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negligible we should find that
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We do not find this to be the case, either in the 14.3-Mev
case where by the usual criteria the Coulomb effect is
negligible or in the 3.6-Mev case where it is not. Thus it
appears that even when the incident energy is well above
the Coulomb barrier, the Coulomb interaction still
may be strong enough to cause Bowcock’s method to
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FiG. 2. Square roots of the calculated stripping cross sections
plotted against angle. dop/dQ is the (d,p) cross section calculated
from the Butler theory. doa/dQ is the result of modifying the
Butler cross section by introducing Coulomb and nuclear interac-
tions. Ep=3.6 Mev (lab), 0=4.37 Mev, R=5.05)X10"1 cm, I=0.

yield an incorrect result for the reduced width. How-
ever, in the 14.3-Mev case bpZ does tend to be about
equal to by” in the first part of the exponential region.

It is rather curious that in these two cases one gets
a rather good estimate of the reduced width (y=1) by
comparing the second peak of doa/dQ with that of
dop/dQ.

1 W. Tobocman and M. H. Kalos, Phys. Rev. 97, 132 (1955).
2 J. E. Bowcock, Proc. Phys. Soc. (London) A68, 512 (1955).
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HE magnetic moment as well as the spins and

parities of the four lowest states! of K% indicate
Jj-coupling and a dss'f7/2 configuration. The spins
of these states are presumably 4— (ground state)
3—(0.032 Mev), 2— (0.80 Mev), and 5— (0.89 Mev),
In doing various calculations in this mass number
region,? it was of importance to examine the validity
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of the configuration assignment, i.e., how important
are deviations from jj-coupling. To do this we in-
vestigated the CI*® nucleus whose lowest configuration
according to the shell model is ds/zf7/2.

Under the assumption that the radial functions in the
two nuclei are the same, Racah’s methods may be used
to derive a linear relation between the energy levels of
the ds/s® f7/2 configuration and those of the configuration
d3saf7/2. As there is only one state, J=%, in the ds/°
configuration, we need only consider the interaction
between the fr/; neutron and the three ds/ protons.
Thus the following conclusions do not depend on the
assumption of charge independence.

Utilizing fractional parentage coefficients and the
formula for change of coupling scheme,? we can rewrite
the wave function of ds;%®f7/2 as follows:

Y(ds)2*(3) f12T M)

= (d3/2*(0)ds/2 3 1ds/* %
XY (a2 (0)ds/2(3) fr/2T M)
+(ds/2*(2)dsj231ds/5* 5
XA dss (2)dss2(3) frr2T M)

= (d3/2(0)ds2 3 Ids/2* §
X[AQRT+D)TPW (037 7/2; %)
XY(ds/22(0)dss2fr/2(J) T M)
+(d5/2*(2)dz12 3 1ds12 3
XL r[AQI+0)TW (257 7/2;37")

XY (ds2*(2)dss2fr2(J) T M).

With this wave function the interaction energy in the
case of any two-body forces can be readily expressed as

4
(A frja T M| 30 Vijldaysd freT M)
i=2

=3{(ds/*(0)ds/2 3 ]ds/2* 3)°
X4QT+1D)W (03T 7/2;3T)?
X{dssafr o M| Via|dajafrye)
+(d3/2(2)ds/2 3 132 §)°
X4y I +1)W (23T 7/2;3T")
X (d3/2f7/2]/M| Vi | dajofred M)}
(where j=1 is the fy/2 neutron state, and j=2, 3, 4 are
theds s protonstates). Inserting in this formula the values
(@322 (0)ds23 103/ 3 ) =%, (da/2* (2)d323 }ds/5* §)? =%, and

the values of the W-functions, we obtain a linear rela-
tion between the energy levels of the two configurations.

TasLE I. Energy levels of CI3 in Mev; spins
and parities given when known.

