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Central Deuteron Temperature Derived from Total Neutron
Emission Rate in Electron Cyclotron Heated LHD Plasmas
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Total neutron emission rate from Large Helical Device plasmas is measured by using a neutron flux monitor
newly installed for deuterium operations. Deuteron temperature is derived from the total neutron emission rates in
electron cyclotron heated Large Helical Device plasmas. Time evolution of central deuteron temperature obtained
by the neutron flux monitor approximately agrees with central impurity ion temperature measured by the EUV
spectrometer.
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Deuterium operation on Large Helical Device (LHD)
was initiated in March 2017 in order to achieve higher tem-
perature and higher density plasmas [1]. In deuterium ex-
periments, fusion reaction products such as neutrons be-
come newly available as a signal to diagnose compared
with hydrogen experiment. Total neutron emission rate
(S n) measurement on thermal plasmas has been used to
determine the central deuteron temperature (Td0) in toka-
maks and middle sized stellarators/helical devices [2–6].
Recently, a neutron flux monitor (NFM) composed of three
fission chambers, a 10B counter, and two 3He proportional
counters was installed [7] and working successfully for
measurement of S n in LHD. As a result, we are able to
obtain the time-resolved deuteron temperature in electron
cyclotron (EC) heated deuterium plasmas by means of the
NFM.

Figure 1 shows the typical time evolution of the deu-
terium plasma discharge with EC heating. Total EC heat-
ing power (PECH_total) was reduced in two steps from 3 MW
to 1 MW and line-averaged electron density (ne_avg) was
gradually increased to 2 × 1019 m−3 throughout the dis-
charge. Deuterium ratio {D/(H +D)} evaluated by Hα and
Dα diagnostics was around 0.9. Maximum total neutron
emission rate (S n) and total neutron yield measured by the
NFM are 0.7 × 1011 neutrons per second, and 1.0 × 1011

neutrons per shot, respectively. Radiation power (Prad) and
the central electron temperature (Te0) were measured by a
resistive bolometer and a Thomson scattering diagnostics
(TSD), respectively.

In EC heated plasmas, S n can be expressed by

S n =
1
2

∫ a

r=0
nD(r)2〈σv〉DD-n(Td(r))dV(r). (1)
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Fig. 1 Typical time evolution of EC heated plasma.
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Here r, a, nD, 〈σv〉DD-n, Td, and V are minor radius, av-
eraged plasma minor radius, deuteron density, reaction
rate of the D(d, n)3He reaction when deuterons form the
Maxwellian velocity distribution, deuteron temperature,
and the volume of each flux surface, respectively. In this
ion temperature derivation, S n is measured by 10B counter
with the conversion factor derived by in-situ neutron cali-
bration. The profile of nD is deduced from ne profile with
assuming the Zeff range from 1.5 to 2.5 and main impurity
of C6+ [8], and D/(H+D) obtained by Dα and Hαmeasure-
ment. D(d, n)3He reaction rate is given from the analytic
model [9]. Deuteron temperature profile is assumed to be
in the parabolic shape, Td(r) = Td0×{1−(r/a)2}. The inter-
vals of Td0 in this calculation is 0.05 keV. Volume of each
surface is given from the equilibrium reconstructed using
VMEC2000 [10].

Figures 2 (a) and (b) show the profiles of electron tem-
perature (Te) and ne measured by TSD, and estimated ion
density profile at t of 5.01 s. We calculated

Δ =

∣∣∣∣∣S n − 1
2

∫ a

r=0
nD(r)2〈σv〉DD-n(Td(r))dV(r)

∣∣∣∣∣
2

,

for each Td0 to find appropriate Td0 to minimize Δ in each
time bin. Here, the calculated neutron emission density
rate profile at Td0 of 1.40 keV, at t of 5.01 s is shown in
Fig. 2 (c). Figure 3 shows the time evolutions of Td0 and

Fig. 2 Radial profiles of a) Te, b) ne and nD. c) Neutron emission
density profile calculated at Td0 of 1.40 keV and Zeff of 2.

Fig. 3 Time evolutions of Ti0 and Td0.

central impurity ion temperature measured by EUV spec-
trometers (Ti0) which is basic diagnostics for measuring
ion temperature in EC heated LHD plasmas. The error bar
of Td0 is mainly from the error of in-situ neutron calibra-
tion of NFM. Time evolution of Td0 approximately agrees
with that of Ti0.

In summary, time evolution of deuteron temperature is
derived from the total neutron emission rate measured by
the neutron flux monitor in electron cyclotron heated deu-
terium LHD plasmas. Appropriate time evolution of cen-
tral deuteron temperature is derived by total neutron emis-
sion rate measured using the neutron flux monitor.
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