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Abstract. We have investigated the background properties of EPIC-pn onboard XMM-Newton to establish the background
subtraction method. Count rates of the background vary violently by two orders of magnitude at the maximum, while during
the most quiet period, these are stable within 8% at kegel. The overall spectrum is dominated by particle events above 5 keV,

and its spatial variation is also found. The long-term variation of the background is also investigated with CAL CLOSED data,
where the filter wheel was in closed position with the internal calibration source illuminating the sensitive area. The average
background count rate decreased by 20% from March 2000 to January 2001, but it regained in February 2001. For the modeling
of the background spectrum, we investigate relations between the 2.0-7.0 keV count rate and some characteristic parameters.
The 2.0-7.0 keV background count rate shows a good correlation with the count rate of events outside the field of view. This
correlation is usable for the modeling of the background.
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1. Introduction altitude of 520-620 km, while XMM-Newton and Chandra
take an highly elliptical orbit with an apogee of about
000 km and a perigee of about 10 000 km and thus mostly
outside the Earth’s magnetosphere. The rapid variation is
like galaxy clusters and supernova remnants (SNRs) havi Ol:gr?]t(fftt;i rc;clé?reeddtig 2;92;? psfoa:gﬁgf lt:: rg:gitljr:r r;;:)rf)r
low signal to noise ratios. The most sophisticated high Qs in the energy of 100-200 keV degrade the performa{nce of
ity X-ray detectors currently used in X-ray observations i handra ACIS-I (Prigozhin et al. 2000). Lumb (2001) suggests

erbg :relgé;ayzg&psfl’_ Wh:(Ch V\{asl folr gtgj first dtlme onboar at the rapid flux variation of those soft protons is caused by
( - , lanaka €t al. ) and are curren agnetic reconnections rather than solar flares.

utilized on XMM-Newton (Jansen et al. 2001) and Chandra XMM-Newton, with the largestective area of the X-ray

(Weisskopf_et al. 2000). The background of ASSHS (Splid- telescope and the high quantusi@ency of the CCD cam-

¢ It ith the local cuforiaidit | indicat &y s, should be the best suitable observatory for low surface
fa etﬁotrr;aha ebs V\IQ ed ocal ¢ lorl_gld "y ;abue,h_lnhlca " brightness objects. In this paper, we show the properties of the
ing that the background 1s mainly induced by hig enerq}/ackground of the EPIC-pn onboard XMM-Newton, following

particles, except at the South Atlantic Anomaly (SAA) (se orts by Briel et al. (2001), Freyberg et al. (2002a,b), and

)e(.g. Ggg([j)reau 1995a, buedg Xll\gjli/el;)N Or: the %ﬂg: hznd, It_u b (2001). We also study correlations between the back-
-ray ! cameras onboar -Newton an andra &x:,nd and some characteristic parameters to look for a possi-
hibit violent variability as large as two orders of magnitud e method of the background modeling

(Markevitch 2001; Lumb 2001). The responsibléfelience be-
tween ASCA and the currently working two satellites is their _
orbits. ASCA took an almost circular orbit with an averagd. Data and screening

We used EPIC-pn data taken during the calibration and per-
formance verification (Cal-PV) phase. We selected data sets
taken in full frame mode with thinl filter, excluding data with

In X-ray data analysis, understanding properties of backgro
in the data is crucial in order to extract actual source X-ray;
in particular for extended objects with low surface brightnegﬁty
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Fig.1. (Leff) Light curve of a Lockman Hole observation.
(Righ?) Count rate histogram of the light curve. Two vertical lines are
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Fig. 3. Average (dot) and internal (open square) background spectra of
the EPIC-pn. The prominent line features are Al-K (1.49 keV), Ni-K
(7.48 keV), Cu-K (8.05,8.91 keV), and Zn-K (8.64, 9.57 keV) fluores-
cence lines.

exceeding 2.5 times the average value were excluded as a
source or noisy pixels. After eliminating those high count pix-
els, we again made a light curve and performed the temporal

