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There is a large scatter between measured and predictedmeiglds in JET plasmas. The
measured neutron yield in neutral beam (NBI)-heated plagftan falls below predictions by
commonly used simulation tools that assume neoclassmagport of fast ions. This is often
referred to as a “neutron deficit” [1]. In radiofrequency RB)-heated plasmas the opposite is
often observed. Due to the acceleration of NBI ions by theHCReasured neutron yields tend
to exceed predicted values [2]. In this contribution we prégmprovements to the Monte Carlo
fast ion code ASCOT [3], aimed at tackling these deficienitiesodelling.

Can fast ion redistribution due to NTMs explain the neutron deficit? The neutron deficit
can be mitigated by prescribing an ad-hoc anomalous diffufast ion coefficient in simula-
tions [4]. This suggests additional fast ion transport & ¢ause of the deficit, but it does not
explain the source of the transport, and has little predictiapability. A possible source of
anomalous transport are long-lived MHD modes, such as assichl tearing modes (NTM)s.
Earlier simulations with ASCOT [5], using realistic islapdrametersi= 10 cm,Q = 15 kHz),
derived from electron cyclotron emission (ECE) and Mirna¥ eneasurements, have shown
that the redistribution of fast ions by a single stationafi®MNreduces the predicted neutron
yield but is not sufficient to explain the neutron deficit. s illustrated in Figure la that
shows the DD neutron rate from an interpretive JETTO/ASCi@ukation as a function of the
width of a 3/2 island in JET discharge 77269 previously aredyin [5]. In this work, we fix
the temperature and density profiles to the ones measuredhdapdon Scattering and focus
only on the transport of fast ions. The profiles do not responchanges in the NBI heating
profile, for example. It is seen that even an unrealisticalfge island width is not enough to
bring down the prediction to the measured level. We alsathelhe rotation of the island, ne-
glected in [5]. The result of a scan over the rotation freqyes shown in 1b. We find that the
rotation of the island has a negligible effect on the presicteutron yield. However, its effect
in redistributing the fast ions can be clearly seen in thdnoeurofile, shown in Figure 1b. We
can conclude that the local effect of a single island is nfitcsent to significantly alter the total
neutron yield. The temperature and density gradients ob#oiground plasma are small due

*See the Appendix of F. Romanelli et al., Proceedings of thile P¥EA FEC 2014, St. Petersburg, Russia
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Figure 1: Scan of predicted (a) radial neutron profile andvf@)me integrated neutron rate
in the width and rotation frequency of a 3/2 island. The expentally measured width was
approximately 10 cm and the frequency was approximatelyHAa Khe measured neutron rate
is indicated by the dashed red line in (b).
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Figure 2: Poincare plots of magnetic field lines using (a)galsi 3/2 island and (b) a partially
overlapping chain of three islands (3/2,2/1,3/1).

to the island and transporting fast ions across the islatichati therefore, significantly change
their probablity of undergoing fusion reactions with thekground. We therefore repeat the
excercise with a string of 3/2, 2/1 and 3/1 islands conngaterch other to create a channel for
the fast ions to be transported from inside mid-radius tddpeof the pedestal. A poincare plot
of the magnetic geometry, obtained by field line tracing,hisven in Figure 2. It shows that
the islands overlap in large parts of the plasma crossesgatreating stochastic field regions
that would, in reality, lead to the termination of the disgjeabefore developing to this stage.
Therefore, these results most likely overestimate anysteatlecrease in neutron yield due to
magnetic islands. Even so, we find the total simulated nawtkdd still overestimates the mea-
surement. Figure 3 shows a comparison of simulated demnsititron and fast ion JxB torque
profiles between simulations with no island, single island three islands. The chain of three
islands reduces the neutron deficit from 25 % to 18 %, and @neturotation further reduces it
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Figure 3: Scan with one or mutliple static and rotating idan(a) profiles of beam ion den-
sity, DD neutron rate and beam JxB torque in simulations wfittiic and rotating islands. (b)
Volume-integrated values of the profiles. The measuredoeuste is indicated by the dashed
red line in the middle panel.

to 13 %. However, even this extreme case still leaves hali®fieficit unaccounted for. There
is, however, a redistibution of fast ions outside mid-radiwe to the islands that reverses the
JxB torque of the NBI ions and induces a loss fraction of 10 #4hk extreme case of three
islands, this reversal is strong enough to cancel the amiléd component of the NBI torque.
First results of modelling NBI/ICRH coupling with ASCOT/RF OF The ASCOT code has
been coupled to the RFOF library [6] to calculate RF heatiyng Monte Carlo “kick” operator
that resolves the acceleration of both thermal and NBI idhe advantage of a Monte Carlo
method is that it can include any number of particle speciiés eifferent source profiles and
resolve higher harmonic frequency heating schemes. Innbik, we present ASCOT/RFOF
modelling results of a 3rd harmonic D heated JET discharg&86with 3MW ICRH power
and 4.5MW NBI power. The NBI deposition is calculated witie 8BNBI module [7] and the
RF deposition is simultaneously calculated by RFOF. The @8Gimulation has been per-
formed without coupling to a full wave-field solver for sinmpty, the PION code has been used
to determine the power absorbed by the ions and the amplitiitie accelerating electric field
is assumed constant over the plasma cross-section. Théasehdast ion distribution, com-
pared to the SPOT and PION codes, is shown in Figure 4a. WethnateASCOT predicts a
slightly lower gradient for the distribution in the 1 MeV td\&V range, but there is reasonably
good agreement on the cut-off of the distribution at 2.2 MEWe analyzed discharge was de-
signed to study fusion products and, therefore, exhibitgha heutron rate. Due to the heating
mix, the measured neutron yield significantly exceed whatld/be predicted by NBI or ICRH
modelling alone, as is illustrated in Figure 4b. It shows thaeutron rate of 110%s~1 is pre-
dicted by modelling the NBI heating with the PENCIL code, adeutron rate of 21011

is predicted by modelling the ICRH heating only with ASCOFM®¥F. The measured neutron
rate, 6 10%s71, is well matched by an ASCOT/RFOF simulation of both NBI a@RH si-
multaneously. These calculations do not include the beaamlcomponent of the neutron rate,
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Figure 4: (a) Comparison of normalized fast ion energy ilistron between ASCOT/RFOF,

SPOT/RFOF and PION. (b) Measured neutron yield in 86459 aB@@T simulations with

NBI, ICRH and NBI+ICRH.

including it would most likely lead to a slight overestinatiof the neutron yield, consistently
with the NBI results.

Conclusions ASCOT can be used to simulate complex fast-ion dynamic$jdiveg 3D ef-
fects and wave-particle interactions. In this work we hgwaliad it to neutron rate calculations
in JET, which will be important in the upcoming DT campaigne Wave found that magnetic
islands due to NTMs can cause local redistribution of fassjdarge enough to reverse the sign
of the JxB torque due to the radial ion flux. However, the reitlistion does not significantly
change the integrated neutron yield, and is unable to expies neutron deficit observed in
JET experiments. In ICRH and NBI heated plasmas, ASCOT ganodeice the measured neu-
tron rate by self-consistently modelling both ICRH and NBBling. Further benchmarking is
ongoing.
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