Theory curves for J/psi in pPb
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Interesting talks in SQM

https://indico-new.jinr.ru/conferenceTimeTable.py?confld=34#20150706

Heavy quarkonia from lattice QCD by Rothkopf
J/psi and psi' suppression in pA collisions by Lansberg

J/psi and psi(2S) measurements in pp collisions at 200,
500GeV with the STAR experiment by Trzeciak
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J/psi polarization in STAR 500GeV pp

Non-zero polarization at high X;

J/¥ polarization in p+p 500 GeV

Ae parameter in HX frame

—

data vs NLO NRQCD

prediction for prompt J/y
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< 0.8;""p 2IVEX X STaR uy 500 Gev, Iyt —i 0.8§p+p DdyeX STAR Jiy 500 GeV, lyict —i
o.6[-helicity frame  x  grap 1y 200 Gev, Iyjet 3 0.6[-helicity frame Y ' =
0.4 i " PHENIXJiy 200 GeV, [y}<035 0.4 7777 NLONRQCD, prompt Jiy E
02f5. .y = 0.2F A
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P, (GeV/c) P, (GeV/c)
» Similar trend observed in 500 and 200 GeV p+p collisions
~ Measurement extended to higher p.range, 5 < pr < 16 GeV/c
~ Data can help to constrain color-octet Long-Distance Matrix
Elements
NLO NRQCD:

Phys. Rev. Lett. 108 {(2012) 242004, Phys.Rev. D90 (2014) 1, 014002, Phys.Rev.Lett 112
(2014) 18, JHEP 1505 (2015) 103
And private communication

July 10, 2015 Barbara Trzeciak, SQM 2015 15

17-Jul-15 Yongsun Kim

Chis,



J/psi polarization in STAR 500GeV pp

* Non-zero polarization at high X,

Ae parameter in HX frame
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STAR Preliminary
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0.6f-helicity frame e  CDF 1960 GeV, |y|<0.8 =
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= o ALICE 7000 GeV, 2.5<y<4 -

0.2 - ; =]
0%1 oA e ST U USRS _:
-0.2f . , =
-0.4f% " ¥y oo —
-0.6% - _.. i H :

»~ Common trend towards strong negative values with
increasing X,

* X;=0.02in 5TeV PbPb = 50GeV. Doable analysis!
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Lansberg’s talk

.4569v2 [hep-ph] 8 Aug 2013

Impact of the Nuclear Modification of the Gluon Densities on J/y production in pPb collisions at
VSNN =5TeV

E. G. Ferreiro®, F. Fleuret®, J.P. Lansberg®, A. Rakotozafindrabe?
¢ Departamento de Fisica de Particulas, Universidade de Santiago de Compostela, 15782 Santiago de Compostela, Spain
®Laboratoire Leprince Ringuet, Ecole polytechnique, CNRS/IN2P3, 91128 Palaiseau, France
“IPNO, Université Paris-Sud, CNRS/IN2P3, F-91406, Orsay, France
“IRFU/SPhN, CEA Saclay, 91191 Gif-sur-Yvette Cedex, France

We update our previous studies of nuclear-matter effects on J/¢ production in proton-nucleus for the recent

LHC pPb runs at y/syy = 5 TeV._We have analysed the effects of the modification of the gluon PDFs in nucleus,
using an exact kinematics for a 2 — 2 process, namely g + g — J/¢ + g as expected from LO pQCD. This

allows us to constrain the transverse-momentum while computing the nuclear modification factor for different

rapidities, unlike with the usual simplified kinematics. Owing to the absence of measurement in pp collisions at
the same +/syy and owing to the expected significant uncertainties in yield interpolations which would hinder
definite interpretations of nuclear modification factor —R ,;,—, we have derived forward-to-backward and central-
to-peripheral yield ratios in which the unknown proton-proton yield cancel. These have been computed without
and with a transverse-momentum cut, e.g. to comply with the ATLAS and CMS constraints in the central-

rapidity region.

Introduction.— In this brief report, we proceed to an up-
date of our earlier studies [1] of the nuclear-matter effects
on the production of J/¢ in proton-nucleus at RHIC for the
LHC experimental conditions. In these previous studies, we
have indeed shown that the way to accurately evaluate the par-
ton kinematics —and thus the nuclear shadowing— depends on
the J/¢ partonic-production mechanism. Doing so, we could
go beyond other J/y-production studies in pA collisions [2]
in which it was assumed that the c¢ pair was produced by a
2 — 1 partonic process where the colliding gluons necessarily
carried intrinsic transverse momentum ky, entirely transferred
to the quarkonium final state.

