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Abstract
In Large Helical Device (LHD), it is possible to perform the 
simulation experiment of the α particle heating by using the 
ion cyclotron resonance heating (ICH) because high-energy 
particle generated by ICH is well confined in the plasma. The 
neutral particles (mainly hydrogen), which are generated by 
the charge exchange between the high-energy ion and the 
background neutrals, can be observed by using them. However 
a few neutral helium particles can be observed because α
particle (or fully ionized helium) can emit only by double 
charge exchange process. Therefore we also introduce the 
pellet charge exchange system (PCX). The diagnostic pellet is 
injected to the plasma in order to obtain the charge exchange 
neutral particle, which is produced by the charge exchange 
reaction between the ablated pellet cloud and α particle or 
high-energetic particle. The helium distribution measurement 
in helium plasma is demonstrated.



●Direct measurement of energetic particles in plasma（proton, alpha etc.）
●Background neutral for charge exchange is required in passive measurement
　　　Difficult to obtain central information due to low back ground neutral around       

the plasma center.
　　　Double charge exchange is necessary to measure α-particle
　　　Line integration

→Pellet Charge Exchange (PCX) by combination of TESPEL & CNPA
　　PCX has been tried in TFTR for α-particle measurement
　　New results can be obtained even in non-DT plasma device

→Diagnostic development 

(1) Establishment of the PCX technique for proton (1/4 mass of α)
(2)Try helium ion measurement by using PCX

Pellet Charge Exchange Measurement
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Time-resolved particle energy spectra can be translated into the 
radially-resolved measurements along the pellet trajectory
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Experimental Apparatus

CNPA Viewing Cone

Pellet Injection Axis

Compact NPAＣＮＰＡ（Compact Neutral Particle Analyzer）

Channel　　　　　　 40

　Energy resolution　　Typically several ％

　Energy range           0.8～168 keV

　Time resolution　　　 100μs



Experimental Setup

SD-NPA

CNPA&NDD

ＳＤ－ＮＰＡ　　２５ ～４００keV
　　　　２０４８ ch
Pitch Ang.　４５～９０deg
6 cords

NBI 4

CNPATESPEL

NDD(Natual Diamond)



Typical CNPA 
results in ICH 
plasma

CNPA 61213(100.0 ms)
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CNPA 61226(100.0 ms)
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ICH+NBI#1（●○）、ICH+NBI#1+#4（■□） 、ICH+NBI#4（▲△）
Closed marks（●■▲） mean the standard heating, open marks（○□△） mean the central 
heating of ICH.  The difference of both cases is remarkable in the ICH+NBI#1. Particles 
from NBI#4 is also obviously observed.
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Difference of the resonance positions in PCX

Rax=3.6,Bt=-1.25TRax=3.6,Bt=-1.375T

ICH 2nd harmonics
-1.375T Standard heating
-1.25T Central heating

In -1.375T, the flux increase 
at ρ =0.５. However in -1.25T, 
no enhancement of the flax 
appears.

←Time trace of the charge 
exchange particle flux during 
TESPEL injection. Here the 
time means the pellet 
penetration depth. The pellet 
reaches  ρ=0.1. Vertical axis 
shows the particle energy.
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In the standard heating、
the flux increases at ρ
=0.5. In the central 
heating, the flux increase 
can not be found because 
the the pellet trajectory is 
not cross the resonance 
surface. 
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SD-NPA scan 
during ICH 

long discharge
(Vertical sight 

lines)
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Case1:  Similar pitch angles

Flux increase at 
the resonance 
surface can be 
observed in SD-
NPA vertical 
scan.
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Spot on Detector
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Energy loss in Cloud
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Helium profile（NBI)
TESPEL is injected to the helium plasma during NBI#2 phase. 
Helium ion profile can be obtained by PCX. TESPEL reaches 
ρ=0.2 in NBI plasma. 
Hydrogen is aloso observed at ρ>1. Low helium/hydrogen ratio 
is observed in the peripheral region due to the hydrogen flow 
from the wall. 
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Helium Ratio (ICH）
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0 0H H H H+ ++ → +
1 0 2H C H C+ + ++ → +
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Effect of the scattered hydrogen in the 
detector
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Summary

●The preliminary demonstration of the alpha particle 
diagnostics using PCX and SD-NPA has been done.

● The high-energy particle flux enhancement around the 
resonance surface of ICH can be observed in the standard 
heating mode of ICH 2nd harmonics.

●The helium profile measurement has been tried by using PCX.


