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Abstract: A search for CP violation in D0 → K0
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+π− and D0 → K0
SK

−π+ decays is
reported. The search is performed using an unbinned model-independent method known
as the energy test that probes local CP violation in the phase space of the decays. The
data analysed correspond to an integrated luminosity of 5.4 fb−1 collected in proton-proton
collisions by the LHCb experiment at a centre-of-mass energy of

√
s = 13 TeV, amounting

to approximately 950 thousand and 620 thousand signal candidates for the D0 → K0
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−π+
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SK

+π− modes, respectively. The method is validated using D0 → K−π+π−π+

and D0 → K0
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+π− decays, where CP -violating effects are expected to be negligible, and
using background-enhanced regions of the signal decays. The results are consistent with CP
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1 Introduction

In the Standard Model (SM) of particle physics, CP violation and matter-antimatter asymme-
tries are introduced in the quark sector through a complex phase in the Cabibbo-Kobayashi-
Maskawa (CKM) matrix [1, 2]. However, the level of CP violation observed in the SM is
not sufficient to explain the measured baryon asymmetry in the universe, motivating the
search for new physics that can introduce additional sources of CP violation [3, 4]. Since
CP -violating effects in charm decays are expected to be small within the SM, such decays
offer an excellent laboratory to search for these new sources.

While CP -violating effects have been extensively measured and tested in the beauty and
strange sectors, CP violation in charm has only recently been observed, with the measurement
of the difference between asymmetries in two singly Cabibbo-suppressed (SCS) modes [5].
It is not yet clear whether this result is consistent with the SM, or if extensions to the SM
are required to explain the measurement [6–10]. Further analysis of CP violation in the
charm sector is therefore essential. Multibody charm decays offer an excellent environment
for such studies. Large, localised CP -violating effects can arise in multibody decays, because
of the interplay of different intermediate resonances and corresponding variations of the
strong phase across the relevant phase space.

This paper presents a search for CP violation in D0 → K0
SK

±π∓ decays.1 These decays
are also dominated by SCS amplitudes, such that they offer excellent prospects to further
understand the observation of CP violation in the charm sector. These decays also include

1Throughout this paper charge conjugation is implied.
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significant contributions from D0 → K∗∓K± decays. In addition, the decay modes under study
contain contributions from D0 → K0

SK
∗0 decays, where additional CP -violating effects in the

charm sector can arise [11]. The D0 → K0
SK

±π∓ decay modes have been previously studied
at LHCb [12], in an amplitude analysis using a dataset corresponding to 3 fb−1 of integrated
luminosity collected in the first run of Large Hadron Collider (LHC) operations at centre-of-
mass energies

√
s = 7 and 8 TeV. The analysis presented here complements that study with a

search for local CP -violating effects using an unbinned, model-independent method, called the
energy test [13–16]. This method has been applied in previous analyses of charm and beauty
hadron decays at LHCb [17–20]. The new study reported here makes use of 5.4 fb−1 of data
collected in the second period of LHC operations at

√
s = 13 TeV, with signal yields about

seven times larger than the previous LHCb amplitude analysis of these decay modes [12].

2 Analysis overview

In this study, samples of D0 mesons decaying to the final state K0
SK

±π∓ are analysed using
the energy test. The method tests a hypothesis of no CP violation. The final result is a
single p-value that describes the consistency with this hypothesis.

Candidate D0 decays are identified by selecting D∗+ candidates that undergo the strong
decay D∗+ → D0π+. The flavour of the D0 or D0 candidate at production is directly
determined by the charge of the π+ (denoted the soft pion) in this decay. The D0 meson
then decays to the final state K0

SK
+π− or K0

SK
−π+. The decay is referred to as “same sign”

(SS) when the charge of the pion produced in the D0 meson decay matches that of the soft
pion in the D∗+ → D0π+ decay. If the pion from the D0 meson has the opposite charge
to the soft pion, the final state is referred to as the “opposite sign” (OS) decay. There are
therefore four different decay modes in total: D0 → K0

SK
+π− (OS), D0 → K0

SK
−π+ (SS),

D0 → K0
SK

+π− (SS) and D0 → K0
SK

−π+ (OS). The branching fraction of the SS decays
are approximately a factor 1.5 larger than that of the OS decays [21]. The K0

S meson is
selected via its decay to the π+π− final state. To minimise detector effects that could mimic
potential CP violation in these decay modes, two other decay modes that are dominated
by Cabibbo-favoured amplitudes are employed as control channels: D0 → K−π+π−π+ and
D0 → K0

Sπ
+π−. Both control channels are topologically similar to the signal modes and no

significant CP -violating effects are expected in these transitions [22].
The phase space of the D0 → K0

SK
±π∓ decay is parameterised in terms of the invariant

mass squared of pairs of the decay products: s12 = m2(K0
SK

±), s13 = m2(K0
Sπ

∓), and
s23 = m2(K±π∓). While only two quantities are necessary to fully parameterise a three-body
decay, the use of all three two-body combinations to describe the phase space in this study
ensures that each quantity is treated on an equal footing.

3 Energy test method

The energy test is an unbinned, model-independent method that tests if two multi-dimensional
datasets are consistent with the same underlying distribution [13–16]. The comparison of
D0 and D0 decays using this method therefore provides a powerful search for local CP
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violation. The test quantifies differences within the phase space of the two samples, through
the calculation of a test statistic, the T -value, determined as

T ≡ 1
2n(n− 1)

n∑
i,j ̸=i

ψij + 1
2n(n− 1)

n∑
i,j ̸=i

ψij −
1
nn

n,n∑
i,j

ψij . (3.1)

The first term is a sum over all pairs of (n) D0 candidates, the second term is a sum over
all pairs of (n) D0 candidates, while the final term considers all D0-D0 pairs. The function
ψij provides a weight to each pair of candidates, and is taken to be ψij = e−d2

ij/2δ2
, where

d2
ij = (s12,i − s12,j)2 + (s13,i − s13,j)2 + (s23,i − s23,j)2 is the square of the Euclidean distance

between the two candidates under consideration, using the parameterisation of the phase
space discussed in section 2. The tuneable parameter δ sets the distance scale probed in the
study, and is optimised to maximise the sensitivity to CP violation, as discussed in section 6.
The normalisation of each term in eq. (3.1) ensures that the test is only sensitive to local
sample differences, and is, by construction, insensitive to global asymmetries. The value of
T is expected to be close to zero under the null hypothesis of no sample differences, but to
be large and positive in the presence of significant CP violation.

The significance of the calculated T -value is determined by comparing the value found to
the distribution under the null hypothesis. This distribution depends on the specifics of the
sample under study, so is determined using a permutation method, repeatedly running the
test using the recorded data but with the flavour of the D0 and D0 mesons randomly assigned.
This stage can be performed with a subset of the signal sample, significantly increasing the
speed with which this distribution can be determined, following advances in refs. [23–25].
The fraction of these permutation samples with a T -value greater than that observed in the
(unpermuted) datasets is the p-value associated with the study.

4 LHCb experiment

The LHCb detector [26, 27] is a single-arm forward spectrometer covering the pseudorapidity
range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector
includes a high-precision tracking system consisting of a silicon-strip vertex detector sur-
rounding the proton-proton interaction region [28], a large-area silicon-strip detector located
upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of
silicon-strip detectors and straw drift tubes [29] placed downstream of the magnet. The
tracking system provides a measurement of the momentum, p, of charged particles with a
relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The
minimum distance of a track to a primary proton-proton collision vertex (PV), the impact
parameter (IP), is measured with a resolution of (15 + 29/pT)µm, where pT is the component
of the momentum transverse to the beam, in GeV/c. Different types of charged hadrons are
distinguished using information from two ring-imaging Cherenkov detectors [30]. Photons,
electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad
and preshower detectors, an electromagnetic and a hadronic calorimeter. Muons are identified
by a system composed of alternating layers of iron and multiwire proportional chambers [31].
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The magnetic field deflects oppositely charged particles in opposite directions, which can
lead to detection asymmetries. Periodically reversing the magnetic field polarity throughout
the data-taking almost cancels the effect.

The online event selection is performed by a trigger, which consists of a hardware stage
based on information from the calorimeter and muon systems followed by two software stages.
In between the software stages, an alignment and calibration of the detector is performed
in near real-time, with the results then used in the trigger [32]. The same alignment and
calibration information is propagated to the offline reconstruction, ensuring consistent and
high-quality particle identification (PID) information between the trigger and offline software.
The identical performance of the online and offline reconstruction offers the opportunity
to perform physics analyses directly using candidates reconstructed in the trigger [33, 34]
which the present analysis exploits. The storage of only the information related to triggered
candidates enables a reduction in the event size by an order of magnitude. Candidates
are only considered if other particles in the same event are responsible for the hardware
trigger decision, to avoid potential biases introduced when signal candidates are responsible
for the event being selected.

5 Signal selection

The selection of candidates begins with the trigger stage, where the selection is based on the
transverse energy measured by the calorimeters, accepting only particles with a significant
energy deposit. In the first software trigger stage at least one of the particles in the D0 decay
is required to have high transverse momentum and to be inconsistent with originating from a
PV [35]. A dedicated selection of signal decays is then made at the second software trigger
level. From this stage onward K0

S → π+π− decays are considered in two different categories:
the first involving K0

S mesons that decay early enough for the pions to be reconstructed in
the vertex detector; and the second containing K0

S mesons that decay later such that track
segments of the pions cannot be formed in the vertex detector. These categories are referred
to as long and downstream, respectively. To avoid contamination from D0 → K−π+π−π+

decays, the K0
S vertex is required to be significantly displaced from the D0 meson decay vertex.

