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Abstract

The production rates of prompt and non-prompt J/ψ and ψ(2S) mesons in their dimuon
decay modes are measured using 2.1 fb−1 and 11.4 fb−1 of data collected with the ATLAS
experiment at the Large Hadron Collider, in proton–proton collisions at

√
s = 7 and 8 TeV

respectively. Production cross-sections for prompt as well as non-prompt sources, ratios of
ψ(2S) to J/ψ production, and the fractions of non-prompt production for J/ψ and ψ(2S) are
measured as a function of meson transverse momentum and rapidity. The measurements are
compared to theoretical predictions.
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1. Introduction

Measurements of heavy quark–antiquark bound states (quarkonia) production processes provide an in-
sight into the nature of quantum chromodynamics (QCD) close to the boundary between the perturbative
and non-perturbative regimes. More than forty years since the discovery of the J/ψ, the investigation of
hidden heavy-flavour production in hadronic collisions still presents significant challenges to both theory
and experiment.

In high-energy hadronic collisions, charmonium states can be produced either directly by short-lived QCD
sources (“prompt” production), or by long-lived sources in the decay chains of beauty hadrons (“non-
prompt” production). These can be separated experimentally using the distance between the proton–
proton primary interaction and the decay vertex of the quarkonium state. While Fixed-Order with Next-
to-Leading-Log (FONLL) calculations [1, 2], made within the framework of perturbative QCD, have
been quite successful in describing non-prompt production of various quarkonium states, a satisfactory
understanding of the prompt production mechanisms is still to be achieved.

The ψ(2S) meson is the only vector charmonium state that is produced with no significant contributions
from decays of higher-mass quarkonia, referred to as feed-down contributions. This provides a unique
opportunity to study production mechanisms specific to JPC = 1−− states [3–12]. Measurements of the
production of J++ states with J = 0, 1, 2, [12–17], strongly coupled to the two-gluon channel, allow
similar studies in the CP-even sector, complementary to the CP-odd vector sector. Production of J/ψ
mesons [3–7, 9–11, 13, 18–24] arises from a mixture of different sources, receiving contributions from
the production of 1−− and J++ states in comparable amounts.

Early attempts to describe the formation of charmonium [25–32] using leading-order perturbative QCD
gave rise to a variety of models, none of which could explain the large production cross-sections measured
at the Tevatron [3, 13, 21–23]. Within the colour-singlet model (CSM) [33], next-to-next-to-leading-
order (NNLO) contributions to the hadronic production of S-wave quarkonia were calculated without
introducing any new phenomenological parameters. However, technical difficulties have so far made it
impossible to perform the full NNLO calculation, or to extend those calculations to the P-wave states.
So it is not entirely surprising that the predictions of the model underestimate the experimental data for
inclusive production of J/ψ and Υ states, where the feed-down is significant, but offer a better description
for ψ(2S) production [18, 34].

Non-relativistic QCD (NRQCD) calculations that include colour-octet (CO) contributions [35] introduce
a number of phenomenological parameters — long-distance matrix elements (LDMEs) — which are
determined from fits to the experimental data, and can hence describe the cross-sections and differential
spectra satisfactorily [36]. However, the attempts to describe the polarization of S-wave quarkonium states
using this approach have not been so successful [37], prompting a suggestion [38] that a more coherent
approach is needed for the treatment of polarization within the QCD-motivated models of quarkonium
production.

Neither the CSM nor the NRQCD model gives a satisfactory explanation for the measurement of prompt
J/ψ production in association with the W [39] and Z [40] bosons: in both cases, the measured differ-
ential cross-section is larger than theoretical expectations [41–44]. It is also important to broaden the
scope of comparisons between theory and experiment by providing a variety of experimental informa-
tion about quarkonium production across a wider kinematic range. In this context, ATLAS has measured
the inclusive differential cross-section of J/ψ production, with 2.3 pb−1 of integrated luminosity [18], at
√

s = 7 TeV using the data collected in 2010, as well as the differential cross-sections of the production

3



of χc states (4.5 fb−1) [14], and of the ψ(2S) in its J/ψππ decay mode (2.1 fb−1) [9], at
√

s = 7 TeV with
data collected in 2011. The cross-section and polarization measurements from CDF [4], CMS [7, 45, 46],
LHCb [8, 10, 12, 47–49] and ALICE [5, 50, 51], cover a considerable variety of charmonium production
characteristics in a wide kinematic range (transverse momentum pT ≤ 100 GeV and rapidities |y| < 5),
thus providing a wealth of information for a new generation of theoretical models.

This paper presents a precise measurement of J/ψ and ψ(2S) production in the dimuon decay mode, both
at
√

s = 7 TeV and at
√

s = 8 TeV. It is presented as a double-differential measurement in transverse
momentum and rapidity of the quarkonium state, separated into prompt and non-prompt contributions,
covering a range of transverse momenta 8 < pT ≤ 110 GeV and rapidities |y| < 2.0. The ratios of ψ(2S)
to J/ψ cross-sections for prompt and non-prompt processes are also reported, as well as the non-prompt
fractions of J/ψ and ψ(2S).

2. The ATLAS detector

The ATLAS experiment [52] is a general-purpose detector consisting of an inner tracker, a calorimeter
and a muon spectrometer. The inner detector (ID) directly surrounds the interaction point; it consists
of a silicon pixel detector, a semiconductor tracker and a transition radiation tracker, and is embedded
in an axial 2 T magnetic field. The ID covers the pseudorapidity1 range |η| = 2.5 and is enclosed by a
calorimeter system containing electromagnetic and hadronic sections. The calorimeter is surrounded by a
large muon spectrometer (MS) in a toroidal magnet system. The MS consists of monitored drift tubes and
cathode strip chambers, designed to provide precise position measurements in the bending plane in the
range |η| < 2.7. Momentum measurements in the muon spectrometer are based on track segments formed
in at least two of the three precision chamber planes.

The ATLAS trigger system [53] is separated into three levels: the hardware-based Level-1 trigger and
the two-stage High Level Trigger (HLT), comprising the Level-2 trigger and Event Filter, which reduce
the 20 MHz proton–proton collision rate to several-hundred Hz of events of interest for data recording
to mass storage. At Level-1, the muon trigger searches for patterns of hits satisfying different transverse
momentum thresholds with a coarse position resolution but a fast response time using resistive-plate
chambers and thin-gap chambers in the ranges |η| < 1.05 and 1.05 < |η| < 2.4, respectively. Around these
Level-1 hit patterns “Regions-of-Interest” (RoI) are defined that serve as seeds for the HLT muon recon-
struction. The HLT uses dedicated algorithms to incorporate information from both the MS and the ID,
achieving position and momentum resolution close to that provided by the offline muon reconstruction.

3. Candidate selection

The analysis is based on data recorded at the LHC in 2011 and 2012 during proton–proton collisions
at centre-of-mass energies of 7 TeV and 8 TeV, respectively. This data sample corresponds to a total

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points
upward. Cylindrical coordinates (r, φ) are used in the transverse plane, φ being the azimuthal angle around the beam pipe.
The pseudorapidity η is defined in terms of the polar angle θ as η = − ln tan(θ/2) and the transverse momentum pT is defined
as pT = p sin θ. The rapidity is defined as y = 0.5 ln

[
(E + pz) / (E − pz)

]
, where E and pz refer to energy and longitudinal

momentum, respectively. The η–φ distance between two particles is defined as ∆R =
√

(∆η)2 + (∆φ)2.
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integrated luminosity of 2.1 fb−1 and 11.4 fb−1 for 7 TeV data and 8 TeV data, respectively.

Events were selected using a trigger requiring two oppositely charged muon candidates, each passing the
requirement pT > 4 GeV. The muons are constrained to originate from a common vertex, which is fitted
with the track parameter uncertainties taken into account. The fit is required to satisfy χ2 < 20 for the
one degree of freedom.

For 7 TeV data, the Level-1 trigger required only spatial coincidences in the MS [54]. For 8 TeV data, a
4 GeV muon pT threshold was also applied at Level-1, which reduced the trigger efficiency for low-pT
muons.

The offline analysis requires events to have at least two muons, identified by the muon spectrometer and
with matching tracks reconstructed in the ID [55]. Due to the ID acceptance, muon reconstruction is
possible only for |η| < 2.5. The selected muons are further restricted to |η| < 2.3 to ensure high-quality
tracking and triggering, and to reduce the contribution from misidentified muons. For the momenta
of interest in this analysis (corresponding to muons with a transverse momentum of at most O(100)
GeV), measurements of the muons are degraded by multiple scattering within the MS and so only the
ID tracking information is considered. To ensure accurate ID measurements, each muon track must
fulfil muon reconstruction and selection requirements [55]. The pairs of muon candidates satisfying these
quality criteria are required to have opposite charges.

In order to allow an accurate correction for trigger inefficiencies, each reconstructed muon candidate is
required to match a trigger-identified muon candidate within a cone of ∆R =

√
(∆η)2 + (∆φ)2 = 0.01.

Dimuon candidates are obtained from muon pairs, constrained to originate from a common vertex using
ID track parameters and uncertainties, with a requirement of χ2 < 20 of the vertex fit for the one degree
of freedom. All dimuon candidates with an invariant mass within 2.6 < m(µµ) < 4.0 GeV and within
the kinematic range pT(µµ) > 8 GeV, |y(µµ)| < 2.0 are retained for the analysis. If multiple candidates
are found in an event (occurring in approximately 10−6 of selected events), all candidates are retained.
The properties of the dimuon system, such as invariant mass m(µµ), transverse momentum pT(µµ), and
rapidity |y(µµ)| are determined from the result of the vertex fit.

4. Methodology

The measurements are performed in intervals of dimuon pT and absolute value of the rapidity (|y|). The
term “prompt” refers to the J/ψ or ψ(2S) states — hereafter called ψ to refer to either — are produced
from short-lived QCD decays, including feed-down from other charmonium states as long as they are also
produced from short-lived sources. If the decay chain producing a ψ state includes long-lived particles
such as b-hadrons, then such ψ mesons are labelled as “non-prompt”. Using a simultaneous fit to the
invariant mass of the dimuon and its “pseudo-proper decay time” (described below), prompt and non-
prompt signal and background contributions can be extracted from the data.

The probability for the decay of a particle as a function of proper decay time t follows an exponential
distribution, p(t) = 1/τB · e−t/τB where τB is the mean lifetime of the particle. For each decay, the proper
decay time can be calculated as t = Lm/p, where L is the distance between the particle production
and decay vertices, p is the momentum of the particle, and m is its invariant mass. As the non-prompt
decays of ψ mesons do not fully reconstruct the b-hadron decay, the transverse momentum of the dimuon
system and the reconstructed dimuon invariant mass are used to construct the “pseudo-proper decay
time”, τ = Lxym(µµ)/pT(µµ), where Lxy ≡ ~L · ~pT(µµ)/pT(µµ) is the signed projection of the distance
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of the dimuon decay vertex from the primary vertex, ~L, onto its transverse momentum, ~pT(µµ). This is a
good approximation to using the parent b-hadron information when the ψ and parent momenta are closely
aligned, which is the case for the values of ψ transverse momenta considered here, and τ therefore can
be used to distinguish statistically between the non-prompt and prompt processes (in which the latter are
assumed to decay with vanishingly small lifetime). If the event contains multiple primary vertices [52],
the primary vertex closest in z to the dimuon decay vertex is selected. The effect of selecting an incorrect
vertex has been shown [56] to have a negligible impact on the extraction of prompt and non-prompt
contributions. If any of the muons in the dimuon candidate contributes to the construction of the primary
vertex, the corresponding tracks are removed and the vertex is refitted.

4.1. Differential cross-section determination

The differential dimuon prompt and non-prompt production cross-sections times branching ratio are
measured separately for J/ψ and ψ(2S) mesons according to the equations:

d2σ(pp→ ψ)
dpTdy

× B(ψ→ µ+µ−) =
Np
ψ

∆pT∆y ×
∫
Ldt

(1)

d2σ(pp→ bb̄→ ψ)
dpTdy

× B(ψ→ µ+µ−) =
Nnp
ψ

∆pT∆y ×
∫
Ldt

(2)

where
∫
Ldt is the integrated luminosity, ∆pT and ∆y are the interval sizes in terms of dimuon trans-

verse momentum and rapidity, respectively, and Np(np)
ψ is the number of observed prompt (non-prompt)

ψ mesons in the slice under study, corrected for acceptance, trigger and reconstruction efficiencies. The
intervals in ∆y combine the data from negative and positive rapidities. These differential cross-sections
are determined separately for the J/ψ and ψ(2S) states.

The determination of the cross-sections proceeds in several steps. First, a weight is determined for each
selected dimuon candidate equal to the inverse of the total efficiency for each candidate. The total weight,
wtot, for each dimuon candidate includes three factors: the fraction of produced ψ → µ+µ− decays with
both muons in the fiducial region pT(µ) > 4 GeV and |η(µ)| < 2.3 (defined as acceptance, A), the prob-
ability that a candidate within the acceptance satisfies the offline reconstruction selection (εreco), and the
probability that a reconstructed event satisfies the trigger selection (εtrig). The weight assigned to a given
candidate when calculating the cross-sections is therefore given by:

w−1
tot = A · εreco · εtrig.

After the weight determination, an unbinned maximum-likelihood fit is performed to these weighted
events in each (pT(µµ), |y(µµ)|) interval using the dimuon invariant mass, m(µµ), and pseudo-proper
decay time, τ(µµ), observables. The fitted yields of J/ψ → µ+µ− and ψ(2S) → µ+µ− are determined
separately for prompt and non-prompt processes. Finally, the differential cross-section times the ψ →
µ+µ− branching fraction is calculated for each state by including the integrated luminosity and the pT and
rapidity interval widths as shown in Eqs. (1) and (2).
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4.2. Non-prompt fraction

The non-prompt fraction f ψb is defined as the number of non-prompt ψ (produced via the decay of a b-
hadron) divided by the number of inclusively produced ψ decaying to muon pairs after applying weighting
corrections:

f ψb ≡
pp→ b + X → ψ + X′

pp
Inclusive
−−−−−−→ ψ + X′

=
Nnp
ψ

Nnp
ψ + Np

ψ

,

where this fraction is determined separately for J/ψ and ψ(2S). Determining the fraction from this ratio is
advantageous since acceptance and efficiencies largely cancel and the systematic uncertainty is reduced.

4.3. Ratio of ψ(2S) to J/ψ production in prompt and non-prompt production

The ratio of ψ(2S) to J/ψ production, in their dimuon decay modes, is defined as:

Rp(np) =
Np(np)
ψ(2S)

Np(np)
J/ψ

where Np(np)
ψ is the number of prompt (non-prompt) J/ψ or ψ(2S) mesons decaying into a muon pair in

an interval of pT and y, corrected for selection efficiencies and acceptance.

For the ratio measurements, similarly to the non-prompt fraction, the acceptance and efficiency correc-
tions largely cancel, thus allowing a more precise measurement. The theoretical uncertainties on such
ratios are also smaller, as several dependencies, such as parton distribution functions and b-hadron pro-
duction spectra, largely cancel in the ratio.

4.4. Acceptance

The kinematic acceptance A for a ψ → µ+µ− decay with pT and y is given by the probability that both
muons pass the fiducial selection (pT(µ) > 4 GeV and |η(µ)| < 2.3). This is calculated using generator-
level simulations. Detector-level corrections, which are found to be small, are applied to the results and
also considered as part of the systematic uncertainties.

The acceptance A depends on five independent variables (the two muon momenta are constrained by
the m(µµ) mass condition), chosen as the pT, |y| and azimuthal angle φ of the ψ meson in the laboratory
frame, and two angles characterizing the ψ → µ+µ− decay, θ? and φ?, described in detail in Ref. [57].
The angle θ? is the angle between the direction of the positive-muon momentum in the ψ rest frame
and the momentum of the ψ in the laboratory frame, while φ? is defined as the angle between the dimuon
production and decay planes in the laboratory frame. The ψ production plane is defined by the momentum
of the ψ in the laboratory frame and the positive z-axis direction. The distributions in θ? and φ? differ for
various possible spin-alignment scenarios of the dimuon system.
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The spin-alignment of the ψ may vary depending on the production mechanism, which in turn affects
the angular distribution of the dimuon decay. Predictions of various theoretical models are quite contra-
dictory, while the recent experimental measurements [7] indicate that the angular dependence of J/ψ and
ψ(2S) decays is consistent with being isotropic.

The coefficients λθ, λφ, λθφ in

d2N
d cos θ?dφ?

∝ 1 + λθ cos2 θ? + λφ sin2 θ? cos 2φ? + λθφ sin 2θ? cos φ?

are related to the spin-density matrix elements of the dimuon spin wave function.

Since the polarization of the ψ state may affect acceptance, seven extreme cases that lead to the largest
possible variations of acceptance within the phase space of this measurement are identified. These cases,
described in Table 1, are used to define a range in which the results may vary under any physically allowed
spin-alignment assumptions. The same technique has also been used in other measurements [9, 14, 34].
This analysis adopts the isotropic distribution in both cos θ? and φ? as nominal, and the variation of the
results for a number of extreme spin-alignment scenarios is studied and presented as sets of correction
factors, detailed further in Appendix A.

Table 1: Values of angular coefficients describing the considered spin-alignment scenarios.

Angular coefficients
λθ λφ λθφ

Isotropic (central value) 0 0 0
Longitudinal −1 0 0

Transverse positive +1 +1 0
Transverse zero +1 0 0

Transverse negative +1 −1 0
Off-(λθ–λφ)-plane positive 0 0 +0.5
Off-(λθ–λφ)-plane negative 0 0 −0.5

For each of the two mass-points (corresponding to the J/ψ and ψ(2S) masses), two-dimensional maps are
produced as a function of dimuon pT(µµ) and |y(µµ)| for the set of spin-alignment hypotheses. Acceptance
maps are defined within the range 8 < pT(µµ) < 110 GeV, |y(µµ)| < 2.0, corresponding to the data
considered in the analysis. The map is defined by 100 slices in |y(µµ)| and 4400 in pT(µµ), using 200k
trials for each point, resulting in sufficiently high precision that the statistical uncertainty can be neglected.
Due to the contributions of background, and the detector resolution of the signal the acceptance for each
candidate is determined from a linear interpolation of the two maps, which are generated for the J/ψ and
ψ(2S) known masses, as a function of the reconstructed mass m(µµ).

