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Abstract

One of the advantages the X-ray Imaging Spectrometers (XISs) on Suzaku is their

low background level due to a combination of the Suzaku orbit and the instrumental

design. To maximize this advantage, we study the Non-X-ray Background (NXB)

in XIS. We collect events when XIS is looking at the dark Earth, and the events

whose exposure is about 800 ks is open to observers as NXB database. The NXB of

XIS is not uniform over the chip and depends on the Cut-off-Rigidity (COR) in the

satellite orbit. On the other hand, to correct the dependence on the COR, we make

the NXB model using the COR. However, since the NXB model cannot reproduce

the NXB when Suzaku orbits high latitude and altitude, we filter the NXB database

with latitude and altitude. In the results, the reproducibility of the NXB model is

3.4 ∼ 9.1% in 5 ∼ 12 keV band.
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1. Introduction

The Suzaku observatory, with the four X-ray Imaging Spectrometers (XISs) at the foci of

the four X-ray telescopes (XRT), provides high capabilities for diffuse and low surface brightness

sources the large collection area and low background level. The four XISs are named XIS0,

1, 2, and 3. The XIS1 uses a back-side illuminated CCD, while the other three XISs, XIS0,

XIS2, and XIS3, use front-side illuminated CCDs, called XIS-FIs. The background levels of the

XIS-FIs are comparable to the ASCA SIS and 3 times or lower than those of the XMM EPIC

and the Chandra ACIS at 5 keV X-rays (Mitsuda et al. 2007).

To maximize the advantage of the low background level, we studied the Non-X-ray

Background (NXB) in XIS. The NXB of the XIS is primarily produced by the interaction of
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high energy particles with the XIS and their surrounding components. Several fluorescence

lines are produced in the interactions, Kα of Al, Si, Ni, Kβ of Ni, and Lα, Lβ, and Mα lines

of Au, which are evident in the XIS spectra. Additionally, XIS detects Mn K lines due to

scattered X-rays from the calibration sources (Yamaguchi et al. 2006).

The NXB is not uniform over the chip. Its intensity tends to be slightly higher at larger

ACTY. This is because some fraction of NXB is produced in the frame-store region (Yamaguchi

et al. 2006). Moreover, total flux of NXB depends on the Cut-off Rigidity (COR) (Koyama

et al. 2007). This is natural as the NXB is produced by the charged particles, whose flux is

higher at lower COR. This means that the COR can be used as the primary parameter to sort

or model the XIS NXB. We thus attempt to make an XIS NXB database to be used in the

subtraction of the NXB. In this paper, we introduce the database and associated tools to make

appropriate weight of the COR distribution. Reproducibility of the current NXB model, i.e.,

COR sorting, is also examined.

2. NXB database

Since the XIS background consists of the cosmic X-ray background (CXB) and the NXB,

we made the NXB database from the events when XIS was looking at the night Earth (NTE)

and there is no contribution of the CXB. The criteria of the NTE events are as follows.

• Rev0.7 products of which XIS mode was normal 5× 5 or 3× 3 mode (without burst or

window options).

• Cleansis was applied with the default parameters (cellsize = 5, logprob = −5.3,

bthresh = 3, phamin = 0, phamax = 4095) to exclude the flickering pixels.

• The NTE data are extracted by using (DYE ELV > 100 && ELV < −5).

Total exposure time of the NTE data is ∼800 ks. The first version of the NXB database consists

of the NTE data, an associated EHK file that has orbital and other useful information as a

function of time, and two associated tools to calculate the NXB model (§3.1). The database is

accessible via Suzaku web page at ISAS/JAXA and GSFC/NASA. In this paper, we analyzed

the NXB database which was filtered with T SAA HXD > 436 s, and events during telemetry

saturation were excluded. the total exposure time of the NXB database filtered with this

criteria is ∼ 785 ks.

