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Abstract Charge exchange-neutral particle analysis (CX-NPA) vélbpplied for determining the ion temper-
ature in the stellarator Wendelstein 7-X (W7-X), which iglanconstruction, now, at the Max-Planck-Institute
of Plasma Physics Greifswald, Germany. Three ACORD-typdyaprs and one compact analyser (CNPA) are
foreseen for the active NPA diagnostics at W7-X, i.e. NPAdmbination with a 60 keV neutral beam injector,
thus enabling locally resolved CX-NPA measurements. Fan@mmediate period the CNPA is now installed
on the Mega Amp Spherical Tokamak (MAST) in Culham Sciencet@e UK. The arrangement of the CNPA
on MAST and results of energy spectra of plasma ions in MASTpaesented. They are in a good agreement
with measurements by the Princeton particle analyser.
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1 Introduction

The experimental set-up for the measurement of chargeaegehhydrogen atoms emitted from a tokamak or
stellarator plasma is mainly influenced by the residual reigrstray field at the local position of the energy
analyser and by the spatial conditions. The latter often neayire the application of small-sized analysers
such as the considered Compact Analyser for Neutral Paiiglgnostics (CNPA). That is of about half the size
compared to the 24 channe| B analyser of type ACORD-24. Both analyser types have beeglodiged by
the IOFFE Physico-Technical Institute of the Russian Aoaglef Sciences, St. Petersburg (IOFFE Institute).
Because of the interruption of operation between the shwhdaf the stellarator W7-AS in the Max-Planck-
Institute for Plasma Physics Garching and the start of thkasator W7-X in the Institute for Plasma Physics
in Greifswald, the CNPA has been installed at the Mega Ampe8pal Tokamak in the meantime. Prospective
applications of CNPA enable a set-up of multi-chord anatyseth locally higher resolved measurements of the
ion temperatures of core and edge plasmas by using smadérsan and therefore a larger number of them. In
the short period of application of the CNPA analyser on te#iastator Wendelstein 7-AS in 2002 a comparison
of the properties of this CNPA with those of the well appro¥&tlORD-type analyser could not completely be
carried out. Therefore, the CNPA was tested on MAST, nowh Wit intention of comparing its results with
those of the Princeton analyser installed on MAST for sdwsars. The CNPA in combination with three
ACORD-type analyser is foreseen for measuring the core dgd plasma temperatures in W7-X simultaneously
at four positions. Furthermore, future CNPA, using a thanddond-like foil for stripping of hydrogen atoms, are
intended to replace successively conventional ACORD a&ealwith stripping in nitrogen gas cells. A step by
step replacement of the ACORD analyser gives the posgildiincrease the number of analyser in the NPA
set-up from 4 to 7 analyser, which increases the local résolof ion temperature profiles.
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2 Experimental conditionsat MAST and W7-X

A number of features at MAST and W7-X are expected to be sin@lg., the residual magnetic stray fields are of
the same order of magnitude in both devices. At present, &8 Mie influence of neutrons on the neutral particle
analyser (NPA) is less by one order of magnitude. But, aftgrading and operating with increased beam heating

power the influence of neutrons will be comparable to the etquevalues of W7-X (about 20neutrons/s). The
ion temperatures in the core plasma of W7-X are expectedatthrg - 10 keV, those of MAST up to about 2 keV.

The positions of the Princeton analyser, of the CNPA on MA&® their lines of sight are shown in Fig. 1.
The distance of the CNPA to the MAST vessel was shsrd(5 m). Thus, the analyser was located in an area
with rather strong magnetic stray field of about 20 mT. Howgtve Hall probe measurements performed during
MAST operation showed that the value of magnetic inductitside the CNPA is negligible and the analyser
was able to operate without additional magnetic shield. flinetional principles of the Princeton analyser are
explained in Ref.[1]. A schematic drawing of the CNPA is shaw Fig. 2. Details are published in Ref. [2].
The CNPA was designed to measure the absolute energy digirilmf H and D neutral fluxes emitted by plasma
in the energy range 0.8 - 80 keV (H) and 0.8 - 40 keV (D). The ffuaee measured simultaneously, with a
mass-rejection>10%. The specific features of the CNPA are:

(a) stripping off the neutrals by use of thin (100 ) diamoik@-tarbon (DLC) foil,

(b) acceleration (+ 5 kV) of the secondary ions after strigpi

(c) E||B analysis of the ions in non-uniform E and B fields, providiwg-dimensional focusing,

(d) using of strong NdFeB permanent magnets instead of theetional electromagnets.
The CNPA is further characterised by a small weight, low disiens and lower requirements to the pumping

system.

