>y %> ’ |

Quarkonium Produlction |




Motivation

Charmonia in pPb, PbPb
Bottomonia in pPb, PbPb
Elliptic Flow for J/w

Summary




Quarkonia : plural of quarkonium (heavy flavor quarks : c, b)
* Charmonia : bound state of charm and anti-charm (J/, U’(2S), x.(1P) ...)

* Bottomonia : bound state of bottom and anti-bottom (Y(1S, 2S, 3S), x,(1P) ...)

yi4S] or hybrid
y2o) Y

l“(_lp) A2(2P) D[-J,
x;ssyww

1 {p.o,yids
_ {251-..[)0 2 (D) PO, Y1

[ e ————— e | )

h(1P) 2=y (1P} 22

/ Py
Yer =Z=

Ton .
= Charmonium

family

Mass (GeV/c?)

Bottomonium ]
family

} (0.{-1) (1-2-3)_ ]
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cms, |

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

rformation(qq) < rformation(QGP) < Tife time(QGP) < rdecay time(qq)
wexpected to experience whole QGP evolution

Nuclear collisions and the QGP expansion

collision evolution . particle
expansion and cooling ’ detectors

lumpy initial hadronizati
energy density
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* 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

e Cold Nuclear Effects (CNM) : Nuclear QWG 2017 R. Arnaldi
PDFs, coherent energy loss, comover Central AA | SPS RHIC LHC
collisions | 20 GeV | 200 GeV | 2.76TeV
break-up.. Etc N_../event| ~0.2 ~10 ~85

e Statistical Regeneration

HERE'S MY BUTT?
\W f\_{/

Sequential
melting
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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
e Cold Nuclear Effects (CNM) : Nuclear
PDFs, coherent energy loss, comover
break-up.. Etc
e Statistical Regeneration

WHERE'S My BUTT?

Suppression !!!

Quarkonia production in final state
= Mixture of suppression + enhancement
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cms, |

vacuum Temperature T<Td Temperature T>Td 20.6 - Xe (059 fm) 3
J/ ® =k ,
v 05 | Y (0.56 fm) E
T T = 04 K% Debye length from lattice QCD ]
e |,\, 4] S 03 L o) / W(0.29 fm) E
r ! r i ]
0.2 | -
dq’\ T (0.13 tm) 1
T J /¥ T 01 [ o .
0 :u M | | | T | |

= L.5 2 2.5 3 3.5 4 4.5

= — Tir,
b b  C & b b C T 1/(r)
450 Mev || Y(1S)
Xo
Charmonia Iy Y. | w(2S) Bottomonia | Y@s) | Y@s) | 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 XCY’X:;% g,
AE (GeV) 0.64 | 0.20 0.05 AE (GeV) 1.10 | 0.54 0.20 (35)
Ty/T. 2.1 1.16 1.12 T4/T. >4.0 | 1.60 1.17
Mocsy, EPJC61 (2009) 705
BNL workshop in June 2 "*.
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CMS |

Melting
__ Qrde
- | | AR AT
vacuum Temperature T<Td Temperature T>Td 20.6 - Xe (059 fm) 3
J/ ® =R ,
v 05 | Y (0.56 fm) E
. T T = 04 K% Debye length from lattice QCD B
—. L—] — 03 L N / ‘dﬁ(o,zg frm) E
r ! r i ]
0.2 | il
; éc?y\ Tosm ]
T J/l,[/ T 01 [ o =
0 :u M | | | T | |
= 1.5 2 25 3 35 4 45
= = Fir,
» O ((c) (c b b c T 1/{r)
450 Mev || Y(1S)
Xb
Charmonia )y e V' (2S) Bottomonia | Y(s) | Y@s) | Y@3s) 240 MeV Jy, Y (28)
Mass(GeV) 3.10 | 3.53 3.69 Mass(GeV) 9.46 | 10.0 | 10.36 200 MeV XCY’X:;% ',
AE (GeV) 0.64 | 0.20 0.05 AE (GeV) 1.10 | 0.54 0.20 (35)
/T, 21 | 116 | 112 T,/T. >4.0 | 1.60 | 1.17
Mocsy, EPJC61 (2009) 705
BNL workshop in June 53 %+
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EPJC 77 (2017) 252
PRL 109 (2012) 222301

b .

T T T I T T T I T T T ‘ T T T | T T T ‘ T T T
 PbPb \'s,, =276 TeV CMS |
vacuum Temperature T<Td Temperature T>Td - Cent. 0-100% .
| IW & 1 | Prompt charmonia ]
Fom Jhyp (arXiv:1610.00613) e
- p_€[6.5,30] GeV/c, lyl <2.4, Cent. 0-5% b
Jhy T T 0.8 o y@25 (PRL113,2014) -
| p E_[6.5,30] GeVlc, lyl < 1.6 |
| I | I ® ® 3 0.6 Bongmeg[gfgm GeVic, Iyl <2.4 N
r y r o VY-°L . %?2)1(%/):1611.01510 i
L+ Y(25) *
0.4 v Y(3)95%CL. Y(1s)© _|
i J ]
| J/¥ i v’ I " From |
0.2 y(2s) v(3s Y(28 7
— L) I( : +( : Runl
) == = 0‘| L1 [ | L1 l | | 111 ‘ [ 17
b b G & b b & C 0 02 04 06 0.8 1 1.2
Binding energy [GeV]
_Yield,,/(N.,) 450 MeV TR
AA .
Yield , a
Charmonia )y e V' (2S) Bottomonia | Y(s) | Y@s) | Y@3s) 240 MeV Jy, Y (28)
Mass(GeV) 3.10 | 3.53 3.69 Mass(GeV) 9.46 10.0 | 10.36 200 MeV XCY"Xs’bs’ g,
AE (GeV) 0.64 | 0.20 0.05 AE (GeV) 1.10 | 0.54 0.20 (35)
Ty/T. 2.1 1.16 1.12 T,/ T. >4.0 | 1.60 1.17
Mocsy, EPJC61 (2009) 705
NS, ] . BNL workshop in June 52 %
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 Complimentary acceptance for LHC detectors
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2.5-] ALICE ALICE 125 2.5 ALICE —425
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0 1 2 3 4 idi 0 1 2 3 4 i
rapidity, Yiap rapidity, Yiap
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Charmonia in PbPb

CMS Experiment at the LHC, CERN

Data recorded: 2010-Nov-12 03:65:57.236106 GMT(04:55:57 CEST)
Run / Event: 1508877 1792020

hot matter effects
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PbPb 368 ub ' (5.02 TeV)
_I LI '| TTTT I TTTT [ LELBLEL | TTTT | LU I LB [ TTTT '| TTT l_
14001 1.8 <y <24 CMS

L 45 < p':" <5.5 GeV/e

|nC|USiV9 J/\Ij ;;“1200:_ Cent. 0-100% _

> 1000} + Data
I — Total fit

[ — Prompt J/y
800_ =« Jiy from b hadrons
Background

600}

Events/ ( 0.025 Ge

4001

200

A T I NP T Pl T e Frwr
27 28 29 3 3.1 32 33 34 3.k

'Cn_lllllll

Collision Point

o

2
m,.,,. (GeV/c7)

= - - H Nonprompt J/y

—

Secondary'
Vertex

Inclusive J/y

Collision Point

u_ Prompt J/y

=
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PbPb 368 ub™ (5.02 TeV)
\I[IIIIII\I\IIIIIIWI\llllll}l\llllllll\lll

1400;‘ 18 <y <24 CMS _;
. - 45 sp‘:”<5.5 GeV/c B
Inclusive Jhy 5 2 cont o100 Prompt |
3 10001, pata .
A e el
Prompt J/y Nonprompt J/w N 800L i uomb ]
S 3 Nonprompt
: Feed-down g :
Direct J/y from v’ and %, & 400
200F =
- | | [N F| | | | -

. . . O-IIII Ll 11l L1 1 1 L1 1111 i1l 1111 IIII_
Collision Point 26 27 28 29 3 3132 33 3.4 3E

u + m,., (GeV/c?)
J /l|I IJ_ A PbPb 368 ub™ (5.02 TeV)
EAERE R EULLLE RRREE RRRE RIS R =
E—m=—- 10 - 18<lyi<24 CMS |
-~ - m 10°E 45 <p." <55Gevic .
Secondary giﬁb = Lyyz - /A _F Cent.o-100% Dat E
Vertex Pup £ 10* . — Total fit =
= F — Prompt J/y 3
— 3l .+« J/y from b hadrons A
o 10 3 Background _§
* Simultaneous two dimensional fit method g 10%
o
* Mass + pseudo-proper decay length 108
* Separate prompt and nonprompt : “]
statistically bin-by-bin 1071 -l~

-3 —2 -1 :O 1 2
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PbPb 368 ub” (5.02 TeV)
L L L L L L L LB B

1400:— 18 <y <24 CMS _:
L 45 <ptt <55Gevic 1
@1200; Cent. 0-100% Prompt E
> C R
S ol
Prompt J/y Nonprompt J/w 200 :
° 3 Nonprompt
Direct Jiy G 400frvtprrgtestat?]
200F =
- 1 | Lonnnlliiacinll | L | ]

. . . O-IIII Ll 11l L1 1 1 L1 1111 i1l 1111 \III_
Collision Point 26 27 28 29 3 3132 33 3.4 3E

U + m,., (GeV/c?)

