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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/m¢ ~ 0.1 fm/c << Taap ~ O(10 fm/c) ),
traverse the medium interacting with its constituents

= natural probe of the hot medium created in HI interactions

* Interactions with QGP don’t change flavour identity

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

. colour triplet —)ﬁ&?
qu d.s: m~8 Cr=4/3 Parton Energy Loss by
(difficult to tag at LHC)

g: colour octet
: m=0, Cg=3

>.E loss, dominant at LHC

c: m~1.5 GeV, Cr=4/3

small m, tagged by D’s Prediction: AE > AEC~ > AEb

b: m~5GeV, Cr=4/3 5 1

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

‘Quark Matter’
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Heavy flavour physics programs in pp, p-A, A-A collisions

* Pb-Pb collisions
> Study the interaction of heavy quarks with the medium

» Comparison with models in order to extract the transport properties of the

medium
. Centrality

Peripheral Central

* p-p collisions

> Reference for p-Pb and Pb-Pb measurements LHC

> Test of pQCD-based predictions [y +y

y in CM frame

* p-Pb collisions Q@*:@

> Control experiment for the Pb-Pb measurement

> Address cold nuclear matter effects Ycus = 0-465 in the p-beam direction
- Study of the shadowing influence at LHC energies (Bjorken x ~ 1074
- Possible saturation regime
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Heavy-flavour decay muons in ALICE

VZERO scintillators detector:
trigger, centralit determination* Absorber
————— D,B,A,,... = utX

== Muon spectrometer:

L-1D via tracks

matched with and
e | trigger system

* common for all analyses
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Heavy-flavour decay electrons in ALICE

MinJung Kweon, Inha University High Energy Strong Interactions A School for Young Asian Scientists: , September 239, 2014



D mesons in ALICE

___________

DO — K- qt

D* — Kttt

Oy =S D** — DO+

: ..ﬁ ([P | ' D.* — ¢t — K'K*m*
A ) - 72" |nl<009

ITS: tracking, vertexing
TPC: tracking, PID

TOF: PID

Mindung Kweon, Inha University High Energy Strong Interactions A School for Young Asian Scientists: , September 234, 2014 6



pr-differential cross sectlons N pp coII|S|ons

‘“g 1E e AUCEoboe '4 % 10—2? ALICE pp, (s =2.76 TeV' .
. ©  fn e FONLLc, b — e 1 3 48[ o N —c)—>e ]
 Heavy flavour cross section - mviss oo 4 8 107 i 8 arXiv:1405.4144 se-9=e
\E, ET l:. t-factorization ¢, b — e E é 10-4 L N
measurements: extended S10°fR 13 00 " ke factorizaton
- . g [k - 13 - GM-VFNS ;
kinetic reaches, several Sl By AXVAL0S.417 ] o)
beam energies %“10-4; - X . EE g% ::28 1.9% normalization uncertainty not shown ]
= 10% ? § 2-% ; o) FONLL ;
1%k e 18 %5 %WT .
- =R S A 3
* pQCD-based calculations ok . T . Tactorization
- pp, (s=276TeV,lyl<0.8 E=m=37 £ L5E
(FON LL, GM_VFNS, kT 10_8;_ EtiiitioiaHQ% n(?r?malllz;tflol:uqcc?rtlaiw/ y I—;I % Og ;
: . . : > 3 A= R
factorization) compatible with g2 R B
data §”f e S A N B WL I
o.5§ ! . =
@ DY, D+, D* mesons (mid e
. g £ .F ’81035 T T T T T TS
rapidity) at 2.76 & 7 TeV g 1% S o omsearer o TS ]
: .y : e 10 3
® c,b—e (mid rapidity, downto > 2 || pEy  HEP1207(2012) 191 ]
pr~0.5 GeV/c) at 2.76 & 7 TeV  £23 g 0 == E
g 158 = —— A
® c,b—p (forward rapidity) at os 22 gy
2.76 &7 TeV TR S b
- [JGM-VFNS = 1.9% lumi, = 1.3% BR norm. unc. (not shown)
® b—e (mid rapidity, down to MRS R
pr~1 GeV/c)at 2.76 & 7 TeV £ ﬁ-% .
FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, G 1o~

kr factorisation: arXiv:1301.3033
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More on production mechanism:
Multiplicity dependences of charm production

o
SO
N
& T, Particle production in pp
& collisions at LHC shows
& %~ better agreement with
S8 &L models including MPIs
X Eur. Phys. J. C 73 (2013) 2674

MPIs involving only light quarks and
gluons?

For heavy flavours:

* LHCDb: double charm production
agrees better with models including
double parton scattering

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

(d2ND/dyde) / {(d*NP/dyd p)

B feed-down unc.

—_l —_l
N A

—_l
o

ALICE

pp Vs =7 TeV £
D™* meson, lyl<0.5
+2<pT<4GeV/C
+4<pT<SGeV/C

——8<p <12GeV/c
—+—12<pT<20 GeV/c

6 1]
4 H PP
o % due to MPIs?
I! +7%/-3% normalization unc. not shown
P S A
0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity 3
0.2 E
O R R S e e e
-0.2Ff =
04T =
0 1 2 3 4 5
chh/dn / (dNCh/dn>

* D-meson yields increase with charged-particle multiplicity
— presence of MPI and contribution on the a harder scale?
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Quantification of medium effects: Raa

* Nuclear modification factor: standard method to quantify the effects of
the medium on the yield of a hard probe in a AA reaction

Npart,NcoII,
# participants
# binary collisions
Binary scaling based
on the Glauber Model

dN, ldp,  dN, ldp, R[

R, = _
AN )xdN ldp,  (T,)xdo, |dp,

Raa=1: AA collision ~ incoherent superposition of NN coII|S|ons

T B>} 2
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Heavy flavour in p-Pb at 5.02 TeV

* Rppo measured in various channels

« Rppo 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

® Cc,b—e & b—e (mid rapidity)

F%Pb
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Heavy flavour in p-Pb at 5.02 TeV

* Rppo measured in various channels

» Slight rapidity dependence
®C,b—p:

- at forward, consistent with unity
within uncertainties

- at backward, slightly larger than
unity in 2<pr<4 GeV

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

Mindung Kweon, Inha University

2.5

2

1.5

o
o

o

Rpr

2.5

\o}
IIIIIIIIIIIIIIIIII

o
o

o
o TT T T [TTITT
V)

