
First complete study of hadroproduction

of Υ+ J/ψ

Yu-Jie Zhang

Beihang University, Beijing 100191, China

Email: nophy0@gmail.com

June 14-17, 2016 @ IHEP, CPHEP2
Based on HuaSheng Shao, YJZ, arXiv: 1605.03061



Outline

Based on arXiv: 1605.03061

Introduction



Outline

Based on arXiv: 1605.03061

Introduction

The frame of Calculation



Outline

Based on arXiv: 1605.03061

Introduction

The frame of Calculation

The result



Outline

Based on arXiv: 1605.03061

Introduction

The frame of Calculation

The result

Summary and discussion



Introduction



Quarkonium associated production processes and MPI

1 Heavy quarkonium production at colliders have been
extensively studied.



Quarkonium associated production processes and MPI

1 Heavy quarkonium production at colliders have been
extensively studied.

2 Associated-quarkonium production has attracted considerable
theoretical attention because it provides a good opportunity
to study the Multiple Parton Interactions (MPI).



Quarkonium associated production processes and MPI

1 Heavy quarkonium production at colliders have been
extensively studied.

2 Associated-quarkonium production has attracted considerable
theoretical attention because it provides a good opportunity
to study the Multiple Parton Interactions (MPI).

3 The understanding of MPI in hadron-hadron collisions is very
important for it can be an important background of
multi-particle final-state processes. It impacts both the
measurements of Standard Model particles and the searching
for new physics signals.



Quarkonium associated production processes and MPI

1 Heavy quarkonium production at colliders have been
extensively studied.

2 Associated-quarkonium production has attracted considerable
theoretical attention because it provides a good opportunity
to study the Multiple Parton Interactions (MPI).

3 The understanding of MPI in hadron-hadron collisions is very
important for it can be an important background of
multi-particle final-state processes. It impacts both the
measurements of Standard Model particles and the searching
for new physics signals.

4 Many quarkonium associated production processes, such as
J/ψ +W , J/ψ + Z , J/ψ + charm , Υ+ charm and
J/ψ + J/ψ , seems to be dominant by Double-Parton
Scattering (DPS).



Quarkonium associated production processes and MPI

1 Heavy quarkonium production at colliders have been
extensively studied.

2 Associated-quarkonium production has attracted considerable
theoretical attention because it provides a good opportunity
to study the Multiple Parton Interactions (MPI).

3 The understanding of MPI in hadron-hadron collisions is very
important for it can be an important background of
multi-particle final-state processes. It impacts both the
measurements of Standard Model particles and the searching
for new physics signals.

4 Many quarkonium associated production processes, such as
J/ψ +W , J/ψ + Z , J/ψ + charm , Υ+ charm and
J/ψ + J/ψ , seems to be dominant by Double-Parton
Scattering (DPS).

5 However, one should keep in mind that before concluding for
DPS dominance, one should always carefully examine the
Single-Parton Scattering (SPS) contributions.
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1 Heavy quarkonium is an excellent candidate to probe QCD
from the high energy to the low energy regimes.

2 In the Nonrelativistic QCD (NRQCD) approach, the
production of heavy quarkonium is factored to short distance
coefficients and long distance matrix elements(LDMEs).

3 The short distance coefficients can be calculated
perturbatively with the expansions by αs.

4 The LDMES can be scaled by the relative velocity v between
the quark and antiquark. v2 is about 0.20 ∼ 0.25 for
charmonium and about 0.08 ∼ 0.1 for bottomonium.

5

R =
∑

n

Fn < O(n) >

Fn = F 0
n(1 + c1αs + c2α

2
s + ....)

< O(n) > ∝ vdn (1)
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3 The process is thus sometimes considered as a golden
observable to probe the so-called Color-Octet Mechanism
(COM) Ko:2010xy, which can be seen as a relativistic
correction via high Fock state contribution in the meson wave
function.

4 However, the Color Octet (CO) contribution were quite
underestimate until predictions were made for AFTER@LHC
energies

√
s = 115 GeV Lansberg:2015lva relying on the

automation in HELAC-Onia Shao:2012iz,Shao:2015vga.
5 The approximated Loop-Induced (LI) contribution in CSM at

O(α6
S) was estimated in Ref. Likhoded:2015zna with in the

specific limit ŝ≫ |t̂| ≫ m2

ψ,Υ, where ŝ and t̂ are the
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Hadroproduction of a Υ+ J/ψ

1 However, the exact calculations of the complete SPS
contributions were absence in the literature.

2 The ψ production from b-hadron decay are excluded by D0.

3 We present the first complete study of the simultaneous
production of prompt ψ and Υ mesons by including all
leading contributions, at order O(α6

S) or equivalent.
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The SPS cross section

In general, the SPS cross section for the simultaneous production
of charmonium C and bottomonium B in non-relativistic limit can
be written as

σ(h1h2 → C + B +X) =
∑

a,b,n1,n2
fa/h1 ⊗ fb/h2 (2)

⊗σ̂(ab→ cc̄[n1] + bb̄[n2] +X)〈OC(n1)〉〈OB(n2)〉, (3)

1 fa/h is the parton distribution function (PDF)

2 〈OQ(n)〉 is the non-perturbative Long-Distance Matrix
Element (LDME) of the quarkonium Q

3 σ̂(ab→ cc̄[n1] + bb̄[n2] +X) is the perturbatively calculable
short-distance coefficient for the simultanous production of
the charm-quark pair in the Fock state n1 and the
bottom-quark pair in the Fock state n2.



