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INCLUSIVE QUARKONIUM PRODUCTION
NRQCD FACTORIZATION

NRQCD factorization
do(pp — HQQ + X)

; 7Hop - > do(pp = QQ[n] + X) x (Ofee(n))

pCSCD factorization
do(pp — QQ[n] + X)
A= 5 fun(@)fy (@)l Aab — QQ[n] + X) 2
a,b

are non-perturbative and (should
be) universal.
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QUARKONIUM PRODUCTION: INTRODUCTION

* Experiment: easy to measure and many precise data are available

colour-singlet state
& (ed

* Theory: various production models D

* Color-Singlet Model (CSM) back in the game

* Pro: good performance; In the game for the total yields |
» Con:large QCD corrections; Insufficient to explain inclusive onium production (=onium+jet)

* Color-Octet Mechanism (COM) predicted by (NR)QCD

colour-octet state

* Pro: helps to describe the Pt spectrum of inclusive onium
» Con: debates on its magnitude; only partially works

non-pert. transition
(gluon emission)
to the observable state
Quantum numbers change

LHCB WORKSHOP, CERN HUA-SHENG SHAO
Thursday, June 15, 17




QUARKONIUM PRODUCTION: INTRODUCTION

* Experiment: easy to measure and many precise data are available

colour-singlet state

* Theory: various production models L &
- - - _ - - e 10" ! a Q)

—# data x 10", 1.75=lyl<2.00
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—= data x 10", 0.25<lyl<0.50 ’rOdUCtlon onium +.let

—e- data x 10°, 0.00<lyl<0.25

[ ] NRQCD Prediction

[s=7 TeV, 2.1 fb™

Prompt JAp

non-pert. transition
(gluon emission)
to the observable state
Quantum numbers change

LHCDb
vs = 13 TeV/ {5 = 8 TeV cross-section ratio
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QUARKONIUM PRODUCTION: INTRODUCTION (e

* Experiment: easy to measure and many precise data are available

colour-singlet state
g r_ed

* Theory: various production models
* Color-Singlet Model (CSM) back in the game

* Pro: good performance; In the game for the total yields | |
» Con:large QCD corrections; Insufficient to explain inclusive onium production (=onium+jet)

* Color-Octet Mechanism (COM) predicted by (NR)QCD

colour-octet state

AN\
[ | ; Jree rvg)\I O
» Con: debates on its magnitude; only partially works >=<,\t b

non-pert. transition
(gluon emission)
to the observable state

Quantum numbers change

red

» Pro: helps to describe the Pt spectrum of inclusive onium

» All approaches have troubles in describing the onium inclusive production data

» This motivates the study of new observables which can be more discriminant
for specific effects

* Quarkonium production at the LHC remains a very sensitive probe of the
gluon density in the proton.

LHCB WORKSHOP, CERN HUA-SHENG SHAO
Thursday, June 15, 17



MOTIVATION @

- Why we are interested in7)c.b and hc,b?

LHCB WORKSHOP, CERN HUA-SHENG SHAO

Thursday, June 15, 17



MOTIVATION @

- Why we are interested in7)c.b and hc,b?
* Test heavy quark spin symmetry Bodwin, Braaten, Lepage, (1995)

Ne <> J /1 he < Xe
(O"(1S5 %Yy = (O7Y (381 /3 (0 (181 = (X0 (351

(O (P = 3(0Y R (ot (1 PY)) = 3(0x0 (3P

(03 = (077 (L))

Power counting Nes T he, hy, XecJs XbJ

> 15'([,1]

v® = PH s Tplt sl
o7 Sl el ipll gl SglE 2pl - =
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MOTIVATION

- Why we are interested in7)c.b and hc,b?
* Test heavy quark spin symmetry Bodwin, Braaten, Lepage, (1995)

« LHCb has measured T)c — PP Aaij etal, (2014)

B —P—
—  Aaijetal,(2014) ‘

T

- prompt

11 l 11 l 11 l 11 l L1 1 l 11 l 11 l L1 1
0 2 4 6 8 10 12 14 16
p. [GeV/c]
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MOTIVATION

- Why we are interested in7)c.b and hc,b?
* Test heavy quark spin symmetry Bodwin, Braaten, Lepage, (1995)

