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. Small influence of the ICRH acceleration of the D ions on the total ion (Fig. 3b)

IntrOdUCt|On & BaCkgr()U“d « Large impact (factor ~3) on the total neutron rate (Fig. 3d) in particular at low ion temperatures due to

high sensitivity D-D fusion reaction cross section to the D ion energy [11, 12]. Around 30% change in
the central averaged ion energy (T.¢) leads to a factor ~5-10 increase In the local neutron rate.

 The back-calculation of the ion temperature based on the total measured neutron rate for an ICRF-
heated case will provide the average energy / effective temperature of the D ions including the supra-
thermal contribution to the D-D neutron rate as opposed to the thermal component of the ion
distribution, which is the intended definition of T,.

= Jon temperature measurements require sophisticated procedures such as charge-exchange
recombination spectroscopy [1] or crystal spectroscopy [2]

= In the absence of such experimental data, the ion temperature estimation is obtained by reverse
engineering of the total neutron yield, assuming the ion distributions are Maxwellian [3,4].

= |on distributions are no more Maxwellian when ICRH external heating is applied.

= Improvement of the procedure is proposed to account for ion Non-Maxwellian distributions by
disentangling the thermal and fast components of the bulk ion distributions leading to a better estimate
of the ‘thermal-only’ ion temperature

= The method uses a coupled wave / Fokker-Planck numerical solver and a neutron rate calculator New Ti evaluat|0n prOCEdure

coming from European Transport Simulator / Heating and Current Drive software [5,6] namely Cyrano / o S |
StixRedist / Fusreac [7,8] and is applied to the WEST tokamak [9,10] The process to account for non-Maxwellian ion distribution functions is divided into two steps

1. Start from the D ion Maxwellian distribution functions associated with the D ion temperature profile
that fit the total measured neutron rate using the reqgular procedure ([3,4]) without considering ICRH
effects. For each magnetic surface, the local thermal ion temperature used as input for the Fokker-
Planck calculation is reduced until the calculated effective temperature T4 of the non-Maxwellian
ICRF-heated distribution matches the initial (Maxwellian) T, value

Effect of ICRH on the ion distribution functions

 Considered discharges are Deuterium plasmas heated by ICRH in flat top phase with Hydrogen
minority heating scheme, n./n.=3-6%, RF frequency of antennas f=55.9MHz, coupled power=3-4
MW, magnetic field B,=3.6T

=>Good estimate of the thermal T, profile but total integrated neutron rate not
necessarily match the experimental one, since the expressions for the averaged ion
energy (eq.l) and for the neutron rate have different dependencies in velocity space
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Conclusion

A procedure for improving the ion temperature (T,) estimate based on the total neutron yield
measurement in WEST under the influence of ICRF heating was presented.

References

1] Weisen H. et al 1989 Nucl. Fusion 29 2187 9] Bucalossi J. et al 2014 Fus. Eng. and Design 89 pp. 907-912 ) : : .. :

2] Da Ros A. et al. 2024 Rev. Sci. Instrum. 95 043505 10] Bourdelle C. et al 2015 Nucl. Fusion 55 063017 * Theion temp_erature Values obtained with the new procedure are lower than the original (Maxwellian-
3] Maget P. et al, 2023 Plasma Phys. Control. Fusion 65 11] Bosch H. S. and Hale G. M. 1992 Nucl. Fusion 32 611 based) ones in the region of ICRF power absorption _ _ _

125009 12] Huynh P. et al 2022 48th EPS Conf. on Plasma Phys. ICRF * discrepancy between the two methods for computing the ion temperature increases with ICRF
4] Manas P. et al 2024 Nucl. Fusion 64 036011 Heating and Turbulent transport modelling of WEST L-mode power. For P cr,=4MW => overestimation by 20-25%. With the full ICRH power capability of WEST
5] Kalupin D. et al 2013 Nucl. Fusion 53 123007 plasma using ETS: interpretative and predictive code validation (6-7MW), the discrepancy would be considerably higher.

6] Huynh P. et al 2021 Nucl. Fusion 61 096019  Improved estimate of the ion temperature can be important for numerical simulations that depend
7] Lamalle P.U. 1994 PhD Thesis Universite de Mons critically on the local ion temperature values and can be useful for cross-calibration of diagnostics.
LPPERM/KMS Report 101

8] Van Eester D. and Lerche E. 2011 Plasma Phys. Control.

Fusion 53 09200

CEA, IRFM 50t European Physical Society Conference philippe.huynh@cea.fr



