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Diffuse gamma-ray emission

The Galactic diffuse gamma-ray GeV excess

Discussion of the EGRET instrument

Simulation of EGRET

Re-scaled measurement of diffuse gamma-
ray emission from the inner Galaxy
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Diffuse Gamma-ray 
Emission

Galactic diffuse

Cosmic-ray interactions with inter-stellar medium (ISM) provide 
dominate component

Unresolved sources are thought to contribute a low amount at 
energies above 50 MeV (Pohl et al. ApJ 491:159-164, 1997; 
Hunter et al. ApJ 481:205-240, 1997)
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Diffuse Gamma-ray Production
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Diffuse Gamma-ray Production

Courtesy of Seth Digel

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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ϒ’s from e± bremsstrahlungCR e±

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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ϒ’s from π° decay

p+H -> π0+X  π0->2ϒ
CR p

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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Diffuse Gamma-ray Production

Courtesy of Seth Digel

ϒ’s from e± inverse Compton

CR e±

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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The Galactic GeV Excess
Hunter et al. published 
original EGRET Galactic 
diffuse gamma-ray emission in 
1997, their measurement 
shows a clear excess from 
their models above 1 GeV

Strong, Moskalenko, and 
Reimer have presented the 
conventional model based on 
their Galprop simulations

Isotropic diffuse
Presumably extragalactic in origin

Over an order of magnitude lower 
in flux than Galactic diffuse

6

Model based on ISM observations, Cosmic ray component spectra, and well studied 
physical processes (bremsstrahlung, inverse Compton, pion decay); no attempt has been 
made to fit this model to the gamma ray observations.

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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The GeV excess is observed across the sky 

Moskalenko, SCIPP seminar

7



Gamma-ray Detectors
from 10s MeV to 100s GeV

Gamma-rays’ trajectories cannot be 
directly detected

Reconstruction of original gamma-
ray trajectories is possible:

e±’s produced when gamma-rays convert in 
high Z materials(lead, tungsten)

e±’s can be tracked with a variety of 
charged particle tracking technologies 
(spark wire chamber, silicon, etc.)

8

Anti-coincidence detector

Calorimeter

Converter
Tracking layer
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EGRET Detector
EGRET launched aboard 
the Compton Gamma-Ray 
Observatory April 5, 1991 
and was de-orbited on 
June 4, 2000

EGRET consists of four 
main detector systems:

Anti-coincidence dome

Spark chamber tracker

Time of flight

NaI calorimeter

9

Courtesy of the EGRET collaboration
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Characterization of the 
EGRET Detector

Mapping of EGRET’s 
instrument response 
occurred at two primary 
facilities: Stanford Linear 
Accelerator Center and 
Bates Linear Accelerator

Goal of systematically 
mapping the instrument 
response functions (IRFs) 
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Courtesy of the EGRET collaboration, via Dave Thompson
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Bates Beam Test

Re-calibrate IRFs

Calibrate newly optimized spark-chamber performance

20 keV (SLAC value) and 100 keV (new value) A-dome veto thresholds 
tested 

5.7±2% increase in effective area was measured at 790 MeV 
with the new 100 keV A-dome veto threshold

Calibrate rebuilt portions of instrument
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Simulation of EGRET

There have been no published Monte Carlo 
simulations of the EGRET tracker

While the BATSE team has published results from 
a GEANT3 simulation of CGRO, their simulations 
were not adapted for use with EGRET
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Simulation of EGRET
Uses the simulation framework 
developed for use with GLAST

GEANT4 based physics with multiple 
scattering corrections

I have created a detailed 
model of the EGRET 
instrument

Accounted for many 
instrumental effects

Layer efficiency 

Spark spreading

A-dome light attenuation

14
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Layer Efficiency and Spark 
Spreading

Layer/Spark efficiency

Greatly affects the quality of reconstruction which 
can be accomplished

If any one of the first few sparks are missing then 
the reconstruction is generally poor