« LHCb has measured T)c — PP Aaij etal, (2014)

* Would it be possible to measure

he — Ne + 7y
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MOTIVATION

- Why we are interested in7)c.b and hc,b?
* Test heavy quark spin symmetry Bodwin, Braaten, Lepage, (1995)

« LHCb has measured T)c — PP Aaij etal, (2014)

* Would it be possible to measure

he — Ne + 7y

* No promising channel for searching My atthe LHC ?
+ Looking at it decaying into [D* [)(*) ? Maltoni, Polosa, (2004)
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MOTIVATION

- Why we are interested in7)c.b and hc,b?
* Test heavy quark spin symmetry Bodwin, Braaten, Lepage, (1995)

« LHCb has measured T)c — PP Aaij etal, (2014)

* Would it be possible to measure

he — Ne + 7y

* No promising channel for searching My atthe LHC ?
+ Looking at it decaying into [D* [)(*) ? Maltoni, Polosa, (2004)

- h is more challenging
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HEAVY-QUARK SPIN SYMMETRY

* HQSS provides approximate relations between
matrix elements for the various spin states

* HQSS is a symmetry in the nonrelativistic limit

* The leading violations of HQSS come from spin-flip
terms at the relative order 112

Charmonium: 1)2 ~ (0.3 Bottomonium: ’02 ~ (.1

* HQSS helps to reduce the number of nonpert.
LDMESs: predictive power of NRQCD B8odwin, Braaten, Lepage, (1995

 HQSS implies th2e wavefunction of 7. and Y up to
corrections of v Ry(r) = R, (1) (1 N OM)

 HQSS implies the simple spin counting of P-waves
O P = 27 + )0V EPEY) (O CPY) = 27 + 10 (R
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HEAVY-QUARK SPIN SYMMETRY

* HQSS implies the spin-flip is suppressed in
polarization observables

* The experimental test of HQSS is mainly in the
color-singlet part (and in decay) so far

15 |

Partial decay widths I', (n(15,25))

Lansberg Ackleh —
Kim 3 Chao
Ahmady — Ebert -

Munz — PDG2016 +e—
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INCLUSIVE ETA_C PRODUCTION

* LHCb has measured 7] production Aaijetal, (2014)

11 l L1 1 l 11 l L1 1 l L1 1 I 11 l L1 1 I L1
0O 2 4 6 8 10 12 14 16
p. [GeV/c]
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* LHCb has measured 7] production Aaijetal, (2014)

INCLUSIVE ETA_C PRODUCTION

* It triggers several theoretical calculations

- Hamburg group Butenschoen, He and Kniehl ’I5: claim nothing work !
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INCLUSIVE ETA_C PRODUCTION

* LHCb has measured 7] production Aaijetal, (2014)

It triggers several theoretical calculations

Hamburg group Butenschoen, He and Kniehl ’15; claim nothing work !
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INCLUSIVE ETA_C PRODUCTION

* LHCb has measured 7] production Aaijetal, (2014)

* It triggers several theoretical calculations

- Hamburg group Butenschoen, He and Kniehl ’I5: claim nothing work !

« Other groups Han etal.’15; Zhang et al.”I5 NRQCD still works with another tunning !

LA L L L LB L L L
------- - —1xP A,
g8l g
memmen NLO Prompt

LHCDb Data

do/dpy (nb/GeV)

/S =7 TeV and ”<y<4 3 o
8 10 12
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INCLUSIVE ETA_C PRODUCTION

* Messages from 7)c production:

« CS contribution already saturates the yields
 In CO contributions, the only possible relevant one is?’SF]

» Feeddown from £ is quite irrelevant
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Pr [GeV]
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INCLUSIVE ETA_C PRODUCTION

* Messages from 7)c production:

« CS contribution already saturates the yields
 In CO contributions, the only possible relevant one is?’SF]

» Feeddown from £ is quite irrelevant
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INCLUSIVE CHARMONIUM PRODUCTION

» Test the consistence in J/¢y production

10° guer———r . . . ———— 10
0 '.i_.:‘ Prompt J/i yields -
- - NLO NRQCD
1 CMS 0<|y4|<0.9
. LHCb 3<yjy<3.5
10 Ll
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J/y polansation