B L BB B L N BN B
p-Pb \'s,, = 5.02 TeV, u*< c,b decays -

2.5y <3.94 ]
ALICE Preliminary oms

Forward

1 I
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\V)
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More differential information:
Heavy-flavour electron-hadron correlations

2.0

N
‘:O | p-Pb, \Syn = 5.02 TeV —g— D-Pb, VOA Multiplicity class: 0 - 20 % p-Pb, |5 = 5.02 TeV Ler . - ’s e ’
. _ e s ) _ o, = ] NN= .
© - (e from c,b)-h correlation — p_EE’ xgﬁ mu:?p:!c:y C:ass: 28 _ ?80/:/ (0-20%) - (60-100%), Multiplicity Classes from VOA
: ~ 1.0 < p® < 2.0 GeV/c o 2 ’ du Iplicily class: ° (e from c,b)-h correlation N
S B T B Syst. on ped. estimation 1.0 < p® < 2.0 GeV/c
- 0-5 < ph < 2.0 GeV/c : SySt from Secondary partiCIes 05< pI < 2.0 GeV/c
— ~ Inl<0.9, |An| < 1.6 pp, Vs =7 TeV e] PRELIMINARY
Z'qc, - e pp, stat. uncertainty g
5 B ToTTeT =
~ | Global normalization uncertainty = 0.06 rad™ |
— 1.0 ge]
e L ToT -y 5 a2
~ B rir T B 31
— B —o— .
L
z [ —— = 3.0
-~ ALICE g
0.5 e -
PRELIMINARY 1.5
B ! Em
B ~
B -
B g N’
0.0 .
| | | | | | | | | | | 1 5
1 0 1 2 3 4 5 6
Ao (rad)

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

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:
Multiplicity dependence of modification

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

QVOA (p ) ult /de
pPb \FT NGlauberd]\[pp/dp
coll T
D 3 T T 71 | 1T T 1 | T T 71 | 1T T T | 1T T 1 | T T 71 g & 18 C 0-5% 40 60/
- - _ ] g Pb \[s =5.02Tev * 05% -60%
Q B ALICE Preliminary ZN Energy Event Class 7| o 1.6 - P SNN_ N o 510% 60-80%
g - p-Pb \/? ~ 502 TeV - —  Charged partlclisml nl <0.3 R ; 84218% . 80-100%
SO : ®0-20% | . ZN+N © 20-40%
:Q_Qz's N ’ B 14 ALICE P;EL‘IT\,/IIIINARY
2 o | Average D’ D -096< y <0.04 *60-100% | -
O | cms h 12 __ ‘ ——
— — L 0 .“ bl _‘__._ 7‘721:
a - f izt iecs SmEm e
- _ o | ——== —t—
- . 0.8 ~ ————
1.5~ ] 0.6 J _F
: i 0.4 - B Syston (T )
- - C p
g Y | VM o, | | 1 | II_ 0.0 - Syst. on normalization
- 7] ' :_ [1 Syst. on dN/dp ;
E E 1.15 E_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.5— - ] 11 E
5 - 1.05 £
- Filled markers : pp rescaled reference 7] 1
- Open markers: pp pT-extrapoIated reference m 0.95
O B I A | | I I | | I A | | I I | | I I | | I A | i 09
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No multiplicity dependent modification of the py spectra in p-Pb
Similar pattern for D mesons and high-pt charged particles
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More differential information:
Multiplicity dependence of modification

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

VOA ( D ) ult / dp T
pPb \/'T NGlauberd]\[pp/d
coll Pt
D 3 T T 1 | T T 71 | T T 1 | T T 1 | T T 71 | T T 71 % & 18 C 0 50/ 40 60/
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S 2.5 p-Pb, VS =5.02TeV ©0-20% ] N ZN+N™" . 20-40%
:QQ ~L i 1.4~ ALICE PRELIMINARY
2 o | Average D’ ,D*" -0.96 < y <0.04 %*60-100% - C
O | cms N 1 2 __ ’w +
B - L /‘ -l—_’__‘_ 77_._
2f - | e L L L

Production rates in high- multlpI|C|ty p-Pb collisions doesn’t exhibit
any effect like suppression.
0.4 B Syst.on (T )

: r pA
_____________________________ v II_ 0.0 - Syst. on normalization
' :_ [] Syst. on dN/dp ;

115 F

0.5 — ] 11
- 1.05 £
Filled markers : pp rescaled reference 7] 1
Open markers: pp pT-extrapoIated reference m 0.95
O I | | I I | | I | | [ | I I | | I | i 09
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No multiplicity dependent modification of the py spectra in p-Pb
Similar pattern for D mesons and high-pt charged particles
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Raa in p-Pb and Pb-Pb

[ ALICE, PRL 110 (2013) 082302

1.8~  ALICE, charged particles

o 2 4 6 8 10 12 14 16 18 20

P, (GeV/c)

p-Pb results indicate that the

suppression observed in Pb-Pb
comes from a final state effect

MindJung Kweon, Inha University
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Significant suppression at high pt
for D mesons at mid rapidity
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Raa in p-Pb and Pb-Pb
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p-Pb results indicate that the
suppression observed in Pb-Pb
comes from a final state effect
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ALICE Preliminary

Rpr
w

—4- ALICEb,c > e
4 ALICEDb (= c)— e

HF-decay lepton Raa o

B normalization uncertainty
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Pb-Pb, s = 2.76 TeV 2.5 e b (Govid)

A Heavy flavour decay u* 0-10% central, 2.5<y<4.0 Pb-Pb \'San = 2.76 TeV, 0-20% centrality

Heavy flavour decay e* 0-10% central, lyl<0.6 _
® with pp ref. from scaled cross section at Vs = 7 TeV ] 2
*  with pp ref. from FONLL calculation at Vs = 2.76 TeV

H
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A
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—4—Db(—=c)—elyl<0.8

[_] syst. uncertainty
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ALICE Preliminary
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o
o

* Significant suppression at high pr
® c,b—e (mid rapidity) & c,b—p (forward rapidity)
® b—e (mid rapidity) hint of suppression
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Color charge dependence?: D-meson Raa vs. *

2 T T T T T T T T T T T T T T T T
< R | | | | ]
< — —
oC g Pb-Pb, \'s,, =2.76 TeV B
1 6__ ; ) PRELIMINARY _—
~ e®Average D", D¥, D lyl<0.5, 0-7.5% ]
1.4 owith pp pT-extrapoIated reference —
- = Charged particles, nl<0.8, 0-10% 7
1.2 4 Charged pions, Il<0.8, 0-10% ]
] -
0.8 —
0.6 —
0.4h — —
- o= ° .
0.2 -
O_I 1 1 | | L 1 1 1 | L 1 1 1 | I | L 1 1 1 | L 1 1 1 | L 1 1 1 | 1 1 I_

0 5 10 15 20 25 30 35 40

o (GeV/c)

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

1 =
e
T2+ 0.8
<
(T
= < 06+
é’ h* Q
&'lr AT _ —-/—--""'
g __,.---.m--:\‘\'---.ﬂm.f-' ........... (o
E 02 | ;.--»" ——————
O P ”.,_.-—--'g
0 ! = ! | | oh =7 ! s s
0 10 20 30 40 50 0 10 20 30 40 50
E(GeV) E(GeV)
Significant gluon contribution in Much larger gluon suppression
charged hadrons
+
Rya () <R, , (D)
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Charged hadrons vs D meson Raa

04 !

