
 
In the GAMMA 10 tandem mirror, typical 

electron density is comparable to the peripheral 
plasma of torus type fusion devices.  Then the 
effective concept for increasing of Thomson 
scattering (TS) signals is required for 
improvement of signal quality.  We have been 
developing the multi-pass TS method of a 
polarization based system based on the 
GAMMA10 yttrium-aluminium-garnet 
(YAG)-TS.  To evaluate the effect of the 
polarization based configuration, the multi-pass 
system is installed in the GAMMA 10 YAG-TS 
system, which can demonstrate the double pass 
scattering.  We carried out the Rayleigh 
scattering experiment and applied this double 
pass scattering system to the GAMMA 10 
plasma.  Then integrated scattering signal has 
increased to about twice by the double pass 
system. 

A schematic diagram of the newly 
multi-pass method of the polarization based 
system is shown in the Fig. 1.  This system is 
based on the GAMMA10 TS system which has 
successfully observed the electron temperature 
and density of the GAMMA10 plasma.  
Horizontal polarized laser light from the YAG 
laser is focused onto the plasma center by the 
first convex lens from the down side port 
window after passing a short pass mirror, the 
two Faraday rotators for isolator, a half wave 
plate, mirrors, a polarizer, and iris.  After the 
interaction with plasma, the laser light emits 
from the upper side port window and 
collimated by the second convex lens.  A pair 
of lenses is a key component of this optical 
system.  It makes the image relaying optical 
system from iris to reflection mirror to maintain 
the laser beam quality during the multi-pass 
propagation.  Laser light reflected by the 
reflection mirror  for the second pass and 
focused again onto the plasma.  A Faraday 
rotator is used for a polarization control device.  

It switches horizontal polarization to vertical at 
the second pass traveling of laser light.  
Vertical polarized laser light is absorbed on the 
beam dump.  We carried out the Rayleigh 
calibration experiments for setting and stray 
light in the evaluation of the double pass 
system.  Moreover, we applied this system to 
the GAMMA 10 plasma.  Figure 2 shows the 
typical channel A signal of polychromator.  the 
peak scattering signals of double pass 
configuration are 1.6 times as large as those of 
single pass configuration.  The integrated 
scattering signals are about twice as large as 

those of single pass.  The obtained electron 
temperatures by using the double pass and 
single pass TS systems are 32 ± 1 eV and 30 ± 
3 eV, respectively, thus they are the same.  
The error in the double pass system is about 1/3 
as that in the single pass system.  It shows us 
the improvement of data quality of GAMMA 
10 TS system and the feasibility of the 
proposed polarization based multi-pass system.
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Fig. 1. Schematic diagram of the double 
pass system. 

0

0.005

0.01

0.015

1000 1100 1200 1300 1400 1500

Single pass
Double pass

O
ut

pu
t [

 V
 ]

Time [ x 0.4 ns ]  
Fig. 2. Output signals of 1 pass and 2 pass 
TS systems. 
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Fig.2 Poloidal projection plot of the magnetic lines of
force with helical fields generated by outer side windings.
Straight lines indicate the winding position.

Fig. 1 Schematic illustration of the coil configuration. The
arrows indicate the direction of coil currents. The blowup
illustrates the physical mechanism for the positional
stabilization.
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Although tokamaks are the most promising magnetic
confinement scheme for fusion reactors, it is difficult to
avoid disruptions which can cause damages to reactors. At
a disruption, large eddy currents are generated in thermal
and current quench phases and a feedback system fails to
keep the plasma at a desired position. Resulting contact of
plasma with first wall will lead to the damages of a reactor
by high heat flux and/or induced electromagnetic forces.
We are investigating a simple helical coil system which
passively stabilizes vertical displacements ') and elongates
the plasma. It has a potential to avoid an occurrence of
VDE (vertical displacement event) which is a problem of
vertically elongated tokamaks.

Figure 1 shows the coil configuration schematically.
The directions of the current in adjacent coils are opposite
with each other. The windings on the top and bottom sides
of the plasma produce finite averaged horizontal field BR 2)
which stabilizes vertical displacements since it increases
toward the coils. While the windings on the outer side of
torus produce vertical magnetic field component as plotted
in Fig. 2. The finite averaged vertical field pushes the
plasma to the inner side of torus and elongates the plasma.

Furthermore, the proposed coils can form closed
vacuum magnetic surfaces in combination with poloidal
field coils. In the first phase of a disruption when the
plasma current does not drop so much, the plasma position
is maintained by the averaged BR component. In the latter
phase, the plasma confinement can be preserved and
recovered by heating the plasma up again owing to the
closed magnetic surfaces even with small plasma current.

We analyzed magnetic flux surfaces with VMEC
with free boundary conditions. Figure 3 shows an example
of MHD equilibrium with helical fields. Six helical coils
are located around the torus except the innner side of torus
as plotted in Fig. 1. The plasma parameters are R = 0.3 m, a
= 0.08 m, BT = 0.5 T, Ip = 5.5 kA. We confirmed that the
cross section is elongated, whose averaged ellipticity K is
1.6. We simulated a disruption as by dropping and the
plasma current and confirmed that the plasma position
remains almost unchanged in the major radius direction.

Detailed design of a small tokamak device with
simple helical windings is under way to demonstrate VDE
suppression experimentally.
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Fig. 3 Example of MHD equilibrium with helical
fields computed with VMEC.
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