Figure 1 shows the acceptance, projected in pT for all the spin-alignment hypotheses for the J/ψ meson.
The differences between the acceptance of the ψ(2S) and J/ψ meson, are independent of rapidity, except
near |y| ≈ 2 at low pT. Similarly, the only dependence on pT is found below pT ≈ 9 GeV.
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Figure 1: Projections of the acceptance as a function of pT for the J/ψmeson for various spin-alignment hypotheses.

4.5. Muon reconstruction and trigger efficiency determination

The technique for correcting the 7 TeV data for trigger and reconstruction inefficiencies is described in
detail in Ref. [9, 34]. For the 8 TeV data, a similar technique is used, however different efficiency maps
are required for each set of data, and the 8 TeV corrections are detailed briefly below.

The single-muon reconstruction efficiency is determined from a tag-and-probe study in dimuon de-
cays [40]. The efficiency map is calculated as a function of pT(µ) and q × η(µ), where q = ±1 is the
electrical charge of the muon, expressed in units of e.

The trigger efficiency correction consists of two components. The first part represents the trigger effi-
ciency for a single muon in intervals of pT(µ) and q × η(µ). For the dimuon system there is a second
correction to account for reductions in efficiency due to closely spaced muons firing only a single RoI,
vertex-quality cuts, and opposite-sign requirements. This correction is performed in three rapidity inter-
vals: 0–1.0, 1.0–1.2 and 1.2–2.3. The correction is a function of ∆R(µµ) in the first two rapidity intervals
and a function of ∆R(µµ) and |y(µµ)| in the last interval.

The combination of the two components (single-muon efficiency map and dimuon corrections) is illus-
trated in Figure 2 by plotting the average trigger-weight correction for the events in this analysis in terms
of pT(µµ) and |y(µµ)|. The increased weight at low pT and |y| ≈ 1.25 is caused by the geometrical accept-
ance of the muon trigger system and the turn-on threshold behaviour of the muon trigger. At high pT the
weight is increased due to the reduced opening angle between the two muons.
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Figure 2: Average dimuon trigger-weight in the intervals of pT(µµ) and |y(µµ)| studied in this set of measurements.

4.6. Fitting technique

The corrected prompt and non-prompt J/ψ and ψ(2S) signal yields are extracted from two-dimensional
weighted unbinned maximum-likelihood fits performed on the dimuon invariant mass (m(µµ)) and pseudo-
proper decay time (τ(µµ)) in (pT(µµ), |y(µµ)|) intervals. Each interval is fitted independently from all the
others. The probability density function (PDF) for each fit is defined as a normalized sum, where each
term represents a specific signal or background contribution, with a physically motivated mass and τ

dependence. The PDF can be written in a compact form as

PDF(m, τ) =

7∑
i=1

κi fi(m) · hi(τ) ⊗ R(τ), (3)

where κi represents the relative normalization of the ith term of the seven considered signal and back-
ground contributions (such that

∑
i κi = 1), fi(m) is the mass-dependent term, and ⊗ represents the con-

volution of the τ-dependent function hi(τ) with the τ resolution term, R(τ). The latter is modelled by a
double Gaussian distribution with both means fixed to zero and widths determined from the fit.

Table 2 lists the contributions to the overall PDF with the corresponding fi and hi functions. Here G1
and G2 are Gaussian functions, B1 and B2 are Crystal Ball2 distributions [58], while F is a uniform
distribution and C1 a first-order Chebyshev polynomial. The exponential functions E1, E2, E3, E4 and E5
have different decay constants, where E5(|τ|) is a double-sided exponential with the same decay constant
on either side of τ = 0. The parameter ω represents the fractional contribution of the B and G mass

2 The Crystal Ball function is given by:

B(x;α, n, x̄, σ) = N ·

exp
(
−

(x−x̄)2

2σ2

)
, for x−x̄

σ
> −α

A ·
(
A′ − x−x̄

σ

)−n
, for x−x̄

σ
6 −α

where A =
(

n
|α|

)n
· exp

(
−
|α|2

2

)
, A′ = n

|α|
− |α|
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signal functions, while δ(τ), the Dirac delta function, is used to represent the pseudo-proper decay time
distribution of the prompt candidates.

Table 2: Description of the fit model PDF in Eq. 3. Components of the probability density function used to extract
the prompt (P) and non-prompt (NP) contributions for J/ψ and ψ(2S) signal and the P, NP, and incoherent or
mis-reconstructed background (Bkg) contributions.

i Type Source fi(m) hi(τ)
1 J/ψ P ωB1(m) + (1 − ω)G1(m) δ(τ)
2 J/ψ NP ωB1(m) + (1 − ω)G1(m) E1(τ)
3 ψ(2S) P ωB2(m) + (1 − ω)G2(m) δ(τ)
4 ψ(2S) NP ωB2(m) + (1 − ω)G2(m) E2(τ)
5 Bkg P F δ(τ)
6 Bkg NP C1(m) E3(τ)
7 Bkg NP E4(m) E5(|τ|)

In order to make the fitting procedure more robust and to reduce the number of free parameters, a number
of component terms share common parameters, which led to 22 free parameters per interval. In detail, the
signal mass models are described by the sum of a Crystal Ball shape (B) and a Gaussian shape (G). For
each of J/ψ and ψ(2S), the B and G share a common mean, and freely determined widths, with the ratio
of the B and G widths common to J/ψ and ψ(2S). The B parameters α, and n, describing the transition
point of the low-edge from a Gaussian to a power-law shape, and the shape of the tail, respectively, are
fixed, and variations are considered as part of the fit model systematic uncertainties. The width of G for
ψ(2S) is set to the width for J/ψ multiplied by a free parameter scaling term. The relative fraction of B
and G is left floating, but common to J/ψ and ψ(2S).

The non-prompt signal decay shapes (E1,E2) are described by an exponential function (for positive τ
only) convolved with a double Gaussian function, R(τ) describing the pseudo-proper decay time resol-
ution for the non-prompt component, and the same Gaussian response functions to describe the prompt
contributions. Each Gaussian resolution component has its mean fixed at τ = 0 and a free width. The
decay constants of the J/ψ and ψ(2S) are separate free parameters in the fit.

The background contributions are described by a prompt and non-prompt component, as well as a double-
sided exponential function convolved with a double Gaussian function describing mis-reconstructed or
non-coherent dimuon pairs. The same resolution function as in signal is used to describe the background.
For the non-resonant mass parameterizations, the non-prompt contribution is modelled by a first-order
Chebyshev polynomial. The prompt mass contribution follows a flat distribution and the double-sided
background uses an exponential function. Variations of this fit model are considered as systematic uncer-
tainties.

The following quantities are extracted directly from the fit in each interval: the fraction of events that are
signal (prompt or non-prompt J/ψ or ψ(2S)); the fraction of signal events that are prompt; the fraction of
prompt signal that is ψ(2S); and the fraction of non-prompt signal that is ψ(2S). From these parameters,
and the weighted sum of events, all measured values are calculated.

For 7 TeV data, 168 fits are performed across the range of 8 < pT < 100 GeV (8 < pT < 60 GeV) for J/ψ
(ψ(2S)) and 0 < |y| < 2. For 8 TeV data, 172 fits are performed across the range of 8 < pT < 110 GeV
and 0 < |y| < 2, excluding the area where pT is less than 10 GeV and simultaneously |y| is greater than
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0.75. This region is excluded due to a steeply changing low trigger efficiency causing large systematic
uncertainties in the measured cross-section.

Figure 3 shows the fit results for one of the intervals considered in the analysis with the overall and
individual contributions superimposed on the data, and projected onto the invariant mass and pseudo-
proper decay time distributions for 7 TeV data. In Figure 4 the fit results are shown for one high-pT
interval of 8 TeV data.
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Figure 3: Projections of the fit result over the mass (left) and pseudo-proper decay time (right) distributions for
data collected at 7 TeV for one typical interval. The data are shown with error bars in black, superimposed with
the individual components of the fit result projections, where the total prompt and non-prompt components are
represented by the dashed and dotted lines, respectively, and the shaded areas show the signal ψ prompt and non-
prompt contributions.
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Figure 4: Projections of the fit result over the mass (left) and pseudo-proper decay time (right) distributions for
data collected at 8 TeV for one high-pT interval. The data are shown with error bars in black, superimposed with
the individual components of the fit result projections, where the total prompt and non-prompt components are
represented by the dashed and dotted lines, respectively, and the shaded areas show the signal ψ prompt and non-
prompt contributions.
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4.7. Bin migration corrections

To account for bin migration effects due to the detector resolution, corrections are applied according to the
pT of the dimuon system. These corrections are derived from data by comparing analytic functions that
are fitted to the pT spectra of dimuon events with and without convolution by the experimental resolution
in pT (as determined from the fitted mass resolution and measured muon angular resolutions), as described
in Ref. [34].

The numbers of acceptance- and efficiency-corrected dimuon decays extracted from the fits in each pT
and rapidity interval are corrected for the differences between the true and reconstructed values of the
dimuon pT. The correction factors applied to the fitted yields deviate from unity by no more than 1.5%,
and for the majority of slices are smaller than 1%. The ratio measurement and non-prompt fractions are
corrected by the corresponding ratios of bin migration correction factors. Using a similar technique, bin
migration corrections as a function of |y| are found to differ from unity by negligible amounts.

5. Systematic uncertainties

The sources of systematic uncertainty evaluated for these measurements, along with the minimum, max-
imum and median values, are listed in Table 3. The largest contributions, which originate from the trigger
and fit model uncertainties, are typically for the high pT intervals and are due to the limited statistics of
the efficiency maps (for the trigger), and the data sample (for the fit model).

The impact of these uncertainties on the production cross-section measurements, as well as on their ratios
for 7 TeV data, is shown for a representative interval in Figures 5 and 6, respectively. The impact is very
similar at 8 TeV.

Table 3: Summary of the minimum and maximum contributions along with the median of the systematic uncertain-
ties as percentages. Values are quoted for 7 and 8 TeV data.

7 TeV [%] 8 TeV [%]
Source of systematic uncertainty Min Median Max Min Median Max
Luminosity 1.8 1.8 1.8 2.8 2.8 2.8
Muon reconstruction efficiency 0.7 1.2 4.7 0.3 0.7 6.0
Muon trigger efficiency 3.2 4.7 35.9 2.9 7.0 23.4
Inner detector tracking efficiency 1.0 1.0 1.0 1.0 1.0 1.0
Fit model parameterizations 0.5 2.2 22.6 0.26 1.07 24.9
Bin migrations 0.01 0.1 1.4 0.01 0.3 1.5
Total 4.2 6.5 36.3 4.4 8.1 27.9

Luminosity
The uncertainty on the integrated luminosity is 1.8% (2.8%) for the 7 TeV (8 TeV) data-taking period. The
methodology used to determine these uncertainties is described in Ref. [59]. The luminosity uncertainty
is only applied to the J/ψ and ψ(2S) cross-section results.

Muon reconstruction and trigger efficiencies
To determine the systematic uncertainty on the muon reconstruction and trigger efficiency maps, each of
the maps is reproduced in 100 pseudo-experiments. The dominant uncertainty in each bin is statistical
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Figure 5: Statistical and systematic contributions to the fractional uncertainty on the prompt (left column) and
non-prompt (right column) J/ψ (top row) and ψ(2S) (bottom row) cross-sections for 7 TeV, shown for the region
0.75 < |y| < 1.00.

and hence any bin-to-bin correlations are neglected. For each pseudo-experiment a new map is created
by varying independently each bin content according to a Gaussian distribution about its estimated value,
determined from the original map. In each pseudo-experiment, the total weight is recalculated for each
dimuon pT and |y| interval of the analysis. The RMS of the total weight pseudo-experiment distributions
for each efficiency type is used as the systematic uncertainty, where any correlation effects between the
muon and trigger efficiencies can be neglected.

The ID tracking efficiency is in excess of 99.5% [34], and an uncertainty of 1% is applied to account
for the ID dimuon reconstruction inefficiency (0.5% per muon, added coherently). This uncertainty is
applied to the differential cross-sections and is assumed to cancel in the ratio of non-prompt to inclusive
production for J/ψ and ψ(2S) and in the ratios of ψ(2S) to J/ψ production.

For the trigger efficiency εtrig, there is an additional correction that accounts for correlations between
the two trigger muons. This correction is varied by its uncertainty, and the shift in the resultant total
weight relative to its central value is added in quadrature to the uncertainty from the map. The choice of
triggers is known [60] to introduce a small lifetime-dependent efficiency loss but it is determined to have
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Figure 6: Breakdown of the contributions to the fractional uncertainty on the non-prompt fractions for J/ψ (top left)
and ψ(2S) (top right), and the prompt (bottom left) and non-prompt (bottom right) ratios for 7 TeV, shown for the
region 0.75 < |y| < 1.00.

a negligible effect on the prompt and non-prompt yields and no correction is applied in this analysis.

Fit model uncertainty
The uncertainty due to the fit procedure is determined by varying one component at a time in the fit model
described in Section 4.6, creating a set of new fit models. For each new fit model, all measured quantities
are recalculated, and in each pT and |y| interval the spread of variations around the central fit model is
used as its systematic uncertainty. The following variations to the central model fit are evaluated:

• signal mass model — using double Gaussian models in place of the Crystal Ball plus Gaussian
model; variation of the α and n parameters of the B model, which are originally fixed;

• signal pseudo-proper decay time model — a double exponential function is used to describe the
pseudo-proper decay time distribution for the ψ non-prompt signal;

• background mass models — variations of the mass model using exponentials functions, or quad-
ratic Chebyshev polynomials to describe the components of prompt, non-prompt and double-sided
background terms;
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• background pseudo-proper decay time model — a single exponential function was considered for
the non-prompt component;

• pseudo-proper decay time resolution model — using a single Gaussian function in place of the
double Gaussian function to model the lifetime resolution (also prompt lifetime model); and vari-
ation of the mixing terms for the two Gaussian components of this term.

Bin migrations
As the corrections to the results due to bin migration effects are factors close to unity in all regions, the
difference between the correction factor and unity is applied as the uncertainty.

6. Results

The J/ψ and ψ(2S) non-prompt and prompt production cross-sections are presented, corrected for ac-
ceptance and detector efficiencies while assuming isotropic decay, as described in Section 4.1. Also
presented are the ratios of non-prompt production relative to the inclusive production for J/ψ and ψ(2S)
mesons separately, described in Section 4.2, and the ratio of ψ(2S) to J/ψ production for prompt and non-
prompt components separately, described in Section 4.3. Correction factors for various spin-alignment
hypotheses for both 7 and 8 TeV data can be found in Tables 4–15 (in Appendix) and Tables 16–27 (in
Appendix) respectively, in terms of pT and rapidity intervals.

Production cross-sections

Figures 7 and 8 show respectively the prompt and non-prompt differential cross-sections of J/ψ and ψ(2S)
as functions of pT and |y|, together with the relevant theoretical predictions, which are described below.

Non-prompt production fractions

The results for the fractions of non-prompt production relative to the inclusive production of J/ψ and
ψ(2S) are presented as a function of pT for slices of rapidity in Figure 9. In each rapidity slice, the non-
prompt fraction is seen to increase as a function of pT and has no strong dependence on either rapidity or
centre-of-mass energy.

Production ratios of ψ(2S) to J/ψ

Figure 10 shows the ratios of ψ(2S) to J/ψ decaying to a muon pair in prompt and non-prompt processes,
presented as a function of pT for slices of rapidity. The non-prompt ratio is shown to be relatively flat
across the considered range of pT, for each slice of rapidity. For the prompt ratio, a slight increase as a
function of pT is observed, with no strong dependence on rapidity or centre-of-mass energy.
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Figure 7: The differential prompt cross-section times dimuon branching fraction of J/ψ (left) and ψ(2S) (right) as
a function of pT(µµ) for each slice of rapidity. The top (bottom) row shows the 7 TeV (8 TeV) results. For each
increasing rapidity slice, an additional scaling factor of 10 is applied to the plotted points for visual clarity. The
centre of each bin on the horizontal axis represents the mean of the weighted pT distribution. The horizontal error
bars represent the range of pT for the bin, and the vertical error bar covers the statistical and systematic uncertainty
(with the same multiplicative scaling applied). The NLO NRQCD theory predictions are also shown.
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Figure 8: The differential non-prompt cross-section times dimuon branching fraction of J/ψ (left) and ψ(2S) (right)
as a function of pT(µµ) for each slice of rapidity. The top (bottom) row shows the 7 TeV (8 TeV) results. For each
increasing rapidity slice, an additional scaling factor of 10 is applied to the plotted points for visual clarity. The
centre of each bin on the horizontal axis represents the mean of the weighted pT distribution. The horizontal error
bars represent the range of pT for the bin, and the vertical error bar covers the statistical and systematic uncertainty
(with the same multiplicative scaling applied). The FONLL theory predictions are also shown.
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Figure 9: The non-prompt fraction of J/ψ (left) and ψ(2S) (right), as a function of pT(µµ) for each slice of rapidity.
The top (bottom) row shows the 7 TeV (8 TeV) results. For each increasing rapidity slice, an additional factor of 0.2
is applied to the plotted points for visual clarity. The centre of each bin on the horizontal axis represents the mean
of the weighted pT distribution. The horizontal error bars represent the range of pT for the bin, and the vertical error
bar covers the statistical and systematic uncertainty (with the same multiplicative scaling applied).
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Figure 10: The ratio of ψ(2S) to J/ψ production times dimuon branching fraction for prompt (left) and non-prompt
(right) processes as a function of pT(µµ) for each of the slices of rapidity. For each increasing rapidity slice, an
additional factor of 0.1 is applied to the plotted points for visual clarity. The top (bottom) row shows the 7 TeV
(8 TeV) results. The centre of each bin on the horizontal axis represents the mean of the weighted pT distribution.
The horizontal error bars represent the range of pT for the bin, and the vertical error bar covers the statistical and
systematic uncertainty.
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Comparison with theory
For prompt production, as shown in Figure 11, the ratio of the NLO NRQCD theory calculations [61]
to data is provided for J/ψ and ψ(2S) at both the 7 and 8 TeV centre-of-mass energies. The theory pre-
dictions are based on the long-distance matrix elements (LDMEs) from Refs. [62, 63], with uncertainties
originating from the choice of scale, charm quark mass and LDMEs (see Refs. [61–64] for more details).
Figure 11 shows fair agreement between the theoretical calculation and the data points for the whole pT
range. The ratio of theory to data does not depend on rapidity.