_ _ _ _ screening as described above. The average exposure time re
Fig.2. (Leff) Pixel-counts histogram. The histogram of count ratmaining after the screening is about 19 ks. The sample may
of each image bin from the smoothed image. Solid line represepiresent typical observations. In the following sections, we

the best fit of Poisson distribution. The vertical line is the thresrihvestigate stability of the energy spectrum and the spatial dis-
old of 2.5 times the averageRigh?) Image masked pixels exceed thetribution of the background

threshold.

bright sources and observation time longer than 15 ks to ensﬁ'reSpeCtrum of EPIC-pn background

enough count statistics. In addition to those data sets, we agure 3 shows the average background spectrum of EPIC-
use a data set taken with the filter wheel in the closed positipn obtained from observations of all the thin filter data listed
(hereafter referred as CLOSED), which includes no contribim Table 1. Compared with the energy spectrum from the
tions from photons or particles through the X-ray telescop@LOSED data, which is overlaid in the same figure, the back-
The data sets used in our analysis are summarized in Tabledround spectrum is found to be dominated by the particle ori-
We have selected single and double pattern events. Figuigii events above 5 keV, while, below 5 keV, the cosmic X-ray
shows a light curve from one of the Lockman hole observhackground (CXB) is the major contribution. Below 0.3 keV,
tions. The light curve mainly consists of two characteristi@nother non-X-ray noise emerges. The prominent line features
components. One is the flaring component that is characterized Al-K (1.49 keV), Ni-K (7.48 keV), Cu-K (8.05, 8.91 keV),
by strong and rapid variability by two orders of magnitude @and Zn-K (8.64, 9.57 keV) lines (Freyberg et al. 2002a). The
the maximum. The other part of the light curve shows rathekcess emission at 0.6 keV is very likely due to characteristic
stable count rates and ought to be used for scientific analygimission lines from OVII and OVIlI that associated with the lo-
In order to exclude the flaring component, time periods whecal bubble (e.g. Tanaka & Bleeker 1977; Gendreau et al. 1995b)
the count rate deviates from the mean value during the quies- We next accumulated energy spectrum from each data set
cent period by+20 are excluded. We should note that therand obtained its ratio to the average spectrum, which are shown
are remaining low flux soft protons even after the flares arethe left panel of Fig. 4. The variations of count rate in each
excluded. The fraction of such protons to the backgroundesergy band are quantified with the standard deviation at a 1
important for accurate background estimation. However the efad illustrated in the right panel of Fig. 4. In the 0.5-12 keV,
fect of low flux soft protons is still under investigation (Martyit is almost constant at8%, while below 0.4 keV it increases
et al. 2002). Celestial sources and noisy CCD pixels are atso~14%. The variations at Al and Cu lines are significantly
excluded from the data in the following way. The image wasmaller than those of continuum. These lines come from the
binned with 40 sky pixels (2 and smoothed by a Gaussiarelectronic board below the CCD and do nfieated by the soft
of o = 4”. From the smoothed image made, we then mageotons, since those which can be scattered through the mirror
a pixel-counts histogram, which is the histogram of the cousystem can not penetrate the CCD. Therefore, high energy par-
rate of each image bin (Fig. 2). The pixel-counts histogram wasles which induce these lines may have a smaller variability
fitted with a Poisson distribution. The pixels with count ratethan the soft protons.
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Table 1. PN data summary.

Filter Thin
Observation ID Date of Orbitdl Exposur€  ERMS Object Symbol$
observation phase [ks] count
[h] NHEO/NHE1
0063.0123100201PNS001 2000-04-12 13.8 11.4 1R MS0737.97441 closed circle
00700123700101PNS003 2000-04-27 224 27.7 165 Lockman Hole closed square
0071.0123700201PNS003 2000-04-29 22.4 21.0 1656 Lockman Hole closed triangle
0073.0123700401PNS003 2000-05-02 13.8 10.0 165 Lockman Hole open circle
00780124100101PNS003 2000-05-13 22.3 21.4 165 RXJ0720.4-3125 open square
0081.0123701001PNS003 2000-05-19 255 17.6 /& Lockman Hole open triangle
0082.0124900101PNS003 2000-05-21 22.3 17.7 168 MS1229.26430 open diamond
0086.0125300101PNS013 2000-05-28 7.8 26.2 14638 J104433.04-012502.2 closed asterisk
0181.0098810101PNS003 2000-12-04 15.9 18.5 20% WW Hor open asterisk
CLOSED
Observation ID Date of Orbitdl Exposur€  ERMS
observation phase [ks] count
[h] NHEQ/NHE1
00590122320701PNS003 2000-04-05 255 42.3 124B.1