- PbPb 368 ub™ (5.02 TeV)

J/W H 106:,__""l""I""l""l"",}l""I"?'_E

..—._'_-::- 5 1.83|y::|<2.4 CMS

- m 10°F 45<p. <55 GeV/c =

Secondary gﬁ/ﬁ:’b = Lyyz - el _F Cent.o-100% Dat E

Vertex Pup g 10*E 2 Totalfi =

e = — Prompt J/y 3

— 3l .+« J/y from b hadrons -

o 10 3 Background —§

* Simultaneous two dimensional fit method 2 1% E
>

* Mass + pseudo-proper decay length 10 2

* Separate prompt and nonprompt 1E E

statistically bin-by-bin 10-‘_;- - -
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PbPb 368 b (5.02 TeV) PbPb 368 ub™ (5.02 TeV)
RN R R R AR AR RRRRE RS 105?“..[\.”“”.“:u]ruu:}nrw T _ i : _— : _— 10 .
1400 18 <y <24 CMS 18 <y <24 CMS “§»1800 @) 25<y<30 4 © 25<y<3.0
1200i a5 <p!" <55 Gevic ] 105F 45 <p!" <55 Gevic 4 21600F e - P <t4Gevic f 10t LI Py %i14.GeVic
- - N E 00, E 1400~ PPb(Fwd) {5, =5 Tev E — pl 5 =5 Te!
% [ cent.0-100% | =~ Cent. 0-100% \ Data E ":,'uoo A4 Forward: % 0
% 10001 4 g 10%¢ — Total fit i B A { 8
o [+ Data 1 z E — Prompt Jiy 3 21000 E - .
O - — Total fit ’ 1 - F -+ Jhy from b hadrons 1 3 _E ] T 10
0 [ — Prompt Jiy A i ; 10°F Background = 2 soof 3 <
g 800 f s 10° T g S0OF ! E
S [ Jiy from b hadrons /' \ 1 = F E £ gook i E O 4
o - 1 Background i B -~ o i 8 _ AL B Y E
= gool 1 210%F . 4 e :
2 0 187 [ ! 3 [
5 400 o 1 & 1oL i T . W iy
o 400 b B E "3000 3050 3100 3150 3200 -10 -5
- + Sy r ]
' : +,,- 2
200 ‘. m(ut ™) [MeV/c?]
e vl e ol el g 1o U sy g g D =l ..:
6272829 3 3132333435 03 4 LHCb-CONF-2015-005
m,., (GeV/c?)
arXiv:1712.08959
arXiv:1504.07151
> BELAY RRRRE AR RLAZY ERERN LRSS RRRSH RESE IBBRE (%] | RESRE RS R EALTRS BACLELN SN TN R —
2 6000:— ATLAS Preliminary ] = 10°E ATLAS Preliminary 3000} ALICE 10-50% Pb-Pb, 5,5, = 2.76 TeV —— ACE O RR o == S8 T
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;5000:_0<2|¢-‘l‘2!<n/4 O<|y|<2 _ E 1052_0<2|¢-\V2\<n/4 O<|y|<2 % F 15<p, <10.0 GeVic §_ L g::ﬁzwo'?vgn'\vz‘,‘:nwons
< [ 9<p_<11GeV 0-60% ] c F9<p <11 GeV 0-60% = 2000 10% 15<p <10.0GeVic
s & T ] (3 r 2 r g L y¥dof = 1151174
T 40000 . 4 d 1otk ¥ Han = 1e00f %
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_Yield,, /(N

AA — B
Y|eIdpp
PbPb 368 (<30%) / 464 (>30%) ub, pp 28.0 pb™' (5.02 TeV) Pbe 368 ub PP 28 0 pb (5.02TeV) F’be 368 ub™, DD 28.0 pb (5.02 TeV)
< _IIII‘\\\\IIIIIlI\\\‘\Illllllw‘\\\lllllll\_ < T |I ‘ I ‘ II|IIII_ < T | T I T | T I7
o 1.4 Prompt Jiy CMS ~ o 1.4— Prompt J/\p CMS 1 © 14rF Prompt J/1|J CMS
-yl <2.4 ] - lyl<2.4 ] - 6.5<p <50 GeV/c ]
1.2 Cent. 0-100% . 1.2[ Cent. 0-100%

1.2 65<p <50 GeVic

1F = 1t -
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' r ] M=276T9V 7 ) B [ ] \’S_NN=276T8V
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o Mgy
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arXiv:1712.08959

e 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
e 5.02TeV:0.219 + 0.005 (stat.) + 0.013 (syst.)
e 2.76TeV :0.282 + 0.010 (stat.) £ 0.023 (syst.)
* No strong rapidity and p; dependences
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PbPb 368 pub™', pp 28.0 pb™ (5.02 TeV)
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arXiv:1712.08959

crws/;;

P, (GeV/c)

At high p;, no strong collision
energy dependence
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_ Yield ., /Ny

AA

PbPb 368 b, pp 28.0 pb™' (5.02 TeV)

Prompt J/y
ly|<2.4

e Cent. 0-10% ]
Cent. 10-30% ]

+ Cent. 30-100% i 7

LLJI|IlllllLlllIL\JlIlIlIILLJ
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P, (GeV/c)

30

Yield,,

* Decrease suppression at higher p;

* Similar trend of p; depending on

centrality (increasing trend at high p;)
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_ Yield ,, /{N¢g)

AA

Yield ,

27.4 pb' (5.02 TeV pp) + 530 ub™' (5.02 TeV PbPb) PbPb 368 pub™', pp 28.0 pb™' (5.02 TeV)
: g _l LI I T 17T I LI B | I LI I T 1T I LI \_
1.6 CMS [= 0o+ o 1.4F Prompt J/y CMS
E - 24 -
1.4F ® charged hadrons 120 lyl < E
1.2F . i -
- Taa and lumi. 1 N ]
N uyﬁfq_e;_‘t_@_in@y _________________________________________________ - e Cent. 0-10% .
< B _+_ 1 08C Cent. 10-30% B
= o b 4 Cent. 30-100% -
T oaf ot : b
: ~|- 0.6 UL E
0.6 C N
: . 0.4f ]
0.4f "...."'.B i CISSE o ® -
E 5 Iyl <1 0.2~ N
0.2r Cent. 0-10% - | | | N

0 _l ll1 1 1 . l;]o 1 1 L1 11 l1lI02 1 1 00 5 1 0 (G15 V/ )20 25 30

. p_ (GeV/c
arX!v.1712.08959 D (GeV/c) T
arXiv:1708.04962 i
* At high p;, 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; : energy loss contribution ?
* Similar to D meson and charged hadron
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<
, s <
\y 1.4 Inclusive J/y — p*p ct

® ALICE, Pb-Pb\s,, =276TeV,25<y <4, P, < 8 GeV/c
O PHENIX, Au-Au sy, =0.2TeV,12<ly|<22,p_>0GeVic

0 50 100 150 200 250 300 350 400
(N__)

part

_ Yield,, /Ny
Yield,

AA

JHEP 05 (2016) 179, PLB 734 (2014) 314, PRL 109 (2012) 072301

1.4

1.2

1

0.8F
0.6}

0.4F

0.2f

Ll ' L L T I L L L 'I L T L l T L) T l T L)
Inclusive J/y — p*p’, 0-20% centrality

® ALICE, Pb-Pb |5, =276TeV,25<y <4
® PHENIX, Au-Au | 5, = 0.2 TeV, 1.2 < [y| < 2.2

2 ALICE 2.76 TeV

-
L E ﬁ $
m m @ .+1
e ety PHENIX,0.2TeV
0 2 4 6 8 10 12

P, (GeV/c)

e Stronger centrality suppression at RHIC than LHC, in spite of larger energy at LHC

e Hint of statistical regeneration ?
* Atlow p;: very different p; dependence
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Inclusive J/y — p*pw

® ALICE, Pb-Pb\s,, =5.02TeV,25<y <4, p, < 8 GeV/c

® ALICE, Pb-Pb\s,, =276 TeV,25<y <4, P, < 8 GeV/c

O PHENIX, Au-Au\s, =0.2TeV,1.2<y| <2.2,p_>0GeVic

ALICE 5.02 TeV
00| @
0.6 H]

