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Double Quarkonia

• Important test of QCD SPS

• Colour Singlet vs Colour Octet

• LO, NLO*, NLO NR QCD calculations 

• Probe linearly-polarized gluons in proton

• TMD gluon distributions

• …. 

• DPS: puzzle of double quarkonia

• seff is very small:  Non-universal? Process dependent?

• 4c tetraquarks: there are models of (narrow)                     
4c-tetraquark(s) near the threshold
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2×J/y @ 7TeV 

• 37pb-1

• 2010 (1.2% from Run-I)

• 141±19 signal events 

• 2<y(J/y)<4.5,  pT(J/y)<10GeV/c

s(J/yJ/y) = 5.1±1.0±1.1 nb
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PLB707(2012)52

SPS:

4.0± 1.2 nb LO PRD84(2011)094023

4.6 ±1.1 nb LO PRD94(2016) 074033

5.4−1.1
+2.7 nb NLO PRD94(2016) 074033

DPS: 3.8±1.3 nb

LO CS:  PRD84(2011)094023

http://dx.doi.org/10.1016/j.physletb.2011.12.015
http://dx.doi.org/10.1016/j.physletb.2011.12.015
http://dx.doi.org/10.1103/PhysRevD.84.094023
http://dx.doi.org/10.1103/PhysRevD.94.074033
http://dx.doi.org/10.1103/PhysRevD.94.074033
http://dx.doi.org/10.1103/PhysRevD.84.094023


2×J/y @ 13TeV 

• 279pb-1 2015 

• 2<y(J/y)<4.5, pT(J/y)<10GeV/c

• Good muons

• 4m vertex
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Signal: (1.05±0.05)×103

JHEP 1706(2017) 047; JHEP 1710 (2017) 068

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-057.html
http://dx.doi.org/10.1007/JHEP06(2017)047


Cross section

• 2D fit to efficiency-corrected dataset

s(J/yJ/y)=15.2 ±1.0 ±0.9 nb
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

http://dx.doi.org/10.1007/JHEP06(2017)047


Cross section
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

PRD94 (2016) 054017

CPC 198 (2016) 238

PRD84 (2011) 054012

PRD94 (2016) 054017

CPC 198 (2016) 238

PRD94 (2016) 074033

LHCb data, seff from CDF

http://dx.doi.org/10.1007/JHEP06(2017)047
http://dx.doi.org/10.1103/PhysRevD.94.054017
http://dx.doi.org/10.1016/j.cpc.2015.09.011
http://dx.doi.org/10.1103/PhysRevD.84.054012
http://dx.doi.org/10.1103/PhysRevD.94.054017
http://dx.doi.org/10.1016/j.cpc.2015.09.011
http://dx.doi.org/10.1103/PhysRevD.94.074033


pT(J/yJ/y)
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

http://dx.doi.org/10.1007/JHEP10(2017)068
http://dx.doi.org/10.1007/JHEP06(2017)047


pT(J/y), y(J/y), y(J/yJ/y)
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

No discrimination 
between SPS/DPS

No discrimination 
between different 
SPS models

http://dx.doi.org/10.1007/JHEP06(2017)047
http://dx.doi.org/10.1007/JHEP06(2017)047


Dy, Df, AT, m(J/yJ/y)
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These are discriminative variables! JHEP 1706(2017) 047; JHEP 1710 (2017) 068

DPS is needed! 

http://dx.doi.org/10.1007/JHEP06(2017)047
http://dx.doi.org/10.1007/JHEP06(2017)047


DPS fits:
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

http://dx.doi.org/10.1007/JHEP10(2017)068
http://dx.doi.org/10.1007/JHEP06(2017)047


DPS fits  
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068DPS is not small! 

http://dx.doi.org/10.1007/JHEP10(2017)068
http://dx.doi.org/10.1007/JHEP06(2017)047


DPS fits: seff

• seff for fDPS=100% 7.3±0.5±1.0 mb

• For all cases seff is relatively small 

• smaller than seff for c𝒄c𝒄, J/y c𝒄, b𝑏c𝑐

• similar to ATLAS, CMS, …
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JHEP 1706(2017) 047; JHEP 1710 (2017) 068

http://dx.doi.org/10.1007/JHEP06(2017)047


seff
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The same in lin-scale

No obvious pattern

Double quarkonium is a bit lower

2×c𝒄 is a bit higher

Only one real outlier ϒJ/y

“reference” seff from multi-jet events by CDF



Summary

• 2×J/y production at  √s=13TeV is studied

• Large statistic allows study of differential distributions  

• Results indicate (large) DPS component

• seff is measured using SPS+DPS template fits

• Consistent values for different SPS models
• LO CS, LO CO, NLO* CS, NLO CS  

• seff is small 

• SPS theory uncertainties are still too large to make 
strong conclusions

• More data is available for more precise measurements
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