
 
Thomson scattering (TS) measurements of a short 

interval less than 1 ms are strongly desired for a research on 
transient plasma events such as a pellet injection1). One of 
the practical solutions to realize a short time interval 
measurement is the burst mode operation with a multi laser 
configuration. Each laser in a multi-laser configuration can 
adjust the laser output timing independently. It allows a 
short interval burst mode measurement within the number of 
laser systems. MAST TS system has demonstrated such 
burst mode measurement of TS system2) by using 8 probe 
lasers with the FPGA triggering system. They have obtained 
the electron temperature (Te) and the electron density (ne) 
values from the transient plasma phenomena. In LHD, we 
have three lasers for the probe laser of the TS. Three burst 
pulses can use for a short time interval measurement. In 
addition, we have developed the coaxial beam combining 
technique to improve the spatial uncertainty of Te and ne 
values measured by each probe lasers3). By using a multi-
laser system with coaxial beam combining, shot-by-shot TS 
measurements of the transient plasma phenomena in the 
LHD can be obtained. From this experiment, we report the 
details of this burst-mode measurement system and the 
results of the demonstration of this system for a pellet 
injection experiment. Our diagnostic method will aid in the 
cross-validation of simulations and experiments concerning 
transient plasma events. 

TTL triggers from a tangential event such as the pellet 
injector signal or the LHD timing system are used as the 
master triggers of this system. Triggers for the three laser 
outputs are distributed by the DG645 system, which is a 
commercial pulse generator based on the FPGA system. The 
accuracy of the trigger timing is less than 1 ns. The DG645 
can generate an arbitrary timing trigger for the flash lamp 
and the Q-switch of three lasers. The trigger timing duration 
between the Q-switch and the flash lamp is subsequently 
fixed to maintain the laser extraction efficiency. 

Figure 1 shows ne profiles from Thomson scattering 
measurements before and after pellet injection from the 
pellet ablation at the #113431. Laser 2 put into the plasma 
before pellet injection (3.73358 s, square). After that, Laser 
1 was injected after pellet injection (3.751974 s, diamond). 
After 200 s of Laser 1, Laser 3 was worked for the 
measurement of Te and ne profiles (3.752175 s, open circle). 
Finally, Laser 2 put into the plasma again (3.766912 s, filled 
circle). From the Fig. 1, we can see ne profiles were 
dramatically changed after pellet injection with shot-by-shot 
TS measurements.  

At pellet injection, strong H  emission is observed from 
the evaporation of the pellet. This H  spectrum is 
broadened from 630 nm to 680 nm due to the Stark effect 4). 
To confirm the effect of this broadened H  light for the 
Thomson scattering measurement, we measured the back 

grand signals during the pellet evaporation. Figure 2 shows 
the result of the back grand signal measurement. We have 
obtained eight back grand signals from 20 s to 160 s after 
the TS signal measurements at each laser shots. The 
horizontal axis represents the laser shot number. 187 show 
the 3.751974 s which is the after pellet injection. Filled bars 
show the TS signal and open bars show the back grand 
signals. From this figure, there are no significant signals in 
the back grand measurement. This result shows the effect of 
the H  emission is negligible in this pellet measurement. 

We have demonstrated TS measurements of a short 
interval less than 1 ms by using the event triggering system 
with a multi-laser configuration. We have tried to measure 
this system at the pellet injection and obtained Te and ne 
profiles before and just after pellet injection. This 
measurement technique will contribute understanding the 
mechanism of the pellet deposition and the transient 
phenomena of the LHD plasmas. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 ne profiles from Thomson scattering measurements 
before and after pellet ablation. Square plots show the 
plasma before pellet injection (3.73358 s,). Diamond plots 
show after pellet injection (3.751974 s). Open circle plots 
show ne profile after 200 s (3.752175 s,). Filled circle 
plot shows the laser timing of 3.766912 s. 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. . Signal level of the polychromator at 4.5 m. 
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Though the plasma beta as high as 5% has been
achieved in LHD, the high-beta plasma in LHD is so colli-
sional that it is possible the reactor plasma behave differ-
ently from the present high-beta plasmas. Production of
the high-temperature high-beta plasma is thus required
to improve the accuracy in the prediction of plasma per-
formance in the reactor-relevant high-beta plasma. In or-
der to evaluate the plasma behavior in high-temperature
regime, trials for producing the high-beta plasma with
higher magnetic field (Bt = 1.0T) are made.

In the 16th campaign, high-beta plasma at Bt =
1.0 T was transiently realized in the vertically elongated
configuration where the degradation of the heating effi-
ciency is reduced due to the small Shafranov shift. How-
ever, the heat load towards the wall is so large in this
configuration that the experiment could not be contin-
ued before the optimization of the discharge condition.
In 17th campaign, optimization of the experimental con-
dition is made where the heat load is reduced by the
shorter duration of the plasma. Volume averaged beta
3.69% has been achieved transiently as shown in Fig. 1
with Bt = 1.0T.

Detailed optimization of the magnetic axis posi-
tion is also tried in another small Shafranov shift con-
figurations, where the aspect ratio of the plasma Ap
= 6.6. Achieved beta values as a function of the line
averaged density are shown in Fig. 2. When the pre-
set magnetic axis position is smaller than 3.6m, pump-
out of the plasma density is strong and the high den-
sity plasma cannot be produced. It is consistent with
the observation that particle confinement degradation in
Rax < 3.6m measured by the gas-puff modulation ex-
periments. When the preset magnetic axis is larger than
3.6m, degradation of the beta with the density deter-
mines the maximum beta value. From the compromise
of both effects, optimal preset magnetic axis position is
determined to be about 3.62m and the averaged plasma
beta 3.55 % has been achieved. Detailed analysis of the
heat deposition profile, the transport analysis and the
relation of the transport with MHD activities should be
made to interpret these results.

The high-beta plasma has been extended in the
high-temperature region. Electron temperature in the
magnetic stochastic region increases as well. However,
effects of the decrease of the collisionality, especially in
the magnetic stochastic region, have not obviously ob-
served. Further confirmation of these characteristics is
required with more less collisional plasmas.

Fig. 1: Time evolution of the beta, the plasma cur-
rent, the line-averaged density and Hα are shown in the
highest beta discharge with Bt = 1.0 T.

Fig. 2: Achieved beta value as a function of the line
averaged density.
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