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⇒ Expected             ratio is 103

● If AMS-02 results are confirmed:
New source of       required

● Reported                  candidates in 
cosmic rays at conferences

● Origin is unclear: 
AMS never reported    observation
  

AMS-02: Antihelium in space

[Phys. Rev. C 97, 024615 (2018)]

[COSPAR 2022]
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024615
https://www.cosparathens2022.org/


  

● Large variations depending on model:
● Herwig+EvtGen:

● Pythia Λb-tune*:

[PRL 126(2021)101101]
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Prom
pt

NB: discussion ongoing, e.g. [PRC 1018(2023) 024903]

●       production enhanced w.r.t. 

*increased baryon production

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.101101
https://doi.org/10.1103/PhysRevC.108.024903


  

The LHCb detector (2015-18) [JINST 3 (2008) S08005]

● Coverage: 2 < η < 5

[IJMPA 30 (2015) 1530022]

● About 1011        have been produced in LHCb acceptance in Run 2 (                          )
● LHCb has measured 

3
⇒                                                          well within reach

[ JHEP 04 (2017) 029]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://link.springer.com/article/10.1007/JHEP04(2017)029


  

Helium ID: dE/dx
[JINST 3 (2008) S08005]
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[JINST 19 (2024)270 P02010]

[JINST 19 (2024)270 P02010]

● Ionization losses in VELO, TT and IT
→ amplitude digitized with ADC

● Encoded with log-Likelihood Discriminator
→ one for each sub-detector:

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1088/1748-0221/19/02/P02010
https://doi.org/10.1088/1748-0221/19/02/P02010


  

Helium ID: dE/dx
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[JINST 19 (2024)270 P02010]

⇒ Excellent separation between helium and Z=1 particles 

[JINST 19 (2024)270 P02010]

● Ionization losses in VELO, TT and IT
→ amplitude digitized with ADC

● Encoded with log-Likelihood Discriminator
→ one for each sub-detector:

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1088/1748-0221/19/02/P02010
https://doi.org/10.1088/1748-0221/19/02/P02010
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Helium ID: dE/dx
● Ionization losses in VELO, TT and IT

→ amplitude digitized with ADC
● Encoded with log-Likelihood Discriminator

→ one for each sub-detector:

[JINST 3 (2008) S08005]
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[JINST 19 (2024)270 P02010]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1088/1748-0221/19/02/P02010
https://doi.org/10.1088/1748-0221/19/02/P02010


  

5

[LHCb-CONF-2024-005]

Helium ID: conversion rejection
● Combine RICH, track Isolation, Calorimetry and OT timing information:

→ dedicated log-likelihood estimator: 

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

● Combine RICH, track Isolation, Calorimetry and OT timing information:
→ dedicated log-likelihood estimator: 

● Removes residual background from conversions
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● Three silicon strip detectors

Helium ID: conversion rejection
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[JINST 19 (2024)270 P02010] [LHCb-CONF-2024-005]

→ cut base OT+RICH selection

https://doi.org/10.1088/1748-0221/19/02/P02010
http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Observation of hypertriton at LHCb
[LHCb-CONF-2023-002]
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PV

https://cds.cern.ch/record/2868251/


  

● Selection
– Helium displaced from Primary Vertex
– Good SV with proton
– SV well separated from PV

analysis strategy
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● Dataset
– Proton-proton collisions
– Run 2 data (2016-18,                       )
–

7

[LHCb-CONF-2024-005]

PV

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

● Dataset
– Proton-proton collisions
– Run 2 data (2016-18,                       )
–

analysis strategy

After proton PID:
Only combinatorial background expected

7

● Selection
– Helium displaced from PV
– Good SV with proton
– SV well separated from PV

SV

PV



  

● Three signal channels:

1.  

2.  

3.  

● Dataset
– Proton-proton collisions
– Run 2 data (2016-18,                       )
–

analysis strategy

Signal:                   peaks at kinematic threshold

8

● Selection
– Helium displaced from PV
– Good SV with proton
– SV well separated from PV

inclusive
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● Three signal channels:

1.  

2.  

3.  

● Dataset
– Proton-proton collisions
– Run 2 data (2016-18,                       )
–

analysis strategy

Purity

Y
ield

Signal:                      peaking at 
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● Selection
– Helium displaced from PV
– Good SV with proton
– SV well separated from PV

exclusive



  

Analysis strategy: Normalization channel
●

– topology comparable to signal
● Selection

– similar vertex and proton PID 
requirements as signal

● Yields: 
– ext. unbinned max. likelihood fit
– shapes from simulation
–

9

[LHCb-CONF-2024-005]

⇒ Systematic uncertainties on        ,       and        cancel in ratio

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
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[LHCb-CONF-2024-005]

(used to normalize bkg.)

