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ABSTRACT
We calculate the y-ray albedo flux from cosmic-ray (CR) interactions with the solid rock and ice in Main Belt aster-

oids (MBAs), Jovian and Neptunian Trojan asteroids, and Kuiper Belt objects (KBOs) using the Moon as a template.
We show that the y-ray albedo for the Main Belt, Trojans, and Kuiper Belt strongly depends on the small-body size distri-
bution of each system. Based on an analysis of the Energetic Gamma-Ray Experiment Telescope (EGRET) data we infer
that the diffuse emission from the MBAs, Trojans, and KBOs has an integrated flux of less than ~6 x 107° cm ™2 s~!
(100—500 MeV), which corresponds to ~12 times the lunar albedo, and may be detectable by the forthcoming Gamma-
Ray Large Area Space Telescope (GLAST). If detected by GLAST, it can provide unique direct information about the
number of small bodies in each system that is difficult to assess by any other method. In addition, the KBO albedo flux
can be used to probe the spectrum of CR nuclei at close-to-interstellar conditions. The orbits of MBAs, Trojans, and
KBOs are distributed near the ecliptic, which passes through the Galactic center and high Galactic latitudes. There-
fore, the asteroid +-ray albedo has to be taken into account when analyzing weak ~-ray sources close to the ecliptic,
especially near the Galactic center, and signals at high Galactic latitudes, such as the extragalactic y-ray emission. The
asteroid albedo spectrum also exhibits a 511 keV line due to secondary positrons annihilating in the rock. This may be
an important and previously unrecognized celestial foreground for the International Gamma-Ray Astrophysics Labo-
ratory INTEGRAL) observations of the Galactic 511 keV line emission including the direction of the Galactic center.

Subject headings: cosmic rays — elementary particles — Galaxy: bulge — gamma rays: theory — Kuiper Belt —

minor planets, asteroids
Online material: color figure

1. INTRODUCTION

The populations of small solar system bodies (SSSBs) in the
asteroid belt between Mars and Jupiter, Jovian and Neptunian
Trojans, and SSSBs in the Kuiper Belt beyond Neptune’s orbit
(often called also trans-Neptunian objects, TNOs) remain the
least explored members of the solar system. A majority of the
MBASs and KBOs have their orbits distributed near the ecliptic
with a FWHM of the order of 10° in ecliptic latitude (Binzel et al.
1999; Brown 2001). The spatial and size distributions of these
objects provide important information about the dynamical evo-
lution of the solar system. Extending our knowledge of the size
distribution of these objects below the current subkilometer size
limits of optical (e.g., Ivezi¢ et al. 2001; Wiegert et al. 2007) and
infrared (e.g., Tedesco & Desert 2002; Yoshida et al. 2003) mea-
surements would provide additional information on the accretion/
collision and depletion processes that formed the populations of

! Also at: Kavli Institute for Particle Astrophysics and Cosmology, Stanford
University, Stanford, CA 94309.
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SSSBs.? In this paper we show that the CR-induced ~-ray albedo
of these systems may be bright enough to be detected with a y-ray
telescope such as GLAST, INTEGRAL, and/or the Soft Gamma-
ray Detector (SGD) aboard the NeXT satellite (Takahashi et al.
2006), and can allow us to probe the size distribution of SSSBs
down to a few meters. In addition, the y-ray emission of these
systems may comprise a “diffuse” ~y-ray foreground that should
be taken into account when evaluating the flux and spectra of
~-ray sources near the ecliptic. Our preliminary results are pre-
sented in Moskalenko et al. (2008).

The Galactic center is a region crowded with -ray sources
and is one of the preferred places to look for y-ray signatures of
dark matter (DM). Extensive literature on the subject exists (e.g.,
Bergstrom et al. 1998; Zaharijas & Hooper 2006; Finkbeiner &
Weiner 2007; Hooper et al. 2008; Baltz et al. 2008; also references
in these papers). The ecliptic crosses the Galactic equator near the

2 We note that Babich et al. (2007) have suggested a method to place con-
straints on the mass, distance, and size distribution of TNOs using spectral distor-
tions of the cosmic microwave background.
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albedo flux scales o7, and the inner part of the disk oc72, as the
size of the emitting body decreases it is the rim which produces
most of the albedo photons for SSSBs.

