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Existence of an isotope effect on energy dependences
of charge exchange cross sections in collisions of multiply
charged tungsten ions with hydrogen and deuterium atoms
is true or not? In a theoretical calculation, the existence of
the isotope effect on the energy dependence of charge
exchange cross sections has been confirmed [1]. So far
there is no experimental data of the isotope effect for
charge exchange processes. And absolute cross sections of
the charge exchange process give us useful information
about controlling and measuring plasmas. The absolute
cross sections for tungsten multiply charged ions of W' are
particularly important for edge plasma in the ITER as basic
atomic data. However, there are few absolute
measurements of charge exchange cross sections for W',
The final goal of our project is measuring the absolute cross
sections for charge exchange processes in collisions of
multiply charged tungsten ions with hydrogen and
deuterium atoms at collision energies between 0.1eV to 10
keV. And the existence of isotope effect should be
confirmed with the energy dependence data. As a first
step of our experimental plan, we try to measure a
dissociation rate of hydrogen molecule with new approach
of attenuation method, which is necessary value to estimate
an absolute cross section.

The experimental apparatus and measuring procedure
have been previously described in detail [2]. The main
features are only summarized here. The apparatus presented
schematically in the right figure was composed of a tandem
mass spectrometer and compact EBIS type highly charged
ion source named mini-EBIS. An ion beam guide named
OPIG within a collision cell is a key technique for low
energy collision experiments. Supplying a high frequency
electronic field to OPIG enable us to measure the cross
section down to 0.1 eV/u collision energy. An atomic
hydrogen source named H-flux install in the perpendicular
plane of OPIG center axis as shown in the figure.

A dissociation rate of hydrogen molecule usually
determine from gas pressure dependence of hydrogen anion
intensity, that is, the double charge exchange process as

H' +H, —> H +(Hy)"
is used. Unfortunately, cross sections of the process are
very small in order of 10"® cm®.  Then a reproducibility of
the dissociation rate estimated with the method is bad.
We need a new method for determination of dissociation
rate with high reliability. We have verified an availability
of a new determination method with measuring projectile
ion intensity as follows; / of projectile ion intensity can be
expressed as

1= 10 €xXp {(-GH2+O'H)I(UH2+HH)}

,where I, is initial ion intensity, oy, and oy are attenuation
cross sections with H, and H targets, respectively. [ is a
collision length, ny, and ny; are number density of H, and H
targets, respectively. It is well known that

Oy =20y
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in high collision energy region [3]. The nyytny can be
expressed as

nyrtng= (1+D) ny,’

,where D is dissociation rate of hydrogen, an is the
number density with D=0. Then we can represent the /
using D as follows;

I=Iyexp{(-1.501)I(1+D) ny,"} (1).
When the cell temperature of H-flux is room temperature,
the D is zero. We can experimentally estimate the value
of oyl nH2° using the H intensity / from equation (1) as
follows;

ool ny” =213 loge (Iy/ 1)
at room temperature. We can also estimate the D with
high cell temperature using the H' intensity / from equation
(1) and the value of oyl nmo. The table below is
represented the result of experimental dissociation rates
using the attenuation method with the theoretical values.
It is clear that the agreement of dissociation rate between
experimental and theoretical value is not bad.

We conclude that the attenuation method, which is
new approach to obtain the dissociation rate, can be useful
to estimate the hydrogen dissociation rate with high
reliability.
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