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Abstract

A search for resonances decaying into a W boson and a radion, where the radion
decays into two W bosons, is presented. The data analyzed correspond to an inte-
grated luminosity of 138 fb−1 recorded in proton-proton collisions with the CMS de-
tector at

√
s = 13 TeV. One isolated charged lepton is required, together with missing

transverse momentum and one or two massive large-radius jets, containing the decay
products of either two or one W bosons, respectively. No excess over the background
estimation is observed. The results are combined with those from a complementary
channel with an all-hadronic final state, described in an accompanying paper. Lim-
its are set on parameters of an extended warped extra-dimensional model. These
searches are the first of their kind at the LHC.
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The existence of heavy resonances accessible at the CERN LHC is suggested by various theo-
retical models that try to address limitations of the standard model (SM). Searching for these
resonances in decays to boson pairs (dibosons) has received much attention in recent years [1–
6]. In the context of such searches, merged jet reconstruction and classification techniques that
aim to identify the origin of a large-radius jet from a Lorentz-boosted hadronically decaying
particle have been developed and exploited extensively [7]. Nonetheless, a direct search for
a resonance decaying to three vector bosons, a triboson resonance, has never been performed
at the TeV scale. In the sub-TeV range, a search for a heavy neutral Higgs boson in the ZWW
channel has recently been published [8]. The TeV-scale diboson resonance searches [3–6] are
potentially sensitive to a triboson signal. However, as only two of the three bosons are recon-
structed, they have not been interpreted in this way. A search at the TeV-scale is motivated by
various theoretical scenarios including extended warped extra-dimensional models presented
in Refs. [9–17] indicating a discovery potential within LHC reach. These models provide exten-
sions of the SM that simultaneously address the problems of the Planck–electroweak hierarchy
and the origins of flavor structure.

In this Letter and in an accompanying paper [18], we present the first searches for massive
resonances decaying to three W bosons in cascade through WKK → WR and R → WW. The
WKK is a Kaluza–Klein (KK) [19–22] excited massive gauge boson and R is a scalar radion [23].
The WKK and R bosons are postulated in the Randall–Sundrum extra-dimension scenario [19,
20]. The size of the extra dimension is stabilized by introducing a potential with a modulus
field [20], resulting in a bulk scalar boson, the radion.

We concentrate on the final-state topology comprising one isolated, charged lepton (`), either
electron (e) or muon (µ), missing transverse momentum (pmiss

T ), and one or two massive large-
radius jets. A similar topology without an isolated ` in the final state is considered in Ref. [18].
These two searches use common techniques for jet identification and calibration, which are
detailed in Ref. [18], while the combination of the two results is presented in this Letter. The
topology studied in this Letter originates from a W boson decaying to an isolated ` and its
neutrino ν, and two other W bosons decaying into quarks forming hadrons, which are either
reconstructed as two individual merged W boson jets, as shown in Fig. 1 (left), or—depending
on the relative masses of the WKK and R resonances—as a single jet containing the decay prod-
ucts of both W bosons, as shown in Fig. 1 (right). We also consider the case where one of the
two merged W bosons originating from the radion decays leptonically, yielding a nonisolated
` inside the jet in addition to the isolated one from the separated W boson decay. The main
backgrounds in this analysis are from W + jets and top quark-antiquark pair (tt) production.
They are estimated using control regions (CRs) with kinematic properties similar to the corre-
sponding signal regions (SRs). While the analysis is interpreted in terms of one specific model,
the search is generic as it is sensitive to many resonant diboson and triboson signals. For exam-
ple, resonances decaying into WW and WZ can also be detected through this search, although
with a lower efficiency than in the dedicated analyses [3, 4]. Tabulated results are provided in
the HEPData record for this analysis [24].

The analysis is based on proton-proton (pp) collision data at
√

s = 13 TeV collected by the
CMS experiment at the LHC during 2016–2018, corresponding to an integrated luminosity of
138 fb−1 [25–27].

The CMS apparatus [28] is a multipurpose, nearly hermetic detector, designed to trigger on [29,
30] and identify electrons, muons, photons, and (charged and neutral) hadrons [31–34]. A
global reconstruction “particle-flow” (PF) algorithm [35] combines the information provided
by the all-silicon inner tracker and by the crystal electromagnetic and brass-scintillator hadron
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Figure 1: Schematic representation of the decay of a KK excitation WKK to the final states con-
sidered in this analysis. Left: three individually reconstructed W bosons with resolved R; right:
one individually reconstructed W boson and two merged W bosons reconstructed as a single
large-radius jet.

calorimeters, operating inside a 3.8 T superconducting solenoid, with data from gas-ionization
muon detectors interleaved with the solenoid return yoke, to build τ leptons, jets, pmiss

T , and
other physics objects [36–38].

Signal events are simulated at leading order (LO) using MADGRAPH5 aMC@NLO v2.4.2 [39]
with the recommended parameters according to Refs. [11–13, 15], i.e., the KK gravity cou-
pling ggrav = 6, the KK gauge couplings gWKK

= 3 and gZKK
= 6.708, and the confinement

parameter ε = 0.5. In the two-dimensional parameter space, WKK masses mWKK
from 1.5

to 5.0 TeV and R masses mR from 6 to 90% of mWKK
are covered. The decay branching frac-

tion of WKK → WR → WWW for these parameters typically exceeds 50% [13]. For the
background simulation, tt production is modeled at next-to-LO (NLO) with POWHEG v2 [40].
Quantum chromodynamics multijet production and W + jets production are simulated at LO
with MADGRAPH5 aMC@NLO. The other backgrounds are generated at NLO with MAD-
GRAPH5 aMC@NLO (WW, s-channel single t) and POWHEG (WZ, ZZ, t-channel single t, Wt).

The generated events are interfaced with PYTHIA 8.230 [41] to simulate the fragmentation, par-
ton shower, and hadronization of partons in the initial and final states, along with the under-
lying event. The same simulation settings as for Ref. [18], where further details can be found,
have been used. The interactions of all final-state particles with the CMS detector are simulated
using GEANT4 [42]. Simulated events include the contribution of particles from additional pp
interactions within the same or nearby bunch crossings (pileup) and are corrected to reproduce
the distribution of the number of pileup interactions observed in data.

The events are collected with single-electron or single-muon triggers [29, 30] and then undergo
global event reconstruction based on the PF algorithm [35]. The PF candidates are corrected
for the effect of pileup [43], and are clustered into jets with the anti-kT algorithm [44] as imple-
mented in the FASTJET package [45]. Two distance parameters are used: 0.4 for AK4 jets and
0.8 for large-radius AK8 jets. The AK4 jets are required to be well separated from any selected
AK8 jet with ∆R =

√
(∆η)2 + (∆φ)2 > 0.8, where η is the pseudorapidity and φ the azimuthal

angle. The quantity pmiss
T is defined as the magnitude of the vector transverse momentum (pT)

sum of all reconstructed PF candidates in an event.

The AK4 jets arising from b quark hadronization and decay (b jets) are identified using the deep
neural network (DNN) algorithm DEEPCSV, which takes as input tracks that are displaced
from the primary vertex, secondary vertices, and jet kinematic variables [46]. A working point
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on the output of the DEEPCSV algorithm is chosen such that the efficiency of identifying a b jet
is about 65–75%, while the probability of misidentifying a light-flavor (q) or gluon (g) jet as a b
jet is about 1%. To identify massive AK8 jets, a “modified mass-drop” correction algorithm [47,
48], known as the “soft-drop” algorithm [49] (with parameters β = 0 and zcut = 0.1), is applied
to remove soft and wide-angle radiation from the jet, and the resulting “groomed jet mass” (mj)
is used.