0 10 20
E(GeV)

|

Rya (h¥) =Ry, (D)

0.8

! 4 e !

10 20 30 40
E(GeV)

|

Excellent agreement
with the data!

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

2
o

1

1F

Pions D mesons Calculation by M. DjordjeViC
0.6+ 08+
Excellent agreement! (rad+coll energy loss) can
067 06 % describe both Raa
< ¢
044f 0.4+ .
021 0.2 M l
Djogque c, arXiv:1307.4098 04 ! ! !
0 10 20 30 40 0 20 40 60
F(GeV) E(GeV)
1F 1F 1f
08+ 0.8 081+
Shows strong colour
061 06} _
& charge effect in
041 B e 0.4 rtonic R
ey e partonic R,, (g Vvs.
ol . light and c)
0 10 20 30 40 50 0
E(GeV) E(GeV) E(GeV)

Rya (D) =Ry, (charm)

> 4

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

! ¢

Ry, () =R,, (D)
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Quark mass dependence?: D-meson Raa vs. non-prompt J/y

<l .4
oC

1.2

0.8

0.6

0.4

0.2

- Pb-Pb, |5y = 2.76 TeV

[] Uncorrelated systematic uncertainties

|
III|III|III|III|II#II|III

m ALICE Preliminary D mesons
8<pT<16 GeV/c, lyl<0.5

Correlated systematic uncertainties

® CMS Preliminary Non-prompt J/
6.5<pT<30 GeV/c, lyl<1.2

[] Systematic uncertainties

g '
i

N N

0

50

100

@)
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150 200 250 300 350 400
(N __ weighted with N )
part coll

> @

Centrality

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

- B and D mesons <pt>~10 GeV/c

- Clear indication of a dependence
on quark mass : RaaB > RaaP
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Quark mass dependence?: D-meson Raa vs. non-prompt J/J

<14 T 11 T T T T T 11 T T 1 T T T T T 11
e [ - P'b \f' ) 7'6T v| « ALICE prompt D mesons &
B -FD, \|S\\y = & e
- NN CMS non-prompt J/:
1.2 m ALICE Preliminary D mesons
i 8<p, <16 GeVic, lyl<0.5 - B and D mesons <pt>~10 GeV/c

| Correlated systematic uncertainties
[] Uncorrelated systematic uncertainties

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

T
:# | | I

- - = Djordjevic Non-prompt J/yp (6.5< P, < 30 GeV/c)
---------- Djordjevic Non-prompt J/y (with ¢ quark energy loss)

: - = = Djordjevic D mesons (8 < p, < 16 GeV/c) :
0.8 m —
0.6/~ - ¥ Djordjevic: non-prompt J/{ Raa

i 1 considering for energy loss
0.4 ‘--€— - b quark mass — _

B ] No trivial relation

] . - c quarkmass between AE and Raa
0.2— @ CMS Preliminary Non-prompt J/Ap |i| ....

" [] Systematic uncertainties  CMS-PAS-HIN-12-014 v DjordjeViC: D meson Raa

O I T | I | I | I | | I | I . | I | I

0 50 100 150 200 250 300 350 400 Calculation by M. Djordjevic
( N_ weighted with N__) -
part c (including mass-dependent rad+coll
@) >® energy loss) predict a difference

Centrality

Similar pattern from other calculations (e.g. BAMPS, WHDG, Vitev et al.).
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Quantification of medium effects: flow

« Geometry and harmonic flow

. : : via re-scatterings : : C
Initial spatial anisotropy ——— mediun?» momentum anisotropy of particle emission

: via a Fourier expansion in azimuthal angle (@) with respect to the reaction plane (Wrp)

Out-of-p.la'r’ié

Reactiong:
plane

2v,cos[2(p—-W )] ...)

24
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Heavy flavour v-

>N |||||||||||||||||||||||I|||I|||I|||I |||||||||||||||||||||||||||||||||||| |||||||I|||I|||I||| |||||||I|||I|||I

0.6+ ALICE . () PromptDolyI<O.8, VZ{EP} - — >(\| O_5_| LI L L N O O L O L I O Y I O L Y L |_

[ Pb-Pb, {Sy = 2.76 TeV Syst. from data [ ALICE Preliminary i

i , W =2 1 1 1 C ]

+ -Syst. from B feed-down 1+ ] 0.4_— —o— Heavy-flavour decay €7, v {EP, IAnl > 0.9}, Iyl <0.7 ]

0'4__ ___ O Charged particles, vAEP,AN>2} | ] E —=- Heavy-flavour decay u*, v,{2}, 2.6 <y <4 E

0.3 Pb-Pb, Sy =2.76 TeV

I 20-40% Centrality Class ]

0.2 _

- 0 i

0.1_— II + $ * -

[ ] [ ]

- I i ]| ® -

K | ] ]

OFp---------mmmmmmmmm e -

0.2F + + . - ]

" Centrality 0-10% T Centrality 10-30% T Centrality 30-50% ' Ol L L

_ y 0-10% I y ° | y ° = . o 2 4 6 8 10 12 14
b b ben bbb e b e b B b b e e b Bene Pl s B e Beva B B Beva Bea Lo |

2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 p. (GeVic)

P, (GeV/c) P, (GeV/c) P, (GeV/c)

» Charm does flow!
 Confirm significant interaction of charm quarks with the medium
» Suggest collective motion of low-pt charm quarks in the expanding fireball
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B