For non-prompt ψ production, comparisons are made to FONLL theoretical predictions [1, 2], which
describe the production of b-hadrons followed by their decay into ψ + X. Figure 12 shows the ratios of
J/ψ and ψ(2S) FONLL predictions to data, as a function of pT and in slices of rapidity, for centre-of-mass
energies of 7 and 8 TeV. For J/ψ, agreement is generally good, but the theory predicts slightly harder pT
spectra than observed in the data. For ψ(2S), the shapes of data and theory appear to be in satisfactory
agreement, but the theory predicts higher yields than in the data. There is no observed dependence on
rapidity in the comparisons between theory and data for non-prompt J/ψ and ψ(2S) production.

Comparison of cross-sections 8 TeV with 7 TeV

It is interesting to compare the cross-section results between the two centre-of-mass energies, for both
data and the theoretical predictions.

Figure 13 shows the 8 TeV to 7 TeV cross-section ratios of prompt and non-prompt J/ψ and ψ(2S) for
both data sets. For the theoretical ratios the uncertainties are neglected here, since the high correlation
between them results in large cancellations.

Due to a finer granularity in pT for the 8 TeV data, a weighted average of the 8 TeV results is taken across
equivalent intervals of the 7 TeV data to enable direct comparisons. Both data and theoretical predictions
agree that the ratios become larger with increasing pT, however at the lower edge of the pT range the data
tends to be slightly below theory.
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Figure 11: The ratios of the NRQCD theoretical predictions to data are presented for the differential prompt cross-
section of J/ψ (left) and ψ(2S) (right) as a function of pT(µµ) for each rapidity slice. The top (bottom) row shows
the 7 TeV (8 TeV) results. The error on the data is the relative error of each data point, while the error bars on the
theory prediction are the relative error of each theory point.
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Figure 12: The ratio of the FONLL theoretical predictions to data are presented for the differential non-prompt
cross-section of J/ψ (left) and ψ(2S) (right) as a function of pT(µµ) for each rapidity slice. The top (bottom) row
shows the 7 TeV (8 TeV) results. The error on the data is the relative error of each data point, while the error bars
on the theory prediction are the relative error of each theory point.
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Figure 13: The ratio of the 8 TeV and 7 TeV differential cross-sections are presented for prompt (top) and non-
prompt (bottom) J/ψ (left) and ψ(2S) (right) for both data (red points with error bars) and theoretical predic-
tions (green points). The theoretical predictions used are NRQCD for prompt and FONLL for non-prompt produc-
tion. The uncertainty on the data ratio does not account for possible correlations between 7 and 8 TeV data, and no
uncertainty is shown for the ratio of theory predictions.
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7. Conclusion

The prompt and non-prompt production cross-sections, the non-prompt production fraction of the J/ψ and
ψ(2S) decaying into two muons, the ratio of prompt ψ(2S) to prompt J/ψ production, and the ratio of non-
prompt ψ(2S) to non-prompt J/ψ production were measured in the rapidity range |y| < 2.0 for transverse
momenta between 8 and 110 GeV. This measurement was carried out using 2.1 fb−1(11.4 fb−1) of pp
collision data at a centre-of-mass energy of 7 TeV (8 TeV) recorded by the ATLAS experiment at the
LHC. It is the latest in a series of related measurements of the production of charmonium states made by
ATLAS. In line with previous measurements, the central values were obtained assuming isotropic ψ→ µµ

decays. Correction factors for these cross-sections, computed for a number of extreme spin-alignment
scenarios, are between −35% and +100% at the lowest transverse momenta studied, and between −14%
and +9% at the highest transverse momenta, depending on the specific scenario.

The ATLAS measurements presented here extend the range of existing measurements to higher transverse
momenta, and to a higher collision energy of

√
s = 8 TeV, and are consistent with previous measurements

in overlapping phase-space regions made by ATLAS and other LHC experiments. For the prompt pro-
duction mechanism, the predictions from the NRQCD model, which includes colour-octet contributions
with various matrix elements tuned to earlier collider data, are found to be in good agreement with the
observed data points. For the non-prompt production, the fixed-order next-to-leading-logarithm calcula-
tions reproduce the data reasonably well, with a slight overestimation of the differential cross-sections at
the highest transverse momenta reached in this analysis.
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Appendix

A. Spin-alignment correction factors

The measurement presented here assumes an unpolarized spin-alignment hypothesis for determining the
correction factor. In principle, the polarization may be non-zero and may vary with pT. In order to correct
these measurements when well-measured J/ψ and ψ(2S) polarizations are determined, a set of correction
factors are provided in Tables 4–15 for the 7 TeV data, and in the Tables 16–27 for the 8 TeV data. These
tables are created by altering the spin-alignment hypothesis for either the J/ψ or ψ(2S) meson and then
determining the ratio of the mean sum-of-weights of the new hypotheses to the original flat hypothesis.
The mean weight is calculated from all the events in each dimuon pT and rapidity analysis bin, selecting
those dimuons within ±2σ of the ψ fitted mean mass position. The choice of spin-alignment hypothesis
for each ψ meson has negligible effect on the results of the other ψ meson, and therefore these possible
permutations are not considered. The definitions of each of the spin-alignment scenarios, which are given
in the caption to the table, are defined in Table 1.

Table 4: Mean weight correction factor for J/ψ under the “longitudinal” spin-alignment hypothesis for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 0.666 0.672 0.674 0.680 0.688 0.690 0.690 0.690
8.50–9.00 0.670 0.674 0.678 0.685 0.689 0.694 0.694 0.698
9.00–9.50 0.673 0.676 0.680 0.687 0.693 0.697 0.698 0.700
9.50–10.00 0.675 0.678 0.683 0.689 0.694 0.697 0.701 0.703
10.00–10.50 0.679 0.681 0.687 0.692 0.697 0.699 0.702 0.706
10.50–11.00 0.682 0.686 0.691 0.696 0.700 0.702 0.704 0.708
11.00–11.50 0.688 0.689 0.694 0.699 0.701 0.705 0.708 0.710
11.50–12.00 0.692 0.695 0.698 0.702 0.706 0.708 0.710 0.712
12.00–13.00 0.698 0.700 0.703 0.707 0.711 0.713 0.715 0.717
13.00–14.00 0.707 0.709 0.711 0.714 0.717 0.720 0.721 0.723
14.00–15.00 0.716 0.717 0.720 0.722 0.725 0.727 0.728 0.730
15.00–16.00 0.724 0.726 0.728 0.729 0.732 0.734 0.735 0.737
16.00–17.00 0.733 0.733 0.735 0.737 0.739 0.741 0.742 0.744
17.00–18.00 0.740 0.741 0.743 0.744 0.746 0.747 0.749 0.750
18.00–20.00 0.751 0.752 0.753 0.754 0.756 0.758 0.758 0.760
20.00–22.00 0.765 0.765 0.766 0.767 0.769 0.770 0.771 0.772
22.00–24.00 0.777 0.777 0.778 0.780 0.781 0.781 0.782 0.783
24.00–26.00 0.789 0.789 0.790 0.790 0.791 0.792 0.793 0.794
26.00–30.00 0.803 0.803 0.804 0.804 0.805 0.806 0.806 0.807
30.00–40.00 0.827 0.827 0.828 0.828 0.829 0.829 0.830 0.831
40.00–60.00 0.863 0.863 0.864 0.864 0.864 0.865 0.865 0.866
60.00–100.00 0.902 0.904 0.904 0.903 0.904 0.904 0.902 0.906
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Table 5: Mean weight correction factor for J/ψ under the “transverse zero” spin-alignment hypothesis for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.336 1.324 1.315 1.309 1.299 1.297 1.296 1.298
8.50–9.00 1.329 1.323 1.310 1.300 1.291 1.284 1.280 1.284
9.00–9.50 1.326 1.315 1.303 1.295 1.289 1.281 1.279 1.276
9.50–10.00 1.317 1.311 1.300 1.289 1.284 1.276 1.276 1.272
10.00–10.50 1.310 1.304 1.297 1.290 1.280 1.276 1.273 1.269
10.50–11.00 1.302 1.298 1.291 1.285 1.276 1.271 1.267 1.268
11.00–11.50 1.296 1.290 1.284 1.278 1.271 1.266 1.263 1.261
11.50–12.00 1.288 1.284 1.277 1.274 1.265 1.261 1.260 1.257
12.00–13.00 1.276 1.273 1.268 1.263 1.257 1.255 1.251 1.250
13.00–14.00 1.263 1.260 1.254 1.250 1.247 1.244 1.243 1.240
14.00–15.00 1.248 1.246 1.244 1.240 1.236 1.233 1.233 1.230
15.00–16.00 1.237 1.233 1.231 1.228 1.225 1.223 1.223 1.221
16.00–17.00 1.224 1.222 1.221 1.219 1.216 1.213 1.212 1.212
17.00–18.00 1.213 1.213 1.211 1.208 1.205 1.204 1.204 1.203
18.00–20.00 1.200 1.198 1.197 1.196 1.194 1.192 1.192 1.190
20.00–22.00 1.183 1.182 1.180 1.180 1.178 1.177 1.176 1.175
22.00–24.00 1.168 1.167 1.166 1.165 1.164 1.164 1.163 1.163
24.00–26.00 1.155 1.155 1.154 1.154 1.153 1.152 1.151 1.150
26.00–30.00 1.140 1.140 1.140 1.139 1.138 1.138 1.138 1.137
30.00–40.00 1.117 1.117 1.117 1.116 1.116 1.116 1.115 1.115
40.00–60.00 1.087 1.087 1.086 1.086 1.086 1.085 1.085 1.085
60.00–100.00 1.057 1.056 1.057 1.057 1.056 1.056 1.057 1.055

Table 6: Mean weight correction factor for J/ψ under the “transverse positive” spin-alignment transverse positive
hypothesis for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.693 1.694 1.700 1.711 1.727 1.720 1.720 1.747
8.50–9.00 1.561 1.564 1.564 1.568 1.568 1.568 1.571 1.673
9.00–9.50 1.468 1.468 1.465 1.466 1.470 1.466 1.471 1.519
9.50–10.00 1.418 1.416 1.417 1.417 1.421 1.417 1.423 1.453
10.00–10.50 1.383 1.383 1.387 1.389 1.390 1.389 1.391 1.406
10.50–11.00 1.360 1.362 1.365 1.364 1.364 1.362 1.362 1.380
11.00–11.50 1.344 1.342 1.342 1.344 1.344 1.344 1.346 1.355
11.50–12.00 1.326 1.326 1.327 1.329 1.327 1.327 1.329 1.334
12.00–13.00 1.307 1.308 1.307 1.308 1.308 1.308 1.308 1.312
13.00–14.00 1.285 1.287 1.285 1.285 1.285 1.286 1.285 1.288
14.00–15.00 1.266 1.266 1.267 1.267 1.266 1.266 1.266 1.268
15.00–16.00 1.250 1.249 1.250 1.251 1.250 1.249 1.250 1.250
16.00–17.00 1.234 1.235 1.235 1.235 1.235 1.235 1.235 1.235
17.00–18.00 1.222 1.223 1.223 1.223 1.222 1.222 1.223 1.222
18.00–20.00 1.206 1.206 1.206 1.207 1.207 1.207 1.206 1.205
20.00–22.00 1.187 1.187 1.187 1.188 1.187 1.187 1.187 1.186
22.00–24.00 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171
24.00–26.00 1.158 1.158 1.158 1.158 1.158 1.158 1.158 1.156
26.00–30.00 1.142 1.142 1.142 1.142 1.142 1.142 1.142 1.141
30.00–40.00 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.117
40.00–60.00 1.087 1.087 1.087 1.086 1.087 1.086 1.086 1.086
60.00–100.00 1.058 1.057 1.057 1.057 1.057 1.056 1.058 1.056
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Table 7: Mean weight correction factor for J/ψ under the “transverse negative” spin-alignment hypothesis for 7
TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.030 1.020 1.004 0.995 0.992 0.981 0.973 0.949
8.50–9.00 1.157 1.148 1.134 1.113 1.101 1.092 1.079 1.055
9.00–9.50 1.207 1.196 1.176 1.161 1.147 1.138 1.130 1.107
9.50–10.00 1.231 1.219 1.202 1.186 1.174 1.162 1.158 1.138
10.00–10.50 1.243 1.231 1.217 1.202 1.189 1.181 1.175 1.158
10.50–11.00 1.246 1.239 1.228 1.213 1.200 1.191 1.186 1.174
11.00–11.50 1.252 1.242 1.230 1.218 1.205 1.198 1.192 1.181
11.50–12.00 1.251 1.243 1.229 1.222 1.208 1.202 1.197 1.187
12.00–13.00 1.247 1.240 1.230 1.221 1.211 1.205 1.200 1.193
13.00–14.00 1.240 1.235 1.227 1.218 1.211 1.206 1.202 1.197
14.00–15.00 1.232 1.227 1.221 1.215 1.207 1.203 1.200 1.195
15.00–16.00 1.223 1.219 1.213 1.207 1.201 1.198 1.196 1.193
16.00–17.00 1.213 1.210 1.206 1.201 1.196 1.193 1.191 1.189
17.00–18.00 1.204 1.203 1.199 1.194 1.189 1.187 1.186 1.183
18.00–20.00 1.193 1.191 1.188 1.185 1.181 1.179 1.177 1.176
20.00–22.00 1.178 1.177 1.174 1.172 1.169 1.167 1.166 1.164
22.00–24.00 1.164 1.163 1.162 1.159 1.157 1.156 1.156 1.154
24.00–26.00 1.153 1.152 1.150 1.149 1.148 1.147 1.145 1.144
26.00–30.00 1.139 1.138 1.137 1.136 1.135 1.134 1.133 1.132
30.00–40.00 1.116 1.116 1.115 1.114 1.114 1.113 1.113 1.112
40.00–60.00 1.086 1.086 1.086 1.085 1.085 1.084 1.084 1.084
60.00–100.00 1.057 1.056 1.056 1.056 1.056 1.056 1.057 1.055

Table 8: Mean weight correction factor for J/ψ under the “off-(λθ–λφ)-plane positive” spin-alignment hypothesis
for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.015 1.047 1.073 1.094 1.113 1.120 1.124 1.122
8.50–9.00 1.020 1.058 1.087 1.110 1.125 1.134 1.142 1.144
9.00–9.50 1.019 1.056 1.084 1.107 1.127 1.138 1.144 1.145
9.50–10.00 1.017 1.053 1.081 1.105 1.122 1.129 1.140 1.142
10.00–10.50 1.017 1.049 1.077 1.100 1.115 1.125 1.132 1.136
10.50–11.00 1.014 1.048 1.075 1.095 1.109 1.118 1.124 1.130
11.00–11.50 1.015 1.044 1.069 1.088 1.103 1.112 1.117 1.122
11.50–12.00 1.014 1.043 1.066 1.083 1.096 1.105 1.112 1.115
12.00–13.00 1.012 1.038 1.060 1.076 1.089 1.097 1.101 1.105
13.00–14.00 1.012 1.035 1.053 1.068 1.079 1.087 1.090 1.093
14.00–15.00 1.010 1.031 1.048 1.061 1.070 1.076 1.080 1.083
15.00–16.00 1.010 1.028 1.043 1.054 1.063 1.068 1.072 1.074
16.00–17.00 1.009 1.025 1.039 1.049 1.056 1.062 1.065 1.067
17.00–18.00 1.009 1.023 1.035 1.044 1.051 1.055 1.059 1.060
18.00–20.00 1.007 1.019 1.030 1.039 1.045 1.049 1.051 1.053
20.00–22.00 1.007 1.016 1.025 1.032 1.038 1.041 1.043 1.044
22.00–24.00 1.005 1.014 1.021 1.027 1.031 1.035 1.036 1.037
24.00–26.00 1.005 1.012 1.018 1.024 1.027 1.030 1.032 1.032
26.00–30.00 1.004 1.010 1.015 1.019 1.023 1.025 1.026 1.026
30.00–40.00 1.003 1.007 1.011 1.014 1.016 1.017 1.018 1.019
40.00–60.00 1.002 1.004 1.006 1.008 1.009 1.010 1.010 1.010
60.00–100.00 1.001 1.002 1.003 1.003 1.004 1.004 1.005 1.005
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Table 9: Mean weight correction factor for J/ψ under the “off-(λθ–λφ)-plane negative” spin-alignment hypothesis
for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 0.984 0.956 0.932 0.920 0.912 0.904 0.898 0.905
8.50–9.00 0.981 0.948 0.925 0.910 0.898 0.892 0.886 0.891
9.00–9.50 0.983 0.950 0.925 0.910 0.901 0.893 0.889 0.888
9.50–10.00 0.983 0.951 0.929 0.912 0.903 0.894 0.892 0.891
10.00–10.50 0.985 0.953 0.932 0.918 0.907 0.900 0.896 0.894
10.50–11.00 0.984 0.957 0.936 0.922 0.910 0.904 0.900 0.899
11.00–11.50 0.985 0.958 0.939 0.927 0.915 0.909 0.906 0.903
11.50–12.00 0.987 0.961 0.942 0.929 0.919 0.912 0.910 0.907
12.00–13.00 0.987 0.963 0.945 0.934 0.925 0.920 0.915 0.913
13.00–14.00 0.989 0.968 0.951 0.940 0.932 0.927 0.924 0.922
14.00–15.00 0.990 0.971 0.957 0.946 0.938 0.934 0.931 0.929
15.00–16.00 0.992 0.974 0.961 0.951 0.944 0.940 0.937 0.936
16.00–17.00 0.991 0.976 0.964 0.955 0.949 0.945 0.943 0.941
17.00–18.00 0.992 0.978 0.968 0.959 0.953 0.949 0.948 0.946
18.00–20.00 0.993 0.981 0.971 0.964 0.959 0.956 0.954 0.953
20.00–22.00 0.994 0.984 0.976 0.970 0.965 0.962 0.961 0.960
22.00–24.00 0.994 0.986 0.979 0.974 0.970 0.968 0.966 0.965
24.00–26.00 0.995 0.988 0.982 0.977 0.974 0.972 0.971 0.970
26.00–30.00 0.996 0.990 0.985 0.981 0.978 0.977 0.976 0.975
30.00–40.00 0.997 0.993 0.990 0.987 0.985 0.983 0.983 0.982
40.00–60.00 0.998 0.996 0.994 0.993 0.991 0.991 0.990 0.990
60.00–100.00 0.999 0.998 0.997 0.997 0.996 0.996 0.995 0.995

