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The motional Stark effect diagnosiiMSE) is presently a widely accepted technique for measuring

the magnetic field pitch angle in high figld-1 T) plasma devices. A hydrogen neutral beam passing
through a magnetic field perceives< B electric field, and its Balmes spectral emission is split

and polarized by the linear Stark effect. The technique cannot be readily used at lower magnetic
fields, due to loss of polarization fraction when lines of different polarization overlap due to line
broadening which is on the order of the separation. This article describes the development of a
technique to extend the capability of MSE to include lower figld®1 T and up and the field
magnitude as well as direction. The technique employs laser-induced fluorescence on a diagnostic
neutral beam. The narrow-band laser and low energy spread neutral beam allow the observed
linewidths to be significantly narrower than these observed from previously employed collisionally
induced fluorescence systems.2004 American Institute of PhysicdDOI: 10.1063/1.1779616

I. INTRODUCTION succeeded in mapping the magnetic field magnitude-or

profile in a plasma at low field and density regimes of inter-
The motional Stark effect diagnostidSE) has been est.

widely applied to measure magnetic field pitch angle in high-  The dominant sources of line broadening in the Stark

field toroidal plasma devic&s since its developmeidtThis ~ spectrum are usually energy spread and divergence of the

technique employs observation of the polarization directioreutral beam, and geometrical broadening due to collection

of H-a emission from neutral hydrogen beams. As the bean?PtICS. The technique described in th_ls article attempts to

neutrals move with high velocity, through the magnetic ©Vercome both of these challenges using a low axial energy

field in a plasmaB, they experience a Lorentz electric field, spread neutral b_eam, and laser-induced fluorescdriés.
E=vxB, in their reference frame. It is this perceived elec_The use of LIF with a narrow band laser allows the measured

o . . linewidth to be dictated by the laser and beam characteris-
tr|c.f|e.ld which causes the obser\{gd Stark Spl|tt|ng. of thetics, rather than geometrical broadening in the collection op-
emission spectrum. Th&m=0 transitions(r) are polarized

- . . tics.
differently from theAm=+1 transitions(o) with respect to The magnetic field magnitude can be measured by scan-

the perceived electric field. When those components can bﬁng the laser wavelength or beam voltage in time as the LIF
resolved, the magnetic field pitch angle can be determinedsignal is recorded. For a pitch angle measurement, the laser
The distance between lines in the Stark shifted spectrum igavelength and beam voltage can be set to match a specified
linearly proportional to the magnitude of the electric field, Stark component, and the laser polarization rotated in time.
and this measurement can be used to determine the magnelibe result is a fluorescence signal varying in time at the
field m;,Ignitudé;6 same frequency as the polarization rotation, but with phase
At present, MSE measurements are limited at low magshift indicating the pitch angle value. This article presents
netic fields by the overlap of adjacent lines of differing po-initial data and describes the progress to date of the devel-
larization. In previous MSE implementations, when the field®Pment of this technique.
is below~1 T, the linewidths begin to become comparable
to the separation, and the ability to make a reliable measura@t. NEUTRAL BEAM SOURCE

ment is lost. As comparatively low-field alternative confine- . . .
ment concepl.7s8 are being tested throughout the fusion com- The neutral bea£n source, described in more detail in a
previous publicatiod? was designed and built in collabora-

munity, the need for the extention of measurement capabilit)(ion with the Plasma and lon Source Technology Group at

is great. A number of techniques for overcoming this 1ow-| awrence Berkeley Laboratory. A diagram of the present ex-

field limitation are under developme®it,’ but none has yet perimental setup is shown in Fig. 1. The beam source has a
multi-cusp permanent magnet geometry and an external
IAuthor to whom correspondence should be addressed; electronic maig-2 turn, water cooled rf antenna. The source volume is

efoley@princeton.edu roughly cylindrical with length 87 mm and inner diameter of

0034-6748/2004/75(10)/3462/3/$22.00 3462 © 2004 American Institute of Physics

Downloaded 12 Jul 2006 to 192.188.106.30. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp


http://dx.doi.org/10.1063/1.1779616

Rev. Sci. Instrum., Vol. 75, No. 10, October 2004 Plasma diagnostics 3463

Voitage Sweep Reference Magnet Coils
Lock-In Output BAG <¢—Detector—
| Lockn Ampiifier | :
Laser Signal Input <¢— Filter — ] el
Chopper Plasma
Sa ! - e
e B
I = '
Plasma Source
Single-mode Fiber /
Voltage Sweep | 2
Control/Monitor | “IT‘ l Wavemeter
Accel: 30 - 40 kV Dye Laser —————p>
| Decel: -2 kV I Argon lon Pump Laser == Helicon Antenna

FIG. 1. (Color) Diagram of experimental setup.