Observables constraining models

HQ production Medium Modeling Heavy quarks interactions Hadronization
FONLL, no shadowing Glauber model collision radiative + fragmentation
(AIP Conf Proc. 1441 geometry, no hydro collisional energy loss
(2012) 889 evolution
POWLANG POWEG (NLO) + EPS09 2+1d expanding medium HQ transport (Langevin) + fragmentation
(). Phys. G 38 (2011) shadowing with viscos hydro evolution collisional energy loss
124144)
Cao, Quin, Bass LO pQCD + EPSO9 2+1d expanding medium HQ transport (Langevin) + recombination +
(Phys Rev C 88 (2013) shadowing with viscous hydro evolution quasi elastic scattering + fragmentation
044907) radiative energy loss
MC@sHQ+EPOS2 FONLL, no shadowing 3+1d fluid dynamical HQ transport (Boltzmann) + recombination +
(Phys Rev C 89 (2014) expansion (EPOS) radiative + fragmentation
~ 014905) collisional energy loss.
MC@NLO, no shadowing | 3+1d fully dynamic parton HQ transport (Boltzmann) + fragmentation
(Phys Lett B 717 transport model collisional energy loss
(2012) 430) (w/ & w/o radiative)
FONLL + EPSO9 transport + 3+1d ideal hydro | HQ transport (Langevin) + recombination +
shadowing evolution collisional energy loss + fragmentation
(arXiv:1401.3817) diffusion in hadronic phase
UrQMD PYTHIA, no shadowing 3+1d ideal hydro evolution HQ transport (Langevin) + recombination +
(arXiv:1211.6912) collisional energy loss fragmentation

carXiv:1401.3817

Summarized by Davide Caffarri

®NMC@sHQ+EPOS: PRC 89 (2014) 014905

§& Djordjevic: arXiv:1307.4098
§ Cao, Qin, Bass: PRC 88 (2013) 044907

& Vitev, rad+dissoc: PRC 80 (2009) 054902
2 POWLANG: JPG 38 (2011) 124144

= : Nucl. Phys. A 872 (2011) 265 2BAMPS: PLB 717 (2012) 430

MindJung Kweon, Inha University
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Observables constraining models

>N _l|||lll|||lllllllllllllllllllllll_ §1.2_I IIIIIIIIIIIIIIIIIIIIIIIII_ <27“““““““““‘“‘““““‘7
3 4: = ALIGED’D",D"average  Pb-Pb,|s,=276Tev] T L} A ALICE D°, D", D™ average, lyl<0.5 ] m<1 gl ALICE Preliminary ]
) EI:I Syst. from data Centrality 30-50% n 1E.f ....... '\ ......................................................................................................................... | g T Pb-Pb, m =2.76 TeV, 0-10% central
:|:| Syst. from B feed-down . 7 PR Pb-Pb, \/ST\IN =276 TeV - ..8 1.6 © withppref. from scaled cross section atr\(5= 7TeV
03 — — _: : Centrality 0-20% : D 5 _‘f Bvxﬁppsperl.ef. from FONLL calculation at Vs = 2.76 TeV j
:: ©14
N ] 0.8[;: WHDG rad+coll ] > T[ U BAMPS el rad. ]
o2- I o 1 gl Coree 1 P e :
R N v,, 30-50% 1 L) oo Ve HOIEPOS, CollsRad(LPM) ] S L oMCeswGwPosComRaP ]
- \(‘\\\w, | mﬁt‘ g X\. ______ — Tl .l “, ------- BAMPS — = L ]
0.1 & 45, e AN G L — B L -] ! 3 P TAMU elastic ] o _
SN2 .—('4 T N e LIS [ - o > 0 8
F 3 e rarsiitt K LS A B B H E +— — UrQMD . @ V-Or
:i;-‘?'g %’*"‘mww—- e 0.4+ A = C
0 _&/ ...... WHDGrad+C0” ................... ‘ ........................... / /.’/,ﬁ//i\,\.\‘\,\\.‘ ....... - o T __ L '0,., _ ;‘06 N
I ==zl o~ © I
- — . POWLANG ] - A ﬂ" L0.4}
I Cao, Qin, Bass ] ] 0.2 D LA B s
0.1—..... MC@sHQ+EPOS, Coll+Rad(LPM) — gl RPN
[ e BAMPS el. - - -~ TAMU elastic L Ryt - TR L RYCILIE 0.2
- i BAMPS el +rad. — — UrQMD . - | | | T | | ) T D B B U P P ST
o b b v b v b b v b b L1 L1 L1 L1 L1 L1 L1 L1 I e
0 2 4 6 8 10 12 14 16 00 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18
p. (GeV/c) p. (GeV/c) p, (GeVic)
>N 0.5—1 T T I LI I LI I LI I LI I LI I T T l—
21-6_1 T 1 I LI I LU I LU I LI I LI I LI I LI I l__l LI | LI | LI | LI | LI | LI | LI | LI | I_ C : ALICE Preliminary :
o B . Prompt D° , B° n gfg?il Q 1 ALICE . o 0.4l —=— ALICE, v,{EP, |IAn| > 0.9} b
1af o 1y1<0.5 ¢ DubiTane + PoPo|s, =276 Tev WHDG radscoll -] R ngb%%"& -
I VAN = oromeg™es T Centrality 30-50% =71 Ceo.QinBass ] ©® [ .. BAMPSel +rad. )
12— .P\I . — Xntgorrelalmtedd ____"‘/\ === BAMPS i C>U\ 0.3 — - POWLANG .
- . nticorrelate =4 EA - o o 1 - - .
P - [ Global normalization 1 o\ : TAC'\J/',\hJDe'aS“c ] S F o MC@sHQ+EPOS, Coll+Rad(LPM) |
1] R R L R ] - L [ - TAMU .
Al ) ) s 0.2 .
0.8, l\\ \} —+ - - o - .
YA W' ] ] = . ]
osfh o n E = 0.1F ]
a ] B T
C A ! = > )
04l - - L | © N R R A e
4 . P EET] ] © 0 Rl CEREEE
¥ . S i P T B Tt PD-PD, /Sy = 2.76 TeV :
0.2H _? —_— e [ 20-40% Centrality Class, lyl <0.7 1
0_1 e e by b b by b by b Iy s b b b b b by by 10 -010 2 4 6 8 10 12 14
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 _ 16
p_ (GeV/c) P, (GeV/c)
) - arXiv:1401.3817 ®MC@sHQ+EPOS: PRC 89 (2014) 014905
§& Djordjevic: arXiv:1307.4098 §% Vitev, rad+dissoc: PRC 80 (2009) 054902
§ Cao, Qin, Bass: PRC 88 (2013) 044907 & POWLANG: JPG 38 (2011) 124144 Various Observables provide
2 - Nucl. Phys. A 872 (2011) 265 §&BAMPS: PLB 717 (2012) 430

constraints for the models
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KoALICE Organization & Status (2014-09)

