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The angular and energy dependence of the ~H.3(p,n) reaction at energies up to a few Mev have been much 
analyzed for their possible indication of resonances in the "compound nucleus" He4. It is shown that the 
experimental data can be explained on the basis of "direct" interactions, without assuming that any com­
pound-nucleus state is involved. A combination of "knock-on" and "pickup" effects is involved. 

In addition to removing the W(p,n) data as evidence for an excited state of He4, the result of this work 
adds to previous evidence that the Born approximation can give a good account of the angular and energy 
variations in nuclear rearrangement collisions, even at energies as low as a few Mev. 

INTRODUCTION 

RECENTLY the W(p,n) reaction has received con­
siderable attention, especially because of the 

information one might hope it could give concerning 
(unbound) excited states of He4.1'2 I t is the purpose of 
this note to point out that the broad maximum in the 
total cross section for this reaction, at about 3 Mev, can 
be understood on the basis of a simple picture of the 
reaction as a rearrangement collision,3 so that the 
existence of a maximum does not give positive evidence 
for any excited states in He4. That is, the energy de­
pendence, and the nature of the angular distribution as 
well, can be understood on the basis of a "direct" 
interaction, without assuming that any "compound-
nucleus" state is involved. 

REMARKS ON THE APPROACH USED 

The discussion given here is based on a rearrangement 
collision picture. This "direct interaction" viewpoint, as 
opposed to one involving a compound nucleus, has been 
applied to the (n,p) reaction by Austern, Butler, and 
McManus,4 following the success of the Butler type 
theory in accounting for the results of stripping and 
pickup reactions. The Butler type theory itself repre­
sents a similar approach, corresponding essentially to a 
Born-approximation type calculation.5 

In the usual form of application of the Butler type 
theory it is assumed that the nucleus is opaque, and that 
the reaction takes place outside the nucleus. However, 
it has been pointed out that this may not be an appro­
priate picture6 and that in fact at higher energies, where 
the nucleus is more transparent, the interior region of 
the nucleus plays a dominant role.7 
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In the present note there are two differences from the 
treatment of reference 4. First, the nucleus is treated as 
transparent rather than opaque. With regard to the 
direct p-n interaction, this has the general effect of 
broadening and smoothing the angular distribution. 
Secondly, the interaction between the incoming proton 
and the "remainder" of the target nucleus (i.e., the part 
remaining when a neutron is removed) plays an im­
portant role, in this special case in which H3 is the target 
nucleus. Namely, this interaction is responsible for the 
production of neutrons giving the backward peak ob­
served, through a "stripping" process, in which a 
neutron is stripped from the "incoming" triton. 

The nuclei involved, H3 and He3, are treated as trans­
parent in the calculation of both processes (p-n, 
stripping). For these light nuclei, this transparency 
viewpoint is probably reasonable even at the low ener­
gies at which we propose to apply it (7 Mev and less),1,2 

especially in view of the relative success which the 
transparent model has shown for the (p,d) reaction in 
Be9 down to comparable energies.8,9 The errors associated 
with this transparent-nucleus approach in the present 
case may be expected in any event to be no larger than 
those associated with our use of Born and "impulse"10 

approximations or with our omission of possible com­
pound-nucleus contribution to the cross section. 

QUALITATIVE DISCUSSION OF THE REACTION 

The calculations described below are made in a 
perturbation-theory way. We then have to do essentially 
with a matrix element between an initial and a final 
state. The wave function of the 3-nucleon target nucleus 
or final nucleus is taken as separable, in the manner 
indicated in Fig. 1. The (p,n) reaction in this case may 
be thought of as a rearrangement, which can be pro­
duced by either of two interactions. One of these is the 
p-n potential Vvn{*i—r2), the other is equivalent in 
Born approximation to the interaction between the 
proton and the "residual" nucleus, VPN(*I—r^r). (The 
coordinate labeling is explained in Fig. 1. There are 