Table 10: Mean weight correction factor for ψ(2S) under the “longitudinal” spin-alignment hypothesis for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 0.670 0.678 0.685 0.692 0.701 0.707 0.713 0.709
8.50–9.00 0.676 0.681 0.688 0.698 0.703 0.709 0.712 0.713
9.00–9.50 0.678 0.683 0.691 0.700 0.708 0.713 0.717 0.718
9.50–10.00 0.680 0.684 0.693 0.699 0.708 0.710 0.720 0.722
10.00–10.50 0.684 0.687 0.695 0.704 0.707 0.713 0.720 0.725
10.50–11.00 0.687 0.691 0.698 0.705 0.712 0.714 0.719 0.728
11.00–11.50 0.692 0.695 0.701 0.709 0.713 0.717 0.722 0.728
11.50–12.00 0.696 0.700 0.704 0.711 0.717 0.719 0.724 0.729
12.00–13.00 0.701 0.705 0.710 0.716 0.720 0.724 0.727 0.731
13.00–14.00 0.711 0.714 0.718 0.722 0.727 0.730 0.732 0.734
14.00–15.00 0.719 0.722 0.725 0.730 0.732 0.736 0.739 0.742
15.00–16.00 0.727 0.729 0.733 0.735 0.740 0.741 0.745 0.745
16.00–17.00 0.736 0.738 0.740 0.743 0.746 0.748 0.749 0.753
17.00–18.00 0.742 0.744 0.748 0.750 0.753 0.754 0.759 0.760
18.00–20.00 0.753 0.755 0.758 0.760 0.762 0.763 0.764 0.769
20.00–22.00 0.766 0.767 0.770 0.773 0.774 0.776 0.776 0.778
22.00–24.00 0.778 0.782 0.780 0.784 0.785 0.782 0.790 0.788
24.00–26.00 0.791 0.791 0.795 0.795 0.795 0.799 0.798 0.798
26.00–30.00 0.806 0.805 0.805 0.809 0.808 0.810 0.810 0.812
30.00–40.00 0.829 0.830 0.830 0.830 0.828 0.832 0.830 0.830
40.00–60.00 0.864 0.865 0.867 0.864 0.868 0.867 0.861 0.953
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Table 11: Mean weight correction factor for ψ(2S) under the “transverse zero” spin-alignment hypothesis for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.328 1.311 1.300 1.284 1.274 1.267 1.261 1.265
8.50–9.00 1.318 1.309 1.293 1.279 1.268 1.263 1.252 1.259
9.00–9.50 1.317 1.303 1.287 1.273 1.267 1.256 1.249 1.250
9.50–10.00 1.310 1.301 1.286 1.275 1.262 1.255 1.248 1.247
10.00–10.50 1.303 1.294 1.283 1.271 1.265 1.257 1.248 1.243
10.50–11.00 1.295 1.289 1.279 1.271 1.259 1.254 1.246 1.240
11.00–11.50 1.289 1.282 1.273 1.264 1.254 1.249 1.242 1.238
11.50–12.00 1.282 1.276 1.267 1.260 1.249 1.246 1.240 1.234
12.00–13.00 1.271 1.266 1.259 1.250 1.244 1.241 1.236 1.232
13.00–14.00 1.258 1.252 1.246 1.239 1.234 1.232 1.229 1.226
14.00–15.00 1.244 1.240 1.237 1.230 1.228 1.221 1.219 1.216
15.00–16.00 1.234 1.229 1.224 1.221 1.216 1.214 1.211 1.211
16.00–17.00 1.220 1.217 1.213 1.211 1.208 1.205 1.205 1.202
17.00–18.00 1.211 1.210 1.205 1.202 1.198 1.197 1.193 1.193
18.00–20.00 1.197 1.194 1.191 1.190 1.188 1.187 1.186 1.181
20.00–22.00 1.181 1.180 1.176 1.174 1.174 1.171 1.172 1.169
22.00–24.00 1.167 1.163 1.164 1.161 1.160 1.164 1.155 1.159
24.00–26.00 1.153 1.154 1.149 1.148 1.149 1.145 1.147 1.147
26.00–30.00 1.137 1.139 1.138 1.135 1.136 1.134 1.135 1.133
30.00–40.00 1.115 1.115 1.115 1.115 1.116 1.114 1.116 1.116
40.00–60.00 1.086 1.085 1.083 1.086 1.083 1.084 1.089 1.028

Table 12: Mean weight correction factor for ψ(2S) under the “transverse positive” spin-alignment hypothesis for 7
TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 2.009 2.007 1.986 1.994 1.964 1.936 1.949 1.967
8.50–9.00 1.614 1.617 1.617 1.613 1.618 1.624 1.606 1.872
9.00–9.50 1.504 1.502 1.496 1.493 1.500 1.499 1.494 1.741
9.50–10.00 1.445 1.443 1.440 1.445 1.440 1.441 1.436 1.621
10.00–10.50 1.404 1.401 1.403 1.401 1.412 1.406 1.400 1.507
10.50–11.00 1.374 1.377 1.378 1.378 1.377 1.378 1.372 1.447
11.00–11.50 1.355 1.352 1.352 1.353 1.352 1.353 1.350 1.409
11.50–12.00 1.335 1.334 1.335 1.335 1.332 1.336 1.331 1.375
12.00–13.00 1.314 1.313 1.312 1.312 1.313 1.314 1.312 1.343
13.00–14.00 1.289 1.289 1.287 1.286 1.286 1.288 1.288 1.311
14.00–15.00 1.268 1.267 1.269 1.267 1.269 1.265 1.265 1.280
15.00–16.00 1.253 1.250 1.249 1.252 1.250 1.250 1.248 1.262
16.00–17.00 1.234 1.234 1.234 1.234 1.235 1.235 1.236 1.241
17.00–18.00 1.224 1.224 1.222 1.222 1.220 1.222 1.218 1.224
18.00–20.00 1.206 1.205 1.204 1.205 1.205 1.207 1.206 1.204
20.00–22.00 1.187 1.187 1.186 1.184 1.186 1.184 1.186 1.186
22.00–24.00 1.171 1.169 1.171 1.169 1.169 1.174 1.166 1.170
24.00–26.00 1.157 1.158 1.155 1.155 1.156 1.153 1.156 1.156
26.00–30.00 1.140 1.142 1.142 1.139 1.141 1.140 1.141 1.139
30.00–40.00 1.116 1.117 1.117 1.117 1.119 1.117 1.119 1.119
40.00–60.00 1.087 1.086 1.084 1.087 1.085 1.085 1.091 1.029
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Table 13: Mean weight correction factor for ψ(2S) under the “transverse negative” spin-alignment hypothesis for 7
TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 0.998 0.986 0.970 0.957 0.949 0.941 0.935 0.883
8.50–9.00 1.115 1.102 1.084 1.062 1.047 1.039 1.025 0.959
9.00–9.50 1.169 1.154 1.131 1.110 1.096 1.084 1.075 1.007
9.50–10.00 1.200 1.185 1.163 1.144 1.126 1.114 1.105 1.047
10.00–10.50 1.216 1.200 1.181 1.161 1.148 1.137 1.127 1.075
10.50–11.00 1.222 1.212 1.196 1.178 1.161 1.152 1.143 1.097
11.00–11.50 1.230 1.218 1.202 1.185 1.169 1.161 1.152 1.112
11.50–12.00 1.233 1.221 1.205 1.192 1.175 1.169 1.160 1.124
12.00–13.00 1.232 1.222 1.208 1.195 1.184 1.176 1.169 1.141
13.00–14.00 1.228 1.220 1.208 1.196 1.187 1.181 1.176 1.155
14.00–15.00 1.221 1.214 1.207 1.196 1.188 1.181 1.176 1.159
15.00–16.00 1.215 1.208 1.200 1.193 1.184 1.181 1.175 1.165
16.00–17.00 1.205 1.200 1.194 1.187 1.182 1.177 1.175 1.165
17.00–18.00 1.199 1.196 1.188 1.183 1.177 1.174 1.169 1.162
18.00–20.00 1.188 1.184 1.179 1.175 1.170 1.168 1.166 1.158
20.00–22.00 1.174 1.172 1.167 1.162 1.161 1.157 1.157 1.153
22.00–24.00 1.162 1.157 1.158 1.153 1.151 1.153 1.145 1.146
24.00–26.00 1.149 1.149 1.144 1.142 1.142 1.138 1.139 1.138
26.00–30.00 1.135 1.136 1.134 1.130 1.131 1.129 1.129 1.127
30.00–40.00 1.114 1.113 1.113 1.112 1.113 1.110 1.112 1.112
40.00–60.00 1.086 1.085 1.083 1.085 1.082 1.082 1.088 1.028

Table 14: Mean weight correction factor for ψ(2S) under the “off-(λθ–λφ)-plane positive” spin-alignment hypothesis
for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 1.017 1.052 1.081 1.100 1.118 1.123 1.129 1.106
8.50–9.00 1.023 1.064 1.094 1.118 1.136 1.146 1.151 1.132
9.00–9.50 1.021 1.062 1.093 1.119 1.140 1.150 1.153 1.139
9.50–10.00 1.019 1.060 1.092 1.119 1.135 1.144 1.152 1.146
10.00–10.50 1.020 1.057 1.088 1.112 1.132 1.140 1.146 1.145
10.50–11.00 1.017 1.055 1.085 1.108 1.124 1.134 1.139 1.141
11.00–11.50 1.017 1.052 1.079 1.102 1.118 1.127 1.131 1.137
11.50–12.00 1.017 1.050 1.076 1.096 1.110 1.120 1.126 1.130
12.00–13.00 1.014 1.044 1.069 1.088 1.102 1.111 1.116 1.123
13.00–14.00 1.013 1.041 1.061 1.078 1.091 1.100 1.104 1.111
14.00–15.00 1.012 1.036 1.056 1.070 1.082 1.088 1.092 1.098
15.00–16.00 1.011 1.032 1.049 1.064 1.073 1.079 1.083 1.090
16.00–17.00 1.010 1.029 1.045 1.057 1.065 1.072 1.076 1.080
17.00–18.00 1.010 1.027 1.041 1.051 1.059 1.064 1.068 1.071
18.00–20.00 1.008 1.023 1.035 1.045 1.052 1.057 1.059 1.062
20.00–22.00 1.008 1.019 1.030 1.037 1.044 1.047 1.050 1.052
22.00–24.00 1.006 1.016 1.025 1.032 1.037 1.042 1.042 1.044
24.00–26.00 1.005 1.014 1.021 1.027 1.032 1.034 1.037 1.038
26.00–30.00 1.005 1.012 1.018 1.022 1.027 1.029 1.030 1.031
30.00–40.00 1.003 1.008 1.013 1.016 1.019 1.020 1.022 1.022
40.00–60.00 1.002 1.005 1.007 1.009 1.010 1.011 1.013 1.004
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Table 15: Mean weight correction factor for ψ(2S) under the “off-(λθ–λφ)-plane negative” spin-alignment hypothesis
for 7 TeV.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00–8.50 0.983 0.950 0.931 0.916 0.908 0.902 0.902 0.911
8.50–9.00 0.979 0.944 0.919 0.904 0.892 0.887 0.882 0.898
9.00–9.50 0.981 0.943 0.919 0.901 0.894 0.886 0.883 0.891
9.50–10.00 0.981 0.945 0.922 0.903 0.894 0.886 0.885 0.891
10.00–10.50 0.982 0.948 0.925 0.910 0.897 0.891 0.888 0.890
10.50–11.00 0.982 0.951 0.929 0.913 0.901 0.895 0.891 0.892
11.00–11.50 0.983 0.953 0.931 0.918 0.906 0.900 0.897 0.894
11.50–12.00 0.985 0.955 0.934 0.920 0.910 0.903 0.901 0.897
12.00–13.00 0.985 0.958 0.938 0.925 0.915 0.911 0.906 0.903
13.00–14.00 0.988 0.963 0.944 0.932 0.924 0.918 0.915 0.910
14.00–15.00 0.988 0.966 0.950 0.939 0.930 0.926 0.923 0.918
15.00–16.00 0.990 0.969 0.955 0.944 0.937 0.932 0.929 0.924
16.00–17.00 0.991 0.972 0.959 0.949 0.941 0.937 0.935 0.932
17.00–18.00 0.991 0.975 0.963 0.953 0.947 0.942 0.941 0.938
18.00–20.00 0.992 0.978 0.967 0.959 0.953 0.949 0.947 0.945
20.00–22.00 0.993 0.981 0.972 0.965 0.960 0.957 0.955 0.953
22.00–24.00 0.994 0.984 0.975 0.970 0.966 0.962 0.961 0.959
24.00–26.00 0.995 0.986 0.979 0.974 0.970 0.968 0.966 0.965
26.00–30.00 0.995 0.988 0.983 0.978 0.975 0.973 0.972 0.971
30.00–40.00 0.997 0.992 0.988 0.984 0.982 0.981 0.979 0.979
40.00–60.00 0.998 0.995 0.993 0.991 0.990 0.989 0.988 0.996

37



Table 16: Mean weight correction factor for J/ψ under the “longitudinal” spin-alignment hypothesis for 8 TeV.
Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 0.672 0.674 0.678 – – – – –
8.50 – 9.00 0.670 0.673 0.678 – – – – –
9.00 – 9.50 0.671 0.674 0.679 – – – – –
9.50 – 10.00 0.674 0.676 0.681 – – – – –
10.00 – 10.50 0.676 0.678 0.683 0.686 0.691 0.694 0.695 0.696
10.50 – 11.00 0.680 0.681 0.686 0.689 0.693 0.696 0.697 0.698
11.00 – 11.50 0.684 0.685 0.690 0.692 0.695 0.698 0.700 0.701
11.50 – 12.00 0.688 0.688 0.693 0.695 0.698 0.701 0.702 0.704
12.00 – 12.50 0.692 0.692 0.696 0.698 0.702 0.704 0.705 0.706
12.50 – 13.00 0.696 0.696 0.700 0.702 0.705 0.707 0.708 0.710
13.00 – 14.00 0.702 0.703 0.705 0.707 0.710 0.712 0.713 0.715
14.00 – 15.00 0.710 0.711 0.713 0.714 0.717 0.719 0.720 0.722
15.00 – 16.00 0.719 0.719 0.721 0.722 0.724 0.725 0.727 0.729
16.00 – 17.00 0.726 0.727 0.729 0.729 0.732 0.733 0.734 0.735
17.00 – 18.00 0.734 0.735 0.736 0.737 0.738 0.740 0.740 0.743
18.00 – 20.00 0.744 0.745 0.746 0.746 0.748 0.750 0.750 0.752
20.00 – 22.00 0.758 0.759 0.760 0.759 0.761 0.762 0.763 0.764
22.00 – 24.00 0.771 0.771 0.772 0.771 0.773 0.774 0.774 0.776
24.00 – 26.00 0.783 0.783 0.783 0.783 0.784 0.786 0.786 0.787
26.00 – 30.00 0.797 0.798 0.798 0.797 0.798 0.799 0.800 0.800
30.00 – 35.00 0.817 0.817 0.817 0.816 0.817 0.818 0.818 0.820
35.00 – 40.00 0.836 0.836 0.836 0.835 0.835 0.836 0.836 0.840
40.00 – 60.00 0.862 0.862 0.861 0.861 0.861 0.862 0.862 0.863
60.00 – 110.00 0.904 0.902 0.903 0.902 0.903 0.904 0.905 0.906

