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Abstract:

Sr2Ru04 is an unconventional superconductor. While this is generally believed to have triplet pairing, this conclusion have
recently been questioned [K. Machida and M. Ichioka, Phys. Rev. B 77, 184515 (2008)]. In stead is it proposed that many
of the observations which were used to argue in favor of triplet pairing (e.g. specific heat) can also be explained as being
due to Pauli paramagnetic effects (PPE).

Initial studies of Sr214 with the field close to the a-axis showed a signal due to the transverse field modulation giving rise to
spin flip scattering which is increased dramatically above the non-spin flip scattering. Our results showed a large
anisotropy with a possible field dependence. Furthermore, the scattered intensity show a non-monotonic behavior, with a
maximum occurring at an angle relative to the basal plane which varies with the applied field.

Here we propose to extend our measurements to higher fields which we not available during earlier experiment performed
at D22.
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I. INTRODUCTION

The purpose of this experiment was to continue our
study of the anisotropy of the vortex lattice (VL) of
SroRuO4 with the applied field close to the crystalline
basal plane. Our previous experiments at Institut
Laue-Langevin (ILL) in Grenoble, France showed that
SroRuO4 may behave unusually when it is close to H.o
orT,.

In this experiment we had several goals. First, we
wanted to fully explore the field dependence of the VL
form factor on the angle of the applied magnetic field,
Q. A previous experiment found that the anisotropy (T")
for an applied magnetic field of 0.2 T with Q > 1.3 de-
grees yielded a VL anisotropy larger than infinity. Our
second goal was to further explore this low field, high 2
region. Our third goal was to determine the temperature
dependence of the diffraction peak intensity at different
D’s.

Due to the very large anisotropy (I'ye) of SroRuQy,
the VL is highly distorted, with Bragg reflections ex-
pected to lie on an ellipse with a major-to-minor axis

1/2

ratio yyr = ae/ {cos2 Q + (Tyesin Q)Q] , where Q is
the angle at which magnetic field H has been rotated
away from the basal plane. In addition, a large value of
T',. will also give rise to a substantial transverse compo-
nent to the VL field modulation for field close to (but
not perfectly aligned with) the basal plane as discussed
in [1]. The transverse field modulation leads to spin flip
(SF) scattering, in contrast to the (ordinary) longitudi-
nal component which is non-spin flip. Because of the SF
scattering, this experiment naturally lends itself to the
use of a polarized neutron beam.

II. EXPERIMENTAL SET-UP

The experiment was performed on the D33 beam line
at ILL using the standard SANS configuration, with the
addition of polarization analysis [2]. A dilution refriger-
ator (DR) was inserted inside a standard orange cryo-
magnet allowing us to access temperatures between 0.050
and 1.3 K and fields as high as 2 T. The SroRuO4 sam-
ple, previously used by the group, was a cylindrical rod
30 mm long and 3 mm wide, with a T, = 1.5 K and an
upper critical field in the HJja direction of 1.5 T. The a-
axis of the sample was roughly aligned using the neutron
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FIG. 1. The RC intensity compared to magnetic field, for
several 2. The RC intensity decreases with increasing field,
as expected.

camera, and final determination of the a-axis came from
analysis of rocking curves (RCs).

When neutrons scatter from the VL of SroRuQy, their
spins change orientation by 180°, or spin-flip. Using po-
larized neutrons significantly improves the ratio of signal
to noise in the VL diffraction images. A cell of polarized
He-3, in conjunction with appropriate magnetic shield-
ing, was used to screen neutrons with undesirable spin.
The cell was still strongly polarized after 24 hours, and
the following figures do not take the change in polariza-
tion of the cell into account.

Rocking curves were measured for various rotations of
the magnetic field from the crystalline a axis, defined as
Q, between -1.3 and 1.3 degrees and for multiple magnetic
field amplitudes. Figure 1 shows the general decrease in
the rocking curve integrated intensities as magnetic field
increased. Figure 2 shows how the integrated intensities
change with field at various s.

As described in the introduction, for Q > 1.3°, low
magnetic fields yield unexpectedly large anisotropies. RC
intensities were measured for both positive and negative
Q at 0.2 T and 0.05 K. These scans are shown in Fig. 3,
with RC integrated intensity plotted against the absolute
value of 2. Short count times (of approximately 2 min-
utes per point) were enough to provide good statistics for
these RC’s.

RCs were measured for five different temperatures
(0.05 K, 0.25 K, 0.5 K, 0.75K, and 1 K) and 0.4 T at
different Q2s. Only one diffraction peak was measured at
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FIG. 2. The same data as Fig. 1, presented as the change in
intensity based on magnetic field for varied 2’s. Intensity de-
creases with increasing magnetic field. Large 2’s did not have
visible peaks for 1.3 T or 1.35 T. This figure is in qualitative
agreement with previous results.

1000 T T T T T T T T T T

100} R

Integrated Intensity (cts/std)

Vs 4 3 2 -0

-|Q| (degrees)

FIG. 3. The intensity of a single diffraction peak for a polar-
ized neutron beam at 0.2 T, 0.05 K for various — |Q|.
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FIG. 4. The RC integrated intensities for 4 temperatures at
different €2 values.

higher temperatures in order to save time, and there was
no measurable signal 1 K for count times of 5 min/point.
The intensity decreased both as €2 approached zero and
temperature increased.

IIT. CONCLUSION

Data were acquired regarding each of the three ini-
tial experimental questions. RC’s were studied between
Q = 0.5 — 1.3 degrees and fields between 1.0 — 1.3 T.
Low field measurements were performed at 0.2 T and
Q > 1.3°. RC peaks were measured at four different
temperatures. Additionally, the polarization significantly
reduced background, as expected; however, maintenance
of the He-3 cell slowed progress. To perform a full tem-
perature scan at 1 K or higher, more beam time will be
required.
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