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Short interval measurement of the Thomson scattering system at the pellet injection by using

the event triggering system in LHD
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Abstract： We have demonstrated Thomson scattering measurements o f 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 electron temperature and density profiles before and just after the pellet injection. Obtained profiles 

were dramatically changed after pellet injection with shot-by-shot measurements. This measurement technique w ill 

contribute understanding the physics o f the pellet deposition.
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1 . Introduction
Thomson scattering (TS) measurements o f a short 

interval less than 1 ms are strongly desired for a 

research on transient plasma events such as a pellet 

injection ⑴. The time interval o f electron 

temperature (Te) and electron density (ne) profiles is 

limited by the laser system. A joule class 

commercially based Nd:YAG lasers is pumped by 

flush lamp. A  high repetition rate laser operation 

cannot be carried out by this pumping scheme. By 

researches in recent year the solid-state laser has 

demonstrated the Joule class output energy and over 

10 Hz repetition rate with good beam quality by using 

laser diode f2'41 which can decrease the heat load 

dramatically from flush lamp scheme. However, high 

energy diode pumped laser system is not available 

commercially and is high cost now.

One o f 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 o f laser systems. 

MAST TS system has demonstrated such burst mode 

measurement o f rs  system [5】by using 8 probe lasers 

with the FPGA triggering system. They have obtained 

the Te and ne values from the transient plasma 

phenomena ド’】. In LHD，we have three lasers for the 

probe laser o f 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 o f Te and 

ne values measured by each probe lasers By using 

multi-laser system with the coaxial beam combining
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shot by shot TS measurement is available at the

transient plasma phenomena in LHD.

In the paper, we report the detail o f this burst mode 

measurement system and the result o f the 

demonstration o f this system at the pellet injection. 

This diagnostics method w ill contribute for 

cross-validation o f the simulation and the experiment 

in transient plasma events.

2. Burst mode triggering system at the transient 
event
Figure 1 show the triggering system for the burst 

mode operation o f the multi-laser TS system. TTL 

triggers from the tangent event such as the pellet 

injector or LHD timing system are used as master 

triggers o f this system. Logic OR o f this 2 line is the 

master trigger o f the triggering system. Triggers for 

the three laser outputs are distributed by the DG645 

which is the commercial pulse generator based on the 

FPGA system. The accuracy o f trigger timing is less 

than 1 ns. It can generate the arbitrary timing trigger 

for the flash lamp and the Q-switch o f three lasers. 

Then, the trigger timing duration between the 

Q-switch and the flash lamp should be fixed due to 

maintain the laser extraction efficiency. The shortest 

time interval o f the multi-laser output for TS 

measurement is about a few micro second. This is 

depending on the data acquisition system o f the LHD 

TS system.
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F ig .1A  schematic diagram of the event trigger 
system.
At first the multi-laser system is operated by the 

triggers from the LHD timing system for the stable 

laser operation. Before the some plasma event, the 

multi-system is stopped by stopping the LHD timing 

system and waited for the trigger from the events. In 

the case o f the pellet injection, triggers from LHD 

timing system is stopped at 3.7 s o f the LHD plasma 

shot for the waiting the pellet injection at 3.75 s. 

Finally, when the event provides the trigger, multiple 

laser light pulses are fired with the short time interval 

which is set by the DG645.

3. Multi-laser system
A partially high-reflectance coated mirror or the 

polarization beam combining technique [8] is adapted 

to form the bundle beam emitted from multiple lasers. 

By using the polarization beam combining, the laser 

beam axis is perfectly same. We can compare the ne 

profiles in time series o f multi-laser. However, by 

using a partially high reflectance coated mirror laser 

beam axis is different between the multi-lasers. The 

laser beams are packed along a common beam axis at 

a regular interval o f 1 cm by the packing mirror and a
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partial overlap in the far field where they are focused

on a common point inside the LHD vessel at the 

major radius o f 3.65 m.

For the comparing the ne profiles in time series, we 

use the one laser for the standard laser, ne profiles 

measured by another lasers are normalized by the ne 

profiles measured by tlie standard laser. By adding 

this procedure, we can compare ne profiles by shot to 

shot o f the multi-laser system. In near future, we 

planned to install the method o f combining three or 

more laser beams by using a Pockels cell.

《 Synchronized measurement at the pellet injection
By using this short time interval measurement, we 

tried to measure at the pellet injection. Triggers from 

the pellet injector were used for the master trigger o f 

the burst mode operation o f the TS system. We have 

tested this synchronized measurement system for 

LHD TS system from 15th experiment campaign and 

confirmed the synchronized measurement o f the TS 

system and the pellet injection. Figure 2 shows the 

Timings o f the lasers for the Thomson scattering 

system relative to Ha emission light signal from the 

pellet ablation at the #113431 (16th experiment 

campaign). In this measurement, a pellet light gate 

signal with about 3.5 ms delay was used for the 

trigger o f laser triggering sequences. A  duration o f 

two laser pulses after pellet injection was 200 jis. We 

have demonstrated the burst mode TS measurements 

w ithin 1 ms after pellet ablation. Figure 3 shows Te 

and ne profiles from Thomson scattering
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measurements before and after pellet injection. Laser

2 put into the plasma before pellet injection (3.73358 

s, red plots). After that, Laser 1 was injected after 

pellet injection (3.751974 s, green plots). After 200 |is 

o f Laser 1 ,Laser 3 was worked for the measurement 

o f Te and ne profiles (3.752175 s, blue plots). Finally, 

Laser 2 put into the plasma again (3.766912 s, orange 

plots). From the Fig. 3, we can see Te and ne profiles 

were dramatically changed after pellet injection with 

shot-by-shot TS measurements. This measurement 

technique w ill contribute understanding the physics o f 

the pellet deposition.
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#113431

Fig. 2Timings of the lasers (blue lines) for the 
Thomson scattering system relative to Ha emission 
light signal (red line)from the pellet ablation.
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Fig. 3Te and Ne profiles from Thomson scattering 
measurements before and after pellet ablation.

5. Summary
We have demonstrated TS measurements o f a short 

interval less than 1 ms by using the event triggering 

system with a multi-laser configuration. We have ti*ied 

to measure this system at the pellet injection and 

obtained Te and ne profiles before and just after pellet 

injection. This measurement technique w ill contribute 

understanding the mechanism o f the pellet deposition 

and the transient phenomena o f the LHD plasmas.
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