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ABSTRACT: A search for the doubly-charmed-baryon decay Zr+ — Z97+7t is performed
using proton-proton collision data collected by the LHCb experiment at a centre-of-mass
energy of 13TeV and corresponding to an integrated luminosity of 5.4fb~!. A significant
structure consistent with the Z}" baryon is observed in the Z07 "7+ invariant-mass spectrum.

Using the =} — AT K~ 77t decay as the normalisation channel, the branching fraction
BEL Bt ) , is measured to be 1.37 £ 0.18 (stat) & 0.09 (syst) + 0.35 (ext). This
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final-state interactions and resonance contributions to the hadronisation process.
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1 Introduction

In the quark model [1-3], hadrons are arranged into multiplets according to the symmetry
properties of their wave functions in terms of the flavour, spin and colour quantum numbers
of the constituent quarks. When four quark flavours, namely u, d, s and ¢, are considered,
hadrons form SU(4) multiplets [4]. Within these multiplets, all predicted ground-state baryons
with charm quantum numbers C' = 0 and C' = 1 have been observed [5], and three weakly
decaying baryons with C' = 2 are expected, E T (ccu), Ef.(ced) and Q. (ces), collectively
referred to as doubly charmed baryons.! These states provide unique information on the
dynamics of low-energy interactions between two heavy quarks in a confined object, yielding
new important insights on the theory of quantum chromodynamics (QCD).

In 2017, the LHCb collaboration reported the observation of a significant structure
in the AT K77t mass spectrum, consistent with originating from the doubly charmed
baryon ZX* [6]. The =" baryon was later confirmed in Z}F — Ef 7t [7] and EfF — Ef ot
decays [8], while no significant signal was found in a search for =} — DtpK 7" de-
cays [9]. The production cross-section of the =" baryon times the branching fraction of
the Zf T — AT K~ 7" n" decay has been measured with respect to that of the A baryon, in
proton-proton (pp) collisions at a centre-of-mass energy of 13 TeV [10]. Its lifetime and mass
have been determined to be 0.2561)-055 (stat) 4-0.014 (syst) ps [11] and 3621.55+0.23 (stat) +
0.30 (syst) MeV /c? [12], respectively, which are consistent with a range of theoretical predic-
tions obtained with various methods including heavy quark effective theory (HQET) [13],
QCD sum rules [14, 15], perturbative QCD [16], lattice QCD [17], and relativistic quark
model [18]. Nevertheless, only three decay modes of the =" baryon have been observed
so far, although many more have been predicted [19-22]. Measurements of additional =} *

!Charge conjugated states are included throughout this paper unless otherwise stated.
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Figure 1. Examples of diagrams contributing to (left) =t — =077 F (middle) ZFF — AT K- 7trt
and (right) =5+ — =207+ decays.

decay modes provide essential information to better understand the decay dynamics of doubly
charmed baryons [23].

This paper reports the first observation of the =} — Z%7+ 7+ decay in pp collision data
collected by the LHCb experiment at a centre-of-mass energy of 13 TeV, corresponding to
an integrated luminosity of 5.4fb~!. The E4t — 20Tt decay is mediated by the same

= . /
c— sud weak transition as for the known Z£+ — A¥K—ntr+ and S5+ — =T

7+ decays, as
shown in figure 1. However, the formation of additional quark-antiquark pairs and the subse-
quent hadronisation dynamics are dominated by nonperturbative strong interactions [24, 25].
Theoretical prediction of the branching fraction is challenged by the interplay of multiple
factors: (i) Coupled-channel interference mediated by resonances in the multi-body phase
space [26], (ii) limited predictive power of QCD factorisation near the charm-quark mass scale
(me ~ 1.5GeV/c?), and (iii) the violation of heavy quark symmetry of HQET in the doubly
heavy baryon system [27]. Therefore, measurement of the branching fractions can help to
understand the nonperturbative interactions in the weak decays of doubly heavy baryons.