This also reduces the background due to other pions produced in the proton-proton collision
that are incorrectly reconstructed as a K0

S meson. The pions from the K0
S decay are required

to have p > 3000 MeV/c and pT > 175 MeV/c if the decay is in the downstream category. The
other hadrons produced in the D0 and D∗+ decays are required to have p > 1000 MeV/c and
pT > 200 MeV/c irrespective of the K0

S decay category, and the D0 meson is required to have
pT > 1800 MeV/c. Particle identification criteria are placed on the pion and kaon directly
produced in the D0 decay, in order to reduce background.

To improve the purity of the data sample and reduce any residual detector asymmetries,
additional criteria are applied offline. The D0 meson is required to be consistent with
originating at the PV, and to decay significantly displaced from this point. As low-momentum
charged particles might be swept away from the beam pipe or bent back into it by the
magnet, or into and out of the coverage of the LHCb detector, some areas are reached by
particles of only one charge for each magnet polarity. This effect can potentially produce local
asymmetries in the soft pion phase space. To avoid this the areas of maximal asymmetry
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Figure 1. Distributions of ∆M for D0 → K0
SK

±π∓ decays for (left) SS and (right) OS decays with
fit results overlaid. For each decay charge conjugation is always implied.

are removed from the sample, using criteria inspired by ref. [36]. To exclude candidates
originating from hadronic interactions with the detector material, a requirement on the
radial distance from the beamline is applied on the D∗+ and D0 origin and decay vertices.
Furthermore, only proton-proton interactions within the main interaction region along the
beamline are considered. Particle identification criteria are applied to the particles produced
in the D0 and K0

S meson decays. Looser particle identification requirements are placed on
the soft pions given the lower momenta of these particles.

The signal sample is then defined by selecting candidates with invariant masses within
intervals around the mean values of the particles considered. The relevant final-state particles
are required to have an invariant mass within 11.6 MeV/c2 of the known K0

S meson mass [21],
within 22.1 MeV/c2 of the known D0 meson mass [21], and to have ∆M ≡ m(D0π+)−m(D0)
within 0.7 MeV/c2 of the known mass difference between the D∗+ and D0 meson. These
intervals correspond to three standard deviations of the detector resolution for the candidate
masses in signal decays. A kinematic fit is also performed to better resolve the momenta
of the final state particles. The pion produced in the D∗+ meson decay is constrained to
originate from the measured PV. In addition, the D0 and K0

S masses are constrained to
their known values [21]. After the aforementioned criteria are applied, some events contain
multiple candidates. In these events one candidate is selected randomly. This results in a net
loss of ∼ 4% for both the SS and OS samples. In total, about 950 thousand SS candidates
and about 620 thousand OS candidates are selected; for the SS sample n = 468 223 and
n = 480 059 whereas for the OS sample n = 310 701 and n = 310 480.

The purity of the samples under study are estimated with a binned maximum-likelihood
fit of the ∆M distribution. The fit uses a specific probability density function (PDF) to
model the background component following ref. [37], and uses the sum of two Gaussian
functions to model the signal component. These two Gaussian functions are constrained to
the same mean value while the widths are free parameters. The distributions of ∆M for the
SS and OS samples are shown in figure 1, along with the results of the fit. The purity within
the defined signal mass window is about 91% for both the SS sample and the OS sample.
Figure 2 shows the Dalitz plots of the selected signal samples.
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Figure 2. Dalitz plots of the selected signal samples for the (left) SS and (right) OS decays. The
peaking structure seen as a horizontal band in both plots corresponds to the K∗± resonance. The
K∗0 resonance is also visible as a vertical band in the OS decays phase space distribution. For each
decay charge conjugation is always implied.

6 Optimisation and sensitivity studies

The energy test is associated with a single free parameter, δ, which sets the distance-scale
associated with the test, as discussed in section 3. Different choices can be made for this
parameter, with these choices then providing different sensitivity to local CP violation. To
maximise the power of the test applied here to potential CP -violating effects, simulated
pseudoexperiments are performed. These pseudoexperiments make use of the D0 → K0

SK
±π∓

amplitude model determined using data collected at the LHCb experiment in the first period
of LHC operations [12], and are generated using the GOOFIT package [38]. The dataset
used in the analysis presented here does not overlap with the dataset that was used to
determine this amplitude model.

Different CP asymmetries are introduced in these studies by varying the amplitudes
associated with specific contributing resonances, with the magnitudes varied between 1%
and 12%, and the phases varied between 1◦ and 14◦. The generated pseudoexperiment
samples have a comparable sample size to that of the LHCb dataset analysed here, and also
include a variation of efficiency across the phase space of the decay, based on that expected
in data. The energy test is run on these simulated datasets, and the p-value for the null
hypothesis of CP symmetry is recorded for different values of δ. The value of δ which gives
the smallest p-value is then considered the optimal choice for the variation under study. For
most resonances tested the minimum p-value is achieved for δ ∼ 0.2 GeV2/c4, so this value is
selected as the baseline value for analysing the real data, to ensure the most sensitive test
is performed. This approach also enables the sensitivity of the OS and SS analyses carried
out here to be confirmed and estimated. For example, in both the SS and OS modes, a
p-value of O(10−4) is expected if a 2% CP asymmetry is present in the magnitude of the
amplitude associated with the K∗(892)± resonances, while a p-value of O(10−3) is expected
for a 2◦ phase difference between the CP -conjugate decays.

– 6 –



J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

0 0.2 0.4 0.6 0.8 1

-valuep

0

5

10

15

20

25
E

n
tr

ie
s

+
π

-
π

+
π

−

K→
0

D

Data

Expectation

LHCb
-15.4 fb

0 0.2 0.4 0.6 0.8 1

-valuep

0

1

2

3

4

5

6

7

8

E
n
tr

ie
s

−
π

+
π

0

S
K→

0
D

Data

Expectation

LHCb
-15.4 fb

Figure 3. Distribution of p-values for the control channels obtained from (left) D0 → K−π+π−π+

decays and (right) D0 → K0
Sπ

+π− decays. Each p-value is obtained by comparing subsamples with
roughly the same yield as that observed in the signal channel.

7 Control channels

The method described in the previous sections is tested using control channels to confirm
that any observed sample differences are not caused by instrumentation effects, or by CP

violation in the K0
S meson decay. To confirm that instrumentation effects do not mimic CP

violation, the D0 → K−π+π−π+ decay is studied. This decay is dominated by Cabibbo-
favoured contributions, ensuring a large sample size, and implying that the expected level
of CP-violation is negligible [22]. Likewise, D0 → K0

Sπ
+π− decays are studied to confirm

negligible effects from asymmetries in the K0
S meson decays. In both cases the D0 meson

flavour is identified through the same D∗+ decay. Both control channels are selected using
criteria closely reproducing the ones used for the signal channel.

The yield in the D0 → K−π+π−π+ decay mode is roughly one hundred times larger
than in the signal decay modes, while the D0 → K0

Sπ
+π− yield is about twelve times the

signal yield. Therefore subsamples are randomly produced in the control channels, each
containing the same number of candidates as the signal yield in the SS channel. Each of
these subsamples is then tested individually using the energy test. The control channel
tests therefore result in a distribution of p-values. As the control samples are expected to
be CP symmetric, the resulting p-values should be uniformly distributed, while local biases
would lead to a non-uniform distribution. The results of these tests are shown in figure 3.
Potential deviations from a flat distribution are probed using χ2-tests, which return p-values
of 94% and 43% for the D0 → K−π+π−π+ decay mode and D0 → K0

Sπ
+π− decay mode,

respectively. No significant deviation from a flat distribution is therefore observed, and
potential biases are considered negligible.

Further checks have been carried out. First, the previous test is repeated using subsamples
containing double the number of candidates in the signal channel. The results are again
consistent with negligible bias. In addition, the control channels are confirmed to exhibit
no evidence for potential biases when the dataset is split into different data-taking periods,
both by the year and by the direction of the magnetic field. Further, decays of the K0

S meson
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are split according to the location of the K0
S decay in the detector. Again, no evidence for

bias is seen. Finally, the D0 → K−π+π−π+ decay is randomly assigned a flavour, and then
the known K-π instrumentation asymmetry [39] is injected. The same exercise of splitting
into appropriately sized subsamples is performed, and the energy test study is repeated. The
recorded p-value distribution is consistent with no bias.

8 Backgrounds

Despite a signal purity that exceeds 90% for both the SS and OS decay modes, the presence
of asymmetric background contributions can also induce a large T -value and mimic CP

violation. Similar tests to those made using the control channels are therefore made using
background-enhanced samples to confirm that the background does not cause such effects.

Background candidates are selected from the ∆M sidebands where
|∆M − 145.4| > 1.2 MeV/c2, while otherwise requiring the standard signal selection.
This sideband corresponds to the value of ∆M lying more than five times the detector
resolution from the known value for the signal modes. This dataset typically contains
genuine D0 and K0

S mesons, whereas the D∗+ candidate is formed by combining the D0

meson with a random pion. This dataset is split into subsamples that contain twice the
number of background events found in the signal region, determined using the fits described
in section 5. The energy test is run on each of these ‘background-enhanced’ subsamples.
Again, this results in distributions of p-values, as shown in figure 4. These distributions
are compared to the expected flat distribution (assuming no significant asymmetry in the
background processes) using χ2-tests. The p-values of these tests are 3% (for the SS mode)
and 33% (for the OS mode). While the SS mode yields only a percent-level compatibility
with no underlying background effect, it is worth noting that no individual test in this
case returns a p-value below 10%, i.e. at a level that would be indicative of any underlying
background asymmetries. In addition, the seven p-values for the SS mode are combined
and an overall test is performed by calculating a single overall statistic P = −2

∑N
i=1 log pi,

following Fisher’s method as also discussed in ref. [20]. The p-value for this new statistic
is found to be 25%. Consequently, there is no significant indication that the presence of
background causes bias in the searches for CP violation presented here.

