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1.Introduction

The Large Helical Device (LHD) project will step into a next stage, i.e. experiment by using deuterium 

gases after two years of preparation. A comprehensive set of neutron and y-ray diagnostics is going to be 

installed on the LHD towards extension of energetic-particle (EP) physics research in heliotron plasmas [1]. 

Conceptual design of fusion products diagnostics for the LHD was made in late 1990s [2]. After conclusion 

of agreements for the LHD deuterium experiment with local government bodies, development of FPs 

diagnostics has begun lately. Because there are a lot of tasks to do, all Japan fusion neutron and y-ray 

diagnostics team has been organized in the collaboration framework of National Institute for Fusion 

Science. FPs diagnostics system on the LHD will consist of 1)wide dynamic range neutron flux monitor 

(NFM) [3]，2) neutron activation system (NAS)，3) vertical neutron camera (VNC) [4]. In addition to these, 

we are developing a directional scintillating fiber detector, an artificial diamond detector [5] and a y-ray 

scintillation detector for confinement study of MeV ions. A neutron energy spectrometer prototype is also 

being developed and tested in KSTAR [6, 7]. In this paper, roles of NFM, NAS and VNC and current status 

of implementation onto the LHD are briefly described.

2・ Neutron flux monitor

In a deuterium discharge of LHD, a maximum neutron emission rate is expected to be over 1016 (n/s) 

when full power heating by five neutral beam injectors (NBIs). Also, the neutron rate can change largely 

according to injection pattern of NBIs and also changes rapidly within a time scale of beam ion’s slowing 

down time after the beam turn-off. Therefore, a neutron flux monitor (NFM) having fast time response and 

wide dynamic range capability is required for the LHD. Note that because an annual neutron budget will be 

set for a reason of radiation safety, management of neutron yield is quite important in the operation of the 

LHD. The LHD will be equipped with three NFMs as shown in Fig.1.Note that antecedent to full-scale
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design of the NFM, characterizations of neutron field in the lhg torus hah

vicinity of the LHD were performed by using the MCNP 

code [8-11].Each NFM will consist of a 235U fission chamber 

(FC) for a middle-high neutron yield shot and a 3He or 10B 

detector for a low yield shot. The FC system plays an 

essential role for management of neutron yield. To realize 

wide dynamic range capability for the FC system, pulse 

counting and Campbelling (or MSV) modes are employed 

jointly [12,13]. The wide dynamic range FC system had been 

used in large tokamaks in 198Os〜199Os [14]. However, those 

electronics are based on traditional analogue technologies and

are no longer commercially available at this moment. Therefore, we have developed a digital 

signal-processing unit (DSPU) by using leading-edge technologies. Details of the DSPU are described in 

Ref. 3.
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Fig.1 Neutron flux monitor for the LHD.
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Fig. 2 Coverage of pulse and Campbelling modes in pulse counting rate for the FC system.
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Our DSPU can provides the maximum pulse counting rate up to ~5><109 (cps). A processing time of 

DSPU is variable and is typically set to be 0.5 ms. Coverage of each mode in a range of pulse counting rate 

is shown in Fig. 2. Note that the technology developed for the LHD is universal and is applicable to the

NFM for ITER, and other fusion machines. Installation of the 

NFM system is ongoing and will be completed in March, 

2015, except three U fission chambers.

In the LHD, in-situ absolute calibration of the NFM will be 

performed by using a 252Cf neutron source of 800 MBq. This 

is an indispensable work to evaluate total neutron emission 

rate from the pulse counting rate measured with the NFM. 

The method consists of laying circular railroad track at the 

major radius of 3.74 m inside the vacuum vessel of the LHD. 

The track designed for the LHD is depicted in Fig. 3. To 

approximate the ring-shaped neutron source, we let the 252Cf 

source mounted on the train run on the track inside the LHD

vacuum vessel. Fig. 3 Track line designed for in-situ 
calibration of the LHD-NFM.

