
VOLUME I, NUMBER 1 PHYSICAL REVIEW LETTERS JULY 1, 1958

shown in Fig. 1.
Baranger and Meshkov have observed that a

determination of the ratios of the stripping re-
duced widths of the levels of C" can yield infor-
mation concerning the ground state wave func-
tion of C'4. Accordingly, these reduced-width
ratios have been calculated using those Butler
curves yielding the best fits to the experimental
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FIG. 1. Angular distributions of tritons from
the low-lying states of C". The parameters r,
and 1 are the standard parameters of the Butler
theory.
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data and are listed in Table I, along with the ab-
solute cross sections for each of the levels ob-
served. The absolute cross sections are calcu-
lated by comparison with the values given by
McGruer et al. ' for C"(d, p)C", which are un-
certain to +50%%uo. However, since all of the data
were obtained using the same target, relative
cross sections are less uncer. tain.

O'=O' H, g' N (2)

where 8, g' is the single -particle reduced width,
a quantity dependent on the f of the picked-up
neutron; 0 =n, p, ory for the ground state, 3.08-,
or 3.86-Mev levels respectively; N~ is a number
dependent on the coupling modes and can be eval-
uated by the methods of Auerbach and French4& '

We wish to present an analysis of recent
C' (d, t) C'8 experiments'which indicates that
there is considerable configurationmixing in the
C'4 ground state. With a rather arbitrary choice of
the C' and N' ground state wave functions,
there seems to be enough mixing to produce the
required cancellation of the C' to N' beta-decay
matrix element, without invoking any tensor
force'.

The levels of C" with which we are concerned
are the &+ level at 3.08 Mev and the -,'+ level
at 3.86 Mev which belong to the (1s) (lp)'2s and
(1s)'(1p)'1d configurations respectively, ' as well
as the 2 - ground state which arises from the
(ls) (1p)' configuration. As shown in the pre-
ceding paper, ' the C' (d, t)C" angular distribu-
tions to the ground state, the 3.08-Mev level and
the 3.86-Mev level can be fitted with Xn equal
to 1, 0, and 2 respectively. Inasmuch as the
C'4(d, t)C" reaction proceeds via a pickup mech-
anism, the 0+C'4 ground state must contain ad-
mixtures of (1s)4(lp)'(2s)' and (1s) (1p)'(ld)' to the
usual (ls)4(1p)" configuration.

In order to make a numerical estimate of the
amount of admixture, we make use of the exper-
imentally determined reduced widths, O'. We take
as the C'4 wave function

+ (J =0, T=l)=n4'z '[(ls)4(lp)'] +P@p [(1s)4(1p)8(2s)']

+ y@y [(1s)'(lp)'(ld)']. (1)

It can be shown that
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from which we can obtain P'/o. ' and y) o.'.
We use values of Hp g' obtained from analysis

of various (d, p) and (p, d) experiments. The
8 p ]I) are not very well established experiment-
ally, and introduce considerable uncertainty in
our estimate of the amount of configuration mix-
ing. The best known of these is 8„,' which
ranges from 0.045 to 0.060.' There are publish-
ed values of Hp,

' ranging from 0.17 to 0.32 and

of 8»' ranging from 0.06 to 0.14. We choose the
values 8, ,'=0.055, 8&p'. 32 and Hp 2 0 11.The
0.32 and 0.11 values are based on Fairbairn's
analysis' of the 0"(d,p)O" experiments of Burge
et al. ,

' and are-also the ones used by Halbert
and French. "They also seem to be in reason-
able agreement with unpublished calculations by
E. Baranger for the C~(d, p)C" reaction which

give Hp o 28 and Hp g 0 12.
In addition to choosing 8, g' we must also in-

sert into (3) the values of N~, N p, and Ny which
deyend explicitly on a pricise specification of the
C" and C" wave functions. In order to arrive at
a first estimate of the configuration mixing we
arbitrarily make the following assumptions. We
let the C~ ground state act as a core for the 2s
and1.d particles in both C" and C'4, inasmuch as
the C~ core is a strongly bound system with
weak coupling to outside particles. "This means
that for C'~ we should treat the (ls') (1p) (2s)'. and
(1s)'(Ip)'(ld)' configurations as (2s)' and (1d)'with
the coupling scheme that of intermediate coupl-
ing. For simplicity we treat these configurations
in the LS limit, giving Np =2 and Ny =1.2.

For the (Is)4(ip)" configuration we assume in-
termediate coupling with an (a/K) =5, where a
is the p-shell spin-orbit parameter and K is the
p-shell exchange integral. The calculations of
Auerbach and French' then give M~=1.8.

