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ABSTRACT. The effective radial deposition profile of deuterium pelleis
injected into the Joint European Torus (JET) and Tokamak Fusion Test Reac-
tor (TFTR) tokamaks has been determined from Thomson scattering diagnos-
tic measurements of electron density taken immediately after pellet injection.
The pellet ablation rate deduced from these measurements differs from that
predicted by conventional pellet ablation theory. The possibility of enhanced
radial transport during the ablation process has been examined to determine
whether this can explain the difference between theory and experiment, but no
evidence has been found to support such an explanation. The temporal evo-
lution of the Balmer-alpha light emitted during pellet ablation is found to be
different from the effective pellet ablation rate determined from the density
profile measurements. We conclude that the shielding mechanisms of conven-
tional pellet ablation models need modifications to predict and reproduce the

observed effective ablation rate and penetration depth.

1. INTRODUCTION

Injebtion of frozen hydrogenic pellets for fueling magnetically confined plas-
mas has been studied in a number of laboratories for many years. Pellet fuel-
ing has the advantage over gas fueling of depositing the bulk of the fuel parti-

cles in the plasma core. Core fueling is an important issue for future tritium
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experiments and may produce more peaked density profiles and higher fu-
sion reaction rates than traditional edge fueling via gas puffing. Determining

the deposition of the fuel particles from injected pellets is important in under-

standing the fueling profile that can be obtained from pellet injection and may -

yield a better understanding of the ablation process. Ablation theory has been
investigated by many authors and has led to the neutral gas shielding (NGS)
model reviewed in Ref. [1].

In this paper, we present measurements of electron density profiles taken
immediately after pellet injection in both JET and TFTR. From these mea-
surements we infer the effective pellet ablation rate needed o produce the re-
sulting density profile. The measurements are made in both Ohmic and aux-
iliary heated discharges. We then compare these results to the measured light
emission from the ablating pellets and to the ablation rate predicted by con-
ventional models of pellet ablation.

In the following sections we first discuss the measurements of electron den-
sity profiles and light emission from ablating pellets. We then present a de-

scription of the effective ablation rates calculated from the density profile data,

a comparison with pellet ablation theory, and finally a discussion of the results.

2. EXPERIMENTAL MEASUREMENTS

The determination of pellet deposition uses measurements of pellet speed
‘and mass, plasma density profiles before and immediately following the pellet,

pellet penetration, and loss of mass during injection.

2.1. Measurements of pellet parameters

The pellet injectors used on JET and TFTR for this investigation were
both developed at Oak Ridge National Laboratory and use single-stage light
gas guns to accelerate deuterium pellets to speeds approaching 1400 m/s [2,3].
The pellets are nominally cylinders of equal length and diameter.

The pellet injection systems on both JET and TFTR inject the pellets on
or near the horizontal midplane of the device. The JET injection system uses

microwave cavities located along the injection line to measure the pellet mass



and the pellet speed. The speed is determined with an accuracy of £0.3%,
which yields a £0.05m uncertainty in the penetration depth from the time-
of-flight measurement assuming constant radial speed [4]. The TFTR injection
system [3] uses light gates in the injection line to determine the pellet speed,
giving an accuracy within +0.5%. This translates to a £0.04 m uncertainty in

the penetration depth.

2.2. Density profile measurements

Measurements of the density profiles before and after deuterium pellet in-
jection are used to determine the effective pellet source. The JET and TFTR
tokamaks both have Thomson scattering diagnostics which provide accurate
electron density profiles with good spatial resolution suitable for this measure-
ment. The JET LIDAR {LIght Detection And Ranging) Thomson scattering
diagnostic uses a ruby laser that is directed radially in the equatorial plane and
collects the 180° backscattered light [5]. The measurements have a spatial res-
olution of 0.10m, limited by the finite pulse length of the laser light. The LI-
DAR measurement is made 120° toroidally from the pellet injection line. The
TFTR Thomson scattering diagnostic is located 48° toroidally from the pel-
let injection line and also uses a ruby laser directed radially but collects scat-
tered light at 90° [6]. The scattered light is focused onto 76 optical fibers and
detected by a charge coupled device, yielding a radial resolution of 0.024 m.

