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The neutron and tritium production during the pre-DT, Pre-Fusion Plasma Operation, (PFPO) phase of ITER
need to be quantified in view of the plans for commissioning and operation of the heating systems in hydro-
gen and helium plasmas, as discussed in the ITER Research Plan (IRP) 1. In the assessment presented here,
we consider a number of tritium and neutron sources of different origins. In hydrogen plasmas with Ohmic
and ECRH heating, neutrons and tritium appear due to the presence of residual deuterium nD/nH ˜ 1.5 10-4
caused by the finite purity of the hydrogen fuel. Application of hydrogen NBI (Ep = 500-870 keV) and ICRH
H and 3He minority heating schemes in He and H plasmas respectively, creates and accelerates fast protons
and 3He ions which produce neutrons interacting with Be impurities. In addition, fast protons produce fast
D and alphas, which in turn produce neutrons interacting with Be impurities (figure 1). The evidence for
the importance of nuclear fusion reactions of fast particles produced by auxiliary heating with Be impurities
has been demonstrated in JET experiments [2]. Besides stationary plasma conditions, we also estimate the
possible sources that can lead to in-vessel component activitation in this phase produced during plasma dis-
ruptions should runaway electrons be formed. This includes both bremsstrahlung emission and secondary
neutrons. The impact of runaway electrons on the divertor or first wall will yield different bremsstrahlung
and secondary neutron production levels.
An assessment of neutron production has been carried out for a wide range of plasma scenarios foreseen in
the ITER Research Plan 1 for the PFPO phase, including the application of H0-NBI, ECRH, ICRH H and 3He
minority heating, andwith the 3 ion ICRH heating schemewith 3Heminority as a function of Be fraction, fBe=
nBe/ne. Fast deuteron, alpha and neutron production by the interaction of fast protons originating from NBI
and hydrogen minority ICRH heating with Be impurity: 9Be(p,d)2a, 9Be(p,a)6Li, 9Be(p,n)X, is calculated using
the ASTRA-NBI [3,4] and TORIC-SSFPQL[5] codes. On the basis of the calculated sources of fast deuterons
and alphas with these codes, the neutron sources due to secondary reactions with Be impurities: 9Be(d,n)X,
9Be(a,n)X are derived. Neutron sources produced by fast 3He minority ions accelerated by ICRH in the re-
action 9Be(3He,n)X (4) are calculated for the 3-ion heating scheme [6] and the 3He minority scheme. The
impact of the synergy between the H0-NBI ions and hydrogen minority ICRH heating on neutron production
is assessed for 7.5 MA/2.65 T Helium H-mode plasmas with 33 MW (NBI), 20 MW (ECRH) and 20 MW (ICRH)
heating power levels to be performed in PFPO-2. [7]. In these plasmas, the main source of neutrons is due
to the interaction of Be impurities with suprathermal protons produced by ICRH and NBI. Secondary fusion
reactions occur due to the interaction with beryllium of the fast deuterium and alphas from the 9Be(p,d)2a ,
9Be(p,a)6Li reactions as well but the magnitude of this neutron source is much lower. Our modelling shows
that the synergy between the H0-NBI and the hydrogen minority ICRH noticeably reduces the neutron yield
(Sn,ICRH + Sn,NBI > Sn,ICRH+NBI), which is due to widening of the ICRH absorption and reduction of the
fast proton tails due to the preferential absorption of ICRH waves by fast NBI protons in the plasma (figure
2).
Local fractions of the NBI and ICRH fast ion pressure and their gradients during PFPO-2 are higher than those
of fast alphas in the ITER Q = 10 baseline scenario, making AEs unstable over a wide range (x < 0.5) of the low
magnetic shear. For instance, the injection of H0-NBI with Ep=0.87 MeV in helium plasmas is superalfvenic
for the whole range of magnetic fields to be explored in ITER. The stability of TAE modes has been analysed
in these plasmas which typically have both a high pressure of suprathermal particles and a Weak Reversed
Shear (WRS) current profile due to the large current drive produced by the NBI [8,9]. The possible impact of
saw-tooth oscillations and TAEs on neutron production in these plasma scenarios has been assessed based on
a linear instability analysis and it has been found that they can noticeably reduce the local neutron density
source and beam-driven current drive but have moderate impact on the integral neutron production.
Disclaimer: ITER is the Nuclear Facility INB no. 174. The views and opinions expressed herein do not nec-
essarily reflect those of the ITER Organization. This publication is provided for scientific purposes only. Its
contents should not be considered as commitments from the ITER Organization as a nuclear operator in the
frame of the licensing process.
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