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suit in sign and approximately in magnitude. The
difference may be attributed to film preparation
or to the fact that our measurement is localized
to the Fermi surface (+0.001 eV) whereas theirs
is an average over an energy region of 0.4 or
0.8 ey.

lt is certainly premature to take completely
seriously the numerical value for the polariza-
tion of the carriers of Ni obtained by this simple
analysis. Tunneling into strongly interacting +

and d bands is unlikely to fit such a simple mod-
el. However, it appears that this method of spin-
dependent tunneling should develop into a useful
tool for studying spin-dependent energy states in
magnetic materials.

We gratefully acknowledge discussions with Dr.
B. B. Schwartz and wish to thank Mr. Richard
MacNabb for making the tunnel junctions and
Mr. Michael Blaho for his help with the measure-
ments.

*Work supported by the U. S. Air Force Office of Sci-
entific Research.

B.Meservey, P, M, Tedrow, and P. Fulde, Phys.
Bev. Lett. 25, 1270 (1970).

2C. Kittel, Introduction to Solid State Pkysics. (Wiley,
New York, 1967), 3rd ed.

3L. Hodges, H. Khrenreich, and N. D. Lang, Phys.
Bev. 152, 505 (1966}.

S. Foner, A. J. Freeman, N. A. Blum, R. B. Frank-
el, E. J. McNiff, Jr., and H. C. Praddaude, Phys. Bev.
181, 863 (1969).

'H. A. Mook and C. G. Shull, J. Appl. Phys. 37, 1084
(1966).

P. M. Tedrow, B.Meservey, and B. B. Schwartz,
Phys. Bev. Lett. 24, 1004 (1970).

C. A. Neugebauer, Phys. Bev. 116, 1441 (1959).
I. Giaever and K. Megerle, Phys. Bev. 122, 1101

(1961}. See also J. B. Schriefier, in Tunneling Phenom-
ena in Solids, edited by E. Burstein and S. Lundquist
{Plenum, New York, 1969). Schrieffer discusses why
the use of the Giaever type of diagrams is justified in
the ease of superconductors.

J. Bardeen, L. N. Cooper, and J. B. Schrieffer,
Phys. Bev. 108, 1175 (1957).

~OA. . 1". G. Wyatt, Phys. Lett. 33A, 101 (1970).
~~H. S. Belson, J. Appl. Phys. 37, 1348 (1966).
~2R. H. Walmsley, Phys. Bev. Lett. 8, 242 (1962).

V. B'anninger, G. Busch, M. Campagna, and H. C.
Siegmaun, Phys. Bev. Lett. 25, 585 (1970).

Magnetic Monopole Transitions in Electron Scattering
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The eleetroexcitation cross section for the second-order magnetic monopole transition
0+ 0 has been calculated in O. It is assumed that the spectrum of intermediate ex-
cited states is complete and that energy loss may be neglected. If these approximations
are valid, it shouM be possible to observe this transition.

The subject of dispersion corrections in elec-
tron scattering has recently been treated in sev-
eral theoretical and experimental papers, ' '
mainly for elastic scattering. Such effects are
described by diagrams in which two or more
virtual photons are exchanged between the elec-
tron and the nucleus, with the intermediate nu-
cleus virtually excited. Due to the increased
accuracy possible in electron-scattering exper-
iments, such effects are, in principle, obser-
vable, possibly showing up as an energy depen-
dence in the charge-density parameters. How-
ever, the calculations have indicated that at
least for the ease of high-energy electrons the
dispersion effects are predominantly a function
of momentum transfer. ' This makes it possible
to describe the dispersion effect as a small,

complex, energy-independent correction to the
scattering potential. ' The situation is not so
clear at lower electron energies where the cal-
culations are strongly model dependent. Further-
more, it is difficult to justify neglecting the
nuclear excitation energy, which has been done
in most of the previous work.

An attempt has been made to interpret the re-
sults obtained at low and high energies in terms
of dispersion corrections. ""' However, be-
cause of the extremely crude approximations
made in the theoretical analysis it is not entire-
ly clear at the present time whether such an
interpretation is valid. For this reason it would
be of interest to have an experiment the results
of which could be unambiguously interpreted as
due to dispersive effects. Such an experiment
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would be the observation of a magnetic monopole
transition in electron scattering, which is strict-
ly forbidden in first-order Born approximation
Rnd call px'oceed only through the. virtual excita-
tion of intermediate nucleax states.

