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Double heavy flavour production in 𝒑𝒑 collisions at LHCb

𝐽/𝜓 + open charm, open charm pair

Υ + open charm

NB: Associated 𝐽/𝜓 pair production PLB 707 (2012) 52

covered by Daniel Souza Covacich : “Exclusive production of 𝐽/𝜓 and double 𝐽/𝜓”
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JHEP 06 (2012) 141

arXiv:1510.05949

http://www.sciencedirect.com/science/article/pii/S0370269311014729
https://indico.cern.ch/event/453040/session/13/contribution/56
http://link.springer.com/article/10.1007/JHEP06(2012)141
http://arxiv.org/abs/1510.05949
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ℒ (pp collision) :
Run I : 1 fb-1 @ 7 TeV + 2 fb-1 @ 8 TeV
Run II: 320 pb-1@ 13 TeV

2 < η < 5

Excellent lifetime and 
mass resolution

Efficient particle identification 
with low mis-ID rate

JINST 3 (2008) S08005

𝜇 = 1.79 @ 7 TeV
⇒ Pile-up events

http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta


𝑱/𝝍



𝐽/𝜓 + 𝐶 𝐶𝐶

𝐽/𝜓 + 𝐶 : 𝐽/𝜓 associated with open charm (𝐶=𝐷0, 𝐷+, 𝐷𝑠
+, 𝛬𝑐

+ )

𝐶𝐶 : double open charm production

Probes of quarkonium production 

In pp collisions several contributions could come to play

 𝑔𝑔 → 𝐽/𝜓𝑐  𝑐, 𝑐  𝑐𝑐  𝑐

 Double parton scattering (DPS)

 Intrinsic charm content of proton, … 
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Single-parton scattering (SPS) Double-parton scattering (DPS)



𝐽/𝜓 + 𝐶 𝐶𝐶

Search using 355 (± 13) pb-1 @ 7 TeV

𝐶  𝐶 events as normalisation channel

Final states for 𝐽/𝜓𝐶, 𝐶𝐶 and 𝐶  𝐶 candidates:

 𝐽/𝜓 → 𝜇+𝜇−

 𝐷0 → 𝐾−𝜋+,  𝐷+ → 𝐾−𝜋+𝜋+,

𝐷𝑠
+ → 𝐾−𝐾+𝜋+, 𝛬𝑐

+ → 𝑝𝐾−𝜋+

Main fiducial cuts:

 2 < 𝑦𝐽/𝜓,𝐶 < 4

 𝑝𝑇
𝐽/𝜓

< 12 GeV,  3 < 𝑝𝑇
𝐶 < 12 GeV
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JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


Track quality, vertex quarlity, particle ID, 𝐶 lifetime …

Pile-up effect: each meson from a different PV

 Negligible by requiring both mesons from the same PV 

(𝜒global
2 /ndf < 5)
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JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝐽/𝜓 + 𝐶
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Yields obtained from the 
fits to 2-D invariant mass 
distributions

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝐷0 + 𝐶
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𝐷0  𝐶 yields larger 
by ~𝒪(10)

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝐷+ + 𝐶
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𝐷+  𝐶 yields larger by ~𝒪(10)

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝜎 =
𝑁corr

ℒ×ℬ1×ℬ2

𝑁corr is efficiency corrected signal yields

 Efficiency corrections using data-driven methods as much as 
possible : tracking, hadron ID…

 Efficiency correction using MC considering imperfect 
simulation on 𝑦, 𝑝𝑇 and 𝐽/𝜓 polarization

 𝐷0𝐶 : corrected for double Cabibbo suppressed 𝐷0 → 𝐾+𝜋−

 ℬ1,2 ∶ ℬ of 𝐶1,2 decay to final states 

The major systematics from track reconstruction efficiency
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𝝈 [nb]

Lansberg, EPJC 61(2009) 693

Berezhnoy et. al.,PRD 57(1998) 4385; 
Baranov, PRD 73(2006) 074021

• Expectation from gluon-gluon 
fusion below measured 𝜎𝐽/𝜓𝐶

JHEP06 (2012) 141

𝑱/𝝍 𝑪

𝑪𝑪

𝑪 𝑪

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝜎
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• Good agreement with Tevatron 𝜎eff
DPS

for 𝐽/𝜓𝐶
• Yet 𝜎eff

DPS from 𝐶𝐶 is 2~3 factor larger

Tevatron PRD56(1997)3811
𝜎eff
DPS=14.5±1.7−2.3

+1.7 mb

Neglecting partonic correlations in proton, 
DPS contribution estimated naively as: 