154



A3 Foresight Program Workshop, 6-9, January 2015, Nanning, the People’s Republic of China,

3. Neutron activation system

A neutron activation system (NAS) will be employed to secure reliability of neutron emission rate 

evaluated by the NFM. It also can work as a tool of confinement study of MeV tritons. Because the NAS is 

essentially insensitive to y-rays, it can provide reliable, absolute neutron flux at an irradiation point. We are 

preparing two irradiation ends at the 2.5-L and the 8-0 ports on the LHD. An activation foil is placed in a 

capsule (18.5 mm沴 x 40 mm) made of polyethylene called “rabbit” at the measurement room (1)in the 

material research laboratory area. The system receives a voltage pulse from the LHD control before a shot 

and then the capsule is launched towards the irradiation end by using compressed air. After the discharge, 

the capsule goes back to the original place and then the activated foil is analyzed through y-ray 

spectroscopy by using high-pure germanium (HPGe) detector (CANBERRA Industries Inc./ 

GX3018-7935-7-RDC-4-2002C). Note that the NAS can provide shot-integrated neutron flux. Figure 4 

shows overall perspective of the NAS system. The pneumatic tube length between the rabbit control unit at 

the measurement room (1)and the irradiation end at the LHD torus is about 93 m for the 8-0 line and 80 m 

for the 2.5-L line. The implementation of the NAS system will be finished in March, 2015.

Fig. 4 Overview of neutron activation system for the LHD.
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4. Vertical neutron camera

Because radial EP transport, in particular, while toroidicity-induced Alfven eigenmodes destabilized by 

EPs is of our great concern, we have been developing a vertical neutron camera (VNC) consisting of 

fast-neutron scintillation detectors maximized in the counting rate capability and cylindrical collimators of 

11 channels made of heavy concrete [4]. Schematic drawing of the LHD-VNC is shown in Fig. 5. As for 

the fast-neutron detector section, our targets in

development are 1)stable operation at counting rate up 

to 106 cps, and 2) online n-y discrimination. So far, we 

have tested four different fast-neutron scintillators, i.e. 

stilbene crystal，BC-501A liquid scintillator, EJ-299-33 

plastic scintillator capable of pulse shape 

discrimination, and BC-720 consisting of ZnS(Ag) 

phosphor embedded in a clear hydrogenous plastic at 

accelerator based fusion neutron source and research 

fission reactor. At the same time, we also tested a 

couple of fast analog-to-digital convertor (ADC) 

modules having a function of pulse shape 

discrimination (PSD) by using field programmable gate 

array (FPGA) technology suitable for our purpose. In 

addition, we have searched for optimized n-y 

discrimination methods [15]. As a result of the
Fig. 5 Schematic drawing of the LHD-VNC 

intensive tests above mentioned, we chose stilbene as a system,

fast-neutron detector for the LHD-VNC. The stilbene

scintillator (20 mm（(）x 10 mm) is connected to a 

photomultiplier tube (PMT) (Hamamatsu Photonics 

Iく.K. /Hl 1934-100-1OMOD) equipped with a so-called 

active divider. Pulses from the PMT are fed into a fast 

digitizer module having an automatic online PSD 

function (Techno AP Co./APV8104-14). Our 

fast-neutron detector system offers no significant gain 

shift of PMT up to 106 cps and good n-y discrimination 

as seen in Ref. 4. An opening of the 2 m concrete floor 

of the LHD torus is utilized for a neutron collimator.

Actually, we install the VNC at the 2.5-L port of the 

LHD. Therefore, a multichannel cylindrical collimator

Fig. 6 Installation of the neutron col limator 
made of heavy concrete.
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(Z=1.5 m) made of heavy concrete (3.5 g/cm3) is placed in the floor opening right under the 2.5-L port. The 

diameter of each collimator is variable, i.e.10，20, and 30 mm（)）and the distance between the two 

neighboring holes is 90 mm. Figure 6 shows a picture when the collimator stack is placed into the floor 

opening. Installation of the neutron collimator will be completed in March, 2015. After this work， 

implementation of the measurement section will be initiated.

5. Summary

The LHD deuterium project will start after two years of preparation. A comprehensive set of neutron and 

y-ray diagnostics will be employed in the LHD to extend energetic-particle physics research in a helical 

plasma. In particular, the NFM based on the FC plays an essential role in operating the LHD in terms of 

management of neutron yield because the annual neutron budget will be set in the deuterium experiment 

regime. We have developed the NFM having fast time response and wide dynamic range capability by 

using leading-edge digital signal processing technologies. The NAS is also used to ensure accuracy of 

neutron mission rate evaluated by the NFM. The VNC is a physics-oriented diagnostics. It will reveal radial 

transport of EPs while EP-driven MHD instabilities occur and will provide a great opportunity to explore 

scenarios for suppression of MHD amplitude and transport of EPs. Preparation of the NFM, NAS, and 

VNC is steadily ongoing towards the LHD deuterium operation.
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