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We derive the amplitude for 7-%He elastic collisions, including all multiple scattering,
spin-flip, and charge-exchange effects, in the Glauber approximation. A totally antisymmet-
ric ‘He ground-state wave function, and TN elastic scattering amplitudes obtained from
phase-shift analyses (through G waves when necessary) are used as input. The results are
applied to m-%He total cross sections below 1.2 GeV and compared with measurements. The
real part of the m-‘He forward elastic scattering amplitude is calculated and compared with
dispersion-relation results. The differential cross section for m-‘He elastic scattering is
calculated for pion energies between 50 and 1120 MeV and compared with data.
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The Glauber approximation for scattering of
hadrons by nuclei has had extensive application
in the past decade. Calculations have generally
employed oversimplified basic hadron-nucleon
scattering amplitudes, or have neglected the ef-
fects of spin and or isospin, or have treated spin
and isospin degrees of freedom rather approxi-
mately. At energies below ~1 GeV, however, the
spin and isospin parts of the hadron-nucleon ampli-
tudes are often quite significant. Since marked
improvements in measurements below 1 GeV will
soon be forthcoming, it is important that analyses
at such energies include the effects of spin and
isospin as accurately as possible. A step in this
direction has recently been made.''? In those
analyses, additional approximations were intro- }

given by?

duced regarding the possible ways in which charge
exchange and spin flip may occur in nuclei.

In the present analysis we consider the effects
of charge exchange and spin flip in collisions of
pions with “He. Within the context of the Glauber
approximation, which considers single, double,
triple, and quadruple scattering for collisions
with *He targets, we make no additional approxi-
mations regarding the ways in which charge ex-
change and spin flip occur. All possible com-
binations of charge exchange, spin flip, and elas-
tic collisions through fourth-order (i.e., quadru-
ple) scattering are considered.

The scattering amplitude for elastic collisions
between pions and nuclei with mass number A is

Fii(q) = (i kg p/27) f SUBGIF e, Fa By O e, TR (AT F)
j

x { 1-11 [1 - (2Mikyy)" J’ e-(E'.(F—?j)f(q;’ah %, T)dzq’] }
i

X‘I’i(-fly .

where f is the pion-nucleon (7N) amplitude for
elastic scattering, ¥, is the *He ground-state wave
function, T is the isospin operator for the pion,
and G, and 7, are the spin and isospin operators,
respectively, for the jth nucleon.

The wave function ¥, is totally antisymmetric.
We take the ground state to be a pure S state,
and write the wave function as
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The spatial part ¥ is taken to be completely sym-
metric and the combined spin-isospin part ¢ is
taken to be completely antisymmetric. There are
two S=0 spin wave functions:

X :%(a 132 - Blaz)(a334 - Bsa4) ’ (3)
and

X=37V25, -GX, (4)

where a, B are the spin wave functions for each
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nucleon. Similarly there are two corresponding
I=0 isotopic-spin wave functions which we denote
by n and 7. The completely antisymmetric spin-
isospin wave function is given by

¢ =27"2(x7 = Xn). (5)

The general form for the 7N elastic scattering
J

amplitude operator is
f@,5:, 7, T) =f,(q) +if(9)5;* n
+l&1(q) +i gy(q)5,- 7] 7, T (6)
=f(9) +80@, 5, 7, T), (7)
where Eqgs. (6) and (7) define A(4, 3,, %,, T).

Combining Egs. (1), (2), and (7) we obtain
. L 1 .
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where ¢ is given explicitly by Eqgs. (3)-(5), and the spin-isospin dependence of A is given explicitly by
Egs. (6) and (7). The matrix elements in spin-isospin space can now be carried out in detail using this
general result.* (We might add that the same method may be used to calculate p-*He amplitudes.)