ACORDE
EMCal

3 | —

-
-
P T\
-

P Total 34 researchers are
- |participating from Koreal

— Collaboration:

Detector: > 1000 Members
| Size: 16 x 26 meters > 100 Institutes

Weight: 10,000 tons ff | 30 countries

HMPID .
L3 Magnet | )
PHOS

in 2011: 60%

Inha Univerisity: Prof.1 (1) + MA Stud.3 =4 (5)
KW National University:  (Prof.1 +) PhD.2 + PhD Stud.1 (+ MA Stud.1) =5 (3)
Pusan National University: Prof.2 (1) + PhD.1 + PhD Stud.2 + MA Stud.1(1) +

Sec.1=9
Sejong University: Prof.2 =2
Yonsei University: Prof.2 + PhD Stud.5 + MA Stud.5 =12
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koALICE activity for ALICE data analysis

Papers: 25 (Principal 3)
ALICE analysis notes: 3
Presentations including PHYSICS working group meeting: 41
Thesis: 1 MA, 1 PhD

Regular KOALICE Meetings: every month

21 researchers long stay
Regular informal weekly coffee-clock meetings on Thursday, 4 PM, restaurant 2.

J

@ ¢ ¢ ¢ 0 0 ¢

Multiplicity (dN/dn) in pp

_ambda anisotropy

Pomeron reactions in pp—4rm

_attice calculation forYin T

Heavy flavor (NPE) production and Raa: ¢, b—e+X, b—e+X
Raa Vs. path-length

~low analysis using two-particle correlations

Hyperon (2, =) search from pp to AA
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kKoALICE activity for ALICE ITS upgrade R&D

Physics performance study (Inha) E i

1.6F

(S/B)

/

»
01.4F
5 F gedog
81.2F
£
5 F

ey

L 1

=~ 0.8F

S/B),

0.6F
0.4F
0.2F

Chip-design & Probe card s

development (Yonsei)

‘0w

ITS pixel chip prototype:
Explorer-0 on the hybrid board
I i)

Chip characterization test bench
(Pusan, Inha)

In one chip,

B @ Noise(oy) distribution =/

eg. 10th of 100 in room

Mass chip test and Module
assembly system setup (Pusan)

ALICE ITS Upgrade Asian Workshop since 2013 Spring (twice per year):
Inha University(2013.4), CCNU Wuhan(2013.12), Thailand(2014.6), Pusan
University(2014.12 scheduled)
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Research theme and activities reported recently

Beomkyu Kim 15t koALICE
national workshop

* dN/dn measurement in p+p collisions ‘

Hyeonjoong Kim

* Very recently joined ALICE, so still in very explorative stage. - Paper draft is ready to distribute to the collaboration to edit

- Dets Taesoo Kim e /M ABorissov (CERN)
| g?oi ® GA/LF, = Resonance
* Partial Wave Analysis for 2 pions of central production
in p+p collisions at 7 TeV m Research/Education Assistance at CERN for KoALICE
.1 ™ SUChung (CERN)
m KEChoi (PNU/CERN)
'S¢ ® Glueball/Exotics/ Diffractive Physics/ PW | ~1 . enkov Det. — ATLAS@IUB.US — PNU
Minwoo Kim | 10T ula I
m Performance study — ITS Coordinator
. m JHSong (PNU/CERN) m JYKim
r Various PID methods have bs m Characterization System @ P
_ _ _ m EPICS Expert (CBM@GSI) m Chip Characterization
r Using two-particle correlation m Series Test + Module Assembly Station @ PNU
« Collision data analysis (Soyeon Cho, Minjung Kim) | Myu nggeun Song

- Measurement of electron spectra from beauty hadron decays in pp, p-Pb
and Pb-Pb collisions

JinSook Kim

made by using flow method

* ITS Upgrade
* Pixel chip test (Jonghan Park)

- Build a 2"9 version of the chip test system in Inha after the 15t version
built in Pusan

» Convert Ag to Path-Length using Glauber simulation

* Physics performance study (MindJung Kweon)
- Improvement of the b— e measurement by the ITS upgrade in Pb-Pb * Then, draw R,, vs Path-Length and compare it with RHIC resu
collisions
® BHLim
+ Theory (Kayoung Park)
- Modeling medium energy loss of jet via Bremsstrahlung m Series Test + Module Assembly System
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Summary and Outlook

data are described by perturbative QCD = Heavy-flavours are a calibrated probe

-Pb data:

Hints of a stronger suppression for charm than for beauty at intermediate/high pr.
No strong conclusions from the comparison of D mesons and pions Raa, given the

arge uncertainties
’b data:

Results consistent with pQCD + shadowing: the observed suppression in Pb-Pb

>ollisions is a final state effect

cision measurements would greatly benefit from larger statistics scheduled ahead

‘om ongoing detector upgrades

LHC upgrades

Toward precision measurements!

Why Upgrade |
® Physics: the best is yet to come g T
8T ALICE Upgrade  Pb-Pb,\/s,, =5.5TeV -
© Detectors: replace aging components, updatea; Loy = 10 i, cenralty 0-10%
technologies 145 D> K @® -
120414, Non-promptJiy— e'e’ fiCE,
How: ) S e
®Upgrades of the LHC (incl. injection chain) O-Bfrﬂ * E
. . . a.a 0.6 + —
®Upgrades of detectors, trigger, data acquisition *, *+ e
®Goal: upgrade performance in increasingly °2 = 3

: : %50 15 2025 30
Cha"englng environment ALICE, CERN-LHCC-2013-024  Pr (G€V/0)
When:

©®Three phases: 2013 - 2018 - 2022

Mindung Kweon, Inha University

Charm and beauty R,, down to
p;~0 using D® and B-decay J/

High Energy Strong Interactions A School for Young Asian Scientists: , September 239, 2014

Upgrade of the

Inner Tracking System
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Thank you for your attention!

