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Introduction:  All gamma-ray detectors in space 

have backgrounds in their spectra because of cosmic-
ray interactions with the detector materials. A good 
understanding of all those backgrounds, especially 
discrete-energy peaks, in a gamma-ray spectrometer 
(GRS) is needed to correctly analyze the measured γ-
ray spectra from a planetary object of interest in order 
to get elemental abundances. Most backgrounds are a 
continuum, but some are in peaks.  

Much work has been done recently on the many 
backgrounds in germanium (Ge) detectors (e.g., [1,2]) 
by prompt reactions and the decay of induced radionu-
clides. For some recent and current planetary gamma-
ray spectroscopy missions, the low-energy-resolution 
(~10%) scintillator bismuth germinate (BGO, 
Bi4Ge3O12) was used. Background peaks from cosmic-
ray interactions in BGO crystals are reported and dis-
cussed here.   

BGO in Planetary Gamma-Ray Spectrometers:  
BGO has been used as a main detector (e.g., Lunar 
Prospector, LP, [3,4] and Dawn [5]) and as an anti-
coincidence (A/C) detector for the Ge main detector on 
Kaguya (SELENE) [6] and for the CdZnTe detector on 
Dawn [5]). The background peaks in both types of 
systems can vary. In a main detector, internal gamma 
rays that sum with signals made by charged particles 
are almost always not observed as peaks. A number of 
background peaks have been observed in LP spectra 
(e.g., [4,7]). When BGO is an A/C detector, gamma 
rays that escape from the BGO into the main detector 
are observable backgrounds (e.g., [8]). However, in-
teractions in the BGO that deposit a signal above a 
low-energy threshold used for the A/C system will 
cause a veto of the signal from the main detector, and 
no peak will appear in the main detector’s spectrum.   

Data Sources for BGO Backgrounds:  Sources of 
data for BGO backgrounds include actual BGO sys-
tems flown in space (e.g., [3,7,8,9] or on balloon 
flights (e.g., [10]), experiments at high-energy particle 
accelerators (e.g., [11,12]), model calculations (e.g., 
[11]), and basic nuclear data from nuclear data centers 
(like ones at the Brookhaven National Laboratory or 
the International Atomic Energy Agency) or from the 
literature (e.g., [13]).  

Sources of BGO Background Peaks:  Many 
peaks are made by inelastic scattering of fast (E~1-10 
MeV) neutrons or the capture of thermalized neutrons. 
The decay of radionuclides also produces gamma rays, 
although gamma rays in coincidence with an energetic 
electron or positron from beta decay will not appear as 

a peak in that detector’s spectra. Most internal peaks 
from radionuclides are made by decays involving the 
capture of an orbiting electron or by an isomeric (or 
internal) transition in one nucleus [2].  

Peaks inside BGO Detectors:  There are not many 
good measurements of backgrounds peaks in BGO, so 
the peaks listed here are only an initial estimate, based 
in some cases by the results in [5,7,11], by measure-
ments in Ge detectors ([1,2], and by basic nuclear data 
(e.g., [13]).  

Fast neutrons.  Some peaks are made by reactions 
induced by fast neutrons, mainly inelastic-scattering, 
(n,nγ), reactions. Peaks from Ge and O are those seen 
by planetary GRS systems like Mars Odyssey [1]. The 
strongest peak from 209Bi(n,nγ) reactions is at 896.3 
keV [13]. Any high-energy tail from the recoil of the 
excited nucleus [1] is hard to observe in BGO because 
of its low energy resolution.  

Neutron capture.  Some peaks are made by neu-
tron-capture reactions, almost entirely (98%) with Ge 
as the neutron-capture cross sections for Bi and O are 
very low. Almost all neutron-capture reactions with Ge 
involve the emission of several gamma rays, which 
often sum. Because of summing in a detector, the in-
tensities of Ge neutron-capture peaks as measured in-
ternally are not the same as external measurements [1]. 
The intensity also varies with the detector’s volume, 
with larger detectors having more summing. Summing 
is more likely in BGO detectors than in Ge detectors.  

From measured spectra in Ge detectors (e.g., 
[1,8,9]), the most intense Ge(n,γ) peaks are at 175.0, 
198.4, and 595.8 keV. The first two peaks are from the 
decay of 20 ms 71mGe, which is also readily made by 
fast-neutron reactions. Peaks at 325.7 and 499.9 keV 
have ~50% of the intensity of the 595.8 keV peak. 
Peaks at 253.2, 297.4, 608.3, and 867.9 keV are an-
other factor of about 2 less intense. Other peaks, such 
as those reported in [1,9], are weaker. Sum peaks are 
more likely in BGO than in Ge, especially at higher 
energies up to the neutron binding energies of the Ge 
nuclei (6.5 to 10.2 MeV).   

Radionuclide decay.  Many radionuclides made 
from Ge and most made from Bi decay by processes 
that do not emit charged particles (such as beta decay 
that emits electrons or positrons) [2]. For peaks in a 
detector made as a result of the capture of an orbital 
electron, the x rays from filling the vacant electron’s 
orbital sum with any gamma ray [2]. Most (~80%) 
x rays are from the K shell.  For most radionuclides 
made in Ge or Bi that decay by EC, the K binding en-
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ergies are about 10 and 75 keV, respectively, and the L 
binding energies are about 1 and 11 keV, respectively.  

