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Motivation

 Quarkonium production mechanisms are CDF Y(15) result
still not fully understood in p+p collisions |\ s eey:
3 Some popular models on the market: NN R
: 107 . A\ CSM +COM |
® Color Singlet Model (CSM) ; N N\ :
® Color Octet Mechanism (COM) / NRQCD [ LoCsm | -
® Color Evaporation Model (CEM) o T T T
u kT fa ctorization M. Kramer, Prog. Part. Nucl. Phys. 47, 141 (2001).
|

. . . § 60 p) CMS, PbPb,\ s = 2.76 TeV
4 Studying the suppression of quarkonium % 724 Govl, 1 <24
e p) <20 GeV/c
states in heavy-ion collisions can provide ¢ N

deep insights into the properties of QCD
and Quark-Gluon Plasma

CMS Collaboration, Phys Rev Lett 107 052302,2011
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Study QGP via J/y

O J/y suppression is one of smoking guns of QGP formation

(by T. Matsui and H. Satz PLB 178 (1986) 416)
® Color-screening: J/y dissociates in the medium

lllustration: A.Rothkopf

T=0 O<T<TC T(<T

O But, interpretation of J/y suppression is complicated
® Hot nuclear matter effects L Phys Rev. C82, 064905, (Modified)
0 Dissociation 18FAU-Au (200 AGeV) T e
1.6_—|y|<0-35 o gﬁordial .
0 Regeneration from deconfined quarks  14-0-20% " e
O Medium-induced energy loss b ]
i i MoT AT 1
Q Formation time effect 08F T :
06 - .
® Cold nuclear matter effects oapt ]
02—=e= .
. - 1 1 _‘|‘|‘.\|.\"1~-‘—1‘_J_;|L44L._
Feed-down of excited charmonium R

states and B-hadrons
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The STAR Detector

Barrel ElectroMagnetic Calorimeter (BEMC) Time Projection Chamber (TPC)
B Trigger on and identify electrons B Precise momentum and dE/dx measurements
- ® |n)<1 B |n|<1

Time of Flight (ToF)
B Particle identification

Inl <1

Heavy Flavor Tracker (HFT)

B Excellent track pointing resolution
=>» Non-prompt J/\yy measurements

B |n|<1

B Operation: 2014 - 2016

¥ Muon Telescope Detector (MTD)
B Trigger on and identify muons

B |n|<05
LS . —
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J/w & y(2S) in p+p @ 200 & 500 GeV

d Clear J/y and y(2S) signals from the dielectron and dimuon
channels

o 450F
£ 4500 € E .
§ E STAR Preliminary p+p @ 200 GeV E 400F- STAR Preliminary p+p @ 200 GeV
4000_— g - -1
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3500 E ]
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2000E" ryoece i > M = 3.087+0.003 GeV/c? -
1800/~ — unlike-sign 4<p <z cove S goo Mt o = 0.062+0.003 GeV/c? ]
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J/w Invariant Cross-Section in p+p Collisions

Precision measurement of J/y production cross-section from 0 to 14 (20)
GeV/c of p//V for p+p @ 200 (500 GeV)

Consistent with CGC+NRQCD & NLO NRQCD calculations (prompt J/y
production) for both p+p @ 200 and 500 GeV

d

d

O ICEM (direct J/y production only) seems to underestimate in the
intermediate p; region

d

The high-p; J/y follows the x;-scaling
® Broken scaling at low x; is due to soft processes