The branching fraction of the =1+ — HO T+ decay is measured relative to the normali-
sation channel 2" — AYK—ntnt. The ZY and A} baryons in the signal and normalisation
channels are reconstructed via the pK~ K~ 7" and pK 7" final states, respectively. The
branching fraction ratio is defined and measured according to

B(EET — Z07tnt) x BEY— pK~K—nt) Nsig  Enorm

R = = X ,
B(:(j_c+_>AjK 7T+ +) XB(A;’—%])K ™ ) Nnorm Esig

where B denotes the branching fraction of the relevant decay mode, and Nig(norm) and

Esig(norm) are the yield and efficiency for the signal (normalisation) channel, respectively.

sig
Cor(npared to A, the Z¥ baryon has a shorter lifetime, resulting in significantly lower
detection efficiency. The smaller branching fraction of Z0— pK~ K~ 7" makes the study of
the :++ — E97 7t decay more challenging. However, since the final-state particles in the
two = decays are exactly the same, many systematic uncertainties cancel in the ratio of
branchmg fractions. In order to avoid experimenter’s bias, the results of the analysis were

not examined until the full procedure had been finalised.



2 Detector, trigger and simulation

The LHCb detector [28, 29] is a single-arm forward spectrometer covering the pseudorapidity
range 2 < 1 < 5, designed for the study of particles containing b or ¢ quarks. The detector
includes a high-precision tracking system consisting of a silicon-strip vertex detector sur-
rounding the pp interaction region [30], a large-area silicon-strip detector located upstream
of a dipole magnet with a bending power of about 4T m, and three stations of silicon-strip
detectors and straw drift tubes [31] 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 2 GeV/c to 1.0% at 200 GeV /c. The minimum distance of a track to
a primary pp collision vertex (PV), the impact parameter (IP), is measured with a resolution
of (15 + 29/pr) wm, where pr 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 (RICH) detectors [32]. 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 [33].

The online event reconstruction and selection are performed by a trigger [34], which
consists of a hardware and a software level. At the hardware level, events are triggered if

they contain a muon with high pp, or a hadron, photon, or electron with high transverse

++

o candidate is required to have a positive hardware trigger

energy in the calorimeters. A =
decision, either due to particles from the signal decay (Trigger-On-Signal, TOS), or due to
particles in the rest of the event (Trigger-Independent-of-Signal, TIS). Due to the different
size of systematic uncertainties induced by the hardware trigger requirement, candidates are
divided into two disjoint categories, denoted as TIS and exTOS, where the latter includes
candidates that are selected by the TOS but not by the TIS requirement. The branching
fraction ratio is measured independently for each trigger category, and the baseline result
comes from the combination of the two measurements.

The software trigger is divided into two stages. The first stage selects a single particle
with large pr and significant separation from all PVs in the event, or a two-particle vertex
displaced from the PV. In the second software trigger stage, the full event reconstruction and
selection is performed [35]. Using p, K~ and 7+ hadrons that are well identified by the RICH
detectors, Z0 candidates are built by forming pK~ K~ 7" particle combinations. The proton
is required to have p > 10 GeV/c to ensure valid particle identification (PID) information [32].
All particles in the Z0 final state must have a good track-fit quality, pr > 500 MeV /¢, and
X%P > 6 with respect to any PVs, where X%P is defined as the difference in the vertex-fit y? of
a given PV reconstructed with and without the particle under consideration. Additionally,
at least one of the four final-state particles must have ppr > 1GeV/c and X12P > 8. The
scalar sum of pr of the four final-state particles must be greater than 3GeV/c. The =0
candidate must have a good vertex-fit quality, and the vertex must be displaced from the
associated PV with a distance corresponding to a decay time of at least 0.1 ps. The associated

PV is the one that best fits the flight direction of the reconstructed candidate. Each =0

+ ++

2.7 candidate. The two pions are

candidate is combined with two 77 mesons to form a =

required to have pr > 200MeV/c and good track-fit quality. The =}t candidates must
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have a good vertex-fit quality, and the vertex of the =0 baryon must be located downstream
than that of the =} baryon.

The selection criteria for the normalisation channel are similar to those for the signal decay.
Appropriate adjustments on the thresholds are made taking into account the differences
due to the intermediate A} and = baryons.

The momentum scale is calibrated using samples of J/v— pu*p~ and BT — J/¢ K™ de-
cays collected concurrently with the data sample used for this analysis [36, 37]. The relative
accuracy of the calibration is estimated to be 3 x 10~% using samples of other fully recon-
structed decays of beauty hadrons and Kg mesons.

