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• Strangeness enhancement with charged 
particle multiplicity is considered as a QGP 
signature.
• Recent findings show universal strangeness 

enhancement across collision system.
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Nature Phys 13, 535-539 (2017)

1. Motivation. Strangeness 
enhancement in small systems.

https://doi.org/10.1038/nphys4111


The hadronization process reflects the properties of the hadronic 
matter.
Fragmentation: Showers of partons produced by outgoing quarks form 
into hadrons.
Coalescence: Readily available quarks combine to form colour singlets. 
Requires multiple quarks wavefunctions to overlap in position and 
velocity. 
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1. Motivation. Hadronization mechanisms.



Measurements of 𝐵 mesons offer unique probes of 
hadronization:

• No 𝑏 quark content in the incoming beam particles.
• Production well described by perturbative processes.

• The ratio of the fragmentation fractions !!
!"
∝
"#!$

"#$
is 

greatly dependent on the hadronization process.

• !!
!"

is observed to depend on 𝑝# and 𝑠 for 𝑝𝑝
collisions.
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1. Motivation. 𝑏 quark hadronization.

Phys. Rev. D 104(2021) 032005 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005


• From heavy flavour physics to 
general-purpose detector in the 
forward region.
• Fully instrumented forward 

detector 2 < 𝜂 < 5.
• Excellent tracking, momentum 

resolution and particle 
identification.
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2. LHCb experiment. 

JINST 3 (2008) S08005

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
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𝐵() → 𝐽/𝜓 → 𝜇*𝜇+ 𝜋*𝜋+
𝐵) → 𝐽/𝜓 → 𝜇*𝜇+ 𝜋*𝜋+

• Data: 𝑝𝑝 collisions 𝑠 = 13 TeV, ∫ ℒ 𝑑𝑡 = 5.4 fb+,.
• Simulation PYTHIA 8.
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3. 𝐵!"/𝐵" ratio with multiplicity. arXiv:2204.13042v1 

Similar yields.

https://arxiv.org/abs/2204.13042


Back 
VELO 
track

• Proxy for the multiplicity.
N-./012
3456 : Total number of charged 

tracks reconstructed by the VELO 
detector.
N-./012
7/01 : Subset of VELO tracks that 

point in the backward direction, away 
from LHCb (−3.5 < 𝜂 < −1.5).
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3. 𝐵!"/𝐵" ratio with multiplicity.

JINST 10 (2015) 02 P02007 

arXiv:2204.13042v1 

https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007
https://arxiv.org/abs/2204.13042


• The results are quoted in terms of 
normalized multiplicity:

Number of tracks at the centre of a 
given multiplicity interval divided by 
the mean number of tracks in NoBias
events (all bunch crossing events). 
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3. 𝐵!"/𝐵" ratio with multiplicity. arXiv:2204.13042v1 
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3. 𝐵!"/𝐵" ratio with multiplicity.

• Fit model:
• Signal → Crystal ball.
• Background → Exponential.

• Apparent increase of 𝐵()
yield with multiplicity.

arXiv:2204.13042v1 

https://arxiv.org/abs/2204.13042
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3. 𝐵!"/𝐵" ratio with multiplicity.

𝐵! → 𝐽/𝜓𝜋"𝜋#𝐵$! → 𝐽/𝜓𝜋"𝜋#

Phys. Rev. D90 (2014) 012003 
Phys. Rev. D89 (2014) 092006 
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Due to differences in the 𝜋6𝜋7mass 
distribution.

arXiv:2204.13042v1 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.012003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092006
https://arxiv.org/abs/2204.13042


• Enhancement observed with 
VELO tracks. 
• No enhancement with 

backward tracks.
⇒ The mechanism responsible 
for the increase in the ratio is 
related to the local particle 
density.
• Results coherent with  
𝑒/𝑒0measurements at low 
multiplicity.
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3. 𝐵!"/𝐵" ratio with multiplicity.

Boxes → fully correlated uncertainties.
Bars → uncorrelated uncertainties.

arXiv:2204.13042v1 
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• Measurement in 𝑝< bins.
• Enhancement notable at 𝑝< < 6 GeV/𝑐 ⇒ Possible coalescence.
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3. 𝐵!"/𝐵" ratio with multiplicity. arXiv:2204.13042v1 

https://arxiv.org/abs/2204.13042


• In 𝑝𝑝 collisions at 𝑠 = 13 TeV the production of 𝐵$%
mesons is enhanced relative to 𝐵% mesons in collisions 
with high multiplicity:
⇒ Compatible with strangeness enhancement.

• Results coherent with  𝑒&𝑒'measurements at low 
multiplicity and for 𝑝( > 6 GeV/𝑐.
⇒ Possible quark coalescence as additional hadronization 
mechanism at low 𝑝%.

• Work in progress at LHCb:
• 𝐷$" and 𝐷" in 𝑝Pb collisions with multiplicity. 
• Ξ&" in 𝑝Pb collisions.
• Light strange hadrons with multiplicity in small systems.
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4. Conclusion and future prospects.

𝐷" → 𝐾#𝜋"𝜋"

𝐷$" → 𝐾#𝐾"𝜋"
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Backup



• Triggers that select the decay 𝐽/𝜓 → 𝜇*𝜇+.
• One interaction point (primary vertex) in the centre of the VELO.
• 𝜇± candidates: 
• Penetrate all the layers of LHCb.
• 𝑝G > 500 MeV/𝑐.

• 𝜋± candidates:
• Identified by the ring-imaging Chernkov detectors.
• 𝑝 > 3 GeV/𝑐.
• 𝑝G > 750 MeV/𝑐.

• The background is subtracted using the sPlot method.
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Event Selection


