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

• Displaced decay topology
→ 𝜏(𝑉!) ≈ 𝒪 10"## − 10"#! s vs. 𝜏(𝐵!) ≈ 𝒪 10"#$ s

• Huge cross-sections (𝒪 1b vs. 𝜎(𝑏) ≈ 𝒪(100 𝜇b))
o K%! → 𝜋&𝜋" ( 3'! ' ≈ 69.2 %)
o Λ! → 𝑝𝜋" + 𝑐. 𝑐. ( 3'! ' ≈ 63.9 %)
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R. B. Leighton, S. D. Wanlass, and C. D. Anderson, The decay of 𝑉! particles, Phys. Rev. 89, 148 (1953).



Figure 2: Side view of the LHCb upgraded detector.

The Vertex Locator (VELO) [8] is the tracking detector devoted to the precise measurement
of primary vertices and displaced vertices of short living particles. The current VELO, based on
silicon microstrips technology, will be replaced by 26 tracking layers based on 50x50 µm2 pixel
technology that will ensure a better hit resolution and simpler track reconstruction. Figure
3.a shows a sketch of the tracking detector. The upgraded VELO will be closer to the beam
axis, from the current 8.4 mm up to 5.1 mm from it, and the particles will see substantially
less detector material, from 4.6% to 1.7% radiation lengths, before the intersection of the first
tracking layers which are the crucial ones to determine the resolution on the measurement of
the impact parameter of the particles. These improvements will improve the impact parameter
resolution by a factor of about 40%, increase the VELO tracking e�ciency especially for low
momentum tracks, and provide a better decay time resolution. In order to reduce the radiation
damage to the sensors, the detector layers will be opened while not taking data and closed
when stable beam condition is reached. The sensors will be cooled at the temperature of -20 C
exploiting an innovative microchannel CO2 cooling technology.

The Upstream Tracker (UT) [9] will be used for downstream reconstruction of long lived
particles decaying after the VELO. It will be also essential to improve the trigger timing, and
the momentum resolution. The UT will be composed by 4 tracking layers based on silicon strip
technology. A UT layer is sketched in Figure 3.b. The inner sensors will be closer to the beam
pipe with respect to the current tracker, in order to increase the geometrical acceptance. The
segmentation and technology of the sensors is driven by the expected particle occupancy and
radiation dose. In the outer region, the strips will be 99.5 mm long with 180 µm pitch, and based
on p+-in-n technology. The strips in the central region will have same length but 95 µm pitch,
and they will be based on n+-in-p technology in order to better sustain the higher radiation
dose. Finally, the strips closest to the beam will be 51.5 mm long, with 95 µm pith and based
on n+-in-p technology.

The Scintillating Fiber tracker (SciFi) [9] will be structured in 12 detector layers, and used
for track reconstruction after the magnet region thus providing measurement of the particle
momentum. Figure 3.c shows a sketch of a SciFi layer. The SciFi will be based on 2.4 m long
plastic scintillating fibres with 250 µm diameter, arranged on vertical direction. Each of the
detector layers will be composed of 6 layers of fibres, with a total layer thickness of 1.35 mm
and transversal dimensions of about 6 m x 5 m. On vertical direction the layers will be made of
two series of fibres separated by mirrors. The fibres will be readout by SiPMs placed on the top
and on the bottom of the detector layers, reading arrays of 50x50 µm2 sized pixels grouped in
arrays of 128 channels. SiPMs will be cooled at the temperature of -40 C in order to decrease
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• LHCb has undergone major upgrades for Run              
3 data taking
o New tracking detectors
o Upgraded RICH detectors
o Upgraded electronics
o Software-only trigger
→ Detector performance needs

to be evaluated step by step
• 𝑉! measurement can be done

without particle identification
• Measure cross-section ratios to not                

depend on luminosity measurement

Alessio Piucci, The LHCb upgrade, IOP Conf. Series: Journal of Physics: Conf. Series 878 012012 (2017).
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Phase-I Upgrade for Run 3
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To be UPGRADED

Upgraded LHCb Detector

DAQ

Major upgrade  it’s a new detector all together!

Federico Alessio, CERN

CERN-LHCC-2012-007

Federico Alessio, The LHCb Upgrade Programme for Run 3 and Run 4,  ICHEP 2020.



Strangeness enhancement
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• Muon excess observed in cosmic-ray-induced
atmospheric showers
→ Promising solution to this muon puzzle could

be enhancement of strangeness production
• Enhancement of strangeness production in high 

multiplicity events by ALICE experiment
• Consistent for different centre-of-mass energies

and collision systems
→ Well known in quark-gluon-plasma, but not in 
𝑝𝑝/𝑝−ion

• Dependence seems to be only on density of
charged tracks

• Measurement performed at mid-rapidity 𝜂 < 0.5
→ LHCb unique environment to study

strangeness enhancement in very-forward 
region

saturated trend is observed in central Pb–Pb collisions for all
particle ratios. Since there is no significant dependence on the
center-of-mass energy, the origin of strangeness enhancement
in hadronic collisions seems to be driven by the final state
rather than by the collision system or energy. We observe that
none of the models describes the production of strange par-
ticles across multiplicity satisfactorily. Figure 5 shows the
multiplicity dependence of the K0

S, Λ,Ξand Ω yield ratios to
pions divided by the values measured in pp events with at
least one charged particle in the interval |η|<1 (INEL>0)
in pp collisions at s=7 TeV and p–Pb collisions at

sNN =5.02 TeV [6]. The observed multiplicity dependent
enhancement follows a hierarchy determined by the strange-
ness content of the hadron.

