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Before starting my presentation

- The goal of this talk is to introduce recent LHC results and provide
inputs to lattice-QCD society
- Debye screening
- Gluon-induced energy loss
- nPDF

- In addition, it will be great if you can give me some input to connect
the theoretical modeling and experimental observables

* For those you are not familiar with heavy ion nomenclature and
convention, please ask me. Any pop-up questions will be welcome
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* Review the results on quarkonia in PbPb and pPb collisions
- Will focus on CMS results

-+ Sequential suppression of upsilon at 2.76 and 5.02 TeV
- Cold nuclear matter effect at 5.02 and 8.16 TeV
- Similar measurements for J/psi

- Experimental observables
- We compare

® ®

In vacuum In medium
pp collision PbPb, pPb
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Control observable : Centrality

@ @

Head-on collision | | Pheripheral collision
0% Centrality percentile 100% .

Larger QGP Smaller QGP

Thermal property of ( e.g. temperature, density) of the
outcome matter depends on the impact parameter.

Impact Glauber model
parameter N, .+ : number of participating nucleons

N : humber of binary nucleon-nuclean
@ Spectator nucleons collisions

O Participating nucleons
N _ .=25
NcoII '=51

Soft scattering scales by N,

part Hard scattering scales by N,

3 Sept 2019 HaPhy-CENuM joint workshop



Observables : Raa

* Modification is quantified by comparing the yield to pp
data

* Raa is the ratio of cross-section in PbPb to pp

« Proper normalization for hard probe is N

ad

@ Spectator nucleons

SN Id — Raa > 1 (enhancement) @ Participating nucleons
R, = T &AA 7;051 —~ Raa = 1 (no medium effect) PbPb
< AA> O g/ OPr0N —  Rua < 1 (suppression)
(Tan)=(Neo )10 oy ®— @

PP

3 Sept 2019 HaPhy-CENuM joint workshop 5



CMS \/s,,=2.76TeV L, (PbPb)=6.8ub" L, (pp)=231nb"

25.8 pb™' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)

2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
; 4:_ CMS = |R,, D° I —e— R,, (0-10%) ]
T Preliminary —*— R,, charged hadrons i Systematic Uncertainty
1 2;_ T, and lumi — 3. Cello e.t a|._ 0-80% 1.5 —_ T, 5 scale uncertainty _—
(- uncertainty............. S 2ARe . :
< : Centrality 0-100% I e
< [ <
C 0.8 ly| < 1 T ++_+_ g:< = TL . S U
A I 1 i [ } e ]
O . 6 B 5 - I — -
4 NS - — PbPb(EPS09)/pp(CT10) -
0.4 § 0.5 I PbPb(nDS)pp(CT10)  _
2: _________________ - -.-.-.- PbPb(HKNO7)/pp(CT10)
0. - : — — EPSO09 PDF uncertainties :
— llllllll[llllIllllIllllIllllllll
O II1 | ] L1 11 I‘IllO ] ] 11 1 II1I|02 | | 010 20 30 40 50 60 70 80
Photon E. (GeV)
p. (GeV/c) T
Inclusive charged particles Direct photons
Raa < 1 (suppression) Raa = 1 (No medium effect)
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PbPb 166 ub™, pp 5.4 pb™ 'Sy = 2.76 TeV
} 1_4_I | | L | [ | I | | I L | 1T T | | I_
o b CMS
[ 2.4 ]
1'2{3 Vi< Preliminary -
1t I
I " Y(1S)
0.8 § v -
0.6F -
i [#] [#] 4 :
i ) T
0.2 =
O:I 11 | I T | | L 1 1 1 | I | | I | | I I | | I I | ﬁl | I:
0 50 100 150 200 250 300 350 400
NPart
> "
Peripheral ‘
Central
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CMS detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter : 15.0m

Overall length ~ :28.7m
Magnetic field :3.8T

SILICON TRACKERS
Pixel (100x150 um) ~16m* ~66M channels
Microstrips (80x180 gm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~ 16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL R o

Brass + Plastic scintillator ~<7,000 channels

,,
/

-

Large coverage of trackers and calorimeters
Muons are tracked by muon system (RPC, CSC, DT) and inner silicon pixels

and strips
Upsilons are reconstructed via di-muon decays => Efficient for higher pr
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1. Bottomonia




Sequential melting - Y(nS) is THE best probe

Volume 178, number 4 PHYSICS LETTERS B 9 October 1986

J/y SUPPRESSION BY QUARK-GLUON PLASMA FORMATION *

T. MATSUI

Center for Theoretical Physics, Laboratory for Nuclear Science, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA

and

H. SATZ
Fakulidt fiir Physik, Universitdt Bielefeld, D-4800 Bielefeld, Fed. Rep. Germany
and Physics Department, Brookhaven National Laboratory, Upton, NY 11973, USA

* Y(IIS) brothers were expected to provide evidence for color charge screening

that sequentially increases w.r.t. binding energy
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Sequential melting - Y(nS) is THE best probe

T/Te 1/r) [fm1]
iy

T 0k | - Hadrons 12 J/y(1S) Y'(2S)
£ 2 2 5
ﬁ) % {ﬁ ) '
© > @gﬁ” STC Xb (ZP) Y (35)
f / %(1P)  w'(25s)
@ @ @ ‘ 0 : “
Y(39) vos Nuclei Net Baryon Density

* Y(HS) brothers were expected to provide evidence for color charge screening

that sequentially increases w.r.t. binding energy
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Sequential melting - Y(nS) is THE best probe

T/Te 1/r) [fm1]
iy

S 400} ) - Hadrons 12 J/y(1S) Y'(2S)
= y 2 §
= a 6 : ,
© > @gﬁ” STC Xb (ZP) Y (35)
f / %(P)  w(2s)
@ ®® ‘ 0 : : -
Y(39) vos Nuclei Net Baryon Density

* Y(HS) brothers were expected to provide evidence for color charge screening

that sequentially increases w.r.t. binding energy
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Sequential melting - Y(nS) is THE best probe

T/Te 1/r) [fm1]
iy

S 400} ) - Hadrons 12 J/y(1S) Y'(2S)
= y 2 §
= a 6 : ,
© > @gﬁ” STC Xb (ZP) Y (35)
f / %(P)  w(2s)
@ ®® ‘ 0 : : -
Y(39) vos Nuclei Net Baryon Density