MindJung Kweon, Inha University
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MindJung Kweon, Inha University

Additional slides
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Heavy-ion physics

First phase diagram for nuclear matter: Cabibbo,
Parisi PL B59 (1975): “We suggest ... a different
phase of the vacuum in which quarks are not
confined”

* T.D. Lee (1975) suggested to distribute a high
amount of energy over a relatively large volume

quark-gluon plasma (QGP)
x—-symmetric

—

o

ene

~Y X
s‘ﬁl,
® hadron gas

x—- SB

Temperature

" ®
® nuclei
nucleon gas 9¢%@

e Collisions of nuclei at very high energy

Po net barvon densitv

> Temperature of the produced “fireball” O(10'? K)

- 10° x T of the centre of the Sun

- =T of the Universe 10s after Big Bang

e Study nuclear matter at extreme conditions of 65 RHC e —=
temperature and density '

> Collect evidence for a state where quarks and 1| _
. LHC

gluons are deconfined (Quark Gluon Plasma) 8 / o m=;n

and study its properties - 2 flavour o=

> Phase transition predicted by Lattice QCD To = (173 +/-15) MeV |
e ~ 0.7 GeV/fm T [MeV]

calculations
- Tc =170 MeV — g, =~ 0.6 GeV/fm?
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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 C,.f(w)
dw

4
where C, =3 forg, 3 for g

Dead Cone Effect

 In vacuum, gluon radiation is suppressed at
angles smaller than Mqa/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.)

p D B 1 dN,, | dp,
m) R, <R,, <R, RaPD= 7 0 T,

Elastic energy loss is not negligible?

Simon Wicks, William Horowitz, Magdalena Djordjevic, Miklos Gyulassy,
Nucl.Phys.A784:426-442,2007

c LA R LI R B
a }' ' Pb-Pb 0-10%, s\ = 5.5 TeV
25F \ color charge-
2t effect
150 T e g
1- AE <AE, "~ ]
0.5F £
: m,=1.2 GeV
CL v by by by oy g by
05961520 25

Ro/n: RPaa/RMaa
Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027 .

Collisional dissociation probability of

heavy mesons in the QGP?

| 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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http://arxiv.org/find/nucl-th/1/au:+Wicks_S/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Wicks_S/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Horowitz_W/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Horowitz_W/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Djordjevic_M/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Djordjevic_M/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Gyulassy_M/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Gyulassy_M/0/1/0/all/0/1

Nucleus-nuc

leus collision processes

final detected

Relativistic Heavy-Ion Collisions particles distributions

!

T

3
3
!
2

!

N

—h BB P 2 W

/‘

collision
overlap zone

|

pre-
egualibr*i um

nhamics.

t~0fm/c T~1Ffrl/c T ~ 10 fm/c t ~ 101 fm/c

Hard processes:
- Charm, Beauty, Jets

* Probe the whole
evolution of the collision

QGP phase

Kinetic
freeze-out

Hadronization

Initial energy

dEﬂSIT)r = . : 15 %-\‘\

i "!“u' "1—'_ = K

‘ Hfédﬂgﬂn :f&ak: @ -
Q6P p_h'f_;

™ I’
AW PR, Y.

|

« Chemical:
particle
composition is
_fregsfreaming fixed (no more
inel. collisions)

= Freeze-out:

viscous

collisiol evolution

Photons (QGP radiation): ;l-grer:;iﬂtjm

* No interaction with the QGP spectra are
constituents Transition to {04 (no more
* Insensitive to the hadronization phase hadron gas elastic collisions)

* Sharp increase of energy density at Tc (=170MeV)
« Thermalization time (RHIC): Tin = 0.6 fm/c
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Data samples

LHC Run

2010

2010

2011

2011

2013

Mindung Kweon, Inha University

Data Samples

pp, 7/ TeV
Pb-Pb, 2.76 TeV

pp, 2.76 TeV

Pb-Pb, 2.76 TeV

0-Pb 5.02 TeV

D mesons

5 nb! (MB trigger)
JHEP 01 (2012) 128

2.12 bt (0-80%)
JHEP 09 (2012) 112

1.1 nb'! (MB trigger)
JHEP 07 (2012) 191

23 b (0-10%)
6.2 ubt (10-50%)
PRL 111 102301 (2013)

48.6 pub (MB trigger)

Heavy Flavour
muons

16.5 nb™! (p trigger)
PLB 708 (2012) 265

2.7 pb! (p trigger)
PRL 109 112301 (2012)

19 pub! (i trigger)
PRL 109 112301 (2012)

11.3 pb'! (0-10%)
3.5 pb! (10-40%)

work in progress

Heavy Flavour
electrons

2.6 nb! (MB trigger)
PRD 87 052016 (2013)

2.0 pub! (0-80%)

0.5 (11.9) nb!
MB (EMCAL) triggers

22 (37) ubin 0-10%
6 (34) pub! in 20-40%
MB (EMCAL) trig.

48.6 pb (MB trigger)
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Heavy-flavour cross section in pp at /s = 2.76 TeV

(pb/0.5 GeV/c)

Heavy flavour decay muons

t

do*"F/dp

data/FONLL

Phys. Rev. Lett. 109 (2012) 112301

s ALICE pp Vs=2.76 TeV, u*<—HF in 2.5<y<4 ]
107 e E
R —e— data ]
10" ¢ \ [ ] w<HF, FONLL E
o S — — - u*<charm, FONLL ]
10° 3N wE<beauty, FONLL
10°F TS
104
0% =
102; L,,=19 nb™
1.9% normalization uncertainty not included
g g
2¢
1.5¢
1E [=o=|
05? | | | | IE
% 5 4 6 8 10
p. (GeV/c)

R.Averbeck et al., arXiv:1107.3243

Heavy flavour muon data is used as reference for Pb-Pb at the same energy,
for the other channels a /s extrapolation based on pQCD calculation is used

pQCD-based calculations (FONLL, GM-VFNS, kt factorization) compatible

with data

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, k, factorisation: arXiv:1301.3033

MindJung Kweon, Inha University
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Path length dependence of Raa

2III|III|III|III|III|III|III|III|I

2
C

|8 B InPlane
Pb-Pb, SNN=2.76TeV @ Out Of Plane ®

N N AL ENo 1
1.6 Centrality 3(3 520/0 Syst. Uncertainties i
B PromptD , D . Correlated 5
1.4+— [ Uncorrelated |
B |y|<0'5 Anticorrelated ]
1oL — I Global Normalization -
L = R —
08 — 1 o + —
B | | ]
0.6 Ho - i -
I m —
04 L Ei = H -
- N - -

B s i
0.2~ - "%" -
0 IR AN B R R AN B AN R i AR SN B A BN BN AN

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

Raa measured in-plane and out-of-plane, sensitive to

-high pt: path length dependence of parton energy loss

-low pr: collectivity
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What’s special about Quarkonia

‘\\\!\\

—&—] :
.-
—'—
.-
.
.
.
.
.-
.-
.
e
7
.
.
4
.
.
.