Nevertheless, an additional test is performed, considering candidate decays where the K0
S

candidate mass, the D0 candidate mass, and the value of ∆M are all larger than the known
signal values by more than 5 standard deviations of the detector resolution in each variable,
while also requiring that m(K0

S) < 562 MeV/c2, m(D0) < 1966 MeV/c2 and ∆M < 165 MeV/c2.
Applying this selection provides roughly the same number of events in the signal region
for both the SS and OS samples, so the energy test is run once on these samples, yielding
p-values of 75% and 17%, again consistent with a CP symmetric background. These large
p-values further confirm that the presence of background in the signal channel does not
mimic the effects of CP violation.

Additionally, possible sources of background within the signal selection window were
investigated. Samples of D0 → K0

Sπ
+π−π0, D0 → K0

SK
+K− and D0 → K0

Sπ
+π− decays

were simulated. These decays can mimic the signal process when the neutral pion is missed
and/or when one of the charged particles is misidentified. The selection requirements applied
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Figure 4. Distribution of p-values found in the (left) SS and (right) OS background-enhanced samples
selected by considering a side-band in ∆M . Each p-value is obtained by comparing datasets that
contain roughly twice the background yield present in the signal window.

in the analysis reduce these backgrounds to per mille level constructions and smaller, such
that no significant asymmetry is expected in the signal channels from these sources. In
addition, these background decays are expected to also be selected in the background-enhanced
samples discussed above, where no evidence is found for the presence of background that
can mimic CP violation.

9 Results and conclusions

Following confirmation that the method is free from any significant bias, either due to
instrumentation effects or the presence of background, the signal regions are analysed using
the energy test. This analysis considers the largest sample of D0 → K0

SK
±π∓ decays studied

to date, collected at the LHCb experiment in the second period of LHC operations, with
yields of about 950 thousand and about 620 thousand candidates for the SS and OS sample,
respectively, which are more than seven times larger than those considered in previous analyses
of the same decay modes using data collected at the LHCb experiment [12]. Figure 5 shows
the T -value observed in data for each decay mode, alongside the distribution of T -values
expected under the hypothesis of local CP symmetry. The SS sample returns a p-value for
the hypothesis of local CP symmetry of 70%, while the OS sample returns a p-value for
this hypothesis of 66%. Consequently, no evidence is found for local CP violation in the
phase space of D0 → K0

SK
±π∓ decays.

Acknowledgments

We express our gratitude to our colleagues in the CERN accelerator departments for the
excellent performance of the LHC. We thank the technical and administrative staff at the
LHCb institutes. We acknowledge support from CERN and from the national agencies:
CAPES, CNPq, FAPERJ and FINEP (Brazil); MOST and NSFC (China); CNRS/IN2P3
(France); BMBF, DFG and MPG (Germany); INFN (Italy); NWO (Netherlands); MNiSW

– 9 –



J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

2− 0 2 4 6 8

6−

10×

-valueT

0

0.05

0.1

0.15

0.2

0.25

0.3

R
el

at
iv

e 
F

re
q

u
en

cy

+
π

−
K

0

S
K→

0
D

-valueTData 

-valuesTPermuted 

LHCb
-15.4 fb

2− 0 2 4 6 8

6−

10×

-valueT

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

R
el

at
iv

e 
F

re
q

u
en

cy

LHCb
-15.4 fb

−
π

+
K

0

S
K→

0
D

-valueTData 

-valuesTPermuted 

Figure 5. Value of T found in data for (left) SS and (right) OS decays shown as a dotted red
line. The normalised distribution of T -values expected under the hypothesis of local CP symmetry is
superimposed.

and NCN (Poland); MCID/IFA (Romania); MICINN (Spain); SNSF and SER (Switzerland);
NASU (Ukraine); STFC (United Kingdom); DOE NP and NSF (U.S.A.). We acknowledge the
computing resources that are provided by CERN, IN2P3 (France), KIT and DESY (Germany),
INFN (Italy), SURF (Netherlands), PIC (Spain), GridPP (United Kingdom), CSCS (Switzer-
land), IFIN-HH (Romania), CBPF (Brazil), Polish WLCG (Poland) and NERSC (U.S.A.).
We are indebted to the communities behind the multiple open-source software packages on
which we depend. Individual groups or members have received support from ARC and ARDC
(Australia); Key Research Program of Frontier Sciences of CAS, CAS PIFI, CAS CCEPP,
Fundamental Research Funds for the Central Universities, and Sci. & Tech. Program of
Guangzhou (China); Minciencias (Colombia); EPLANET, Marie Skłodowska-Curie Actions,
ERC and NextGenerationEU (European Union); A*MIDEX, ANR, IPhU and Labex P2IO,
and Région Auvergne-Rhône-Alpes (France); AvH Foundation (Germany); ICSC (Italy);
GVA, XuntaGal, GENCAT, Inditex, InTalent and Prog. Atracción Talento, CM (Spain);
SRC (Sweden); the Leverhulme Trust, the Royal Society and UKRI (United Kingdom).

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] N. Cabibbo, Unitary symmetry and leptonic decays, Phys. Rev. Lett. 10 (1963) 531 [INSPIRE].

[2] M. Kobayashi and T. Maskawa, CP violation in the renormalizable theory of weak interaction,
Prog. Theor. Phys. 49 (1973) 652 [INSPIRE].

[3] P. Huet and E. Sather, Electroweak baryogenesis and standard model CP violation, Phys. Rev. D
51 (1995) 379 [hep-ph/9404302] [INSPIRE].

[4] A. Riotto and M. Trodden, Recent progress in baryogenesis, Ann. Rev. Nucl. Part. Sci. 49 (1999)
35 [hep-ph/9901362] [INSPIRE].

– 10 –

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1103/PhysRevLett.10.531
https://inspirehep.net/literature/4510
https://doi.org/10.1143/PTP.49.652
https://inspirehep.net/literature/81350
https://doi.org/10.1103/PhysRevD.51.379
https://doi.org/10.1103/PhysRevD.51.379
https://arxiv.org/abs/hep-ph/9404302
https://inspirehep.net/literature/373196
https://doi.org/10.1146/annurev.nucl.49.1.35
https://doi.org/10.1146/annurev.nucl.49.1.35
https://arxiv.org/abs/hep-ph/9901362
https://inspirehep.net/literature/494275


J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

[5] LHCb collaboration, Observation of CP violation in charm decays, Phys. Rev. Lett. 122 (2019)
211803 [arXiv:1903.08726] [INSPIRE].

[6] M. Chala, A. Lenz, A.V. Rusov and J. Scholtz, ∆ACP within the standard model and beyond,
JHEP 07 (2019) 161 [arXiv:1903.10490] [INSPIRE].

[7] H.-N. Li, C.-D. Lü and F.-S. Yu, Implications on the first observation of charm CPV at LHCb,
arXiv:1903.10638 [INSPIRE].

[8] Y. Grossman and S. Schacht, The emergence of the ∆U = 0 rule in charm physics, JHEP 07
(2019) 020 [arXiv:1903.10952] [INSPIRE].

[9] A. Soni, Resonance enhancement of charm CP, arXiv:1905.00907 [INSPIRE].

[10] H.-Y. Cheng and C.-W. Chiang, Revisiting CP violation in D → PP and VP decays, Phys. Rev.
D 100 (2019) 093002 [arXiv:1909.03063] [INSPIRE].

[11] U. Nierste and S. Schacht, Neutral D → KK∗ decays as discovery channels for charm CP
violation, Phys. Rev. Lett. 119 (2017) 251801 [arXiv:1708.03572] [INSPIRE].

[12] LHCb collaboration, Studies of the resonance structure in D0 → K0
SK

±π∓ decays, Phys. Rev. D
93 (2016) 052018 [arXiv:1509.06628] [INSPIRE].

[13] B. Aslan and G. Zech, New test for the multivariate two-sample problem based on the concept of
minimum energy, J. Statist. Comput. Simul. 75 (2005) 109 [math/0309164].

[14] B. Aslan and G. Zech, Statistical energy as a tool for binning-free, multivariate goodness-of-fit
tests, two-sample comparison and unfolding, Nucl. Instrum. Meth. A 537 (2005) 626.

[15] M. Williams, Observing CP violation in many-body decays, Phys. Rev. D 84 (2011) 054015
[arXiv:1105.5338] [INSPIRE].

[16] C. Parkes et al., On model-independent searches for direct CP violation in multi-body decays, J.
Phys. G 44 (2017) 085001 [arXiv:1612.04705] [INSPIRE].

[17] LHCb collaboration, Search for CP violation in D0 → π−π+π0 decays with the energy test, Phys.
Lett. B 740 (2015) 158 [arXiv:1410.4170] [INSPIRE].

[18] LHCb collaboration, Search for CP violation in the phase space of D0 → π+π−π+π− decays,
Phys. Lett. B 769 (2017) 345 [arXiv:1612.03207] [INSPIRE].

[19] LHCb collaboration, Search for CP violation and observation of P violation in Λ0
b → pπ−π+π−

decays, Phys. Rev. D 102 (2020) 051101 [arXiv:1912.10741] [INSPIRE].