* Y(HS) brothers were expected to provide evidence for color charge screening

that sequentially increases w.r.t. binding energy
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Sequential melting - Y(nS) is THE best probe

A
o< T/T 1
1.2; RAA %\1/«') [fm~]
| ‘ 2 |- | Y(1S)
0.8? = | x,(1P)
06| 1.2lml 7/y(15) Y'(25)
A o ENCIRYED
0.2] | x(1P)  w'(25s)

o

Y(3S)
Y(2S)

* Y(HS) brothers were expected to provide evidence for color charge screening

that sequentially increases w.r.t. binding energy
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Upsilon states in Heavy ion collision

, WSu'pkplression of éxcited Y(-nS) in ”Pbe at 276 TeV |

[PRL 107 (2011) 052302] F

Quarkonium production in PbPb collisions at |
2.76 TeV }
[JHEP 1205 (2012) 063] ,'

Obsefrvati’or'l of Y(nS) sUppression at 2.76 TeV

[PRL 109 (2012) 222301]

, Suppression of Y(nS) in PbPb at 2.76 TéV |

[PLB 770, 357(2017)]

, Event activity of Y(nS) in pPb at 5.02 TéV |
[JHEP 04 (2014) 103]

, Suppress’ion of Y(nS) in Pbe at 5.02 TeV | |

[PRL 120 (2018) 142301] }

}+ Nuclear modification of Y(nS) in PbPb at 5.02 TeV |

[PLB 790 (2019) 270]

New data 2017-2018 PbPb : /SNy = 5.02 TeV, L ~ 1.6 nb-! |

2011-2013
PbPb : JSNN = 2.76 TeV, L =166 l.lb‘l

pPb : sy = 5.02 TeV, L = 34.6 nb-!
PP : Jsww = 2.76 TeV, L = 5.4 pb-!

Runl

Run2

2015
PbPb : /sy = 5.02 TeV, L = 368 ub-!
PP : ~/S\n = 5.02 TeV, L = 28 pb-!

PP : ~/Snn = 5.02 TeV, L ~ 300 pb-!

" 3 Sept 2019

HaPhy-CENuM joint workshop
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Upsilon states in Heavy ion collision

From the first PbPb run at 2.76 TeV in Dec.
2010, we observed that excited state of
upsilons were unusually smaller than the
ground state.

CMS, Pb-Pb\[Syy = 2.76 TeV
p'T' >4 GeV/c, | < 2.4

Q

g p}' <20 GeV/c

= Ly = 7.28 ub™

o

2 | !

: i

o

>

é f i
BBl ol l Rl l ... . .. - l - l l+l Al

9 10 1 12 13 14

uu invariant mass [GeV/c?)
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Upsilon states in Heavy ion collision

: wSu'p-plression of excited Y(-nS) in PbPb at 2.76 TeV j

CMS, pp,\/s = 2.76 TeV
p’;, >4 GeVic,n"| < 2.4
p}' < 20 GeV/c
L, =225 nb™

t  [PRL 107 (2011)

3 months later, we took the pp data at the
same center-of-mass energy, and we
confirmed that the ratio of Y(nS) are
different for pp and PbPb

Events /( 0.14 GeV/c?)

7 a 9 10 1 12 13 14
up invariant mass [GeV/c?)

The observation led us to measure the

double ratio CMS, Pb-PbfS, = 2.76 TeV
Raa Of Y(NS) N pi > 4 GeVic, | < 2.4
> Y
[ P; < 20 GeV/c
RAA of Y(]-S) . Ly = 7.28 ub™
S
* Precision measurement for very few g + + ‘H
corrections beyond signal counting '“ T 7
* |solates the final state effects from B S R o
production mechanism uu invariant mass [GQV/Czl

e Used 7.3 ubt

3 Sept 2019 HaPhy-CENuM joint workshop 17



Upsilon states in Heavy ion collision

In the following year, we got 20 times more data

’ e Observation of Y(nS) suppression at 2.76 TeV |

[PRL 109 (2012) 222301]

(:\ 800__? T | T I T | T | T | S B I e ’__ —I LI I UL I I L I L L I U L I UL I LI I LI I-
L [« daa ’ CMS PbPb {5y = 2.76 TeV ] 14 CMS PbPD \/syy =2.76 TeV .
&S 790C — Popbiit | Cent 0-100%, ly|<24 i r(1S) stat.unc. 1, =150 ub” i
B 7 12+ Y (1S), syst. unc. ly| <2.4 =
; 600 pp shape L = 150 ”b-1 ] i Y (2S), stat. unc. { ’
= - pi >4 GeV/c E 1 = Y(2S), syst. unc. P, > 4 GeV/c _
) L _ - ]
5 F . E ; s0-40% -
: H & 1 0.8 =
LLI - | - % - % ]
400 E [IE : 40-50% 20-30% _
- - | 50-100% L 0.00% -
300 , — 0.6 + 5-10% 0-5% _
200~ - 0.4 —H o __
- . e [ﬂ :
1007 - 0.2 $ [.p_'
:l L1 I | | I | | l L L L1 I L1 L1 I L L L1 I L L1 1: O —I L1 1 I | I . I | I 111 I L1 11 I 111 I 11 1 I 111 l-
% 8 9 10 11 12 13 14 0O 50 100 150 200 250 300 350 400
Mass(u*w) [GeV/c?] ‘ N, o
 First measurement of Raa vs centrality ' '
* Not enough statistics for Y(3S) Central
measurement Peripheral
3 Sept 2019 HaPhy-CENuM joint workshop 18



Lessons from Run | data (2010 - 2013)

- Y(nS) is suppressed by interaction with
medium, but not exactly as predicted by the

classical sequential melting picture All-or- T/T, 1 /{r) [fm]
nothing switch by temperature threshold

Y(1S)

Xb(lp)

J/(1S) Y'(25)

® ®

- Yet, suppression is higher for more excited e
states —

12

-+ Suppression smoothly depends on the
centrality

Xb‘(zp) Y'(35)

=T WGP w(z2s)

- Results with more statistics and in different
collision energy would be useful to
comprehend the thermal property of QGP, as
a function of space and time

3 Sept 2019 HaPhy-CENuM joint workshop 19



Upsilon results with Run |l data (2015 - 2018)