Does not have large effect on number of tracks 
found

Spark Spreading

While measurable from the EGRET data and 
implemented in our simulations spark spreading has 
little quantitative effect on the results

15

no spreading
100% sparks

20% spreading
96% sparks

30% spreading
94% sparks
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A-dome Light Attenuation
When particles interact with the A-
dome and deposit energy they do not 
generally deposit it close to the PMTs 
used to measure it

As the light travels through the 
scintillator it is attenuated

I have modeled this attenuation in our 
simulations

Exponential fall off for shortest distance to 
bottom of A-Dome (where the light 
measurement is taken)

Overall efficiency at interface of dome with 
cylinder

16

PMTs

charged particle
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Validation of Simulations
Using SLAC beam test 
geometry

Point Spread Function (PSF) 
measured PSF(100)=5.85 and E-
index 0.534

Effective area, fit using two 
parameter fit: efficiency and 
A-dome veto threshold

Break at ~12GeV due to intrinsic wire spacing. Not 
observed by EGRET since no beam test data were taken 
above 10 GeV
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EGRET in Orbit

When in orbit EGRET was 
onboard the Compton Gamma-
ray Observatory(CGRO)

OSSE

COMPTEL

EGRET

BATSE

18

Courtesy of the EGRET collaboration
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Accounting for CGRO
Current simulations use a 
simple block model for CGRO

Has proper mass and average 
density

COMPTEL and OSSE

General shape and average density 
were used

BATSE

NaI scintillators with base

Expected to have minimal effect 
on self-veto 19
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Measuring Self-veto

Self-veto was observed at 
SLAC beam above 1 GeV

Self-veto occurs when a 
gamma-ray converts within 
the tracking volume and a 
secondary particle, usually 
x-ray, causes a trigger in 
the Anti-coincidence system

20
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Measuring Self-veto

Self-veto was observed at 
SLAC beam above 1 GeV

Self-veto occurs when a 
gamma-ray converts within 
the tracking volume and a 
secondary particle, usually 
x-ray, causes a trigger in 
the Anti-coincidence system
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Measuring Self-veto

Self-veto was observed at 
SLAC beam above 1 GeV

Self-veto occurs when a 
gamma-ray converts within 
the tracking volume and a 
secondary particle, usually 
x-ray, causes a trigger in 
the Anti-coincidence system
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Tracking layers
Converter
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Measuring Self-veto

Plotted to the right is the 
number of effective area 
vs. energy

The red line for the beam 
geometry and the green 
with for the flight geometry
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Correcting for Self-veto
Generated 200k events in 
E-2.1 for each of EGRETs 10 
small energy bins in both 
beam and flight geometries

E-2.1 used to properly weight 
scaling factors

Applied beam fit A-dome 
veto threshold

Calculated ratio of tracked, 
non-vetoed events, found in 
flight geometry to those 
found in beam geometry
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Diffuse Emission from the 
Inner Galaxy

Applying the found scaling 
factors to the corresponding 
EGRET exposure maps allows 
for calculation of new fluxes

The plot to the right shows 
both the original and re-
scaled E2 flux for the inner 
Galaxy
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Exacerbating the GeV Excess

Many theories have been 
put forth recently to explain 
the GeV excess none have 
yet to be commonly accepted

I thought that properly 
accounting for instrumental 
effects might reduce the 
discrepancy, instead there 
appears to be the opposite 
effect

24

Strong et al. ApJ, 613:962 – 976, 2004 October 

Antiprotons, positrons, and electrons, including secondary elec-
trons, are propagated in the same model as other CR species.