𝜎𝐶1𝐶2 =
1

2
×

𝜎𝐶1×𝜎𝐶2
𝜎eff
DPS .   (if 𝐶1 = 𝐶2)

JHEP06 (2012) 141

Pocket formula

𝜎eff
DPS = 

𝑱/𝝍 𝑪

𝑪𝑪

𝑪 𝑪

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝑝𝑇
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𝑱/𝝍 𝑪 𝑪𝑪 𝑪 𝑪

• 𝑝𝑇
𝐽/𝜓 harder than prompt 𝐽/𝜓;

• 𝑝𝑇
𝐶 compatible with prompt 𝐶

• 𝑝𝑇
𝐶 all similar for 𝐶𝐶, 𝐶  𝐶, significantly 

different from (harder than) prompt 𝐶

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


01 March 2016
Yiming Li @ Quarkonium2016

15

𝑱/𝝍 𝑪

𝑪𝑪

• |Δ𝜙|/𝜋 shows no 
significant correlation

• Δ𝑦 ⇒ triangular 
shape as expected 
from two uncorrelated 
flat 𝑦 distributions

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141
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𝑪 𝑪

• |Δ𝜙|/𝜋 : enhancement 
at small |Δ𝜙|

• Δ𝑦 : enhancement at 
small |Δ𝑦|

• Consistent with 𝑐  𝑐
production via gluon 
splitting mechanism

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141
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𝑱/𝝍 𝑪 𝑪𝑪

• Similar for all types of 
charm hadrons

• Enhancement at small 
𝑚 in 𝐶  𝐶 also likely due 
to gluon splitting 

𝑪 𝑪

JHEP06 (2012) 141

http://link.springer.com/article/10.1007/JHEP06(2012)141


𝚼



Υ

Production of 𝑏 𝑏𝑐  𝑐 has been studied mainly using 𝐵𝑐
+

 NRQCD calculation (SPS) in good agreement with LHCb result

Measurement of 𝜎(ΥC) also provides probe in the production 
mechanism

 SPS predicts 𝑅SPS =
𝜎Υ𝑐 𝑐

𝜎Υ
to be small (0.2~2.0)%

 Naive DPS estimation gives 𝑅𝐷𝑃𝑆 ∼ 10%, assuming 𝜎Υ𝑐  𝑐 =
𝜎Υ×𝜎𝑐 𝑐

𝜎eff
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Belezhnoy and Likhoded, Int.J.Mod.Phys.A30(2015) 1550125



Υ𝐶

Search using 1 fb-1 @ 7 TeV + 2 fb-1 @ 8 TeV

Final states for Υ𝐶 candidates:

 Υ 1𝑆 , Υ 2𝑆 , Υ(3𝑆) → 𝜇+𝜇−

 𝐷0 → 𝐾−𝜋+,  𝐷+ → 𝐾−𝜋+𝜋+,

𝐷𝑠
+ → 𝐾−𝐾+𝜋+, 𝛬𝑐

+ → 𝑝𝐾−𝜋+

Main fiducial cuts:

 2.0 < 𝑦Υ,𝐶 < 4.5

 𝑝𝑇
Υ < 15 GeV,  1 < 𝑝𝑇

𝐶 < 20 GeV
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arXiv:1510.05949

http://arxiv.org/abs/1510.05949


Similar selections as for 𝐽/𝜓𝐶

 𝑐𝜏𝐶 > 100 μm/𝑐, good track & vertex quality, Υ from PV

Pile-up negligible by requiring 𝜒global
2 /ndf <5
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arXiv:1510.05949

http://arxiv.org/abs/1510.05949
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𝑓 = Σ𝑖=1
3 𝑁𝑖

Υ𝐶 𝑆Υ × 𝑆𝐶 + Σ1
3 𝑁Υ𝐵𝑆Υ × 𝑆𝐵𝐶 +𝑁𝐵𝐶𝑆𝐵Υ × 𝑆𝐶 + 𝑁𝐵𝐵𝑆𝐵𝐶 × 𝑆𝐵Υ

arXiv:1510.05949

http://arxiv.org/abs/1510.05949
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> 5𝝈, First observation

