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Helium selection: dE/dx
• energy-loss information in VELO, TT, and IT 

encoded into log-likelihood estimators ( ) 

⇒ excellent separation between helium and  
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Observation of hypertriton at LHCb
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PoS EPS-HEP2023 (2024) 254
LHCb-CONF-2023-002

http://doi.org/10.22323/1.449.0254
https://cds.cern.ch/record/2868251/
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Helium selection: conversion rejection

LHCb-CONF-2024-005
(in preparation)



Helium selection: conversion rejection
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• RICH, Isolation, Calorimetry, and OT information 
combined into additional log-likelihood estimator:  
⇒ removes residual background from conversions 
⇒ signal ↗ 10%, background ↘ 3x cf. previous publications

ΛRICO
LD

LHCb-CONF-2024-005
(in preparation)



Topology & kinematics
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Topology & kinematics
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Min. mass Only combinatorial expected 
after helium & proton PID



Topology & kinematics
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Min. mass
Soft final-state particles



Topology & kinematics

Three signal channels 
•  peak 
•  at kin. threshold 
•  at kin. threshold

Λ0
b → 3Hepp

Λ0
b → 3HeppX

Λ0
b → 3HepX
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LHCb-CONF-2024-005

 B = 0.14 ± 0.08
S + B = 0

(in preparation)
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 B = 0.8 ± 0.5
S + B = 1

(in preparation)
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(in preparation)
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B(Λ0
b → 3HeppX) < 1.6 × 10−8

LHCb-CONF-2024-005
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Summary
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These are the first results on (anti)helium production in (anti)  decays. 
They significantly restrict abundance of  in cosmic rays. 

LHCb Upgrade II offers the potential to cover current estimates.

Λb
3He

LHCb-CONF-2024-005 (in preparation)



15

BACKUP
Kowalski, 

analysis
Λ0

b → 3HeX
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Background estimation
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Performance flat in kinematics
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Prompt and displaced helium
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Extrapolation to B(Λ0
b → 3HeX)
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Normalisation data
•  used often in LHCb, 

BF O( ) JHEP 08 (2014) 143 
• aiming for purity: tight vertex and PID 
• extended unbinned ML fit with shapes 

taken from MC 
• 3 PID working points: 

• loose PID (  norm.) 

• tight PID (  norm.) 

• no PID (kinematic weights)

Λ0
b → Λ+

c (pK−π+)π−

10−4

Λ0
b → 3Hepp(X)

Λ0
b → 3HepX
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Upper limits

23

values & uncertainties of normalisation & expected bkg.



Upper limits

• CLs method based on Poisson likelihood

23

values & uncertainties of normalisation & expected bkg.

https://doi.org/10.1016/S0168-9002(00)00935-9
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• conservative extrapolation assuming isospin: 

⇒ B(Λ0
b → 3HeX) < 6.3 × 10−8

values & uncertainties of normalisation & expected bkg.

https://doi.org/10.1016/S0168-9002(00)00935-9
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