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Abstract—On 2005 August 18–19 Suzaku observed the nearest radio galaxy, Cen A,
as part of the PV program. We arranged for RXTE, INTEGRAL and Swift to si-
multaneously observe Cen A during all or parts of the Suzaku observation. This pro-
vided 13 different instruments covering the energy range ≤0.5 keV to greater than 200
keV. Comparing spectral fits in the 2.5–250 keV band, where the nuclear component
dominates, allows us to study the calibration of each instrument, thereby identifying
instrumental systematics separate from those associated with the choice of spectral
model. Emission line residuals at the xenon Kα and LIII edge energies are seen in
the PCU2 spectra. A simultaneous fit to all of the data reveals a power law index
Γ=1.844+0.011

−0.010, an iron line at E(Fe)=6.381+0.005
−0.003 keV, and a low energy apec component

modeled above 2.5 keV as a broad emission line at 2.8 keV. The column density is
measured to be nH=19.81+0.14

−0.14×1022 cm−2. Non-simultaneous observations by Chan-
dra/HETG and XMM-Newton/EPIC are compared to the present results.

1 Introduction

Simultaneous observations of Cen A by Suzaku, RXTE, INTEGRAL, and Swift (Table
in Fig. 1) provided up to 13 different instruments viewing the same object covering the
energy range ≤0.5 keV to greater than 200 keV with focusing X-ray telescopes, coded
mask imagers, and mechanically collimated systems. Detection media included silicon,
germanium, CdTe, and CdZnTe semiconductors, NaI and GSO inorganic scintillators, and
xenon gas. Each of these media have different responses to the X-ray continuum from
Cen A, and systematic uncertainties in instrument calibration can be easily separated from
those originating in the choice of spectral model.

Instrument Livetime Rate Energy Range

PCA 9,472 21.23±0.06 2.5–10 keV

HEXTE 6,073 4.98±0.13 20–200

JEMX 42,080 1.28±0.04 2.5–10

ISGRI 83,160 7.53±0.10 20–200

SPI 92,453 0.014±0.001 20–200

XRT 10,086 0.627±0.008 2.5–10

BAT 12,165 14.92±0.70 20.–200

XIS(FI) 212,100 4.41±0.01 2.5–10.

XIS(BI) 69,018 3.72±0.01 2.5–10.

PIN 61,391 1.34±0.01 12.–90.

GSO 16,739 0.96±0.04 55.-400.

Figure 1: Instrument Livetimes and Rates

Chandra and XMM-Newton have also
observed Cen A, and while the variable low
energy absorption may be slightly different,
the results of Rothschild et al. (2006) indi-
cate that the power law index and iron line
parameters may not have changed signifi-
cantly. In order to extend this cross calibra-
tion of X-ray instruments in orbit, we in-
clude analysis of those observations, which
have been previously reported (Evans et al.
(2004). Chandra/HETG observed Cen A in
2001 May, while XMM-Newton/EPIC ob-
served in 2001, February.

Figure 1 gives the livetimes and count-
ing rates for observations of Cen A. The livetime is in seconds and the counting rate is in
counts per second in the given energy range. For the Swift /BAT, the rate is counts per sec-
ond per detector times 104 detectors, and the rate for the Suzaku/XIS(FI) is for the average
over 3 telescopes. Errors are 1σ.
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2 Spectral Analysis and Results
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Instrument nH Index EFe FluxFe EW χ
2/dof

PCU2 18.9+0.6

−0.3 1.84±0.03 6.29±0.09 4.5+0.9

−0.5 113 62.0/61=1.02
HEXTE 18.8 1.81±0.05 — — — 40.0/51=0.79
RXTE 18.8±0.6 1.83+0.12

−0.22 6.29±0.08 4.7±0.7 118 102.1/113=0.90

JEMX-1 14.2±4.9 1.79±0.13 6.38 ≤1.9 ≤51 78.4/64=1.23
ISGRI 18.8 1.96±0.05 — — — 26.5/19=1.40
SPI 18.8 1.77±0.18 — — — 18.1/18=1.00
INTEGRAL 18.8±3.5 1.93±0.04 6.38 ≤1.4 ≤34 129.1/103=1.25

XRT 15.5+0.9

−1.7 1.86±0.19 6.37±06 3.5±1.7 89.4 59.9/68=0.88
BAT 14.2 1.63±0.18 — — — 71.1/57=1.25
Swift 14.2±1.3 1.74±0.13 6.36±0.05 3.1+1.8

