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S.V. Korepanov and S.V. Murachtin

Budker Institute of Nuclear Physics, Novosibirsk, 630090, Russia

Abstract. The new diagnostics based on neutral beam injectors that were installed on the
GDT-device in Budker Institute of Nuclear Physics (Novosibirsk, Russia) for measurement of
high3 plasma parameters are presented.

1. Introduction

The Gas Dynamic Trap (GDT) is an axisymmetric mirror device with the high mirror ratio for
confinement of collisional bulk plasma with hot ion minority. The hot ions are produced in
the trap by injection of high-power NBs into the collisional target plasma [1]. In resent
experiment on the GDT device the highdischarge regimes were realized with the higher
neutral beam power and optimization of the experimental scenario. Under these conditions,
the following plasma parameters were obtained: the density of fast ions with mean energy 3-
10 keV was up to Técm?, the bulk plasma density was 3xI®" cm® the electron
temperature achieved 80-110 eV. [2]

The experimental research of hot ion minority and bulk plasma with such parameters
required the development of new diagnostics, based on neutral beam injectors, that was
specially designed in Budker INP for diagnostic applications and named as "DINA"
(Diagnostical Injector of Neutral Atoms). The presented diagnostics are the following:

* The multichannel system for measurement plasma density profile based on the registration
of secondary D+ ions, produced by neutral D-beam injection.

» Charge-exchange energy analyzer combined with beam produced artificial target for local
measurements of angular and energy distribution functions of hot ions.

The new diagnostic set were installed in central cell of GDT device. This equipment is
described in detail below. The data obtained by this diagnostics and used for the study of a
high8 multicomponent plasma in the GDT are submitted at the end of each section.
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2. Measurement of the plasma density profile

4

Fig. 1. The layout of diagnostic system:
1 - ion source, 2 - charge-exchange chamber, 3 - beam limiter, 4 - vacuum chamber, 5 - multichannel
collector system, 6 - plasma, 7 - collimated beam dump, 8 - D-beam, 9 - Larmor orbits of D".
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the appropriate point:
—axn(x’)d%

U On(x)[e °
where n(x) -- is the plasma density in a point X, amd is a total cross section of all
processes, influencing to the beam attenuation (is about 8x1016 cm?2), U(x) - signal in a
channel, appropriate to a point x. That allows to restore a density profile along a beam. The
attenuation of D-beam is also measured and used for calculation of plasma density profile in
absolute units. The restored time evolution of on axis plasma density and the plasma density
profile for fixed time are presented in Fig. 2.

3. Charge-exchange energy analyzer

The charge-exchange energy analyzer combined with DINA type neutral beam injector for
producing artificial target was installed in central cell of GDT-device. The layout of this
diagnostic is shown in Fig. 3.

The focused neutral beam of 15 keV energy with current density up to 0.5 dcm
duration ofLO0ps) is injected at the GDT midplane and produces a local H-target for charge-

Beam:
Energy of atoms .................
Equivalent current ..................
Pulse duration ...........cccco......
Current density..............
Radius in focus point

Analyzer:

Angular resolution....................
Energyrang .........cccce....

Fig. 3. The experimental layout:
1 - DINA type NBI: 2 - ion source, 3 - multigrid focusing system, 4 - charge-exchange chamber;
5 - plasma; 6 - collimator, 8 - ionizing chamber, 9 - electrostatic 45° separator,
10 - micro-channel plate.
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exchange of fast ions. The curren
density of the H-target is up to 50 %
from the current density of the NBI
heating system, that allows to carry ou
measurements during the NBI-heatinc
The energy of produced fast neutrals i
measured by the  multichannel
electrostatic analyzer, that may observ
the particle energy in rang of 2-20 keV.

A shift of the local target along
view-axis of the analyzer, allows to
measure the local distribution functior
in various points along the plasme
radius. A change of an inclination angle
of the analyzer in limitst5° allows to
measure the angular distribution of fas
ions.

In Fig. 4, the local distribution

functions of fast are presented at
different time points after the start of NBl. From measurement of the energy spectra one can
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Fig. 4. Local energy distribution function of fast ions

in GDT: a) on axis (r =0 cm); b)atr =8.5cm

determine the mean energy of ions, that was estimated to be about 6-8 keV.

4. Conclusion

For measurement of plasma density profile and local energy distribution function of fast ions

the new diagnostic set based on DINA

GDT and numerical simulation for the G

type neutral beam injectors were developed. The data
obtained by this diagnostics are used for the studies of aphighkicomponent plasma in
DT-based Neutron Source. The developed equipment

may be also used on other types of magnetic trap.
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