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ABSTRACT: The present status of modeling TF ripple loss of fast alphas from
tokamaks is summarized. The modeling issues are discussed, and several new
aspects of this problem are described, including gyromotion, radial electric
field, and sawtcothing. Existing models predict that TF ripple loss of fast
alphas will have a low-to-moderate impact on the design of a tokamak
engineering test reactur (ETR).

1. INTRODUCTION

This paper summarizes a presentation by the same title, given at the
“Workshop on Alpha Particle Effects in ETR," held June 15-14&, 1987 at the U.S.
Department of Energy Headquarters in Germantown, Md. The outline of the paper
is as follows. Section 2 describes the existing work on the loss of fast ions
due to toroidal field ripple, then discusses some of the recent wark in more
detail. Section 3 a2numerates the modeling issues and ways to improve the
models, Section 4 points out several new aspects of the TF ripple loss
problem which will have an important impact on the results. Consequences for
ETR are explained in Section S.

2. EXISTING WORK

The effect of TF ripple in a tokamak was recognized as an important problem
in 1972 by Anderson and Furth [1]. Subsequent research [2-34] has heen
extensive, including importuant aspects of the fast ion ripple transport
problem. This section summaries the basic physical processes, and recent
studies based on these effects.

2.1 Basic Ripple Processes

Since the toroidal field coils are spaced discretely, the magnetic field
strength is lower between the coils and higher in the plane of the coils.
Secondary magnetic wells can form in a tokamak plasma when the magnitude of
the ripple, &(R,2), is sufficiently large, defined by [36]:

a* = RB(B,-UB)/NSB.® ¢ 1 (L
where R is the major plasma radius, B, is the poloidal component af the
magnetic field vector, B, is the toroidal component of the field, B is the
magnitude of the net field, and N is the number of toroidal field coils. The
above equation generalizes the well-known formula for a circular tokamak [1)}
to a noncircular equilibrium. All the magnetic field terms in Eg. 1 are f ‘ &“
unrippled values. For the Fusion Engineering Device {371, Fig. 1 shows 3"&'1?\%
example of contours of constant ripple and the outer flux surface of the (1]
equilibrium; ripple wells form between the mid-plane (2=0) and the contour of
x*=]. lons moving in such a rippled magnetic field are affected by the field
maxima and minima in several ways. An ion can be captured in a ripple well
{near the banana tip) as the large-banana-width orbit collisionlessly carries
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the particle irto a regicn of higher magnetic field. The inverse cf this
process, detrapping [19]1, can occur when the ripple-trapped particle drifts
vertically into a region where ripple wells do not exist (see Fig. 1). Alsao,
collisionless ripple detrapping may occur if the radial excursion of a
large-banana-width orbit carries a fast ion out of a ripple well. Collisianal
(de)trapping is also possible, involving pitch-angle-scattering near the
banana tip of an orbit as the ion traverses a ripple well; this effect is very
small for fast alphas however. Ripple trapped particles no longer follow
banana orbits, but rather cscillate toroidally between two maxima in the
B-field while moving vertically due to curvature and gradient-B drift.
Vertically-drifting, ripple-trapped inns will either be lost to the tokamak
wall or {as described above) will move into a region of the plasma where
ripple wells do not exist. The former case is a direct wall-loes mechanism,
occurring where the ripple trapping region intersects the outermost flux
surfaces as in Fig. 1. 1In the latter case, the motion acts to transport the
particles radially outward into regions where diffusive processes dominant.
Since collisionless effects are so much faster than collisionless ones, early
studies by Yang ana Emmert [21, Belikov et al. [31, and Petrie et al. [4]
assumed that ripple trapped ions were instantaneously lost to the wall without
accounting for detrapping processes. However, using a model based on Ref. 10,
Hively [26) found that such losses are reduced dramatically by collisionless
rinple detrapping in INTOR which occurs on the same time scale as the
collisionless ripple trapping. Other calculations based on Ref. 27 and
independent studies by Ref. 23 agree with Hively's results [26) for INTOR.
Goldston and Towner elucidated these processes in their 1981 paper [141. A
recent analysis of collisionless ripple trapping losses by Goloborod'ke et al.
[25) used a drift kinetic treatment of the problem. However, Yushmanov {171
points put that the drif: kinetic equation is inapplicable for fast alphas.
This condition occurs when the toroidal drift precession distance during one
banana period is greater than the distance between TF coils.

