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MeV gamma-ray astrophysics and its sensitivity gap

The origin of matter in the Universe

+ Nucleosynthesis through nuclear gamma-ray line
observations

+ Anti-matter universe from e*e- annihilation line
+ MeV-scale DM matter indirect search

Extreme astrophysical environments gt
+ Gamma-ray bursts T
+ Cosmic particle accelerators (BH, pulsar, binary etc) c»
+ Low-energy cosmic-rays (IC, Bremsstrahlung, <
de-excitation gamma-ray lines)
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The Compton Spectrometer and Imager (COSI)

+ was selected as a NASA SMEX satellite to be launched in 2027/
COS' o + a Compton telescope observing gamma-rays in 0.2 - 5.0 MeV

The Compton Spectrometer dlg

3 events detected 128 events detected g15 events detected

Matuura+14

Key capabilities
+ Cryogenically-cooled germanium detectors
N -> line gamma-ray imaging with excellent energy resolution

Sabma Gafarova
Cntr dG Ofﬁ

Ssseiecel + [nstantaneous field-of-view is ~25% of the sky

=> all-sky monitoring (whole sky observation in a day)



Primary Science Goals of COSI

A. Uncover the origin of Galactic positrons

B. Reveal Galactic element formation




A. Uncover the origin of Galactic positrons

What is the origin of positrons?
+ How many positron sources?
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+ B+ nucleosynthesis, individual sources, DM?
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+ Why is the bulge so bright?
+ What is the nature of the disk emission?
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Observations with COSI

+ 511 keV image of the bulge and disk
4.1° (FWHM, req.) COS! (simulation) + The disk-scale height measurement
T + Search for individual point sources

+ Line/continuum spectroscopy, e.qg., red/blue shift,
0-Ps continuum emission
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B. Reveal Galactic element formation

Galactic Center 2.1° (FWHM, req.)

The tracer of the nucleosynthesis in the universe

Fe-60 (1.173&1.335 MeV, T = 2.6x106 yr)
+ Core-collapsed supernovae (CCSNe)

Line gamma-ray imaging with COSI
+ First all-sky image of Fe-60
+ Improved Al-26 image, and

Al-26 (1.809 MeV, T = 7.2x10° yr) correlation with Fe-60
+ massive star wind & CCSNe + Search for Ti-44 sources
Ti-44 (1.157 MeV, T = 60 yr) (Cas A, Tycho, SN1897A, etc.)

+ Young SNe



C. Polarization & D. Multi-messenger events

Polarization measurements with COSI

Azimuthal angle distribution of scattered
provides the polarization degree/angle

Corrected ASAD with best fit modulation curve
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T otH R + With a large field-of-view, COSI will measure short
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reported within 1 hour.

+ For a short GRB, its localization <2.5 deg will be



Instrumental Design and Sensitivity

Front-end electronics Cryogenically cooled germanium detectors in a vacuum cryostat
with ASIC readout

+ consisting of 16 modules
+ The size of each is 8x8x1.5 cm?
+ Cooled to < 90K with a mechanical cryocooler
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Operation and sky coverage

Noth 520 North-South A low-earth orbit

Orbital _ o . . . e
g, [ePointing A near-equatorial orbit (to minimize SAA passages)

Plane

220 25% sky coverage in a single shot

The satellite changes its pointing from 22 deg. North
to 22 deqg. South with 12-hour cycle

Exposure (Galactic Coordinates)
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Current Status

Currently in Phase B
+ passed Systems Requirements Review o Beke'efssg
+ Preliminary Design Review, Feb. 2024 g

At Ortec (Oak Ridge) At Naval Research Lab

rayioad , ptcri it o e
+ GeDs: Received 3 64-strip GeD at UC Berkeley & @S82 ALNASA/GSRC .

+ ASIC: Flight ASIC in fabrication

+ Background Transient Observatory (student-
lead project): finalizing the design

Spacecraft: based on previous missions (ICON)

Pipeline/Analysis tools: yearly released with the o AN S
simulation dataset (COSl data Cha[_l_enge) BTO detector design & heavy-ion beam test at Japan



COSI tools and yearly data challenges

Two softwares for data analysis and simulation ‘
' “"."I"I ‘||||I||I| Iahathaliin

+ MEGALib: raw-level data analysis and simulation ey

+ COSlIpy: high-level data analysis (spectrum/image/polarization) +++ Z‘CO&]
Every year, we perform data challenges, the data analysis of COSI based on simulation data

+ 5 data challenges are planned until 2026 before the launch

+ Data Challenge 1 (balloon data): https://github.com/cositools/cosi-data-challenge-1
+ Data Challenge 2 (late-2023): 3-6 months of simulated satellite observations
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https://github.com/cositools/cosi-data-challenge-1

COSI collaboration and science team

University of California
+ John Tomsick (Principa
+ Steven Boggs (Deputy

| Investigator, UCB)
P1, UCSD)

+ Andreas Zoglauer (Project Scientist, UCB)

Naval Research Laboratory

+ Eric Wulf (Electronics/BGO shield lead)

Goddard Space Flight Center

+ Albert Shih (CHRS lead)
+ Carolyn Kierans (Data pipeline co-lead)
+ Alan Smale (HEASARC/archiving lead)

Northrop Grumman

Science Team
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Clemson University

Louisiana State University
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