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1.  Introduction


Simulations have been run to estimate the expected backgrounds, induced by the space radiation environment, in the Hard X-Ray Telescope (HXT) focal-plane Cadmium-Zinc-Telluride (CZT) detectors. The baseline orbit for this study is a stationary Libration Point orbit at position L2, located about 1.5 x 106 km from the Earth, where the ambient radiation environments of concern consist of Galactic Cosmic Rays (GCR) and diffuse cosmic x rays.  In addition to this baseline, we have also made comparative estimates for deployment in a Low Earth Orbit (LEO) using a circular orbit at 500 km altitude and 28.5( inclination as an example.  For the LEO orbit, background production from the geomagnetically trapped protons is also included.


For these initial background estimates, several simplifying assumptions have been made.  In particular, the detector assembly used in the simulations is based on a preliminary conceptual design and simple computational model.  While a detector assembly configuration including an active anti-coincidence shield has been modeled, it has not yet been optimized for background reduction.  A very simplified mass model of all other instruments and the spacecraft, consisting of a single cylinder of reduced density aluminum, has been used.  Also, some simplifying assumptions in the calculational procedure have been made, as discussed in Sec. 3, which, although reasonable for these scoping estimates, need to be removed for more accurate estimates as the detector design evolves.

2.  Simulation Methods

2.1 Configuration Model

The simple detector assembly model illustrated in Fig. 1, based on information provided by Caltech and NASA/GSFC [1], was used for the background simulations.  The CZT detector ( 1 mm thick, 1.43 cm radius ) is located in a well-type BGO active
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Fig. 1. Detector assembly and spacecraft used for background simulations.

shield/collimator. The top of the BGO cylinder is 27 cm above the detector.  The wall and bottom of the BGO is relatively thick, 1.90 cm, corresponding to an areal density of 13.5 g/cm2.  A thin (0.5 mm) layer of silicon was placed below the detector to represent electronics.



The cylindrical detector assembly is placed above a cylindrical volume representing the spacecraft bus and other components. The dimensions of the bus are based on information provided by NASA/GSFC [2] for a six-spacecraft configuration.  The spacecraft mass used (750 kg) includes the bus mass (610 kg) plus 140 kg for a microcalorimeter detector array with cryostat expected to be onboard.  
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The material compositions used are summarized in Table 1. As indicated, the spacecraft was modeled as a homogeneous volume of reduced-density aluminum.
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2.2  Ambient Radiation Environment
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For the L2 orbit background calculations, a model fit [3] to 1986 solar minimum measurements was used for the ambient galactic cosmic-ray spectrum, as shown in Fig. 2.  For the diffuse cosmic x-ray background flux, the following fit to data quoted in [4] was used:  x–2.3 photons/cm2 - s - keV - sr, where E is in keV.

Fig. 1.  Ambient proton background spectra for a Libration point (L2) orbit and an example Low Earth Orbit (LEO) at 500 km. altitude and 28.5 deg. inclination.
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For the LEO background calculations, the orbit-average GCR proton spectrum was obtained by using the exomagnetospheric spectrum for L2 and applying an orbit-average, rigidity-dependent geomagnetic transmission function calculated using the CREME96

code [5].  The LEO trapped proton spectrum was predicted using the AP8 trapped proton model [6] at solar minimum and the TRAP/SEE code [7].

2.3  Radiation Transport


The prompt GCR-induced background predictions have been made using the  coupled Monte Carlo code system shown in Fig. 3, which accounts for hadronic, electromagnetic, and low-energy neutron transport.  This methodology has previously been applied to predict radiation backgrounds for numerous space-borne detector systems, including x-ray detectors for the AXAF and INTEGRAL missions [8,9].  
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To calculate the hadronic cascade contribution to the prompt background due to incident GCR protons, the FLUKA code [10] was used above 10 GeV, the HETC code [11] was used below 3 GeV, and a linear weighting of FLUKA and HETC secondary particle production from spallation collisions was used in the 3 - 10 GeV transition energy region.  Neutrons below 20 MeV were transport using the MORSE code [12] with cross sections from the ENDF-V evaluated nuclear data base [13].  The electromagnetic cascade initiated by neutral pion decay was calculated using the EGS4 code [14].

2.4  Activation
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The delayed background from induced radioactivity emissions caused by material activation was calculated using the procedure outlined in Fig. 4.  Radioisotopes from spallation collisions produced by charged pions and by nucleons above 20 MeV were calculated using the intranuclear-cascade-evaporation nuclear interaction model contained in the HETC code.  For the activation produced by low-energy (n,x) and (p,x) reactions, cross sections from the ENDF-V and BNL data bases [15] are normally used.  In the present calculations, simplifying approximations were made: low-energy (p,x) production was neglected, and activation from low-energy (n,x) reactions were included only for albedo neutron reactions with cadmium, as described later in Sec. 3.2.  