Without ripple, banana trapped particles precess toroidally by A¢ during
one bounce period. With ripple, neoclassical orbits do not close exactly due
to a veriable lingering period as the banana tip crosses a ripple well or
ripple inflection region leading to a radiai displacement. For high energy
alphas (>1 MeV), the toroidal precession is large compared to the period of
the toroidal field coils, 4@ > 2u/N. Stochastic diffusion [1i) of these fast
alphas occurs when the radial displacement, d, is sufficiently big compared to
the minor radius (a) of the plasma, d > a/INwng(a)], where qlta) is the cafety
factor at the plasma edge. Conseguently, stochastic ripple diffusion leads to
rapid loss of ions tp the wall in 10-100 bounce periods. The collisionless
form of this process was studied by Goldston, Boozer, and White [11], White et
al. (211, and Hitchon and Hastie [23). VYushmanov [17] has studied the
collisional stochastic diffusion problem for high energy ions. For moderately
high energies, when the stochasticity criterion is not yet satisfied, resonant
diffusion occurs [1Bl. In this case, the toroidal precession distance during
one bounce is 4¢ > {/N, and banana~-trapped particle orbits undergo large
radial jumps when 4¢ = nu/N, due to resonance between the toraidal drift
precession and the ripple periodicity. Yushmanov's analysis describes a
smooth transition among the banana-drift, ripple—plateau, and resonant
diffusion regimes, assuming sm2ll banana-width orbits. Goloborod'ko et sl.
[28) use a more general theory for large banana-width orbits and find
resonances when ratio of the toroidal drift precessional freguency to the
bounce fregquency is a rational number (m/n), for m and n integers. These



resonances are localized in both velocity and coordinate space. Goloborod'ko
et al. [50] have extended their theory ta include callisions in both the
collisianless and plateau regimes, when the resonance overlap for stochastic
processes is not satisfied. Monte Carlo calculations by Tani et al. [30] find
that most of the fast, trapped alphas are lost from an INTOR plasma via
stochastic ripple diffusion, in accord with their previous results [22].
However, the results of this calculation are somewhat uncertain becasuse the
mapping procedure used by Tani et al. [30] is not area preserving. Zajtsev et
al. [311 have used the flux-surfaced-averaged Fokker-Planck equation to model
fast alpha confinement based on a small banana width form for the stoechastic
diffusion; their results agree with Ref. 22. The validity of this model is
questionable because large banana-width orbits are not used and because a
small banana-width model was used for the stochastic diffusiou.

Ripple-plateau and banana-drift diffusion are related processes in whirh
neoclassical orbits fail to close exactly due to the same ripple induced,
variable lingering period as the banana tip crosses a ripple well or a ripple
inflection region. Collisions decorrelate the rippie phase causing diffusion,
rather than oscillatory motion. If the collisionality is low tcollisionless
regime), collisiaons decorrelate the ripple phase after many bounce periods
leading to banana-drift diffusion [3B1. At moderate collisionality,
collisions decerrelate the ripple phase between successive bouuces, producing
ripple-plateau diffusion [39]. When the collisionality is high, collisions
decorrelate the phase after a small fraction of a bounce period, but this case
does not apply to fast alphas. Goldston and Towner [14] discuss a
generalization of these processes for large banana-width alpha arbits duriug
slawing down. Mynick [29] has constructed a generalized theary aof banana
drift transport which also includes low-n MHD modes and high-n pe: turbations
arising fram microtearing. Very recently, Zweben et al. [32] have calculated
alpha losses based on a guiding-center orbit simulation [271. They find
significant alpha losses in TFTR due to stochastic ripple diffusion, due to
sawteeth (modeled as a stationary m/n=1/1 island in the plasma core), and due
to higher order resistive tearing modes (alss modeled as stationary islands).

While the above diffusive processes are due to abrupt changes in the
teroidal adiabatic invariant [15] as an alpha orbit moves through magnetic
ripple, diffusion also occurs as a3 result of jumps in the magnetic moment [S51].
Putvinskii and Shurygin [24] point out that Ref. S5 did not take account of the
local character of the gyroresonance interaction; they then go on to abtaiu a
the corresponding diffusion and critical value of ripple. However,
Goloborod'ko et al. [S0] note that N > 100 is required for any significant
effect, so the diffusion described by Ref. 24 seems irrelevant for typical
tokamak designs. There is no analytical theory which accounts for
simultaneous changes in the toroidal adiabatic invariant and the magnetic
moment, although Monte Carle, guiding center simulations (e.g., Refs. @22, 23,
26, 32) have been dore which include both jumps.