[20] LHCb collaboration, Search for CP violation in the phase space of D0 → π−π+π0 decays with
the energy test, JHEP 09 (2023) 129 [arXiv:2306.12746] [INSPIRE].

[21] Particle Data Group collaboration, Review of particle physics, PTEP 2022 (2022) 083C01
[INSPIRE].

[22] Y. Grossman, A.L. Kagan and Y. Nir, New physics and CP violation in singly Cabibbo
suppressed D decays, Phys. Rev. D 75 (2007) 036008 [hep-ph/0609178] [INSPIRE].

[23] W. Barter, C. Burr and C. Parkes, Calculating p-values and their significances with the energy
test for large datasets, 2018 JINST 13 P04011 [arXiv:1801.05222] [INSPIRE].

[24] G. Zech, Scaling property of the statistical two-sample energy test, arXiv:1804.10599 [INSPIRE].

[25] T.P.S. Gillam and C.G. Lester, Biased bootstrap sampling for efficient two-sample testing, 2018
JINST 13 P12014 [arXiv:1810.00335] [INSPIRE].

[26] LHCb collaboration, The LHCb detector at the LHC, 2008 JINST 3 S08005 [INSPIRE].

– 11 –

https://doi.org/10.1103/PhysRevLett.122.211803
https://doi.org/10.1103/PhysRevLett.122.211803
https://arxiv.org/abs/1903.08726
https://inspirehep.net/literature/1726338
https://doi.org/10.1007/JHEP07(2019)161
https://arxiv.org/abs/1903.10490
https://inspirehep.net/literature/1726491
https://arxiv.org/abs/1903.10638
https://inspirehep.net/literature/1726752
https://doi.org/10.1007/JHEP07(2019)020
https://doi.org/10.1007/JHEP07(2019)020
https://arxiv.org/abs/1903.10952
https://inspirehep.net/literature/1726788
https://arxiv.org/abs/1905.00907
https://inspirehep.net/literature/1733105
https://doi.org/10.1103/PhysRevD.100.093002
https://doi.org/10.1103/PhysRevD.100.093002
https://arxiv.org/abs/1909.03063
https://inspirehep.net/literature/1753090
https://doi.org/10.1103/PhysRevLett.119.251801
https://arxiv.org/abs/1708.03572
https://inspirehep.net/literature/1615769
https://doi.org/10.1103/PhysRevD.93.052018
https://doi.org/10.1103/PhysRevD.93.052018
https://arxiv.org/abs/1509.06628
https://inspirehep.net/literature/1394391
https://doi.org/10.1080/00949650410001661440
https://arxiv.org/abs/math/0309164
https://doi.org/10.1016/j.nima.2004.08.071
https://doi.org/10.1103/PhysRevD.84.054015
https://arxiv.org/abs/1105.5338
https://inspirehep.net/literature/901365
https://doi.org/10.1088/1361-6471/aa75a5
https://doi.org/10.1088/1361-6471/aa75a5
https://arxiv.org/abs/1612.04705
https://inspirehep.net/literature/1503401
https://doi.org/10.1016/j.physletb.2014.11.043
https://doi.org/10.1016/j.physletb.2014.11.043
https://arxiv.org/abs/1410.4170
https://inspirehep.net/literature/1322386
https://doi.org/10.1016/j.physletb.2017.03.062
https://arxiv.org/abs/1612.03207
https://inspirehep.net/literature/1502914
https://doi.org/10.1103/PhysRevD.102.051101
https://arxiv.org/abs/1912.10741
https://inspirehep.net/literature/1773072
https://doi.org/10.1007/JHEP09(2023)129
https://arxiv.org/abs/2306.12746
https://inspirehep.net/literature/2670819
https://doi.org/10.1093/ptep/ptac097
https://inspirehep.net/literature/2106994
https://doi.org/10.1103/PhysRevD.75.036008
https://arxiv.org/abs/hep-ph/0609178
https://inspirehep.net/literature/726482
https://doi.org/10.1088/1748-0221/13/04/P04011
https://arxiv.org/abs/1801.05222
https://inspirehep.net/literature/1648453
https://arxiv.org/abs/1804.10599
https://inspirehep.net/literature/1670664
https://doi.org/10.1088/1748-0221/13/12/P12014
https://doi.org/10.1088/1748-0221/13/12/P12014
https://arxiv.org/abs/1810.00335
https://inspirehep.net/literature/1696504
https://doi.org/10.1088/1748-0221/3/08/S08005
https://inspirehep.net/literature/796248


J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

[27] LHCb collaboration, LHCb detector performance, Int. J. Mod. Phys. A 30 (2015) 1530022
[arXiv:1412.6352] [INSPIRE].

[28] R. Aaij et al., Performance of the LHCb vertex locator, 2014 JINST 9 P09007
[arXiv:1405.7808] [INSPIRE].

[29] P. d’Argent et al., Improved performance of the LHCb outer tracker in LHC run 2, 2017 JINST
12 P11016 [arXiv:1708.00819] [INSPIRE].

[30] M. Adinolfi et al., Performance of the LHCb RICH detector at the LHC, Eur. Phys. J. C 73
(2013) 2431 [arXiv:1211.6759] [INSPIRE].

[31] A.A. Alves Jr. et al., Performance of the LHCb muon system, 2013 JINST 8 P02022
[arXiv:1211.1346] [INSPIRE].

[32] G. Dujany and B. Storaci, Real-time alignment and calibration of the LHCb detector in run II, J.
Phys. Conf. Ser. 664 (2015) 082010 [INSPIRE].

[33] R. Aaij et al., The LHCb trigger and its performance in 2011, 2013 JINST 8 P04022
[arXiv:1211.3055] [INSPIRE].

[34] R. Aaij et al., Tesla: an application for real-time data analysis in high energy physics, Comput.
Phys. Commun. 208 (2016) 35 [arXiv:1604.05596] [INSPIRE].

[35] V.V. Gligorov, A single track HLT1 trigger, LHCb-PUB-2011-003, CERN, Geneva, Switzerland
(2011).

[36] LHCb collaboration, Model-independent search for CP violation in D0 → K−K+π−π+ and
D0 → π−π+π+π− decays, Phys. Lett. B 726 (2013) 623 [arXiv:1308.3189] [INSPIRE].

[37] LHCb collaboration, Observation of D0-D̄0 oscillations, Phys. Rev. Lett. 110 (2013) 101802
[arXiv:1211.1230] [INSPIRE].

[38] The GooFit organisation webpage, https://goofit.github.io/.

[39] A. Davis et al., Measurement of the instrumental asymmetry for K−π+-pairs at LHCb in run 2,
LHCb-PUB-2018-004, CERN, Geneva, Switzerland (2018).

– 12 –

https://doi.org/10.1142/S0217751X15300227
https://arxiv.org/abs/1412.6352
https://inspirehep.net/literature/1335135
https://doi.org/10.1088/1748-0221/9/09/P09007
https://arxiv.org/abs/1405.7808
https://inspirehep.net/literature/1298720
https://doi.org/10.1088/1748-0221/12/11/P11016
https://doi.org/10.1088/1748-0221/12/11/P11016
https://arxiv.org/abs/1708.00819
https://inspirehep.net/literature/1614152
https://doi.org/10.1140/epjc/s10052-013-2431-9
https://doi.org/10.1140/epjc/s10052-013-2431-9
https://arxiv.org/abs/1211.6759
https://inspirehep.net/literature/1204778
https://doi.org/10.1088/1748-0221/8/02/P02022
https://arxiv.org/abs/1211.1346
https://inspirehep.net/literature/1198435
https://doi.org/10.1088/1742-6596/664/8/082010
https://doi.org/10.1088/1742-6596/664/8/082010
https://inspirehep.net/literature/1414038
https://doi.org/10.1088/1748-0221/8/04/P04022
https://arxiv.org/abs/1211.3055
https://inspirehep.net/literature/1202496
https://doi.org/10.1016/j.cpc.2016.07.022
https://doi.org/10.1016/j.cpc.2016.07.022
https://arxiv.org/abs/1604.05596
https://inspirehep.net/literature/1449084
https://cds.cern.ch/record/1323812
https://doi.org/10.1016/j.physletb.2013.09.011
https://arxiv.org/abs/1308.3189
https://inspirehep.net/literature/1247810
https://doi.org/10.1103/PhysRevLett.110.101802
https://arxiv.org/abs/1211.1230
https://inspirehep.net/literature/1198431
https://goofit.github.io/
http://cds.cern.ch/record/2310213