Simulated Z1 " decays are used to optimise the event selections, study the signal invariant-
mass distributions, and evaluate the efficiencies used for the measurement of the relative
branching fraction. In the simulation, pp collisions are generated using PYTHIA [38, 39] with a
specific LHCD configuration [40]. A dedicated generator for doubly heavy baryon production,
GENXIcC 2.0 [41], is used to produce the =X baryons. Decays of unstable particles are
described by EVTGEN [42], in which final-state radiation is generated using PHOTOS [43].
The interaction of the generated particles with the detector, and its response, are implemented
using the GEANT4 toolkit [44, 45] as described in ref. [46]. In the simulation, 2t baryons
are generated with a mass of 3621 MeV/c? and a lifetime of 0.256ps [11, 12]. The decay
products of the 21 baryons are uniformly distributed in the allowed phase space. The singly
charmed Eg decays are distributed according to a pseudoresonant model in which half of the
=Y decays proceed through the resonant decay =0 — pK ~ K*(892)Y followed by the decay of
the K*(892)° meson to the K7 final state [5], while the others are uniformly distributed
in the phase space. For the normalisation channel, the decay products of the 21 baryons
are uniformly distributed in the allowed phase space, while the A} baryons are assumed to
decay via a four-component pseudoresonant model, which includes the phase-space decay,
and the pK*(892)°, A(1520)7", and A(1232)T+ K~ resonant processes.

3 Event selection

The event selection is performed in three steps: a preselection, a multivariate analysis, and

the veto of physics background. In the preselection, each particle in the 1" final state

is required to have a momentum within [2,150] GeV/c and pseudorapidity within [1.6,5.3].

The =1t candidate is required to originate from its associated PV. The invariant mass

of pK~K~7" from the Z0 candidate is required to be within [2453, 2489] MeV /c?, which
corresponds to £3 times the mass resolution around the known mass [5]. The Z1* candidates
reconstructed in the signal and normalisation samples are required to have rapidity within
[2,4.5] and transverse momentum within [4,15] GeV/c.

The combinatorial background is further suppressed with a boosted decision tree
(BDT) [47, 48] classifier implemented in the TMVA toolkit [49, 50]. The classifier is trained
using simulated decays as a signal proxy and the =077~ wrong-sign (WS) sample with
the mass in the region of [3501,3741] MeV/c? as a background proxy. The BDT training

exploits the differences between signal and background candidates in the distributions of the
=++ =++

fit qualities of E1" and =0 decay vertices, the % and pr of 5" and Y candidates and their

decay products, the angle between the momentum and the vector formed by the PV and the



decay vertex for 1" and Z0 candidates. The PID information calibrated from data [51] of
all final-state particles is also exploited, which discriminates between pion, kaon and proton
particles. The same procedure is performed for the signal and normalisation decays.

The requirement in the output of the BDT classifier for the signal channel is optimised
using the Punzi figure of merit egg/(n0/2 + \/Nokg) [52], where e, is the signal efficiency
obtained from simulation, and n, = 5 corresponds to the target significance of five standard
deviations. The background yield in the signal region of +15MeV /c? around the known =}*
mass [5], denoted as Nykg, is estimated by counting the WS yield in the signal region and scaling
it by the yield ratio of right-sign and wrong-sign data in the mass region [3750, 3800] MeV /c?.
The optimal BDT selection corresponds to a signal efficiency of approximately 65% and a
background rejection of approximately 99%. For the normalisation channel, the working
point of the classifier is chosen to have the same BDT efficiency as the signal channel to
minimise the systematic uncertainty.

The normalisation decay Z5 " — A} (— pK~nT)K 77T can be misreconstructed as

the signal decay if the A} decay products are combined with particles produced promptly

0

from the =" decay to form a =Y

candidate. This physics background component peaks

in the Z1 " invariant-mass distribution and is suppressed to a negligible level by vetoing

pK 7" candidates with invariant masses within [2268,2304] MeV /c?, i.e. consistent with
the known A} mass [5]. The efficiency of this requirement for the signal decay is about
80%, estimated from simulation.

4 Mass distributions and signal significance

In order to improve the mass resolution [12], the invariant mass of the =}." candidate is

measured as
=0 — =0_+__+ =0 =0
Meand (Hcﬂ'ﬂr‘*‘) =m (HCW T ) —-m (HC> + Mppa (Hc) ,

0

9) are the invariant mass of the Z0r 7™

for the signal channel, where m (2077 ") and m (= =

and pK ~ K~ systems, respectively, and Mppg (Z2) is the known mass of the Z2 baryon [5].
For the normalisation channel, an analogous definition of

Meand (AjK_erer) =m (AZFK_HH) -m (AZF> + Mppg (A3L> ,

is adopted. The distributions of the invariant mass of the pK~ K~ 7" and the Z07 7+ systems

