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Quarkonia in Heavy ion Collisions

* Quarkonia : Excellent Probe for the Quark-Gluon-Plasma
* Produced by hard scattering in the early stage of collisions

rformation(qQ) - rformation(QGP) < Tjie time(QGP) < rdecay time(qa)
w expected to experience whole QGP evolution

Nuclear collisions and the QGP expansion

collision evolution
expansion and cooling
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Quarkonia in Heavy ion Collisions

* Quarkonia productions in heavy ion
collisions are affected by

« Color Screening : melting
depending on different temperatures
and binding energies
> Sequential Melting ||

« Parton energy loss in medium QWG 2017 R. Arnaldi

* Cold Nuclear Matter (CNM) Effects : CentralAA | SPS | RHIC LHC
Nuclear PDFS, multiple scattering, collisions | 20 GeV | 200 GeV | 2.76TeV

Npa/€vent | ~0.2 ~10 ~85

comover break-up.. Etc

« Statistical Regeneration

HERE'S My BUTT?
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Quarkonia in Heavy ion Collisions
* Quarkonia productions in heavy ion

collisions are affected by

« Color Screening : melting N
depending on different temperatures
and binding energies
> Sequential Melting

« Parton energy loss in medium

* Cold Nuclear Matter (CNM) Effects :
Nuclear PDFs, multiple scattering,
comover break-up.. Etc

« Statistical Regeneration

Suppression !!!

WHERE'S My BUTT?

Quarkonia production in final state
= Mixture of suppression +
enhancement




Reminder from Run |

EPJC 77 (2017) 252
PRL 109 (2012) 222301

CMS PP, PbPb {5, = 2.76 TeV PbPb 166 ub™, pp 5.4 pb" Sy = 2.76 TeV L
< LA ILELELEL N B DL BRI B R R IR < T O I B B B B B ] 4 AL B L L BN R
< 4 40 1 <1eM I ] . PbPb |s,, =2.76 TeV CMS |
as 1'4: Prompt J/y ] oS 1'6: CMS 1 4 Cent 0-1c}o%NN _ 1
1oL 6.5 <p <30 GeV/c 1.4H + 4 I ";°“]5’Uj°“‘°‘;;",;?\:2§,0_00613) )
B a r T E - €[6. eV/c, lyl < 2.4, Cent. 0-5%
i |Y| < 24 i 1 2__ . h 08_— . w(gé) [6(';5;38]113' 201‘!{) t. 0-5% .
1F . T Sent. . r Emtmmp ,ﬁf's’ao] GeVle, lyl<1.6
[Bo-100% ] r 1 0.6; g eiLc_),zu] GeVic, lyl <2.4 |
0.8 - 1: I wrirs ] . Yi?1<851s11.01510 ]
:+ * 45—5‘?0/0450/0 ] 08:— H #Y(2S) 04; : ¥%§g; 95% C.L. Y(1 S)* ]
06__ * * 35740;/6'35%5—30“/ _: :_ ﬂ?r(as) i IJIW :
r W o 2025% ] 0.6¢ 1 0.2 y(@s) -
0.4 mosen J - H ] Y ,+‘F Y(3S) +Y(2S) i
: ] u 5:0/ nio/: 04? H H :IH L
0.2F . E H % 02 04 06 08 1 12
C ] 0.2 B " - l_ Binding energy [GeV]
C 111 | 1111 I 1111 ‘ .| I 111 | ‘ 111 | ‘ 1111 I 111 I_ : 1
% 50 100 150 200 250 300 350 40 O T 0 00— T 1/(r)
<N > (N )
P pan Y(1S)
_Yield,, /(N,) RN
AA — .
Yield , Xb
Charmonia Jhy Ye y'(2S) Bottomonia | Y@s) | Y(2S) | Y(3S) 240 MeV JIy, Y (2S)
Mass(GeV) | 3.10 | 3.53 3.69 Mass(GeV) 9.46 | 10.0 | 10.36 200 MeV Xer X W',
v
AE (GeV) 0.64 | 0.20 0.05 AE (GeV) 1.10 | 0.54 0.20 8)
T4/T, 2.1 1.16 1.12 T4/T, >4.0 | 1.60 1.17

Mocsy, EPJC61 (2009) 705
BNL workshop in' June =«
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Reminder from Run |

EPJC 77 (2017) 252
PRL 109 (2012) 222301

CMS pp, PbPb |5, = 2.76 TeV PbPb 166 b, pp 5.4 pb”’ Sy, = 2.76 TeV L
< REEEEEEEEE R [(fer T T T UL T T 1 T T T ] I I L L LN L N
o 1.4f Prompt J/y ] f‘1.6:— | | | CMSI_:;_ . : (I:ebmlf’; 0\;~~=2-75 TeV cmSs |
g 65<p <30GeVic 1  1.4f 11 T Prometcharmonia
1 '2: > AT‘ ] - 1 ] T €16.5:30) GeVio. Il £2.4, Cent, 05%
)i ly| < 2. . 1 oH T 108 «ued LRy 5
L T o0-100% | s p.E[6.5, evic, lyl <1.
0.81 E : ®Y(15) C 3 ovies) ]
P W s 0.8 e T(25) 1 o4l ¥ YGSesucL Yas)* ]
0.6 * 35403 a5 ] Y(3S) ] i Jhp ]
r ] 25-30% r \ L u 1
0af Ol a:-zs.f:izo% o zj H H ; H H ] 0.2:—;.](23) Yes) i) ]
C - = =] ' H o X
0.2~ . 0.2k H { 0 02 04 06 08 1 12
: ] 2 B " - l Binding energy [GeV]
NS NN N RS RS RN S R N - -
% 50 100 150 200 250 300 350 40 O T 0 00— T 1/(r)
Toar” N Y(18)
Yield,, /(N gl B
Today contents will be made by the results with the Xo
2015 data at 5.02 TeV.
Charmonia « Charmonia in pPb & PbPb =i 5es)
Mass(GeV) « Bottomnoia in PbPb Koo Xbs W'
AE (GeV) - J/y Elliptic flow Y(38)
T Summary & Outlook
Cc
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CMS Detector & Muon Reconstruction

Magnetic Field :3.8 T Inner Tracker

~ /;:I'—; (Silicon Strip & Pixel)
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Muon Chamber

Hadron Forward
Calorimeter (HF)
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Muon
Electron

Charged Hadron (e.g. Pion)
= = = - Neutral Hadron (e.g. Neutron
it e Photon

Excellent muon momentum resolution S AR R AR | Standatone muons - I

<71,

 Qverall resolution: 1~2 %

Calorimeter
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Charmonia in pPb & PbPb
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J/P : Signhal Extraction

arXiv:1712.08959

PbPb 368 ub ' (5.02 TeV)
_IIII'|IIlIIIIII[IIrl|rlIr'lllllllllllllll'lrllr_
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J/p : Signal Extraction

arXiv:1712.08959

PbPb 368 ub ™ (5.02 TeV)

AR RN RRRRRRRRRE RRRRE RARRN RRREE RRRRE RARRN
1400:— 1.8 <y <24 CMS
. 12001 a5 <pl" <55Gevic
Inclusive J/y 12T con w00 Prompt
> I ]
§ lfg::l "o
Prompt J/y Nonprompt J/w & 8001 it
£ ]
@ .
LJ
200 .
= H I P RS TR N R PR R SR
Collision Point 86 27 28 29 3 31 32 3.3 34 3%
U + M, (GeV/c?)
- PbPb 368 pb' (5.02 TeV)
M 1o R R N IR IR IR~
=-—--- E 18 <y <24 CMS |
s 105E 45 <p! <55 Gevic 4
SeCOndal’y — nyz : TR . E  Cent. 0-100% Dat
Vertex T Pup g 10*E lgoatgl o =
F — Prompt Jiy ]
Primary Vertex S 10°k " Background
) ) ) : > 1Pl |
- Simultaneous two dimensional fit method 210
» Mass + pseudo-proper decay length o 1ok g
. S_eparat(_a prompt and nonprompt statistically " ]
bin-by-bin R . T DT T T | N
g -3 -2 - lO ( 1) 2 3 4
; » (Mm
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J/p : Signal Extraction

arXiv:1712.08959

PbPb 368 ub ™ (5.02 TeV)

200}

14001 18 <y""| <24 cMS
] 200:_ a5 <pl" <55Gevic
% [ Cent. -100% Prom pt
% 1000~ + Data E
SJ) - — Total fit
[ — Prompt J/ —
Prompt J/y Nonprompt J/w 5 800, ¥
\w_ ]
5 o :
o 400g 7
¢ T

Collision Point

26 27 28 29 3 3.1 32 33 34 3.t

M, (GeV/c?)

