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a b s t r a c t 

The General Antiparticle Spectrometer (GAPS) is an Antarctic balloon experiment designed for low-energy 

(0.1–0.3 GeV/ n ) cosmic antinuclei as signatures of dark matter annihilation or decay. GAPS is optimized 

to detect low-energy antideuterons, as well as to provide unprecedented sensitivity to low-energy an- 

tiprotons and antihelium nuclei. The novel GAPS antiparticle detection technique, based on the forma- 

tion, decay, and annihilation of exotic atoms, provides greater identification power for these low-energy 

antinuclei than previous magnetic spectrometer experiments. This work reports the sensitivity of GAPS to 

detect antihelium-3 nuclei, based on full instrument simulation, event reconstruction, and realistic atmo- 

spheric influence simulations. The report of antihelium nuclei candidate events by AMS-02 has generated 

considerable interest in antihelium nuclei as probes of dark matter and other beyond the Standard Model 

theories. GAPS is in a unique position to detect or set upper limits on the cosmic antihelium nuclei flux 
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. Introduction 

Astrophysical observations indicate that dark matter is about 

ve times more abundant than baryonic matter [1] , but the fun- 

amental nature of dark matter has not been uncovered. Cosmic 

ntinuclei are excellent probes for dark matter models that anni- 

ilate or decay in the Galactic halo, including many models that 

vade detection in collider, direct, or other indirect searches [2] . 

MS-02 has announced the observation of several high-momenta 

 > 10 GeV/ c) candidate antihelium-3 and antihelium-4 nuclei 

vents [3] . Data taking, analyses, and interpretation of these events 

re still ongoing. GAPS is an indirect dark matter detection exper- 

ment optimized to detect low-energy (0.1–0.3 GeV/ n ) cosmic an- 

iprotons, antideuterons, and antihelium using a series of Antarctic 

ong-duration balloon (LDB) flights. GAPS will be complementary 

o AMS-02, as it has orthogonal systematic uncertainties and oper- 

tes in the crucial lower-energy range where the predicted contri- 

ution from new-physics models compared to astrophysical back- 

round is highest. One key advantage of the Antarctic flight path 

f GAPS, which BESS-Polar similarly benefited from, is the low geo- 

agnetic cutoff compared to the trajectory of AMS-02 on the Inter- 

ational Space Station. At least three GAPS LDB flights are planned, 

ith the first launch date anticipated for December 2022. 

The flux of antinuclei due to dark matter annihilation and 

ecay can be estimated based on dark matter density profiles 

n the Galaxy, dark matter annihilation and decay channels, and 

adronization, coalescence and Galactic propagation models. Over 

he past few decades, the cosmic antiproton spectrum has been 

easured by experiments such as BESS [4,5] , CAPRICE98 [6] , 

AMELA [7,8] , and AMS-02 [9] . A possible excess in the AMS-02 

ntiproton spectrum could be consistent with 20–80 GeV dark 

atter, but the significance of these analyses depend on inter- 

retation of theoretical and experimental systematic uncertain- 

ies [10–15] . At low-energies, the production of secondary antin- 

clei from cosmic-ray interactions with the interstellar medium 

s kinematically suppressed. A variety of dark matter models 

redict antideuteron fluxes [16–19] orders of magnitude above 

he astrophysical background in the energy range below approxi- 

ately 1 GeV/ n . Naively, any model explaining the AMS-02 anti- 

elium nuclei candidate events would overproduce both antipro- 

ons and antideuterons. Prior to AMS-02, BESS-Polar set an exclu- 

ion limit on the antihelium to helium flux ratio of 1 . 0 · 10 −7 in

he range of 1.6–14 GV [20] , the most stringent upper limit on 

he antihelium flux prior to the tantalizing AMS-02 reports. At- 

empts to explain the AMS-02 antihelium candidate events predict 

uxes in the GAPS energy range covering many orders of magni- 

ude. These range from standard cosmic rays with heavily-tuned 

ormation models [21,22] , to new DM annihilation channels [23–

8] , or even the existence of an antistar within our Galaxy [29,30] .

he GAPS antihelium measurement will provide crucial informa- 

ion to constrain these models, and the detection of low-energy 

ntihelium nuclei would be an exciting sign of new physics. 