Fig. 4.  Calculational procedure used for predicting activation backgrounds.

The NUCDECAY data library [16] was used in determining nuclear decay emissions.  The intensity and energy of individual decay particles (positrons, electrons, x rays, or gamma rays) were determined using Monte Carlo selections from frequencies 

obtained from NUCDECAY data so that decay-mode correlations in producing energy deposition in the detector could be properly accounted for.  The contributions of daughter and granddaughter radioisotopes were included by analytical decay chain calculations.  Decay emissions were transported using the EGS4 code. 

2.5  Analysis Assumptions


Anticoincidence counting restrictions were applied in registering background count rates from analyses of the Monte Carlo particle tracking and energy deposition calculations.  Prompt background counts were rejected if particles from a source proton (or a diffuse x ray) produced energy deposition above a 100 keV threshold level in the BGO, and activation counts were vetoed if energy deposition from a single radionuclide decay exceeded this BGO threshold.  

In computing energy deposition in the BGO, the non-linearity of light yield with energy deposition which occurs for densely ionizing particles (mainly alphas and recoil residual nuclei from nuclear interactions) was taken into account using Birks formulation with a saturation parameter value of kB = 8.1 mg/MeV-cm2 from [17].


Activation backgrounds were calculated at the end of a one year irradiation period.

3.   Results

3.1 L2 Orbit Background

Fig. 5 shows the background spectrum with component contributions for the L2 orbit.  As indicated, the diffuse x-ray background dominates below 20 keV, and the BGO activation background dominates at higher energies, giving a roughly constant count rate from 20 keV to several hundred keV of  (10-4 cts/cm2 - s - keV.

A tabulation of these results integrated over various energy intervals is given in Table 2 together with the "veto %" from anticoincidence counting based on energy deposition in the BGO above the rejection threshold of 100 keV.  The contribution of background components for these energy ranges is shown in Table 3.
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Table 3. Contribution of CZT background components to count rates (with veto) in various [image: image14.wmf]HETC
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3.2  LEO Background


For the LEO background, we assume that measurements are not made during passage through the South Atlantic anomaly region, which produces essentially all of the trapped proton exposure, so a prompt trapped proton background component is not considered.


The prompt GCR component has large time-dependent fluctuations due to the large variation in the effectiveness of geomagnetic shielding during the orbit.  This is illustrated in Fig. 6, which shows an example of the predicted GCR flux variation over a 24-hour orbit duration. However, the calculations show that the GCR prompt background component is so small relative to other background contributions that this time variation is unimportant. Thus, an orbit-average GCR prompt background was used in these calculations.
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The GCR prompt component for LEO was estimated by scaling the GCR prompt background for the L2 orbit.  Detailed code results from the L2 GCR prompt background calculations show that the main contribution arises from the electromagnetic cascade induced in the spacecraft by the decay of neutral pions produced by the hadronic cascade.  

Therefore, we used as a scaling factor the ratio of the GCR proton spectra for L2 and LEO (Fig. 2) integrated over the o production cross section.  This results in a scaling factor of 14; i.e., the LEO GCR prompt background is estimated to be a factor of 14 smaller than the L2 GCR prompt background.  This is considered a more realistic scaling factor than if the GCR flux ratios neglecting spectral dependence were used, which, from [image: image16.wmf]BGO Active Shield
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Fig. 6. Comparison of GCR proton flux for L2 and LEO (500 km, 28.5 deg) orbits.


The LEO activation background cannot be scaled from the L2 background with acceptable accuracy.  This is because the LEO activation is produced by trapped protons, not GCR protons as for the L2 orbit.  The much softer trapped proton spectrum produces significantly different magnitudes for individual radionuclides and decay emissions compared to the hard GCR proton spectrum.  Thus, for the LEO case additional activation calculations were performed using the trapped proton spectrum shown earlier in Fig. 2 as a source.  The diffuse x-ray background was taken to be the same for the LEO and L2 orbits.


The resulting LEO background estimate based on the above procedure is shown in Fig. 7.  The results are qualitatively similar to the L2 orbit case in that the low-energy 
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Fig. 7. Predicted CZT background spectra for the LEO.
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Table 4. CZT background count rates for the LEO.

Table 5. Contribution of background components to count rates (with veto) in various energy [image: image19.wmf]10
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part of the spectrum, below about 20 keV, is dominated by the diffuse x-ray component with BGO activation dominating at higher energies. Quantitative comparisons of the LEO and L2 backgrounds are given below in Sec. 3.3. Tabulations of the LEO background count rates in various energy ranges and the fractional component contributions are given in Tables 4 and 5, respectively.