2.2 Simulations of Combined Processes

In his 1980 review of alpha physics, Kolesnichenko [4€] discussed only the
theory of Belikav et al. (3} which studied alpha losses due to only
collisionless ripple trapping without accounting for ripple detrapping. The
analysis by Anderson et al. [14] included anly callisional and collisionless
ripple trapping as the fast alphas slow down and pitch-angle scatter.



Improved ripple modeling was done by Tani [8,13,20] for the slowiug down aud
scattering of neutral injected ions including cellisionless ripple
trapping/detrapping, banana drift, and ripple diffusion losses. Fowle: and
Rome [10] developed a more complete model for examining neutral beam injection
losses in a rippled tokamak which included all the above basic procecses; a
Monte Carlo model [12] was used to simulate collisions.

Recent simulations by Tani et al. {221 and Hively [24]) have studied alpha
particle ripple losses for INTOR; both studies include the effects of
collisionless ripple detrapping. Table | compares the physics models of Refs.
22 and 24. Ref. 282 found moderate alpha losses (10-20%) for a circular INTOR
plasma with an edge ripple of 0.75%. Ref. 2& computed alpha ripple losses as
small (2.5-3%) for both a circular and noncircular INTOR plasma. The
calculations [26) for a circular INTOR plasma were an attempt to duplicate the
Tani's results using the same assumptions as Ref. 22. Table 2 compares the
key results. The remainder of this subsection elucidates this compai ison. -

Regarding the distribution of alpha flux at the wall (see Fig. 2), there
are several important differences between Refs. 22 and 24. The peak fluxes
differ by a factor of three: Tani's maximum flux is 0.&6MW/m® veisus Hively's
value of 0.e8MW/m®. The toroidal distribution found by Tani is high and broad
for poloidal angles less than 40°, and is abruptly lower (but still broad) for
larger poloidal angles. Hively's result is strongly peaked between the TF
toils as well as strongly peaked at low poloidal angle, i.e. at the outboaid
midplane. Fig. 2a shows large statistical variations in the flux due to the
small bin size chosen by Tani; no such fluctuations occur in Fig. 2b. The
sign reversal in poloidal angles between Fig. 2a and Fig. 2b is due to alpha
flux being in the upper (lower) half plane because the grad-B aud curvature
drifts are opposite, since the direction of the toroidal fielde ic 1eversed
for the two cases. The toroidal current direction is also opposite between
the two studies leading to opposite labeling of the toroidal axes.

Figure 3 compares the energy loss spectrum obtained by Taui et al. (28] and
Hively [26]1. The overall features are similar, including large losses near
the birth energy and abruptly lower losses during thermalization. However, a
chi-squared statistical comparison of the two spectra shows that they are not
the same. Tani's spectrum decreases monotonically from the bit th energy to
2.6 MeV, is flat from 2.6 to 1.5 MeV, then rises slowly from 1.6 to 0.2 Mev,
and finally decreases somewhat in the lowest (thermal) bin. The energy
spectrum computed by Hively shows more losses near the birth energy (3.5 MeVv)
and has large fluctuations in the loss during thermalization. 1In particular,
no leosses occur near 0.5, 1.9, 2.7, and 3.1 MeV, corresponding to energies at
which the torpidal drift precessien during one bounce period is a multiple of
the TF coil separation distance. At these energies, the orbit is locked in
resonance with the TF ripple and is well-confined (not stochastically
diffusing). At other energies, losses proceed as discussed in Sec. 2.1.
Thus, as fast alphas thermalize, they alternately undergo ripple loss,
followed by being stably confined. These fast-alpha confinement islands have
been seen previously in a tokamak with ripple due to a bundle divertor [411
and due to TF ripple [33]. The loss spectrum of Tani et al. (221 is shown in
Fig. 2a for an edge ripple of 1.5%, versus Hively's result [241 in Fig. 2b fou
an edge ripple of 0.75%. Since the ripple magnitude does not change the
resonance energies, the key features are the low luss regions; no such stable
confinement islands are seen in Tani's loss spectrum (Fig. 2a).



