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Abstract
In X-ray astronomy, it is open question that existence of the soft X-ray emission that changed in a short term (few days order). From the research in recent years, this radiation 
generated by charge exchange process that occurred between the solar wind and the interstellar matter. But, it was difficult to identify that this emission was generated by 
charge exchange reaction from the problem of spectral resolution of ongoing X-ray astrophysics Satellites.Our group advance the experiment that aim to reveal mechanism of 
Solar-Wind Charge eXchange(SWCX) occurred in space using high resolution X-ray spectrometer TES X-ray micro-calorimeters and 14.25 GHz ECR(TMU-ECR) Ion source .
Here, I present brief explanation of project overview and TES micro X-ray calorimeter , and I reports on the progress of experiments.

1. Introduction ~Soft X-ray background~

Fig1. ROSAT Soft X-ray All sky Map[1]. It is clear that existance of large scale structure.

4. TMU-ECR+TES calorimeter ~Expected scientific result~

Large scale structure and mysterious time-variation of Soft X-ray emission 
Correlation of solar-wind flux
Discovery of X-ray emission from comet[3]
　　　  → charge exchange process 
Evidence of charge exchange reaction earth atmosphere[2]

Possibility of origin of this emission is charge exchange reaction
 occurred between the solar wind and the interstellar matter. 

Energy spectrum of 55Fe obtained by TES x-ray microcalorimeter (Akamatsu et al. 2009)

Charge exchange process 
~unique tool for diagnosis thin atmosphere~

Interaction between highly Ionized Ion (Aq+) and neutral atomic (B).  
The Ion rob electron from atoms, and electron capture excited 
state of Ion. When electron transition from excited state to ground 
state, electron emit emission that has a same energy of gap .

emission (18, 25) correlate with the solar
wind ion flux and not with solar x-ray
intensity. Evidently, we can also exclude as
a major x-ray source any dust-related
mechanism. The only remaining viable
mechanism that can account for a major
part of cometary EUV and soft x-ray emis-
sion is the SWCX mechanism (48).

Minor ions in the solar wind exist in
highly charged states (29, 52), including
species such as O7!, O6!, C6!, C5!, N6!,
Ne8!, Si9!, and Fe12!. Experimental and
theoretical work in atomic and molecular
physics tells us that such ions readily un-
dergo charge transfer reactions in which an
incident ion removes an electron from a
target neutral atom or molecule (57–59).
The product ion remains highly charged
and is almost always left in an excited state.
This charge transfer (CT) reac-
tion can be represented by:

Aq ! ! B 3 A"q " 1# ! * ! B !

where A denotes the projectile
(e.g., O, C, Si, and so forth), q is the
projectile charge (e.g., q $ 5, 6, or
7) and B denotes the cometary tar-
get species (e.g., H2O, OH, CO, O,
H, and so forth). The excited
(denoted by *) product ion de-ex-
cites by emitting one or more pho-
tons [A(q – 1)!*3 A(q – 1)! ! h%,
where h% represents a photon].
For species and charge states
relevant to comets, the principal
quantum number of the ion A(q –

1)!* is usually about n $ 4, 5,
or 6. The classical over-barrier
model (60, 61), although not as
accurate as other atomic colli-
sion theories (62), graphically
illustrates why the product ions
are so highly excited (Fig. 4).
The de-excitation usually takes
place by cascading through
intermediate states rather than
by a single transition to the
ground state. If q is large enough (e.g., q &
4 for oxygen), then at least some of the
transitions lead to the emission of x-ray
photons (63); otherwise, the transition en-
ergies are smaller, and non–x-ray photons
are emitted.

An estimate of the local x-ray power
density (Px) can be obtained if only a single
CT collision occurs during the course of a
solar wind ion’s journey through the comet.
This collisionally thin approximation yields
the expression Px $ 'nswuswnn, where nsw,
usw, and nn are the solar wind proton den-
sity, solar wind speed, and neutral target
density, respectively (48). All the atomic
and molecular details, as well as the solar
wind heavy ion fraction fh, are swept into
the parameter ', which is given by ' ( fh

)*ct& Eave, where )*ct& is an average
CT cross section for all species and charge
states and Eave is an average photon energy.
Integration of Px over the volume contain-
ing cometary neutrals (or as defined by the
observational aperture) yields Lx, which is
thus proportional to Q, in agreement with
the observations. With this model, time
variations of the solar wind flux directly
translate into time variations of the x-ray
emission and thus satisfy observations of
this correlation (25).

A more careful treatment of the SWCX
mechanism is needed to model the spatial
morphology and the spectrum. A complica-
tion is that multiple CT collisions take
place in regions close to the nucleus, where
the target density is high (i.e., the collision-
ally thick case). The charge state is reduced

by 1 during each CT collision, such that for
an extreme case an ion is converted into a
neutral atom. When the charge state be-
comes too low, x-ray photons are no longer
emitted. This effect explains the observed
crescent-shaped emission with its sunward-
displaced peak (Fig. 1). Numerical simula-
tions of the solar wind interaction with
Hyakutake including SWCX have been
used to generate x-ray images. A global
magnetohydrodynamic (MHD) model (49)
and a hydrodynamic model (50) were used
to predict solar wind speeds and densities
and the x-ray emission around a comet. The
simulated x-ray images are remarkably
similar to the observed images (Fig. 1).