T MR

. ALICE Data

NLO NRQCD
CMS Data
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INCLUSIVE CHARMONIUM PRODUCTION

» Test the consistence in J/¢y production
* Reduce the uncertainty from CO LDMEs

J/yr polansation : : lansatmn )
==  NLONR | D
- NeRe | - R
‘ ALICE Data . . AL ICE Data :

| A : - ,
Ld:_‘ : - ‘ : ti:} I

- -

| Shao et al, (2014) 3,;3 J:le\ ‘ - Han etal, (2014) SS \—JléT
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THE SAME GAME FOR 28 STATES ?
- What about 7.(25) ?
* The question is: which decay mode can be measured ?
HQSS: (09 (51) = (0¥ (55))

Disparate extractions:

Set I: Shao et.al [11]| Set II: Gong et.al [7] |Set I1I: Bodwin et.al [16]
(Ome(25)(BF)) [GeV3]|  [0,3.82) x 10-2  [[—0.881,0.857] x 10—-2|  [2.35,3.93] x 102

a4

107 ¢ 3
b w(2S) production cross sections at 13 TeV LHC

NLO NRQCD Set | [5] 1
2.0<y(y(2S))<4.5 NLO NRQCD Set il [7] 5

NLO NRQCD Set Il ] ]

da/dPy [nb/GeV]

Pr(y(25)) [GeV]
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THE SAME GAME FOR 28 STATES ?
- What about 7.(25) ?
* The question is: which decay mode can be measured ?
HQSS: (09 (51) = (0¥ (55))

Disparate extractions:

Set I: Shao et.al [11]| Set II: Gong et.al [7] |Set I1I: Bodwin et.al [16]
(Ome(25)(BF)) [GeV3]|  [0,3.82) x 10-2  [[—0.881,0.857] x 10—-2|  [2.35,3.93] x 102

a4

107 ¢ 3
b w(2S) production cross sections at 13 TeV LHC

NLONRCCD St [] _=
2.0<y(y(2S))<4.5 NLO NRQCD Set it [7] 5,

NLONRQCD Setmt [7] ]

3

10’ ' 3
‘Lansberg, Shag, Zhang, to be submitted:
N \‘"_ > p

da/dPy [nb/GeV)

Pr(y(25)) [GeV]
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THE SAME GAME FOR 2% STATES ?

o D|fferent pred|ct|ons for UC(QS) Lansberg, Shao, Zhang, to be submitted

n.(1S5,2S) production cross sections at 13 TeV LHC

1c25), NLO NRQCD Set1 [

n425), NLONRQCD Set il [7]

n(25), NLO NRQCD Set Il [T

A 0<Y(T|c(1 S5,25))<4.5 Nc(15), NLOCSM —o-
(IR5(0)12.IR,5(0)1%)=(0.81,0.529) GeV>
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THE SAME GAME FOR 2% STATES ?

° Different predictions for UC(QS) Lansberg, Shao, Zhang, to be submitted

» A possibly reasonable assumption:
Similar as IS, 2S is also saturated by CS contribution

» The potential to constrain (0729 (35l ~ (o¥(25)(1 gl

in:eJEal of Bodwin et al.

—— —— - — ——— — - — - — — — — - — —— — — — —

upper limit of Shao et 3l.

P+ (29)) [GeV]
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On the importance of Low Pr Y01/ X2 measurements

LHCDb, JHEP 10(2013)115 & JHEP 1410 (2014) 88 ; CMS, EPJC, 72, 2257 (2012); ATLAS, JHEP 07(2014)154

» At low Pr, test of yg) suppression following the Landau-Yang theorem

» At larger Pr, test of production mechanism of y; (not of J/y or Y)

—4— LHCD (conmwersions)

—4— LHCD, 2cp<d §
&8 nLo NROCD
B Lonraco

Q_.;

