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Need precise measurements over a large volume

AMEGO: A Multimessenger Mission for the Extreme Universe Technical

Figure 15: The design of the AMEGO Thermal Heat
Pipe Network allows for full thermal testing on the ground
in the orientation shown here.

ammonia heat pipes that couple the electronics base-
plate to a dedicated electronics radiator. The design
of the mission allows for 360˝ of rotation around the
boresight, which allows for the radiators to be kept
nearly parallel to the solar vector, minimizing the
solar heating on the radiators. The entire design
is testable on the ground in the presence of grav-
ity with the 4 Tracker tower header pipes level, the
Tracker radiator spreader pipes in reflux mode, the
electronics header pipes in reflux, and the electronics
radiator spreader pipes level.

Evaluation of Instrument Performance: To es-
timate the performance of an MeV gamma-ray tele-
scope, accurate instrument simulations are vital. It
is essential to develop a complete mass model of the
active and passive material and simulate gamma-ray
interactions within the instrument volume. A de-
tailed description of the background contributions,
both externally and internally via activation within
the detector material, are critical.

We have carried out detailed simulations, event
reconstructions, and performance estimates of the
AMEGO instrument using the MEGAlib frame-
work [27] which is based on ROOT [28] and
Geant4 [29]. The AMEGO geometry and all of the
simulation files used for this analysis can be found
on GitHub1.

We consider three di↵erent event classes, broadly
defined in terms of the energy of the incident pho-
ton: untracked Compton events (untracked), tracked
Compton events (tracked), and pair events. The
distinction between tracked and untracked Comp-

1https://github.com/ComPair

Figure 16: The backprojected image-space response
for the three di↵erent AMEGO event types: untracked
Compton events (upper left); tracked Compton events
(upper right); pair events (bottom center) [30]. The ad-
vantage of tracked Compton events is better background
rejection.

ton events is whether or not the direction of the
Compton-scattered election is measured. Each is op-
timized for di↵erent science cases. Figure 16 illus-
trates a back-projection of „20 events showing the
image-space response from individual photons for an
AMEGO-type instrument.

At energies below „1 MeV, the Compton-
scattered electron does not transit more than one
Tracker layer and therefore it cannot be easily
tracked. As a result, the untracked event class will be
important for transient science cases such as gamma-
ray bursts that have strong emission À1 MeV and
gamma-ray line astronomy, such as the decay of the
SN products 56Ni and 44Ti. For sources that produce
gamma-rays at higher energies (1–10 MeV) that re-
quire better background rejection, the tracked event
class will likely be the standard event type used. For
sources that produce photons above „10 MeV, the
pair event class can be used in standard analyses.

We have performed MEGAlib simulations to de-
termine the angular and energy resolution of the
AMEGO instrument for mono-energetic sources.
The energy resolution is particularly important in
the MeV regime where sources of gamma-line emis-
sion are prominent. The angular resolution not only
a↵ects the quality of images, but helps mitigate
source confusion and improve sensitivity of the in-
strument. The angular resolution for Compton and
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• Kinematic tests find sequence; 
“psf ” is a circle.

• Measurement of electron 
recoil direction will improve 
things considerably

• Requires:
• Large detector volume + mass to 

contain events

• Good energy measurement

• Precise spatial imaging

LAr
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Liquid noble time projection 
chamber (TPC) technology has 

delivered 20 years of world-
leading dark matter searches
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• 2D sensors read out 3D volume
• Scalable at low cost and power

• LAr: ~zero cost detection medium

• Chosen technology for flagship 
20 kton DUNE  experimentν 2006 2020

Dark Matter

Neutrinos
XENON10

Xed1

LZ

10 tons
10 kg

30 g

ProtoDUNE

800 tons
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3 m

Sky

CsI Calorimeter

Segmented  liquid  
argon TPC Tracker

10 m2, 35 cm thick, 4 ton 
tracker

GammaTPC:  scalable, efficient and sensitive
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Tracker Comparison 
• GammaTPC:        10.0 m2,    4.1 g/cm2 
• COSI (Ge):         0.026 m2,    3.2 g/cm2 
• AMEGO-X (Si):    0.58 m2,    0.7 g/cm2

• Mass scale: drives 
sensitivity for MeV -rays

• Efficient: thick tracker 
contains Compton events

• Sensitive: large area

γ

Ideal match to low-cost 
large-mass launch vehicles

ArXiv/2502.14841

https://arxiv.org/abs/2502.14841
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Sub-mm imaging needed
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Pixel imaging of 1 MeV track

Pixel 
samples

GAMPix: Grid-activated multi-scale pixel readout
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Initial track direction, 5 cm drift

cos(δ) ~2.5°/bin

• GAMPix Measure charge twice, solving two 
serious problems
• Charge is missed when sensor pitch comparable to 

diffusion.   Here, coarse-spaced wires provide diffusion-
independent signal.

• Power to high, but coarse signal provides trigger for 
pixel chip power-up, reducing power by 103 - 104, making 

• State-of-art imaging over full volume
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First chip working well!
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• Full front-end, with ADC per 
pixel, 

• Designed by SLAC ASIC 
team on shoe-string budget.

Pon = 100 μW/pixel

1600 e-
1 µs

stable baselinepower on inject test charge pulses

GAMPixPi_v1, immersed in LAr

σ ≈ 60 e−

A. Peña-Perez B. Trbalic

First look encouraging 
on all key metrics.

5 mm

500 µm pitch GAMPixPi_v1

Shown is response of a single pixel; 
uniformity across pixels is excellent. 
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Detailed simulation
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• Particle interactions: Geant4-based 
“industry standard” MEGALIB Cosima

• Custom reconstruction and 
classification pipeline: Gampy
• Ar micro-physics

• Parameterized charge, light collection and 
readout

• Pessimistic, Nominal and Optimistic 
scenarios
• Geometry: % dead material

• Readout: light collection, charge noise, spatial 
resolution

3 m Ø, 7 m2

B. Trbalic
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Performance metrics
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Background

Compton regime

Pair regime

3 - 5 x  Fermi
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Transformative sensitivity over wide energy range
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Compton Sca�ering Pair Produc�on

Continuum Sensitivity

103

Previous

2027 Launch

MIDEX proposal

SWIFT 
[9y]
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Spacecraft

pump

getter

cryocooler

liquid

Spacecraft

Insulated toroidal 
storage vessel

gas or vacuum

piston

ω
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Insulated toroidal 
storage vessel

Spacecraft

Handling liquid argon in zero-g

Launch Fill Operate

Probably requires dedicated small satellite launch(es)
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Program notes
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• Most technology in hand, developed for neutrinos and dark matter
• Biggest TPC risk appears retired due to success of first GAMPix chip

• Key remaining issue of handling LAr in zero-g could be significant, given 
likely need for dedicated flights at scale of RocketLabs Electron

• Spacecraft demands, in first look, appear modest

• Strong argument for large instrument
• Large upfront costs: demonstration of LAr in zero-g,  development of 4-5 ASICs

• After that, cost scales weakly with mass, taking advantage of low launch costs. 
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Summary
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• GammaTPC excels in two factors that drive sensitivty
• Scalability to very large area, stopping power

• Fine grained track imaging

• Orders-of magnitude sensitivity improvements appear feasible.