PbPb 368 pb ' (5.02 TeV)

[0 S R I B I I B
="~ F 18 <y <24 CMS
= - 5[ 45 <p™<s. N
Secondary = Lx ra mJ/w 10 : :::nt.szois seve
Vertex T g Pup € 10°F * Totai =
£ E — Prompt J/y E
Primary Vertex S 10°k " Background
) ) ) : > 102k |
 Simultaneous two dimensional fit method 210
» Mass + pseudo-proper decay length o 1ok .
. S_eparat(_a prompt and nonprompt statistically " ]
bin-by-bin obedi i i LoD
-3 -2 4 0 1 2 3 4
CMS j l/w (mm)
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Prompt J/@ : Ru o= Y 0

Pbe 368 (<30 /) / 464 (>30%) Hb pp 28.0 Db (5.02 TeV) Pbe 368 H.b pp 28 0 pb (5 02 TeV) Pbpb 368 |J.b pp 28.0 pb (5 02 TeV)
g ‘ll‘l‘ ‘ ||‘|“‘|||‘|‘|‘_ g: T |I ‘ I ‘ Illllll_ g T I T I T | T T |
o 1.4* Prompt J/\p’ CMS 1 & 1.4— Prompt J/I[I CMS | 1.4— Prompt J/I|J CMS "~
<2.4 ] oyl <2.4 ] L 6.5<p_<50GeVic ]
-1yl r
12- 65+« p, < 50 GeV/c 7 1.21 Cent. 0-100% = 1.2F Cent. 01100% .
1 = I = I S |
m 5, =502TeV | F W sy =5.02TeV i r W5, =502TeV |
08 . E 08[ o \5,=276Tev . 0.8 ) .
\[Spy = 2.76 TeV ] C N ] L ® \[5,, =276 TeV
0.6¢ |II I 7] 0.6 E 7 0.6 B
04" i 1 04 aapmia¥ — 1 O grEE o
F ol - C N r ]
0'2__ ] 02j ] 02? -
O_I S | L ‘ P ‘ N | P ‘ o | P I P ‘_ e e ] : L 1 I L 1 I L 1 | L 1 | L 1 | 1 1 :
0 50 100 150 %?0 250 300 350 400 0o 510 15 20 25 30 35 40 45 50 % 04 08 12 16 2 24
part P, (GeV/c) ly|

arXiv:1712.08959

» Very similar suppression : no strong dependence on collision energy but
slightly more suppressed in most central events at higher collision energy
* Rua (0-5 %) : ~20% more suppressed
« 5.02TeV:0.219 £+ 0.005 (stat.) £ 0.013 (syst.)
« 2.76 TeV :0.282 £+ 0.010 (stat.) £ 0.023 (syst.)
* No strong rapidity dependence and but increasing p; dependence slightly
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Prompt J/@ : Ru o= Y 0

PbPb 368 pb ™', pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
< _lllllllll‘\\\\‘llllll\\lIllIIlIIIII\\\\‘lllllllll_ < 7\\\\IIIIIII\\\'I\\\IIIIIII\\\7
Q:< 1.4 Prompt J/\*l" CMS CE: 1.4 Prompt J/\|f CMS
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1.2 Cent. 0-100% 7 1.21

' s |
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® \[s . =5.02TeV ]
N Gent. 10-30% B

0.8:— ® \[5,, =276 TeV B 0.8:— 4 Cent. 30-100% —

0.6 E - 0.6/ Ea B
0,4; ﬂiﬁﬂﬁ; — O.4f—

W *
0.2 — 0.2

O:HHI....MMJ..HI.\J.I..HIH..IHHJ....Muf 0:‘ ce by b b b by

0 5 10 15 20 25VC‘70 35 40 45 50 0 5 10 éSw 20 25 30
arxiv:1712.08959 P, (GeVic) P, (GeVic)

« At high p4, no strong collision » Decrease suppression at higher p+
energy dependence « Similar trend of p; depending on
centrality (increasing trend at high p+)
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Prompt J/lp : Raa R

27.4 pb™'(5.02 TeV pp) + 530 ub'(5.02 TeV PbPb) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

- < LN L B BN LA BN NN BLRRNREN

1_6_— CMS E D° + D° oc 14j Prompt J/W CMS ]

1 4:_ ® charged hadrons ’ 2:_ ly| < 2.4 _:
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: s 0.4F -

0.4 '0.“."05 CES o ® 1

. 5 Iyl <1 0.2~ -

0'2:_ Cent. 0-10% B | | | | | ]

o'“'1 — 1‘0 T E— %5 10 (éSV/ )20 25 30
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arX|.v.1712.08959 D (G eV /C) T
arXiv:1708.04962 T
« At high p4, no strong collision » Decrease suppression at higher p+
energy dependence « Similar trend of p; depending on

centrality (increasing trend at high p;)

* Less suppressed at high p; : more energy loss contribution ?
« Similar to D meson and charged hadron
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Prompt J/@ : Ra v =Y

27.4 pb™' (5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

- < IR L B B LA RN

16:— CMS E D° + D° CE: 14j Prompt J/W CMS ]

q 4:_ ®  charged hadrons 1 2:_ lyl <2.4 _:

1.2F . i :

: I#o:rrt‘;rlmltj;n ) [ ® Cent.0-10%

o = e 0.8L * Cent 10-30% B

ok - “I 4 Cent. 30-100% # ]

a3 . 0.6 RUNM SRS -
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0 2__ E¥te Cent. 0-10% B | | | | | ]
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arX|.v.1712.08959 D (G eV /C) T
arXiv:1708.04962 4
« At high p4, no strong collision » Decrease suppression at higher p+
energy dependence « Similar trend of p; depending on

centrality (increasing trend at high p;)

* Less suppressed at high p; : more energy loss contribution ?
« Similar to D meson and charged hadron
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Prompt J/g : R,

0.2

CMS?g
}

_ Yield /Ny

0 _l 1
1

arXiv:1712.08959

arXiv:1708.04962

« At high p4, no strong collision
energy dependence

AA -
Yield |
27.4 pb'(5.02 TeV pp) + 530 ub™' (5.02 TeV PbPb) < 1 — T —— T : 1
n o - ATLAS ]
-CMS [=]oo+D 095 5, =5.02TeV, 0.42 nb” E
:— Sl charged hadrons 0.8 ;_ Inclusive jets, 0-10%, 2.76 TeV _;
- (0.7[- ™= Charged particles, 0-5%, 2.76 TeV .
:— T s and lumi. ; -¢- Non-prompt J/p, 0-10%
P__qngg@qin@y __________________________________________________ 0.6 - -6 Prompt J/y, 0-10%
: ++ 0.55
] 4 0.45"'. =
] 03~ & E
C Joven y F O W .
- .E‘ L J 0.2F = .
] Sttt T Wi<1 “F = |
2 gyl : .
F e Cent. 0-10% 0_12— s
! 11 Ll N | Ll I il 1 L1
10 10° 1 2 34 10 20 100 20
p_ (GeVic) b GeV

Decrease suppression at higher p;
Similar trend of p; depending on
centrality (increasing trend at high p;)

Less suppressed at high p; : more energy loss contribution ?