For this reason we have estimated the cross
section for the electroexcitation of the 10.9-MeV
0 level in "Q. Considerations of angular mo-
mentum and parity forbid this transition by one-
photon exchange. However, it can proceed by a
two-step process in which the nucleus is first
excited by an FX transition and then deexcited by
an MA, transition or vice versa. The state under
consideration is given in the shell model" by the
relatively pure configuration (Ip, l,) '2s», .

As a first approximation we have calculated
the cross section in second-order Born Rpproxi-

mation using plane waves for the electron wave
functions Rnd assuming that the excitation spec-
trum of the nucleus is described by quasielastic
scattering. ' In this model a particle in the Ip~~2
state is lifted into the continuum, desex'ibed by
plane waves, and then drops into the 2s, &, state.
The dominant contribution can be described by
an interaction with the charge density plus an
interaction with the magnetization density (an-
gular-momentum arguments can be used to show
that the convection current does not contribute).
Terms involving two intex'actions with the cur-
rent density are expected to be of relative order
q/M, where q is the momentum transfer and M
the nucleon mass. If the energy loss is neglect-
ed, it is possible to use closure and to obtain an
extremely simply analytic expression for the
cross section, namely,

do/d n= o M4o, '(Z'/M') p~' sin'(-', e) [m'+ 4 sin'(-', 8)]UR„(~)j,(qr)R, ~(r)r'dr]',

where r= (qx, /2)', The oscillator parameter r,
for "0has been obtained fxom elastic electron
scattering'9 and is equal to 1.76 fm. Values of
the cross section axe given in Table I for sev-
eral energies and angles. %e note at this point
that exactly the same cross section is obtained
for electroexcitation of the T= I state at 12.8
MeV. It is probably more difficult to observe
this level, because it is higher in the continuum
and has R considerably larger width.

The cross section given in Eq. (I) bas been de-
rived under numerous approximations which

Table I. The differential cross section do/dQ for
electroexcitation of the 10.9-MeV 0 level in 69 as a
function of electron energy E and scattering angle 0.
The cross section is given in units of 10 36 cm~.

80' 60' 90'

50
100
150
200

0.51
1.68
2.97
3.49

1.42
8.02
1.99
0.29

1.71
1.69
0.03
0.50

where o M is the Mott cross section, 9 is the
scattering angle, F. is the energy of the electron,
and p = 2.79 is the magnetic moment of the pro-
ton. " The radial integral describes the transi-
tion between tbe Ip, &, and the 2s, &, states and
may be evaluated for harmonic oscillator wave
functions" with the result

however, are often made in the calculation of dis-
persive effects. In particular, use of the closure
approximation is not expected to be good below
100 MeV. 20

The value of the cross section is detex'mined
mainly by the behavior of the radial integra1. ,
which has a maximum value for momentum trans-
fer q = 0.54 fm '. The additional angulax' depen-
dence is given approximately by cos'(2&). With
the newer linear accelerators it is possible to
measure cross sectl.ons of the order of magni-
tude given in Table I. Since the width of the 0
level is small" (it decays by p emission), it
should be possible to observe this level with a
high-resolution experiment. Although such an
experiment is extremely difficult, it would be of
intex'est because it sheds further light on the
magnitude of the dispersive effects and perhaps
also on the validity of the various approximations
usually made in the calculations.

The authors are grateful to Dr. S. Penner for
helpful discussions.

~Fellow of the Alexander von Humboldt-StjLftung. Part
of the work was done while a National Research Coun-
cil-National Bureau of Standards Postdoctoral Re-
search Associate.

/Work supported by the Bundesminister fear Wissen-
schaft und Bildung. Part of this work was done at the
University of Virginia, supported by the National Sci-
ence Foundation Grant No. GP-16659.

G. B. Bishop, A. Bottino, G. Ciocchetti, and A. Mol-



VOLUME 26, NUMBER 4 PHYSICAL REVIEW LETTERS 25 JxNUmv 1971

inari, Phys. Lett. 14, 140 (1965).
A. Bottino, G. Ciocchetti, and A. Molinari, Nucl.