Calculated from K® 0(2-)
Experimental 0(2—)

070(5—) 0.75(3—) 1.32(4—)
0.672(5—) 0.762 1312 -
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It is now easy to see that a linear relation exists also
between energy differences in the two configurations.
If we add to the interactions V,; a constant term
—Ey (Eo might be chosen to be the energy of the
ground state in the dsaf72 configuration), it will
contribute to all levels of the configuration dssf7/s
the same energy — E,, and to all levels of the ds;5f7/2
configuration the same energy —3E,. Thus we ob-
tain the following relations, where E;= E(ds/2f7/2J) and
EJIEE(d3/23f7/2J) :

1
Er,* E2=E[287 (E5,‘— E4I)
2
—35(Es'— E{)—135(Ey'— E4) ],

1
E4'— E2=56E77 (Esl— E4’)
—35(Es'— E{)+15(Ey' — E{) ],

1
Eg— E2 == §‘4—E77 (Es’ - E4/)
+49(Ey — EJ)—9(Ey— EJ)].

Using the values of E(da/23f7/zj)—E(d3/23f7/2 J= 4)
taken from K%, we obtain the results given in Table I.
At that time the only excited levels in CI*® were believed
to be 1.00 Mev and 1.92 Mev above the 2— ground
state.! The only agreement existed for the spin of the
ground state. However, experimental results® have very
recently been reported which are in very good agree-
ment with those predicted from the K% levels (Table I).
This agreement means that in the cases considered we
deal with pure jj-coupling configurations. This result
may be due to the rather weak interaction between
the d- and f-nucleons.
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IN planning accelerators of higher and higher energy,
it is well appreciated that the energy which will
be available for interactions in the center-of-mass
coordinate system will increase only as the square root
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of the energy of the accelerator. The possibility of
producing interactions in stationary coordinates by
directing beams against each other has often been
considered, but the intensities of beams so far available
have made the idea impractical. Fixed-field alternating-
gradient accelerators! offer the possibility of obtaining
sufficiently intense beams so that it may now be
reasonable to reconsider directing two beams of
approximately equal energy at each other. In this
circumstance, two 21.6-Bev accelerators are equivalent
to one machine of 1000 Bev.

The two fixed-field alternating-gradient accelerators
could be arranged so that their high-energy beams
circulate in opposite directions over a common path in
a straight section which is common to the two accele-
rators, as shown in Fig. 1. The reaction yield is propor-
tional to the product of the number of particles which
can be accumulated in each machine. As an example,
suppose we want 107 interactions per second from
10-Bev beams passing through a target volume 100 cm
long and 1 cm? in cross section. Using 5X10-26 cm? for
the nucleon interaction cross section, we find that we
need 5X10“ particles circulating in machines of
radius 10* cm.

There is a background from the residual gas propor-
tional to the number of particles accelerated. With
10~ mm nitrogen gas, we would have 15 times as
many encounters with nitrogen nucleons in the target
volume as we would have with beam protons. Since
the products of the collisions with gas nuclei will be in
a moving coordinate system, they will be largely
confined to the orbital plane. Many of the desired p-p
interaction products would come out at large angles to
the orbital plane since their center of mass need not
have high speed in the beam direction, thus helping
to avoid background effects.

Multiple scattering at 10~°mm pressure is not
troublesome above one Bev; but beam life is limited
by nuclear interaction with residual gas to ~1300
seconds. Consequently, in about 1000 seconds the high-
energy beam of 5X10™ particles must be established
in each accelerator. The fixed-field nature of the accel-
erator allows it to contain beams of different energy
simultaneously. It may be possible to obtain this high
beam current in this time by using ~10® successive
frequency modulation cycles of radio-frequency accel-
eration, each cycle bringing up 5X 10" particles. It is
encouraging to learn that Alvarez and Crawford?
succeeded in building up a ring of protons by succes-
sively bringing up several groups of particles to the
same final energy by frequency modulation in the 184-
in. Berkeley cyclotron.

The number of particle groups which may be suc-
cessively accelerated without leading to excessive beam
spread can be estimated by means of Liouville’s
theorem.? One can readily convince himself that there
is adequate phase space at high energy to accommodate