%103 PbPb 368 ub™ (5.02 TeV)
In 2015 we took the first Run lldata o " """ """ " T 22 i n bt
with L = 368 ub-! af ;o Pr <20GeV CMS :
:_ ly | <24 _:
This was 50 times higher statistics 2E i1 pL>4GeV .
. . ot <24 -
than the first 2010 data sE | Gentrality 0-100% $ PoPoData
55_ — Total fit _E
; ---- Background g
4 -
- ----Rpp scaled -
3 —
2 pes®™* E
I3 E
0:1 1 1 1 I | 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I I 1 1 l:
8 9 10 11 12 13 14

m.,- (GeV)
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Upsilon results with Run |l data (2015 - 2018)

%103 PbPb 368 ub™ (5.02 TeV)
In 2015 we took the first Run lldata o~ """ " """ - P o n i nbnnn i n
with L = 368 ub-" : ;o Pr <20GeV CMS :
8:— ly | <24 _:
This was 50 times higher statistics 2E i1 pL>4GeV .
: . P <24 -
than the first 201 t - = ’
< 1.4 an the first 2010 cata 6:— Centrality 0-100% + PbPb Data —:
o | 55_ — Total fit _5
y B4 ) - -
' - ---- Background -
il 4 =
_ - ---- Rpp scaled 7
0.8} 3;_ E
0.6 2p 00 _;
! ; .
0.4 v = -
: @ @ 0:1 11 1 I L1 1 1 I 1 1 1 I | S I | I L1 1 1 I L1 1 l:
0.2¢
| @ 8 9 10 11 12 13 14

% Y(35) Y(25) m.,- (GeV)
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Upsilon results with Run |l data (2015 - 2018)

* Nuclear modification measured for

[PLB 790 (2019) 270]
all three states PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV)
<" PbPb36BubI(6.02TeV) b, _goeev  CMS L -
9;_ | ulu E T IyTI <24 1 |
gl i pr<30 sel CMS E - Cent. -
: IR E L + ““““““““ 55 G~ 95% cC - I -1
N o pt>4Ge ] 1 i
S 7k § |‘;1|<2.4 = _ ® Y(1S) []Y(@S) T Y(©2S) T ]
8 sE | Comvaltyoroon  fPoro0aa 3 0-89 =Y@es) [1Y3S) $YBS) N
e E . — Total fit E ] : :
S SF 1 0.6 T -
~ - ---- Background - ll_l N T i
£ 4 R led E C o m .
- E ----Rpp SCale E 0.4H 4 _
E 3— E - 0 Ll 14
i o 1 02 @ m $ 14
- - B ol
1 ] i % + % Eﬁ i
E E O I | I | | I | | I | I | ] L | I | | | 1 | II I
0 P by v v by v v by by v by O 50 1 OO 1 50 200 250 300 350 400 _____ i
8 9 10 11 12 13 14 <Npart>

m,.,- (GeV)
.' S 0'
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Upsilon results with Run |l data (2015 - 2018)

Nuclear modification measured for

all three states
» Dedicated trigger for un-prescaled
<
peripheral collision o

to illuminate the moment of turn-

Raa Of excited state

[PLB 790 (2019) 270]
PbPb 368/464 ub™", pp 28.0 pb™ (5.02 TeV)
L | L | L | L | I [ | L | L | L | |
12__ p, <30 GeV CMS 1 ]
- IyI <24 1 1
Fe=t=S======= i Cent. -
v 0 + ““““““ "7 68% CL 95% CL Tl fo0%-
N ® Y(1S) []Y(@S) T Y(2S) 1 |
,0.8(e =Yls) []Y@s) yYEs) B
| T 1 1 ]
s R T ]
o6l 18 - T
o - . : T ]
| 4 _
0.4 0 Te
s L : @ 1 I
TR ARIP I
v : % . T :
[ B 14 _
I O I | I | | I | | I | I | ] L | I | | ] I%l ] %
: O 50 100 150 200 250 300 350 400
: y <Npart>
|

3 Sept 2019

HaPhy-CENuM joint workshop
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Upsilon results with Run |l data (2015 - 2018)

[PLB 790 (2019) 270]
» Nuclear modification measured for - POP 368/464 ub. pp 28,0 pb” (5.02 Tev). :
all three states l2p Fy]:z?fev CMS + -
/(R soct ssi oL T o o0

o Y(1S) []Y(@S) T Y(2S)

»  Same ordering of suppressionin 0.8} = YeS) []Y(3S) T Y(@3S)

< =
< [
Raa(Y(1S)) : 0.376 +0.013 (stat) = 0.035 (syst) I
Raa(Y(2S)) : 0.117 +0.022 (stat) + 0.019 (syst) 0.417 o

Raa(Y(3S)) < 0.096 in 95% C.L. 0.2

- Raa Gradually decreases for higher

0""""l""l""l""l'"l""l"@' %

|
centrality for 1S and 2S O 50 100 150 200 250 300 350 400

<Npart>

 Hints for rapid turn-on at very .

>
peripheral collision ( > 70%) ' "
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Upsilon results with Run |l data (2015 - 2018)

[PLB 790 (2019) 270]
+ Nuclear modification measured for _ PbPb 368464 b’ pp 28.0 pb (5.02 TeV)
1 21 pT<30 GeV CMS -
all three states " yl<24 )

L s oL ss ol LIl o

Raa(Y(3S)) < 0.096 in 95% C.L.

0.2H

_ o il o Y(1S) []Y(@S) T Y(2S) :

- Same ordering of suppressionin  0.8je = Y2S) []1Y(3S) T Y(@39) .
< =N _

<C L _

RAA(Y(1S)) : 0.376 =0.013 (stat) = 0.035 (syst) Il o j
Raa(Y(2S)) : 0.117 =0.022 (stat) = 0.019 (syst) 0.47 7 () - B

L. #
- Raa Gradually decreases for higher ! $
O|||||!||||||||||||||
centrality for 1S and 2S 0 \50 #00 150 200 R50

« Strong suppression of 3S .