Activation spectra for the LEO orbit have been computed for a one-year irradiation time, as was done for the L2 orbit activation. In general, the LEO activation can have short-term fluctuations due to the decay of short half-life radioisotopes after passage through the South Atlantic anomaly. However, in the present case the contribution of short half-life (< 20 min) radioisotopes is negligible, so the LEO activation increases monotonically with mission duration. Therefore, the one-year irradiation time comparisons for the L2 and LEO orbits are appropriate.  


Since some isotopes of cadmium have relatively high neutron capture cross sections, we have also considered for the LEO activation the contribution to CZT activation produced by the neutron albedo environment.  Using the predicted neutron albedo spectrum for a particular location (42( N geomagnetic latitude) from [18], the scaling methods described in [19] to obtain an orbit-average albedo neutron spectrum, and neutron cross sections from [15], we find that activation from albedo neutron thermal and epithermal reactions in cadmium contained in the CZT detector amounts to about 8% of the CZT activation produced by trapped proton spallation interactions.

3.3  Comparison of Backgrounds for L2 and LEO Orbits


Background spectra for the L2 and LEO orbits are compared in Fig. 8 and Table 6.  (The LEO activation background is expected to be an underestimate due to uncertainties in the trapped proton environment model.  Comparisons of model predictions with activation measurements for a variety of materials aboard the LDEF satellite [20,21], which had an LEO orbit similar to that being considered here, indicate that the models used here underestimate the measured activation by about a factor of two.)
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Fig. 8. Comparison of predicted CZT background spectra for L2 orbit and LEO.
[image: image21.wmf]10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

10

1

10

2

10

3

Pulse Height Spectrum (counts/cm

2

-

s-keV)

Energy Deposition (

keV)

Diffuse

BGO Activation

CZT Activation

GCR Prompt

Total

HXT Detector

Constellation-X Mission

LEO Orbit

Table 6. Ratio of CZT background rates (with veto) for LEO (500 km, 28.5 deg) to L2 orbit.

The L2 vs. LEO background comparison indicates that the LEO background is substantially higher, by factors of 4 to 6 above 20 keV.  The higher LEO background arises mainly because, for the particular detector assembly design considered, the dominant background component (above 20 keV, for both L2 and LEO) is BGO activation, and the orbit-average trapped proton flux which produces LEO activation is much higher (by a factor of 6) than the GCR proton flux which produces activation at L2.


It should be emphasized that the L2 vs. LEO backgrounds estimated here are expected to be dependent on the particular detector design considered.  For example, modifications to the present design that would reduce the BGO activation component (discussed in next section) would be expected to reduce the difference between the LEO and L2 total backgrounds.

4.  Conclusions


Background estimates for a preliminary HXT hard-x-ray detector design on the Constellation-X spacecraft in an L2 orbit have been made for prompt GCR, activation, and diffuse x-ray background sources.  The results show that, for the particular detector assembly design considered, the background at low energies (below about 20 keV) is dominated by the diffuse component and at higher energies by counts from the activation of the BGO active shield/collimator.  The CZT background estimate for the baseline L2 orbit has been compared with the background expected for an alternative LEO orbit (taken to be 500 km x 500 km at 28.5( inclination), and it is found that the LEO[image: image22.wmf]10
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 background level in the high (> 20 keV) energy range is substantially greater (by about a factor of 5).  However, this LEO vs. L2 background result is expected to be strongly dependent on detector assembly design, and could change if the design is modified (as discussed below) for background reduction.


These background simulations suggest approaches for detector modifications that may provide significant background reduction.  Two modifications are discussed below -- reduction of BGO thickness and using the BGO only as an active shield, not as a shield and collimator.


A drawback of the detector design considered is that the BGO "overshields" the GCR-induced prompt component at the expense of providing a large BGO activation background component. Thus, the thickness of the BGO shield wall and bottom (currently 1.9 cm, or 13.5 g/cm2) could be reduced to lower the BGO activation source volume.  This would reduce the veto efficiency somewhat and result in an increase of the GCR prompt background component, but, as indicated by Fig. 5, considerable increase would be acceptable. While the CZT activation would, in principle, increase if the BGO shielding were reduced, the shielding efficiency of the BGO is small for the hard GCR proton spectrum so we would still expect an overall background reduction if the BGO thickness is reduced. Note that the BGO veto efficiency for the CZT activation component is fairly modest and in any rate would not be significantly compromised by even a large reduction in the BGO thickness.  Simulations to quantify the decrease in BGO activation background, the increase in GCR prompt background, and the increase in CZT activation background as the BGO shield thickness is reduced would be the next logical step in optimizing the BGO shield for background reduction.  The present simulations show that the GCR prompt contribution is dominated by interactions occurring in the spacecraft mass below the detector assembly (not interactions in the BGO), so the bottom thickness of the BGO should be considered separately from the wall thickness for an optimum shield.   These results also suggest that a tapered BGO wall could be used to reduce weight.