Events with exactly one isolated e (µ) with pT > 55 GeV and |ηe(µ)| < 2.5 (2.4) and no second
isolated e (µ) with pT > 35 (20)GeV are selected. Furthermore, we require pmiss

T > 80 (40)GeV
for the e (µ) channel. The pT of the reconstructed leptonically decaying W boson candidate
must exceed 200 GeV. The neutrino is reconstructed as in Ref. [50] using pmiss

T and requiring
the effective mass of the `ν system to be consistent with the W boson mass. Jets overlapping
with the selected isolated lepton within ∆Rj` < 1.0 are removed. Selected events need to have

one or two AK8 jets with pj
T > 200 GeV and |ηj| < 2.4. For events with only one jet, mj is

required to be greater than 60 GeV, while for events with two jets the jet with maximum mj is
required to have 60 < mmax

j < 100 GeV and the other jet mass is referred to as mmin
j . Events with

identified b jets or more than two AK4 jets are vetoed. The scalar pT sum of the reconstructed
leptonically decaying W boson and the selected AK8 jets is required to be greater than 1 TeV.
The invariant mass of the reconstructed `ν+jet(s) system, mj`ν or mjj`ν for one or two selected
AK8 jets, respectively, must exceed 1.1 TeV.

Several different radion decay topologies are considered. A collimated radion decay into two
merged hadronic W boson jets (R → WW → 4q) yields a single jet containing the decay
products of either all four quarks (designated as R4q) or only three of them (R3q). A merged
radion decay with one of the W bosons decaying leptonically (R → WW → `νqq) yields
a jet containing the decay products of two quarks from the W → qq ′ decay as well as an
overlapping nonisolated charged lepton. This topology is designated as R`qq . In rare cases
where the decay R → WW → `νqq results in a lepton that still fulfills the isolation criteria
even though it is overlapping with a jet, we remove the overlapping jet and consider the only
remaining jet to correspond to the W boson from the WKK resonance decay. Possibilities other
than these contribute less than 5% of the signal yield and therefore are not considered.

To increase discrimination of signal from background, the substructure of the selected AK8 jets
is analyzed using the DNN-based DEEPAK8 jet classification algorithm [51]. This algorithm
has been trained using simulated events to identify hadronic decays of W and Higgs bosons
(H, in the 4q mode), as well as top quarks, based on the reconstructed particles and secondary
vertices associated with the corresponding jet. In the default training of the algorithm, the
masses of the signal jets are used, and therefore signals with masses different to the ones men-
tioned above cannot be identified. Thus, we make use of the algorithm’s mass-decorrelated
version to identify jets exhibiting substructure compatible with a merged radion decay (R4q ,
R3q , R`qq), but with arbitrary mass. For the identification of merged radion jet candidates,
we combine the algorithm’s outputs to simultaneously discriminate W → qq ′ jets and sig-
nal jets similar to H → WW → 4q from jets originating from the hadronization of a q or g.
We call the resulting discriminants for merged radion decays “deep-WH”, and for W bosons
“deep-W”. Similarly, a discriminant named “deep-t” is formed to distinguish top quarks from
q/g jets. The DEEPAK8 discriminant values peak towards unity for the selected type of jets
and towards zero for the rejected q/g background jets. A detailed description of these vari-
ables together with their performance for different jet types can be found in Ref. [18].

Using the jet mass and the deep-WH and deep-W discriminants, selected events are split into
six SRs based on the signal topology. Jets with mj > 100 GeV (60 < mj < 100 GeV) are con-
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sidered as radion (W boson) candidates and thus required to pass a deep-WH (deep-W) se-
lection, while for lower-mass jets with mj < 60 GeV no such condition is applied. For events
with one selected jet, targeting the merged radion jet topology, three regions (SR1–3) are de-
fined using different mj windows of 60–100, 100–200, and >200 GeV, respectively. For SR1
(SR2–3), we additionally demand deep-W > 0.7 (deep-WH > 0.7). Events with two jets,
considered as candidates for the resolved radion topology, are categorized into SR4–6 as fol-
lows. The SR4 (SR5) categories have both jets with 60 < mj < 100 GeV and require exactly
two (one) jets with deep-W > 0.5. Events with 60 < mmax

j < 100 GeV and deep-W > 0.7 for
the higher-mass jet and mmin

j < 60 GeV for the lower-mass jet are placed in SR6. Requiring
deep-W (deep-WH) > 0.7 results in a background rejection of approximately 74 (67)%, while
maintaining a signal selection efficiency of about 65 (70)%.

The deep-W and deep-WH variables are both calibrated in the same data regions enriched in
SM W + jets and top quark events. To serve as proxies, the SM events are split into various W,
q/g, and top quark categories mimicking the signal decay structure. Both signal and proxy jets
are categorized by geometrically matching parton-level information to the reconstructed jets.
Jets from single W boson decays in SM events are used as proxy jets for resolved signal and
merged R`qq events. As there is no direct correspondence to any SM event topology for R4q

and R3q events, fully merged top quark jets (t → bqq) serve as proxies in this case. By per-
forming a simultaneous fit of the proxy templates to the data in regions with different relative
compositions, we derive corresponding scale factors (SFs) and associated uncertainties. These
SFs are applied per matched jet category to correct selection efficiencies in simulation for the
deep-W and deep-WH spectra. This calibration procedure is validated in various jet samples.
The detailed procedure is presented in Ref. [18].

The main backgrounds, W + jets and tt production, are estimated using CRs. The tt CRs are
defined by inverting the b jet veto, removing the deep-W (deep-WH) discriminant selection
criteria defined for the SRs, and allowing for up to four additional AK4 jets to increase the
number of selected events. Similarly, for the W + jets CRs, the deep-W (deep-WH) selection
criteria are inverted, and tt events are vetoed by requiring deep-t < 0.4. All other backgrounds
are estimated using simulation and are subtracted from the data for this procedure. A linear
fit is performed to the ratio of the data to the background of interest (W + jets or tt), using
the mj`ν or mjj`ν distributions, depending on the region, to extract a correction function for the
background shape and normalization in the corresponding SR.

The final signal and background yields are determined simultaneously by performing a maxi-
mum likelihood fit to the mj`ν and mjj`ν distributions in data for SR1–3 and SR4–6, respectively.
Systematic uncertainties affecting signal and background yields are treated as nuisance param-
eters and profiled in the statistical interpretation using log-normal and Gaussian constraints
for rate and shape uncertainties, respectively.

Uncertainties in the background normalization and shape are derived from the data in the
CRs. In particular, the statistical uncertainty in the CR fits to the mj`ν and mjj`ν distributions
is propagated to the SRs through constraints on modeling parameters common to the SR and
CR. Both rate and shape uncertainties are evaluated separately for the W + jets and top quark
backgrounds, and are treated as uncorrelated across the SRs.