T.lll
*%'?6_

14

0 LHCE (CALD)

- ous
—{— COF

ol )/ olx,)
o

»~
g

st o s e s ol a i il Lo o Lo o o la ool ool o sl oy
12 14 16 18 20 6 8 10 12 14 16 18 20
p7¥ [GaVic) P2 [GeVic]

nNE
aF

S S
_+_LHCbxclcdod

N
L

—4- LGy,
-+-LNCbr‘.onlod

I Lo nRoCD - CMSy

o)/ o)

10 12 14 16 18 20 22 24
pY [GeVic]

» The Landau-Yang suppression shows up for x. in the Low Py/m, region;
signs that the quantum # still matter

» Testable with y.o and h. using the hadronic decays

Jean-Philippe’s slide
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Low Pt quarkonia and Transverse Momentum Dependent distributions
0.8

L LENNL B B | Trr|rrrrrrrorry

 oldo / 49y (GeVD)

PHYSICAL REVIEW D 86, 094007 (2012) 0.7

Polarized gluon studies with charmonium and bottomonium at LHCb and AFTER

06 |

Damél Boer®
Theory Group, KVI, University of Groningen, Zemikelaan 25, NL-9747 AA Groningen, The Netherlunds
0.5

Cristian Pisano’
Istisuo Nazionale di Fisica Nwleare, Sezione di Cagliary C.P 170, I-09042 Monserrato (CA), laly 0.4

. o o 0.3
Low Pt C-even quarkonium production is a

good probe of hll . o2

- - - ~ - .- Ohl
|distribution of linearly polarised gluons]

0 1 1 1
0 1 1.5

In general, heavy-tflavor prod. selects out gg channels

Affect the low P spectra:
da(1q) do(xq.0)
L47010) o _ p(q}) & L47ago

oc 1+ R(qu)

a dq-?},

dq?%

¢r (GeV)

a) LHCb

-

V8=7TeVv

—T

| O | O J/'
C[wgh hl"“hl"\] t v

CIfE]
Low Pr: Experimentally very challeging

(R-

i

sl o bl gy
10 12 14 16
p, [GeV/c]

Jean-Philippe’s slide

- prompt

rad e s la sl el

Being able to look at all the states in the same hadronic 0 2 4 6 8
decay channel and at lower Pt would be very useful
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INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

d data before 20| | Butenschon and Kniehl ’[ |

yiel

T TS0

-
S —

e 25 R =E R =54/ Driven by low- and medium-pt data
: i i 3 GeV<pt<20 GeV @ pp
| GeV<pt<|0 GeV @VP,VY

e e e
$ ¢ F . 5 8 &

R -
r L 3 s 6 s s
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8 5 % % . & &

LHCB WORKSHOP, CERN HUA-SHENG SHAO

Thursday, June 15, 17



INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yield data before 201 | Butenschon and Kniehi "I

L.+ BELEdam 0=043019p | /> Driven by low- and medium-pt data
25 (J/y+cc contribution subtracted)

: o e 3 GeV<pt<20 GeV @ pp
2 | o = (0.24'3%) pb | GeV<pt<I0 GeV @VP,Y"

CS+CO, LO: o =0.23 pb ,
- i CS+CO, NLO: ¢ = (0.70'2%) pb \/‘ Agreement with e+e- and pt-

" Vs =10.6 GeV integrated

:

o
—
3
+
=
~.
?
‘©
+
2
©
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INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yleld data before 201 | Butenschon and Kniehl "1

PRDB4(201 1 )051 501 (R)|

v/* Driven by low- and medium-pt data
3 GeV<pt<20 GeV @ pp
| GeV<pt<I0 GeV @VP,VY

Ve Agreement with et+e- and pt-
integrated
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INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yield data before 201 | Butenschon and Kniehi "I

v/* Driven by low- and medium-pt data
3 GeV<pt<20 GeV @ pp
oo | GeV<pt<I0 GeV @YD,V

P Ve Agreement with ete- and pt-

—— C84CO, NLO integrated
X Tension with Y7 data

L
=)
Q
g

8
<
+
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INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yield data before 201 | Butenschon and Kniehi "I

v/* Driven by low- and medium-pt data
3 GeV<pt<20 GeV @ pp
| GeV<pt<|0 GeV @VP,VY

| V+ Agreement with e+e- and pt-

-~ C8+CO, LO integrated

— (CS+CO, NLO . .
X Tension with Y7 data

e |
3

X Deviation with larger-pt data,
Pt

Argument: need to resume log Ve
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INCLUSIVE CHARMONIUM PRODUCTION @