This work presents the projected sensitivity of GAPS to detect 

osmic antihelium-3 nuclei, and will serve as the foundation for 

uture GAPS antihelium-4 nuclei sensitivity studies. An overview 

f the GAPS experiment is outlined in Section 2 . The simula- 

ion framework is described in Section 3 . The instrument simula- 
2 
tially free of astrophysical background. In three 35-day long-duration bal-

tive to an antihelium flux on the level of 1 . 3 +4 . 5 
−1 . 2 

· 10 −6 m 
-2 sr -1 s -1 (GeV/ n ) -1 

nergy range of 0.11–0.3 GeV/ n, opening a new window on rare cosmic

© 2021 Elsevier B.V. All rights reserved. 

ions and identification technique are presented in Section 4 . The 

tmospheric simulations to estimate background fluxes and the 

ntihelium-3 nuclei sensitivity of GAPS using three LDB flights are 

resented in Section 5 . Conclusions and the outlook for the GAPS 

xperiment are discussed in Section 6 . 

. The GAPS experiment 

.1. Instrument overview 

The GAPS experiment is designed to detect cosmic antinuclei 

uring a series of LDB flights at high-altitude ( ≈37 km) above 

ntarctica. The GAPS instrument consists of a particle tracker sur- 

ounded by a time-of-flight (TOF) system ( Fig. 1 ). The TOF sys- 

em consists of 196 plastic scintillator paddles arranged into an 

uter “umbrella” and an inner “cube” separated by a minimum dis- 

ance of 0.95 m. Each plastic scintillator paddle is 6.35 mm thick 

nd 16 cm wide. The umbrella consists of 1.8 m length paddles, 

hereas the cube uses 1.8 m, 1.56 m, and 1.1 m lengths. The pro- 

otype TOF paddles have demonstrated a time-of-flight resolution 

f better than 400 ps, and high-speed trigger and veto capabil- 

ties [31] . The inner TOF cube encapsulates the particle tracker 

ormed from 10 0 0 10 cm diameter, 2.5 mm thick lithium-drifted 

ilicon (Si(Li)) detectors, arranged into ten tracking planes. Each 

i(Li) detector has a cylindrical geometry with an active area of 

bout 70 cm 
2 that is segmented into eight single-sided strips of 

qual area [32–35] . An oscillating heat pipe system [36] in con- 

unction with a rotator to keep the radiator pointed away from the 

un is used to cool the Si(Li) detectors to the requisite operational 

emperature ( ≈–40 °C). GAPS has a large instrumental acceptance 

which is necessary for rare signal searches – and provides mul- 

iple identification techniques to reject cosmic-ray backgrounds. 

.2. GAPS Identification technique 

GAPS uses a novel detection technique based on the forma- 

ion, de-excitation, and annihilation of exotic atoms to identify 

osmic antinuclei [37,38] . Protons, α-particles, and antiprotons are 

he main backgrounds for the antihelium-3 nuclei search because 

rotons and α-particles are the most abundant cosmic-ray species 

nd antiprotons are the most abundant antinuclei species. Higher- 

harge particles are reliably rejected by the trigger algorithm. The 

APS antihelium nuclei identification scheme relies on reconstruct- 

ng the antihelium nuclei’s ionization losses before the annihila- 

ion to reject antiprotons and protons, as well as the multiplicity, 

elocity, and angular distribution of particles emerging from the 

topping vertex (secondaries) to reject α-particles and protons. 