+

are shown in figure 2. A significant structure can be seen in the Z07 7T invariant-mass

—c
distribution at a mass of approximately 3620 MeV /c?. No significant structure is visible

0

in the WS sample, nor in the sample with =/

[2401,2441] U [2501, 2541] MeV /c2.
An unbinned maximum-likelihood fit is performed simultaneously to the invariant-mass

candidates in the mass sidebands given by

distributions of the Z candidates for the signal and normalisation channels. In both

channels, the ZX 1 contribution is described with the sum of a Gaussian function and a
double-sided Crystal Ball (DSCB) function [53], with the fraction of the DSCB and the
Gaussian fixed to the value obtained in simulation, and the combinatorial background is

described with a first-order polynomial. The shape parameters of the DSCB function are
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Figure 2. Distributions of the invariant mass of the (left) pK~ K~ 7" and (right) 07T 7T systems.

In the left plot, the boundary of the signal and sideband mass regions of the = candldateb are
indicated by green and orange lines, respectively. In the right plot, the right-sign (RS) signal decays
are shown in black points, along with the sample with =¥ candidates in the mass sidebands (SB)
in pink dashed line and the sample with wrong-sign (WS) combinations in orange solid line, both
normalised to have the same area as the RS sample in the mcang (ng+7r+) sidebands given by

3501, 3561] U [3681, 3741] MeV/c2.

Category  Ngig Noorm Esig [X 1074 epomm [x1074]

TIS 62+9 1279+£55 1.159+0.023 2.547 £0.090
exTOS 214+6 461+£34 0.286+0.011 0.624 +0.034

Table 1. Yields and efficiencies of the signal and normalisation channels. The uncertainties on the
yields are statistical only; the uncertainties on the efficiencies include only the contribution from the
limited size of the simulation sample.

fixed to the values obtained from simulation, except for the peak position and width, while
the parameters of the polynomial background function are free to vary. For the signal
channel, there is a contribution from the partially reconstructed Zf* — =90 (— E0y)nt 7t
decay, whose shape is obtained using simulated samples generated with RapidSim [54] and
fixed in the fit. In the simultaneous fit, the signal and normalisation channels share the
same peak position, and the ratio of the peak widths is fixed to the value obtained from
the simulation. Figure 3 shows the invariant-mass distributions of the =} candidates in
both signal and normalisation channels, along with the fit results. The significance of the
EXt — E0rtat signal is estimated to be above 100 according to Wilks’ theorem [55], taking
mto account the systematic uncertainty due to the fit model, while the partially reconstructed
=i — Z0(— E%9) 7t 7T component is not significant. Simultaneous fits are then performed
for the TIS and exTOS trigger categories separately, from which the signal yields are obtained

and summarised in table 1.

The background-subtracted invariant-mass distributions of the two =07 systems in the
signal 5" — E% 7T decay are obtained using the sPlot [56] method with meana (E07T 7 )
as the dlscrlmmatmg variable. No significant narrow =} excited states are observed.
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Figure 3. Distributions of the invariant masses of the (left) 207+ 7+ and (right) AT K ~nta+ systems,
along with the result of the simultaneous fit.

5 Efficiencies

Simulated samples of the signal and normalisation channels are used to evaluate the recon-
struction and selection efficiencies. Corrections are applied to these samples to ensure that
the quantities which affect the efficiency determination are well described by the simulation.
Namely, the charged particle multiplicity and the =}t transverse-momentum distributions of
the simulation sample are corrected to match those of the normalisation channel data. In
addition, track-momentum- and pseudorapidity-dependent corrections are applied to better
match the PID response and tracking efficiency in data, as described in refs. [51, 57]. The
phase-space distributions of the 25t — AT K~ 77t AY — pK 7" and 20— pK~ K7t de-
cays in the simulation samples are weighted to match the data [58]. The Ef " — AT K~ 7wt7xt
and AT — pK 7" phase-space distributions in the data are taken from the normalisation
decay, while the 20— pK~K 7+ phase-space distributions is taken from that of the =¥
baryon in the abundant =, — Z27~ decay [59]. After implementing these corrections, the
simulation and data for the signal channel show a high degree of agreement. However, a
discrepancy remains in the efficiency of the BDT selection for the normalisation channel. To
investigate this, a looser BDT selection is applied while maintaining a discernible peak in
the Mmeand (AF K~ 77 T) spectrum of the data. This discrepancy is corrected by multiplying

the efficiency for the normalisation channel by a factor,

f _ &data(Nominal BDT|Looser BDT)
BT im(Nominal BDT|Looser BDT)’

where €gata(sim) (Nominal BDT|Looser BDT) is the efficiency of the nominal BDT requirement,
given that the looser BDT requirement has been applied, for the data (simulation) samples.
The correction factor is determined to be 0.90 & 0.04, where the uncertainty is systematic
as discussed in section 6. The background-subtracted distributions in data are determined
with the sPlot method.