3 Sept 2019 HaPhy-CENuM joint workshop 25



[Comparison with 2.76 TeV] Raa vs centrality

[PLB 790 (2019) 270] [PLB 770, 357(2017)]

PbPb 368/464 ub™, pp 28.0 pb™ (5.|02 Te|V) PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV)
__I_I T | T TT | T TT | T TT | T TT | T TT | T TT T T I_ _| T 1 | T 11 | T T 1 | T 11 | T 11 | | | T 11 | T 11 | I_
1.6]| p <30Gev CMS - 1.6~ p <30Gev CMS
14 _ lyl <2.4 Supplementary A 14 3_ lyl <2.4 Supplementary -
o . - :
1.201 — 1.2 —
11 e H
:E 1 + - \[s,,, =5.02 TeV - :E : - \s =276 TeV B \s, =5.02TeV -
C 0.8)e % -6~ \[sy = 2.76 TeV — o 0.8;_ 68% CL J 95% CL
0.6 % . - 0.6/ H -
- C ] 3
0.4 % @] @] — 0.4 ]
L [ | = =
0.2 — 0-2% $ [+] w @ .
:I 1 1 1 | .| | .| | .| | .| | .| | .| | L1 11 | I: O_I S | E— | — | L1 1| | : | L1 | L1 1| EI I % i
% 50 100 150 200 250 300 350 400 0 50 100 130 2|\(I)O 250 300 350 400
<Npart> < part>
Y(1S) Y(23)

= Monotonic dependence on centrality is
clearer in 5.02 TeV
= Similar suppression in both energies

= Raa(5.02) / Raa(2.76) = 1.2 £ 0.15

= compatible within uncertainties
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[Comparison with 2.76 TeV] Raa vs pr

[PLB 770, 357(2017)]

[PLB 790 (2019) 270] .b™", pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™* (5.02 TeV)
i | I N | | | I N | | T | T T 1 | T T 1 | T T 1 i 1T 1T 1 | T 1T 1 | T T 1 | T T 1 | T T 1 | 1T T 1
1.2 Wyl<24 CMS 1.2 Wyl<24 CMS
- Cent. 0-100% Supplementary - Cent. 0-100% Supplementary
R 1 o
- Y(1S) . i Y(2S) .
08‘_ —6—\/%:2.76T6V N 08‘_ —EI—\/ST\IN=2.76T6V N
- T @ s =5.02TeV - - T B |5 =5.02TeV
< I 1 < [ _
@C 0.6 -+ @ 06 ~
I~ d) _ L _
Lo Q | |
¢ ] i ]
0.2 g 0.2 e —— N
B | i *:I] [ | |I | T —J i
O i | I | | | I | | | I I | | | I I | | | I I | | | I I | ] O | ; I | | 1 1 ITI | | I I | | | I I | | | I I | | | I I | ]
0 ) 10 15 20 25 30 0 5 10 15 20 25 30
p_ (GeV) p_ (GeV)

 Extended high-prt reach by 10 GeV for 5.02 TeV
* No significant pt dependence for Y(1S) and Y(2S) in both energy

e (Compatible suppression for both energies
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Comparison with models at 5.02 TeV

........ PbPb 368/464 ub", pp 28.0 pb™ (5.02 TeV) . PbPb368/464 ub”, pp 28.0 pb” (5.02 TeV)
1_2__ P, <30GeV CMS ] _ C pT<SOGeV M ]
E IyI<2.4 Y(1 S) _ 1 25 lyl<2.4 Y(ZS) C S E
BT o ‘H;‘A;F;F;““E_ | T H
0.8lel" "% Krouppa, Strickland — 0.8 ‘-___':‘ Krouppa, Strickland Y (2S) —
< WS 47 n/s=1 ] < L 4x n/s=1 ]
m< 06— oM. — 4m n/s=2 - D:< 0.6 — 4m n/s=2 ® Data —
R ] - 4w n/s=3 68% CL
0.4F e - 0.4 § 95% CL —
02:_ epats _: 02 - [ ~_ --------------- _;
g':::::::::::::::::::::::::::::::::::::::;.: _ 0:: ..... ""'.""';k"'é{'kl;A"""":_
g 2] Data total uncorrel. unc. @ Krouppa, Strickland - Data total uncorrel. unc . Drou:pa rickia
_GC) 15 ¢ Du, He, Rapp . _GC-) u, Rapp
© % e B & """ B = P H El % %
IS Js 2 I i I~ I ;R
O 05 . I - - - |
050 700 150 200 250 300 350 400 06 TE0 500 550500 450 400
<Npart> <Npart>
<Krouppa & Strickland> <Du, He & Rapp>
« Y(1S) : 600 MeV « Y(1S) : 500 MeV
Melting temperature — . y(5g) : 230 MeV . Y(2S) : 240 MeV
«  Y(3S):170 MeV «  Y(3S) : 190 MeV
Initial temperature ——» «  To={641,632,629} MeV *  To=550-800 MeV
~B7% di ; . . . .
67% direct production of . No regeneration Regeneration included
Y(1 S) for both model Universe 2 (2016) 16 Phys. Rev. C 96, 054901
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pt dependence

<Krouppa & Strickland> <Du, He & Rapp>
PbPb 368 ub™, pp 28.0 pb* (5.02 TeV) PbPb 368 ub™’, pp 28.0 pb™ (5.02 TeV)
_IIII|II|||||||||||||||||||||| _IIII|IIII|IIII|IIII|IIII|IIII_
L lyl<2.4 L lyl<2.4 CMS -
1" Cent 6-100% S &bﬁ/éh&éh’té’rjf E | Cent.0-100% . Supplementary E

0.8 _ Krouppa, Strickland o Y(1S

) (1S) Total ® Y(1S) N

[ 4 y/s=1 Y(2S) Y(1S) Regeneration @ Y(2S) :

< 0.6 — 4n ns=2 D Y(3S) 68% CL 1Y(2S) Total -
oC - I 45 n/s=3 J Y(3S) 95% CL 1

OI; ||||||||||||||_—|||||||||||| O_TT||||M
0 5 10 15 20 25 30 0 ) 10 15 20 25 30

P, (GeV) .
Universe 2 (2016) 16 Phys. Rev. C 96, 054901
pT dependent regeneration competes with

High speed upsilon can escape QGP
—> Smooth increase Raa for pr

suppression
—> Predicts broad bump near pt =10 GeV

Yet, both models are compatible with data within statistical uncertainty.
Have to check high pr > 20 GeV —> Need more data

3 Sept 2019 HaPhy-CENuM joint workshop 29



So, does it characterize the HOT medium?

