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What'’s special about heavy quarks

- Large mass (mq » Aacp) = produced in the early stages of the HI collision
with short formation time( tcharm ~ 1/mc¢ ~ 0.1 fm/c << Tagp ~ O(10 fm/c) ),
traverse the medium interacting with its constituents

= natural probe of the hot medium created in Hl interactions

+ Interactions with QGP don’t change flavour identity

- Uniqueness of heavy quarks: cannot be destroyed/created in the medium
= transported through the full system evolution

q: colour triplet ——»’6@7

u,d,s: m~0, Cx=4/3 Parton Energy Loss by
(difficult to tag at LHC) — medium-induced gluon radiation
g: colour octet — collisions with medium constituents

%' lose, domioant at LG
> E loss, dominant a
Q: colour triplet _/ AE(e CR,m,L)
c: m~1.5 GeV, Cr=4/3 e

small m, tagged b?/ D’s Prediction: AE > AECQ’ > AEb
b: m~5GeV, Cr=4/3 § a

Iarge mass > dead cone Dokshitzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado, Wiedemann, PRD
-> <Eloss 69 (2004) 114003. Djordjevic, Gyulassy, Horowitz, Wicks, NPA 783 (2007) 493.

‘Quark Matter’
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At both RHIC and LHC: suppressed as much as ...
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Pb-Pb, {5y, = 2.76 TeV
ALICE

® Average D, D*, D™ lyl<0.5, 0-7.5%
owith pp p_ -extrapolated reference

= Charged particles, hl<0.8, 0-10%
« Charged pions, Inl<0.8, 0-10%
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Suppressed — Answers to more differential questions
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LHC RHIC
Au

-y +y d

y in CM frame 0

Qmii:%: Xg<<xXp, | Xg>>xu,

Backward  Xg~Xayu Forward

p-A collisions at /s = 0.2 and 5.02 TeV

d-Au, p-Pb
Cold nuclear matter effect

D ~c
AN, = do ® D.,(2)
dp, dp;
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

* Rppb measured in various channels

« Rppb consistent with unity within
uncertainties

-© DO, D+, D™+ mesons (mid rapidity): can
be described by CGC calculations, pQCD
calculations with EPS09 nuclear PDF and a
model including energy loss in cold nuclear
matter, nuclear shadowing and kr-broadening
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

ro=--- arXiv:1405.3452
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* Rppo measured in various channels m% ALICE - © b, (5,502 TeV |
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« Rppo consistent with unity within 1.4 7
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

ro=--- arXiv:1405.3452
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

a

. . a1
* Rpro measured in various channels o~
1

T T
LHCb
(b) pPb s, =5TeV

=3

1.2
« Slight rapidity dependence

LHCb ® non-prompt J/{: 0.8

iy

AR RN R R R ey R R

T T T
—#— LHCb, J/y from b
P, < 14 GeV/c

s

- at forward, modest suppression 4 Backward
- at backward, consistent with 04 Forward
unity within uncertainties 02 EPS09 LO
R . .nD.Sg. L? ) ) | |
" -2 0 2 4
y
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

a

. . a 1.6 T
* Rpopo measured in various channels  o* (b) LHCb
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—#— LHCb, J/y from b

pPb s, =5Tev " _l_
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1.2
« Slight rapidity dependence B *
LHCb © non-prompt J/{: -
- at forward, modest suppression £ ek P {2 502 Tev we o docays ]
- at backward, consistent with | ALICE Preliminary ]
unity within uncertainties b Forward
®c,b—u: £
- at forward, consistent with unity 05— 0 e s E
within uncertainties R :

- at backward, slightly larger than . :
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Within uncertainties, data can be described by
pQCD calculations with EPS09 parameterization
of shadowing

o

T
p-Pb (5 = 5.02 TeV, j==— c,b decays

Backward
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systematic uncertainty on normalization
L
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Heavy flavour in pA at LHC and RHIC

RyinAu

RpF’b
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At RHIC, fail to reproduce
the data at both rapidity

simultaneously

arXiv:1310.1005
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Heavy flavour in pA at LHC and RHIC

RyinAu

HFB
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At RHIC, fail to reproduce
the data at both rapidity

- Prompt J/y [
0ok T EHCB (FINAL:Y  simultaneously

F---- Eloss+ EPS09 NLO . E

0 5
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Enhancement in central d+Au

< B Large enharicement (x2)
S — Blast Wave 7 -
8 --- FONLL
e 4 < 3r
e E m" [ E=PYTHIA + EPS09s LO, D~y o HF,-20<y<-1.4
* 3 2.5 ---PYTHIA+EPS09s LO, D~y ® HFy, 1.4<y<20
10 E C Meme - broadening <k§>=z.25 GeV?/c?
10 n 2 :— -..-. broadening <k§>=2.25 GeV?/c?
r ) i il % N
R R ’.,'(“Gewi : 150 H SR Q-4 . Backward
18 3 [ iEnesr g Sl
r arXiv:1309.6924 9 F HHH i T
161 o 05 Forward
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1‘2; é l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\7
F/ 3 GeV/c,
= i E P )
0.8 E . L
ool © electrons, 0-20% PRL 109 242301 (2012) g ] < Radial flow qualitatively reproduces
F ] the data!
04 —— Blast Wave calculation B
02~ E Enhancement at mid- and backward
Cov b bonndbennd b b oo e b 3 ra |d|t ossib' duetoh drod namiCS?
0 9
P, (GeV/c)
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More differential information:
Heavy-flavour electron-hadron correlations

- Multiplicity class:

p-Pb, {5y =5.02 TeV

(0-20%) - (60-100%), Multiplicity Classes from VOA
(e from ¢,b)-h correlation

1.0<p’<2.0GeV/c

0.5<p] <20 GeV/c )
JALICE supporting?

Resembles the structure
that in AA is interpreted
in terms of collective flow

(1/N,) (62N, / dAndag) (rad™)

The double ridge also observed in heavy-flavour sector!
The mechanism (CGC? Hydro?) that generates it affects also HF
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More differential information:
Heavy-flavour electron-muon correlation in d+Au

10 A 2
~ A — — ccess to the g-PDF?”
g 8o p+p\/§=‘200 GeV - g
= [ - - POWHEG 1 0cc =538 +46(stat) £ 197(data sys) + 174(model sys)ub
2 [
;’g o :g:ll: (NO LO) [ 4
%- r MC@NLO LN
1%‘“’% m Lo\ T~ Peak by leading order gluon fusion
2 mm m...00 il U Continuum by higher order processes
% 20p e \m\Un—* % b
r T :
O - - o
E 1 Toa = d + Au pair yield
0 2 Aq‘:(rad) a4 (Neon) p + p pair yield
_:‘ O/ T T Bl % 2 T 1 T
e*: p >0.5 GeV/c, nl<0.5 \Sy=200GeV § ™ 1g b)

x =10 at @ = 10 GeV?, on the ]

wp>1 GeV/c, 1.4<n<2.1
edge of the shadowing region

o %% % ER
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Phys. Rev. C 89, 034915 (2014) Cold nuclear medium modifies the cC correlations
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Color charge dependence?: D-meson Raa vs. 1*

Pb-Pb, \[s,, =2.76 TeV

ALICE

PRELIMINARY

<
<
0 1
1.6 0 .
e Average D°, D*, D™ lyl<0.5, 0-7.5%
owith pp pT-extrapoIated reference
= Charged particles, Inl<0.8, 0-10%

1.4

T T[T e T[T T[T T[T T
—

1.2, Charged pions, l<0.8, 0-10%

08

P N T U T R B P
0 5 10 15 20 25 30 3 40

» Comparable results for m and D mesons suppressions within uncertainties
* Is it consistent with the colour charge dependence picture?
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Heavy flavour puzzle at LHC

1 F
=l
S 2r 081
=
©
2 06+
= $
2 h* x
_O 1+ 04+
E
= 02+
o

0 . ; . ; , 04

0 10 20 30 40 50 0
E(GeV) E(GeV)

Significant gluon contribution in Much larger gluon suppression

charged hadrons

. /

R, (%) <Ry, (D)
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Charged hadrons vs D meson Raa

1F 1F
08+ 081+
06 06+
3 3 h*
04 04+
0.2 02+ D
0n ! ! ! | 04 Il Il | |
0 10 20 30 40 0 10 20 30 40
E(GeV) E(GeV)
R,, (h¥) =R, , (D) Excellent agreement
Ar A with the data!