Assuming k # 4/3, 2, after some rearrangement we obtain
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where pyoon = 3.3 & cm 3 is the mean density of the Moon,

1
G(Fl,ro;k) = }"_2 (8)
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/ (in AU) is the radius of the orbit of the SSSB population (for
MBAs, [ = 2.7 AU; for KBOs, see below), 6 is the angle be-
tween the line of sight (in the ecliptic) and the direction to the
Sun, and we divided by 27 to obtain the flux per radian. The total
flux integrated over 6 is

Z2
Fot =

" F(1,0) do. (10)
0

For the case of the KBOs distributed between / = 30 and
100 AU, an additional integration over / is required:

Zy Lo
FXBO = df F(1,0)a(1)ldl, (11)
0 30
where o(/) = A% and A = —f/In 0.3. These formulae provide
fluxes integrated over ecliptic latitude.
For the case of MBAs, our adopted differential size distribu-
tion is a broken power law with index n; = 3k; — 2 forr > ry
and n, = 3k, — 2 forr < ry:
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where 7, = 0.5 x 10° cm, and we assume 2 < ny,2 < 4. This can
be inserted into equation (6) to derive corresponding expressions
for the flux from such a population of SSSBs.

We can see that theppbserved albedo flux gives direct infor-
mation on the integral dr »(dN/dr), equation (6), which can be
used to constrain the effective average radius of the emitting bodies
(r) and their total number in the system. In addition, if the size
distribution is a single power law, the observed albedo flux can
provide us with information about the power-law index. As can
be seen from equation (8), the function G(r, ry; k) is a steep func-
tion of k. For k < 4/3, the expression in the square brackets
(eq. [8])is ~1 since 11 3 79 and G ~ r{?(2 — k)/(4 — 3k). For
k > 2, equation (8) becomes G = r62(2 — k)/(4 — 3k). In the
intermediate region 4/3 < k < 2, G quickly increases with k. For
the distribution of radii we consider the corresponding range for
the size distribution index is n = 2.5Y3.5 for MBAs and 3.0Y4.0
for KBOs. This translates into an index, k, for the mass distri-
bution in the range 1.5Y2.0. In this range G(ry, r¢; k) changes by
35 orders of magnitude depending mostly on the assumed value
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of ry. This allows a determination of k assuming the average den-
sity of the asteroid rocks is known. The function G also contains
adependence on ry, the radius of the largest body. For the MBAs,
we use Ceres, r; = 4.565 x 107 cm, and for the KBOs we use
134340 Pluto, ; = 1.195 x 108 cm, but the exact value of 7, does
not change the size distribution significantly and does not affect
our conclusions. Figure 1 shows the adopted size distributions
of MBAs and KBOs, which agree well with those given in the
literature.

The question of where most of the heliospheric modulation
occurs is important for the determination of the CR flux at an ar-
bitrary distance from the Sun. The recent crossing of the helio-
spheric termination shock by the Voyager I spacecraft at ~94 AU
(Stone et al. 2005), currently at ~104 AU, with Voyager 2 still
inside the termination shock, allows unique studies of the spectra
of CR particles on both sides of the shock. Low-energy CR de-
tectors on board the spacecraft indicate that the particle spectra
are significantly different, supporting the conclusion that a con-
siderable modulation of the CRs occurs near the termination shock.
On the other hand, most of the albedo emission discussed in this
paper is produced by CR particles with energies >1 GeV; their
flux does not change significantly from local interstellar space
down to ~40 AU, as indicated by current heliospheric models
(e.g., Langner et al. 2006).

The lunar albedo flux, Froon, is calculated using the procedure
described in Moskalenko & Porter (2007). To calculate the lunar
albedo at an arbitrary modulation level, we use the local inter-
stellar (LIS) spectra of CR protons, helium, and positrons, as fitted
to the numerical results of the GALPROP propagation model
(Ptuskin et al. 2006, Table 1, reacceleration and plain diffusion
models) as described in Moskalenko & Porter (2007, eq. [2],
with parameters listed in Table 1).° The CR particle flux at an
arbitrary phase of solar activity can then be estimated using the
force field approximation (Gleeson & Axford 1968):

dJ,(Ey) AL (Ex+ Z/4)  E*—M? (13)
dEj dEj (E+ Z/4)*-Mm?’

where dJ,>°/d Ej is the LIS spectrum of the CR species, Ej is the
kinetic energy per nucleon, E is the total energy per nucleon,

is the modulation potential, Z and 4 are the nuclear charge and
atomic number, respectively, and M is the nucleon mass. The
modulation potential (/) at an arbitrary distance / from the Sun
can be calculated using the expressions derived in Moskalenko
et al. (2006, egs. [7] and [8]).