−1.5 78.6 133.1/126=1.06

XIS(FI) 18.8±0.1 1.77±0.01 6.378±0.004 3.3±0.1 74.6 1006/794=1.27
XIS(BI) 19.3+0.1

−0.3 1.72±0.02 6.3920.003
−0.006 3.0±0.2 74.6 277.1/239=1.16

PIN 19.1 1.88±0.01 — — — 119.3/78=1.53
GSO 19.1 1.77±0.17 — — — 19.8/15=1.32
Suzaku 19.1±0.1 1.78±0.01 6.381±0.003 3.3±0.1 74.1 1556/1093=1.42
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Figure 2: Best fit spectra and spectral parameters for a simultaneous fit of
all instruments on a given satellite. Upper plots are the counts histograms
versus energy, and the lower plots are the residuals to the fits expressed
as delta chi values.

Images of Cen A (Kraft et
al. 2002) reveal that the
nuclear component domi-
nates above 2.5 keV. We
limited the spectral analy-
sis to energies greater than
2.5 keV, and this allows for
comparisons between the
telescopes and instruments
with limited imaging ca-
pability. All instruments
were fit to the spectral
model phabs*(pegpwrlw +
gauss(Fe))+ gauss(broad),
and used the abundances
of the interstellar medium
of Wilms, Allen, & Mc-
Cray (2000). An addi-
tional low energy compo-
nent became apparent in the
Suzaku/XIS(FI & BI) spec-
tra. It takes the form of a
broad (σ=0.70 keV) line at
2.82±0.05 keV with 2% of
the power law flux seen di-
rectly, and was included in
all fits. RXTE /PCU2 anal-
ysis was improved by mod-
eling a weak (4% of back-
ground) instrumental fea-
ture as a Gaussian at 29.2
keV, and another at the xenon LIII edge energy (4.7 keV). The resulting spectral histograms
were binned in some cases to provide better statistical significance (Figure 2).

Best fit spectral parameters for fitting the various instruments to the Cen A spectrum
are given in Table 2. Simultaneous fits to the instruments aboard a given satellite are also
given. Errors are 90% confidence; nH is in units of 1022 cm−2; The iron line energy is in
keV; the equivalent width in eV; and the iron line flux is in units of 10−4 photons cm−2 s−1.

3 Chandra and XMM-Newton

Chandra and XMM-Newton observed Cen A in 2001 May and 2001 February, respectively
(Evans et al. 2004). Chandra observed with the HETG in place. The ACIS detector’s zeroth
order image of Cen A was highly piled-up and unable to give a reliable spectrum for model
fitting. The HEG was fit over 2.5–9.5 keV and the MEG was fit over 2.5–7.0 keV. XMM-
Newton EPIC detectors suffered pile-up also, and the data were extracted from the wings of
the PSF. All three instruments data were fit separately above 2.5 keV. The best-fit spectral
parameters are given in Figure 3. The Chandra/HETG power law index, 1.67±0.05, was
significantly flatter than for the general case of the other 4 missions, as well as 6 previous
RXTE and 5 BeppoSAX observations over the past decade (Grandi et al. 2003; Rothschild
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et al. 2006), while the XMM-Newton/EPIC index, 1.79±0.03, was marginally flatter. This
may be an indication of incomplete modeling of the Chandra/HETG and, to a lesser extent,
XMM-Newton responses in the PSF wings, or an instance of the continuum significantly
flatter than other Cen A observations.

4 Instrumental Comparisons

Instrument nH Index EFe FluxFe EW χ
2
ν

Chandra/HEG 18.0+0.8

−0.6 1.67±0.07 6.373±0.013 3.0+0.1

−0.4 50.5 0.81
Chandra/MEG 17.9±0.8 1.63±0.11 6.380+0.060

−0.031 4.1±1.4 68.1 0.83
Chandra/HETG 18.1±0.5 1.67±0.05 6.377±0.012 3.3±0.5 55.7 0.81
XMM /MOS 16.4±0.6 1.73±0.06 6.401±0.016 3.5±0.5 94.3 0.96
XMM /PN 16.5±0.4 1.81±0.04 6.435±0.016 2.8±0.3 84.4 1.87
XMM 16.6±0.3 1.79±0.03 6.419±0.011 3.2±0.3 87.5 1.31
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Figure 3: Best fit spectral parameters for Chandra/HETG and XMM-
Newton/EPIC instruments. Simultaneous fits to the instruments aboard
each satellite are also given. The XMM /MOS parameters are from a
simultaneous fit of MOS1 and 2. Errors are 90% confidence; nH is in
units of 1022 cm−2; The iron line energy is in keV; the equivalent widths
are in eV; and the iron line flux is in units of 10−4 photons cm−2 s−1.