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
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[LHCb-CONF-2024-005]

(used to normalize bkg.)

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
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[LHCb-CONF-2024-005]3.                         candidates

(used to normalize bkg.)

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Upper limits at 90% CL (preliminary)

0 1 2 3 4 5 6
B(Λ0

b → 3HeppX) × 108

0.0

0.2

0.4

0.6

0.8

1.0

p-
va

lu
e

LHCb preliminary
Observed
Median expected
Expected ±1σ
Expected ±2σ
90% CL

1 2 3 4 5 6 7
B(Λ0

b → 3HepX) × 108

0.0

0.2

0.4

0.6

0.8

1.0

p-
va

lu
e

LHCb preliminary
Observed
Median expected
Expected ±1σ
Expected ±2σ
90% CL

13

[LHCb-CONF-2024-005] [LHCb-CONF-2024-005]

● No significant signal observed ⇒ set upper limits at 90% CL

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Upper limits at 90% CL (preliminary)
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[LHCb-CONF-2024-005] [LHCb-CONF-2024-005]

● No significant signal observed ⇒ set upper limits at 90% CL

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Upper limits at 90% CL (preliminary)
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[LHCb-CONF-2024-005] [LHCb-CONF-2024-005]

● No significant signal observed ⇒ set upper limits at 90% CL

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

2.

Extrapolation to                             (preliminary)

14

● Model assumption required
– Considered two PYTHIA coalescence configurations

1. 3.

Sensitive to production of 
additional deuterons:

Too rare, mostly there are 
additional pions in PYTHIA

      PYTHIA models:

[LHCb-CONF-2024-005]

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1
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      PYTHIA models:

2.

14

● Model assumption required
– Considered two PYTHIA coalescence configurations

1. 3.

Sensitive to production of 
additional deuterons:

Too rare, mostly there are 
additional pions in PYTHIA

Assuming strong isospin: 

Extrapolation to                             (preliminary)
[LHCb-CONF-2024-005]

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Summary

● First results on (anti)helium production in (anti)     decays
● Abundance of         from potential Dark Matter significantly restricted
● LHCb Upgrade II offers potential to cover current estimates 15

N
B

: W
L

 corrected w
.r.t. IC

H
E

P after feedback from
 authors

[LHCb-CONF-2024-005]

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Backup



  

LHCb detector Run 3

Less amplitude information available in Run3

[CERN-LHCC-2014-001]
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https://cds.cern.ch/record/1647400/


  

RICO inputs
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[LHCb-CONF-2024-005]

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Systematic uncertainties
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[LHCb-CONF-2024-005]

http://cds.cern.ch/record/2905862/files/LHCb-CONF-2024-005.pdf?version=1


  

Upper limits
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● Impact Parameter resolution

particle track

● Coverage: 2 < η < 5

VELO

[JINST 3 (2008) S08005]
[IJMPA 30 (2015) 1530022]

The LHCb detector (2015-18)

20

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227


  

Helium selection

21

[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010
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● Digitization & clustering:
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

Likelihood Discriminators
● Probability Density Distributions● Combine n measurements:

● Separate each sub-detector:

1.

2.

3.

with

Preliminary

23

[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010
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● Mis-ID probabiltiy (                 ): 
● Signal (He) efficieny: ~50%

Performance for well-reconstructed tracks:
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

ΛLD: No strong dependence on kinematics
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

Prompt helium and antihelium
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

ΛLD
 VELO separated by charge and preselection
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https://doi.org/10.1088/1748-0221/19/02/P02010


  

Helium in minimum bias data
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

LHCb skimming stage
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https://doi.org/10.1088/1748-0221/19/02/P02010
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[JINST 19 (2024)270 P02010]

https://doi.org/10.1088/1748-0221/19/02/P02010


  

Hypertriton

Selection
● 2-body decay into helium:

● Secondary helium candidates (not from PV):
                         

● Combine with charged pion
● Well reconstructed secondary vertex

● Access to hyperon-nucleon interaction
⇒  Implications for neutron stars

● Hypertriton “life-time puzzle”:
● Tension between STAR and ALICE

[hypernuclei.kph.uni-m
ainz.de]
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https://hypernuclei.kph.uni-mainz.de/