Figure 2 shows the lunar albedo spectrum for different mod-
ulation potentials, = 0,500, and 1500 MV. The no modulation
case (= 0) corresponds to the upper limit of the KBO albedo,
with moderate modulation ( = 500 MV) corresponding to the
MBA albedo. The difference in brightness below ~1 GeV due to
the incident CR flux only (no modulation vs. moderate modula-
tion) is as large as a factor of ~2Y3. Also shown are the compo-
nents of the albedo spectrum (center and rim) for = 1500 MV.

Figure 3 shows the albedo spectrum of the Moon as if the lunar
surface were made of different materials: water ice (multiplied by
a factor of 0.1), regolith, and iron (multiplied by a factor of 10).
The plot shows the albedo spectra for two limiting cases, no solar
modulation (= 0) and solar maximum conditionsat 1 AU( =
1500 MV). The low-energy parts of the spectra (<10 MeV) from

5 The parameterization constants for CR positrons, not given in Table 1 of
Moskalenko & Porter (2007), are Jy = 44.8143, a; = 1, by = 0.594634, ¢; =
—9.14888, a, = —605.291, b, = 1.53611, c; = —7.27809, a3 = 1.18135, by =
0.365787, and c3 = —3.51576.
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Fig. 3.—Calculated y-ray albedo spectrum of a Moon-sized body at the lunar
distance composed of Moon rock (black lines), iron (x 10, blue lines), and water
ice (x0.1, red lines). Solid lines show the cases for no modulation, long-dashed
lines for ® = 1500 MV.

different materials are considerably different, and the nuclear emis-
sion lines can be used to distinguish between the materials. The
high-energy parts are essentially featureless and have similar
shape. The flux between iron and water ice changes by a factor
of ~2 above 100 MeV with the latter producing the larger flux.
Above ~100 MeV the regolith albedo approaches the water ice
albedo.

The 511 keV line in Figures 2 and 3 is due to the annihilation
of positrons produced by CR cascades in the solid target (iron,
regolith, or ice). In Figure 2, the albedo spectrum also includes
the contribution by CR positrons in the lunar rock target (see be-
low). Since the rock is solid, secondary positrons quickly thermal-
ize and produce a narrow annihilation line. Its width is determined
by the energy bin size adopted in the simulation.

Figure 4 shows the components of the albedo spectrum (Fig. 2)
below 20 MeV. The thick solid lines show the total albedo flux due
to the CR proton, helium, and positron interactions with regolith
for no modulation (red thick solid line) and a modulation level of
1500 MV (blue thick solid line). The thin solid lines show the
albedo spectrum due to CR positron interactions with regolith for
the same cases of no modulation (red thin solid line) and a mod-
ulation level of 1500 MV (blue thin solid line). The dashed and
dotted lines show the components of the CR positron induced
~-rays, from the center and the rim, respectively.
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Fic. 4—Calculated «-ray albedo spectrum showing components below
20 MeV for no modulation (red lines) and modulation level 1500 MV (blue lines).
Long-dashed lines, positron-induced y-rays from center; short-dashed lines, CR
positron induced v-rays from rim; thin solid lines, total CR positron induced
v-rays; thick solid lines, total y-ray emission from CR positrons and nucleons.

4. ANALYSIS OF THE EGRET DATA

The EGRET instrument on the Compton Gamma Ray Obser-
vatory (1991-2000) surveyed the sky in the range >30 MeV, and
here we use the EGRET data together with the information in the
Third EGRET Source Catalog (3EG; Hartman et al. 1999) to set
limits on the signal from the SSSBs. Challenges to detecting dif-
fuse emission associated with the ecliptic plane include the bright-
ness of the Galactic diffuse emission (e.g., Hunter et al. 1997), the
presence of bright point sources, the limited angular resolution
and photon statistics of the EGRET data, and potential large-scale
artifacts in the exposure maps owing to aging of the spark cham-
ber gas.

We made maps of the EGRET data in ecliptic coordinates for
Cycles 1-4 of the mission, during which most of the EGRET
exposure was obtained. The event data, after standard cuts on
zenith angle and inclination angle (30°), were binned on a photon-
by-photon basis in ecliptic coordinates. The exposure maps for
each EGRET viewing period were transformed into ecliptic co-
ordinates and added together, and intensity maps were calculated
from the photon and exposure maps.