The optimum BGO thickness for background reduction is expected to be different for the L2 and LEO orbits.  This arises because the GCR proton flux is more than an order-of-magnitude lower in LEO than at L2, so the veto effectiveness requirement for the BGO is lower for LEO. Also, the material shielding effectiveness of the BGO in reducing CZT activation is different for the L2 and LEO ambient environments due to the large difference in the trapped proton vs. GCR proton spectra. 


The results obtained for the preliminary detector design also suggest that background levels could be lowered, and the detector assembly could probably be made much lighter, if a thin, high-Z metal collimator were used above the BGO.  Thus, the BGO would be used as an active shield only, allowing a shorter height with reduced mass and activation source volume.  The metal collimator could then extend beyond even the BGO height considered here to obtain a further reduced diffuse x-ray background component.  Since the collimator wall can be relatively thin for x-ray collimation, the probability of proton interactions in the collimator wall would be small and that coupled with unfavorable solid angles should lead to a low collimator activation component. 


For the simulations here using a thick-walled BGO shield and collimator, the high-energy detector background is dominated by BGO activation, not the CZT detector activation.  However, if design modifications such as those discussed above are made which lead to a large reduction of the BGO activation component, then the CZT activation may become a significant contribution.  Thus, CZT activation should not be generally dismissed as unimportant as the results presented here for the preliminary design might suggest. 
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Table � SEQ Table \* ARABIC �1�.  Materials and compositions used.











Fig. � SEQ Figure \* ARABIC �2�.  Coupled set of Monte Carlo radiation transport codes used for predicting prompt detector background from GCR protons.
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         Fig. 5.  Predicted CZT background spectra for the L2 orbit.
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       Table � SEQ Table \* ARABIC �2�.  CZT background count rates for the L2 orbit.








Table � SEQ Table \* ARABIC �3�.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.
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Fig. � SEQ Figure \* ARABIC �3�.  Comparison of GCR proton flux for L2 and LEO (500 km, 28.5 deg) orbits.
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Table 2

		Table 2.  Background count rates for L2 orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		3.47E-03		3.95E-04		5.41E-04		6.16E-05				89%

				20 - 50 keV		8.74E-03		7.65E-04		1.36E-03		1.19E-04				91%

				50 - 100 keV		1.32E-02		1.06E-03		2.05E-03		1.65E-04				92%

				5 - 100 keV		2.54E-02		2.22E-03		3.95E-03		3.46E-04				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		9.99E-02		2.66E-03		1.56E-02		4.14E-04				97%

				20 - 50 keV		1.68E-01		1.36E-02		2.61E-02		2.12E-03				92%

				50 - 100 keV		1.87E-01		1.67E-02		2.91E-02		2.60E-03				91%

				5 - 100 keV		4.55E-01		3.30E-02		7.08E-02		5.14E-03				93%

		CZT Activation		5 - 20 keV		4.68E-04		4.18E-04		7.30E-05		6.51E-05				11%

				20 - 50 keV		1.44E-03		1.34E-03		2.25E-04		2.08E-04				7%

				50 - 100 keV		2.71E-03		2.51E-03		4.21E-04		3.91E-04				7%

				5 - 100 keV		4.62E-03		4.26E-03		7.19E-04		6.64E-04				8%

		Total		5 - 20 keV		1.75E-01		7.46E-02		2.73E-02		1.16E-02				57%

				20 - 50 keV		1.87E-01		2.51E-02		2.92E-02		3.91E-03				87%

				50 - 100 keV		2.05E-01		2.26E-02		3.20E-02		3.52E-03				89%

				5 - 100 keV		5.67E-01		1.22E-01		8.84E-02		1.91E-02				78%





Table 4

		Table 4.  Background HXT count rates for LEO orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		2.48E-04		2.82E-05		3.87E-05		4.40E-06				89%

				20 - 50 keV		6.24E-04		5.46E-05		9.72E-05		8.51E-06				91%

				50 - 100 keV		9.40E-04		7.56E-05		1.46E-04		1.18E-05				92%

				5 - 100 keV		1.81E-03		1.58E-04		2.82E-04		2.47E-05				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		3.34E-01		2.86E-02		5.21E-02		4.45E-03				91%