4. CONVENTIONAL MODEL

We start by repeating the test of the ‘‘conventional’’ model;
the !-ray spectra in the seven test regions are shown in Figure 4.
As required by the ‘‘conventional’’ tag, the proton and elec-
tron spectra are consistent with the locally observed spectra
(Figs. 2 and 3). This is the same ‘‘conventional’’ model as in
Strong et al. (2000), with updated nucleon spectra, but be-
cause we compare with a more complete set of EGRET data
than in Strong et al. (2000), the discrepancies become more
explicit and we can check whether they arise only in particular
sky regions. Note that IC plays only a minor role in this type
of model. As found in previous work, the GeV energy range
shows an excess relative to that predicted; what is now evident
is that this excess appears in all latitude/ longitude ranges. This
is consistent with the results of Hunter et al. (1997) and Digel
et al. (2001). It already shows that the GeV excess is not a
feature restricted to the Galactic ridge or the gas-related
emission. Further, it is clear that a simple upward rescaling of
the "0-decay component will not improve the fit in any region,
since the observed peak is at higher energies than the "0-decay
peak. In other words, since the spectrum is very different from

"0-decay even at intermediate latitudes, a substantial IC
component is required. The #2 values (Table 3) confirm the
visual conclusion that this model is unacceptable.

Note that this version of the conventional spectrum is
nevertheless in rather better agreement with EGRET data than
in Strong et al. (2000), because of inclusion of secondary
positrons /electrons, general improvements in the model (e.g.,
"0-decay, improved gas data), and the EGRET data treatment
(direct use of the count and exposure data instead of the
model-fitting analysis of Strong & Mattox 1996). The im-
provement is especially evident in the 30–100 MeV range,
where secondary positrons /electrons make a substantial con-
tribution (see x 7).

A test against antiproton and positron data also shows
‘‘excesses.’’ The conventional model with reacceleration is
known (Moskalenko et al. 2002) to produce a factor of !1.5
(!2.5 $) less antiprotons at 2 GeV than measured by BESS
(Orito et al. 2000). The antiproton spectrum for the conven-
tional model is shown in Figure 5. Positron data, although
scattered, also show some excess at high energies (Fig. 6). It is
thus clear that the excesses in GeV !-rays in all directions, in
GeV antiprotons, and in positrons above several GeV found in
the conventional model indicate that the average high-energy
proton flux in the Galaxy should be more intense or our

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 4.—Gamma-ray spectrum of conventional model (44_500180) for the sky regions described in Table 2. Top: H–A–B. Middle: C–D–E. Bottom: F. The
model components are "0-decay (dotted line), IC (dashed line), bremsstrahlung (dash-dotted line), EGRB (thin solid line), and total (thick solid line). Darker vertical
bars: EGRET data. Light vertical bars: COMPTEL data. NB: EGRB is added to the total prediction for the EGRET energy range only. [See the electronic edition of
the Journal for a color version of this figure.]
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Possible Physical Explanations

Instrumental effects aside there 
have been some physical 
explanation proposed

It has been suggested that significant 
increases in inverse Compton emission 
would better fit the observations (Mori, 
ApJ 478, 225 (1997); Porter and Protheroe, JPhysG 
23, 1765 (1997); Strong et al., ApJ 537, 763 (2000))

Unresolved sources: Pulsars, TeV 
sources (Casanova and Dingus, astro-
ph/0609306, Harding)

excess apparent. Hence the spectrum can now be reproduced from 30 MeV to 100 

GeV. The proposed scenario implies a substantial contribution from Inverse Compton 

at all energies, making Inverse Compton the dominant emission component at |b| > 

10° at all energies. 
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FIGURE 1. Spectra of the diffuse galactic !-ray emission in the inner and outer galaxy in the optimized 

model. Introducing a relatively mild deviation from the locally measured electron and proton spectra a 

good agreement with the EGRET data from 30 MeV to 100 GeV has been achieved.  
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FIGURE 2. Longitude and latitude profiles as predicted in the optimized model, compared with 

EGRET data in the energy range from 2 to 4 GeV where the “GeV-excess” has been most prominently 

seen previously. Coding of the individual components as in Fig.1. 
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Future Insight with GLAST
GLAST is due to launch later this year, and expecting to reach 
the sensitivity for the entire EGRET mission in approximately 2 
months

Huge field of view will provide virtually uniform all sky 
coverage in a single day

