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Introduction.

The Motional Stark Effect diagnostic is now considered as an edseignostic for an
accurate determination of current profiles in tokamak dischargesithi® reason, this
diagnostic is implemented on most of the existing machines. Ityralolvs a measurement
of the direction of the total magnetic field, a very powerful aamst for the determination
of the safety factor profile. On ITER, the knowledge and the coatrolrrent profiles will
be of crucial importance to realise the long-lasting, high-pmdace discharges. This is
why it was proposed [1] to install a MSE diagnostic on one of the heating beams.

The realisation of such a diagnostic on ITER implies to feexe challenges, because of the
bigger size of the machine and of its hard environment. Now, mosheoffareseen
difficulties have been examined, solutions envisaged, and we proposeetu teem in this
paper.

l._Principle of the diagnostic and feasibility at higher Lorentz EleEigtd.

The MSE diagnostic observes the line radiation, usually theslitted by a fast beam of
neutrals propagating (with velocity v) through the plasma dischdémgthe presence of a
magnetic field B, the radiation is split into several componemsally separated in
frequency (first order Stark effect). These components have asatilan either parallelr(
components) or perpendicular ¢omponents) to the Lorentz electric field (FxB), when
observed transversally. The spectrum is also Doppler-shifted due to the beaty,welach
allows a separation of the lines emitted by the neutral beam, from the inteada, eliles.

The first question addressed concerns the feasibility of the migthtite higher value of the
Lorentz electric field. For ITER heating beams, as the etagfield and the velocity of the
beams increasd (Me\), the Lorentz electric field is almost one order of magnitudédri
than in the existing machines, and thus the Stark quadratic term toekdsadded in the
calculation of the excited states of the hydrogen atom.

It was verified [2] that for the values of the electric fielkpected for ITER, the addition of
the quadratic term does not modify significantly the position oéthited lines, but induces
just a slight shift towards the negative energies (or wag#ish and a split of the centi&j
line (due to a removal of degeneracy by the quadratic termje Th@o mixing between the
o andrtlines.

A recent calculation of the lines intensity with the quadratimtesing results from [3]
shows that the low frequency component (rightogf is slightly reduced, as the high
frequency component (left ab) is slightly increased.
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The variation due to the quadratic term is more important foirthe With smaller intensity.
For instance the correction is 10% oy or og lines, 4% and 5% forg andty, but only 2%
for o, andtp, the correction being positive for the high frequencies and nedatitiee low
frequencies. This is illustrated on figure 1 where the calomatitas done for illustrative
reasons for an electric field three times higher than the maximum vajussted for ITER.

Transitions with Stark quadratic effect Figure 1 Hydrogen atom energy levels n= 3 and n=2
with linear (dashed lines) and quadratic (solid lines)
Stark effect (horizontal lines), and the corresponding
transitions (vertical lines sigma in solid and pi in
dashed lines), for E 21.10 V/m. The bottom of the
figure shows the energy position of the lines and their
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The possible ionisation of Datoms by the high Lorentz electric field was also consitlere
[2]. No quenching nor direct attenuation of thelDe is expected, but a slight attenuation of
the neutral beam could be due to the ionisation of the atoms havingl#wions going to
energy levels higher than n=5.

Since no mixing between theand 1t components is expected, as well as only a slight
variation in line intensities compared to the usual first ordek $fffect, it is clear that the
polarimetry method can still be applied on the heating beams.

ll. Spatial and time Resolution of the diagnostic.

Detailed calculations [4,5] on the diagnostic spatial resolution etidkat in addition to the
allocated e-port3 from where edge measurements could be don@nd sewuatorial port
was required to extend the diagnostic coverage “-
the plasma core. A recent review of the ps
allocations by the ITER International Team has ni
attributed e-portl for the core MSE diagnostic [1C 207
With this new configuration, which is a compromis .
with other diagnostics requirements, the q prof §
can be determined with a spatial resolution bet 0 "X/ N
than 15 cm for almost all plasma radii (figure z 5|
Since each diagnostic is viewing a different bea
the presence of two heating beams is necessar 65 7 75 8
measure a full MSE profile. Ry

Spatial Resolution of MSE on HNB
25 ‘ : : :

Figure 2 Diagnostic spatial resolution as a function of plasma radius, comdpiedge and core
MSE systems. The green line represents ITER measurement requirements.