Disagreement with the qualitative expectations!
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Color charge dependence?: D-meson Raa vs. i*

02

08
Excellent|agr:

DjoEc-je C, arXiv:1307.4098

1F

Pions

eement!
0.6
]

o
04

02

Calculation by M. Djordjevic
(rad+coll energy loss) can
describe both Raa

D mesons

0 10 20 30 40 0 20 40 0
E(GeV) E(GeV)

1 3 1

08 08 08
Shows strong colour
06 06 .
kS charge effect in
0.4 D .. 0.4 .
I partonic Ry, (g Vvs.

02 g 02 .

o , light and c)

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
E(GeV)

R,, (D)=R,, (charm)

MinJung Kweon, Inha University

E(GeV)

re ! 4

Ry, () =R,, (D)
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R, (light quarks) =R, (charm)

Distortion by fragmentation!

Colour charge effect plays!
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Quark mass dependence?: D-meson Raa vs. non-prompt J/{

<1 4 TTTT TTTT TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT .
c I »  ALICE Preliminary D mesons ] ALICE prompt D mesons &
L 8<pT<16 GeVlc, lyl<0.5 i CMS non_prompt J/q).
1.2— Correlated systematic uncertainties ——|
r [ Uncorrelated systematic uncertainties | * B and D mesons <pt>~10 GeV/c
1L + Clear indication of a dependence
E @ CMS Preliminary Non-prompt J/y .
- 6.5<p <30 GeVc, lyl<1 2 I on quark mass : Raa® > Raa®
o 8; [ Systematic uncertainties a
s H CMS-PAS-HIN-12-014 1
0.6/ H IH .
041 #
0.2f W] m
- Pb-Pb, sy = 2.76 TeV 1
07\ L1l ‘ I ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l \7
0 50 100 150 200 250 300 350 400

( N, Weighted with Nm”)

b ®

Centrality
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Quark mass dependence?: D-meson Raa vs. non-prompt J/{

21.4\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\
| Pb-Pb, |5, =276 TeV i
1.2~ m  ALICE Preliminary D mesons -
- 8<pT<16 GeVre, lyl<0.5 —
r [ Correlated systematic uncertainties
L [ Uncorrelated systematic uncertainties
', - - - Djordjevic Non-prompt J/yp (6.5< p.< 30 GeV/c)
L Djordjevic Non-prompt J/y (with ¢ quark energy loss) &
L - - - Djordjevic D mesons (8 < P, < 16 GeV/c) _
0.8 m -
0.6~ _
0.4—
0.2 @ CMS Preliminary Non-prompt JAp E N _wmw
r 6.5<p_<30 GeVrc, lyl<1.2 -
[ []Systematic uncertainties  CMS-PAS-HIN-12-014
G\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0

MinJung Kweon, Inha University

( N_ . Weighted with Non

Centrality

+ ALICE prompt D mesons &
CMS non-prompt  J/:

+ B and D mesons <pr>~10 GeV/c

+ Clear indication of a dependence
on quark mass : RaaB > RaaP

¥ Djordjevic: non-prompt J/{ Raa
considering for energy loss

- b quark mass — -
No trivial relation

- ¢ quarkmass between AE and Raa

v Djordjevic: D meson Raa

50 100 150 200 250 300 350 400 Calculation by M. Djordjevic

(including mass-dependent rad+coll
energy loss) predict a difference

Similar pattern from other calculations (e.g. BAMPS, WHDG, Vitev et al.).
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ystem size dependence of Raa
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Global error: = 9.9%
A N I
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Global error: = 9.9%
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System size dependence of Raa
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= r = Cu+Cu ]l o — N . .
() _1 . 5 | + o Au+Au _ % ® Au+Au 200 GeV D’ lyl<1, 3<p'<8 GeV/c, arXiv:1404.6185 (submitted to PRL)|
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System size dependence of Raa

P
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Global error: = 9.9%.
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What’s special about Quarkonia

S(Uly)  statistical
recombination

0.6
thermal "\
dissociatio

—
SPS™RHIC

LHC

Braun-Munzinger, Stachel, PLB 490 (2000) 196 40

What happens in QGP to the Quarkonia? T Ve
— Suppression by color screening Y(1s)
(disappearance of specific quarkonium
states signals) Y'(25)
— Regeneration by statistical J/p(1S)
recombination? x(1P)
.
n:é 121~ ® RHIC data b (
L ] Mécsy, EPJC 61 (2009) 705
1= —
m\& ] Matsui, Satz, PLB178 (1986) 416
0sH i Digal et al., PRD64 (2001) 094015
06l H H ; ]
04l E - . .
[ Model E E """" E What is so different at LHC?
02F —— LHC 1 (compared to RHIC)
[ RHIC ]
N S N I I . oce: ~10x, Volume: 2.2-3x
0 50 100 150 200 250 300 350

N

MinJung Kweon, Inha University June 20" 2014, HIM

part AA et al., PLB 652 (2007) 259
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Latest from experiments on Quarkonia

A.Andronic@GSI.de
STAR

Suppression of T Production in d+Au and Au+Au Collisions at \/syy = 200 GeV arXiv:1312.3675
PHENIX

Measurement of Y(15+25+3S) production in p+p and Au-+Au collisions at \/sxx = 200 GeV arXiv:1404.2246

Nuclear matter effects on J/7) production in asymmetric Cu+Au collisions at \/sxx = 200 GeV arXiv:1404.1873

Nuclear modification of 4, x. and J/t» production in d+Au collisions at /sxy = 200 GeV arXiv:1305.5516

CMS
Event activity dependence of T(n.S) production in \/sxy = 5.02 TeV pPb and /s = 2.76 TeV pp collisions arXiv:1312.6300
ALICE
Suppression of T(1S) production at forward rapidity in Pb~Pb collisions at /sy = 2.76 TeV arXiv:1405.4493
Suppression of ¢/(2S) production in p-Pb collisions at y/sxy = 5.02 TeV arXiv:1405.3796
Centrality, rapidity and transverse momentum dependence of J/1 suppression in Pb-Pb collisions at /sxy = 2.76 TeV arXiv:1311.0214
J/4 production and nuclear effects in p-Pb collisions at /sy = 5.02 TeV arXiv:1308.6726
J/1) elliptic flow in Pb-Pb collisions at \/sxy = 2.76 TeV arXiv:1303.5880
LHCb

