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The rationale
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* Anti-nuclei heavier than d are unlikely to be P S g
formed during cosmic rays (CRs) propagation, Syrio_ 3]
as confirmed by the PHENIX [1] and ALICE [2] 1077 = B T g =
collaborations. DU I e, I
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e He observations could be related to Dark E PN
Matter interactions or primordial origin. = B -
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* The main background is He nuclei Py fertany
misidentified as He. 10-13 (- —
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* The Alpha Magnetic Spectrometer claims few 107 1 T 1ot 102
He candidates. Our work focuses on T/n [GeV/n]
developing a classifier to study each possible (1] Phys. Rev. Lot 84, 122302 (2005)
He event. [2] Measurement of anti-3He nuclei absorption in matter and impact on their

propagation in the Galaxy
[3] Prospects to verify a possible dark matter hint in cosmic antiprotons with
antideuterons and antihelium
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.122302
https://www.nature.com/articles/s41567-022-01804-8
https://www.nature.com/articles/s41567-022-01804-8
https://inspirehep.net/literature/1638307
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Monte Carlo simulation of He events

Down-going tracker L1
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* Only events of *He nuclei are simulated. Upper
ToF "I
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* The Monte Carlo simulation mimics the response of an
AMS-02-like detector M | et | S
(ZD Inner tracker 2
gl | e —— m
* The Alpha Magnetic Spectrometer (AMS-02 [4]) is a particle = -
physics detector operating on the International Space W
 Only the responses of the Silicon Tracker (TRK), the Time RICH
of Flight (TOF) and the Anti-Coincidence system (ACC) tracker L9
are simulated. ECAL

[4] The Alpha Magnetic Spectrometer on the International Space Station
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https://www.sciencedirect.com/science/article/pii/S0920563213005525?via%3Dihub

Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion

— T/

Spillover Hadronic inelastic Hadronic elastic *

* Large angle scattering

19/7/2024 Francesco Rossi - University of Trento



Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three
sources of charge confusion

— T

Spillover Hadronic inelastic Hadronic elastic *

Silicon tracker finite resolution

* Large angle scattering
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three
sources of charge confusion

—

Spillover Hadronic inelastic Hadronic elastic *

Interactions within the detector

* Large angle scattering
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion

—

Spillover Hadronic inelastic Hadronic elastic *

For each source, we select a sample to be used in the training of a
Fully Connected Neural Network

* Large angle scattering
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion
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Spillover Hadronic inelastic Hadronic elastic
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Arbitrary units

- 100 GV

1 .
The tracker measures = thus higher R have the
expected distribution’s mean closer to 0. 100 —

The probability of measuring% < Oincreases with R F .
10752_ ......

leading to an enhancement of charged confused

events. 10— 005 01 015 02 025
1/R[GVT]
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion
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Spillover Hadronic inelastic Hadronic elastic
. Migration matrix spillover sample
S 34l
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;9 3.2 |
Sample selection: 2

e no interactions within the inner tracker
* high energy events

P24 26 28 3 32 34
log, (-R

meas)
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion

Spillover Hadronic inelastic Hadronic elastic
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Sources of charged confused events

Selecting the reconstructed events with the wrong rigidity sign (R = g), we identified three

sources of charge confusion
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Spillover Hadronic inelastic Hadronic elastic *

| J
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Rare events, poor statistics
within the available sample

* Large angle scattering
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Spillover |
Input features for Fully Had. Inet [l

Connected Neural Network , .

