°F 1 _E
0-05¢ 8 200§ or With HET Cus 125M MinBias Events 3
oF L o SWS+B =18 =
~ STARPreliminary | Sy F N Y -t
0 1 2 3 4 5 6 Invariant mass, m,, (GeV/c?)
Transverse Momentum p_ (GeV/c)
wanceoe] @ DO mesons in Au-Au at 200 GeV
1.6 O ]
14 AT {1 ev,>0forp;>2GeVic
1.2 ] - .
PRL 113(2014)142301 ]
& ""th‘e‘csr'y'éfxw'1'506'0'3'g81l ® yield suppressed at high p;
) p+p uncert ® enhancement at 1< p; <2 GeV/c
04 (charm coalescence with flowing medium)
0.2 S | — .
oL STAR Prefiminary .1 @R, and v, model comparisons

Transverse Momentum P, (GeVlc)
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constrain charm diffusion coefficient
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D-meson v,: RHIC vs. LHC

PRL 111(2013)102301

PRC 90(2014)034904
0.3_- LA L NN R B R L N S R R N N B B B R R R [T TR >‘\‘ ‘||||||'||'||||||"'|||'|"'|||||||||0IIl|IIIIIII|IlI|III|III|III|III|III|IIIIIIIII TTTTTT ||||||||||||-
[ Au+Au 200GeV, 0-80% Non-flow est A o6l ALCE L @ PromptD°|y|<0.8, v,{EP} 1 i
[ 0 ' 1 L 1
0.25 - ® D EP . | Pb-Pb, |sy,=276TeV 1 D Syst. from data
- O K ] L 1 - Syst. from B feed-down
0-2:_ 94 °T T O Chargedparices, viEP A2} |
015__ G@@ = I - M ]
: o) Q0 .
01|__ e [ ] | 1 \\\0\ O Ko \\\ |
N (=) ] I O
N e * ] o ] O 4
005 e -] I 1 ]
S 1 1 1
Of T - H o 1 I ]
PR C77(2008)54901 STAR Preliminary ] i Cetalty010/ T Centrality 10-30% Centrality 30-50% 1
—0. 05 ettt ——— — bbb b b b b o b e b b b b b B T b e b b b b b e 1
0 1 2 3 4 5 6 7 e TE 0 2 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

Transverse Momentum p_ (GeV/c) Pr (GeVie) Pr (GeVie) pr (GeVie)

® RHIC: D? v, < light-hadron v, for p; < 3 GeV/c
® D-meson v, measured by ALICE at the LHC

® D-meson v2 > 0 and similar to charged-particle v,
® hint for increasing v, with decreasing centrality

® significant interaction of charm quarks with the medium
-> collective motion of low-p; charm quarks with the medium
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D-meson R,,: RHIC vs. LHC

® D mesons at the LHC and at RHIC

@ different trend for D-meson R,, at low p;?

ALICE: arXiv:1509.06888
STAR: PRL 113(2014)142301

® different modification of nPDFs us ALICE, 0-10% Pb-Pb, | 5y, - 276 TV

@ differences between g 2T I
Pb-Pb collisions at Vs = 2.76 TeV < 8 S f -
and 1.6f 3 T E
Au-Au collisions at Vs, =0.2TeV  1.4f é%ﬂ Hﬁ@%ﬂ[ﬂ_m_ 3

® different shape of pp reference 1.2/ LR LR e

. different radial ﬂOW 0.8 ;\/Av\lltirzﬁepDegrapl)jolatlé/;rz;rence —;

@ different impact of coalescence % ﬁ STAR, 010% A —2ooeﬁv E

= 0-4 . .PRL 1%/3<2014 142301 _:

® some models describe both ﬂ - ﬂ :
0.2 -E-—E——EI—+ E

measurements reasonably
well (e.g. TAMU, PLB 735(2014)445) ° ° 015 20 25 pS?G§\5//c)4O
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D% mesons at the LHC

) *+ CMSPrellmmary ' erPbVSNN-276TeV C?MSIP‘rtlali'n?in?ry' ..,.PP?P,@T?‘?G,EIV
e D%, D*, D™, D.,* mesons 20a

E g00of- Cent. 0-100% ~Data E E © Cent. 0-100% ~Data ]
measured by ALICE g Fpc S B T S

‘\‘; 5000:_ 25< P, <3.5GeVic D°+§ Signal “: E 2 3 28.0< P, <40.0 GeV/c D%+D° Signal 3

2 r - Combinatorial 1 2 L - Combinatorial 3

< ) F - "

w 4000 w  25f Bwisid. 0

® prompt D? measured
by CMS in the range

zoi;
15¢

2000 JARE
i 105 s v OEIUET B oo = L
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é 2_! TT T[T T T T[T T T T [TrTT] |PbF:l? y: 112|7|6| T]eYL e 18“ ‘1é5» ‘1;9‘ o 19}(5(G;V/C; ?_7 175,‘ Hra“.185"19.“{éér;‘(éeV/C%)os
o C .

