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About me

❑Physics Undergrade at Sun Yat-sen University(China)

❑Fifth year grad student at Northeastern department of 
physics.

❑Worked on Bio-Physics for 2 years, designing 
electronics readout(FPGA).

❑Currently working on cosmic antinuclei analysis, 
payload assembly and TPC hardware design with prof 
Tsuguo Aramaki(And every tedious small thing related …)
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Outline

❑Dark matter and indirect dark matter search

❑GAPS

❑GRAMS
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What is Dark Matter

❑Evidence we saw
❑Galaxy rotation curve

❑Bullet Cluster gravitational lensing

❑Large scale galaxy structure

http://wwwmpa.mpa-garching.mpg.de/gadget/4
Dark matter particles exist!



WIMP Searching game

❑Production in the lab

❑Direct detection

❑Indirect 
detection(What I 
worked on)

Cr: Gabriel Bridges
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CDMS

All methods give valuable info 



Indirect Searches

?
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Finding products generate by DM self interaction



Indirect Searches

❑Indirect searches focus on detecting an anomalous flux of 
photons, neutrinos or cosmic rays produced in annihilations 
or decay of dark matter particles gravitationally 
accumulated in heavy objects, like galaxies, or the sun
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Detect what stand out of the background



Indirect Searches

❑Uncertain astrophysical 
backgrounds make indirect 
searches harder

antiprotons

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



Indirect Searches

❑Low energy antideuteron give an essentially 
astrophysical background-free new physics signature

❑Threshold exist• Expect most antideuteron to come 
out with a few GeV

❑Almost impossible to produce low energy anti-
deuterons from standard astrophysics
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Indirect Searches

❑Low energy antideuteron give 
an essentially astrophysical 
background-free new physics 
signature
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So let’s targeting on antideuterons!

dbar



GAPS

❑General Antiparticle 
Spectrometer
❑GAPS is the first experiment 

dedicated and optimized for low-
energy cosmic-ray antinuclei search

❑GAPS will deliver:
❑antiproton measurement <0.25 

GeV/n

❑antideuteron sensitivity 2 orders of
magnitude below the current best 
limits

❑cosmic antihelium nuclei
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GAPS

❑Identification
❑X-Ray

❑Pions/protons

❑Depth

❑dE/dx

❑…

❑Main background 
is antiproton!

Detection Technique
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Preliminary result

dE/dx identification

Cr: Alex Lenni



14Development of large format Si(Li) detectors for the GAPS dark matter experiment, T. Aramaki

Detector T requirement



GAPS

Time of flight system

OHP cooling system

SiLi detector module

SiLi detector

Electronic system

Design
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GAPS

❑Mass limited, OHP don’t need pump and there is no 
moving part while cooling
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Youtube college: What's Inside the Worlds' Fastest Heat Conductor?

Cooling system



GAPS
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Cooling system



GAPS

❑From Jan 2021, we built GFP 
from scratch and took massive 
cosmic muon data!  

Feb 2021

Nov 2021

Functional prototype
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GAPS

❑Validated detector 
performance and 
installation procedure

❑Validated cooling 
system performance

❑Validated software(data 
acquisition, trigger logic 
and track reconstruction)

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

Functional prototype
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GAPS

❑Currently finished Gondola and Thermal system at 
Nevis Laboratory

Payload integration
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GAPS

❑Currently finished Gondola and Thermal system at 
Nevis Laboratory

Payload integration
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GAPS

❑2002: First idea

❑2004-2005: Beam test

❑2012: p-GAPS flight

❑2018: detector and system design

❑2018: TOF and Si(Li) fabrication

❑2021-2023:GAPS payload integration

❑2023: GAPS TVAC test

❑2024/2025 :First flight! 2 follow-up flights planned

history
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GAPS

❑In-person collaboration meeting back at MIT in June, 2022

Collaborators
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GRAMS

❑GRAMS = Gamma-Ray and AntiMatter Survey
❑A newly funded project with an international collaboration

❑First balloon/satellite mission with a low-cost, large-
scale LArTPC detector!