Study of T production and cold nuclear matter effects in pPb collisions at /sy = 5 TeV arXiv:1405.5152

Study of J/v production and cold nuclear effects in pPb collisions at \/sxy = 5 TeV arXiv:1308.6729
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Y(2S) production at the LHC

[ Nw(zs)/NJ/w ]Pbe g Nw(zs)/NJ/w ]pp

B T .
CMS Preliminary PbPb & ppM:QiG TeVv . -
® 3<p, <30GeVic, 1.6<lyl<24 igﬁ’gd%i

)]

m 6.5<p <30 GeVic, Iyl <16
—95% CL

ALICE Preliminary PbPb s, =2.76 TeV & pp /s = 7 Te
[ p, <3 GeVic,25<lyl <4

+ 3<pT<8 GeV/c,25<lyl <4

—95% CL

(4] LS
L e e N B

==

e e b I

e

#

50 100 150 200 250 300 350 400
N

=]

part

MinJung Kweon, Inha University June 20" 2014, HIM

A.Andronic@GSl.de

NE2S) TS (25)

R — _Pb—Pb/"'Pb—Pb _ RA:\
= TS AT /Y
N pp / ‘\l‘l’ RAA

(light) “discrepancy” ALICE / CMS ?
mind diff. p, y ranges (thanks, Raphal:)

AA et a!., N‘PA ‘789‘(2097) ;34

z ]
Z vr — SHM NAS0 data
= L m 2000 7
g F no corona e 1998 ]
2 1ol 4 pp 4

sl 1
6 3
a4 1
Py |
0 CL | | | | | | | |

o 50 100 150 200 250 300 350 400
Npan

at SPS: R ~0.24 (pp-integrated)
..evidence against sequential
dissociation
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Charmonium in p(d)-A collisions

PHENIX, arXiv:1305.5516 (Durham, HF 5)

1.8 T
~ F O NA38p+A ]
2.6 O NA50 p+A E
2,40 0 HERA-Bp+A E
> 14r g
2 ® PHENIXd+AuMB ]
S1.2- A NA50 Pb+Pb E
= F v NA38S+U ]
L \t§> ]
5 0.8F E
-t > ]
= g6 ~o E
St %& ]
5 045 L?ﬁ\mT E
o2 lf} Y A

c: Lol Lol L \\\HH\‘ |

1 10 HIJ}Rg 1000

N’

abs. cross sect. depends on time spent
in the nucleus
(McGlinchey et al., PRC 87 (2013) 054910)
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Roen

A.Andronic@GS|

ALICE, arXiv:1405.3796 (Arnaldi, HF 5)

1.8

ALICE, p-Pb {Syy=5.02 TeV, inclusive JAp, (28)—y"

0.4
[~ 1EPS09 NLO (Vog)
0.2F [etoss with ,=0.075 Gevim (Arieo etal)
[Sepson NLO + ELgas with 4,005 Gev/im (Arleo otat) ) )
b b B e b D i b

5 4 3 -2 -1 0 1 2 3 4 5
Yems

at the LHC, the strong ¥(25) suppres-
sion in Pb-side remains puzzling

indication for final-state effects?

|.de
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Charmonium prod. vs. event activity in p-Pb collisions

ALICE (Amaldi, HF 5, Lakomov, F-26)

A.Andronic@GSl.de

BE | 4L iclusive sy, @) - e ALICE Preliminary | 25 1 4 [ inclusive o, (@) — ALICE Preliminary
S P-Pb (5= 5.02 TeV, 2.03 <y <3.53 (p-going direction) S P-Pb (5= 5.02 TeV, -4.46 <y__<-2.96 (Pb-going direction)
121 121 E]
1 I 1 l & L I
I E] L]
0.8 0.8
I Ltﬂ
06 E*] [*:] ] 06
0.4 [:*:] 0.4F
* +
0.2 ° y(28) 02 = y(28)
1 1 1 1 0 1 1 1
80-100 60-80 40-60 20-40 5-20 80-100 60-80 40-60 20-40 5-20
ZN Energy Event Class (%) ZN Energy Event Class (%)

different suppression pattern on Pb-side

MinJung Kweon, Inha University
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Bottomonium at the LHC

< [T T T T T T
s [ ]
14—  CMS PbPb \[sy, =276 TeV 7

r - Y(1S) stat unc. | =150 ub” ]
1.2 Y(1S), syst. unc. Iyl <2.4 B

C —— Y'(2S), stat. unc. N ]

& l CIY(28), syst.unc. Py >4 GeVic g

L ‘ 30-40% t
0.8~ 40-50% 20-30% ]

[ 50-100% + 1020 ]
0.6/~ + + " 510% 05% ]
0.4f ' -
0.2 $ $ .

Giw\\\\\\\\\\\\\\\\H\\H\\[\i]\u\u[i]\\uwr

0 50 100 150 200 250 300 350 400

Npan

MinJung Kweon, Inha University

CMS, PRL 109 (2012) 222301

June 20" 2014, HIM

A.Andronic@GSl.de

interpreted as effect of (almost:) full

dissoc. of T(25), T(35), xp

Transport models:
Emerick et al./ TAMU, EPJA 48 (2012) 72

Zhuang, HF 6

(re)gen. component small (<10%),

Stat. Hadr. model

>3

o 14

12

© OIS Y(1S) (12, 147w syst). 276 ToV ]
—— Stastcal Hacronizaton Model

do; loy=138b ]

doy dy=9.2 ub

P U P F PR P I
50 100 150 200 250 300 350 A

Nvan
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Bottomonium ratios in p-Pb collisions

A.Andronic@GSl.de

0.5y

PP Sy =276 TeV  pPb \ls, =5.02TeV PbPb s =276 TeV
O ly,,l<1.93 oy <193 Wyl <24

Y(2S)/Y(18)
°
&

approximate scaling with multiplicity

o
N o
2 3
P e S R S e P
L
e
e
s
=
=
@

®
02 ]
0.15] % %
o cms thermal model:
005 ‘H T(25)/7(15)=0.033
OR MW‘ T R (and again against sequential dissoc.)

racks

CMS, arXiv:1312.6300 (Valiyavalappil Kizhakkepura, HF 6)
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pp collisions at /s = 0.2, 0.5, 2.76 and 7 TeV

Baseline for AA, pA
Test pQCD: more differentially...

MinJung Kweol

n, Inha University June 20" 2014, HIM
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pr-differential cross sections in pp collisions

» Heavy flavour cross section
measurements: extended kinetic

reaches, beam energy dependences

* pQCD-based calculations (FONLL,
GM-VFNS, kr factorization)
compatible with data

® DO, D** (mid rapidity, down to pr~0.4

GeV/c at 200 GeV) at 200 & 500 GeV [T

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082,

kr factorisation: arXiv:1301.3033

MinJung Kweon, Inha University June 20" 2014, HIM

L) L
*NEW.

PoBB)/(2np,dp,dy) [mb(GeV/c)’

e T T T T T T T T T
—— do,,. /0224 from HT2 Run 12
—@— dop,. /0.224 from Min Bias Run 12|
—m— doy/0.565 from Min Bias Run 12|
Levy fit to Run 12 points

‘i - - - - Power Law fit to Run 12 points
=,

“\ STAR preliminary
N p+p Vs=200 GeV

E

STAR: PRD 86, 072013 (2012)

@ do,, 0.224 from Min Bias Run 09)

—A— doy;/0.565 from Min Bias Run 09|
~-=+ Levy fitto Run 09 points

Power Law fit to Run 09 points

FONLL

S

e doy/0.224 from BHT1 datal

—5— doy,/0.224 from Min Bias data

—m— doy/0.565 from Min Bias data

rrrrrrr Lévy-fit to All Data

\B. FONLL g = g = 1.5 GeV/c?
- FONLL i = g = 1.27 GeV/c?