O(α6
S)

1 The O(α4
S) and O(α5

S) contributions to Υ and ψ direct
production in CSM vanish because of P-parity and C-parity
conservation.



O(α6
S)

1 The O(α4
S) and O(α5

S) contributions to Υ and ψ direct
production in CSM vanish because of P-parity and C-parity
conservation.

2 Other production mechanisms a priori considered to be
subleading can be relevant.



O(α6
S)

1 The O(α4
S) and O(α5

S) contributions to Υ and ψ direct
production in CSM vanish because of P-parity and C-parity
conservation.

2 Other production mechanisms a priori considered to be
subleading can be relevant.

3 In the following, we will consider all the contributions which
can compete with the O(α6

S) CSM ones for αS ∼ v2 ∼ √
α.



O(α6
S)

1 The O(α4
S) and O(α5

S) contributions to Υ and ψ direct
production in CSM vanish because of P-parity and C-parity
conservation.

2 Other production mechanisms a priori considered to be
subleading can be relevant.

3 In the following, we will consider all the contributions which
can compete with the O(α6

S) CSM ones for αS ∼ v2 ∼ √
α.

4 Besides the possible DPS contribution, there are 5 relevant
classes of production mechanisms, which are summarized in
Table.



Order of SPS

Label HELAC-Onia 2.0 syntax First order Description

DR g g > cc∼(3S11) bb∼(3S11) g g O(α6

S) Double Real (DR) CS contribution

LI addon 8 O(α6

S) Loop-Induced (LI) CS contribution

EW p p > cc∼(3S11) bb∼(3S11) O(α2

Sα
2) ElectroWeak (EW) CS contribution

INTER addon 8 O(α4

Sα) INTERference (INTER) between LI and EW

COM g g > jpsi y(1s) O(α4

Sv
i
cv

j

b), i+ j ≥ 4 CO



Feynman Diagram of SPS
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DPS

1 Besides the SPSs, the DPS ψ and Υ are produced separately
in two partonic scattering processes.

σDPS(h1h2 → C+B+X) =
σ(h1h2 → C +X)σ(h1h2 → B +X)

σeff
,

(4)

2 The σeff accounts for an effective transverse overlapping area
of the two initial colliding hadrons h1 and h2.

3 D0 extracted σeff = 2.2± 0.7(stat)± 0.9(syst) mb from their
J/ψ +Υ measurement by ignoring SPS contribution.

4 It can be conservatively thought as the lower-limit value of
σeff if one assumes the universality of σeff . We use a
data-driven procedure as input for the single quarkonium
production cross sections.
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Direct SPS cross sections @ D0 in fb

J/ψ ψ(2S)

Υ(1S) 3.58+233%

−66.4%
± 4.4% 2.34+233%

−66.4%
± 4.4%

DR Υ(2S) 1.78+233%

−66.4%
± 4.4% 1.17+233%

−66.4%
± 4.4%

Υ(3S) 1.36+233%

−66.4%
± 4.4% 0.894+233%

−66.4%
± 4.4%

Υ(1S) 56.2+264%

−70.2%
± 4.7% 36.8+264%

−70.2%
± 4.7%

LI Υ(2S) 28.0+264%

−70.2%
± 4.7% 18.4+264%

−70.2%
± 4.7%

Υ(3S) 21.4+264%

−70.2%
± 4.7% 14.0+264%

−70.2%
± 4.7%

Υ(1S) 15.8+75.4%

−46.4%
± 4.6% 10.4+75.4%

−46.4%
± 4.6%

EW Υ(2S) 7.90+75.4%

−46.4%
± 4.6% 5.18+75.4%

−46.4%
± 4.6%

Υ(3S) 6.04+75.4%

−46.4%
± 4.6% 3.96+75.4%

−46.4%
± 4.6%

Υ(1S) −16.6+162%

−62.0%
± 4.8% −10.9+162%

−62.0%
± 4.8%

INTER Υ(2S) −8.29+162%

−62.0%
± 4.8% −5.43+162%

−62.0%
± 4.8%

Υ(3S) −6.34+162%

−62.0%
± 4.8% −4.15+162%

−62.0%
± 4.8%

Υ(1S) 409+138%

−56.7%
± 4.4% 174+138%

−56.8%
± 4.4%

COM Υ(2S) 135+139%

−57.0%
± 4.4% 57.6+139%

−57.1%
± 4.4%

Υ(3S) 197+137%

−56.6%
± 4.4% 84.1+138%

−56.7%
± 4.4%

√



SPS cross sections @ D0 & LHCb

exp. CSM

DR LI EW INTER Set I

D0: 27± 42.2% 0.0146+233%

−66.6%
0.229+264%

−70.4%
0.065+75.5%

−46.6%
−0.068+162%

−62.2%
2.96+135%

−56.2%

LHCb 0.255+391%

−79.7%
6.05+436%

−82.2%
1.71+135%

−65.2%
−3.23+262%

−75.9%
38.8+238%

−73.0%
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Summary and discussion

1 -We have performed the first complete analysis of
simultaneous production of prompt ψ and Υ mesons including
all leading SPS contributions.

2 Our work shows that it is in fact most probably dominated by
DPS contributions for D0 data.

3 Finally, we also present our predictions of prompt J/ψ and Υ
production at the LHCb.



Thanks!
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