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Abstract A method is presented to reconstruct charged
particles with lifetimes between 10 ps and 10 ns, which con-
siders a combination of their decay products and the par-
tial tracks created by the initial charged particle. Using the
&~ baryon as a benchmark, the method is demonstrated
with simulated events and proton-proton collision data at
/s = 13 TeV, corresponding to an integrated luminosity of
2.0fb~! collected with the LHCb detector in 2018. Signif-
icant improvements in the angular resolution and the signal
purity are obtained. The method is implemented as part of
the LHCb Run 3 event trigger in a set of requirements to
select detached hyperons. This is the first demonstration of
the applicability of this approach at the LHC, and the first to
show its scaling with instantaneous luminosity.

1 Introduction

Today’s large-scale experiments at the LHC are designed to
efficiently reconstruct the trajectories of charged particles
that traverse the entire tracking system, such as pions, kaons,
and muons. Despite having a finite lifetime, these particles
can be treated as practically stable due to the significant boost
they experience upon production at the LHC. Short-lived
particles, with lifetimes 7 < 10ps, are exclusively recon-
structed through the identification of their decay products.
The purpose of this article is to demonstrate a method for
reconstructing charged particles which are neither short- nor
very long-lived: specifically particles with a lifetime in the
range of 10ps to 10ns and sufficient momentum to travel
more than 10 cm before their decay.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1140/epjc/
$10052-024-12993-2.

*e-mail: laurent.dufour@cern.ch

The interest in such particles, subsequently referred to as
long-lived charged particles, originates on the one hand from
the search for hypothetical beyond the Standard Model (SM)
particles, that are produced on shell [1,2]. On the other hand,
the reconstruction of long-lived particles provides an oppor-
tunity to study SM processes involving (long-lived) charged
hyperons, which are ground-state baryons containing one or
more strange quarks and no heavy quarks. Notably, the X,
X~, 27, and &~ baryons' are charged and have sufficiently
long lifetimes to travel over 50 cm from their production
vertex under typical LHC production conditions. Research
involving these particles includes, but is not limited to, the
precise study of CP violation and rare decays [3,4], which
are sensitive to physics beyond the SM, as well as hadron
spectroscopy.

The LHCb experiment at the LHC is designed to study b
and ¢ hadrons. It is equipped with a vertex detector (VELO)
that operates close to the beam axis. While this configura-
tion is optimal for the study of heavy flavour hadrons, long-
lived particles can escape the VELO before decaying. Con-
sequently, only a fraction of the decay products can be recon-
structed with the information of the VELO detector. A frac-
tion of the decays can be recovered using tracks reconstructed
with hits of tracking detectors downstream of the VELO,
albeit with a worsened resolution. The reconstruction of long-
lived charged particles may benefit from the information of
hits in the VELO produced prior to the decay. This approach
has been very fruitful at experiments outside of the LHC. The
(fixed-target) FOCUS and E687 experiments [5,6] employed
this method to study charged hyperons as part of their physics
programmes. Furthermore, the HyperCP experiment [7] was
tailored to the tracking of these long-lived particles. The pro-
posed ALICE 3 experiment at the LHC includes design ele-
ments that capture signals of strange particles before they
decay [8].

! The inclusion of charge conjugate processes and the use of natural
units are implicit throughout this article.

@ Springer
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Fig. 1 Schematic side-view of the LHCb detector as it operated during Runs 1 and 2, which shows the positioning of the various subdetectors.

The horizontal axis in this picture corresponds to the beam axis

Within LHCb, the initial interest in this technique origi-
nated from a different perspective: there is a long-standing
need for new, precise measurements of the K * meson mass,
as the world-best measurements are not in agreement [9, 10].
Subsequent to this study, using the K+ — 77ttt decay
mode, several adaptations of these reconstruction techniques
have been proposed for broader physics studies involving
hyperons [11].

