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Accreting BH

Nuclear lines 
from element 

formation

Galactic defuse 
emission 

Multi -messenger 
physics 

Magnetars, 
Pulsars 

Use polarization 
to probe 
extreme 

environments

MeV gamma-ray 
background

ɾ-rays are excellent probes 
of the environments 
that created 
them

Focus for this talk

Areas of interest for MeV gamma-ray science 
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Fermi Bubbles
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MeV gap

ÇOur view of the 0.1 - 100 
MeV sky is limited by 
technical challenges in the 
Compton scattering regime

Çљ~ĲéШ]ċƓњаШLots of 
interesting science is 
theorized to emit in this 
energy range

ÇA new mission is needed!  
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ISGRI

SPI OSSE

COMPTEL

EGRET

Fermi/LATNuSTAR

Current Sensitivity in the MeV Range
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ẄCOSI is a NASA Smaller Explorer 
(SMEX) satellite with an expected 
launch in 2027

ẄDetects gamma-rays in the 0.2-5 MeV 
energy range 

ẄEnergy resolution of 1.2% @ 511 keV

Ẅ Instantaneous field of view >25% with 
daily all-sky coverage
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COSI overview

Polarimetry 

Imaging 

Spectroscopy  



Exposure for 511 keV 
(Galactic Coordinates)

Galactic Longitude [deg]
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The instrument 

Survey mode 

Ç Near-equator orbit to avoid South Atlantic 
Anomaly and minimize background 

ÇNorth / South zenith offset alternating every 
12 hours

5/16

R
. A

nt
h

on
y-

P
et

er
se

n 
o

n 
be

h
al

f o
f t

he
 C

O
S

I C
o

lla
bo

ra
tio

n

Orbit Plane 
(>2º inclination)

Equator

20º north -south 
repointing every 

12 hours

20º



Cross-strip germanium 
detectors 

Full payloadArray of 16 detectors 
cryogenically cooled  

$8?.Ż´ TXºXNº­³ ªXT Äª N­«´ ´º´ ­Z ´ ÈºXX« Ӆ×8×1.5 cm3 semiconductor germanium detectors (GeDs) arranged 
in a 2x2×4 array and cryogenically cooled. Each GeD face is segmented into 64 thin conducting electrode strips 
which are readout by 4x custom ASICs per GeD. See Tomsick+  arXiv:2109.10403. 

Detector design and payload 
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Now

COSI

Reveal Galactic 
Element Formation

Cygnus

Aquila

Inner Galaxy

Cen-Cir

Carina

Vela
26Al

1.809 MeV

Now

COSI

Gain Insight into 
Extreme Environments 
with Polarization

Probe the Physics of 
Multimessenger Events

26Al @ 1.809 MeV
60Fe @ 1.173 and 1.333 MeV
44Ti @ 1.157 MeV

e-e+  @ 511 keV

AGN and Galactic black 
holes @ 0.2-0.5 MeV

GRB alerts

Slide credit: John Tomsick

Key science goals
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Uncover the Origin of the  
Galactic Positrons Excess
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Uncover the Origin of the  
Galactic Positrons Excess



ẄCurrent questions:
ÁWhat is producing the ~5x10 43 e+/s required to explain the 511 

keV signal? Could it be dark matter?

 
ẄCOSI could answer these question by: 
ÁSearching for substructure in the bulge emission (individual 

sources?)

ÁMeasuring the disk scale-height

ÁCorrelating with 26Al 

Candidate Positron Sources

C
ontributions are highly uncertain

Type of Source Source

Nucleosynthesis 
products

26Al from stellar winds
26Al & 44Ti from CCSNe
56Ni/ 56Co from Type Ia 
SNe
13N, 18F, 22Na from novae

Individual 
sources

Low-mass X-ray binaries

Microquasars

Sgr A*

Active stars

Pulsar winds

Gamma-ray bursts

Neutron star mergers

Dark matter

Annihilating MeV DM

Decaying MeV DM

Primordial black holes

511 keV signal from Galactic 
bulge is an unsolved mystery

Dark matter decay, annihilation, or excitation could result 
in the  e--e+ pairs responsible for the 511 keV Galactic 

substructure Ɖ which COSI is optimized to study 

Thomas Siegert arXiv:2303.15582 [astro-ph.HE]

Uncovering the origin of Galactic positrons
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Galactic Center
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Bouchet 
arXiv:1007.4753



COSI line sensitivity 

10/16Tomsick+ arXiv:2308.12362 

Decay Ą line 

Annihilate Ą line 

Good for detecting 
line signals from 

dark matter! 