8 S. Glashow and W. Selove, Phys. Rev. 102, 200 (1956). 
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FIG. 1. Coordinates are measured from the center of mass, O. 
The vectors specifying the positions of the proton p, the neutron n, 
and the residual nucleus N (mass = 2) are denoted ri, r2, and IN, 
respectively. 

only two independent coordinates; the three coordinates 
used are connected by the relation r i+r 2 +2r jv=0. ) 

The effect of Vpn may be pictured physically perhaps 
most easily in the high-energy limit, in terms of a 
"knock-on" collision in which the proton directly ejects 
the neutron and takes its place. The angular distribution 
of the emitted neutrons will reflect the angular distribu­
tion of the free p-n cross section. This Vpn process has 
been essentially treated by Chew and by Austern et al. 
I t gives a very simple picture of the energy-dependence 
of the W(p,n) reaction. Namely the reaction cross 
section o-H3 is found to be roughly proportional to the 
free p-n cross section apn at an energy corresponding to 
(but not identical to) the energy of the incident proton. 
The W(p,n) cross section consequently tends to de­
crease with increasing proton energy, because <rpn de­
creases. The gentle decrease due to this effect, combined 
with the characteristic post-threshold energy depend­
ence of a reaction, namely a steep rise followed by a 
leveling off, serves to explain the broad maximum 
followed by a gentle decrease, seen in the total W(p,n) 
cross section. This argument when pursued predicts 
approximately the observed rate of decrease following 
the maximum. 

However, this Vpn process does not predict the ob­
served angular dependence. At low energies apn itself is 
isotropic. The corresponding theoretical result for the 
W(p,n) reaction at low energies is an angular distribu­
tion dropping slightly for backward angles. 

The experimentally observed backward peak thus is 
not explained by this interaction. However, as remarked 
above, the VPN interaction does give an explanation. The 
effect here is due to the appreciable velocity of the H3 

nucleus in the over-all center-of-mass system. The VPN 
interaction serves to attach the proton to the "residual" 
nucleus, while the neutron is detached, and proceeds 
with the (total) momentum which it had before the 
collision. Now the magnitude of the final neutron 
momentum is fixed by the energetics of the reaction, 
since He3 is left in a definite single state. For a neutron 
to be released in a given direction the H3 nucleus must 
initially be in a suitable state of internal motion. Now 
comes the essential point: for a neutron which will be 
emitted in the "backward" direction—i.e., opposite to 
the initial proton direction—the center-of-mass motion 
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FIG. 2. Kinematics in the center-of-mass system. The lengths of 
the arrows represent velocities. In cases (b) and (c) the neutron 
momentum has the same magnitude as the proton momentum. 

of the H3 serves to "catapult" the neutron out. Thus, as 
shown in Fig. 2, the internal momentum in the H3 

nucleus required to furnish a neutron in the backward 
direction is much less than for a forward-emitted neu­
tron. (Momentum will be expressed here in units in 
which ft = 1.) If we neglect the binding energy difference 
between H3 and He3 and take the initial proton mo­
mentum and the final neutron momentum to have the 
same magnitude, then from Fig. 2 we see that for a 
backward-emitted neutron the internal momentum re­
quired is only half that for a forward-emitted neutron—• 
the kinetic energy only one-fourth as great. Moreover, 
it is easy to see that the internal momentum of the final 
He3 nucleus has essentially the same magnitude as the 
internal momentum of the initial H3 nucleus. Conse­
quently, the matrix element for this "stripping" process 
produced by VPN involves the square of the momentum 
wave function for the appropriate value of internal 
momentum. The dominant backward emission is thus 
connected with the fact that the internal momentum 
distribution for H3 falls fairly rapidly for increasing 
momentum. Madansky and Owen11 have also pointed 
out that this type of "heavy-particle stripping" can 
contribute a backward peak of neutrons. 