@ Hours after perigee exit.

b After the screening of the flaring component.

¢ Count rate of EPIC radiation monitor (high energy part).
4 Symbols in Fig. 4 (left), 5, 11, 12, and 13.

€ No data.

fluctuation of spectra
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Fig. 4. (Left) Ratios of individual background spectrum to the average. The meaning of the symbols are summarized inRegi Stgndard
deviation of background spectra in each energy band atla\il.

In order to investigate the stability of the shape of the backackground spectrum is stable within 5%. Below 1.3 keV, no
ground spectrum, we divided the spectrum into seven enegpod correlation is seen. In the 0.4-1.3 keV band, this is prob-
bands (0.2-0.4 keV, 0.4-1.3 keV, 1.3-1.7 keV, 1.7-4.0 keably due to variation of the CXB component in the soft energy
4.0-7.2 keV, 7.2-9.2 keV, and 9.2-12.0 keV) and derived thegion. No correlation seen between the 0.2-0.4 keV and 4.0—
ratios between diierent energy bands. Figure 5 shows the r&-2 keV indicates that the non-X-ray noise that dominates the
lations of count rates between 4.0-7.2 keV and the other §i2—0.4 keV count rate vary independently from the CXB and
energy bands. In the 1.3-12.0 keV band, the shape of the particle origin events.
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Fig. 7. Standard deviation of the Radial profile of EPIC-pn back-
ground.

profiles show the telescope vignettingjeet. A sudden drop at

Fig. 5. Relations of background count rates between 4.0-7.2 keV aha arcmin radius corresponds to the edge of the field of view
other six energy banda) 0.2-0.4 keVp) 0.4-1.3 keVg) 1.3-1.7 keV, (FOV), outside which no sky X-rays are supposed to be de-
d) 1.7-4.0 keVe) 7.2-9.2 keV, and) 9.2—-12.0 keV. The meaning of tected. The 7.2-9.0 keV band is dominated by Cu line, which
the symbols are summarized in Table 1. The solid lines correspondgmriginated from the electronics circuit board placed beneath

the best fit regression lines.
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Fig. 6. Radial count rate profile of EPIC-pn background.

4. Spatial distribution of background

Figure 6 displays the radial count rate profile of the bac

radius (arcmin)

the CCD exceptthe central about 6 arcmin region (see Freyberg
et al. 2002b) In the highest energy band, 9.2-12.0 keV, the
count rate profile is almost flat with some excess in the cen-
tral ~6 arcmin region, which may correspond to the structure
of the electronics circuit board. We summarized characteristics
of all background components in Table 2.

As for the energy spectrum, we examined the stability of
the radial count rate profile. Figure 7 shows the dtandard
deviation in the 2.0-7.0 keV band, which is virtually constant
over the detector. Figure 8 shows the correlations of count rates
between outside of FOV and inside of FOV foifférent en-
ergy bands (0.2-0.4 keV, 0.4-1.7 keV, 1.7-7.2 keV, and 7.2—
12.0 keV). Open circles, filled circles, and filled squares in-
dicate the count rate in the = 0-8, 5-10, and 10-15 re-
spectively. Each count rate is normalized by the average count
rate. From these plots, the shape of the radial count rate profiles
found to be unchanged within 4% for the 1.7—7.2 keV band and
10% for the 7.2—12.0 keV band. No good correlation is seen in
the 0.2-0.4 keV band and the 0.4-1.7 keV band, which is very
likely due to the variation of the non-X-ray noise and the CXB,
respectively.