In order to limit contributions from Galactic diffuse emission
to any possible enhancement of diffuse intensity at low eclip-
tic latitudes, the region |b| < 20° for |¢| < 90° and |b| < 10° for
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Fic. 5.—Profiles of ~-ray intensity with 3 derived from EGRET data as
described in the text. The energy range is 100—500 MeV, and the profiles have
been averaged over all ecliptic longitudes. (a) Profile derived with no masking
of Galactic diffuse emission or y-ray point sources. () Profile with the Galactic
plane (|b] < 10° for |¢| > 90° and |b| < 20° for |¢| < 90°) excluded. (c) Profile
with the identified 3EG sources (Hartman et al. 1999) and the Galactic plane
excluded. (d) Profile with the identified 3EG sources plus the further blazar
identifications proposed by Sowards-Emmerd et al. (2003, 2004) excluded.
Overlaid on each profile is the best-fitting Gaussian (12.5° FWHM, centered on
(3 = 0) plus a constant, fitted for the region |3| < 50°. This approximates the
distribution of albedo y-ray emission expected for the KBO. [See the electronic
edition of the Journal for a color version of this figure.]

|¢] > 90° was masked out in the analysis. We also removed re-
gions 12° in diameter around the position of each identified source
in the 3EG catalog (designation other than “u” in the 3EG catalog).

Figure 5 presents the profile of «-ray intensity in the 100—
500 MeV range over ecliptic longitude. This range was chosen as
having the brightest expected albedo emission in the energy range
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of EGRET. As described in the figure legend, a sequence of pro-
files is shown for different combinations of the masks described
above. In the last profile (Fig. 5d), the 3EG sources subsequently
identified by Sowards-Emmerd et al. (2003, 2004) as likely to
be blazars were included with the sources identified in the 3EG
catalog in defining the mask. We did not mask out unidentified
point sources because of the possibility that some of them may
have represented detections of the y-ray albedo from the Trojan
groups, which move collectively, or fluctuations in the SSSB
~-ray albedo at low ecliptic latitudes.

In order to estimate the possible “excess’ diffuse flux from
MBAs, Trojans, and KBOs we calculated the integrated fluxes
for ecliptic latitudes | 3| < 15° and all ecliptic longitudes (Table 1,
“Flux” column). In order to increase the sensitivity and to search
for a diffuse signal that is centered on the ecliptic, Table 1 also in-
cludes fluxes for the best-fitting Gaussian centered on 3 = 0° and
having FWHM width 12.5° (“Fitted Flux” column), the approx-
imate extent of the Kuiper Belt (Brown 2001). The fits included
a constant term to account for Galactic and extragalactic diffuse
emission; profiles of the fits are included in Figure 5. The effec-
tive point-spread function (PSF) for EGRET in the 100—500 MeV
range for the expected spectrum of the albedo emission is approx-
imately 4° FWHM, which would not appreciably broaden the
apparent distribution of y-ray intensity. In any case, the assump-
tion of a single Gaussian profile is an approximation; the con-
tribution from MBAs should result in an additional somewhat
narrower but fainter component to the diffuse emission around
the ecliptic.

Gamma-ray emission associated with the Moon and Sun also
contributes to the intensity of the sky at low ecliptic latitudes.
The Moon is always within about 5° of the ecliptic, and the pro-
files shown in Figure 5 undoubtedly include lunar albedo ~-ray
emission, ata level of ~5 x 1077 cm™2s~! (Moskalenko & Porter
2007). As described by Moskalenko et al. (2006) the solar radi-
ation field is a fairly bright and diffuse ~-ray source from inverse
Compton scattering of CR electrons. The solar inverse Compton
emission is brightest in the ecliptic plane but of course depends
on solar elongation angle. The precise contribution to the diffuse
intensity at low ecliptic latitudes is difficult to estimate. The Sun
was in the field of view of EGRET for only a small fraction of
the observing time, and the contribution to the total flux should
have been less than that of the Moon.

After the bright diffuse emission and identified point sources
are masked from the EGRET data, no strong excess of diffuse
emission is apparent at low ecliptic latitudes in Figure 5. The
integrated fluxes are formally significant for the case where the
Galactic plane and all sources identified in the 3EG catalog are
masked out (Table 1; Fig. 5¢), but the systematic uncertainties
are comparable to the measurement. This is suggested by the effect
on the integrated flux from masking out several more sources that
Sowards-Emmerd et al. (2003, 2004) identified as blazars (Fig. 5d).
The overall average exposure does not change appreciably as a
result of the additional masking, but the fitted flux decreased by
more than 50% (Table 1).