The angular dependence of the stripping contribution 
can be used in principle to obtain information on the 
triton wave function. However, such an analysis is not 
pursued here, since the approximations involved in the 
present treatment are almost certainly too crude to 
provide very accurate information of this kind. To see 
whether this treatment is capable of accounting for the 
W(p,n) data, however, requires only a rather crude 
description of the properties of the H3 wave function— 
principally just its approximate range. 

CALCULATION 

In this report, effects due to spin and to the Pauli 
principle are not discussed in detail. The writer has 
investigated these effects in detail for W(p,n) for the 
case of purely central forces and has found that in this 
case the effects do not modify the predictions as to 
energy and angular dependence of the cross section. 

11 L. Madansky and G. E. Owen, Phys. Rev. 99, 1608 (1955). 



138 W. S E L O V E 

They enter into the magnitude of the cross section, but 
only in simple ways such as factors of two or one-half. 
The theory used here is expected to give fairly good 
results for the energy and angular dependence of the 
cross section, but not for the absolute magnitude, 
judging from previous experience with the transparent-
nucleus (p,d) theory.12 Consequently, the effects of spin 
and Pauli principle are not important here, at least on 
the assumption of central forces. To keep the calculation 
of reasonable magnitude, the effect of tensor forces is 
not examined; at the low energies under consideration, 
this procedure is not likely to affect the results seriously. 

The approximations made here in order to carry out 
the calculation involve principally (i) the form of the 
mass-3 nuclear wave function, (ii) the use of the impulse 
approximation for calculating the Vpn matrix element, 
and (iii) the use of the Born approximation for calculat­
ing the VVN matrix element. 

For the wave function of the mass-3 nucleus we take 
the form 

= u(t2-rN)w(tz-n), (1) 

where v is assumed to be symmetric in r2, ra, r4. In 
calculating matrix elements involving, say, the inter­
change of neutron 2 and proton 1, we shall neglect any 
effects due to structure of the residual nucleus, i.e., due 
to the form of w. Now we know the correct wave func­
tion can be expanded in a sum of products of the form 
^iU{Wi. To take only the single term (1) may seem 
roughly equivalent to assuming that the "residual" 
neutron-proton pair in H3, say, are in a deuteron ground 
state. From recent work of Werner13 we know this to be 
not a very good description. However, there is at least 
one approximate form for vfajczjci) which satisfies the 
requirement that it be symmetric with respect to the 
three nucleons and at the same time is separable in the 
form of (1), namely a Gaussian 

fl* = e x p [ - (f2
2+rs2+f42)], ( r 2 + r 8 + r 4 = 0) 

- e x p f - l ^ - 1 - 3 - ^ ^ l e x p [ ~ | ( r 3 - r 4 ) 2 ] , e t c . (2) 

Hence the assumption of factorability in the form (1) is 
felt to be a reasonable one. As to the further assumption 
that the form of w does not play an important role, this 
is essentially in the spirit of the Born and impulse ap­
proximations. Henceforth we shall omit entirely the 
function w, and use, for example, u(r2—rN) alone as the 
wave function for the initial nucleus. 

The matrix element involving an incoming proton of 
momentum ki and an outgoing neutron of momentum 

12 See reference 8, and also W. Selove, Phys. Rev. 101, 231. 
(1956). 

13 A. Werner, Nuclear Phys. 1, 9 (1956). 

k2 can then be written, by standard techniques,10 as 

\H'\= fdrrifa-tx) 

X e x p [ - i k 2 - (4 /3 ) r 2 >/*( r 1 - r i Y ) 

X [ 7 p „ ( r i - r 2 ) + 7 n . v ( r2 - r j V )> , (3) 

where ^ is the exact wave function of the system. (The 
small numerical factors appearing ubiquitously result 
from reduced-mass effects.) We discuss the two terms 
separately. 