. ¢ E
( ) é 10 é
12 optimized input features feed the FCNN
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* Track hitenergy depositionon L8. B s 3 :
0 5 . I‘IOI = 15I = I2I0 . . 0.6 0.8 1
L8 track hit E deposit L8 strip E ratio
* Ratio between strip energy depositionandits o, s g 5
neighbouring 10 strips, on L8. g g
= 107" < 10—1:§
* Number of fired ACC. o o
* Number of hits in inner tracker (L3-L8). o s
6 7 9 50 60 70 80
Number of fired ACC L3-L8 number of hits Y
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Correlation matrix and features ranking

Correlation matrix
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Hit on track E (L8)

Max strip E (L8)

SR (L8)
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Feature ranking
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Fully Connected Neural Network (FCNN) for classification

e FCNN structure:
* PyTorch

10°

* Three linear layers: 12 nodes, 32 nodes, 1 node. P ,
—— trainining loss function
validation loss function
. ° GJ
.12 optimized > > ' FCNN output E
input features S
H
S
Hidden layer with 32 nodes o
M
« FCNN hyperparameters: 10
o f i . 0 25 50 75 100
Optimizer: Adam Epochs

 Learningrate: 1.0 - 1073
e Batchsize: 2.5-103
* Loss function: Binary Cross Entropy
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FCNN classifier perfomance

Training sample: 1.4 - 10° events

Validation sample: 0.6 - 10° events.

50% spillover and 50% inelastic interaction events.

The output of the FCNN is a number € [0,1], corresponding to the probability that an event
is spillover.

10°
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Conclusions

* We developed a Monte Carlo toy of pure He events.

* We found three different sources of charge confusion.

* With the available statistics, a FCNN classifier was trained showing good
performances in distinguishing between spillover and inelastic interaction
events.

Prospects

Train the classifier on hadronic inelastic interactions.

More statistic is required to add one more class to the FCNN classifier.

Detailed study of the classifier behaviour.

International
Space Station

Applying the same selection and classifier to the real data it will be
to reduce the He background for the research for He in cosmic rays. -
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Conclusions

* We developed a Monte Carlo toy of pure He events.

* We found three different sources of charge confusion.

* With the available statistics, a FCNN classifier was trained showing good
performances in distinguishing between spillover and inelastic interaction
events.

Prospects

* Train the classifier on hadronic inelastic interactions.
* More statistic is required to add one more class to the FCNN classifier.

* Detailed study of the classifier behaviour.

International

* Applying the same selection and classifier to the real data it will be possible .
~ Space Station

to reduce the He background for the research for He in cosmic rays.

Thank you for your attention!
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Backup

International
Space Station
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Events selection

« InnerTRK charge € [1.7,2.4] *  Down-going particle

* L1TRKcharge € [1.6,3.0] * 4/4TOF hits

«  Upper TOF charge € [1.5 3.0] * Trackhits 8/8

2
 LowerTOF charge > 1.5 *  Track Xpending <10
(& J \ J
Reconstructed charge Event’s quality
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Input features 1

g EE E
* Distance between track hit and strip with & g
max energy deposit on L8. £ 10k s
10 B ey | L 107
* Ratio between strip energy deposition ) )
. . . . 10 10
and and its neighbouring 10 strips, on L8. :
0 10 20 30 40 50 60 70 80 0 0.2 0.4 0.6 0.8 1
L8 distance from track hit and max E depaosit on a strip L8 strip E ratio
& 1 : 2 =
* Number of hits in L3-L8 inner tracker Y s B
side. . s L
< < F
* Track hit energy deposition on L8.
10° .
0 10 20 30 40 50 60 70 I80 0 5 10 15 Zi;)
L3-L8 number of hits ¥ L8 track hit E deposit
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Input features 2

* Total energy deposition on L8. g g
= =
* Max energy deposit on a single strip on L7.
* Ratio between Strip energy deposition 800 1000 100200300400 500 600
. . . . eposi max strip E deposi
and and its neighbouring 10 strips, on L2. -
% g 107
* Number of hits in L3-L8 inner tracker X ) )
side. 10
10°
0.8 1 0 10 20 30 40 50 60
L2 strip E ratio L3-L8 number of hits X
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Input features 3

* Track hit energy depositionon L7. i‘ 101_

« Total energy deposition on L7. “"

* Number of fired ACC. : N E e T P R
L7 track hit E deposit

* Max energy deposit on a single strip on L8. é |
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Number of fired ACC
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Arbitrary units

Arbitrary units
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