J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

The LHCb collaboration

R. Aaij 35, A.S.W. Abdelmotteleb 54, C. Abellan Beteta48, F. Abudinén 54, T. Ackernley 58,
B. Adeva 44, M. Adinolfi 52, P. Adlarson 78, H. Afsharnia11, C. Agapopoulou 46,
C.A. Aidala 79, Z. Ajaltouni11, S. Akar 63, K. Akiba 35, P. Albicocco 25, J. Albrecht 17,
F. Alessio 46, M. Alexander 57, A. Alfonso Albero 43, Z. Aliouche 60, P. Alvarez Cartelle 53,
R. Amalric 15, S. Amato 3, J.L. Amey 52, Y. Amhis 13,46, L. An 6, L. Anderlini 24,
M. Andersson 48, A. Andreianov 41, P. Andreola 48, M. Andreotti 23, D. Andreou 66,
D. Ao 7, F. Archilli 34,v, S. Arguedas Cuendis 9, A. Artamonov 41, M. Artuso 66,
E. Aslanides 12, M. Atzeni 62, B. Audurier 14, D. Bacher 61, I. Bachiller Perea 10,
S. Bachmann 19, M. Bachmayer 47, J.J. Back 54, A. Bailly-reyre15, P. Baladron Rodriguez 44,
V. Balagura 14, W. Baldini 23,46, J. Baptista de Souza Leite 2, M. Barbetti 24,m, I.
R. Barbosa 67, R.J. Barlow 60, S. Barsuk 13, W. Barter 56, M. Bartolini 53,
F. Baryshnikov 41, J.M. Basels 16, G. Bassi 32,s, B. Batsukh 5, A. Battig 17, A. Bay 47,
A. Beck 54, M. Becker 17, F. Bedeschi 32, I.B. Bediaga 2, A. Beiter66, S. Belin 44,
V. Bellee 48, K. Belous 41, I. Belov 26, I. Belyaev 41, G. Benane 12, G. Bencivenni 25,
E. Ben-Haim 15, A. Berezhnoy 41, R. Bernet 48, S. Bernet Andres 42, D. Berninghoff19,
H.C. Bernstein66, C. Bertella 60, A. Bertolin 30, C. Betancourt 48, F. Betti 56, J. Bex 53,
Ia. Bezshyiko 48, J. Bhom 38, L. Bian 71, M.S. Bieker 17, N.V. Biesuz 23, P. Billoir 15,
A. Biolchini 35, M. Birch 59, F.C.R. Bishop 53, A. Bitadze 60, A. Bizzeti , M.P. Blago 53,
T. Blake 54, F. Blanc 47, J.E. Blank 17, S. Blusk 66, D. Bobulska 57, V. Bocharnikov 41,
J.A. Boelhauve 17, O. Boente Garcia 14, T. Boettcher 63, A. Bohare 56, A. Boldyrev 41,
C.S. Bolognani 76, R. Bolzonella 23,l, N. Bondar 41, F. Borgato 30,46, S. Borghi 60,
M. Borsato 28,p, J.T. Borsuk 38, S.A. Bouchiba 47, T.J.V. Bowcock 58, A. Boyer 46,
C. Bozzi 23, M.J. Bradley59, S. Braun 64, A. Brea Rodriguez 44, N. Breer 17, J. Brodzicka 38,
A. Brossa Gonzalo 44, J. Brown 58, D. Brundu 29, A. Buonaura 48, L. Buonincontri 30,
A.T. Burke 60, C. Burr 46, A. Bursche69, A. Butkevich 41, J.S. Butter 53, J. Buytaert 46,
W. Byczynski 46, S. Cadeddu 29, H. Cai71, R. Calabrese 23,l, L. Calefice 17, S. Cali 25,
M. Calvi 28,p, M. Calvo Gomez 42, J. Cambon Bouzas 44, P. Campana 25,
D.H. Campora Perez 76, A.F. Campoverde Quezada 7, S. Capelli 28,p, L. Capriotti 23,
A. Carbone 22,j , L. Carcedo Salgado 44, R. Cardinale 26,n, A. Cardini 29, P. Carniti 28,p,
L. Carus19, A. Casais Vidal 44, R. Caspary 19, G. Casse 58, J. Castro Godinez 9,
M. Cattaneo 46, G. Cavallero 23, V. Cavallini 23,l, S. Celani 47, J. Cerasoli 12,
D. Cervenkov 61, S. Cesare 27,o, A.J. Chadwick 58, I. Chahrour 79, M.G. Chapman52,
M. Charles 15, Ph. Charpentier 46, C.A. Chavez Barajas 58, M. Chefdeville 10, C. Chen 12,
S. Chen 5, A. Chernov 38, S. Chernyshenko 50, V. Chobanova 44,z, S. Cholak 47,
M. Chrzaszcz 38, A. Chubykin 41, V. Chulikov 41, P. Ciambrone 25, M.F. Cicala 54,
X. Cid Vidal 44, G. Ciezarek 46, P. Cifra 46, P.E.L. Clarke 56, M. Clemencic 46, H.V. Cliff 53,
J. Closier 46, J.L. Cobbledick 60, C. Cocha Toapaxi 19, V. Coco 46, J. Cogan 12,
E. Cogneras 11, L. Cojocariu 40, P. Collins 46, T. Colombo 46, A. Comerma-Montells 43,
L. Congedo 21, A. Contu 29, N. Cooke 57, I. Corredoira 44, A. Correia 15, G. Corti 46,
J.J. Cottee Meldrum52, B. Couturier 46, D.C. Craik 48, M. Cruz Torres 2,h, R. Currie 56,
C.L. Da Silva 65, S. Dadabaev 41, L. Dai 68, X. Dai 6, E. Dall’Occo 17, J. Dalseno 44,
C. D’Ambrosio 46, J. Daniel 11, A. Danilina 41, P. d’Argent 21, A. Davidson 54,