E_. Long-term variation of the background

grounds in diferent energy bands. In the 0.2—0.4 keV band prive investigated long-term variation of the background count
file, the count rate increases beyoyit? arcmin, which caused rate. For the study, we used CAL CLOSED data, which is taken
by a concentration of the non-X-ray noise around the readliring the CCD is exposed by the calibration source mounted
out node. In the 0.4-4.0 keV band where CXB dominates, the the filter wheel. This operation is performed every orbit
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Table 2. Characteristics of all background components.

Band (keV) Vignetted Note

0.2-0.4 no non-X-ray noise around the readout node
0.4-1.3 yes CXB dominant
1.3-1.7 yes Al K line
1.7-4.0 yes CXBr Internal background
4.0-7.2 yes CXBr Internal background
7.2-9.2 no Ni, Cu, and Zn lines, Structure of electronics circuit board
9.2-12.0 no Internal background dominant
Correlation 0.2—0.4 keV Correlation 0.4—1.7 keV
T T T T T T T T T T T T T T T T T T T b T T T T T T T T T T T T T [ T T
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Fig. 8. Correlations of count rate between the region of outside of FOV (corner) and inside of FOV (skffeiemnti energy bands;) 0.2—

0.4 keV,b) 0.4-1.7 keV,c) 1.7-7.2 keV, andl) 7.2-12.0 keV. Each count rate is normalized by the average count rate. Open circles, filled
circles, and filled squares indicate the count rate inrtke 0-8, 5-10, and 10-15 respectively. The solid lines correspond to the best fit
regression lines.

during the satellite orbit is the closest to the Earth and no dimund only below 7.2 keV. Therefore, the 7.2-13.0 keV band of
servation is possible due to high flux of low energy electrorthe CAL CLOSED data can be usable for monitoring the count
In Table 3, the CAL CLOSED observations we used are listette of the particle origin events.

The data are free from sky X-rays and soft protons and Figure 10 displays the long-term light curve in the 7.8—
could be used for monitoring particle background. Figure @3 keV and 10.0-13.0 keV band derived from the CAL
shows the 5.0-13.0 keV spectra taken from one of CACLOSED data from March 2000 to October 2001. The aver-
CLOSED data compared with the Lockman hole data and thge background count rate decreased by 20% from March 2000
CLOSED data. The contribution from the calibration source is January 2001, while, it regained in February 2001. Before
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Fig.9. Spectra of CAL CLOSED (open diamond), Lockman hol€ount rate. However, as shown in Flg 11, there is no clear cor-

(filled circle), and CLOSED (solid line) data. relation between the 2.0-7.0 keV count rates and the number
of discarded columns. The correlation @baent for this data
setis 0.544.

ACIS background (see Fig. 9 on Markevitch 2001). The changgich pass through or stop in the CCD with losing its energy.
at February 2001 corresponds to a change of the operation;@fr the other hand, the 2.0-7.0 keV background, in particular
ter February 2001, the CAL CLOSED data are taken at pogie continuum, is attributed to a smaller number of particles
tions with high radiation, when no scientific observations cafat have a certain configuration of the energy and the inci-
be performed. Note that most of the data we used in Sectyeht direction. Therefore, the 2.0—7.0 keV background count
and 4 are taken from 103rd to 149th day, and the long-tefgte would fluctuate largely by the temporal change of the par-
variations do not fiect the results. ticle energy spectrum. As shown in the low-gain observation of
EPIC-pn, the spectrum of low-energy particles< 250 keV)
6. Possible methods of the background modeling _cha_mges below 50 key (see Fig. 9 inu&ier et_aI. 2(.)01)' This
indicates the population of high energy particles is not simply
Although, the count rate of the background in quiescent periodnsist of single component. Further investigation with the low
is rather stable (within 8% fordt), a data set may haveftér- gain observation data would be helpful to understand the origin
ent count rate as large as 50% or more from the average vadfiehe background.
as seen in the long-term light curve. Therefore, applying the
average background may not work generally.

