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Double quarkonium hadroproduction as a 
probe of  double-parton hard scatterings
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WHY INTERESTING ?
• Understanding the quarkonium production mechanism

vs

• Using quarkonium as a tool

• Double-Parton Scatterings

• Fundamental parameters: Yukawa coupling, top mass, CKM

Artwork by Tomas 
Kasemets

• Probe gluon distributions in proton/nuclei within coll. fac./TMD
• Test fundamental relations: e.g. heavy quark spin symmetry
• Quark-gluon plasma, cold nuclear matter effect, CP violation etc

see B. Kniehl’s talk

see I. Sschienbein and F. Scarpa and D. Boer’s talk
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DPS AT THE LHC
• Cross section from factorization theorem (conjecture)

• Spectator-spectator interactions

• cancel in inclusive cross sections (unitarity)
• affect final state X

X

`+ `�

• Additional interaction (blue) will be sensitive if  we probe X simultaneously

• If  the second interaction is also hard Double-Parton Scatterings

• DPS  contributes to signals and to backgrounds in many analyses at the LHC

e.g.

• Inclusive cross section:

�SPS ⇠ 1

Q2 v.s.
• Higher energy                Larger parton density                enhance DPS

�DPS ⇠
⇤2
QCD

Q4

�DPS / (parton density)

4v.s.�SPS / (parton density)

2

Friday, April 6, 18



Hua-Sheng ShaoGetting Grips QCD, Paris 4

DPS FORMULA IN PP
• DPS has the general formula via

�ij(x1, x2,b1,b2)

A new way to access the information of the 
nonperturbative structure of nucleons
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DPS FORMULA IN PP
• DPS has the general formula via Generalised 

double parton distribution

Single-quarkonium parton-level XS

• Simplification assumptions: make life easier

• factorization I dPDF

• factorization II PDF

• assume flavor universality in T

Pocket Formula

D
P
S

• Pocket formula gives order of  magnitude estimation
• Its breakdown can be tested by comparing different extraction of  �e↵
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PROBE DPS AT THE LHC 
• How to probe DPS at the LHC ?

• Processes of  low hard scale Q (but still in the perturbative regime)

• multiply hadron production, e.g. J/ + J/ 

• Processes of  large yields

• multi-jet production

• Processes of  precision measurements

• multi-lepton production

• Enhancement of  parton luminosity

• higher energy (8 TeV to 14 TeV to 100 TeV (FCC))

• probe in proton-nucleus and nucleus-nucleus collisions
[D. d’Enterria, A. Snigirev (2013, 2014)]
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ASSOCIATED PROD. MEASUREMENT
J/ + J/ 

LHCb, Phys. Lett. B 707 (2012) 52; JHEP 1706 (2017) 047
D0, Phys. Rev. D 90 (2014) 11, 111101
CMS, JHEP 1409 (2014) 094

D0, Phys. Rev. Lett. 116 (2016) 082002

J/ + charm

J/ +⌥,⌥+ b¯b(= ⌥+ nonprompt J/ )

LHCb, JHEP 1206 (2012) 141
⌥+ charm
LHCb, JHEP 1607 (2016) 052

J/ +W±

ATLAS, JHEP 1404 (2014) 172
J/ + Z
ATLAS, Eur.Phys.J. C 75 (2015) 229

ATLAS, Eur. Phys. J. C (2017) 77:76

⌥+⌥
CMS, JHEP 1705 (2017) 013
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ASSOCIATED PROD. MEASUREMENT
J/ + J/ 

LHCb, Phys. Lett. B 707 (2012) 52; JHEP 1706 (2017) 047
D0, Phys. Rev. D 90 (2014) 11, 111101
CMS, JHEP 1409 (2014) 094

D0, Phys. Rev. Lett. 116 (2016) 082002

J/ + charm

J/ +⌥,⌥+ b¯b(= ⌥+ nonprompt J/ )

LHCb, JHEP 1206 (2012) 141
⌥+ charm
LHCb, JHEP 1607 (2016) 052

J/ +W±

ATLAS, JHEP 1404 (2014) 172
J/ + Z
ATLAS, Eur.Phys.J. C 75 (2015) 229

• Disclaimer:

• I will only focus on the first two processes

• this talk is not fully comprehensive

• Other processes are also interesting though

• Challenges in theory:
• taking into account all important SPS

• quantifying DPS

ATLAS, Eur. Phys. J. C (2017) 77:76

⌥+⌥
CMS, JHEP 1705 (2017) 013
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J/ + J/ 
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QCD CORRECTIONS TO SPS
Lansberg, HSS (2013)
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• For the first time, we 
calculated the leading-
contribution at      with 
HELAC-Onia [HSS, CPC ’13,’15].

• It was nicely confirmed by a 
complete NLO calculation 
[Sun, Han, Chao, ’14].
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EVIDENCE OF DPS ?
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• Large discrepancy found with 
NLO-level Single-Parton 
Scatterings [Sun, Han, Chao, ’14].

