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Science Drivers

Where are
Py cosmic rays

CosmicRays 5ccelerated in
the Galaxy?

Do supermassive black

holes accelerate cosmic

rays and produc
neutrinos?

Gravitationél
Waves
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Supermassive Black Holes

Gamma rays, Cosmic rays and neutrinos

Time [MJD]
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Fermi-LAT
|ceCube Neutrino Flares
---- AMEGO-X (low energy band)

—=-- AMEGO-X (high energy band)
TXS 0506+056, 2014-2015 Neutrino Flare

leptonic model AMEGO-X simulated (hadronic)
hadronic (Xue+20) AMEGO-X simulated (leptonic)
4 Fermi/LAT (neutrino flare period --158 days)
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The same process that produces neutrinos

also produces a distinct signature in the AMEGO-X
0.125 MeV to 10° MeV Fermi/LAT

keV-GeV band i 102 MeV to above 10° MeV
) 107 10° 10’ 10° 10° 10 10°
Energy [MeV]

T. Lewis et al., ApJ submitted 2022;

arXiv: 2111.10600

R. Caputo, NASA GSFC | Fermi Symposium 2022 see her talk AGN II, Tuesday
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Supermassive Black Holes

Gamma rays, Cosmic rays and neutrinos

Accretion disk

Relativistic jet
_ Accelerated e*/e
04 Accelerated protons

adiill” - >

Supermassive )
black hole o . Observer at Earth
Emission region
Corona

AMEGO-X data will be able to
independently determine the particles
accelerated in certain AGN corona,
such as NGC 1068

R. Caputo, NASA GSFC | Fermi Symposium 2022

—
IM
~
e
W
=
%
[N
LiJ
=2
P
=
~
[

NGC1068

— = corona thermal
corona hadronic
- = corona leptonic

AMEGO-X sensitivity
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Neutron Star Mergers

Gamma rays and Gravitational waves

Short GRBs

AMEGO-X:|
(200/yr) ;| :
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Detect and localize short GRBs AND
distinguish jet profiles for models inferred
from GW170817
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— 0,,=4°[Howell et al., 2019]
0,.=7/" [Resmietal., 2018]
= — Be=9" [Marqutti et al., 2018]
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Confidence Region (0,90%) [deg 2]

AMEGO-X only detections
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Joint AMEGO-X/GW detection region
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Transient observations: > 25 keV GW 1708174
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Maximum Observing Angle (deg)

R. Caputo, NASA GSFC | Fermi Symposium 2022



Neutron Star Mergers

Gamma rays and Gravitational waves

Sky localization performance using SSE only
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|. Martinez-Casellanos et al. ApJ 2022;

R. Caputo, NASA GSFC | Fermi Symposium 2022 arXiv: 2111.09209



Galactic Sources

Gamma rays and Cosmic rays

Fermi/LAT (measurements)
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Detect signatures of pion decay
Bremsstrahlung ;
_ e in Supernova remnants such as
fs; ,e° + |C443, star forming regions and
o (1 recurrent novae

D
3

3 ?3”)‘,'2‘;?3‘ sensivity MeV peaked pulsars and their

. nebulae as prominent sources

107 m -decay: pion bump of the cosmic-ray positron
excess

10? 10°
Energy (MeV)

R. Caputo, NASA GSFC | Fermi Symposium 2022



Polarization: in and out of
the Galaxy

10 bIazar§ﬂares/yr

~ PSRB1509-58

I
[

I

I

I

I

I

I

!

I

I

I

I

i

I

[ -
Hg]
(A
r=s
el
I
b
[
i

|

i

- Crabpulsar -

3yr survey

107
Energy flux (erg cm?s™)

See H. Zhang, AGN Tuesday

R. Caputo, NASA GSFC | Fermi Symposium 2022



Astro2020 Themes and
Priorities

New Messengers and New Cosmic Ecosystems:
Physics: New Windows to Unveiling the Drivers of
the Dynamic Universe - Galaxy Growth




An All-sky Gamma-ray Survey

Large-scale bubbles

Gamma-ray binaries . Long GRBs

.,_“” .' .