– 13 –

https://orcid.org/0000-0003-0533-1952
https://orcid.org/0000-0001-7905-0542
https://orcid.org/0000-0002-6737-3528
https://orcid.org/0000-0002-5951-3498
https://orcid.org/0000-0001-9756-3712
https://orcid.org/0000-0002-1326-1264
https://orcid.org/0000-0001-6280-3851
https://orcid.org/0000-0002-2368-0147
https://orcid.org/0000-0001-9540-4988
https://orcid.org/0000-0003-0288-9694
https://orcid.org/0000-0002-6736-471X
https://orcid.org/0000-0001-6430-1038
https://orcid.org/0000-0001-8636-1621
https://orcid.org/0000-0001-5317-1098
https://orcid.org/0000-0002-8148-2392
https://orcid.org/0000-0001-6025-0675
https://orcid.org/0000-0003-0897-4160
https://orcid.org/0000-0003-1652-2834
https://orcid.org/0000-0003-4595-2729
https://orcid.org/0000-0002-3277-0662
https://orcid.org/0000-0002-2597-3808
https://orcid.org/0000-0003-4282-1512
https://orcid.org/0000-0002-3274-5627
https://orcid.org/0000-0001-6808-2418
https://orcid.org/0000-0003-3594-9163
https://orcid.org/0000-0002-6273-0506
https://orcid.org/0000-0002-3923-431X
https://orcid.org/0000-0003-2918-1311
https://orcid.org/0000-0001-6288-0558
https://orcid.org/0000-0003-1647-4238
https://orcid.org/0000-0002-1779-6813
https://orcid.org/0000-0003-4234-7005
https://orcid.org/0000-0002-2785-2233
https://orcid.org/0000-0002-5991-7273
https://orcid.org/0000-0003-3286-683X
https://orcid.org/0000-0002-3208-3336
https://orcid.org/0000-0001-9090-4254
https://orcid.org/0000-0002-1249-367X
https://orcid.org/0000-0002-3721-4876
https://orcid.org/0000-0002-1186-3894
https://orcid.org/0000-0001-5996-2747
https://orcid.org/0000-0001-7791-4490
https://orcid.org/0000-0003-4240-2094
https://orcid.org/0000-0002-1611-7188
https://orcid.org/0000-0001-7658-8777
https://orcid.org/0000-0002-4442-5372
https://orcid.org/0000-0002-6704-6914
https://orcid.org/0000-0002-3226-8672
https://orcid.org/0000-0002-8295-8612
https://orcid.org/0000-0002-0898-6551
https://orcid.org/0000-0002-9264-4799
https://orcid.org/0000-0002-8479-5802
https://orcid.org/0000-0002-6418-6428
https://orcid.org/0000-0001-5860-8770
https://orcid.org/0000-0002-2145-3805
https://orcid.org/0000-0003-1020-2549
https://orcid.org/0009-0001-6252-960X
https://orcid.org/0000-0002-4862-9399
https://orcid.org/0000-0003-4872-1213
https://orcid.org/0000-0002-7972-8760
https://orcid.org/0000-0002-8315-2119
https://orcid.org/0000-0001-7806-5283
https://orcid.org/0000-0001-7154-1304
https://orcid.org/0000-0001-5314-0953
https://orcid.org/0000-0003-0014-2589
https://orcid.org/0000-0003-1699-9202
https://orcid.org/0000-0002-7458-7030
https://orcid.org/0000-0002-8176-8315
https://orcid.org/0000-0002-5107-0610
https://orcid.org/0000-0002-9510-8414
https://orcid.org/0000-0002-4431-7582
https://orcid.org/0000-0002-4856-8063
https://orcid.org/0000-0002-4515-7541
https://orcid.org/0000-0002-3160-147X
https://orcid.org/0000-0003-1393-4315
https://orcid.org/0000-0001-9886-7427
https://orcid.org/0000-0002-2395-235X
https://orcid.org/0000-0002-2856-8074
https://orcid.org/0000-0002-4315-6414
https://orcid.org/0000-0002-9709-903X
https://orcid.org/0000-0001-5209-5097
https://orcid.org/0000-0001-7113-7862
https://orcid.org/0000-0003-3004-0946
https://orcid.org/0000-0001-5433-9876
https://orcid.org/0000-0001-6064-9993
https://orcid.org/0000-0001-9157-4461
https://orcid.org/0000-0002-0023-3897
https://orcid.org/0000-0001-7979-1092
https://orcid.org/0000-0001-5729-5530
https://orcid.org/0000-0001-7542-2388
https://orcid.org/0000-0002-0259-5891
https://orcid.org/0000-0001-5775-3132
https://orcid.org/0000-0002-6546-5605
https://orcid.org/0000-0001-9170-684X
https://orcid.org/0000-0002-3003-9980
https://orcid.org/0000-0003-1048-7732
https://orcid.org/0000-0002-3543-9959
https://orcid.org/0000-0003-0261-8085
https://orcid.org/0000-0002-2439-9955
https://orcid.org/0000-0003-1077-8046
https://orcid.org/0000-0002-7872-6819
https://orcid.org/0000-0003-3752-6789
https://orcid.org/0000-0002-0055-0577
https://orcid.org/0000-0003-2714-9879
https://orcid.org/0000-0002-3149-6710
https://orcid.org/0000-0001-5135-1511
https://orcid.org/0000-0001-5760-2924
https://orcid.org/0000-0002-9065-9030
https://orcid.org/0000-0002-0044-6470
https://orcid.org/0000-0002-3505-6915
https://orcid.org/0000-0002-9909-0186
https://orcid.org/0000-0001-6782-3982
https://orcid.org/0000-0002-4489-1314
https://orcid.org/0000-0001-5650-445X
https://orcid.org/0000-0003-0307-3662
https://orcid.org/0000-0002-8556-0597
https://orcid.org/0000-0002-4442-1048
https://orcid.org/0000-0001-9846-9672
https://orcid.org/0000-0003-4457-5896
https://orcid.org/0000-0003-4907-6463
https://orcid.org/0000-0002-1480-454X
https://orcid.org/0000-0003-0243-0517
https://orcid.org/0000-0002-5155-1094
https://orcid.org/0000-0001-9542-1411
https://orcid.org/0000-0002-1816-536X
https://orcid.org/0000-0002-7958-6790
https://orcid.org/0009-0008-0187-3395
https://orcid.org/0000-0002-7763-500X
https://orcid.org/0000-0002-1354-5400
https://orcid.org/0000-0001-6401-1583
https://orcid.org/0000-0001-9056-0711
https://orcid.org/0000-0002-8797-1357
https://orcid.org/0000-0001-5588-1448
https://orcid.org/0000-0002-2952-3118
https://orcid.org/0000-0001-8233-1951
https://orcid.org/0000-0001-8998-9975
https://orcid.org/0000-0003-1968-1216
https://orcid.org/0000-0002-8444-4498
https://orcid.org/0000-0003-4899-0587
https://orcid.org/0000-0002-7045-2243
https://orcid.org/0000-0003-3101-3528
https://orcid.org/0000-0002-7835-7638
https://orcid.org/0000-0002-6649-0298
https://orcid.org/0000-0002-7820-2732
https://orcid.org/0000-0003-0469-2588
https://orcid.org/0000-0002-1449-1619
https://orcid.org/0000-0002-8516-237X
https://orcid.org/0000-0003-4808-4904
https://orcid.org/0000-0001-7707-169X
https://orcid.org/0000-0002-8342-7047
https://orcid.org/0000-0001-7601-129X
https://orcid.org/0000-0003-4715-7622
https://orcid.org/0000-0001-9777-881X
https://orcid.org/0000-0002-1865-741X
https://orcid.org/0000-0003-0886-7111
https://orcid.org/0000-0003-3537-9404
https://orcid.org/0000-0002-1472-0987
https://orcid.org/0000-0003-4795-498X
https://orcid.org/0000-0001-9295-8635
https://orcid.org/0000-0002-4602-8661
https://orcid.org/0000-0002-6553-6493
https://orcid.org/0000-0002-3400-5489
https://orcid.org/0000-0002-8647-1828
https://orcid.org/0000-0003-0232-6808
https://orcid.org/0000-0002-2546-6080
https://orcid.org/0000-0002-1353-6002
https://orcid.org/0000-0001-8091-4766
https://orcid.org/0000-0001-7901-8710
https://orcid.org/0000-0003-1061-9643
https://orcid.org/0000-0002-7767-9117
https://orcid.org/0000-0003-0253-9846
https://orcid.org/0000-0003-0678-5809
https://orcid.org/0000-0002-0468-541X
https://orcid.org/0000-0003-1002-8368
https://orcid.org/0000-0003-3068-7029
https://orcid.org/0000-0003-3746-0732
https://orcid.org/0000-0003-1710-6824
https://orcid.org/0000-0003-0531-0916
https://orcid.org/0000-0002-0228-9130
https://orcid.org/0000-0002-5146-9605
https://orcid.org/0000-0001-5812-8611
https://orcid.org/0000-0002-5310-6808
https://orcid.org/0000-0001-7194-7566
https://orcid.org/0000-0002-8933-9427
https://orcid.org/0000-0002-1281-5923
https://orcid.org/0000-0003-1437-4022
https://orcid.org/0000-0002-9617-9687
https://orcid.org/0000-0002-8980-6048
https://orcid.org/0000-0003-4536-4644
https://orcid.org/0000-0002-3545-2969
https://orcid.org/0000-0002-4179-3700
https://orcid.org/0000-0002-6089-0899
https://orcid.org/0000-0002-6483-8596
https://orcid.org/0000-0003-2857-4471
https://orcid.org/0000-0001-6749-1033
https://orcid.org/0000-0002-3684-1560
https://orcid.org/0000-0003-2607-131X
https://orcid.org/0000-0002-0166-9529
https://orcid.org/0000-0003-4106-8258
https://orcid.org/0000-0002-0093-3244
https://orcid.org/0000-0002-4070-4729
https://orcid.org/0000-0003-3395-7151
https://orcid.org/0000-0001-9313-4021
https://orcid.org/0000-0003-3288-4683
https://orcid.org/0000-0003-4344-9994
https://orcid.org/0000-0002-9022-4264
https://orcid.org/0000-0003-3121-2164
https://orcid.org/0000-0003-2380-8355
https://orcid.org/0009-0002-0647-2028


J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

J.E. Davies 60, A. Davis 60, O. De Aguiar Francisco 60, C. De Angelis29,k, J. de Boer 35,
K. De Bruyn 75, S. De Capua 60, M. De Cian 19, U. De Freitas Carneiro Da Graca 2,b,
E. De Lucia 25, J.M. De Miranda 2, L. De Paula 3, M. De Serio 21,i, D. De Simone 48,
P. De Simone 25, F. De Vellis 17, J.A. de Vries 76, F. Debernardis 21,i, D. Decamp 10,
V. Dedu 12, L. Del Buono 15, B. Delaney 62, H.-P. Dembinski 17, J. Deng 8, V. Denysenko 48,
O. Deschamps 11, F. Dettori 29,k, B. Dey 74, P. Di Nezza 25, I. Diachkov 41, S. Didenko 41,
S. Ding 66, V. Dobishuk 50, A. D. Docheva 57, A. Dolmatov41, C. Dong 4, A.M. Donohoe 20,
F. Dordei 29, A.C. dos Reis 2, L. Douglas57, A.G. Downes 10, W. Duan 69, P. Duda 77,
M.W. Dudek 38, L. Dufour 46, V. Duk 31, P. Durante 46, M. M. Duras 77, J.M. Durham 65,
D. Dutta 60, A. Dziurda 38, A. Dzyuba 41, S. Easo 55,46, E. Eckstein73, U. Egede 1,
A. Egorychev 41, V. Egorychev 41, C. Eirea Orro44, S. Eisenhardt 56, E. Ejopu 60, S. Ek-In 47,
L. Eklund 78, M. Elashri 63, J. Ellbracht 17, S. Ely 59, A. Ene 40, E. Epple 63, S. Escher 16,
J. Eschle 48, S. Esen 48, T. Evans 60, F. Fabiano 29,k,46, L.N. Falcao 2, Y. Fan 7,
B. Fang 71,13, L. Fantini 31,r, M. Faria 47, K. Farmer 56, S. Farry 58, D. Fazzini 28,p,
L. Felkowski 77, M. Feng 5,7, M. Feo 46, M. Fernandez Gomez 44, A.D. Fernez 64,
F. Ferrari 22, F. Ferreira Rodrigues 3, S. Ferreres Sole 35, M. Ferrillo 48, M. Ferro-Luzzi 46,
S. Filippov 41, R.A. Fini 21, M. Fiorini 23,l, M. Firlej 37, K.M. Fischer 61, D.S. Fitzgerald 79,
C. Fitzpatrick 60, T. Fiutowski 37, F. Fleuret 14, M. Fontana 22, F. Fontanelli 26,n, L. F.
Foreman 60, R. Forty 46, D. Foulds-Holt 53, M. Franco Sevilla 64, M. Frank 46,
E. Franzoso 23,l, G. Frau 19, C. Frei 46, D.A. Friday 60, L. Frontini 27,o, J. Fu 7,
Q. Fuehring 17, Y. Fujii 1, T. Fulghesu 15, E. Gabriel 35, G. Galati 21,i, M.D. Galati 35,
A. Gallas Torreira 44, D. Galli 22,j , S. Gambetta 56,46, M. Gandelman 3, P. Gandini 27,
H. Gao 7, R. Gao 61, Y. Gao 8, Y. Gao 6, Y. Gao8, M. Garau 29,k, L.M. Garcia Martin 47,
P. Garcia Moreno 43, J. García Pardiñas 46, B. Garcia Plana44, F.A. Garcia Rosales 14,
L. Garrido 43, C. Gaspar 46, R.E. Geertsema 35, L.L. Gerken 17, E. Gersabeck 60,
M. Gersabeck 60, T. Gershon 54, Z. Ghorbanimoghaddam52, L. Giambastiani 30, F. I.
Giasemis 15,f , V. Gibson 53, H.K. Giemza 39, A.L. Gilman 61, M. Giovannetti 25,
A. Gioventù 43, P. Gironella Gironell 43, C. Giugliano 23,l, M.A. Giza 38, K. Gizdov 56,
E.L. Gkougkousis 59, F.C. Glaser 13,19, V.V. Gligorov 15, C. Göbel 67, E. Golobardes 42,
D. Golubkov 41, A. Golutvin 59,41,46, A. Gomes 2,3,c,a,†, S. Gomez Fernandez 43,
F. Goncalves Abrantes 61, M. Goncerz 38, G. Gong 4, J. A. Gooding 17, I.V. Gorelov 41,
C. Gotti 28, J.P. Grabowski 73, L.A. Granado Cardoso 46, E. Graugés 43, E. Graverini 47,
L. Grazette 54, G. Graziani , A. T. Grecu 40, L.M. Greeven 35, N.A. Grieser 63, L. Grillo 57,
S. Gromov 41, C. Gu 14, M. Guarise 23, M. Guittiere 13, V. Guliaeva 41, P. A. Günther 19,
A.-K. Guseinov 41, E. Gushchin 41, Y. Guz 6,41,46, T. Gys 46, T. Hadavizadeh 1,
C. Hadjivasiliou 64, G. Haefeli 47, C. Haen 46, J. Haimberger 46, S.C. Haines 53,
M. Hajheidari46, T. Halewood-leagas 58, M.M. Halvorsen 46, P.M. Hamilton 64,
J. Hammerich 58, Q. Han 8, X. Han 19, S. Hansmann-Menzemer 19, L. Hao 7, N. Harnew 61,
T. Harrison 58, M. Hartmann 13, C. Hasse 46, J. He 7,e, K. Heijhoff 35, F. Hemmer 46,
C. Henderson 63, R.D.L. Henderson 1,54, A.M. Hennequin 46, K. Hennessy 58, L. Henry 47,
J. Herd 59, J. Heuel 16, A. Hicheur 3, D. Hill 47, M. Hilton 60, S.E. Hollitt 17, J. Horswill 60,
R. Hou 8, Y. Hou 10, N. Howarth58, J. Hu19, J. Hu 69, W. Hu 6, X. Hu 4, W. Huang 7,
X. Huang71, W. Hulsbergen 35, R.J. Hunter 54, M. Hushchyn 41, D. Hutchcroft 58, P. Ibis 17,