To illustrate the result Eq. (8), let us consider ¢ to be a product of single-particle harmonic-oscillator
wave functions and use the Gartenhaus-Schwartz transformation® to eliminate the function. This enables
us to replace p*P6® by (a2/m)° expl[-a?(r 2 +7,2 +7,? +7,2)] provided we multiply the resulting expression for
F,; by exp(¢?/160a?). The scattering amplitude then becomes

Fii(q) =@k, /2m) e/ fe*'“ {1_ (4,

where .
H0)=1+iky™ [ @) fi@adg,  (10)
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and where S(q) =exp(-g¢*/4a?).
If we expand the product in Eq. (9), the expecta-
tion value may be written as
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In order that the final state be the *He ground
state, 7N charge-exchange collisions and spin-

flip collisions must occur an even number of
times. Consequently (¢ |5|¢) =0 since 6 corre-

jI-=I [Y(b) +6(E, 611 ?jy T)] l ¢>} dzb ’ (9)

T
sponds to a single spin flip and or charge ex-
change. The remaining matrix elements in Eq.
(12) may be expressed in terms of three inte-
grals:

A =k [ " S(@)fyaW(ab)ada, (13)
BO) =k | " S(q)g (aMo(ab)ada, (14)
co)=ko [ " S(q)gulaM (ab)ada. (15)

The results we obtain are

(o|TT 6|9y =242+ 2B+ 202, (16)
i=1

(¢ fIa ¢) =—4iABC, (17)
i=1

(¢ inIlél ¢y =A*+10(B* +C*)/3

- 4(A%B% + B2C? + C%A3?). (18)

The final form taken by F, is obtained from Egs.
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FIG. 1. Calculated m-‘He total cross sections com-
pared with data of Refs. 8 and 9.

(9), (12), and (16)-(18), and is given by

Fy(q) =ik, 4€* lwzf Jo(gd) {1 - v* = 2¢%[A% + 2(B* + C?)] +
0

with v, A, B, and C given by Eqgs. (10), (13)-(15).

We have applied this result to 7 - ‘He total cross
sections and elastic scattering at energies below
1.2 GeV. For the 7N amplitudes f,, f,, g;, and g,,
we have used the CERN “theoretical” phase shifts.®
The parameter o® was taken to be 0.512 fm? to
fit the *He rms radius of 1.71 fm.”

In Fig. 1 we compare the calculations for total
cross sections, obtained from the optical theorem,
with data®:® below 1.2 GeV. The effects of charge
exchange and spin flip are not large above 250
MeV. The disagreement between theory and mea-
surement near 175 MeV diminishes if the effects
of Fermi motion are considered.

In Fig. 2, we compare the calculations for Re F;
(0) with recent dispersion-relation calculations.®
The two methods yield reasonable agreement with
each other above ~200 MeV. The effects of charge
exchange and spin flip are seen to be significant.

In Fig. 3, we compare calculations of the dif-
ferential cross section for elastic scattering at
1.12 GeV with the data.!! The theory agrees rather
well with the measurements, and the effects of
charge exchange and spin flip are rather small.
However, we point out that we have performed
similar calculations for the lower energies of
50-260 MeV, where data also exist, and find
quite different results. Below 100 MeV the ef-
fects of spin flip and charge exchange are very
large and significantly improve the comparison
of theory with data. Despite this improvement,

VICTOR FRANCO

o

T T
Witk charge exchange and spin flip

----- Witheut charge exchange and spin flip
——=-—— Dispersion relations analysis

ReF;;(0) (fm)

L
0 100 200 300 400 500
T (MeV)

FIG. 2. Real part of m-*He forward elastic scattering
amplitude. The dispersion relation analysis is from
Ref. 10.

16iyABC - A* ~3(B* + C*) + 4(A%B*+ B*C? + C®A®)} b db ,

(19)

—
however, the theory is in poor quantitative agree-
ment with the data. (Qualitatively the comparison
is good, as the minima that appear in the data
also appear in the calculations at approximately
the correct scattering angle. However, the calcu-
lated magnitudes are high by a factor of ~4-10.)
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FIG. 3. 7~ -%He elastic scattering intensity at 1.12 GeV.
The data is from Ref. 11.
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Between 100 and 260 MeV spin-flip and charge-
exchange effects are significant. However, except
for angles less than those corresponding to the
first diffraction minimum (i.e., 6., <65°), the
agreement of theory with data is rather poor. The
disagreement between 50 and 260 MeV is not
totally surprising since 1 <kR <3, which is not
very large, and the data extend to very large
angles.

The analysis we have presented can be extended

in an approximate way to other selected nuclei
such as *°Ca and *C (for which 2R would be larger
than for “He) by considering them to be a clusters
and restricting the ways in which multiple spin
flip and charge exchange may occur in nuclei.!
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