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The North Polar Spur (NPS) is a region of enhanced soft X-ray and radio emission
projected above the plane of the Galaxy, likely produced by a series of supernovae and stellar
winds from a nearby OB association. Knowledge of the relative chemical abundances and
plasma conditions within the NPS would constrain its formation. We present observations of
the NPS using the X-ray Imaging Spectrometer (XIS) aboard the Suzaku X-ray satellite. The
exceptional sensitivity and spectral resolution of the XIS below 1 keV allow unprecedented
probing of low-energy spectral lines, including CVI (0.37 keV) and NVII (0.50 keV), and
we have detected highly-ionized nitrogen toward the NPS for the first time. The best-fit
emission model implies a hot (kT ∼ 0.25–0.3 keV), CIE plasma with depleted abundances of
less than 0.5 solar, but an enhanced nitrogen abundance (N/O ∼ 3–5 solar). The temperature
and total thermal energy of the gas suggest heating by one or more supernovae, while the
enhanced nitrogen abundance is best explained by enrichment from stellar material that has
been processed by the CNO cycle. This work is supported by NASA grant NNG05GM92G
and funding from the Japan Society for the Promotion of Science (JSPS).

§1. Introduction and Observations

The North Polar Spur (NPS) is the brightest part of Loop I, a region of enhanced
soft X-ray and radio emission extending above the plane of the Galaxy. The Loop
I emission likely results from a series of supernovae and continuous stellar winds (a
superbubble) from the nearby Scorpius-Centaurus OB association,1)–4) and the NPS
is thought to result from a recent reheating event whose exact nature is uncertain.5)

The chemical abundances and plasma conditions within the NPS could shed light on
its formation, and with the Suzaku X-ray satellite we are able to probe the low-energy
emission lines of C and N in this region for the first time.

The observations were obtained on 3 October 2005, with an XIS exposure time
of 47 ksec. They were processed with rev0.7 of the pipeline and filtered for hot pixels
and times of high background. Point sources were identified and excluded from the
extracted diffuse emission spectra. The combined XIS frame is shown in Figure 1.

§2. North Polar Spur Emission—Enhanced Nitrogen

The diffuse emission spectrum is produced by a number of sources along the line
of sight, subject to varying amounts of absorption. We clearly see emission lines indi-
cating an optically-thin hot plasma, including those of C, N, O, Fe, Ne, and Mg (see
Figure 2). To facilitate comparison to the XMM-Newton results,6) we have adopted a

typeset using PTPTEX.cls 〈Ver.0.9〉
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Fig. 1. Combined 0.3-5.0 keV image of the

XIS field of view. Likely point sources are

identified by white circles and are excluded

in the diffuse emission analysis. The opti-

cal DSS image with X-ray contours (inset)

shows the bright double star HD 157310

near the bright X-ray point source.

similar model which includes four com-
ponents: the local hot bubble (LHB),
the Galactic halo (GH), the extragalac-
tic background (EB), and the NPS itself.
We fit for these four components after
subtracting the dark Earth (non-X-ray)
background, using a contamination-
corrected response function. The best-
fit parameters are shown in Table I.

The formal fit is poor, although the
residuals suggest spectral resolution er-
rors as cause for the high χ2. The CVI
and OVII lines are produced primarily
by the GH component, while the NVII,
OVIII, and other lines are produced by
the NPS. The NPS carbon abundance
is poorly constrained, while there ap-
pears to be an overabundance of nitro-
gen. Other abundances are similar to
previous results.

2.1. Instrumental Effects?

The BI spectrum has a low-energy shoulder on the OVII line which may fill in
the NVII line. This is seen in some other full-frame XIS observations, and its nature
is unknown at this time. The calibration of the FI detectors near the O edge (530
eV) may lead to residual features in this region. All detectors have uncertainties
regarding the magnitude and composition of the filter contamination as well.

Fig. 2. XIS1 (BI) spectrum of the diffuse NPS emission, showing additive emission components for

the model described in Table I.
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2.2. Background Emission?

Table I. NPS Diffuse Emission Model

Local Hot Bubble (LHB)

unabsorbed APEC

kT 0.1 keV (fixed)

NH 0 (fixed)

abundance solar (fixed)

EM 0.0034 ± 0.0003 pc cm−6

Galactic Halo (GH)

absorbed APEC

kT 0.1 keV (fixed)

NH 5.63×1020 cm−2 (fixed)

abundance solar (fixed)

EM 0.047 ± 0.003 pc cm−6

Extragalactic Background (EB)

absorbed broken power-law

Γ1 2.0

Γ2 1.4

Ebreak 0.7 keV

Non-X-ray Background

from night earth data

Contamination

from empirical relation in xissimarfgen

NPS Plasma (NPS)

partially absorbed APEC

NH > 95% LOS value

kT 0.29 ± 0.01 keV

EM 0.13 ± 0.01 pc cm−6

abundance (wrt solar):

C < 0.12

N 1.15 ± 0.20

O 0.29 ± 0.05

Ne 0.43 ± 0.10

Mg 0.41 ± 0.10

Fe 0.45 ± 0.08

χ2 1.26 (1041 dof)

Note: errors are 90% confidence

Scattered solar X-rays and solar
wind charge exchange (SWCX) can both
produce emission lines in this region.
Based on the stability of the light curve
in this spectral region, the measured flux
from other SWCX results, and the ap-
parent lack of other enhanced emission
lines, we conclude that both emission
sources are unimportant.

2.3. Real NVII Feature?

If the N VII feature is real, nitrogen
is overabundant compared to oxygen in
the NPS. The heated material, possibly
lying in a shell around the Sco-Cen OB
association, likely has been enriched by
ejecta from AGB stars which have built
up nitrogen via the CNO cycle. The car-
bon abundance remains unexplained.

§3. Point Source

Emission—An Interacting Binary

The field of view was inadvertently
centered on a bright X-ray point source,
1RXS J17228.9+045402. The X-ray
spectrum, shown in Figure 3, is well-
fit by a an absorbed, two-component
thermal emission model (APEC) with
kT 1 = 0.75 keV, kT 2 = 3.0 keV, so-
lar abundance, and χ2

r = 1.04 for 488
degrees of freedom. The intervening ab-
sorption is < 10% of the line of sight
value. The 0.5–5 keV flux of the source
is (5.8 ± 0.2)×10−13 erg cm−2 s−1.

A search in other wavebands produces a known double star near this location,
HD 157310 (B=10.1,V =9.8) and BD+04 3405B (V =10.8; see inset in Figure 1).
The fainter star is within 6” of the cataloged position for the RXS source, and is
likely associated with it. From the classified G5 spectral type of the brighter star,7)

we tentatively identify the source as an RS CVn interacting binary at a distance of
about 88 pc, with LX ∼ 5×1029 erg s−1.



4 E.D. Miller et al.

Fig. 3. Bright point source BI (black) and averaged FI (red) spectra overplotted with the best-fit,

APEC+APEC model. The lower panel shows the residuals.

§4. Summary

We detect NVII emission from the NPS for the first time with Suzaku. We also
detect CVI emission along this line of sight, but the responsible source is poorly
constrained. The derived abundance ratios show an overabundance of nitrogen by
a factor of ∼ 4. We interpret this as due to enrichment of the heated material by
winds from AGB stars, which expel nitrogen-rich material from dredge-up processes.
The heating mechanism is likely a recent supernova.

We serendipitously observed a ROSAT BSC source, and characterize it as an RS
CVn interacting binary. Detailed optical spectroscopy is needed for confirmation.
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