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MeV gap

Current Sensitivity in the MeV Range
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COSI overview

W COSI is a NASA Smaller Explorer
(SMEX) satellite with an expected
launch in 2027

W Detects gamma-rays in the 0.2-5 MeV
energy range

W Energy resolution of 1.2% @ 511 keV

W Instantaneous field of view >25% with
daily all-sky coverage
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The Instrument

Survey mode

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

C North / South zenith offset alternating every
12 hours

Exposure for 511 keV
(Galactic Coordinates)

Galactic Latitude [deq]
q

Galactic Longitude [deg]

20° north-south

repointing every 2= =

12 hours
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Detector design and payload

Cross-strip germanium Array of 16 detectors Full payload
detectors cryogenically cooled

dout bﬂ
red ASICs

$87?. 272 TX°XN°-3 axT #8k1.5m3semiconbuctor geZmaniumkeétetrs GelDs) arranged
in a 2x2x4 array and cryogenically cooled. EachGeD face is segmented into 64 thin conducting electrode strips

which are readout by 4x custom ASICs per GeD. SeeTomsick+ arXiv:2109.10403. 6/16



Key science goals

Aquila CenCir Vela

foleoan ¢

Reveal Galactic .
Element Formation l@
267l @ 1.809 MeV

0Fe @ 1.173 and 1.333 MeV
“Ti @ 1.157 MeV

Gain Insight into
Extreme Environments
with Polarization

AGN and Galactic black
holes @ 0.2-0.5 MeV

Probe the Physics of
Multimessenger Events

eet @ 511 keV

GRB alerts
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Key science goals

Aquila CenCir Vela

ttean -
Gain Insight into

Extreme Environments
with Polarization

Reveal Galactic
Element Formation

AGN and Galactic black

26Al @ 1.809 MeV
holes @ 0.2-0.5 MeV

0Fe @ 1.173 and 1.333 MeV
4“4Ti @ 1.157 MeV

Uncover the Origin of the
Galactic Positrons Excess BNGYT

Probe the Physics of
Multimessenger Events

GRB alerts ee* @ 511 keV
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Uncovering the origin of Galactic positrons

511 keV signal from Galactic

bulge is an unsolved mystery
Thomas Siegert arXiv:2303.15582 [astreph.HE]

Galactic Center

Bouchet
arxiv:1007.4753

W Current questions:

r

A What is producing the ~5x1043 e*/s required to explain the 511
keV signal? Could it be dark matter?

W cOsiI could answer these guestion by:

A Searching for substructure in the bulge emission (individual
sources?)

A Measuring the disk scale height

r

A Correlating with 26Al

Dark matter decay, annihilation, or excitation could result
in the e-e* pairs responsible for the 511 keV Galactic
’ substructure Bwhich COSI is optimized to study

Candidate Positron Sources

Type of Source

Source

Nucleosynthesis

26 Al from stellar winds

26A] & 44Ti from CCSNe

56Ni/ %6Co from Type la

products
SNe
13N, 18F, 22Na from novae
Low-mass Xray binaries
Microquasars
Sgr A*

Imelitellel Active stars

sources

Pulsar winds

Gammaray bursts

Neutron star mergers

Dark matter

Annihilating MeV DM

Decaying MeV DM

Primordial black holes

urenaoun Alybiy ase suonnglauo)
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COSI line sensitivity
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COSI improves bounds for MeV line signals

Decay

(I’(E"r) =

X

Ly
a dmm,,

D(6) x 2

Y
Y

Targets

D-factor [1°] MeV cm -2

Galactic Center (GC)
extended (10°)

0.55bP1.7 x 1023

Large Magellanic Cloud
(LMC) extended (5°)

1.8D2.7 x 10%

Draco dwarf spheroidal
galaxy point source

0.52bP4.5 x 1022

A. Caputo, M. Negro, M. Regis, M.TaosoarXiv:2210.09310

Dark matter lifetime t[s]
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COSI improves bounds for MeV line signals

Annthilation
a(E,) = 22 5(9)

X
X

Y
Y

Targets

J-factor [1°] MeV 2cm™>

Galactic Center (GC)
extended (10°)

0.067D4.4 x 10?7

Large Magellanic Cloud
(LMC) extended (5°)

1.6 B5.3 x 10%®

Draco dwarf spheroidal
galaxy point source

0.83BD8.0 x 10%

A. Caputo, M. Negro, M. Regis, M.TaosoarXiv:2210.09310
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R. Anthony-Petersen on behalf of the COSI Collaboration

COSI science teams

Nucleosynthesis

Extragalactic
Positrons

C Dark matter subgroup
A Lead: Tadayuki Takahashi(IPMU, Japan)
A Co-lead: Fabrizio Tavecchio (INAF, Italy), Shigeki Matsumoto & Tom Melia (IPM
A Technical expert: Thomas Siegert(JMU, Germany)
A Members: lvan Agudo, Robin Anthony-Petersen, Francesca Calore, Chris Karwin, Mair®utra,
Sophie Haight, Michela Negro, Uwe Oberlack, Keigo Okuma, Field Rogers, Pasquale Serpico,