Our earlier works —as well as this update— account for a
kinematics corresponding to a 2 — 2 partonic process for J/¢

17-Jul-15

We therefore present here our results for proton-lead colli-
sions at 5 TeV. We have studied the effect nuclear modification
of the gluon PDFs on the J/¥ yield and as illustration of possi-
ble additional effects that of the so-called effective absorption
~the break-up of the pre-resonant pair along its way off the
lead nucleus—.

Other phenomena as such the Cronin effect, coherent power
corrections and nuclear-matter-induced energy loss may also
be at work. The latter effect is the subject of recent active
activities [16, 17] whose conclusions may seem contradictory.
As such and since this work has only as ambition to provide
updated predictions at LHC energies based on [1], we have
not considered these effects.
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FIG. 2: (Color online) Illustration of the uncertainties in the predic-
tion of the J/¢ nuclear modification factor in pPb collisions, R, at
vswy = 5TeV vs. y. (a) effect of the unknown factorisation scale
taken to be (0.75, 1,2) X m;, (b) central curves from EPS09 at LO
and NLO, (c) extremal curves from EPS09 compared to nDSg (same
color code as in Fig. 1), (d) effect of the unknown effective ¢¢ break

up cross section for 1, = R,.
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(a) EPS09 LO scale uncertainty (b) EPS09 LO vs. EPS09 NLO
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(c) EPS09 vs. nDSg (d) EPS09 LO with o,

FIG. 2: (Color online) Illustration of the uncertainties in the predic-
tion of the J/¢ nuclear modification factor in pPb collisions, R, at

Vsyy = 5TeV vs. y. (a) effect of the unknown factorisation scale
taken to be (0.75,1,2) X m,, (b) central curves from EPS09 at LO
and NLO, (c) extremal curves from EPS09 compared to nDSg (same
color code as in Fig. 1), (d) effect of the unknown effective ¢¢ break
up cross section for 17 > Rp,.

Yongsun Kim

Cis,/
7 ;é



LO Prediction in R, pT>6GeV
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(c) Rgg for Py > 6 GeV: EPSO9LO  (d) Rgg scale uncertainty
vs. nDSg for Py > 6GeV
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LO Prediction in R, pT>6GeV

CMS Preliminary ~ 34.6 nb” (pPb 5.02 TeV)
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Centrality dependence in ALICE and ATLAS
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CERN-PH-EP-2015-158
June 26 2015

Centrality dependence of inclusive J/y production
in p—Pb collisions at /sny = 5.02 TeV

ALICE Collaboration®

Abstract

We present a measurement of inclusive J/y production in p—Pb collisions at /SNy = 5.02 TeV as a
function of the centrality of the collision, as estimated from the energy deposited in the Zero Degree
Calorimeters. The measurement is performed with the ALICE detector down to zero transverse
momentum, pr, in the backward (—4.46 < yems < —2.96) and forward (2.03 < yems < 3.53) rapidity
intervals in the dimuon decay channel and in the mid-rapidity region (—1.37 < yoms < 0.43) in the
diclectron decay channel. The backward and forward rapidity intervals correspond to the Pb-going
and p-going direction, respectively. The pr-differential J/ y production cross section at backward and
forward rapidity is measured for several centrality classes, together with the corresponding average
pr and p3T values. The nuclear modification factor, Qppy, is presented as a function of centrality
for the three rapidity intervals, and, additionally, at backward and forward rapidity, as a function of
pr for several centrality classes. At mid- and forward rapidity, the J/y yield is suppressed up to
40% compared to that in pp interactions scaled by the number of binary collisions. The degree of

8vl [nucl-ex] 29 Jun 2015
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ATLAS result and interpolation
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Interpolation in CMS seems to be
very hard due to limited manpower.
Maybe RCP
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RCP
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Modification of polarization can be
thought of as the signal of interaction
exerted during the formation of Q0
bound state =» final state effect

Polarization of Y states propagates to
the anisotropic angular distribution of

the decayed muons

2 , frame independent variable, was
used to quantify the distribution shape

Dependence on particle multiplicity in
p+p collisions was investigated to find
the correlation with surrounding

hadrons

17-Jul-15
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Polarization of Y in p+p at 7TeV

' CMS pp Vs=7TevL=dof6" § .. ... 1
L Preliminary '
¢¢¢*g """ + """"" $+$°£’JF """ +++r """"""""
.- 10-15 GeV
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'- oy 15-35 GeV
- ¢ PX +|
5‘"‘,5“;;"‘45"‘#?""#, """ 45 """" S +I """""" *F """ 'iL """
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Nch Nch Nch
Y polarizations were shown to remain near the unpolarized limit, with no
significant dependence on particle multiplicity

