
Why worry:  AGILE just died, 

Swift (1 gyro) and Fermi no longer young.

After COSI, there is NO new mission in

~100 keV – GeV energy range that has gone beyond

concept/study stage in US/Europe/Japan.   This energy range

can only be done from space.   Not a key priority

in US 2020 Decadal Survey/P5 Particle Physics reports.

Maybe China will come to the rescue??

Big problem since Fermi-like mission requires 10+ years.

High-Synchrotron Peaked Pevatron Sources 

in the Galaxy [A.K.A. Critical Need for Improved

MeV/GeV Gamma-Ray Mission…!] 

P. Coppi, Yale 



https://pcos.gsfc.nasa.gov/sags/figsag.php

https://pcos.gsfc.nasa.gov/sags/figsag.php


Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Energy Coverage –  ~100 keV-MeV-GeV can only be 
done from space … and there’s a big gap there!!  Especially at ~MeV. 

(+NuSTAR)

Astro-H (100 ks)

??
Hopefully will

have COSI 

in ~2027, but

could do even 

better with

more $$

Adapted from

Takahashi et al.

(2013)



Courtesy Svanik/GRAMS collaboration] 



E~511 keV

special energy

for physics:

Klein-Nishina,

pair production,

pair annihilation

Spectral features

expected! 

Constraints

      if not seen!

Note: 511 keV NOT 

special energy from

binding energy/particle, 

energetics, etc.

considerations

Why ~MeV?  Is there anything special there?

         [A “hidden” 100 MeV source]  

ASTRO-H

ASTROGAM

(straddles 

511 keV!)



The trouble with AGN jets and ICECUBE neutrino(s)…

In delta-function approximation, pion has ~0.1-.2 energy of proton, and neutrino has ~.3 of

energy of pion.  ICECUBE sees neutrinos from ~1 TeV – 1 PeV. To make TeV neutrino, need

proton of energy ~20 TeV, or γ~2x104.  => need target photon E~3.5 keV [X-rays], and lots of them (for

efficient production)… where do you get these?  Compactness (pair production) problem…

Cascade to MeV – GeV  

 (NOT Fermi range if X-rays come from corona…)

Rieger lecture notes

Kelner+ 2008



Compilation by A. Zdziarski

X-Ray Binary

Pre- CGRO

Why (soft) gamma-rays for non-jet AGN?   Need broad-band spectra to constrain 

physics,  reprocessing, measure bolometric luminosity, etc…



Chandra

??

Spectra of this quality generally do not exist for AGN!

Possible AGN spectral “states” not well-sampled!



Chandra

??

Polarization: broad energy coverage important too!

Possible AGN spectral “states” not well-sampled!



What about a jetted source, e.g., microquasar pevatron?

Veritas, T. Kleiner et al.

~PeV gamma-rays (even if from pion decay) => PeV+ electrons 

=> For micro-milli Gauss magnetic fields => ~100 keV – MeV+  synchrotron! 

160 MeV, 

synchrotron “burnoff”?

SS 433

Eastern Lobe

MeV “gap”



MeV Gamma-ray Instrument Landscape

Continuum / survey mappers (Pair 
& Compton): (AMEGO, ComPair, 
MEGA, AstroGAM) high flux 
sensitivity, moderate resolution 
spectroscopy, wide field of view, 
broad energy coverage, some 
polarization capability

Time Projection Chambers (pair): 
(AdEPT, HARPO, LArGO) high 
angular resolution, good 
polarization capability, no 
background veto

Coded mask/Occulation

(Theseus, Swift-BAT, Fermi-GBM, LOX…), no 
background veto, very good for transients

Understanding the MeV universe requires a multi-instrument, multi-technique approach.

11

2016 COSI Balloon Flight!

Spectrometers / mappers 
(Compton):

(COSI, GRX) high resolution 
spectroscopy, wide field of view,  
some polarization capability

From J. McEnry lecture, CDY/MPIK school



COSI [Solid-State Compton Telescope] – launch 08/2027 ? [or never ]



COSI [Solid-State Compton Telescope] – launch 08/2027 ? [or never ]



Chandra

??

