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Motivation

21st October 2026

• Hard scattering processes well described in framework of perturbative 
QCD


• Calculations break down for soft processes with 


→ Phenomenological models tuned to experimental data


• Accurate predictions not only crucial to understand underlying event in 
hadron colliders, but also limiting factor in interpretation of data collected 
by ground-based cosmic-ray observatories

q2 ≤ ΛQCD
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Atmospheric showers

31st October 2026

Astrophys. Space Sci. 367, 27 (2022)

• High energy cosmic rays reconstructed from hadronic and 
electromagnetic shower initiated by interaction with atmosphere


• Number of produced muons sensitive to primary nucleon mass


• MC event generators predict lower muon number than observed 
by experiments → Muon Puzzle


• Promising solution: Modification of ratio of energy carried by 
photons to that of long-lived hadrons


→ Achievable by increase of baryon and/or strangeness 
production


→ LHCb offers unique properties to probe these mechanisms in 
the forward region

https://link.springer.com/article/10.1007/s10509-022-04054-5
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The LHCb detector

41st October 2026

• Single-arm forward spectrometer 
covering  


• Designed to study  violation and 
beauty hadron decays


• Fully upgraded prior to Run 3 to take 
data with  instantaneous luminosity

2 < η < 5

CP

5 ×

CERN-THESIS-2012-075

JINST 3 (2008) P08005

https://repository.cern/records/6j9bh-0mh33
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
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The LHCb Upgrade I detector
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JINST 19 (2024) P05065

GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are

VOLUME 4, 2016 3

https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065


Noah Behling Recent results in  and  production cross-sections at LHCbΛ K0
S

The LHCb Upgrade I detector: Tracking system
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are

VOLUME 4, 2016 3
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The LHCb Upgrade I detector: Particle Identification 
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are

VOLUME 4, 2016 3
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Previous measurements at LHCb
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• Measurement of  production ratios in 
 collisions at  and 


• Prompt  production in  collisions at 

V0

pp s = 0.9 7 TeV

K0
S pp

s = 0.9 TeV

JHEP 08 (2011) 34

Phys. Lett. B 693 2 (2010) 69-80
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https://link.springer.com/article/10.1007/JHEP08(2011)034
https://www.sciencedirect.com/science/article/pii/S0370269310010282?via=ihub
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Recent results

91st October 2026

• Measurement of prompt  and  
production cross-sections and ratios in 

 collisions at 


→ Run 2 Legacy measurement


•  production cross-section ratio in 

 collisions at 


→ First measurement with partial Run 3 
dataset

K0
S Λ

pp s = 13 TeV

Λ̄/K0
S

pp 13.6 TeV

LHCb-PAPER-2026-031 (in preparation)

LHCb-PAPER-2026-045 (in preparation)

New
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Measurement of prompt  and  production 
cross-sections and ratios in  collisions at 

K0
S Λ

pp
s = 13 TeV

LHCb-PAPER-2026-031 (in preparation)
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Strategy

111st October 2026

•  of data recorded in 2015 at LHCb


• Unbiased trigger configuration


• Fiducial  phase space  and 




• Fiducial regions reduced towards higher  for  due 
to detector acceptance and decay kinematics


• Double-differential measurement in  array of bins 
in  and 

3.61 ± 0.07 nb−1

K0
S 2 ≤ y ≤ 5

10 MeV/c ≤ pT ≤ 10 GeV/c

pT Λ

6 × 6
y log10(pT [MeV/c])

σ(pp → V0X) =
N reco

data

ε ⋅ ℒ
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Particle reconstruction and selection

121st October 2026

• Reconstruction in decay modes  and 




• Candidates formed from combination of two tracks with hits in all 
tracking detectors and opposite charge


• Mass window of  around respective  PDG mass 
after assigning mass hypotheses of final state particles to tracks


• Candidates required to have good quality displaced decay vertex 
and originate from associated primary vertex

K0
S → π+π−

Λ(Λ̄) → p(p̄)π−(+)

±50 MeV/c2 V0

p

h+

h−

FD(V0)

PV
p

IP



Noah Behling Recent results in  and  production cross-sections at LHCbΛ K0
S

Efficiency determination and signal extraction 

131st October 2026

• Extraction of signal yield  via fit to invariant mass


• Efficiency factorises to 


• Determined from simulation via 


• Simulation calibrated to data in multiple steps


• Event track multiplicity


• Primary vertex position


• Tracking calibration


• Kinematics


• Nonprompt contamination

N reco
data

ε = εacc ⋅ εreco ⋅ εsel ⋅ ℬ(V0 → h+h−)

ε = N reco/Ngen
p

Preliminary

Preliminary
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Systematic uncertainties

