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left at position G, we conclude that Auger decay
of the hole [see point (7)] is a negligible effect.

(c) Above peak G, electron transitions into one-
electron continuum states have kinetic energies
high enough to suffer energy loss according to
point (4); therefore many low-energy electrons
are ej ected into this region of the spectrum as
may be seen from the different shapes of the
spectra at U~=O V and U„~2 V. But also elec-
trons with their original energies are left, as
can be seen from the step at U~= 11 V according
to point (3).

(d) At U~= 11 V, mainly a background of elec-
trons ejected from the valence band is left for gp
& 45 eV. This reflects the intensity distribution
behind the exit slit according to point (1). The
only structure left is the strong exciton B super-
imposed on this background.

We have given one possible consistent interpre-
tation of our results which appears to us to be
the most plausible within the frame of present
knowledge on band structure and excitons. Of
course, we are aware that this has to be tested
by extending photoemission experiments to high-
er retarding voltages and other substances.
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Neutron-diffraction studies have shown that ferromagnetic MnP undergoes a trans-
formation to a periodic fan structure by an external magnetic field. The magnetic mo-
ment in the fan is higher than that in the ferromagnetic state. Both the moment and the
period of the fan decrease with increasing applied field.

Manganese phosphide is ferromagnetic below
291.5'K, but it transforms to a metamagnetic
phase at 50'K. ' In the ferromagnetic state the
crystals have an orthorhombic structure (a &b &c
for convenience) with the easy magnetization axis
along the c direction. The magnetic structure at
4.2'K was found by neturon diffraction to be a
spiral with propagation vector 0.112&&2m/a along
the a axis." The envelope of the spiral was sug-
gested to be anisotropic. The average magnetic

moment per Mn atom in the bc plane was estimat-
ed to be 1.58'~, which is greater than the ferro-
magnetic moment of 1.29'~.

Recent investigation of magnetic and electric
properties of single crystals has suggested' that
the ferromagnetic structure above 50'K trans-
forms to a periodic fan structure when an exter-
nal magnetic field is applied along the 5 axis.
This paper is concerned with a neutron diffraction
study of this transformation.
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where g is the angle between the field direction
and the center of the fan. Assuming that pf does
not depend on the crystallographic direction, the
intensities of various reflections from this fan
structure are calculated to be

where f(8) is the magnetic form factor, and K, a
constant. The intensity of the third harmonic is
of the order of magnitude of x' and can be there-
fore neglected.

As the magnetization in the field direction M is
given by M =Npz(1-x) cos(, the normalized mag-
netization M/M, in the fan structure is related to
the central reflection I,/I, by
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FIG. 3. Integral intensities of total reflection It,
(200) magnetic reQection I~, and pairs of satellites
12+& 0 0+12-ts 0, 0 and 12+2&, 0 0 +12-2&, 0, 0 plotted as a
function of applied fields. They are normalized to I0,
a magnetic reQection in zero field. Solid and broken
lines for satellites were calculated using the moment

p~ and the fan amplitude x determined experimentally.

By using the amplitude of the fan x and the mo-
ment pf estimated from M/Mo and I„respective
ly, the intensities of the satellites are calculated
from Eq. (2). The results are shown in Fig. 3 by
the solid and broken lines. The former lines
were calculated for the case of g =0, while for
the latter lines, the experimentally determined
angles were adopted. The agreement between the
observed values and the calculated ones are
found to be satisfactory. Therefore we conclude
that the simple fan structure defined by Eq. (1)
is closely realized in MnP. The model that the
magnetic moment does not depend appreciably on
the crystallographic direction seems to be good.
This is contrary to the spiral structure at 4.2'K

In conclusion, when the external field is applied
to the b axis at VV'K, the ferromagnetic spin
structure transforms to the fan, the center of
which is deviated by 45' from the field direction
at 10 kOe. The central axis coincides with the
field direction, if the field exceeds 12 kOe. The
maximum deviation of the spin from the central
axis is 45' at 12 kOe. The magnetic moment per
Mn atom in the fan structure is greater than that
in the ferromagnetic state. It takes the maximum
value of (1.59+ 0.05)p 8 at 11 kOe and decreases
with increasing the field, presumably tending to
the ferromagnetic moment of 1.22@.B. The period
of the fan also decreases linearly with increasing
the field.

The transformation to the fan structure by the
field can be understood qualitatively by the theory
of Kitano and Nagamiya. They have, however,
assumed that both the moment and the period
are constants of the substance, which does not
appear to be the case for MnP. Further refine-
ment of the theory is necessary to account for
these behaviors.
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(M/M, )' was determined experimentally using the
same crystal and are traced in Fig. 3 by a solid
line to compare with I,/I, . Above 11.5 kOe the
values are equal. Therefore the center of the fan
coincides with the field direction above this field.
The angles g in the fields of 10 kOe and 11 kOe
are estimated to be 45' and 22.5', respectively.
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