Similar to D meson and charged hadron
« Agreed with ATLAS (energy loss vs color screening at high p; ?)
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Prompt @(2S) : Double Ratio

PRL 0118 (2017) no.16, 162301 ly|<1.6, 6.5 <p;<30 GeV/c 1.6<|y|<2.4, 3 <p;<30 GeV/c

PbPb 351 ub™, pp 28.0 pb™' (5.02 TeV)

o 25— PbPb 351 ub™, pp 28.0 pb™" (5.02 TeV) PbPb 351 b, pp 28.0 pb™ (5.02 TeV)
1 & 27l|'\flllll"!I\flllll"fllll‘\!l‘fllll|1f||l77 | 4.5;!]]["\!!1[!IIIITIII]IIT!|\ffllll\fllll'\"!77 -]
- | lyl <1.6, 0-100% CMS 1 — r T e 1 r T 7
L 1 'm 5.02 TeV 1 Cent. - [ @ s, =5.02TeV 1 Cent.
7 __)? 1.8 W V5= CMS + 0-100% af ® (ow CMS 0-100%
ol ® 16<lyl<24, 0-100% _ 2 L (S =276Tev T ] [ (5 =276TeV T ]
[ B B Du and Rapp (arXiv:1609.04868) E@ 1-5 (PRL113 (2014) 262301) T = 3.5F " (PRL113(2014) 262301) T -

(W (@S)Np),, o, 1 (W(2S)Why)

1.4F J 7] Du and Rapp (arXiv:1609.04868) 4 F 2] Du and Rapp (arXiv:1609.04868)

]

((SYI),, . | (@SR

E 5 . T
; - =~ g 1.21;—7 2,::;:,°:;:<p7<3uaev1c § + ] ] __ ::f;:.:el :"'.:;4, 3<p, <30 GeVic + é
L Promptonly | § ‘ 5_7 \ éé j 27 T l 4
: 2% b pN T iy
- A $$ §—{ T OF 4 7 1Ef ; \ @J :
s = oaf $ i EL F e N
r ozjj I + 3 o.sz—%‘f ? + -
) . S I I P obelilnn b b bl Lo 1YL ] obe Wl 1, +
0 5 10 15 20 25 30 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
p, (GeVic) Noart Noart
2(1'O:T . Prbfba‘51'pb41(5r‘02"l'e\l)
. _ [¥(2S)/I/W]pre, _ Ran(1(2S)) :: L cms |
Double Ratio (DR) = “ias) a1, ~ Ran(070) R
« Double Ratio (DR) < ¢
. relative behavior of excited state compared to the ground state : -
« Y(2S) more suppressed than J/y : sequential melting A
 No significant dependence on p; M (GeVE)
« Hint for a different behavior with energy
« X.Du and R. Rapp: y(2S) regenerated later than J/y in the fireball evolution
cMms, |
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Ru(W(2S)/A, (J)

Prompt @(2S) : Double Ratio

arXiv:1805.04077

ALICE: CMS:
Inclusive Prompt = o 14
3<pr<8GeVic 3 < pr<30GeVic g S - 1 " 4

25<y<4 16<y<24 [ HATLAS arXivie0s.04077 SIS ML ksl s
2 1.2 Melting + regeneration N & e T AL : 1
L B B B L B L B L B & el ] = F T cent.
i =3 F . = [ ® |s,,=502TeV CMS | Cent 1
- Jiy, w(2S), Pb-Pb |5y, = 5.02 TeV T EERapp 9 all, arXiv:1504.00670] 1 5 % aaretev + 0-100%
- i imi : ko reray 1088 Y L (PRL113 (2014) 262301 &+ =
2 N ALICE, 3<p <8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary) . S - [Spousta, arXiv:1606.00903] £ 3.5 £ ( ( ) ) T ]

g CMS, 3<p <30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | cny. 1 = I B3 £Z) Du and Rapp (arXiv:1609.04868) E
15 - Upper limits include global uncertainties 0-90%. : F + =
’ r ﬁ 25 16<lyl<24, 3<p, <30 GeV/c é} —
r ‘_ﬁ [ Prompt only ot F ]
1F Z 2 - - JJ-| =
L 3_ T oY =
C o 15 + E
05 . Y Eo ‘ T ]

] EH] R i N S
[ A T P PPN S A IR P S B 0.5,—% :— —

R 050 100 150 200 250 300 350 400 N '
part (N ) 0 50 1 00 1 50 200 250 300 350 400
P, laevic) part Npan

. _ [0(2S)/I/lpper  Raa((2S))
Double Ratio (DR) = Tasy/iml,. — R

« Good agreement with CMS and ALICE but slightly different observation in
ATLAS (increasing at most central collisions but theory couldn’t follow)

2018 Data will be helpful to understand what is going on

« Hint for a different behavior with energy
« X.Du and R. Rapp: y(2S) regenerated later than J/y in the fireball evolution
CMs, |
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Prompt J/@ in pPb

Backward (A-going) Pb Forward (p-going)

Yield at Forward P
Reg = -y «<—— Stronger CNM Effect

Yield at Backward

ENO Erimingy, ST (PPL SIS TEY) 40 PP (sues02Tev
[ : T B 0z “FL ALICE (JHEP 02 (2014) 073): inclusive J/y—p'y, 0<p, <15 GeV/c
B | L (-4.46<y  <-2.96)=5.8nb", L (2.03<y__ <3.53)= 5.0 nb”
B Prompt J/\lf ALICE (JHEP 06 (2015) 055): inclusive J/y—e‘e’, pT>0
[ ] L, (-1.37<y__<0.43)= 51 ub"
1 N _ ——————— - --------------------- _1 global uncertainty = 3.4%
0.9f- l ; -
L - -
@ o8} ]
: + ®ocly j<08 ] -
o W09y |<15 0.47
i 15¢ <193 | " [77CGC + CEM (Fuiji et al.)
0.6 . Ve = 0.2~ mmcac + cem (Ducloué et al.)
E EPS09 NLO + CEM (Vogt) - - [ ]CGC + NRQCD (Ma et al.)
llllllll|Illll||llllllllllillllllllllllllllll!l
| KN LN | . I 04 [ (O [ gy | BN RN .09 l N e | I KN ) 0
0% 27476 8 10 12 14 16 18 20 4 3 -2 1 0 1 2 3 4y
p_ [GeV/c] cms
EPJC 77 (2017) 269 JHEP 02 (2014) 073

Strong forward and lower p; region suppression
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Prompt J/@ in pPb

pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)

1.6 _l I TTTT I TTTT l TTTT I TTTT | L | L I L I TTTT I LI I—
140 6.5<p <10 GeVic CMS :
i Prompt J/y
1.2 =
- o | ® ]
L ~ ‘ o |
1E S ]
Q B o 7/ ORISR 8 i
o . / A = & ol
o 08 7/
0.6/ .
" [e] Data :
0'4:_ 1 EPS09 NLO (Vogt) E
0.2k . EPS09 NLO (Lansberg-Shao) b
T /] nCTEQ15 NLO (Lansberg-Shao) ]
_l I Ll I I R I L1l | s I B | B | | I (25 A I Ll I L1 I—
0—2.5 2 -15 -1 -05 0 05 1 15 2
1 O.p—l—Pb yCM
Forb = 508 ~oem

« Prompt J/y R,p, above unity in most bin : anti-shadowing ?
» Slightly more enhancement in backward (Pb going side)

* More enhancement in high p;
» nPDF calculations slightly lower than data

cw\s? |
j

1.6

1.4

1.2

0.6

0.4

0.2

EPJC 77 (2017) 269

pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)

_l l TTTT | L LR | TTrTT I LU I TTTT I | 9 70 53 | I TTTT l TTTT l L l_
e 10<p_<30 GeVic CMS :
- Prompt J/y -
. / & ¢ ® o ° | * ]
" [e] Data ]
- [ EPS09 NLO (Vogt) E
- || EPS09 NLO (Lansberg-Shao) 7
- [/} nCTEQ15 NLO (Lansberg-Shao) ]
_I l L1l | L1l | Li b4 I { 28 138 B | ! o ] | I L1l I I Y | l 3 A A I { o 1 O I_
25 -2 -15-1-050 05 1 15 2
yCM

Rng

208,x,Q2 = 42

S (A=

0.50 1~

e
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108 {1079

1 1 1 1
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X
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Prompt @(2S) in pPb

arXiv:1805.0248

pPb 34.6 nb™, pp 28.0 pb™ 5.02 TeV ’ pPb 34.6 nb™, pp 28.0 pb™ 5.02 TeV ’ pPb 34.6 nb™', pp 28.0 pb™ 5.02 TeV
(rrrrprrrrprerT T T T T ] A IR DL B DL L B A L I DA L L L
- _Prompt y(2S) CMS . _Prompt y(2S) CMS - Prompt y(2S) CMS -
1461 o 4<p <65Gevic E 1.4 e 65<p_<10Gevic E 1.4 |® 10<p <30 Gevc | B
1.2F . 1.2 > .
N ! (o] ;
1__——'________________ N 1 - - T ] - T ]
L0 r Kol el
n:% 0.8 ? % - a:% 7 a:%‘ B
06 e . . -
0.4 - : ] 0.4] ]
r Prompt J/y [EPJC 77, 269 (2017)] ] r PromptJ/y [EPJC 77, 269 (2017)] ] PromptJ/y [EPJC 77, 269 (2017)]
02__ m5<p <65GeVic B 0'2:_ m65<p <10 GeVic B 0'2:_ ™ 10<p <30 GeV/c E
Lo v o by v b v by v by vy by g 0l Cov v v by v by v by v by by 0 0 ] Lo v o by v b v by o by o Ly w0
QB -2 -1 0 1 2 3 QS -2 -1 0 1 2 3 QS -2 -1 0 1 2 3
yCM ycm yCM
1 a.p+Pb
pPb = ﬁ oPP

« Expecting to see similar effects from nPDF for J/y and @(2S)
« Hint for a different modification in the data (in Pb going direction)
* |Is the more fragile y(2S) affected by final state effect ?

