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

Observed J/w i1s a mixture of prompt production+feeddown

— direct Jy = ~60% J/y(prompt) + ~30% y. + ~10% y(25)

— Non-prompt: B hadron feed down.

 Important to disentangle different component

Suppression and enhancement in the “cold” nuclear medium

— Nuclear Absorption, nuclear PDF effects, initial state energy loss, Cronin

effect and gluon saturation (CGC)

— Study p+A collisions
— QGP in small systems?

Hot/dense medium effect

— Jhy, Y dissociation, i.e. suppression
— Recombination, i.e. enhancement
— Study different species, e.g. Jhy, Y

— Study at different energies, i.e. RHIC, LHC



Essential to understand Open Heavy Flavor Production

A good reference to quarkonia production

— Similar initial state effects
« CGC, Shadowing, initial state energy loss, etc.

— Large cross section (compared to J/y).
« 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



The Large Suppression of Non-photonic Electron Production was a Surprise
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Essential to understand Open Heavy Flavor Production

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

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

* One of the most important probes for sSQGP

— 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 ” being fully explored.



How to study Heavy Quarks

Quarkonia Open heavy flavor

* Heavy quark proxies:
« Jet associated with the heavy quark
« HF hadron via direct reconstruction
 HF-decay, i.e. electrons, muons

» Production of each individual proxies, e.g. R,, and V,
« Correlation among proxies
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Open HF production suppressed In large system
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HF->e Enhancement at 62.4 GeV

§3'55
Y 3
25- || | ]
» a X}
1.5;— o4 * l |
0.52— Au+Au, }lf_ 62 GeV
-0 0°/? oS (;entral |

p [G eﬁ//c]

1 Reference from ISR HF>e
» well described by FONLL.
[ Indication of “enhancement”

Data/FONLL

sy
(=1

| T T | L I | | L I | | LN U N Y Y B | |
B Data/FONLL AutAu @V5,, = 624GeV |
gl ‘iSI?IH Preliminary ®  Min-Bias i
. + -
"o $ ]
a— i $ R
i paiala L LT VST - + —
U_ —
2 —
L. | | L Ll | | .|
2 25 3 35 4 4.5 6
p (GeVic)

4 62.4 GeV pp well described by
FONLL. NC A 65, 421 (1981).
1 Indication of “enhancement”

=

Radial flow and/or CNM enhancement compensate suppression at lower energy?




Large collectivity in large system

CMS PbPb ys,, = 5.02 TeV
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 v3 = const. 10
» Mass ordering




Quarkonia suppression and enhancement

=SS

X
. b

%

T T T I T L] T I T T T I T T
ALICE Pb-Pb, |[s = 5.02 TeV

bat o

:

I T T T ]
global syst : + 1% ]

@Inclusive Jhy — pfyr,

V,{EP, An=11},25<y <4
$5-20% *40-60%
® 20-40%
1 I L ] L

Prompt D°, D*I, D™ average,
v,{EP, |An=0.9}, lyl < 0.8

O 30-50%, arXiv:1707.01005

PbPb 368/464 b, pp 28.0 pb™' (5.02 TeV) 0.25¢

TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTTT | T N
12 P <30Gevic CMS | ] 02

- "< 2.4 Preliminary 1| Cent i -

- ent. B
12+ ““““““““““ RGN EEHO’G%T 015
- = Y(2S) 1 ] oA -
0.81¢ Y@ eswcL | B L

< =i . 1 w, -
. 0.6}" T Y(3S)95% CL ,, k = 0.05F
i ) T =
0.4/ v TR oF

i ® o o 7 -
- T 0.05

0.2- * . T ] :

B 4 m 0.1 C

_I 11 | | | | | | | | I | 1 L1 | | ‘ 1 | ﬁ | \__ |a ] ' 0

50 100 150 200 250 300 350 400
Npart

O High p;. more suppression in more central collisions
« Binding energy ordering

2

1.8

1.6

O Less suppression at lower p & higher collision energies. 14
« Large v2->Regeneration?
Q Different dependence of R,, on p; at RHIC

= High p; less suppressed than low p;
* Cronin effect?
* Longer formation time?
* Less regeneration than at LHC?
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Hadronization from coalescence is essential
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Mechanisms in large system is far from being settled

Models & Effective Theories
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Open HF: suppression & enhancement in small system

d+Au @ \sy, =200 GeV
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Open HF: suppression & enhancement in small system
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Open HF: suppression & enhancement in small system
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Quarkonia: suppression&enhancement in small system

Rp Pb
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Final state effects indicated in pPb collisions
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Upsilon polarization dependence on N,
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O Is the dependence on
multiplicity due to a change of
production mechanism.

