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Motivations

Sensitive to initial gluon density and gluon
distribution at RHIC.

= produced mostly from gluon fusion

Involve different interaction mechanisms from
light quarks with the medium

= gluon bremsstrahlung radiation
= collisional energy loss

= collision dissociation

= Ads/CFT

Heavy quarkonia production reveals critical
features of the medium.

= suppression from color screening or gluon
scattering

= enhancement from coalescence

Cold Nuclear effect.

* Gluon shadowing , Color glass condensate,
Initial state Energy loss, etc

Open heavy flavor
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HF Measurements* vs. Energy
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* note: at RHIC and LHC
« Reference data missing in some energies.

 interpolation based on pQCD.

- Rely on other experiments or model predictions.




Quarkonia Suppression: “Smoking Gun” for QGP
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The life of Quarkonia in the Medium can be Complicated

Observed J/y 1s a mixture of direct production+feeddown (R. Vogt: Phys. Rep. 310,
197 (1999)).

— All Jy ~ 0.6J/y(Direct) + ~0.3 y. + ~0.1y’
— B meson feed down.
 Important to disentangle different component

Suppression and enhancement in the “cold” nuclear medium

— Nuclear Absorption, Gluon shadowing, initial state energy loss, Cronin
effect and gluon saturation (CGC) o O

Q
— Study p+A collisions O - é) Oo
OO o o
O 70
| IN——C, O
Hot/dense medium effect Y570 ‘QOOO OO
— J/y, Y dissociation, I.e. suppression 0080288 © O
— Recombination, i.e. enhancement Ooog\

— Study different species, e.g. J/psi, Y D*
— Study at different energy, i.e. RHIC, LHC



Bd’c/(2np_dp_dy) [nb/(GeV/c)]

Quarkonia Production in p+p Collisions
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- STAR: JPG 38, 124107 (2011)
~PHENIX: Phys. Rev. D 82, 012001 (2010)
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(3/psi) still need to be
clarified.

« What's the impact on
production in AA
collisions?

Color singlet model (NNLO*CS):

P. Artoisenet et al., PRL. 101, 152001
(2008), and J.P. Lansberg private
communication.

LO CS+ color octet (CO):

* Y.-Q. Ma, etal.,, Phys. Rev. D84, 51
114001 (2011), and private
communication

Color Evaporation Model:

M. Bedjidian et al., hep-ph/0311048;
R. Vogt private communication
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Quarkonia Production in p+p Collisions
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tracton of Jiwimm B-hadrons

tracSon of Jiwimm B-hadrons

Quarkonia Production in p+p Collisions
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d Fraction of non-prompt J/psi ~scale with collisions energy

Q Described well by CEM. (R. Vogt 4th IWHF 2011) 8(
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J/\y Productlon In d+Au 200 GeV

= Global Scale Uncertainty 9.0%
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O Significant suppression in
forward region

O Largely explained by
shadowing+abs.

O Predict different trend in
backward region (Au direction)

Cronin?



\|1’ Production in d+Au 200 GeV
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Q very different from J/psi on
centrality dependence.

O What LHC see?
Q Psi’ size ~2x J/psi.

Q Psi’ binding E ~0.1 x J/psi.
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Quarkonia Production in p+Pb 5.02 TeV
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Quarkonia Production in p+Pb 5.02 TeV
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Jhy Production in Au+Au 200 GeV
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O More suppression in forward region Q1 Less suppression for higher pT
= Larger CNM effect = Longer formation time?
= Re-generation? = Cronin effect?
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Jhp spectra in 200GeV Au+Au
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Jhp spectrain 2.76 TeV Pb+Pb
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Jhp spectrain 2.76 TeV Pb+Pb
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O More suppression at high pT than at low pT
= Consistent with the re-generation picture.

Q High pT J/psi suppression

= LHC > RHIC
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Comparing with the Lower Energy Results
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Upsilon Production in A+A Collisions
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Look at All Quarkonia Together
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<N ) 0_ 1 1 1 ¥ 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 ] 1 1 1 i

part 0 0.2 0.4 0.6 08 1 1.2

Binding energy [GeV]
a Low pT J/psi results seems to indicate contributions from re-generation.

Q High pT J/psi/psi’ and upsilon results seems to indicate a sequential
melting picture.

a Does the J/psi melt? .



