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Analysis of first PCX measurements in LHD
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Introduction. The behavior of fast ions, alphas and 1@fRen minorities is a key problem
of the controlled fusion research. Among a few diagnostics capable to measure the energy
distribution of the confined fast ions, the Pellet Charge eXchange (PCX) approach using the
Neutral Particle Analyzer (NPA) as a detector of helium atoms emitted by pellet clouds has
been successfullypplied in BT and ICRdriven minority experiments in TFTR [1]irgt
results of a new PCX scheme with the Natural Diamond Detector (NDD) have been recently
reported in Ref. [2]. In this paper we present and discuss new algorithms develog@ekto d
the energy distribution function from the NDD signal.
Experiment. A tracerencapsulated solid pellet technique (TESPEL) is widely used
nowadays [3,4]. A pellet made of polystyrene polymé&H((GHs) CH,-) with outer shell
(typically, 0.70.9 mm in diameter) was used to investigate the behavior of fastANgIH
150 keV) ons. Being injected in the core direction of plasma heated by 3.4 MW NBI, the
pellet makes a dense enough (neutrals and ions of H, C) target responsible for charge
exchangebetween plasma ions and cloud atoms. NDD has been utilized to as an energy
analyzerfor neutral fluxes emerging the cloud. Details of this experimentaugetvere
published elewhere [2].

A calibration of the whole receiving channel of NDD has been done usirf§‘Ane
(5.5MeV) source by placing it into the vacuum vessel. The caldasignal Fypp(t)
(Fig. 1a) is lasting a time interval comparable with the total pelletiabltime t,, of about
1ms. A typical NDD signal for NBI heated LHD shot #37771 together with the pellet
ablation light are shown in Figdb and c. Odd negativelND pulses, especially when pellet
ablation is over, will be explained using simulationsspnted below.

Modeling and discussion. The measuretdypp(t) signal of NDD was simulated ad fows
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N

Unoo () =) A(E)Fuop(t—t), t = iZAti , (1)

where A(?;) is a signal amplitude that is proportional to enefgyf “i" -particle that aives
to the detector at time, At; is the delay time between arrivals df and ‘i+1” particles\N is
the number of measured particles dutigg In simulations, the engy dstribution function
( oE” I(E¥? +EX?) for E < Ey -
%) ,otherwise ]
was used with the critical enerdy (145 keV evaluated according to the simple slowing
down model [6].The At; time depends on the NDD aperture. In the simulations it was
assumed to be uniformligistributed within 0.8.5 ps time interval. Simulated signals
Unpp(t) with an experimental noise added and without it are shown in1éig.
correspondingly. One can see from Hig.that NDD signal has a 0.2 ms delay relative to the
start of pellet alation. Therefore, it was assied that fast plasma particles start to expose
NDD detector with this delay as well. One can see that the simulations reproduce main
features of the experimental signal shown in Eg.Negtive values of signals occur due to
the shape of thé&pp(t). We should note that the realized detection scheme had a limitation
on the detector load. NDD signal saturated when the detector aperturengased.
To restore the energy distribution function of fast neutrals fromUge(t) time
evolution the followingalgorithm based on Fourier analysis has been developed. One can
show that the following/ transformation

0 0
V(U op ) = F'15%5 ®

applied toUnpp(t) in form (1) gives the following expression
N
U oo (t) :ZA(Ei)Xé[t_ti] (4)
1=1

which is more appropria for subsequent Pulse Height Analysis (PHA) and derivation of the
foc(E) energy distribution function of particles measured by NDD. He&rand F* are the
Fourier andeversed Fourier transforms correspondingly.

The developed algorithm has been tesisthg the modeled signal with exjpaental
noise shown in Figld. In Fig.2a the fyg(E) ion energy distribution function used for
simulation and histogram of the restorddc(E) distribution function are shown
correspondingly. One can see that the #@lgor gives appropriate results for the egies
above the noise level.
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NDD principally operates with the 4]
roomtemperature noise level so that tt 3

experimental noise level was comparak E/z
with the maximal energy of plasm e
particles.  Therefore, the following SO e U

procedure of processing the NDD sign

F

was developed. BrieflyUyxpp and Fypp
signals were smoothed so that to keep 1
initial rising partof the Fypp(t) signal with |
duration of about 0.0%ts. Then, aSypp(t')
initial part of the Fypp(t) signal lasting

At' =0.25us was chosen for calculatin

the following parameter
AU oo (t) = J woo(t) = A(E ) Syop (t 1)

Here,A(?;) was varied so that to deteine
minimums of the AUypp(t) parameter in

time. Then, times of minimums and ttr
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It is clear from Fig.2b
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Summary. Algorithms for restoring the energy distribution of fast neutrals emerging the
pellet cloud in LHD PCX experiments were developed. Teximal neutralsvalues of
about 45 keV measured using PCX diagnosticSraegreement with dataf the passive CX
diagnostics of LHD. An improvement of the measuring scheme for further studies of fast
ions in PHA regimes is offered.
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