
INTRODUCTION
X-ray emission can be generated by CX between highly charged ions of a hot plasma and neutral species of an 
interacting cool/warm gas, a phenomenon well described and confirmed in the case of the solar wind interaction 
with neutrals in the solar system. The CX X-ray/EUV emission mechanism, which is extremely efficient, probably
contributes in other astrophysical situations, and in particular at interfaces between hot plasma and cool clouds or 
partially ionized interstellar (IS) gas. While the cooler sides of these interfaces are likely shielded from the hot 
plasma by magnetic fields, neutral atoms and molecules can pass through the boundary. Neutral gas from neutral
or partially ionized clouds may penetrate the hot gas of stellar wind bubbles or supernovae remnant (SNR) 
cavities. For a hydrogen atom entering a hot plasma, the mean free path for CX is of the same order as the mean
free path for collisional ionization for a large range of hot gas temperatures and neutral/hot gas relative velocities. 
The X-ray emission arising from charge transfer between neutrals and highly charged ions of the hot plasma 
occurs only within a very narrow layer, on the order of this mean free path. However, despite this narrowness, the 
CX emission may be significant relative to the thermal emission of the plasma, especially in the case of the lowest
hot gas densities (Lallement 2004).
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CONCLUSIONS & PERSPECTIVES
We investigated the presence of CX emission in two regions (the NPS, and the Ophiuchus dark cloud edge) of hot 
gas interaction with neutral IS material, using the O VII triplet spectral diagnostics. Both Suzaku and XMM spectra
of the NPS show a clear displacement of the triplet blend to lower energies, suggesting that the largest amount of 
the emission is coming from the lowest energy lines, consistant with emission from CX. The brightness of  the NPS 
supports the fact that the CX emission is local and not a contamination from CX in the heliosphere. At variance 
with the NPS, the much less intense ρ Oph spectrum is compatible with the combination of a pure thermal 
emission and contaminating heliospheric CX.
We obtained a new 50ks observation of the NPS during the XMM-Newton AO-9 in order to improve the statistics
and consolidate the detection of CX emission in the NPS. In addition, we will use a coupled ‘off-NPS’ observation 
of 30ks to correct for the solar wind CX contribution from the heliosphere and Earth. 
Using the He-like triplets as diagnostics of the emission mechanism would also greatly benefit from observations 
with Suzaku, that has excellent resolution at the lowest energies, and future calorimeter instruments.

ABSTRACT
Two recent high resolution spectra of the North Polar Spur recorded with XMM-Newton (Willingale et al. 2003) 
and Suzaku (Miller et al. 2008) show a displacement towards lower energies (relative to other lines) of the O VII 
and Ne IX He-like triplet centroids with respect to typical thermal emission models. Such a displacement is, 
indeed, not predicted in thermal emission models, but may be a signature of the charge exchange (CX) mechanism 
due to the relative strengths of the forbidden, intercombination and resonance lines in the triplets. We investigate 
this possibility by measuring the relative separation of the O VII triplet and the O VIII line, to avoid 
misinterpretation of calibration effects in the instruments. We present our results, and discuss the significance of 
interface CX emission in our understanding of the overall picture of the NPS hot gas distribution.

REFERENCES
-Egger, R. J., & Aschenbach, B. 1995, A & A, 294, L25
-Koutroumpa et al., 2007, A & A, 475, 901
-Lallement, R. 2004, A & A, 422, 391
-Lallement, R. 2009, SSRv, 143, 427
-Miller, E. D., et al. 2008, PASJ, 60, 95
-Snowden, S. L. 2009, SSRv, 143, 253
-Willingale, R., et al. 2003, MNRAS, 343, 995

THE NORTH POLAR SPUR
The North Polar Spur (NPS) is a region of enhanced soft X-ray 
and radio emission in the northern galactic hemisphere 
associated with the bright radio continuum source called Loop I 
(Figure 2). The origin and actual distance of the NPS are still 
under debate, but most likely the structure is a part of a hot IS 
bubble created by winds of young, hot stars and/or several 
supernova explosions. Egger & Aschenbach, (1995), for instance, 
suggest that the bright NPS emission arises from the most recent
supernova shock wave heating the outer shell of the Loop I 
superbubble, at a distance of  100 pc from the Sun. 

He-LIKE TRIPLETS AS SPECTRAL DIAGNOSTICS
In theory, SWCX emission exhibits very distinct spectral characteristics with respect to thermal plasma emission. 
For instance, the line intensity ratios in triplets of the helium-like ions O VII and Ne IX are very different and can
be used as spectral diagnostics to separate the two mechanisms. In CX collisions, where electron transfer from a 
neutral to a highly charged ion occurs, as opposed to a radiative recombination (i.e., for the capture of a free 
electron), the electron has a large probability of populating high energy shells, which strongly modifies the 
subsequent cascades. In the case of electron capture by hydrogen-like ions, the de-excitation of the newly formed
excited helium-like ions (e.g., N VI, O VII, and Ne IX) generates a Kα line complex considerably different that the 
case of electron impact.