The right panel of Fig. 1 shows a typical antihelium-3 nucleus 

vent topology inside the GAPS instrument. The incident primary 

article traverses the TOF system, which triggers the instrument 

eadout. The TOF also timestamps the energy depositions in the 

cintillator paddles, which enables the measurement of the pri- 

ary particle’s velocity β . Afterward, the particle continues into 

he Si(Li) tracker, where it slows down through ionization losses 

 d E/ d x ) in the tracker material. The Si(Li) detectors measure the 

nergy depositions on the track, which increase as approximately 

 
2 /β2 as the particle slows, where Z refers to the primary parti- 
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Fig. 1. Left: Schematic overview of the GAPS instrument: two layers of plastic scintillator form the inner TOF “cube” and outer TOF “umbrella”. The inner TOF cube encap- 

sulates a tracker composed of 10 layers of 10 0 0 Si(Li) detectors. Right: Antihelium-3 nucleus event topology: the orange dashed and red solid line indicate the simulated 

and the reconstructed primary antihelium-3 nuclei, respectively. The blue star designates the reconstructed stopping vertex. The thick solid black lines demonstrate the re- 

constructed tracks emerging from the stopping vertex. Thin black solid (dashed) lines represent secondary π+ ( π−), blue solid (dashed) lines represent secondary positrons 
(electrons), and magenta solid (dashed) lines represent secondary μ+ ( μ−) from the simulation. The colored boxes show the energy depositions of the registered hits. The 

color of the box indicates the amount of energy deposited, and the size of the boxes correspond to the estimated error in position. (For interpretation of the references to 

color in this figure legend, the reader is referred to the web version of this article.) 
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le’s charge. The charge-dependence of the ionization losses is a 

rucial component of the GAPS antihelium nuclei detection con- 

ept. For the same β, antihelium nuclei will deposit four times as 

uch energy as antiprotons and protons ( Section 4.3 ). 

When the kinetic energy of an antinucleus is comparable to the 

inding energy of a target atom, the antinucleus is captured by the 

arget material with near-unity probability, forming an exotic atom 

n a highly excited state. Within O(1 ns), the exotic atom de-excites 

mitting Auger electrons and X-rays before the antinucleus anni- 

ilates with the target material, producing pions and protons. The 

ower-energy radiative transitions are in the 20–100 keV range and 

an be detected with the Si(Li) detectors [39] . The charged-particle 

nnihilation products (primarily pions) can be tracked with both 

he tracker and the TOF, enabling energy deposition and veloc- 

ty measurements. The number of pions emerging from the stop- 

ing vertex scales with the number of antinucleons in the annihi- 

ating antinucleus, which helps distinguish antinuclei event signa- 

ures ( Fig. 2 ). 

. Simulation 

A dedicated Geant4 -based simulation [40,41] and analysis 

ramework was developed to model the GAPS payload and its in- 
3 
eractions with cosmic-rays. The simulated geometry includes ac- 

ive detector components (Si(Li) detectors in the tracker, plastic 

cintillator paddles in the TOF) and their electronics response, 

nd the passive structural components. The simulation assumes 

 time-of-flight resolution of 300 ps – the target timing resolu- 

ion for the GAPS TOF system. The identification analysis is insen- 

itive to the TOF resolution to the extent that using the demon- 

trated TOF resolution does not change the result. To simulate the 

hysics processes, the FTFP_BERT_HP physics list was used in 

eant4v10.6.p02 . The implemented Geant4 physics processes 

or antiproton annihilations at-rest, as described by the Fritiof 

odel [42] , were validated by comparison to available data from 

ccelerator-based experiments [43] . 

