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• MeV gamma ray sky largely unexplored

• Rich set sources: black holes, neutron stars, 
supernovae

• Powerful multi-messenger probe

blazar 3C279
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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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Figure 15: The design of the AMEGO Thermal Heat
Pipe Network allows for full thermal testing on the ground
in the orientation shown here.
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Detector Requirements
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• Much larger than ~(30cm)3

• 3D, sub-mm spatial readout of head of electron track

• Good energy resolution

• Very low passive mass

• High uniformity

AMEGO - proposed Probe-class mission

AMEGO: A Multimessenger Mission for the Extreme Universe Technical

Figure 5: A mechanical CAD model of AMEGO highlights the four subsystems with the micrometeoroid shield
(MMS) and Anti-Coincidence Detector (ACD) cutaway to expose the tower structure. The full instrument measures
1.6ˆ1.6ˆ1.2m. The Tracker double-sided silicon detectors (DSSDs displayed in yellow) are stacked in 60 identical
layers. The Low-Energy Calorimeter modules sit beneath and cover the outer sides of the lower layers of the Tracker
modules. The High-Energy Calorimeter modules consist of hodoscopic layers of crystal logs at the base of the
instrument. The electronics readouts are illustrated in green. The four towers sit within top and side panels of the
ACD. The MMS and thermal blanket cover the top and sides of the instrument. For completeness, the instrument
includes a Main Electronics Module (MEM), a high voltage power supply (HVPS) and radiators.

the detector are used to determine the position of
the interaction. The optimal DSSDs strip geometry,
driven by the required position resolution and the
expected uncertainty due to multiple-scattering, is
500 µm strip pitch yielding 190 channels per side
per wafer. Each layer is a 4ˆ4 array of DSSDs,
each 9.5 cm square. The strips on neighboring detec-
tors are daisy-chained together through wire bonds
to minimize the number of electronic channels and
the amount of passive material.

The angular resolution in the pair regime is driven
by the thickness and position resolution of the
DSSDs. The distance between layers of the tracker,
additionally, drives the instrument aperture, and
thus the field of view. To balance these factors, we

have chosen a 1.0 cm separation.
An accurate measurement of the energy deposited

in the silicon Tracker is necessary in the Compton
and low-energy pair regime; therefore, an analog
readout of the DSSDs is required. The signal pro-
cessing and analog-digital conversion for each strip is
done in readout ASICs on the edge of the layer. Ad-
ditionally, we require a minimal amount of passive
material in the active DSSD area, as passive material
will absorb low-energy electrons and scattered pho-
tons and thus render these events unusable. There is
a minimized mechanical structure composed of com-
posite materials supporting the DSSDs and readout
(described further below).
Low-Energy Calorimeter: To enhance the
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DESCRIPTION AND PERFORMANCE OF COMPTEE 659 No. 2, 1993 

2. PRINCIPLE OF MEASUREMENT 
The principle of measurement is illustrated in Figure 2. 

COMPTEE consists of two detector arrays, an upper one of 
low-Z material (liquid scintillator NE 213A) and a lower one 
of high-Z material [Nal(Tl) scintillator]. In the upper detec- 
tor (D! ) a gamma ray is Compton-scattered, and then the scat- 
tered gamma ray makes a second interaction in the lower de- 
tector (D2). The sequence is confirmed by a time-of-flight 
measurement. The locations and energy losses of both interac- 
tions are measured. For completely absorbed events the arrival 
direction of the gamma ray is known to lie on the edge of a 
cone, whose axis is the direction of the scattered gamma ray; Tp 
is the angle between the arrival direction and the scatter direc- 
tion (see Fig. 2), where 

cos y = 1 m0c2 [ yyiqC1 

Ei Ei + Ei (1) 

Ei and E2 are the measured energy losses in Dj and D2, respec- 
tively; mQc2 is the electron rest energy. A celestial source there- 
fore can be located from the circles of different gamma rays 
from this source. Incompletely absorbed events produce circles 

Fig. 2.—Schematic view of COMPTEE 

which do not cross the source position. The angular resolution 
of the telescope depends on the accuracy to which ^ and the 
direction of the scattered gamma ray are determined. In some 
ways COMPTEE is similar to an optical camera: the first de- 
tector, which can be compared with the camera’s lens, directs 
the light into the second detector, comparable to the film, in 
which the scattered photon is absorbed. Although the photons 
are not focused as in the case of the optical camera, COMP- 
TEE is able to reconstruct sky images over a wide field of view 
with a resolution of about Io. 

The two detectors are separated by a distance of 1.5 m. Each 
detector is entirely surrounded by a thin anticoincidence shield 
of plastic scintillator, which is used to reject charged particles. 
Off to the sides between the two detectors are two small plastic 
scintillation detectors containing weak 60Co sources; these are 
used as electronically gated gamma-ray calibration sources. 