When comparing the differ-
ent instruments’ responses
to the 2.5–250 keV Cen A
spectrum, one can 1) inter-
compare the best-fit spec-
tral parameters from indi-
vidual instrument fittings,
2) simultaneously fit all
11 instrument counts his-
tograms to produce a sin-
gle set of best-fit parame-
ters along with normaliza-
tion constants for each in-
strument, or 3) fit 9 instru-
ment counts histograms with the best-fit parameters of the tenth instrument, which is con-
sidered to be the standard.

Using the values given in the table in Fig. 2, the column density, nH, is ∼19×1022 cm−2,
for PCU2 and XIS, while the XRT value is lower and JEMX is essentially insensitive. Best-
fit power law indices generally agree or are close to agreeing with the PCU2 best-fit value
(1.81–1.86), with the exception of ISGRI (too steep), and BAT and XIS(BI) being too flat.
PCU2 and XRT both agree with the XIS on the iron line centroid (6.38 keV), while PCU2
derives a line flux ∼50% higher than the XIS value (∼3×10−4 cm−2 s−1. XRT is consistent
with the XIS value, but the JEMX upper limit to the line flux is significantly lower.

5 Simultaneous Fit to All 11 Instruments

A simultaneous fit to all 11 instruments results in a best-fit with χ2
ν
=1.37. The resulting

best-fit parameters are very close to those of PCU2, with the exception of the column
density (nH=(18.0–18.6)×1022 cm−2). If the column density is held to the PCU2 2-60 keV
best-fit value, the χ2

ν
rises to 1.89, due to the mis-match with the XIS result. Figure 4 shows

the simultaneous fit using the PCU2 value of nH, except for the XIS, which is free to fit nH.
This results in a χ2

ν
=1.30.

When compared to PCU2, the normalization constants for the other 10 instruments are:
HEXTE=0.88±0.02, JEMX1=0.98±0.03, ISGRI=1.10+0.03

−0.01, SPI=1.53±0.13, XIS(FI)=1.14±0.01,
XIS(BI)=1.01±0.01, PIN=1.19±0.01, GSO=1.02+0.06

−0.02, XRT=1.10±0.03, and BAT=1.17±0.09.

6 Summary and Conclusions

This investigation of the intra-calibration of 11 X-ray/hard X-ray instruments during con-
temporaneous observations from 4 satellite missions has found that comparisons of instru-
ments utilizing different detection media and imaging techniques produce a good spectral
fit to a common spectral model, when a weak low energy component is included. The
major discrepancies in the overall fitting are: 1) INTEGRAL /ISGRI finds a spectral index
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steeper than the common fit by 0.1. This is due to an assumption for the Crab spectral
index that is steeper than that used by the other instruments for response calculations; 2) a
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Figure 4: Simultaneous fit of all 11 instruments to the Cen A
spectral model. nH=19.81±0.14×1022 cm−2, Γ=1.844±0.010, and
E(Fe)=6.381+0.005

−0.003. χ2
ν
=1.37. Normalization of each instrument was free

with respect to that of the PCU2.

large “snake” feature in the
Swift /BAT along with a
marginally flatter spectral
index; and the RXTE /PCU2
iron line flux is signifi-
cantly larger than that found
by Suzaku/XIS telescopes.
The normalizations of the
various instruments with re-
spect to the RXTE /PCU2
are within ∼10% for the
most part, with INTEGRAL /SPI
having the largest differ-
ence (53%±13%). In 2001
Chandra/HETG measured a
much flatter continuum
(Γ=1.67±0.05) and agreed
on the iron line centroid and
flux, while 3 months earlier
XMM-Newton/EPIC mea-
sured the index to be marginally
flatter (1.79±0.03). Instru-
ment normalization values
are only applicable to the
Cen A data and spectral
model. There is NO uni-
versal normalization value
for an instrument; such
values are spectrally de-
pendent.
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