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• Long-lived neutral particles weakly decaying into two 
charged hadrons


• Displaced decay topology

•  vs. 


• Huge cross-sections (  vs. )

•  ( )

•  ( )


• Small phase space, soft  spectra

→ Lower reconstruction efficiency than 
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1. Detector commissioning (short-term)

• 5x higher  in Run 3

• Major upgrades of hard- and software


→  measurement allows unbiased evaluation 
of detector performance, especially the 
tracking

→ Also analyse Run 2 data for comparison

ℒ

V0

P. Fernandez Declara, D.H. Perez Campora, J. Garcia-Blas, D. Vom Bruch, J.D. Garcia, N. Neufeld, IEEE Access 7, 91612 (2019). 

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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2. Strangeness Enhancement

The enhancement of strange particles in heavy-ion collisions was historically quantified by calculating
the strange particle yield per participant pair, as estimated with the Glauber model [16], and comparing the
result to the values obtained in proton-proton (pp) collisions at the same center-of-mass energy [12]. In
recent results, we see that this might not be the best approach, since the production rate of strange particles
in pp collisions also increases with the event multiplicity [17].
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Fig. 1. Ratio to pion of integrated yields for p, K0
s , Λ, φ, Ξ and Ω. The evolution with multiplicity at mid-rapidity, dNch/dη||η|<0.5, is

reported for several systems and energies, including pp at
√

s = 7 TeV [17, 18], p-Pb at
√

sNN = 5.02 TeV [19, 20, 21], and also the
ALICE preliminary results for pp at

√
s = 13 TeV, Xe-Xe at

√
sNN = 5.44 TeV and Pb-Pb at

√
sNN = 5.02 TeV are included for

comparison. Error bars show the statistical uncertainty, whereas the empty boxes show the total systematic uncertainty.

A better way to quantify this enhancement would be to normalize the total yield of strange particles to
the yield of pions. Moreover, to overcome the difference in colliding systems and energies, the yield ratios
are studied as a function of charged particle multiplicity at mid-rapidity. The evolution of this ratio with
multiplicity is reported in Figure 1 for p, K0

s , Λ, φ, Ξ and Ω for all the available colliding systems.
We observe a smooth evolution with multiplicity across all systems, from low multiplicity pp to central

AA collisions. Furthermore, despite differences in initial conditions and collision energy, p-Pb results follow
the trend observed in pp collisions. The enhancement is observed to be more pronounced for particles with
a larger strangeness content, with the φ exhibiting a behavior that is intermediate between K0

s and Ξ. A
saturation value seems to be reached in AA collisions for ⟨dNch/dη⟩|η|<0.5 ! 100, in close agreement with
predictions from statistical hadronization models (SHMs) [8]. Ultimately, the new measurements in Xe-Xe
collisions further corroborate the observation that, for a given particle species and multiplicity, particle ratios
are independent of energy and system.

3. Resonance yields and properties of the hadronic phase

The measured hadronic resonance yields may be influenced by several factors: initial yield at chemi-
cal freeze-out, resonance lifetime, scattering cross-section of resonance decay daughters and lifetime of the
hadronic phase of the system evolution. Therefore, a comparison of measured resonance yield to the pro-
duction rate of its stable counterpart can provide information about the late stage of the system evolution.

D.S.D. Albuquerque / Nuclear Physics A 982 (2019) 823–826824

Phys. Scr. 95 064007 (2020)

Nature Phys. 13 (2017) 535-539

Astrophys. Space Sci. 367, 27 (2022)

1. Detector commissioning (short-term)

2. Strangeness enhancement (long-term)

• Strange hadron production → non-perturbative 

QCD

• Enhancement of strange-hadron production in 

high-multiplicity events observed by ALICE

• Possible solution of “muon puzzle” in 

astroparticle physics

• Muon number also sensitive to meson-to-

baryon-ratio


→ LHCb offers unique environment to test this

http://doi.org/10.1088/1402-4896/ab85fc
https://www.nature.com/articles/nphys4111
https://link.springer.com/article/10.1007/s10509-022-04054-5


Noah Behling | SFB 1491 General Assembly 09.11.2023 |  production in Run 3V0 9

 cross-section ratiosV0

R(Λ̄0, K0
S) = σ(pp → Λ̄0X)

σ(pp → K0
SX) =

ℒ N(Λ̄0 → pπ+) εK0
S→π+π− ℬ(K0

S → π+π−)
ℒ N(K0

S → π+π−) εΛ̄0→pπ+ ℬ(Λ̄0 → pπ+)