The theoretical energy spectra obtained
using SWCX are in good agreement with

low-resolution measurements, but the care-
ful comparisons and calculations needed to
interpret the newer high-resolution obser-
vations, which show specific emission
lines, have not yet been undertaken. Some
theories included only a few solar wind
species but used a careful cascading
scheme (51), whereas others used a simple
cascading scheme and simple classical
overbarrier collision cross sections but in-
cluded a larger number of solar wind ions
and charge states (50, 52). One complica-
tion is that spectral differences are expected
for slow and fast solar wind streams, with
the slow solar wind, with its higher coronal
freeze-in temperature, producing a harder
(i.e., more energetic photons) spectrum
than does the fast solar wind (52). Kharch-
enko and Dalgarno (51, 53) treated the

cascading process accurately
but worked with a simple solar
wind interaction model. They
predicted the existence of a
large number of emission lines
of highly charged ions, includ-
ing the following: O5! (1s25d
3 1s22p) at 106.5 eV, C4!

(1s2s 3 1s2) at 298.9 eV, C5!

(2p 3 1s) at 367.3 eV, C5! (4p
3 1s) at 459.2 eV, O6! (1s2p
3 1s2) at 568.4 eV, and O6!

(1s2s 3 1s2) at 560.9 eV. At
least some of these lines appear
in the CXO spectrum of comet
C/LINEAR 1999 S4. For exam-
ple, most of the CXO peak mea-
sured near .56 keV (22) is cer-
tainly a combination of the two
O6! lines just mentioned (which
comes from CT of solar wind
O7!), and the CXO line located
at .32 keV may be due to C4!

(1s2s 3 1s2). Similar identifi-
cations can be made in the
EUVE spectrum of comet Hya-
kutake (28).

The SWCX mechanism suc-
cessfully explains the observations. Further
theoretical progress will require the inte-
gration of several ingredients into a single
model: (i) a suitable MHD model of the
solar wind interaction, (ii) accurate solar
wind composition for a range of solar wind
types, and (iii) a more complete set of
state-specific CT cross sections for co-
metary target species from laboratory mea-
surements and atomic theory. Most past
measurements were not carried out for co-
metary target species such as H2O, or for
collision energies relevant to the solar
wind, or with sufficiently detailed informa-
tion on the ion final states. However, recent
experimental work has started to address
these issues, motivated in part by the co-
metary x-ray problem (62, 64–69). For ex-

Fig. 4. Electron potential energy V [in atomic units (a.u.)] versus
distance from the target atom nucleus (assumed to be atomic hydro-
gen here) for a charge transfer reaction involving projectile ion Aq!
(calculated here for Be4!). The internuclear distance chosen here [10
a.u. (1 a.u. $ 1 Bohr radius $ 5.29 + 10,11 m)] is the curve-crossing
distance for the n $ 3 ion final state. 1 atomic energy unit $ 1
hartree $ 27.2 eV. The target energy level (and binding energy) and
product ion (Be3!) energy levels are shown. In the classical overbar-
rier model, the electron is able to cross over from the target to the
projectile for the favored principal quantum number (n ( 3, here). A
possible cascading pathway for the de-excitation by photon emission
is shown.
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Aq++B→A(q-1)++B++hν

2. Transition Edge Sensor X-ray microcalorimeter 
~ state of art High resolution X-ray spectrometer~

55Fe X-ray source  
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To  solves above issue, it is essential to observe charge exchange process
with high energy resolution spectrometer, and reproduce situation in space. 

Microcalorimeter is an X-ray detector that absorbs the energy of the X-ray photon with the 
absorber, and produces signals by the temperature rise. The energy resolution of 
microcalorimeter depends on temperature T, thermal capacity C and  the temperature sensitivity 
α of the thermometer as shown above. Microcalorimeter can achieve excellent performance  at 
an extremely low temperature below 100 mK. Using TES for the thermometer, it is possible to 
achieve the energy resolution of 1 eV at 5.9 keV. 
We produced TES calorimeters by in-house process. Our TES consists of Ti/Au thin film to 
control transition temperature through proximity effect. The device is shown here, which 
consists of TES with size of 200 ×200 × 0.135 μm3. 
Our TES calorimeter shows good energy resolution as ΔE = 2.8 eV @ 5.9 keV.
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It is clearly that charge exchange process 
generate line emission. But, X-ray spectrometers 
onboard current satellite such as CCD, grating 
has not enogh performance to separate between 
line from charge exchange reaction and thermal 
blems from high temperature plasma. 

Our Purpose:
To reveal charge exchange mechanism between solar-wind ion and neutral matter of 
earth atmosphere using high energy resolution spectrometer TES micro-calorimeter.

We plan to measure charge exchange process, which occurred between neutral hydrogen in the 
earth atmosphere and highly ionized oxygens in the solar wind,  on the ground. The charge 
exchange reaction is achieved by the ECR(Electron Synchrotron Resonance) ion source with a 
multivalent heavy ion collision device. The picture of collision device (include ion source) and 
the spectrum obtained semiconductor X-ray detector (~ ΔE=110 eV) . 

Research issue left for charge exchange process
How large cross section(intensity)?

How distribute  several lines (line fine structure)?
How depend collisional velocity in universe (Solar wind,  SNR)?

Please feel free to talk and contact to me.

RASS (ROSAT ALL SKY SARVY) 3/4 keV image[1]. 
Some structure at high latitude region  except Galactic 
center is contribution of charge exchange mechanism.

Schematic view of Heliosphere from
http://sci.esa.int/science-e/www/
object/index.cfm?fobjectid=42898

2p→1s

3p→1s

4p→1s

Dot line show simulated 
data with TES calorimeter

Summary of Highlights
Charge exchange process is a very important for X-ray astrophysics and key to solve soft x-ray background.
TES calorimeter is a state of art x-ray spectrometer which offer good energy resolution(2.8 eV @ 5.9 keV)

TMU-ECR+Heavy Ion collision device can generate charge exchange process same condition in space.
Combining TMU-ECR+TES calorimeter, we can reveal charge exchange mechanism 

between solar-wind ion and neutral matter of earth atmosphere.
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O8+--H 20 keV
O8+--H 15 keV
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