Out of the charged particles with nanosecond lifetimes,
the &~ baryon forms an excellent laboratory to understand
how the information in the VELO detector can be benefi-
cial, for two main reasons. Firstly, it is abundantly produced
at the LHC in different production mechanisms. Secondly,
and most importantly, it predominantly decays to particles
which leave signatures in the downstream tracking detectors.
This property allows a direct comparison to the conventional
reconstruction algorithms available at LHCb.

This article presents the performance benefits of tracking
charged hyperons in the LHCb vertex detector before they
decay, a procedure referred to as VELO matching, applied
to the &~ baryon. The outcomes are derived from data col-
lected by the LHCb experiment during Run 2 of the LHC.
Subsequently, this reconstruction technique is implemented
within the LHCb trigger for Run 3. This manuscript closes
with a discussion on other use-cases and potential extensions
of the method. It is the first to demonstrate the performance
of this tracking approach in LHC collision data, and assess

@ Springer

its scalability for experiments conducted at higher instanta-
neous luminosity.

2 Detector and simulation

The LHCb detector [12,13] that operated during Runs 1 and
2 of the LHC is a single-arm forward spectrometer cover-
ing the pseudorapidity range 2 < n < 5. A schematic of
the detector is shown in Fig. 1. It includes a high-precision
tracking system consisting of a silicon-strip vertex detec-
tor, the aforementioned VELO, surrounding the pp interac-
tion region [14]; a large-area silicon-strip detector, the TT,
located upstream of a dipole magnet with a bending power
of about 4 Tm; and three stations of silicon-strip detectors
(Inner Tracker) and straw drift tubes (Outer Tracker) [15]
placed downstream of the magnet, referred to as the T sta-
tions. The complete tracking system provides a measure-
ment of the momentum, p, of charged particles with a rel-
ative uncertainty that varies from 0.5% at low momentum
to 1.0% at 200 GeV. Different types of charged hadrons
are distinguished using information from two ring-imaging
Cherenkov (RICH) detectors [16]. The impact parameter (IP)
corresponds to the minimum distance of a track to a recon-
structed pp interaction vertex, referred to as a primary vertex
(PV), and is measured with a resolution of (15+29/pT)um,
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Fig. 2 Schematic view of the different track types relevant for this
paper, along with the used tracking detectors for these track types, show-
ing the VELO detector, the TT detector, the magnet and the downstream

where pr is the component of the momentum transverse to
the beam, in GeV.

Figure 2 shows an overview of the relevant track types
used in this paper: VELO tracks, composed of at least three
hits in the VELO; downstream tracks, which have hits in the
T stations and the TT detector; and long tracks, which have
hits in the VELO detector, T stations and optionally the TT
detector. The momentum is inferred from the track’s curva-
ture in the magnetic field. Most physics analyses make use of
long tracks, as they provide the best momentum and angular
resolution among all of the track types. The VELO resides
outside the magnetic field, and charged particles follow an
approximately straight trajectory through the detector. There-
fore, a VELO track only provides angular information about
the particle’s initial trajectory, and no information about the
particle’s absolute momentum.

Simulated events are used to validate the proposed
method. In the simulation, pp collisions are generated using
PYTHIA [17] with a specific LHCb configuration [18]. Decays
of unstable particles are described by EVTGEN [19], in which
final-state radiation is generated using PHOTOS [20]. The
interaction of the generated particles with the detector, and its
response, are implemented using the GEANT4 toolkit [21,22]
as described in Ref. [23].

3 Candidate selection and VELO matching method

The Z~ baryons are reconstructed as part of an abundant

—~

weak decay of the £ baryon, £ — Z~mt7t, which is

Long track i

Dipole magnet T

tracking stations (T). The names of the tracking detectors along with
the positioning of the magnet are indicated below the figure

used to benchmark the VELO matching method. The &~
baryon primarily decays to Am~, with A — pm~. These
decays are selected in the v/s = 13 TeV pp collision data
recorded by the LHCb detector in 2018, corresponding to
an integrated luminosity of 2.0 fb~!. The reconstruction and
selection procedure is split in two parts: a conventional selec-
tion, which uses downstream or long tracks to reconstruct the
hyperons in the LHCDb software trigger, and an offline step
which matches the result of the downstream reconstruction
with a candidate = ~-baryon track in the vertex detector, as
illustrated in Fig. 3.