3.3. p–Pb and Xe–Xe collisions

ALICE has measured strangeness in p–Pb collisions at
sNN =8.16 TeV from the 2016 LHC run and preliminary

results confirm that no significant collision energy dependence
is observed. To compare the relative increase of strange par-
ticles across different colliding systems and energies, the yield
ratios are presented as a function of the mean charged-particle
multiplicity density. Figure 6 shows the multiplicity depend-
ence of the yield ratios of p, K0

S, Λ, f,Ξand Ω to the pion
yield in pp collisions at s=7 TeV and 13 TeV, p–Pb col-
lisions at sNN =5.02 and 8.16 TeV, Pb–Pb collisions at

sNN = 5.02 TeV and Xe-Xe collisions at sNN =5.44 TeV.
There is a smooth evolution with multiplicity across different
systems, from low-multiplicity pp to high-multiplicity central
Pb–Pb collisions. Preliminary Xe-Xe results are consistent with
Pb–Pb ones and hint at the fact that hadrochemistry is inde-
pendent of the nucleus species employed for the collision. The

strangeness enhancement is found to be more pronounced for
particles with a larger strangeness content. The zero net-
strangeness (S=0) f-meson exhibits an intermediate behavior
between K0

S (S=1) andΞ(S=2). It is observed that the
production of strange particles is collision-energy independent
at a given multiplicity.

4. Conclusions

ALICE has measured strangeness production in pp, p–Pb,
Xe–Xe and Pb–Pb collisions. In Pb–Pb collisions a hardening
of strange hadron transverse momentum spectra is observed,
with increasing centrality (radial flow). A similar effect is also
present in pp collisions at s=7 TeV and 13 TeV with
increasing multiplicity. Strangeness enhancement is observed
in high multiplicity pp collisions. Strange particle-to-pion
ratios evolve smoothly with charged-particle multiplicity,
regardless of the collision system and energy.

References

[1] Rafelski J and Muller B 1982 Phys. Rev. Lett. 48 1066
[2] Abelev B(ALICE Collaboration) et al 2008 JINST 3 S08002
[3] Song H and Heinz U W 2008 Phys. Lett. B 658 279
[4] Fries R J et al 2008 Annu. Rev. Nucl. Part. Sci. 58 177
[5] Werner K 2012 Phys. Rev. Lett. 109 102301
[6] Adam J et al (ALICE Collaboration) 2017 Nat. Phys. 13 535
[7] Sjostrand T, Mrenna S and Skands P Z 2008 Comput. Phys.

Commun. 178 852
[8] Pierog T et al 2015 Phys. Rev. C 92 034906
[9] Bierlich C and Christiansen J R 2015 Phys. Rev. D 92 094010

Figure 5. Particle yield ratios to pions normalized to the values
measured in the inclusive INEL>0 pp event class as a function of
multiplicity.

Figure 6. Particle yield ratios to pions as a function of multiplicity
for different collision systems and energies.

4

Phys. Scr. 95 (2020) 064007 M Vasileiou

Maria Vasileiou and On behalf of the ALICE Collaboration, Phys. Scr. 95 064007 (2020).

Nature Phys. 13 (2017) 535-539

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


𝑉!s in the detector
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• Build pairs of all tracks that originate in the VELO and 
leave hits in all tracking detectors

• Add 𝜋/𝑝 mass hypothesis to tracks and require
invariant mass to be within 50 MeV/𝑐$ of 𝐾%!/Λ! mass

• Suppress combinatorial background by applying a cut 
on the Fisher discriminant
ℱ() = log#!(IP(ℎ&)) + log#!(IP(ℎ * ")) − log#!(IP(𝑉!))

• Optimial ℱ() cuts determined in Run 2 analysis
ℱ() 𝐾%!/Λ! > 2.6/1.5

• Additional cut IP(Λ!) < 0.13 to suppress contribution
from hyperon decays (e.g. Ξ" → Λ!𝜋")



First 𝑉! plots – Run 256145
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1 Strangeness production in Run 3

1.8.5 Bin-integrated mass fits

Invariant mass fits for the K
0

S
and ⇤0/⇤̄0 in the full pT and y ranges are performed

after applying the IP selections and mis-identification vetoes by using the mass model
and fitting procedure described earlier in section 1.7. They are shown in Figure 1.13.
The signal yields Nsig for K

0

S
and ⇤0/⇤̄0, obtained from the fits integrated in pT
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Figure 1.13: Invariant mass distributions of K0
S and ⇤0/⇤̄0 reconstructed with

two long tracks (LL) or two downstream tracks (DD) and FIP selection applied.
All plots are shown for magnet polarity MagDown.

and y after applying the IP selections and fitting the invariant mass distributions,
are shown in Table 1.4.
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Figure 1.13: Invariant mass distributions of K0
S and ⇤0/⇤̄0 reconstructed with

two long tracks (LL) or two downstream tracks (DD) and FIP selection applied.
All plots are shown for magnet polarity MagDown.

and y after applying the IP selections and fitting the invariant mass distributions,
are shown in Table 1.4.
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Summary and outlook
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• Study of 𝑉! production offers a simple way to study LHCb detector
performance in Run 3

• Analysis pipeline is adjustable to measure absolute cross-sections once
precise luminosity measurements are available

• Binning in multiplicity allows to validate observation of strangeness
enhancement in high charged-track-density events first observed by the
ALICE experiment
→ Possible explanation for muon puzzle in astroparticle physics


