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AMEGO Team

NASA/GSFC, George Wash. Univ., Clemson Univ., Naval Research Lab, UC
Berkeley, Wash. Univ., University of New Hampshire, NASA/MSFC, University
of Alabama, Huntsville, USRA, the Ohio State University, UIUC, UNLV, LANL,
University of Delaware, UC Santa Cruz, SLAC, Argonne, Stanford University,
University of North Florida, Yale University, Rice University, INFN, Pisa
University, Padova University, INAF, Udine University, Rome University, Yale
University, University of Maryland, Brookhaven National Lab

https://asd.gsfc.nasa.gov/amego
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This is a community effort. If you like the project and the idea, and want to join,
please contact Julie McEnery (PI)
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Why is MeV Astronomy Important?

Credit: CGRO/EGRET tea Credit: FERMI/LAT team

~300 sources detected ~3,000 sources detected

Dozens sources detected Guaranteed discovery space: zero risks
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AMEGO Science

Understanding Extreme Q [ il
Environments: )m'{‘: Nuclei .
Diffuse galactic
. Astrophysical Jets fines
Understand the formation, evolution, and Pulsars “
acceleration mechanisms in astrophysical jets ’ SR"Pef"O:a
emnants
. . Gamma-ray e
Compact Objects e
Identify the physical processes in the \ |
extreme conditions around compact objects o
Black Hole
« Dark Matter Binaries
Test models that predict dark matter signals ‘
in the MeV band lovae
Dark
 MeV Spectroscopy __Matter Large
. N ‘ e Magellanic
Measure the properties of element N . - gloud
formation in dynamic systems =
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AMIEGEY
Why is the MeV Regime So Poorly Known?
A technically challenging energy band
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Why is the MeV Regime So Poorly Known?

S

. Optimized foj
Fermi-LAT

NuSTAR
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Why is the MeV Regime So Poorly Known?
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The All-sky Medium Energy Gamma-ray
Observatory (AMEGO)

Tracker: Incommg phot.on . Compton event Pair event
undergoes pair production or Square 80cm side Y Y
Compton scattering. Measure ACD

Event circle
energy and track of electrons and ———————— ] ’ Event arc
positrons A

| o
e 60 Iayer DSSD, Spaced 1 cm, | Si-strip Tracker,

| 60 planes

Strip pitch 0.5 mm H

“Tracker”

CZT Calorimeter: Measure location

and energy of Compton scattered
photons

e Layerof 0.6 x 0.6 x 2 cm bar CZT

Csl Calorimeter: Extend upper
energy range

e 6 planes of 1.5 cm x 1.5 cm bars

« <~10 MeV : Y Compton scatters a low-energy e- in Si-strip.

« >~10 MeV : Y converts to pair (e-/e+) in a multi-layer Si-strip tracker
(no additional conversion material).
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The All-sky Medium Energy Gamma-ray
Observatory (AMEGO)

DSSD Tracker
Segment

: e Use of well-tested, proven technologies (Si
alorimeter DSSD Tracker . .
A +— Module tracker, Csl calorimeter, Plastic ACD, ...)
ACD\

Csl Calorimeter

—— T N * Fit within a probe class budget:

Calorimeter - Blanket

Concept for the 2020 decadal review

* Designed to be modular for ease of
development, testing, and integration.

* 10 year mission goal (similar to Fermi)
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Compton at 0
Pairat 0
Compton at 37
Pair at 37
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Effective Area (cm?)

Energy Range

Compton at 0
Pair at 0

- Compton at 37
Pair at 37

0.2 MeV > 10 GeV

Angular Resolution

3° (1 MeV), 10° (10 MeV)

Energy Resolution

<1% below 2 MeV; 1-5% at 2-100 MeV; ~10% at 1 GeV

Field-of-View

2.5sr

Sensitivity (MeV s™ cm™)
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Polarization

Polarization —=— Zenith (°
—e— Zenith 45°
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Polarization: simulated polarized source is fit to a sin function. Determine
amplitude of azimuthal modulation (p100) (top left) vs. energy. Calculate minimal

detectable polarization (MDP) for the signal (Rs), background (Rsg) and 1-2
observation time (Tobs) (See equation inset and table on the right)

0.5-1
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AMEGO Capabilities

511 keV
Galactic Map
Palsars Cg:lgg:l Supermoyvas

/ Bnaries  Galactic Diffuse
. Emission ‘
Pulsar Wind 7

..A\‘ Ne:liie T2 X
Madnetars .

Supemwa Remnants g;l:;l!lzs
—
.Gamma.ray Active Galactic i f“?’
Bursts I Nuclei el Novae
. / Gravitational s
Wave
Counterparts
Neutrino Cary
Counterparts Dark Matter
6nt| nuum

« Sensitive continuum spectral studies
 Polarization
* Nuclear line spectroscopy
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AMEGO Capabilities

Enhanced capabilities

511 keV
Galactic Map

Supemovae
/ BNAries  Galactic Diffuse
» s ‘
Pulsar Wind 750 VRt TR

Ne Gt
W
Madnetars -

[ - Active Galactic w :
i  Nudei P Nowe

Pualsars Compact
Object

Supernova Remnants

Nearby
Galaxies

Bursts

.\ 4 Gravitational

Wave
Counterparts

Neutrino fary
Counterparts Dark Matter

&W@éntlnu“ m

 Polarization
* Nuclear line spectroscopy
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AMEGO Capabilities

— BNi surface
—— 5%Co surface
SN Ejecta 5Ni core

- %Co core
— — 5%6Co shell at 0.4R

Core R — - %Co shell at 0.6R 51" kev
\ il —-— %8Co shell at 0.8R G | it ”
\/ —— %Co shell at 0.9R alact Map
— - %Co shell at 0.95R
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©
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st / Binaries Galactic Diffuse ‘
o, y . .
= Late time: . . - -
: Onlyadeepg\ed on w— s
total 56Ni
otal 55Ni mass Pulsar Wind

Early time ) Nebulae ) i
observation is . A\
g m, o Nearby
Madhetars Supemova Remnants . Galaxies

important!