11/16A. Caputo, M. Negro, M. Regis, M. Taoso arXiv:2210.09310

COSI improves bounds for MeV line signals
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Targets D-factor [1º] MeV cm -2

Galactic Center (GC) 
extended (10º)

0.55 Ɖ 1.7 × 1023

Large Magellanic Cloud 
(LMC) extended (5º)

1.8 Ɖ 2.7 × 1022

Draco dwarf spheroidal 
galaxy point source

0.52 Ɖ 4.5 × 1022

Decay
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COSI improves bounds for MeV line signals

m  [MeV]
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Targets J-factor [1º] MeV 2 cm-5

Galactic Center (GC) 
extended (10º)

0.067Ɖ 4.4 × 1027

Large Magellanic Cloud 
(LMC) extended (5º)

1.6 Ɖ 5.3 × 1025

Draco dwarf spheroidal 
galaxy point source

0.83 Ɖ 8.0 × 1025

Annihilation
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COSI science teams
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Other

Positrons

Nucleosynthesis
Galactic

Extragalactic 

GRBs
Subgroups: 

AX´º «z ª­TXӃ´ JzJ «´º $8?.Ż´
sensitivity 

ÇDark matter subgroup 
ÁLead: Tadayuki Takahashi (IPMU, Japan)
ÁCo-lead: Fabrizio Tavecchio (INAF, Italy), Shigeki Matsumoto & Tom Melia (IPMU)
ÁTechnical expert: Thomas Siegert (JMU, Germany)
ÁMembers: Ivan Agudo, Robin Anthony-Petersen, Francesca Calore, Chris Karwin, Maira Dutra, 

Sophie Haight, Michela Negro, Uwe Oberlack, Keigo Okuma, Field Rogers, Pasquale Serpico, 
Anaya Valluvan, Yu Watanabe, Hiroki Yoneda.

13/16

Light FIMPs
Maíra Dutra arXiv:2104.13937

Thermal MeV dark matter
Yu Watanabe + arXiv:2410:xxxxx 

Primordial Black Holes
Pasquale Serpico

*ⱴXº­«
TJ³¦ ªJÀX³

New candidates Other targets

T. Hayashi, 
S. Matsumoto, 
Y. Watanabe, 
T. T. Yanagida 

arXiv:2408.12155

Thomas Siegert+ 
arXiv:2303.15582 

& arXiv:2109.03791
Ben Safdi, Orion Ning, 

Robin Anthony-Petersen

(´º ªJº «z $8?.Ż´
sensitivity



cosi.ssl.berkeley.edu z º|ÄMŸN­ªƄN­´ º­­Ӄ´Ƅ
N­´ ƈTJºJƈN|JӃӃX«zXƈǏ

ẄCOSI Collaboration analysis Tools: 
COSITools: Low level data analysis tools 
cosipy: High level data analysis tools 
gammaraytoys: Introduction to Compton data space

ẄGet started analyzing COSI data!
HXJ³ӃÉ °ÄMӃ N żTJºJ N|JӃӃX«zX´Ž
Currently on data challenge 2 (DC2) 
Data challenge 3 being released in Spring 2025  

Will include a dark matter model! 

Ẅcosipy Ɖ in progress work relevant to dark matter 
Extended source spectral fitting 
Galactic diffuse emission modeling 
Instrument and astrophysical backgrounds 
Dark matter model for DC3

Development of COSI analysis tools for dark matter 
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https://github.com/cositools/cosi-data-challenge-2
https://github.com/cositools/cosi-data-challenge-2


DC3 dark matter signal
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Assumed mDM = 3 MeV
ἂ„ἃ’ = 10-29 cm3/s
The profile parameters: Cirelli+10

ǎǒƄǎӄ

DC3 results for annihilation into ‎‎ line signal (NFW profile) 

3) Est. $8?.Ż´sensitivity1) Obtaining energy spectra 2) Obtaining signal 
morphologies
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ыӈШƚċůĲШċƚШJ³G ÆŷǏǏǎǍŸǍǔǐǎǍƏ

Galactic Longitude [deg]



Exciting potential for dark matter 
line searches!