For the calculation of \Vpn\ we start with the impulse 
approximation. As discussed above, we may have some 
hope that even at the low energies involved here this 
approximation may give the essential features which 
would result from a more accurate calculation. The 
matrix element takes the form4,10 

I^Hjrfp^/^cO^oCpXk'l^lk), (4) 

where <po and <pf are, respectively, the Fourier trans­
forms of uofa— TJV) and U/(ri— TN), q satisfies the 
momentum conservation condition 

q=p+f(k1-k2), (5) 

and the matrix element (k ' | f | k ) corresponds to the 
scattering amplitude for an isolated pn system, from an 
initial relative momentum 

k ^ J ( k p - k n ) i n i t i a l - | [ ( 4 / 3 ) k 1 - p ] (5a) 

to a final relative momentum 

k , ^ i ( k P - k n ) f i n a i = i [ q - (4/3)k2] 

= 4 ( f k i + P - 2 k 2 ) . (5b) 

The rvn matrix elements are in general off the energy 
shell. For p<K.kh k2, one can nevertheless argue that 
\rpn\ can be moved outside the integral (4). This 
condition is not really met in the present case, and one 
cannot be very certain of the validity of such a pro­
cedure. However, another approach to the problem, 
which we now discuss, suggests that such an approxi­
mation may indeed be reasonably good. We consider the 
use of the Born approximation to calculate | Vpn |. In 
this approximation direct and exchange contributions 
are treated separately, and take slightly different forms. 
(This is in contrast to the impulse-approximation treat­
ment, where the over-all properties of the potential Vpn 

are handled at once.) 
One can make an argument that the Born approxi­

mation may give the principal features of the results 
for a rearrangement collision even though it may be 
quite inadequate for treating a nucleon-nucleon collision 
itself. The argument is on the basis that the target 
nucleon involved is "spread out," so that the replace­
ment of the exact wave function ^ in (3) by the "initial-
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state" wave function e x p p k r (4/3)ri]^o(r2— rN) maybe 
a reasonable approximation. Moreover, we again can 
note the experience with the (pyd) rearrangement colli­
sion, where the Born approximation seems to give good 
results.8 Finally, we may try to improve the Born 
approximation, in somewhat the spirit of the impulse 
approximation, by replacing any nucleon-nucleon matrix 
elements, that arise, by the equivalent experimental 
values. 

Dealing here with a nonexchange potential, the Born-
approximation form of | Vpn | can be put into the form 
(dropping a Jacobian) 

factor of (9). In the spirit of modifying the Born ap­
proximation toward an impulse-approximation form, we 
may retain the identification of \rpn\. and the Born 
factor even after the approximation (7). We infer then 
that under that approximation we may make the 
replacement (10) in \rpn\ as well as in the equivalent 
Born factor. We can now remove | rpn | from the integral 
in (4), which is the procedure we set out to justify. 
(4) then reads 

where 
* ( \rpn | )effectiveF(k2-ki), (12a) 

W* = / <fo«ki+k'>-*'7(r) 

/ 
(|fpn|)effective= ( 

ki—5k2 5ki—k2 

pn 

6 6 
y (12b) 

and 

X r ^ R e - ^ k 2 - k l > - ^ / * ( R + | r ) ^ 0 ( R - J r ) , (6) F ( k 2 - k i ) = J # ^ / * ( p + f [ k 1 - k 2 ] ) ^ o ( p ) 

where r=ri—r 2 , and R = r i + r 2 . We expect the range of 
V to be considerably smaller than that of u/ or uo, and 
it is consequently a good approximation to take 

« / * ( R + i r ) « o ( R - i r ) « « , * ( R ) « o ( R ) . (7) 
(6) now is factorable. The second integral can be 

converted back to momentum space, whereupon (6) can 
be written 

x j ^ * ( p + f [ k i - k 2 ] ) ^ 0 ( p ) . (8) 

I t is of interest also to write down the form which (6) 
takes if we convert Uf and uo to momentum space, with­
out making the approximation (7). In this case, we 
obtain 

I Vpn\ = J ^ p ^ / * ( p + f [ k i - k 2 ] ) ^ 0 ( p ) 

X fdre-^-^-^-'Vir). (9) 

Comparison of (8) and (9) shows that the approximation 
(7) has the effect in the Born-approximation matrix 
element (9) of replacing the internal momentum p of the 
struck neutron by 

Peffective— I ( k 2 ~ ki) (10) 

in the second integral of (9), i.e., in the nucleon-nucleon 
scattering factor. 

