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Use of a y-ray-generating nuclear reaction for detecting the a-particle
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In recent fusion plasma research great attention is paid to clarification of physical properties
of energetic ions in hot plasmas. However, it is very difficult to detect the energetic ions in
a tokamak configuration since such properties have to be determined while they are in the
plasma. Therefore, it is reasonable to use photons or particles freely escaping from the plasma
for this purpose. Especially, use gfrays emitted in threshold nuclear reactions induced by
the energetic ions can be advantageous. In fact, in JET experiments sevayayenerating
threshold reactions between the energetic ions and impurities have been vigorously used for
fast ion diagnostics [1].

An alternative method to diagnose energetic ions has been proposed in recent years [2]. This
method is based on using a small amounfldfas low-Z admixture in DT plasma to induce
6Li+D and bLi+T nuclear reactions capable of providing information on energetic ions. Here

we consider a specifigray mode of the reactionse.
OLi+t — 8Li*[0.981 +p, BLi*[0.981 — BLi[gr.st]+y 1)

which proceeds through the excited nucléLis emitting monochromatig-quanta with energy
E, = 0.981 MeV in its decay to the ground state. A remarkable feature of this reaction is strong
energy dependence of its cross section [3], because this process is essentially suppressed at
thermal energies and forbidden below the reaction threshold at 181 keV. In self-sustained DT
fusion plasmas energetic tritons can be created by close elastic (knock-on) collisions of fusion-
born energetiar-particles. Therefore, one could obtain information on energy distributions of
both a-particles and energetic tritons by comparing the 0.981-Mady measurement with
kinetic model prediction incorporating the knock-on collision processes appropriately [2]. The
objective of the present work is to verify the above qualitative discussion. On the basis of simple
theoretical models, we estimate diagnostic information the 0.981-Meys possess.

We begin with considering the slowing-down behavior of energetic ions. The distribution
function f; of energetic ions can be obtained by solving the Fokker-Planck equation with an

appropriate source term:
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Figure 1: (a) The triton population (bulk and knock-on components) and the cross section of the
OLi(t, p)BLi* reaction as functions of triton energy, whélid's are assumed to be at rest. (b)
The 0.981-MeVW-ray spectra owing to both knock-on and bulk tritons.

22 QW)= s, @
In the case of DT plasma,= a-particle @), knock-on deuterond() or knock-on triton {’).
The a-particle source strengtf, can be described in Gaussian form. The source strength of
knock-on ionsSy can be written in the following form [4]:
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where dr/dQ andn; represent the differential scattering cross section and the number density
of bulk ion specieg (j = bulk-deuterond) or bulk-triton ¢)). The calculations are performed
for DT plasma with parameters typical of the ITER tokamak plasmeabackground electron
and ion temperatures @k = 20 keV and densities afy = iy = ng/2 = 0.5 x 1?°° m~3. The
population of knock-on tritons together with the cross section ofthié, p)8Li* reaction is
shown in Fig. 1. The estimated 0.981-Me\ay spectra due to both knock-on and bulk tritons
are also shown in Fig. 1, where thig concentratiomy; /n; is assumed to be 1 %. The important
feature is that the yield and energy spectrum of 0.981Me¥ys is solely governed by the
population of knock-on tritons.

To examine the specific diagnostic information on energetic ions obtained froprene
yield and spectrum, we introduce the quanty, which is defined as

,0—-1
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Figure 2: The calculateM, g as a function of triton energy (a) antd, g as a function ofa-

particle energy (b).

wherek = knock-on triton {') or a-particle @). This quantity expresses theray yieldY, to
which knock-on tritons oo-particles with energ¥ey ¢ < Ex < Ex g1 contribute. The quantity
Yk(Ex) is the differentialy-ray yield d¥,/dEy, being a function of energf of ion species

k. The calculatedyy g's are shown in Fig. 2, where they are decomposed for several energy
regionskE, of the y-ray spectrum. Figure 2 shows that the emission of 0.981 Meays reflects

the presence of knock-on tritons with energy 0.6 M€\E;, < 1.8 MeV anda-particles with
energy 2.0 Me\K E, < 3.5 MeV.

Next, we consider a situation where the confinement is affected by a specific loss mecha-
nism such as where energetic ions with endigy E; it are partially or entirely lost. The
corresponding population of energetic ions takes the following form:

) =t < | (5 (5)

1, (otherwise

where 0< C; < 1, andfi(E;) is the unchanged population derived by solving Eg. 2. We estimate
the dependence of theray yieldY, and the FWHM ofy-ray spectrunw, on the loss of ener-
getic ions. For simplicity, thex-particle population is assumed to be unchanged in examining
the influence of the knock-on triton loss, and vice versa. Figures 3 and 4 show changes in the
y-ray yieldAY, /Y, and the FHWMAw,,/w, due to perturbatio@;. One can observe that losses
of both knock-on tritons with enerdy; > 0.6 MeV anda-particles with energ¥y > 2 MeV
affect the 0.981 MeW-ray yield. It can be also observed that the profiled\¥j/Y, in Figs.
3(a) and 3(b) are quite similar and contrarily that the profileAwj/wy in Figs. 4(a) and 4(b)
are quite different. This infers that, by measuriygandw,, one can diagnose the confinement
properties of energetic ions and well discriminate the property of knock-on tritons from that of

a-particles.
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Figure 3: The change in theray yield,AY,/Y,, due to losses of knock-on tritons (a) aael
particles (b).

Figure 4: The change in theray spectrum FWHMAw,/w,, due to losses of knock-on tritons
(a) anda-particles (b).
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