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Most attempts® to obtain a theory that can
accommodate both the two-body [He®(y,p)d]
and three-body [He®(y, n)2p] photodisintegra-
tions of He® have been unsuccessful'; the pre-
dicted cross sections for the three-body dis-
integration have been a factor of 2 or 3 too large.
These reactions are known to be dominated
by electric dipole transitions, and the main
defects of the above calculations must be in-
adequate representations of the initial bound
state and final scattering states of the three-
nucleon system. In particular, the electric
dipole operator has the effect of emphasizing
the role of the asymptotic structure of the three-
nucleon bound-state wave function.?™® As a
consequence of this, it has been shown®:* that
the use of a wave function with the correct asymp-
totic behavior reduces the ratio of the three-
to the two-body photodisintegration cross sec-
tions and leads to a closer agreement with ex-
periment. But it is impossible to assess the
implications of these results without a reliable
theory of the final-state wave functions.

Hitherto the three-particle aspects of the
nucleon-deuteron and three-nucleon final states
have been neglected. For the nucleon-deuter-
on state the distortion of the deuteron is usu-
ally neglected, and for the three-nucleon state
only final-state interactions between nucleon
pairs in S states have been taken into account
in first rescattering approximations.®* Such
techniques violate the three-particle unitarity
relation which connects the two-body and three-
body states of the three-nucleon system. This
is not the case if one uses the Faddeev equa-
tions® with a separable approximation for the
two-nucleon off-the-energy-shell scattering
amplitudes.® The Fadeev approach treats the
three-particle aspects of the problem exactly,
and has been applied with considerable success
to the neutron-deuteron scattering problem.”»®

The chief advantage of this method is that
the two- and three-body photodisintegration
channels are dynamically related. In this con-
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nection Barton® has shown that the particular
two-nucleon interaction which is responsible
for the deuteron, and hence allows the existence
of the two-body photodisintegration channel,
must have a large effect via the final-state
interactions on the three-body channel. For
example, if the two-nucleon interaction is weak-
ened so that the deuteron is no longer bound,
then the disappearance of the two-body photo-
disintegration channel must be accompanied

by a large increase in the three-body cross
section. This result, which is based on a new
decomposition of the standard bremsstrahlung-
weighted electric dipole sum rule, rests only
upon the assumptions of a totally symmetric

S state for the three-nucleon bound state and
electric dipole absorption dominance.

In this Letter we introduce a new three-nu-
cleon bound-state wave function, and for the
continuum states we adopt the Faddeev equa-
tions and a low-energy separable approxima-
tion.®® Only electric dipole contributions to
the photodisintegration cross sections are in-
cluded. We use the usual dipole operator, “z.”
Hence, in the region of validity of Siegert’s
theorem (i.e, photon energies less than 50
MeV) we need not include the modifications
of the electromagnetic operator that arise be-
cause of the existance of nonlocal and exchange
nuclear forces. Further details and results
will be published elsewhere.®

The final states are determined by the numer-
ical solution of the Faddeev equations.!* The
separable approximation to the 'S, and %S, two-
nucleon scattering amplitudes corresponds to
an effective-range parametrization of the on-
shell amplitudes.'® The 'S, state is specified
by the scattering length ag=-20.34 F and ef-
fective range ¥ =2.7 F, and the 3S, state by
the scattering length a;="5.397 F and the deu-
teron binding energy €;=2.225 MeV. The net
result is the inclusion of only those virtual
three-particle intermediate states which have
the configuration of a nucleon and a S, two-
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nucleon subsystem or a nucleon and a 3S, two- the virtual ®S, and S, states.

nucleon subsystem. Thus, in this approxima- For the initial state we adopt a wave function
tion, physically interesting information may that emphasizes the asymptotic behavior in

be obtained from the amplitudes for the pro- configuration space. Defining p,, to be the rel-
duction of these configurations and the functions ative momentum of the nucleons B8 and y, and
that represent the propagation and decay of I 9y to be the momentum of nucleon @ with re-

spect to the B-y subsystem, we have

h
‘II(P 24, )= (P +3 Ep™ { L
q 24 nZdSBZl 1E )(‘132+Vn2)2(p Z, 2
x!Iyazln,Iﬁzé —-;;IMS _sn,sﬁ=—2—,szé,sz)%, 1)

