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ABSTRACT: Detailed studies demonstrate that the decrease of fast pdeticiéesand

neutronrateswith decreasinglasmadensityis owing to a decreasedlepositionof the

injected particlesThe powerdepositedoy neutralinjection after the first particlelosses
is determinedrom the initial rise aswell asfrom the plateauvalue of the neutronrate.
For this theneutroncounterswere absolutelycalibratedby meansof Indium activation.
The results of the studies demonsti@sssicalconfinementof fast particlesin W7-AS.

Losses of fast particles are only observed during strong MHD activities.

In a previouspaper[1] we reporteddiscrepanciebetweenmeasuredast particle densitiesas

well as neutron rates and the respective values expected from beam deposition calcutagons of
injected power. The measuredvalueswere smallerthan the expectedonesfor large energy
relaxation times of the injected ions, i.e. for low plasma densities.

Neutronproductionduring D-injectionis a sensitiveindicator for the confinementof the fast
ions, as they need approximately one energy relaxation time to pribeirageutrons.For W7-
AS this is between 10 and 60 ms. Therefore we have carried out detailed studienesdgtheed
neutronratesfor a large numberof dischargeswith different plasmaparametersaand neutral
beam powersn orderto getinformationaboutthe confinementof fastions, onehasto know
their density depositedafter the first orbit losses,i.e. the density of particlesstarting in the
relaxation process after their injection. Therefore, the central point is an experimental
determinationof the depositedpower, which is smaller than the primary injected power,
depending on injection angle and density.

As already shown in our previous paper the initial rise of the tomatronyield Q, (t) produced
by injected ions with energ¥ is given by the simple expression
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where§ is the deposition rate (number of ions/syn, the deuteron density of thmckground
plasma,o the fusion cross-section angj the deuteromass.Summationover the threespecies
of injected ions gives the initial rise of the total local neutron Yl

It is essentiato note that this initial rise dependson the parameterf the injection and the
plasmadensity only, but not on the relaxationprocessof the fast ions, i.e. on their energy
distribution function. Thereforeit is an ideal tool for determining the deposited power
P=2 S W, , butit requiresa sensitiveand well-calibratedneutroncounter.We havedone
careful calibrationsof the two counters(BF3 and NE213) installed at W7-AS by meansof
indium activation but, unfortunately, the BF3 counter is not sengtieeighandthe uncertainty
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of the NE213 calibratedat large neutronratesincreasewith lower count rates. Thereforethe
values for deposited powBf,, which we determine from the initial rise of the neutron signal
rather uncertain.

A secondpossibility for determiningthe depositedpboweris an evaluationof the full shapeof
the neutron signal or at least of the plateau value in the stationargfstiagadischarge But this
procedure requires the knowledge of the fast ion energy distribution and needsrseastakd
plasmaparametersin orderto investigatea large numberof dischargeswve usedfor the ion
energy distributiori (W) the so-called high-energy approximation:

1
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Here 7, . is the slowing down time for deuteron-electrorcollisions and W,,, the so-called

critical energy, where electrons and background ions receive the same heating power.

As to be expected, the measured r&tiQ/ P,,...,, whereP ..., is the valuefor the deposited
power determinedrom the plateau,s aboutl for small neutronsrateswith an error of about
50%. This is a reasonable result taking into account the error margin of the input data.
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Fig. 1: Comparison between simulation and NE-213 neutron measurement for
discharge type 1. Neutral particle deposition calculated from the plateau
value of the neutron signal.

For 7 dischargeswe comparedthe results for the depositedpower determinedusing this
approximationwith the valuesfrom a time-dependen2D Fokker-Plancksimulation of the
distributionfunction and the relatedneutronrate. Both resultsagreedwithin £ 20%, which is
lessthanthe error of the valuesfor P determinedrom the neutronsignals.Generally,a time
dependent simulation of the neutron rate using/éthge P, reproduces/ery well the rise of
the neutronrate (Fig. 1). For about?/, of the investigatedplasmadischargeshe simulation
reproduceshe full time history of the neutronrate. For lessthan '/, we observea lack of
neutrons in gartof the signal (Fig. 2), startingtypically after half of the rise time andlasting
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until half of the stationary state. Duririgis time interval strongMHD activity of the plasmais
observed in those discharges, which obviously causes a loss of fast particles.
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Fig. 2. Comparison between simulation and NE-213 neutron measurement for
discharge type 2. Neutral particle deposition calculated from the plateau
value of the neutron signal. The lack of the measured neutrons is
associated with strong MHD activity.

In quiescent discharges where the electron temperature after the turn offiefittadbeamwas
almost kepiconstantusing additional ECR heatingthe decayof the neutronsignalis alsowell
reproduced by a numerical simulation usig,..,(Fig. 3).
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Fig.3: Comparison between calculated and measured neutron decay after
turning off the neutral beam injection. During the decay, the electron
temperature is kept constant by ECRH heating.

Finally, there are a few discharges for which the analysis of the measurgi/dataconsistent
results. Itis an openquestionwhetherthis is dueto erroneousneasurementsr dueto a very
special plasma configuration.
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Fig. 4: Fraction of neutral beam deposited power to the input power via the central
density.

Fig. 4 showsthe ratio of P ..., /P, , whereP, is the injected power as a function of the
electron density, i.e. the depositedfraction of the injected power, which decreaseswith

decreasinglectrondensitybecausef rising shine through and charge-exchangsses.The
injectedpowerwas calculatedby the beamdepositioncodeFAFNER. The solid line gives the
valuesobtainedwith FAFNER for the caseof the inner sourceswhich are injecting almost
tangentially.For mostof the dischargesve usedthe inner co-NBI sources.The experimental
values are widely spread. This is mainly caused by the errors of the plasnehitatare to be
usedin the determinationof P ..., In the meanthe measuredvalues are smaller than the
calculatedones.In additionsomemeasurement&ere madewith outer sourceswhich havea
largerinjection angle.As expectedheir ratio of P /P, . is in the meanlower than for the

plateau inj

inner sources. But this decrease is smaller than the spread of the values.

From our observations weandraw threeessentiatonclusionsFirstly, the depositedboweris
in tendencysmaller for the examineddensity region than it is expectedfrom FAFNER
calculations.This explainsthe formerly observeddiscrepanciedbetweenthe measuredand
expectedheutronratesand fast particle densities.Secondly,the relaxationprocessof injected
ionsis aclassicalonein W7-AS, at leastfor the period of one energyrelaxationtime. This
follows from the excellent reproduction of thiee aswell of the decayof the neutronsignalin
numerical simulations using the valuedgfpositechbowerdeterminedrom the plateau.Thirdly,
the fast ions are confined in W7-AS at least over one energy relaxatioaslorgy asthereare
no plasma perturbations by mode activities.
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