A gamma ray is electronically identified by a delayed coinci- 
dence between the upper and the lower detector, combined 
with the absence of a veto signal from all charged particle 
shields and from the calibration units. The quantities mea- 
sured for each event are as follows: 

1. The energy loss Ei of the Compton electron in the upper 
detector. 

2. The location of the interaction in the upper detector. 
3. The pulse shape of the scintillation pulse in the upper 

detector. 
4. The energy loss E2 in the lower detector. 
5. The location of the interaction in the lower detector. 
6. The time of flight of the scattered gamma ray from the 

upper to the lower detector. 
7. The time of the event. 

The locations of the interactions are derived from the relative 
pulse heights of all photomultipliers viewing one detector mod- 
ule. The pulse-shape measurements and the time-of-flight mea- 
surements are performed in order to reject background events. 

Although the effective detection area of a Compton tele- 
scope is small—owing to the requirement of subsequent inter- 
actions in two different detectors—a high sensitivity is still 
achieved because gamma rays from a celestial source are distin- 
guished from background events by the multiparameter signa- 
ture of each event. Background rejection by means of the veto, 
the time of flight, the pulse-shape techniques and the kinemat- 
ics of the Compton colhsions lead to a favorable signal-to- 
noise ratio. The relationship between Ey,Ei,E2, and <p ( see eq. 
[1]) is illustrated in Figure 3. 

Two important conclusions can be derived from this dia- 
gram. First, the hardware energy thresholds of E{ and E2 have a 
significant effect on the field of view of the telescope and, 
hence, on the total event rate which is to be processed. The Ex 
threshold defines the lower limit, and the E2 threshold the up- 
per limit of accepted scatter angles: 

Vmm(Ei threshold < ^ < ^max(F2 threshold). 

At a Dj threshold of 50 keV the minimum scatter angles range 
from 19° at Ey = 700 keV to Io at ^ = 30 MeV. At a D2 
threshold of 500 keV the maximum accepted scatter angles 
range from 45° at 700 keV to 90° at 30 MeV. A lower value of 
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~3 m

spacecraft

GammaTPC
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• Segmented TPCs in ~40 cm thick carbon fiber shell

• LAr at ~120 K

• 10 m2, ~3 ton configuration shown - takes advantage of dropping costs of 
mass in space

cathode w/ 
SiPMs

hemispherical 
shell

anodes
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300 µm

Charge fraction 
measured in pixels Charge Readout

• Sub-mm charge readout loses 
charge to sub-threshold sensors 
with ~mm diffusion

• “Coarse” grids + pixels - 
eliminates charge loss, allows ~104 
power reduction with coarse grid 
trigger and pixel power switching
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Pixel readout
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pixel level

chip level

A Peña Perez, A. Dragone, 
S.Luitz, G. Haller, T. Shutt

• Custom ASIC with analog memory buffer

• Coarse grid trigger turns on chips: ~104 
power reduction

- Need novel fast power switching 
scheme

• Noise ~ few electrons

• Builds on developments for DUNE + 
nEXO
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First look at pixel performance promising 

10

0 200 400 600 800 1000

Pixel Pitch (µm)

0.2

0.3

0.4

0.5

0.6

0.7

0.8

P
os

it
io

n
R

M
S
E

(m
m

)

Drift 1 cm

Drift 5 cm

Drift 25 cm

�1.00 �0.75 �0.50 �0.25 0.00 0.25 0.50 0.75 1.00

cos(�)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

P
D

F
d
en

si
ty

Pixel pitch 500 µm, Drift length 5 cm

300 keV

500 keV

750 keV

1000 keV

ML  approach - M. Buuck

Initial direction

Track head location error

1 MeV recoil electron



T. Shutt, LIDINE, 9/14/2021.  GammaTPC 

Space Deployment
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• Space charge from slow ion drift + particle 
background
- Need charge injection scheme.   

- On paper, photocathode with qe ~ 10-4 will allow this 

• Cryogenics: cryo-cooler with ~10s of W cooling 
power looks feasible.  Passive cooling perhaps 
possible.

• Liquid - Gas separation: expandable bellows, or spin 
space craft.
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First look at performance
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• Appears at least comparable performance to probe-
class AMEGO proposal, for same ~1 m2 instrument

• GammaTPC promises much larger instrument at 
lower cost

Angular resolution “Effective Area” Energy resolution
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Conclusion
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• Compelling new science with new MeV gamma ray 
instrument

• LAr TPC a promising technology

• Leverages communities development of liquid nobles, 
and DOE investment in DUNE

• Takes advantage of reduced costs to launch

• Many challenges to solve

• GammaTPC could be transformational instrument
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Performance
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Point spread function Energy Resolution

Band widths - range of energy 
resolution response