3. Evaluation of NXB Reproducibility

3.1. NXB database sorted by COR

We prepared two tools to correct the dependence on the COR. One sorts the NXB

events for each COR bin and makes the NXB spectra for each COR bin. The other one makes

appropriate NXB spectra for a given target observation by summing up the COR sorted spectra

with appropriate weights. The synthesized NXB spectrum, Sw, is expressed as follows,
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Sw =
n∑

i=1

Ti

Ttotal

Si , (1)

where the COR is sorted into n bins. Ti and Si are exposure time for target observation and

spectrum of the NXB database with i th COR bin, respectively. Ttotal is a total exposure time

for target observation. Equation (1) makes equal the COR distribution for target observation

and that for the NTE observation.

3.2. Reproducibility of the NXB

To evaluate the NXB model, we calculate reproducibility of the NXB model. The re-

producibility is defined a systematic error of NXB count rate in 5 ∼ 12 keV energy range. We

first divide the database for each 5 ks exposure and calculate a count rate averaged for each the

5 ks database in 5 ∼ 12 keV energy range, C(t). Note that 5 ks NXB data spans for typically

one day or a few days’ duration. Figure 1(a) shows C(t) as a function of t, which is time since

2000/01/01 00:00:00, and (a) column of Table 1 shows its standard deviation. We next model

the NXB by using the NXB database. The NXB model here means the appropriately weighted

NXB spectra sorted with the COR using the whole NXB database. We compare the observed

count rate for each 5ks exposure time that expected from the NXB model for that time period.

The residual are seen in Fig. 1(b). Column of (b) in Table 1 shows a reproducibility of the

NXB model. The reproducibility of the NXB model is about two times better than that of the

original standard deviation of the NXB. However, as shown in Fig. 1(b), the residuals get high

when t∼ 1.83×108 or ∼ 1.87×108 (sec). This indicates that the NXB model cannot reproduce

the NXB at that time.

It is found that if we exclude events when Latitude < −23◦ && Altitude > 576.5 km and

Latitude > 29◦ && Altitude > 577.5 km (we called it as orbit filter) from the NXB database,

we can obtain better reproducibility of the NXB. Hence, we apply the orbit filter for each

5 ks exposure and calculate the NXB model for each this database, again. Figure 1(c) shows

residual of the NXB model, ∆Corbitfilter, as a function of t. Column of (c) in Table 1 shows a

reproducibility of this NXB model. The orbit filter decreases total exposure of NXB database

from ∼ 785 ks to ∼ 720 ks, while the distribution of count rate becomes almost constant. As

a results, the systematic error (reproducibility) of XIS0 and XIS3 are smaller that those of

statistical error as shown in Table 1.

4. Summary

We collected events of the NTE to make the NXB database, associated with EHK files,

and two software. Since the NXB has dependencies on position of CCD chip and the COR,

we need to make NXB spectrum from same region as source spectrum in detector coordinate

and correct COR dependency to subtract NXB from source spectrum correctly. We therefore

prepared the tools to correct the COR dependency. The reproducibility of the NXB model
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Fig. 1. Distribution of count rate of XIS0 for each 5 ks NXB data and NXB model.

Table 1. Standard deviation of the NXB data and reproducibility of the NXB model. The standard deviation, reproducibil-

ity (systematic error), and statistical error, which are bracketed, are normalized by a count rate averaged for the entire NXB

database.

Ssnsor Standard deviation Reproducibility

(a) NXB data (b) NXB model (c) NXB model (orbit filter)

XIS0 18.7 9.0 (5.8) 3.4 (5.8)

XIS1 21.8 7.9 (2.6) 5.5 (2.5)

XIS2 17.8 9.5 (6.0) 9.1 (5.8)

XIS3 17.0 5.5 (6.3) 4.6 (6.2)

unit: %

calculated by these tools has two times higher than that of original NXB data. However, since

the NXB model cannot reproduce the NXB when Suzaku is in the high altitude and latitude,

we performed the orbit filter to the NXB database. The reproducibility of the current NXB

model is 3.4 ∼ 9.1% in 5 ∼ 12 keV energy range.
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