In addition, far-infrared interferometers (6 channel on JET and 10 channel on
TFTR) are used to determine the pre-pellet density profile.

An example of Thomson scattering measurements from JET is shown in
Fig. 1(a), which shows the density proﬁle 2.5 ms after injection of a 2.7 mm
pellet and the density profile from an identical 3 MA discharge with 8§ MW
neutral beam injection (NBI). The pellet penetration depth, determined from
soft X-ray data, is shown as a vertical dashed line and agrees with the mea-
sured density increase. The difference between the two density profiles repre-
sents the effective pellet deposition. There is some difference in density on axis
which is due to sawtooth activity and not to the injected pellet.

A density profile determined from Thomson scattering data taken 18 ms af-

ter injection of a 3.0 mm pellet into an Ohmic TFTR discharge is shown in Fig.



2(a). This pellet represents a 200% perturbation to the plasma density. The
density profile obtained from inversion of the 10 channel far-infrared interfer-
ometer data, before the pellet is injected, is also shown. The pellet penetration
depth shown in this figure is determined from the broadband light emission
and is in general agreement with the region of largest density increase. The
increase in density in the plasma core has most likely arisen from a sawtooth
relaxation friggered by the injected pellet (inversion radius of 8 cm determined
from soft X-ray data) and subsequent diffusion. The electron temperature pro-

files before and after pellet injection are shown in Fig. 2(b).

2.3. Balmer-alpha emission

In both JET and TFTR, the light emitted by the pellets injected into the
plasma has been used as a monitor of the pellet ablation rate. As ionization
takes place in the ablatant, the excited states of the deuterium atoms are also
populated. Transitions between excited states result in line emission. One such
transition is the Balmer-alpha (n = 3 — 2) transition, which is referred to as
D, line emission (centered at 6561.0 A).

On JET, the D, line and broadband light emission were measured by pho-
todiodes through a wide-angle periscope system [7]. By comparing the signals
from two photodiodes, one using a 100 A wide filter centered on the D, line
and the other with no filter {(broadband), we have been able to confirm that
the broadband light emission from pellet ablation on JET is strongly dom-
inated by the D light. More than 75% of the emission intensity measured
by the broadband detector was associated with the D, line. On TFTR, the
broadband emission is measured by a photodiode viewing from the injection
line behind the pellet entry point. Photographic data of the ablation light
emission were not available from either device for the experiments reported in

this paper.

2.4. Additional measurements

A vertical soft X-ray camera is located on JET above the torus where the
pellet enters the plasma, and its data can be used to determine the pellet pene-

tration and trajectory. The penetration depth of the pellet from the soft X-ray



data agrees well with the penetration determined from the duration of the D,
emission [4,8]. The soft X-ray data from the vertical camera and from horizon-
tal cameras seem {o indicate a stra.ight.trajectory through the plasma for the
pellets in the discharges studied. The toroidal extent of the soft X-ray data

is 30 cm, and the pellet does not leave the observation window. Hard X-ray
detectors on JET give no indication that a strong non-thermal electron popula-
tion exists in any of the JET discharges studied.

Langmuir probes are located at different positions around the torus in JET
to measure the particle flux in the scrape-off region. Two probes are located at
the horizontal midplane on ICRF antenna limiters and are displaced 30° and
150° toroidally from the pellet entry point. An array of probes is also located
in the upper x-point region. A fast response ion gauge is located on TFTR just
above the pellet entry point on the horizontal midplane. Both the probes and
ion gauge are used to measure the quantity of pellet mass that may be lost in

the scrape-off region during injection of the pellet.