3.1 Reconstruction and selection

The online event selection is performed by a trigger [24,25],
which consists of a hardware stage, based on information
from the calorimeter and muon systems, followed by two
software stages, applying partial (HLT1) and full event recon-
struction (HLT2). While generic selections are used in the
hardware and first software stage, dedicated selection algo-
rithms for £F — E~ 7" n" candidates, using both long-
and downstream-track reconstruction, have been deployed
for 2018 data taking. This dedicated path of selecting and
reconstructing candidates contributes more than 70% to the
considered £ — E -7 m" signal decays, in which the £~
isreconstructed from downstream tracks only. The remaining
30% is selected by trigger selections based on the topology of
b-hadron decays [26,27], and an inclusive &~ — A7~ trig-
ger selection, using only downstream tracks. Events passing

@ Springer
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Fig. 3 Tllustration of the £ — Z~ntnt decay. The VELO mod-
ules are drawn as vertical gray lines; reconstructed final state particles as
colored straight lines; trajectories of decaying particles as dashed lines;

the inclusive &~ — A7t trigger selection are randomly dis-
carded, such that on average one in 20 events is selected, in
order to fit into the budgeted bandwidth of the LHCD triggers.

The dedicated &~ hyperon trigger selections start by
building a A baryon candidate from two oppositely charged
downstream tracks, which are of good quality?
( thmck /ndf < 4) and combine to a vertex, applying mod-
est quality requirements (x2,.x/ndf < 30). These two
tracks need to pass proton and pion particle-identification
criteria, using combined information of the LHCb PID
detectors [28]. Another downstream track, assumed to
be a pion, is combined with the A-baryon
candidate to reconstruct a &~ candidate. This combination
is required to point towards the interaction region. The ded-
icated & — Z-mtt trigger selection combines two dis-
placed pions, reconstructed as long tracks with a significant
IP with respect to any PV, with the &~ candidate to form
a & candidate. The candidate’s vertex is required to have
a good quality ( X\%mex /ndf < 10), be upstream of the &~
decay vertex, and point back to a PV.

3.2 VELO matching algorithm

After the reconstruction of &~ candidates from downstream
tracks, a newly developed matching algorithm finds VELO
tracks that are compatible with the =~ trajectory. To sim-
plify the computation initially, both the =~ trajectory and
the VELO track are assumed to be straight lines, extrapo-
lated from the =~ decay vertex and the last hit in the VELO.
The IP between the VELO track and the &~ decay vertex is
required to be less than 5 mm. In the majority of cases this
requirement selects only one VELO track per =~ candidate.
Those VELO tracks are refitted with a Kalman filter using the
EZ~ momentum, as reconstructed from downstream tracks,

2 The quality of the tracks is evaluated through the differences between
the reconstructed trajectory with the track’s cluster positions. Similarly,
for vertices the smallest distance between the reconstructed vertex and
the contributing particles are used.

@ Springer
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decay vertices with their corresponding spatial uncertainty as colored
ellipses; and the orange crosses represent hits from the =~ traversing
the sensors

as input to obtain a more precise estimate of the VELO track
parameters and their covariance matrix. In the track fit, the
&~ candidate is extrapolated through the detector material
and the fringe field of the dipole magnet to the position of
the last hit recorded on the VELO track.