– 14 –

https://orcid.org/0000-0002-5382-8683
https://orcid.org/0000-0001-9458-5115
https://orcid.org/0000-0003-2735-678X
https://orcid.org/0000-0002-6084-4294
https://orcid.org/0000-0002-0615-4399
https://orcid.org/0000-0002-6285-9596
https://orcid.org/0000-0002-1268-9621
https://orcid.org/0000-0003-0451-4028
https://orcid.org/0000-0003-0793-0844
https://orcid.org/0009-0003-2505-7337
https://orcid.org/0000-0002-4984-7734
https://orcid.org/0000-0003-4915-7933
https://orcid.org/0000-0001-8180-4366
https://orcid.org/0000-0001-9392-2079
https://orcid.org/0000-0001-7596-5091
https://orcid.org/0000-0003-4712-9816
https://orcid.org/0009-0001-5383-4899
https://orcid.org/0000-0001-9643-6762
https://orcid.org/0000-0001-5672-8672
https://orcid.org/0000-0003-4774-2194
https://orcid.org/0009-0007-6371-8035
https://orcid.org/0000-0003-3337-3850
https://orcid.org/0000-0002-4395-3616
https://orcid.org/0000-0002-0455-5404
https://orcid.org/0000-0002-7047-6042
https://orcid.org/0000-0003-0256-8663
https://orcid.org/0000-0002-4563-5806
https://orcid.org/0000-0003-4894-6762
https://orcid.org/0000-0001-5222-5293
https://orcid.org/0000-0001-5671-5863
https://orcid.org/0000-0002-5946-581X
https://orcid.org/0000-0001-9004-3255
https://orcid.org/0000-0002-7680-4043
https://orcid.org/0000-0003-3259-6323
https://orcid.org/0000-0002-4438-3950
https://orcid.org/0000-0002-2571-5067
https://orcid.org/0000-0001-7517-8418
https://orcid.org/0000-0003-0217-762X
https://orcid.org/0000-0003-1765-9939
https://orcid.org/0000-0003-4043-7963
https://orcid.org/0000-0003-3939-3262
https://orcid.org/0000-0002-3924-2774
https://orcid.org/0000-0001-6440-0087
https://orcid.org/0000-0002-1204-2270
https://orcid.org/0000-0002-4153-5293
https://orcid.org/0000-0002-5831-3398
https://orcid.org/0000-0002-1191-3978
https://orcid.org/0000-0003-4338-7156
https://orcid.org/0000-0003-3612-3195
https://orcid.org/0000-0002-4027-7333
https://orcid.org/0000-0001-5493-0762
https://orcid.org/0000-0001-5555-8982
https://orcid.org/0000-0002-2539-673X
https://orcid.org/0000-0002-4860-6779
https://orcid.org/0000-0003-3711-7547
https://orcid.org/0000-0002-2232-6760
https://orcid.org/0000-0002-2014-3864
https://orcid.org/0000-0001-9398-953X
https://orcid.org/0000-0003-1231-6347
https://orcid.org/0000-0003-1618-3617
https://orcid.org/0000-0001-5513-0927
https://orcid.org/0000-0002-6312-3740
https://orcid.org/0009-0007-2540-4203
https://orcid.org/0000-0002-7312-3699
https://orcid.org/0000-0003-2437-8078
https://orcid.org/0000-0003-3016-1879
https://orcid.org/0000-0001-6915-9923
https://orcid.org/0000-0003-3441-583X
https://orcid.org/0000-0002-3153-430X
https://orcid.org/0000-0003-0030-3813
https://orcid.org/0000-0002-2351-3998
https://orcid.org/0000-0002-4675-4209
https://orcid.org/0000-0003-2364-2877
https://orcid.org/0000-0001-5119-9740
https://orcid.org/0000-0002-5938-4286
https://orcid.org/0000-0002-0196-910X
https://orcid.org/0000-0002-6308-5078
https://orcid.org/0000-0001-5266-2442
https://orcid.org/0000-0003-1984-4759
https://orcid.org/0000-0001-9900-6514
https://orcid.org/0000-0002-3721-4585
https://orcid.org/0000-0002-4274-5583
https://orcid.org/0000-0003-3571-7741
https://orcid.org/0000-0003-1052-2198
https://orcid.org/0009-0008-1868-2165
https://orcid.org/0000-0003-3900-3914
https://orcid.org/0000-0002-3821-3998
https://orcid.org/0000-0001-6559-2084
https://orcid.org/0000-0002-1084-0084
https://orcid.org/0009-0000-8700-9910
https://orcid.org/0000-0001-6862-6876
https://orcid.org/0000-0003-3674-0812
https://orcid.org/0000-0003-2342-8854
https://orcid.org/0000-0002-2430-782X
https://orcid.org/0000-0003-4727-831X
https://orcid.org/0000-0001-7029-7178
https://orcid.org/0000-0002-2741-9966
https://orcid.org/0000-0003-2103-7577
https://orcid.org/0000-0001-9921-687X
https://orcid.org/0000-0002-5250-2948
https://orcid.org/0000-0002-4625-559X
https://orcid.org/0000-0003-2130-1593
https://orcid.org/0000-0003-3160-482X
https://orcid.org/0000-0001-5501-5611
https://orcid.org/0000-0001-9400-3322
https://orcid.org/0000-0002-1137-8629
https://orcid.org/0000-0003-3177-2700
https://orcid.org/0000-0003-3179-2525
https://orcid.org/0000-0002-0813-3065
https://orcid.org/0000-0001-9391-8619
https://orcid.org/0000-0001-8300-5939
https://orcid.org/0000-0001-7348-3312
https://orcid.org/0000-0002-8716-4440
https://orcid.org/0000-0002-2745-7954
https://orcid.org/0000-0003-2375-6030
https://orcid.org/0000-0003-2420-0501
https://orcid.org/0000-0001-8192-8377
https://orcid.org/0000-0001-7267-6008
https://orcid.org/0000-0002-6025-6193
https://orcid.org/0009-0004-1782-7642
https://orcid.org/0000-0002-6069-8995
https://orcid.org/0000-0003-1484-0943
https://orcid.org/0000-0002-0505-9584
https://orcid.org/0000-0003-0714-8991
https://orcid.org/0000-0002-3612-1651
https://orcid.org/0000-0003-2316-8829
https://orcid.org/0000-0003-4395-0244
https://orcid.org/0000-0001-8883-6539
https://orcid.org/0000-0002-8009-1509
https://orcid.org/0000-0001-6829-7777
https://orcid.org/0000-0002-6769-3679
https://orcid.org/0000-0002-2860-6528
https://orcid.org/0000-0002-0075-8669
https://orcid.org/0000-0002-3183-5065
https://orcid.org/0000-0002-5170-0635
https://orcid.org/0000-0003-0622-1069
https://orcid.org/0000-0002-6661-1192
https://orcid.org/0000-0003-2597-8796
https://orcid.org/0000-0001-5934-7541
https://orcid.org/0000-0003-2135-9568
https://orcid.org/0000-0001-5399-326X
https://orcid.org/0000-0001-5603-4750
https://orcid.org/0000-0002-6159-4557
https://orcid.org/0000-0002-0805-1561
https://orcid.org/0000-0002-3543-7451
https://orcid.org/0000-0002-2132-2071
https://orcid.org/0000-0001-8416-5416
https://orcid.org/0000-0002-8189-8267
https://orcid.org/0000-0003-0523-495X
https://orcid.org/0000-0001-8080-0769
https://orcid.org/0000-0001-6216-1596
https://orcid.org/0000-0003-2500-8247
https://orcid.org/0009-0005-2892-2968
https://orcid.org/0000-0002-3064-9834
https://orcid.org/0000-0002-7318-482X
https://orcid.org/0000-0002-9224-914X
https://orcid.org/0000-0002-7822-3947
https://orcid.org/0000-0003-3353-9750
https://orcid.org/0000-0001-5570-0133
https://orcid.org/0000-0003-2501-9608
https://orcid.org/0000-0001-8461-8382
https://orcid.org/0000-0003-2868-2173
https://orcid.org/0000-0001-6571-4096
https://orcid.org/0000-0003-4647-6429
https://orcid.org/0000-0001-7907-4261
https://orcid.org/0000-0001-8212-846X
https://orcid.org/0000-0002-7770-1839
https://orcid.org/0000-0001-5813-7972
https://orcid.org/0000-0003-0386-4923
https://orcid.org/0000-0001-5360-0091
https://orcid.org/0000-0002-8967-3644
https://orcid.org/0000-0001-5635-6063
https://orcid.org/0000-0001-8829-9681
https://orcid.org/0000-0002-2916-7184
https://orcid.org/0000-0003-3676-5040
https://orcid.org/0000-0002-4057-4274
https://orcid.org/0000-0002-5115-0581
https://orcid.org/0000-0001-8857-1665
https://orcid.org/0000-0001-7552-400X
https://orcid.org/0000-0002-6825-6497
https://orcid.org/0000-0001-5730-8434
https://orcid.org/0000-0002-2234-0001
https://orcid.org/0000-0002-9257-839X
https://orcid.org/0000-0002-4947-2928
https://orcid.org/0000-0002-3363-7783
https://orcid.org/0000-0001-5906-391X
https://orcid.org/0000-0001-9629-7029
https://orcid.org/0000-0003-0959-3853
https://orcid.org/0000-0002-2231-1374
https://orcid.org/0000-0002-5556-1775
https://orcid.org/0000-0002-7958-2917
https://orcid.org/0000-0001-7641-7505
https://orcid.org/0000-0002-3804-8734
https://orcid.org/0000-0001-8162-4277
https://orcid.org/0000-0001-9616-6651
https://orcid.org/0000-0002-1576-9205
https://orcid.org/0009-0005-8756-0960
https://orcid.org/0000-0002-9658-8827
https://orcid.org/0000-0002-1465-0077
https://orcid.org/0000-0001-5407-7466
https://orcid.org/0000-0001-8177-0856
https://orcid.org/0000-0002-6986-9404
https://orcid.org/0000-0001-6445-4907
https://orcid.org/0009-0008-7974-3785
https://orcid.org/0000-0002-1529-8087
https://orcid.org/0000-0003-3605-832X
https://orcid.org/0000-0001-7828-3694
https://orcid.org/0000-0001-9384-6926
https://orcid.org/0000-0002-3712-7318
https://orcid.org/0000-0003-2613-7315
https://orcid.org/0000-0001-7703-7424
https://orcid.org/0000-0002-4962-3546
https://orcid.org/0000-0002-9199-8616
https://orcid.org/0000-0002-3139-3332
https://orcid.org/0000-0001-6454-278X
https://orcid.org/0000-0002-8227-4544
https://orcid.org/0000-0002-2855-0544
https://orcid.org/0000-0002-5924-2683
https://orcid.org/0000-0002-1407-1729
https://orcid.org/0000-0003-3018-5707
https://orcid.org/0000-0001-7894-8799
https://orcid.org/0000-0002-8894-6292
https://orcid.org/0000-0002-4174-6509
https://orcid.org/0000-0002-2022-6862


