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Ma & Venugopalan,
PRL 113, 192301 (2014)

Color Glass Condensate
effective theory at low pr

Reasonable agreement between data and
NRQCD models for 0 < pr < 30 GeV/c

July 26-31, 2015

Quy Nhon, Vietnam

3



do/dp_ x Br(u'u") [pb/GeV]

Y in pp

CMS, arXiv: 1501.07750 4.9 fb™" (7 TeV
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STAR, PLB 735, 127 (2014)
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Non-Linear Heavy-Quark Yields in pp
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= Stronger rises of the Y yields vs. event activity

— Common to both open and closed beauty at RHIC and LHC
— Similar trend observed for D and J /1 at RHIC and LHC
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— Multi-parton interaction/Percolation model with string screening ...
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Polarization in pp
Different polarization at RHIC and LHC

— Decreasing with pr for J /i at RHIC
— No significant dependences on pr, v,
flavor at LHC

Pre-resonant QQ pairs dominantly

produced in color octet state, 15,

[8]

— QQ pair radiates or absorbs soft gluons

to form color-neutral quarkonium:

Interaction with surroundings

HX frame

v(nS)

P. Faccioli et al.,
PLB 736, 98 (2014)
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R, (0-100%)

Inclusive J /Y in pA

£ p-Pb ys,,=5.02 TeV

= ALICE (JHEP 02 (2014) 073): inclusive Jiy—p*y, 0<p <15 GeV/c
Lim (-4.46<y__<-206)=5.8nb" L (2.03<y  <3. 53)_50nb'
ALICE (ar)(lv 1503 07179): |nc|uswe Ja’q!% e pT>0

Ly (-1.37<y _<0.43)=51 pb"

global uncertainty = 3.4%

- |:| EPSOQ NLO + ELoss, q,=0.055 GeVz!lm (Arleo et al.)
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pPb @ /Syy=5.02 TeV, 0-100%
ALICE, JHEP 02, 073 (2014)

< Backward data agree with nPDF
and/or energy loss models.

< Forward data: energy loss essential,
but CGC overestimates suppression.

dAu @ +/Syy=200 GeV, 0-100%
PHENIX, PRL 107, 142301 (2011)

< Agree with nPDF and g3, =4 mb
[Eskola et al., JHEP 04, 065 (2009)]

& Cf., the same model fails to
reproduce R p.




Inclusive J /Y in pA

[ ALICE. p-Pb {5y, = 5.02 TeV S
[ inclusive Jiy—p*p T
__ '4-46“:}""“

5~:-2.9(:‘| .

oo Backward
0.4
r EPS09 NLO (Vogt)
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|:| EPS09 NLO + ELoss with g =0.055 GeV3fm (Arleo et al.)
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ALICE, JHEP 02, 073 (2014)
JHEP 06, 055 (2015)
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ALICE, p-Pb s,
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A.37<y__
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Midrapidity

EPS09 NLO (Vogt)

fiting CGC (Fujii et al.)

|:| Eloss with q°=U.IJT5 GeVifm {Arleo et al.)

|:| EPSIIJQ MNLO + Eloss \Tith qn=0.055 Ge\.l'lz.-'fm (Arleo et al.)
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" R,pp increases with pr for

whole rapidity region.

= nPDF and energy loss effects

fail to reproduce the forward
data at low pr.
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ALICE
o .

Inclusive J /Y in pA

Backward
| L L L L L
p-Pb isw =5.02 TeV, inclusive Jiw

1oL * -4_46<:ycmsc=-2_96, Pb-going direction

[

ALICE, arXiv:1506.08808
Midrapidity

Forward

« -1 .3?<ycms<:[]_43, p-going direction

. 2_03<ycms<13.53, p-going direction

el 77777 7 I IIIE

[=5]Eloss (Arleo et al.)
[ZACEM + EPS09 NLO (Mogt et al.)