Table 17: Mean weight correction factor for J/ψ under the “transverse zero” spin-alignment hypothesis for 8 TeV.
Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.326 1.321 1.311 – – – – –
8.50 – 9.00 1.326 1.320 1.309 – – – – –
9.00 – 9.50 1.322 1.316 1.306 – – – – –
9.50 – 10.00 1.317 1.312 1.302 – – – – –
10.00 – 10.50 1.311 1.306 1.297 1.291 1.283 1.278 1.275 1.273
10.50 – 11.00 1.304 1.300 1.292 1.286 1.279 1.274 1.272 1.269
11.00 – 11.50 1.297 1.293 1.286 1.280 1.275 1.270 1.268 1.265
11.50 – 12.00 1.290 1.287 1.280 1.275 1.270 1.266 1.263 1.261
12.00 – 12.50 1.283 1.280 1.274 1.270 1.264 1.261 1.259 1.257
12.50 – 13.00 1.276 1.273 1.268 1.264 1.260 1.256 1.254 1.252
13.00 – 14.00 1.265 1.264 1.259 1.256 1.252 1.249 1.247 1.245
14.00 – 15.00 1.253 1.251 1.247 1.245 1.241 1.238 1.237 1.235
15.00 – 16.00 1.240 1.239 1.236 1.234 1.231 1.229 1.227 1.225
16.00 – 17.00 1.228 1.227 1.225 1.223 1.220 1.218 1.218 1.216
17.00 – 18.00 1.218 1.217 1.215 1.213 1.211 1.209 1.209 1.206
18.00 – 20.00 1.204 1.203 1.201 1.201 1.199 1.197 1.196 1.195
20.00 – 22.00 1.186 1.186 1.185 1.185 1.183 1.182 1.181 1.180
22.00 – 24.00 1.172 1.171 1.171 1.171 1.169 1.168 1.168 1.167
24.00 – 26.00 1.159 1.159 1.158 1.158 1.157 1.156 1.156 1.154
26.00 – 30.00 1.144 1.144 1.143 1.144 1.143 1.142 1.141 1.141
30.00 – 35.00 1.125 1.125 1.125 1.125 1.124 1.124 1.124 1.122
35.00 – 40.00 1.108 1.108 1.108 1.108 1.108 1.108 1.107 1.105
40.00 – 60.00 1.087 1.086 1.087 1.087 1.087 1.087 1.087 1.086
60.00 – 110.00 1.056 1.057 1.057 1.057 1.057 1.056 1.055 1.055
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Table 18: Mean weight correction factor for J/ψ under the “transverse positive” spin-alignment hypothesis for 8
TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.926 1.933 1.930 – – – – –
8.50 – 9.00 1.555 1.558 1.559 – – – – –
9.00 – 9.50 1.463 1.464 1.465 – – – – –
9.50 – 10.00 1.416 1.418 1.418 – – – – –
10.00 – 10.50 1.386 1.388 1.387 1.390 1.390 1.390 1.391 1.411
10.50 – 11.00 1.363 1.365 1.365 1.367 1.367 1.366 1.368 1.382
11.00 – 11.50 1.345 1.347 1.346 1.348 1.348 1.348 1.349 1.358
11.50 – 12.00 1.330 1.331 1.331 1.333 1.333 1.332 1.333 1.340
12.00 – 12.50 1.316 1.318 1.317 1.319 1.318 1.319 1.319 1.325
12.50 – 13.00 1.304 1.305 1.305 1.307 1.307 1.307 1.306 1.311
13.00 – 14.00 1.288 1.290 1.290 1.291 1.291 1.291 1.291 1.293
14.00 – 15.00 1.270 1.271 1.271 1.272 1.272 1.271 1.272 1.272
15.00 – 16.00 1.253 1.254 1.254 1.255 1.255 1.255 1.254 1.255
16.00 – 17.00 1.239 1.240 1.240 1.241 1.240 1.240 1.241 1.240
17.00 – 18.00 1.227 1.227 1.227 1.228 1.228 1.227 1.228 1.226
18.00 – 20.00 1.211 1.211 1.211 1.212 1.212 1.211 1.211 1.210
20.00 – 22.00 1.191 1.192 1.192 1.193 1.193 1.192 1.192 1.192
22.00 – 24.00 1.175 1.176 1.176 1.177 1.176 1.176 1.176 1.175
24.00 – 26.00 1.162 1.162 1.162 1.163 1.162 1.162 1.162 1.161
26.00 – 30.00 1.146 1.146 1.146 1.147 1.146 1.146 1.146 1.146
30.00 – 35.00 1.126 1.126 1.126 1.127 1.127 1.126 1.126 1.125
35.00 – 40.00 1.109 1.109 1.109 1.110 1.110 1.109 1.109 1.107
40.00 – 60.00 1.087 1.087 1.088 1.088 1.088 1.087 1.087 1.087
60.00 – 110.00 1.056 1.057 1.057 1.057 1.057 1.056 1.056 1.055

Table 19: Mean weight correction factor for J/ψ under the “transverse negative” spin-alignment hypothesis for 8
TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.026 1.017 1.005 – – – – –
8.50 – 9.00 1.157 1.145 1.129 – – – – –
9.00 – 9.50 1.207 1.196 1.178 – – – – –
9.50 – 10.00 1.231 1.220 1.203 – – – – –
10.00 – 10.50 1.244 1.234 1.218 1.204 1.192 1.182 1.177 1.161
10.50 – 11.00 1.250 1.241 1.227 1.214 1.202 1.193 1.188 1.175
11.00 – 11.50 1.252 1.244 1.231 1.220 1.209 1.200 1.195 1.184
11.50 – 12.00 1.253 1.246 1.234 1.223 1.213 1.206 1.201 1.191
12.00 – 12.50 1.251 1.245 1.234 1.224 1.215 1.208 1.204 1.196
12.50 – 13.00 1.248 1.243 1.233 1.224 1.216 1.210 1.206 1.199
13.00 – 14.00 1.243 1.239 1.230 1.222 1.215 1.210 1.206 1.200
14.00 – 15.00 1.236 1.231 1.224 1.218 1.212 1.207 1.204 1.200
15.00 – 16.00 1.226 1.223 1.217 1.212 1.207 1.203 1.200 1.197
16.00 – 17.00 1.218 1.215 1.210 1.206 1.201 1.197 1.195 1.193
17.00 – 18.00 1.209 1.206 1.202 1.199 1.195 1.192 1.190 1.187
18.00 – 20.00 1.197 1.195 1.192 1.189 1.186 1.183 1.182 1.180
20.00 – 22.00 1.182 1.181 1.178 1.177 1.174 1.172 1.170 1.170
22.00 – 24.00 1.168 1.167 1.166 1.165 1.162 1.161 1.160 1.159
24.00 – 26.00 1.156 1.156 1.154 1.153 1.152 1.150 1.150 1.148
26.00 – 30.00 1.142 1.141 1.140 1.140 1.139 1.137 1.137 1.136
30.00 – 35.00 1.124 1.123 1.123 1.123 1.122 1.121 1.121 1.119
35.00 – 40.00 1.107 1.107 1.107 1.107 1.107 1.106 1.106 1.103
40.00 – 60.00 1.087 1.086 1.087 1.086 1.087 1.086 1.086 1.085
60.00 – 110.00 1.056 1.057 1.057 1.057 1.056 1.056 1.055 1.055
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Table 20: Mean weight correction factor for J/ψ under the “off-(λθ–λφ)-plane positive” spin-alignment hypothesis
for 8 TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.016 1.048 1.074 – – – – –
8.50 – 9.00 1.019 1.056 1.087 – – – – –
9.00 – 9.50 1.019 1.055 1.086 – – – – –
9.50 – 10.00 1.018 1.053 1.083 – – – – –
10.00 – 10.50 1.017 1.051 1.079 1.101 1.117 1.127 1.134 1.138
10.50 – 11.00 1.016 1.048 1.075 1.096 1.110 1.120 1.126 1.131
11.00 – 11.50 1.015 1.045 1.071 1.090 1.104 1.113 1.119 1.124
11.50 – 12.00 1.014 1.043 1.067 1.085 1.098 1.107 1.113 1.117
12.00 – 12.50 1.014 1.040 1.063 1.080 1.093 1.101 1.106 1.111
12.50 – 13.00 1.013 1.038 1.059 1.076 1.087 1.095 1.100 1.104
13.00 – 14.00 1.012 1.035 1.055 1.070 1.080 1.088 1.092 1.096
14.00 – 15.00 1.011 1.031 1.049 1.062 1.072 1.078 1.082 1.085
15.00 – 16.00 1.010 1.028 1.044 1.056 1.065 1.070 1.074 1.076
16.00 – 17.00 1.009 1.025 1.040 1.050 1.058 1.063 1.067 1.069
17.00 – 18.00 1.008 1.023 1.036 1.046 1.053 1.057 1.060 1.062
18.00 – 20.00 1.007 1.020 1.031 1.040 1.046 1.050 1.053 1.054
20.00 – 22.00 1.006 1.017 1.026 1.033 1.039 1.042 1.044 1.045
22.00 – 24.00 1.005 1.014 1.022 1.028 1.033 1.036 1.038 1.039
24.00 – 26.00 1.004 1.012 1.019 1.024 1.028 1.030 1.032 1.033
26.00 – 30.00 1.004 1.010 1.016 1.020 1.023 1.025 1.026 1.027
30.00 – 35.00 1.003 1.008 1.012 1.015 1.018 1.019 1.020 1.021
35.00 – 40.00 1.002 1.006 1.009 1.012 1.013 1.015 1.015 1.015
40.00 – 60.00 1.001 1.004 1.006 1.008 1.009 1.010 1.010 1.010
60.00 – 110.00 1.001 1.002 1.003 1.003 1.004 1.004 1.004 1.005

Table 21: Mean weight correction factor for J/ψ under the “off-(λθ–λφ)-plane negative” spin-alignment hypothesis
for 8 TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 0.985 0.957 0.936 – – – – –
8.50 – 9.00 0.982 0.950 0.926 – – – – –
9.00 – 9.50 0.982 0.950 0.926 – – – – –
9.50 – 10.00 0.983 0.952 0.929 – – – – –
10.00 – 10.50 0.984 0.954 0.932 0.916 0.905 0.898 0.894 0.891
10.50 – 11.00 0.985 0.956 0.935 0.919 0.909 0.903 0.899 0.895
11.00 – 11.50 0.985 0.959 0.938 0.923 0.913 0.907 0.903 0.900
11.50 – 12.00 0.986 0.961 0.941 0.927 0.918 0.911 0.908 0.905
12.00 – 12.50 0.987 0.963 0.944 0.931 0.922 0.916 0.912 0.909
12.50 – 13.00 0.988 0.965 0.947 0.934 0.925 0.920 0.916 0.913
13.00 – 14.00 0.988 0.967 0.951 0.939 0.930 0.925 0.922 0.919
14.00 – 15.00 0.990 0.971 0.955 0.944 0.937 0.932 0.929 0.927
15.00 – 16.00 0.991 0.974 0.960 0.950 0.943 0.938 0.936 0.934
16.00 – 17.00 0.991 0.976 0.963 0.954 0.948 0.944 0.941 0.939
17.00 – 18.00 0.992 0.978 0.967 0.958 0.952 0.949 0.946 0.945
18.00 – 20.00 0.993 0.981 0.971 0.963 0.958 0.954 0.952 0.951
20.00 – 22.00 0.994 0.984 0.975 0.969 0.964 0.961 0.959 0.958
22.00 – 24.00 0.995 0.986 0.979 0.973 0.969 0.967 0.965 0.964
24.00 – 26.00 0.996 0.988 0.982 0.977 0.973 0.971 0.970 0.969
26.00 – 30.00 0.996 0.990 0.985 0.981 0.978 0.976 0.975 0.974
30.00 – 35.00 0.997 0.992 0.988 0.985 0.983 0.982 0.981 0.980
35.00 – 40.00 0.998 0.994 0.991 0.989 0.987 0.986 0.985 0.985
40.00 – 60.00 0.999 0.996 0.994 0.992 0.991 0.991 0.990 0.990
60.00 – 110.00 0.999 0.998 0.997 0.997 0.996 0.996 0.996 0.996
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Table 22: Mean weight correction factor for ψ(2S) under the “longitudinal” spin-alignment hypothesis for 8 TeV.
Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 0.672 0.677 0.686 – – – – –
8.50 – 9.00 0.674 0.680 0.689 – – – – –
9.00 – 9.50 0.677 0.682 0.691 – – – – –
9.50 – 10.00 0.680 0.684 0.692 – – – – –
10.00 – 10.50 0.683 0.688 0.695 0.702 0.709 0.713 0.717 0.721
10.50 – 11.00 0.687 0.692 0.698 0.705 0.710 0.715 0.718 0.722
11.00 – 11.50 0.692 0.695 0.701 0.708 0.714 0.716 0.718 0.725
11.50 – 12.00 0.695 0.698 0.704 0.710 0.715 0.718 0.721 0.725
12.00 – 12.50 0.700 0.703 0.708 0.713 0.718 0.721 0.723 0.728
12.50 – 13.00 0.704 0.706 0.711 0.716 0.721 0.722 0.726 0.730
13.00 – 14.00 0.710 0.713 0.717 0.722 0.725 0.727 0.730 0.733
14.00 – 15.00 0.719 0.721 0.724 0.728 0.731 0.733 0.736 0.738
15.00 – 16.00 0.727 0.728 0.732 0.735 0.737 0.740 0.741 0.743
16.00 – 17.00 0.735 0.737 0.739 0.742 0.743 0.746 0.748 0.750
17.00 – 18.00 0.742 0.744 0.746 0.750 0.750 0.753 0.755 0.755
18.00 – 20.00 0.753 0.754 0.756 0.759 0.760 0.761 0.762 0.765
20.00 – 22.00 0.767 0.768 0.769 0.771 0.773 0.773 0.775 0.775
22.00 – 24.00 0.779 0.779 0.782 0.783 0.784 0.785 0.785 0.788
24.00 – 26.00 0.791 0.791 0.793 0.794 0.793 0.795 0.795 0.795
26.00 – 30.00 0.805 0.804 0.806 0.807 0.808 0.809 0.809 0.811
30.00 – 35.00 0.823 0.823 0.824 0.824 0.826 0.826 0.828 0.828
35.00 – 40.00 0.841 0.841 0.840 0.842 0.843 0.842 0.843 0.843
40.00 – 60.00 0.866 0.867 0.866 0.868 0.868 0.866 0.868 0.870
60.00 – 110.00 0.905 0.906 0.906 0.909 0.907 0.903 0.906 0.905

Table 23: Mean weight correction factor for ψ(2S) under the “transverse zero” spin-alignment hypothesis for 8 TeV.
Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.325 1.316 1.301 – – – – –
8.50 – 9.00 1.321 1.311 1.295 – – – – –
9.00 – 9.50 1.316 1.307 1.291 – – – – –
9.50 – 10.00 1.310 1.301 1.288 – – – – –
10.00 – 10.50 1.303 1.295 1.283 1.272 1.261 1.254 1.249 1.244
10.50 – 11.00 1.296 1.289 1.278 1.267 1.259 1.252 1.247 1.241
11.00 – 11.50 1.289 1.283 1.273 1.262 1.254 1.250 1.246 1.238
11.50 – 12.00 1.282 1.276 1.267 1.258 1.251 1.246 1.242 1.236
12.00 – 12.50 1.274 1.270 1.261 1.253 1.247 1.242 1.239 1.233
12.50 – 13.00 1.267 1.263 1.256 1.248 1.242 1.239 1.235 1.230
13.00 – 14.00 1.257 1.254 1.247 1.241 1.236 1.232 1.229 1.225
14.00 – 15.00 1.244 1.241 1.236 1.230 1.227 1.223 1.220 1.217
15.00 – 16.00 1.232 1.230 1.225 1.221 1.217 1.215 1.213 1.211
16.00 – 17.00 1.221 1.218 1.215 1.211 1.209 1.206 1.204 1.202
17.00 – 18.00 1.210 1.208 1.206 1.202 1.200 1.197 1.195 1.195
18.00 – 20.00 1.197 1.195 1.193 1.190 1.188 1.187 1.186 1.184
20.00 – 22.00 1.180 1.179 1.177 1.175 1.173 1.172 1.171 1.171
22.00 – 24.00 1.165 1.165 1.163 1.162 1.161 1.159 1.159 1.157
24.00 – 26.00 1.153 1.153 1.151 1.150 1.150 1.149 1.149 1.149
26.00 – 30.00 1.138 1.139 1.138 1.136 1.136 1.135 1.135 1.133
30.00 – 35.00 1.121 1.121 1.120 1.119 1.119 1.118 1.117 1.117
35.00 – 40.00 1.105 1.104 1.105 1.104 1.103 1.104 1.103 1.103
40.00 – 60.00 1.084 1.083 1.084 1.083 1.083 1.084 1.083 1.081
60.00 – 110.00 1.056 1.055 1.055 1.053 1.054 1.057 1.055 1.056
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Table 24: Mean weight correction factor for ψ(2S) under the “transverse positive” spin-alignment hypothesis for 8
TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 2.029 2.023 2.022 – – – – –
8.50 – 9.00 1.620 1.620 1.618 – – – – –
9.00 – 9.50 1.504 1.504 1.502 – – – – –
9.50 – 10.00 1.444 1.444 1.443 – – – – –
10.00 – 10.50 1.405 1.405 1.404 1.404 1.402 1.401 1.400 1.500
10.50 – 11.00 1.377 1.377 1.376 1.375 1.375 1.373 1.373 1.443
11.00 – 11.50 1.354 1.354 1.354 1.352 1.351 1.353 1.353 1.403
11.50 – 12.00 1.336 1.336 1.335 1.334 1.335 1.334 1.333 1.375
12.00 – 12.50 1.320 1.320 1.320 1.319 1.319 1.319 1.318 1.351
12.50 – 13.00 1.306 1.307 1.306 1.305 1.304 1.306 1.304 1.331
13.00 – 14.00 1.289 1.289 1.289 1.288 1.288 1.288 1.287 1.308
14.00 – 15.00 1.268 1.269 1.268 1.267 1.268 1.267 1.266 1.281
15.00 – 16.00 1.251 1.251 1.250 1.251 1.251 1.250 1.250 1.261
16.00 – 17.00 1.236 1.236 1.236 1.236 1.236 1.235 1.235 1.242
17.00 – 18.00 1.223 1.222 1.223 1.222 1.223 1.221 1.221 1.227
18.00 – 20.00 1.206 1.206 1.206 1.205 1.206 1.206 1.206 1.208
20.00 – 22.00 1.186 1.186 1.186 1.186 1.186 1.186 1.185 1.187
22.00 – 24.00 1.170 1.171 1.170 1.170 1.170 1.170 1.170 1.169
24.00 – 26.00 1.157 1.157 1.156 1.156 1.157 1.157 1.157 1.158
26.00 – 30.00 1.141 1.142 1.141 1.141 1.141 1.140 1.141 1.140
30.00 – 35.00 1.122 1.122 1.122 1.122 1.122 1.122 1.121 1.121
35.00 – 40.00 1.106 1.105 1.106 1.106 1.105 1.106 1.105 1.105
40.00 – 60.00 1.085 1.084 1.085 1.084 1.084 1.085 1.084 1.083
60.00 – 110.00 1.056 1.055 1.055 1.054 1.054 1.057 1.055 1.056