The total efficiencies after corrections for the signal and normalisation channels and for
the two hardware trigger categories are shown in table 1, from which the efficiency ratios
between the signal and the normalisation channel are determined to be 0.454 + 0.019 and



Source TIS(%) exTOS(%)

Fit model 1.1 1.1
Simulation sample size 4.2 6.6
=T lifetime 1.0 1.0
Kinematic correction 1.2 1.2
Decay dynamics 2.0 2.0
Tracking 1.5 1.5
Particle identification 14 14
Hardware trigger — 9.0
Hit error parametrisation 0.5 0.5
BDT efficiency correction 4.4 4.4
Total 7.0 12.5

Table 2. Summary of the relative systematic uncertainties on the branching fraction ratio R.

0.458 +0.030 for the TIS and exTOS categories, respectively. The uncertainties are attributed
to the limited size of the simulation samples only.

6 Systematic uncertainties

The branching fraction ratio measurement has systematic uncertainties arising from determi-
nations of the relative yields and relative efficiencies, as summarised in table 2 and described
below. Individual systematic uncertainties are added in quadrature to obtain the total uncer-
tainty, and determined to be 7.0% and 12.5% for the TIS and exTOS samples, respectively.

The models used in the fits to the invariant-mass distributions may bias the relative signal
yields. This systematic uncertainty is studied by using alternative functions to describe the
shapes of the =1+ and background components simultaneously for the signal and normalisation
channels. The sum of two Gaussian functions is chosen as the 2t model, the second-order
polynomial function is chosen as the alternative combinatorial background model, and a third
alternative model is the baseline model excluding the partially reconstructed component of
the signal channel. The change in the yield ratio is assigned as the systematic uncertainty for
each alternative model, and the sum in quadrature of the three sources is 1.1%.

Three categories of systematic uncertainty arising from the determination of the relative
efficiencies are evaluated. First, the uncertainty due to the limited size of the simulated
samples is evaluated to be 4.2% and 6.6% for the TIS and the exTOS result, respectively.

The second category is due to the imperfect or missing knowledge of the =" baryon
properties, including its lifetime and kinematic distributions, and the resonant structure of
Eft = E0xtat and 25 — AT K7t 71T decays. The uncertainty in the selection efficiency
due to the imprecise 1" lifetime [5, 11] is evaluated by weighting the simulation samples to
match the known =" lifetime values varied within +1 standard deviation. The largest relative
variation in the efficiency ratio, 1.0%, is assigned as a systematic uncertainty. The systematic
uncertainty associated with the Z7 " kinematic corrections is tested with simulations. For
each test, the simulated samples are weighted to match a specific kinematic distribution,
where the correction factor in each transverse-momentum interval of the Z1* baryon and the



charged particle multiplicity interval is varied according to a Gaussian distribution defined by
the nominal value and its uncertainty. The width of the resulting distribution of the efficiency
ratio in different tests is assigned as the corresponding systematic uncertainty, which is
1.2%. The dynamics of the Z1+ — Z07 7+ decay is characterised by the resonant structures
and the polarisation of each quasi-two-body decay chain. Variation of the efficiency due to
possible resonant enhancements is studied by measuring the efficiency in regions of Dalitz-plot
variables (m;(2071), m(2077)) and performing event-by-event efficiency corrections using
the two-dimensional efficiency map, where the subscript [ (h) refers to the lower (higher) value
of the two =07+ invariant masses. The relative difference between the nominal efficiency and
the per-event-corrected efficiency is taken as the uncertainty due to resonant structures. The
systematic uncertainty associated with the polarisation is also studied with simulations. The
Elt = E(— pK~K-7")rtrT decay can be expressed as the coherent sum of sequential
two-body decays [60]. A series of tests are performed using the fully simulated samples
weighted to match various polarisations, in which the helicity amplitudes of each two-body
decay chain are randomly assigned. The width of the resulting distribution of the efficiencies
is taken as the systematic uncertainty due to the unknown polarisation. The systematic
uncertainty due to the decay dynamics is the sum in quadrature of the uncertainties from
the resonant structures and the polarisation, and amounts to 2.0%.