= : EPS09 LO no comovers (Ferreira)
0.6

= EPS09 LO + comovers (Ferreiro)
I L L L I L '] L I L L

(R R S A O
{Ncoll )
J/,i Nppb L :
Qopb = T\ Jwmut= With [ the event class determined by ZN energy
<Tpr>Upp

* Backward data: Q,pp~1 in peripheral events, and increases with centrality.
" Midrapidity and forward data: Suppression of Q,p}, increases with centrality.

= Coherent energy loss and shadowing models with comovers underestimate
(ppp at backward region in central collisions.
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Prompt & Non-Prompt J /Y in pA
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pr Broadening of J /Y in pA

5| PP (S = 5.02 TeV, inclusive Jiy, 0<p, <15 GeVic 1 ALICE, arXiv:1506.08808

® ALICE, 2.03<y, <8.53, p-going direction

Mult. scattering (Kang et al.)

] Eloss (Arleo et al.)

® ALICE, -4.46<y, <-2.96, Pb-going direction <

e Multiple scattering model:
Kang et al., PRD 77, 114027
(2008), PLB 721, 277 (2013)

* Eloss model: Arleo et al.,
JHEP 1305, 155 (2013)

3

Mult. scattering (Kang et al.)

i Eloss (Arleo et al.)

= The pr distribution is harder
— in pPb than that in pp in forward as well as backward rapidities.
— in forward than that in backward in all centralities.
= Multiple scattering model reproduces the forward and backward data.

= Coherent energy loss model overestimates A(p%) at forward region.
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R, of J/4 and P (2S)

W. Brooks, HP2015 (ATLAS-CONF-2015-023) Prompt 1(25): Rpa > 1 for low (Npare)
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(2S) in pA

ALICE, arXiv:1405.3796
PHENIX, dAu, PRL 111, 202301 (2013)
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Y in pPb

[T(nS)

T(19) |pPb _

[T(TLS)]
T(1S)1pp

Rypy (T (15))

 Ryp(T(19))

— 0.5

- CMS pPb s, =5.02 TeV CMS PbPb |5, =276 TeV 1

® |y |<193L=31 nb’

_— -1_
Vol <24 L=150 pb~

95% upper limit ]
PRL 109 (2012) 222301—

pi >4 GeVic -

{%

.

,

Y(2S)/r(1S)

Y(3S)/Y(1S)

CMS, JHEP 04, 103 (2014)
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0.2 E

0.15F E
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T
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for PbPb than for pPb

that of Y(2S) in pPb

= Suppression is significantly larger

= Suppression of Y(3S5) is larger than
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Y(1S) in pPb

ALICE p-Pb |s,, = 5.02 TeV

o
ald . B
o Ly (-446<y <-2.96)=58nb", L, (203<y__ <353)=50nb

1.2
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0.8f7

ALICE, PLB 740, 105 (2015)

= Smaller R,p), (More suppression)
for Y(1S) than for J /Y at
backward rapidities

= Fair agreement between the data

0.6 . .
and the various model calculations
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“E e nousive o, p >0 " Need differential analysis with
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]/II) in AUAU @ RHIC Energy dependence

PHENIX, PRC 86, 064901 (2012)
Model: Zhao & Rapp, PRC 82, 064905 (2010)

Midrapidity vs. forward rapidity
PHENIX, PRC 84, 054912 (2011)

Model: Zhao & Rapp, EPJC 62, 109 (2009) [ Theory B 200GeV

- 2°°GG3V Global sys.=+ 9.2%
- S I L U I ggezv o 62.4 GeV PHENIX data/Our estimate
14 m 2004 Au+Au, |y|<0.35, global sys. =+ 12% Global sys.= + 29.4%

® 2007 Au+Au, 1.2<|y|<2.2, global sys. =+9.2%
------ Zhao & Rapp CNM
---Zhao & Rapp Direct

A 39 GeV PHENIX data/FNAL data
Global sys.=+ 19%
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by "ay S lEfrrEssmsadia.
RRLTION TERriiiiiizzzazzse
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III|III|III|I III|III|III|III|III|III|III|I

