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Antinuclei ( ) less likely to be produced 
by astrophysics below ~1 GeV/n

D, He, . . .
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Strong dark matter probe

The antinuclei problem
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AMS-02 detected  and  ‘candidates’D He

∼ 7 D ∼ 5 3He ∼ 4 4He
P. Zuccon, Talk at MIAPbP 2022

???

The antinuclei problem

For  GeVmDM = 50

BUT

p : D : 3He ∼ 1 : 10−4 : 10−8
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M. Winkler & T. Linden, 
Phys.Rev.Lett. 126 (2021) 10, 101101

An excess of  could come from 
the decay of DM-produced weakly 
decaying -baryons (e.g., )

He

b Λ0
b

Solution? 

The antinuclei problem

Content Mass

uds

udb Not measured

uub

ddb

usb

dsb

ssb

Λ0
b

Σ0
b

Σ+
b

Ξ0
b

Ξ−
b

Ω−
b

5619.57 ± 0.16MeV

Σ−
b

5810.56 ± 0.25MeV

5815.64 ± 0.27MeV

5797.0 ± 0.4MeV

5791.7 ± 0.4MeV

6045.8 ± 0.8MeV

Λb

At least  times less 
produced in  and 

 collisions than  

10
e+e−

pp Λ0
b
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The antinuclei problem

Using PYTHIA, the baryon/meson ratio 
can be controlled with probQQtoQ

BUT trying to match the measured 
 leads to  multiplicities 

exceeding by  LEP data
f(b → Λb) p/p

40σ

An excess of  could come from 
the decay of DM-produced weakly 
decaying -baryons (e.g., )

He

b Λ0
b

Solution? 
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Recently, LHCb released the first 
experimental upper limit on the 
inclusive branching ratio of  to Λ0

b
3He

BR(Λ0
b → 3HeX) < 6.3 × 10−8

R.-D. Moise, PoS ICHEP2024 (2025) 676

Goal: Provide a new and robust 
computation of antinuclei production 
from dark matter using PYTHIA

The antinuclei problem
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Tuning the PYTHIA hadronisation modelI
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Using 4185 collider measurements, 
we perform tuning of 14 PYTHIA 

parameters related to flavor selection 
and hadronisation
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Setting the coalescence modelII

We choose a simple coalescence with distance cutof (  and  fm) Δp < pcoal Δr < 3

ALICE data at 
 TeVs = 7

We find  GeVpcoal = 0.20 ± 0.01
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Tuning the PYTHIA hadronisation modelI.bis
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Now we can assess 
BR(Λ0

b → 3He X)
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Tuning the PYTHIA hadronisation modelI.bis

Now we can assess 
BR(Λ0

b → 3He X)
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Fixing  f(b → Λ0
b, B0, B0

s )III
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We correct the fragmentation 
functions into -hadrons by tuning 

probQQtoQ
B

New value to be used solely 
for the  and  production 
from -hadrons decays:

p n
B

probQQtoQ = 0.19 ± 0.03
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Fixing  f(b → Λ0
b, B0, B0

s )III

We correct the fragmentation 
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B
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p n
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IV Fixing BR(Λ0
b → 3He X)

10°7

10°6

10°5

BR
(L̄

0 b
!

3 H
eX

)

Had. tune
Had. tune+QQ
Benchmark
WL21 tune
LCHb upper limit

We fix branching ratios of  to di-quark modes to match the LHCb upper limit on 
 and the PDG values for other hadronic modes
Λ0

b
BR(Λ0

b → 3He X)
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Results
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In the end, the contribution from -hadrons is negligible!b
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Summary

• We performed a full tuning of PYTHIA and determination of the coalescence 
model in order to match different collider observables in order to correctly assess 
the production of light antinuclei ( ) arising from DM annihilation 


• We now expect the production of light antinuclei from weakly decaying -baryons 
to be negligible compared to the prompt production


• If the  candidates detected by AMS-02 were confirmed, we need 
to come up with new production mechanisms to explain these events

D, 3He

b

D, 3He and 4He



Thank you for your attention!
Questions?