Primary antihelium-3 nuclei and their dominant backgrounds 

antiprotons, protons, and α-particles) were generated from the 

op of the instrument (TOI). The simulated primary particles were 

enerated with a uniform velocity distribution ( 0 . 1 < βTOI,gen < 1 )

nd an isotropic angular distribution from the surface of a 4.4 m 

ide-length cube encapsulating the GAPS instrument. The geomet- 

ical acceptance of the instrument is calculated following the stan- 

ard approach from [44] . For this study, 10 11 protons, 6 · 10 9 α- 
articles, 5 · 10 8 antiprotons, and 2 · 10 8 antihelium-3 nuclei were 

enerated. The simulations made use of the intended GAPS trig- 

er scheme that is designed to reject high-velocity and high-charge 

articles. Identification studies focused on rejecting the dominant 

 Z| = 1 and | Z| = 2 backgrounds, since the trigger and preselec-

ion ( Section 4.2 ) criteria reliably reject background contamina- 

ion from heavier nuclei, such as carbon and boron. The trig- 

er scheme requires that the TOF energy depositions are in the 

ange of slow-moving | Z| = 1 or | Z| = 2 to reject minimally ioniz-

ng (high-velocity) and high-charge particles. In addition, at least 

ight hits in the combined TOF system, with at least three hits 

ach in the TOF umbrella and TOF cube, are required to focus the 

ata taking on annihilating antinuclei and reject non-annihilating 

ositively charged particles with low secondary multiplicity. The 

rigger algorithm provides a rejection factor of approximately 700 

nd 50 for protons and α-particles, respectively, while retaining a 

ignificant fraction ( > 50% ) of incoming antinuclei [31] . 

. Particle identification 

.1. Event reconstruction 

As illustrated in the right panel of Fig. 1 , the reconstruction al- 

orithm reconstructs the primary particle’s trajectory, its stopping 

ertex, and secondary tracks emerging from the vertex. The GAPS 
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a

lgorithm starts by identifying the earliest hits in the TOF and then 

teratively adds hits from the tracker that are spatially and energet- 

cally consistent with the primary track. In the next step, a search 

or the annihilation star signature is performed along the primary 

article trajectory to identify secondary tracks emerging from the 

topping vertex. In the final step, a minimization procedure is per- 

ormed to find the most likely stopping vertex. This algorithm has 

n efficiency of > 80% to identify antinuclei that stopped inside 

he tracker volume and reconstructs the stopping vertex to within 

0 mm for about 70% of the events. The identification analysis 

 Section 4.3 ) takes into account the typical energy loss in the in-

trument to determine the primary particle’s reconstructed veloc- 

ty at TOI, βTOI,rec . The combination of the reconstruction algorithm 

ith the energy loss correction achieves a velocity resolution of 

ess than 5% in the relevant velocity range ( 0 . 1 < βTOI,gen < 0 . 6 ). 

.2. Analysis preselection 

Before the identification analysis, preselection criteria (or cuts) 

re applied to select well-reconstructed events. These preselection 

uts require at least one hit from the reconstructed primary track 

n each of the TOF umbrella and TOF cube, a reconstructed stop- 

ing vertex in the tracker, no more than one active volume on the 

econstructed primary track without a registered hit, and the en- 

rgy depositions on the primary track consistent with a | Z| = 1 or 

 Z| = 2 particle at the reconstructed velocity. This last cut is essen-

ial to suppress events, typically of low velocity, where the primary 

article annihilates in the TOF. 

.3. Identification analysis 

Using the information from the event reconstruction 

 Section 4.1 ), the following seven variables are combined in 

n identification analysis to identify antihelium-3 nuclei: 

Truncated mean energy deposition: this variable is calculated 

by sorting the primary particle’s energy depositions normal- 

ized to the pathlength in the corresponding volume ( d E/ d x ) 

in ascending order, followed by averaging the lower half of 

the d E/ d x values. Since d E/ d x scales with Z 2 /β2 , selecting 

the primary hits with lower d E/ d x values ensures that en- 

ergy depositions close to the stopping vertex, when the par- 

ticle’s β has decreased from ionization losses, are not in- 

cluded in the d E/ d x calculation. This allows determining the 

primary particle’s charge | Z| when combining it with the re- 

constructed primary particle’s velocity βTOI,rec ( Fig. 3 , right). 

It provides major rejection power to distinguish antihelium- 

3 nuclei events from | Z| = 1 particles (antiprotons and pro- 

tons) as well as carbon and other heavier nuclei. 

