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SyllabaryThe

This is a brief newsletter distributed by email 
to update SEQUOIA users and enthusiasts 
regarding the status of the instrument, 
Spallation Neutron Source beam line 17. We 
would like to share with the SEQUOIA user 
community ongoing upgrades occurring at 
the instrument, science highlights, and peer-
reviewed publications and theses resulting 
from measurements at SEQUOIA. 

Please also feel free to share feedback 
with the user office or your local contact 
regarding your experience as a user at the 
SNS and HFIR facilities. This feedback can 
be shared through the survey forms sent 
out by the user office after experiments, or 
by contacting your local contact or the user 
office directly. Please do not hesitate to 
contact the beamline instrument scientists 
for any assistance in preparing beam-time 
proposals or if you are having difficulties with 
data reduction or analysis.

Experiments And Publications
The 2016-A and 2016-B run cycles are 
now complete. We ran approximately 50 
experiments in 2016 at the SEQUOIA beam 
line. The accelerator has had excellent 
reliability this past year with power outputs 
at approximately 1200 kW. We successfully 
used the new 8 Tesla vertical field 
cryomagnet for the first time at SEQUOIA in 
2016, and several pressure cells made their 
SEQUOIA debut in 2016 as well, including a 
gas pressure cell working up to 4.8 kbar.   

SEQUOIA’s publication output was also high 
in 2016. Since last year’s newsletter, 19 
peer- reviewed publications were accepted, 
including several high profile publications 
from the beam line. Congratulations 
to all the authors. SEQUOIA results are 
also included in a PhD dissertation and a 
master’s thesis, both published within the 
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last year. Many students have been to the 
beam line and are working hard to finish 
their research projects. The American 
Physical Society (APS) March 2016 meeting 
and the 2016 American Conference on 
Neutron Scattering (ACNS) also had many 
presentations that featured SEQUOIA 
results. Other publications are currently in 
review, and we expect 2017 to be another 
productive year for the instrument. 

A list of SEQUOIA publications is available 
at http://neutrons.ornl.gov/sequoia/
publications and in the PuSH database 
available at http://neutrons.ornl.gov/
publications. We have also listed these 
publications at the end of this newsletter. 
Publications that include SEQUOIA results 
must be accounted for by ORNL and 
our sponsors. Please let us know if your 
SEQUOIA publication or thesis is not listed.

Science Cross-Section
The following SEQUOIA publications 
received significant attention in 2016. The 
experiments for these publications span 
two of the instrument’s missions: measuring 
magnetic excitations and hydrogen 
excitations in condensed matter systems.

Quantum tunneling of water in 
beryl – by Alexander (Sasha) I. Kolesnikov

Water is commonly known in its gas, liquid, 
and solid states. Using neutron scattering 
and ab initio simulations, we discovered a 
new “quantum tunneling state” of the water 
molecule confined in 5 Å channels in the 
mineral beryl, characterized by extended 
proton and electron delocalization. We 
observed a number of peaks in the inelastic 
neutron scattering spectra, which were 
uniquely assigned to water molecules 
tunneling between six symmetrically 
equivalent positions around the c-axis 
quantum mechanically. In addition, the 
water proton momentum distribution was 
measured with deep inelastic neutron 

scattering, which directly revealed coherent delocalization of the protons. The average kinetic 
energy of the water protons was found to be ~30% less than it is in bulk gas, liquid or solid 
water. Due to the observation of tunneling peaks and large coherent delocalization of protons 
in the neutron scattering experiments, we consider that tunneling water can be called “a new 
state of the water molecule.”

 

INS spectra of water in beryl 
measured at SEQUOIA with 
Ei=25 meV. The top-left insert 
shows the proton charge 
density map in the ab-plane 
of beryl overlain on the beryl 
structure. A macroscopic 
green beryl crystal (emerald) 
is also shown. Data are from 
Kolesnikov et al. Physical 
Review Letters 116, 167802 
(2016).
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Upgrades
SEQUOIA is fully upgraded to the new 
EPICS-based data acquisition system 
(DAS) used at SNS. Improvements to the 
detector array’s firmware and electron-
ics resulted in a robust DAS throughout 
2016. 
The vacuum upgrade project has been 
ongoing throughout the 2016 outages. A 
turbo-pump was installed on the sample 
chamber and integrated into the vacuum 
system. Two large turbo-pumps will also 
be installed on the detector chamber 
in January 2017. These pumps provide 
redundancy in case of cryopump failures. 
They also allow for more accurate leak 
checking of the vacuum systems. This up-
grade will improve the reliability, safety, 
and performance of the vacuum system 
with a new controls system and hard-
ware that adheres to facility standards. 
Changes will include rewiring the control 
system to remove high voltage lines from 
the control racks and switching to a stan-
dard roughing pump for the sample.
We currently operate with two Fermi 
choppers installed, most often the 100 
meV fine chopper and the 700meV 
“sloppy” chopper. We are still pursuing 
the addition of a third Fermi chopper to 
the “chopper pit” after receiving permis-
sion to provide space by removing a 
concrete block. Once we prove that this 
concrete block does not modify our or 
our neighbor’s neutronic background, 
we can proceed with designing a larger 
chopper translation mount.