Recent collaboration between K. Taui and this author has revealed that the

following issues do not cause the above discrepancies:

o the alpha particle source term,

the palaidal dependence of the ripple profile, i.e. §(R,2),

the axisymmetric plasma equilibrium and the associated gqf{i) piofile,
collisionless ripple detrapping, _

the plasma profiles (ion/elettron density and temperature?,

initial conditions (in coordinate and velocity space) for the alphas, and

o the loss condition at the wall (r-= a),

As summarized in Tahle !, the following aspects are definite diffei ences
between the models of Tani et al. [22] and Hively [2&1:

o Only a first harmonic ripple field component in the rippled current sheet
model for the TF coils (Tani) versus first and higher harmonic components
in the discrete filamentary TF coil model (Hively),

o Second-order Runge-Kutta integration of the guiding center equation which
is expanded to fourth order in the ripple field and which retains only
the first harmanic contribution from the ripple field with a tight
timsstep (Tani) versus fourth-order Runge-Kutta integratian of the full
guiding center equation with a longer timestep (Hively),

o Time scale enhancement for collisional processes for nont: apped pa ticles
only by a factor of 200 (Tani) versus a small time scale enhancement fo:
trapped particles (<i0) and a larger time scale enhancement for
nontrapped particles (1000), and

o Use of the Trubnikov scattering operator [52] by Tani velsus the Goldston
scattering aoperatars [12] by Hively.

These differences are being carefully studied as potential causes of the
discrepancies which were described above.

DoO0OoO0OCDO

2.3 Ripple Loss Experiments

Tokamak experiments have found fast ion losses [4] and thermal diffusion
[7] in accord with theory. A more detailed comparison by Scott [34] found the
loss (ripple trapping and stochastic diffusion) of neutral-beam-injected ions
as expected .theoretically, based on the model of Ref. 10. Well diagnosed,
fusion product confinement experiments are needed to resolve the disciepancy
between Refs. 22, 30, 31 versus Refs. 23, 24, 27.

3. MODELING ISSUES IN EXISTING SIMULATIONS

The computational or analytical model must adequately represent the fast
alpha particle physics in a rippled tokamak. Issues which impact the realism

and/or accuracy of the model but do not change the fundamental alpha physics
include:

o Taking the first wall at the plasma edge rather than at its real
position. The resulting loss fraction and wall loading flux is a stiong
function of the plasma-wall separation [35].

o Using ad hoc plasma profiles for the temperatures and densities af the
background plasma species rather than transport consistent values. The
consequent alpha particle source function as well as the influence of the
plasma on slowing down and scattering is determined by these profiles.



o Assuming an ad hoc alpha particle source profile rather than determiniug
the source function from the ion densities and temperatures. The alpha
losses are strongly dependent on the alpha source distribution.

o Integrating the alpha particle guiding center motion with sufficient
accuracy that numerical diffusion is not introduced. A careful
comparisaon of analytical, axisymmetric orbits with correspending
numerically integrated orbits is a good check [2&]. Particle following
in field line coordinates is presently the most computatioually efficient
technique (e.g. Ref. 27) but inversion to real space must be done
carefully (e.g. whether and where the alpha hits the wall).

o Using enough particles in a Monte Carlo simulation to obtain adequate
loss statistics. Source biasing improves these statistics, e.qg.
choosing a uniform particle source function and weighting the lost ailphas
by the fusion source function [26). A statistical error analysis of such
Monte Carlo results is needed; none have heen provided to date.

o Using realistic ripple fields due to TF cails with a finite cross
section. Simple analytical fields are easy to madel but ave not
realistic for modern D-shaped ceil shapes. Also, the 1ipple profile
cthanges as the edge rippie varies, due to the shift in the TF
configuration [246]1. Therefore, the ripple field cannot be simply scaled
in proportion to the value of the edge ripple as done in Ref. 22.

There are several important physics issues:

o Using an acdequate collision model for alpha thermalization and pitch
angle scattering. Collisiaonal effects are small due to speed diffusion
and torocidal electric field acceleration [28]1. Inclusion of pitch angle
scattering without slowing down is unphysical (e.g. Ref. 32) because the
physics of stably confined, locked orbits is omitted as the alphas
thermalize.

