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AMS-02: Antihelium in space

* Reported O(10) He candidates in
cosmic rays at conferences

* Origin is unclear:
AMS never reported d observation
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e If AMS-02 results are confirmed:

New source of

required


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024615
https://www.cosparathens2022.org/

Dark Matter Annihilation Can Produce a Detectable Antihelium Flux through A, Decays
Martin Wolfgang Winkler " and Tim Linden®'
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NB: discussion ongoing, e.g. [PRC 1018(2023) 024903]


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

The LHCDb detector (2015-18) st 2008 sos00s],,, wetws

* Coverage: 2<m<5
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e About 1011/1? have been produced in LHCb acceptance in Run 2 (£;,; = 5.5fb™ 1)

* LHCb has measured B(A) = pr ™) = (6.9 4 2.5) x 107 [JHEP 04 (2017) 029]
= B(4, — *He X) ~ 1.5 x 10~ ° well within reach


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
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Helium ID: dE/dx

* Jonization losses in VELO, TT and IT oT

— amplitude digitized with ADC
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Helium ID: dE/dx

* Jonization losses in VELO, TT and IT

— amplitude digitized with ADC
* Encoded with log-leehhood Discriminator

— one for each sub-detector: Aip
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— Excellent separation between helium and Z=1 particles
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Helium ID: dE/dx

* Jonization losses in VELO, TT and IT
— amplitude digitized with ADC
* Encoded with log-leehhood Discriminator

— one for each sub-detector: A YO
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Helium ID: conversion rejection

* Combine RICH, track Isolation, Calorimetry and OT timing information:
— dedicated log-likelihood estimator: AR

[LHCb-CONF-2024-005]
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Helium ID: conversion rejection

* Combine RICH, track Isolation, Calorimetry and OT timing information:
— dedicated log-likelihood estimator: AR

* Removes residual background from conversions

[JINST 19 (2024)270 P02010 [LHCb- CONF 2024-005]
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Observation of hypertriton at LHCDb
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A, — 3He X analysis strategy

* Dataset
- Proton-proton collisions
- Run 2 data (2016-18,,/s = 13 TeV)
- Liny = 5.5~

* Selection
- Helium displaced from Primary Vertex
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L L

VELO
ALD

100

-15F

_2 [ 11 1 | 1 L
920 -10

ok
—_
()

AfD
SHe(ppn)



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

A, — 3He X analysis strategy

e Dataset
- Proton-proton collisions
- Run 2 data (2016-18,,/s = 13 TeV)
- Ling = 5.5t

* Selection
- Helium displaced from PV
- Good SV with proton
- SV well separated from PV

After proton PID:
Only combinatorial background expected

“He(ppn)
—0
PVAb ct~450um
— P




A, — 3He X analysis strategy

e Dataset
- Proton-proton collisions
- Run 2 data (2016-18,,/s = 13 TeV)
- Ling = 5.5t

* Selection
- Helium displaced from PV
- Good SV with proton
- SV well separated from PV Signal: m(*He p) peaks at kinematic threshold

inclusive 3H—e(]_3]_9ﬁ>

e Three signal channels:
1. 4, — 3Hep X




A, — 3He X analysis strategy

e Dataset
- Proton-proton collisions

- Run 2 data (2016-18,\/5 = 13 TeV)
- Lii =551

* Selection
- Helium displaced from PV
- Good SV with proton

- SV well separated from PV Signal: m(*He p p) peaks at kinematic threshold

. . 3— [
e Three signal channels: inclusive He(ppn)

1. 4, — 3Hep X
2. A, — 3Hepp X




A, — 3He X analysis strategy

* Dataset

- Proton-proton collisions

- Run 2 data (2016-18,\/5 = 13 TeV)
- Lii =551

* Selection
- Helium displaced from PV

- Good SV with proton -
- SV well separated from PV Signal: m(*He p p) peaking atm (4}

* Three signal channels: exclusive “He(ppn)
1. 4, — 3Hep X p
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Analysis strategy: Normalization channel
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Upper limits at 90% CL (@reliminary)

* No significant signal observed = set upper limits at 90% CL
[LLHCb-CONF-2024-005]
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Upper limits at 90% CL (@reliminary)

* No significant signal observed = set upper limits at 90% CL
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Upper limits at 90% CL (@reliminary)

* No significant signal observed = set upper limits at 90% CL
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Extrapolation to B(A} — “He X) (reliminary)

* Model assumption required

- Considered two Pythia coalescence configurations

1.4Y — *Hep X

2.A) — Hepp X

3.4) — SHepp

\4

B(A) — “He X)
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Extrapolation to B(A} — “He X) (reliminary)