3. EFFECTIVE ABLATION RATE

The question arises whether the density profile measurement after injec-
tion is a good indication of the pellet ablation rate. Three time scales must
be considered to answer this question. The time scale of the pellet entering
the plasma and ablating, Tes, is very short, on the order of 700 ps. The trans-
port time of the ablatant along the field lines, 7y, is also very short; the mea-
sured velocity of the density perturbation on TFTR is 1.5 x 10°m/s [9], yield-
ing transport times on the order of a few hundred microseconds. The diffusive
time scale for the density, T4i¢s, is much longer, as the particle diffusivity in
the density decay of pellet fueled plasmas is generally less than 1.0m?/s [8],
which suggests only a modest diffusion of the density in the time between in-
jection and density profile measurement. It is possible, though, that the local
perturbation of the pellet may excite additional transport on a shorter time
scale than 7g;s¢.

Electron pressure profiles calculated from the Thomson scattering data
have been examined to look for a non-adiabatic response to the ablating pel-

let. An example of pressure profiles for two identical discharges (one with and



one without an injected pellet) are shown in Fig. 1(b); within the error bars of
the measurements, they are the same over the region of pellet deposition. This
indicates that the processes which result in the effective pellet deposition are
locally adiabatic within the experimental uncertainty. -

Measurements from the vertical soft X-ray camera and fast electron cy-
clotron emission (ECE) diagnostic on JET with a time resolution of 5 s have
been examined and show no indication of a fast plasma perturbation across the
entire plasma minor radius in the few milliseconds between pellet injection and
the Thomson scattering density measurement in the discharges studied. If the
ablatant before ionization were moving radially within the plasma, one would
expect to see a perturbation in the soft X-ray data, since the bulk of the X-
ray power would be coming from bremsstrahlung radiation caused by collisions
between the ablated particles and the incident electrons. In some cases not in-
cluded in these studies, MHD effects triggered by the injected pellet appear as
strong perturbations in the soft X-ray data.

The line-integrated density through the center of the plasma typically
changes much less than 1% in the short time interval between injection and the
density profile measurement in the data presented; therefore, because of the
adiabatic response of the plasma and the lack of evidence of any strong per-
turbations, we believe that the measured profiles reflect the deposition by the
pellet.

We define the effective ablation rate for pellets injected into JET and
TFTR as the ablation rate needed to reproduce the measured density profile
immediately after injection and then compare this rate with theoretical abla-
tion rates. The effective ablation rate is calculated from the effective deposi-
tion profile by using the relation

Neg = Ang; AV v,/ Ar; (1)
where Ang; .is the deposition density at the ith radial grid location, AV; is the
volume between the ith and (i 4 1)th radial grid locations, Ar; is the radial
grid spacing, and v, is the pellet velocity. It is assumed that the pellet tra-
jectory in the plasma is straight, the pellet speed is constant, and the ablated

pellet material is ionized near the pellet surface and confined on the flux sur-



face where it is ionized. The symmetric density profiles measured after pellet
injection (examples shown in Figs. 2 and 3) are verification that the ablated
pellet material is confined on and uniformly distributed over the flux surfaces.

Electron density profiles from three JET discharges measured after injec-
tion of 4mm pellets in Ohmic plasmas are shown in Fig. 3(a) as a function of
major radius. These profile measurements were made with the JET LIDAR
Thomson scattering diagnostic 4 ms after pellet injection. The pre-pellet den-
sity profile (dotted line ) is obtained by inversion of data from a 6 chord far-
infrared interferometer. This density profile is subtracted from the post-pellet
density profiles to obtain the effective pellet deposition profiles in Fig. 3(b).
The electron temperature profiles before injection (from ECE) and after injec-
tion (from LIDAR) are shown in Fig. 3{c). The calculated effective ablation
rates for the pellets in Fig. 3 are shown in Fig. 4 as a function of radius. All
three cases show that the effective ablation rate is strong near the plasma edge
and decreases as the pellet approaches the plasma center. The three injected
pellets were measured to have virtually identical mass and were injected into
identical discharges. It appears that the differences in the effective ablation
rates of the three cases in Fig. 4 are due primarily to some random process.