-

o Modeling the rippled tokamak equilibrium as divergence fige (9-B=0)., The
presence of a non-zero divergence causes unphysical orbital motion [42,
431 because the time rate of change of the magnetic moment is
proportional to the divergenge of B to lowest order [44]1. The rippled
part of the magnetic field (B.,,) must also be curl free (9xB,,.=0) if
the model uses a superposition of axisymmetric and rippled parts. The
non-zero cur] of the rippled field is equal to a corresponding ripple
current_density (j.,p) which will modify the particle mgtion dug to a
Jrio x B force. Ref. 13 is an example in which both V'B and ¥xB,,, were
non-zero. When the model uses a superposition of axisymmetvic and ripple
parts, the axisymmetric toroidal component must be subtracted to avoid
double counting of the toroidal field. The superposition of the
axisymmetric and rippled fields is, in fact, not right, but rather the
rippled equilibrium is fully 3-dimensional. Future calculstions should
include such 3D equilibria (e.g. Refs. 45 and 4&) to determine the
self-healing properties of the plasma to ripple perturbations. Moreover,

the alpha particle pressure will modify the 3D tokamak equilibrium and
should be taken into account.



o Modeling the alpha particle interaction with the rippled field, which
must be done with care as described in Sec. 2.1. Large errors can result
by using a time scale enhancement for trapped particles when simulating
collisional processes relative to collisionless ones.

4, NEW PHYSICS TO BE INCLUDED IN MODELS

There are several additional physics aspects that need to be included in
the models for TF ripple affects on fast alphas. These effects are due to the
large gyroradius of the fast alphas, electric fields in the plasma
(particularly in the radial direction), and sawteeth.

4.1 Finite Gyroradius Effects

The fast alpha gyraradius, rg, in a reactor grade plasma can have 2
significant impact on the following:

o Smearing the alpha particle source distribution over the gy:oradius
introducing a spread of <10 cm. in a 5T device. The source distribution
will then be slightly less centrally peaked, leading to more losses and
less central alpha heating. W®While this effect would seem to make only
second order changes, its importance should be quantified.

o Changing the topology of the collisionless alpha orbits due to second
order corrections in the canonical toroidal angular momentum [47]. The
size of this apparently small carrection also needs to be quantified.

o Smearing the alpha particle orbit interaction with the ripple over the
gyroradius. This effect will be particularly important at the banana tip
of a trapped orbit as it traverses a ripple well.

o Smearing the wall loss position of the fast alphas aver the gyvoradiue.
lLocalized wall heating then will tend to be less peaked. The choice of
adequately large numerical bins at the wall, on the order of 2rg, will
have an equivalent smocthing effect [481.

4.2 Electric Field Effects

Electric field effects will be caused by the alphas and will affect the
dynamics of both the background plasma and alphas as follows:

o Large-banana-width orbits will separate the doubly charged alpha orbits
from their birth flux surfaces, creating poloidal and radial components
of electric field. The size of the resulting electric potentials might
become as large as the background thermal plasma energy, having an

enormous impact on the plasma confinement, and consequent fusion reacto
performance.

o A radial electric field modifies the callisionless trapping process [14]
by adding additional drifts and by changing the component of alpha
velocity which is parallel to the net magnetic field. Similar efferts
will occur for the other basic processes described in Sec. 2.1, and will
be especially important at the banana tip of a trapped oibit.



o The background plasma dynamics in the presence of such an electric field
must be considered {e.Q. plasma rotatian), particularly as the plasma
profiles change and modify the alpha particle dynamics.

o These effects need to be considered self-consistently with the alpha
distribution function, which is modified by the above processes, and
which will change the resulting electric field.

4.3 Sawteeth

Since sawteeth have been observed to expel high—-energy fusion p:oducts fiom
the plasma [491, sawtoothing control or elimination may become crucial for a
tokamak reactor. While the modeling aof alpha dynamics in the presence of
sawteeth [32] is beyond the scope af this paper, there are some indirect
effects that need attention. These effects include:

o Sawtooth-flattened background plasma profiles as they affect the alpha
confinement and thermalization.

o A large value of the central safety factor, qlo)=2-3, to eliwminate
sawteeth as it affects the plasma equilibrium and alpha physics.

o Alpha confinement in a high-beta plasma, which will have the plasma
center shifted outward due to the large plasma pressure. The outwaid
shift causes the alpha orbits to sample a larger ripple field, leading to
larger losses.

o Impurity accumulation in the plasma core, which occurs wheir sawteeth are
absent fram a tokamak discharge. These impurities will include ionized
wall material as well as alphas themselves.