Table 25: Mean weight correction factor for ψ(2S) under the “transverse negative” spin-alignment hypothesis for 8
TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 0.995 0.986 0.970 – – – – –
8.50 – 9.00 1.116 1.102 1.081 – – – – –
9.00 – 9.50 1.170 1.156 1.133 – – – – –
9.50 – 10.00 1.199 1.185 1.163 – – – – –
10.00 – 10.50 1.215 1.202 1.182 1.163 1.146 1.135 1.127 1.075
10.50 – 11.00 1.225 1.212 1.194 1.175 1.161 1.150 1.142 1.098
11.00 – 11.50 1.230 1.218 1.201 1.184 1.170 1.161 1.155 1.114
11.50 – 12.00 1.232 1.222 1.206 1.190 1.178 1.169 1.162 1.127
12.00 – 12.50 1.232 1.223 1.208 1.194 1.182 1.174 1.168 1.137
12.50 – 13.00 1.231 1.223 1.210 1.196 1.185 1.178 1.172 1.146
13.00 – 14.00 1.228 1.220 1.209 1.197 1.188 1.181 1.176 1.154
14.00 – 15.00 1.221 1.215 1.206 1.196 1.188 1.182 1.177 1.161
15.00 – 16.00 1.214 1.209 1.200 1.193 1.186 1.181 1.177 1.165
16.00 – 17.00 1.206 1.202 1.195 1.188 1.183 1.178 1.175 1.166
17.00 – 18.00 1.198 1.195 1.189 1.183 1.179 1.174 1.171 1.165
18.00 – 20.00 1.188 1.184 1.180 1.175 1.171 1.168 1.166 1.161
20.00 – 22.00 1.173 1.171 1.168 1.164 1.161 1.159 1.157 1.154
22.00 – 24.00 1.161 1.160 1.156 1.154 1.151 1.149 1.149 1.145
24.00 – 26.00 1.150 1.149 1.146 1.144 1.143 1.141 1.141 1.140
26.00 – 30.00 1.136 1.136 1.134 1.132 1.131 1.129 1.129 1.127
30.00 – 35.00 1.119 1.119 1.117 1.117 1.115 1.115 1.113 1.113
35.00 – 40.00 1.104 1.103 1.103 1.102 1.101 1.101 1.100 1.100
40.00 – 60.00 1.084 1.083 1.083 1.082 1.082 1.083 1.082 1.080
60.00 – 110.00 1.056 1.054 1.055 1.053 1.054 1.057 1.055 1.055
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Table 26: Mean weight correction factor for ψ(2S) under the “off-(λθ–λφ)-plane positive” spin-alignment hypothesis
for 8 TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 1.018 1.053 1.081 – – – – –
8.50 – 9.00 1.021 1.062 1.095 – – – – –
9.00 – 9.50 1.021 1.062 1.096 – – – – –
9.50 – 10.00 1.020 1.060 1.094 – – – – –
10.00 – 10.50 1.020 1.057 1.089 1.114 1.130 1.140 1.146 1.145
10.50 – 11.00 1.018 1.055 1.085 1.108 1.124 1.133 1.139 1.142
11.00 – 11.50 1.017 1.052 1.080 1.102 1.117 1.127 1.133 1.137
11.50 – 12.00 1.017 1.049 1.076 1.096 1.111 1.120 1.126 1.132
12.00 – 12.50 1.016 1.046 1.072 1.091 1.105 1.113 1.119 1.125
12.50 – 13.00 1.015 1.043 1.068 1.086 1.099 1.108 1.112 1.119
13.00 – 14.00 1.013 1.040 1.062 1.079 1.091 1.099 1.104 1.111
14.00 – 15.00 1.012 1.036 1.056 1.071 1.082 1.089 1.093 1.099
15.00 – 16.00 1.011 1.032 1.050 1.064 1.073 1.080 1.084 1.090
16.00 – 17.00 1.010 1.029 1.045 1.057 1.067 1.072 1.076 1.081
17.00 – 18.00 1.009 1.026 1.041 1.052 1.060 1.065 1.068 1.073
18.00 – 20.00 1.008 1.023 1.036 1.045 1.053 1.057 1.060 1.063
20.00 – 22.00 1.007 1.019 1.030 1.038 1.044 1.048 1.050 1.053
22.00 – 24.00 1.006 1.016 1.025 1.032 1.037 1.040 1.043 1.044
24.00 – 26.00 1.005 1.014 1.022 1.028 1.032 1.035 1.037 1.038
26.00 – 30.00 1.004 1.012 1.018 1.023 1.026 1.029 1.030 1.031
30.00 – 35.00 1.003 1.009 1.014 1.017 1.020 1.022 1.023 1.023
35.00 – 40.00 1.002 1.007 1.010 1.013 1.015 1.017 1.017 1.018
40.00 – 60.00 1.002 1.004 1.007 1.009 1.010 1.011 1.012 1.012
60.00 – 110.00 1.001 1.002 1.003 1.004 1.004 1.005 1.005 1.005

Table 27: Mean weight correction factor for ψ(2S) under the “off-(λθ–λφ)-plane negative” spin-alignment hypothesis
for 8 TeV. Those intervals not measured in the analysis at low pT, high rapidity are also excluded here.

Absolute Rapidity Range
pT [GeV] 0.00–0.25 0.25–0.50 0.50–0.75 0.75–1.00 1.00–1.25 1.25–1.50 1.50–1.75 1.75–2.00
8.00 – 8.50 0.983 0.952 0.931 – – – – –
8.50 – 9.00 0.980 0.945 0.920 – – – – –
9.00 – 9.50 0.980 0.945 0.919 – – – – –
9.50 – 10.00 0.981 0.946 0.921 – – – – –
10.00 – 10.50 0.981 0.949 0.924 0.908 0.897 0.891 0.887 0.888
10.50 – 11.00 0.982 0.951 0.928 0.912 0.901 0.895 0.891 0.890
11.00 – 11.50 0.983 0.953 0.931 0.916 0.906 0.899 0.895 0.893
11.50 – 12.00 0.984 0.956 0.934 0.919 0.910 0.903 0.900 0.896
12.00 – 12.50 0.985 0.958 0.937 0.923 0.914 0.908 0.904 0.900
12.50 – 13.00 0.986 0.960 0.940 0.927 0.918 0.911 0.908 0.904
13.00 – 14.00 0.987 0.963 0.945 0.932 0.923 0.917 0.914 0.910
14.00 – 15.00 0.988 0.967 0.950 0.938 0.930 0.925 0.922 0.917
15.00 – 16.00 0.989 0.970 0.955 0.944 0.936 0.931 0.928 0.924
16.00 – 17.00 0.990 0.973 0.959 0.949 0.941 0.937 0.934 0.931
17.00 – 18.00 0.991 0.975 0.962 0.953 0.946 0.943 0.940 0.936
18.00 – 20.00 0.992 0.978 0.967 0.958 0.953 0.949 0.946 0.944
20.00 – 22.00 0.993 0.981 0.972 0.965 0.960 0.956 0.955 0.952
22.00 – 24.00 0.994 0.984 0.976 0.970 0.965 0.963 0.961 0.960
24.00 – 26.00 0.995 0.986 0.979 0.974 0.970 0.967 0.966 0.965
26.00 – 30.00 0.996 0.989 0.983 0.978 0.975 0.973 0.972 0.971
30.00 – 35.00 0.997 0.991 0.987 0.983 0.981 0.979 0.978 0.978
35.00 – 40.00 0.998 0.993 0.990 0.987 0.985 0.984 0.983 0.983
40.00 – 60.00 0.998 0.996 0.993 0.992 0.990 0.989 0.989 0.989
60.00 – 110.00 0.999 0.998 0.997 0.996 0.996 0.995 0.995 0.995

43



The ATLAS Collaboration

G. Aad85, B. Abbott113, J. Abdallah151, O. Abdinov11, R. Aben107, M. Abolins90, O.S. AbouZeid158,
H. Abramowicz153, H. Abreu152, R. Abreu116, Y. Abulaiti146a,146b, B.S. Acharya164a,164b,a,
L. Adamczyk38a, D.L. Adams25, J. Adelman108, S. Adomeit100, T. Adye131, A.A. Affolder74,
T. Agatonovic-Jovin13, J. Agricola54, J.A. Aguilar-Saavedra126a,126f, S.P. Ahlen22, F. Ahmadov65,b,
G. Aielli133a,133b, H. Akerstedt146a,146b, T.P.A. Åkesson81, A.V. Akimov96, G.L. Alberghi20a,20b,
J. Albert169, S. Albrand55, M.J. Alconada Verzini71, M. Aleksa30, I.N. Aleksandrov65, C. Alexa26a,
G. Alexander153, T. Alexopoulos10, M. Alhroob113, G. Alimonti91a, L. Alio85, J. Alison31, S.P. Alkire35,
B.M.M. Allbrooke149, P.P. Allport18, A. Aloisio104a,104b, A. Alonso36, F. Alonso71, C. Alpigiani76,
A. Altheimer35, B. Alvarez Gonzalez30, D. Álvarez Piqueras167, M.G. Alviggi104a,104b, B.T. Amadio15,
K. Amako66, Y. Amaral Coutinho24a, C. Amelung23, D. Amidei89, S.P. Amor Dos Santos126a,126c,
A. Amorim126a,126b, S. Amoroso48, N. Amram153, G. Amundsen23, C. Anastopoulos139, L.S. Ancu49,
N. Andari108, T. Andeen35, C.F. Anders58b, G. Anders30, J.K. Anders74, K.J. Anderson31,
A. Andreazza91a,91b, V. Andrei58a, S. Angelidakis9, I. Angelozzi107, P. Anger44, A. Angerami35,
F. Anghinolfi30, A.V. Anisenkov109,c, N. Anjos12, A. Annovi124a,124b, M. Antonelli47, A. Antonov98,
J. Antos144b, F. Anulli132a, M. Aoki66, L. Aperio Bella18, G. Arabidze90, Y. Arai66, J.P. Araque126a,
A.T.H. Arce45, F.A. Arduh71, J-F. Arguin95, S. Argyropoulos63, M. Arik19a, A.J. Armbruster30,
O. Arnaez30, V. Arnal82, H. Arnold48, M. Arratia28, O. Arslan21, A. Artamonov97, G. Artoni23,
S. Asai155, N. Asbah42, A. Ashkenazi153, B. Åsman146a,146b, L. Asquith149, K. Assamagan25,
R. Astalos144a, M. Atkinson165, N.B. Atlay141, K. Augsten128, M. Aurousseau145b, G. Avolio30,
B. Axen15, M.K. Ayoub117, G. Azuelos95,d, M.A. Baak30, A.E. Baas58a, M.J. Baca18, C. Bacci134a,134b,
H. Bachacou136, K. Bachas154, M. Backes30, M. Backhaus30, P. Bagiacchi132a,132b, P. Bagnaia132a,132b,
Y. Bai33a, T. Bain35, J.T. Baines131, O.K. Baker176, E.M. Baldin109,c, P. Balek129, T. Balestri148,
F. Balli84, W.K. Balunas122, E. Banas39, Sw. Banerjee173, A.A.E. Bannoura175, H.S. Bansil18,
L. Barak30, E.L. Barberio88, D. Barberis50a,50b, M. Barbero85, T. Barillari101, M. Barisonzi164a,164b,
T. Barklow143, N. Barlow28, S.L. Barnes84, B.M. Barnett131, R.M. Barnett15, Z. Barnovska5,
A. Baroncelli134a, G. Barone23, A.J. Barr120, F. Barreiro82, J. Barreiro Guimarães da Costa57,
R. Bartoldus143, A.E. Barton72, P. Bartos144a, A. Basalaev123, A. Bassalat117, A. Basye165, R.L. Bates53,
S.J. Batista158, J.R. Batley28, M. Battaglia137, M. Bauce132a,132b, F. Bauer136, H.S. Bawa143,e,
J.B. Beacham111, M.D. Beattie72, T. Beau80, P.H. Beauchemin161, R. Beccherle124a,124b, P. Bechtle21,
H.P. Beck17, f , K. Becker120, M. Becker83, M. Beckingham170, C. Becot117, A.J. Beddall19b,
A. Beddall19b, V.A. Bednyakov65, C.P. Bee148, L.J. Beemster107, T.A. Beermann30, M. Begel25,
J.K. Behr120, C. Belanger-Champagne87, W.H. Bell49, G. Bella153, L. Bellagamba20a, A. Bellerive29,
M. Bellomo86, K. Belotskiy98, O. Beltramello30, O. Benary153, D. Benchekroun135a, M. Bender100,
K. Bendtz146a,146b, N. Benekos10, Y. Benhammou153, E. Benhar Noccioli49, J.A. Benitez Garcia159b,
D.P. Benjamin45, J.R. Bensinger23, S. Bentvelsen107, L. Beresford120, M. Beretta47, D. Berge107,
E. Bergeaas Kuutmann166, N. Berger5, F. Berghaus169, J. Beringer15, C. Bernard22, N.R. Bernard86,
C. Bernius110, F.U. Bernlochner21, T. Berry77, P. Berta129, C. Bertella83, G. Bertoli146a,146b,
F. Bertolucci124a,124b, C. Bertsche113, D. Bertsche113, M.I. Besana91a, G.J. Besjes36,
O. Bessidskaia Bylund146a,146b, M. Bessner42, N. Besson136, C. Betancourt48, S. Bethke101,
A.J. Bevan76, W. Bhimji15, R.M. Bianchi125, L. Bianchini23, M. Bianco30, O. Biebel100,
D. Biedermann16, S.P. Bieniek78, M. Biglietti134a, J. Bilbao De Mendizabal49, H. Bilokon47, M. Bindi54,
S. Binet117, A. Bingul19b, C. Bini132a,132b, S. Biondi20a,20b, D.M. Bjergaard45, C.W. Black150,
J.E. Black143, K.M. Black22, D. Blackburn138, R.E. Blair6, J.-B. Blanchard136, J.E. Blanco77,
T. Blazek144a, I. Bloch42, C. Blocker23, W. Blum83,∗, U. Blumenschein54, G.J. Bobbink107,

44



V.S. Bobrovnikov109,c, S.S. Bocchetta81, A. Bocci45, C. Bock100, M. Boehler48, J.A. Bogaerts30,
D. Bogavac13, A.G. Bogdanchikov109, C. Bohm146a, V. Boisvert77, T. Bold38a, V. Boldea26a,
A.S. Boldyrev99, M. Bomben80, M. Bona76, M. Boonekamp136, A. Borisov130, G. Borissov72,
S. Borroni42, J. Bortfeldt100, V. Bortolotto60a,60b,60c, K. Bos107, D. Boscherini20a, M. Bosman12,
J. Boudreau125, J. Bouffard2, E.V. Bouhova-Thacker72, D. Boumediene34, C. Bourdarios117,
N. Bousson114, A. Boveia30, J. Boyd30, I.R. Boyko65, I. Bozic13, J. Bracinik18, A. Brandt8, G. Brandt54,
O. Brandt58a, U. Bratzler156, B. Brau86, J.E. Brau116, H.M. Braun175,∗, S.F. Brazzale164a,164c,
W.D. Breaden Madden53, K. Brendlinger122, A.J. Brennan88, L. Brenner107, R. Brenner166,
S. Bressler172, K. Bristow145c, T.M. Bristow46, D. Britton53, D. Britzger42, F.M. Brochu28, I. Brock21,
R. Brock90, J. Bronner101, G. Brooijmans35, T. Brooks77, W.K. Brooks32b, J. Brosamer15, E. Brost116,
J. Brown55, P.A. Bruckman de Renstrom39, D. Bruncko144b, R. Bruneliere48, A. Bruni20a, G. Bruni20a,
M. Bruschi20a, N. Bruscino21, L. Bryngemark81, T. Buanes14, Q. Buat142, P. Buchholz141,
A.G. Buckley53, S.I. Buda26a, I.A. Budagov65, F. Buehrer48, L. Bugge119, M.K. Bugge119, O. Bulekov98,
D. Bullock8, H. Burckhart30, S. Burdin74, C.D. Burgard48, B. Burghgrave108, S. Burke131,
I. Burmeister43, E. Busato34, D. Büscher48, V. Büscher83, P. Bussey53, J.M. Butler22, A.I. Butt3,
C.M. Buttar53, J.M. Butterworth78, P. Butti107, W. Buttinger25, A. Buzatu53, A.R. Buzykaev109,c,
S. Cabrera Urbán167, D. Caforio128, V.M. Cairo37a,37b, O. Cakir4a, N. Calace49, P. Calafiura15,
A. Calandri136, G. Calderini80, P. Calfayan100, L.P. Caloba24a, D. Calvet34, S. Calvet34,
R. Camacho Toro31, S. Camarda42, P. Camarri133a,133b, D. Cameron119, R. Caminal Armadans165,
S. Campana30, M. Campanelli78, A. Campoverde148, V. Canale104a,104b, A. Canepa159a, M. Cano Bret33e,
J. Cantero82, R. Cantrill126a, T. Cao40, M.D.M. Capeans Garrido30, I. Caprini26a, M. Caprini26a,
M. Capua37a,37b, R. Caputo83, R. Cardarelli133a, F. Cardillo48, T. Carli30, G. Carlino104a,
L. Carminati91a,91b, S. Caron106, E. Carquin32a, G.D. Carrillo-Montoya30, J.R. Carter28,
J. Carvalho126a,126c, D. Casadei78, M.P. Casado12,g, M. Casolino12, E. Castaneda-Miranda145a,
A. Castelli107, V. Castillo Gimenez167, N.F. Castro126a,h, P. Catastini57, A. Catinaccio30, J.R. Catmore119,
A. Cattai30, J. Caudron83, V. Cavaliere165, D. Cavalli91a, M. Cavalli-Sforza12, V. Cavasinni124a,124b,
F. Ceradini134a,134b, B.C. Cerio45, K. Cerny129, A.S. Cerqueira24b, A. Cerri149, L. Cerrito76, F. Cerutti15,
M. Cerv30, A. Cervelli17, S.A. Cetin19c, A. Chafaq135a, D. Chakraborty108, I. Chalupkova129,
P. Chang165, J.D. Chapman28, D.G. Charlton18, C.C. Chau158, C.A. Chavez Barajas149, S. Cheatham152,
A. Chegwidden90, S. Chekanov6, S.V. Chekulaev159a, G.A. Chelkov65,i, M.A. Chelstowska89, C. Chen64,
H. Chen25, K. Chen148, L. Chen33d, j, S. Chen33c, X. Chen33f, Y. Chen67, H.C. Cheng89, Y. Cheng31,
A. Cheplakov65, E. Cheremushkina130, R. Cherkaoui El Moursli135e, V. Chernyatin25,∗, E. Cheu7,
L. Chevalier136, V. Chiarella47, G. Chiarelli124a,124b, G. Chiodini73a, A.S. Chisholm18, R.T. Chislett78,
A. Chitan26a, M.V. Chizhov65, K. Choi61, S. Chouridou9, B.K.B. Chow100, V. Christodoulou78,
D. Chromek-Burckhart30, J. Chudoba127, A.J. Chuinard87, J.J. Chwastowski39, L. Chytka115,
G. Ciapetti132a,132b, A.K. Ciftci4a, D. Cinca53, V. Cindro75, I.A. Cioara21, A. Ciocio15, F. Cirotto104a,104b,
Z.H. Citron172, M. Ciubancan26a, A. Clark49, B.L. Clark57, P.J. Clark46, R.N. Clarke15, W. Cleland125,
C. Clement146a,146b, Y. Coadou85, M. Cobal164a,164c, A. Coccaro49, J. Cochran64, L. Coffey23,
J.G. Cogan143, L. Colasurdo106, B. Cole35, S. Cole108, A.P. Colijn107, J. Collot55, T. Colombo58c,
G. Compostella101, P. Conde Muiño126a,126b, E. Coniavitis48, S.H. Connell145b, I.A. Connelly77,
V. Consorti48, S. Constantinescu26a, C. Conta121a,121b, G. Conti30, F. Conventi104a,k, M. Cooke15,
B.D. Cooper78, A.M. Cooper-Sarkar120, T. Cornelissen175, M. Corradi132a,132b, F. Corriveau87,l,
A. Corso-Radu163, A. Cortes-Gonzalez12, G. Cortiana101, G. Costa91a, M.J. Costa167, D. Costanzo139,
D. Côté8, G. Cottin28, G. Cowan77, B.E. Cox84, K. Cranmer110, G. Cree29, S. Crépé-Renaudin55,
F. Crescioli80, W.A. Cribbs146a,146b, M. Crispin Ortuzar120, M. Cristinziani21, V. Croft106,
G. Crosetti37a,37b, T. Cuhadar Donszelmann139, J. Cummings176, M. Curatolo47, J. Cúth83,
C. Cuthbert150, H. Czirr141, P. Czodrowski3, S. D’Auria53, M. D’Onofrio74,

