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K wish to report the results of the completion of our
preliminary survey" of low-lying excited states of nuclei

by 3-Mev alpha-particle Coulomb excitation, as well as some
conclusions we can draw from the large amount of data now at
hand.

Our experimental setup has been brieQy described previously. '
Of the 66 elements we have investigated, 45 show one or more
excitation levels. Because of the inherent danger of being misled
by impurities and surface contaminations of target materials,
we felt it desirable to investigate as many elements as possible;
as an example, we found a strong line in spectroscopically pure
bismuth metal which later turned out to be due to a very small
(0.01 percent) fluorine impurity. Certain generalizations con-
cerning the nature of the levels reached will be given below.

In Table I we present a supplement to the list of elements
previously given in I, Table I. Some very low-intensity lines we
observe are not reported in this table pending further study by
photographic means. It should be remembered that the rough
relative intensities indicated in the fourth column (relative to

TABi.E I. Continuation of survey of levels below 500 kev observed by
Coulomb excitation with 3-Mev alphas. Approximate intensities relative
to 137-kev line in Tai«(uncorrected for relative abundance and internal
conversion). For meaning of intensity, see text.

Abundance Py (observed)
Element~ (%) kev

Approx
int. b

By (known)o
kev

858r79
44Ru~
58I197

58Ba~
57I a189

68Ce140'149

89Nd~
89Sm~ »9

84Gd154, 155

7ILu175

79H f177,180 f

75Re187

78OS188

r191

78pt194 b

78Ptl95 b

79Au197 h

89Hg199

99~988

50.6
?

100
?

99.9
88.5, 11

?, 26.6
2.2, 14.7

97.4
18.4, 35.4

62.9
13.3, ?

38.5
32.8
33.7
100

16.9
99.3

44, 213, 266
91, 128, 360

57, 205
60, 118

56
77, 129&

70, 130
82 e 122
82, 124

77, 113, 184?
112, 93

130
157, 180, 188, 202

129
213, 328i

29, 98, 128
77, 190, 2771

163
44, 424(?) i

0.03, 0.23, 0.11
0.31, 0.24, 0.05

0.28, 0.90
0.013, 0.013

0.005
0.005, 0.005

0.03, 0.36
1,2

3.5, 0.21
0.15, 1.5, 0.036

0.13, 1.14
0.81

all 0.2&

&0.06
0.06, 0.02

?, 0.03, 0.03
?, 0.0013, 0.001

0.03
0.05, 0.06

44, 263
?

57, 14S, 200
?

166
?

135, 170, 329
122

85, 106, 124, 132
89, 113, 138, 228

89, 93, 112
73, 133

152
42, 65, 129

290, 328
29, 97, 126

77, 191, 279
50, 159, 209

?

a No lines were observed in Y, Sn, and Pb. For other elements, see I.
b Relative to the 137-kev line of Taigi( = 1.00).
& Only low-energy lines listed; see references 7 and 8.
& According to the regularity of first excited states of even-even nilclei

t G. Scharff-Gotdhaber, Phys. Rev. 90, 587 (1953)g, these energies seem
too low for cerium, which has only even-even isotopes and N gg82.

e This line was accidentally omitted in I.
& Previously seen as impurity (3 percent) in Zr target; see I.
I Incompletely resolved because of 4 isotopes of comparable abundance.
b Listed as showing no lines in I; see text.
& With protons and alphas.

2e/t, times the energy of the beam, and this limit can never be
exceeded, however large H or h may be chosen.

An analysis of the considerations resulting from the assumption
of a finite conductivity for the space external to the beam shows
that the existence of such a conductivity does not change the
conclusions.

+ The full mathematical details pertaining to this paper, together with a
discussion of their ramifications, will appear in the Journal of the Franklin
Institute, for March, 1954.' H. Alfven, Phys. Rev. 75, 1732 (1949).

1.00 for the 137-kev line of Ta' ') are preliminary and even if
accurate must still be subject to several transformations before
they become meaningful for the determination of transition
probabilities between energy levels. The principal obscuring factor
is the strong dependence of the excitation cross section on the
quantity &=Z&Z&e'/kv (Zi and Z2 are the charges of projectile
and target, v is their relative velocity, AE is the excitation energy
of the nucleus, and E is the center-of-mass energy of the pro-
jectile). ' This factor is connected with the details of the excitation
mechanism and is not related to the problem of interest, i.e., the
determination of nuclear transition matrix elements between
states. Furthermore, since we have used thick targets so far, a
stopping-power correction must be made.

It is interesting to note that an electric quadrupole transition
lifetime of about 4)&10 8 second (taking the specific example of
Ta' ') corresponds to a Coulomb excitation cross section for alpha
particles of about one millibarn for the inverse transition. Whereas
it becomes easier to excite and detect states of shorter lifetime,
measurement of the latter by delayed-coincidence techniques
becomes more di%cult, especially since our estimate does not
include the speeding-up eGect of internal conversion. Thus the
two methods are seen to be complementary, with a comfortable
overlap region. Our limit of detection is of the order of 10 "cm',
depending somewhat on the particular nucleus. In the case of
mixed multipole transitions (e.g., Ml+E2) we clearly measure
only the partia/ lifetime for the quadrupole component.