Calculation of the heating beam emissivity [4] (in blue on Bg8y, compared to the plasma
Bremsstrahlung (in red) considered as the major source of nois4Sker indicates when
compared to the existing diagnostics, that a measurement tsokitren of 20 ms is
possible.
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The high Lorentz electric field, consequence of the
iy BeamenksdvipendBiemsralingfom paiff high beam velocity, will induce a clear separation
- between thes and 1t lines of the @ spectrum
[4,5], so that a high polarisation fraction of the
signal is expected. JET observations of C, Be, and
He lines indicate that no parasitic plasma line will
: ‘ interfere with the spectrum [5]. A correct elevation

N of the diagnostics in the ports will avoid a direct
view of the other beams, which could interfere in

TR ef;(m)% s s the measured spectrum otherwise [7].
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Figure 3 Beam emissivity (blue) and plasma Bremsstrahlung (red) as a function of plasng radiu

The first calculations [11] of the plasma radial electritdfmmpared to the Lorentz electric
field values show that its influence on the MSE angles is nbtgigh most plasmas
scenarios. If this is confirmed, the important consequence is that the MS&eneaists will
not have to be corrected by measurements from other diagnd$ti€si[the other hand, this
comparison combined with the difficulties of installing other viewshe same plasma
volume on the machine, reveals that a direct measurement of thkeeladiric field with the
MSE diagnostic seems very difficult.

lll. The light collection system.
A design of the light collection system has been done u:
ray tracing to define the positions of the optical compone
Four mirrors at least are necessary, with a W-shape of
light path, to minimise the neutrons flux escaping from -
machine through the optical channel [7]. Because of
thermal load and neutrons flux in the machine, the first 1
mirrors will probably be metallic, while the other ones ¢
likely to be dielectric mirrors.

Figure4 MSE design in e-port 1
Up to now, the MSE systems were designed with one mirror onlyhésnulti-reflections
are known to alter the direction of the initial polarisation to leasuared, it was important to
prove that the MSE measurements could still be done. For thisataboexperiments using
the same geometry as in the ITER present design, and using theleisetion technique
with modulators, were done in parallel with calculations using Mueller matmxaiism.
They show [8] that the modification of the initial angle afteftections on four Rhodium
mirrors is lower than 2°, and that the additional circular polarisedion stays below 20%.
This small variation should be easily compensated by a coaklotation of the system. In
addition, this effect can be minimised by an optimisation of thgrilsth design so as to
keep the light incidence angles on the mirrors as low as pogsude if one mirror must be
added), by using mirror symmetries, and by the choice of an adequate mdtalrforrors.

It is also expected that the first mirror will suffer frarosion and particles depositions. The
induced variations of the mirror optical properties will be anotheseaf polarisation
modification. To evaluate the influence of the first mirror coatmgthe MSE angles, a
model was developed in which the polarisation modification was compstadunction of
C or Be layers thickness [7]. In parallel laboratory measumn&sran plasma exposed mirrors
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were done and the results were compared to calculations using ovie interfaces models
for the mirrors [6]. Both simulations show that the initial angd@ be modified by several
degrees depending on the characteristics of the coating. Foothent the rate of impurity
deposition was not estimated, but to cope with these effectanip@tant to imagine in-situ
calibrations of the diagnostic during the design, which could be for instancenpedfeasily
between shots. In the same way mirror laser-
cleaning techniques must be developed. Real
time check-up techniques, as the simultaneous
measurement af andtt components, should also
be envisaged. This promising method already
tested on JET [5] could bring additional
information on the mirror system degradation, or
be used to detect when MSE measurements
become not reliable (during strong Elms...) [6].
Figure 5. MSE angle modification as a function of Be
layer thickness and plasma normalised radius.

A third cause of modification of the MSE angle could be due tonthdral beam itself.
Because of the height of the neutral beam source the acceisrewonposed of four vertical
segments focussing at the same point. The MSE measurement is theragae beeveen the
different beamlets contributions, with up to 3.5° difference in the megsoolarisation
angle from different parts of the ion source [5]. For reliableEM@asurements it would be
important that the ion source remain highly uniform (this is, ynaase, a design goal of the
heating beams). The beamline calorimetry potentially providessthan of monitoring
source uniformity.

azimuth variation
(deg.)

Be layer (nm)

In parallel to MSE on the heating beams, MSE usingtheatiometry method is proposed
on the diagnostic neutral beam as a complement to charge exchaagarements [9].
Calculations indicate that the chosen ports for this diagnostic alloigh sensitivity ta/Tt
ratio and thus to the qg-profile modification. This method has simyiltyl face ratio
modifications due to multi-mirror and coating [7], and its calibratis also of crucial
importance. A proof of principle of this method is envisaged on TEXTOR.

The use of both methods should result in a performing MSE diagnostit,awcross
checking of the measurements when possible.

Conclusions

Several important issues concerning the diagnostic feasibifitle been examined. No
serious difficulty remains. The more crucial point, as in the present M$&rsg;awill be the
calibration of the diagnostic, and a particular care must be given to it duringstge.de
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