‘E T I T T T I T 1T ] L I L [ T 1T | L I T 1T [ l: o 102 EI TT l TTT I UL I TTT l UL I TTT [ TTT I LI I TTT I TTT I TTT Ig 10237— ' STAR p+p 500 GeV
2 pp B=200G8V G pp@sI0GY I e it
o —o— Runi5 |y|<0.5 (dimuon) 3 > 105_E o STAR Jiy—e'e,lyl<l, 5 O _F oo, oOF
E —m— Run12 |y|<1 (dielectron) _; 8 - (bin center) : % 10 : 3:7
= CGC+NRQCD 3 5 1= e STAR Jhy—puty, lyl<0.5;:5 S, © PHENIX
= - NLO NRQCD - = E ﬁ (mean p) 3 % 10 - IFSNRAL
'::_ ﬁ ~ | ICEM Ma & Vogt 3 /;1 0_1 L »% CGC+NRQCD N (:)_'1 oF - AL
T 102 =~ 1 3 S¢  mNLONRQCD © 10 | mas
5 N o102k A - = = % =
e 10 O 4 ~15[
% 103L =) % STAR preliminary 010"k d0(1=6.6)
= ~ e -
Q o) 3 e Ll [
3 B 1077 = X 1a12f
g’ 10_4 | ? 3 m10 i _
% 4 S>‘ B - p(n=6.6)
@ 050 810" 5 8 10%
Al 5% F
L =05 4 @ e: STAR preliminary .
10° = STAR Preliminary L'>I§ 10 = 10°p Jy(n=5.6)
E L1l | L1l | L1l ] 111 111 I 111 111 | 111 | 1 1 0—6 L 11 | 111 I 111 I I I [ I I 1 31 ‘ ‘ L1l ||
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18 20 22 8.001 0.01 0.1 1
p, [GeVic] Xr=2p_/ Vs

p_ [GeV/c]
NLO NRQCD: Ma et al., PRL106 (2011) 042002 T

CGC+NRQCD: Ma, Venugopalan, PRL113 (2014) 192301 PRC 80 (2009) 041902
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y(2S) to J/wy Ratio

 To help determine the feed-down contribution of y(2S) to J/y

 Result from STAR is consistent with other experiments for
both 200 & 500 GeV

=» No obvious collision energy dependence

0.1
0.09F —k—— STAR preliminary, p+p 200 GeV lyl<0.5
"“E —=&— STAR preliminary, p+p 500 GeV lyl<1
0.08F. —©—— PHENIX p+p 200 GeV lyl<0.35
» F —8— PHENIXp+p 200 GeV 1.2<lyl<2.2
= 0.075- HERA-B p+A(C,Ti,W) 41.6 GeV (e channel)
o) "t ——w— HERA-B p+A(C,Ti,W) 41.6 GeV (u channel)
’f 0.06 = CDF p+p, 1.8 TeV
= = i ICEM p+p 200 GeV lyl<1 Ma & Vogt
m -
N 0.05—
= -
o 0.04 = H H %
0 -
g 0.03— L l
0.02 év % *
ey YT Y
0.01E STAR Preliminary
HERA-B, EPJC49, E
545PHEN|Xm|dV,PRD85(2012)092004 o_lIlI|llIllIlIIlIIlI|lIllIIllIlIIlIIlIlIllIIIlIIlI
PHENIX forward y, PRC95 (2017) 034904 0 1 2 3 4 5 6 7 8 9 10
CDF, 1.8 TeV, PRL79 (1997) 572
ICEM, Ma & Vogt, PRD94 (2016) 114029 pT [GeV/c]

Yi Yang 2017 November 06-10 @ QWG meeting, Beijing

9/26



 Event activity = charged-particle multiplicity

J/wv Yield vs. Event Activity

O Relative J/y yield rises faster than a linear function

=» Similar global trend at different collision energies and as

for the D meson

 PYTHIA and Percolation model can qualitatively describe the
rising behavior

ALICE: JHEP 09 (2015) 148

Percolation model: Phys.Rev. C86 (2012) 034903

A 22RJII
2 5oESTAR Preliminary E
prd E_ p+p—Jhp+X 15=200 GeV _E
¥ 185 @ STAR Unfolded Mult.: JAp pT>1.5 GeV/c E
3, 16:_ ___ PYTHIA8.183: J/y p >1.5 GeV/c =
Z 14 e STAR Unfolded Mult:: Jiy p >4 GeVic -
12:_ ___ PYTHIAB.183: Jhy p, >4 GeVic =

10 E  —— Percolation model pr>0 GeV/c A

8F E

6F .