COSI great for Cyg X-1 – but, one of brightest sources…



Not so o.k. for ~pevatrons, and LHAASO/CTA/SWGO sources

Veritas, T. Kleiner et al.

~PeV gamma-rays (even if from pion decay) => PeV+ electrons 

=> For micro-milli Gauss magnetic fields => ~100 keV – MeV+  synchrotron! 

SS 433

Eastern Lobe

MeV “gap”

~COSI sensitivity

Can we 

do better

than COSI?

Yes, $$ -> 

solid state, 

SMEX

to M-Class/

MIDEX/Probe





Svanik/GRAMS



Svanik/GRAMS



Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Why now?   Energy Coverage –  ~100 keV-MeV-GeV can only be 
done from space … and there’s a big gap there!!  Especially at ~MeV. 

(+NuSTAR)

Astro-H (100 ks)

??



Not so o.k. for ~pevatrons, and LHAASO/CTA/SWGO sources

Veritas, T. Kleiner et al.

~PeV gamma-rays (even if from pion decay) => PeV+ electrons 

=> For micro-milli Gauss magnetic fields => ~100 keV – MeV+  synchrotron! 
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Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Why now?   Energy Coverage –  ~100 keV-MeV-GeV can only be 
done from space … and there’s a big gap there!!  Especially at ~MeV. 

Piano et al. 2013,

Cyg X-3 flare

AGILE,

Leptonic



Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Why now?   Energy Coverage –  ~100 keV-MeV-GeV can only be 
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Cyg X-3 flare
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Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Why now?   Energy Coverage –  ~100 keV-MeV-GeV can only be 
done from space … and there’s a big gap there!!  Especially at ~MeV. 

(+NuSTAR)

Astro-H (100 ks)

??
Piano et al. 2013,

Cyg X-3 flare

AGILE,

Hadronic



Differential sensitivities for different X-ray and γ-ray instruments looking at an isolated
point source.  Curves for the Chandra/ACIS-S, the Suzaku/HXD (PIN and GSO), the INTEGRAL/IBIS 
(from the 2009 IBIS Observer’s Manual), and the ASTRO-H/HXI,SGD are the 3σ sensitivity curves
for 100 ks exposures. A spectral bin with ∆E/E = 1 is assumed for Chandra and ∆E/E = 0.5 
for the other instruments.

Why now?   Energy Coverage –  ~100 keV-MeV-GeV can only be 
done from space … and there’s a big gap there!!  Especially at ~MeV. 

(+NuSTAR)

Astro-H (100 ks)

??



Jooyun Woo et al 2023 ApJ 954

Some PWNe with SEDs

Dragonfly "Pevatron candidate”

1LHAASO J0343+5254u

XMM PWNe association?

Dekirby et al. 2025



Summary

• We have an “MeV gap” problem in our current SED 

coverage of VHE/Pevatron sources…

• Limits our understanding of non-thermal processes

(better to actually measure a cutoff than rely on theorists

to predict it or draw a line from last NuSTAR point to 

first Fermi point).

• Filling it requires new space-based instrument(s) – not easy!

If it happens, COSI is a great start (>> COMPTEL).

• But match what we are finding/will find in 

CTA/LHAASO/SWGO era, need >> COSI.

• LArTPC one avenue to achieve (e.g., GRAMS, actively 

under development, prototype balloon flight spring 2026)



The high-energy break in the hard state of Cyg X-1: Another example of how the 
SGD/ASTRO-H comes into its own for brighter sources (>10-10 erg cm2 s-1), e.g., 
enabling science that cannot be done by NuSTAR alone. 

Even with sensitivity to ~60 keV, i.e., past the peak
of the Compton reflection hump, modeling degeneracies
remain for NuSTAR/HXI alone. Above, the temperature
of the Comptonizing electrons cannot be constrained
to better than a factor 2.

Cyg X-1, 30ksec, EQPAIR+ 511 keV 
   line

Temperature determined to < 10%,
line clearly detected. 

Cyg X-1, 100ksec, EQPAIR+ 511 keV 
   line

Now line width accurately measured! 
Standard PEXRAV models ruled out
because of wrong cutoff shape.

SGD

SGD
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Given previous SEDs, and high compactness of coronal region, one might think Cyg X-1

could never be significant TeV source… but

Albert et al 2007
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