* The answer is “partially correct”

e See what CMS measured in pPb collision at 5.02 TeV

Q.
Q.

51 4 ~ CMS pPb s, =5.02 Tev CMS PbPb \'Syny = 2.76 TeV h
= - @y [<193,L=31nb" W Iy, [<24L=150ub"
= [ ¥ 95% upper limit )
@ 10 PRL 109 (2012) 222301—
; i pi > 4 GeVic _

In 2013, we took pPb data at 5.02 TeV P

« pPb serves as cold nuclear baseline » T o i
Z 0.8 -+- pPb/pp - -

« Drop of double ratios observed in pPb =™ + -
less than PbPb but in the analogous e L Y(2S) Roa L i

= 0.6/ Y(35) R B

manner = Y(1S) Rpa i

- Y(1S) R,a .

« confirmed that large suppression of 0.4 .
excited states is primarily due to hot i i
medium (QGP) 0.2 c#;; -

Y(2S)/T(1S) Y(3S)/T(1S)
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So, does it characterize the HOT medium?

* The answer is “partially correct”

e See what ATLAS measured at the same condition

i i rersrsions — T T T T T T i -02_ 2_. TT T [T T T T [T T T T [T T T T [T T T T[T T T T[T T T T[T TT T[T l_
o - ATLAS p+Pb, (54, = 5.02 TeV, L =28 nb”" - @ - ATLAS p+Pb, 5y =5.02 TeV, L=28 b 7
| Y(1S) pp, Vs = 5.02 TeV, L = 25 pb"’ i | 1(15) pp, Vs =5.02 TeV, L = 25 pb’’ 1
1.5—p, <40 GeV — 1.5—-20<y*<15 —
i : i | i i
B o | SRS s 5= NN SNSRI I
i h ] i d v i
- } D 2 _ _++ L _
0.5 — 0.5 —
O_ I I I I ] O_I L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I | I | I L1 11 I L1 11 I L1 I_
—2 -1 0 1 2 0 5 10 15 20 25 30 35 40
y* p, [GeV]

e Average RpPb is 0.8, which means that only cold nuclear matter effect can result in

Raa down to 0.64 => Half of the suppression in PbPb attributed to CNM!
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So, does it characterize the HOT medium?

e The answer is “Not fully”
° RAA VS RpA

2_IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|III

0
i
o
C - ATLAS p+Pb, \[5,, = 5.02 TeV, L = 28 nb’”

- Y(19) pp, Vs = 5.02 TeV, L = 25 pb”
1.5—-20<y*<15

PbPb 368 ub™, pp 28.0 pb 6. 02 TeV) -
\\‘\\\\‘\\\\‘\\\\‘\

[T | ] i
- lyl<24 CMS B —
1~ Cent 0-00% 5 upﬁléhaémafyf | H +- ........................................... o
| Krouppa, Strickland ° Y(1S) | : E | :
> w4 ys=1 Y(28) 1 D + + + + """""""" > Average RpA |
< gl = 4mws=2 D Y(3S) 68% CL - +

o b T 4nys=3 7 Y(35) 95% CL = i
R T 051 —
0.4 g ori-®- i _ i
RS e e - e e il > Average Raa .
02 | | - = _
Omm““{* \ L “ [ ‘F_:} ‘2\ L1 ‘2\ L1 ‘: O _I 11 I L1 11 I L1 11 I L1 11 I | I I | I L1 11 I L1 11 I L1 11 I Ll I_

P % Bw® *® 0 5 10 15 20 25 30 35 40

p, [GeV]
* Average RpPb is 0.8, which means that only cold nuclear matter effect can

result in Raa down to 0.64 => Half of the suppression in PbPb attributed to
CNM!
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Elliptic flow of bottomonia

<Krouppa & Strickland>

arXivligd09.06235

We study the role of anisotropic escape in generating the elliptic flow of bottomonia produced
in ultrarelativistic heavy-ion collisions. We implement temperature-dependent decay widths for
the various bottomonium states, to calculate their survival probability when traversing through
We employ the recently developed

the anisotropic hot medium formed in non-central collisions.

34 1d quasiparticle anisotropic hydrodynamic simulation to model the space-time evolution of the
quark-gluon plasma. We provide a quantitative prediction for transverse momentum dependence of
bottomonium elliptic flow and nuclear modification factor for Pb + Pb collisions in /snn = 2.76 TeV

at the Large Hadron Collider.

0.01

- —te— Y (1S): Total :1“unbound =10 GeV

| —— Y (1S): Total : T
| unboun

=1 GeV A.“ _____ ==
d b

5 5 15 20
p_ (GeVic)

FIG. 4: Transverse momentum dependence of vz of Y(1S5)
including feed down contributions from higher excited states
for Pb + Pb collisions at /snn = 2.76 TeV, for two different
values of the decay width of unbound states.

0.2

0.15

0.1

0.05

-0.05

IIII|IIII|I|II|IIII|II

ALICE Pb-Pb m =5.02 TeV
25<y<4

= Inclusive J/y

e Y(15)

Y (1S), TAMU model
——— Y(1S), BBJS model

5—60°/o 7]

.IlII|IIlI|lII1|IIIl|I
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Elliptic flow of bottomonia with CMS

0.15 — PbPb1.6nb™(5.02TeV) _ PbPb 1.6 nb” (5.02 TeV)
p* > 3.5 GeVlc CMS i 0.14 . —
0.1F IyE<g.j1ﬂ | Preliminary i _‘ 0.12F FJnZZi e P,e,ingxs :
01 Cent. 10-90% Lvsaes
] 0.08F -
®  0.06F -
1 "\Mo.04f -
: 0.02F -
oF =
1 —002F E
1 —0.04f _ -
0-3 3-6 6-50
0-10 1030  30-50  50-90  10-90 019 (Gev/c)

Centrality (%)

CMS result will be released in the upcoming Quark Matter in November...
- With ~5 more statistics
Cover wider pt range
Rapidity range is complementary
Also has Y(2S) vz result
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Remarks and plan for Upsilon analysis

PbPb 368/464 ub pp 28,0 pb (502 TeV)

ol pT<30 GeV CMS 1 .
« Raaof Y(15), Y(2S) and Y(3S) were measured as 125 <24 Supplementary + E
1 5 s

a function of pr, rapidity and centrality, improving
the previous results at 2.76 TeV