* Model assumption required

- Considered two Pythia coalescence configurations
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Sensitive to production of
additional deuterons:
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* Model assumption required

- Considered two Pythia coalescence configurations

1.4Y — *Hep X

2.A) — Hepp X

3.4) — SHepp

Sensitive to production of
additional deuterons:
(p,n) = d

PyTHIA models:
B(A) — *Hepp X)

B(AY = 3He X)

~ 40%
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additional pions in PYTHIA
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Extrapolation to B(A} — “He X)) (reliminary)

* Model assumption required

- Considered two Pythia coalescence configurations

2.A) —

Hepp X

PyTHIA models:
B(A) — *Hepp X)

~ 40%
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Assuming strong isospin: 1 : 1 : 1 : 1
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= B(A) - HeX) <6.3x107°
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Summary

I I
—,— LHCb 5.5 fb~! limits at 90% CL
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* First results on production in (anti)/A; decays
* Abundance of from potential Dark Matter significantly restricted

* LHCDb Upgrade II offers potential to cover current estimates
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LLHCDb detector Run 3 [CERN-LHCC-2014-001]

Side View ECAL HCAL

M3
M2

Magnet SciFi RICH2

_ Tracker

= k : .
Venex_;% pe

Locator

N N - 1 T e R R I R

Less amplitude information available in Run3 16
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Arbitrary units

Arbitrary units
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Systematic uncertainties

Table 1: Relative systematic uncertainties and bias corrections, in percent, affecting the signal

branching fractions. Bias corrections and their uncertainties are also listed where applicable.

Simulation is denoted by “MC” where applicable. The impact of the composition of the simulated
Ag — 3HeX decays is denoted by “Ag — 9HeX MC”. The uncertainty on the normalisation-mode
branching fraction product is denoted by “normalisation BR”.

Uncertainty [%] A) — *Hepp A) — “HeppX A) — HepX
Background estimate 08.1 09.1 38.3
Normalisation (total) 14.5 19.0 14.8
Normalisation BR 9.4 9.4 9.4
Size of MC and calib. samples 8.7 9.2 9.0
Software trigger —8.0+4.0 —8.0+4.0 —6.8+3.4
Proton PID 8.0+ 6.0 10.9 £+ 14.2 3.6 5.6
Hardware trigger 5.6+ 14 b.6+ 14 .6+ 1.4
A) — *HeX MC N/A 3.0 3.0
A) — AT (pK—7tH)n™ yield 0.5 0.5 0.6

18
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Upper limits

e CLs method based on Poisson likelihood
-B(Ag — SHeppX) < 1.6 x 1078
« B(A) — "HepX) < 3.6 x 107°

e similar results from invariant-mass fit, and from the

Rolke method nN1MvA458(2001)745-758

o fit impractical for exclusive mode, Rolke used

« B(A;) - *Hepp) < 1.9 x 107°

e conservative extrapolation assuming isospin:

= B(A) — “HeX) < 6.3 x 1078

g(Blﬂ‘B: JB)

values & uncertainties of normalisation & expected bkg.

(851g: Cnorm B) — P(Bsig/cnorm + B) ) g(cnormlﬂlnorm: Unorm) ’

p-value
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=== 90% CL
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Helium selection

Table 1. Helium selection criteria quantified throughout this paper. The logical or is required between the

two preselection criteria. Given the complementary acceptances of OT and IT, the logical or is also required

between the downstream requirements.

Type Track property Selection
A t n € (2,5)
k.ccep z?'lce, r/|Z| > 2.5GV
inematics /12| S 03GV
, Number of overflows > 3
Preselection )
Median ADC > 115
At < Ins
Downstream lgT s
Afp > —1
Conversion | Unique VELO segment Yes
rejection ARICH < 2
PV origin In Xlzp < 2
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Prompt helium at LHCb

I'T acceptance
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Arp: No strong dependence on kinematics
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Prompt helium and antihelium
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A7H© separated by charge and preselection
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Helium in minimum bias data
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L HCb Skimming Stage [JINST 19 (2024)270 P02010]

* Run2 pp data from two different preselections
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Sources of helium
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Hypertriton Ve

/N

* Access to hyperon-nucleon interaction
= Implications for neutron stars

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

Selection

* 2-body decay into helium:
SH — SHen™

* Secondary helium candidates (not from PV):

In x3p (*He) > 2
* Combine with charged pion
* Well reconstructed secondary vertex
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