LETTERS TO THE EDITOR

TasLE II. Relative probability of emission of # pions in a collision of
two nucleons for £=2.
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The angular distribution as modified by the null-point energy
will be taken up in a subsequent paper, but it is interesting to
observe that the existence of null-point energy puts an upper
limit on the number of particles produced during a high energy
nucleon collision.

1 E. Fermi, Progr. Theoret. Phys. 5, 570 (1950).
2 The effect of the zero-point energy of the nucleons is ignored here.
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ATIOS of 7*- to 7 -production at 90°, preliminarily reported
earlier,! for six elements at 13 Mev, 18 Mev, and 42 Mev
are listed in Table I.

TABLE 1. #*/x~ ratios at 90°.2

Number Number Number

13 Mev+3 7~ 7~ 18 Mev+3 #+ 7~ 42 Mev=2 xt

Pb 0.47+0.1 84 134 1.2 0.6 28 17 4.842.5 88 13
Ag 0.70+0.15 75 81 1.2540.5> 26 15 4.8+1.5 (Sn)169 25
Cu 2.0 404 97 72 1.95+0.5 96 37 8.342.5 254 22
Al 2.5 +0.8> 217 61 4.3 +0.8 656 110 10.542.0b 463 31
C 195404 217 86 5.3 =+0.8> 556 76 11.0x1.5 1091 72
Be 1.45+0.3b 141 77 5.1 4+0.9® 496 69 6.441.0 815 92

a Detection efficiencies for #+- and =-stars (one or more prongs) were
assumed as 90 percent and 97 percent, respectively. Probability for stars
with one or more prongs (neglecting clubs) was measured to be 69 percent.

b Single run measurements.

The spiral orbit spectrometer? (2r-angular focusing of charged
particles originating on the axis with the use of an axially
symmetric heterogeneous magnetic field) was used to focus mesons
of a given energy close to the so-called ‘“‘stable orbit.” The 340-Mev
proton beam deflected out from the cyclotron was passed through
a 14-in. i.d. hole on the axis of the 20-in. o.d. pole pieces of a large
electromagnet. Focusing of 8-Mev pions was obtained with 23-in.
gap and 13-Mev pions with a 13-in. gap. Energy loss through the
target material was more significant for the energy spread than
the resolution of the spectrometer. As a result, these settings cor-
responded to average energies of 13 Mev and 18 Mev, respectively.
Use of a tubular absorber (10-mm wall, Cu) at the 8-Mev setting
made possible the detection of 42-Mev mesons.

C2, 200 Ilford plates were used as detectors. A pair of 3-in.
X 1-in. plates were put together with emulsion side face to face.
Copper foils of proper thicknesses were added in the back of each
plate. The plates were mounted behind the radiation shield with
surfaces perpendicular to the incoming mesons, as shown in Fig. 1.

Since the focusing conditions were quite symmetric for mesons
of both signs, positive and negative mesons coming from opposite
directions were stopped in the same portion of the emulsion after
passing through the glass plates.

As predicted from the theory of the spiral orbit spectrometer,
the effect of vertical focusing for the case of the 8-Mev setting
worked very favorably. Although the resolving power of the spec-
trometer itself (23— =5 percent in Hp) was too good and caused
a loss by a factor 2-5, the angular focusing of about 300° (cor-
rected for lifetime) and the gain by the vertical focusing resulted
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FiG. 1. Experimental arrangement (spiral orbit spectrometer).

in a gain of a factor 20-600, compared with the usual deflection
method.

A rough computation of relative cross sections for 42-Mev =+-
mesons was also made. This preliminary result showed a curve
proportional to Z%. A more accurate experiment on Z dependence
is now going on. Experimental details will be reported in Univer-
sity of California Research Laboratory Report UCRL-2161.

The author is grateful to Dr. W. Powell for the use of the magnet
and to Dr. W. Barkas for his continuous interest and help through-
out the work.
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EASE and Feshbach!? recently proposed a neutral phe-
nomenological interaction,

—Vo{[1—1g+3g01 02]f(r1a/re) +¥S12f (r1a/r0) }; 1)

where
S12=r1"3(01119) (02° 112) ]— 01 02,
f@)=e2/z, |
which was fitted to the singlet potential, the deuteron quadrupole
moment and binding energy, and the binding energy of H?3, and
was found to predict the triplet effective range satisfactorily.
Irving® showed that it also gives the correct binding energy of Het.
Although it is well known that a neutral interaction cannot
give saturation of binding energy for heavy nuclei, a calculation
by the methods of Jahn*and Elliott5 with single-particle oscillator-
well wave functions, using this interaction, has shown that it
predicts a large excess of binding already for Be?. In this calcu-
lation only the lowest (2P) state of highest orbital symmetry of
the (1s)%(2p) configuration, with a single oscillator-parameter »
[so that yi(ls)~exp(—iwri?), ¥;(2p)~r;exp(—ivr?)], was
needed to yield 109-Mev binding (after allowing for Coulomb
repulsion), compared with the actual figure of 58 Mev. (The
constants used were Vo=46.1 Mev, g=—0.004, 7.=1.184X 1018
cm;! the tensor force does not couple a doublet state to itself and
is not involved.)
If the interaction (1) is changed to the corresponding charge--