BBE o e CEL ® ® !m!:lm@

ALICE 2.76 TeV

i (=%
B
PHENIX, 0.2TeV

B g

0 50 100 150 200 250 300 350 400

_ Yield,, /Ny
Yield,

JHEP 05 (2016) 179, PLB 734 (2014) 314, PRL 109 (2012) 072301

1.2

1

0.8F

0.6

0.4F

@ 14F

L TN (LA L A ARG S LS S
Inclusive J/y — p*u’, 0-20% centrality
® ALICE, Pb-Pb\s,, =502TeV,25<y <4
® ALICE, Pb-Pb\s,, =276 TeV,25<y <4
® PHENIX, Au-Au\s,, =02TeV,12<|y| <22

A A 10 A
P, (GeV/c)

PLB 766 (2017) 212

Observed similar J/y suppression at both of 2.76 TeV and 5.02 TeV

* Increased precision at 5.02 TeV
But slightly higher for 5.02 TeV
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J/y to e*e  at mid-rapidity JHEP 05 (2016) 179, PLB 734 (2014) 314, PRL 109 (2012) 072301

§1.4v| T[Y YT [Ty T[T [T rrrrr | AL B 5 2-IIII'IIIIIIIIIIlllll‘ll

I - ALICE, inclusive Jiy - e’e’ @ 18F ALICE, Pb-Pb |5y, = 5.02 TeV, 0-20% E
1.2~ ®  Pb-Pb,|s,, =502 TeV (Preliminary) - ]
o ®  Pb-Pb,\s,, =2.76 TeV (PLB 734 (2014) 314-327) 1.6 — ) Jy = p'n 25 <y <4, (PLB 766 (2017), 212) _
1— 1.4 — =) Jy = e‘e |y| < 0.9 (Preliminary) _E
0.8) a $ § % > 1.2F H E F
- $ 7 1 _. ......................................................................
0.6 H -] 0.8 i id ‘
E 5.02TeV : L mid-y 5
0.4F - 06F —.E)— forward-y -
C . 3 - :
- S 04 ) E
0.2 : : © . CE
:l -1 l |- l - l - l |- l - l Rl l . .| l: 0'2 ;_ ! !_ -;
0 50 100 150 200 250 300 350 400 ;) RSN NN | ST TN N S R
(N ) 0 2 4 6 8 10 12
JHEP 07 (2015) 051 part P, (GeV/c)

_ Yield,, /Ny
Yield,

AA

* No significant collision energy dependence at mid and forward rapidity
e But hint of stronger regeneration effect on larger collision energy
* Enhanced at low p; compared to forward rapidity
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JHEP 07 (2015) 051

§ 2 :l L I L I L l TrTT I T I T l TrTT I rrTT ' UL I T l:
@ 18F ALICE Preliminary, Pb-Pb | 5, = 5.02 TeV, 0-90%
16F _ 3
M Inclusive Jiy — e'e, [yl <0.9 ~ Mid-y ]

Transport models

+ Data I

P, (GeVlc)

0

Statistical hadronization

ALICE, Pb-Pb |5, = 5.02 TeV

Inclusive Jiy — p*p
25<y<4,03< p, < 8 GeV/c

Transport (TM1, Du and Rapp) E
Transport (TM2, Zhou et al.) 1
L%l — Transport, p_> 0.3 GeV/c (TMW

Transport (Thz. Zhou et al.)
Statistical hadronization (Andronic et al.)
Co-movers (Ferreiro)

50 100

forw-y

150 200 250 300 350 400 450

(N oot

Comover model

Based on thermal rate eq.

with

dissociation and

continuous J/Y

J/g produced at chemical
freeze-out according to

their statistical weight
(NPA 904 (2013) 535)

J/p dissociated via interactions
with partons - hadrons +

regeneration contribution
(PLB 749 (2015) 98, PLB 731 (2014) 57)

regeneration in QGP and

hadronic phase
(NPA 859 (2011) 114,
PRC 89 (2011) 05491)

E 1
QWG2017, Roberta Arnaldi’s slide
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* All models fairly describe the data, as already in Run 1
e But large uncertainties associated
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e Strong centrality dependence
* Suggestion of high p; universality from the charged hadrons and jets
e Data is well described by different models : color screening vs energy loss scenarios
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ALICE, inclusive J/y — e'e’
® Pb-Pb,\s,, =5.02TeV (Preliminary)
®  Pb-Pb,\s,, =276 TeV (PLB 734 (2014) 314-327)
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Pbe 368 (<30 /)/464 (>30%) ub™", pp 28.0 pb™ (5.02 TeV)
L e

ATLAS

1.4— Prom tJ/ Al 3
ez f v CMS 0.9- 5, =5.02Tev, 0.42 nb" ]
yl < 1
1.2F 65« p. <50 GeV/c 0.8 Inclusive jets, 0-10%, 2.76 TeV =
L 0.7 ™= Charged particles, 0-5%, 2.76 TeV 4
1r @ Non-prompt J/yp, 0-10%
0.8 B \[sy,=5.02TevV | 0.6 ¢ Prompt Jry, 0-10%
' E ® \[5,,=276TeV ] 05
o8t |II l @ E 0.4 3
L = 9] 3]
0.4 LI 03 e A =
[ L] = B
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p, [GeV]

Strong centrality dependence of suppression

But no big difference between 2.76 TeV and 5.02 TeV

At low p;: regeneration effect would be more dominant
At high p; : energy loss would be more dominant effect
than color screening
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«10° PbPb 351 ub™ (5.02 TeV)
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cut efficiency
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Non-prompt

Simultaneous two dimensional fit method
 Mass + pseudo-proper decay length

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

Data-driven correction for the non-prompt contamination in the low /,,, region
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PRL0118 (2017) no.16, 162301
PbPb 351 ub™, pp 28.0 pb! (5.02 TeV)

P T PbPb 351ub”, pp 28.0 pb™' (5.02 TeV) PbPb 351 ub”, pp 28.0 pb™' (5.02 TeV)
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. _ [(2S)/I)ppy  Raa((25))
Double Ratio (DR) = [¢(2S)/J/¢]:pb = R )

* Double Ratio (DR)
: relative behavior of excited state compared to the ground state
* Y(2S) more suppressed than J/y : sequential melting
* No significant dependence on p;
e Hint for a different behavior with energy
* X.Duand R. Rapp: W(2S) regenerated later than J/y in the fireball evolution
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arXiv:1805.04077 ] _ [¢(25)/J/¢] RAA(w(zs))
Double Ratio (DR) = PP
(DR) [v(25)/I/0],, Ran(J/2)
= g VA e
S [ #ATLAS, arXivi1805.04077 :
g\; 1-2_— Melting + regeneration 7]
= 1:_ [Eizegyeltoas'; arXiv:1504.00670] ]+ DRisunder unity : strong suppression of
i [Spousta, arXiv:1606.00903] ) W(2S) with respect to J/y (sequential
0.8 - melting)
i I . e Slightly increasing trend along increasing
0.6 B centrality
0.4/
- e Superimposing model results — data is well
0.2ﬁ — . . .
] Prompt ] described un(?ler dlffgrent scenarios
Lol I P i e Sequential Melting + Color

o

50 100 150 200 250 300 350 400
(N

Regeneration
pal't) * Energy loss
e Tension in most central events
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ALICE: CMS:

Inclusive Prompt
3<pr<8GeVic 3<pr<30GeVic
25<y<4 16<y<24
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1.8 :_ ALICE inclusive Jiy, y(2S), Pb-Pb % =5.02 TeV, 2.5<y<4, 0<pT<8 GeV/c i{ i Jiy, w(2S), Pb-Pb m =502 TeV ]
1.6 :_ Q:‘t 2 - ALICE, quT<8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary) .
1.4F — w(2S) (Preliminary) % + CMS, 3<p, <30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | st i
12 — Jiy (arXiv:1606.08197) N L Upper limits include global uncertainties 0-90%]
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ALI-PREL-120671 ALI-PREL-120726 )

_ Yield,,/(Ng,,)
Yieldpp

AA

H - [¢(25)/J/¢]pbpb_ RAA(¢(2S))
Double Ratio (DR) = "6 /540" = “Ra(/)

* Y(2S) more suppressed than J/p in semi-central and central collisions
* Results at 5.02 TeV compatible with those at 2.76 TeV
* Good agreement also with CMS results at 5.02 TeV
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ALICE: CMS:

PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV) Inclusive Prompt
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* Y(2S) more suppressed than J/p as expected (sequential melting)

e Results at 5.02 TeV compatible with those at 2.76 TeV for ALICE

* Hint for a different behavior with energy for CMS (enhancement of low p;
disappeared at 5.02 TeV)

* Increasing trend along increasing centrality at 5.02 TeV in ATLAS
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Run:265338