It is possible from the measured effective particle deposition profiles to in-
tegrate the total number of particles deposited by the pellet, f nygdV. By com-
paring the number of particles deposited with the measured pellet mass, we
can determine the pellet mass deposition efficiency. From the deposition data
shown in Fig. 3, we calculate a total particle deposition of (3.6 + 0.1) x 10%?
for the three cases, which agrees well with the measured mass for these 4.0 mm
pellets (100% fueling efficiency).

LIDAR electron density profiles before and after injection of a 4 mm pel-
let into a JET H-mode discharge are shown in Fig. 5. LIDAR can be used for
the preinjection density profile since the discharge density is constant during
the period before the pellet is injected, as measured by the interferometer. The
effective deposition profile is also plotted. In cases where pellets are injected
into auxiliary heated plasmas, the fueling efliciency has been shown to decrease
substantially [8,10]. For this pellet, injected into an H-mode discharge, the de-

position measurement gives a total particle deposition of 1.6 x 102!, which is



only ~ 50% of the measured pellet mass. The calculated effective ablation rate
for this pellet is shown in Fig. 6. It is similar to the Ohmic cases in Fig. 4 in
that the effective ablation rate is strong at the plasma edge (even stronger in
this case) and decreases as the pellet penetrates deeper'into the plasma. The
D, emission from the ablating pellet is plotted on the same radial scale after
being converted from its time base to major radius. We see that the effective
ablation rate is quite different from the measured D, emission.

The calculated effective ablation rate and the broadband emission from
the ablating pellet are shown in Fig. 7 for the pellet injected into the TFTR
Ohmic discharge in Fig. 2. The broadband emission rate and the effective ab-
lation rate is similar to that in Fig. 6 for the JET case. The D, emission from
the pellets in both devices is much stronger toward the end of the pellet tra-
jectory where the effective ablation rate is much reduced from its value nearer
the plasma edge. The D, emissions from both devices also demonstrate similar

levels of fluctuations.

4. COMPARISON WITH THEORY

Most theoretical predictions of pellet ablation have used the classical NGS
model {1,11]. The NGS model is based on a spherically symmetric neutral ab-
lation cloud and neglects the effects of the magnetic field. The source of neu-
tral gas in the cloud is determined by the heat flux at the pellet surface, which
is attenuated by the ablated neutral gas (self-shielding). A simplified relation-
ship between the pellet ablation rate pr, the effective spherical pellet radius
rp, and the background plasma electron density n. and temperature T, is given

approximately by [4]

fV,, . neljaTesjsrp«i/a (2)

Pellet ablation calculations using the NGS model in the PELLET code of
Houlberg et al. [12] have been made for the cases reported here using an equiv-
alent spherical pellet radius and a minimum neutral cloud radius of 1mm. A

Maxwellian distribution is used for the incident electrons in the calculation.



Significant additional shielding {amplification of the neutral gas stopping cross-
section), which is not varied with plasma parameters, is required to bring the
NGS model into agreement with the experimental penetration depth {4]. We
identify this NGS model with enhanced shielding as NG5+.

Figure 4 shows a comparison of the NGS5+ model calculation results with
the effective ablation rate for the 4 mm pellets injected into JET as shown in
Fig. 3. The model calculations use the measured electron temperature and
density profiles at a time just before the pellet is injected. The NGS+ model
shows much lower ablation at the plasma edge and higher ablation towards the
end of the pellet trajectory than the effective ablation rates from the density
profile measurements. The NGS model with a monoenergetic electron distri-
bution yields an ablation rate profile for this case that is virtually the same as
the NG54 model.