STAR preliminary s -
p+p Vs=500 GeV :
PR R 5 e

| |
8 10 12
P, [GeVic]
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pr-differential cross sections in pp collisions

' g [
* Heavy flavour cross section e i ANSpARRANSR
measurements: extended kinetic PE . N B I NS e
reaches, beam energy dependences g 107 *\! §1 """ ferfactorization .o =
E‘ E :%» arXiv:1405.4117 J
g E <
* pQCD-based calculations (FONLL, %: il Y
GM-VFNS, kr factorization) § fearro
compatible with data & o b e
) B

FONLL

® DO, D** (mid rapidity, down to pr~0.4

GeV/c at 200 GeV) at 200 & 500 GeV [STRE 2 pp, 15 =276 TeV. Iyl <08
10°
® DO, D*, D* mesons (mid rapidity) at N g2
S BN £ “oE
2.76 & 7 TeV Sl % 3 155
. T = o]
® c,b—e (mid rapidity, down to - £ 104 E N, 05E
pr~0.5 GeV/c) at 2.76 & 7 TeV Sk ggvg
. g o_ E 5 2
® c,b—p (forward rapidity) at 2.76 & groe g8
7Tev %‘“ ' STAR pr boz
% jgsL P*Ps=! §as
S - 1§
[ 2 4 3 '1
0.5]
FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, 2‘ “‘ é é 1‘0 1‘2
kr factorisation: arXiv:1301.3033 P, (GeVic)
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pr-differential cross sections in pp collisions

» Heavy flavour cross section
measurements: extended kinetic

reaches, beam energy dependences

* pQCD-based calculations (FONLL,
GM-VFNS, kr factorization)
compatible with data

® DO, D** (mid rapidity, down to pr~0.4
GeV/c at 200 GeV) at 200 & 500 GeV-

® DO, D*, D™* mesons (mid rapidity) at
2.76 & 7 TeV

® ¢c,b—e (mid rapidity, down to
pt~0.5 GeV/c) at 2.76 & 7 TeV

® c,b—p (forward rapidity) at 2.76 &
7 TeV

® b—e (mid rapidity, down to
pt~1 GeV/c) at 2.76 & 7 TeV

Data/Theory Data/Theory ~Data/Theory 1/(2np ) d®o/(d,

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082,

kr factorisation: arXiv:1301.3033
MinJung Kweon, Inha University June 20" 2014, HIM

/) [mb(GeVic)?]

of )

=
S

B

' FINAL

. 1]
'NEW:
—

T T T
—— ALICEc,b—e
rrrrrr FONLLc,b—e
rrrrrr GM-VFNSc,b—e
rrrrrr ky-factorization ¢, b — e

arXiv:1405.4117

arXiv:1405.4144

1.9% normalization uncertainty not shown

ALICE pp, Vs =2.76 TeV ]
b(=c)—e

e data

-+ FONLL
- k; factorization |
- GM-VFNS

k. -factorization

(e g
R S i i

GM-VFNS

10
P, (GeV/c)
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Heavy flavour production cross sections

STAR p+p Run 12, 11 NLO

¢ STARp+pRun 9l —oeeeeees NLO limit™!
1057« STARAu+Au® s sps/FNALY
O ALicE® o PHENIXe™ ]
® ATLAS Preliminary g Pamir/Muon
LHCb Preliminary [ ] UA2 1
R R T B

2 10°
\s [GeV]

MinJung Kweon, Inha University

T T T T T T T T T
[1] STAR Collaboration, Phys. Rev. D 86, 72013 I
[2] STAR Collaboration, arXiv:1404.6185

[3] ALICE Collaboration, JHEP07(2012)191

[4] R.Vogt et. al., Phys. Rev. C 87, 014908 (2013)

NLO:
m =127 GeV/c?
p/m=2.1
p/m=16

STAR preliminary

4

10*

> 10°

£

dy (ub)

dub

10

T T T T
@ ALICE, pp Vs=2.76 TeV, lyl<0.8
@ ALICE,pp {5=7TeV, lyl<0.9
= CDF, pp Vs=1.96 TeV, lyl<0.6

K UA1,pp 15=0.63 TeV, lyl<i.5

W PHENIX, pp  5=0.2 TeV, 1yl<0.35

— FONLL
DPHENIX, pp =0.5 TeV, |y|<0.35 -*"

arXiv:1405.4144

ZALICE extr. unc. ]
EALICE extr. unc.

10*
(s (GeV)

* Calculation based on pQCD (ex. FONLL) describes consistently energy

dependence of total cross sections

* Charm (beauty) x~10 (~100) from RHIC (200 GeV) to LHC

June 20" 2014, HIM
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More on production mechanism:
Multiplicity dependences of charm production

~ ‘ : : INEW.
o 14— % |
o r i
v DZ L ppls=7TeV ]
. . Lo R [ D™ meson, lyl<0.5 =
el

oo Partllcl:le production in pp = 10: e 2<p, <4GoVic ]
collisions at LHC shows =~ ~ g —~4<p,<8Gevic E
ith o  ——8<p <12GeVic i
« better agreement witl T F 12<h <20Geve ]
N models including MPIs Dg 6; = E
Eur. Phys. J. C 73 (2013) 2674 % e @ PP E
ol @ due to MPIs? ]
: ! +7%1/-3% normalization unc. not shown :
For heavy flavours: ) T S W
S 0.4 E* Biraction hypothesis: x 1/2 (2) atlow (high) mulipiicity 3
* LHCb: double charm production 5 E
H R B S TR T e e S o e e e e
agrees better with models including 3z E
i 3 - E

double parton scattering P ; : 5 n :
J. High Energy Phys., 06 (2012) 141 dN,/dn / (chh/dr])

MPIs involving only light quarks and gluons?

* D-meson yields increase with charged-particle multiplicity
— presence of MPI and contribution on the a harder scale?
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More differential information:
Heavy flavour correlations

f; [ Dmeson -charged particle correlation -
. . S 3.5}  Average D°D*D* NEW
Heavy flavour jet properties s F Be E
eavy JEL prop @ [ 5<pP<8GeVic, pi=c>05 GeV/c, lan <10 1
Near Side © 3 —e— pp V5=7TeV Data ALICE Preliminary 3
8 [ Simulations, pp Vs=7 TeV ]
o[ —¢— Pythiad Dbasehne uncertainty |
. . § Y —¢— Pythia6, Perugia2010 |
in Pb-Pb trigger 8|5 L —— Pythias, Perugia2011 “13% scale uncertainty
hadron g° o0 . =
v—zﬂ r 5<D pr<8GeVic E
1.5 —
Away side 15 E
Path length dependence 0.5/~ E
0%
OS5 L B e i L
- 4
Ag (rad)

[ Baseline subtracted !