£ g ;

2F ” =
0:—-"."....|....|....|....:

0 1 2 3 4 5
Mult/<Mult>

A T T T 1 T T T T T T T T T T T T T 1
z§ z§12 - p+p collisions @ 500 GeV b
V" % STAR: Jp—utw), lyl<0.5, p,>0 GeVic E
[ % STAR: Jhy—ete, lyl<1, p,>4 GeVic ]
10 . PYTHIA8.183 default: p,>0 GeVic 7]
[ --- PYTHIA8.183 default: pT>4 GeV/c ]
8 — — Percolation model: pT>0 GeV/c —
¢~ STAR preliminary a
4 - ey -
2 T -
- o B AR data poinss ]
O ._*"_'.'— | +15% anle-sided error alongl both x- and y- diniction 4
00 1 2 3 4

Event activity

* p; > 0.2 GeV/c for tracks

—T
p+p collisions
® STAR 200 GeV: Jiyp—e'e, lyl<i, p>1.5 GeV/c
® STAR 200 GeV: Jyp—e'e, lyli, pT>4 GeV/c
[ % STAR 500 GeV: Jiy—>p'w, lyl<0.5, p. >0 GeVic
[ % STAR 500 GeV: Jy—e'e, lyl<i, p,>4 GeVic

1 T T T T [ T T T T [ T T 1T

Lol b by bya g Ly ff

[ O ALICE 7 TeV: Jy—e'e’, lyl<0.9, p_>0 GeVic
® ALICE 7 TeV: D meson, |y|<0.5, 2<p;<4 GeV/c

[ STAR preliminary %

r k= 7
- e -
C = =[io8 % - = -
- :- STAR data points E
T ke +15% one-sided error along both x- and y- direction ]
L e e o e

0 2 3 4

Event activity
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J/w Polarization Measurement

O First J/y polarization measurements in HX and CS frame from
dimuon channel in p+p collisions @ 200 GeV

 Both A4 and A, are consistent with ZERO within uncertainties

T T T T

L ] < E E
- STAR p+p@200 GeV g7, p Preliminary e STAR Preliminary
E Jy—ptu lyl<0.5 ] 3 3
0.5 =]

et

0sE
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F @ Helicity frame E E @ Collins-Soper frame E
systematic uncertainty 1 systematic uncertainty =]
y b . 1 . 1 . E
B T : ; ;
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(<9- 1 3 T T T T T ] (<9. 1 T T r T
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EJp—ptu lyl<0.5 ] E Jp—utu lyl<0.5 ]
0.5 ‘ — 0.5 ]
® | . X
S N ++ 77777777777777777777 -
05— — -0.5 - -]
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. . . . ! . 1 L
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J/w Polarization Measurement

O Consistent with the previous measurements from STAR and PHENIX

Ao + 3y

1— g
® Good cross-check on measurements performed in different frames

O Frame invariant quantity: \;,, =

> [ | ' |
o ST T T 7 & 3l STAR p+p@200 GeV E
< [ p+p—Jp+X s=200 GeV - » P ?I og  STARPreliminary "
» .. - [ — < 4
1— Helicity frame -] ' v ly ]
- l . 2 =
05 1 . ';
C i N 1 =
OF & --nc-- by 3 3 ;
B l i * « ¢ ]
- T ] 3 . =
-05— — ® * ]
- STAR Preliminary 7 s E
—1 | published: — Tt @® Helicity frame ]
: [l PHENIX Run9 data, lyl<0.35 O Jhp—e*e lyl<l (Runl12, bin center) : _ ) Collins-Soper frame _
i {‘( STAR Run! data, lyl<1 ® Jy—u'ylyl<05 (RunlS,meanp) ] [ (Points shifted for clarify) 1
_1.5 L | 1 | 1 1 1 1 _2(; 1 ] 1 | 1 ]
0 2 4 6 8 2 4 6
p, (GeV/c) p, (GeV/e)
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J/w & y(2S) in A+A & p+A @ 200 GeV

O Clear J/y and y(2S) signals in Au+Au, U+U and p+Au collisions

x10°
2 @200 G
g | STAR preliminary Au+Au 2_(1)0 ev .2 4500 |
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4000—
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Invariant Yields and Double Ratio in p+Au

O Precision measurements of J/\y invariant yield for p+Au

O First y(2S) to J/y double ratio measurement from STAR between
p+p and p+Au at midrapdity at RHIC:

1.37 +0.42(stat.) +0.19(syst.)