0.2 L T
C PR R A AL LL AL L WA o -.-r!-‘=‘=’=’"":=:="="="=1=:=:=:=:=:=:=:=r=r=:=1=
2 :Lrl‘-!“l ! ! l l l llll 10-2||f-||||a‘f‘|“\-||.|||||||\|||\||||||||||||||||
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o 14 Npan
2. 12F
8= = global sys. =+ 10.7%
o A ]
PR E , -
5 oo b ; H'} E  Very little, if any, energy dependence
93 g 9 3‘] [@ 3 & Stronger suppression at forward
O M0 TR0 200 0 %0 4;’0 rapidity than that at midrapidity
pa
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J/W in AA @ RHIC

Jhy—uu

—_

=

—_ H

~ "
T T T T

=200 GeV (gl. sys. 7.1%) 1
0 —2.2<y<-1.2 |

Sy =200 GeV (gl. sys. 9.2%) i

Nuclear Modification Factor, R

—

1 | 1
300
Number of Participants

200

—

o

Jhy—uu
Forward: 1.2<y<2.2
Backward: —2.2<y<—1.2

=

|
e CutAu

—CNM Calculation
More suppression

T ! T

|.q;f——'|

=
oo

Ratio: Forward/Backward

I | I I IT

More recombination
in Au-going side -

150
Number of Participants

200

PHENIX, PRC 90, 064908 (2014)

PHENIX strategy: Changing the
relative contribution of cold
and hot nuclear matter effects
by varying the system size.

Au-going direction = AuAu
Cu-going side more suppressed

CNM model with EPS09 & 4 mb
effective cross section for all
rapidities gives right F/B ratio.
[Nagle et al., PRC 84, 044911 (2011)]

Hot matter effect is greater in
Au-going side as the particle
multiplicity is <20% higher.
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Inclusive J /¢ in PbP

1.4
é Inclusive Jly — p*, Pb-Pb \s,,=2.76 TeV, Au-Au l,||'s_NN=D 2 TeV
Et 1.2 I_I B ALICE, 25=<y<4, P <8 GeVic global syst.=+ 15%
I o PHENIX, 1.2<]y|- 22 p_>0 GeVic global syst=+ 9.2%
[
1 _________
. =i,|[ ALICE, arXiv:1506.08804
0.8p """I PHENIX, PRC 84, 054912 (2011)
=
0.2 N E @ @ [:] Eﬂ
O_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 40
(N )
14
Eté [ Inclusive Jlw — p*u, Pb-Pb V5uy = 2.76 TeV and Au-Au s =02 TeV
1.2 B ALCE, 25<<4, 0-20% global syst.= = 8%
[+ PHENIX, 1.2<ly[<2.2,0-20% global syst. =+ 10%
1 L e e oo emeo Ceemenoemeamen eemesmemememes Ceememeoeeatenmomeeeatemmeee seateomeeemeonmmeeemeoneenen emeee
' - um Primordial Jhy (TM1)

=== Regenerated J/y (TM1)
=« Primordial Jay — (TM2)
=:= Regeneration J/y (TM2)

TM1: Zhao et al.,
TM2: Zhou et al.,

NPA 859, 114 (2011)
PRC 89, 054911 (2014)

14
Eﬁé E Inclusive Jhy — p*w, Pb-Pb 'h.'s_NN= 2.76 TeV
1-2m m ALICE, 25<y<4, p_<8 GeVic global syst = + 15%
1
08 }M T NPT L L L
B /’////// T
0.6 %////é 7 %/ 7
0.4 - T, ‘//// ///_/////////
N . R et
T E:j ALICE, arXiv:1504.07151
0050100 150 200 250 300 350 400
N,
N ALICE R, 4 constant for (N. ( part) >70
M Models with shadowing and

regeneration can reasonably
describe the data.