+ D-hadron correlations in pp show good agreement with expectations from
Pythia (different tunes)
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LHC RHIC
Au

-y +y d

y in CM frame 0

Qmii:%: Xg<<xXp, | Xg>>xu,

Backward  Xg~Xayu Forward

p-A collisions at /s = 0.2 and 5.02 TeV

d-Au, p-Pb
Cold nuclear matter effect

D ~c
AN, = do ® D.,(2)
dp, dp;
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

* Rppb measured in various channels

« Rppb consistent with unity within
uncertainties

-© DO, D+, D™+ mesons (mid rapidity): can
be described by CGC calculations, pQCD
calculations with EPS09 nuclear PDF and a
model including energy loss in cold nuclear
matter, nuclear shadowing and kr-broadening

MinJung Kweon, Inha University June 20" 2014, HIM

P arXiv:1405.3452
T FINAL T
F ALCE "ttt ' p-Pb, (5=5.02TeV

16 Average D°, D, D* B
c -0.96<y,, <0.04 ]

1.4 -

1.2F -

R i i e e H
0.8F =

0.6/ 3

0.4 .
[ ---'CGC (Fujii-Watanabe) ]
L = pQCD NLO (MNR) with CTEQ6M+EPS09 PDF 4
Lo Vitev: power corr. + k_broad + CNM Eloss ]
Covna v v b v v Lol

%
p; (GeV/c)
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

ro=--- arXiv:1405.3452

: : a T FINAL j— T

* Rppo measured in various channels m% ALICE - © b, (5,502 TeV |

160 o Average D°, D, D* 1

. . . L -O.96<ycms<0.04 ]

« Rppo consistent with unity within 1.4 7
[ ettt
P g NEW i

uncertainties &, '====4  ALICE Preliminary

4 ALICEbc —e
+4-ALICEb (= c) > e

-© DO, D+, D™+ mesons (mid rapidity): can
be described by CGC calculations, pQCD 2.
calculations with EPS09 nuclear PDF and a
model including energy loss in cold nuclear

2

B normalization uncertainty

p-Pb, Sy = 5.02 TeV, min. bias, -1.06 <y, <0.14

e b b b b b Ly
2 4 6 8 10 12 14
Py (GeV/c)

2
matter, nuclear shadowing and kr-broadening
-© c,b—e & b—e (mid rapidity) s
. |
g sull
05— -
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

ro=--- arXiv:1405.3452

. . . o 4 FINAL i~

Rppo measured in various channels m% ALICE - " P, (5,0=5.02 TeV

160 o Average D°, D, D*
. : . L -0.96<y_ <0.04
« Rppb consistent with unity within 1.4
roo-
uncertainties g . L= —
. . - 25 —

-© DO, D+, D™+ mesons (mid rapidity): can rCMS Preliminary ~ pPb ys,= 5.02 TeV
be described by CGC calculations, pQCD ly  |<1.93 L=34.8nb"
calculations with EPS09 nuclear PDF and a 2 cm '

. . . FONLL -
model including energy loss in cold nuclear E' RpA rNEWl B+

matter, nuclear shadowing and kr-broadening

-© c,b—e & b—e (mid rapidity) 15
cMs ©B*, BY, Bs(mid rapidity): FONLL
expectation as a pp reference

R

[]syst. L+BR  ‘----*
Syst. err. from FONLL pp ref.

FONLL
PA

R

L L B s e B

w

3/ B% J/Y + K+ 1T 0.5
essvams | Bt /i + K* + K- .
e —

B B* Decay

Vertex 00
Primary Collision pT (GeV/C)

Vertex

v b b Lo Lo b L e
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

25

L=35nb"

* Rppb measured in various channels ‘

PYTHIA
pA

l:l Unfolding Uncertainty

b-jet R

« Rppb consistent with unity within
uncertainties

-© DY, D*, D** mesons (mid rapidity): can B e
be described by CGC calculations, pQCD

calculations with EPS09 nuclear PDF and a
model including energy loss in cold nuclear 0.5
matter, nuclear shadowing and kr-broadenir I Reference Uncertainty

PYTHIA
El b-jet RpA s -2.4<nCM<1 6

I Luminosity Uncertainty CMS

-©c,b—>e&b—ve(mid rapidity) O T e T e 300
cMs © B+, B, Bs(mid rapidity): FONLL

1

w

w

)/ B% J/Y + K+ 1T 05
essvams | Bt J/p + K* + K- .
\_/Y K*

==
<
B B* Decay

Vertex 0

300
b-jet P, [GeV/c]
. 5
expectation as a pp reference [h4 F
o b b b Lo Lo Lava

400

. . . 0 10 20 30 40
emmeonsonCONSistency with b jet p, (GeVic)

Vertex
measurement
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

a

. . a1
* Rpro measured in various channels o~
1

T T
LHCb
(b) pPb s, =5TeV

=3

1.2
« Slight rapidity dependence

LHCb ® non-prompt J/{: 0.8

iy

AR RN R R R ey R R

T T T
—#— LHCb, J/y from b
P, < 14 GeV/c

s

- at forward, modest suppression 4 Backward
- at backward, consistent with 04 Forward
unity within uncertainties 02 EPS09 LO
R . .nD.Sg. L? ) ) | |
" -2 0 2 4
y
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Heavy flavour in p-Pb at LHC (at 5.02 TeV)

a

. . a 1.6 T
* Rpopo measured in various channels  o* (b) LHCb
14

T T T
—#— LHCb, J/y from b

pPb s, =5Tev " _l_

{,

2.5<ycm§<3.54 orwa rd

1.2
« Slight rapidity dependence B *
LHCb © non-prompt J/{: -
- at forward, modest suppression £ ek P {2 502 Tev we o docays ]
- at backward, consistent with | ALICE Preliminary ]
unity within uncertainties b Forward
®c,b—u: £
- at forward, consistent with unity 05— 0 e s E
within uncertainties R :

- at backward, slightly larger than . :

L L L
10 12 14 16 pmmmw

P, (GeVIe), NEW
.

N
o

O P I T T e e
T ¥ T T T

unity in 2<pr<4 GeV ©

ALICE Preliminary

n

&

Within uncertainties, data can be described by
pQCD calculations with EPS09 parameterization
of shadowing

o

T
p-Pb (5 = 5.02 TeV, j==— c,b decays

Backward

—— NLO (MNR) with EPS09 shadowing B
systematic uncertainty on normalization
L

-4<y  <-2.96 |

ems’

L
2 4 6 8

MinJung Kweon, Inha University June 20" 2014, HIM

. I 1 1
0 12 14 16
Py (GeV/c)

A

48




Heavy flavour in pA at LHC and RHIC

RyinAu

RpF’b

EPsoa MO G120 Gev?

