
 

Pitch Angle Dependence of Fast Electrons Energy Spectra 

 Measured with a Soft X-Ray Pulse Height Analyzer in Heliotron J 
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A soft x-ray Pulse Height Analyzer (PHA) is installed in Heliotron J for the measurement of fast-electron 

energy spectrum at various pitch angles. The detector can be tilted in the range from -10° to 10° 

horizontally and from -3° to 7° vertically. The main purpose of the study is to confirm experimentally the 

change of fast-electron spectra expected in the electron cyclotron current drive (ECCD) phase. In this paper, 

we report the change in fast-electron energy spectrum of ECH only phase in pitch angle scan. 

 

 

1. Introduction 

Measurement of energy spectra in soft X-ray 

region can give us useful information about line 

impurities species, bulk electron temperature and 

electron loss region in the velocity space. In 

addition, the effect of fast electrons on the toroidal 

current can be evaluated from the signals in the 

parallel and anti-parallel directions. 

A new movable PHA system has been installed 

in Heliotron J [1, 2] in order to measure the pitch 

angle dependence of the electron energy spectrum. 

In this paper, we report a preliminary result of pitch 

angle scan experiment performed to examine the 

change in energy spectrum, especially in ECCD 

experiment.  

  

2. PHA System in Heliotron J 

Figure 1 illustrates the arrangement of the PHA 

system in Heliotron J. This system can tilt its sight 

line horizontally from -10° to 10°. This range is 

equivalent to the pitch angle,  from 98° to 126° in 

the standard configuration of Heliotron J. The 

observing area can be controlled by using 

perpendicular and horizontal slits. The sensitivity 

range of a silicon detector in the PHA system is 

from 0.5 to 30 keV. The energy resolution is 0.10 - 

0.25 keV. 

The maximum rate of the shaping amplifier is 

about 80×10
3
 counts/s. This system has four Be 

filters of which thickness are 30 m, 70 m, 150 

m and 300 m to control minimum detectable 

energy. The values of photon energy for the 

transparency greater than 80% are 2.5 keV for the 

30 m filter, 3.2 keV for 70 m filter, 4 keV for 150 

m filter and 5keV for 300 m filter. 

Figure 2 shows arrangement of PHA system in 

the poloidal cross-section. The angle of the sight 

line can be changed perpendicularly from -3° to 7°. 

These values correspond to the range in normalized 

radius from 0 to 0.35. By using this tilting system 

the observed pitch angle can be changed toroidally 

with keeping the condition that the sight line 

crosses the magnetic axis.

3. Experiments and Discussions  

Figure 3 shows the line averaged electron  
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Fig.1 Arrangement of the PHA system 

 
 

Fig.2 Projection of the sight line of PHA system 

on the poloidal cross-section 

 

density, en , and the non-inductive plasma toroidal 

current, Ip. A plasma is generated and sustained by 

70-GHz ECH (N// = 0.35) in the high bumpy 

configuration [3]. The average magnetic field 

strength is 1.36 T. The ECH pulse is injected from 

165 ms to 285 ms, and its injection power is about 

250 kW. In addition, ICRF [4] is injected from 220 

ms to 240 ms in this particular set of discharges. 

The electron density is about 0.5×10
19 

m
-3

. The total 

plasma current flows in the counter-clockwise 

direction in Fig.1. The current gradually increases 

up to 0.8 kA in the first half period of the discharge 

and is almost constant in the second half of the 

discharge. The energy spectra are observed for three 

different pitch angles keeping on-axis condition. 

The selected sight lines are indicated as A, B and C 

in Fig.1. The pitch angles are 119° for A, 110° for 

B, and 101° for C.  

Figure 4 shows the observed energy spectra for 

the three cases. The measurement time interval of 

the PHA is from 240 ms to 290 ms. It is observed 

that the photon counts in the energy range 7-10 keV 

is decreased as changing the pitch angle from  

101° to 119°, while there is no clear difference at 

low-energy (< 6.5 keV) photon counts and 

high-energy (> 9 keV) photon counts. The result of 

 
Fig.3 Measurement plasma parameter and 

injection parameter 

 
Fig.4 Measurement of energy spectra of soft 

X-ray by PHA system 

 

the observation is consistent with the toroidal 

current direction if the fast electrons in the range of 

7-10 keV carry the plasma current. For the next step, 

we will try to make observation of PHA signals for 

the plasmas where the toroidal plasma current by 

ECCD flows much larger, for example, in low 

bumpy configurations [3]. 
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