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Total reaction cross sections for charged-
particle scattering may be obtained by a care-
ful examination of the elastic-scattering data.
The procedure for so doing arises from the
optical theorem and is outlined below. The elas-
tic-scattering amplitude for charged-particle
scattering may be written as

f(8) =fc „l(8)+f'(8),

where fCoul(8) is the Coulomb scattering am-
plitude, and is given by

f (8) = (q/2k sin'28) exp[i(2o + v-2' ln sin28)]Coul 0

' Q (2I+ I)exp(iaI) sino P (cose), (2)
l-=0

with o'I—= argl'(I+ I+i'). The residual amplitude
f'(8) is given by

L
f'(8) =f(8)-f (8) = (2ik) ' Q (2I+ I)Coul

xexp(2icI)[exp(2i6I)-I jpI(cose). (3)

The total cross section is infinite because the
Coulomb cross section is infinite. Vfe never-
theless apply the optical theorem to Eq. (1),
to obtain

&r' -=(o -o ) = (4v/k) Imf'(0).,tot tot tot
Coul

Now o'tot is just

,tot tot ,tot
O' =0 +(Zr el

where

o = fo '(8)dQ= f(a (8)-o (8))dQ

= f (1f (e)l'+2Ref~(e)f '(8)}dA. (6)Coul

f'(8) =f'(o)+ o(8') (8)

For angles very much smaller than 8=1/i. ,
f'(8) may be taken to be constant. The Coulomb
amplitude is rapidly varying in the small angle
region and is completely known. A knowledge
of the elastic-scattering cross section at any
two different angles in the small-angle region
can then serve to determine the complex am-
plitude, f'(0).

We may also determine ael' from the ex-
perimental elastic-scatter ing data. To this
end we rewrite Eg. (6) as

g ' = 2v f ((r (8)-a (8))sined8
el ~, el Coul

+2vj 0(lf'(8)t'+2Ref'(8)f '(8) j
0 Coul

x sin8d8.

If 80 is so small that f'(8) is constant for 8 & 8„
then Eq. (9) becomes

o = 2v f (e (8) &r (8))—sined8

+ 4v tf'(0) P sin'280 + 4v Re{f'(0)

x lim(f 'f (8) sinede)).
Coulg~0

Thus we have obtained for the total reaction
cross section

v = (4v/k) Imf'(0) s-tot ,tot
r el

with @el' o given by Eq. (6). We shall show
below that both f'(0) and o 1' o and hence the
total reaction cross section may be obtained
from the measured charged-particle elastic-
scattering angular distribution.

Because of the finite range of the non-Cou-
lombic force, f'(8) may be expressed as a fi-
nite sum in angular momentum, l~ I-, and hence
for small angles
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= (i/k)[exp(-2ia, )-1], (12)

so that the nonuniform limit of interest is ob-
tained by choosing a sequence of &„ such that

exp(-2io +2ir) lnsin-,'e ) =1
0 n

(I~)

as e -0. Thus the required limit in Eq. (11)
ls

lim {f 'f «sin8d8)
Coule-0

= (ik) '[I-exp(-2ioo+ 2irI ln sin~80)). (14)

The first integral in Eq. (10) may be deter-
mined directly from the elastic angular distri-
bution. Since f'(0) is now supposed known, we
have obtained the desired result provided that
a unique finite limit exists for the final integral
in Eq. (10). This integral is readily performed
analytically and yields

f 0f *(8)sin8d8
Coul

= -(rI/2k) exp(-2io, )J 0(sin28)

x exp(2irI ln sin28) sin8d8

= (i/k) exp(-2io, ) {exp(2irI ln sin-,'8, )

-exp(2irl ln sin2e)].

The limit e-0 does not exist as a uniform lim-
it. However, from Eq. (2) we see that

lim f f *(8)sin8d8
Coule-0

= lim (i/k) {exp(-2ia,)-exp(-2io, + 2ir}ln sin —,e) )
~-0

= (I/-2ik) g (2l+ 1)[exp(-2ioo)-1]
l=0

xf P (cos8)P (cos8) sin8d8

We may now rewrite Eq. (10) as

o = (4rr/k) Im{f'(0) exp(-2ia, + 2irI ln~ sin8, ))
tot

p
~ ~ 1

r

2rr-f {o (8)-o (8)j sin8d8
el Coul

-4rr If'(0) I' sin-,'8,. (16)

In the limit as the charge goes to zero, Eq. (16)
yields the familiar result that the total reaction
cross section is the total cross section, as giv-
en by the optical theorem, minus the total elas-
tic cross section. However, for the scattering
of uncharged particles, the amplitude f'(0) can-
not, in general, be determined from the elas-
tic-scattering data. For charged-particle scat-
tering, f'(0) can be determined, and hence Eq. (16)
can be used to obtain the reaction cross section
from the elastic-scattering data. The feasibil-
ity of the procedure described was checked by
using an optical-model code to generate "exper-
imental" data. We have also determined reac-
tion cross sections for a few cases in which
sufficient experimental data exist. Further
details will be given in a paper now in prepar-
ation.

*%ork performed under the auspices of the U. S.
Atomic Energy Commission.

o '
=2mj {a (8)-o (8)]

x sin8d8+ 4m If'(0) I' sin &8, + (4m/k)

x Im{f'(0)[1-exp(-2io, + 2irI ln sin-,'8, ]), (15)

and finally we obtain for the total reaction cross
section
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Recently an interesting attempt has been made'
to combine internal symmetries with spin de-
grees of freedom in a nontrivial way using the
group SU(6). The striking correlations that
have been obtained' are to be contrasted with
the difficulties that have arisen in the interpre-
tation of the symmetry. '~4 To date all successes

have been confined to the correlation of essen-
tially static properties of the elementary par-
ticles. We discuss here a nonstatic problem
in which the possibility of an SU(6) symmetry
arises in a natural way. In the nonrelativistic
limit the generators of this SU(6) coincide with
those previously used. '~'
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