141st October 2026

• Total uncertainties dominated by systematics


• Sizeable contributions from tracking correction and luminosity among whole measurement range


• Dominated by simulation sample size in peripheral bins
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Cross-sections compared to event generators

151st October 2026

• First LHCb measurement of  and  cross-section, first of  cross-section at 


• Cross-sections extrapolated to full  spectrum


• Trends in rapidity well reproduced by all event generators, absolute numbers vary vastly

Λ Λ̄ K0
S s = 13 TeV

pT

Preliminary Preliminary Preliminary
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Ratios compared to event generators

161st October 2026

• Relative baryon production underestimated by all probed event generators apart from 
QGSJet


• Stronger suppression of antibaryons towards high rapidity than predicted by generators

Preliminary Preliminary
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 production cross-section ratio in  
collisions at 

Λ̄/K0
S pp

13.6 TeV

LHCb-PAPER-2026-045 (in preparation)
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Strategy

181st October 2026

•  of data recorded in 2024 at 


• Unbiased trigger configuration


• Fiducial phase space  and 


• Differential measurement in  and 


• Binning adapted from Run 1 measurement with twice the number of bins

64 pb−1 s = 13.6 TeV

2 ≤ y ≤ 4.5 150 MeV/c ≤ pT ≤ 2.5 GeV/c

y pT

R(Λ̄0, K0
S) =

σ(pp → Λ̄0X)
σ(pp → K0

SX)
=

N(Λ̄0 → pπ+) εK0
S→π+π−

N(K0
S → π+π−) εΛ̄0→pπ+
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Signal extraction and efficiency determination

191st October 2026

• Candidates formed identically to Run 2 measurement


• Required to have good quality displaced decay vertex and originate 
from associated primary vertex


• Signal yields obtained via invariant mass fits


• Efficiencies estimated from simulation after multiple calibration step

• Fake-track correction

• Tracking calibration

• Kinematics

• Impact parameter calibration
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Systematic uncertainties

201st October 2026

• Measurement dominated by systematic uncertainties


• Systematic accounting for tracking correction leading 
at low  and  edges


• Uncertainty on  hadrons absorbed by detector 
material leading at mid to high  and mid 

pT y

V0

pT y
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Ratios compared to event generators

211st October 2026

• Ratio underestimated by all probed generators but QGSJet II 04


• Trend in rapidity described well by generators, absolute values vary depending on model


• Transverse momentum dependence either at low or high  mismodelled pT
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Ratios compared to previous measurements

221st October 2026

• Results of different experiments not comparable 
out of the box due to different centre-of-mass 
energy and rapidity coverage


→ Compare in Lorentz invariant rapidity loss 



• Universal ratio of  to  production among wide 

range of 


• Variations due to different fiducial phase spaces

Δy = ybeam − yV0
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Future Prospects

231st October 2026

• Significant uncertainty in event generators 
originating from extrapolation from  to 
other collision systems


→ Analyse SMOG2 and oxygen collision data


• Multiplicity-dependent strangeness 
enhancement observed by ALICE 
collaboration


→ Probe multiplicity dependence of cross-
sections in forward region

pp

Nature Phys. 13 (2017) 535-539

https://www.nature.com/articles/nphys4111
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Summary

241st October 2026

• LHCb offers unique environment to probe soft QCD processes relevant to model environment in 
collider experiments and interactions of cosmic rays with atmosphere


• First LHCb measurement of , , and 

 at 


• First LHCb measurement of  and 


• First measurement of  at 


• Run 3 measurement proves successful upgrade of LHCb detector


• Baryon-to-meson production ratio underestimated by most common event generators


• Future measurements in different collision systems and as function of multiplicity will reduce 
extrapolation uncertainties of hadronic interaction models and probe strangeness enhancement in 
forward direction 

σ(pp → K0
SX) σ(pp → Λ̄X)/σ(pp → K0

SX)
σ(pp → Λ̄X)/σ(pp → ΛX) s = 13 TeV

σ(pp → Λ̄X) σ(pp → ΛX)

σ(pp → Λ̄X)/σ(pp → K0
SX) s = 13.6 TeV
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.

Our approach for using GPUs in high-energy physics
presents a parallel tracking algorithm which reconstruct par-
ticle trajectories that are bent under the influence of a magnet,
describing a non-straight trajectory. We focus on achieving
high-throughput to meet the collision rate and real-time con-
straints of the LHC at CERN. Other scientific fields have
been successful on implementing real-time high-throughput
solutions with GPUs, where fields like DNA sequencing are
already ditching CPU-based architectures to process their
large datasets. Successful results in the HEP fields suggest
that implementing a full filter with GPUs, including the
decoding and tracking of charged particles, is a feasible
task that will increase the filtering throughput capabilities of
LHCb.