Several uncertainties are taken into account for the DEEPAK8 discriminants and are evaluated
as functions of mj and pj

T. Residual differences between data and simulation observed in the
validation regions result in a 10% uncertainty for all jet types. Additional uncertainties are de-
rived by considering an alternative parton shower simulation and evaluating the effect on the
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SFs for signal and background jets. Since the objects used in the calibration procedure have a
similar decay structure to the signal, but can exhibit features such as different color flow and
quark flavor that affect the DEEPAK8 performance, additional uncertainties are considered for
the signal. These uncertainties are evaluated based on the shape differences between signal
and SM proxy jets in the deep-W and deep-WH spectra. They amount to 10–40% for R`qq ,
R3q and R4q events, and to 100% for signal events not matching these categories. To further
account for the different pj

T regimes of signal and proxy jets used in the derivation of the SFs,
signal events are simulated with the HERWIG 2.7 parton shower program [52]. The resulting
differences in the SR yields of up to 25% are assigned as rate uncertainties. A detailed de-
scription of the uncertainty evaluation procedure can be found in Ref. [18]. Uncertainties due
to pileup, integrated luminosity, trigger, lepton reconstruction, parton distribution functions
(PDFs), renormalization and factorization scales, and jet energy scale and resolution, largely
affecting signal only, are in total found to be less than 3% in the rate. They have negligible
effect on the shape of the `ν+jets mass distributions.

The results of this search are statistically combined with those from the search in the fully
hadronic final state [18]. The SF uncertainties are treated as correlated among the two channels.
Uncertainties in pileup modeling, PDFs, renormalization and factorization scales, as well as the
jet energy scale and resolution are also treated as correlated. All other uncertainties are treated
as uncorrelated.

The background-only post-fit distribution of the reconstructed `ν+jets system mjj`ν for the most
sensitive region for the resolved signal, SR4, is shown in Fig. 2. The results for the six SRs
of this search are presented in the form of pull distributions [(Data−Prediction)/σstat] of the
background-only fit in Fig. 3. Selected signals have been added on top of the background. The
data are consistent with the background expectation.
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Figure 2: Background-only post-fit distribution of the reconstructed `ν+jets system mjj`ν in data
and simulation for SR4. The shape of a triboson signal with mWKK

= 2.5 TeV and mR = 1 TeV is
also shown as a violet solid line, normalized to the theoretical production cross section.

The asymptotic approximation [53] of the CLs technique [54, 55] is used to set limits. The lower
mass limits at 95% confidence level (CL) of the `ν+jets analysis are shown in Fig. 4. An excess
of events in data around mjj`ν = 3.5 TeV in SR6 results in a weaker than expected observed
limit for the resolved signal. For the combination with the fully hadronic analysis [18], lower
mass limits are also shown as well as upper limits on the product of the signal cross section
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Figure 3: Pull distributions showing (Data−Prediction)/σstat of the background-only fit to the
reconstructed `ν+jets system mj`ν or mjj`ν for all SRs, where σstat is the statistical uncertainty.
Post-fit systematic uncertainties are indicated by the shaded bands. Examples of signal scenar-
ios normalized to their theoretical production cross section are shown using solid, dashed, and
dotted lines.

and the branching fraction to three W bosons for a resonance with decay width significantly
smaller than the detector resolution. For radion masses between 0.2 and 1.2 TeV, triboson reso-
nances are excluded up to mWKK

= 3.3 and 3.7 TeV by the `ν+jets analysis and the combination,
respectively.

In summary, a search has been presented for resonances decaying in cascade through WKK →
WR and R → WW to three W bosons, where WKK is a massive Kaluza–Klein excitation of
a gauge boson and R is a scalar radion. The analysis is performed using proton-proton colli-
sion data at a center-of-mass energy of 13 TeV, corresponding to an integrated luminosity of
138 fb−1. The final states considered contain one isolated charged lepton, missing transverse
momentum, and one or two massive large-radius jets. Radion decay configurations with two
W bosons merged in a single jet and those with two separated W boson jets are simultaneously
probed by combining jet substructure algorithms. These novel radion identification and cali-
bration techniques are also applicable to Lorentz-boosted Higgs boson decays. Results agree
with the predictions of the standard model and are combined with those of the analysis in the
fully hadronic final state [18]. Limits are set on an extended warped extra-dimensional model.
These are the first searches for the production of TeV-scale triboson resonances at the LHC.
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W.L. Aldá Júnior , M. Alves Gallo Pereira , M. Barroso Ferreira Filho, H. BRAN-
DAO MALBOUISSON, W. Carvalho , J. Chinellato4, E.M. Da Costa , G.G. Da Silveira5 ,
D. De Jesus Damiao , S. Fonseca De Souza , D. Matos Figueiredo, C. Mora Herrera ,
K. Mota Amarilo, L. Mundim , H. Nogima, P. Rebello Teles , A. Santoro, S.M. Silva Do Ama-
ral , A. Sznajder , M. Thiel, F. Torres Da Silva De Araujo , A. Vilela Pereira

Universidade Estadual Paulista (a), Universidade Federal do ABC (b), São Paulo, Brazil
C.A. Bernardes5 , L. Calligaris , T.R. Fernandez Perez Tomei , E.M. Gregores ,
D.S. Lemos , P.G. Mercadante , S.F. Novaes , Sandra S. Padula

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Sofia,
Bulgaria
A. Aleksandrov, G. Antchev , R. Hadjiiska, P. Iaydjiev, M. Misheva, M. Rodozov, M. Shopova,

https://orcid.org/0000-0001-9099-4341
https://orcid.org/0000-0002-5786-0293
https://orcid.org/0000-0003-2660-0349
https://orcid.org/0000-0003-1967-6783
https://orcid.org/0000-0002-9702-6359
https://orcid.org/0000-0002-5141-9560
https://orcid.org/0000-0002-3065-1141
https://orcid.org/0000-0002-1058-8093
https://orcid.org/0000-0002-2332-8784
https://orcid.org/0000-0001-6328-7887
https://orcid.org/0000-0003-3137-5692
https://orcid.org/0000-0002-6215-7228
https://orcid.org/0000-0001-9226-5812
https://orcid.org/0000-0002-8406-8605
https://orcid.org/0000-0002-3998-4081
https://orcid.org/0000-0001-5862-2775
https://orcid.org/0000-0002-8731-9051
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0002-7366-7098
https://orcid.org/0000-0002-8564-8732
https://orcid.org/0000-0002-9598-6241
https://orcid.org/0000-0001-6770-3040
https://orcid.org/0000-0001-8894-2390
https://orcid.org/0000-0003-3984-9987
https://orcid.org/0000-0002-6612-3420
https://orcid.org/0000-0002-9919-3492
https://orcid.org/0000-0002-1752-4527
https://orcid.org/0000-0003-1505-1743
https://orcid.org/0000-0002-6792-9522
https://orcid.org/0000-0003-1439-7128
https://orcid.org/0000-0001-8547-8211
https://orcid.org/0000-0003-1645-7454
https://orcid.org/0000-0002-6215-0894
https://orcid.org/0000-0002-8553-4508
https://orcid.org/0000-0002-2310-9266
https://orcid.org/0000-0002-1207-0984
https://orcid.org/0000-0002-4399-7213
https://orcid.org/0000-0002-2756-3853
https://orcid.org/0000-0003-3392-7294
https://orcid.org/0000-0002-7931-4496
https://orcid.org/0000-0002-2747-5095
https://orcid.org/0000-0001-9502-5363
https://orcid.org/0000-0002-4781-5704
https://orcid.org/0000-0001-5745-2567
https://orcid.org/0000-0002-1160-0621
https://orcid.org/0000-0002-3990-2074
https://orcid.org/0000-0002-8150-7043
https://orcid.org/0000-0002-3077-2090
https://orcid.org/0000-0001-7522-4808
https://orcid.org/0000-0001-9260-9371
https://orcid.org/0000-0001-8707-6021
https://orcid.org/0000-0001-7485-412X
https://orcid.org/0000-0001-9640-8294
https://orcid.org/0000-0001-5078-3689
https://orcid.org/0000-0001-5967-1245
https://orcid.org/0000-0002-8506-9714
https://orcid.org/0000-0002-7088-8557
https://orcid.org/0000-0002-8645-3670
https://orcid.org/0000-0002-8369-1446
https://orcid.org/0000-0002-5157-5686
https://orcid.org/0000-0001-5855-9817
https://orcid.org/0000-0003-4296-7028
https://orcid.org/0000-0003-0738-6615
https://orcid.org/0000-0002-5016-6434
https://orcid.org/0000-0003-3514-7056
https://orcid.org/0000-0002-3769-1680
https://orcid.org/0000-0001-7830-0837
https://orcid.org/0000-0003-3915-3170
https://orcid.org/0000-0001-9964-7805
https://orcid.org/0000-0001-9029-8506
https://orcid.org/0000-0002-0209-9687
https://orcid.org/0000-0001-6998-1108
https://orcid.org/0000-0002-4785-3057
https://orcid.org/0000-0003-3177-4626
https://orcid.org/0000-0001-5790-9563
https://orcid.org/0000-0002-9951-9448
https://orcid.org/0000-0002-1809-5226
https://orcid.org/0000-0003-0205-1672
https://orcid.org/0000-0003-1982-8978
https://orcid.org/0000-0001-8333-4302
https://orcid.org/0000-0003-0471-8549
https://orcid.org/0000-0003-3071-0559
https://orcid.org/0000-0003-3210-5037