We are making changes to the SEQUOIA 
workhorse bottom loading closed cycle 
refrigerator, CCR-22. This CCR is used for 

single crystal measurements and also 
shifted off-axis for use with a sample 
changer for three powder samples. 
Changing this configuration requires 
hours of detailed work near the cold-
finger of the CCR, sometimes resulting in 
broken wires or sensors. With the help 
of the sample environment team, we 
have redesigned the sample changer to 
make changing CCR configurations an 
easier and faster process. This sample 
changer will be built and assembled 
in 2017. We also plan to purchase a 
low-background top-loading CCR with 
faster cool-down times. This CCR will 
be shared with ARCS, SNS beam line 18, 
and will allow simpler sample changes 
during experiments and should provide 
more time for measurements.

Other SEQUOIA upgrades being 
considered include a scattered 
beam radial collimator to reduce the 
background from complicated sample 
environments, an incident collimator 
to reduce the beam divergence for 
experiments looking for signal at very 
low scattering angles, and detectors to 
begin populating the top and bottom 
rows of the detector bank. SEQUOIA 
is also considering placing detectors 
within the beam-stop of the instrument. 
These detectors would be useful for 
measurements at very small scattering 
angles, but would likely require an 
incident beam collimator to reduce the 
beam divergence. Please do not hesitate 
to share  suggestions for instrument 
upgrades that would improve the 
measurements for research programs 
with the SEQUOIA team.

Quantum spin liquid excitations in 
α-RuCl3 – by Matthew Stone

Measurements of the proximate quantum 
spin liquid system α-RuCl3 were performed 
at the SEQUOIA spectrometer (see Banerjee 
et al., Ref. 11). A quantum spin liquid consists 
of magnetic moments that interact but do 
not develop long-range order down to zero 
temperature. One hallmark of quantum spin 
liquids is the possibility of fractionalized spin 
excitations. The exactly solvable spin ½ Kitaev 
model on a honeycomb lattice is a particularly 
interesting example where anisotropic Ising 
interactions result in fractionalized Majorana 
fermion excitations, that theoretically could 
be used as thermally stable, topologically 
protected qubits for quantum computing. 
The microscopic Hamiltonian describing the 
magnetic interactions in α-RuCl3 is believed to 
contain Kitaev terms. The SEQUOIA chopper 
spectrometer allowed for the measurement 
of the magnetic excitations, taking full 
advantage of the low-angle detector coverage 
and energy resolution of the thermal chopper 
spectrometer. Remarkably, the neutron 
scattering response function measured at 
SEQUOIA shows strong evidence for high 
energy excitations resembling magnetic 
Majorana fermions, and future research 
promises to reveal much more about the 
unique excitations in this material.

Staff
Victor Fanelli joined the 
SEQUOIA team in 2016 as 
a new Scientific Associate 
(SA). Victor received his 
PhD in condensed matter 
physics and previously 
worked at the Lujan Center 
located at the Department of Energy’s Los 
Alamos National Laboratory. Victor has 
quickly gotten involved in supporting efforts 
at SEQUOIA, and he is being cross-trained 
at the ARCS instrument. The SA from ARCS, 
Lacy Jones, has also been cross-training 
at SEQUOIA and managing the SEQUOIA 
vacuum upgrade project. 

Future Experiments
Thanks for making 2016 another great year 
at SEQUOIA. The next proposal call for run 
cycle 2017-B beam time will close on April 
12, 2017. Please do not hesitate to discuss 
your proposals with beam line staff before 
submission.

Image illustrating neutron scattering from the 
quantum spin liquid state observed in α-RuCl3. 
These measurements are further described in 
Banarjee et al. (Ref. 11 in the newsletter).
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2016 SEQUOIA theses
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