Til?loe past explosion [di(;:] Ga A‘nv‘e Galadic \:’M‘- —
56 n7;  t=8.8days 56 — e N7
Nl —y) C() + g Bursts ¥ Nuclei _ Novae
L. d Gravitational
t=111.3d Wave
56C0 —ays) 56F€ + g Counterparts
Neutrino Gy
Counterparts Dark Matter
: t‘l“l'“\; [ 3
Continuum

« Sensitive continuum spectral studies
 Polarization
* Nuclear line spectroscopy
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AMEGO Capabilities

Mrk 421 - Hadronic Model
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« Sensitive continuum spectral studies
 Polarization

* Nuclear line spectroscopy
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AMEGO Capabilities

s AMEGO
s Fermi-GBM BGO

5171 keV

Short GRB 090510
Galactic Map
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« Sensitive continuum spectral studies

 Polarization
* Nuclear line spectroscopy
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AMEGO Capabllltles

Pulsars Compact
4 Object
/’ Binaries
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PulsarWind
Neb [
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Gamma ray alactic
Bursts Hu<le|

Gravitational
Wave
Counterparts

Neutrino
Counterparts
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Continuum

« Sensitive continuum spectral studies
 Polarization
* Nuclear line spectroscopy
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Example GRB Spectroscopy with AMEGO

Synchrotron

104, —— 2SBPL
+ Nal6
Nal9
<+ BGOO
4+ BGO1

—_
(=)
w

rTT
€
]
—
I
0
>
(]
v
w
w
Ll

Residuals
BRNONBROY S

it [ '
{ e '

103

aSIO et al. 5018 E [keV]

mcn

R

Photospheric + synchrotron

— ¢ BHEGC

Y — Y opacity

Interval 1
Interval 2
—— Interval 3
Interval 4
—— Interval 5

ANMERD

Interval 9
Interval 10

10718

—
e
=

R AN

vFv (ergcm™2s71)
VF, (erg®.cm?.s'keV™")

10-16
103 104
Energy (keV)

. .10 2 10
Vianello et @lr20%:89A, f51ec model) Guiriec et al. 1i)01&ergy (keV)

Study of the prompt emission spectral shape:
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Electron distribution
Lorentz factor
Emission mechanisms
Magnetization
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DSSD Tracker

. AMEGO will reveal physics in an
unexplored and important energy band

CZT Calorimeter DSSD Tracker
< Module

Module
Aco\ . - /ﬁi'd?{‘.?”'"e‘e' -  Well tested and proven technology

Side CZT SN MMS/Thermal
Calorimeter e B Blanket

- Balloon flight in 2019

* Fit within a probe class budget

 Concept for the 2020 Decadal Review
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Don’t Forget!

This is a community effort. If you like the project and the idea, and want to join,
please contact Julie McEnery (PI)
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Background

= Albedo Electrons
Albedo Neutrons
== Albedo Photons
=== Albedo Positrons
- Albedo Proton
e COsmic Alphas
Cosmic Electrons
== Cosmic Photons
Cosmic Positrons
Cosmic Protons
=== Trapped Electrons
Trapped Protons
= = LAT Galactic
== LAT Extragalactic
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Energy (MeV)

* Backgrounds from a NuStar-like Orbit

* Sources of Backgrounds: cosmic photon sources (Galactic and
Isotropic), charged particles from cosmic sources and the Earth’s
Albedo, atmospheric secondary gamma rays, internal instrument
backgrounds and from SAA.

e Backgrounds in analysis: Gruber et al. (1999) in blue x10 and Acero et al. (2016)
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Why is the MeV Regime So Poorly Known?
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3-year mission (3 years with 20% efficiency for FOV and SAA) assuming the background available in a
backup slide. In the Compton regime, the backgrounds are scaled up by x10 (conservative).

Fermi/LAT (5 years), COMPTEL and EGRET (2 weeks exposure), and NuSTAR and SPI (10° s exposure)6
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The All-sky Medium Energy Gamma-ray
Observatory (AMEGO)

Tracker: Incqmmg phot'on : Compton event Pair event
undergoes pair production or Square 80cm side v "

Compton scattering. Measure ACD Event circle
energy and track of electrons and —————————————— ’ Event arc
positrons

Si-strip Tracker,

e 60 layer DSSD, spaced 1 cm, 60 planes
Strip pitch 0.5 mm

“Tracker”

CZT Calorimeter: Measure locgt

and energy of Compton sca Csl Calorimeter: Extend upper
photons energy range
e Layerof 0.6 x 0.6 x 2 cm bar CZT e 6 planes of 1.5 cm x 1.5 cm bars

Below ~10MeV: Y Compton scatters a low-energy e- in Si-strip. Scattered Y can be absorbed in a
calorimeter.

« Y direction is a circle or arc on the sky determined by position and energy measurements of the low-
energy e- and absorbed Y.

» Y energy is determined by evaluating the energy deposited in the Si-strips and in a calorimeter.

Above ~10MeV: Y converts to pair (e-/e+) in a multi-layer Si-strip tracker (no additional conversion

material).

« Y direction is determined by measuring the position of the pair components as they pass through the
Si-strip layers and a calorimeter.

« Y energy is determined by evaluating the energy deposited in the Si-strips and in the calorimeter.
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