§
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Prompt @(2S) in pPb

LHCb-CONF-2015-005 -
arXiv:1805.0248 EE—————— arXiv:1709.03089
pPb 34.6 nb”, pp 28.0 pb”’ 5.02 TeV g- | sF. LHCb ~@~ LHCb, prompt y(25)
[ 'P" T 't‘ I(‘zg)' frrrrrrrTTrT T =iE Pre]imjnary == LHCb, prompt J/ N 2T ——— T
- _Frompt y ] 1.6F pPb \s,, =5 TeV 4 3 - 1
1.4 e 65<p <10 Gevic cms g ; PR o =T Egggg;go 1 3. :ATLAS P+PD, |5, =5.02TeV, L =28 nb”" |
i . aDSg LO 3 EQ% | 8<p <40 GeV pp, V5 =5.02 TeV, L = 25 pb'"
_ ~— E.loss - 1.5 —
ww Eloss +EPSOONLO 3 r 1
a ]
s . NSRS SN -
o ' i
- ] 05F -
I Prompt J/y [EPJC 77, 269 (2017)] i l
0.2:— B 65<p, <10 GeVic - i Prompt v (2S) to JAp Double Ratio
[ | | T | | 0 PRI IS TR SR W (SR SRS SN NS S S S S S S S
% 2 1 0 1 2 3 -2 -1 0 1 2
Yom y
1 ogptPP
pPb = ﬁ oPp
JHEP 12 (2014) 073
* EXpecting to see S ¢ mesmmonen or J/y and y(2S)
. . 0.2 [ == ELoss with q,=0.075 Gev'/fm (Arieo et al) . Jdiy . . .
« Hint for a different ™} —wwwe-aswm umevmwenn @0 19 the Pb going direction)
] | P P P PP PRUET P FRUET PR P

4 3 2 1 0 1 2 3 4

suppression in CMS and forward suppression in ATLAS.

Not possible to get strong conclusion due to the large error bar, 2018 data will
give us more clear conclusion.



ottomoniain PbPb ~

2 ,
CMS Experiment at LHC, CERN
Data recorded: Thu Nov 26 01:37:43 2015 CET
Run/Event: 262620 / 19625751
Lumi section: 367

Events / ( 0.1 GeV/c?)

pp 28.0 pb' (5.02 TeV)
L e e B M

P < 30 GeVie CMS
Y <2.4 ]
p} >4 Gevic .
PP ]
+ Data =

— Total fit

- Signal E
-- Background

TR T T BRI ]
1 12 13 14

m,, (GeV/c?)

Events/ (0.1 GeV/c?)

N

¢ h M o :
(& N & I VI VI R S|
TR T T

—_

o

o
T

PbPb 368 pb (5.02 TeV)
i .

P < 30 GeVic
Y <24

pﬁ >4 GeVic
Cent. 0-100%

RS e
CMS -

PbPb E

» Data

— Total fit

‘‘‘‘ Signal

Background
pp E
- - Overlaid

e
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Y (1S, 2S5, 3S) at 5.02 TeV : Ry,

—PbPb 368/464 ub', pp 28.0 pb” (5.02 TeV) PbPb 368 b, pp 28.0 pb! (5.02 TeV) PbPb 368 ub™!, pp 28.0 pb"' (5.02 TeV)
- 4 . _f T 1 1 LI B B} LA UL T 1 11 LI I N T T T T [ T T T T T T T T T l T T T T ] T T T ]
1.2~ pu:f %0 Gevie .C,MS T 7] Loly"<24 CMS Py <30GeVic CMS |
: Iy < 2.4 Preliminary _f 1™ "Cent 0:160% " Preliminary 1 Cent 0-100% " Preliminary ||
O ——— W] L |
i !-(HT-?UEJS?]/SS_‘;ICkland : i(;g) --0 100% 1 0.8/~ Krouppa, Strickland ® Y(1S) N 0.8; Krouppa, Strickland ® Y(1S) |
08l = 4r ez (2S) T ] oo dmoys=1 = Y(25) 1 ] 4 n/s=1 = Y(25)
1 AN []v(@3s)68%CL | i ro_ N ] 1
< N\, 20 4n =3 T 1 <ol — 47 ns=2 [ v(38) 68% CL 1 <, 6—_ — 4n y/s=2 [1Y(@3S)68%CL -
o 0.6HN v Yes) a5 L + . o [ T Amws=3 1 Y@9)95%CL | o UL o anays=3 1 Y(38)95% CL
i T | 0.4 i - i
0.4_ —__— H — v T
0.2 B - . 0.2E mimmmsmies T —
i . n . —
G, + p o | I 1 0 PR % L1
0 50 100 150 200 250 300 350 400 25 30 0 0.5
Npart

. . .- arXiv:1805.09215
* Increasing suppression along the centralities

* ‘Clear’ ordering : RyA(Y(3S)) < RAA(Y(2S)) < Rua(Y(1S))
« Also hydrodynamic model with 3 temperatures (Krouppa & Strickland) describe
well data within uncertainty (4nm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)
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Y(1S 2S, 3S) at £ oo e

5‘-2 45 P < 30 GeVie CMS 7 |
® 4 ¥l <24 E
o ot > 4 GeVic P_prbata
— 35 Cent 0-100%  —Totalfit |
o - Signal E
- 3 - Background
2D PP -
T 1Pb|P1t1)|3618r/r4;64r. luwbl I?PIZBY rol Pbl I(IEI, 012r -lrieV) o -- == Overlaid H pp 28.0 pb.1 (502 TeV)
H 1 TV T T ]

1_2:_ p " <30 GeVic CMS —:— —: i cMS [
i |V <24 Preliminary | cont. ] 16 ”""""Pr‘éli'm"ihé}j/{
L i ‘Kr’o‘uﬁbé  Strickland @ Y(1§) E._o:fdd % i
M| = 4m nfs=1 = Y(28) T 0.8 ® Y(1S) .
0.8[{#\~ —4m./s_ o~ T - T = Y(25) 1
< [ENs m anysss B v(ss)68% CL - 1 12 14 [yes)eswct |
- 0.6_ | DN . ¥ Y(3S) 95% CL T (GEV/C ) J Y(3S)95% CL 1
0.4} e I S
0.2 I . 0.2
i i ™ e ,
ol St b b 1o DN 1 ol [ B PRI o
0 50 100 150 200 250 300 350 400 0 5 Ouu 15 20 25 30 0
N _, p" (GeV/ic)
pal

. . .- arXiv:1805.09215
Increasing suppression along the centralities

‘Clear’ ordering : RyA(Y(3S)) < RAA(Y(2S)) < RaA(Y(1S))
Also hydrodynamic model with 3 temperatures (Krouppa & Strickland) describe
well data within uncertainty (4nm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)
Complete melting of 3S

« 3S yet to be seen in PbPb collisions at the LHC (maybe in"2018 data?)