As a last step, the algorithm re-computes the IP and a
significance, Xl%datch’ for the matching procedure from the
refitted VELO track and the transported =~ candidate:

2 —1
XMatch = (Spownstream — SVELO) (EDownstream + L VELO)

T
X (SDownstream — SVELO)  »

with a vector of track parameters s = (x, y, x, ty) and its
covariance matrix X; where x, y are the positions and #y,
the slopes with respect to the beam axis. This vector is defined
for both the VELO track and the extrapolated &~ candidate,
reconstructed from downstream tracks, at the last VELO
measurement. It is possible to further refine the selection
based on Xl%/Iatch’ if needed. In the presented analysis, only
a loose requirement is placed on the maximum matching
Xf/lawh, which covers nearly all correct matches in simulated
data. The Xf/lamh also provides a ranking of possible multiple
matches: in case there is more than one VELO track passing
the IP selection, the one with the best Xfﬂatch is chosen.

4 Performance

The large resolution on the decay vertices of the &~ can-
didates in the conventional, or downstream, reconstruc-
tion makes their selection particularly susceptible to back-
grounds. One expects that only a small fraction of random
combinations can be matched to a VELO track, such that
applying the VELO matching procedure results in a reduc-
tion of these background contributions. Using the & decays
as benchmark, this is confirmed in data: Fig. 4 shows the dis-
tribution of the & ~nt 7T invariant mass, m (& ~nTwt), of
candidates passing a loose, yet typical, trigger and offline
selection for & baryon decays as described in Sect. 3. The
right panel in the same figure presents the same distribution
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Fig. 5 Invariant-mass distributions of & j’ — &~ mtnt candidates with the full offline selection criteria for (left) the standard reconstruction, and
(right) the VELO matching procedure. The fits, used to determine signal and background yields, are overlaid

after the VELO matching procedure. The signal purity, calcu-
lated within the interval containing the central 95.45% (2 o)
of the signal probability density function, is improved from
12 to 26%. The fitted signal yields suggest a large efficiency
of the matching method, compatible with unity. In simula-
tion the efficiency of the matching algorithm varies between
96 and 97% depending on the kinematics of the =~ baryon,
or whether the simulated &~ is produced promptly or from
heavy flavor decays.

A strict MVA-based [29] selection is subsequently applied
to the same data set, using information related to particle
identification, kinematics, and topological characteristics of
the . baryon. In the training of the classifier, simulated
E+— E-mtwt events are used as signal proxy, while can-
didates from the sideband region, i.e. masses between 2220
and 2440 MeV or 2500 and 2520 MeV, are used as back-
ground proxy. The selection requirements are tuned sepa-
rately for both reconstruction procedures, such that the same
signal purity of 95% is obtained in the invariant-mass dis-
tributions, as shown in Fig. 5. The application of the match-
ing procedure leads to a notable increase in the number of
retained ;" decays by 21%, demonstrating its benefit over
the conventional reconstruction.

4.1 Mass resolution

In addition to the resulting improved signal significance, an
improved mass resolution is particularly valuable in the iden-
tification of resonances close to production thresholds and
in accurately measuring their properties. A simulation study
shows that the VELO-matching procedure improves the mass
resolution of the &~ 7" pair in the £ — Z -ttt decay
by over 1 MeV, or 25%, as presented in the left panel of
Fig. 6. The relative improvement is lower at higher masses
of the &~ 7" system, as at higher masses the uncertainty on

the momenta of the decay products is increasingly important.
4.2 Pile-up

An upgrade of the LHCb experiment [30], the installation of
which was completed in 2022, will take data for the rest of
Run 3 of the LHC (2022-2025). During Run 3, LHCb oper-
ates at a higher instantaneous luminosity by increasing the
average number of pp interactions per beam crossing to about
5.2, compared to about 1.1 in 2018. If no new techniques are
applied, the increase in the number of collisions is expected
to lead to an increase of backgrounds in which the signal can-
didate is composed of tracks associated to a different primary