14

G. Sultanov

University of Sofia, Sofia, Bulgaria
A. Dimitrov, T. Ivanov, L. Litov , B. Pavlov, P. Petkov, A. Petrov

Beihang University, Beijing, China
T. Cheng , Q. Guo, T. Javaid6, M. Mittal, H. Wang, L. Yuan

Department of Physics, Tsinghua University, Beijing, China
M. Ahmad , G. Bauer, C. Dozen7 , Z. Hu , J. Martins8 , Y. Wang, K. Yi9,10

Institute of High Energy Physics, Beijing, China
E. Chapon , G.M. Chen6 , H.S. Chen6 , M. Chen , F. Iemmi, A. Kapoor , D. Leggat,
H. Liao, Z.-A. Liu6 , V. Milosevic , F. Monti , R. Sharma , J. Tao , J. Thomas-Wilsker,
J. Wang , H. Zhang , S. Zhang6, J. Zhao

State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing, China
A. Agapitos, Y. Ban, C. Chen, Q. Huang, A. Levin , Q. Li , X. Lyu, Y. Mao, S.J. Qian,
D. Wang , Q. Wang , J. Xiao

Sun Yat-Sen University, Guangzhou, China
M. Lu, Z. You

Institute of Modern Physics and Key Laboratory of Nuclear Physics and Ion-beam Applica-
tion (MOE) - Fudan University, Shanghai, China
X. Gao3, H. Okawa

Zhejiang University, Hangzhou, China, Zhejiang, China
Z. Lin , M. Xiao

Universidad de Los Andes, Bogota, Colombia
C. Avila , A. Cabrera , C. Florez , J. Fraga, A. Sarkar , M.A. Segura Delgado

Universidad de Antioquia, Medellin, Colombia
J. Mejia Guisao, F. Ramirez, J.D. Ruiz Alvarez , C.A. Salazar González
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Piemonte Orientale c, Novara, Italy
N. Amapanea,b , R. Arcidiaconoa,c , S. Argiroa,b , M. Arneodoa,c , N. Bartosika ,
R. Bellana,b , A. Belloraa ,b , J. Berenguer Antequeraa,b , C. Biinoa , N. Cartigliaa ,
S. Comettia , M. Costaa,b , R. Covarellia ,b , N. Demariaa , B. Kiania,b , F. Leggera ,
C. Mariottia , S. Masellia , E. Migliorea,b , E. Monteila,b , M. Montenoa ,
M.M. Obertinoa ,b , G. Ortonaa , L. Pachera,b , N. Pastronea , M. Pelliccionia ,
G.L. Pinna Angionia,b, M. Ruspaa,c , K. Shchelinaa,b , F. Sivieroa,b , V. Solaa ,
A. Solanoa,b , D. Soldia,b , A. Staianoa , M. Tornagoa,b, D. Trocinoa,b , A. Vagnerini

INFN Sezione di Trieste a, Trieste, Italy, Università di Trieste b, Trieste, Italy
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J. Ripoll Sau, V. Rodrı́guez Bouza , A. Trapote, N. Trevisani

Instituto de Fı́sica de Cantabria (IFCA), CSIC-Universidad de Cantabria, Santander, Spain
J.A. Brochero Cifuentes , I.J. Cabrillo, A. Calderon , J. Duarte Campderros , M. Fernan-
dez , C. Fernandez Madrazo , P.J. Fernández Manteca , A. Garcı́a Alonso, G. Gomez,
C. Martinez Rivero, P. Martinez Ruiz del Arbol , F. Matorras , P. Matorras Cuevas ,
J. Piedra Gomez , C. Prieels, T. Rodrigo , A. Ruiz-Jimeno , L. Scodellaro , I. Vila,
J.M. Vizan Garcia

University of Colombo, Colombo, Sri Lanka
M.K. Jayananda, B. Kailasapathy61, D.U.J. Sonnadara, D.D.C. Wickramarathna

University of Ruhuna, Department of Physics, Matara, Sri Lanka
W.G.D. Dharmaratna , K. Liyanage, N. Perera, N. Wickramage

CERN, European Organization for Nuclear Research, Geneva, Switzerland
T.K. Aarrestad , D. Abbaneo, J. Alimena , E. Auffray, G. Auzinger, J. Baechler, P. Baillon†,
D. Barney , J. Bendavid, M. Bianco , A. Bocci , T. Camporesi, M. Capeans Garrido ,
G. Cerminara, S.S. Chhibra , M. Cipriani , L. Cristella , D. d’Enterria , A. Dabrowski ,
N. Daci , A. David , A. De Roeck , M.M. Defranchis , M. Deile , M. Dobson,
M. Dünser , N. Dupont, A. Elliott-Peisert, N. Emriskova, F. Fallavollita62, D. Fasanella ,
S. Fiorendi , A. Florent , G. Franzoni , W. Funk, S. Giani, D. Gigi, K. Gill, F. Glege,