A few special remarks are in order concerning some of the
nuclei in Table I. Our careful reexamination of platinum revealed
the three known gamma rays (29, 97, and 126 kev) belonging to
the two first excited states of Pt"' at 97 kev and 126 kev, plus a
line at 328 kev (probably the first excited state of Pt'") and an
unknown one at 213 kev. 4 A more thorough look at gold yielded
lines at 190 and 277 kev coming from known levels; a comparison
of x-ray line shapes as obtained with proton- and alpha-particle
excitation, coupled with critical absorption tests, gave evidence
for the presence of the 77-kev y ray from the level of the same
energy. A similar reexamination of lead did not reveal any y rays.
The new 44-kev level we find in uranium (presumably U"') seems
to fit very nicely into the regular pattern of first excited states
(spin 2+) of even-even nuclei in the heavy elements noted by
Asaro and Perlman, ' and Rosenblum and Valadares. '

The following points should be kept in mind in connection with
our conclusions:

(1) Our knowledge of existing energy levels comes only from
published summaries' and varies considerably as to reliability
of spins, etc.

(2) If the y-ray energies determined by us fall within about
3 kev of a known line, we consider them to be identical.

(3) Previously unreported lines are not considered in the
summary.

The final assignment of new lines in polyisotopic elements must
await investigation with separated isotopes, which we are under-
taking in some important cases.

If, then, we accept the three points listed above, we may
summarize our preliminary conclusions as follows:

(1) To date, we find no definite cases of transitions between
levels which could not be connected by a spin change of 2 and no
change in parity (electric quadrupole) the present status of
theoretical knowledge concerning the role of higher electric
multipoles in the Coulomb excitation process is not clear, "
although some ideas are contained in papers by Mullin and Guth"
and Ter-Mar tirosyan. '2

(2) In the case of even-even nuclei, we almays find that the
first (2+) excited state, if it lies low enough, is reached with
appreciable probability; this occurs mainly in the regions between
A=145 and A=200 (rare earths), and A&220 (in practice,
thorium and uranium). There are 12 such cases.

(3) In the case of even-odd and odd-even nuclei, we find about
9 cases where the excited state (according to present level assign-

ments) has a spin smaller than the ground state. This seems to
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rule out the possibility of a simple rotational interpretation. " In
addition, we find 5 cases where the excited state spin exceeds
that of the ground state (the latter being —', or greater}, Ta"'
being a well-known example, plus 8 cases having ground state
spin —,'.

We are planning to study the excitation functions of some
additional nuclei in this survey in the hope that higher multipole-
order contributions might show up as deviations from the theo-
retical shape predicted for quadrupole excitation. '

We are greatly indebted to a long list of people from the
National Bureau of Standards who so generously supplied us with
samples of most of the rare substances appearing in the tables of
this paper and reference 2.

1G. M. Temmer and N. P. Heydenburg, Bull. Am. Phys. Soc. 29, 10
(1954).

~ G. M. Temmer and N. P. Heydenburg, Phys. Rev. 93, 351 (1954),
hereafter referred to as I.

3 K. Alder and A. Winther, Phys. Rev. 91, 1578 (1953).
4 This nucleus was reported in I as showing no lines below 500 kev. We

are indebted to Professor Clark Goodman for private communication
concerning work. of his group on proton excitation of platinum. tantalum,
tungsten, and lead. They find lines in platinum at 150, 215, and 330 kev.

~ F. Asaro and I. Perlman, Phys. Rev. 87, 393 (1952); 91, 763 (1953).
We are indebted to Professor Perlman for informing us that his group has
some tentative evidence LF. Asaro, University of California Radiation
Laboratory Report UCRL-2180 (unpublished) g for a level in U»s at around
45 kev from alpha-ray spectrography of plutonium.

6 S. Rosenblum and M. Valadares, Compt. read. 235, 711 (1952).
7 K. Way et al. , "Nuclear Data, " Natl. Bur. Standards Circ. 499 (1950),

and supplements.
s Hollander, Perlman, and Seaborg, Revs. Modern Phys. 25, 469 (1953).
~ One strange exception is the case of Ge»(P) which will be studied with

an enriched sample (see reference 2).
'0 K. Alder and A. Winther (private communication)."C.J. Mullin and E. Guth, Phys, Rev. 82, 141 (1951).
'2 K. A. Ter-Martirosyan, J. Exptl. Theoret. Phys. (U.S.S.R.) 22, 284

(1952).
» A. Bohr and B. R. Mottelson, Kgl. Danske Videnskab. Selskab,

Mat. -fys. Medd. 2V, No. 16 (1953).

field of spiii s. It must therefore be possible to describe an ele-
mentary particle sufficiently by only 2(2s+1) spinor components.
As will be seen, this new method' has several advantages —for
instance any problem can be solved regardless of the value of the
spin. Furthermore, bosons and fermions differ only after quanti-
zation. So general electromagnetic (or other) interactions' or the
scattering of particles with spin s by a Coulomb field have to be
calculated only once for the spin s and not separately for s=0,4

s=~1,~ and s=1.' Furthermore, it might be that the slightly dif-
ferent transformation properties of spinors (vis d vis tensors, used
now for the description of bosons) give other results' for inter-
acting particles.

