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Heat and particle loads accompanying ELM events can causeestreat to the divertor of
fusion devices. Methods have been worked out to control atigate ELMs based on magnetic
perturbation [1, 2] and deuterium pellet injection [3]. Bekemethods are suitable to control
plasmas in existing tokamaks, but their use for a devicesasthle of ITER has still some open
guestions. Even tough such methods would be useful in ITER ¢buld come with unwanted
side effects like e.g. density pump out or confinement dedraid due to overfueling.

A novel method under consideration is the

application of room temperature solid sta?e =

pellets (RTSPs) instead of cryogenic d?@-1 ok
terium pellets. The use of RTSPs has the %d

vantage that their preparation does not ke-0.5
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tion path can be varied over a large parameter
range. On the other hand impurities contami-

Figure 1: Pellet ablation rate on the pellet path
nate the plasma and consequently can cause a

) . for Be pellets in ITER like plasma. Pellets with
performance degradation, thus these side ef-

fects have to be estimated and taken into JCQOOm/s and 310" atoms were simulated.
count. However, if RTSPs reaching the pedestal top of an ldenpdasma can trigger an ELM
we would have at hand a technically less complicated andgtgbmore reliable ELM mitiga-
tion method than the actual ones.

The ITER inner wall is forseen to be Beryllium therefore tise of high speed Beryllium (Be)
pellets seems to be a good candidate for ELM mitigation inrRTEhe Hybrid pellet code [4, 5]
was upgraded to model Be pellets. This code is a 1.5 dimealsi@yrangian code describing
the pellet cloud evolution and pellet ablation. Radiatimsskes, the main energy loss for impurity
pellet clouds, are described by the collisional radiativedel. Benchmark of the code for Be
pellets is not yet possible, therefore worst case scenasomodeled by assuming that the pellet
is unshielded in the beginning of the local ablation proc&sge maximum particle content as

well as the corresponding particle flux caused by Be pelezshing the ITER pedestal top at a
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sufficient rate for ELM mitigation (40Hz) was estimated. B#igts injected with 1000m/s and a
radius of 0.4mm (B- 10*° atoms) penetrate beyond the ITER pedestal top as shown e figu
and hence might be able to trigger ELMs. To estimate the itnpiaBe pellets on the plasma
we compared the particle flux due these pellets to the theesadiion flux (18°-2Be/s) and
we estimated the g increase as well. Only a slight increase in the total Be flue\@aper cent)
was found and the maximum increase gf ¥as calculated (0.01) to be negligible as well. This
shows that no significant plasma performance degradatimnlie expected by injection of Be
pellets for ELM pacing in ITER.

However, the potential of RTSPs to trigger

ELMs has not been demonstrated yet and - ©[ ' ' Be

€ B
first proof of principle experiment was sug- S

o 4F 4
gested for ASDEX Upgrade (AUG). Due toﬁO

their toxicity Be pellets are not suitable for; oL ‘\T‘i‘i )
this task and other less toxic RTSPs with sim-2
ilar material properties (sublimation energyi_é ol ‘k\-\l

0 ) 10

and density) had to be considered. To avoid a 15

too large radiation increase and energy con- Pellet poth [cm]

finement degradation only low Z materials _
_ _ Figure 2: The pellet ablation rate on the pel-
were considered. The properties of the can-
_ _ _ let path for Be (red), Al (orange), B (blue),
didate materials are collected in table 1.
C (green). The target plasma temperature was

The upgraded pellet code [4, 5] was used ) ) 3
_ _ 800 eV and its density 28 m~3. The pellet ve-
to explore these candidate materials. By com- _ _

_ _ _ locity was assumed 500m/s and its particle con-
paring the different pellet materials the Hy- _
_ _ “tent was fixed to 5107 atoms.
brid code was run with the same assumption
set. First simulations were performed by supposing petetenter a plasma with constant
electron temperature (800eV) and density’®h®3). The penetration depth was calculated for
Beryllium, Carbon, Boron and Aluminum pellets containiad- 1017 particles. The pellet in-
jection velocity was assumed to be 500m/s.

As seen in figure 2, all the other materials penetrate dedperBeryllium, so their particle
content reaching the pedestal top is expected to be sniatiem would contaminate the plasma
the least and Aluminum would penetrate the plasma simikarieryllium. At the end, the
pellet material was chosen, according to the technicalbdgi&g to be Aluminum (Al) pellets
with 4. 10'® atoms.

An estimation of the pellet penetration depth and of theggndegradation resulting from the
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Material Sublimation energg(eV) | Density(kg/n¥) | Status
Deuterium 0.005 200 proved
Beryllium 2 1850 aim
Boron 5 2400 guestion
Carbon 4 (2-8) 900 guestion
Aluminum 3.3 2700 guestion

Table 1:Candidate materials for room temperature solid state pelle

impurity radiation had to be provided in advance based oit&gonditions of type-1 ELMy
H-mode scenarios in ASDEX Upgrade. For such scenarios tlet pede predicts a penetration
of 10-25cm for the proposed pellet size, depending on tlyetgdasma and the pellet velocity.
An example is shown in figure 3.

The radiated energy of Aluminum particles

was calculated for two phases: during the fifst 1.5F ' ' Be

£
phase the particles are trapped in the cold @I-1
O

.0
let cloud (Tejoug ~ 1€V), while in the secont,

phase they are assumed to be distribute@inO 5t ]

the background plasma. In the first phase t%e

radiation losses given by the pellet code are0.0 .
0 5 10 15

in the range of a few kJ for each pellet. Pellet path [cm]

For simplicity it was assumed that in the

second phase the impurity profile is propofig,re 3: The pellet ablation rate on the pellet
tional to the initial plasma density profile [G]path for a typical H-mode AUG plasma with a
Using the 1D energy transport equations f3gestal temperature oflkeV. Red refers to
Deuterium, Aluminum and electrons we havgey|jium and orange to Aluminum pellets. The
calculated the radiated energy losses as Wedljet velocity was assumed to be 200m/s and

as the according temperature reduction. The particle content was fixed to 408 atoms.

collisional energy exchange between differ-

ent species, heat diffusiory & 1nm?s~1) and Ohmic heating were taken into account. The ra-
diated energy loss in 1ms is in the order of kJ in this phasedk Wwno additional heating
would be applied for a low temperature H-mode plasma withdeptl temperature of 500eV
the plasma could have been cooled to 100 eV in less thapu2@y the radiation losses of the
Aluminum. Figure 4 shows the radiated power density and thenpa electron temperature as
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a function of the minor radius and time for an H-mode plasnth wilow pedestal top temper-
ature. Of course in an H-mode additional heating is apptleetefore both the radiation losses

as well as the plasma temperature reduction are overestimat
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Figure 4: The radiated power density of #0'® Aluminum atoms as a function of time and
minor radius for an H-mode AUG plasma with a pedestal tenmpegaf .5keV on the left. The
resulting plasma temperature is shown on the right.

Similar results were obtained by Strahl calculations showhat 4 108 Al atoms radiating
for 0.1-1ms in a plasma with constant temperature and dewsitild cause a radiated energy
loss of the order of 1-30kJ. Thus, pellet induced losses gpeated less than typical energy
losses caused by type-I ELMs (50kJ or more).

As Aluminum pellet injection leads to temporal degradatidrthe plasma performance it
was concluded that Al pellets at AUG can be applied to proke tBLM trigger potential but
only with repetition times much longer than the impurity ioeament time. This way single Al
pellet injection was proposed and the according experisnm® et now under way.
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