—— Contatsets
[ Uncertinty bana

10

L L B L L L e I (N
L p-Pb \/STJN =5.02 TeV, u*< c,b decays II.U [ E=PYTHIA + EPS09s LO, D~y o HFy,-20<y<-13" "'
25 4 25<y <354 ] 2.5 -~ PYTHIA + EPS09s LO, D>y ® HFy, 1.4<y<2.0
E ALICE Preliminary 4 dey =296 ] F .
2 T oms™ i , d+Au 0-100% centrality
E Minimum bias r %
15E ERRL Al
A A ;
1 R ﬂ ] 1 /
F ] r U i
0sF 1 st
r ] [ oeeeeen 1. Vitev (shadowing, P, broadening, CNM E-loss)
C 1 1 1 1 1 1 1 1] o PRI N BRI B
0O 2 4 6 8 10 12 14 16 0 1 2 3 7
p, (GeVic) P, (GeV/c)

MinJung Kweon, Inha University
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At RHIC, fail to reproduce
the data at both rapidity

simultaneously

arXiv:1310.1005
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Heavy flavour in pA at LHC and RHIC

RyinAu

HFB

£T rrrrrrTrrrTTrTrT T T T T T T T T T T T T T Y o E N
22F p-Pb (s =5.02 TeV, w*<cbdecays 2% o HF . , Fwd/Bwd
1 2 3 296y, |<354 1 2* PYTHIA + EPS09s LO, D —u
‘©E ALICE Preliminar = 8 ;
16E y 3 16 0-100% centrality
14F Minimum bias 145
E e 't d+Au
12F ERE-=
1E e =2 1E
E - | m
08F 4 ost H
3 e R
04E — NommRE ki e s
0.2 3 systematic F 25<lyl<4.0 ‘ ‘ ‘ ‘ ‘
T2 2 3 4

5 6 7
P, [GeV/c]

At RHIC, fail to reproduce
the data at both rapidity

- Prompt J/y [
0ok T EHCB (FINAL:Y  simultaneously

F---- Eloss+ EPS09 NLO . E

0 5
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Enhancement in central d+Au

< B Large enharicement (x2)
S — Blast Wave 7 -
8 --- FONLL
e 4 < 3r
e E m" [ E=PYTHIA + EPS09s LO, D~y o HF,-20<y<-1.4
* 3 2.5 ---PYTHIA+EPS09s LO, D~y ® HFy, 1.4<y<20
10 E C Meme - broadening <k§>=z.25 GeV?/c?
10 n 2 :— -..-. broadening <k§>=2.25 GeV?/c?
r ) i il % N
R R ’.,'(“Gewi : 150 H SR Q-4 . Backward
s F ] 1 : i P e n |
18 3 [ iEnesr g Sl
r arXiv:1309.6924 9 F HHH i T
161 o 05 Forward
14 Mid rapidity - . 0-20% centrality
1‘2; é l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\7
F/ 3 GeV/c,
= i E P )
0.8 E . L
ool © electrons, 0-20% PRL 109 242301 (2012) g ] < Radial flow qualitatively reproduces
F ] the data!
04 —— Blast Wave calculation B
02~ E Enhancement at mid- and backward
Cov b bonndbennd b b oo e b 3 ra |d|t ossib' duetoh drod namics?
0 9
P, (GeV/c)
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More differential information:
Heavy-flavour electron-hadron correlations

- Multiplicity class:

p-Pb, {5y =5.02 TeV

(0-20%) - (60-100%), Multiplicity Classes from VOA
(e from ¢,b)-h correlation

1.0<p’<2.0GeV/c

0.5<p] <20 GeV/c )
JALICE supporting?

Resembles the structure
that in AA is interpreted
in terms of collective flow

(1/N,) (62N, / dAndag) (rad™)

The double ridge also observed in heavy-flavour sector!
The mechanism (CGC? Hydro?) that generates it affects also HF
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More differential information:
Heavy-flavour electron-muon correlation in d+Au

10 A 2
~ A — — ccess to the g-PDF?”
g 8o p+p\/§=‘200 GeV - g
= [ - - POWHEG 1 0cc =538 +46(stat) £ 197(data sys) + 174(model sys)ub
2 [
;’g o :g:ll: (NO LO) [ 4
%- r MC@NLO LN
1%‘“’% m Lo\ T~ Peak by leading order gluon fusion
2 mm m...00 il U Continuum by higher order processes
% 20p e \m\Un—* % b
r T :
O - - o
E 1 Toa = d + Au pair yield
0 2 Aq‘:(rad) a4 (Neon) p + p pair yield
_:‘ O/ T T Bl % 2 T 1 T
e*: p >0.5 GeV/c, nl<0.5 \Sy=200GeV § ™ 1g b)

x =10 at @ = 10 GeV?, on the ]

wp>1 GeV/c, 1.4<n<2.1
edge of the shadowing region

o %% % ER
' i ﬁ @% : k

d®N/(dy"dy®dAg) (rad
o o o o o
N WA OO

EogES ey T T

0.1

-
T[T [T T[T [T [T [ T[T I

0 0 4
A¢ (rad)
Phys. Rev. C 89, 034915 (2014) Cold nuclear medium modifies the cC correlations
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More differential information:

Multiplicity dependence of modification

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

0

QVOA

™" prompt D

PP
n

L
ALICE Preliminary ZN Energy Event Class
p-Pb, VSTN =5.02TeV 00-20%

AverageD°, D" -096<y <0.04  %60-100%

0.5

Filled markers : pp rescaled reference
Open markers: ppp,-extrapolated reference

%

=]

25 0
pT (GeV/c)

mult

18

%

mult
Q

16

115

dANPE® dp
pPb (PT) |~ ~Grmmper /pT
Neai dNPP /dpy

pPb |5 =5.02Tev

ZN 4N
ALICE PRELIMINARY

D

Charged particles I n1<03 o+ 10-20%  + 80-100%
e T
—

B Syston (T )
o

§ Syst. on normalization

0 Syst.ondNidp

. 05% 40-60%
- 510% 60-80%

-« 20-40%

15 20 25 30
p, (Gevic)

No multiplicity dependent modification of the pr spectra in p-Pb
Similar pattern for D mesons and high-pr charged particles
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More differential information:
Multiplicity dependence of modification

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

APPb
QY (pr) = _ AN /dpr
pPb — nyGlauber p
Auice NS dpy
a 3 S e 18 e oo
- I L 7] E_ o -Pb =5.02TeV - Sy il
& [ ALICE Preliminary N Enorgy Event Glass 7 o 1sb c‘:wd@m‘ljdj ol soso
S__t pPb, SNN=5-02 TeVv ©0-20% 4 r NN s o0a0%
825 o . T4 o ememny
EO% [Average D, D*' 096 <y <004  %60-100% ]

i ﬁ*“%ﬁfﬁ%*% .

Production rates in high- multiplicity p-Pb collisions doesn’t exhibit
any effect like suppression.
w4 o | L I v oo onoratzaon

L) i 02p 0 SystondNigp

E
4

115 F

0.5 ] 11E
- - 1.05
Filled markers : pp rescaled reference 1] 1
Open markers: pp p,-extrapolated reference 095
ol b L b Lo L 0.9
0 5 10 15 2 25 30 0855 5 10 15 20 25 30
pT (GeV/c) p, (GeVic)

No multiplicity dependent modification of the pr spectra in p-Pb
Similar pattern for D mesons and high-pr charged particles
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Bottom measurement in d+Au via di-electrons

1/N,,, dN/dm,,, [c/GeV] IN PHENIX ACCEPTANCE

d+Au Vs = 200 GeV :_F_":‘el:' 8107 T T AR T T 7 —
1y1<035 p>0.2GeVic E R i" Ty/:: —Jhy —ee 3 X S
", S o B ERRY.
o -- H --p—ee  , —cE+bb+DY 3
10 - EEV(PVTHIA) T g e —sum E b
Y F P4 P
ER & , i
o 3 /\ A/ (e) ()
3 b ~
8 = X & mass
10
s S = « Low mass, high pr region
10 \ is dominated by the decay
5,2 from a single B meson
B st
S 1§
Sos * For mq » p, less model
8

=
ol
s
o
o
3

Zm.cevel®  dependent
arXiv:1405.4004

p+p equivalent cross sections extracted from PYTHIA and MCNLO as
opp =3.4+0.28(stat) +£0.46(sys)ub
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Bottom measurement in d+Au via di-electrons

