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Reflections on the State of Indirect Detection

But is our (practical) ability to search for them ruled out? 

i.e., In 2008, it was possible that WIMP dark matter was the dominant energetic component in 
some GeV gamma-ray or cosmic-ray channel. However, it appears that astrophysics is 
unfortunately bright - and that will not change.  



Anything You Can Do, I Can Do (Slightly) Better



AntiNuclei - A Clean Search Strategy ?

Antinuclei carry away a significant fraction of the 
total momentum in a particle collision. 

Astrophysical Antinuclei - Most be moving 
relativistically! 

Dark Matter Antinuclei - Can be slow! 

Donato et al. (1999; hep-ph/9904481)

Fornengo et al. (2017; 1306.4171)



slide from Sam Ting (La Palma Conference, April 9 2018)











AntiNuclei - A Clean Search Strategy ?

Poulin et al. (2018; 1808.08961)

Korsmeier (2017; 1711.08465)

Antihelium background even cleaner than antideuterons 

But the flux is supposed to be much smaller. 



Boosting this Signal to Meet the Challenge?

Poulin et al. (2018; 1808.08961)

1.) Hadronic Interaction Rates (should affect Antiprotons) 

2.) Coalescence Rates 

3.) Astrophysical Acceleration 

4.) New Channels





R ∝ p3(A−1)
0



Poulin et al. (2018; 1808.08961)



Key Insight - Coalescence Momentum for Antihelium Should Be Larger

While particle coalescence is hard to measure, the inverse process (fragmentation) is easier 
to measure. Helium’s binding energy significantly exceeds deuteriums 

Can also use Heavy ion results (Berkeley Collider), which provide a lower-measurement of 
the coalescence momentum at a specific particle energy: 



Key Insight - Coalescence Momentum for Antihelium Should Be Larger

Shukla et al. (2006.12707)



Coalescence Models - Expected Helium Flux
Poulin  et. al. (2018; 1808.08961)

Poulin et al. (2018; 1808.08961)Poulin et al. (2018; 1808.08961)
Carlson et al. (2014; 1401.2461)

Korsmeier (2017; 1711.08465)

Poulin et al. (2018; 1808.08961)

Using more realistic estimates for the anti helium 
coalescence momentum produces a boosted anti 
helium flux, especially at low energies.  
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Using more realistic estimates for the anti helium 
coalescence momentum produces a boosted anti 
helium flux, especially at low energies.  

Coalescence Models - Expected Helium Flux



Problem: The AMS-02 Antihelium Excess is not at low energies





Astrophysical Enhancements!

The current event rates depend on the 
detector sensitivity to anti-Helium. 

We lose many events because most 
anti-He are produced at energies that 
are too small to be detected.  

Use re-acceleration to boost the anti-He 
energies into the detectable range! 

Cholis, Linden, Hooper (2020; 2001.08749)









Particle Physics Enhancements!

Previous analyses have missed the 
(potentially) dominant contribution 
to anti-Helium production. 

The displaced-vertex decays of 
Lambda_b baryons potentially 
boosts the detectable AMS-02 signal 
by orders of magnitude! 

Winkler & Linden (2020; 2020.16251)
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Winkler & Linden (2020; 2020.16251)





Particle Physics Enhancements!

Major Issues: 

1.) Anti-deuterium to Anti-Helium Ratio? 

2.) Anti-Helium 4 ?? 







Major Issues: 

1.) Anti-Stars or Anti-Gas can 
undergo nuclear and chemical 
processes that make the Anti-
baryon ratios more similar. 

2.) How are these regions 
separated from the matter of 
our universe? 

Anti-Chemistry?





Conclusions

If AMS-02 results are not wrong, we have some major 
model building problems/opportunities.