where Iy, Ig, and (S ya s S8, and S) are the l

isospins (spins) of the ya subsystem, of the the deuteron. Inspection of Fig. 1 shows that

particle B, and of all three nucleons, respec- the disappearance of the deuteron and the two-
tively. The parameter Ep is the three-nucle- body photodisintegration channel is accompa-
on binding energy. The asymptotic behavior nied by a large increase in the three-body pho-
when one of the nucleons is distant from the todisintegration cross section. This effect oc-
other two is determined by E j(=Eg—¢€,) or curs both in the complete solution (curves a
E(=Ep). Other parameters, which were de- and b) and in the first rescattering approxima-
termined by a rough fit to the wave function tion (curves ¢ and d).

obtained by applying the separable approxima- The comparison with the experimental data's*®
tion and the Faddeev equations to the bound- is given in Figs. 2(a) and 2(b). The bremsstrah-
state problem, are vg=7.0 F7, ug=1.173 F, lung-weighted cross section can also be found:
vg=4.0 F~, and 4g=1.427 F~'. For He®, kg ©

=-1.830 and hj=+1.375, and for H®, hg=-1.948 f 4902dE /E =1.13 mb

and 27=1.517. This wave function has an S’

probability density ~1.6%, and, if proton and

neutron mean-squared radii of 0.64 F? and -0.12 ' ' ' T

F2 are assumed, the charge radii are R(He®) -

=1.85 F and R(H%) =1.62 F. In our calculation 3or N 1
of the photodisintegration cross sections only / N

the completely spatially symmetric part of (1) ! N

is retained. In addition the parameters corre-

sponding to the He® nuclei are used. 2or 1
Theoretical results for the total cross sec-

tion for the three-body channel are shown in ~

Fig. 1. Curves a, ¢, and e represent the cross 5; ‘oL |

section corresponding to the complete solution, b

the first-rescattering approximation, and ze-

ro-rescattering approximation, respectively.

It is evident that the summation of the multi- °

ple-rescattering series is necessary. This

is also the case for the calculation of the two- Eg (Mev)

body cross section. [See Fig. 2a).] FIG. 1. The dependence of the total cross section
The influence of the deuteron bound state on for Hed(y,n)2p on the structure of the final scattering

the three-body channel may be deduced from state. Curves a, ¢, and e correspond, respectively, to

Fig. 1. The curves b and d correspond, respec- the complete, the first-rescattering, and the zero-re-

. . . scattering solutions, with inclusion of the 15, antibound
tively, to the complete and first-rescattering state and the %, deuteron bound state. Curvgs b andd

. s ) s

solutions when the *S,, two-nucleon interaction correspond, respectively, to the complete and first-re-
has been weakened, so that it is identical to scattering solutions when the %, interaction is put

the 1S, interaction and hence can no longer bind equal to the 1S, interaction.
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FIG. 2. (a) The total cross section for He3(y,d)p.
The histogram is from Ref. (1) and the points from
Ref. 13. The solid curve is the complete solution and
the broken curve corresponds to a plane-wave approxi-
mation for the nucleon-deuteron state. (b) The total
cross section for He(y,n)2p. Histogram (a) is from
Ref. 13 and histogram (b) from Ref. (1). The curve
corresponds to the complete solution with distinct 381
and 'S, two-nucleon interactions (i.e., curve a of Fig. 1).

and

7 oydE /B, =1.37 mb.
.72 3

The experimental results' are
("o dE_/E_=1.34%0.05 mb
5.40 2 Y V¥

and

f7”°o3dE /E =1.47+0.07 mb.
We have assumed electric dipole dominance,
a spatially symmetric three-nucleon bound
state given by Eq. (1), and a separable two-
nucleon interaction in the final state. In view
of these assumptions and also the neglect of
Coulomb forces, short-range correlations,
and noncentral forces, the agreement with ex-
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periment is quite satisfactory. In addition the
neutron spectra (not shown here) in He3(y, #)2p
are also in agreement, both in shape and mag-
nitude, with experiment.

In conclusion we emphasize that adequate
treatment of the multiple rescattering in the
three-nucleon system is essential if any mean-
ingful comparison with experiment is to be
made.
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