- Consistent with 2.76 TeV data within
uncertainty (Models predicted -16%) 02|

o Y(1S) []Y(@S) 7 Y(2S) ]
= Y(2S) []Y(@BS) JY(@3S) I 7]
XDu M.He, R.Rapp T 7

- Clearer dependence on centrality, yet we need O e L |

<N _>

more data for peripheral collisions to find the part
PbPb 2018 partlal dataset at VS = 5 02 Te}/
turn-on curve Of RAA 7E Tnlgger selectlons l CMS -
10 ; gﬁrl?éeglrgrl:on inclusive Prellmlnary?g
106.5— B Y + high masses E
- The Y(3S) peak is not visible yet 10k W vazss) 1
S C .
- Compatible with both two different models . :
- pr dependence study with higher statistics ok . b
g p_‘:> eV/c E
may help to resolve e t
- L | . ﬁ
1 107
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2. Charmonia

11 May 2019

CMS-HI Mini-Workshop
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Outline of charmonia measurement

Charmonia
Prompt J/U R, Hot & Cold Nuclear Matter effect
* Debye screening
PbPb Prompt J/Y v, . Energy loss
2.76 TeV
160pb-1 Prompt {s(2S)
Only Cold Nuclear Matter effect
)/ in UPC* * nPDF
* Energy loss
pPb J/W production Only nPDF
5.02 TeV
35nb-1 *  UPC = ultra-peripheral collision
** Only prompt charmonia discussed in this
section
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Gallery of J/ from LHC experiments

CMS Preliminary
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Charmonia in PbPb : Ground state (1S)

m§ 14__ CMS Preliminary | T T | T T T T T 1 II__
- PbPb\ /s, =2.76 TeV ]
1.2 .
1I
) RAA ]
08 PromptJhy |
06:+ 0 i
T MR :
) " - ]
0.4 ., -
) _ ]
) _L ]
0.2 Iyl <2.4 o
i 6.5<pT<30 GeV/c .
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

% 50 100 150 200 250 300 B350 400

CMS-PAS HIN-12-014

N

part

CMS-PAS HIN-12-001

* Suppression has a similar dependence on centrality with Y(1S5)

e Small but clearly finite positive elliptic flow

0.25_ l|||||||||||||||||||I||II_
. CMS Preliminary Prompt J/y .
" PbPb {5, = 2.76 TeV Cent. 10-60 %
0.2/~ =150ub” p.>6.5GeVic
0.15/- —
i V2 ]
0.1 —~
0.05F + + + =
OF :
_0 05 _I 1 1 I 1 11 I 111 | 111 I 111 I 111 | 111 | | 111 I 111 I 111 I | I_
0 02040608 1 12141618 2 22 2.
ly|
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Charmonia in PbPb : Excited state {(2S)

e (Compared suppression patterns of J/P and P(2S) at 2.76 TeV

PRL 113 (2014) 262301, JHEP 05 (2012) 063

o rrrryprrreprrerereryprerereperrererypyreeep eyt rrrpd
, I I [ I I I I I

- -

3-CMS PbPb & pp s, = 2.76 TeV + -
- ® 3< p, < 30GeVic,16<|y|<24

2 5:_ m 6.5<p, <30GeVic,|y| <16 T _Z@ ] In mid-rapidity
B —95%CL 0-20% e E;lOO% J(2S) larger suppression
21 i T A
LIJ(ZS) RAA 20-40% . In forward

J/U larger suppression

)/ Ran 140 - 100% T

o-sf—I « T

OlllllllllIllllIllllIllllIllllIllllIllllI—

0 50 100 150 200 250 300 350 400
Npart
* In naive sequential suppression picture, excited states are more suppressed than the

ground states as observed in Y(nS) study

e However, P(2S) was less suppressed than J/ in forward <= Big puzzle at that time
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Charmonia in PbPb : Excited state {(2S)

w

—CMS PbPb & pp s, = 2.76 TeV
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Phys. Rev. Lett. 118, 162301 (2017)

B c\/)

o 4-5 [ T T T T L T T T T T 1 ]
& . | | | | | | | [k =
2— 45 ® |s,, =5.02TeV CMS —:f— Cento —f
2 o s\ =2.76 TeV T 0-100% -
O 35F ° (PRL113(2014) 262301) T =
ol - T .
= s 16<lyl<24, 3<p <30GeV/c = E
: - Prompt only + -

2 25 H T =

f | 1 _|
= - 2.76 TeV + =
T % T % -
2 - T .
o VF ES E
AN 1;3 % [j T .
\% T esec IT 5.02 TeV + -

0.5F | | 95%cCL + B
O - v | I 111 | I 111 |\/| | | | L 111 | | 111 | I 111 | I 111 | |_: + -

O 50 100 150 200 250 300 350 400

But, there happened a twist in 2015 when we took 5.02 TeV data with Noar

higher statistics by factor of 3

* Now, the suppression of P(2S) is larger than J/{ at everywhere
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Raa : Charmonia vs Bottomonia

T T | T ﬁtl)ﬁtl)l?I6I8l Illllp-:l’l |plpl I2I|8I-IOI Plbl-l1l(l5|.IOII2I -lrlel}/l) 1 6 Pbe 368/464 Mb-1’ pp 28'0 pb-1 (5'02 Tev)
| | . _I [ | T T | T T | T T | T T | T T | T T | T T | I B ]
- Cent. 0-100%, lyl < 2.4 CMS - - CMS + -
1 Cramonia EPsc G0y 8509 Supplementary |l 1.4[" Charmonia (EPJC (2018) 78:509)  Supplementary 1 B
e k<24 ® Y(1S) ] - % Prompt Jy, lyl <2.4, 6.5 <p_<50 GeV + i
0.8 Prom'p:pé;) s = YE@s) — 1.2 5 prompt w(2s), Iyl < 1.6, 6.5 < p, <30 GeV + -
- V<16 Y(3S) 68% CL L — I Cent.
- J Y@S)95%CL ]| 1= f ________________ 68% CL 95% CL % 0-100% -
0:5: 0.6 | - m:E 0.8kl e v(is) [YE@S) JY@s) | E
R + f | alil= = Y(2S) Y(3S) T Y(39) T ]
04_: ' __ 0611__._ il t.; p <30 GeV, IyI<2.4 —:— —:
g | oap Te -
0 2__ __ - :::| @ 55 % @ T -
. :% #Ii | i 0.2_— * @ ﬁ % b + _ —~
O_||,|T||||||||||||||||||||||||||||||||||||||_ O_""'"'|'"'l""l""l%"l""l @ |, T %‘_
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p_ (GeV) <N >

« Very similar behavior between Charmonia and Bottomonia
- Y(1S) aligns with J/psi(1S)
«  Y(2S) aligns with  psi(2S)

- Bizarre!