				20 - 50 keV		5.41E-01		8.52E-02		8.43E-02		1.33E-02				84%

				50 - 100 keV		7.02E-01		1.28E-01		1.09E-01		1.99E-02				82%

				5 - 100 keV		1.58E+00		2.42E-01		2.46E-01		3.77E-02				85%

		CZT Activation		5 - 20 keV		1.22E-03		9.03E-04		1.89E-04		1.41E-04				26%

				20 - 50 keV		1.60E-03		1.02E-03		2.50E-04		1.59E-04				36%

				50 - 100 keV		2.37E-03		1.46E-03		3.69E-04		2.27E-04				38%

				5 - 100 keV		5.19E-03		3.38E-03		8.08E-04		5.27E-04				35%

		Total		5 - 20 keV		4.07E-01		1.01E-01		6.34E-02		1.57E-02				75%

				20 - 50 keV		5.53E-01		9.57E-02		8.61E-02		1.49E-02				83%

				50 - 100 keV		7.08E-01		1.32E-01		1.10E-01		2.05E-02				81%

				5 - 100 keV		1.67E+00		3.28E-01		2.60E-01		5.11E-02				80%





Table 5

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.03%		0.06%		0.06%		0.05%

				Diffuse		71%		10%		2%		25%

				BGO Activation		28%		89%		97%		74%

				CZT Activation		0.90%		1.1%		1.1%		1.0%



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.



Table 6

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.071		0.071		0.071		0.071

				Diffuse		1.0		1.0		1.0		1.0

				BGO Activation		10.8		6.3		7.7		7.3

				CZT Activation		2.2		0.8		0.6		0.8

				All Components		1.3		3.8		5.8		2.7



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.
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L2 Count Rates-FINAL

		Background Count Rates - L2 Orbit

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		5.41E-04		6.16E-05		8.43E-05		9.59E-06				89%

				20 - 50 keV		1.36E-03		1.19E-04		2.12E-04		1.86E-05				91%

				50 - 100 keV		2.05E-03		1.65E-04		3.19E-04		2.57E-05				92%

				5 - 100 keV		3.95E-03		3.46E-04		6.16E-04		5.38E-05				91%

		Diffuse		5 - 20 keV		1.11E-02		1.11E-02		1.73E-03		1.73E-03				0%

				20 - 50 keV		1.46E-03		1.46E-03		2.27E-04		2.27E-04				0%

				50 - 100 keV		3.63E-04		3.63E-04		5.65E-05		5.65E-05				0%

				5 - 100 keV		1.29E-02		1.29E-02		2.01E-03		2.01E-03				0%

		BGO Activation		5 - 20 keV		1.56E-02		4.14E-04		2.42E-03		6.45E-05				97%

				20 - 50 keV		2.61E-02		2.12E-03		4.07E-03		3.31E-04				92%

				50 - 100 keV		2.91E-02		2.60E-03		4.54E-03		4.05E-04				91%

				5 - 100 keV		7.08E-02		5.14E-03		1.10E-02		8.00E-04				93%

		CZT Activation		5 - 20 keV		7.30E-05		6.51E-05		1.14E-05		1.01E-05				11%

				20 - 50 keV		2.25E-04		2.08E-04		3.50E-05		3.24E-05				7%

				50 - 100 keV		4.21E-04		3.91E-04		6.56E-05		6.08E-05				7%

				5 - 100 keV		7.19E-04		6.64E-04		1.12E-04		1.03E-04				8%

		Total		5 - 20 keV		2.73E-02		1.16E-02		4.25E-03		1.81E-03				57%

				20 - 50 keV		2.92E-02		3.91E-03		4.54E-03		6.09E-04				87%

				50 - 100 keV		3.20E-02		3.52E-03		4.98E-03		5.48E-04				89%

				5 - 100 keV		8.84E-02		1.91E-02		1.38E-02		2.97E-03				78%





LEO Count Rates-FINAL

		Background Count Rates - LEO Orbit

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		3.87E-05		4.40E-06		6.02E-06		6.85E-07				89%