- 1.8:— —e— Prompt D° R}, CMS Preliminary NEW 3 . -
3L mierocomorn 1 ® Ry, shows suppression in

167 SystPoPbdata oG PAS-HIN-15-005 -

central Pb-Pb collisions relative
to data/FONLL based reference

T ® significant interaction of charm
—&— Promp aas Alice ) )
Submitted to JHEP, arXiv:1509.06888 4 +H quarks Wlth the medlum

ly| < 0.5, Cent. 0-10%

1

1 4 [JEmppreference  arxiv:1509.06888

L Filled markers: data-extrapolated reference
1.2 [ Open markers: FONLL reference

Illlllllll

o
(0 0] —_
T

o
22
TTT[TT1T

® pronounced centrality dependence

lllllllllll

o ® tension with ALICE D-meson R,,
2F + for p; > 16 GeV/c
Oh‘llllll lllllllllllllllllllllllllllllllT L] ]
0 5 10 15 20 25 30 35 40 - difference in pp reference
P, (GeVIq)
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R..: D-mesons vs. pions

naively: AE(g) > AE(u,d,s) > AE(c) > AE(b)

< 2_| T TT LI | T TT | LI ‘ T 1T | LI | T T | T TT L

< r ALICE ]

X 18- 0-10% Pb-Pb, | S,y = 2.76 TeV —

1 6:_ e Average D°, D¥, D* , lv|<0.5 _:

C o with pp p.- extrapolated reference

1 4:_ m Charged particles, n|<0.8 _:

- e Charged pions, n|<0.8 .

12 06888 E

- arXiv:1509. ]

A B

0.8f -

0.6f =
0.4f

b5 0 18 o0 28 30 85 40

P, (GeV/c)

< Rua(B)

<1'4Illlllll‘MIH]H‘IIIIII“HIlIIlIl‘FINAL
< =
c i Pb-Pb, \S\n = 2.76 TeV ]
1.2 A =n*(ALICE) 8<pT<16 GeV/c, |y|<0.8 —
K m D mesons (ALICE) 8<pT<16 GeV/c, |y|<0.5 ]
1— (empty) filled boxes: (un)correlated syst. uncert. .,
B Djordjevic et al. Phys.Lett.B 737 (2014) 298 ]
L aessas nt i
0.8— — — D mesons —
i ALICE: arXiv:1506.06604 ]
0.6 theory: PRL 112(2014)042302
0.4 T~ N
i 40-50% EERT S i
0.2 30-40%  50-30% F\:*\\_
i 10-20% Rt
[ nt shlfted by +1O in <N ) 0-10% ]
L R Ll Ll Ll
O0 50 100 150 200 250 300 350 400
<Npart>

® D-meson and pion R,, are compatible within uncertainties
® agreement consistent with models including
® energy loss hierarchy: AE(g) > AE(u,d,s) > AE(c)
@ different shapes of the parton p; distributions
@ different fragmentation functions
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R,.: D mesons vs. non-prompt Jy

naively: AE(g) > AE(u,d,s) > AE(c) > AE(b) > Rya(rt) <Rua(D) < Raa(B)
<1'4""I""I""|""|""I""I""I""
FINA

< — .l
@ - Pb-Pb,\s=276TeV L e
1.2__ | Dmes'c\:r':ls (ALICE) 8<pT<16 GeV/ce, |y|<0.5 _ . Slmllar <pT> for D and B mesons
- ° oShcevc i zammameas | @ indication for Ry, (D) < Rya(Jp € B)
[ ... {omPy) filed bores: (unjoorrlated syst. uncert, 7 | Pb-Pb collisi
1_ Bjordjevic et al. Phys.Lett.B 737 (2014) 298 - In centra = co ISIons
L — mesons ]
i — Nem i : 0
0.8 H ...... Ngﬂgﬁgmw with ¢ quark energy loss — . conflrmed by CMS D measurement
0.6:— = :: H — _:ALICE: arXiv:1506.06604
: \\ ................. ~——J§-=——__ 1 theory: PL B734(2014)286
i ~ \_‘ .
041 \E‘ S e #--7 consequence of mass difference
ook B ~~3=«l2 ][ of c and b quarks in pQCD based
T s tormonom T 1020% ‘w1 model calculation (pjordjevic, PL B734(2014)286)
_IlllllIIIIIIIIIII[[llllllllllllllllllll
00 50 100 150 200 250 300 350 400
(N ot

® pQCD model including mass-dependent energy loss predicts a
difference between the R,, of D mesons and non-prompt Jhy
similar to the observation

® similar for other calculations (BAMPS, WHDG, Vitev et al.)
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Summary

® pp collisions
® pQCD calculations describe heavy-flavor cross sections
@ interplay of soft and hard processes under investigation
® what about correlations?

® p(d)-A collisions
® no indication for substantial cold nuclear matter effects
® what about collectivity in small systems?

® A-A collisions

@ strong interaction of heavy quarks with the medium
—> suppression of yields at high p; consistent with partonic energy loss
- indication for charm (maybe beauty?) participating in the medium'’s

collective expansion
® what is missing?
® better precision, more statistics, extended p; coverage (high and low (!) p;)
® smaller uncertainties and new differential measurements will help to

® constrain model calculations quantitatively

® address open questions concerning the energy-loss mechanisms, their path-
length dependence, thermalization, coalescence involving heavy quarks ....
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