In this section, we look for a method to predict the back6-'2' Count rate 0 10.0-13.0 kev
ground count rate for an observation, that should work for ti@r many sources, X-ray flux above 10.0 keV are negligibly
data where the source emission covers the entire FOV, likesanall compared to the background. Thus, the count rate above
observation of a nearby cluster. As a parameter for monitd®.0 keV could be used for modeling the background.
ing the background count rate, we here consider the following In Fig. 12, the background count rates in 10.0-13.0keV are
three parameters: (1) number of discarded columns, (2) coplutted against those in 2.0-7.0 keV, showing a good correla-
rate of 10.0-13.0 keV, and (3) count rate of outside of FOV. tion. The correlation cd&cient for these data is 0.929, and the

scatter is less than 8%.

6.1. Number of discarded columns

In the data processing of EPIC-pn, the column that detects %r‘? Count rate of outside of FOV

event above upper energy threshold and its neighbor colunthsents detected in the outside of FOV are mostly originated
are removed from the data as a background (Appendix fobm high energy particles and are expected to be a good mon-
Freyberg et al. 2002b). This is called minimum ionizing paitor of the background in the FOV. Figure 13 displays the 2.0—
ticle (MIP) rejection. As most of these MIP events are part¥.0 keV count rate detected outside of FOV vs. that in FOV. It
cle events, the number of columns that are discarded by 8t®ws a good correlation. The correlation fméent is 0.983,
process is expected to be related to the remaining backgroand the scatter is less than 3%. Therefore, the count rate of
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Table 3. CAL CLOSED data summary.

Observation ID Date of Exposlire Observation ID Date of Expostire
observation  [ks] observation  [ks]
00490094810801IPNS001  2000-03-15 3.7 017099280601PNS010 2000-11-15 5.4
00550122310101IPNS003  2000-03-27 4.6 017232530401PNU0O32 2000-11-16 12.6
00550122310201PNS003  2000-03-27 17.7 0171 32530501PNS001  2000-11-16 15.6
00550122310301IPNS003  2000-03-28 23.8 0171R06660301IPNS003  2000-11-17 1.6
00550122310401IPNS003  2000-03-28 2.2 0177109990501PNS005  2000-11-25 0.8
00590122320101IPNS003  2000-04-04 21.7 01712910401PNS001  2000-11-29 1.7
00739999990071PNU002  2000-05-02 3.4 0180109130901PNS001  2000-12-01 1.7
00750124300101IPNS003  2000-05-06 5.1 0187113050901PNU002 2000-12-15 4.0
00800124700101PNS003  2000-05-17 35.1 018812650601PNS003  2000-12-17 1.8
00840125110101IPNU002 2000-05-24 4.3 0192110011701PNS005  2000-12-29 1.7
00850125120101IPNS005 2000-05-26 5.4 02(ID20000004PNS003  2001-01-11 1.5
0087.0124930101IPNS003  2000-05-30 6.3 020199010201PNS003  2001-01-14 1.2
00880125320301PNS010  2000-06-02 1.6 0203067190301PNS003  2001-01-24 0.9
00880125130101PNU0O07 2000-06-02 1.8 020%020900002PNS003  2001-01-28 1.5
00900125920201IPNS008  2000-06-05 3.9 020320900003PNS003  2001-01-29 1.5
00940126700101PNU002  2000-06-13 1.7 0219021000002PNS003  2001-01-31 1.5
0096.0006810201IPNS003  2000-06-17 12.4 021®21300003PNS003  2001-02-06 1.5
00980124711801IPNS001  2000-06-21 6.1 0219921600002PNS003  2001-02-11 1.5
01000097820101IPNS013  2000-06-26 1.3 022%)22140501PNS004  2001-02-25 1.7
01020096210101IPNS003  2000-06-29 9.5 021D93620801PNU003  2001-02-27 2.9
0107.0112600601PNS010  2000-07-09 6.0 022®21750801PNS006  2001-03-03 1.5
01160097610901IPNS005 2000-07-27 7.0 022W01730401PNU002 2001-03-09 3.5
01160102040901IPNS003  2000-07-28 1.4 023®61540201PNS003  2001-03-27 2.8
01180110890601PNS001  2000-07-31 5.2 0241109990601PNS005  2001-04-02 2.3
01200102641801PNS001  2000-08-04 7.2 024B8.07460101PNS003  2001-04-10 2.6
01230128720301PNS001  2000-08-10 2.8 0258.12290401PNS003  2001-05-06 3.5
01230128720501PNS001  2000-08-11 8.4 0261026100003PNS003  2001-05-13 1.5
01240128720601PNS001  2000-08-12 5.1 026B36750301PNU002 2001-05-22 14.1
01240128720901PNS001  2000-08-13 16.7 026%26600001PNS003  2001-05-22 1.5
01240128721001IPNS001  2000-08-13 3.1 026893641301PNS003  2001-05-26 3.8
01250110010101PNU002 2000-08-14 8.6 02794027400002PNS003  2001-06-07 1.5
01250110010101PNU015 2000-08-15 31.9 0278)27600002PNS003  2001-06-11 1.5
0127.0112260601PNS003  2000-08-18 8.2 0270136550201PNS003  2001-06-13 1.0
01310129121101IPNS011 2000-08-26 9.3 02747540701PNS003  2001-06-17 2.5
01330103861901IPNS001  2000-08-29 5.9 0288.09270501PNS003  2001-06-29 3.8
01350101440901IPNS003  2000-09-02 7.3 028%32141001PNU002 2001-07-05 2.3
01380101441201IPNS003  2000-09-08 7.3 031M 34540501PNS005  2001-08-18 3.8
01400129340401IPNS001  2000-09-12 4.6 031R.11070301PNS005 2001-08-24 3.4
01420104660201PNS003  2000-09-16 4.2 031R8.10012201PNU002 2001-08-25 3.6
01440105261901IPNS003  2000-09-20 3.2 0310089940701PNS003  2001-09-01 2.1
01500105262301PNS003  2000-10-03 13.4 037M.09490801PNS005  2001-09-09 2.1
0166.0132121901IPNS001  2000-11-03 5.2 0322111520101PNS013  2001-09-11 2.8
01710099280501IPNS010 2000-11-13 6.8 031M12660201PNS005  2001-09-15 2.2