EVIDENCE OF DPS ?
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• It was proposed by Kom et al. (2011) rapidity difference can be a 
good observable to measure DPS, which is little dependent 
on shower and primordial kT smearing.

10

DPS IN DZERO MEASUREMENT
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• It was proposed by Kom et al. (2011) rapidity difference can be a 
good observable to measure DPS, which is little dependent 
on shower and primordial kT smearing.

10

DPS IN DZERO MEASUREMENT

• D0 observed double J/   at Tevatron and separated SPS and 
DPS for the first time.
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• Using the D0 data to fix the DPS 
parameter

• If one used the DO data to fixe the DPS 
yield, DPS and SPS are comparable in the 
CMS acceptance.

• Large pT: CMS and D0 measurements 
imply  a large DPS yield.

• Small pT: LHCb data do NOT imply a 
large DPS yield

11

PLB751(2015)479
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• All calculations are performed by the general-purposed matrix-
element/event generator HELAC-Onia [HSS, CPC ’12,’15] with the 
correct spin-entangled decay.

12

CALCULATION FRAMEWORK: DPS

•DPS has                                                                       

•Normally,        is thought to be universal, i.e. process&energy 
independent. However, is it always true ?                                                           

�e↵

• Since no satisfying solution to describe single-quarkonium 
production cross sections     , we decide to use a data-driven 
way because a lot of single quarkonium data are available.                                                        

� 

• By doing so, we assume the amplitude of single quarkonium 
production in the Crystal-ball function form [Kom et al. (2011)]                                                     
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• Beyond NLO contributions (new fragmentation topology):

13

OTHER CONTRIBUTIONS: SPS

• Feeddown from                     contributes 46% (i.e. 85% of 
direct), while others like               are suppressed. 

J/ +  (2S)
J/ + �c

• CO contributions are suppressed in most of the SPS phase 
space. Its magnitude is hard to estimate due to strongly 
depending on CO LDMEs, although the conservative 
estimation for their upper values can be done. First full LO CO 
contributions were calculated in [He, Kniehl (2015)], while they are also 
automated in HELAC-Onia [HSS, CPC ’13,’15]
• In the CMS accessible region, CO to SPS never dominants 

compared to CS SPS + DPS.
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A FEW COMMENTS ON COM

• Use single-J/psi NLO fit by [Butenschoen, 
Kniehl (2011)]

• LO fits are out-of-date and CO LDMEs are incorrect !!!

• Only NLO fit applies to pT as low as 4-5 GeV (CMS acc.)

see B. Kniehl’s talk

• CO has no impact here !!
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A FEW COMMENTS ON COM

• LHCb 13 TeV measurement reinforces 
the conclusion that “SPS alone is not 
enough” 

• CO is too small (irrelevant of CO LDME fits) !!!

LO CO by HELAC-Onia
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• Single-       cross sections input from fits of existing data

16

CALCULATION FRAMEWORK: DPS

J/ 

•We used three fits to assess systematical uncertainties.

• Together with       , they allow to predict         . 

•Our strategy is therefore to fit       from CMS data  

   via                     .

�e↵ �DPS

�e↵

�SPS + �DPS
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•                                distributions are fitted 

17

FITTING SIGMA_EFF FROM CMS J/PSI-PAIR DATA
p  T , |�y  | & M  

• Clear need for DPS (LO and NLO* SPS are not sufficient) 

Lansberg, HSS (2014)
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• Combining our three fits, we obtain

18

OUR EXTRACTION OF SIGMA_EFF

�
e↵

= 8.2± 2.9|� fit

±2.0|
SPS theory+CMS data

mb

• The SPS theory uncertainty can in principle be removed by 
measuring a DPS cross section (as done by D0).
• The CMS data uncertainty can be reduced with more double 

quarkonium data.
• The last uncertainty is of course more tricky to deal with.

Lansberg, HSS (2014)
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• Combining our three fits, we obtain

18

OUR EXTRACTION OF SIGMA_EFF

�
e↵

= 8.2± 2.9|� fit

±2.0|
SPS theory+CMS data

mb

• The SPS theory uncertainty can in principle be removed by 
measuring a DPS cross section (as done by D0).
• The CMS data uncertainty can be reduced with more double 

quarkonium data.
• The last uncertainty is of course more tricky to deal with.
•Our extraction is compatible with that of D0.
• Both point at a small       compared to jet-related extraction. �e↵

•Does a smaller scale mean a smaller      ? �e↵

•Does gluon-induced process mean a smaller       ?  �e↵

Lansberg, HSS (2014)
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AFTERWARDS EXPERIMENTAL EXTRACTIONS
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J/ +⌥
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•Does it indicate a significant 
SPS contribution ?

• The value of        is a little 
bit too small if one assumes 
all contributions are DPS ?