The result excludes the case of intense modification of quarkonium
production processes by underlying events
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CMS measured the double

differential cross-section of J/{s

Non-prompt J/ (from B

meson) are separated using

decay length recognition

17-Jul-15

J/W in p+Pb

34.6 nb” (pPb 5.02 TeV)
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV) 15 O M
g | 7 NN ~_ motion
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* Gluon distribution directly reflects to (p;, y) distribution of prompt J/{s

* Modification of PDF can be probed by asymmetry of J/{s yield between p-
going direction and pb-going direction
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Lessons from J/{ cross-section in p+Pb

34.6 nb” (pPb 5.02 TeV)

4CMS Preliminary
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Gluon distribution directly reflects to (p;, y) distribution of prompt J/{s

Modification of PDF can be probed by asymmetry of J/s yield between p-

going direction and pb-going direction

Let’s fold plot around y,,=0 to compare Forward/Backgrward yields, R,
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary ~ 34.6 nb™” (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™" (pPb 5.02 TeV)
[a3] - [an] F
T 14 Prompt J/y T 41 CMS-HIN-14-009
e [ e
0.9 * 0.9F ++ +
0.8 # 0.8 ++ +++
0-7:— *0<ly_[<09 0-7:— 6.5 <p_<30GeV/c
B - [ #00<ly, <09
0.6/ 0.9 <lygl <1.5 0.6 m09<ly |<15
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05_||||IIIIIII|I|||III|II[|III|III|I Os_l||||||1|||I[||||II|IIII|IIII|IIII|IIII|]]II|IIII
o 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40 45 50
p. [GeVic] Ey " [GeV]

* (Left) The R;z monotonically decreases for low p; confirming significant
modification of PDF.
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary ~ 34.6 nb™” (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™" (pPb 5.02 TeV)
[a3] - [an] F
T 14 Prompt J/y T 41 CMS-HIN-14-009
e o e
0.9 * 0.9F ++ +
0.8 # 0.8 ++ +++
7 + 7
07: ®0<ly_|<09 0 - 6.5<p_<30GeV/c
N - - #00<ly_ <09
06 09<ly,l<15 0.6 m09<ly_ <15 Larger event
- +-15< Iy, <1-93 E +15<ly_ | <193 activity
O.S_IllllII|III|III|III|III|III|||||| 0.5IIII|II1I|II[I|IIII|IIII|IIII|IIII|IIII|]]II|IIII
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40 45 50
p. [GeVic] Ey " [GeV]

* (Left) The R;z monotonically decreases for low p; confirming significant
modification of PDF.

* (Right) Measured Ry as a function of event activity* to investigate centrality
dependence. Asymmetry is enhanced for higher event activity bins
*Event activity = transverse energy deposited in forward calorimeter 4<|n|<5.2

Chis,
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FB
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Lessons from J/{ cross-section in p+Pb

ALICE forward

CMS Preliminary ~ 34.6 nb™” (pPb 5.02 TeV)
1.4 Prompt J/y
©
0.9F +
0.8 ++

0.7—6.5< p, <30 GeV/c
C #00<ly,,|<09
0.6~ ®09<ly_|<15
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20 25 30 35 40 45 50

~0 5 10 15
HF n|>4

E; [GeV]

(Left) The R,z monotonically decreases for low p; confirming significant

modification of PDF.

(Right) Measured R as a function of event activity* to investigate centrality

Consistent with

ALICE J/\ result <> .,

ALICE backward

BE | 4L inclusive Iy, v(@S) - W ALICE Preliminary
S p-Pb \s,=5.02 TeV, 2.03 <y__ < 3.53 (p-going direction)
1.2
1
o
08 B
&
=
0.6F | 1 1 =
0.4
* Jy
02 | ves)
0 1 1 1 1
80-100 60-80 40-60 20-40 5-20
ZN Energy E|
1.4 | Inclusive J/y, w(2S) - ww’ ALICE Preliminary
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1.2F EI
1 I = L
0.8 ?} EI
06 I
041
¢y
02r w(2S) l
0 1 1 1 1
80-100 60-80 40-60 20-40 5-20
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dependence. Asymmetry is enhanced for higher event activity bins

*Event activity = transverse energy deposited in forward calorimeter 4<|n|<5.2
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Result of non-prompt J/{ (feed from B meson)

FB

o

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)
- om -
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Non-prompt J/{ results show same trend with prompt J/{, but the effect is
less significant by larger uncertainty
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Fully reconstructed B-meson

Non-prompt J/\ combined with...