a After the screening of the flaring component.

outside of FOV (hereafter COF) shows the best correlatitimee 2.0-7.0 keV band becomes the same as that of the aver-
among the three parameters we examined here. Note thatagle background, and calculated the variations (standard devi-
though the out-of-time events (8tér et al. 2001) that contam-ations of Ir), which is shown in Fig. 14. The variation of the
inates the outside of FOV have not been subtracted, 30% copntbackground spectra decreases from the original scatter of
rate fluctuation inside FOV causes the count rate variation886 to 2% in the 2.0-7.0 keV, while the soft energy band be-
the outside FOV by at most 2%. low ~1 keV do not change. This is because the COF represents
The correlation should be used to predict background @fly the flux of the high energy particle events. The variation
an observation. A predicted background of an observation darthe 7.0-9.0 keV band where characteristic emission lines are
be given from the average background scaled to have the s&@kected was not improved as much as the 2.0-7.0 keV band,
COF as that of the observation. In order to examine theazy, either. This corresponds to the scatter seen in Fig. 5e. The ra-
we renormalized each spectrum in Fig. 4 so that each COFdial profile of the standard deviation in the 2.0-7.0 keV shows
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Fig. 11. Discarded column vs. 2.0-7.0 keV background count ratgig 13. Correlation between the 2.0-7.0 keV count rate of outside
The correlation ca@écient is 0.544. The meaning of the symbols argf FOv and that of in FOV. The correlation dieient is 0.983. The
summarized in Table 1. The solid line corresponds to the best fit feaning of the symbols are summarized in Table 1. The solid line
gression line. corresponds to the best fit regression line.