J
H
E
P
0
3
(
2
0
2
4
)
1
0
7

M. Idzik 37, D. Ilin 41, P. Ilten 63, A. Inglessi 41, A. Iniukhin 41, A. Ishteev 41, K. Ivshin 41,
R. Jacobsson 46, H. Jage 16, S.J. Jaimes Elles 45,72, S. Jakobsen 46, E. Jans 35,
B.K. Jashal 45, A. Jawahery 64, V. Jevtic 17, E. Jiang 64, X. Jiang 5,7, Y. Jiang 7, Y. J.
Jiang 6, M. John 61, D. Johnson 51, C.R. Jones 53, T.P. Jones 54, S. Joshi 39, B. Jost 46,
N. Jurik 46, I. Juszczak 38, D. Kaminaris 47, S. Kandybei 49, Y. Kang 4, M. Karacson 46,
D. Karpenkov 41, M. Karpov 41, A. M. Kauniskangas 47, J.W. Kautz 63, F. Keizer 46,
D.M. Keller 66, M. Kenzie 53, T. Ketel 35, B. Khanji 66, A. Kharisova 41, S. Kholodenko 32,
G. Khreich 13, T. Kirn 16, V.S. Kirsebom 47, O. Kitouni 62, S. Klaver 36, N. Kleijne 32,s,
K. Klimaszewski 39, M.R. Kmiec 39, S. Koliiev 50, L. Kolk 17, A. Konoplyannikov 41,
P. Kopciewicz 37,46, P. Koppenburg 35, M. Korolev 41, I. Kostiuk 35, O. Kot50,
S. Kotriakhova , A. Kozachuk 41, P. Kravchenko 41, L. Kravchuk 41, M. Kreps 54,
S. Kretzschmar 16, P. Krokovny 41, W. Krupa 66, W. Krzemien 39, J. Kubat19, S. Kubis 77,
W. Kucewicz 38, M. Kucharczyk 38, V. Kudryavtsev 41, E. Kulikova 41, A. Kupsc 78, B. K.
Kutsenko 12, D. Lacarrere 46, G. Lafferty 60, A. Lai 29, A. Lampis 29,k, D. Lancierini 48,
C. Landesa Gomez 44, J.J. Lane 1, R. Lane 52, C. Langenbruch 19, J. Langer 17,
O. Lantwin 41, T. Latham 54, F. Lazzari 32,t, C. Lazzeroni 51, R. Le Gac 12, S.H. Lee 79,
R. Lefèvre 11, A. Leflat 41, S. Legotin 41, M. Lehuraux 54, O. Leroy 12, T. Lesiak 38,
B. Leverington 19, A. Li 4, H. Li 69, K. Li 8, L. Li 60, P. Li 46, P.-R. Li 70, S. Li 8,
T. Li 5, T. Li 69, Y. Li8, Y. Li 5, Z. Li 66, Z. Lian 4, X. Liang 66, C. Lin 7, T. Lin 55,
R. Lindner 46, V. Lisovskyi 47, R. Litvinov 29,k, G. Liu 69, H. Liu 7, K. Liu 70, Q. Liu 7,
S. Liu 5,7, Y. Liu 56, Y. Liu70, A. Lobo Salvia 43, A. Loi 29, J. Lomba Castro 44, T. Long 53,
I. Longstaff57, J.H. Lopes 3, A. Lopez Huertas 43, S. López Soliño 44, G.H. Lovell 53, Y. Lu 5,d,
C. Lucarelli 24,m, D. Lucchesi 30,q, S. Luchuk 41, M. Lucio Martinez 76, V. Lukashenko 35,50,
Y. Luo 4, A. Lupato 30, E. Luppi 23,l, K. Lynch 20, X.-R. Lyu 7, G. M. Ma 4, R. Ma 7,
S. Maccolini 17, F. Machefert 13, F. Maciuc 40, I. Mackay 61, L.R. Madhan Mohan 53, M. M.
Madurai 51, A. Maevskiy 41, D. Magdalinski 35, D. Maisuzenko 41, M.W. Majewski37,
J.J. Malczewski 38, S. Malde 61, B. Malecki 38,46, L. Malentacca46, A. Malinin 41,
T. Maltsev 41, G. Manca 29,k, G. Mancinelli 12, C. Mancuso 27,13,o, R. Manera Escalero43,
D. Manuzzi 22, D. Marangotto 27,o, J.F. Marchand 10, U. Marconi 22, S. Mariani 46,
C. Marin Benito 43,46, J. Marks 19, A.M. Marshall 52, P.J. Marshall58, G. Martelli 31,r,
G. Martellotti 33, L. Martinazzoli 46, M. Martinelli 28,p, D. Martinez Santos 44,
F. Martinez Vidal 45, A. Massafferri 2, M. Materok 16, R. Matev 46, A. Mathad 48,
V. Matiunin 41, C. Matteuzzi 66,28, K.R. Mattioli 14, A. Mauri 59, E. Maurice 14,
J. Mauricio 43, M. Mazurek 46, M. McCann 59, L. Mcconnell 20, T.H. McGrath 60,
N.T. McHugh 57, A. McNab 60, R. McNulty 20, B. Meadows 63, G. Meier 17,
D. Melnychuk 39, M. Merk 35,76, A. Merli 27,o, L. Meyer Garcia 3, D. Miao 5,7, H. Miao 7,
M. Mikhasenko 73,g, D.A. Milanes 72, A. Minotti 28,p, E. Minucci 66, T. Miralles 11,
S.E. Mitchell 56, B. Mitreska 17, D.S. Mitzel 17, A. Modak 55, A. Mödden 17,
R.A. Mohammed 61, R.D. Moise 16, S. Mokhnenko 41, T. Mombächer 46, M. Monk 54,1,
I.A. Monroy 72, S. Monteil 11, A. Morcillo Gomez 44, G. Morello 25, M.J. Morello 32,s,
M.P. Morgenthaler 19, J. Moron 37, A.B. Morris 46, A.G. Morris 12, R. Mountain 66,
H. Mu 4, Z. M. Mu 6, E. Muhammad 54, F. Muheim 56, M. Mulder 75, K. Müller 48,
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