Timestamp:2016-11-11 02:02:08(UTC)
Colliding system:p-Pb
Energy: 5.02 TeV

HIM 2018 @ Korea University, 2018/7/3, Dongho Moon 0 gg%g



ALICIE Pb

Backward Forward
0:%1 4| ALICE, p-Pb |5, = 5.02 TeV §1 4L ALCEpPb y5,=502Tev 0:§1 4 [ ALCE 9P Yig e 802 TN
I inclusive Jhy—utu 7 [ LT F inclusive Jiy— e'e’ T inclusive Jhy—puty
1.2 4B i, <296 H g i 1oL 1T <043 1.0 203¢Y <383 cdadOrdTds R
1 :_ ........... 7 ..» ........................................ r
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0.2 [ ELoss with q,0.078 GeV'fim (Arieo et al) 0.2 ’LJ] E1oes wn q‘-o).on GeVi/tm (Arleo et al.) 0.2 = [L] gfff:ﬁ',,';‘ﬂ_o,, GeV/m (Arleo et al.)
r EPS09 NLO + ELoss with g =0.055 GeV?/im (Arleo et al.) E 1 zv?m NLO + Eloss vlmn ,20.055 mvrnm (Arleo et al.) - ~ EPS09 NLO + ELoss with q =0.055 GeV/fm (Arleo et al.)
) EPSEFES I PRI SV I W S S 0Ll—— s e S ) TR AP Sl B SN - S
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arXiv:1308.6726, arXiv:1506.07179, arXiv:1506.08808
1 G.p-l—Pb
ﬁ abpP

R,py, =

e Strong modifications at forward rapidity
* p;dependence : gradually approaching to unity (starting from 0.6 of R ;)
* nPDF, energy loss and CGC models describe well data within uncertainties
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ALICE-PUBLIC-2017-001

el &jéq;l

A (e 8.16 TeV

ALICE Preliminary
Inclusive Jiy — pw, p-Pb \s,, = 8.16 TeV

EPSO09NLO + CEM (R. Vogt)
nCTEQ15 (J. Lansberg et al.)

— CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)
0 2 ; Energy loss (F. Arleo et al.)
"= | = Transport (hot + cold nuclear effects) (P. Zhuang et al.)
: = = = Comovers (E. Ferreiro)
0IIlIilIIlilllljlllllltlIIJIIlIlIlIllIlIIIIIIlILIl
-5 4 -3 -2 -1 0 1 2 3 4 5
Y
cms
1 gptPb
Ropy, = —
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el =T

1.4 T p-Pb \sy,=5.02TeV
R ALICE (JHEP 02 (2014) 073): inclusive J/y—p*y’, 0<p <15 GeV/c
r Ly (-4.46<y _ <-2.96)=5.8nb", L (2.03<y__ <3.53)=5.0 nb"
ALICE (JHEP 06 (2015) 055): inclusive J/y—e‘e’, p_>0
L, (-1.37<y__ <0.43)=51 pb"

global uncertainty = 3.4%

0.4~

| CGC + CEM (Fujii et al.)
B GC + CEM (Ducloué et al.)

- [ ]CGC + NRQCD (Ma et al.)
0llIIIIIIIIILIlIIIIIllIIIlllllllllllllllllllllll
4 -3 -2 -1 0 1 2 3 4
ycms

e Clear suppression at forward rapidity in both energies
» Different models (Shadowing, energy loss, CSC) can describe data well
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ALICE-PUBLIC-2017-001

Pb Pb
i<l -
<« o>
o 1.4
s C ALICE Preliminary
@ 1ok Inclusive Jiy — pw, p-Pb \s,, = 8.16 TeV
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0.8}

nCTEQ15 (J. Lansberg et al.)

04+ CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)

Energy loss (F. Arleo et al.)

0.6 B EPS09NLO + GEM (R. Vogt) % ;

.iE

02 L Transport (hot + cold nuclear effects) (P. Zhuang et al.)
: = = = Comovers (E. Ferreiro)
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e Clear suppression at forward rapidity

* Different models (Shadowing, energy loss, CSC) can describe data well

* No energy dependence at all bins
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EEEE

® p-Pb \s,, =5.02 TeV (JHEP 02 (2014) 073)

® p-Pb |s,, =8.16 TeV (preliminary)
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EPJC 77 (2017) 269

pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV) pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)
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Rpr = % PP AR T
* Prompt J/y Rppp @bOve unity in most bin : anti-shadowing ? T
. ) . . Pb| %
* Slightly more enhancement in backward (Pb going side) :
* More enhancement in high p; 3

* nPDF calculations slightly lower than data =
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arXiv:1805.0248

16 pPb 34.6 nb™", pp 28.0 pb™ 5.02 TeV 16 pPb 34.6 nb™, pp 28.0 pb™’ 5.02 TeV - pPb 34.6 nb™, pp 28.0 pb™! 5.02 TeV
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Prompt (2S) CMS | - Prompt y(2S) CMS - Prompt y(2S) CMS 1
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* Expecting to see similar effects from nPDF for J/y and y(2S)

* Hint for a different modification in the data (in the Pb going direction)

* Isthe more fragile Y(2S) affected by final state effect ? But why at
backward rapidity region ?
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arXiv:1709.03089
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Prompt JAyp
4 Ropy, 20<lyl <15 p+Pb, |5, = 5.02 TeV, 28 nb™”
pp, s =5.02TeV, 25 pb
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* No strong modification in pPb (p; > 8
GeV/c) but above unity in most bins

Nuclear modification factor
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R,py, =

CMS /1
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arXiv:1709.03089
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1 4i *Rpr 20<lyl<15 p+Pb\SNN—502TeV 28 nb™ 7:

L +R Lyl <2.0 pp, s =5.02 TeV, 25 pb™ |
1_2_— = Correlated systematic uncer. —|

Nuclear modification factor
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0.8- - * No strong modification in pPb (p; > 8
0.65 E GeV/c) but above unity in most bins
04k . | E e Can conclude strong suppression in
Y - PbPb dominated by QGP effect
0.2 PbPb —
O:J|III\IIIII .III.HI.H.MH.I.H:
10 15 20 25 30 35 40
p. [GeV]
1 oPtPb
ﬁ o PP



arXiv:1709.03089
T I

\5 2 T T | T T T T T T T T I T T T T I T T T T :7 2 I
e - e 9 P -1
@ - ATLAS p+Pb, {5, =5.02 TeV, L =28 nb" 2 5 - ATLAS p+Pb, 5, =5.02 TeV, L =28 nb"
8 8<p,<40GeV pp, V5 =5.02 TeV, L = 25 pb” BES | 8<p_<40GeV pp, V5 =5.02 TeV, L = 25 pb”

1.5 1.5 20<y*<15

0.5 — 0.5

Prompt y(2S) to JAp Double Ratio

—
Illlllllllllllll

.
:
:
:
.
;
:
;
:
-
'l
.
:
.
;
H
H
.
>——
.
H
:
.
H
:
- .
:
:
.
:
.
H
.
.
e H
.
:
.
H
.
:
:
[llll
—
H
.
:
.
:
.
:
:
.
H
:
:
.
.
:
.
H
=]
H
:
.
:
.
.
:
:
.
.
:
e
:
.
H
:
:
.
:
H
.
:
:
:
.
:
_E_'
.
:
H
H
:
lllll

Prompt y(2S) to J/yp Double Ratio :

................,— | | ]
-2 -1 0 1 2 02090 20 - 40 5-20 0-5

y Centrality [%)]

H — [¢(2S)/J/¢]Pbpb _ RAA(‘!’(ZS))
Double Ratio (DR) = “/56) /571" = “Ra0)

e Y(2S) is more suppressed than J/Y (maybe same reason with CMS?)

e Slightly more suppression at forward rapidity and in more central events
* But still big error bar (need more statistics)
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2 B 1.2 - Melting + regeneration . EQ'E | 8<p, <40 GeV pp, V5 =5.02 TeV, L = 25 pb” ]
=2 - [Rapp et all, arXiv:1504.00670] ] 1.5 20<y*<15 ]
1 Energy loss — i ]
L [Spousta, arXiv:1606.00903] i B i
0.8 . 1 . Eﬂ ............................................................ =
0.6 l i m d] ]
0.4 N N
0 2: | Prompt y(2S) to J/p Double Ratio ]
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N

W(2S) is more suppressed than J/g (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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d?c(pr, +v)/dprdy

JHEP 02 (2014) 072
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* More suppression at forward rapidity

[ J

CMS?g

Clear p; dependence : increasing trend (starting from 0.6 of R.;)
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d“o(pr, +y)/dprdy LHCb-CONF-2015-005

Rpp(pT, ) = 5
d?c(pr, —v)/dprdy
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N p, [GeVic] y
1 G,p+Pb
R e
PPE 908 orp

Reg
* No significant suppression and dependence on rapidity and p;
* Large error bar (need more data)

R
pPb
* More suppression than prompt J/y

* Theoretical calculations underestimate prompt (2S) suppression
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* Double Ratio (R) = RyA(W(2S)/Rua(I/p)