•Would LHC measurements 
give a clarification in the 
future ?

• Is SPS can be completely 
negligible (even at low pT) ?

21

RECENT DZERO MEASUREMENT: J/PSI+Y

PRL116(2016)082002 

�e↵

Baranov et al. PRD87(2013)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions 

O(↵4
s)

O(↵5
s)

2

O(↵4
s)

2

O(↵5
s)

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions O(↵5

s)O(↵4
s)

• The LO in pQCD is  O(↵6
s)

Υ

ψ
2

Υ

ψ 2

O(↵6
s) O(↵6

s)

Double Real Loop Induced

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions O(↵5

s)O(↵4
s)

• The LO in pQCD is  O(↵6
s)

• There is also EW contribution  O(↵2
s↵

2)

Υ

ψ 2

O(↵2
s↵

2)

ElectroWeak

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions O(↵5

s)O(↵4
s)

• The LO in pQCD is  O(↵6
s)

• There is also EW contribution  O(↵2
s↵

2)

• LI and EW can have interference O(↵4
s↵)

Υ

ψ

( )⇥
Υ

ψ

)(
*

+ c.c.

O(↵4
s↵)

INTERference

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions O(↵5

s)O(↵4
s)

• The LO in pQCD is  O(↵6
s)

• There is also EW contribution  O(↵2
s↵

2)

• LI and EW can have interference O(↵4
s↵)

• CO contributes at  O(↵4
sv

i
cv

j
b), i+ j � 4

Υ

ψ
2

O(↵4
sv

i
cv

j
b), i+ j � 4

Color-Octet Mechanism

χb

χc

2

Feeddown

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS
• In pQCD, there are NO          and          CS contributions O(↵5

s)O(↵4
s)

• The LO in pQCD is  O(↵6
s)

• There is also EW contribution  O(↵2
s↵

2)

• LI and EW can have interference O(↵4
s↵)

• CO contributes at  O(↵4
sv

i
cv

j
b), i+ j � 4

Similar leading contributions
O(↵6

s) ⇡ O(↵2
s↵

2) ⇡ O(↵4
s↵) ⇡ O(↵4

sv
i
cv

j
b)

↵s ⇡
p
↵ ⇡ v2c ⇡ v2bGiving

HSS, Zhang (2016)
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PROMPT J/PSI+Y: SPS VS DATA

• SPS is smaller than the central value of D0 data
• SPS is NOT completely negligible
• COM SPS is strongly dependent on CO LDMEs
• Set I: 
• Set II: 
• Set III: 
• Set IV: 

Kramer, Prog.Part.Nucl.Phys. 47 (2001) 141

Sharma, Vitev, Phys. Rev. C 87 (2013) 044905

HSS et al, JHEP 1505 (2015) 103; Han et al, arXiv:1410.8537 [hep-ph]

Gong et al, Phys. Rev. Lett. 110 (2013) 042002; Feng et al, Chin. Phys. C 39 
(2015) 123102

HSS, Zhang (2016)
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PROMPT J/PSI+Y: THEORY VS DATA

B
r(

J/
ψ

→
µ

+
µ

- )B
r(

Υ
→

µ
+
µ

- )×
d

σ
/d

|∆
φ
| 
[f

b
]

|∆φ(J/ψ,Υ)|

prompt J/ψ+Υ(1S,2S,3S) production at 1.96 TeV Tevatron

SPS: kT smearing 〈kT〉=3 GeV

COM: Set I LDMEs

σeff=2.2 mb

σeff=5 mb

σeff=15 mb

DR

EW
-INTER
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EW
-INTER
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D0 Data
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• With SPS, we can derive                      at 68% C.L.�e↵  8.2 mb
HSS, Zhang (2016)
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PROMPT J/PSI+Y: THEORY VS DATA
• With SPS, we can derive                      at 68% C.L.�e↵  8.2 mb
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PROMPT J/PSI+Y: THEORY VS DATA
• With SPS, we can derive                      at 68% C.L.�e↵  8.2 mb
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PROMPT J/PSI+Y: THEORY VS DATA
• With SPS, we can derive                      at 68% C.L.�e↵  8.2 mb

• Future measurement at the LHC ?
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A LIST OF THEORY-IMPROVED SIGMA_EFF
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•We presented a first comprehensive analysis on double 
quarkonium production.

• Such processes are useful probes of Double Parton Scattering.

•We have fitted       from CMS  J/psi-pair data and D0 J/psi+Y.

•Our value is compatible to D0 extraction and favors a smaller 
value compared to jet-related measurements.

• A further uncertainty reductions of effective cross sections can 
help to pin down the parton-correlated profile in proton.

• Its better understanding is also crucial in modeling background

26

SUMMARY

�e↵
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SUMMARY

�e↵

Thank	 you	 for	 your	 attention	 !
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