45



M.J. Da Cunha Sargedas De Sousa126a,126b, C. Da Via84, W. Dabrowski38a, A. Dafinca120, T. Dai89,
O. Dale14, F. Dallaire95, C. Dallapiccola86, M. Dam36, J.R. Dandoy31, N.P. Dang48, A.C. Daniells18,
M. Danninger168, M. Dano Hoffmann136, V. Dao48, G. Darbo50a, S. Darmora8, J. Dassoulas3,
A. Dattagupta61, W. Davey21, C. David169, T. Davidek129, E. Davies120,m, M. Davies153, P. Davison78,
Y. Davygora58a, E. Dawe88, I. Dawson139, R.K. Daya-Ishmukhametova86, K. De8, R. de Asmundis104a,
A. De Benedetti113, S. De Castro20a,20b, S. De Cecco80, N. De Groot106, P. de Jong107, H. De la Torre82,
F. De Lorenzi64, D. De Pedis132a, A. De Salvo132a, U. De Sanctis149, A. De Santo149,
J.B. De Vivie De Regie117, W.J. Dearnaley72, R. Debbe25, C. Debenedetti137, D.V. Dedovich65,
I. Deigaard107, J. Del Peso82, T. Del Prete124a,124b, D. Delgove117, F. Deliot136, C.M. Delitzsch49,
M. Deliyergiyev75, A. Dell’Acqua30, L. Dell’Asta22, M. Dell’Orso124a,124b, M. Della Pietra104a,k,
D. della Volpe49, M. Delmastro5, P.A. Delsart55, C. Deluca107, D.A. DeMarco158, S. Demers176,
M. Demichev65, A. Demilly80, S.P. Denisov130, D. Derendarz39, J.E. Derkaoui135d, F. Derue80,
P. Dervan74, K. Desch21, C. Deterre42, P.O. Deviveiros30, A. Dewhurst131, S. Dhaliwal23,
A. Di Ciaccio133a,133b, L. Di Ciaccio5, A. Di Domenico132a,132b, C. Di Donato132a,132b,
A. Di Girolamo30, B. Di Girolamo30, A. Di Mattia152, B. Di Micco134a,134b, R. Di Nardo47,
A. Di Simone48, R. Di Sipio158, D. Di Valentino29, C. Diaconu85, M. Diamond158, F.A. Dias46,
M.A. Diaz32a, E.B. Diehl89, J. Dietrich16, S. Diglio85, A. Dimitrievska13, J. Dingfelder21, P. Dita26a,
S. Dita26a, F. Dittus30, F. Djama85, T. Djobava51b, J.I. Djuvsland58a, M.A.B. do Vale24c, D. Dobos30,
M. Dobre26a, C. Doglioni81, T. Dohmae155, J. Dolejsi129, Z. Dolezal129, B.A. Dolgoshein98,∗,
M. Donadelli24d, S. Donati124a,124b, P. Dondero121a,121b, J. Donini34, J. Dopke131, A. Doria104a,
M.T. Dova71, A.T. Doyle53, E. Drechsler54, M. Dris10, E. Dubreuil34, E. Duchovni172, G. Duckeck100,
O.A. Ducu26a, D. Duda107, A. Dudarev30, L. Duflot117, L. Duguid77, M. Dührssen30, M. Dunford58a,
H. Duran Yildiz4a, M. Düren52, A. Durglishvili51b, D. Duschinger44, M. Dyndal38a, C. Eckardt42,
K.M. Ecker101, R.C. Edgar89, W. Edson2, N.C. Edwards46, W. Ehrenfeld21, T. Eifert30, G. Eigen14,
K. Einsweiler15, T. Ekelof166, M. El Kacimi135c, M. Ellert166, S. Elles5, F. Ellinghaus175, A.A. Elliot169,
N. Ellis30, J. Elmsheuser100, M. Elsing30, D. Emeliyanov131, Y. Enari155, O.C. Endner83, M. Endo118,
J. Erdmann43, A. Ereditato17, G. Ernis175, J. Ernst2, M. Ernst25, S. Errede165, E. Ertel83, M. Escalier117,
H. Esch43, C. Escobar125, B. Esposito47, A.I. Etienvre136, E. Etzion153, H. Evans61, A. Ezhilov123,
L. Fabbri20a,20b, G. Facini31, R.M. Fakhrutdinov130, S. Falciano132a, R.J. Falla78, J. Faltova129,
Y. Fang33a, M. Fanti91a,91b, A. Farbin8, A. Farilla134a, T. Farooque12, S. Farrell15, S.M. Farrington170,
P. Farthouat30, F. Fassi135e, P. Fassnacht30, D. Fassouliotis9, M. Faucci Giannelli77, A. Favareto50a,50b,
L. Fayard117, P. Federic144a, O.L. Fedin123,n, W. Fedorko168, S. Feigl30, L. Feligioni85, C. Feng33d,
E.J. Feng6, H. Feng89, A.B. Fenyuk130, L. Feremenga8, P. Fernandez Martinez167, S. Fernandez Perez30,
J. Ferrando53, A. Ferrari166, P. Ferrari107, R. Ferrari121a, D.E. Ferreira de Lima53, A. Ferrer167,
D. Ferrere49, C. Ferretti89, A. Ferretto Parodi50a,50b, M. Fiascaris31, F. Fiedler83, A. Filipčič75,
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N. Javadov65,b, T. Javůrek48, L. Jeanty15, J. Jejelava51a,u, G.-Y. Jeng150, D. Jennens88, P. Jenni48,v,
J. Jentzsch43, C. Jeske170, S. Jézéquel5, H. Ji173, J. Jia148, Y. Jiang33b, S. Jiggins78, J. Jimenez Pena167,
S. Jin33a, A. Jinaru26a, O. Jinnouchi157, M.D. Joergensen36, P. Johansson139, K.A. Johns7,
K. Jon-And146a,146b, G. Jones170, R.W.L. Jones72, T.J. Jones74, J. Jongmanns58a, P.M. Jorge126a,126b,
K.D. Joshi84, J. Jovicevic159a, X. Ju173, C.A. Jung43, P. Jussel62, A. Juste Rozas12,p, M. Kaci167,
A. Kaczmarska39, M. Kado117, H. Kagan111, M. Kagan143, S.J. Kahn85, E. Kajomovitz45,
C.W. Kalderon120, S. Kama40, A. Kamenshchikov130, N. Kanaya155, S. Kaneti28, V.A. Kantserov98,
J. Kanzaki66, B. Kaplan110, L.S. Kaplan173, A. Kapliy31, D. Kar145c, K. Karakostas10, A. Karamaoun3,
N. Karastathis10,107, M.J. Kareem54, E. Karentzos10, M. Karnevskiy83, S.N. Karpov65, Z.M. Karpova65,
K. Karthik110, V. Kartvelishvili72, A.N. Karyukhin130, L. Kashif173, R.D. Kass111, A. Kastanas14,
Y. Kataoka155, C. Kato155, A. Katre49, J. Katzy42, K. Kawagoe70, T. Kawamoto155, G. Kawamura54,
S. Kazama155, V.F. Kazanin109,c, R. Keeler169, R. Kehoe40, J.S. Keller42, J.J. Kempster77,
H. Keoshkerian84, O. Kepka127, B.P. Kerševan75, S. Kersten175, R.A. Keyes87, F. Khalil-zada11,
H. Khandanyan146a,146b, A. Khanov114, A.G. Kharlamov109,c, T.J. Khoo28, V. Khovanskiy97,
E. Khramov65, J. Khubua51b,w, S. Kido67, H.Y. Kim8, S.H. Kim160, Y.K. Kim31, N. Kimura154,
O.M. Kind16, B.T. King74, M. King167, S.B. King168, J. Kirk131, A.E. Kiryunin101, T. Kishimoto67,
D. Kisielewska38a, F. Kiss48, K. Kiuchi160, O. Kivernyk136, E. Kladiva144b, M.H. Klein35, M. Klein74,
U. Klein74, K. Kleinknecht83, P. Klimek146a,146b, A. Klimentov25, R. Klingenberg43, J.A. Klinger139,
T. Klioutchnikova30, E.-E. Kluge58a, P. Kluit107, S. Kluth101, J. Knapik39, E. Kneringer62,
E.B.F.G. Knoops85, A. Knue53, A. Kobayashi155, D. Kobayashi157, T. Kobayashi155, M. Kobel44,
M. Kocian143, P. Kodys129, T. Koffas29, E. Koffeman107, L.A. Kogan120, S. Kohlmann175, Z. Kohout128,
T. Kohriki66, T. Koi143, H. Kolanoski16, I. Koletsou5, A.A. Komar96,∗, Y. Komori155, T. Kondo66,
N. Kondrashova42, K. Köneke48, A.C. König106, T. Kono66,x, R. Konoplich110,y, N. Konstantinidis78,
R. Kopeliansky152, S. Koperny38a, L. Köpke83, A.K. Kopp48, K. Korcyl39, K. Kordas154, A. Korn78,
A.A. Korol109,c, I. Korolkov12, E.V. Korolkova139, O. Kortner101, S. Kortner101, T. Kosek129,
V.V. Kostyukhin21, V.M. Kotov65, A. Kotwal45, A. Kourkoumeli-Charalampidi154, C. Kourkoumelis9,
V. Kouskoura25, A. Koutsman159a, R. Kowalewski169, T.Z. Kowalski38a, W. Kozanecki136,
A.S. Kozhin130, V.A. Kramarenko99, G. Kramberger75, D. Krasnopevtsev98, M.W. Krasny80,
A. Krasznahorkay30, J.K. Kraus21, A. Kravchenko25, S. Kreiss110, M. Kretz58c, J. Kretzschmar74,
K. Kreutzfeldt52, P. Krieger158, K. Krizka31, K. Kroeninger43, H. Kroha101, J. Kroll122, J. Kroseberg21,
J. Krstic13, U. Kruchonak65, H. Krüger21, N. Krumnack64, A. Kruse173, M.C. Kruse45, M. Kruskal22,
T. Kubota88, H. Kucuk78, S. Kuday4b, S. Kuehn48, A. Kugel58c, F. Kuger174, A. Kuhl137, T. Kuhl42,
V. Kukhtin65, R. Kukla136, Y. Kulchitsky92, S. Kuleshov32b, M. Kuna132a,132b, T. Kunigo68, A. Kupco127,
H. Kurashige67, Y.A. Kurochkin92, V. Kus127, E.S. Kuwertz169, M. Kuze157, J. Kvita115, T. Kwan169,
D. Kyriazopoulos139, A. La Rosa137, J.L. La Rosa Navarro24d, L. La Rotonda37a,37b, C. Lacasta167,
F. Lacava132a,132b, J. Lacey29, H. Lacker16, D. Lacour80, V.R. Lacuesta167, E. Ladygin65, R. Lafaye5,
B. Laforge80, T. Lagouri176, S. Lai54, L. Lambourne78, S. Lammers61, C.L. Lampen7, W. Lampl7,
E. Lançon136, U. Landgraf48, M.P.J. Landon76, V.S. Lang58a, J.C. Lange12, A.J. Lankford163, F. Lanni25,
K. Lantzsch30, A. Lanza121a, S. Laplace80, C. Lapoire30, J.F. Laporte136, T. Lari91a,
F. Lasagni Manghi20a,20b, M. Lassnig30, P. Laurelli47, W. Lavrijsen15, A.T. Law137, P. Laycock74,
T. Lazovich57, O. Le Dortz80, E. Le Guirriec85, E. Le Menedeu12, M. LeBlanc169, T. LeCompte6,
F. Ledroit-Guillon55, C.A. Lee145b, S.C. Lee151, L. Lee1, G. Lefebvre80, M. Lefebvre169, F. Legger100,
C. Leggett15, A. Lehan74, G. Lehmann Miotto30, X. Lei7, W.A. Leight29, A. Leisos154,z, A.G. Leister176,