CMS?g
}

1.2F

— LHCb
[ Preliminary
- pPb \s,, =5 TeV

p,<14 GeVic

—— LHCb, prompt (25)
—#— LHCb, y(2S) from b

0.6

04

02

LHCb-CONF-2015-005

08F

T | T T T T T

* More suppression than J/y at all bins of rapidity
* Consistent with ALICE
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pPb 34.6 nb™, pp 28.0 pb™ 5.02 TeV
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141 . . . qe
12} " d * Charmonia suppression at forward rapidity
ool EEEE EE . * Specially in low p;
gi:i : ® p-Pb |5, =502 TeV (JHEP 02 (2014) 073) ¢ LIJ(ZS) IS more Suppressed than ‘J/LIJ (IeSS tlghtly
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% 24 6 8 10 12 14 16 ‘(éa'v‘/'z)o e Why?
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* Backward suppression for Y(2S) in CMS, LHCb,
ALICE : not sure yet
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ATLAS

EXPERIMENT

Run: 312837
Event: 135456971
2016-11-14 07:42:28 CEST
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C PRL 109 (2012) 222301 S 04F
p! >4 GeVic 0.35F
+ § 0.3
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* [ndication of initial suppression in pPb
* Y(nS)/Y(1S) has clear dependence on N for pp & pPb & PbPb
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ALICE p-Pb |5y = 5.02 TeV
Ly (446<y _<-296)=58nb", L, (203<y__<3.53)=50np"

int

® Inclusive T(1S)op'w, p, > 0
®  |nclusive Jiw—utp, P> 0

ALI-FUB-86334

Kol
o
Q.

o

PLB 740 (2015) 105

ALICE p-Pb | 5, = 5.02 TeV, inclusive T(1S)-u"y’, p,>0

14 Loy (-446<y  <-296)=58nb", L, (203<y_ <353)=50nb"
128772,

1t -
0.8F +

0.6

0.4F [T ] CEM+EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

| Eloss (Arleo et al., JHEP 1303 (2013) 122):

0.2 NN Eloss
L [ ELoss+EPS09NLO

Aobd

Consistent with no suppression at backward rapidity
Indication of suppression at forward rapidity, similar to J/y one

HIM 2018 @ Korea University, 2018/7/3, Dongho Moon



arXiv:1709.03089, JHEP 02 (2014) 972, JHEP 06 (2015) 055, JHEP 02 (2014) 073
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R. Nelson et al., Phys. Rev. C 87(2013)014908

Rpr
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0.5

* Y(1S) is found to be suppressed at low p-

* Difference between Y(1S) and J/Y R, in 10 < p; < 15 GeV/c

 Co-mover interaction and EPSQ9 give a rough interpretation of the
observables

T l T T T I T T T l T T T I
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[ p+Pb, sy = 5.02 TeV o LHCb, p, <15GeV
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— Comover Interaction
E. Ferreiro, Phys. Lett. B 731(2014)57
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JHEP 07 (2014) 094

2 T T T T T = ——T— ]
o 14F LHCb 1 &4k LHCb 3
C pPb s, =5 TeV ] C pPb \s, . =5TeV ]
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1 E\\\\ N ..: 1 ;. “‘ \\ -
5 2> RE S = -
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0.2F BSST Y(19) 3 0.2F —— Y(19) =
[ [ Prompt J/y ] [ - --- Prompt J/y .
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-4 -2 0 2 4 -4 2 0 2 4

y y

 More suppression at forward rapidity as expected
 Models (shadowing, energy loss) reproduce data well within uncertainties
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ig 14| ALIGE p-Pb {5 =502 TeV
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Pﬁ ________________________________________________ "
08[
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— E loss+EPS09 NLO in Ref.[7] "]

F — — Y(1S) E

[ - --- Prompt J/y ]
PR I S T T 1 1
-4 -2 2 4

Y

Y(2S)Y(1S)
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PbPb (maybe coming Run would be helpful to answer)

No big surprises : very similar to J/y trend (forward and low p;
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Beautiful scaling of multiplicity for Double Ratio of Y(nS) but large error in



Bottomonia in PbPb

C

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

N

hot matter effects
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CMS-PAS-HIN-16-023
* Increasing suppression along the centralities
* ‘Clear’ ordering : RyA(Y(3S)) < Rya(Y(2S)) < RyA(Y(2S))
* Also hydrodynamic model with 3 temperatures (Krouppa at al.) describe well
data within uncertainty (4mm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)

o HIM 2018 @ Korea University, 2018/7/3, Dongho Moon 52 ::T

NP
,t"v»:nom\\\’

oo




«10° PbPb 368 b (5.02 TeV)
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CMS-PAS-HIN-16-023

* Increasing suppression along the centralities
* ‘Clear’ ordering : RyA(Y(3S)) < Rya(Y(2S)) < RyA(Y(2S))
* Also hydrodynamic model with 3 temperatures (Krouppa at al.) describe well
data within uncertainty (4mm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)
e Complete melting of 3S
 3Syetto be seenin PbPb collisions at the LHC
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PLPb 368/464 ', p 26,0 pb (5,02 TeV) . PbPD 368 ub', pp 28,0 pb” (502 TeV) POPb368 0 pp 280 pb (5,02 TeW)
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CMS-PAS-HIN-16-023

* 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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ALICE Y(nS) Ry, in PbPD

u:g ALICE, Inclusive Y(1S) —» u'u,25<y<4
1.2~ m Pb-Pb sy, =502TeV, Preliminary global sys.= + 10%
| ®m Pb-Pb\s,, =2.76TeV, (PLB 738 (2014) 361-372) global sys.= + 13%
1 1
0.8
: 5.02 TeV
0.6 [¥l]
0.4 + " "
02r 2.76 TeV *
OhllllllllllllI.lllll.lllllllll]lllllllllll
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(Noor?

arXiv:1805.04387

Similar suppression of Y(1S) in both energies within uncertainties
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e Similar suppression of Y(1S) in both energies within uncertainties
e But at most central bin, Y(1S) is less suppressed in 5.02 TeV than 2.76 TeV (could be
upsilon regeneration?) differently from CMS
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Transport and anisotropic hydrodynamical models qualitatively describe the centrality
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arXiv:1805.04387

Stricklaland Thermal anisotropic hydrodynamical model reproduce data within
uncertainties but tension in forward rapidity
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Transport and anisotropic hydrodynamical models qualitatively describe the centrality
Stricklaland Thermal anisotropic hydrodynamical model reproduce data within
uncertainties but tension in forward rapidity
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B Pb-Pb (s, = 5.02 TeV, Preliminary

ALICE, Inclusive T(1S) — p'p,25< y <4
global sys.= + 10%

Pb-Pb |5, = 2.76 TeV, (PLB 738 (2014) 361-372)  global sys.= + 13%
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PbPb 368/464 ub™', pp 28.0 pb™' (5.02 TeV)
e

p;" <30 GeVlc
1.4 y"i<24

lp .. YaS) .
1 H} & Vs, =276 TeV
. & V5, =502 TeV

CMS

Preliminary

Y(1S) similar suppression but
Raa @t 5.02 TeV is less suppressed in ALICE
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Raa @t 5.02 TeV is more suppressed in CMS
Y(3S) still not visible at PbPb collisions

* |Insufficient statistics ?

* Complete melting at 5.02 TeV ?
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> [ Au+Au 200 GeV
0.2
- VR
0.1
Oi ' impact parameter
0.1F
-0.2f
- e v, 0-10% non-flow 0-10 %
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e Almost zero flow at RHIC 58
L a4l 4
e But significant elliptic flow (v,) g4
11} _|
may be expected at LHC energy 2;
. e . . o— -
due to the significant contribution C

of regenerated J/y p, (GeV/c)
 Good regeneration signal
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arXiv:1709.05260

* 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;

P
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e Similar flow observed for open charm
e Charm quarks strongly interact with medium
e Comparison between J/p 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
* At high p;: light quark = c+light quark = c+c quark
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e Similar flow observed for open charm
e Charm quarks strongly interact with medium
e Comparison between J/p and D meson flow can provide insights on the
properties of flow of heavy vs light quarks
* ATLAS measured prompt and nonprompt J/@’s flow at 5.02 TeV

* Prompt J/Y’s flow is larger than nonprompt J/@’s one ,
AVl ZU16 (@ NUIEd UIllIvelsIly, ZUls//7/5, bOnNgno ivioon o4 %




@ J/y Eliptic flow

Maybe flow in PbPb would be possible but how
about it in small system ?