Important to Study Open Heavy Flavor Production

* A good reference to quarkonia production
— Similar initial state effect.
* CGC, Shadowing, initial state energy loss, etc.

— Large cross section (compared to J/).
* Accurate reference measurements.

* One of the most important probes for sQGP

— Interactions between heavy quark and medium are quite
different from the ones for light quarks

» gluon radiation, collisional energy loss, collisional disassociation,
etc

— allow further understanding of the medium properties.
— A “Gold Mine” to be fully explored soon.
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The Pros and Cons of Different Methods

d Direct reconstruction
+ allow direct access to the heavy quark kinematics,
< hard to trigger.
v  Limit the pT reach of the measurements
< small(er) Branching Ratio:
v Bt 5Kt + ]/ >ee: BR:~6x107°

v B® > K BR:~5x 107°
v D% > K BR: ~4%
v Dt - Knm: BR: ~9.4% (lower acceptance)

d Indirect measurement through decays
% Indirect access to the heavy quark?
kinematics +

% Mixture of B and D contribution. £
% can be triggered easily. 2 os
v’ Ideal for high pT measurements 0e

% High(er) branching ratio
v BY/B* > et +X: BR:~10%
vV B> J/Y+X: BR: ~1% "
vV DY s et +X: BR: ~7% O e
v DY 5et +X:  BR:~17% '

— # STAR run9, p+p@500 GeV (Preliminary)
[ o STAR run5&6, p+p@200 GeV; PRL 105, 202301

'y,

1.

)

4
|III|III|III|III|I

HEO-3
H—0—3

o0

ez =
0=
e0—




FONLL provide a good platform to describe
Open HF in pp Collisions at RHIC and LHC
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% 102 m  DY/0.224 p+p 500 GeV _| i 3 3 B
0} %  DY0.565 p+p 200 GeV 3 C ] = ]
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Large CNM Effect Observed at RHIC

d+AU @ Sy = 200 GeV

(a) 0-20%

(b) 60-88%

PHENIX

II HF e

_
-
.—+—.
||||—I||||||||||||

B 0-20% centrality m HFu,14 <1] <2 0

d+Au@\|,"3—w=200 Gey ® HFu,-20<n<-1.4
(Au-direction)

(d-dire

i

|
STLEU LN

PH “ENIX
preliminary
| | | | | |

1 2 3 4 5 6 7
p, (GeVic)

Large enhancement in d+Au
collision at mid and backward
rapidity.

small suppression at low pT at
forward rapidity.
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nuclear modification factor

CNM Effects Observed at LHC

24
3 T T ‘ 1 T T | T T T T T 1 | T T T 1 T T | 1 T T D : ‘ I I I | ‘ ‘ I I | I I I I ‘ I I I | ‘ I I ‘ :
[ 4 ALCEbc —(e +el2.p-Pb, v# 502TeV.-0.14 <y < 1.06. TPG-TOF. ALICE ref. ] a 221 ¢ Average O, D', D™ =
[ & ALICEbe - (e +e)2,p-Pb, ﬁ =602TeV,-0.14<y _ < 1.06 TPC-EMCal, ALICE ref. ] CE) [ —pQCD NLO (MNR) + EPS09 shad. ]
25 Nl ~— ALICE be — (& +e)2,p-Pb, m =502TeV, -0.14 <y < 1.06, TPG-EMGal, FONLL ref. -] E_ E =:CGC (Fujii-Watanabe) pa@!f:}x(n: FlER‘( E
[ [ [ PHENXbc - (e +e)2. dehu |[s,, =02 TeV. v ., | <035 ] % 1.8 c p-Pb, sy =5.02TevV —
ol normalization uncertainty: B ALCE BB PHENKX ] o 161 minimum bias A
- n . C -0.04<y_ <0.96 .
i N 14 -
15| — 1.2F =
E : L Bl T S —
o O T S N Y e PR P P P Y NN~ Y SRR FEOSIPRNEIT CP [ C l| -
B = 0.8F J 3
[ N 0.6 :—‘ =
0.5 — 0 4:‘ ]
B ALICE N C 7
B PRELIMINARY ] . s
C T R SRR R BRI SR 02 ]
0 2 4 6 8 10 12 14 - | | | | ]
0 L | L1 L L | | | L1 | L | L1 L | | L
P, (Gevic) 0 10 15 20 25
P, (GeV/c)

Q R,p(NPE) systematically above 1.0, consistent with PHENIX
Q while Ryp,(D) ~1.0.
d Coincidence due to systematics or B>e?