@ Springer
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Fig. 6 Left: Invariant-mass resolution of the 57" combination in
simulation for the standard reconstruction and the VELO matching.
Right: Normalised signal-to-background ratio (S/B) in data for &
decays as a function of npy for the standard, downstream-track recon-

interaction. This could be particularly problematic for trigger
selections, in which criteria are kept to a minimum to avoid
biasing the data. Using the £ decay chain as benchmark,
this potential decrease in the signal-to-background ratio is
evaluated as a function of the number of PVs in the event,
npy. The data taken in 2018 include sufficient events with
multiple PVs to evaluate the decrease in performance up to
npy = 4. The applied selection criteria correspond to those
in the HLT?2 trigger selection, supplemented with a require-
menton the =} baryon flight direction being compatible with
originating from a PV. The signal and background yields are
determined through unbinned maximum-likelihood fits to the
E 7ttt mass distributions. The full mass range, as imple-
mented in the HLT2 trigger selection, is considered, as it
determines the rate and the efficiency of the selection. Since
the signal purity is higher at npy = 1 for the VELO-matched
&~ candidates, the differential behaviour is evaluated by first
normalising the results to the signal-to-background ratio at
npy = 1.

The results are presented in the right panel of Fig. 6. For
the standard reconstruction, in npy = 4 events, the signal-
to-background ratio deteriorates to only (33.5 £ 3.1)% of
its original value. However, when using the VELO match-
ing, (61.3 & 5.4)% of its original value is retained. This
result underlines the importance of implementing the VELO
matching early in the selection for Run 3 of the LHC, ideally
already in the software trigger, as it enables a significantly
improved utilization of the limited available bandwidth.

4.3 Identification of detached hyperon decays

In the study of long-lived charged-particle decays, it is helpful
to be able to distinguish the particles created in the primary
interaction from those originating from heavy flavour decays.
Because of the non-negligible lifetime of charm and beauty
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struction of the &'~ baryon, and the reconstruction which additionally
matches the &'~ candidate to a VELO track. The points on each curve are
normalised separately to their signal-to-background ratio at npy = 1,
to illustrate the differential behaviour

hadrons, their decay products do not necessarily point to a
primary interaction. For this reason, the IP is frequently used
as the primary discriminating observable in the identification
of particles produced in such decays.

Long-lived particles that are reconstructed using only
downstream tracks have a considerably worse pointing reso-
lution, corresponding to a resolution on the IP close to 1 mm.
This prevents the statistical separation between =~ baryons
produced promptly, those via & decays, and those from &,
decays, as is shown in the top-left panel of Fig. 7. Instead, as is
seen in the top-right panel of this figure, the enhanced angular
resolution of the =~ matched to a VELO track enables the
separation of distinct production modes. The extended tails
on the left side of the distribution pertaining to b and ¢ hadron
decays predominantly originate from the exponential nature
of the decay-time distribution. This separation between the
components is seen to increase already with a mild mini-
mum decay-time requirement,’ 7 > 0.2 ps, as presented in
the bottom panels of Fig. 7.

5 Inclusive hyperon trigger selections

During the course of Run 2 of the LHC, an inclusive trigger
selection aimed at identifying = ~ baryons from downstream
tracks was implemented within the framework of LHCb’s
second-stage software trigger. This selection has been pre-
sented in Sect. 3. However, to control the high rates of primar-
ily prompt = ~, including a considerable fraction of combi-
natorial background events, events passing this trigger selec-
tion are randomly discarded, such that on average only one
in every 20 events is selected.

3 This decay-time requirement has also been used in the optimisation of
the LHCb event trigger [31], and is representative for the events selected
in a data analysis.
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reconstruction, (right) with the VELO matching method, (top) without
a decay-time requirement, and (bottom) with a decay-time requirement