O First step to probe if polarization
depends on the hadronic
environment created by
collisions.

O Close to zero and no significant
dependence on N, within
uncertainties

O Indicating no strong changes of
upsilon production mechanism
between low and high
multiplicity pp collisions
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Collectivity observed in small systems
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Significant D° v, in p-Pb at 8.16 TeV
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Significant HF>e/u v, in d-Au at 200 GeV

llIllllllllllllllllllllIlllll__llllllIIIIIIIIIIIIIIIIIIIIIII__l
0.3 0-20% d+Au |s_=200 GeV T 0-20% d+Au \|s,=200 GeV -
0.25F-° u from open heavy flavor decays 1 « u from open heavy flavor decays -
~ [ =Charged hadrons + = Charged hadrons ]
b 0.2F 20<n<-14 T14<n<20 h
v Sysﬁml =1.9% 1 Sysﬁmw =1.9%
Y 0.15 1 3
n.d
w 0.1 -+ . 5
G
> 0.0 :_ N i _“
055 pH TENIX !
- preliminary
0 t
F..l.l....l....l....

0.5 1

1.5

Significant HF>e/u v, observed ’3



sub

CMS bPb 8 16TeV
03F T ~ T~ T T T T T T T T T
" o D” 185 < NJ™ < 250 ]
O KDS o= _1'4${ycm{:0'54 ]
02-0A o Q o q} —
- % O —
. % # o ]
ol B2 %8 -
L 0a W ¢ ® o UC o |
I @ + 0 o
- L% *

O.OD—I — — | ,

0 7 4 B
p_(GeV)

CMS T pPb 8. 16TeV
T T T T [ T T T T [ T
185 < NpT"™ < 250
146<y <054
¢ ]
s A
f Pe o ]
® * i

| 1 1 |

2 3

KETJr'nq (GeV)

NCQ scaling of D° v,

-
S
L]

cCMS FbPb 502TeV
0.3 ' T
i Centrality 30-50% ]
: ° § g oum=en ]
0.2— I:IB §I E]){ycm{q_
B oo i @D ® 25 Q 7
i 0 i oe ]
01— DD a o ]
K O @] A _ O |
=l OKs & = i
- Ho oA ¢ Q .
0.0 | | | |
0 2 4 B
p_(GeV)
CMS FbPb 5.02TeV
T T T — T T
0.10— O 0O Centrality 30-50%
O offline, —
L 30 oq g E (N =919) ]
L o O ® STy <
OO&,} O cm
L o) i
0.05— o Tooo ® o
i oD §
L O KDS I:II:'I:I E ]
-@E' oA ¢ 0 7
li].Ul.'JI | | |
0 1 2 3
I(ET,"nq (GeV)

24



sub
V2

Significant J/y v, In p-Pb at 8.16 TeV
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Q v,(J/¥) =v,(D°) < v,(K9)

L Coalescence require consistent with similar velocity.
« Jhy: scaling pr(J/w)/2
« For D%
o V,[D°@p+(D°)] ~v,[c@pr(c)] + v, [u@p(u)]
v pr(c)~pr(D°) - m¢/(m, +my) ~ pr(D°)/1.3
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Summary & comments

O large v, of D® and J/y observed in pPb collisions
 Cautions about the meaning of NCQ scaling

Keep in mind many significant “CNM” effects in the small systems with
high multiplicities or in more central events
* Ra# 1.0
« Production rate vs. event activity

O If a model can describe v, well, can it also describe all the observed
CNM effects, e.g. Ry
« Are these effects closely connected?

1 More differential measurements may be needed to gain further insight
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Power law function:

Ple) — 2ae(1 = g2,

When a >» 1, with 6% = 1/a, it
become the Bessel-Gaussian
function:

—_ 2 —_
Pley — EL_} (%) exp (— - :252)

Fluctuation on top of Gaussian:

Ple) — Soexp (—é)
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Y(2S)/Y(1S)

Upsilon vs. event activities
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Nuclear modification factor
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Kinematical correlation between B-
decay daughters and B meson
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Significant D° v, in p-Pb at 8.16 TeV
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