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Monitor the whole gamma-ray sky in the energy range 2 – 500 MeV 

Ground-breaking polarization sensitivity  

Sensitivity ~100 times better than COMPTEL at 10 MeV 

Angular resolution ~10 better than Fermi LAT 
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Since the launch of AGILE and FERMI, the scientific progress in high-energy (E > ~200 MeV) gamma-ray science has been, and will continue to be dramatic.  Both of these telescopes cover a broad energy range from ~20 MeV to >10 GeV.  However, neither instrument is optimized for observations below ~200 MeV where many astrophysical objects exhibit unique, transitory behavior, such as spectral breaks, bursts, and flares. 



AdEPT Science: Survey with Polarimetry 
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• The MeV sky is 
largely unexplored 
– CGRO/COMPTEL 
– Many Fermi sources 

indicate peak energy 
output in MeV range 

– But, we do not know 
which science topics 
will provide the most 
exciting surprises 

• Broad science reach 
supports large user 
community 
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Hence, while significant progress from current observations is expected to continue, there will nonetheless remain a significant sensitivity gap in the medium-energy (~0.1–200 MeV) regime.  The next step in gamma-ray astrophysics is clearly to address  this sensitivity gap and several instrument  concepts are being proposed.   However, the general consensus of the attendees at several GammaSIG community meetings has been that the main thrusts of future gamma-ray missions must be nuclear lines and polarization.AdEPT offers a two-order of magnitude increase in sensitivity compared to COMPTEL as well as angular resolution  approaching the best allowed by the physics and exceptional polarization sensitivity. 



AdEPT Science: Overview 
Energy Range: 2-500 MeV 
• Poorly explored domain 

– Detailed look at known 
accelerators 
PSRs, PWNs, SNR, AGN, GRBs 
 

– Yet unseen accelerators 
• Polar cap emission in PSRs 
• Magnetars 
• New classes of sources 

• π0  γγ @ E ~ 67.5 MeV 
π0 - telltale signature of hadrons 
 

– Leptonic vs. Hadronic  
acceleration scenarios 

 

– Dark Matter  
photon mediators 
 

Polarization:  0.1% MDP 
• Polarization measurements: 

Geometry of accelerators 
no foreground propagation effects 
 

• Strict limits on polarization: 
Distinguishes π0 emission 
π0  γγ is unpolarized 

• Unique test of relativity 
vacuum birefringence effect 

Angular Resolution: ~0.2o  
– Excellent source localization 

down to ~1’ (0.2o/√Nph ) 
– Resolving MeV background 
– Dark Matter profiles 
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AdEPT will study high-energy astrophysical accelerators, such as pulsars, PWNs, SNRs, AGNs, GRBs, etc.   AdEPT energy range covers the transition from leptonic dominated to hadronic dominated processes .  High energy  leptons (electrons) accelerated in these sources should emit most effectively in g-ray band via synchrotron, curvature, and IC mechanisms.  Such radiation is often polarized, the polarization carrying information about the structure of the magnetic field. Any hadronic processes should produce pi-0s resulting in a g-ray spectral feature centered at 67.5 MeV.  Detection of such radiation will be an unmistakable evidence for acceleration of hadrons in that source.   This emission is generally unpolarized in contrast to other emission mechanisms in that energy range.  Combination of spectral and polarization information will identify gamma-rays due to pi-0 decay.Polarization of g-rays is not affected by propagation effects in cosmic plasmas, and, hence, it carries the information about magnetic field configuration at the point of emission – close to or inside the regions(s) where particles are accelerated.Photons of different energies are emitted in different regions of the sources, contemporary polarization measurements in multiple energy bands (e.g. X-rays, optical) would allow to do an “MRI” of the sources, i.e. to reconstruct 3 dimensional configuration of the magnetic field.AdEPT achieves the highest polarization sensitivity  achievable within the MIDEX envelope and with angular resolution approaching the limits allowed by the physics of pair production.



Polarization Sensitivity 
• Modulation factor, λ, 

decreases exponentially 
with thickness of 
tracking medium above 
~1 mRL 
– Measure e- and e+ 

directions in ≲1 mRL   
• ~100 µm of Si 

~8 cm of Ar at 1.5 atm 

In polarimeter tracking 
medium must be a gas. 
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Kel'ner, Kotov, and Logunov,  
Sov. J. Nucl. Phys., 21, 3, 313 (1975) 

   Typical, 1 
layer of Si 

tracker 

 AdEPT tracker 
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100 um of Si = 1 mRL500 um         = 5 mRLPair opening angle = 4mc^2/k for equal energy split10 MeV = 12 deg20 MeV = 6 = 0.24100 = 0.12 deg



AdEPT Baseline Telescope 
• ADL Study Feb 2014, IDL in Nov 2015  
• 2×2×2 array of 1 m3 3-DTI modules  

• Ageom: 4 m2, ~80,000 channels 
• Ar + CS2, 1.5 atm, 25o C 
• Pressure vessel: ~300 cm diameter 

Composite PV designed, ~150 kg 
• Instrument power: ~500 W,    

                   mass:   ~320 kg w/o s/c, pv 
• Spacecraft: zenith pointed,  

3-axis stabilized, scanning mode  
• Orbit: near equatorial, ~550 km altitude 
• Athena launch vehicle 
• Fits within Explorer mission constraints:  

    Mass, Power, & Cost 
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Summary 
• AdEPT provides the first polarization 

measurements in the gamma-ray band 
– Strong, revolutionary science 

• Opening a new observational window 
• Broad community support 

• Uses mature detector technology and has a  
well established, mature instrument concept 

• In terms of polarization sensitivity and angular 
resolution AdEPT design offers the best 
performance for already available technology. 
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