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724 Hasuyama and Wakuta H.P.A.

Besides the fusion reaction rate modification, the angular
distribution of the emitted neutrons and d-particles becomes proportional to
sin'G or 1+3 cosx8 depending on the selection of the spin state and
direction of injecting polarized ions with respect to B. These directional
confinements of neutrons may reduce the radiation damage of the surrounding
apparatus and the confined<X-particles may also contribute further heating of
the plasma.

As the second unusual application, we will discuss a possibility of
constructing a compact 14 MeV neutron generator for neutron therapy by
installing the polarized deuteron source instead of ordinary ion source. The
D-T reaction caused by the tensor polarized deuteron and unpolarized triton
target placed in a magnetic field may deliver 14 MeV neutrons distributed
proportionally to 1+3 cos16, thus reducing the amount of the heavy neutron
shield material in the forward direction.

2. Theoretical aspect

From the practical viewpoint for realizing a controlled fusion
reactor, the D-T reaction is considered to have the advantage of lower
barrier for satisfying the Lawson's criterion i.e. nT^ IO** sec-cm"3
(n:the plasma density,T: the confinement time) for fusion temperature T=10
keV (104 K), which is smaller about two order of magnitude than that of the
D-D reaction. The D-T reaction is practical to use owing to its large cross
section <fm«.x =5 b at a deuteron lab. energy 107 keV. In the following,
therefore, we calculate the characteristics of the fusion reaction cross
section and the differential cross section resulting from the polarized D-T
reaction.

In a s-wave low energy region mentioned above, the probability f
that the D-T reaction proceeds through the resonant 3=3/2^ intermediate state
of * He is considered to be 0.95<f<l, the other (1-f), which is a small amount
of contribution to the reaction, is induced by the J=l/2"1" state. The total
cross section for the D-T reaction is given by

£T w(J -§-) • ^T(J --§¦> + W(J =1") • 6"T(y). (i)
The statistical weights w(J) for the reaction cross section<£}¦(J) are
expressed by

W(J) =Ç |<j j mm |JM>|2 • N(mn)-N(mT)/N(J), (2)
...d-."'t d t d t

where mp and mT indicate the nuclear spin states of D and T (j0=l and
jT=l/2), respectively, with respect to the direction of the magnetic field in
the D-T fusion reactor, and N the fractional populations of the respective
spin states. Using the definition of the degree of polarizations we obtain

W(J=-f) =4(2+pz'pz) and W(J=4"> =3(1-p?-pz^ (3)
D T

where Pz and P2 are the vector polarizations of deuterons and tritons,
respectively. As the total cross section 0r(J) can be written by

&T(J= 1} Knpol «* «TO* ^(1" f)-(W-l (4)

we will obtain the total cross section for the D-T reaction by substituting



Vol. 59, 1986 New application of polarized ions 725

eqs.(3) and (4) to eq.(l) as

ST [f <1+ipS-p£> + (1-n-(i-pS-Pz)Knpoi (5)

It can be seen from eq.(5) that the total cross section for D-T reaction
depends only on the vector polarization of deuteron and triton and is
independent of the tensor polarization.

If the D-T reaction goes purely through the J=3/2'~ state, f would
be unity, then eq.(5) can be converted to the simple form

fc./«" i+4-PD.PT <6)
T unpol 2 rZ rZ •

In the following, we restrict ourselves to the case of f=l for the sake of
simplicity. The differential cross section for the D-T reaction is
represented by

da(6) _ ,da(8).
dß dß 'unpol

1+_LpD.A +ApD.pT.c
2 rZZ MZZ 2 Z rZ °Z,Z (7)

1

where Azz is a tensor analyzaing power given by Azz -(3 cos 0-1 )/2 and
Cz-z a spin-correlation coefficient described by Cz-z -(2/3)Axx -(3 coso
-2)/3. Therefore, we will obtain the differential cross section for the D-T
reaction (f=l) as

^A^unpoi - 1-T<pz?+ P^zWe+l (?£^.PI). (s)

where Pzz is the tensor polarization of deutron. The results of the total and
differential cross sections described above are equivaleut to those of
Kulsrud et al.3j

3. Practical application

3.1. The D-T reaction
By using the results of theoretical considerations, we represent

some examples of the application of the polarized ions in a magnetic field B
of fusion reactor. In the following, we put f=l for simplicity.

(a) A case of both D and T nuclei polarized along B (D, '.'/'B): The

polarization degree becomes Pzz =+1 and P2-P2=+l as far as the above condition
(Pz=+1, Pz=+1 or E?—1, P-^-l) is fulfilled. Thus, we have from eqs.(6) and
(8)

PT /«- - 3 j da(G) ,,da(9)x 9 2o fQ,Ot/0 i -rT- and—r=r-^/(—tÌ~) =-rsin 6. (9)
T "unpol 2 dß 'v dß 'unpol 4

We find from eq.(9) ±hat if both D and T nuclei are polarized either parallel
or antiparallel to B, we can expect the 50 % enhancement in the reaction rate
as compared to an unpolarized case and the strongly orientated angular
distribution of reaction products (neutrons and (rt-particles appearing
opposite direction each other), showing a peak at the perpendicular direction
to B. This case, therefore, has the benefit for a mirror fusion reactor
resulting in the advantage of decreasing the radiation damage of the
complicated magnet systems installed along B.

(b) A case of only the D nuclei polarized perpendicular to B
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collimation of useful neutron beams becomes much easier and amount of
shielding material for unwanted neutron becomes smaller. Though the reaction
cross section remains same as that for unpolarized deuteron injection,
effective neutron yield will be increased for the same injected deuteron beam

intensity.

4. Conclusion

As new application of the polarized ions we have discussed at first
about the polarized fuel fusion and reduced convenient formulation to ion
source people and secondly 14 MeV neutron generator for cancer therapy. There
exist, of course, many problems both theortical and experimental to be solved
before these applicalion become feasible. As an anothor application of the
polarized ions, More et al.*' have shown the possibility of using spin-
polarized D-T fuel for inertial-confinement fusion. This application seems
to us more practical than heavy ion or laser inertial fusion. We believe that
if we could succeed in producing very high intense polarized ions, new area
of application of them will be opened.
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