Number of secondary tracks from the vertex: this is de- 

termined using the multiplicity of reconstructed secondary 

tracks emerging from the vertex. For positively charged par- 

ticles that pass the trigger, the secondary multiplicity is 

much lower than for antihelium-3 nuclei ( Fig. 3 , left). 

Total number of hits: this variable is determined by counting 

the total number of registered hits in the TOF and tracker. 

Similar to the number of secondary tracks from the vertex, 

the total number of hits provides means to assess the sec- 

ondary multiplicity. The number of hits for antihelium-3 nu- 

clei annihilation events is much higher than for positively 

charged particles. 

Total energy deposition: this variable is calculated by sum- 

ming all energy depositions in the TOF and tracker during 

an event. Antinuclei that annihilate in the tracker deposit a 

large amount of energy in the instrument. 
4 
Average velocity of secondary tracks: the velocity of each sec- 

ondary track emerging from the vertex is determined us- 

ing the timing information associated with the reconstructed 

stopping vertex and the successive hits in the TOF. The aver- 

age velocity of the secondary tracks is higher for antinuclei 

than for nuclei because the annihilation process enables the 

formation of relativistic pions, whereas inelastic collisions of 

particles must conserve baryon number and are more likely 

to produce lower-velocity protons. 

Isotropy of secondary tracks: this variable is determined by 

averaging the cosine of the angle between the primary par- 

ticle’s direction and the direction reconstructed between in- 

dividual tracker hits and the stopping vertex. Antinuclei an- 

nihilation at-rest has a more isotropic secondary signature 

while inelastic collisions of high-velocity protons and α- 

particles are more forward-boosted. 

Primary column density: this variable evaluates the grammage 

traversed by the primary particles from the top of the in- 

strument to the stopping vertex. For the same primary ve- 

locity, antihelium-3 nuclei will typically traverse 25% less 

grammage than antiprotons, protons, and α-particles before 

stopping. 

Next, probability distributions of these variables for the differ- 

nt particle types are created as a function of the primary particle’s 

enerated velocity βTOI,gen and the cosine of the generated zenith 

ngle cos (θTOI,gen ) . The construction of these probability distribu- 
ions accounts for velocity resolution effects by introducing a Gaus- 

ian smearing of the probability distributions, which depends on 

he β resolution as a function of the primary’s velocity. The prob- 

bility distributions are used to perform an identification analysis 

o determine the likelihood of each event being a signal event rel- 

tive to a background event. The likelihood function P 
a describing 

he likelihood for a given event to be a particular particle species 

 is calculated as: 

 
a = 

N 

√ 

N ∏ 

i 

P a 
i ( βTOI,rec , cos (θTOI,rec ) ) . (1) 

ere, P a 
i 
(βTOI,rec , cos (θTOI,rec )) is a probability distribution for one 

f the N = 7 identification variables, indexed by i and evaluated at 

n event’s βTOI,rec and cos (θTOI,rec ) for a certain particle species a . 
hese P 

a values are used to construct the likelihood ratio L : 

 = 

P 

3 He 

P 

3 He + P 
p + P 

p + P 
α

(2) 

In the analysis that follows, the natural logarithm of the ra- 

io − ln (L ) is used as the identification variable. A low − ln (L ) 

alue indicates a high probability of being an antihelium-3 nucleus 

vent. Before evaluating the likelihood ratio, two additional cuts 

ere applied. Candidate antihelium-3 nucleus events are required 

o have a truncated mean energy deposition ( Fig. 3 , right) corre- 

ponding to a charge of | Z| = 2 , to ensure an unambiguous charge

easurement of the primary. Furthermore, candidate events are 

equired to have a reconstructed velocity βTOI,rec in the range of 

.3–0.6 to assure that a candidate antihelium-3 nucleus could stop 

nside the TOF cube. This analysis was conducted for three differ- 

nt cos (θTOI,rec ) ranges ( cos (θTOI,rec ) = [0 , 1 / 3] , [1 / 3 , 2 / 3] , [2 / 3 , 1] ).