https://orcid.org/0000-0002-3316-0604
https://orcid.org/0000-0003-0528-341X
https://orcid.org/0000-0001-6673-7273
https://orcid.org/0000-0001-5197-046X
https://orcid.org/0000-0001-8178-2494
https://orcid.org/0000-0001-5493-1773
https://orcid.org/0000-0002-1844-5433
https://orcid.org/0000-0002-3685-0635
https://orcid.org/0000-0002-5862-7397
https://orcid.org/0000-0002-8407-3236
https://orcid.org/0000-0001-7132-3550
https://orcid.org/0000-0001-8486-4604
https://orcid.org/0000-0003-0914-7474
https://orcid.org/0000-0001-8057-9152
https://orcid.org/0000-0002-6245-6535
https://orcid.org/0000-0002-6076-4083
https://orcid.org/0000-0002-3656-0259
https://orcid.org/0000-0002-8511-7958
https://orcid.org/0000-0002-0122-313X
https://orcid.org/0000-0003-2688-8047
https://orcid.org/0000-0003-2950-976X
https://orcid.org/0000-0002-4532-6464
https://orcid.org/0000-0001-6508-5090
https://orcid.org/0000-0001-6436-7547
https://orcid.org/0000-0002-4985-6964
https://orcid.org/0000-0002-4156-6460
https://orcid.org/0000-0003-3606-1780
https://orcid.org/0000-0003-3036-7965
https://orcid.org/0000-0001-7390-1457
https://orcid.org/0000-0003-3737-4121
https://orcid.org/0000-0002-7865-5010
https://orcid.org/0000-0002-4600-7772
https://orcid.org/0000-0001-7767-4810
https://orcid.org/0000-0001-5080-0821
https://orcid.org/0000-0002-6469-3200
https://orcid.org/0000-0002-5213-3708
https://orcid.org/0000-0001-7191-1125
https://orcid.org/0000-0002-8087-3199
https://orcid.org/0000-0001-8264-0287
https://orcid.org/0000-0002-7225-7310
https://orcid.org/0000-0002-5223-9342
https://orcid.org/0000-0003-2093-7856
https://orcid.org/0000-0002-7205-2040
https://orcid.org/0000-0003-0687-5214
https://orcid.org/0000-0002-4824-1087
https://orcid.org/0000-0001-9748-4336
https://orcid.org/0000-0003-2566-7496
https://orcid.org/0000-0002-7737-5121
https://orcid.org/0000-0003-4295-5668
https://orcid.org/0000-0001-7481-7273
https://orcid.org/0000-0002-9157-1700
https://orcid.org/0000-0002-4795-195X
https://orcid.org/0000-0002-3639-0368
https://orcid.org/0000-0002-4974-8330
https://orcid.org/0000-0002-6823-8854
https://orcid.org/0000-0002-6366-837X
https://orcid.org/0000-0002-7671-243X
https://orcid.org/0000-0001-6030-3191
https://orcid.org/0000-0002-4927-4921
https://orcid.org/0000-0002-8336-3282
https://orcid.org/0000-0002-6515-5666
https://orcid.org/0000-0001-7727-9175
https://orcid.org/0000-0002-1643-1388
https://orcid.org/0000-0002-0151-4439
https://orcid.org/0000-0002-4279-1221
https://orcid.org/0000-0002-5754-4303
https://orcid.org/0000-0003-2570-9676
https://orcid.org/0000-0002-5380-9634
https://orcid.org/0000-0001-5854-7699
https://orcid.org/0000-0002-9228-5271
https://orcid.org/0000-0001-9573-3714
https://orcid.org/0000-0001-5085-7270
https://orcid.org/0000-0002-8502-2297
https://orcid.org/0000-0002-2926-2691
https://orcid.org/0000-0003-3273-9419
https://orcid.org/0000-0001-6544-3679
https://orcid.org/0000-0001-9179-4253


23

L. Gouskos , M. Haranko , J. Hegeman , Y. Iiyama , V. Innocente , T. James, P. Janot ,
J. Kaspar , J. Kieseler , M. Komm , N. Kratochwil, C. Lange , S. Laurila, P. Lecoq ,
K. Long , C. Lourenço , L. Malgeri , S. Mallios, M. Mannelli, A.C. Marini , F. Meijers,
S. Mersi , E. Meschi , F. Moortgat , M. Mulders , S. Orfanelli, L. Orsini, F. Pantaleo ,
L. Pape, E. Perez, M. Peruzzi , A. Petrilli, G. Petrucciani , A. Pfeiffer , M. Pierini ,
D. Piparo, M. Pitt , H. Qu , T. Quast, D. Rabady , A. Racz, G. Reales Gutiérrez,
M. Rieger , M. Rovere, H. Sakulin, J. Salfeld-Nebgen , S. Scarfi, C. Schäfer, C. Schwick,
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E.A. Yetkin81

Istanbul Technical University, Istanbul, Turkey

https://orcid.org/0000-0002-9547-7471
https://orcid.org/0000-0002-9376-9235
https://orcid.org/0000-0002-2938-2263
https://orcid.org/0000-0002-8297-5930
https://orcid.org/0000-0003-3209-2088
https://orcid.org/0000-0001-7339-4272
https://orcid.org/0000-0001-5639-2267
https://orcid.org/0000-0003-1644-7678
https://orcid.org/0000-0002-7669-4294
https://orcid.org/0000-0002-3632-3157
https://orcid.org/0000-0002-3198-0115
https://orcid.org/0000-0003-0664-1653
https://orcid.org/0000-0003-0885-6711
https://orcid.org/0000-0002-0113-7389
https://orcid.org/0000-0003-2351-0487
https://orcid.org/0000-0003-2155-6692
https://orcid.org/0000-0003-4502-6151
https://orcid.org/0000-0001-7199-0046
https://orcid.org/0000-0001-7432-6634
https://orcid.org/0000-0003-3266-4357
https://orcid.org/0000-0002-0416-696X
https://orcid.org/0000-0003-0889-4726
https://orcid.org/0000-0001-5328-448X
https://orcid.org/0000-0003-1939-4268
https://orcid.org/0000-0003-2461-5985
https://orcid.org/0000-0002-0250-8655
https://orcid.org/0000-0001-9239-0605
https://orcid.org/0000-0003-0797-2606
https://orcid.org/0000-0003-3879-5622
https://orcid.org/0000-0002-5144-9655
https://orcid.org/0000-0002-5725-041X
https://orcid.org/0000-0003-3541-9066
https://orcid.org/0000-0002-5456-5977
https://orcid.org/0000-0003-4244-2061
https://orcid.org/0000-0003-2518-7521
https://orcid.org/0000-0002-1664-2337
https://orcid.org/0000-0001-9958-0663
https://orcid.org/0000-0001-5677-6033
https://orcid.org/0000-0003-4472-867X
https://orcid.org/0000-0002-1780-1344
https://orcid.org/0000-0003-2694-6542
https://orcid.org/0000-0002-5888-2304
https://orcid.org/0000-0001-7774-0099
https://orcid.org/0000-0002-2264-2229
https://orcid.org/0000-0002-4549-2569
https://orcid.org/0000-0002-2163-442X
https://orcid.org/0000-0002-9443-7769
https://orcid.org/0000-0002-6182-3380
https://orcid.org/0000-0002-7584-5038
https://orcid.org/0000-0002-9514-0799
https://orcid.org/0000-0002-8046-4344
https://orcid.org/0000-0003-1777-7855
https://orcid.org/0000-0002-8610-1130
https://orcid.org/0000-0002-6610-4019
https://orcid.org/0000-0002-6508-5776
https://orcid.org/0000-0003-4420-5510
https://orcid.org/0000-0001-8038-1613
https://orcid.org/0000-0002-7695-501X
https://orcid.org/0000-0002-8072-795X
https://orcid.org/0000-0001-6361-2117
https://orcid.org/0000-0002-5291-1661
https://orcid.org/0000-0002-0538-1469
https://orcid.org/0000-0002-8992-5426
https://orcid.org/0000-0002-6657-0407
https://orcid.org/0000-0002-7561-6091
https://orcid.org/0000-0003-0199-6957
https://orcid.org/0000-0002-1579-2421
https://orcid.org/0000-0002-9991-195X
https://orcid.org/0000-0002-5846-3919
https://orcid.org/0000-0001-5184-2265
https://orcid.org/0000-0002-5622-4260
https://orcid.org/0000-0003-0582-4167
https://orcid.org/0000-0003-1304-3782
https://orcid.org/0000-0002-0468-8805
https://orcid.org/0000-0002-4260-5118
https://orcid.org/0000-0002-1950-8993
https://orcid.org/0000-0001-5732-7950
https://orcid.org/0000-0003-1892-7130
https://orcid.org/0000-0003-2234-7219
https://orcid.org/0000-0003-3563-2959
https://orcid.org/0000-0002-3611-390X
https://orcid.org/0000-0001-7977-7127
https://orcid.org/0000-0001-7092-5517
https://orcid.org/0000-0002-0039-5503
https://orcid.org/0000-0001-7598-5252
https://orcid.org/0000-0002-6172-0285
https://orcid.org/0000-0001-6940-7800
https://orcid.org/0000-0002-9074-2256
https://orcid.org/0000-0002-3039-021X
https://orcid.org/0000-0002-5962-2221
https://orcid.org/0000-0002-8419-1400
https://orcid.org/0000-0003-4915-9162
https://orcid.org/0000-0002-9231-7464
https://orcid.org/0000-0002-6353-518X
https://orcid.org/0000-0003-2890-4493
https://orcid.org/0000-0002-9007-8260


