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Overview
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Extreme processes that produce GW and accelerate 𝝼 and 
CR also produce gamma rays

Subtitle: if you want to do multimessenger astrophysics you need a wide field, all-
sky, sensitive gamma-ray telescope
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Science Drivers
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Do supermassive black 
holes accelerate cosmic 

rays and produce 
neutrinos? 

How do binary neutron star mergers produce 
relativistic jets and what is the structure of those jets? 

Where are 
cosmic rays 

accelerated in 
the Galaxy? 

Caputo et al., JATIS accepted 2022, 
arXiv: 2208.04990
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Supermassive Black Holes 
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Gamma rays, Cosmic rays and neutrinos

The same process that produces neutrinos 
also produces a distinct signature in the  

keV-GeV band

T. Lewis et al., ApJ submitted 2022;  
arXiv: 2111.10600 

see her talk AGN II, Tuesday
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Supermassive Black Holes 
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Gamma rays, Cosmic rays and neutrinos

AMEGO-X data will be able to 
independently determine the particles 

accelerated in certain AGN corona, 
such as NGC 1068
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Neutron Star Mergers
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Gamma rays and Gravitational waves

Detect and localize short GRBs AND 
distinguish jet profiles for models inferred 

from GW170817

Transient observations: > 25 keV
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Neutron Star Mergers
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Gamma rays and Gravitational waves

I. Martinez-Casellanos et al. ApJ 2022;  
arXiv: 2111.09209

Simulated GRB 170817A
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Galactic Sources
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Gamma rays and Cosmic rays

Detect signatures of pion decay 
in Supernova remnants such as 
IC443, star forming regions and 

recurrent novae

MeV peaked pulsars and their 
nebulae as prominent sources 

of the cosmic-ray positron 
excess
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Polarization: in and out of 
the Galaxy
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See H. Zhang, AGN Tuesday
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Astro2020 Themes and 
Priorities
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New Messengers and New 
Physics: New Windows to 

the Dynamic Universe

Cosmic Ecosystems: 
Unveiling the Drivers of 

Galaxy Growth

Highest-priority in space: 
Multimessenger/Time Domain in the small/medium scale. 
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An All-sky Gamma-ray Survey
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Long GRBsGamma-ray binaries

Magnetar bursts and giant flares

Jetted TDEsDiffuse emission

Large-scale bubbles

Accreting Black holes

High-redshift blazars

https://asd.gsfc.nasa.gov/amego-x/references.htmlSee L. Marcotulli, AGN Tuesday

https://asd.gsfc.nasa.gov/amego-x/references.html
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Fermi Bubbles
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M. Negro et al., ApJ 927 25, 2022
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AMEGO-X Instrument and 
Design
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Telescope observes in the keV to 
GeV range! 

The challenge: boundary of many 
kinds of interactions 
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AMEGO-X Instrument
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Silicon Pixel tracker: 40 layers, 
95 quad chips/layer 

CsI Calorimeter: 4 layers, 
25 bars per layer read out by SiPMs

ACD: 5 panels read out by 
wavelength-shifting bars 

connected to SiPMs
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AMEGO-X Detectors
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Silicon Pixel tracker: AstroPix 

High-heritage Calorimeter
A. Steinhebel et al., SPIE 2022; arXiv: 2209.02631  
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AstroPix: Monolithic Active 
Pixel sensors 

16I. Brewer et al., NIM A 1019 2021; arXiv: 2109.13409  

CMOS pixel: 
Charge collection/amplification/
readout co0integrate in shared 

substrate in pixel matrix
Digital architecture on the periphery

Pixel Matrix
Sensor + Amplifier + Comparator

Control Unit
Matrix Readout
External readout  

control

Bias + analog  
support 

components

Threshold

Readout

Slow Control
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AstroPix: Monolithic Active 
Pixel sensors 

17A. Steinhebel et al., SPIE 2022; arXiv: 2209.02631  

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)
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AMEGO-X Performance
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Simulations using MEGAlib toolkit 
https://megalibtoolkit.com/home.html
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AMEGO-X Mission
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24h Exposure [cm2s]0 580k

5 MeV tracked Compton events

Launch Low Inclination,  
Low Earth Orbit

3-year baseline mission
Sky Coverage:  

>50% (<10 MeV);   
>20% (>10 MeV)

Openly distributed transient 
alerts & localization within 30 s
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AMEGO-X Team
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With collaborators at INFN, U. Hiroshima, U. Johannesburg, KIT, 
U. Western Australia, Georgia Tech, Drexel, UNH and members of LIGO, IceCube, CTA

Partner
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AMEGO-X Team
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Fortunate and privileged that 
we were able to complete the 

proposal during the COVID 
pandemic

Thanks to a truly amazing team 
of people
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Not selected Phase A 2022… 
Next Steps
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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
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Thank you!
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Logo: M. Negro https://asd.gsfc.nasa.gov/amego-x/

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