‘\:‘q 10_5 E T 17T T | 17T I LI | LI | T 17T ? 2
g c WSy = 200 GeV ] —
3 106 STA: A y1<05 (i - 1.8 < Au-going direction p-going direction —
15 % —— p+Au [y|<0.5 (dimuon) 3 -
— - 4 1.6 —
107 2 N E C
T E % —&— STAR d+Au (x ——2) lyl<1 3 2 -
aF - & NS 1 — 14 X
T 108 = ] A | | @ -
> 0 £  —4— PHENIX d+Au (x Neo ) 1yl<0.35° S 12F
% - N A 1 vlo — STAR Preliminary
o 0°: == = 'T; Y | o ———— S——————— N N I
N - == 1 == - e i o ot
=107 ¢ 3 S 2 0.8 -
» E 3 > > L
m C = 1 blo 0.6—

101 ¢ = — _F

= 3 0.4 + STAR p+Au |y|<0.5 0-100%
12l A — —&— PHENIX p+Au -2.2<y<-1.2 & 1.2<y<2.2
10 § STAR Preliminary § 0'2:_ :E: gﬁAEuNg..‘:@yﬂ;%;?o
10—13_1||||||||||||[|||||]|||||| L] 0_1|1111[1|1111111[11111111111111111111111111
0 2 4 6 8 10 12 14 16 =2 -15 1 -05 0 0.5 1 1.5 2
P, [GeV/c] rapidity y

PHENIX p+Au, PRC95 (2017) 034904
PHENIX d+Au, PRL111 (2013) 202301
Co-mover calculation, Ferreiro, private comm.
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Iy Roay VS. Pr
4 R, from STAR has similar trend as Ry, from PHENIX
=» With a small tension at 3.5 < p; <5 GeV/c (~ 1.40).

d The model calculation with additional nuclear absorption on
top of nuclear PDF effects can qualitatively describe the data

R NS
b $4)

2r 2r
1.8 - —+STAR RpAu ly|<0.5 0-100% STAR Preliminary 1.8 - —*STAR R,,Au ly|<0.5 0-100% STAR Preliminary
- [ STAR Global uncertainty ~ [ STAR Global uncertainty
1.6 _5 PHENIX Ry, y|<0.35 0-100% 16
1.4— [l PHENIX Global uncertainty 1.4
1.2 12F -
5 C % % 3 - DOREE ;\\*‘W.n AT
< — _ L L= - s SO X
a | SEETCIPRPRIREE STRRRE.; B || || A T TIITITTY CRTTT T a 1 7 S e r Er o FETTT TOTTTI Lo
m — _L I % %- ] m L
0.8 quN=s - ' 0.8f A
. H I L e S S il b [ e s e e oy, S, W — A ¥
[t [ % P LT _+— -
0_6 — LT ] 0-6 =
- - Rga, NCTEQ15 Lansberg & Shao
0.4 0.4 ESIR44, EPSO9NLO Lansberg & Shao
0.2F- 02f- (Z3R,, EPSOINLO Ma & Vogt
C C — Ry, nDSgl + oabs=4.2rlnb Ferreiro let al. [
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 C L 1 | L 1 L 1 | - 1 1 1 1 L L 1
% 2 3 6 8 10 % 2 a 6 8 10
p. [GeVic] EPS09+NLO: Ma & Vogt, Private comm pT [GeV/c]
T nCTEQ, EPS09+NLO: Lansberg Shao, EPJC77 (2017) 1
PHENIX, PRC87 (2012) 034903 Comp. Phys. Comm.198(2016) 238-259

Comp. Phys. Comm.184(2013) 2562-2570
Ferreriro et al., Few Body Syst.53(2012) 27
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Suppression at low p;: dissociation, Cold Nuclear Matter (CNM) effect,

J/W Ryq VS. Pt

No obvious p; dependence in R,, in 0 - 20% centrality bin
Rising Ry, With p;in 20 - 40% and 40 - 60% centrality bins

regeneration
Rising trend at high p; could be due to formation time effects, B-hadron feed-down
Strong suppression at high p; in central collisions is a clear sign of dissociation since

regeneration contribution and CNM effects are small

HAA
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J/W Rua vs. N

d RHICvs. LHC

® p; >0 GeV/c: less suppressed in central collisions at the LHC

part

Transport model:

Model I at RHIC: PLB 678 (2009) 72
Model I at LHC: PRC 89 (2014) 054911
Model Il at RHIC: PRC 82 (2010) 064905
Model Il at LHC: NPA 859 (2011) 114