RESULTS
We have re-analysed the Suzaku and XMM-Newton spectra of the NPS, fitting the O VII and O VIII lines by two
gaussians, while the oxygen abundances of the cosmic background thermal components were set to 0. We allowed
the line energy parameters to vary, and we found a ‘shift’ in both O VII and O VIII line energies (see Figure 4). The 
shift in the O VIII line energy (from the theoretical value 653.1 eV) is consistent with the residual gain variation for 
each instrument. To eliminate doubts on the influence of the instrumental gain variation in our analysis, we
calculated the O VII and O VIII line separation, that we list in Table 1. The uncertainty in the line separation is
probably dominated by the uncertainty in shape of the underlying quasi-continuum (in this case probably because
of lines of S, Ar, Ca and Fe). These measurements imply that the largest fraction of the emission (>60%) is in the 
two lowest energy lines of the triplet, which supports the presence of CX emission. Note that the total O VII and O 
VIII line intensities are ~27 and ~20 Line Units (photons cm-2 s-1 sr-1) respectively. This is ~10 times higher than the 
average heliospheric CX emission (Koutroumpa et al. 2007), and further strengthens the hypothesis that the CX 
emission producing the O VII line displacement must be local to the NPS region.
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Figure 1: (a) Model thermal bremsstrahlung for a 0.1 keV plasma and 
(b) model solar wind charge exchange spectra of the diffuse X-ray 
background O VII and O VIII lines folded through the Spectrum 
Röntgen Gamma calorimeter response. (extracted from Snowden 2009)
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Figure 4: Contour plots at the 1, 2, and 3σ levels of 
the O VII triplet centroid and the O VIII line energy
for : (a) the NPS spectra obtained with Suzaku (Miller 
et al. 2008), (b) the NPS spectra obtained with XMM-
Newton (Willingale et al. 2003) and (c) the ρ
Ophiuchus cloud region, following our analysis where
the line energies were free to vary. Note that the 
correction for the residual gain variation (which
applies to both O VII and O VIII) has not been 
applied in these figures, and the line energies
need to be scaled for each instrument.

Table 1: The first column lists the theoretical separation in energy between the O VIII line and the individual lines of the 
O VII triplet. Columns 2 & 3 list the energy separation between O VIII and the O VII triplet centroid (obtained by 
fitting the triplet with a Gaussian) in the case of a thermal model (calculations based on the CHIANTI database) and a 
heliospheric CX model (errorbar accounts for uncertainties due to the line of sight and the solar cycle activity). The last 
three columns list the measured line separation in the 3 cases examined here. 

Figure 2: The RASS map in the ¾ keV band (dominated by O VII & 
O VIII emission lines), and zoom on the NPS brightest region and the 
Ophiuchus dark clouds - Loop I interaction region. The dot and 
triangle represent the pointing directions toward the NPS from
Willingale et al. (2003) and Miller et al. (2008) respectively. The cross 
is the new NPS observing direction we obtained for the XMM-
Newton AO-9. The white circle is the closest view direction to the 
Ophiuchus dark clouds edge in the XMM-Newton archive.

Figure 3: Left panel - XMM spectrum of the NPS (Willingale et al. 2003). Right panel - Suzaku spectrum of the NPS (Miller 
et al. 2008). In both cases the O VII and Ne IX emission lines appear to be shifted to lower energies with respect to standard 
thermal models, while O VIII or Ne X are not. This is a possible signature of CX emission.

If CX emission can indeed arise from
cold/hot gas IS interfaces as suggested by 
Lallement (2004) and previous studies cited
therein, the NPS is an excellent target given
its proximity to the Sun and its bright soft 
X-ray emission.
Figure 3 shows two recent high resolution
spectra of the NPS recorded with XMM-
Newton (left:Willingale et al. 2003) and 
Suzaku (right: Miller et al. 2008). It is
interesting to compare the observed NPS 
spectra recorded by the two instruments 
with the model spectra. The authors in 
both cases have fitted the data with a 
thermal emission model which is
superimposed on the data in the two
figures. As noticed by Lallement (2009), the 
O VII and Ne IX triplets seem indeed to be
shifted with respect to the model by about 
10 eV, while the O VIII and Ne X lines are 
well centered.

Future missions, which include
nondispersive microcalorimeter
spectrometers, will be able to separate
thermal from CX emission by resolving the 
triplets (e.g., Figure 1, & Snowden 2009). 
However, for diffuse sources and with the 
spectral resolution of current missions, it is
almost impossible to separate the individual
lines of the triplets. Nevertheless, a 
displacement of the unresolved gaussian
centroid due to the different relative 
contributions of the triplet lines is
measureable with present resolving power. 
Such line ratios, or the triplet wavelength
‘shift’ in the case of unresolved features, if 
present in observed spectra, constitute a 
clear signature of the CX process.

We also selected a second field, near the edge of the Ophiuchus dark clouds, where neutral material from the 
clouds may be interacting with hot gas from Loop I (see Figure 2). However, this field resides, unfortunately, 
within the ρ Ophiuchus dark cloud region, and IS emission is strongly absorbed (the O VII and O VIII total 
intensities are ~10 and ~3 LU, respectively), leaving considerable space for contamination from CX emission from
within the heliosphere (~1/3 of the emission may well be heliospheric, Koutroumpa et al. 2007). Indeed, the 
centroid’s displacement is roughly compatible with a combination of 2/3 Thermal + 1/3 heliospheric CX emission. 
(From the theoretical values for each model, and giving a 2 to 1 weight ratio to each model’s centroid: ΔE (OVIII-
OVII)= 2/3*ΔE(Thermal) + 1/3*ΔE(CX) = 86.43 eV). 
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