Anaya Valluvan, Yu Watanabe, Hiroki Yoneda. ‘“_
New candidates Other targets AcXin® mowezs 223 RsTOOBI™ Estimztifz OO« .z Z| 'S ¢
sensitivity sensitivity
* o _ .
vX « Light FIMPs
dad | a Maira Dutra arXiv:2104.13937
. Thermal MeV dark matter
T. Hayashi, . _
s ey . Yu Watanabe + arXiv:2410:XxXXxX
Y. Watanabe, Thomas Siegert+ : :
T. T. Yanagida arxiv:2303.15582 Primordial IBlaCk. Holes Ben Safdi, Orion Ning,
arXiv:2408.12155 & arXiv:2109.03791 pesgliale SerpiEy Robin Anthony-Petersen
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Development of COSI analysis tools for dark matter

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

W Get started analyzing COSI datal X /&j
HXJ3KE °AMBK N zTJ°J N| JIJBKBX«z X" Z
Currently on data challenge 2 (DC2)
Data challenge 3 being released in Spring 2025

Will include a dark matter model!

W cosipy Pin progress work relevant to dark matter
Extended source spectral fitting
Galactic diffuse emission modeling
Instrument and astrophysical backgrounds |
Dark matter model for DC3 coslsslberkeley.edy T eNg J KA X

z °] AMYN- 2t
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https://github.com/cositools/cosi-data-challenge-2
https://github.com/cositools/cosi-data-challenge-2

DC3 dark matter signal

DC3 results for annihilation into [ line signal (NFW profile)

1) Obtaining energy spectra
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5000 A
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2000 A1
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01

2) Obtaining signal
morphologies
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Assumedmp,, = 3 MeV
g,’ 0= 102 cmd/s
The profile parameters: Cirelli+10
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SUMMARY

The Compton Spectrometer & Imager
Launching in 2027

EXxciting potential for dark matter
line searches!

+ X © « °-AN| 3 N|a&N]| -

Parameter Reqguirements
Energy range 0.2-5 MeV

Sky coverage 100%-sky each day
Energy resolution 1.2% FWHM

Angular resolution 2.1° FWHM @ 1.8 MeV (%°Al)
Localizations <2.5° for GRBs

. . T : COSil is led by UC Berkeley and funded by
NASA under contract S0GSFC21C0059 16/16
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COSI line and continuum sensitivity

COSI L|ne SenSItl\{ltV COSI Continuum Sensitivity
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Mission comparison

(Inl\s/ltirsusrfgnt) Operation Energy Range Field of View Energy Resolution
COSI 2027 - 200 keV B5 MeV ~10,000 deg? 0.4D1.2% (>200 keV)

CGRO (COMPTEL) 1991-2000 800 keV B30 MeV ~3,000 deg? 5-10% (>1 MeV)
INTEGRAL (SPI) 2002- 25 keV B8 MeV ~300 deg? 0.2-1.6% (>100 keV)

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

|
S
4~

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

>

Line Sensitivity [y em™ s

Narrov_v_L_ine [photons cn? s1]
, Sensitivity | 2 1 2x105 @ 0.511 MeV.
(2 yr, 3g W

. A 3.0x106 @26Al, OFe, and*Ti
point source)

Level that COSI is required to meet during itgear
prime mission, but could do substantially better |f
mission is extended
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Compton image space

: 40 ev‘gnts
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Cross-sections for Germanium

T 0
10° ;
2, Total
S
< J Photo effect
Q :
g Rayleigh scattering
g Compton scattering
S 10=—1%
=~ Pair creation
1.
107
107
10° L
1072 10°
Energy [MeV]
Compton telescopes
Full photon (COMPTEL COS') Pair creation
absorption telescopes

(NuSTAR, etc.) (Fermi/LAT)



Dark matter signals

| Axions

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

er
X

e—
X0 -« TJ3® |

T. Hayashi, S. Matsumoto, Y. Watanabe, T.
T. Yanagida arXiv:2408.12155 [hepph]
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C.Cosmeg M. Dutraa, S.Godfreya, T.
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A. Caputo, M. Negro, M. Regis, MTaoso
arXiv:i2210.09310 [hep-ph]




COSI improves bounds for MeV continuum signals

J-factor [1°] MeV2cmS

0.067- 4.4 x 10%7

1.6 - 5.3 x10%
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Draco dwarf spheroidal galaxy - point source
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AXIOn decay |nt0 Mev phOtonS A. Caputo, M. Negro, M. Regis, M.TaosoarXiv:2210.09310