- Can’t say anything before increasing statistics largely
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Probing Cold Nuclear Matter effects

* Cold Nuclear Matter effects a)
- Modification of PDF
- Nuclear absorption Pb < Qr
- Energy loss inside nucleus
- And more
(a) pPb
(b)

 Charmonia can probe CNM effects via
J/U production in...
(a) pPb collisons
(b) Ultra Peripheral Collisions | .

Pb

3 Sept 2019 HaPhy-CENuM joint workshop 43



J/U measured in pPb collision

. CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

— 10°E — 10°g
o E o F
S 405 A, Prompt J/y > 1055 Prompt J/v
O o F A ® o E
& Global uncertainty : 3.5 % = Global uncertainty : 3.5 %
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PO Ojb P o0——

OPb

 Double differential cross-section for a wide kinematic range

- pr:[2,30]GeV/c, yqu :[-2.87,1.93]
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Lesson from this measurement

4CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

o) B
= [-m65< p.<10GeVic i  PromptJ/y
> - |
S} 3'5:—0—10<p1,<30 GeV/c Global uncertainty : 3.5 %
b | 1
© - l
x 90 |
m i
2.5 |
: ) .
o . i o
- - | -
1.5m
C P O—>i<
1 E
0.5 + i
. ¢ * ¢ A M
O_III|IIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIlIIIIlIIII

25 -2 15 -1 05 0 05 1 15
y

e Cross section as a function of rapidity at
- Low p; [6.5,10] GeV/c
- High p; [10,30] GeV/c

CM
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Lesson from this measurement

4CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

o) -
= [-m65< p.<10GeVic i  PromptJ/y
> . .
S} 3'5:—0—10<p1,<30 GeV/c Global uncertainty : 3.5 %
b | 1
U -
x O
m [ L)
2.5
: . .
21~ — =
- ] [
1.5 m
: P 0—i<{ Pb
1 E
0.5 + i
., ¢ ¢ ¢ ! MR
O_III|IIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIlIIIIlIIII

25 -2 15 -1 05 0 05 1 15
y

e Cross section as a function of rapidity at
- Low p; [6.5,10] GeV/c
- High p; [10,30] GeV/c

CM
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Lesson from this measurement

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

Q .
= —&—6.5< pT <10 GeV/c i Prompt J/\II
'Q> ¢ 10<p <30GeVic ti:)bal uncertainty : 3.5 %
S ' ..
cE ; Yield in (py, +y)
N Res (P12 ¥) = Vi, )
- n
ul
4 ¥ 4
i L4 21 l i 1 1 3 | i 111 I .

0 05 1 15
y

CM

« Fold plot around y;=0 = A clear asymmetry at low p+
« Rgg(ly|) =[Yield in +y] / [Yield in —y] for systematic approach
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Lesson from this measurement

CMS Preliminary ~ 34.6 nb™' (pPb 5.02 TeV)

e} |
= - 65<p <10GeVic |  PromptJ/y lllustration of nPDF fit
5 ¢ 10 < pT < 30 GeV/c (‘l)bal uncertainty : 3.5 % JHEP 0904 (2009) 065
© l
©
> 1.5 B antishadowing Fermi-
m . 30 N e o : S i
I . :
s | R R O I WO
- _
o i
0.6 - A Ye
Yog shadowing
02 N ):(a ):(e
| IIIIIIII | IIIIIIII | IIIIIII
A SR 10° 107 10" 1
IIlllllllllllllllllll XOfpartoninPb
0 05 1 15 [In log scale]
yCM

« One may interpret this by nuclear shadowing effect

 But, cold nuclear matter effects are mixture of various initial and final effect. Can we
concentrate on initial state effect only?
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Lesson from this measurement

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

fo) i CMS Preliminary  34.6 nb™” (pPb 5.02 TeV)
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« Asymmetry is bigger for lower prand higher rapidity range
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Lesson from this measurement

- A
CMS Preliminary  34.6 nb™ (pPb 5.02 Tev) CMS Freliminary ~ 34.6 nb™ (pPb 5.02 TeV)

E | [an] [
3 ! woL
= —#-65<p_<10GeV/c i Prompt J/y T 11 Prompt J/y
kS, ¢ 10<p_<30GeV/c obal uncertainty : 3.5 % -
(o) : :
© | T T T T e
> N +
m “ - +
) 0.9 +
n N
— : v
0.8~
m B
0.7 6.5 <p_<30 GeV/c
~ 00<ly_|<09
0.6 M0.9<ly_|<15
. ¢ % : *11'5<||YCM||<1'9|3 Lol bl
i l | l 0% 5 10 15 20 25 30 35 40 45 50
LA 3 3 L L 1 3 11 41 .. HF s
0 05 1 15 E; " [GeV]
Yom

« Asymmetry is bigger for lower p;and higher rapidity range

* The effect is enhanced for larger activity events
- 25% effect in CNM

- Event activity measured by forward calorimeter 4<|n|<5.2
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J/psi in UPC

 J/P in UPC can do!

Cross section proportional to (gluon
density)2

=> Carries information of nPDF at very low
X and low Q2

 UPC trigger
- Muon hits
- No activity in Ecal, Hcal
- Neutron detection in ZDC
(zero degree calorimeter)

" 3 Sept 2019 5-5ep-19 HaPhy-CENuM joint workshop ol



J/psi in UPC

Coherent
 J/P in UPC can do! a A
> >
Y
<
N /
Incoherent
4 N
>
« UPC trigger v
- Muon hits
- No activity in Ecal, Hcal <
- Neutron detection in ZDC L
(zero degree calorimeter) /
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J/psi in UPC
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« Coherent J/Y N Yy

- Dominant for pr < 150MeV/c
- Measured p; up to 1GeV/c and fit using MC template (STARLIGHT)
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J/psi in UPC
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-Accompanied by ALICE data, the CMS results favors moderate nuclear shadowing
models (AB-EPS09, ) at low Q2
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3. Quarkonia study in future

11 May 2019 CMS-HI Mini-Workshop
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SPHENIX, the state-of-the-arts detector for RHIC

Hadronic

Solenoid Magnet
Outer

— Inner

Central Tracking
— TPC

— INTT

— MVTX

Electromagnetic

¢ Full Azimuthal Coverage
e |eta] <1.1

Calorimeter

Experiment planed from 2023

alorimeter

There are two central goals of measurements planned
at RHIC, as it completes its scientific mission, and at the
HC} (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX.}(2) Map the phase diagram of QCD with
experiments planned at RHIC.