P
% A
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Energy Dependence of Y(1S) : R,

PbPb 368/464 ub™, pp 28.0 pb™! (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
. LRLELAL BRI BB LR LR LRI BLELRLELE BB I _'-''|""|""|"-'|"ll|llllq _IIII\I!!\|I||||r\ll‘lll_
| pl<30GeVic CMS ] 1.2F <24 CMS - 1.2/ Py <30GeVic CMS -
Af Iyl <2.4 Preliminary . | Cent. 0-100% Preliminary i | Cent. 0-100% Preliminary |
2| g e yas) . | Y(1s)y '
g oxyas Cent. { 0.8k = Vs, =276TeV 0.8k m Vs, =276TeV |
[ | \/SNN=2.76 TeV 0'100'%: S *‘/SNN:&OQ TeV 4 g B *V{SNN=5.02 TeV i
: & Vs, =5.02 TeV 1 2 I 1 2 ]
“HIEL ¢ T o6 1 Toosf :
i ﬁ B e g T‘—l‘-_% 1 = " E .
g ] 0.4 o ° . 0.4 L .
0.4f 5 @ E i ¢Iﬁ1| 1 e ¢ Lol ¢ ——
- . ) adl 1 i 1
0.2F h 0.2:— —: 0.2:— _:
0:..‘.|....|..‘.1.1..|.".l,‘..l.‘..JH..l. ] O“....l....|.. [ PP AR BT 0'....\...‘|....|"..\...
0 50 100 150 200 250 300 350 400 0 5 10Ml 15 20 25 30 0 0.5 1 " 1.5 2
Npar p." (GeVrc) ly*
arXiv:1805.09215
* Indication of larger suppression of Y(1S) at higher collision energy
[ ]

No significant dependence on rapidity but hint of more suppression in low p;
region at 5.02 TeV than 2.76 TeV
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Energy Dependence of Y (1S, 2S, 3S): Ry,

<
<
oc

ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV
12— m Inclusive Y(1S) - p'p,0< p, < 12 GeV/c, 0-90% global sys.= + 3%
i [] Strickland et al., arXiv:1605.03561
- == dxn/s=1
0.8 N — 4anls=2
4rn/s=3
06
O4L ......w..i... ............... B e {
b T PP T I 2on s i
020
—— =" ”
Olr l-l Il | 1 1 | 11 J Il
0 05 1 - t5 2 3.5 4 45
Iyl

arXiv:1805.04387

RAA

1.2

0.8}

0.4

0.2

PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
R A LS

L p!'<30GeVic
| Cent. 0-100%

0.6}

CMS -

Preliminary -

Y(1S) '

m Vs, =276 TeV
@ Vs, =502TeV

s [ = | a
. o

L L

arXiv:1805.09215

* Indication of larger suppression of Y(1S) at higher collision energy
* No significant dependence on rapidity but hint of more suppression in low p+

region at 5.02 TeV than 2.76 TeV

« Stricklaland Thermal anisotropic hydrodynamical model reproduce ALICE results
within uncertainties but tension in forward rapidity (increasing or decreasing)

CMS?g
}
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JIy Elliptic flow

CMS Exp ‘vi, , nt at t ,‘ﬁ’ /4

@&
Data reggfided: 20184Nov-10 02{06:52.131328 GMT
4 AL / _»

Run /g&vent/ES:4 4.’- .'/,r’/ii 3

——

7%

PbPb 368 ub (5.02 TeV)

RARaasasaaELE LR
~ 1.8 <y <24
L 45 <pl* <55Gevic

I Cent. 0-100%

[+ Data
I — Total fit
[ — Prompt Jiy

Background

.......

7\

L =« J/y from b hadrons / \

!
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J/p Elliptic flow in PbPb

Ll Ll L) ] L) L) Ll I Ll T Al I Ll T L) ] Al Ll L} I L) L) Ll

arXiv:1709.05260

cw\s? |
j

F ALICE, Inclusive J/y — p', 2.5 < y <4, 20 - 40%
3 g ® E
:—. Pb-Pb | s, = 5.02 TeV (arxiv:1709.05260) =~
[ M Pb-Pb s, =276 TeV (PRL111(2017)162301) ”
C N N P P M N
0 2 4 6 8 10 12
P, (GeV/c)

TiNe —— Pressure-driven expansion

A ’
¥ 0 0 (".) -
Damanstzabon by an (svacak] aom g sysien
« /2 ¥ /3 Anisotropic azimuthal distribution:
- 4 e
S & ~12 N Data 7]
/

l' ‘\
\ / \
1 \ / \ 7 A=
). ‘\ l‘
o Ner” § N 3
2 1 0 1 2 3

v l / Q& " .
- " ¢-¥, [rad]
dN/d($-¥,) ~ 142v,cos[2($-W,)] v, elliptic flow

(=N
dN/d(9-W,)

 Indication of non-zero flow (2.70)

at 2.76 TeV

« Evidence for non-zero flow (70)

in p; 4-6 GeV/c at 5.02 TeV

P =l
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Jiy Elliptic flow in PbPb

—— 02 | BN Sl LI B LI B LA B 5 % % L B 0.45:II“II“‘II“II|‘I‘
a Ve T AL T T T 4 - PbPb sy, =2.76 TeV
L - ALICE, Inclusive J/y —» p*u,25<y <4,20-40% = 045 | 450 b
e——) = -1 Foint T K
= 015 - 0.35F
0.1 E 0.250-
- m : SN 0.2F $
0.05— - - o
N @ ’ 015 ©
B N @ —
— — ) ====
L B 0.1e
o = 5]
[ . 0.05[8 +
-0.05 [—® Pb-Pb s, =5.02 TeV (axiv:170.05260) ] 0; Cent. 10 - 60 %
E Pb-Pb \ s, = 2.76 TeV (PRL111(2017)162301) E -0,050_ . Lé' . J4|‘ . 'é
_01 A l ' L 1 l L ' A l L ' A l 1 ' ' l 1 A A
0 2 4 6 8 10 12
P, (GeV/c)

arXiv:1709.05260

|II\‘II\‘III‘\\I|\I
CMS Preliminary

ont

Inl<0.8

= Prompt J/y
% lyl< 2.4, 6.5<pT<30 GeV/c

@ Prompt J/y

1.6<lyl<2.4, 3<p <30 GeVic

[E]ALICE Prompt D, 30-50%

lyl<0.8, 2<p <16 GeVic

| | | |

L1 | | 11 11 1 | 11| 11
8 10 12 14 16 18
P, GeVlic

* Available precise measurements in low p; at ALICE and in high p; at CMS

* Clear p; dependence in low p; and still non-zero flow in high p;

 Interpretation : thermalized charm quark inherited to J/y in low p- (hint of
regeneration) but path-length dependence in high p-.

cms;;
}

XXV EPIPHANY @ Cracow, 2019/01/10, Dong Ho Moon

&
2|
&

@

Q)

5
EH
]
z: S ]
¥ 'I

4

%, y
Wi~ S



J/y Elliptic flow in pPb

CMS Preliminary
B 1 1 I I I 1 I I 1 I T | 1 I |

. @ Prompt J/y, -2.86 < Y, <-1.860r0.94 <y <1.94
" B PromptD’,-1.46 <y <054

i 0
02 0 Kg, -1.46 < Yo < 0.54

pPb 8.16TeV

I 0O O
' 0
> i O 5 a O
o1 Y .+l "=
SRR v
L O
= = |
O 185 < NOI'™° < 250 o
00— F——————————— — — — —
B | | PR B | ]
0 2 4 6 8
CMS-PAS-HIN-18-010 p. (GeV)

» Observed significant positive J/y v, even in pPb

« Measured in events with Nk > 185 (only in high multiplicity events)

« Don’t understand yet exactly but can imagine that D and prompt J/y
should have same reason
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Summary

Chamoinain pPb & PbPb

« Strong suppression along with centralities
* Energy loss would be more dominant in high p; region than color screening

« Y(2S) is more suppressed than J/y at backward rapidity in pPb but not sure
exact reason, yet

e Bottomoniain PbPb

« Observed sequential suppression as expected

 Indication of larger suppression of Y (1S) at 5.02 TeV than 2.76 TeV
 Still no sign of Y (3S), yet

PbPb CMS _
H = [ Cent.0-100% Preliminary -
 Elliptic flow for J/yp .
. . [ P.s[0.20]GeVic, lyl <24 p.e [0,30] GeVic, Iyl <2.4 |
» Observed non-zero flow in PbPb and even in pPb O om0 ez ;
* No significant dependence on collision energy o 08 Y(1S) -
« Similar size of v, observed in pPb and PbPb C e M ) ‘=
444444 YiS) 450 Y(3S) ]
X ++

222222 o ves) O 'zlz‘ ~od 05 08 T e

eeeeee Xe: Xor W' Binding energy [GeV]

Y(3S)
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Qutlook

« PbPb Data taking in 2018 at 5.02 TeV
« 1.7nbt:~4x2015 PbPb data, ~ 10 x 2011 PbPb data
« EXciting results are coming soon !!! Please stay tuned.

PbPb 2018 partial dataset at s,y =5 02 TeV

CMS Integrated Luminosity, PbPb, 2018, vs = 5.02 TeV/nucleon
g y Trigger selections CMS
Data included from 2018-11-08 20:19 to 2018-12-02 16:09 UTC 108 double muon inclusive Pref;mmary
~ 2000 — 2000 mm J/y region
n ) I LHC Delivered: 1802.69 ;b - Y + hlgh masses
=1 | 1 CMS Recorded: 1707.44 ;b! 10°
>
£ 1500} {1500 Jhp
g CMS Preliminary Online Luminosity L 10% I YU 52=33)
[= — E
— = =
£ [0 . -
S '1"l'|-"ﬂ _
- 1000| 11000 '5-2 108 e =
g %] 3
o ?—; Z .
S G 10°E E
9 soof 1500 g f‘ 3
£ - N
3 10 E II‘! | 3
c L R - P >4 GeVic Lo
oV a0V oY o oY ot @t @t ot ot qot wot gec 1 |
e N oM MM e M M oM VeV e M VoM 1 E IE
Date (UTC) 10—] L || |. 1 1 I | I 1 1 I | I | i
1 10 102

m,, (GeV/c?)
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What is “Quarkonia” ?