< The rise towards pr = 0 is due to
the dominant regeneration
component.
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Inclusive J /Y in PbPb
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o

J/W in PbPb

CMS, PAS HIN-12-014

I e e e e e |||| L L Bt B B T[T T[T T[T T[T T[T T[T I [T T[T T[T T ITTT1T
14l CMS Prc=_\I|m||r1|a1r*_\.*| ! | | J 44 C éPrellmlnary - 14 CMS Prelimina J
F PbPby[sy = 2.76 TeV 1 't PbPb\/sy, = 2.76 TeV 1 F PbPb\/sy, = 2.76 TeV ]
12p 4 12F — 12F -
- |yl<2.4 1k 1§ ]
1 1 1
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0-8__+ o 08 Prompt ]/l/) 7 08¢ PromptJiy
I ] C 1 F ]
06— ~ 1/5_ 06 - 06~ _]
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- I 1 T L AR 1 F s ] i
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T No need for regenerations at high DT 8m§ \ %% WHDG HeM.etal. X Djordjevic M. et al
. s AdS/CFT = = Uphoff J. et al.
7 Rjis(B) > Ry4(D): Mass ordering =5, ‘
predicted by dead cone effect
= Collisional dissociation and gluon 0.5 = SRR
radiation ————
1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | | 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1
0 5 10 15 20 25 30

July 26-31, 2015 p_(GeV/c)

ISI LO'VOST:AIXJe IV



(=%
'_'ﬂ_
=
z
g
=
=
L -
¢ 2- CMS, PRL 113,
g
Z_h
~—
3
=
=

Y(2S) in Pbe

®3< pT =30 GEVIICI 16 < |y| =24
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—95% CL
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- 262301 (2014)

3-CMS PbPb & pp sy = 2.76 TeV
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Npar‘c
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y0880"90ST:AIXJE ‘IIITV
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< | CMS Preliminary 3
O L

G [pp Vs=276TeV ]
S 100 =281 00" o=(51=1) Mevic? |
3 ; e data B
@ 4 total fit

% | ] backg[qgnd

4

1]

PbPb fit

o b b Ly a1 PN BRI
26 28 3 32 34 36 38 4 42

A.](]A;\I\ll\ll\\ll\l\ll\ll\\Il\ll‘l\l?
L £ cMs Preliminary E
& lpp s=276Tev

3_ 10° E Ly =231 nb’ o =(32 = 1) MeVic? 3
8 & ® daia 3
-~ %% total fit

% 102 ==1 background

@ PbPb fit

10

4.2

| L1 | L1l | | I L1 L1 1
32 34 36 38 4
m,, (GeVic?)

For 3 < pr <30 GeV/c
in1.6<|y|<2.4,

Ry (2s) in central
(20%) PbPbis ~ 5
times larger than
that in pp with larger
systematic error.

For 6.5<p;<30 GeV/c
in |y| < 1.6, Rl/)(ZS) in
central (20%) PbPb is
~2 times smaller than
that in pp.

" Indication of y(2S) being less suppressed
than J/i (<20 effect) at low pr in the
most central events: ALICE needs more
J /Y statistics during LHC Run-2.
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Y(nS) in PbPb

PbPb 166 ub™, pp 5.4 pb™

szN =276 TeV

PbPb 166 ub™, pp 5.4 pb’

\Syn = 2.76 TeV

CMS, HIN-15-001 (X20 more pp sample, etc.)
Old data: PRL 109, 222301 (2012)

PbPb 166 ub™", pp 5.4 pb™
1.4

|8y = 2.76 TeV
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Comparison of Y(nS) in AA

STAR (Au+Au), PLB 735, 127 (2014)

CMS, PRL 109, 222301 (2012) STAR (U+U), R. Vertesi, HP2015
2 2
Y (1S+2S+3S) |y|<1 r(1S) |y<1|
1.8 @ U+UY5,,=193 GeV W AU+AU |, =200 GeV 1.8 @ U+U {5 =193 GeV B Au+Au s, =200 GeV]
16 :E:Sst:?+:nbc§:at::;v e DE:ESN:::;:;;:G s 1.6 +CMS m=2_76 TeV |Y|(2‘4 . p*p stat. uncertaimy
14 .common norm. syst. DPHENIX normalization 1.4 DCMS normalization . common norm. SySt'
12 1.2

il + ................................ + ................................................................. 1 I}