The GLAST mission is sure to shed new light on the GeV excess

26simulated GLAST sky map, S.W. Digel (NASA/GSFC)
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Extra
Accounting for COMPTEL

The COMPTEL instrument is within close 
enough proximity to EGRET to have an 
small effect on the sky exposure

I expect this effect to be less than 10% 
since the majority of EGRET’s effective 
area is within 20° of the instrument axis

27
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TABLE 3ÈContinued

START END Z-AXIS

VIEWING Date Time Date Time INSTRUMENT R.A. Decl. TARGET

PERIOD (mm/dd/yy) (hh :mm) (mm/dd/yy) (hh :mm) MODEa (deg) (deg) REGION

7245 . . . . . . 07/07/98 13 :55 07/21/98 14 :58 N,T 93.48 19.36 Geminga pulsar
7287 . . . . . . 09/22/98 15 :06 09/25/98 13 :27 N,T 33.80 41.50 PSR 0218
7289 . . . . . . 10/13/98 14 :19 11/03/98 14 :27 N,T 33.80 41.50 PSR 0218

NOTE.ÈInformation in this table was extracted from the EGRET timeline !le that is available on-line from the Compton
Observatory Science Support Center, currently at URL ftp ://cossc.gsfc.nasa.gov/pub/data/egret/timeline/timeline.

a The instrument mode is designated by two letters. The !rst speci!es the !eld of view, where W \ wide !eld, N \ narrow !eld,
and S \ strip mode. The second character speci!es whether or not the TASC is required in the triggering condition, where T \ in
coincidence and O \ not in coincidence.

pair. At lower energies, it is more probable that both
charged particles scatter so that neither hits the lower, verti-
cally adjacent, scintillator tile. At the highest energies
(E º 1000 MeV), the decrease of the on-axis sensitivity is
almost negligible.

In 1996 September, still another mode was used for
EGRET. In this case, the !eld of view was open in one
dimension while being restricted in the orthogonal dimen-
sion (Strip- or Fan-Mode ; viewing period 530.0). The space-
craft was then oriented so that the long axis of the exposure
pattern covered multiple targets of interest. Because this
mode places additional constraints on spacecraft operation,
it is not expected to be used frequently.

FIG. 8.ÈEGRET e†ective area as a function of the incidence angle for
the three di†erent telescope modes. The solid curves are for the wide-angle
mode, the dashed curves are for the strip mode for sources along the long
axis, and the dash-dotted curves are for the narrow-angle mode. Two
energy regimes are shown as noted.

Figure 8 shows the e†ective area as a function of angle for
the di†erent modes and for two energy regimes, E [ 100
MeV and E [ 1000 MeV.

7. BACKGROUND : EARTH-LIMB ALBEDO

The largest source of noncelestial gamma-ray back-
ground events is from atmospheric albedo. The EGRET
trigger is dynamically adjusted during Ñight to minimize
triggering from these atmospheric gamma rays. However,
owing to the large number of these events, EGRET still
triggers on a small fraction of albedo gamma rays. The
angular distributions of measured gamma-ray zenith angles
are depicted in Figure 9 for two energy selections. The large
peak to the right of each distribution is due to albedo
gamma rays for the worst case spacecraft orientation
(pointing roughly perpendicular to the orbit plane). These
events are removed from further data analysis by imposing
an energy-dependent zenith angle cut given by the ver-hcut,tical lines in Figure 9 :

hcut \ min [105¡, f]5¡.85](E/100 MeV)~0.534] , (6)

where E is the lower energy bound of the energy interval of
interest. The factor f is normally selected to be 2.5, but for
high-latitude di†use studies, a more severe value of 4.0 was
used (Sreekumar et al. 1998). The dashed-line cut ( f \ 2.5) is
quite satisfactory for point-source analysis or for analysis of
Galactic di†use emission. The dotted line in Figure 9
( f \ 4.0) indicates the level of the more restrictive cut, which
has been found necessary only for analysis of the lower
intensity high-latitude emission.

