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Abstract

The associated production of vector boson + prompt J/ψ is a key observable for understanding of quarkonium
production mechanisms. Here we present the first evidence of such process and the measurement of its production rate.
Relative contributions to the signal from single and double parton scattering are estimated and possible implications
of this novel final state for studying multiple parton interactions are discussed. Finally, we compare Single parton
scattering cross-sections to cutting-edge theoretical calculations in the colour singlet and colour octet formalisms.
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1. Introduction

Contributions of colour singlet (CS) and colour octet
(CO) processes to the inclusive J/ψ production is still
unclear [1, 2]. The associated production of the W±

boson with a J/ψ filters out different initial states
compared to those participated in the inclusive J/ψ

production. This makes the associated production of
W±+ J/ψ ideal for studying the CS and CO models.
Two processes contribute to the associated production
of W±+ J/ψ . The first one is the single parton scatter-
ing (SPS) and the second is the double parton scattering
(DPS). In SPS, the W± and the J/ψ are produced from
the same pair of partons and, in DPS, two different pairs
of partons interact and produce the W± and J/ψ parti-
cles.

The first measurement of the associated production
of W±(→ µ±νµ)+ prompt J/ψ(→ µ+µ−) [3] is pre-
sented, using data collected with the ATLAS experiment
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[4] during the 2011 pp run of the Large Hadron Collider
(LHC) [5] at centre of mass energy of 7GeV.

2. The ATLAS detector

ATLAS detector is a multi-purpose detector at the
LHC. During 2011 ATLAS recorded 4.5fb−1 of physics
data from pp collisions at

√
s = 7TeV. The inner de-

tector (ID) of ATLAS performs tracking of charged par-
ticles for |η | < 2.5 and is inside a solenoidal magnet
that provides an axial field of 2T. Muon system (MS)
covers a range of |η |< 2.7. A system of air coil toroidal
magnets provide a bending integral of 2.5Tm in the bar-
rel and 6Tm in the endcaps. The combination of the ID
and MS can reconstruct muons with pT ≥ 2.5GeV with
resolution σ(pT)/pT better than 3% (in the momentum
range used in this analysis). Muon detectors are also
used to trigger on high transverse momentum muons.

3. Event selection

The J/ψ is reconstructed requiring muons to have
pT > 3.5(2.5)GeV for |η | < 1.3(> 1.3), both to have
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|η | < 2.5, to originate at a common point and at least
one of them to have pT > 4GeV. The invariant mass
of the dimuon system must be within 2.5 < mµ+µ− <
3.5GeV. To establish high acceptance and efficiency,
the rapidity of the J/ψ is required to be |yJ/ψ |< 2.1 and
its transverse momentum to be 8.5 < pJ/ψ

T < 30GeV, to
improve the signal to background ratio.

The W± muon is required to match the muon fired
the high pT single muon trigger, have pT > 25GeV and
|η |< 2.4. The transverse energy-momentum imbalance
measured in the detector must satisfy Emiss

T > 20GeV
and the transverse mass of the W± needs to be mW

T >
40GeV.

Events with two oppositely charged muons and in-
variant mass within 10GeV of the Z boson mass are re-
jected. Applying the selections described above, 149
events are left.

 Invariant Mass [GeV]­µ+µ

2.6 2.8 3 3.2 3.4

E
v
e

n
ts

 /
 0

.0
4

 G
e

V

0

10

20

30

40

50 Data
Total fit

ψW + J/
W + prompt combinatorics
W + non­prompt combinatorics

­1 dt = 4.5 fbL∫ = 7 TeV, s, ATLAS

(a)

 Pseudo­proper Time [ps]ψJ/

­2 ­1 0 1 2 3 4 5 6

E
v
e

n
ts

 /
 0

.2
 p

s

­110

1

10

210

Data
Total fit

ψW + prompt J/

ψW + non­prompt J/

W + prompt combinatorics

W + non­prompt combinatorics

­1 dt = 4.5 fbL∫ = 7 TeV, s, ATLAS

(b)

Figure 1: Projections in (a) invariant mass and
(b) pseudo-proper time of the two-dimensional mass-
pseudo-proper time fit used to extract the prompt J/ψ

candidates in the full rapidity region (|yJ/ψ |< 2.1). The
pseudo-proper time distribution is shown for the J/ψ

mass peak region (3.0 < m(µ+µ−)< 3.2GeV).