RE————T7T T T 7 T T T T T T T T
count rate per unit area on the focal plane. The normalized
spectra are shown in Fig. 15. As these spectra include the CXB
component, a direct comparison of the particle event flux is
meaningful only above about 5 keV. Théfdrence of the back-
ground count rates amongfidirent instruments should be ex-
plained by the cosmic-ray-particle flux depending on the satel-
lite orbit, and the sensitivity of the CCDs, which is governed
by the thickness of the depletion layer and other structure (e.g.
- front-illuminated or back-illuminated).

In Fig. 16, each spectrum is normalized by tHEeetive
area of the X-ray telescope plus CCD at its focus and by the

1.8

1.6

2-7 keV rate in FOV (c ks™! arcmin?)
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P Y

1

P Y

1

0.55
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0.65

10-13 keV rate in FOV (c ks™!

-2
arcmin”“)

0.7

0.75

solid angle of the FOV. Thus, it represents a surface brightness
of the background, and gives a measure of sensitivityffask
objects. Although the /8l ratio also depends on the angular

size of X-ray emission and the PSF of the telescope, we here

Fig. 12. Correlation between the 10.0-12.0 keV count rate and tG@mpare the sensitivity to very extended objects like nearby

2.0-7.0 keV count rate. The correlation fbgent is 0.929. The mean- clusters or SNRs. Note that the XMEPIC-pn has 10 times

ing of the symbols are summarized in Table 1. The solid line corr@rger dfective area but 2 times longer focal length than the

sponds to the best fit regression line. ASCA/SIS, which reduces background count rate by a factor

of (22/10) = 0.4 for the same count rates per unit area on the

] ) focal plane. Since the particle background count rate for XMM

the improvement from 8% to 2% except in the central 4 arcmigd ahout 5 times larger than that of ASCRAS, the ASCASIS

radius region, where the contribution from the cosmic X-rgy gj|| the most sensitive for faint fiiise sources among those
background is the maximum. CCDs.

7. Comparison with ASCA and Chandra 8. Summary and discussion

In this section, we compare the spectra of the backgroundWwé investigated the properties of the EPIC-pn background. A
different X-ray CCDs onboard various satellites, which includgpical light curve of an observation shows violent variabili-
ASCA/SIS, ChandréACIS-I and ACIS-S, XMMEPIC-pn and ties due to the soft protons, while, after eliminating such high
EPIC-MOS. We here treat these detectors separately, althoaghnt rate periods, the count rate is found to be rather stable.
ASCA/SIS and XMMEPIC are equipped with multiple detec-The background energy spectrum is consist of high energy par-
tors. For ASCASIS, we used a blank-sky data base providditle events (continuum and characteristic emission lines) dom-
by NASA/GSFC, while the Chandra ACIS-S and ACIS-I datmating above 5 keV, the cosmic X-ray background dominating
used here are taken from blank sky observations compiledibythe 0.4-5.0 keV band, and the non-X-ray noise contributing
Markevitch (2001). Each spectrum is normalized by the physnaly below 0.4 keV. Background count rate from April 2000
ical size of the CCD, so that they represent the backgrouttdMay 2001 is found to be stable within 8% depending on
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Fig. 15. XMM, Chandra, and ASCA background spectra normalizeBig. 16. XMM, Chandra, and ASCA background spectra normalized
by CCD area. by effective area.

energy, but it gradually decreased by 20% by the end ofJanué_ nowledgementsThis work is _based on qbserv_ations obtained
2001. In addition to this long term trend, background coulft" XMM-Newton, ‘an ESA science mission with instruments
rate of an observation could fluctuate as large as 50% fr d contributions directly funded by ESA Member States and the

) (NASA). We are grateful to H. @&iringer and Y. Tanaka
the average. We found that the events detected in the Ouﬁ‘o‘? useful comments. This work is supported by the German-

field of view well represent the particle origin background iE’fapan collaboration program funded by the Japan Society for the

the field of view as well, which can be utilized for modelingomotion of Science and Max-Planck-Institut &xtraterrestrische
the background. For an actual modeling of the background, wgysik.

also need take into account the variation of the soft CXB below
2 keV from sky to sky (see e.g. Snowden et al. 1997).
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