Following the presented performance improvements, the
initial and computationally fast IP-based matching of the
VELO track to the &~ candidate, discussed in Sect. 3.2,
has been implemented to run as part of the software trig-
ger for the upgraded LHCb experiment. In addition to the
desired improvement in the signal-to-background ratio, the
VELO matching provides a discrimination between prompt
and secondary =~ baryons, as shown in Sect. 4.3. This
enables the implementation of an inclusive event trigger for
detached charged hyperons, focusing on =~ baryons pro-
duced in decays of ¢ and b hadrons. In this trigger selection,
&~ candidates are required to have high transverse momen-
tum and the matched VELO track, by a selection on the IP,
is required to be displaced from any PV in the event. For the
Run 2 detector, these requirements remove about half of the
prompt =~ baryons, while maintaining a high efficiency for
decays from charm (> 93%) and beauty hadrons (> 98%).
For the Run 3 detector at a given pile-up, the performance
is expected to be even better due to the improved resolution
of the new, pixel-based vertex detector [32]. This approach
will select =~ baryons without having to discard events ran-
domly. Following this strategy, a similar inclusive trigger
selection has been implemented for detached §2~ baryons,
reconstructed through its prominent 2~ — AK ™~ decay.

V)
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t > 0.2ps. The “from &} (from &,") component corresponds to
simulated 55 — Z-mtnt (2, — JAPE ) decays. In each of the
components, the =~ baryon is reconstructed through the &~ — Ant™

decay

6 Outlook

The presented tracking procedure has many prospects for
application within the LHCb physics programme. Concern-
ing the Run 3 trigger, work is ongoing to implement the
method in the partial event reconstruction in HLT1, where the
reconstruction of downstream tracks has been added recently.
In the field of strange physics, the superior background rejec-
tion and angular information are also expected to be strong
advantages throughout. The rare X+t — putp~ decay is
a good example. The latest result of the LHCb collabora-
tion [33], which is the world’s best measurement, is obtained
using only long tracks, as these provided a superior experi-
mental resolution. With the VELO matching procedure, the
considered dataset can be extended to include decays of the
>+ baryon downstream of the vertex detector, more than
doubling the expected data sample.

In the introduction, the application of this technique to
a measurement of the K™ meson mass was mentioned. The
exploratory study [10] identified that the small opening angle
inherent to the K+ — 7~ n™ 7wt decay requires additional
attention, as signals from the K™ meson can be falsely asso-
ciated to one of the decay products, and vice-versa. The pre-
sented technique can be further refined, taking such overlaps
into consideration. This technique, together with the precise

@ Springer



761 Page 8 of 16

Eur. Phys. J. C (2024) 84:761

[T T T T ]
= u =
T 50 | =
B F ]
o 40 3
> C ]

30 F -
20 F =
10 F -
0: .:

0 30

p [GeV]

Fig. 8 Cherenkov angles for different charged particle species travers-
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momentum resolution of the LHCb spectrometer, could allow
for the desired, precise measurement of the K+ meson mass.

The precise angular resolution of the long-lived parti-
cle is expected to benefit analyses of decays with unre-
constructed particles. An illustrative example is that of the
semileptonic decay &~ — Ap~ Vv, [34], in which the neu-
trino is not reconstructed. Topological constraints, includ-
ing the system’s mass and direction information, enable the
determination of the neutrino’s momentum. This technique
has been applied regularly in the context of heavy flavour
decays [35,36]. The limiting resolution for heavy flavour
decays hinges on the direction of the long-lived particle. If the
direction of the hyperon is measured via a track, rather than
inferred from the secondary and primary vertices as in the
case of heavy flavour decays, a superior resolution is antici-
pated. Consequently, it is expected that decays with missing
particles, such as these semileptonic decays, can be studied
with improved precision.