K+
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Q BY |ylabl <24
° 150:
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3 8B — Jiy X
£ 50R
L i
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k -
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-o- Data
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Signal
== Combinatorial

1 1

55354555657585.9

Mg (GeV/c?)

 Two kinds of background rejected to extract signal

(1) Combinatorial backgrounds
(2) Peaking structure by mis-identification of decay-channel
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Fully reconstructed B-meson

Non-prompt J/\ combined with...

34.6 nb"' (pPb 5.02 TeV)

2.5

CMS Preliminary B* B? Bg
[ FONLL [ [
ol [ERA i i
i I:ISflst. int. lumi + B i Iylabl <24 I
- [JSyst. FONLL pp ref. _ :
4 1.5 — § -
%< i + I i 1 -
LLQ_: : 5
f e i T R
O:“lll'"l""llllnlnnnnlnnnnl:111111111111111111111111111111:11111111 CMS-HlN-14-OO4
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p, (GeV/c) p, (GeV/c) p, (GeV/c)
e Largest uncertainty source is the p+p reference from FONLL calculation
Rppp IS cOnsistent with unity within uncertainty
* No significant suppression of B quark observed in p+Pb
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Different b-quark reconstruction

PRL 113(2014)132301

| 5, CMS ISy = 276 TeV

. T T | T T T T T T T T | T T T T

Non-prompt J/y - 0-100% i <2 .

/7,-\\ 1 L e _

| zt - PbPb, 150 pb .

“; \‘\ 08 __ PP, 5.3 pb-1 __

041 pQCD: PLB 726 (2013) 251-256 -

i B oe-138 ]

. : 0.2 I g™=2.0 B

: b jet reconstruction i B oe=22 ]
0 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1

100 150 200 250
b-jet P, (GeVlc)

 BlJet can be reconstructed using secondary vertex of charged particles
in jet cone

* Big advantage of high statistics by Branching Ratio factors
- BR(B->J/Y +X) x BR(J/W -> pp) ~ O(1000)

 We already reported preliminary b-jet results of PbPb in SQM2013

CMs
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B jets in p+Pb

CMS-HIN-14-007

z B i
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PYTHIA simulation was
used for p+p reference

5 CMS Preliminary VSyw=5.02TeV  L=35nb"
IIIIIIIIIIIl|I |IIII|IIII TT T

l I 1T | T TT | TT | TT I_
C —e— 55<jet P, < 70 GeV/c ]
. —e— 70<jet P, < 90 GeV/c 7
- 90<jetpT<110GeV/c B
C —=— 110 <jetp_< 140 GeV/c ]
C + A Eﬁ:\ B
L il . I 7
- ¢I +<’ ' 3o ]
_J- ..... * (=L ] o
L - Luminosity Uncertainty ]
C |:| Reference Uncertainty 7
_I 11 I 1111 I 1111 | 1111 | 1111 | L 111 | 1111 | 1111 | 111 i
3 25 -2 -15 -1 05 0 05 1 1.5
TICM

Rppp IS cOnsistent with unity within uncertainty

e Consistent with exclusive B meson measurement

* Suppression observed in Pb+Pb is not coming from cold/initial nuclear effect
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CMS collaboration extensively measured J/U, Y(2S), Y(nS), b
meson and b jet in Pb+Pb and p+Pb

The suppression pattern of excited states of charmonia and
bottomonia observed in Pb+Pb can constrain theoretical
models of quarkonia’s interaction with medium

R,a results of B meson and b-jet confirms that the strong
suppression in PbPb is final state effect

R, Of Y and Ry of J/{r show a clear signals of cold nuclear
matter effect which is moderate than modification in Pb+Pb

The cold nulcear matter effect of both bottomonia and
charmonia has strong correlation with the event activity,
indicating the collisional centrality dependence

Thanks for your attention

cms,
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BACK UP
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Flow of prompt J/U
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* Observation of non-zero J/Y v, (or azimuthal asymmetry) supports the
medium induced suppression as well as path length dependence
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RAA Comparison with RHIC
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RAA Comparison with theory
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A. Emerick, X. Zhao & R. Rapp, EPJA 48, 72 (2012)
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nPDF probed via PbPb

CMS Preliminary
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The result, accompanied with ALICE data, favors the models containing moderate
gluon shadowing.
=>» Powerful constraint initial state modification models covering wide rapidity
range
ALICE result in EPJC 73 (2013) 2617
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Event activity dependence of Y yield

Vs. forward calorimeter transverse energy
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CNM effect observed in 1991
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