S. CONSEQUENCES FOR ETR

Calculations by Hively [26) find a 2.5-3% energy lass of fast alphas from
INTOR due to TF ripple; Refs. 23 and 32 obtain similar results. The
corresponding reduction in plasma heating by the alphas is iusignificant. The
flux of alphas lost to the wall is peaked poloidally at the outhoavd wall,
between the TF coils toroidally, and above (or below) the plasma midplaue.

The local alpha heat flux is double that without ripple losses but can be
accommedated by wall design changes. The structural wall damage is probably
unimportant, but the synergism between alpha sputtering and plasma sputtering
ctould enhance the impurity generation, limiting the burn time [35). These

results iaply that TF ripple would have a low impact on the design of INTOR
and ETR.

Calculations by Tani et al. [22] find 10-20% energy loss of the fast alphas
from INTOR; Refs. 30 and 31 agree with this result. These high losses would
have a large impact on the first-wall design which would need to accommodate
about IMW/m® (feasible but expensive). Ignition would be more difficult siuce
most of the trapped, fast alphas are lost; compensation via a larger machine
size would be expensive. These results imply that TF ripple would have a
moderate impact on the design of an ETR/INTOR tokamak reactor.
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FIGURE CAPTIONS

Figure 1: For FED, an example of contours isolid line! of coustant ripple (%),
the edge of the nancircular plasma (dashed line), and toe rurose
(chain dashed line) &f o==1,

Figure 2: Wall flux of lost alphas from a circular INTOR plasma with an edge
g ripple of 0.75% as found by (a) Tani et al. [221 and (b) Hively [24]

Figure 3: Alpha energy loss spectrum in a circular INTOR plasma as found by
(a) Tani et al. [22} and (b) Hively [241. Figure £a was adapted
from Ref. 43 by converting the spectrum to a linear scale and
reapportioning the data to the same energy bins as used by Ref. 246
to allow a chi-squared comparison (see text).
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Table 1: Modeling Comparison for Circular INTOR Simulations

Model Tani et al. [22] Hively [264]
Equilibriume 2ero-beta, circular plasma Same
Parabalic current profile Same

Rippled B-Fieldd

Plasma profiles#

Alpha source

Initial conditions
for alpha particles

Orbit integrationd

Time scale
enhancement (E)Q

Loss to wall#s

Collisions#

Rippled sheet current for
for TF coils

Parabalic: 1-2.99(r/a)2
for density, temperature

Numerical fit by Tani

Uniform in r, weighted by
alpha source function

Uniform in toroidal and
poloidal angle

Isotropic in velocity

0(2) Runge Kutta
Guiding-center equation
expanded to 0(4) in &
Timestep: At = 2nR./10Ny,

Nontrapped particles only

E = 200

At plasma edge (r/a = 1)
Trubnikav operatar
Random gyrophase
Slowing down
Pitch angle scatter
Speed diffusian

s No electric field

£521:

Discrete filameutairy TF coils
Same

Numerical fit bv Hively [S11]
Same
Same
Same

0(4) Runge Kutta

Full guiding center equatsian
Timastep: At = 2rR./40v
E < 10 far trapped alphas

E = 1000 for circulating ious
Same

Goldston operators [12]):
No random gy: ophase
Slawing down
Pitch angle scatter
Speed diffusiou
Toroidal electric field

# These aspects of the model affect the realism but not the basir physics.

*#Losses decrease rapidly with plasma-wall separation [35]1 so this aspect aof
the model affects both the realism and the physics.

+
important (24].

Collisional detrapping is negligible; cellisionless detrapping in INTOR is

# Collisional effects due to speed diffusion and tornidal elect: ic field aie

unimportant [246]; random gyrophase scattering will not affect the guiding
center orbit following.

@ These modeling differences may have an important effect on the results.



Table @: Comparison of Results from Refs. 22 and 26 for Circular INTOR Plaswa

ISSUE Tani [22]1 Hively (241 Coaparison
Importance of stochastic diffusion larée moderate
Toroidal wall loading distribution broad peaked Fig. 2
Poloidal wall loading distribution broad peaked Fig., 2
Fluctuation in wall leading distribution large small Fig. 2
Energy/particle loss fraction (%) 10/20 2/3
Fluctuation in energy loss spectrum moderate large Fig. 3

Reason for this spectral fluctuatiaon statistice resonauces Fig. 3
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This report was preparcd as an account of work sponsored by an agency of the
United States Governinent. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any lega! liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privatcly owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