R(Λ̄0, Λ0) = σ(pp → Λ̄0X)
σ(pp → Λ0X) =

N(Λ̄0 → pπ+)εΛ0→pπ−

N(Λ0 → pπ−)εΛ̄0→pπ+

Cancels in ratios
>1M  decays from few minutes 


of data taking in nominal conditions

+ good background rejection

V0
No trigger efficiencies
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 candidatesV0

ℱIP(V0 → h+h(′ )−) = log10(IP(h+)) + log10(IP(h(′ )−)) − log10(IP(V0))

 0.007265623636982355± = 496.90228573502236 µ

 0.00772488725091236± = 2.885110198646948 σ

 0.02238208318675694± = 1.516939648224925 1α

 0.019060035149924826± = 1.6167819667062293 2α

 2.092973332683581± = 13.854892275332654 1n
 4.244451688241007± = 21.39705052231118 2n

 0.020008546153698153± = -0.4217114090421935 1c
 525.4573837457283± = 264776.2872455254 sigN
 137.00622280896368± = 8297.737259939262 bkgN
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 0.007± = 496.902 µ

 0.008± = 2.885 σ

 0.022± = 1.517 1α

 0.019± = 1.617 2α

 2.093± = 13.855 1n
 4.244± = 21.397 2n

 0.02± = -0.422 1c
 525± = 264776 sigN

 137± = 8297 bkgN

• Data recorded in 
( )


• Pairs of tracks leaving 
hits in VELO + SciFi and 
forming vertex

90 s
78 nb−1

• Cut optimised in Run 2 analysis

• 

• Additional cut  to 

suppress hyperon ( ) 
contributions

ℱIP(K0
S /Λ0) > 2.6/1.5

IP(Λ0) < 0.13 mm
Ξ0, Ξ−

• Signal yield + mass 
resolution highly 
dependent on spatial 
detector alignment 

LHCb Unofficial

LHCb Unofficial
LHCb Unofficial
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SciFi Tracker

11

A-side C-side

• 3 tracking stations

• 4 layers per station

→ U, V rotated by  5°


• Divided into 4 quarters in - -plane

→ A- ( ) and C-side ( )

→ Top ( ) and bottom half ( )


• Each side persists of 5 modules (6 for T3) with 
2x4 fibre mats each separated by a mirror at 

∓
x y

x > 0 x < 0
y > 0 y < 0

y = 0



SciFi Spatial Alignment
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Ideal 

Real 
• Real detector does not resemble 

ideal detector perfectly

→ Need to find translations and 

rotations of detector elements 
from ideal position (applies to 
all subdetectors)

Tracker alignment

Align VELO, UT, SciFi, Muon system

Degrees of freedom ↵ for tracker alignment (alignment constants)

• 3 translations Tx ,Ty ,Tz

• 3 rotations Rx ,Ry ,Rz

for each ’alignable’ element
! alignment ’moves’ and ’rotates’ detector elements in software

04.05.2023 84th A&S week status of alignment Florian Reiss 4

V7
• SciFi v2 half-module 

alignment (Δx, ΔRz)

V10
• SciFi v3 half-module 

alignment 



• SciFi mat alignment 
(Δx, Δz, ΔRz)

(Δx, Δz)
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Impact of spatial alignment: V7 vs. V10
• 

→ 

→ 

→ 

→ 


• 

→ 

→ 

→ 

→ 


• Remaining charge asymmetries, but 
smaller


• No improvement found in further 
checks
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Nsig : 23187 → 53879
σ : 1.18 → 1.055
SciFi hits(p̄) : 10.82 → 11.12
SciFi hits(π+) : 10.79 → 11.06
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Agreement between data and MC
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• Disagreement between data and simulation in key variables

• Not fully clear whether only due to detector misalignments

• Efficiencies estimated on simulation

• Corrections to reconstruction and tracking efficiencies in the works

LHCb Unofficial LHCb Unofficial
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Preliminary ratio comparison
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Prospects for 23 data
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Summary

17

•  production cross-section ratios contribute to validation of the LHCb 
Upgrade I detector paving the way towards stable physics programme in Run 3

→ Presented current status of one of the first Run 3 measurements

→ Crucial for precision measurements by LHCb in Run 3 contributing to F4


• Emphasis on future measurements of strangeness enhancement in intersection 
of particle and astroparticle physics

→ Baryon-meson-ratio measurement in the forward region as input for 

generator tunings of atmospheric showers

→ Possible solution to muon puzzle

V0

Thanks for your  
attention!