8. SUMMARY

EGRET was designed for a 2 yr mission, but its lifetime
has been extended to over 7 tr, and it is still operational.
This added lifetime arises in part by extending the consum-
able gas resource to levels where the instrument sensitivity
has decreased signi!cantly. Also, some hardware failures
have occurred that inÑuenced the sensitivity. The method
used to determine the in-Ñight calibration of EGRETÏs
e†ective area as a function of time and energy has been
presented. The results of the analysis are based primarily on
observations of the di†use emission together with the
assumption that the instrument performance early in the
mission and at periods after the !rst three gas !lls were
similar to when the instrument was calibrated at SLAC.
The point-spread function was studied in detail as a func-
tion of arrival angle and energy using pulsar data with the
conclusion that there has been no signi!cant change since
launch.

Esposito et al.,ApJS, 123 : 203-217, 1999 July
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Detailed CGRO Model

Since no detailed model of CGRO is available I have 
attempted to bound the possible error associated with 
our block model

Running simulations where the density of the material 
used for CGRO is changed by ±50% and taking the 
spread to be a measure of the error

28
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Above 10 GeV

Calibration of EGRET did not 
occur above 10 GeV

While extrapolations of the 
effective area have been made 
assuming 

Aeff(E>10GeV) ∝e(-E/36GeV)

This is generally achieved 
through estimating the 
effective area at the E-2.1 
weighted mean energy of a 
given bin then taking the ratio 
over the 4-10 GeV value

10 GeV decreases approximately exponentially with energy as
exp (!E=36 GeV). This function, when weighted by a power-
law spectrum gives effective areas relative to the effective area
for 4–10 GeV shown in Table 3 for three specific power-law
indices. Since the Galactic diffuse emission is reasonably fitted
with a power law of spectral index 2.1 (Hunter et al. 1997), the
4–10 GeVall-sky exposure map was scaled by 0.645 (boldface),
and then the ratio of the counts map to the resulting exposure
map was generated to produce the map shown in Figure 1. Al-
though this extrapolation of the response inherently introduces
additional systematic uncertainty (Hunter et al. 1997; Sreekumar
et al. 1998), the photon statistics for any individual sources are so

small above 10 GeV that the overall uncertainty in any calcu-
lated VHE flux is dominated by the statistics.
While strictly speaking, this map is an intensity map, the

events are so sparse that it is better to regard it as a relative
counts map weighted by the exposure. The character of this
map is similar to EGRET all-sky maps at lower energies with
the Galactic plane being one of its most striking features,
and that indicates that much of the emission is due to Galac-
tic diffuse processes and Galactic sources. In Figure 2, the
Galactic latitude and longitude distributions of the VHE pho-
tons are compared with the corresponding distributions for the
>100 MeV energy range. The similarity in both latitude and

TABLE 3

Effective Area Relative to the 4–10 GeV Value

Energy Range (GeV) Relative Effective Area

Low High Spectral Index = 1.80 Spectral Index = 2.10 Spectral Index = 2.40

10 20 0.807 0.808 0.809

10 50 0.683 0.706 0.723

10 70 0.649 0.678 0.702

10 100 0.616 0.655 0.678

10 120 0.602 0.645 0.681

20 50 0.514 0.512 0.528

20 70 0.464 0.478 0.491

20 100 0.421 0.443 0.463

20 120 0.403 0.429 0.452

50 70 0.233 0.234 0.234

50 100 0.183 0.186 0.189

50 120 0.164 0.169 0.173

70 100 0.120 0.121 0.121

70 120 0.102 0.104 0.105

Fig. 1.—Intensity map of EGRET events with energy above 10 GeV. [See the electronic edition of the Supplement for a color version of this figure.]
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Above 10 GeV

Similar to previous extension 
of the EGRET effective area 
above 10 GeV I have 
calculated scale factors 
relative to the 4-10 GeV 
exposure maps

Our extension is the first to 
be based off a detailed 
Monte Carlo
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