The third category of systematic uncertainty accounts for the discrepancy between data
and simulation, including effects due to tracking, particle identification, the hardware trigger,
the hit error parametrisation of the vertex detector, and the BDT efficiency. The systematic
uncertainty associated with the tracking efficiency stems from the limited size of the calibration
data samples used to measure it [57], and is evaluated to be 1.5%. The systematic uncertainty
associated with the PID correction is evaluated using alternative calibration samples in the
PID correction procedure [51]. The maximum relative change of the branching fraction
ratio, 1.4%, is assigned as the uncertainty from this procedure. The inconsistency of hit
error parametrisation of the vertex detector between simulation and data leads to a small
discrepancy in XIQP distributions, and hence biases the efficiency. The impact on the efficiency
ratio is assessed by scaling the XI2P values of the final-state particles in simulation using
a factor estimated conservatively based on the observed behaviour of the vertex detector.
The relative change in the efficiency ratio between the signal and normalisation channels is
0.5%, which is taken as the systematic uncertainty. The uncertainty due to the simulation
of the hardware trigger is evaluated for TIS and exTOS data samples, separately. For the
exTOS sample, a data-driven method is used to determine the TOS efficiency as a function
of the energy deposited in the hadronic calorimeter by each final-state particle [34, 61]. The
difference in the ratio of TOS efficiencies between the baseline value and the one obtained with
the data-driven method, 9.0%, is taken as the systematic uncertainty for the exTOS sample.
The TIS sample is independent of the =1+ decay by construction. Since the kinematic of
E1 " and the charged particle multiplicity have been corrected and corresponding systematic
uncertainties are studied, no extra systematic uncertainty is assigned to this sample. In the
baseline procedure, a looser BDT requirement is used to correct the BDT efficiency of the
normalisation channel. However, the efficiency of this looser BDT requirement may differ
between the simulation and the data. To investigate the uncertainty associated with this
procedure, a traditional selection method without machine learning is used in place of the



looser BDT requirement to derive the correction factor. The difference between the baseline
value and the one obtained with the alternative selection, 4.4%, is taken as the uncertainty
due to the correction of the BDT efficiency.

7 Result and conclusion

Taking into account the ratios of the 21 yields and efficiencies between the signal and normal-
isation channels, and associated uncertamtles, the branching fraction ratio is measured to be

R = 0.107 £ 0.016(stat) = 0.007(syst), for the TIS sample,
R = 0.100 & 0.029(stat) + 0.012(syst), for the exTOS sample.

The measurements from the two samples are consistent and are combined using the
best linear unbiased estimator [62, 63] to obtain

R = 0.105 &+ 0.014(stat) = 0.007(syst).

In the combination, systematic uncertainties arising from the limited size of the simulated
samples are assumed to be uncorrelated between the TIS and exTOS categories, while the
remaining nonzero systematic uncertainties are taken to be fully correlated.

Using the measured branching fractions of A} — pK ~ 7" and Y — pK~ K~ 7" decays [5],
the branching fraction ratio of the two doubly charmed baryon decays is measured to be

B(=f+ — Z0r++)
B(”++—>A+K* 1)

= 1.37 £ 0.18(stat) £ 0.09(syst) £ 0.35(ext),

where the external uncertainty comes from those on the branching fractions of the AT — pK ~7 "
and 20— pK~ K~ 7t decays [5]. Taking into account the contributions of two, three and four-
body decays [21, 22, 26, 64, 65], the measured relative branching fraction is consistent with
theoretical predictions. Moreover, unlike the Z5+ — AF K~ 77t decay, the Lt — E0atat
decay is found to be almost a nonresonant process, and thus is a good channel to test the
QCD factorisation method in the three-body doubly-heavy-baryon decay.

In summary, a new mode of the doubly-charmed-baryon decay, =i+ — Z0xtnt is
observed in a data sample of pp collisions collected by the LHCb experiment at a centre—of—
mass energy of 13 TeV, corresponding to an integrated luminosity of 5.4fb~!. The branching
fraction ratio between the Zr+ — =077+ and EXt — AF K77t decays is measured for
the first time. This measurement prov1des 1mportant information towards an improved
understanding of the decays of doubly charmed baryons, and contributes to shed light on
the dynamics of low-energy interactions between two confined heavy quarks.
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