8 d+Au Vs = 200 GeV ._F_":‘el:: g J ) T T T T4 3 E
Z 1y*1<0.35 pS>0.2GeV/c —Jdhy —ee E ] E PHENK dala
B o DATA —y' —ee 4 & we
-- CE(PYTHIA —c&+bB+ DY 3 E

g 10* bE‘(PVTHIA)) & nlee  CCHPO E S
M -- DY —¢ —ee&nee —Sum 3 E
H — v E L
g E
a 10° C
S b
3 g
o E
L., F
3 10 e
3 E
H =
3

Eém'“‘ =5
= 2 E
£ 155 5

8 1 3

Sos E

s % 2 7 3 ] 10

arXiv:1405.4004

p+p equivalent cross sections extracted from PYTHIA and MCNLO as
opp = 3.4+ 0.28(stat) + 0.46(sys)ubd
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A-A collisions at /s = 0.2 and 2.76 TeV

Cu-Cu, Au-Au, Pb-Pb, U-U
Initial & final state effect

MinJung Kweol

n, Inha University June 201 2014, HIM
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D-meson Raa

at LHC and RHIC

» Significant suppression at high pr
-© DO, D*, D™* mesons (mid rapidity): 0-7.5 %

& 30-50 % cent

- ® D° mesons (mid rapidity): 0-10 % centrality
[

rality

‘ ‘ ‘ ‘ : ; ‘ ‘ p
2~ STAR Au+Au— D° + X @ 200 GeV Central 0-10% & 1.8
L ® data © 1 o
r — TAMU 416
r ---- SUBATECH | %
150 1 e Torino R
N IR Duke w shad. 4
Fooo ) Duke w/o shad. | 12
F . E= ]
1 P A IOUA\ N LANL Ij 1
[ 7, 1 os
0.5 :':;( M?{\ > N 0.6
[\ w"""'-'-r-v.,...._‘_‘_‘_,_,_‘_._‘_‘_':‘ 0.4
0 Ll | | | ]
2 4 6 g °?
o (GeVic) %

ALICE Preliminary
Pb-Pb, \s\, =2.76 TeV

«Average D°, D*, D**, 0-7.5%,ly1<0.5
=Average D°, D*, D**, 30-50%,lyl<0.5

Filled markers : pp rescaled reference
Open markers: pp p, -exirapolated reference

CTRENES

* Similar at high pr, different at low pt(1-2 GeV/c)
* Shadowing? recombination? radial flow?

MinJung Kweon, Inha University

June 20" 2014, HIM
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D-meson Raa at LHC and RHIC

» Significant suppression at high pr

mﬁ Eavce T ke jauas oo Tev ]

-@ DO, D*, D™ mesons (mid rapidity): 0-7.5 % 16 - Aveage ', 07 0" E
& 30-50 % centrality 140 e 9

- @ D° mesons (mid rapidity): 0-10 % centrality 12 MHM I . E
o ?F i I ! A=l ]

2|7 STAR AurAl— D + X @ 200 GeV Central 0-10% 7 £ 181 [ A ool E

F ® data © 1 o r - 5 U E

L —— TAMU 4o 16— 0.6:7
L . 1< F 4

1.5 /0 . %&:E@TECH — ﬂ:( 141 045 cac (Fuji-watanabe) B
: - VN : r 0_27 = pQCD NLO (MNR) with CTEQ6M+EPS09 PDF |
RN - gﬂtg x /gh;da d. 1.2F 3 ‘-‘ ‘\‘e:l ‘po‘we‘)r ‘cc)‘vv‘+‘k‘b‘ro‘ad‘+‘CNM Elo‘ss‘ ]
1L YA D - LANL F E % 510 15 ]
CoTAATTT 1 Hr B2 (Gewc)g
e 1 080 Final state effect! -
0.5 :'+ "R § . 7 osf -
N/ T Rl 1 H 3
ol | | | ] [ _B_ E
2 4 6 g %% 1
\\\\\\\
GeV/c % 5 30 4

pT ( ) P, (GeV/c)

* Similar at high pr, different at low pt(1-2 GeV/c)

* Shadowing? recombination? radial flow?
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HF-decay lepton Raa at LHC and RHIC

* Significant suppression at high pr

down to 200 GeV < 2FTT T e e e
. o < [
®c,b—e (mid rapidity) & c,b—p O, 8t E
T I ALICE
(forward rapidity) 16l POPD. [Sun = 2.76 TeV ety ]
[ A Heavy flavour decay u* 0-10% central, 2.5<y<4.0
14F Heavy flavour decay e* 0-10% central, lyl<0.6 A
“'[ e with pp ref. from scaled cross section at Vs=7TeV
12 L *  with pp ref. from FONLL calculation at Vs = 2.76 TeV
1]
0.8F E
0.6F
0.4F
0.2F
ob
0 2 4 6 8 10 12 14 16 18§

pT(GeV/c)
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HF-decay lepton Raa at LHC and RHIC

* Significant suppression at high pr
down to 200 GeV

< 2FTT T e e e
<
©c,b—e (mid rapidity) & c,b—p EwE

(forward rapidity) Pb-Pb, (Syy=276TeV st

1R
® b—e (mid rapidity) hint of suppression
< 250TEN
< o . .

T [ """ Pb-Pb, 5y = 2.76 TeV, 0-20% centrality
2 —4-b(>c) e lyl<08 ]
r [ syst. uncertainty ]

F nomalization uncertainty
1.5 o | 1
1 - 1 | ]

- U :
0.5 o T T % -
F ALICE Preliminary ]

I B BN IR BT BT IR

0 1 2 3 4 5 6 7 g

p. (GeV/c)
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HF-decay lepton Raa at LHC and RHIC

* Significant suppression at high pr
down to 200 GeV

<
©c,b—e (mid rapidity) & c,b— T, g
(forward rapidity) Pb-Pb, (syy=276TeV et

1R

® b—e (mid rapidity) hint of suppression

; ‘g 25 Ew
®c,b—ve (mid rapidity) PHENIX 3 INEW! .
( PIa) - "7 Pb-Pb, {5 = 2.76 TeV, 0-20% centrality ]

o 1 R B
S I we.R 170 R 362GV
s f HF N dA TR ga <! €
= o me;RAn200 GeV PR,y g-_'<’
P [
<< o
oc 1.5 r
1 -4 i
: i S 111l Y
05F i r
=t ! o m'ﬂ L L Authu, \ls, =62 GeV
1 1 | .| L L ! 07\\\\\\\\\\\\\\\\\\\ [ PRI E S RE BVET
1 2 3 4 5 ©—78 9 0 1 2 3 4 5 6 7
P, [GeV/d] arxiv:1405.3301 p, [GeVrc]

Not the same story for 62 GeV
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Color charge dependence?: D-meson Raa vs. 1*

Pb-Pb, \[s,, =2.76 TeV

ALICE

PRELIMINARY

<
<
0 1
1.6 0 .
e Average D°, D*, D™ lyl<0.5, 0-7.5%
owith pp pT-extrapoIated reference
= Charged particles, Inl<0.8, 0-10%

1.4

T T[T e T[T T[T T[T T
—

1.2, Charged pions, l<0.8, 0-10%

08

P N T U T R B P
0 5 10 15 20 25 30 3 40

» Comparable results for m and D mesons suppressions within uncertainties
* Is it consistent with the colour charge dependence picture?
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Color charge dependence?: D-meson Raa vs. i*

02

08
Excellent|agr:

DjoEc-je C, arXiv:1307.4098

1F

Pions

eement!
0.6
]

o
04

02

Calculation by M. Djordjevic
(rad+coll energy loss) can
describe both Raa

D mesons

0 10 20 30 40 0 20 40 0
E(GeV) E(GeV)

1 3 1

08 08 08
Shows strong colour
06 06 .
kS charge effect in
0.4 D .. 0.4 .
I partonic Ry, (g Vvs.