On comparing (4) and (9) we see that the rpn matrix 
element, which corresponds to the momentum change 

A k = k ' - k = p - k 2 - | k 1 , ( ID 

corresponds to the Born-approximation matrix element 
for this same momentum change—that is, the second 

• / • 
= I J R ^ ^ ^ - ^ - % / * ( R ) ^ 0 ( R ) . (12c) 

We have thus finally arrived at the expression (12), 
from which we see that | Vpn | takes the form, familiar 
for such problems, of the product of a nucleon-nucleon 
scattering amplitude with a nuclear "form factor." The 
latter, F, corresponds to the form factor which arises in 
a treatment of the scattering of waves of wave number 
fki by a density distribution w/*(R)«o(R), ~ |^o(R) |2 

in the present case. The nucleon-nucleon amplitude 
(\rpn|Effective is essentially on the energy shell, since 
k2^ki, and so can be directly related to a free pn 
scattering, with a relative momentum and a momentum 
change obtainable from (12b). One sees that for forward 
emission of neutrons (k 2~ki) the effective collision 
momentum is f ki and the equivalent pn scattering is 
backwards; and for backward emission the effective 
collision momentum is ki and the equivalent pn scat­
tering is forwards. Thus the behavior of (| rpn | Effective 
with angle is such as to make forward emission of 
neutrons slightly preferred. For a W(p,n) reaction with 
protons of laboratory energy Eo, the equivalent free pn 

14 The fact that the approximation (7) has the effect of making 
the replacement (10) in ( | r | ) can be given a rough physical 
interpretation. It can be noted that the value (10) gives the 
minimum product of the internal kinetic energies in the initial and 
final nuclei. This product is proportional to |p | 2 | q | 2 ; with the 
condition (5), minimizing this product just gives (10). The fact 
that the approximation (7), which rests on the assumption that V 
is of considerably shorter range than u, results in the minimization 
of this product can be understood in the following way: The 
dominant contribution in the matrix element (4) comes from 
values of p in the neighborhood of the value which maximizes 
v?/*(q)v3o(p)(k|). If V is of considerably shorter range than m or 
Uf, then the dependence of the third factor on p (in Born approxi­
mation this factor corresponds just to the Fourier transform of V) 
will be weaker than the dependence of the first two factors. The 
dominant contribution in (4) then comes from the region of p 
values which maximizes *>/*(q) ̂ o(p) • If ^o and u/ are of long range 
then <po and <pf will fall rapidly with increasing momentum, and 
the product <p/*(q) £>o(p) will become a maximum near a minimum 
° f |p | i i i -
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collision for forward-emission is at E0, that for back­
ward-emission is at (9/4)£o. (In the present case, for 
energies of a few Mev, the angle of the equivalent free 
collision is unimportant, since the experimental scat­
tering is isotropic.) 

The form factor F will also have a behavior favoring 
forward emission. F is equal to unity for forward emis­
sion. Its value for backward emission can be estimated 
by using a reasonable approximation for the wave 
function u. Such an estimate gives a value of the order of 
0.85 for £ 0 =5 Mev. 

If one now calculates the value of the total cross 
section, including the density-of-states (phase space) 
factor which plays a prominent role near threshold, 
according to 

at— I crdU^ I 1 ̂ | F „ n | 2 [ l - ( 4 E 1 / 3 E 0 ) ? , (13) 

where E\ is the center-of-mass threshold energy, one can 
fit the energy dependence of the total cross section 
reasonably well. The absolute magnitude of <jt is not 
given well by this procedure, but this is not surprising in 
view of similar experience in the (p,d) case,8 in which the 
Born approximation has been found to give a good 
account of energy and angular variations while giving 
absolute values incorrectly by a factor of the order of 5. 