❑First experiment for both astrophysical observations with 
MeV gamma rays and dark matter searches with antimatter

GRAMS First Paper: (1901.03430, Astropart. Phys)24



GRAMS
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GRAMS science
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❑Gamma-Ray
❑Sensitivity order of magnitude increase

❑Using Gamma-Ray to do indirect dark matter searches

❑Antiparticles
❑Antiproton, antideuteron, antihelium(AMS detected 

antihelium-like events)



GRAMS sensitivity
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GRAMS sensitivity
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Preliminary result



GRAMS

❑GRAMS status(early stage, led by Northeastern)
❑Hardware:

❑Finished engineer flight in Japan July 2023

❑TPC development at NEU(SiPM, CSP)

❑Readout electronics adopted from MicroBooNE at Nevis

❑TOF and Gondola R&D happened at NASA Goddard

❑Software:
❑Flight trigger system under development

❑Telemetry system developed by Japanese collaborator

❑Simulation and analysis group led by Columbia

29



30

miniGRAMS



miniGRAMS TPC
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Charge readout tile
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❑2D readout with smaller channels

To reduce the chance of only 1D 
triggering



Charge readout CSM
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❑Adopted from nEXO, modified for cryo usage

Reached 10keV resolution!!



Light readout SiPM

34



Other systems
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❑TOF/ACD

❑DAQ system
❑CAEN digitizer, MicroBOONE electronics

❑Gondola

❑PDU

❑Thermal system
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GRAMS timeline

❑June 2023: Engineer flight in Japan

❑Sep 2023: Selected by NASA for a flight in 2025/2026

❑2024: Sub system R&D and integration

❑Spring 2025: Flight hardware manufacture and testing 

❑Winter 2025/Spring 2026: integrate at NASA goddard
and prepare for flight(location not decided yet)
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GRAMS NEU group
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GRAMS Collaboration
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Thanks!
Feel free to contact me if you are interested in what we are doing!

zeng.jia@northeastern.edu

40



Backup slides
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NEU Housekeeping
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CSP sensitivity
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SiPM board
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eGRAMS photos

47



eGRAMS payload
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Impact of LArTPC thickness

⚫Randomly generate 
antideuteron from the sky and 
collect events that stop and 
annihilate inside LArTPC.



Detector horizontally expand

❑Original design:

140𝑐𝑚 × 140𝑐𝑚 ×
20𝑐𝑚

❑MAX design:

320𝑐𝑚 × 320𝑐𝑚 ×
20𝑐𝑚

GRAMS collaboration meeting June 20-
22, 2022
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TPC shape

Tracker + TOF 900kg TOF CONF 1424

TPC length [cm] TPC thickness [cm]

50 88.2

60 62.8

70 46.2

80 34.8

90 26.6

100 20.7

110 16.2

120 12.7

140 7.8

160 4.6

180 2.3

200 0.8

300 -2.9

600 -4.8

GRAMS Status Report Meeting 51

Tracker + TOF 1500kg TOF CONF 1424

TPC length [cm] TPC thickness [cm]

50 213.5

60 155.5

70 117.2

80 90.9

90 72

100 58.1

110 47.5

120 39.4

140 27.7

160 20

180 14.7

200 10.8

300 1.7

600 -3.7

Tracker + TOF 1100kg TOF CONF 1424

TPC length [cm] TPC thickness [cm]

50 130

60 93.7

70 69.9

80 53.5

90 41.8

100 33.1

110 26.6

120 21.6

140 14.4

160 9.7

180 6.5

200 4.1

300 -1.4

600 -4.4

Tracker + TOF 1300kg TOF CONF 1424

TPC length [cm] TPC thickness [cm]

50 171.7

60 124.6

70 93.6

80 72.2

90 56.9

100 45.6

110 37.1

120 30.5

140 21.1

160 14.9

180 10.6

200 7.5

300 0.2

600 -4



TPC Shape

GRAMS Status Report Meeting 52



Mass budget comparison

Aramaki Lab Group Meeting 53