Based on our analysis of the EGRET data we infer that the dif-
fuse emission from MBAs, Trojans, and KBOs has an integrated
flux of less than ~6 x 10~® cm™2 s~ (100—500 MeV), as derived
from the set of cuts b, which corresponds to ~12 lunar albedo flux
units.

5. DISCUSSION AND CONCLUSION

The albedo ~y-ray flux from MBAs can be calculated using equa-
tions (7)—(11) and Figures 2 and 3, where we assume that their
surface material is regolith. We use the following parameters:
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TABLE 1
Dirruse INTENSITY AROUND THE EcLiptic (100-500 MeV)

18] < 15°
Flux Frrtep FLux
SET oF Cuts IN FIGURE 5 (em™2s7h Statistical Error (em™2s7h StatisticaL ERROR
Qe 1.006 x 1073 5.5 % 1077 9.16 x 1076 3.5 x 1077
7.95 x 107° 5.8 x 1077 5.95 x 107° 3.7 x 1077
3.59 x 10°¢ 6.7 x 1077 3.53 x 1076 44 x 1077
1.1 x 1077 7.4 x 1077 1.52 x 107° 5.1 x 1077

p = 2 gcm 3 for the MBA average density, 71 = 4.565 x 107 cm
for the radius of Ceres, and o = 100 cm for the smallest radius of
an asteroid that is still an opaque target for incident CR particles.
The central grammage in this case (7 = 100 cm) is ~400 gcm™2.
Since the composition of the MBAs (and other SSSB populations)
is mainly oxygen, this corresponds to ~5 interaction lengths,
which is sufficient for the hadronic cascade to fully develop at the
CR energies we consider. With these parameters, the total MBA
albedo flux is X = Fiot/Fmoon = 0.05, 0.67, and 12 for extrapola-
tion to small sizes with indices n = 2.5, 3.0, and 3.5, respectively
(see Fig. 1).

Similarly, for the Jovian Trojan asteroids we can estimate the
~-ray flux assuming the same size distribution as for MBAs, but
with/ ~ 5.2 AU and ry = 200 cm (which gives the same central
grammage forp =1g cm_3). We obtain X = Fiot/Fpoon = 0.01,
0.07, and 0.8 (averaged over their orbit) for a similar extrapola-
tion to small sizes with indices » = 2.5, 3.0, and 3.5, respectively.
For the closest (4.2 AU) and the farthest (6.2 AU) distances to
Earth, the fluxes will be 0.01, 0.1, and 1.2, and 0.006, 0.05, and
0.5, respectively.

The KBO size distribution is known very approximately. The
second largest object of the Kuiper Belt, after 136199 Eris, is
Pluto, ; = 1.195 x 10® cm, while the majority of the KBOs are
icy rocks and comets with p = 0.5 g cm ™. To keep the same cen-
tral grammage of the smallest body, ~400 g cm~2, we have to use
a larger minimum radius, ry = 400 cm, than for the MBAs. The
incident spectrum of CR particles at >30 AU approaches the LIS
spectrum, which results in a factor of ~2 increase below ~1 GeV
of the albedo flux compared to the same body at 1 AU (Fig. 2).
For these parameters, the total Kuiper Belt albedo flux is X KBO =
FXBO/Fytoon = 0.2,34, and 1168 forn = 3.0, 3.5, and 3.9, respec-
tively. Removing Eris and Pluto (~0.005 M., combined) from the
Kuiper Belt and using Charon instead, r; = 6 x 107 cm, results
in the flux increase: X ¥BO = FXBO/Fy; ., = 0.35, 46, and 1222
for the same values of n. However, this change is simply the re-
sult of anchoring the power-law size distribution to a large body.

Our estimates show that the albedo of MBAs and KBOs could
account for the EGRET upper limit of the flux from the ecliptic.
For the adopted size distributions of SSSBs (n = 3.0 for MBAs
and n = 3.5 for KBOs), the KBO albedo is essentially brighter.
However, if the MBA size distribution is somewhat steeper than
our adopted index of n = 3.0 (e.g., as for the distribution proposed
by Cheng 2004), it can account for the total albedo flux from the
ecliptic. The SSSB ~y-ray albedo, especially of the collectively mov-
ing Trojan groups, might be responsible for some fraction of the
EGRET unidentified point sources at low ecliptic latitudes.