As for the angular dependence of <r, the results so far 
would give a forward peaking, with a ratio <r0

o: <T90
O : ciso0, 

at 5 Mev, of about 1.3:1.0:0.7. When this is compared 
with the experimental ratios of about 2:1:6 it is seen 
that the theoretical result gives the qualitative form of 

da 
d£ J 

3.3 Mev 

180° 

5.2 Mev 

the forward-hemisphere data, but does not give the 
backward peak. As discussed above, the latter can be 
explained by a stripping process. Or, in alternative 
words, a "pickup" process, in which the incoming proton 
"picks up" the "residual nucleus" unit and continues 
forward, as He3, leaving then the neutron going back­
wards. Most of the contribution to the total cross 
section comes from angles near 90°, where the stripping 
process does not contribute strongly; hence the previous 
discussion of the energy dependence of the total cross 
section is not changed by inclusion of the stripping term. 

This stripping process occurs as a result of the inter­
action Fnjv(r2—rN). The stripping term was discussed 
above qualitatively as due to the interaction VPN rather 
than VnN- Now to be precise one cannot speak of either 
of these potentials as "causing" the reaction—the tran­
sition probability amplitude given by (3) involves an 
integral equation for the exact wave function ^ . How­
ever, in Born approximation the matrix element does 
have the perturbation-theoretic characteristic form 
yVfiaai* F^initiai. In this approximation the matrix ele­
ments of the two potentials VPN and VnN are equal, 
according to the well-known "post-prior" equivalence.3 

Thus in the Born approximation the matrix element 
may be written in the form /V'finai*FpAri/'initiai, which 
happens to be also more physically suggestive than if 
written with VUN instead. 

We then proceed to evaluate the matrix element VPN 
in Born approximation. Since the residual nucleus is 
being treated as structureless, the result is identical in 
form to that for the (p,d) pickup process as first written 
down by Chew and Goldberger.15 

! VvN\ = I d{ri-tN)d{r2-rN) 

FIG. 3. Angular distributions. The experimental data are shown 
by^ solid lines. Calculations for the angular dependence of the 
stripping contributions are shown dashed, normalized at 140°. 

Xexp[-ik2 • (4/3)r2>/*(ri—r^)7pn(ri—r^) 

Xexpftki • (4/3)r1>0(r2-rAr). (14) 

On expressing rx and r2 in terms of ri—r#=r and 
r2—r]v=s, this becomes 

\VpN\= Cdse-^+^'tUois) 

X Cdruf*(r)VpN(t)e«k**™-*. (15) 

This is now factorable. The second factor can be trans­
formed in the usual way (see reference 15), giving finally 

\VpN\ = - p o f a + i k O ^ O s H - t o ) 
XC(4m^/3^)+(k1+Jk2)2], (16) 

where B is the binding energy of a proton in He3, m is 
the mass of a nucleon, and <po and <p/ are the Fourier 
transforms of uo and Uf, as before. Thus the differential 

16 G. Chew and M. Goldberger, Phys. Rev. 77, 470 (1950). 
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cross section for this process has the behavior 

/4:mB \ 2 

*~\<p(n)\H +n2), (17a) 
V 3ft2 / 

»=|ki+*k2 | . (17b) 

For a proton energy (laboratory) EQ, one readily finds 
n2 = E 0 ( 5 + 3 cos0)/8, where 6 is the angle between ki and 
k2, and n2 is here expressed in energy units. 

Calculations have been made from (17a) for the 
angular distribution resulting from the stripping process. 
For convenience in the calculation u(r) was taken to be 
a Hulthen function {e~ar—e~~^r)/r1 with a determined 
from the binding energy and f$ taken as 1.7a, a value 
which makes uf, = 0 for r=3.5X10~1 3 cm. This approxi­
mation to u probably has too strong high-momentum 
components. 