PA

cold nuclear
matter effects
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* Observed significant positive J/y v,
* Measured in events with N™* > 185 (only in high multiplicity events)
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Forward Backward
> — -
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arXiv:1709.06807, 1709.05260

* Non-zero v, in p; >3 GeV/c
* No significant collision energy dependence
 Similar size of v, in PbPb
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* InpPb
* 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
e 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 Stillno Sign of Y(3S) 1-2:'|',t;|;b' BAIALRARE AN "
4[Cent. 0-100% Preliminary -
[ 2.76 Tev 5.02 TeV ]
° < [ p,e [0,20] GeV/c,lyl <24 p_ e [0,30] GeVic, lyl <2.4
e EIIIptIC flow for \]/w 0'8-_:rXiv:16114()1510y IF-)IIN-16-023 —:
e Observed non-zero flow in PbPb and even in pPb & o 897 . e
* No significant dependence on collision energy 04 — " i
* Similar size of v, observed in pPb and PbPb 020 Y@ 1 siomen ] wwves
0 0.2 0.4 0.6 0.8 1 1.2
Binding energy [GeV]
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In pPb
Indication of initial suppression for all of quarkonia

More suppression at forward rapidity and low p; region
W(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
Still no siosn of Y(3S)

:(( C
o= 1.6
1.4f

1.2
1E
0.8
0.6}
0.4F
02

O

PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

L e e e

—  Charmonia —

WPrompt J/y CMS ]

lyl<2.4,65< p, <50 GeVic ) -

[~ @®Prompt y(2S) Prellmlnary —

lyl<1.6,65< P < 30 GeVic 4

— Bottomonia —

Y(1S) kY(2S) —Y(3S) ]

lyl <2.4, p_ <30 GeV/c, HIN-16-023 =.

_*' E E -

i . ]

‘[. % i "
Sl

0 50 100 150 200 250 300 350 400

part

<
<
o

PbPb 368 ub™, pp 28.0 pb' (5.02 TeV)

RARaanzas BANALLAA R L L Eaa EaRR A
— Cha onia

1'6: P;r:;tzlw CMS -

= 18<lyl<2.4 lyl<2.4 . . —

1.4F ’P,om,y,t ey Preliminary ]

L ®ly<16 ]

1.2 :— Bottomonia —:

Y(1S)  AY(2S) —Y(3S) ]

Iyl < 2.4, p_< 30 GeV/c, HIN-1 i

1_ yl < 2. P, 30G 6-023 =

L Cent. 0-100% ]

0.8 -

0.6f " B

0. 4:_ a = ]

0.2F -

TiE %M*_.H
Lol
00 5 10 15 20 25 30 35 40 45 50
P, (GeV/c)

P

12— T T T T T T
. PbPb CMS |
4 [Cent.0-100% Preliminary
| 276 Tev 5.02 TeV i
0.8 [ P [0,20] GeVre, lyl <2.4 p.E [0,30] GeVre, lyl <2.4 _‘
L arXiv:1611.01510 HIN-16-023
mg 0.6 Y(1S)
C x
0.4/ Y(2S) x
0.2k Y(3S) ]
- ‘
0'... e oty el ey v L va el vy p
0 0.2 04 06 0.8 1 1.2
B|nd|ng energy [GeV]
' L — 4 | D










cms, |

1_2 T T T | T I, T | T T T | T T T | T T T ‘ T T T
- PbPb \s,, =276 TeV CMS |
Cent. 0-100% 7
1 . Prompt charmonia i
Lom Jhy (arXiv:1610.00613) .
- p_€[6.5,30] GeV/c, Iyl < 2.4, Cent. 0-5% -
0.8 o (285 (PRL113,2014) -
i p_€[6.5,30] GeV/c, lyl < 1.6 ]
< | Bottomdnia i
< 06 p_€[0,20] GeVre, lyl < 2.4 N
o Y-l afXiv:1611.01510 i
T % Y(1S) ]
C % Y(2S) % |
0.4~ V¥ Y(35)95%CL. Y(1S) "~ _|
i hp i
. . ]
0.2 w(2S) y(3s) Y(2S) ]
K I + i
O—I [ L1 | L1 I I | L1 ‘ [ l_
0 02 04 06 038 1 1.2
Binding energy [GeV]
state JIU | xe )’ T b T’ Xb T"
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] | 0.64| 0.20 | 0.05 | 1.10 | 0.67 | 054 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07
ro [fm] 050 0.72 1090|028 | 044 | 0.56 | 0.68 | 0.78

Table 3: Quarkonium Spectroscopy from Non-Relativistic Potential Theory [9]
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AE [GeV] | 0.64| 0.20 | 0.05 | 1.10 | 0.67 | 054 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

ro [fm] 0.50 | 0.72 1090 | 0.28 | 0.44 | 0.56 | 0.68 | 0.78

CMS?%; Table 3: Quarkonium Spectroscopy from Non-Relativistic Potential Theory [9]




CMS tor

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0 m
Overall length ~ :28.7m
Magnetic field  :3.8T

SILICON TRACKERS

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 pm) ~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 4 crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Run 1 Run 2

2010 2011 2013 2015 2016 2017 2018

2.76 TeV | 2.76 TeV i 5.02 TeV 5.02 TeV
PP 230nnb! | 5.4pbt § 28 pb! 276 pb-!
Pb 5.02 TeV | 8.16 TeV
: 34.6 nb-! 185 nb-!
PbPb 2.76 TeV | 2.76 TeV i 5.02 TeV 5.02 TeV
7.3 ub-1 166 ub-! 0.5 nb-! ~1.5nb-!
: 5.44 TeV
a2l 5 3.47 ub-!
Nov 'm|wbec
. a3 a4 45 a6 a7 48 a9
® Much more data in Run 2 | =R = ,,- = - =
e New physics territory and | - . ; g_
precise measurement — 2018 plan _i &
‘ LHC Pb- Pb lon run — E'—
e Still hungry of statistics — =
I"ﬁ
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CMS PbPb |5, =2.76 TeV
N 0-6 B LA B B l LU B B I LA B I LN B ] L ] L ]
- Hidden charm: prompt J/p a

+ 16<lyl<24
n

0.5 :— Iyl <2.4 ]
i Charged hadron o
- e Inl<08 ]
0.4 L Open charm: prompt D (ALICE) ]
i o lyl <0.8, Cent. 30-50% -
0.3F FJ Cent. 10-60%
H1 I (CMS) 1
°'2:‘,ﬁ+. D (ALICE) -
ods! h* (CMS)

Comparing hidden charm (Prompt J/{, CMS) to open Cham (D, ALICE)

Smaller v, in low p; but similar v, in high p;
Mass ordering in low p;, path-length dependence in high p;
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[¢] Data

['] EPS09 NLO (Vogt)

3 1./ EPS09 NLO (Lansberg-Shao)
nCTEQ15 NLO

e T 1 (Lansberg-Shao)
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* Prompt J/Y Rpa @bove unity in most bins
* Suppression only in the most forward bin (1.5 <y, < 1.93) for p; < 7.5 GeV/c

* nPDF calculations slightly lower than data
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cms;;

Coherent Energy Loss

— Nuclear transverse momentum broadening of the heavy quark pair induces coherent gluon
radiation, arising from the interference between emission amplitudes off the initial projectile
parton and the final color octet quark pair. This coherent medium-induced radiation leads
to an average induced energy loss proportional to the quarkonium energy [18]. The conse-
quences of coherent energy loss are quarkonium suppression (respectively, enhancement) at
large positive (respectively, large negative) values of the rapidity and at all center-of-mass
energies of the p—A collision.

&N
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PbPb 368 ub™', pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™", pp 28.0 pb™* (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™" (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
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° PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
< T IIIIIIII T IIIIIIII T T
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PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV

~—

. é 1 6_ H4ddl h T T T L I T T T T i
— laden charm —
o B Prompt J/y CMS i
1.4F 'Ffofr'\f)'ifés,) Wiyl <24 Preliminary
- ®16<lyl<24 @®@lyl<16 —
1.2 _ Open charm -
B D° HIN-16-001 ]
1 Iyl <1 E
- Cent. 0-100% ]
0.8__ - -
¥ 188
0.6 e e
5 by i 1zz
0.4 &d 1IX
0, 10
P (GeV/c)
® Open charm suppression from energy loss (Eioss) of charm in QGP
e Similarity between prompt )/ and DO Raa:
Eioss contribution to charmonia suppression ?
® However, P(2S) still more suppressed up to pt= 30 GeV/c
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uakonia Feed-down Fraction

y(45) or hybrid
yizD) - FEY :
— bo
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Quarkonia Acceptance
We are good friends !!!
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 Complimentary acceptance for LHC detectors



pp26 pb PbPb 346 p b

Vs_ =5.02 TeV
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A Large lon Collider Experiment %