48



M.A.L. Leite24d, R. Leitner129, D. Lellouch172, B. Lemmer54, K.J.C. Leney78, T. Lenz21, B. Lenzi30,
R. Leone7, S. Leone124a,124b, C. Leonidopoulos46, S. Leontsinis10, C. Leroy95, C.G. Lester28,
M. Levchenko123, J. Levêque5, D. Levin89, L.J. Levinson172, M. Levy18, A. Lewis120, A.M. Leyko21,
M. Leyton41, B. Li33b,aa, H. Li148, H.L. Li31, L. Li45, L. Li33e, S. Li45, X. Li84, Y. Li33c,ab, Z. Liang137,
H. Liao34, B. Liberti133a, A. Liblong158, P. Lichard30, K. Lie165, J. Liebal21, W. Liebig14, C. Limbach21,
A. Limosani150, S.C. Lin151,ac, T.H. Lin83, F. Linde107, B.E. Lindquist148, J.T. Linnemann90,
E. Lipeles122, A. Lipniacka14, M. Lisovyi58b, T.M. Liss165, D. Lissauer25, A. Lister168, A.M. Litke137,
B. Liu151,ad, D. Liu151, H. Liu89, J. Liu85, J.B. Liu33b, K. Liu85, L. Liu165, M. Liu45, M. Liu33b,
Y. Liu33b, M. Livan121a,121b, A. Lleres55, J. Llorente Merino82, S.L. Lloyd76, F. Lo Sterzo151,
E. Lobodzinska42, P. Loch7, W.S. Lockman137, F.K. Loebinger84, A.E. Loevschall-Jensen36,
K.M. Loew23, A. Loginov176, T. Lohse16, K. Lohwasser42, M. Lokajicek127, B.A. Long22, J.D. Long165,
R.E. Long72, K.A. Looper111, L. Lopes126a, D. Lopez Mateos57, B. Lopez Paredes139, I. Lopez Paz12,
J. Lorenz100, N. Lorenzo Martinez61, M. Losada162, P.J. Lösel100, X. Lou33a, A. Lounis117, J. Love6,
P.A. Love72, N. Lu89, H.J. Lubatti138, C. Luci132a,132b, A. Lucotte55, C. Luedtke48, F. Luehring61,
W. Lukas62, L. Luminari132a, O. Lundberg146a,146b, B. Lund-Jensen147, D. Lynn25, R. Lysak127,
E. Lytken81, H. Ma25, L.L. Ma33d, G. Maccarrone47, A. Macchiolo101, C.M. Macdonald139, B. Maček75,
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A. Rimoldi121a,121b, L. Rinaldi20a, B. Ristić49, E. Ritsch30, I. Riu12, F. Rizatdinova114, E. Rizvi76,
S.H. Robertson87,l, A. Robichaud-Veronneau87, D. Robinson28, J.E.M. Robinson42, A. Robson53,
C. Roda124a,124b, S. Roe30, O. Røhne119, S. Rolli161, A. Romaniouk98, M. Romano20a,20b,
S.M. Romano Saez34, E. Romero Adam167, N. Rompotis138, M. Ronzani48, L. Roos80, E. Ros167,
S. Rosati132a, K. Rosbach48, P. Rose137, P.L. Rosendahl14, O. Rosenthal141, V. Rossetti146a,146b,
E. Rossi104a,104b, L.P. Rossi50a, J.H.N. Rosten28, R. Rosten138, M. Rotaru26a, I. Roth172, J. Rothberg138,
D. Rousseau117, C.R. Royon136, A. Rozanov85, Y. Rozen152, X. Ruan145c, F. Rubbo143, I. Rubinskiy42,
V.I. Rud99, C. Rudolph44, M.S. Rudolph158, F. Rühr48, A. Ruiz-Martinez30, Z. Rurikova48,
N.A. Rusakovich65, A. Ruschke100, H.L. Russell138, J.P. Rutherfoord7, N. Ruthmann48, Y.F. Ryabov123,
M. Rybar165, G. Rybkin117, N.C. Ryder120, A.F. Saavedra150, G. Sabato107, S. Sacerdoti27,
A. Saddique3, H.F-W. Sadrozinski137, R. Sadykov65, F. Safai Tehrani132a, P. Saha108, M. Sahinsoy58a,
M. Saimpert136, T. Saito155, H. Sakamoto155, Y. Sakurai171, G. Salamanna134a,134b, A. Salamon133a,
J.E. Salazar Loyola32b, M. Saleem113, D. Salek107, P.H. Sales De Bruin138, D. Salihagic101,
A. Salnikov143, J. Salt167, D. Salvatore37a,37b, F. Salvatore149, A. Salvucci60a, A. Salzburger30,
D. Sammel48, D. Sampsonidis154, A. Sanchez104a,104b, J. Sánchez167, V. Sanchez Martinez167,
H. Sandaker119, R.L. Sandbach76, H.G. Sander83, M.P. Sanders100, M. Sandhoff175, C. Sandoval162,
R. Sandstroem101, D.P.C. Sankey131, M. Sannino50a,50b, A. Sansoni47, C. Santoni34,
R. Santonico133a,133b, H. Santos126a, I. Santoyo Castillo149, K. Sapp125, A. Sapronov65,
J.G. Saraiva126a,126d, B. Sarrazin21, O. Sasaki66, Y. Sasaki155, K. Sato160, G. Sauvage5,∗, E. Sauvan5,
G. Savage77, P. Savard158,d, C. Sawyer131, L. Sawyer79,o, J. Saxon31, C. Sbarra20a, A. Sbrizzi20a,20b,
T. Scanlon78, D.A. Scannicchio163, M. Scarcella150, V. Scarfone37a,37b, J. Schaarschmidt172,
P. Schacht101, D. Schaefer30, R. Schaefer42, J. Schaeffer83, S. Schaepe21, S. Schaetzel58b, U. Schäfer83,
A.C. Schaffer117, D. Schaile100, R.D. Schamberger148, V. Scharf58a, V.A. Schegelsky123, D. Scheirich129,
M. Schernau163, C. Schiavi50a,50b, C. Schillo48, M. Schioppa37a,37b, S. Schlenker30, K. Schmieden30,
C. Schmitt83, S. Schmitt58b, S. Schmitt42, B. Schneider159a, Y.J. Schnellbach74, U. Schnoor44,
L. Schoeffel136, A. Schoening58b, B.D. Schoenrock90, E. Schopf21, A.L.S. Schorlemmer54, M. Schott83,
D. Schouten159a, J. Schovancova8, S. Schramm49, M. Schreyer174, C. Schroeder83, N. Schuh83,
M.J. Schultens21, H.-C. Schultz-Coulon58a, H. Schulz16, M. Schumacher48, B.A. Schumm137,
Ph. Schune136, C. Schwanenberger84, A. Schwartzman143, T.A. Schwarz89, Ph. Schwegler101,
H. Schweiger84, Ph. Schwemling136, R. Schwienhorst90, J. Schwindling136, T. Schwindt21,
F.G. Sciacca17, E. Scifo117, G. Sciolla23, F. Scuri124a,124b, F. Scutti21, J. Searcy89, G. Sedov42,
E. Sedykh123, P. Seema21, S.C. Seidel105, A. Seiden137, F. Seifert128, J.M. Seixas24a, G. Sekhniaidze104a,
K. Sekhon89, S.J. Sekula40, D.M. Seliverstov123,∗, N. Semprini-Cesari20a,20b, C. Serfon30, L. Serin117,
L. Serkin164a,164b, T. Serre85, M. Sessa134a,134b, R. Seuster159a, H. Severini113, T. Sfiligoj75, F. Sforza30,
A. Sfyrla30, E. Shabalina54, M. Shamim116, L.Y. Shan33a, R. Shang165, J.T. Shank22, M. Shapiro15,
P.B. Shatalov97, K. Shaw164a,164b, S.M. Shaw84, A. Shcherbakova146a,146b, C.Y. Shehu149, P. Sherwood78,
L. Shi151,ai, S. Shimizu67, C.O. Shimmin163, M. Shimojima102, M. Shiyakova65,a j, A. Shmeleva96,
D. Shoaleh Saadi95, M.J. Shochet31, S. Shojaii91a,91b, S. Shrestha111, E. Shulga98, M.A. Shupe7,
S. Shushkevich42, P. Sicho127, P.E. Sidebo147, O. Sidiropoulou174, D. Sidorov114, A. Sidoti20a,20b,

51



F. Siegert44, Dj. Sijacki13, J. Silva126a,126d, Y. Silver153, S.B. Silverstein146a, V. Simak128, O. Simard5,
Lj. Simic13, S. Simion117, E. Simioni83, B. Simmons78, D. Simon34, P. Sinervo158, N.B. Sinev116,
M. Sioli20a,20b, G. Siragusa174, A.N. Sisakyan65,∗, S.Yu. Sivoklokov99, J. Sjölin146a,146b, T.B. Sjursen14,
M.B. Skinner72, H.P. Skottowe57, P. Skubic113, M. Slater18, T. Slavicek128, M. Slawinska107,
K. Sliwa161, V. Smakhtin172, B.H. Smart46, L. Smestad14, S.Yu. Smirnov98, Y. Smirnov98,
L.N. Smirnova99,ak, O. Smirnova81, M.N.K. Smith35, R.W. Smith35, M. Smizanska72, K. Smolek128,
A.A. Snesarev96, G. Snidero76, S. Snyder25, R. Sobie169,l, F. Socher44, A. Soffer153, D.A. Soh151,ai,
G. Sokhrannyi75, C.A. Solans Sanchez30, M. Solar128, J. Solc128, E.Yu. Soldatov98, U. Soldevila167,
A.A. Solodkov130, A. Soloshenko65, O.V. Solovyanov130, V. Solovyev123, P. Sommer48, H.Y. Song33b,aa,
N. Soni1, A. Sood15, A. Sopczak128, B. Sopko128, V. Sopko128, V. Sorin12, D. Sosa58b, M. Sosebee8,
C.L. Sotiropoulou124a,124b, R. Soualah164a,164c, A.M. Soukharev109,c, D. South42, B.C. Sowden77,
S. Spagnolo73a,73b, M. Spalla124a,124b, M. Spangenberg170, F. Spanò77, W.R. Spearman57, D. Sperlich16,
F. Spettel101, R. Spighi20a, G. Spigo30, L.A. Spiller88, M. Spousta129, T. Spreitzer158, R.D. St. Denis53,∗,
A. Stabile91a, S. Staerz44, J. Stahlman122, R. Stamen58a, S. Stamm16, E. Stanecka39, R.W. Stanek6,
C. Stanescu134a, M. Stanescu-Bellu42, M.M. Stanitzki42, S. Stapnes119, E.A. Starchenko130, J. Stark55,
P. Staroba127, P. Starovoitov58a, R. Staszewski39, P. Steinberg25, B. Stelzer142, H.J. Stelzer30,
O. Stelzer-Chilton159a, H. Stenzel52, G.A. Stewart53, J.A. Stillings21, M.C. Stockton87, M. Stoebe87,
G. Stoicea26a, P. Stolte54, S. Stonjek101, A.R. Stradling8, A. Straessner44, M.E. Stramaglia17,
J. Strandberg147, S. Strandberg146a,146b, A. Strandlie119, E. Strauss143, M. Strauss113, P. Strizenec144b,
R. Ströhmer174, D.M. Strom116, R. Stroynowski40, A. Strubig106, S.A. Stucci17, B. Stugu14,
N.A. Styles42, D. Su143, J. Su125, R. Subramaniam79, A. Succurro12, S. Suchek58a, Y. Sugaya118,
M. Suk128, V.V. Sulin96, S. Sultansoy4c, T. Sumida68, S. Sun57, X. Sun33a, J.E. Sundermann48,
K. Suruliz149, G. Susinno37a,37b, M.R. Sutton149, S. Suzuki66, M. Svatos127, M. Swiatlowski143,
I. Sykora144a, T. Sykora129, D. Ta48, C. Taccini134a,134b, K. Tackmann42, J. Taenzer158, A. Taffard163,
R. Tafirout159a, N. Taiblum153, H. Takai25, R. Takashima69, H. Takeda67, T. Takeshita140, Y. Takubo66,
M. Talby85, A.A. Talyshev109,c, J.Y.C. Tam174, K.G. Tan88, J. Tanaka155, R. Tanaka117, S. Tanaka66,
B.B. Tannenwald111, N. Tannoury21, S. Tapprogge83, S. Tarem152, F. Tarrade29, G.F. Tartarelli91a,
P. Tas129, M. Tasevsky127, T. Tashiro68, E. Tassi37a,37b, A. Tavares Delgado126a,126b, Y. Tayalati135d,
F.E. Taylor94, G.N. Taylor88, P.T.E. Taylor88, W. Taylor159b, F.A. Teischinger30, P. Teixeira-Dias77,
K.K. Temming48, D. Temple142, H. Ten Kate30, P.K. Teng151, J.J. Teoh118, F. Tepel175, S. Terada66,
K. Terashi155, J. Terron82, S. Terzo101, M. Testa47, R.J. Teuscher158,l, T. Theveneaux-Pelzer34,
J.P. Thomas18, J. Thomas-Wilsker77, E.N. Thompson35, P.D. Thompson18, R.J. Thompson84,
A.S. Thompson53, L.A. Thomsen176, E. Thomson122, M. Thomson28, R.P. Thun89,∗, M.J. Tibbetts15,
R.E. Ticse Torres85, V.O. Tikhomirov96,al, Yu.A. Tikhonov109,c, S. Timoshenko98, E. Tiouchichine85,
P. Tipton176, S. Tisserant85, K. Todome157, T. Todorov5,∗, S. Todorova-Nova129, J. Tojo70, S. Tokár144a,
K. Tokushuku66, K. Tollefson90, E. Tolley57, L. Tomlinson84, M. Tomoto103, L. Tompkins143,am,
K. Toms105, E. Torrence116, H. Torres142, E. Torró Pastor138, J. Toth85,an, F. Touchard85, D.R. Tovey139,
T. Trefzger174, L. Tremblet30, A. Tricoli30, I.M. Trigger159a, S. Trincaz-Duvoid80, M.F. Tripiana12,
W. Trischuk158, B. Trocmé55, C. Troncon91a, M. Trottier-McDonald15, M. Trovatelli169, P. True90,
L. Truong164a,164c, M. Trzebinski39, A. Trzupek39, C. Tsarouchas30, J.C-L. Tseng120, P.V. Tsiareshka92,
D. Tsionou154, G. Tsipolitis10, N. Tsirintanis9, S. Tsiskaridze12, V. Tsiskaridze48, E.G. Tskhadadze51a,
I.I. Tsukerman97, V. Tsulaia15, S. Tsuno66, D. Tsybychev148, A. Tudorache26a, V. Tudorache26a,
A.N. Tuna57, S.A. Tupputi20a,20b, S. Turchikhin99,ak, D. Turecek128, R. Turra91a,91b, A.J. Turvey40,
P.M. Tuts35, A. Tykhonov49, M. Tylmad146a,146b, M. Tyndel131, I. Ueda155, R. Ueno29,
M. Ughetto146a,146b, M. Ugland14, F. Ukegawa160, G. Unal30, A. Undrus25, G. Unel163, F.C. Ungaro48,
Y. Unno66, C. Unverdorben100, J. Urban144b, P. Urquijo88, P. Urrejola83, G. Usai8, A. Usanova62,
L. Vacavant85, V. Vacek128, B. Vachon87, C. Valderanis83, N. Valencic107, S. Valentinetti20a,20b,

52



A. Valero167, L. Valery12, S. Valkar129, E. Valladolid Gallego167, S. Vallecorsa49, J.A. Valls Ferrer167,
W. Van Den Wollenberg107, P.C. Van Der Deijl107, R. van der Geer107, H. van der Graaf107,
N. van Eldik152, P. van Gemmeren6, J. Van Nieuwkoop142, I. van Vulpen107, M.C. van Woerden30,
M. Vanadia132a,132b, W. Vandelli30, R. Vanguri122, A. Vaniachine6, F. Vannucci80, G. Vardanyan177,
R. Vari132a, E.W. Varnes7, T. Varol40, D. Varouchas80, A. Vartapetian8, K.E. Varvell150, F. Vazeille34,
T. Vazquez Schroeder87, J. Veatch7, L.M. Veloce158, F. Veloso126a,126c, T. Velz21, S. Veneziano132a,
A. Ventura73a,73b, D. Ventura86, M. Venturi169, N. Venturi158, A. Venturini23, V. Vercesi121a,
M. Verducci132a,132b, W. Verkerke107, J.C. Vermeulen107, A. Vest44,ao, M.C. Vetterli142,d, O. Viazlo81,
I. Vichou165, T. Vickey139, O.E. Vickey Boeriu139, G.H.A. Viehhauser120, S. Viel15, R. Vigne62,
M. Villa20a,20b, M. Villaplana Perez91a,91b, E. Vilucchi47, M.G. Vincter29, V.B. Vinogradov65,
I. Vivarelli149, F. Vives Vaque3, S. Vlachos10, D. Vladoiu100, M. Vlasak128, M. Vogel32a, P. Vokac128,
G. Volpi124a,124b, M. Volpi88, H. von der Schmitt101, H. von Radziewski48, E. von Toerne21,
V. Vorobel129, K. Vorobev98, M. Vos167, R. Voss30, J.H. Vossebeld74, N. Vranjes13,
M. Vranjes Milosavljevic13, V. Vrba127, M. Vreeswijk107, R. Vuillermet30, I. Vukotic31, Z. Vykydal128,
P. Wagner21, W. Wagner175, H. Wahlberg71, S. Wahrmund44, J. Wakabayashi103, J. Walder72,
R. Walker100, W. Walkowiak141, C. Wang151, F. Wang173, H. Wang15, H. Wang40, J. Wang42, J. Wang33a,
K. Wang87, R. Wang6, S.M. Wang151, T. Wang21, T. Wang35, X. Wang176, C. Wanotayaroj116,
A. Warburton87, C.P. Ward28, D.R. Wardrope78, A. Washbrook46, C. Wasicki42, P.M. Watkins18,
A.T. Watson18, I.J. Watson150, M.F. Watson18, G. Watts138, S. Watts84, B.M. Waugh78, S. Webb84,
M.S. Weber17, S.W. Weber174, J.S. Webster31, A.R. Weidberg120, B. Weinert61, J. Weingarten54,
C. Weiser48, H. Weits107, P.S. Wells30, T. Wenaus25, T. Wengler30, S. Wenig30, N. Wermes21,
M. Werner48, P. Werner30, M. Wessels58a, J. Wetter161, K. Whalen116, A.M. Wharton72, A. White8,
M.J. White1, R. White32b, S. White124a,124b, D. Whiteson163, F.J. Wickens131, W. Wiedenmann173,
M. Wielers131, P. Wienemann21, C. Wiglesworth36, L.A.M. Wiik-Fuchs21, A. Wildauer101,
H.G. Wilkens30, H.H. Williams122, S. Williams107, C. Willis90, S. Willocq86, A. Wilson89,
J.A. Wilson18, I. Wingerter-Seez5, F. Winklmeier116, B.T. Winter21, M. Wittgen143, J. Wittkowski100,
S.J. Wollstadt83, M.W. Wolter39, H. Wolters126a,126c, B.K. Wosiek39, J. Wotschack30, M.J. Woudstra84,
K.W. Wozniak39, M. Wu55, M. Wu31, S.L. Wu173, X. Wu49, Y. Wu89, T.R. Wyatt84, B.M. Wynne46,
S. Xella36, D. Xu33a, L. Xu25, B. Yabsley150, S. Yacoob145a, R. Yakabe67, M. Yamada66,
D. Yamaguchi157, Y. Yamaguchi118, A. Yamamoto66, S. Yamamoto155, T. Yamanaka155,
K. Yamauchi103, Y. Yamazaki67, Z. Yan22, H. Yang33e, H. Yang173, Y. Yang151, W-M. Yao15, Y. Yasu66,
E. Yatsenko5, K.H. Yau Wong21, J. Ye40, S. Ye25, I. Yeletskikh65, A.L. Yen57, E. Yildirim42,
K. Yorita171, R. Yoshida6, K. Yoshihara122, C. Young143, C.J.S. Young30, S. Youssef22, D.R. Yu15,
J. Yu8, J.M. Yu89, J. Yu114, L. Yuan67, S.P.Y. Yuen21, A. Yurkewicz108, I. Yusuff28,ap, B. Zabinski39,
R. Zaidan63, A.M. Zaitsev130,ae, J. Zalieckas14, A. Zaman148, S. Zambito57, L. Zanello132a,132b,
D. Zanzi88, C. Zeitnitz175, M. Zeman128, A. Zemla38a, Q. Zeng143, K. Zengel23, O. Zenin130,
T. Ženiš144a, D. Zerwas117, D. Zhang89, F. Zhang173, H. Zhang33c, J. Zhang6, L. Zhang48, R. Zhang33b, j,
X. Zhang33d, Z. Zhang117, X. Zhao40, Y. Zhao33d,117, Z. Zhao33b, A. Zhemchugov65, J. Zhong120,
B. Zhou89, C. Zhou45, L. Zhou35, L. Zhou40, M. Zhou148, N. Zhou33f, C.G. Zhu33d, H. Zhu33a, J. Zhu89,
Y. Zhu33b, X. Zhuang33a, K. Zhukov96, A. Zibell174, D. Zieminska61, N.I. Zimine65, C. Zimmermann83,
S. Zimmermann48, Z. Zinonos54, M. Zinser83, M. Ziolkowski141, L. Živković13, G. Zobernig173,
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