<

. Habich, J. Nagle, and P. Romatschke, EPJC, 75:15 (2015)

| Jet Virtuality Evolution
RHIC E, = 20-80 GeV

RHIC QGP Medium Influence
LHC E, =100-1000 GeV

LHC QGP Medium Influence

Scale [1/fm]

Year | Species | Energy (GeV] | Phys. Wks | Rec. Lum. | Samp. Lum. | Samp. Lum. All-Z 101~
Year-1 | Au+Au 200 16.0 7 nb™! 8.7 nb ! 34 nb! -
Year-2 | p+p 200 11.5 - 48 pb~! 267 pb~* -
Year-2 | p+Au 200 11.5 - 0.33 pb! 1.46 pb~* i
Year-3 | AutAu 200 23.5 14nb ! | 26nb ! 88 nb! ] (0.27eV)
IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIlIIII
Year-4 | p+p 200 23.5 —_ 149 pb~! 783 pb~! 100 150 200 250 300 350 400 450 500 550 600
Year-5 | AutAu| 200 | 235 | ldnb ! | 48ub ! | 92 nb! Temperature [MeV]
System evolution
3 Sept 2019 HaPhy-CENuM joint workshop 56



SPHENIX, the state-of-the-arts detector for RHIC

Y(1S,2S,3S) — e'e’

10° PbPb 368 ub™ (5.02 TeV)
1T 1T 1 | 1T 1T 1 | T T 1 | 1T T 1 | 1T 1T 1 | 1T 1T 1 —
4.5 p, <30 GeV/c CMS 1000__ y
4 4 GeVie PbPb 8001 signal only
3.5 Pr + Data - +
' Cent. 0-100% — Total fit i »
7 - I L Signal -
- Background 6000, =83 = 1.2 MeV

pp
- - Qverlaid

sPHENIX |
simulation/

400
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N
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IIII|IIII|IIII| III|IIII|IIII|IIII|IIII|IIII|IIIIX

1 200
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O Lol |]| | 1:—""4,~"::|'2"'4. oo b I P .:'.‘_“.' eqadet™
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invariant mass (GeV/c?)

m,, (GeV/c?)

sPHENIX ‘ ' LHC
(Simulation) (Data)

complementary
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LHC High-Luminosity Heavy lon Run

Citius altius fortius! (faster higher stronger)
LHC upgrade will allow the integrated L = 10 nb-1

PbPb (5.02 TeV)
} 1 .2 [ AITLAéI T | T 11 |C;I T 1 Il [ IOI2IO| T T I G 1 30: |P I I T T T |J/ I I T TTT | [ [ T T I:
I entrality % i - ]
T B Prompt J/ P, Iyl <2 mEm Correlated systematic uncer. . S 1 20 - rompt w C M S _
[ Ao sa iAottt (0] - lyl<2.4 Projection ]
i O 110F 0-100 % -
— mmm Color screening [Phys. Lett. B778 (2018) 384] — ~ - 7]
0 8_— ..+ Color screening [Phys. Rev. C91 (2015) 024911] B Q_I_ 100F N(prompt J/y) = 150 —
"L mmm Energy loss [Phys. Lett. B767 (2017) 10] . 9 OE— [JLastp_bin E
: Energy loss [Phys. Rev. Lett. 119 (2017) 062302] : - ]
0.6~ w, = 20.6 GeV — 805: """""""""""""""""""""""""""" B
L e 1| o 70 e -
0.4% s o - ]
e : 60 3
()_2-— _ 501 —~
; ] - 2018 -
i ] 40 ]
O | | | I I | | | I I | | | I I | | | I I | | | I | | | I | | | : ! ! R | ! ! ! R I | | | L1 1 |:
10 15 20 25 30 35 40 1 10 1 102
p. [GeV] Luminosity (nb™)
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LHC High-Luminosity Heavy lon Run

Citius altius fortius!
(faster higher stronger)

PbPb 10 nb (5.02 TeV)

i [ | LI | LI | LI | [ | LI | LI | [ | I 1 ] < 1 2
1 ol pi“ <30 GeV/c CMS ] < [ ALICE Upgrade Projections, 10 nb™
| Cent ] 1 ................................................................... . ........ Y (18)_>MM ...........................................
Ll Krouppa, Strickland ¢ y(1S) Et_o:fdo_% : 1 o YES) = wu
S - - 0.8 i —— Y(18) Transport Model (TAMU)
| B B A S Y(2S) Transport Model (TAMU)
i B 7] 0.6 -_ E1°] PN . e e Y (1S) Hydrodynamical Model (KSU)
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i (e ] - B et
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Take home messages

* Y(nS), J/psi and psi(2S) were measured by LHC
experiments in wide kinematic ranges

PbPb 368 ub™”, pp 28.0 pb™ (5.02 TeV)
II|IIII|IIII|IIII|IIII|IIII

* The precision measurement for quarkonia 13___|_y|_ <24 CMS 8
melting provides strong constraints for - Cent. 0-100% Supplementary H
hydrodynamics parameters 08l Krouppa, Strickland @ Y(15) ]

L Amo/s=1 ® Y(2S)

* Yet, there are still a big room to be revealed at mir‘ 0.6 — j: :i;i Eiﬁiii ng gt §
high pT sectors, which requires high luminosity S g " |
runs 0.4 gl I —" 5

¢
0oL | e ]

« sPHENIX will be a very exciting experiment to * ; - . :
reveal quarkonia melting at lower temperature T T T S
QGP p_ (GeV)

« Cold Nuclear matter effect must not be ignored
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Comparison with Charmonia results
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« Very similar behavior between Charmonia and Bottomonia
- Y(1S) aligns with J/psi(1S)
- Y(2S) aligns with  psi(2S)

- Any geometrical indication?
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