				20 - 50 keV		9.72E-05		8.51E-06		1.51E-05		1.33E-06				91%

				50 - 100 keV		1.46E-04		1.18E-05		2.28E-05		1.83E-06				92%

				5 - 100 keV		2.82E-04		2.47E-05		4.40E-05		3.84E-06				91%

		Diffuse		5 - 20 keV		1.11E-02		1.11E-02		1.73E-03		1.73E-03				0%

				20 - 50 keV		1.46E-03		1.46E-03		2.27E-04		2.27E-04				0%

				50 - 100 keV		3.63E-04		3.63E-04		5.65E-05		5.65E-05				0%

				5 - 100 keV		1.29E-02		1.29E-02		2.01E-03		2.01E-03				0%

		BGO Activation		5 - 20 keV		5.21E-02		4.45E-03		8.11E-03		6.94E-04				91%

				20 - 50 keV		8.43E-02		1.33E-02		1.31E-02		2.07E-03				84%

				50 - 100 keV		1.09E-01		1.99E-02		1.70E-02		3.11E-03				82%

				5 - 100 keV		2.46E-01		3.77E-02		3.83E-02		5.87E-03				85%

		CZT Activation		5 - 20 keV		3.06E-02		6.50E-04		4.76E-03		1.01E-04				98%

				20 - 50 keV		5.22E-02		1.73E-03		8.13E-03		2.70E-04				97%

				50 - 100 keV		7.75E-02		2.31E-03		1.21E-02		3.60E-04				97%

				5 - 100 keV		1.60E-01		4.69E-03		2.50E-02		7.31E-04				97%

		Total		5 - 20 keV		9.37E-02		1.62E-02		1.46E-02		2.52E-03				83%

				20 - 50 keV		1.38E-01		1.65E-02		2.15E-02		2.57E-03				88%

				50 - 100 keV		1.88E-01		2.26E-02		2.92E-02		3.52E-03				88%

				5 - 100 keV		4.19E-01		5.53E-02		6.53E-02		8.61E-03				87%





Contributions - FINAL

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		1%		3%		5%		2%

				Diffuse		95%		37%		10%		68%

				BGO Activation		4%		54%		74%		27%

				CZT Activation		1%		5%		11%		3%

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.03%		0.05%		0.05%		0.04%

				Diffuse		68%		9%		2%		23%

				BGO Activation		28%		81%		88%		68%

				CZT Activation		4%		11%		10%		8%

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.071		0.071		0.071		0.071

				Diffuse		1.0		1.0		1.0		1.0

				BGO Activation		10.8		6.3		7.7		7.3

				CZT Activation		10.0		8.3		5.9		7.1

				All Components		1.4		4.2		6.4		2.9



Table x.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table y.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table z.  Ratio of background count rates (with veto) for L2 orbit compared to LEO (500 km x 500km, 28.5 deg.) orbit.
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Table 2

		Table 2.  Background count rates for L2 orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		3.47E-03		3.95E-04		5.41E-04		6.16E-05				89%

				20 - 50 keV		8.74E-03		7.65E-04		1.36E-03		1.19E-04				91%

				50 - 100 keV		1.32E-02		1.06E-03		2.05E-03		1.65E-04				92%

				5 - 100 keV		2.54E-02		2.22E-03		3.95E-03		3.46E-04				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		9.99E-02		2.66E-03		1.56E-02		4.14E-04				97%

				20 - 50 keV		1.68E-01		1.36E-02		2.61E-02		2.12E-03				92%

				50 - 100 keV		1.87E-01		1.67E-02		2.91E-02		2.60E-03				91%

				5 - 100 keV		4.55E-01		3.30E-02		7.08E-02		5.14E-03				93%

		CZT Activation		5 - 20 keV		4.68E-04		4.18E-04		7.30E-05		6.51E-05				11%

				20 - 50 keV		1.44E-03		1.34E-03		2.25E-04		2.08E-04				7%

				50 - 100 keV		2.71E-03		2.51E-03		4.21E-04		3.91E-04				7%

				5 - 100 keV		4.62E-03		4.26E-03		7.19E-04		6.64E-04				8%

		Total		5 - 20 keV		1.75E-01		7.46E-02		2.73E-02		1.16E-02				57%

				20 - 50 keV		1.87E-01		2.51E-02		2.92E-02		3.91E-03				87%

				50 - 100 keV		2.05E-01		2.26E-02		3.20E-02		3.52E-03				89%

				5 - 100 keV		5.67E-01		1.22E-01		8.84E-02		1.91E-02				78%





Table 4

		Table 4.  Background HXT count rates for LEO orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		2.48E-04		2.82E-05		3.87E-05		4.40E-06				89%

				20 - 50 keV		6.24E-04		5.46E-05		9.72E-05		8.51E-06				91%

				50 - 100 keV		9.40E-04		7.56E-05		1.46E-04		1.18E-05				92%

				5 - 100 keV		1.81E-03		1.58E-04		2.82E-04		2.47E-05				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		3.34E-01		2.86E-02		5.21E-02		4.45E-03				91%

				20 - 50 keV		5.41E-01		8.52E-02		8.43E-02		1.33E-02				84%

				50 - 100 keV		7.02E-01		1.28E-01		1.09E-01		1.99E-02				82%

				5 - 100 keV		1.58E+00		2.42E-01		2.46E-01		3.77E-02				85%

		CZT Activation		5 - 20 keV		1.22E-03		9.03E-04		1.89E-04		1.41E-04				26%

				20 - 50 keV		1.60E-03		1.02E-03		2.50E-04		1.59E-04				36%

				50 - 100 keV		2.37E-03		1.46E-03		3.69E-04		2.27E-04				38%

				5 - 100 keV		5.19E-03		3.38E-03		8.08E-04		5.27E-04				35%

		Total		5 - 20 keV		4.07E-01		1.01E-01		6.34E-02		1.57E-02				75%

				20 - 50 keV		5.53E-01		9.57E-02		8.61E-02		1.49E-02				83%

				50 - 100 keV		7.08E-01		1.32E-01		1.10E-01		2.05E-02				81%

				5 - 100 keV		1.67E+00		3.28E-01		2.60E-01		5.11E-02				80%





Table 5

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.03%		0.06%		0.06%		0.05%

				Diffuse		71%		10%		2%		25%

				BGO Activation		28%		89%		97%		74%

				CZT Activation		0.90%		1.1%		1.1%		1.0%



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.



