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The Alpha Magnetic Spectrometer on the ISS
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State-of-the-art particle physics detector:

• Launched on the 16th of May 2011
• Measures the flux of CRs components

Main goals:

• Complex antimatter such as ҧ𝑑 and 𝑯𝒆
• Indirect DM detection through 𝑒+ and ҧ𝑝
• Production, acceleration and 

propagation of CRs
• Short and long-term effect of solar 

activity on CRs fluxes



The rationale

Why is the first detection of 𝐻𝑒 among CRs 
interesting?

• New insight into Matter-antimatter imbalance

• Big Bang Nucleosynthesis

• Possibly related to new physics as dark matter 
interactions, or to a primordial origin. 

𝐻𝑒 has a negligible astrophysical background (at 
low T/n [GeV/n]. 

Only a magnetic spectrometer can resolve the 
charge sign.
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Event selection

• downgoing (𝛽𝑇𝑂𝐹 > 0)

• |𝑍| = 2 (TRK+TOF)

• 𝑅𝑟𝑒𝑐, < 0 (TRK)

• 𝛽 (TOF + RICH)

Reliable 𝐻𝑒 candidats should 
have a reconstructed mass 
compatible with helium.
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AMS can search for 𝐻𝑒, looking at the following events:



Expected backgrounds
• 2.4 × 109 helium events 
• 5.7 × 104 events with 𝑅 < 0

The majority of these events are 𝑯𝒆 nuclei 
charged confused as 𝑯𝒆:

• Spillover:
• Stochastic process, (TRK resolution).
• Dominant at 𝑅 ≳ 𝑀𝐷𝑅∗

• Interactions inside the detector:
• 𝟒𝑯𝒆 → 𝟑𝑯𝒆 inelastic interaction
• Large angle scattering
• Relevant at 𝑅 [𝐺𝑉] ∈ [1, 𝑀𝐷𝑅]

Any possible signal lies below a 
considerable background.
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Analysis strategy on 𝟑+𝟒𝑯𝒆 Monte Carlo
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• Two networks: one classifier (𝐶𝐿𝑀𝐶) and one autoencoder (𝐴𝐸𝑀𝐶).
• trained on 𝟒𝑯𝒆, 𝟑𝑯𝒆 MC (R>0), tested on MC (R<0).
• Performances study and debugging. 

• Networks trained on MC are not used on ISS data: avoiding data-MC disagreement effects.
• Estimate background contribution due to charged confused He.

Analysis strategy on ISS data
• Two networks: one classifier (CL𝐼𝑆𝑆) and one autoencoder (𝐴𝐸𝐼𝑆𝑆).

• trained on ISS data (R>0), tested on ISS (R<0).

• Models trained on ISS are used to identify possible 𝑯𝒆 candidates.
• Number of candidates as function of the selection on the network’s outputs.

The reconstructed mass of the remaining events is used as final check. 



Supervised classifier

• Goal: distinguish well-reconstructed 
rigidities from poorly reconstructed ones. 

• The majority of R < 0 events are poorly 
reconstructed. 

• Define a data-driven label:

• Based on*  𝑹𝑼𝑯−𝑹𝑳𝑯

𝑹𝑼𝑯+𝑹𝑳𝑯

•  sensitive to spillover.
 

Reliable 𝑯𝒆 candidates should have 
a (𝑪𝑳𝑰𝑺𝑺) score ∼ 𝟏.
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* 𝑅𝑈𝐻 = Inner Upper Half
𝑅𝐿𝐻 = Inner Lower  Half

ISS data 𝑅𝐼𝑁𝑁𝐸𝑅 > 0

Well-reconstructed rigidities



Signal efficiency as a 
function of measured 
rigidity
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Goal: minimise losses in the compression-
decompression process.

• MSE =
𝑿−𝒀 2

𝑁𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠

• Well-reconstructed events dominate the 
R>0 sample.

• Poorly reconstructed events dominate the 
R<0 sample.

The autoencoder fails on badly reconstructed
events, while well-reconstructed events are 
unaffected. 

Unsupervised autoencoder
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𝑿 = input 
𝒀 = AE’s output

𝐀𝐧𝐨𝐦𝐚𝐥𝐲 𝐬𝐜𝐨𝐫𝐞 =
𝟏

𝟏 + 𝑒−𝑀𝑆𝐸
∈ 𝟎. 𝟓, 𝟏

Reliable 𝑯𝒆 candidates should have an anomaly score ~ 0.5.
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MC R>0 ISS DATA R>0

MC R<0 ISS DATA R<0
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CLs method
Do we observe any deviation from the sole 
background hypothesis?

Test statistic: 𝑸 = −𝟐 𝒍𝒏
𝑳𝑺+𝑩

𝑳𝑩

• 𝐿 𝑠, 𝑏 =
𝑠+𝑏 𝑁

𝑁!
𝑒− 𝑠+𝑏 ⋅

𝜏𝑏 𝑀

𝑀!
𝑒−𝜏𝑏

• 𝑠 = 𝐻𝑒 rate (POI) , 𝑏 = background rate
• 𝑏, constrained by the helium MC

The final decision is taken looking at: 

𝑪𝑳𝒔 =
𝑪𝑳𝑺+𝑩

𝟏 − 𝑪𝑳𝑩

𝑪𝑳𝒃 is the test of the signal significance

If 𝑪𝑳𝒔 < 𝟎. 𝟎𝟓 the S+B hypothesis is 
rejected, identifying an exclusion limit.
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Conclusions

• Two independent and orthogonal Neural Networks have been presented:
1. Supervised classifier quantifies the quality of the reconstructed rigidity.
2. Unsupervised autoencoder identifies well-reconstructed events.

• 10 anti-helium candidates have been found against 4.34 ± 1.41 predicted by MC
• A ∼ 2𝜎 tension with the BKG only hypothesis

• Exclusion limits on the  𝑯𝒆

𝑯𝒆
 for TOF, NaF and AGL detector.
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