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yield data before 201 | Butenschon and Kniehi "I

v/* Driven by low- and medium-pt data
3 GeV<pt<20 GeV @ pp
| GeV<pt<I0 GeV @VP,VY

Ve Agreement with et+e- and pt-

integrated
X+ Tension with 77 data

X Deviation with larger-pt data,
PP — Jly +X, helicity frame Argument: need to resume log Pr
+  CDFdata: Vs=1.96 TeV, lyl < 0.6 ] M?

. —— CssCo.NLo'Butenschonetal. 3 e Contradiction with polarization data
5 10 15 20 25 30
pr [GeV]

LHCB WORKSHOP, CERN HUA-SHENG SHAO

Thursday, June 15, 17



INCLUSIVE CHARMONIUM PRODUCTION

WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data
* World yield data before 20| | Butenschon and Knieh! "I

v/* Driven by low- and medium-pt data
3 GeV<pt<20 GeV @ pp
| GeV<pt<I0 GeV @VP,VY

Ve Agreement with et+e- and pt-
integrated

X Tension with 77 data

S
S
£
3
+9
i
g
&
g
8

X Deviation with larger-pt data,

Argument: need to resume log L —+

+X) [nb/GeV|

X+ Contradiction with polarlzatlon data

» X+ Tension with 7)c data
10'2;, OMEs Samecnial, Assumption: heavy-quark spin symmetry

4 6 8 10 12 14 16 18 20
Py [GeV]

do/dp,(pp—n,
—

.
o
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WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et al.’ol?fleé

Argument: reduce the nonperturbative effects and/or factorization breaking effects
v* Driven by medium- and large-pt data
7 GeV<pt<20 GeV @ pp

NLO NRQCD -
 CDF Data

)
£
R
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+
3
T
S
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=
a
X
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WHERE WE STAND ?

« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et al.’ol?fleé

Argument: reduce the nonperturbative effects and/or factorization breaking effects
w=aza] 1/ Driven by medium- and large-pt data

o —7 data x 107,
ATLASPreliminary ¢ gata x 10° , 1.50<lyl<1.75
atax 10°,

=— 10"

d 1.25<lyl<1.50

10° [s=7 TeV, 2.1 fo data x 10*, 1.00<lyl<1.25 7 GeV<Pt<20 Gev @ PP

Prompt J/p data x 10, 0.75slyl<1.00
—m- data x 10%, 0.50<ly1<0.75

caniimien 1/« Prediction larger-pt data

[ ] NRQCD Prediction

8910 20 30 40 102
p_(uw) [GeV]
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WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et al.’ol?fleé

Argument: reduce the nonperturbative effects and/or factorization breaking effects
| - v* Driven by medium- and large-pt data
i « BELLE data: vs = 10.6 GeV

- ——— CS+CO, NLO: Ma et al. 7 GeV<pt<20 GeV @ pp

v+ Prediction larger-pt data

w
T

2.5

X * Contradiction with low-pt data
Argument: NP or factorization breaking

N

ete™

o

Butenschon and Kniehl ’I |
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WHERE WE STAND ?

« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et aI.’OI?EIeé

Argument: reduce the nonperturbative effects and/or factorization breaking effects
~+———————= \/ Driven by medium- and large-pt data
60 GeV < W < 240 GeV -
03<z<09 _ / GeV<pt<20 GeV @ PP

Q°<25GeV? ] o
G-atecev | V* Prediction larger-pt data

X+ Contradiction with low-pt data
Argument: NP or factorization breaking

[ Butenschon and Kniehl | |

o  H1 data: HERA1
H1 data: HERAZ2

- ——— CS+CO, NLO: Ma et al.
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WHERE WE STAND ?