Q Consistent with the shadowing and CGC.,
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Non-photonic Electron

- W eyRaa 7 Rya
B = ]
2 B eyeRyy # 0 Rpp
3 1.5
E : !
= [
i
- LIS S
05 ,wm, BB § i
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 T 8 9
p, [GeVic]
& 2 [TTT T T T T T T | T T | T T | T T | """ T] °
T8} i
(. POPb.\Sy =276 TeV e
T A Heavy flavour decay u* 0-10% central, 2.5<y<4.0
1.4 L Heavy flavour decay e 0-10% central, lyl<0.6 .
" [ ® with pp ref. from scaled cross section at |'s =7 TeV 1 L4
19 C *  with pp ref. from FONLL calculation at s =2.76 TeV b
1 :
osf  0-10% central Pb-Pb ]
T ] °
06F 'H‘ ]
04F ]
0.2
1 °
D [ 111 | 111 | 111 | 111 | 111 | 111 | 111 | 1 11 | 111 ]

0 2 4 6 8 10 12 14 16 18

pT(GeV/c)

Production A+A Collisions

2 T T T T T T T I T T T I
ﬁfm Preliminary ® 0-10% (Ncoll: 941)

= 0-12%

. normalization uncertainty

1.5

=
IIII|II
| =
L
B a2
L
]
@
L1 IIII

MD

large suppression of high pT NPE
suppress.

Similar suppression level at RHIC and
LHC.

CNM seems to be responsible for the
ramp at pT< 5 GeV at RHIC

Ras from QGP medium seems to be
the same for HF and light quark 2°



Non-photonic Electron Production at Low Energy

'\A 104Illl[l|Illllllllllllll[llllllllllllllll
=2 3 _ 1
= 10°F __ FONLL (upperx N_ /36mb) AU+AU @ |8y = 62.4GeVy
S 402} ® Min-Bias x 10*

- ---- FONLL (central x Nm"/36mb) 0-10% x 10

o

20-40% x 10

v
B 0-20% % 10"
A
®  40-60%x 10*

1 llllllllll lillllllllllll 1L1'1~

3 3:5 4 4.5 5 5.5 6
pT(GeV/c)

!"ﬂ 1“4IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
-
v 10
% 102E MaciulsSccauek k fact AutAu @ |5, = 62.4GeV
E 10 with Jung C‘EFM UGDFs( x N_,/36mb) *  AMin-Bias % 10°
Z :L,|_ 'ISR L Nw“-':-ﬁmh k 0_]00;_.“ W “}2
ﬁ 1 L] . / U
S5 q0ibe. STAR preliminary 10-20% 10
- L 20-40% x 107
— g- a0 x 107
o

."}-13 L1l |
2 2.5 3 35 4 45 5 5.5 6
pT[GEWcJ

A Note: J/psi not subtracted.
d seems to indicate no suppression at 62.4 GeV.
» Cold nuclear effect?
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D% Production in Au+Au 200 GeV

C ' - | |
Au+Au 200 GeV (D° D0 )f?- ly| < 1 é 21 Au+Au—> D“ +X @ 200 Ge"u' },r1D+3,r11_
- > 0-80%y10 o [ i |
= ® 0-80% y10+y11 1 o B m 0-10° |
v x = m 0-10%[x20] § ) i -10% |
2 ¥ 10-40% [x5] 3 1 5 | _]
Wy F A 40-80% [/2] = =al _
. ® ™ 4 - H H [ 0-12% .
™ ¥ 3 — .
i 3
g 5 I 7]
¥ . &= i * —E. 1 i [
= = 1 - B }
ko B .
) | -
e = 0.5 H $ $ o
« p+p D’+D* [x2) ¥ i .
p+p Levy scaled by {me} = |
| | ] 6 ] 8 D _| | | | | | | N
2 4 0 2 4 6 8
P, (GeVic) P, (GeV/c)

Suppression at high p+ in central and mid-central collisions
Seems to be the same as pion suppression pattern at pT > 3 GeV/c.
= As observed in NPE results.