4

.

= =

What happens in QGP to the Quarkonia? T
— Suppression by color screening - | Y(s)
(disappearance of specific quarkonium - [SUhy)  statistical
states signals) Y'(25) recombination
— Regeneration by statistical J/p(1S) i
recombination? %(1P) ol N
thermal
2. [ | | | | : .
ERPIS ® RHIC data dissociation
i Mécsy, EPJC 61 (2009) 705 SPS"RHIC
L LHC
L[] Matsui, Satz, PLB178 (1986) 416
0 Digal et al., PRD64 (2001) 094015

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

e : . .
 Model E What is so different at LHC?
02/~ —— LHC E (compared to RHIC)
R RHIC -
07 l \ l \ l \ \ \ \ \ \ \ ] O-Cé N].OX, VOlume 22_3X
0 50 100 150 200 250 300 350

Noat  AA et al,, PLB 652 (2007) 259

MindJung Kweon, Inha University
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W(2S) production at the LHC

Nw(zs)/NJ/w ]Pbe Al Nw(zs)/NJ/w ]pp

A.Andronic@GSl.de

Y(25) ard/Y 25
R = e o/Nobopy _ Ry
= 29 I )
N2 N 0N
T T T T T T T T T T T T T T T T I . L . 1
S e e (Jight) “discrepancy” ALICE / CMS 7
- CMS Preliminary PbPb & pp\s,, = 2.76 TeV T ot
B T ent. A . - .
- ® 3<p, <30 GeVic, 16<lyl <2.4 Toq00%1  mind diff. pp, y ranges (thanks, Raphaél:)
S m 6.5<p_<30 GeVrc, lyl <1.6 T 7
- —95% CL T -
[ AUICE Preliminary PbPb s, =276 TeV &ppis=7TeV[ 1 . AAetal, NPA 789 (2007) 334
- O p,<3GeVic,25<lyl <4 - ] = e NASO data
¢ 3<pT<8GeV/c, 25<lyl<4 1 i ~ A m 2000 |
=
3‘_—95%CL T B = 12; -------- © nocorona o jg9g
i T ] S of A
I ! T - 5 | .
i T |8 1 o + # + | I
1k y | T 4i l | -
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at SPS: R ~0.24 (pp-integrated)
...evidence against sequential

dissociation

Mindung Kweon, Inha University High Energy Strong Interactions A School for Young Asian Scientists: , September 234, 2014 42



Charmonium in p(d)-A collisions

A.Andronic@GSl.de

g PHENIX, arXiv:1305.5516 (Durham, HF 5) ALICE, arXiv:1405.3796 (Arnaldi, HF 5)
- B I I T TTI || I I T TTT || I I T TTT ||

- 1  NAS38 p+A
16:_ O :j:é;(;‘pgA A D:Dg 1.8:— ALICE, p-Pb |sy,=5.02 TeV, inclusive J/p, {(2S)—>uw
1.4 . o 16F © s

i ® PHENIX d+Au MB N
1.2F A NA50 Pb+Pb BN

£ Y NA38S+U 1.2

0.8}
0.6
0.4F

02 ELoss with g =0.075 GeV/fm (Arleo et al.)
EPS09 NLO + ELoss with g =0.055 GeV*/fm (Arleo et al.)
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at the LHC, the strong (2.S) suppres-
abs. cross sect. depends on time spent sion in Pb-side remains puzzling

in the nucleus
(McGlinchey et al., PRC 87 (2013) 054910)

indication for final-state effects?
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Charmonium prod. vs. event activity in p-Pb collisions

= o
ES 4 4 [ Inclusive Jap, y(28) = w'w ALICE Preliminary
G [ p-Pb \sy=5.02TeV, 2.03 <y__ < 3.53 (p-going direction)
1.2F
T
i I

A.Andronic@GSl.de

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

0.25— $ []l:l

® y(29)

I
80-100 60-80 40-60

20-40 5-20
ZN Energy Event Class (%)

different suppression pattern on Pb-side

Mindung Kweon, Inha University

mult
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14 [ Inclusive Jhp, ¢(2S) — u'w
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[ p-Pb |s,\=5.02 TeV, -4.46 <Y < -2.96 (Pb-going direction)

ALICE Preliminary
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High Energy Strong Interactions A School for Young Asian Scientists: , September 239, 2014

44



Bottomonium at the LHC

A.Andronic@GSl.de

interpreted as effect of (almost:) full

< T 11 | T 11 | T 11 | T 11 | T 11 | T 11 | T 11 | T 11
< B ] n
14—  CMS PbPb \ s\, =2.76 TeV —  dissoc. of T(25), T(395), xp
i —#- Y'(1S), stat. unc. L =150 ub’’ ]
1.2 Y(18), syst.unc. 5 4 <  Transport models:
i Y(23), stat. unc. | | Emerick et al./TAMU, EPJA 48 (2012) 72
- Y (2S), syst. unc. p;l- >4 GeVic : | / (2012)
1T - Zhuang, HF 6
i 30-40% |
08— L. . 1 (re)gen. component small (<10%),
| 50-100% i
0.6 | g 1020% N Stat. Hadr. model
L 5-10% 0-5% _| <
i o i [N
0.4 - - 12 .
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N 0.2 .
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CMS, PRL 109 (2012) 222301
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Bottomonium ratios in p-Pb collisions
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a 0.5:|||| I I I |||||| I I I |||||| I I I ||:
go 450 PP S\ =276 TeV  pPb s, =502TeV PbPb |5 =276 TeV
&> FE Oly, <193 ®ly_l<193 Koy, <24 ] : : : . e
S b 3 approximate scaling with multiplicity
0.35;— Y(ZS) _;
0.3F + Y(1S) -
025" %+ E
0z - |
0.15; i —f
- = $ ] .
°1= cwms f_; thermal model:
005 T T(29)/7(15)=0.033
L1 | L] | L] | [ N . . . .
T 10° | o 10° (and again against sequential dissoc.)

