/

Y :
()} EUROfusion
\=¢

S —

EUROFUSION CP(15)05/52

T. Koskela et al.

Improvement of Neutron Yield
Predictions in JET with ASCOT

(22nd June 2015 - 26th June 2015)
Lisbon, Portugal

This work has been carried out within the framework of the EUROfusion




“This document is intended for publication in the open literature. It is made available on the
clear understanding that it may not be further circulated and extracts or references may not be
published prior to publication of the original when applicable, or without the consent of the
Publications Officer, EUROfusion Programme Management Unit, Culham Science Centre, Abingdon, Oxon,
0OX14 3DB, UK or e-mail Publications.Officer@euro-fusion.org”.

“Enquiries about Copyright and reproduction should be addressed to the Publications Officer, EUROfusion
Programme Management Unit, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK or e-mail
Publications.Officer@euro-fusion.org”.

The contents of this preprint and all other EUROfusion Preprints, Reports and Conference Papers are
available to view online free at http://www.euro-fusionscipub.org. This site has full search facilities and
e-mail alert options. In the JET specific papers the diagrams contained within the PDFs on this site are
hyperlinked.




Improvement of neutron yield predictions in JET with ASCOT

T. Koskeld, A. Snicket’, S. Sipild, A. Salm?, T. Johnsod, C. Marchettd, M. Schneidet
M. Romanellf, H. WeiseR, and JET contributots
EUROfusion Consortium, JET, Culham Science Centre, AbimgdX14 3DB, UK
1 Aalto University School of Science, Espoo, Finlah¥TT Technical Research Centre,
Finland; 2 Department of Fusion Plasma Physics, School of Electricajifeering, KTH
Royal Institute of Technology, SE-10044 Stockholm, Swédaatituto di Fisica del Plasma,
CNR, Milano, ltaly;® CEA, IRFM, F-13108 Saint Paul-lez-Durance, Fran&CFE, Culham
Science Centre, Abingdon,0X14 3DB, UKlax-Planck-Institut fiir Plasma Physik,
Boltzmannstr.2, 85748 Garching, GermafyCRPP, Ecole Polytechnique Federale de
Lausanne, CH-1015 Lausanne, Switzerland

There is a large scatter between measured and predictedmeuglds in JET plasmas. The
measured neutron yield in neutral beam (NBI)-heated plasfian falls below predictions by
commonly used simulation tools that assume neoclasseaéport 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 présmprovements to the Monte Carlo
fast ion code ASCOT [3], aimed at tackling these deficieniciesodelling.

Can fast ion redistribution due to NTMs explain the neutron deficit? The neutron deficit
can be mitigated by prescribing an ad-hoc anomalous daffufast 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 islapdrametersq= 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. I illustrated in Figure 1a that
shows the DD neutron rate from an interpretive JETTO/ASCidlukation 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 measureddiySon 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 alsauohelthe rotation of the island, ne-
glected in [5]. The result of a scan over the rotation freqyeas shown in 1b. We find that the
rotation of the island has a negligible effect on the predtiaieutron yield. However, its effect
in redistributing the fast ions can be clearly seen in theénoaurofile, shown in Figure 1b. We
can conclude that the local effect of a single island is nfiicsent to significantly alter the total
neutron yield. The temperature and density gradients ob#uground plasma are small due

*See the Appendix of F. Romanelli et al., Proceedings of thie ZEA FEC 2014, St. Petersburg, Russia
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Figure 1: Scan of predicted (a) radial neutron profile andvf@yme 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 approximatelyHz 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 islafichati 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 conngeateich other to create a channel for
the fast ions to be transported from inside mid-radius tddipeof the pedestal. A poincare plot
of the magnetic geometry, obtained by field line tracing,hieven in Figure 2. It shows that
the islands overlap in large parts of the plasma crosseseatreating stochastic field regions
that would, in reality, lead to the termination of the disgfeabefore developing to this stage.
Therefore, these results most likely overestimate anysteatecrease in neutron yield due to
magnetic islands. Even so, we find the total simulated newyteld still overestimates the mea-
surement. Figure 3 shows a comparison of simulated demgtiron 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 dnetprotation further reduces it
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Figure 3: Scan with one or mutliple static and rotating idlan(a) profiles of beam ion den-
sity, DD neutron rate and beam JxB torque in simulations wi#tic 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®ftieficit 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 #4hke extreme case of three
islands, this reversal is strong enough to cancel the moliéd 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 heating Monte Carlo “kick” operator
that resolves the acceleration of both thermal and NBI idh& advantage of a Monte Carlo
method is that it can include any number of particle speciés efferent 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 witle 8BNBI module [7] and the
RF deposition is simultaneously calculated by RFOF. The @%Gimulation has been per-
formed without coupling to a full wave-field solver for singpty, the PION code has been used
to determine the power absorbed by the ions and the amplitfuithe accelerating electric field
is assumed constant over the plasma cross-section. Théasaehdiast ion distribution, com-
pared to the SPOT and PION codes, is shown in Figure 4a. WethateASCOT 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 MEMWe 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 21051

is predicted by modelling the ICRH heating only with ASCOF®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,



o Measurement
o Chain2 PENCIL
—— ASCOT/NBI only
ASCOT/ICRH only | |
—— ASCOT/NBI+ICRH

fast ion distribution (a.u.)
neutron yield (s™%)

3O 560 1060 1560 2060 25b0 3dOO 3500 0 0.1 012 013 014 0.5
energy (keV) time (s) - 12s

Figure 4: (a) Comparison of normalized fast ion energy iistion between ASCOT/RFOF,

SPOT/RFOF and PION. (b) Measured neutron yield in 86459 aBE@@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$ydeg 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 fassjéarge enough to reverse the sign
of the JxB torque due to the radial ion flux. However, the reiflistion does not significantly
change the integrated neutron yield, and is unable to exple neutron deficit observed in
JET experiments. In ICRH and NBI heated plasmas, ASCOT qanodece the measured neu-
tron rate by self-consistently modelling both ICRH and NBhLing. Further benchmarking is
ongoing.
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