Enhancement at intermediate p-.
1 Radial flow due to coalescence OR
d CNM effect as part of NPE enhancement?
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Nuclear modification factor

D Meson Production in p+Pb 2.76 TeV

0-7.5% centrality class

N

—h

_I T | T T | T T | T T | T T | I'T T | ' T TT | 1T I_ { T | T T T T T 11 T T 11 T 11 | T 1 | T T 1 | T 1 ]
" Average of prompt , D*, D * N II'{ - Pb-Pb,\s,, =2.76 TeV O -
1.8 op-Pb, /sy = 5.02 TeV . 1.81- =
B Al N X ALICE
- min. bias, -0.04<y_ <0.96 ALICE 7 - tlMaRy
16— cms PRELIMINARY ] 1.6~ 0 mt i .
~ APb-Pb, \s =2.76 TeV N e Average D”, D", D" |y|<0.5, 0-7.5%
1_4:_ 0-7.5% centrality, ly  1<0.5 _: 1,4:— owith pp p -extrapclated reference —
- . - = Charged particles, [n|<0.8, 0-10%
1.2 — =

Filled markers : pp rescaled reference 1.21~ » Charged pions, |n|<0.8, 0-10%
M Open markers: pp p_r—exlrapolated reference ]
+ _______________________________________________________ 1 R ——

0.8

E |
0.8F - i
o6l B 0.6 .
el ! o
0.2 Bﬂﬂr—g—_ﬂ_ — H . . ]
- — 11 | 4 4 ' L1 Lo Ll ol L
00_| [ |5|| [ |1|0| [ |1|5| [ |2|0| [ |2|5| [ |3|0| [ |3|5| || ;0 0{] L) 10 15 20 25 a0 b 4
p_ (GeVic) P, (GeVic)

A Similar level of suppression as RHIC for 2 < pT <6 GeV/c
Q Within errors, follow light hadron suppression pattern
= as indicated at RHIC.

0 need more precision. -



B suppression in Au+Au 200 GeV

w1
‘oL ool STAR: PRL 105,
“I 202301(2010)

- J¢ I:Djordjevic
0.7 [ :Adil
0.6~ — lll:Van Hees
-5 > REHENX
0.4/ ~CL 90
0.3
0.2\~ \
0.1

T T ST Y M N S
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 O.Qe 1
D
7\ Raa

O Based on NPE R,, at
pT > 5 GeV/cand B
fraction
measurement.

a B significantly
suppressed

o T
___AO__ 1 100 —D Levy m D0 —D Levy
> 101 * NPE ---D p()weﬂaw s NPE ---D pawerlaw
8 102 4 p+p e-h corr.—C—e Levy . 4 p+p e-h corr.— ¢ Levy
= c—e powerla c—e powerla
=107 N —b—e Levy \‘ —b—se Levy
'U,_m_4 ---b—e powerla S ---b—e powerla
5 &
+10° - g
lD-," & e L
g 10
= 107
5 5 et
© 10 o
10° — FONLL scaled by Nbi; . —— FONLL scaled by N
1010 £ 40-80% Au+Au @ 200 GeV 0-10% Au+Au @ 200 GeV
10" STAR Preliminary STAR Preliminary
1 | 1 L I | I | L | | | | -
r 3 * DO
1.5 [ H m @i b—e / FONLL
o i
0.5 ~H
C s DO
- # b—e /FONLL 1L i
%2 4 W2 46 8 10
@ . (GeVic) @ . (GeVic)

O Based on NPE and DO measurements
Q Indicate suppression of B

Large uncertainty.
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B suppressmn In Pb+Pb 2.76 TeV

14_. 'CMS Pré|IIIlI'IIInIEiI'Iy IIIIIIIIIIII i n:§ 1,4; CMS Pre||rn|na S 1.4 CMS Pre“mmary o S
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C Non-prompt J/y ]
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06L] ] « Even at most peripheral bin
i * # t 1 « shadowing?
04— 6
: ! t $ Y ]
0.2 N . .
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%50 156”1'%6 200350 500 350 400 rapidity region. -
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What are the corresponding pT (B meson)

3000
- Red: pT(J/¥) > 6 GeV/cC
25001~ Blue: pT(et) > 5GeV/c
9 2000
= -
o - | PYTHIAG default
O 1500 )
N setting
1000
5001
O: |J|IH AT A

| II|IIII|I [
5 10 15 20 25 30 35 40
pT (B meson: GeV/c)