The Compton Spectrometer & Imager 
Launching in 2027  

Parameter Requirements 

Energy range 0.2-5 MeV

Sky coverage 100%-sky each day

Energy resolution 1.2% FWHM

Angular resolution 2.1º FWHM @ 1.8 MeV (26AI)

Localizations <2.5º for GRBs

Polarization sensitivity For GRBs, AGN, Galactic BHs

SUMMARY
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COSI is led by UC Berkeley and funded by 
NASA under contract 80GSFC21C0059

+Xº  « º­ÄN| ǯ N|XN¦­Äº TJºJ N|JӁӁX«zXǎű



Extra slides



COSI line and continuum sensitivity 

10/16Tomsick+ arXiv:2308.12362 

Decay Ą line Annihilate Ą line Decay Ą continuum !||rqrz]®j Ą f~|®r|¯¯{



Mission 
(Instrument)

Operation Energy Range Field of View Energy Resolution

COSI 2027- 200 keV Ɖ 5 MeV ~10,000 deg2 0.4 Ɖ 1.2% (>200 keV)

CGRO (COMPTEL) 1991-2000 800 keV Ɖ 30 MeV ~3,000 deg2 5-10% (>1 MeV)

INTEGRAL (SPI) 2002- 25 keV Ɖ 8 MeV ~300 deg2 0.2-1.6% (>100 keV)

NuSTAR 2012- 3-78 keV 0.05 deg2 1.3-4.0 (>10 keV) 

COSI will reach the sensitivities shown for 
every source in the sky

Level that COSI is required to meet during its 2-year 
prime mission, but could do substantially better if 

mission is extended

Narrow Line 
Sensitivity
(2 yr, 3ġŵ

point source)

[photons cm-2 s-1]
Å 1.2x10-5 @ 0.511 MeV
Å 3.0x10-6 @ 26Al, 60Fe, and 44Ti

Mission comparison



Compton image space

Figures from Dr. Carolyn Kierans Thesis
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Dark matter signals

Sterile NeutrinosAxions

Light FIMPs*ⱴXº­« TJ³¦ ªJÀX³
T. Hayashi, S. Matsumoto, Y. Watanabe, T. 

T. Yanagida arXiv:2408.12155 [hep-ph] C. Cosmea, M. Dutraa, S. Godfreya, T. 
Graya arXiv:2104.13937 [hep-ph]

Ɣ³XZX³X«NX

Thermal MeV 
DM

PBH

A. Caputo, M. Negro, M. Regis, M. Taoso
arXiv:2210.09310 [hep-ph]

A. Caputo, M. Negro, M. Regis, M. Taoso
arXiv:2210.09310 [hep-ph]

 Ÿ $J°Äº­ŵ 5Ÿ 6Xz³­ŵ 5Ÿ >Xz ´ŵ 5ŸAJ­´­
J³G ÆŷǏǏǎǍŸǍǔǐǎǍƐ|X°ƈ°|Ƒ
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Annihilation

COSI improves bounds for MeV continuum signals
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Axion decay into MeV photons A. Caputo, M. Negro, M. Regis, M. Taoso arXiv:2210.09310

AJ³zXº´

Galactic Center (GC) Ɖ extended (10º)

Large Magellanic Cloud (LMC) Ɖ extended (5º)

Draco dwarf spheroidal galaxy Ɖ point source

ÇLarge axions have been theorized that 
could decay into MeV Ē-rays

ÇCOSI could extend existing bounds by 
orders of magnitude 

coupling constant 
gaɾɾ ḗ 10ī10 ī 10ī11 GeVī1 











COSI backgrounds

NOTE: these backgrounds plots are missing the South Atlantic Anomaly (SAA) 
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Slide credit: John Tomsick