24

A. Cakir , K. Cankocak69 , Y. Komurcu, S. Sen82

Istanbul University, Istanbul, Turkey
S. Cerci73, B. Kaynak, S. Ozkorucuklu, D. Sunar Cerci73

Institute for Scintillation Materials of National Academy of Science of Ukraine, Kharkov,
Ukraine
B. Grynyov

National Scientific Center, Kharkov Institute of Physics and Technology, Kharkov, Ukraine
L. Levchuk

University of Bristol, Bristol, United Kingdom
D. Anthony, E. Bhal , S. Bologna, J.J. Brooke , A. Bundock , E. Clement , D. Cussans ,
H. Flacher , J. Goldstein , G.P. Heath, H.F. Heath , M.-L. Holmberg83, L. Kreczko ,
B. Krikler , S. Paramesvaran, S. Seif El Nasr-Storey, V.J. Smith, N. Stylianou84 ,
K. Walkingshaw Pass, R. White

Rutherford Appleton Laboratory, Didcot, United Kingdom
K.W. Bell, A. Belyaev85 , C. Brew , R.M. Brown, D.J.A. Cockerill, C. Cooke, K.V. Ellis,
K. Harder, S. Harper, J. Linacre , K. Manolopoulos, D.M. Newbold , E. Olaiya, D. Petyt,
T. Reis , T. Schuh, C.H. Shepherd-Themistocleous, I.R. Tomalin, T. Williams

Imperial College, London, United Kingdom
R. Bainbridge , P. Bloch , S. Bonomally, J. Borg , S. Breeze, O. Buchmuller, V. Cepaitis ,
G.S. Chahal86 , D. Colling, P. Dauncey , G. Davies , M. Della Negra , S. Fayer, G. Fedi ,
G. Hall , M.H. Hassanshahi, G. Iles, J. Langford, L. Lyons, A.-M. Magnan, S. Malik,
A. Martelli , D.G. Monk, J. Nash87 , M. Pesaresi, D.M. Raymond, A. Richards, A. Rose,
E. Scott , C. Seez, A. Shtipliyski, A. Tapper , K. Uchida, T. Virdee21 , M. Vojinovic ,
N. Wardle , S.N. Webb , D. Winterbottom, A.G. Zecchinelli

Brunel University, Uxbridge, United Kingdom
K. Coldham, J.E. Cole , A. Khan, P. Kyberd , I.D. Reid , L. Teodorescu, S. Zahid

Baylor University, Waco, Texas, USA
S. Abdullin , A. Brinkerhoff , B. Caraway , J. Dittmann , K. Hatakeyama ,
A.R. Kanuganti, B. McMaster , N. Pastika, M. Saunders , S. Sawant, C. Sutantawibul,
J. Wilson

Catholic University of America, Washington, DC, USA
R. Bartek , A. Dominguez , R. Uniyal , A.M. Vargas Hernandez

The University of Alabama, Tuscaloosa, Alabama, USA
A. Buccilli , S.I. Cooper , D. Di Croce , S.V. Gleyzer , C. Henderson , C.U. Perez ,
P. Rumerio88 , C. West

Boston University, Boston, Massachusetts, USA
A. Akpinar , A. Albert , D. Arcaro , C. Cosby , Z. Demiragli , E. Fontanesi, D. Gastler,
J. Rohlf , K. Salyer , D. Sperka, D. Spitzbart , I. Suarez , A. Tsatsos, S. Yuan, D. Zou

Brown University, Providence, Rhode Island, USA
G. Benelli , B. Burkle , X. Coubez22, D. Cutts , M. Hadley , U. Heintz , J.M. Hogan89 ,
G. Landsberg , K.T. Lau , M. Lukasik, J. Luo , M. Narain, S. Sagir90 , E. Usai ,
W.Y. Wong, X. Yan , D. Yu , W. Zhang

University of California, Davis, Davis, California, USA

https://orcid.org/0000-0002-8627-7689
https://orcid.org/0000-0002-3829-3481
https://orcid.org/0000-0001-7325-1087
https://orcid.org/0000-0002-5412-4688
https://orcid.org/0000-0001-5889-7410
https://orcid.org/0000-0003-4494-628X
https://orcid.org/0000-0002-6078-3348
https://orcid.org/0000-0002-2916-6456
https://orcid.org/0000-0003-3412-4004
https://orcid.org/0000-0001-8192-0826
https://orcid.org/0000-0002-5371-941X
https://orcid.org/0000-0003-1591-6014
https://orcid.org/0000-0001-6576-9740
https://orcid.org/0000-0003-2341-8330
https://orcid.org/0000-0001-9712-0030
https://orcid.org/0000-0002-0113-6829
https://orcid.org/0000-0002-1733-4408
https://orcid.org/0000-0001-6595-8365
https://orcid.org/0000-0001-7555-652X
https://orcid.org/0000-0002-9015-9634
https://orcid.org/0000-0003-3703-6624
https://orcid.org/0000-0002-8724-4678
https://orcid.org/0000-0001-9157-4832
https://orcid.org/0000-0001-6716-979X
https://orcid.org/0000-0002-7716-7621
https://orcid.org/0000-0002-4809-4056
https://orcid.org/0000-0003-0320-4407
https://orcid.org/0000-0001-6839-9466
https://orcid.org/0000-0001-8668-5001
https://orcid.org/0000-0001-6497-8081
https://orcid.org/0000-0001-9101-2573
https://orcid.org/0000-0002-6299-8385
https://orcid.org/0000-0003-3530-2255
https://orcid.org/0000-0003-0607-6519
https://orcid.org/0000-0003-0352-6836
https://orcid.org/0000-0003-4543-864X
https://orcid.org/0000-0001-7429-2198
https://orcid.org/0000-0001-8665-2808
https://orcid.org/0000-0003-1344-3356
https://orcid.org/0000-0003-4749-8814
https://orcid.org/0000-0001-5638-7599
https://orcid.org/0000-0002-7353-7090
https://orcid.org/0000-0002-9235-779X
https://orcid.org/0000-0003-2123-3607
https://orcid.org/0000-0003-4885-6935
https://orcid.org/0000-0002-4853-0401
https://orcid.org/0000-0002-6088-2020
https://orcid.org/0000-0002-1911-3158
https://orcid.org/0000-0002-6012-2451
https://orcid.org/0000-0002-4494-0446
https://orcid.org/0000-0003-1572-9075
https://orcid.org/0000-0002-5672-7394
https://orcid.org/0000-0002-1686-2882
https://orcid.org/0000-0002-7420-5493
https://orcid.org/0000-0001-7345-6293
https://orcid.org/0000-0001-6240-8931
https://orcid.org/0000-0002-4618-0313
https://orcid.org/0000-0002-1122-7919
https://orcid.org/0000-0002-6222-8102
https://orcid.org/0000-0002-6986-9404
https://orcid.org/0000-0002-6861-2674
https://orcid.org/0000-0002-1702-5541
https://orcid.org/0000-0003-4460-2241
https://orcid.org/0000-0001-7510-6617
https://orcid.org/0000-0003-2369-9507
https://orcid.org/0000-0001-9457-8302
https://orcid.org/0000-0003-0352-6561
https://orcid.org/0000-0001-8521-737X
https://orcid.org/0000-0001-6423-9799
https://orcid.org/0000-0002-6957-1077
https://orcid.org/0000-0003-2025-2742
https://orcid.org/0000-0002-5374-6995
https://orcid.org/0000-0003-4461-8905
https://orcid.org/0000-0003-1645-822X
https://orcid.org/0000-0003-1041-7099
https://orcid.org/0000-0002-7068-4327
https://orcid.org/0000-0002-7590-3058
https://orcid.org/0000-0002-8604-3452
https://orcid.org/0000-0002-4184-9380
https://orcid.org/0000-0003-1371-8575
https://orcid.org/0000-0002-4108-8681
https://orcid.org/0000-0002-2614-5860
https://orcid.org/0000-0001-9323-2107
https://orcid.org/0000-0002-6426-0560
https://orcid.org/0000-0001-5921-5231