3 First experiments of CNPA at MAST

The very first experiments with the CNPA on MAST showed thathiigh pressure between the tokamak wall
and the plasma boundary does not permit to run the analyseowtian additional pumping system of its own.
Fig.3 shows the correlation between the noise in one of theACBhannels and the signal of fast ion gauge
during the MAST plasma discharge. It seems that the gas irfflom the plasma in the MAST device during
the operation was at a very high level, which excites theen@is0.5 kHz) in CNPA channels. During the CNPA
commissioning the noise caused by gas inflow was eliminatguaibping of the CNPA during MAST operation.
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Fig. 1 Diagram of the set-up of the
CNPA at MAST.
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Fig. 2 Diagram of the compact neutral particle analyser:
1 — stripping/acceleration unit, 2 - DLC stripping foil, 3 —
analysing magnet, 4 — Hall probe, 5 — analysing electro-
static condenser, 6 - shielding mask at the entrance to the
detector array, 7 — detectors.

Since the CNPA was installed close to the plasma device withioy neutron shielding, a test of the influence
of neutron irradiation on analyser detectors was perforntéd.3 shows that the level of the counting rate of
the detectors caused by neutron flux was about 20 kHz wherotakeneutron yield of MAST was: 7x10'3
neutrons/s. At the same time the level of neutron noise iedircthe Princeton NPA is also about 20 kHz though
the CNPA was closer to the MAST-torus. This is probably dudsoclose positional relationship of the analysers
and the neutral beam injectors.

As seen from Fig.4, the particle signal at thermal enerdies 1.7 keV) is weak and the CNPA channel
represents generally the neutron induced noise. The Sigidbise (s/n) ratio reaches a maximal value-dd.5
at the middle of Neutral Beam Injection (NBI) phase and thieagtion of particle signal from the total signal
seems to be problematic. On the other hand the signal of sipdawn beam-particles is high at high energies
(E=~ 28 keV). The s/n-ratio is about 5-10 and neutron noise caregéented in the total signal. Later on, the
problem of weak particle signals at thermal energies wattypaolved by the enlargement of the CNPA aperture,
which increased the s/n-ratio by factor of 4.

The first experiments with the CNPA at MAST were carried ouhvadeuterium injection into a deuterium
plasma.

4 Comparison to the Princeton Analyser

After the commissioning of the CNPA at MAST a cross test of @8MdRd the Princeton NPA was performed. The
results of this test are shown in Fig.5 and Fig. 6. The comsparof counting rates of CNPA and the Princeton
NPA rates is shown in Fig.5. The Princeton NPA was working spacial gated regime [3], which permitted

to measure the neutron induced noise between the gates.nAsecseen the level of the counting rate and its
behavior are similar for both analyser. The charge exchapgetra (CX-spectra) obtained during NBI by both
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Fig. 3 Operation of CNPA without ad-
ditional pumping system. The noise in
analyser channels is caused by gas inflow
from MAST-plasma. p - plasma current.
Ptorus - pressure near MAST wall. N -
noise in CNPA detector.

instruments are shown in Fig.6. This comparison shows afaetory agreement between the CNPA and the
Princeton NPA data at thermal energies (0 — 2%d¥0) as well as at high energies (above 2 % &¥). In Fig.7
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the decay of the hydrogen flux in dependence on the energyNBldeated MAST discharge is shown. The
evaluation of the slope in the thermal range from about Ov6Uge to 5 keV yields an ion temperature of about
800 eV for the discharge 18696 at 200 ms after igniting the MABcharge.
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Fig. 6 Cross-calibration test of CNPA and Princeton NPA during Bperiment on MAST. a) Plasma parameter traces:
Ip - plasma current, Rg| - neutral beam power,dp - electron line density, |§ - total neutron yield. b) NPA charge
exchange spectra of Deuterium atoms measured with the ChIBAk) and the Princeton NPA (red and blue for t=250 ms

and t=280ms, respectively).
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Fig. 7 Decay of hydrogen flux with the energy for a NBI heated MASTcHaxrge. Fluxes at energies
above 5keV result from the slowing down spectrum of parsiatgected by NBI.

5 Conclusions

First results of the compact neutral particle energy amalZ&NPA show promising results with respect to further
applications on ion diagnostics of core and edge plasmasA8™MThey are in a good agreement with results
of the Princeton analyser. In order to improve the signameelation, the CNPA should be separated from the
MAST vacuum chamber and should be permanently pumped bwiis A systematic study of CNPA properties
and its comparison with results of charge exchange recaatibmspectroscopy will be done in the near future.
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