Accreting Bla



https://asd.gsfc.nasa.gov/amego-x/references.html

Fermi Bubbles

Primarye*e” IC MeV Gap st AMEGO-X TC (scaled as UC)
CR protons interactions ¢ FB-Ackermann et al, 2014 -8~ AMEGO-X P
. secondary e*e” Sync+IC (10 uG) == AMEGO-X UC wesw COSI (Crvssion=2 yrs)

secondary e*e~ Sync+IC (1 uG) ~>~ AMEGO-X TC (scaled as P)  ume COSI (Lryscion™9 yrs)

AMEGO-X combined sensitivity

Sensitivity to FB emission (3 o)
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COSI's simulated
2 yrs sensitivity
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M. Negro et al., ApJ 927 25, 2022

R. Caputo, NASA GSFC | Fermi Symposium 2022
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AMEGO-X Instrument and
Design

Telescope observes in the keV to
GeV range!

The challenge: boundary of many
= Compror—t— kinds of interactions

——Fvent

——————+—Untracked _—t

——H1 Compton ——
—————— —————————¢g fvent

%:?:

Calorimeter

Untracked |/ 7 ‘\‘ . | Tracked Pair
Compton | (%= | Compton Imaging
Imaging |/~ Imaging

R. Caputo, NASA GSFC | Fermi Symposium 2022 18



AMEGO-X Instrument

Silicon Pixel tracker: 40 layers,

quad chips/layer

Csl Calorimeter: 4 layers,

25 bars per layer read out by SiPMs



AMEGO-X Detectors

Silicon Pixel tracker: AstroPix

APS Quad ‘ 1%Cd source
PR Il - Chip (95%) coeem . g AE=2.1keVo

rwen r'l: ’ C

APS Array | ~ D is.  [CooTm
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A. Steinhebel et al., SPIE 2022; arXiv: 2209.026431
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R. Caputo, NASA GSFC | Fermi Symposium 2022 15



AstroPix: Monolithic Active
Pixel sensors

CMOS pixel:
Charge collection/amplification/
readout coointegrate in shared Pixel Matrix
. : ] Sensor + Amplifier + Comparator
substrate in pixel matrix

Digital architecture on the periphery ’ /\/ ’ | [

Threshold

lonizing Radiation Amplification / Readout

Control Unit Bias + analog
Matrix Readout support
External readout components

control

Slow Co

R. Caputo, NASA GSFC | Fermi Symposium 2022 |. Brewer et al., NIM A 1019 2021; arXiv: 2109.13409 16



AstroPix: Monolithic Active
Pixel sensors

The good
Energy threshold: 5 keV
Low power draw: <1 mW/cm2
CMOS processes easy to mass
produce

The bad
Still in development
(Low technical readiness level)

R. Caputo, NASA GSFC | Fermi Symposium 2022
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capability

Baseline design
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AMEGO-X Performance

Simulations using MEGAIib toolkit

https://megalibtoolkit.com/home.html

COMPTEL ——Pair Events

Fermi/LAT ——Tracked Compton Events
___ Fermi/GBM —— Untracked Compton Events

(BGO dectector) Single-Site Events

Fermi/GBM
(Nal dectector)
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R. Caputo, NASA GSFC | Fermi Symposium 2022
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AMEGO-X Mission

5 MeV tracked Compton events

Launch Low Inclination,
Low Earth Orbit
3-year baseline mission
Sky Coverage:
>50% (<10 MeV);
>20% (>10 MeV)
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AMEGO-X Team

U.S.NAVAL

y  RESEARCH_
LABORATORY
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ESTI943

SPACE FLIGHT CENTER



AMEGO-X Team

Fortunate and privileged that
we were able to complete the
proposal during the COVID
pandemic




Not selected Phase A 2022...
Next Steps

Develop the AstroPix detectors

- Protoflight model submitted to
foundry Jan 2023

- Sounding rocket test flight Fall 2024

- Demonstrate performance

Integrate detectors into a tracker layer

- Demonstrate process of construction
and readout

- Demonstrate performance

Simulations to better reconstruct events

- Demonstrated in small scale for x2-3
Increase in sensitivity

Build a tower prototype

Resubmit in next MIDEX call ~2025-26
R. Caputo, NASA GSFC | Fermi Symposium 2022 22



Thank you!
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https://asd.gsfc.nasa.gov/amego-x/