25

J. Bonilla , C. Brainerd , R. Breedon, M. Calderon De La Barca Sanchez, M. Chertok ,
J. Conway , P.T. Cox, R. Erbacher, G. Haza, F. Jensen , O. Kukral, R. Lander, M. Mulhearn ,
D. Pellett, B. Regnery , D. Taylor , Y. Yao , F. Zhang

University of California, Los Angeles, California, USA
M. Bachtis , R. Cousins , A. Datta , D. Hamilton, J. Hauser , M. Ignatenko, M.A. Iqbal,
T. Lam, W.A. Nash, S. Regnard , D. Saltzberg , B. Stone, V. Valuev

University of California, Riverside, Riverside, California, USA
K. Burt, Y. Chen, R. Clare , J.W. Gary , M. Gordon, G. Hanson , G. Karapostoli ,
O.R. Long , N. Manganelli, M. Olmedo Negrete, W. Si , S. Wimpenny, Y. Zhang

University of California, San Diego, La Jolla, California, USA
J.G. Branson, P. Chang , S. Cittolin, S. Cooperstein , N. Deelen , D. Diaz , J. Duarte ,
R. Gerosa , L. Giannini , D. Gilbert , J. Guiang, R. Kansal , V. Krutelyov , R. Lee,
J. Letts , M. Masciovecchio , S. May , M. Pieri , B.V. Sathia Narayanan , V. Sharma ,
M. Tadel, A. Vartak , F. Würthwein , Y. Xiang , A. Yagil

University of California, Santa Barbara - Department of Physics, Santa Barbara, California,
USA
N. Amin, C. Campagnari , M. Citron , A. Dorsett, V. Dutta , J. Incandela ,
M. Kilpatrick , J. Kim , B. Marsh, H. Mei, M. Oshiro, M. Quinnan , J. Richman, U. Sarica ,
J. Sheplock, D. Stuart, S. Wang

California Institute of Technology, Pasadena, California, USA
A. Bornheim , O. Cerri, I. Dutta , J.M. Lawhorn , N. Lu , J. Mao, H.B. Newman ,
J. Ngadiuba , T.Q. Nguyen , M. Spiropulu , J.R. Vlimant , C. Wang , S. Xie ,
Z. Zhang , R.Y. Zhu

Carnegie Mellon University, Pittsburgh, Pennsylvania, USA
J. Alison , S. An , M.B. Andrews, P. Bryant , T. Ferguson , A. Harilal, C. Liu,
T. Mudholkar , M. Paulini , A. Sanchez

University of Colorado Boulder, Boulder, Colorado, USA
J.P. Cumalat , W.T. Ford , A. Hassani, E. MacDonald, R. Patel, A. Perloff , C. Savard,
K. Stenson , K.A. Ulmer , S.R. Wagner

Cornell University, Ithaca, New York, USA
J. Alexander , S. Bright-Thonney , Y. Cheng , D.J. Cranshaw , S. Hogan, J. Monroy ,
J.R. Patterson , D. Quach , J. Reichert , M. Reid , A. Ryd, W. Sun , J. Thom ,
P. Wittich , R. Zou

Fermi National Accelerator Laboratory, Batavia, Illinois, USA
M. Albrow , M. Alyari , G. Apollinari, A. Apresyan , A. Apyan , S. Banerjee,
L.A.T. Bauerdick , D. Berry , J. Berryhill , P.C. Bhat, K. Burkett , J.N. Butler, A. Canepa,
G.B. Cerati , H.W.K. Cheung , F. Chlebana, M. Cremonesi, K.F. Di Petrillo , V.D. Elvira ,
Y. Feng, J. Freeman, Z. Gecse, L. Gray, D. Green, S. Grünendahl , O. Gutsche ,
R.M. Harris , R. Heller, T.C. Herwig , J. Hirschauer , B. Jayatilaka , S. Jindariani,
M. Johnson, U. Joshi, T. Klijnsma , B. Klima , K.H.M. Kwok, S. Lammel , D. Lincoln ,
R. Lipton, T. Liu, C. Madrid, K. Maeshima, C. Mantilla , D. Mason, P. McBride , P. Merkel,
S. Mrenna , S. Nahn , V. O’Dell, V. Papadimitriou, K. Pedro , C. Pena58 , O. Prokofyev,
F. Ravera , A. Reinsvold Hall , L. Ristori , B. Schneider , E. Sexton-Kennedy ,
N. Smith , A. Soha , W.J. Spalding , L. Spiegel, S. Stoynev , J. Strait , L. Taylor ,
S. Tkaczyk, N.V. Tran , L. Uplegger , E.W. Vaandering , H.A. Weber