Using our arbitrary choice of wave functions,
8 p g and the exper jmental 8, we obtain

P /o. 2=0.0044' 62/n2 =0 14 (4)

It should be emphasized that these are very
crude numbers which may vary by a factor of

and of I ane. '
The C'4(d, t)C" experiments give us the ratios

Hgnd' Hp, l' &' No.
35=

8aos 8oo

~ 13 8 +C ll P ~ 13 D (6)

We have not included any contribution in (6)
from the (2s, ld) configuration, in agreement
with the findings of Standing, "who failed to ob-
serve any excitation of the 2+ 2.37-Mev level
in N" from the reaction N'4(p, d) N". He puts an
uyyer limit of 0.03 on the probability of admix-
ture of the (2s, ld) configuration in the N'~ wave
function. He also puts an upper limit of 0.01 on
the ratio b'/a'. In view of the value P'/o, '=0.0044
obtained in (4), we neglect the term bP in (5).

The work of Auerbach and French, 4 who use a
Rosenfeld central force mixture together with a
spin-orbit interaction and no tensor force, gives
Cl& 73' C2=0.69, C3&.19, C4. 27, C5=-0.95,
for (a/K) =5.

Setting (5) equal to zero, and inserting the
above values for the C's, we obtain

0 = l0.24an + cyl.
Inasmuch as there is no adequate experiment-

al data on the ratio c'/a', we arbitrarily assume
c =y and a =n with signs such that cancellation is
produced. It is hoped that information about c'/a'
will be forthcoming from N'~(d, t)N" experiments
now underway at this laboratory.

The above assumptions yield y'/n~0 24, a.
number which, considering the arbitrariness of
our wave functions, the uncertainty in the values
of 8,/, and the error in the determination of the
8' ratios from the C' (d, t)C" experiments, is in
fair agreement with the value y /n'= 0.14 obtain-
ed from our analysis of the pickup experiments.

Our analysis clearly shows configuration mix-
ing and suggests that this is the source of the
vanishing of the C' to N' beta-decay matrix
element. A cancellation produced in this way
suggests that one can describe the properties

two with more careful experimental and theoret-
ical work.

The C' to N' beta-decay matrix element ~
i.n our coupling scheme is

I fo'I' = 6 lao. [C,C,+C,C, //3 ]+bp+cy I' (5)

where we have~taken the wave function of the
N'4 ground state to be

4 (J 1, T~)~@a[(Is) (Ip)"]+bob[(1s) (lp)'(2s)']

+c4 [ (1s)'(lp)'(1d)']. (6).

We have taken
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of the mass 14 triad using only central and
spin-orbit interactions, without invoking any
tensor force.

ration shown in Fig. 1. The coils, suitably in-
sulated, surround a cylindrical ceramic tube

~Work done in the Sarah Mellon Scaife Radiat-
ion Laboratory and assisted by the joint program
of the Office of Naval Research and the U.S. Atom-
ic Energy Commission.
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NEUTRONS OF POSSIBLE
THERMONUCLEAR ORIGIN*
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Published accounts of experiments designed
to achieve plasma temperatures of thermonucle-
ar interest have so far made use of the pinch ef-
fect. %e have succeeded in producing neutrons
from a deuterium plasma compressed by a ris-
ing axial magnetic field.

Our device, named Scylla, at present em-
ploys three single-turn coils having the configu-
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FIG. 1. Section through coils and ceramic
tube, with typical magnetic field lines suggested
by the broken lines. The set of coils in subse-
quent designs have been made from a single
piece of brass with a common outer radius for
the middle and end portions.

through which low-pressure deuterium gas slow-
ly flows. The coils are connected in parallel to
a short parallel-plate transmission line leading
to an oil-immersed junction connecting with
eighty 10-ft lengths of RG-14/U coaxial cable.
These cables in groups of eight lead to ten four-
element triggered spark gaps' each mounted on
a low-inductance 0.88-pf capacitor of 100-kv
rating. ' The inductance of the coils is 0.034 ph
and of the source 0.038 ph, so that 47% of the
capacitor voltage appears initially across the
coil terminals.

With the capacitors charged to 70 kv and with
no gas present, a circumferential electric field
of 1.6 kv/cm exists initially at the tube wall near
each end coil. One quarter period (1.25 psec)
later this field has decreased to zero and the
central axial magnetic field has risen to about
58 kilogauss.

VYith gas present, the initial electric field,
aided by rf pre-excitation, promptly breaks
down the gas and the resulting plasma current
sheath is repelled by the current in the coils.
The strong shock waves initiated by this mecha-
nism' pass through the central region in about
0.1 @sec, ionizing the gas there, and heating the
plasma. During the first compression cycle the
gas is further heated by reversible adiabatic
compression by the rising axial magnetic field
and by irreversible joule heating. In Scylla the
temperature reached at the first peak compres-
sion appears insufficient for the D-D reaction to
occur.


