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1 Introduction

Most of the effort of the past few months has centered on several neutron scattering experi-
ments. In this section, I will describe the projects. In the next section, I will briefly discuss
directions for next year. Then, I will discuss the students that are working, or will soon be
working, in the laboratory. Finally, I will mention other funding, activities and the budget.

2 Current Projects

Excitations in Fe0.4Zn0.6F2 - Yvonne Rodriguez, Ingrid Anderson, and I recently traveled
to the Oak Ridge National Laboratories to conduct inelastic scattering measurements at
the HB1A spectrometer at the High Flux Isotope Reactor. The work was in collaboration
with Feng Ye, my former graduate student, and Jaime Fernandez-Baca of ORNL. Although
the FexZn1−xF2 system has been studied before at higher concentrations, the fine structure
was not resolvable in either neutron scattering or laser absorption experiments. However, at
x = 0.4 the individual absorption peaks were resolved in pulsed field experiments at Tohoku
University during my stay there in 2000. It was difficult to confidently extrapolate the data to
zero field. Hence, we used inelastic neutron scattering data taken at the HB1A spectrometer
at Oak Ridge. The combined results are shown in Fig. 1. We are now considering theoretical
approaches to describing the excitations beyond mean field theory, which does a poor job of

1



Figure 1: Excitation in Fe0.4Zn0.6F2 obtained using pulsed magnetic fields (Nojiri, Belanger)
at Tohoku University and recent inelastic scattering results (the H = 0 data with error bars).
The lines are a plausible set of equally spaced excitations all with the same field dependence,
positive and negative slopes included to account for the two sublattices.

predicting the location and spacing of the excitations, or the variation as a function of field
(J. Satooka, K. Katsumata and D. P. Belanger, J. Phys: Condens. Matter 14, 1307 (2002)).
This is important since this system is a particularly simple one and yet there is no existing
theoretical understanding of the fundamental excitations observed.

Chiral Ordering in VF2 - A second project that we have made significant progress on is
the order parameter critical behavior in VF2, a three-dimensional planar antiferromagnetic
spin system with an incommensurate rotation of the spins by 96 degrees from layer to layer.
The system must choose between left-handed and right-handed spirals at the phase transi-
tion. This chiral symmetry breaking is predicted to change the critical behavior drastically.
The logarithm of the intensities versus the logarithm of the reduced temperature is shown
in Fig. 2. The slope represents 2β and is much smaller because of the chiral universality.
Normally, a three-dimensional x-y system should have β ≈ 1/3. In this system we estimate
that β ≈ 0.18. Similar results were obtained in CsMnBr3 and related frustrated triangular
antiferromagnetic systems. However, that transition is multicritical and doubts have been
expressed as to the accuracy of ascribing its critical behavior to the chiral universality class.
A true spiral ordering would be much preferred. Holmium is such an example. However,
being a metal, it has relatively large interaction lengths. It was shown that the critical
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Figure 2: The logarithm of the intensity of the Bragg peak in VF2 versus the logarithm of the
reduced temperature. The slope corresponds to an order parameter of β = 0.185. However,
the small background signal from one-dimensional ordering has not yet been removed. This
might increase the value slightly, but it is still very much smaller than the non-chiral value
and indicates chiral universality. By comparing different Bragg points, we can show that
extinction is not a problem in this sample and does not affect the value of β.

region cannot be probed in practice in this system (J. Wang, D. P. Belanger, and B. D.
Gaulin, Phys. Rev. Lett. 66, 3195 (1991)). H. Kawamura, who was the original theoretician
proposing a new chiral universality class (H. Kawamura, Phys. Rev. B 38, 4916 (1988)),
first suggested to me in private communications that VF2 is an excellent candidate since
it is short-ranged in its interactions and has a spiral structure. As far as we know, this is
the first order parameter characterization of a short-range interaction spiral spin system. It
was a much needed experimental model system measurement of chiral universality. We are
nearly finished with this project. We have shown that the nuclear peaks are nearly the same
for different Bragg points, eliminating extinction as a source of error in the order parameter
characterization. We are trying different methods of estimating the background from the
one-dimensional short-range ordering near the transition. We do not believe that the de-
tails of the subtraction are important for the value of the order parameter exponent. These
experiments are also in collaboration with Feng Ye and Jaime Fernandez-Baca at ORNL.
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3 Directions for the next year

My new post doctoral student, Nalini Sundaram, has considerable experience with nanopar-
ticle systems. She has synthesized them and characterized them using x-ray and neutron
scattering techniques at SSRL and LANCSE. I plan to work with her to do research in this
area with an eye to magnetic systems and systems showing cooperative behavior. She will
synthesize new systems and we will characterize them using scattering techniques.

