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Low-Energy Antinuclel

O Low-energy (KE<300 MeV/n) cosmic d/He : “smoking gun” signature of dark matter
annihilation/decay, complementary to AMS-02 but with lower astrophysical bkg.
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0 Low-energy (KE<300 MeV/n) cosmic p : )
unexplored region.
= Cross check the p excess observed by AMS-02.
= Primordial black hole, cosmic ray propagation...
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Novel detection technique: exotic atomic formation and decay. ]
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= Stopping range: heavier antiparticle = Exotic atom decay: x-rays = Annihilation: multiplicity of
(same [) stopped in deeper layers with characteristic energies charge particles (i.e. m*)

U Validated at KEK with p beam and applied at GAPS Antarctic balloon experiment
(SJTU is the only Chinese institute), but yet used in space.
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MeV Gamma Ray

U MeV gamma: unexplored energy region in gamma astronomy-> “MeV gap”.
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U Precise measurement: probe primordial black hole,
nucleosynthesis & chemical evolution of the Galaxy,

dark matter annihilation, etc.




MeV Gamma Ray
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Multiple-layer Compton imaging for MeV gamma measurement. ]
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= Energy reconstruction:
5 5 5 . Veto - 6
y = f1 ¥ B2 E3 _»1st scattering (ry, E1)
. Tracking J s
= Angular reconstruction: ‘: > 2nd gcattering (1, E-)
11 |
cosf=1—-m,.c (E2+E3 — Ey) | _» Absorption (r3, E3)
Calori |,
N _/  meter
»Main detection approach for next-generation MeV gamma experiments. ]
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Novel Tracking-Calorimeter < |

1A compact and multi-purpose microsatellite payload: precise measurement of

low-energy antinuclei (p/d/He) and MeV gamma rays simultaneously.

= Antinuclei: exotic nucleus formation/decay | g 5/d/He

g)’

= MeV gamma: multi-layer Compton imaging
\\ A jl | —REEEEs (B
N\ \\ b L} — | | rFRREWES ()

» Key instrument: on-orbit tracking-
calorimeter ({ESNZFEHEES)

f’?‘c?ﬂﬂiﬁ (13, Es)
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® #1447 SJTU Microsatellite Project

See Pingwei Sun'’s talk at Parallel-V on Jul. 16t ‘
LYSORE: X+Y

un $'¢7

= Pathfinder: ~1 kg payload = st stage: ~30 kg payload, simultaneously measures
focuses on MeV gamma, MeV gamma & low-energy cosmic antinuclei, to be
piggyback on commercial launched (primary payload) in 2027, funded by
satellite in 2026 summer. SJTU State Key Laboratory of Dark Matter Physics.

it: EiB3RAKEL "HREFREMeVINDHEZERNAIEARHALIIBICHAR" SREEIERALZEIR
BERIER) BFAY (National Key R&D Program of China, 2025.12-2030.11)
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SJTU Microsatellite Project

O On satellite: pathfinder integration with the satellite, done!

» Orbit height is 525 km and the camera points to the Galactic Center, to be
launched in summer of 2026!!
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Summary & Outlook  + — |

dLow-energy antinuclei and MeV gamma provide unique window for many
cutting-edge researches: dark matter annihilation, primordial black hole,
nucleosynthesis & chemical evolution of the Galaxy, etc.

A novel Compton camera as a pathfinder of SJTU micro-satellite serial
projects has been delivered for MeV gamma measurement, stay tune
for the upcoming data soon!

A muti-purpose compact micro-satellite payload is under developing, and
welcome collaborators!
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Thank You!
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ovel Compton camera S TN\FEST

(] Detector with novel scintillators:

= Tracker: 2 layer YSO (p= 4.5 g/cm3, LY=28 ph/keV,
decay time=60 ns), ~50x50x3 mm, 14x14 pixels
(each pixel 3x3mm and coupled with 1 SiPM);

= Calorimeter: 1 layer LYSO (p=7.2 g/cm3, LY=35
ph/keV, decay time=40 ns), ~50x50x6 mm, four
sides are coupled with SiPM arrays.

 Electronic readout: total power ~7W

» Total 12 readout channels: capacitive multiplexing to process
14x14 SiPMs with 4 chans (keep the position information).

= Critical electronics (FPGA, digitizers, OPA, etc) are qualified for
the space application.

» Pathfinder of SJTU micro-satellite serial projects!
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Multi-purpose Payload

MJTﬁ

d LYSO/YSO array:.: s

= 10 layers, 3mm XY strips

orthogonal placed;

= Sj reads out ener ime \\\\
fSroI::nMeac:striptat twgﬁr?dl. \

HEREME:

4 Silicon array:

= 9 layers, 5Smm XY strips
orthogonally placed;
= ASIC to read out the charge.

d Payload: ~30x30x30 cm, ~30kg.
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MeV Gamma Physics
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https://arxiv.org/pdf/2102.06714
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