- Quarkonia : plural of quarkonium (heavy flavor quarks : c, b)
« Charmonia : bound state of charm and anti-charm (J/y, ¢’(2S), x.(1P) ...)
« Bottomonia : bound state of bottom and anti-bottom (Y(1S, 2S, 3S), x,(1P) ...)

N
N\
\
R\ \
/ \
Quarkonium }
/
quark /
\ /
N
corbb O ;
cc or bb == anti-quark
T J /W T W'
® ® ((c) (c b b c c

chs, |
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1050 [
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950 |-
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family
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Sequential Melting

Melting
o N Y s 1Y g
vacuum 5 Temperattae T<Td P Temperat;re T>Td ® Y L K (0.59 fm) _
W B . ]
i 0.5 E w {0.56 fm) _:
J:V T T‘ n o %% Debye length from lottice QCD _
l | 03 o) / ‘dﬁ(o,zg frm) 7
0.2 E _:'
dq’\ T (0.13 tm) \/
i 4 J /U T /4 01 | s .
— OI_HHI.lSHH‘.l’IIHZ.‘SHHllil‘llii.lslll‘;lllla}:lf;:
P O ((c v b b G € T 1/(r)
450 mev |-| Y(1S)
Xb
Charmonia Jhy Ye y'(2S) Bottomonia | Y@s) | Ys | Y(@39) 240 MeV JIy, Y (2S)
)
Mass(GeV 3.10 | 3.53 | 3.69 b
(GeV) Mass(GeV) | 9.46 | 10.0 | 10.36 | 200 MeV Xi’(ég;”’
AE (GeV) 0.64 | 0.20 | 0.05
AE (GeV) 1.10 [ 0.54 | 0.20
T4/T, 21 | 1.16 1.12
Ty/Te >4.0 | 1.60 | 1.17 Mocsy, EPJC61 (2009)
CMS | 705 BNL workshop in-
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Sequential Melting

: )

EPJC 77 (2017) 252
PRL 109 (2012) 222301

12— —— 1
. PbPb |s,, =2.76 TeV CMS |
vacuum Temperature T<Td Temperature T>Td - Cent. 0-100% 8
J/\V & 1 | Prompt charmonia i
Eoom Jhy (arXiv:1610.00613) .
- 6.5,30] GeV/e, lyl < 2.4, Cent. 0-5% -
Jhy 0.8 « w(géf[(PRL]ﬁSng{) .
I | . . < - BonompgﬁLG.S,SO] GeV/e, lyl <1.6 1
| < 06- p_€[0,20] GeV/c, Iyl < 2.4 |
o YU afXiv:1611.01510 i
* Y(1S) i
L 4+ Y(29) * 4
0.4 Vv Y(85)95%CL. Y(18)© _|
: p . i Jhp ]
Y J/Y T v ol . From
£ W(2S) Y(3S Y(2S B
- g JE Run
= i 1 1 1 1 | | I 1 1 1 ‘ 1 1 1 I 1 1 1 I 1 | | ]
D O ((C Cc b b e e % 02 04 06 08 1 1.2
Binding energy [GeV]
_Yield,,/(N.,) 450 MeV L)
AA — .
Yield , Xo
Charmonia Jhy Ye y'(2S) Bottomonia | Y@s) | Ys | Y(@39) 240 MeV JIy, Y (2S)
)
Mass(GeV 3.10 | 3.53 3.69 o
(GeV) Mass(GeV) | 9.46 | 10.0 | 10.36 | 200 MeV Xi’(ég;”’
AE (GeV) 0.64 | 0.20 0.05
AE (GeV) 1.10 { 0.54 | 0.20
T4/T, 2.1 1.16 1.12
Ty/Te >4.0 | 1.60 | 1.17 Mocsy, EPJC61 (2009)
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Quarkonia Acceptance

« Complimentary acceptance for LHC detectors

\ AN
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J/w Mass Distributions at LHC

[ ]
PbPb 368 b (5.02 TeV) PbPb 368 ub™ (5.02 TeV)
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[ [+ Data ] £ E — Prompt Jiy 3 2 1000| e 3
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& goof— Prompt iy f 1 < 10°¢ Background = 5 800 3 <
=] [ .- JAy from b hadrons \ 1 = E 3 € ook E O 4
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= 600 1 g1 E 400~ P W . , 1
= [ ] o F 3 200F 3 - T '
§ 400k 1 o 10k ] ok " /’ < N ] ||||!]nu!llll
d - E E 3000 3050 3100 3150 3200 -10 -5
v F ]
200 1E . m(utu~)[MeV/c?]
G||H|||\|||\\|||\|\||\|\|||\\|\|\|||\\||H|| 10_1:| ¥ \:
26 27 28 29 3 3132 33 34 35 3 2 1 0 1 2 3 4 LHCb-CONF-2015-005
My, (GeVic?) Ly, (Mm)
arXiv:1712.08959
arXiv:1504.07151
> L R R R R RN R 8 6|\lii|\lwllwlwi}\|1||\||1|\|\v T —
2 B0 ATLAS Preliminary 1 o 10°F ATLAS Preliminary 3000P ALICE 10-50% Pb-Pb, 5,5, = 2.76 TeV — R
0 [ Pb+Pb, /s =5.02 TeV, 0.42 nb” 1 S [ Pb+Pb, s, =5.02TeV,0.42nb" % b 10° -+ Orecste ign
- [ ] ~ 5 = 2500 E "~ i, prompt JAp 2.92 < m,, <3.16 GeV/c?
;50001°<2|‘1"l"2|<"/4 O<|y|<2 . ) 10 E0<2[¢-V,|<n/4 0<y|<2 4 15 <p, <10.0 GeVic g [ Fit, JAp from b-hadrons
= [ 9<p, <11GeV 0-60% ] 5 E 9<p <11GeV 0-60% = 2000 10 1.5<p, <10.0 GeVic
Q C 1 45 gehl * Data g - % L xdof = 115/174
I} 4000; P ‘+ ] 10 : — Fit g:_ 1500F y2/dof = 61/43 8 |
r — Fit N\ ] r S Prompt J/p @ F 2 10¢
3000 Prompt J/yp & 10°E %5 Non-prompt J/y < 1000 - COpposite sign é |
[ #% Non-prompt J/yp ] E Background 8 F - Fit, signal (x 3) 1 |
2000 Background 3 'i 500 — Fil. background H I
E E 102§ L N i Bl sl Losalas i
— E / B2 242628 3 323423638 4 106600-4000-2000 02000 4000 6000
a ] 10 i m,, (GeV/c?) Pseudo-proper decay length (um)
e R R A Ade Bl NEEEEERER e S
26 27 28 29 3 3.132 33 34 35 -1 .
Note : electron-electron can be only
m [GeV] T [ps]

ATLAS-CONF-2018-013 separated (at mid-rapidity)

CMS
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CMS Prompt Charmonia

PRL 0118 (2017) no.16, 162301

) . - Mipy
. «10° | PblTb 351ub ‘(5.02 TeV) %103 | | F’bFI'b 351ub I(5.02 TeV) J/'d) — Lkxyz* p
r T }\m T T T T T T T T T T T T T T T T i 8 :_ T T ':“ T T T T T T T T T T T T T T T _: ’J‘u
Py l<16 + Data CMS ] . 1.6<ly I1<2.4 ¢ Data CMS 1
6 :— 9< p;" <12 GeV/c — Total fit —: 7 :— 3< p:” <30 GeV/c — Total fit —:
o  Cent. 0-100% ----Background 1 . Cent. 0-20% ----Background
S sf _ 4 2 sF " E
[ - L 1 o : ®
0] C 2 O s5F 2
9 4r 2 B F 2
= 3 =2 3
o r < o 4t -
< 3 £ g £
2 u i ] 8 3 @ 1sf I
‘q:) o 3.5 36 3.7 38 392 ] GC) E 3_'5 36 57 38 3.'92 ] Non'prompt
> - m,. (GeVic’) - > ol _ m,., (GeVic)) 7
O c ] I N .
1 \ . na E N
eveereesnesonst - ] 1 ] iy
o T T I e e i i i 0b— IR S S S SN S N N S SR R S B S S
2.5 3 3.5 4 45 25 3 3.5 4 4.5
m,., (GeV/c?) M, (GeV/c?)

