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The GAPS experiment
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Two subsytems:
TOF time of flight system, plastic scintilaltor pad-

dles, β measurement, trigger
Si(Li) tracker 1000 detecors in 10 planes, energy res-

olution at 4 keV for 20 − 100 keV

Event selection

Likelhood techniqe for particle identification. Details
in [1]. Analysis in 3 stages:
Preselection Ensure that the reconstructed stop-

ping/annihilation vertex is inside the tracker vol-
ume and the and there are enough hits

Llh construction Use seven variables to construct 2d
probability distributions together with the recon-
structed velocity.

Final cuts Cuts on the calculated likelihood ratio op-
timized individually for three cos(θ) bins together
with a cut on the mean truncated energy to en-
sure the reconstruction is compatible with |Z| =
2 and a cut on reconstructed 0.3 < β < 0.6
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number of tracks from vertex
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Truncated energy mean - separates primary particles with charge |Z| = 1 and |Z| = 2
Number of tracks from vertex - identifies antiparticles (annihilation exhibits "star" pattern)

GAPS anti He3 sensitivity
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Background
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GAPS sensitivity

 LDB×, GAPS 1 event, 3 He3 

GAPS antihelium-3 sensitivity for three LDB flights of 35 days each (95% confidence level).
Antihelium-3 flux predicted from dark matter taken from [3, 4, 5, 6, 7], standard astrophysical

background predictions taken from [8, 9, 10].

Simulation & Reconstruction

- Simuation using Geant4.10.7p02

- FTFP_BERT_HP physics list
- Detailed model of GAPS geometry
- 1011 protons, 4 · 109 α-particles and 7 · 108 an-
tiprotons generated for this study.

- Reconstruction of primary track + annihilation
star specifically developed for GAPS [2].

Sensitivity

- Bayesian approach as in [11]
- Sensitivity for one detected event
- Sensitivity calculated for three 35days LDB
flights

- Remaining background onn the order of 10−3

- 2.29 · 10−6 m-2sr-1s-1(GeV/n)-1

Summary & Outlook

- Initial MC study of GAPS antihelium-3 capabili-
ties

- LLh analysis exploiting primary event character-
istics and annihilation star

- Unprecedendet sensitivity to antihelium-3 flux in
an energy region inaccessible to AMS-02

Acknowledgements
This work is supported in the U.S. by NASA APRA grants (NNX17AB44G, NNX17AB45G, NNX17AB46G, and NNX17AB47G),
in Japan by JAXA/ISAS Small Science Program FY2017, and in Italy by Istituto Nazionale di Fisica Nucleare (INFN) and the
Italian Space Agency through ASI INFN agreement No. 2018-28-HH.0: “Partecipazione italiana al GAPS - General AntiParticle
Spectrometer”. F. Rogers is supported by the National Science Foundation Graduate Research Fellowship under Grant No.
1122374. P. von Doetinchem received support from the National Science Foundation under award PHY-1551980. H. Fuke is
supported by JSPS KAKENHI grants (JP17H01136 and JP19H05198) and Mitsubishi Foundation Research Grant 2019-10038.
K. Perez and M. Xiao are supported by Heising-Simons award 2018-0766. Y. Shimizu receives support from JSPS KAKENHI
grant JP20K04002 and Sumitomo Foundation Grant No. 180322. Technical support and advanced computing resources from
the University of Hawaii Information Technology Services – Cyberinfrastructure are gratefully acknowledged. This research
was done using resources provided by the Open Science Grid [12, 13], which is supported by the National Science Foundation
award #2030508.

https://doi.org/10.1016/j.astropartphys.2021.102580
https://doi.org/10.1103/physrevd.97.103011
https://doi.org/10.1103/physrevd.96.083020
https://doi.org/10.1103/physrevd.96.103021
https://doi.org/10.1088/1475-7516/2019/06/004
https://doi.org/10.1103/physrevlett.126.101101
https://doi.org/10.1103/PhysRevD.99.023016
https://arxiv.org/abs/1808.08961
https://doi.org/10.1088/1475-7516/2020/08/048
https://doi.org/10.1103/physrevd.102.063004
https://doi.org/10.1103/physrevd.57.3873
https://doi.org/10.1088/1742-6596/78/1/012057
https://doi.org/10.1109/CSIE.2009.950

	Particle identification
	References
	Simulation  Reconstruction 
	Sensitivity estimate
	Acknowledgments