ri2=re—I1,
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symmetric form, leaving unaltered the interaction between two
symmetrically coupled particles, this will affect only negligibly
the binding energies of the highly symmetric H? and He? nuclei,?*®
but it produces a large change (arising of course exclusively from
the antisymmetrically coupled pairs of particles) in the energy
matrix of Be®. The simple (15)4(2p)% term mentioned does not

describe a bound state of Be® at all with the symmetric form of (1),

and while this lendsweight to the view? that the purely charge-
symmetric interaction is not an admissible one either, it is not
conclusive. To investigate more closely the binding predicted by
this interaction for light nuclei, more states, mixed configurations,
and wave functions made more flexible by the introduction of
different oscillator-parameters into the different single-particle
states must ¥be considered. To this end formulas generalizing
integrals of Elliott’ and Talmi® have been developed.

'In calculations with many-parameter oscillator wave functions,
for central, tensor, or spin-orbit terms, the radial integrals are
always of the form

o0 o0
j; j; rilrele exp (— vir 2 — vara?) fi(ry, ro)ri2drirsdre;  (2)

where L;, Lq, k are integers of the same parity (L, L; both =k)»
the »’s arise as sums of the oscillator parameters, and the fi’s are
defined by

2 fulry, r2)Prlcosw) =V (r), [P=ri=r2+r2—2rr:cosw], (3)
k=0

with V (#) the distance-dependence.of the interaction (divided by
72, for tensor force terms?).

Then, on putting ri=¢"%, vo=7"2, L;-+L,=2L, Eq. (2) can be
written

z

ol led 3 i Ly, Lo, k; 7/0}[1(1/[e?+7%)),
1=0

where

L) =Ne@) [ 7% exp(= )V ()dr,

N2(§v)= 1/‘/:° 72142 exp (— Jvr?)dr,

@

and

e Ly, Lo, k5 7/}

1 L2 Wl
L2+ 3 (=10

(20)Lr2(27)E2 oy
2L—2g42

X2 (k+”)(k)( ).z,

(21+1——2g-—2s)!!(2s— nn
( ) 0'2—-7')""2*’(02ch 28
2+ 72 2472
-5-3-1; (—1)!!=1; and
(9=-0vio-mmy;
R

Ca, B(N)=coefficient of #¥ in the expansion of (14#)4(1—¢)Z;
and [@;b] denotes (the integral part of) the lesser of a and b.

(4 is the only possibly nonintegral term.)
An important special case of Eq (5) is

@0t

=7(2k+1) @=2g+D1!

CLi+1-p, Lat1 —p(22—2p+n)

XZ
=0

Here P!!=P(P—2)(P—4)--

@+nh
=2+ 111

[kL l+al(k+P)(k)(P) E CLi4+1—p, Lat+1—p
m=p=g ' T

X (2g—2p+2m) QL+1—2g—2m) 1 (2m—1) 1.

(This expression subsumes the results of Elliott and Talmi.)
yThe functions I; of (4) have been evaluated explicitly for
several types of distance-dependence by Talmi.® For a2 Yukawa-

el Ly, Lo, by 1} =m(2k+1)272074 2 (=1

THE EDITOR

type distance-dependence, the V(r) in (3) is of the form
exp(—7/r;)/(r/r) for the central force and of the form
exp(—r/r:)/(z/r+)? for the tensor force. The I')’s can be most con-
veniently expressed in this case by single Hh functions,® which
were used by Elliott, who also pointed out that the coefficient of
the divergent tensor force term [i.e., (4) when I=0] always
vanishes in the complete matrix.5 (This result is independent of the
distance-dependence used.) For an interaction which is constant
when 0 <7 <r, say, and of Yukawa type when »>ro, (4) can be
expressed as a sum of Hh functions, and such an expression has
been used in pteliminary calculations with an interaction pos-
sessing a finite hard core.

The author’s deepest thanks are due Professor Jahn for his
unfailing guidance, and to the University of Southampton for the
Research Award which made this work possible.
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HE even-odd nuclide Mo%m™ was produced by the (p,n)
reaction on Nb® in irradiations with the Princeton Univer-
sity cyclotron.! Our excitation function shown in Fig. 1 differs
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F1G. 1. Excitation function of Nb®(p,#) Mo%= reaction.
he op-curve is theoretical.
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slightly from that of Boyd and Charpie? but is in agreement with
the curve obtained by James3 A search was made for the long-
lived ground state of Mo%, but only a lower limit to the half-life
of several years could be a551gned

Additional evidence for the decay of Mo%m by isomeric transi-
tion was obtained by studying the associated x-rays. These K
x-rays were established as originating from Mo by critical absorp-
tion measurements, by a difference of 17.2 kev in K and L con-
version electrons from the 262-kev gamma-ray, and by measure-
ments on a bent-crystal x-ray spectrometer at the University of
California Radiation Laboratory.

The internal conversion electrons were examined on the pre-
cision 180° beta-ray spectrometer of Dr. E. P. Tomlinson at