Table 6

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.071		0.071		0.071		0.071

				Diffuse		1.0		1.0		1.0		1.0

				BGO Activation		10.8		6.3		7.7		7.3

				CZT Activation		2.2		0.8		0.6		0.8

				All Components		1.3		3.8		5.8		2.7



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.
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Table 2

		Table 2.  Background count rates for L2 orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		3.47E-03		3.95E-04		5.41E-04		6.16E-05				89%

				20 - 50 keV		8.74E-03		7.65E-04		1.36E-03		1.19E-04				91%

				50 - 100 keV		1.32E-02		1.06E-03		2.05E-03		1.65E-04				92%

				5 - 100 keV		2.54E-02		2.22E-03		3.95E-03		3.46E-04				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		9.99E-02		2.66E-03		1.56E-02		4.14E-04				97%

				20 - 50 keV		1.68E-01		1.36E-02		2.61E-02		2.12E-03				92%

				50 - 100 keV		1.87E-01		1.67E-02		2.91E-02		2.60E-03				91%

				5 - 100 keV		4.55E-01		3.30E-02		7.08E-02		5.14E-03				93%

		CZT Activation		5 - 20 keV		4.68E-04		4.18E-04		7.30E-05		6.51E-05				11%

				20 - 50 keV		1.44E-03		1.34E-03		2.25E-04		2.08E-04				7%

				50 - 100 keV		2.71E-03		2.51E-03		4.21E-04		3.91E-04				7%

				5 - 100 keV		4.62E-03		4.26E-03		7.19E-04		6.64E-04				8%

		Total		5 - 20 keV		1.75E-01		7.46E-02		2.73E-02		1.16E-02				57%

				20 - 50 keV		1.87E-01		2.51E-02		2.92E-02		3.91E-03				87%

				50 - 100 keV		2.05E-01		2.26E-02		3.20E-02		3.52E-03				89%

				5 - 100 keV		5.67E-01		1.22E-01		8.84E-02		1.91E-02				78%





Table 4

		Table 4.  Background HXT count rates for LEO orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		2.48E-04		2.82E-05		3.87E-05		4.40E-06				89%

				20 - 50 keV		6.24E-04		5.46E-05		9.72E-05		8.51E-06				91%

				50 - 100 keV		9.40E-04		7.56E-05		1.46E-04		1.18E-05				92%

				5 - 100 keV		1.81E-03		1.58E-04		2.82E-04		2.47E-05				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		3.34E-01		2.86E-02		5.21E-02		4.45E-03				91%

				20 - 50 keV		5.41E-01		8.52E-02		8.43E-02		1.33E-02				84%

				50 - 100 keV		7.02E-01		1.28E-01		1.09E-01		1.99E-02				82%

				5 - 100 keV		1.58E+00		2.42E-01		2.46E-01		3.77E-02				85%

		CZT Activation		5 - 20 keV		1.22E-03		9.03E-04		1.89E-04		1.41E-04				26%

				20 - 50 keV		1.60E-03		1.02E-03		2.50E-04		1.59E-04				36%

				50 - 100 keV		2.37E-03		1.46E-03		3.69E-04		2.27E-04				38%

				5 - 100 keV		5.19E-03		3.38E-03		8.08E-04		5.27E-04				35%

		Total		5 - 20 keV		4.07E-01		1.01E-01		6.34E-02		1.57E-02				75%

				20 - 50 keV		5.53E-01		9.57E-02		8.61E-02		1.49E-02				83%

				50 - 100 keV		7.08E-01		1.32E-01		1.10E-01		2.05E-02				81%

				5 - 100 keV		1.67E+00		3.28E-01		2.60E-01		5.11E-02				80%





Table 5

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.03%		0.06%		0.06%		0.05%

				Diffuse		71%		10%		2%		25%

				BGO Activation		28%		89%		97%		74%

				CZT Activation		0.90%		1.1%		1.1%		1.0%



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.



Table 6

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.071		0.071		0.071		0.071

				Diffuse		1.0		1.0		1.0		1.0

				BGO Activation		10.8		6.3		7.7		7.3

				CZT Activation		2.2		0.8		0.6		0.8

				All Components		1.3		3.8		5.8		2.7



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.
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Table 2

		Table 2.  Background count rates for L2 orbit.