« CO LDME fit philosophy: pick your favorite data

Chao et al.’l I-15; Gong et
* World data at pT (2 ~ 3) X Momum — PP data al.’13: Bodwin et al.’14-16

Argument reduce the nonperturbative effects and/or factorization breaking effects
’_ ggt}ggggﬁ;gggggi v* Driven by medium- and large-pt data
: 7 GeV<pt<20 GeV @ pp

v+ Prediction larger-pt data

i X * Contradiction with low-pt data
e%{an,s'ge,.g,v\/ang’| 53 Argument: NP or factorization breaking

FJec= 6010 %]
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WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et al.’ol?fleé

Argument: reduce the nonperturbative effects and/or factorization breaking effects
10 poassation . v+ Driven by medium- and large-pt data
= NLONRQCD 7 GeV<pt<20 GeV @ pp

LHCDb Data
ALICE Data

1.0

v+ Prediction larger-pt data

X+ Contradiction with low-pt data
* Argument: NP or factorization breaking

V'+ Better with LHC polarization data

- s =7Tev
J/W polarisation 7, <4

===  NLO NRQCD
CMS Data

VS =7TeV

0.6<|yj/w|<1.2

“40””50”‘60””
pr (GeV
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WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

~ Chao etal.’l I-15; G t
* World data at pr > (2 ™~ 3) X Monium — PP data aI.’a:C.;»;eBoadwin et al.’ol?fleé

Argument: reduce the nonperturbative effects and/or factorization breaking effects

S P v* Driven by medium- and large-pt data
polarisation ]

== NLONRQCD 7 GeV<pt<20 GeV @ pp

CDF Data

v+ Prediction larger-pt data

% X+ Contradiction with low-pt data
| Argument: NP or factorization breaking

VS =196TeV -

o buwisos V+ Better with LHC polarization data

15 20 25 3

0
pr (GeV) X+ Tension with CDF polarization data
Argument: doubt on CDF measurement
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WHERE WE STAND ?
« CO LDME fit philosophy: pick your favorite data

Chao et al.’l I-15; Gong et
WOI"ICI data at pT (2 ™~ 3) X Monlum - PP da ta al.’|13; Bodwin et al.’14-16

Argument: reduce the nonperturbative effects and/or factorization breaking effects
' v* Driven by medium- and large-pt data
7 GeV<pt<20 GeV @ pp

v+ Prediction larger-pt data

_—
-
-
L
'
\
-~
—
—
—_
S
-~
~
o—
—
=
=
et
—
'

X * Contradiction with low-pt data
Argument: NP or factorization breaking

v+ Better with LHC polarization data

e NLO Prompt X+ Tension with CDF polarization data
e [LHCb Data

Argument: doubt on CDF measurement

v * Agreement with 7c data

Assumption: heavy-quark spin symmetry

VS TeVand2eystS .
“““ Note: only one survives Chao etal.’I1-15
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INCLUSIVE CHARMONIUM PRODUCTION
NEW HANDLES

* Quarkonium in the jet: new handles with jet substructure

Mehen et al.’ | 4-

:DData (syst) === LHCD |
i s =13 TeV

| ——LO NRQCD
< arXiv:1701.05116

» Pythia8 is not able to capture all 3 e
the important radiations

* NLL FJF favors chacecal.’11-15
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INCLUSIVE CHARMONIUM PRODUCTION
NEW HANDLES

» Associated quarkonium production

J/p+ 7T

Shao, Zhang 16

Experiment CSM
LI EW INTER

. O ] ¢ 'y 1V '3 1} +26 1% r+7:):)(}{v |
DO' 2‘ -l 42.2/( 0-229_70.1()‘1 O'OG')—i(_;.G‘;{ >

Tl b d — -I‘-,:—(<¢
LHCb 5 e | 6.057855% | 1.71F .35

—65.2%

Set 1 Set 11 Set 111 Set IV

. 4+135% 4+160% 4+143% +144%
2.967 56 907 | 141777 6o | 1.80 587007 | 0-4187 55 507

aQ o+238% +243% +243% | @ =74+243%
38.87 73 09 | 212773760, | 28- 1773750, | 697773700

- CO>CSin SPS
* Larger disparate CO SPS

* Need to suppress DPS first

lllAlllllllllllllllllllllll.lllllllll A A A L A AL 1
S 10 S 20 25 30 35 40 45 50

* Only one fit results in positive
Cross section Chao etal.’I1-15
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