By multiple application of formulas of the kind

SEC 4Pl' ' 'PM-lIJM . Pl' ' 'PM-1
IJM vN+1 v 1 ~ ~ ~ vN- 1vN vl ~ ~ ~ vN-1 vN vN+1&

one arrives 6nally at the spinors a"'' "2' and avl ~ ~ v2, which
contain only indices of one kind and exactly 2(2s+1) components.
These new spinors obey second-order differential equations:

(Q y~scs/$2) rr ki irss —0 ( PIC /)'r )avi vsa= Ot

which describe the propagation of the unquantized spinor wave
field. There are no longer any 6rst-order differential equations
which, according to Pauli, are not at all necessary.

It is possible to build up a relativistically- and gauge-
invariant theory which is also invariant against inversions
xI,~—xl, (k=1, 2, 3), x4~x4. After quantization, ' the new theory
reproduces for the free particle the well-known results of the usual
theory' in a generalized manner, so that, for instance, the whole
charge Q or the whole energy H is given by:

A. New Spinor Theory of Elementary Particles
FERDINAND CAP

Department of Theoretical Physics, University of Innsbruck,
Innsbruck, Austria

(Received December 4, 1953)

&HE usual spinor theory of elementary particles' uses spinors
of the kind

Pl. ~ PM

vl ~ ~ ~ vN &

POPlP2' ' PM

v2' ' 'vN

which possess dotted and undotted indices. The rank of these
spinors is r=M+X=2s, where s is the spin of the particle. The
spinors obey the generalized Dirac equations:

4 Ovl IJ1IJ2' ' ' pM, p OII1IJ2' ' 'PM

vl v2 ~ ~ ~ vN-a =i b v2-- vN~

POP1P2' 'PM , P 1P2'''IIM
pOvl v2' 'vN vlv2' ''vN '

These are 2&22' equations to which must be added the conditions
of symmetry for all spinor indices as all spinors used have to be
totally symmetric. ' So the number of independent components is
(M+1}(%+1}for the a spinor and E(&+2) for the b-spinor.
One can see that the number of all spinor components used,
namely 23EE+3$+JI/1+1, is greater than the number of states
of the elementary particle. An elementary particle possesses two
degrees of freedom: charge and spin. The charge contains two
possibilities, +e and —e, and the spin has 2s+1 possibilities.
Measurements made on an elementary particle distinguish,

therefore, 2(2s+1) diQ'erent states of a quantized spinor wave

Qa s = s Q (&'+', kn ~—&' ', kn )

+B 2 ~k(ff( k ++ k )+Q +k
k, r k

&r =Q ~
&k

~

&' 'k, ,v+Q
~
&k

~

&'+'k
k, r k, r

where 8, F means boson or fermion, where kk is the momentum
and r the spin number r=0 ~ 2s+1. The matrices K&+),, IP ~,
X& )g, ,~ ~ are the well-known diagonalized matrices with infinite
rows for bosons and with two rows for particles subject to the
Pauli principle (fermions), depending on k and r and giving the
number of particles present. Besides the possibility of giving
other results for interacting particles, the new theory has the
advantage of being a consistent general theory without superQuous
components or accessory conditions, able to give the basis for a
proposed uni6ed nonlinear spinor theory of all elementary
particles. "

1 P. A. M. Dirac, Proc. Roy. Soc. (London) A155, 447 (1936); M. Fierz,
Helv. Phys. Acta 12, 3 (1939).

~ F. Cap, Z. Naturforsch. Sa, No. 11 (1953).
g F. Cap, "Electromagnetic interactions in the new spinor theory of

elementary particles" (to be published).
4 G. Wentzel, Quantum Theory of Fields (Deuticke, Vienna, 1943).
5 N. F. Mott, Proc. Roy. Soc. (London) A124, 425 (1929); 135, 429

(1932); F. Sauter, Ann. Physik 18, 61 (1933).
6 O. Laporte, Phys. Rev. 54, 905 (1938);J.Gunn, Proc. Roy. Soc. (London)

A193, 559 (1938); Massey, and Corben, Proc. Cambridge. Phil. Soc. 35, 463
(1939); N. F. Mott and H. S. W. Massey, The Theory of Atomic Colli-
sions (Clarendon Press, Oxford, 1949), second edition.

H. Donnert, "Ober geladerie Elementarteilchen mit Spin 1," Z. Physik
(to be published).

11 W. Pauli, Phys. Rev. 58, 716 (1940).
9 F. Cap, Z. Naturforsch. Sa, No, 12 (1953}.
1o A. March, Quantum Theory of Particles and W'ave Fields {John Wiley

and Sons, Inc., New York, 1951);see also reference 4.
&' ~, Heisenberg, Z, NqturfqgsgI1. Sa. 251 (1950).