III. BACKGROUND
In Figure 2 we depict the full chain of algorithms needed
to run the High Level Trigger 1 at LHCb required to filter
events. In this section we describe the UT (Upstream Tracker)
sub-detector, which provides part of the input data needed
for the tracking algorithm. UT algorithms are second in
the chain, receiving input from the UT raw banks and the
reconstructed tracks from the VELO (Vertex Locator). This
paper covers all the UT steps highlighted in Figure 2: the
decoding of UT raw banks, and the UT tracking 2.

A. UT SUB-DETECTOR
The LHCb detector is composed of various sub-detectors,
as shown in Figure 1. In order to reconstruct particle tra-
jectories, information from various sub-detectors is required.
The sub-detectors that provide tracking information are the

2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen

VELO, the UT, the SciFi Tracker and the µ (Muon) tracker.
The UT is located in between the VELO and the SciFi
Tracker [4].

The UT sub-detector is composed of four planes, where
each plane is a single sided silicon strip detector. We refer to
the four consecutive planes as UTaX, UTaU, UTbV, UTbX
respectively, as can be seen in Figure 3. These are sorted
into two layers containing 2 planes each, the a and b layers.
The X planes are composed of vertical strips whereas the U

and V planes are tilted around the Z axis at +5° and �5°
respectively. By combining the measurements from the tilted
U and V planes, the Y coordinate can also be determined.
Each UT plane is composed of micro-strip sensors arranged
in vertical staves [29]. A UT plane can be divided into 3
regions with different geometry, where the inner-most region
has a finer granularity, and the outer regions have coarser
granularity. Each stave measures 160 cm high and 10 cm
wide, where various sensors are placed alongside each stave.
The sensors in a stave overlap with their neighbour sensors, to
avoid gaps, and the vertical staves also overlap for the same
reason. The X planes are composed of 16 staves while the
U and V are composed of 18 staves. The acceptance of the
UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
momentum resolution for charged particles.

• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
Finally, UT plays an important role by marking tracks

that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
UT detectors, but not in SciFi Tracker. These tracks are
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• Measurement of velocity via Cherenkov angle allows to 
separate  


• Reconstruction and identification of neutral particles via 
total energy deposition in calorimeters

p, π, K, μ
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GPUs have also been studied in scenarios requiring real-
time processing at fusion experiments [26] greatly reducing
the wall-time compared to the CPU version. Real-time split-
and-merge executions have been improved in multi-GPU
scenarios by Han et al. [27], and X-ray computer tomography
reconstruction in GPUs has shown how different optimiza-
tions can be implemented and combined to speedup GPU
computations [28].
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FIGURE 1: Schematic view of the LHCb upgrade detector.
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2UT decoding and Compass algorithms are available at https://gitlab.cern.
ch/lhcb-parallelization/Allen
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reason. The X planes are composed of 16 staves while the
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UT sub-detector is defined by its volume in space, the UT
planes for the UT sub-detector. Only particles that traverse
this volume can leave signals and are measured.

The UT detector serves various purposes in the LHCb
experiment:

• Reconstructs charged particles trajectories that decay
after the VELO sub-detector.

• Reconstructs low momentum particles that are bent by
the magnet, and go out of acceptance before reaching
the SciFi Tracker.

• Gives additional information in the form of hits, that
can be used in conjunction with the VELO and SciFi
Tracker information to reject tracks.

• As the UT is influenced by the magnet, it can provide
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• It can reject low momentum tracks.
• Decreases time to extrapolate VELO tracks to SciFi

Tracker by at least a factor of 3.
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that won’t be used by the next tracking detector, the SciFi
Tracker. This allows for a faster processing of the whole track
reconstruction in the LHCb detector.

B. TRACK TYPES, EFFICIENCY, AND FAKE RATES
When performing particle tracking in the LHCb detector,
tracks are classified according to the sub-detectors they tra-
versed.

The tracks that traverse the UT sub-detector or serve as
input for it are classified as follows:

• Long tracks: contains hits detected from the VELO to
SciFi Trackers, and they may contain hits in the UT.
Long tracks analysed here have hits in the UT.

• Upstream tracks: comprise hits recorded in VELO and
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• Consistent increase of  cross-section with centre-of-mass energy 
observed


• Continuation of decreasing trend towards higher rapidity

K0
S

(Preliminary) (Preliminary)
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Astrophys. Space Sci. 367, 27 (2022)

https://link.springer.com/article/10.1007/s10509-022-04054-5
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• Apply a PV constraint to the  to get the 
flight direction vector 
 

•  This leaves an overdetermined system of 
2 unknowns and 3 equations
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