1 B meson significantly suppressed at 5-20 GeV/c at
RHIC and LHC.

31



Charm Suppressed More than Bottom

’
| D’s 5-8 GeV/c— NP J/{ 3-6.5 GeV/c D’s 8-16 GeV/c— NP J/{ 6.5-30 GeV/c
ﬁ.q'||||||||||||||||||||||||||||||||||||||| §1.4|||||||||||||||||||||||||||||||||||||||
o L m ALICE Preliminary D mesons 1 o L m  ALICE Preliminary D mesons
L 5-::qu8 GeV/c, ly|<0.5 _ B B:pT-dE GeVic, |y|-:Fl.5 o
1.2— ) Correlated systematic uncertainties — 1.2— (1 Correlated systematic uncertainties
i [ Uncorrelated systematic uncertainties | i [ Uncorrelated systematic uncertainties
) A I )
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0.8 - [_] Systematic uncertainties ] 0.8 - [_] Systematic uncertainties ]
_ CMS-PAS-HIN-12-014 | L CMS-PAS-HIN-12-014
0.6 $ H H - o8- H H .
0.4 |i| El E ~ 04— |i| |i| |§| q -
0.2 [¥] - 0.2 ] [®]
. Pb-Pb, {s,, =2.76 TeV - - Pb-Pb, s = 2.76 TeV .
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DU 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
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d Comparison in similar pT region of B and D mesons.
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Large Heavy Flavor Elliptic Flow Observed
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Look at Open and Hidden Charm Together
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At RHIC, low pT J/psi is
suppressed rel. to open
charm

High pT J/psi seems to
follow the same
suppression pattern as
open charm
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High pT J/psi NOT
suppressed relative to

open charm ?
H. Satz, arXic:1303.3493v2

Is it a fair to compare
the two in same pT
region?
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Comparlson with Models
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The Next Step: PRECISION

silicon stripixel detector

= 5
L A

of the ITS upgrade with half a Pb-Ph event superimposed

SSD at r=22cm \

PIXEL at r=2.5cm and r=8cm

. EEQ
Altcd il L L] ] ]

IST at r=14cm
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Heavy ion program timeline

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2022 2023 2024 2025

R, LS1 ~0.3-1.5 nb' PbPb LS2

~2-4 nb-! PbPh
Also comesponding pp Also corresponding pp
reference reference
CMS request PbPb PbPb pPb?

ArAr pPb PbPb
T

51TeV 51TeV  82TeV eV

L1 trigger upgrade Pixel detector upgrade
3 layers = 4 layers

* PbPb statistics: 1.5nb-' and 10nb-' PbPb

* What is the expected pp statistics we should use?

Yen-Jie Lee (CERN) High pT PInG Input

LS3 ~10 nb-' PbPb

PbPb pp (?)

55TeV

Extended tracker
coverage |n|<4 (?)
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state JU | x. /14 T s T \5 1"
mass GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] 1064 0.20 |0.05( 1.L10| 0.67 | 0.54 | 0.31 | 0.20
AM [CeV] [ 0.02 [ -0.03 [ 0.03 [ 0.06 | -0.06 [ -0.06 [ -0.08 | -0.07
radius [fm] [ 0.25] 0.36 | 0.45 | 0.14| 0.22 | 0.28 | 031 | 0.30
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Eur. Phys. J. C (2010) 68: 345-354
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Energy Vs (GeV)

Fig. 2 Charged-particle pseudorapidity density in the central pseudo-
rapidity region |n| < 0.5 for inelastic and non-single-diffractive colli-
sions [4, 16-25], and in || = 1 for inelastic collisions with at least
one charged particle in that region (INEL = 0}, -1), as a function of
the centre-of-mass energy. The lines indicate the fit using a power-law
dependence on energy. Note that data points at the same energy have
been slightly shifted horizontally for visibility
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Fig. 3 Measured multiplicity distributions in || < 1 for the INEL =
01<1 event class. The error bars for data points represent statistical
uncertainties, the shaded areas represent systematic uncertainties. Left:
The data at the three energies are shown with the NBD fits (lines).
Note that for the 2.36 and 7 TeV data the distributions have been
scaled for clarity by the factors indicated. Right: The data at 7 TeV
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