Signal J/ψ events are separated from combinatorial
background events and non prompt J/ψ by a 2D max-
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Figure 2: (a) The sPlot-weighted W± boson transverse
mass distribution and (b) The sPlot-weighted azimuthal
angle between the W± and the J/ψ , shown for W±+
prompt J/ψ candidates.

imum likelihood fit in mass and pseudo-proper time
(Figure 1). 29.2+7.5

−6.5 W±+ prompt J/ψ events are
found. Events that may have been produced in different
proton-proton collisions but in the same bunch cross-
ing (pileup) are estimated to be 1.8± 0.2. Using the
extracted prompt J/ψ yield, per event weights are pro-
duced [6]. Applying these weights to the dataset, the
mW

T distribution for events that are associated with the
prompt J/ψ is obtained. The weighted mW

T distribution
(Figure 2a) is fitted with a multijet plus signal W± tem-
plates. The W± signal hypothesis is strongly supported
and an estimation of 0.1± 4.6 of multijet events is cal-
culated.

4. Double parton scattering

W± and J/ψ can be produced from the scattering
of two different pairs of partons in the same proton-
proton collision. The probability that an extra J/ψ is
produced additionally to the production of the W± is
parameterised as PJ/ψ |W± = σJ/ψ/σeff, with σeff be-
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ing the effective cross section parameter and is mea-
sured by ATLAS using W± → lν + 2 jet events to be
σeff = 15±3(stat.)+5

−3 mb [7]. ATLAS measurement [8]
is used for computing the σJ/ψ , corrected for the fidu-
cial phase space of this analysis. The estimation of
the total number of DPS events is 10.8± 4.2. These
events are distributed uniformly along the azimuthal an-
gle between the W± and the J/ψ , assuming that the
two interactions are independent. Figure 2b shows the
∆φ(W,J/ψ) distribution weighted by the prompt J/ψ

yield. The peaking structure at π , on top of the flat DPS
component, reveals an indication of SPS.

5. Results

ATLAS collaboration observed for the first time
the associated production of W±+ prompt J/ψ

with a 5.1σ significance and measured the cross-
section ratio of W± + J/ψ to inclusive W± (Fig-
ure 3a). The fiducial cross-section ratio of W±+
prompt J/ψ relative to inclusive W± is measured
to be Rfid

J/ψ
= (51±13(stat.)±4(syst.)) × 10−8.

The acceptance-corrected observed ratio is
Rincl

J/ψ
=

(
126±32(stat.)±9(syst.)+41

−25

)
× 10−8

with the last uncertainty representing possible
variation due to the unknown spin-alignment.
Subtracting the DPS contribution, the SPS rate
RDPS sub

J/ψ
=

(
78±32(stat.)±22(syst.)+41

−25

)
× 10−8 is

extracted. The last bin also presents LO CS and NLO
CO calculations for SPS production [9, 10].

Figure 3b shows the differential cross section ratio
dRincl

J/ψ
/dpT as a function of the J/ψ transverse momen-

tum. The DPS contribution is overlaid and the measure-
ment indicates a large SPS contribution in the low pJ/ψ

T
bin.

Analysis of the data collected during 2012 could al-
low us to measure the relative fraction of SPS and DPS
production. In addition, the W±+ J/ψ process can be
used to study Higgs decays to charmonia and physics
beyond the standard model[11].
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Figure 3: (a) The W±+ prompt J/ψ : W± production
cross-section ratio in the J/ψ fiducial region, after cor-
rection for J/ψ acceptance, and after subtraction of the
double parton scattering component. (b) The inclusive
(SPS+DPS) cross-section ratio dRincl

J/ψ
/dpT as a function

of pJ/ψ

T .
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