=>» larger regeneration contribution due to higher charm quark cross-section

p; > 5 GeV/c: more suppressed in central collisions at the LHC

=>» larger dissociation rate due to higher medium temperature
 Data vs. transport models (dissociation + regeneration effects)
® p; >0 GeV/c: both models can describe the centrality dependence at RHIC, but

tend to overestimate suppression at LHC

® p;>5 GeV/c: there is tension among data and models

2 1.8
- P, >0GeVic STAR preliminary - ¥ STAR: Au+Au, ys, =200 GeV, |y| <0.5,p_>5 GeV/c
1.8 — ¥, WSTAR' Au+Au, VS_NN= 200 GeV |y| < 0.5 1.6 — m CMS: Pb+Pb, VS—NN =276 TeV, |y| < 2.4, pT > 6.5 GeV/c
1.60. © PHENIX: AusAu, |5, =200 GeV |y <0.35 - TransportModell —RHIC —LHC
= m ALICE: Pb+Pb, |, = 2.76 TeV |y| < 0.8 145 TransportModelll ---RHIC ---LHC
1.4~ Transport Model| — RHIC LHC C STAR preliminary
- TransportModelll ---pHic  Lic  Pr> 0 GeV/c 12 ’ ‘
g e
oc - o -
9- 1:._ ................................................................................................... ;- C
S F 5 08
0.8] % - pr > 5 GeV/c
- t 0.6—
0.6 EE e N T T e T
0.4 0.4:—
020 ) 0.2 .
<k STAR N__, uncertainty C STAR N__, uncertainty
T I A A A R A BN A A A A BN A A A N BT R N PN T T N RN U (NS TN T T S S N ST T A S NN SN AN A
Oo 50 100 150 200 250 300 350 00 50 100 150 200 250 300 350
N
ALICE : PLB 734 (2014) 314 Npart part
PHENIX : PRL 98 (2007) 232301 CMSs: JHEP 05 (2012} 063
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J/y Elliptic Flow (v,)

STAR Run10, PRL 111 (2013) 052301
L. Yan, P. Zhuang, and N. Xu, PRL 97 (2006) 232301

I Two main production mechanisms for _]/\V V. Greco, C.M. Ko, and R. Rapp, PLB 595 (2004) 202

X. Zhao and R. Rapp, arXiv: 0806.1239
Y. Liu, N. Xu and P. Zhuang, NPA 834 (2010) 317

® Primordial at low p;: close to zero v, U.W. Helnz and C. Shen, (private communication)
® Regenerated: inherit v, from constituent charm quarks

d The first measurement of J/y v, in U+U collisions
=>» U+U and Au+Au results are consistent within uncertainties.

O For p; above 2 GeV/c, v, is consistent with zero

=>» Contribution of regenerated J/v is likely small (need more statistics)

0.25 N T :
0.2 ~ Au+Au 200 GeV 0-80 % ® STAR J/y—e'e Run10+11 > e Jiy v,, Au+Au @ 200 GeV 0-80%
= ~ - o Jhy v, U+U @ 193 GeV 0-80%
015 0.2
0.1 d A
0.05 : T
3 E 0-1 L T -~ +
e : ? }L
0.05 = [] maximum non-flow STAR preliminary n I N,
NV E _— C *
- initially produced 0OF
' 2L Sp—— coalescence from thermalized ct r T
045 T initial + coalescence - :
R Ln;g;é;y%c;?:‘ei:cence o i [C]Au+Au non-flow e*timatio}n
- C11 l 1111 l 1111 111 | 1111 l 1 1 1 1 l 111 1 I 1111 l 1111 l 1 1 1 1 L —— 1 S e S
02 e e s e 7 8 9 10 0o 1 2 4 5 6 7 8
p, (GeV/c) p, (GeV/c)

Yi Yang 2017 November 06-10 @ QWG meeting, Beijing 18 /26



Extract Non-prompt J/\w Fraction

[ Fit the distribution of the
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o 5000 -e- Unlike-Sign ] 9 ‘0 i ]
length with templates to k.: oo ERA
*t‘*"'t* ] L%) F
extract non-prompt J/yy oo ferre ] 1T
f . 2000F- has SO *:ﬂ 107 .
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Non-prompt J/y Fraction and R,,