https://orcid.org/0000-0002-6982-6121
https://orcid.org/0000-0002-9552-1006
https://orcid.org/0000-0002-2729-6273
https://orcid.org/0000-0003-2719-5779
https://orcid.org/0000-0003-3769-9081
https://orcid.org/0000-0003-1145-6436
https://orcid.org/0000-0003-1539-923X
https://orcid.org/0000-0002-4274-3983
https://orcid.org/0000-0002-5990-4245
https://orcid.org/0000-0002-6158-2468
https://orcid.org/0000-0003-3110-0701
https://orcid.org/0000-0002-5963-0467
https://orcid.org/0000-0003-2695-7719
https://orcid.org/0000-0002-9781-4873
https://orcid.org/0000-0002-9818-6725
https://orcid.org/0000-0003-0658-9146
https://orcid.org/0000-0002-0783-6703
https://orcid.org/0000-0003-3293-5305
https://orcid.org/0000-0003-0175-5731
https://orcid.org/0000-0002-7273-4009
https://orcid.org/0000-0002-4280-2541
https://orcid.org/0000-0002-2180-7634
https://orcid.org/0000-0002-5879-6326
https://orcid.org/0000-0002-2095-6320
https://orcid.org/0000-0003-0262-3132
https://orcid.org/0000-0003-4010-7155
https://orcid.org/0000-0001-6834-1176
https://orcid.org/0000-0002-5076-7096
https://orcid.org/0000-0001-8359-3734
https://orcid.org/0000-0002-5621-7706
https://orcid.org/0000-0002-4106-9667
https://orcid.org/0000-0003-2445-1060
https://orcid.org/0000-0002-1386-0232
https://orcid.org/0000-0002-0156-1251
https://orcid.org/0000-0002-8200-9425
https://orcid.org/0000-0002-6351-6122
https://orcid.org/0000-0003-3303-6301
https://orcid.org/0000-0003-2076-5126
https://orcid.org/0000-0003-1736-8795
https://orcid.org/0000-0003-1507-1365
https://orcid.org/0000-0001-5912-6124
https://orcid.org/0000-0003-4112-7457
https://orcid.org/0000-0002-6108-4004
https://orcid.org/0000-0002-8978-8177
https://orcid.org/0000-0001-6250-8465
https://orcid.org/0000-0001-5958-829X
https://orcid.org/0000-0001-9850-2030
https://orcid.org/0000-0002-2602-0566
https://orcid.org/0000-0002-2072-6082
https://orcid.org/0000-0003-2902-5597
https://orcid.org/0000-0002-1557-4424
https://orcid.org/0000-0001-7887-1728
https://orcid.org/0000-0002-0128-0871
https://orcid.org/0000-0003-0953-4503
https://orcid.org/0000-0002-8597-9259
https://orcid.org/0000-0002-2631-6770
https://orcid.org/0000-0003-0964-1480
https://orcid.org/0000-0002-0055-2935
https://orcid.org/0000-0003-3954-5131
https://orcid.org/0000-0001-8172-7081
https://orcid.org/0000-0002-9705-101X
https://orcid.org/0000-0002-0117-7196
https://orcid.org/0000-0003-2509-5731
https://orcid.org/0000-0002-1630-0986
https://orcid.org/0000-0003-3091-7461
https://orcid.org/0000-0003-0843-1641
https://orcid.org/0000-0002-9740-1622
https://orcid.org/0000-0001-8145-6322
https://orcid.org/0000-0001-5822-3731
https://orcid.org/0000-0002-9352-8140
https://orcid.org/0000-0002-6714-5787
https://orcid.org/0000-0002-6032-5857
https://orcid.org/0000-0001-8703-6943
https://orcid.org/0000-0001-5230-0396
https://orcid.org/0000-0003-4888-205X
https://orcid.org/0000-0001-6875-9177
https://orcid.org/0000-0002-9269-5772
https://orcid.org/0000-0002-2046-342X
https://orcid.org/0000-0003-1889-7824
https://orcid.org/0000-0002-2602-935X
https://orcid.org/0000-0002-7498-2129
https://orcid.org/0000-0002-7394-4710
https://orcid.org/0000-0002-3815-3649
https://orcid.org/0000-0002-1622-0134
https://orcid.org/0000-0003-2110-8021
https://orcid.org/0000-0001-7706-1416
https://orcid.org/0000-0003-0649-5086
https://orcid.org/0000-0002-4870-8468
https://orcid.org/0000-0002-7401-2181
https://orcid.org/0000-0002-0542-1264
https://orcid.org/0000-0001-7329-4925
https://orcid.org/0000-0001-9268-3360
https://orcid.org/0000-0002-6186-0130
https://orcid.org/0000-0002-9418-6656
https://orcid.org/0000-0002-7170-9012
https://orcid.org/0000-0002-5383-8320
https://orcid.org/0000-0002-8124-3033
https://orcid.org/0000-0002-2284-4744
https://orcid.org/0000-0003-3548-0262
https://orcid.org/0000-0001-6389-9357
https://orcid.org/0000-0001-8001-4602
https://orcid.org/0000-0003-4446-4395
https://orcid.org/0000-0002-4857-0294
https://orcid.org/0000-0002-8015-9622
https://orcid.org/0000-0003-1461-3425
https://orcid.org/0000-0002-4280-6382
https://orcid.org/0000-0002-8244-0805
https://orcid.org/0000-0001-7912-5612
https://orcid.org/0000-0003-1675-6040
https://orcid.org/0000-0002-3691-7625
https://orcid.org/0000-0003-0027-635X
https://orcid.org/0000-0002-0599-7407
https://orcid.org/0000-0002-0177-5903
https://orcid.org/0000-0001-6159-7750
https://orcid.org/0000-0001-8731-160X
https://orcid.org/0000-0002-8949-0178
https://orcid.org/0000-0003-2260-9151
https://orcid.org/0000-0002-4500-7930
https://orcid.org/0000-0003-3632-0287
https://orcid.org/0000-0003-1653-8553
https://orcid.org/0000-0003-1950-2492
https://orcid.org/0000-0003-4401-8336
https://orcid.org/0000-0001-9171-1980
https://orcid.org/0000-0002-0324-3054
https://orcid.org/0000-0002-5968-1192
https://orcid.org/0000-0002-7274-9390
https://orcid.org/0000-0003-4563-7702
https://orcid.org/0000-0002-7233-8348
https://orcid.org/0000-0002-6584-2538
https://orcid.org/0000-0002-8440-6854
https://orcid.org/0000-0002-9202-803X
https://orcid.org/0000-0003-3207-6950
https://orcid.org/0000-0002-5074-0539


26

University of Florida, Gainesville, Florida, USA
D. Acosta , P. Avery, D. Bourilkov , L. Cadamuro , V. Cherepanov, F. Errico , R.D. Field,
D. Guerrero, B.M. Joshi , M. Kim, E. Koenig, J. Konigsberg , A. Korytov, K.H. Lo,
K. Matchev , N. Menendez , G. Mitselmakher , A. Muthirakalayil Madhu, N. Rawal,
D. Rosenzweig, S. Rosenzweig, K. Shi , J. Sturdy , J. Wang , E. Yigitbasi , X. Zuo

Florida State University, Tallahassee, Florida, USA
T. Adams , A. Askew , R. Habibullah , V. Hagopian, K.F. Johnson, R. Khurana,
T. Kolberg , G. Martinez, H. Prosper , C. Schiber, O. Viazlo , R. Yohay , J. Zhang

Florida Institute of Technology, Melbourne, Florida, USA
M.M. Baarmand , S. Butalla, T. Elkafrawy91 , M. Hohlmann , R. Kumar Verma ,
D. Noonan , M. Rahmani, F. Yumiceva

University of Illinois at Chicago (UIC), Chicago, Illinois, USA
M.R. Adams, H. Becerril Gonzalez , R. Cavanaugh , X. Chen , S. Dittmer, O. Evdoki-
mov , C.E. Gerber , D.A. Hangal , D.J. Hofman , A.H. Merrit, C. Mills , G. Oh ,
T. Roy, S. Rudrabhatla, M.B. Tonjes , N. Varelas , J. Viinikainen , X. Wang, Z. Wu ,
Z. Ye

The University of Iowa, Iowa City, Iowa, USA
M. Alhusseini , K. Dilsiz92 , R.P. Gandrajula , O.K. Köseyan , J.-P. Merlo,
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