Simultaneous two dimensional fit method

 Mass + pseudo-proper decay length

For w(2S), extra cut applied for rejecting non-prompt components using a cut
on |, due to small S/B

Data-driven correction for the non-prompt contamination in the low I, region
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ATLAS Prompt Charmonia

@ Xiv:1805.04077 _{(2S)/I/b]ppe,  Raa(v(2S))
Double Ratio (DR) =611 = “Rui)

AT
"'f‘ == ATLAS, arXiv:1805.04077
gi: 1 -2f Melting + regeneration 7
S £ [EF:fe‘:gyeI‘Oz'; arxXiv:1504.00670] 3« DR is under unity : strong suppression
| ™ [Spousta, arXiv:1606.00903] i of Y(2S) with respect to J/y (sequential
0.8f - melting)
B « Slightly increasing trend along
0'6; increasing centrality
0.4}
- « Superimposing model results — data is
0-2: Prompt well described under different
~ el L scenarios
050 100 150 200 250 300 350 400 . Sequential Melting + Color
(N Regeneration

* Energy loss
 Tension in most central events
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ALICE Jiy in pPb

° Backward Forward
I§1 4| ALICE, p-Pb |5, = 5.02 TeV g 4 4L AUCE pPb (s, =502Tev m§1 4 ALICE,p-Pb |5, =5.02TeV
Finclusive Jhy—u*p 7 | > oy inclusive Jiy— e*e’ [ inclusive J/y—p*
1.0 “46¢Y <296 .} H l E; _ 1oL 1Y <043 1.0[ 203¢Vo <353 NN—_—
: """"" | "’ """""" CosEE Sl 1 :'--"///‘//_;:‘—'4_'“: -:7?::: ——‘ﬁa‘ 1 E"'""""""""""”""""'_"/ """ ’ """" H """"" 35*;: """
06 06 ‘ﬁ 06— &5 T —
041 o4ff | 045 al
r EPS09 NLO (Vogt) r '*S:ZZWFNT(VTQO ; L " EPS09 NLO (Vogt)
psees k& ujii et al. ] ujii et al.)
2f N R A & 1["“5'0--( i q°'°)~°75 GeV?/im (Arleo et al) 021 1= < Fpen 0 .075 GaVetin koo st o)
[ l : EIPSOO NLOIoELoss wIIh qn-o.ossl GeV¥/fm (frlao etal.) 0 C | EPSIDS NLO + Eloss vlmh qn-o.oﬁs Gevrnm (Arleo et ll.)I : P EPS09 NLO onEl.ou with q°-0.055 GeV¥/im (Arleo et al.)
S R At traril NSRRI ST il I - P - T - R BrerRr R e i o o W S
% 1 2 3 4 5 6 7 8 0 2 4 6 8 10 % 1 2 3 4 5 6 7 8
p, (GeV/c) p, (GeVic) p, (GeVic)
arXiv:1308.6726, arXiv:1506.07179,
| gptPb arXiv:1506.08808
a
Ropy = 508 omr

« Strong modifications at forward rapidity
* pr dependence : gradually approaching to unity (starting from 0.6 of Rp)
 nPDF, energy loss and CGC models describe well data within uncertainties

N
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Y Mass Distributions at LHC

[ J
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ot T B o TR ) LI I I I
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2 2
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Summary

o
* In pPb
 Indication of initial suppression for all of quarkonia
* More suppression at forward rapidity and low p; region
* Y(2S) Is more suppressed than J/y at backward rapidity but not sure exact
reason

 In PbPb

» Observed sequential suppression as expected
 Indication of larger suppression of Y (1S) at 5.02 TeV than 2.76 TeV in

CMS but slightly opposite trend is observed in ALICE
e Still nn <inn nf Y(3S])

PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV) I —
g( _Il\V‘IllVYIIXTIIVIrll!lr]lrll}vvllllll!‘r < [ VIIIVIIIT\Iv]ll!l'lr\||HIVITIIVIII\||ITIIIIIIT_ - -
< {1 6 Charmonia J ~< 1.6~ Charmonia - - PbPb CmS |
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(] L lyl<2.4,65<p <50 GeVic ., ] L $i8<lyl<24 Myl<24 .. ] 1
1.4  ePrompt y(2s) Preliminary - 1.4F Prompt (25) Preliminary - L
L Iyl<16,65<p,_ <30 GeVic ] [ ew<is ] - 2.76 TeV 5.02 TeV .
1.2 } Bottomonia { 1.2 } Bottomonia { 0 '_ pE [0,20] GeVr/e, lyl <2.4 p.€ [0,30] GeVre, lyl <2.4 _*
L YUS) *§£2GS] —Y(is) 4 - ‘;(15) p*:‘g?) 7Y(i3) B Tk arXiv:1611.01510 HIN-16-023
- Iyl<2.4,p < HIN - Iyl <24,p_< eVic, HIN-16-023 |
1 —H 1 : m . | ]
1 r 5 1 < L. -
0.8% E ] 0.8" Cent. 0-100% ER- 0.6: Y(1S) :
Lt i ] C 1 ¥ -
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CMs /|

ATLAS Prompt @(2S) in pPb

arXiv:1709.03089
[ I

3_ 1 4 L | IIIIIIIIIIIIIIII I L ‘ IIIIIIII 2‘ 2 I
S > i
o i = ATLAS arX|v 1805 04077 b P b 7 . - ATLAS p+Pb, Sy =5.02 TeV, L =28 nb™ -
P Qg - -
g . 1.2 o Metlting + regeneration ] %8 | 8<p <40 GeV pp, V5 =502 TeV, L = 25 pb"! ]
%Er i [Rapp et all, arXiv:1504.00670] ] 1.5 20<y*<15 —
1- Energy loss — ]

[Spousta, arXiv:1606.00903] ] L

=3
i

0.4: 0.5 ~ N
C | Prompt (2S) to J/y Double Ratio :
2r - | :

Pmmpt 0O—257s0  20-40  5-20 0-5

050" 100 150 200 250 300 350 400 Centrality [%]
(N )

part

W(2S) is more suppressed than J/y (maybe same reason with CMS?)
Slightly more suppression at forward rapidity and in more central events
But still big error bar (need more statistics)

Similar increasing trend in more central events at both of PbPb and pPb (is
this effect from CNM ? not from QGP ?)
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J/y Elliptic flow

Au+Au 200 GeV

; e v,0-10 % non-flow 0-10 %

— mv,10-40 % ~ non-flow 10-40 %

C A V,40-80 % == non-flow 40-80 %

1 I M i I | I i I | i I i | i I I

0 2 4 6 8 10

P, (GeV/c)

Almost zero flow at RHIC
But significant elliptic flow (v,)
may be expected at LHC energ
y due to the significant contribut
lon of regenerated J/y

« (Good regeneration signal

—
\ow

Elliptic flow v, (%)

o\\\N\\\h\\\m\\\m\\

Reaction plane T N

impact parameter

LHG(0.2x

Regen.) |

P, (GeV/c)
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J/yp Elliptic flow