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		3.47E-03		3.95E-04		5.41E-04		6.16E-05				89%

				20 - 50 keV		8.74E-03		7.65E-04		1.36E-03		1.19E-04				91%

				50 - 100 keV		1.32E-02		1.06E-03		2.05E-03		1.65E-04				92%

				5 - 100 keV		2.54E-02		2.22E-03		3.95E-03		3.46E-04				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		9.99E-02		2.66E-03		1.56E-02		4.14E-04				97%

				20 - 50 keV		1.68E-01		1.36E-02		1.56E-02		2.12E-03				92%

				50 - 100 keV		1.87E-01		1.67E-02		1.56E-02		2.60E-03				91%

				5 - 100 keV		4.55E-01		3.30E-02		7.08E-02		5.14E-03				93%

		CZT Activation		5 - 20 keV		4.68E-04		4.18E-04		7.30E-05		6.51E-05				11%

				20 - 50 keV		1.44E-03		1.34E-03		2.25E-04		2.08E-04				7%

				50 - 100 keV		2.71E-03		2.51E-03		4.21E-04		3.91E-04				7%

				5 - 100 keV		4.62E-03		4.26E-03		7.19E-04		6.64E-04				8%

		Total		5 - 20 keV		1.75E-01		7.46E-02		2.73E-02		1.16E-02				57%

				20 - 50 keV		1.87E-01		2.51E-02		2.92E-02		3.91E-03				87%

				50 - 100 keV		2.05E-01		2.26E-02		3.20E-02		3.52E-03				89%

				5 - 100 keV		5.67E-01		1.22E-01		8.84E-02		1.91E-02				78%





Table 3

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		1%		3%		5%		2%

				Diffuse		95%		37%		10%		68%

				BGO Activation		4%		54%		74%		27%

				CZT Activation		1%		5%		11%		3%



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.



Table 4

		Table 4-Background Count Rates - LEO Orbit

						counts/s				counts/cm^2-s

		Component		E Range		no veto		with veto		no veto		with veto				veto %

		GCR Prompt		5 - 20 keV		2.48E-04		2.82E-05		3.87E-05		4.40E-06				89%

				20 - 50 keV		6.24E-04		5.46E-05		9.72E-05		8.51E-06				91%

				50 - 100 keV		9.40E-04		7.56E-05		1.46E-04		1.18E-05				92%

				5 - 100 keV		1.81E-03		1.58E-04		2.82E-04		2.47E-05				91%

		Diffuse		5 - 20 keV		7.12E-02		7.12E-02		1.11E-02		1.11E-02				0%

				20 - 50 keV		9.37E-03		9.37E-03		1.46E-03		1.46E-03				0%

				50 - 100 keV		2.33E-03		2.33E-03		3.63E-04		3.63E-04				0%

				5 - 100 keV		8.29E-02		8.29E-02		1.29E-02		1.29E-02				0%

		BGO Activation		5 - 20 keV		3.34E-01		2.86E-02		5.21E-02		4.45E-03				91%

				20 - 50 keV		5.41E-01		8.52E-02		8.43E-02		1.33E-02				84%

				50 - 100 keV		7.02E-01		1.28E-01		1.09E-01		1.99E-02				82%

				5 - 100 keV		1.58E+00		2.42E-01		2.46E-01		3.77E-02				85%

		CZT Activation		5 - 20 keV		1.22E-03		9.03E-04		1.89E-04		1.41E-04				26%

				20 - 50 keV		1.60E-03		1.02E-03		2.50E-04		1.59E-04				36%

				50 - 100 keV		2.37E-03		1.46E-03		3.69E-04		2.27E-04				38%

				5 - 100 keV		5.19E-03		3.38E-03		8.08E-04		5.27E-04				35%

		Total		5 - 20 keV		4.07E-01		1.01E-01		6.34E-02		1.57E-02				75%

				20 - 50 keV		5.53E-01		9.57E-02		8.61E-02		1.49E-02				83%

				50 - 100 keV		7.08E-01		1.32E-01		1.10E-01		2.05E-02				81%

				5 - 100 keV		1.67E+00		3.28E-01		2.60E-01		5.11E-02				80%





Table 5

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.03%		0.06%		0.06%		0.05%

				Diffuse		71%		10%		2%		25%

				BGO Activation		28%		89%		97%		74%

				CZT Activation		0.90%		1.1%		1.1%		1.0%



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.



Table 6

		

						5 - 20 keV		20 - 50 keV		50 - 100 keV		5 - 100 keV

				GCR Prompt		0.071		0.071		0.071		0.071

				Diffuse		1.0		1.0		1.0		1.0

				BGO Activation		10.8		6.3		7.7		7.3

				CZT Activation		2.2		0.8		0.6		0.8

				All Components		1.3		3.8		5.8		2.7



Table 3.  Contribution of background components to count rates (with veto) in various energy ranges - L2 orbit.

Table 5.  Contribution of background components to count rates (with veto) in various energy ranges - LEO orbit.

Table 6.  Ratio of background count rates (with veto) for LEO orbit (500 km x 500km, 28.5º) compared to L2 orbit.
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