
 
Laser-induced breakdown spectroscopy (LIBS) is one 

of useful analytical methods for hydrogen isotopes with 
depth profiles on materials [1]. Advantages of LIBS as ex-
situ measurements are (1) short time analysis, (2) elements 
can be detected including hydrogen isotopes, and (3) 
intensities mappings at 2-D positions are possible. 

Nd:YAG laser that a wavelength of 1064 nm is injected 
to a target material under low pressure in a vacuum chamber. 
A laser energy per pulse is 100 mJ and a pulse length is 5 ns. 
A spectrometer has seven silicon CCD array detectors. A 
gas extraction system was installed to create a controlled Ar 
atmosphere  

An isotropic graphite (IG-430U, Toyo Tanso Co.) 
exposed to hydrogen divertor plasmas using the material 
probe system at the 4.5 lower port in LHD. A size of IG-430 
target sample is 10 mm x 50 mm x 1 mm and three targets 
set on a sample holder made by molybdenum as shown in 
Fig.1 (a). A target “C” was selected to LIBS measurement. 
Figure 1 (b) shows a picture of target "C" after LIBS 
analysis. A spot size of analyzed position is about 1 mm and 
each interval is about 1 mm. Analyzed points are written in 
Fig.1 (b). Positions 4 or 5 (P4 or P5) are located at the 
divertor footprint of LHD and smaller numbers are located 
at private regions of divertor configuration.  

Figure 2 shows depth profiles of H, Mo, C and O 
elements at position 11 of target sample “C”. A sputtering 
rate by a laser pulse is not calibrated yet, but it is estimated 
about 100 nm / laser pulse. Higher hydrogen intensities are 
detected about 500 nm from the top surface. In this 
analytical setup, a counting of 150 (a.u) is background 
signal level and sufficient counts were detected near top 
surface regions. High molybdenum intensity at the first laser 
pulse are shown, due to deposited one by sputtered 
molybdenum holder. Carbon and oxygen intensities are 
uniform on this depth profile. 
    At present, quantitative values cannot be analyzed 
using LIBS, but this results using the graphite target show 
one of an advantage of LIBS, such as a lower detection limit 
of analyzers.  
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Figure 1 (a) A picture of a sample holder with IG-
430U targets after plasma exposure. A line 
indicated the divertor footprint. (b) A picture of 
target “C” after LIBS analyses. Holes at 25 
positions from P1 to P25 are analyzed traces by 
erosions of Nd:YAG laser. 
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Figure 2 Depth profiles of H, Mo, C, and O 
elements at position 11 of target sample “C” in 
Fig.1. 

 

  
  

Detached plasmas have attracted great interest from 
the point of view of handling of plasma heat flow in the 
divertor of magnetic confinement fusion experimental 
reactors such as LHD. It makes a strong temperature and 
density gradient along the magnetic field. Spatial profile of 
the temperature and density along magnetic field lines is an 
essential general issue and of particular importance for the 
proper functioning of the divertor region plasma. 

So far, we observed the density dependence of 
electron temperature (Te) and ion temperature (Ti) in the 
LHD divertor leg plasma using a movable multiple 
functions probe, which consists of Mach probes and an ion 
sensitive probe (ISP) 1). 

In this campaign, we prepared to a newly designed 
ISP head and installed it on one of the fast reciprocate probe 
systems in the 4.5U port as shown in Figure 1. The ISP has 
optimized structure for measuring a divertor leg near the 
observed port. The angle of magnetic field line along the 
orbit of the probe movement is almost parallel to the probe 
head as shown in Fig.1 (a). TZM has been used for the ISP 
electrodes, which consist of an ion collector and a guard 
electrode. The height of the ion collector inside the guard 
electrode was decided as small as possible by taking a angle 
of magnetic field line at the position of the probe head and 
typical electron gyro radius into account. The structure is 
expected to reduce uncertainty caused by space charge in 
the inner space of the ISP 2).  

Figure 2 shows that probe current profiles obtained by 
the outer electrode (electron guard electrode; G) of the ISP 
with voltage sweep at the divertor leg during attached and 
detached plasmas discharges. The horizontal time axis 
corresponds to the probe position. In the case of the attached 
plasma, the probe current pattern reflects the spatial 
structure of the divertor leg along the probe movement. In 
the case of the detached plasma, however, the current is 
decreased and the profile becomes almost flat. These results 
indicate particle flux to the divertor leg region is drastically 
reduced by the detached plasma discharge.  

Energy balance in the LHD diverter leg plasma will 
be investigated by using the ISP system in the next 
experimental campaign. 
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Fig. 2: Probe currents of the ISP guard electrode 

measured by using the fast reciprocating probe 

system at 4.5U port during an attached and a 

detached plasma discharges. 
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Fig. 1: a) Position of the ISP measurement using one of 

the fast reciprocated probe systems in the 4.5U 

port. Pointed out by a dotted red circle. 

b) The newly designed ISP head installed in the 

4.5U port. 
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