No significant signal for 𝚼 + 𝜦𝒄
+

Υ𝐷0 projection 
from the 2D fit:
𝑆Υ × 𝑆𝐷0

𝑆Υ × 𝑆𝐵
𝐷0

𝑆𝐵Υ × 𝑆𝐷0

arXiv:1510.05949

01 March 2016

http://arxiv.org/abs/1510.05949
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Agrees with DPS estimation: 

𝑅𝐷
0/𝐷+

=
𝜎𝐷

0

𝜎𝐷
+ = 2.41 ± 0.18

𝑅𝐶
Υ 2𝑆 /Υ 1𝑆

= ℬ2𝑆/1𝑆 ×
𝜎Υ 2𝑆

𝜎Υ(1𝑆)
= 0.249 ± 0.033

Larger than SPS prediction: 
(0.2~2.0)% 
Belezhnoy and Likhoded, 
Int.J.Mod.Phys.A30(2015) 1550125

• Effective DPS cross-section (averaging Υ 1𝑆 𝐷0,+, 7 & 8 TeV): 

𝝈𝐞𝐟𝐟 =
𝝈𝚼×𝝈𝑪

𝝈𝚼𝑪
= 18.0 ± 1.3 (stat) ± 1.2 (syst) = 18.0 ± 1.8 mb

• The large 𝜎Υ𝐶 ⇒ potential for b-flavour tagging

arXiv:1510.05949

http://arxiv.org/abs/1510.05949


𝑝𝑇
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Data 
DPS expectation

A large contribution from intrinsic charm in the nucleon pdf would 
expect 𝐶 with high 𝑝𝑇 > 10 GeV

arXiv:1510.05949

http://arxiv.org/abs/1510.05949
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|Δ𝜙|: 
SPS: enhancement ∼ 𝜋
DPS: flat

Data 
DPS expectation 
Assuming uncorre-
lated production of 
Υ and 𝐷

arXiv:1510.05949

http://arxiv.org/abs/1510.05949


𝑝𝑇
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𝒜𝑇 =
𝑝𝑇
Υ(1𝑆)

− 𝑝𝑇
𝐶

𝑝𝑇
Υ(1𝑆)

+ 𝑝𝑇
𝐶

arXiv:1510.05949

Data 
DPS expectation

http://arxiv.org/abs/1510.05949


Several double heavy flavor hadron pairs observed at LHCb

 𝑐𝑐  𝑐  𝑐: 𝐽/𝜓 + 𝐷0/𝐷+/𝐷𝑠
+/𝛬𝑐

+,

𝐷0 + 𝐷0/𝐷+/𝐷𝑠
+/𝛬𝑐

+, 𝐷+𝐷+, 𝐷+𝐷𝑠
+,

𝐷0 𝐷0, 𝐷0/𝐷+ + 𝐷−/𝐷𝑠
−/  𝛬𝑐

−

 𝑏 𝑏𝑐  𝑐: Υ 1𝑆 𝐷0, Υ 2𝑆 𝐷0, Υ 1S 𝐷+, Υ 2S 𝐷+, Υ 1S 𝐷𝑠
+

The cross-sections measured, and kinematic properties studied, 
shedding light on the heavy quarkonium production mechanism

So far only with LHC Run I data (at 7/8 TeV), and limited by 
statistics. More to expect with more ongoing Run I search, as 
well as 13 TeV results!
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𝐶  𝐶
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𝐽/𝜓𝐶 𝐶𝐶
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𝜎𝐶𝐶
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R.Maciuła and A.Szczurek, PRD87 (2013) no.7, 074039

A.van Hameren, R.Maciuła and A.Szczurek, Phys.Lett. B748 (2015) 167

…….

http://inspirehep.net/record/1215091
http://inspirehep.net/record/1364736


𝜎𝐽/𝜓𝐶
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𝐶𝐶 𝐶  𝐶
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Or “Bukin” function. Used in Υ𝐶 analysis to model 𝐶 shape
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Υ𝐷

From Υ𝑏 𝑏 : estimated assuming DPS production

 𝜎(Υ), 𝜎(𝑏 𝑏) using LHCb results

From 𝜒𝑏𝑐  𝑐:

 Included in the selected signal

 ≤ a few percent in theory
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A.K. Likhoded, A.V. Luchinsky, S.V. Poslavsky, Phys.Let.B 2016.01.051

http://arxiv.org/abs/1511.04851


𝜎Υ𝐶
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