My new graduate students, Yvonne Rodriquez and Ingrid Anderson, will be primarily
working on neutron scattering projects. Yvonne is involved with the projects described
above. Ingrid is learning about resolution corrections in spallation sources and will also
consider some of the outstanding line shape issues in dilute antiferromagnetic systems. We
still have line shape data from Tokai, Japan, that have not been fully exploited in terms of
line shape analysis. I expect Nalini, Yvonne and Ingrid will work closely on their various
projects.

4 Current students

Currently, there are four students associated with the group. I will discuss each separately.
Yvonne Rodriguez - Yvonne joined my group about one year ago and is a third year

student. I am supporting her during this summer. During the academic year, she is sup-
ported by a fellowship from the UCSC Physic Department’s Graduate Assistance in Areas
of National Need (GAANN) program from the Department of Education. I am the direc-
tor of that program. Yvonne has passed her written PhD qualifying examinations and is
preparing for her orals, after which she will advance to candidacy for the PhD. It is our plan
that she pass the orals during the Fall 2005 quarter. Her orals presentation will be based
on two reactor-based neutron scattering projects she is currently heading. One is the study
of magnetic excitations in Fe0.4Zn0.6F2 described above. The second is the order parame-
ter characterization of the chiral transition in VF2, also described above. Her progress is
excellent. She attended the neutron scattering school at Los Alamos this past winter.

Ingrid Anderson - Ingrid, a second year student, joined the group during the Spring
quarter, but went home for the summer to study for the written qualifying examinations
in September. She will rejoin the group again for the Fall quarter. Ingrid is working on
the resolution corrections for the critical scattering data in the magnetic film Fe0.85Zn0.15F2

taken at LANSCE a couple years ago. If we can properly do the subtraction of the critical
scattering, we can compare the results with x-ray scattering on a bulk sample of the same
material. It appears there are differences in the behaviors of the two samples, probably due
to pinning in the film. This work is in anticipation of better utilization of spallation facilities
for critical behavior studies. Although Ingrid has just started her work, she is progressing
very well. She joined Yvonne and me in recent experiments at Oak Ridge. She is now
attending the neutron and x-ray scattering school at Argonne. I will be supporting her full
time on the grant beginning this Fall.
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Nalini Sundaram - Dr. Nalini Sundaram will be joining our group as a postdoctoral
student beginning October 1, 2005, for a period of two years. She has experience with
both neutron and x-ray scattering. Her previous work has been with nanoparticles. She
will continue some work in that area, with emphasis on magnetic properties and collective
behaviors, as well as support the other areas of this project. We will likely be collaborating
with other faculty on campus who are involved in nanoparticle research. Nalini is already in
contact with these people.

Lia Demar - Lia is an excellent undergraduate student who is doing a senior thesis
in our laboratory. She is trying a novel experiment based on computer simulations done
by Prof. Onuttom Narayan in our department. The idea is to send sound waves through
granular material. The granular medium consists of a layer of steel beads and a layer of glass
beads. Normally, sound should obey reciprocity in traveling through material with linear
interactions. However, the asymmetry of the layers along with the nonlinear interactions
between the beads at high sound amplitude (they are then bouncing against each other)
may lead to nonreciprocity. This novel effect would be very important for understanding the
role of nonlinear effects in energy transport in materials. Lia has built the bead apparatus
and is taking data.

5 Current Funding From Other Sources

Other than the current Department of Energy funding, I am director of a Department of
Education Graduate Assistance in Areas of National Need (GAANN) program in the Physics
Department at UCSC. This consists of administering $206K plus $52K in UCSC matching
funds in fellowships annually to nine graduate students and providing mentoring to them.
The goal of the program is to provide resources for women and other underrepresented
students to finish the PhD program in a timely manner.

6 Other Activities Relevant to Neutron Scattering

I am currently the elected Treasurer of the Neutron Scattering Society of America responsible
for all financial matters concerning the operation of the nonprofit organization. Hopefully,
the financial functions are now stable and efficient. I will step down from this position at the
end of December after newly elected officers take over. I am also consulting monthly with
the organizing committee of the third American Conference on Neutron Scattering since I
have considerable experience with the organization of the first two conferences. It is not clear
how much I will be involved with this conference, but possibly significantly as a consultant
to the new Treasurer and the organizing committee.
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7 Developments at UCSC Regarding Materials Sci-

ences

This next year, the Physics Department at UCSC will be recruiting for a new tenure-track
faculty position. This is the first step of a campus-wide effort to coordinate planned growth
in materials-based science involving new positions in the Physics, Engineering and Chemistry
Departments.

8 Budget

Although no changes in the overall three-year budget are necessary, the hiring of the post doc,
Nalini Sundaram, took longer than anticipated, so her funding is only starting in October,
2005.
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