ALI
Quarkonium measurements with ALICE

Mid-rapidity:
*QQ — e*e-
.lyLabI < 0.9

etracking + PID
ITS, TPC, TOF, TRD

Forward rapidity:
*QQ — Pty
2.5 < yab< 4

etracking + trigger
emuon spectrometer

¢ T g
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. Quarkonia Measurement in pPb Collisions
e Cold Nuclear Matter
* Quarkonia productions are sensitive to gluon PDF
 Initial state effects : nPDF (Nuclear Shadowing), Comover break-up, energy loss

due to multiple scattering ... etc

lllustration of nPDF fit
JHEP 0904 (2009) 065
@ 15 antishadowing Fermi-
48 R e : KOG
10 H Cerden\ e
06 |- ALy
p P b Yo shadowing :
02 X, X
i 1 1 IIIIlI| 1 | IIIIIII | | IIIIIl
Forward Backward - e o ,
x of parton in Pb
[In log scale]
CMS, | :
iDong Ho Moon INPC 2016 @ Adelaide
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Event multiplicity/centrality classes are
defined based on the amplitude measured in
the VO scintillators, placed at
2.8<n<5.1(VOA) and -3.7 <n < -1.7 (VOC)

ZDC (z = +112.6 m)
ZEM (z=7.35m)

SPD

(dN/dn» is measured in |n| < 0.5
-> avoid “auto-biases” in multiplicity
determination

] VZERO-A ' VZERO-C
In Pb-Pb the Glauber model is used to relate

the VOA&VOC (“VOM”) amplitude* distribution

to the geometry of the collision.
¢ i In p-Pb collisions, VOA (Pb side) is used:

At sy = 2.76 TeV at sy = 5.02 TeV
0-5%: (dN,/dn) = 1601 = 60 0-5%: (dNy/dn) = 45 = 1
(N_,.> =328.8 + 3.1 60-80%: <chh/dn> =9.8+0.2

pa 8 = 3.
70-80%: (dN_./dn) = 35 + 2

(N> =15.8 + 0.6 In pp collisions, VOA&VOC (“VOM”) us used:

part at s =7TeV

(alternatively, multiplicity of spectators in the Zero Degree 0-0.95%: (dN_,/dn) = 21.3 + 0.6
Calorimeters or number of tracks in the Silicon Pixel .
Detector or the Time Projection Chamber) 48-68%: <chh/ dn) =3.90 + 0.14

F. Bellini, HIM Daejeon 21/04/17 19
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Elliptic flow (azimuthal anisotropy)

Reaction plane

Study azimuthal distribution of produced
particles w.r.t. the reaction plane (Wgp)

impact parameter

Anisotropic flow: vz

dN N
% = ﬁ(l +2v,cos(p-W,,)H2v,cos[2(¢p -V .,)]}F...)

- i . via re-scatterings
Initial spatial anisotropy > momentum

anisotropy of particle emission

The anisotropy is quantified via a Fourier expansion in
azimuthal angle (¢) with respect to the reaction plane (Wrp)

/ Thermalization/collective motion v2+ Raa: complementary information —
(at low pq)

improve sensitivity to relative contribution
of collisional and radiative energy losses
Path length dependence of energy loss ~ and to coalescence
(at high p;)

Mindung Kweon, Inha University KPS Spring Meeting, April 20t 2017 32
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J/y Azimuthal Anisotropy in CMS

1_I T | T T | LI | T T | T 17 | LI | | LI | | T T]
C ] ¢
- - CMS Preliminary Cent. 10-60% 2
“F  PbPb YSyy = 2.76 TeV E
085 Ly, =150 ub” e Wk

ul? !n....,*--nuunn”,,,. :

‘/ .E
‘. i o Fiiag .
| ; ; =
ﬂ\&“ /&8 et | L
C , =383 _:

2
: 2

- :0.054 £0.013 :

z ) —— V2 (1+2v,cos(2A¢))

- B6.5<p_<30GeVic
0 3__ T .
Yty <24 .

CMS-PAS-HIN-12-001

oo b Pvvw b b vw b bw v bow g g
ﬂ'zﬂ 0.2 04 0.6 0.8 1 1.2 1.4

[¢™ - w, |(rad)

 Event plane method

* Integrated v, for Prompt J/U (p; > 6.5 GeV/c)
w» (0,054 + 0.013 (stat.) £ 0.006 (syst.) in |y| < 2.4, 10-60 %
= significant (3.80) v, at high-p; prompt J/
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Charmonia in pPb

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV) —
T 4 ! RFB (pT; y) -
= [-m65< p, <10 GeVic Prompt J/y
5 3'55 —#-10<p_<30GeV/c  Gigbal uncertainty : 3.5 %
6 F .
T L :
x °F ',
o - _
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: * :
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1.5 !
: pl—>i€< Pb
11— !
05 i
: o ¢ + + . + LN
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CMS HIN PAS 14-009

'Dong Ho Moon
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Charmonia in pPb

—
Yield in +
CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV) Rer ) = (pT’ )
g % 5 8 \Pm ¥ Yield in (p;, -y)
= [-m65< p, <10 GeV/c ! Prompt J/y pT' Y
5 3'55 —#-10<p_<30GeV/c  Gigbal uncertainty : 3.5 %
3 £ : CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)
x - i @ F
m " 0 Prompt J/y
255 | -
- * , i
of- ’ i 3 - :
- . ! . o [ o9
1.5m E : E
: P> Pb o | osm
Ly : = C
- : o -
r ¢ * ¢ ¢ i ¢ *t g - -
o:| L1 | L 111 | L1l | 1111 I L1111 | L1l I | | | L1l | L1111 I L1111 g 06:_ 09 < |YCM| < 15
25 2 15 14 05 0 05 1 15 A 4 15<ly_ | <1.93
y Ols_lll|||||||\|||||||\||||||II|III|I
CMS HIN PAS 14-009 CM 0 2 4 6 8 10 12 14 16

P, [GeVic]

* Clear dependence of p;: more suppression for forward in lower p-
 No strong dependence on |y|

CMS ! PN
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| Charmonia in pPb

i s
CMS Preliminary  34.6 nb” (pPb 5.02 TeV) Yield in (py, +y)

ar : RFB (pT; V) =

o) | . . j
= r—®-65<p <10 GeV/c ! Prompt J/y YIEId In (pT' Y)
>‘ | 1
O 3'5: —4-10< P, < 30 GeV/c  Global uncertainty : 3.5 %
S = ' CMS Preliminary ~ 34.6 nb™' (pPb 5.02 TeV)
3 i @ F
> - I -
m [ " T 14k Prompt J/y
25 ! C
- ' P N I
2 ’ : - !
- " ; n 0.9 ++ +
151 = i r ++ +
- p(—><€ Pb 0.8~ Larg +
1 i - €rey,
B ] - e
- : - nt acek .
C ! 0.7-6.5<p_<30GeV/c UV/ty
0.5 . ¢+ ¢ e ¢ . [ #00<ly, <09
O_IllllllI|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII 06:_._09<|VCM|<15
25 -2 15 414 05 0 05 1 15 L ®15< |ch| <193
_Illllllll|I]IIIIIIIIIIII|IIIlIIIIIIIIlIlIIIIlI[lI
CMS HIN PAS 14-009 yCM 0'50 5 10 15 ﬁ?:‘ I245 30 35 40 45 50
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* Clear dependence of event activity : more suppression for forward in
larger event activity
* No strong dependence on |y|
CMS, i
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“Rypp (T (nS))
R,pp(T(1S))

& — 0.5:| T | 1T | 17T | T T T | [ | LI | T T | T \:

| 4[CMSpPb VS, = 5.02 TeV  CMS PbPb |s,, =276 TeV . T, - CMSpp¥s-276TeV  CMSpPb {5, =502TeV

7)) - @ |y |<1.93,L=31np" T IV, [l<24,L=150ub" —’ 0.45F X X X X ]

M | : oM v 95% upper limit : ~— = ol | (28)1’] (1 S) ® (23)/] (1 S) .

E 121 PRL 109 (2012) 222301 t 045— o T(3S)T(1S) = Y(3S)T(1S) E

a i p$>4GeV/c i a 0-35;_ _;

;:: 1: £ o + Voul<193 3

— 08 + Pb i 0.25- . =

a [ P + = 3

a [ = ® ]

= 0% E I T % ppb I >

n o 0155 =

,;__' 0.4 . - + # + pPb ]

. 0.1 —

= | ] - . -

B 02 ‘# PbPb T B 0.05- : i
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Y(2S)/Y(1S) Y(3S)/Y(1S)

CMS !

Bottomonia in pPb

PRL 109 (2012) 222301

* |ndication of initial suppression in pPb
* Y(nS)/Y(1S) has clear dependence on N,,,, for pp & pPb
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“ Rypp (T (nS))

Rppy(T(15))

CMS !