B=J/Y Data -
0 RB—)J/'I,D_ fAu+Au( ) Rznc.J/w(Data)

ff +ZJ/ v (Theory) Aad

( Observe strong suppression of B > J/y at high p; (> 5 GeV/c)
 Consistent with inclusive D° R,
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O Precision measurements of Y (15+25+3S)

production cross-sections from 0 to 10 GeV/c :

of p;'

O Consistent with CEM prediction

O o(15+25+35) = 87 + 5(stat.) + 8(syst.) pb for p+p

Y in p+p @ 200 & 500 GeV

s
© 350
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250N
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150}

¢ N
N, ,+N_.
CB + DY + bb + Y(1S+25+3S)

E STAR p+p @ 500 GeV
L ~ 22 pb’ ¢

FSTAR Preliminary A

CB + Drell-Yan + bb

Comb. Background (CB)
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Y(1S) = 544 + 34
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Y in p+Au @ 200 GeV

d R, =0.82 + 0.10 (stat.) *%% ; ,; (syst.) £+0.10 (global)
=» Quantify CNM effects
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Y in Au+Au @ 200 GeV

[ Clear Y/(1S, 2S5, 3S) signals in Au+Au collisions
=>» First Y(1S, 2S, 3S) - utu signal from STAR

Y 2 e'e Y 2 utw
~ F T e [ o .
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€ so- L~1.1nb" — Y(1S): 96+ 16 = —Combined Fit Y(1S) Yield 156.7 + 23.5
z [ cent.0-60% —— Y(28+38): 17+ 13 300 — —FittoLS Y(25+3S)/Y(1S) 0.375 + 0.132
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Y R,,vs. N

art

O Stronger suppression in central collisions in both RHIC and LHC

O Y(2S+3S) is more suppressed than Y (1S), in central collisions

=» Sequential melting
O RHIC vs. LHC:

® Y (1S): similar suppression as the CMS measurement
B Y (25+3S): hint of less suppression at RHIC than at LHC
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Y Ry, vs. Models

W0 0-60% 10.30% 0-10% O WBS (Weakly Binding Scenario):

I . . . .
1217 L% STAR AutAu@200 GeV lyl<0.5 o Slow dissociation-potential
I ¥ STAR p+Au@200 GeV lyl<0.5

based on free energy
O SBS (Strongly Binding Scenario):

o Fast dissociation-potential
based on internal energy
4 My, BN
_ g o§é& - :
ol ///////////////////////////// Emerick, Zhao, Rapp:
dand L (@) Y(1S+2843S) Includes CNM, SBS case
Strickland, Bazov: ; : : : : : : :
NO CNM ‘h\ 7. Strickland WBS Rapp SBS // EP'I A48 (2012) 72
7o [ __ \\\ Strickland SBS e Liu-Chen
no regeneration  * 1~ Data seem to favor SBS scenario
NPA 879 (2012) 25 |
= | /// | — Liu, Chen, Xu, Zhuang:
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//////////////// suppression of ground state due
i (b) Y(AS) STAR N, uncertainty to feed- dOWﬂ, SBS.
o .. PLB 697 (2011) 32
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Summary
d J/\V production in p+p, Au+Au, p+Au and U+U

Inclusive J/y production cross-sections for p+p @ 200 and 500 GeV can be
described by CGC + NRQCD and NLO NRQCD predictions for prompt J/y
production, while ICEM for direct J/y production underestimates the data in
the intermediate p; region

® J/yyield vs. N, in p+p increases faster than a linear function
® Both A4 and Ay for J/y in p+p are consistent with 0 in HX and CS frames

" J/y Ry, can be described by the model calculation with additional nuclear
absorptlon on top of nuclear PDF effects

" J/y v, in U+U and Au+Au collisions are consistent within uncertainties

" The first measurements of non-prompt J/y in Au+Au from STAR: strong
suppression of B > J/y at high p; (> 5 GeV/c)

Q Y production in p+p, Au+Au and p+Au
® Y(1S+2S5+3S) production cross-section in p+p consistent with CEM prediction
® R,, measurement indicates sequential melting in bottomonium system
® Data seem to favor the models with Strongly Binding Scenario
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