The presented tracking procedure focuses on scenarios
where the long-lived particle decays prior to reaching the
TT detector, allowing it to be reconstructed as a VELO
track, and its decay products as downstream tracks. In sit-
uations where the particle’s flight distance extends further
downstream, the decay products are not anticipated to be
reconstructed as downstream tracks. Instead, the long-lived
particle passes through both the VELO and the TT track-
ing detectors, and potentially the tracking detectors located
downstream of the magnet. The particle traverses substan-
tially more of the dipole magnet’s field in this case, allow-
ing for an accurate estimate of its momentum. This makes
the reconstruction of the long-lived particle feasible without
the need to reconstruct its decay products. To reject back-
grounds of other, abundant, stable particles, it is possible to
still search for signals of these decay products in the down-
stream tracking stations. In this scenario, another approach
might prove promising: the particle-identification detectors
could be used to help identify the particle species. Figure 8

@ Springer

presents the expected Cherenkov angles in the RICH detector
upstream of the dipole magnet, RICH 1, for the common parti-
cle species, along with several hyperons. For momenta below
80 GeV, the hyperons could be distinguished from the abun-
dant pions, kaons and protons, when only accounting for the
finite resolution of the RICH detectors of below 1 mrad [37].
Studies with fast simulation [38] show that this momentum
range would cover over 95% of the =&~ baryons considered
in the analysis of Sect. 4, and that more than 25% of all &~
baryons in the LHCb acceptance will decay downstream of
the TT detector. However, the momentum resolution of tracks
reconstructed using only the VELO and TT information is
limited. This could potentially jeopardise the discrimination
based on the RICH information between hyperons and more
abundant particle species. Therefore, while recommending
further exploration in this direction, it is anticipated that using
additional information from the underlying decay topology
will still be necessary to attain a satisfactory performance.
Conversely, the presented methodology can be extended
to encompass decays that happen within the VELO detec-
tor. Taking the example of &~ — A7~ decays mentioned
earlier, both the &~ and 7t~ could be reconstructed as dis-
tinct tracks with different slopes. This reconstruction would
use information from the VELO detector to provide an ade-
quate angular resolution. This scenario, or decay topology,
is referred to as kink reconstruction. If these kinks can be
resolved and isolated well, they form a starting point to recon-
struct the decay of a charged particle into charged and neutral
particles. Notable examples include the studied &~ — A~
decay, but also charged pion and kaon decays, X+ — pn’
decays, and yet-to-be-explored decays at LHCb such as the
Y~ — nm decay. Their reconstruction would enable the
study of currently inaccessible charm and beauty decays,
such as Ag — X~ JApmT. Related to kink topologies is the
addition of single, isolated hits in the vicinity of a recon-
structed decay vertex as constraints in the reconstruction
of the decaying particle. Such a technique would not only
work for decaying charged particles like the =, but also
K g meson and A baryon decays, whose decay products have
traversed too few sensors to be reconstructed as VELO tracks.

7 Conclusion and summary

Using data recorded by the LHCb experiment in 2018, the
reconstruction of partial tracks of &~ baryons in the vertex
detector has demonstrated an improvement in capabilities to
study long-lived charged particles at the LHC.

Using the & — E~ntnt decay as a benchmark, the
performance of a newly implemented VELO matching algo-
rithm was studied. The efficiency of the matching algorithm
was found to vary between 96 and 97% depending on the

production mode and kinematics of the &~ baryon. Despite
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this small loss in efficiency, the VELO matching leads to
an increase of more than 20% in the number of retained

—~

EY — E-mtmt signal events compared to the stan-
dard LHCDb reconstruction, given a selection purity of 95%.

~

The mass resolution of the &~ 7" combination improves
by 25% and the signal-to-background ratio as a function
of the number of PVs improves significantly. In view of
Run 3 and beyond, the latter is particularly important, as
it offers insights into how the efficacy of this reconstruction
algorithm will extend to environments with higher instan-
taneous luminosities. Finally, it has been shown that the
VELO matching method allows for clear discrimination of
&~ baryons produced in heavy flavor decays as opposed to
the standard reconstruction. This enabled the implementation
of inclusive detached &~ and £2~ event triggers for Run 3
data taking at LHCb, which would have not been feasible
with the standard reconstruction method given the trigger
bandwidth constraints. These results highlight the potential
impact of tailored procedures to maximise the sensitivity of
the LHC experiments in their searches for physics beyond
the Standard Model.
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