60—75 mm. The 13.56 MHz rf generatonodel ENI 1250  injection in the neutralization cell. The electrodes are circular
was chosen for its low amplitude modulat¢dM) noise in cross section, with diameter 1.2 cm. The neutral beam full
specification. AM noise at multiples of the power line fre- width at half maximum has been measured with a Farady
quencies contributes-1 V of energy spread to the beam, probe at a distance 6f1 m downstream from the accelera-
and higher frequency noise from the generator’s switchingion region, and is found to be 1.4 cm.

power supply contributes another2 V to the beam energy

spread. The source is equipped with a magnetic filter to ren; TUNABLE DYE LASER

duce energy spread due to plasma potential variation over the ) ] )

source volume. Plasma potential measurements performed 1he laser employed in this work is a Coherent 899-05
on the source with a rf compensated Langmuir probe sugge&nd dye laser, with an upgraded dye jet and pump from
that the ion energy spread in the source due to axial potentigtadiant Dyes. DCM dye is used with EPH solvent, giving
variation is~5 V. Radio frequency pickup on the accelera- OUtPut. power of up to 800 mW at650 nm, appropriate for
tion potential was reduced through careful shielding and fil-matching the Doppler-shifted id-line. A Burleigh waveme-

ter capacitors to-1 V. The source runs reliably from 10 to t€r 1500 is used to measure the output wavelength, and the
100 mT of hydrogen gas, with input rf power of spectral characteristics are monitored with a Fabry-Pérot

400-1200 W. Typical operating parameters are 30 mT an§avity. An _optical isc_)lator is inserted ir_1to 'Fhe bea}m pgth be-
600 W rf power. It has produced a current of over fore coupling to a single mod@r polarization maintaining,

30 mA/cn? and has a high full energy fraction of up to 85%. depending on the experimgrfiber which carries the beam
across the room to the experimental apparatus.

Il. BEAM ACCELERATION SYSTEM V. HELICON PLASMA SOURCE

A beam of hydrogen ions is extracted from the source  The target plasma for the development of this diagnostic
using a three-electrode system: acceleration voltage, decgk 51so used in the MNX experiment at PPB* The argon
eratioq voltage, and ground. The accel', a large positive VO"pIasma is produced by a double-saddle-type helicon antenna
age with respect to ground, draws the ions out of the plasm@iitn rf at 27 MHz and 1 kW. The plasma profile4s2 cm in
source. The decel, a negative voltage, prevents electronfameter with a peak density 6f10 cm3. The magnetic
from the neutralization region from being accelerated into anig|q is produced by up to 22 L-2 coils which can be con-
oppositely traveling beam which would damage the back ofected in various configurations. The resulting field at the

the source. Typical operating parameters for this work argenter of the plasma can be varied from as little as 0.01 T to
30-35 kV accel voltage and -2 to —1.7 kV decel voltage.5q high as 0.3 T.

The accel power supply was custom modified by engineers at

Princeton Pla}sma Physics I__aboratc(l!?/PPL) to have ex- V1. INITIAL LIF MEASUREMENT SETUP

tremely low ripple of<1 V via an active feedback system

for low frequency ripple and notch filters for switcher noise, The experimental setup for the results reported here is
and to have the capability for an externally applied voltageshown in Fig. 1(Note: Items in the figure are not shown at
sweep. The accelerated ions pass through a region of neutithle correct relative scaleThe laser beam is expanded and
hydrogen gas following the electrode column, where theycollimated to approximately match the neutral beam diam-
make charge-exchange collisions and become neutral. Prester and divergence. An antireflection coated window in the
ently, the neutralization region is allowed to fill with gas rear of the neutral beam source allows the laser to pass
from the beam source, though the apparatus is capable of gdwough. The laser is tuned in wavelength to approximately
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8p —— T out of this data for ease of viewing. Before smoothing, a
F typical signal-to-noise ratio is presenty3—accounting for

3 ] what appear to be spurious peaks in the figure. The data were
] taken at the first viewing port shown in Fig. 1, at approxi-
mately 1 m from the beam source.

VIIl. FUTURE PLANS

In summary, a diagnostic for magnetic field magnitude
s ] and pitch angle is under development and has achieved pre-
- p liminary results. Presently, high beamline gas pressure is lim-

Intensity (Arbitrary Units)
E-3
1
L

F ] iting the neutral beam collimation and energy spread in the
2f ] . .
3 plasma chamber. These issues must be resolved in order to
o \/ ] test the diagnostic in plasma and magnetic fields.
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