or each angular range, cuts on − ln (L ) were optimized to reject 

ackground events while maximizing GAPS’s antihelium-3 nuclei 

cceptance ( Section 5.1 ). 
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Fig. 3. Examples of the estimated acceptance for two identification variables for antihelium-3 nuclei, antiprotons, protons, and α-particles passing trigger and quality cuts 

(velocity range 0 . 39 < βTOI,gen < 0 . 41 ): Left: Number of reconstructed tracks from the stopping vertex. Right: Truncated mean energy deposition on the primary track. (with 

color bars in the figure legend). 
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. Sensitivity calculation 

.1. Atmospheric simulations 

To determine the number of background events passing 

ntihelium-3 nuclei selection, the identification acceptance calcu- 

ation for antihelium-3 nuclei and the various background chan- 

els at the TOI need to be combined with the anticipated back- 

round flux levels. For this purpose, the TOI background fluxes 

ere determined using a separate Geant4 simulation, based 

n PLANETOCOSMICS [45] , that propagates geomagnetically- 

nd solar-modulated cosmic-ray fluxes [46] from the top-of-the- 

tmosphere (TOA) to TOI. The background fluxes were simulated 

or the expected LDB float altitude of 37 km above Antarctica dur- 

ng December. The antiproton fluxes include a contribution from 

tmospherically produced antiprotons. This model was validated 

ith available data, including the 2012 pGAPS flight [47] , and it 

etermines the energy loss and survival probability of antihelium- 

 nuclei traversing the atmosphere as well as the energy and an- 

ular distributions of background particles. 

Combining the TOI background fluxes with measurement time 

nd their corresponding acceptances to pass all antihelium-3 nu- 

leus selection criteria determines the required background rejec- 

ion level. The − ln (L ) selection criterion for each angular range 

as chosen such that one detected antihelium-3 nucleus pro- 

ides an unambiguous discovery. Fig. 4 compares the acceptance 

or antihelium-3 nuclei after preselection cuts with the accep- 

ance after all identification cuts. The antihelium-3 nuclei identi- 

cation efficiency is on the level of about 50% for the peak region 

round βTOI,gen ≈ 0 . 34 − 0 . 52 . To estimate the number of back- 

round events passing cuts, the background acceptances after all 

dentification cuts are integrated with the TOI background fluxes. 

 detailed publication on the atmospheric studies is forthcoming. 

.2. Sensitivity estimate 

The number of predicted mean background events (spurious 

vents that pass the antihelium-3 nuclei cuts) after trigger, pres- 

lection, and identification cuts is on the order of about 10 −3 for 

ne LDB flight of 35 days. The subsequent estimation of sensitiv- 

ty was done with a Bayesian analysis [50] . Combining the num- 

er of background events b with the expectation of one detected 
5 
ntihelium-3-nucleus-like event ( n = 1 ), the antihelium-3 flux sen- 

itivity S of the GAPS experiment can be calculated for a given con- 

dence interval. The mean value of S is calculated from: 

 = 

n − b 

Ā id T �Eεgeo εs 
. (3) 

ere, T is the observation time (three 35-day LDB flights = 

05 days). Ā id is the average antihelium-3 nuclei identification 

cceptance in the TOA kinetic energy range of 0.11–0.3 GeV/ n . 

o determine the GAPS acceptance in this TOA energy range, 

he antihelium-3 nuclei identification acceptance as a function of 

TOI,gen was mapped to the TOA kinetic energy per nucleon using 

he results of the atmospheric studies described in Section 5.1 . εgeo 
s the geomagnetic cutoff efficiency for antihelium-3 nuclei ( ≈0.85 

n the TOA energy range) [51] . εs is the atmospheric survival 

robability for antihelium-3 nuclei, which describes the probabil- 

ty of an antihelium-3 nucleus to traverse the atmosphere with- 

ut being absorbed ( ≈0.5 averaged across the TOA energy range). 