Decay peaks in Ge are in [1,2] and include those 
from 69Ge and from 66-68Ga. A few Ge isomers (e.g., 
75mGe) also contribute peaks [2]. Decay peaks in Bi are 
given in [11,12] and include radionuclides that decay 
by electron capture (e.g., 202Bi, 204Bi, and 206Bi) or in-
ternal isomeric transitions (e.g., 207mBi and 204mBi). 
Summing of peaks is likely in bigger BGO detectors. 
Previously unidentified Lunar Prospector peaks [4,7] 
probably include 182 μs 207mBi near 2.1 MeV and from 
6.2 day 206Bi near 3.3-3.4 MeV.  

Peaks Observed in Ge from Surrounding BGO:  
There are detailed Ge measurements of background 
from Ge-BGO systems on a long-duration Antarctic 
balloon flight, the Gamma-Ray Advanced Detector 
(GRAD) [10,12], and from the GRS systems on 
Kaguya [6,8] and SPI on the International Gamma Ray 
Astrophysics Laboratory (INTEGRAL) [9].  

Inelastic-scattering reaction.  In the case of gamma 
rays escaping from BGO that are made by Ge(n,nγ) 
reactions, there are no high-energy tails from summing 
with the recoil energy and no peaks from excited levels 
that decay only by E0 internal pair emission (espe-
cially the 691.4 keV first excited level of 72Ge). The 
most common Ge-inelastic-scattering gamma rays are 
at 562.9, 595.9, 834.0, and 1039.5 keV. For 209Bi(n,nγ) 
reactions, the strongest peak is at 896.3 keV (observed 
by GRAD and Kaguya) with weaker gamma rays at 
245.7, 992.4, 1132.5 keV, and 2741.0 keV.   

Neutron capture reactions.  Most Ge(n,γ) gamma 
rays will be the ones observed in laboratory measure-
ments, with some summing of gamma rays in major 
gamma-ray cascades. In order of decreasing intensity, 
the strongest gamma rays are at 595.9, 867.9, and 
608.4 keV, with less intense gamma rays at 175.0, 
499.9, 1204.2, 1101.3, 492.9, and 961.1 keV. The 
strongest 209Bi(n,γ) gamma rays are at 4171.1 and 
4054.6 keV.   

Radionuclide decay.  For Ge, the radionuclides ob-
served in Ge detector from electron-capture or iso-
meric-transition decays should be present. But gamma 
rays from decay involving the emission of charged 
particles (usually electrons and positron) will also be 
observable, such as isotopes of Ga that beta decay.  

The lists of gamma rays below are those observed 
in at least 2 space GRS systems [8,9,10,12] or (in pa-
rentheses) in one space system and a lab irradiation 
[11,12]. Other gamma rays from the decay of radionu-
clides made from Bi observed in Ge detectors have 
been reported [9,11,12].  

From decay of radionuclides made from Ge, the 
peaks most often observed are from 69Ge at 574.1 and 
1106.8, 72Ga at 630.0, (1861.1, and 2507.8), 73Ga at 

(297.3, 325.7, and 739.4), 67Ga at (184.6 and 300.2), 
and 66Ge at 381.8 keV.  

From decay of radionuclides made from Bi, the 
most often observed peaks are from 208mBi at 921.0, 
207mPb at 1063.7, 207mBi at 426.1, 456.1, and 743.3, 
206Bi at 537.4, 803.1, 881.0, 1718.7, and (343.5, 398.0, 
and 497.1) 205Bi at 987.7 and (579.8), 204mBi at 367.0 
and 752.5, 204Bi at 374.8, 899.2, and 984.0, 203Bi at 
820.2, 825.2, 1847.3, 1893.0, 2011.4, and (722.4 and 
1536.5), 203Pb at (279.2), 202Bi at 657.5, 201Pb at 331.1, 
200Bi at 1026.5, 200Tl at (828.3), and 198Tl and/or 198Au 
at 411.8 keV.  

Impact on Planetary Gamma Ray Spectroscopy:  
This survey of backgrounds from BGO detectors show 
little impact on the gamma rays more commonly used 
for elemental analyses. This is most true for a detector 
external to a BGO detector. But it appears to apply to 
spectra measured by BGO detectors used to planetary 
gamma-ray spectroscopy.  

The analyses of U using the 609.3 keV gamma ray 
from the decay of 214Bi could be affected by a Ge neu-
tron-capture gamma ray at 608.3 keV and by a peak at 
607.0 keV from 74As (made by protons, such as in a 
solar particle event) summing with its K binding en-
ergy. A sum of gamma rays from neutron capture in 
Ge at 1463.8 keV impacts the analyses of K from the 
40K gamma ray at 1460.8 keV [1], especially in regions 
of low K abundance.  

This catalogue has helped to identify several previ-
ously-unidentified peaks in the Kaguya spectra [8]. It 
will be useful for GRaND on Dawn [5].  

However, more work is needed, especially for 
backgrounds inside BGO detectors.  
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