A possible way to distinguish the albedo emission of MBAs
and KBOs is to study the emission as a function of solar elonga-
tion angle. In the antisolar direction, § ~ 180°, the direction in
which the Main Belt is closest to the Earth (~1.7 AU), the flux
is predicted to be as much as ~5 times that in the solar direction,

6 =~ 0°. On the other hand, the brightness of the Kuiper Belt is
only weakly dependent on the elongation angle because it is much
farther away. The positions of the Trojans on the sky are known,
being determined relative to their respective planet (Jupiter or
Neptune), making them easier to detect.

The detection of the CR-induced y-ray albedo of MBAs, Trojans,
and the KBOs by ~-ray instruments is possible. At higher ener-
gies, 21 GeV, where the y-ray albedo flux is steady and does not
depend on the solar modulation, it can serve as a normalization
point to the cumulative brightness of all MBAs plus KBOs. At
lower energies, <1 GeV, the component of the albedo, which is
independent of elongation, the KBO albedo, will tell us directly
about the LIS spectrum of CRs. Therefore, the observations of
the albedo flux can provide us with valuable information about
the size distributions of SSSBs in both regions, while the shape
of the albedo spectrum can tell us about the LIS spectra of CR
protons and helium at high energies. In turn, a detection of the
MBA and KBO albedo at MeV—GeV energies will enable us to
normalize properly the cumulative albedo spectrum and make a
prediction for the intensity of the 511 keV line.

A conservative estimate of the 511 keV line flux from SSSBs
can be made using the upper limit derived in § 4. The total flux
of 511 keV photons from the Moon is Fyll ~ 107°AE ~
2.4 x 107 photons cm~2 s~ ! (Fig. 2, ® = 0 MV), where AE =
0.024 MeV is the size of the bin containing £ = 0.511 MeV. The
total flux from the SSSBs, X3! = Fol/Fl!  can be calculated
from equations (7)—(11). The SSSB albedo contribution to the
511 keV line flux within the Galactic bulge is ~0.72 Fyl! . where
we assumed that the FWHM of the bulge is ~10° (Knodlseder
etal. 2005), where 20°/360° = 0.06, and where we used the upper
limit derived in § 4. It gives ~2 x 10~ photons cm 2 s~!, which is
about 2% of the total bulge emission as observed by INTEGRAL,
(1.05 4 0.06) x 1073 photons cm ™2 s~! (Knodlseder et al. 2005).
Since most of the INTEGRAL observing time was spent on ob-
servations of the Galactic bulge and a comparatively small frac-
tion went into observing regions above and below the Galactic
plane, it is not surprising that a diffuse band near the ecliptic (the
SSSB albedo) has not been found so far. It is interesting that the
OSSE map of the 511 keV line has a controversial feature, the so-
called annihilation fountain, above the Galactic bulge (Purcell
etal. 1997), which, in fact, may be the asteroid albedo foreground
instead. Note that the y-ray spectrometer on the NEAR-Shoemaker
spacecraft made observations of the 511 keV line from 433 Eros
(Evans etal. 2001) on the surface of Eros itself; however, it is hard
to judge the absolute intensity of the line from the published data.

Our estimates of the fluxes assume that the mass and radius
distributions are valid for the whole range of masses, which is
not necessarily true. The number of small bodies may be larger
or smaller than the extrapolation from the distribution of more
massive bodies. We have also assumed spherical bodies. How-
ever, the smallest bodies are distinctly nonspherical, which would
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make them somewhat brighter than we have estimated. Thus, our
calculations underestimate the SSSB albedo emission.

The bodies that are smaller than the cutoff radius (rp = 100 cm
for MBAs, 200 cm for Trojans, and 400 cm for KBOs) will also
contribute to the albedo flux. Because of their smaller size, only
the initial stage of the CR cascade will develop, producing a
harder albedo spectrum, while its intensity will be reduced due
to the partial conversion of energy of the primary CR particles
into albedo ~-rays.

We emphasize that the detection of the y-ray albedo from MBAs,
KBOs, and other SSSB families directly probes the size distribu-
tion of these bodies below the detection limit of other methods,
over considerably larger regions of the sky. The detectability of
the y-ray emission by these objects has implications for studies
of the evolution of the solar and exosolar planetary systems (Brown
2004), of CRs, and of diffuse y-rays. The GLAST Large Area Tele-
scope (LAT),° to be launched by NASA in 2008 June, will in just
one year have an essentially uniform exposure over the entire sky
a factor of 40 or more deeper than EGRET and will be free from

6 See the GLAST LAT performance Web page at http://www-glast.slac
.stanford.edu.

sensitivity variations owing to aging of consumables. This ca-
pability will permit detection of albedo ~y-ray fluxes for SSSBs
at even the lunar flux level.
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