The effective ablation rate for the 4 mm pellet injected into a JET H-mode
discharge shown in Figs. 5 and 6, is compared in Fig. 8 with the results of cal-
culations using the NGS model, with and without enhanced shielding, and the
neutral gas plus plasma shielding (NGPS) [12] model. The agreement is not
particularly good with any of the models. The profile of the NG5S+ model
ablation rate is typically much closer to the profile of the D, emission rate
(shown in Fig. 6) than to the effective ablation rate. Also shown in Fig. 8is
the ablation rate that would exist if the total plasma electron energy flux inci-

dent on the pellet and cloud were converted to pellet sublimation, given by

N‘i - QeA;P/AS ’ (3)

where (J. is the incident electron energy flux, A, is the effective pellet area,
and ), is the molecular heat of sublimation (1.5 x 1072eV for D3). The effec-
tive pellet area is calculated using the equivalent pellet radius inferred from the
integral of N, 7f» which is independent of any pellet mass lost from the plasma

during the ablation process. The incident electron energy flux is given by

_ 1/2
(neve Ee) _ n kT, <8kTe) (4)
4 2 M,

4
Qe—g



where n, and T, are the electron density and temperature. If we take the ratio
J.\T,'/Neff, we have a factor that represents the magnitude of attenuation that
the incident electron energy flux undergoes from the pellet shielding mecha-
nisms. We plot this attenuation factor in Fig. 9 for the pellet of Fig. 8 and
note that it increases dramatically with penetration depth. Also plotted in Fig.
9 are the attenuation factors for the NGS model and the NGS+ model, both
with Maxwellian electron distributions. The models predict significantly more
attennation of the incident hest flux near the plasma edge than is inferred from
the data.

The D, emission rate has been assumed to be proportional to the abla-
tion rate of the pellet by a number of authors {1,13] under the assumption of a
collisional-radiative model with cloud electron temperature greater than 20eV.
A comparison of the time-dependent effective ablation rate, as determined from
the density profile measurements, with the measured D, emission from both
JET and TFTR has shown that the photon yield and the effective ablation
rate do not seem to be well correlated. In simulations of pellet ablation using
a flux limiting thermal conduction model, Dunning et al. [14] calculated the
D, emission with a population level equilibrium model in which collisional ex-
citation is balanced by collisional and radiative de-excitation. They came to
the conclusion that the ablation rate and the D, emission rate were not pro-
portional. McNeill et al. [15] measured the electron temperature of the pellet
cloud in TFTR to be on the order of 1.5eV, which is low enough to call into
question the assumption that the D, emission rate is proportional to the abla-

tion rate.

5. DISCUSSION

Ideally, the radial profile of the pellet ablation rate, Np, and the effective
pellet particle deposition profile, An, dV, should coincide since the pellet speed
remains constant along the pellet trajectory and fuel particles are distributed
rapidly over the flux surface where they are released. Our effective ablation

rate calculations have assumed this ideal condition; however, it is possible
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that other processes may exist that mask the true ablation rate by causing the
plasma density profile to readjust on a very fast time scale.

One possible explanation for the apparent strong deposition near the outer
edge of the plasma would be a fast perturbation (< 1'ms) in the plasma that
quickly moves mass from the pellet ablatant in the plasma core toward the
edge. However, as stated earlier, measurements of soft X-rays and plasma elec-
tron temperature with high time resolution show no indication of significant
mass moving radially in the plasma immediately after or during the pellet ab-
lation process. The constancy of the plasma pressure profile through the pellet
injection event, as discussed earlier (Fig. 1(b)), indicates that little plasma en-
ergy is involved in any radial mass movement. This would imply that radial
movement of the pellet ablatant is taking place before the ablatant is thermal-
ized.