he corresponding antihelium-3 nuclei single event sensitivity is 

 . 3 +4 . 5 
−1 . 2 

· 10 −6 m 
-2 sr -1 s -1 (GeV/ n ) -1 (95% confidence level). For one
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Fig. 5. The solid red line shows the single event sensitivity of GAPS to antihelium-3 nuclei (95% confidence level) for three LDB flights of 35 days each. The red box indicates 

the upper and lower bounds of the 95% confidence level. Also shown are the antihelium-3 flux predicted by a variety of dark matter [21,25–28] and standard astrophysical 

background [29,4 8,4 9] models. For theoretical predictions, the error bands illustrate uncertainties in the coalescence momentum, but also include propagation uncertainties. 

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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5-day LDB flight, the projected GAPS antihelium-3 nuclei sensitiv- 

ty is 4 . 0 +13 . 3 
−3 . 8 

· 10 −6 m 
-2 sr -1 s -1 (GeV/ n ) -1 (95% confidence level). The

ncertainties in the projected sensitivities are estimated using the 

pper and lower limits of true antihelium-3 nuclei detections from 

he 95% confidence interval, based on the calculated mean number 

f background events. Fig. 5 shows the three-flight sensitivity in 

omparison with antihelium-3 fluxes predicted by a variety of dark 

atter [21,25–28] and astrophysical background [29,4 8,4 9] mod- 

ls. Within the 95% confidence interval, three GAPS flights have the 

otential to discover dark matter models annihilating into W 
+ W 

−

25] . 

.3. Future work 

The current identification technique does not exploit the rejec- 

ion power associated with exotic-atom de-excitation X-rays, which 

re an important component of the GAPS antideuteron detection 

oncept [52] . Recently the exotic-atom cascade model [39] was ex- 

ended to include antihelium-3 nuclei. This model indicates high 

ields (about 97%) for the relevant antihelium-3 nuclei X-rays 

43.5, 63.5 keV). Efforts are currently underway to improve the re- 

ection power by exploiting this X-ray signature of antihelium-3 

uclei stopping in the GAPS tracker. 

Studies are also planned to determine the sensitivity of GAPS to 

osmic antihelium-4 nuclei. Due to the higher secondary multiplic- 

ty in antihelium-4 nuclei events, the event variables used to iden- 

ify antihelium-3 nuclei are expected to provide even stronger re- 

ection of background particles when applied to antihelium-4 nu- 

lei. 

. Conclusion and outlook 

Low-energy cosmic antihelium nuclei provide an ultra-low 

ackground signature of dark matter. Based on full instrument 

imulation, event reconstruction, and realistic atmospheric influ- 

nce simulations, a projected GAPS flux sensitivity to antihelium- 

 nuclei, assuming the detection of one event in three 35-day 

DB flights, was determined to be 1 . 3 +4 . 5 
−1 . 2 

· 10 −6 m 
-2 sr -1 s -1 (GeV/ n ) -1 

95% confidence level) in the energy range of 0.11–0.3 GeV/ n . The 

APS sensitivity to antihelium-3 extends to lower energies than 
6 
ny previous experiment, complementing the exclusion limits set 

y BESS-Polar and ongoing searches with AMS-02. Due to its or- 

hogonal systematic uncertainties and sensitivity to the lower- 

nergy range, where the predicted contribution from new-physics 

odels is highest, GAPS will provide crucial input to interpret the 

MS-02 candidate events. This unique sensitivity can be further 

nhanced by increasing the tracker active area (instrumenting with 

ore Si(Li) detectors), increasing flight times, and improving the 

ackground suppression techniques. Future GAPS missions, such as 

hrough the NASA Pioneer program, would allow expanding this 

ensitivity to the O(10 −7 ) m 
-2 sr -1 s -1 (GeV/ n ) -1 flux range. 
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