III|III|II\|III|III!III|III[III|III|III

-
—]llll]l|Il][lll}ll][\ll][\ll]IIII][|II]

0-8 | H
oL o B o *
\ s ol o+ .l

0.4 - $ 0.4 ad
0.2 0.2 I

STAR preliminary STAR preliminary

| T T NN N A TN NN SO M N TN MR A N N NN NN A N N A T NN RN TR NN TN N TN NN S T AN TN NN TN TN (NN TN TN SR T NN N NN
0 0 100 200 300 400 0 0 100 200 300 400

= Suppressions are compatible between RHIC and LHC
at the most central collisions.
= Centrality dependence is weaker at LHC

R. Vertesi for STAR @ HP2015
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. ALICE, PLB 738, 361 (2014)
Y(1S) in PbPb CMS old data, PRL 109, 222301 (2012)
141 141
o b ALICE: Pb-Pb /s =2.76 TeV, L, = 69 ub" ~ - e ALICE: Pb-Pb |5, =276 TeV, L,, =69 ub’
' = Inclusive Y(18), 2.5 <y <4, p_> 0 1 '2:_ Inclusive Y(1S), 25 <y <4,p_>0
e I 1
08 A. Emerick et al., EPJ A48 (2012) 72 :
r [ Total [] Primordial == Regenerated 0'8:_
0.6 0.6
0.4:— 0_4:_
C : _ _ M. Strickland, arXiv:l1207.5_327
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14 — : , < 14 — , ,
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P e e e e 1
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Summary

1. pp

- Currently,l{/lp and Y data are available from p=0 GeV/c at RHIC and
LHC, which provide good references to understand pA and AA data.

— Non-linear increasing trend of quarkonium yields for highly active
events and polarization are yet need to be understood.

2. pA
— Quarkonium yields of prompt & non-prompt / /1 and Y(15) are
suppressed at forwaroF(smaII X) region witE\ an exception 01>Y at RHIC.

— Rypps for prompt y(25) and non-prompt J /1 are enhanced in some
specific centrality ranges.

— pr broadening of J /1 is larger at forward rapidities.

3. AA

— Systematic study of CNM and HNM effects using asymmetric AA
collision systems has been started by PHENIX.

— Regeneration component is necessary to describe the low-p; data.

— Less suppression of 1/)(25? relative to J /Y for the most central events
was observed by CMS: ALICE can give only upper limit at the moment.

— Sequential suppression of Y family was observed.

— Y suppressions are compatible between RHIC and LHC at the most
central collisions.

— Centrality dependence of Y suppression is weaker at LHC.
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Non-Linear Charm-Quark Yields in pp

ALICE: arXiv: 1505.00664

"ALICE, pp fs = 7 TeV

+ Average D" ,D", D* meson |y]<0.5, 2< P <4 GeV/c
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ags + 6% unc. on (dN/dn) { {dN/dn) not shown _| + 6% unc. on (dNidn) / {dNidn) not shown _|

‘_-lil|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII .4_‘.‘!||||||||||||||||||||||||||||||||||||||||
04F B fraction hypothesis: x 1/2 (2) at low (high) multiplicity 04 B fraction hypothesis: = 1/2 (2) at low (high) multiplicity

B feed-down unc.
B feed-down unc.

TR TS
(dN/dn) / (AN _/chn)

4 5 8 7 8
(dN/dn) / (dN_/dn

= w1

= /| /1 and D show similar non-linear behavior at LHC.
= STAR shows similar rising trend at RHIC (R. Ma @ HP2015)
= Universal behavior?
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ALICE, arXiv:1405.3796
PHENIX, dAu, PRL 111, 202301 (2013)
Ferreioro, arXiv:1411.0549

I1I|III|I

d+AU |/5,,,=200 GeV

e
lyl<0.35

Shadowing and coherent energy loss cannot explain the difference

between J /Y and Y (25).

Final state effect due to scattering of cc with comovers?

— Effect should be larger for more loosely bound y(25)

— Effect should be larger in backward direction with higher comover density
Comover interaction with EPS09 agrees with the ALICE and RHIC data.
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