Phys. 89, 192 (1966).
G. H. Hawitscher, Phys. Rev. 151, 846 (1966}.

4D. S. Onley, Null. Phys. A118, 436 (1968).
5C. Toepffer, Phys. Lett. 26B, 426 (1968}.
6C. Toepffer and W. Greiner, Ann. Phys. (New York)

47, 285 (1968), and Phys. Hev. 186, 1044 (1969).
C. Toepffer and D. Drechsel, Phys. Rev. Lett. 24,

1181 (1970).
T. De Forest, Jr., Phys. Lett. 32B, 12 (1970).

OE. Kujawski, Phys. Lett. 32B, 75 {1970).
G. H. Rawitscher, to be published.
G. A. Peterson, J. F. Ziegler, and R. B. Clark,

Phys. Lett. 17, 320 (1965).
D. W. Madsen et aE., Phys. Rev. Lett. 23, 1122

(1969).
L. S. Cardman, Yale Electron Accelerator Labora-

tory Internal Report No. EAL2726-110 (unpublished).
N. S. Wall, to be published.

V. Gillet and N. Vinh Mau, Nucl. Phys. 54, 921
(1964).

~6As in Ref. 7 we assume scattering on individual nu-
cleons and replace the excited states by plane-wave
states. This assumption is not valid at very small mo-
mentum transfer, where low-lying collective states
will completely dominate the spectrum.

~7Note that only the magnetic moment of the proton ap-
pears in Eq. (1), because we assume that the dominant
contribution is given by a sequence of an interaction
with the charge and an interaction with the magnetic
moment of a point-like nucleon.

~8R. S. Willey, Nucl. Phys. 40, 529 (1968).
H. F. Ehrenberg et a/. , Phys. Hev. 118, 666 (1959).

20The detailed derivation of Eq (2).under the approxi-
mations mentioned above will be given in a separate
note. A calculation avoiding some of these approxima-
tions is in progress (N. Glossmann, private communi-
cation) .

D. A. Bromley et a/. , Phys. Rev. 114, 758 (1959).

Upper Cutoff in the Spectrum of Solar Particles

Dj. Heristchi and G. Trottet
Laboratoixe de Physique Cosmique, Ve~e&es Ee Buisson, France

(Received 19 October 1970)

Arguments are advanced in favor of the existence of an upper cutoff in the spectrum
of solar protons. In the case of the event of 28 January 1967, on the basis of the record-
ings made by the worldwide network of neutron monitors, this cutoff is found to be 4.3
+0.5 GeV.

The purpose of this Letter is to show that an
upper cutoff exists in the spectrum of solar pro-
tons. By upper cutoff is meant an energy level
beyond which there are no accelerated particles.
The extensive mork done in the last fifteen years
on solar proton events has seldom mentioned the
existence of this cutoff notwithstanding the fact
that this quantity is a useful parameter for study-
ing the mechanisms of particle acceleration.

The method resorted to consists in using the
worldwide network of neutron monitors as an en-
ergy spectrometer while adding the presence of
a maximum energy in the proton spectrum.
Mountain stations mere ignored. The percentage
increases mere related to a pressure of 760 mm
Hg by a double correction of the barometric ef-
fect. The method of Palmeira, Bukata, and
Gronstal' was applied with the following a.ttenua. -
tion lengths: Kg=140 g/cm' for galactic parti-
cles; af =103 g/cm' for solar particles. ' With
this correction made, the percentage increase
E, for a neutron monitor may be formulated as

follows':

Z, =~
~

— S(P)aS,
A dy

Ng„(dP g
C

where A, is a constant, N, the counting rate due
to galactic cosmic rays with a standard neutron
monitor located in a place of magnetic rigidity
P„Pthe magnetic rigidity of the protons, (dj/
dP)f the differential spectrum of the solar pro-
tons, and S(P) the proton specific-yield function.
Here we use for N, the values obtained by Car-
michael et al. ' during their latitude survey in
North America in 1965, and for P, the values cal-
culated by Shea et al. ' Use is made of Lockmood
and Webber's specific-yield function. ' In order
to simplify numerical calculations, this function
is represented by power laws in different rigid-
ity bands. Lastly, when considering the exis-
tence of a cutoff P in the differential spectrum
under the power lam, we may write

E2=(A2/Ng) Jp P "S(P)dP.