[ J
E 0.25 N T T T L l T T T T I T T T T I T T T T I T T T T n 0.45:| TT ‘ TTT ‘ L ‘ L | L | T 17 ‘ T T 1T ‘ T T 1T ‘ T 171 | T T \:
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i . ALICE Pb-Pb |s,,, = 5.02 TeV = 0af | PP \ow =276 Te reliminary -
T~ 02F Kk - Ly =150 b o ]
> - 3 0.35F Inl<0.8 3
C J /\l’ ol C = Prompt J/y a
015 - 0.3 lyl< 2.4, 6.5<p <30 GeV/c ]
C ] E ®Prompt Jhy ]
0.1 -_ s 0.25— 1.6<lyl<2.4, 3<p <30 GeVic|
) : = o o F FJALICE Prompt D, 30-50% |
B B > 02F lyl<0.8, 2<p_<16 GeV/c —:
— :-+ E 0150 =
o . C ' .
oF : 01 e .
¢ Inclusive J/y — p M, Ane 11,25 <y <4, 20-40%, global syst: 1%, arXiv:1709.05260 E 0.05?. + # ? @ é
—0.05| B Prompt D°, D*, D™ average, lay - 0.9, |yl < 0.8, 30-50% arXiv.1707.01005 - . +0 ]
Syst from B feed-down E 05 Cent. 10 - 60 % 3
_0‘1 L 1 I 1 1 1 1 i 1 1 1 1 1 1 A 1 1 L 1 1 1 1 L 1 . Cli | L1 | \ ‘ | | l l ‘ |
0 5 10 15 20 25 0% 274 5 8 10 12 14 16 18 20
P; (GeV/e) p, GeVic

arXiv:1709.05260

« Similar flow observed for open charm
« Charm quarks strongly interact with medium
« Comparison between J/y and D meson flow can provide insights on the
properties of flow of heavy vs light quarks
» Atlow p; : light quark = c+light quark > c+c quark
cMS « At high p; : light quark = c+light quark = c+c quark
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J/yp Elliptic flow

o
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o o 1" 0.251 . —
wF ALICE Pb-Pb |s,, = 5.02 TeV - - ATLAS Preliminary :
N 02 et - ® ATLAS, Prompt JAy, 5.02 TeV, |y| <2, 0-60% ]
- J / \I’ - 0.2/ ® ATLAS, Non-prompt JAp, 5.02 TeV, |y | <2, 0 - 60% 7
0.15F — [ % ALICE, Inclusive Jip, 5.02 TeV, 2.5 <y <4, 20 - 40% 7
E . ~ 4 CMS, Prompt J/yp, 2.76 TeV, 1.6 <|y|<2.4, 10 - 60% .
0.1 -_ ] 0.15 = CMSs, Prompt Jhp, 2.76 TeV, |y | < 2.4,10 - 60% _|
0.05 '— - - ]
= + ] 0.1~ ]
0F - - ’
¢ Inclusive J/y —» p M, an=1.1,25<y <4, 20-40%, global syst: 1%, arXiv:1709.05260 E 005 ; ]
-0.05  ® Prompt D°, D', D" average, lar - 0.9, |yl < 0.8, 30-50%, arXiv.1707.01005 - : i
Syst from B feed-down 3 i :
_0'1 L A ' ' L L A A 1 A l A A 1 A l A A A ' l 1 . | ‘ 1 1 1 | I 1 | | 1 I | | 1 1
0 5 10 15 20 2t 0 15 20 25 30
P; (GeV/c) P [GeV]

arXiv:1709.05260

« Similar flow observed for open charm
« Charm quarks strongly interact with medium
« Comparison between J/y and D meson flow can provide insights on the
properties of flow of heavy vs light quarks
« ATLAS measured prompt and nonprompt J/y’s flow at 5.02 TeV

B « Prompt J/y’s flow is larger than nonprompt J/y’s one
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J/p Eliptic flow

. Forward Backward
> - C
" | = ALICE p-Pb ® \s,,=5.02TeV - M \s,,=5.02 TeV
0.2 — ,
L (0-20%)-(40-100%) VOM 2.03<y’"<3.53 -4.46<y” "<-2.96
N vy ¥{2,sub), 1.5<|An|<5.0 C
0.1 -
; e $ 1 |
. — [ﬂ ..................... 3000 O
: $ Global syst. uncertainty 7% Global syst. uncertainty 5%
1 1 1 1 1 1 1 L 1 1 1 1 1 L
> L -
S L —6— ALICE Pb-Pb ¢ \5,,=8.16 TeV - + \s,,=8.16 Tev
0.2 ¥ - |
\:,m-s.oz TeV, 5-20% VOM 2.03<y*"<3.53 i 4.46<y*" <296
v, YEP, [An|>1.1 i
Jiy
- 2.5<y <4 L
0.1 ’ @ -
; o) E w mif 9
| T . L L m T
L Global syst. uncertainty 5% Global syst. uncertainty 5%
aa o ol o o o o 0 o 2 o o 0 2 o o 2 0 o 2 0 o 0 2 o0 220 204 28249221 Laga, . 2 9.2 2 8 aa oo 222 20 504900 04902l k 44294

0 1 2 3 R} 5

arXiv:1709.06807, 1709.05260

* Non-zero v, in p; >3 GeV/c
* No significant collision system dependence
« Similar size of v, in PbPb

cmsg;
U

6 7 80
p2¥ (GeVrc)

2 3 4 5 6 .7 8
p." (GeVic)
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J/y Elliptic flow in pPb

CMS-PAS-HIN-18-010

CMS Preliminary pPb 8.16TeV
[T T T I T T T | T T T T T T T | T ] CMS Preﬁmfnary pPh E1ETEV
! ! | ' ’ I T ' ' I !

- @ PromptJ/y,-286<y_ <-1.860r0.94<y <194 - | 185 <N%'"™ < 250
" M PromptD’,-146 <y_ <0.54 1 | 6.0<p."<8.0GeVic

0.2 0 Kg -146<y_ <0.54 | | 0.3<p'<3GeVic
B B _ 8.6 |ﬂ.l'|| =1 _
i {1 i ﬁ — Fourier fits

Z -
o 8 ot O ] ol®
> i O s O | 1z

| O N _ z |

0.1 ]
L O + N : 8.4
. L o
M= + |

offline
o0 8 mssgtmo 8 ORI
L | 0 2 4
D 1 I I 2' | 1 4'.} I I 1 6' 1 1 8'. I | ﬁ¢ {radians)
p_ (GeV)

» Observed significant positive J/y v, even in pPb
« Measured in events with Nk > 185 (only in high multiplicity events)

CMS |
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Y (1S, 25, 3S) at 5.02 TeV : R,

o
=n. 1 [ CMSpPb |5, =5.02Tev CMS PoPb Voo =2.76 TeV
PbPb 368/464 ub™', pp 28.0 pb™* (5.02 TeV) wnn e I¥g,l < 1.98, L =31 nb' @ Iy,l<24,L=150 ub'
_I TTT | TTT iu!! TT 1T | TT 17T | TT 1T ] TT 17T [ TT 17T l LI I Y__ ] H : ' 95/ upper ||m|t
1.2~ py <30 Gevic CMS - . E 121 PRL 109 (2012) 222301
L ly'1<2.4 Prelimil 4 4 o 1
[ reiminan e Cent. ~ | PRL 109 (2012) 222301 . -
| TTTITITITI T e B ] (7,] = p' >4 GeVic
\ Krouppa Strickland @ Y(1S) E.:_(HOO% 4 [ 1 T
> = 4n n/s=1 Y(2S) T ~— - |
0.8/ =sxwys=2 D Y(35)68% CL | g '>—-' : -+- -
31 AN Y(SS) 95°/D o i ~ 08 Pb ]
o 0.6/ AN vresseRet o 1 2 | P + }
ik, T = 061 .
041\, T n
ol = o4 N
T . - ;, C i
oL : W T v 02 PbPb ]
0 50 100 150 200 250 300 350 400 5 - T i
Npart .>_-| 0

Y(2S)/Y(1S) Y(3S)/Y(1S)

* Increasing suppression along the centralities

« ‘Clear’ ordering : Rya(Y(3S)) < Raa(Y(2S)) < Raa(Y(1S))

« Also hydrodynamic model with 3 temperatures (Krouppa at al.) describe
well data within uncertainty (4nm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)

« When interpreting this, don’t forget the CNM effects as seen.in.pPb results.
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Energy Dependence of Y (1S, 2S, 3S): Ry,

<
<
oc

ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV
12— m Inclusive Y(1S) - p'p,0< p, < 12 GeV/c, 0-90% global sys.= + 3%
i [] Strickland et al., arXiv:1605.03561
- == dxn/s=1
0.8 N — 4anls=2
4rn/s=3
06
O4L ......w..i... ............... B e {
b T PP T I 2on s i
020
—— =" ”
Olr l-l Il | 1 1 | 11 J Il
0 05 1 - t5 2 3.5 4 45
Iyl

arXiv:1805.04387

RAA

1.2

0.8}

0.4

0.2

PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
R A LS

L p!'<30GeVic
| Cent. 0-100%

0.6}

CMS -

Preliminary -

Y(1S) '

m Vs, =276 TeV
@ Vs, =502TeV

s [ = | a
. o

L L

arXiv:1805.09215

* Indication of larger suppression of Y(1S) at higher collision energy
* No significant dependence on rapidity but hint of more suppression in low p+

region at 5.02 TeV than 2.76 TeV

« Stricklaland Thermal anisotropic hydrodynamical model reproduce ALICE results
within uncertainties but tension in forward rapidity (increasing or decreasing)

CMS?g
}
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