02 g 02 .

o , light and c)

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
E(GeV)

R,, (D)=R,, (charm)

MinJung Kweon, Inha University

E(GeV)

re ! 4

Ry, () =R,, (D)

June 20" 2014, HIM

R, (light quarks) =R, (charm)

Distortion by fragmentation!

Colour charge effect plays!
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Quark mass dependence?: D-meson Raa vs. non-prompt J/{

<1 4 TTTT TTTT TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT .
c I »  ALICE Preliminary D mesons ] ALICE prompt D mesons &
L 8<pT<16 GeVlc, lyl<0.5 i CMS non_prompt J/q).
1.2— Correlated systematic uncertainties ——|
r [ Uncorrelated systematic uncertainties | * B and D mesons <pt>~10 GeV/c
1L + Clear indication of a dependence
E @ CMS Preliminary Non-prompt J/y .
- 6.5<p <30 GeVc, lyl<1 2 I on quark mass : Raa® > Raa®
o 8; [ Systematic uncertainties a
s H CMS-PAS-HIN-12-014 1
0.6/ H IH .
041 #
0.2f W] m
- Pb-Pb, sy = 2.76 TeV 1
07\ L1l ‘ I ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l \7
0 50 100 150 200 250 300 350 400

( N, Weighted with Nm”)

b ®

Centrality
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Quark mass dependence?: D-meson Raa vs. non-prompt J/{

21.4\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\
| Pb-Pb, |5, =276 TeV i
1.2~ m  ALICE Preliminary D mesons -
- 8<pT<16 GeVre, lyl<0.5 —
r [ Correlated systematic uncertainties
L [ Uncorrelated systematic uncertainties
', - - - Djordjevic Non-prompt J/yp (6.5< p.< 30 GeV/c)
L Djordjevic Non-prompt J/y (with ¢ quark energy loss) &
L - - - Djordjevic D mesons (8 < P, < 16 GeV/c) _
0.8 m -
0.6~ _
0.4—
0.2 @ CMS Preliminary Non-prompt JAp E N _wmw
r 6.5<p_<30 GeVrc, lyl<1.2 -
[ []Systematic uncertainties  CMS-PAS-HIN-12-014
G\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0

MinJung Kweon, Inha University

( N_ . Weighted with Non

Centrality

+ ALICE prompt D mesons &
CMS non-prompt  J/:

+ B and D mesons <pr>~10 GeV/c

+ Clear indication of a dependence
on quark mass : RaaB > RaaP

¥ Djordjevic: non-prompt J/{ Raa
considering for energy loss

- b quark mass — -
No trivial relation

- ¢ quarkmass between AE and Raa

v Djordjevic: D meson Raa

50 100 150 200 250 300 350 400 Calculation by M. Djordjevic

(including mass-dependent rad+coll
energy loss) predict a difference

Similar pattern from other calculations (e.g. BAMPS, WHDG, Vitev et al.).

June 20" 2014, HIM
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ystem size dependence of Raa

2 LA I I I I | LR A I 2 T T T T LI L A S
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0
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2 4 6 8
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CENTRAL d+Au = PERIPHERAL Cu+Cu
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@ H*%M

Global error: = 9.9%
A N I

i

i

Global error: = 9.9%
R

2 4 6 8
pT[GeV/c]

2 4 6 8
pT[GeV/c]

CENTRAL Cu+Cu = MID Au+Au
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System size dependence of Raa

P
2 o LA e L e e
Global error: = 9.9%. Global error: = 9.9%
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= r = Cu+Cu ]l o — N . .
() _1 . 5 | + o Au+Au _ % ® Au+Au 200 GeV D’ lyl<1, 3<p'<8 GeV/c, arXiv:1404.6185 (submitted to PRL)|
(G N ¥ & + ¥ 1 w I Au+Au 200 GeV 7 Iyl<0.5, p >6 GeV/c, PLB65S, 104 (2007)
o\?._ r $ & 1 § 'S Central U+U collisions
¢ 1 = -+ L 4 8 have higher energy BB
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< r 1 & over Au+Au collisions
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System size dependence of Raa

P
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1.5

Global error: = 9.9%.

{

Global error: = 9.9%
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Heavy flavour v2 at RHIC & LHC

V2

0.6f

S 05y T T T ]

— c—e Glauber (by S.Cao) L - ]

—— b—e Glauber (by S.Cao) 0 f ALICE Preliminary ]

F 162, —— mix Glauber (by S.Cao) = 0. LI R R B R B B R r ; X o7
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L
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+ Charm does flow (at low
energy, questionable)!

+ Confirm significant
interaction of charm
quarks with the medium

+ Suggest collective motion
of low-pr charm quarks in
the expanding fireball
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Path length dependence of Raa

g27\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\7
x C ALICE a Pl ]
1.8~ n Plane 3
FPo-Pb,\[s =276TeV  § Ouorpene (@
161 Centrality 3(3-52?’ Syst. Uncertainties -
r PromptD ", D — Correlated b
1.4 [ Uncorrelated —
C 111<0.5 Anticorrelated J
100 - [ Global Normalization |
0.8 [ h B
061 % - :Ea: =
r moo ]
0.4 uﬁm—*— t E
C o ]
C o ]
0.2k = =
P T I D N B B S B
0 10 12 14 16

P, (GeV/c)

Raa measured in-plane and out-of-plane, sensitive to
-high pr: path length dependence of parton energy loss

-low pr: collectivity
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Observables constraining models

[ ABSARARARARS RARE RRRS
[ = ALCED’D", D" average

V2
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Observables constraining models
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Flow
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Is charm actually flowing? or is this v, just from recombination with a light quark?
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Heavy Quark Energy Loss in Medium

Radiative energy loss via gluon radiation

Color charge dependence of energy loss

gluon radiation spectrum by the parton propagation in the medium:

dl
w— xa,Cpf(w) Ros: RPaa/Ran
dw Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027
3 9

T T T T = 9T T T T T
Pb-Pb 0-10%,\§yy =55 TeV 1@

WFon

4
where Cp=3 forg, 3 forq m, = 4.8 GeV

mass

Dead Cone Effect effect

+ In vacuum, gluon radiation is suppressed at
angles smaller than Ma/Eq (ratio of the quark
mass to its energy)

* In medium, dead cone implies lower energy loss
for massive partons

(Dokshitzer and Kharzeev, PLB 519 (2001) 199.)
> R, < RY < RU, maoo- oGy

”»

O LN WE DD
o T

Elastic energy loss is not negligible? Collisional dissociation probability of
Simon Wicks, William Horowitz, Magdalena Djordjevic, Miklos Gyulassy, heavy mesons in the QGP?

Nucl.Phys.A784:426-442,2007
I Vitev, A Adil and H van Hees, J. Phys. G: Nucl. Part. Phys. 34 (2007) S769-S773

Proton-proton collisions: provide important test of pQCD in a new energy domain and heavy ion reference
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