The results of using this approximation are compared 
with the experimental data, in Fig. 3. The theoretical 
peaks are broader than the experimental ones. At least 
part of this difference could be made up by taking a u 
"smoother" than the one used, while still having proper 
asymptotic behavior. I t does not seem worthwhile to 
pursue this, since the peak could also be narrowed by 
interference effects between | Vpn | and | VPN | , and 
since the entire calculation is only approximate. (The 
rather sharply-featured dip in the angular distribution 
is suggestive of interference effects, but could also be 
produced by a model in which H3 and He3 are taken to 
be partially opaque rather than completely trans­
parent.) The essential conclusion to be drawn from the 

TH E spin of N16 is commonly taken to be 2— on 
the basis of the character of the beta decay to the 

ground state and excited states of O16.1 Preliminary 
results of recent calculations by Elliott at Harwell 
predicted2 four low-lying states (including the ground 
state) in agreement with experiment. These states were 
found all to have negative parity with spins 0, 3, 2, 
and 1 but the order was unreliable because of their 

f Work performed under the auspices of the U. S. Atomic 
Energy Commission. 

1 Millar, Bartholomew, and Kinsey, Phys. Rev. 81, 150 (1951). 
2 D. H. Wilkinson, private communication. 

present work is that the major features of the data can 
be accounted for on the rearrangement-collision 
viewpoint. 

The results of this work are of interest from two 
standpoints. Firstly, the W(p,n) reaction data have 
been considered to give the principal evidence for the 
existence of an excited (although unbound) state of He4. 
From the results of the present work, the W(p,n) data 
do not provide such evidence for a state of He4, and thus 
they give no evidence for the existence of a state of H4 at 
corresponding energy. The existence of these states 
would be important for the interpretation of certain 
scattering and hyperfragment data. 

Secondly, this work provides additional evidence that 
the Born approximation can give a good account of 
nuclear re-arrangement collisions, even at energies as 
low as a few Mev. This result is of interest because it is 
difficult to establish a criterion for the validity of the 
Born approximation in a rearrangement collision—no 
such simple criterion can be stated as can be, for 
example, for the use of the Born approximation in 
simple scattering. The results of the present work add 
to previous evidence that the Born approximation can 
give a good account of the angular and energy variations 
in rearrangement collisions, although the absolute values 
may not be given with much accuracy. 

ACKNOWLEDGMENTS 

I t is a pleasure to express my thanks to Dr. Fay 
Selove for helpful discussion on the evidence for excited 
states in He4. 

closeness. Although the same calculations gave good 
agreement for the odd-parity levels and gamma-decay 
branching ratios in O16, there appeared to be a serious 
disagreement in the beta decay of N16 to O16. Assuming 
N16 to have 2— for its ground state gave reasonable 
agreement for the / / values to the O16 2— state at 
8.87 Mev3 and the 3 - state at 6.13 Mev,4 but there was 
a factor of the order of 103 between theory and experi­
ment for the / / value to the 1— state at 7.11 Mev.4 

3 Wilkinson, Toppel, and Alburger, Phys. Rev. 101, 673 (1956). 
4 F. Ajzenberg and T. Lauritsen, Revs. Modern Phys. 27, 

77 (1955). 
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Observations have been made on the intensity ratio of the 6.13- to 7.11-Mev gamma rays of O16 following 
decay of N16 in order to test the possibility that the ground and first excited states of N16 have spin 0— and 
3— as preliminary results of recent calculations by Elliott have predicted. The ratio was obtained with N16 

made by the Ou(n,p)W6 reaction and by the F19(w,o:)N16 reaction. For the first reaction, the ratio was 
obtained for two ages of the N16. The constancy of the resulting intensity ratios implies that the theoretical 
prediction is not correct. 