It has been suggested that strong diffusive effects, occurring on a microsec-
ond time scale while the pellet is ablating in the plasma, cause a strong ra-
dial smoothing of the density profile during injection. If this were the case, one
would expect inward as well as outward diffusion since the local density gra-
dients near the pellet are strong in both directions. However, the measured
density profiles always show strong deposition displaced radially outward when
compared to the NGS model, which makes it unlikely that density gradient-
driven diffusive effects alone are masking the deposition profile from the NGS
model. It is possible, though, that fast particle transport effects driven by
cross-terms of the transport equations could be important locally and affect
the resulting deposition profile.

Data from both JET and TFTR. have shown a strong discrepancy between
the effective ablation rate and the NGS model. Results from other experi-
mients, notably ASDEX [16], have implied that the ablation rate in the outer
plasma region is higher than expected from the NGS model. Pellet penetration
~ experiments on JET [4] have verified that the NGS model without additional
shielding consistently predicts lower pellet penetration depths than those mea-
sured. The addition of a plasma shield to the model improves the agreement
at a fixed velocity but fails to reproduce the scaling of penetration with peliet

velocity. Additional modeling of pellet penetration data from several tokamaks
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[17] also showed that none of the variations of the NGS model could consis-
tently predict the measured pellet penetrations. It is therefore apparent from
the effective ablation rate results here and from pellet penetration studies that
additional shielding effects, such as ellipticity of the neutral shield, magnetic
shielding, and electrostatic potential, must be taken into account to fully ex-
plain the observed local ablation of hydrogenic pellets in fusion-grade plasmas.
However, none of the additional shielding effects mentioned would act to in-
crease the edge ablation to levels that are implied by the data presented here.
Some previous pellet injection experiments, including those on Alcator-C
[18] and TFR [19], have revealed a cold wave propagating in front of the pellet
that presumably affected the ablation rate as the pellet moved inward. There
is no indication in either the JET or the TFTR fast ECE data of a cold wave
traveling radially inward faster than the pellet. In JET however, when the pel-
let crosses the ¢ = 1 surface, a sharp reduction in temperature is triggered
within the ¢ = 1 surface [8,20]. This is similar to results reported from JIPP
T-IIU [21]. In the cases on JET where the pellet crosses the ¢ = 1 surface,
the resulting density profile is quite hollow, indicating that the rapid cooling
within the ¢ = 1 surface may be reducing the ablation rate within that surface.
Another issue with our understanding of pellet ablation is the mass that is
lost when pellets are injected into plasmas with substantial auxiliary heating.
It has been found in more than one tokamak experiment that a substantial
fraction of the pellet mass is missing from the plasma after injection into aux-
iliary heated plasmas [8,10,22,23]. In experiments on JET, single 4 mm pellets
were injected into both Ohmic heated and H-mode NBI + ICRH discharges.
Examples of the resulting density profiles from these experiments are shown in
Fig. 3 and 5. The particle flux in the scrape-off region was measured with the
Langmuir probes discussed in Section 2.4. We find substantial particle flux to
J;.he probes in the X-point region of the discharge and signiﬁca.nt flux to mid-
plane mounted probes when pellets are injected into auxiliary heated plasmas.
The midplane probe located closer to the pellet entry point (30° toroidally dis-
placed versus 150°) shows almost 10 times the particle flux of the other mid-
plane probe, and the flux reaches that probe 0.5 ms sooner. Figure 10(a) shows

the relative magnitude and timing of the probe saturation currents in an H-

12



mode plasma. When pellets are injected into Ohmic plasmas with the same
magnetic configuration, the probes show no increase in the saturation current
when the pellet enters the plasma, as shown in Fig. 10(b).

The amount of mass missing from the deposition measurements correlates
well with the increased particle flux seen by the probes in the scrape-off region.
Edge measurement of neutral pressure in Tore Supra has shown a sharp rise
in neutral pressure following pellet injection into discharges with lower hybrid
current drive [23] but no such rise in Ohmic discharges. The pressure rise cor-
relates with lost. pellet mass, which presumably resulis from enhanced periph-
eral pellet ablation from a known suprathermal electron population. Data from
an ion gauge located near the pellet entry point on TFTR have also shown a
neutral pressure burst when pellets are injected into NBI heated plasmas as
shown in Fig. 11. Ohmic discharges do not show the pressure burst when a
pellet is injected except when the plasma is configured with a large minor ra-
dius running near the outside wall.

