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Indirect dark matter search

qUncertain astrophysical 
backgrounds make indirect 
searches harder

antiprotons

Galactic center 
𝛾-rays
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We need background-free searches!



Indirect dark matter search
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Finding products generate by DM self interaction

qPositron: AMS-02, PAMELA, Fermi-LAT…
qGamma-Ray: Fermi-LAT, CTA, GRAMS…
qNeutrino: IceCube, ANTARES…

qAntiproton: AMS-02, GAPS, GRAMS…
qAntideuteron: AMS-02, GAPS, GRAMS…
qAntihelium3: AMS-02, GAPS, GRAMS…



GAPS

qGeneral Antiparticle Spectrometer
qGAPS is the first experiment dedicated 

and optimized for low-energy cosmic-
ray antinuclei search

qGAPS will deliver:
qantiproton measurement <0.25 GeV/n
qantideuteron sensitivity magnitude 

below the current best limits
qpotential cosmic antihelium 

measurements
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Overview



GAPS
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Detection concept

qTOF gives timing information
qAn incoming antiparticle slows&stops inside the SiLi detector and 

forms an excited exotic atom, The de-excitation of the exotic atom can 
emits x-rays 

qAnnihilation products provide additional background suppression



GAPS

qFor antideuteron 
measurement, main 
background is antiproton!

qIdentification
qX-Ray
qPions/protons
qDepth
qdE/dx
q…

Detection Technique
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GAPS

qGAPS science impact
qPrecision antiproton 

measurements for unexplored 
low-energy range (<0.25
GeV/n): ~500 antiprotons for 
each long-duration balloon flight

qFirst cosmic rays detected with 
the exotic atom method

qValidate models for atmospheric 
effects

Science
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Rogers, F. et al. Sensitivity of the GAPS experiment to low-energy cosmic-ray antiprotons. Astropart. 
Phys. 145, 102791 (2023). 



GAPS
Science
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qGAPS science impact
qantideuteron measurements
qSensitive to a wide range of 

dark matter models for 
antideuteron
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Dark Matter

 = 100 GeV-W+ W→ χχm
Coogan et al.

 = 71 GeVb b→ χχm
Korsmeier et al.

 = 1 TeVq q→ χχm
Nan Li et al.

 = 100 GeVbb → χχm
 et al.βM. Kachelrie

 = 80 GeVbbbb → φφ → χχm
M. Winkler & T. Linden

Background
Blum et al. (Upper limit)
Poulin et al.
A. Shukla et al.

 et al.βM. Kachelrie

95% CL
GAPS sensitivity

 LDB×, GAPS 1 event, 3 He3 

GAPS

qGAPS science impact
qPotential antihelium measurement
qComplementary to AMS-02 and explore other DM models

Science
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GAPS

Time of flight system

OHP cooling systemSiLi detector module

SiLi detector

Electronic system

Design
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GAPS

Time of flight paddle
SiPM on both sides

Time of Flight
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qTotal area: ~25 𝑚! with 21 panels
q160 scintillation paddles
qTOF Umbrella - Cube top: ~90 cm
qTOF Cortina - Cube side: ~30cm
qTiming resolution: σ < 400 ps



GAPS
Detector and ASICs
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q10 cm diameter, 2.5 mm thick Si(Li) sensors
q10 layers, ~1000 Si(Li) sensors in total
qX-ray resolution ~ 4 keV
q< 10% resolution up to 100 MeV
qQualification test completed in 2022

qCustom-made ASICs (SLIDER-32)
q32 channels, 11-bit ADC
qLow power consumption (<10 mW/channel)
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GPS
Detector thermal

OHP cooling system

Thermal model developed and confirmed in two
piggyback balloon flights at Ft. Sumner.

qLow-power, low-mass cooling system without an 
active pump

qCapillary tubes with a two-phase fluid self-
oscillating/circulating
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GAPS
Current status

qGAPS payload passed hang test at Palestine TX, CSBF
qCurrently under packing, will ship the payload to Antarctic in 

September to catch the winter 2024 launch window
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GAPS
Summary

qGAPS is the first experiment optimized for low-energy (< 
250 MeV/n) antinuclei measurements
qAntideuteron measurements are essentially background-free DM 

searches
qPrecision antiproton measurements could allow us to investigate 

low-mass DM models and propagation models
qGAPS could detect low-energy antiheliums
qGAPS antinuclei measurements are complementary to AMS-02

qSmall-scale functional prototype testing, thermal vacuum 
testing, full payload integration and testing, and telemetry 
compatibility/hung tests are all completed.

qWe are ready for the first balloon flight from the Antarctic in 
late 2024



GAPS

qIn-person collaboration meeting at Columbia in Aug, 2023

Collaborators

16



Thanks!
zeng.jia@northeastern.edu
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Backup slides
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About me

qPhysics Undergrade at Sun Yat-sen University
qFifth year grad student at Northeastern department of 

physics.
qWorked on Bio-Physics for 2 years, designing 

electronics readout(FPGA).
qCurrently working on cosmic antinuclei analysis, 

payload assembly and TPC hardware design with prof 
Tsuguo Aramaki
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GAPS
qFrom Jan 2021, we built GFP 

from scratch and took massive 
cosmic muon data!  

Feb 2021

Nov 2021

Functional prototype
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GAPS
qValidated detector 

performance and 
installation procedure

qValidated cooling 
system performance

qValidated software(data 
acquisition, trigger logic 
and track reconstruction)

qWe are done with doing 
small scale! Ready to go 
for real deal!!

Functional prototype
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GAPS

qCurrently finished Gondola and Thermal system at 
Nevis Laboratory

Payload integration
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GAPS

qTVAC test at NTS and integration at Nevis lab

Payload integration
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