- CMSpPb \/s, =502 TeV CMSPbPb s, =2.76TeV
- ® |y, /<1.93,L=31np" & Ig[<24,L=150ub" -
B V¥ 95% upper limit ]
- PRL 109 (2012) 222301

—
i

—
(S

p$ >4 GeVic 4

—
T T T

o N pPb + _

o o
o (2]
LI
| |

o
N
T

¢  PbPb -

,

[Y(nS)/Y(1S)]Ixpp / [Y(nS)/Y(1S)]pp

o
T T

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

PRL 109 (2012) 222301

Y(2S)T(1S)

0.5_\ TT

:_ pp \"SNN =276TeV pPb\s,, =502TeV
; O |yCM| <1.93 [ ] |ycM| <193 w |yCM| <24

0.35f
0.3
0.25]
0.2
0.15]
0.1F

0.05

* |ndication of initial suppression in pPb
* Y(nS)/Y(1S) has clear dependence on N, for pp & pPb & PbPb

'Dong Ho Moon

Bottomonia in pPb

TT I|
PbPb \(s,, = 2.76 TeV ]

Y(2S)

Y(1S)

nl<2.4

Ntracks
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Xe-Xe

ALICE inclusive Jiy — p'w,25<y <4 o At forward rapidity:

~ Transport model (Du and Rapp) ]

® Pb=Pb \Sy=5.02 TeV Xe-Xe (J/y: - -direct, — regenerated)_] o Axe = 129, Zint= 0.34 M b-1
® Xe-Xe \s,\=544TeV

Pb-Pb (J/y: - -direct, —regenerated) ]
e App = 208 , Lint = 225 ub-t

<<
<
X4

1.2

1

0.8}

1 Ny, = 241 + 47(stat.) + 26(syst.)
0.6k 1 e Raaresults of Xe-Xe and Pb-Pb
- agree within uncertainties
04F e
: - Similar Vsnn and(Npart) lead to
0.2 1 similar relative contributions of
ol it eia1,,11 SUPpPression/regeneration
0 50 100 150 200 250 300 350 400
ALI-DER-157319 part ><eXe’< pan>Pbe

2 HIM 2018 @ Korea University, 2018/7/3, Dongho Moon s J&



Xe-Xe

At mid-rapidity:

e Axe = 129 , ZLint = 0.25 pb-1

e Apb = 208 , Lint = 13 pb-l

o Ny, = 340 + 89(stat.) = 14(syst.)

* Raa consistent with unity within
large stat. and syst. uncertainties

LA B s s N R AL e

ALICE Pb-Pb sy, =5.02 TeV

O Inclusive Jiy — e*e, ly| < 0.8 (Preliminary)
O Inclusive Jhy — pu- 2.5 <y < 4.0 (PLB766 (2017) 212

H

ALICE Xe-Xe (s, = 5.44 TeV
B Inclusive Jiy — e*e”, |y| < 0.9 (Preliminary)
® Inclusive JAy — pipu-, 2.5 < y < 4.0 (submitted to arXiv

) co e by e b b b L
50 100 150 200 250 300 350
(N

OO
~ g
o

part

ALI-PREL-148496

P W
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ALI-PREL-14¢

CMS?g

o LB R A AL B IR R i) 1.5 T L T 1
.g‘ [ ATLAS g - ATLAS .
> 20 Pb+Pb\[s,,  =2.76 TeV S [ Pb+Pb\[sy =276 TeV 1
o} L i b} B T
-g ! I:l Expected yield fromR__ E i ]
=2 150 — Uy yield ] T 1_ |
€ G 1 E ]
10: 1 2 | _+_+ l
5 ++: o =5
5 ] I ]
[ { | L _
GF""""""""" G_...|J..|...J...1..,—
0 20 40 60 80 100 0 20 40 60 80 100

1-Centrality % 1-Centrality %

Figure 3: (left) Relative J/1 yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcon) are also shown (boxes, reflecting 1o systematic uncer-
tainties). (right) Value of Ry, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.
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* pp collisions

 Reference to understand pA and AA data C > < o
e Still ongoing to understand exact production P P
mechanism (Color Octet vs. Color Singlet)
vacuum
* PbPb collisions
* Exploring new nuclear matter known as Quark- > <
Gluon-Plasma (QGP)
e Characterize and quantify the properties of QGP Pb Hot Medium Pb
* pPb collisions
* Create Cold Nuclear Matter (CNM) ® > < .
Nucler modification of gluon PDF (nPDF) : shadowing,
saturation, CGC ... Cold Medium
* Understanding initial state effect on production P Pb

 Examine pure suppression from observation in QGP

p | HIM 2018 @ Korea University, 2018/7/3, Dongho Moon » \TX;
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Quarkonium in pp collisions

CEM (Color Evaporation Model)
CSM (Color Singlet Model)
NRQCD (Nonrelativistic QCD)

ICEM (Improved Color Evaporation Model)
[Ma, Vogt 1609.06042 ]

05} J 1 Y(2S) |
} — NLO NRQCD [26], |y] < 2.4 — NLO NRQCD [26], | < 2.4
. s B o 2 1 2 2 B a 2 1 2 . g R T ORISR CAT s SIS A NN W N SRS
20 30 40 50 60 70 20 30 40 50
P, [GeV]

» No consistency descriptions of cross section and
polarization

3 CMS: PLB, 727(2013)381
NRQCD: PRL, 110(2013)042002

Discovery

of JP

Discovery |

of Y(1S)

OlHY
OH1

UOJ1BAS|

4336
" Propose as HIC
thermometer

A
L0 1CEM

Truth



éiQCb
Qu arkoni a in pr C Olli S ion S Ferreiro et al., PRC 81(2010) 064911

Eskola et al., Eur.Phys.J. C9 (1999) 61-68
Eskola. et al., JHEP 0807 (2008) 102
Eskola et al., JHEP 0904 (2009) 065

De Florian et al., PRD69 (2004) 074028

e Cold Nuclear Matter effects s
|

 Initial state: 14 F—sap
[aN] - == EKS98
e Modification of nuclear PDF & 18 =il
. S . . g
 Gluon saturation = L0 ot
< o o ‘_; 08 _'—
* Multiple scattering of partons in the T oosE e
nucleus " 0 B
= L
o Fin l : Q—T-: 02 f— 'l’
al state . . ~ E e Anti-shadowin
* nuclear absorption (negligible at LHC 0-010,4 S

energy)
* Co-mover effect

* Break-up of quarkonium by co- Hadron ‘ — . >

moving hadrons outside of nuclear

» study via P(2S) R b chd

Ferreiro et al., Eur.Phys. J. C61 (2009) 859-864

Ferreiro et al., PLB680 (2009) 50-55
Ferreiro, ett al., PRCS1 (2010) 064911 CO‘mOVCr effeCt
| /é HIM 2018 @ Korea university, 2018/7/3, Dongho Moon 101 o4
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PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)

PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)

Q.1.6_III\|IIII|IIII|IIII‘IIII|IIII|IIII|\III|I__ ] Q_1_6IWIIIIIIIII!II‘IIIIIIIII[II!I'\IIIIIIiI
= | ™ <30Gevs + 1 PR 1
— L po < eV/c CMS | —~ Z_p <30 GeV/c CcCMS I
g—) 1 '4:_ |YTW| <24 Krouppa and Strickland _:_ E g 1'4: |VTW| <24 1
< 1.2F Py >4 GeVio —:: $z:; + - % 1.2f Pr>4Gevie T 95%CL

r e A s = . ] i 68%CL T

g A nws=8 C ] (%23 | ]
— N [ ]Duetal ] >~.l .
<, 08l 7 95% CL + = e 0.8~ 0-10% |

o o ] S [50-100% 30-50% SR
& gl N o = 0.6[- T =
—_ - = o
) - y N i 10-30% T ]
= 04 + - E 0.41 T ]
<t S 1]
CC{J) 0.2 7] g), 0'2: $ T 1 ]
t_\_’ :I L1 | L1l | | | | | I | ‘ | I | | | | | L1l | | I\r\"{l |:: ; O-I — | —1 I — ‘ ~— II ~ : ‘ . Il - : III ‘_- -
< %50 100 150 200 250 300 350 400 — 0 50 100 150 200 250 300 350 400

part Npart
D bl Rati (DR) _ [T(nS)/T(lS)]Pbe L RAA(T(HS)) Submitted to PRL
oupble Ratlo = [T(nS)/T(lS)]pp RAA(T(IS)) arXiv:1706.05984

Suppression of Y(2S) w.r.t. Y(1S) and trend looks ~flat in centrality > 40 %
* Upper limit assigned with 95% CL at most central event (0-5%)

Strong suppression of Y(3S) w.r.t. Y(1S) in all centralities

Hydrodynamic model with 3 temperatures (Krouppa at al.) describe well data within

uncertainty (4mm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)
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Double Ratio (DR) =

Complete melting of 3S

 3Syet to be seen in PbPb collisions at the LHC

HIM 2018 @ Korea University, 2018/7/3, Dongho Moon

[T(nS)/T(AS)],,  Raa(T(15))
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No strong dependence on p; and rapidity but
Possible stronger relative suppression in forward region (large stat. uncertainties) , not
expected by theoretical model

[T(nS)/T(AS)],,  Raa(T(15))
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