N

tracks

CMS, arXiv:1312.6300 (Valiyavalappil Kizhakkepura, HF 6)
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J/U Rppb Vs rapidity

Rpr

1.4

1.2

0.8

0.6

0.4

0.2

Mindung Kweon, Inha University

p-Pb|s,, =5.02 TeV

ALICE arXiv:1308.6726: inclusive J/p—u*w, 0<pT<15 GeV/c
L, (-4.46<y_ <-2.96) =5.8 nb”, L, (2.03<y__<3.53)=5.0 nb’

""" ALICE Preliminary: inclusive J/y—e’e’, p >0 GeV/c
ST Bt Ly (-1.37<y_<0.43) =52 ub™

~ EPS09 NLO (Vogt)
1 CGC (Fujii et al.)

- - ELoss, q,=0.075 GeV?/fm (Arleo et al.)

- —— EPS09 NLO + ELoss, q0=0.055 GeV?/fm (Arleo et al.)

_I ([ | I I | I I | L1 1 1 | I .| | L1 1 1 | I I | L1 1 1 | L1 1 1 | 1L 1 1
4 3 2 1 0 1 2 3 4
ycms

- Shadowing model CEM + EPS09 NLO (Vogt, arXiv:
1301.3395)

- Coherent energy loss (Arleo et al., arXiv:1212.0434)
with pp data parametrization

- Gluon saturation (Fuji et al., arXiv: 13042221): Color
Glass Condensate framework with CEM LO with
saturation scale Q% ,(x = 0.01)=0.7-1.2 GeV/c?

Models of cold nuclear matter effects

EPSO09 nuclear PDFs: backward
rapidity data well reproduced, strong
shadowing favoured at forward
rapidity

Coherent energy loss: y-dependence
well reproduced, better agreement
with pure energy loss

CGQGC calculations underestimate the
data
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J/U Raa in Pb-Pb

< 147 < 1.4y . o
< [ Inclusive Jip — u*w, Pb-Pb {5y = 2.76 TeV < Inclusive J/Ay — u*w, Pb-Pb \s,, =2.76 TeV and Au-Au \|s,, =0.2 TeV
Q: 1 2 B m 1 2 B ALICE (arXiv:1311.0214), 2.5<y<4, 0<pT<8 GeV/c global syst.= + 15%
< B ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8% . (] PHENIX (PRC 84(2011) 054912), 1.2<lyI<2.2, pT>0 GeVic global syst= = 9.2%
B /// Transport model (X. Zhao & al., NPA 859 (2011) 114)
1 e 0 s
i =« Primordial JAp (w/ shadowing) I
0.8 N Jﬂ ==+ Regenerated Jhp (w/ shadowing) 0.8 L
000000 7, - []
g 3 0.6] : -
7 L
/ Z 047 o @
0.4 772277 ////// 0.4r1 M
: B g g - @0
0.2 e R 0.2 1 o 0
O_IIII|IIII|IIII|III.I..l..l..l..l..l.+'T'F-h-h-L-I-.I.-I-I|IJJJ O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 50 100 150 200 250 300 350 400
p.. (GeVic) (N o)

. Centrality > '

o

J/Y is less suppressed at low pT than at high pr
Less suppression at LHC than at RHIC at mid-central and central collisions

= Hint of the cC recombination? (as expected in regeneration models:

regeneration contribution important at low pr) Liu, Qiu, Xu and Zhuang, PLB678(2009) 72
Zhao, Rapp, NPA859(2011) 114 A
Andronic et al., arXiv:1210.7724
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P(2S) production in p-Pb

= B o
~ o -
D_J C  Inclusive J/yp, y(2S)—u'w Q:O"I 4 p-Pb \'S\n= 5-02 TeV, inclusive J/p, y(2S)—u*w, O<p_<15 GeV/c
- C
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70.015F ! ¢ 06
N L L
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= 2 L
s 0.01 0.41 PS09 NLO (Vogt)
. - @ pp Vs=7 TeV (open symbol: reflected around y=0) - B
m E_ O<p_<20 GeV/e, L, (2.5<y  <4)=1.35 pb™ O 2 | - - ELoss with q0=0.075 GeV%fm (Arleo et al.) o Jh
0005 - @® p-Pb \s  =5.02TeV TH . 2 A Y(2S)
- _ » _ y | —— EPS09 NLO + ELoss with g =0.055 GeV“/fm (Arleo et al.)
- 0<pT<15 GeV/c, L, (2.03<ycms<3.53) =5.0nb", L, (-4.46<ycms<-2.96) =5.8nb i o
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yCMS ycms

Stronger suppression of P(2S) in p-Pb relative to J/YP

= Not described by initial state CNM effect and coherent energy loss

= Final state effects? Other mechanisms?
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Y(1S) production in p-Pb and Pb-Pb

Rpr

p-Pb |s,, =5.02 TeV %
e Inclusive JAp—u*w, pT>O (arXiv:1308.6726)

e Inclusive Y(1S)—u'u, pT>0 (preliminary) ALICE

PRELIMINARY

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

///////
/////////

EPSOQ9 at LO: Ferreiro et al.

0.4
"~ Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427
0.2
“uy Shadowing: J/iy: arXivi1305.4569
OIIIlIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
-4 -3 -2 -1 0 1 2 3 4

ycms

Similar Rppo of J/P and Y(1S)

= EPS09 shadowing in fair

agreement with both J/¢ and
Y(1S) within uncertainties

RAA

14 - 22y Pb-Pb\s,, =2.76 TeV, inclusive Y(1S), p_>0 GeV/c
12 I/ A ALICE L. =69 ub, 0%-90% (open: reflected)
Tr FILICE v CMS:L = - 150 ub, 0%-100%
1 — PRELIMINARY N Uncorrelated syst. [ Correlated syst.
I~ & -a
0.8
0.6 — . * _
— M. Strickland arXiv:1207.5327
0.2 | Boost-invariant plateau — 4n1/s =3 dy/s =2 —4an/s =1
— Gaussian profile - =4nn/s =3 dy/s =2 ==4un/s=1
| 11 11 | 1 11 1 | 1 1 1 1 | 11 11 | 1 11 1 | 1 1 1 1 | 11 11 | 1 1 1 1 |
043 24 0 12 3 1
y

* Y(1S) yield suppressed relative to
binary-scaled pp

e Small rapidity dependence as
compared with CMS

* Hydro model reproduces well ALICE
data but not both ALICE and CMS data
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Summary for Quarkonium

« Quarkonium:
. J/P production studied vs. pt and rapidity. The observed vz and Raa vs centrality

indicate that the J/{ production occurs also through recombination, especially at
low pt

* Y : Suppression has been observed also for the bottomonium. The suppression is
stronger for central events.

- p-Pb: J/P Raa is in fair agreement with models including shadowing and a coherent
energy loss of the partons in cold nuclear matter
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