C Large axions have been theorized that e | -
could decay into MeV E-rays -
C COSI could extend existing bounds by e _
orders of magnitude 10190

Draco

L]
L}
[}
|
i
Gayy VFa [GeV]
=

coupling constant

Oar ré 10101 10 11GeVA 10_21

AJ3 z Xo’
Galactic Center (GC)P extended (10°) Lo o 1 . L
Large Magellanic Cloud (LMC)P extended (5°)
Draco dwarf spheroidal galaxyb point source
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Differential photon emission rate due to Hawking radiation
S.W. Hawking, Nature (1974)

BH temperature:

dwdt 2w ew/Ten — (—1)2s
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Both primary and secondary photons from unstable particles decay
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A. Caputo, M. Negro, M. Regis. M.Taoso, JCAP 2023
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Differential photon emission rate due to Hawking radiation
S.W. Hawking, Nature (1974)

BH temperature:

dwdt 2w ew/Ten — (—1)2s

= I LI | IIIIII 1 | EE S Illlll T LI | llllll 1 LI | llllt 1 1016g
o : Ty = o MeV( )
i} 1020:_ MPBH=1016 g = 87TGMBH MBH
f - Mpgn=4 x 10'® g .
E — E 17 3
3 'w [ Mpen=10"g :
> 10" Mpgy=3 x 10"’ .
2 e e 0 B Emission rate of particle of energy w and spin state s
T ; IdAfr—""""‘N\ UL e f
= - . internal do S rey factor
> 10" - dN;  gi Ti(w,TsH) ik
& .
‘:‘D .
. E

Both primary and secondary photons from unstable particles decay

— ey ..11 AN l%lo + Lioud [BlackHawk (Arbey&Auffinger 2019) + Hazma (Coogan&Morrison&Profumo 2020)]
10 10° 10

Energy[MeV]

A. Caputo, M. Negro, M. Regis. M.Taoso, JCAP 2023

Michela Negro - CRESSTII/NASA-GSFC/UMBC — mnegrol
S
=



Michela Negro - CRESSTII/NASA-GSFC/UMBC — mnegro | @umbc.edu

0100 |\ NTEGRAL/SPI

Berteaud (2022

COSI continuum sensitivity (Negro et al 2022)
¥ (rescaled for region of angular size 6)

_ feeuD(9) d*N, jomo?

B 4 MPBH dEfydt

0.001

13: 10'® 5x10"® 1x10"7 2x10"7

A. Caputo, M. Negro, M. Regis. M.Taoso, JCAP 2023
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COSI backgrounds

count/s/keV

10—1.

10—2.

10—3 o

10—4.

10—6.

10~7.

10—8.

—4— Albedo photons
~}— cosmic photons
—4— Atm neutrons prompt
—}— Atm neutrons delayed
—4— Primary alpha prompt

102

|
A

|
1y
~+— Primary alpha delayed
—4— Primary electrons
~}— Primary positrons

~—}— Secondary protons prompt

. kil

Secondary protons delayed
4= Primary proton prompt
~—+}— Primary proton delayed
== Total

10 10
Energy [keV]

Rate [Hz]

10?
—— Albedo photons —+— Primary alpha prompt —+— SecondaryProtons prompt
~—}— Cosmic photons ~—}— Primary alpha delayed SecondaryProtons delayed
1024 —— Atm neutrons prompt —+— Primary electrons ~—}— Primary Protons prompt
—}— Atm neutron delayed ~}— Primary positrons —+— Primary Protons delayed
101 4
10° 4 .
10—1-
10—2.
10—3-
1074 (#1 :
NT | |
2028—03—-01  2028—03—-15 2028—-04—-01 2028—05—-01  2028—05—15 2028—06—01

2028—-04-15

NOTE: these backgrounds plots are missing the South Atlantic Anomaly (SAA)
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Ground Commumcatlons and Data Lmk

Vi 25 &/ _ Survey Mode
« MOC and SOC at UC Berkeley fie Yoo 0 1 i
S-band to ground

S-band to TORS MA for GRB
* Ground stations to accommodate 6.3 Gbits/day (59

notifications
kbps science data) [II l“ll
* Primary: Malindi ground station LEOps O )
* Secondary: Singapore ground station oy, . (e g“g;ﬁg
for critical events : - -
* Plan for transient alerts : r e
* Detection in at least 2 of 5 BGO shield segments Sinﬁamff Station
* Time binning and threshold level TBD, but expect approximately oém?j‘zzu e
one alert per day S TDRSS Station Scignce'aata
e Buffered germanium data selected and sent down via P Cround
i i Station Instrument
Tracking and Data Relay Satellite
) : e 4 Contingency D / LM, IRl Science
e Automatic ground processing for GCN notifications

S Operatons Operations
GRB notifications __,, AP Center




Slide credit: John Tomsick