The mass loss that occurs during injection into auxiliary heated plasmas is
not likely to come from enhanced ablation in the scrape-off plasma from fast
ions because the fast ion density there is not thought to be large enocugh to
cause appreciable ablation. The presence of suprathermal electrons does not
seem likely (except in the Tore Supra case mentioned above), nor is there ev-
idence of an extremely fast temperature relaxation, which connects inner and
outer regions via parallel transport, as proposed by Biichl et al. for ASDEX
[16].

6. SUMMARY

The effective deposition from injected deuterium pellets in JET and TFTR
has been measured and used to calculate the effective &blation rate of the pel-
lets. The effective ablation rate differs from that predicted by the conventional
NGS model. In both devices, the effective ablation rate is higher in the outer
region of the plasma and lower in the core region than predicted by the theory.
The penetration depth of the pellets, however, scales similarly to the predic-
tions of the NGS model [4], in particular the pellet velocity scaling. However,

13



the NGS model with a Maxwellian electron distribution required significant ad-
ditional shielding for modeled pellets to reach the measured penetration depth.
It is clear that shielding mechanisms in addition to the neutral gas shield, such
as magnetic shielding and electrostatic potential, are needed to explain the ob-
served penetration depth and effective ablation rate. Questions that remain
about fast particle and heat transport during pellet injection and about lost
pellet mass during auxiliary heating may be resolved by future measurements.
Nonetheless, the resulting effective deposition profile from pellet injection is
most important because it is what determines the effective fueling source.

Measurements of broadband light emission and D, emission from ablating
pellets have been compared to the effective ablation rate determined from the
effective deposition. The broadband emission primarily consists of D, emission
and is a poor indication of the effective ablation rate. The D, emission rate
seems to be more closely related to the magnitude of the heat flux incident on
the pellet than to the effective ablation rate.

Understanding the discrepancy between pellet ablation theory and exper-
iment that has been presented here is important for better understanding of
the ablation from hydrogenic pellets. This discrepancy makes a significant dif-
ference in the resulting density profile obtained from non-central penetration
of pellets. Because this is the expected case for future devices such as ITER,
we need to better understand both the ablation and shielding physics and the
plasma response to pellet injection in order to predict the effect that pellet in-

jection may have on fueling and confinement in an ignition device.
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FIG. 1. Profiles of (2) electron density and (b) electron pressure, measured by
LIDAR Thomson scattering, in a JET discharge 2.5 ms after a 2.7 mm deu-

terium pellet is injected and from an identical discharge with no pellet.
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FIG. 2. (a) Electron density profile, from Thomson scattering data taken 18 ms
after a 3.0 mm deuterium pellet is injected into an Ohmic TFTR discharge.
The pre-pellet density profile (labelled t = 1.990 s), obtained from the inver-
sion of far-infrared interferometer data is also shown. The pellet penetration
depth determined from the broadband emission data is 2.62m. (b) Electron
temperature profile before injection (t = 1.99 s), measured by ECE, and after

injection, from Thomson scattering data.
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FIG. 3. (a) Electron density profiles from three JET Ohmic discharges mea-
sured by LIDAR Thomson scattering 4 ms after 4 mm deuterium pellet injec-
tion. The density profile before pellet injection, determined from inversion of
interferometer data, is also shown. (b) Effective deposition profiles for these
three JET discharges. The pellet penetration depth from D, measurements is
displayed for each of the three cases. {(¢) Electron temperature proﬁies after in-
jection, measured by LIDAR Thomson scattering, and & typical temperature

profile before injection, measured by ECE.
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