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The history of physics has always advanced alongside progress in
measurement technologies. The discovery of X-rays by Rontgen,
the first Nobel Prize in Physics laureate, enabled the observation
of microscopic atoms within matter. The advancement of physics
research through the development of such measurement technologies
has continued relentlessly, further accelerating its importance
for physics today. The Institute for Solid State Physics has been
dedicated to developing advanced measurement technologies and has
contributed to the advancement of materials research, by applying
precise measurements in extreme environments such as cryogenic
temperatures, high pressures, and strong magnetic fields to diverse
material systems—ranging from bulk samples to nano-fabricated
micro-samples.

The Division of Advanced Measurements contributes to deepening
condensed-matter physics by conducting research to foster
new research initiatives through the developments of advanced
measurement techniques, as well as the generalization and
diversification of advanced measurements, based on the freely
conceived ideas within each laboratory. Our current research
includes, elucidating superconductivity and topological states in
low-dimensional and nano-structures formed on single crystal
surfaces using scanning tunneling microscopes, developing multi-
property measurement techniques under ultra-high pressure using
optical quantum sensing technology for quantum phase research, and
developing measurement techniques for strongly correlated electron
systems at ultra-low temperatures and high magnetic fields. The
division activities continue to expand into broader research areas, and
furthermore, we enhance the research capabilities of our institute by
close collaborations with other divisions, facilities, and centers within
the Institute for Solid State Physics.

BFIEFE LT
Leader YAMASHITA, Minoru
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B AR TRV F oy 7GSRI OB
Search for pressure-induced exotic superconductivity and novel quantum
magnetism

B E kT R O T R s TR SR R O B
Development of advanced optical-sensing methods under pressure using
quantum sensors with solid-state systems

B £FOE TYHEIE & ATREIC 3 2 KRG A S E O 78
Development of large-space ultrahigh-pressure device for realization of multi-
purpose electronic property measurements

B Ak KBS
Research Associate
SHIMIZU, Yusei
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Associate Professor KITAGAWA, Kentaro
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Newly developed measurement techniques under ultrahigh pressure. (Left) High-pressure
cell for NMR measurement, realizing practical NMR measurement and in-situ fluores-
cence measurement. (Right) High-pressure cell for precision magnetometry, capable of
sensing paramagnetic susceptibility even above 2 GPa.

Materials development under pressure has attracted a lot of attention,
as demonstrated by recent discoveries of hydride and Ni-based
high-temperature superconductors. Moreover, pressure is one of the
fundamental parameters for changing the ground state of a material,
leading to material characterization. However, magnetic properties under
pressure have been little investigated due to difficulties in the detection
methods inside pressure cells. Unconventional superconductivities in
the vicinities of magnetic quantum critical points, or quantum spin
liquids are examples of novel and exotic electronic states caused by
a combination of spin-orbit coupling, electronic correlations, multi-
body effects, and so on. To understand these states deeply, direct
observations for spin degrees of freedom, or for magnetism, are highly
desired. Our group aims to study strongly correlated electron systems
by use of state-of-the-art ultrahigh-pressure precision magnetometry
and nuclear magnetic resonance methods. Besides, we are developing
a new high-pressure device that enables us to observe conventional
and magnetic properties simultaneously by application of advanced
optical detection techniques, including quantum sensing with solid-state
systems.

25 FEICEERBY AI/IVFNEERABSERE, BEKRKDIAHEFKEE
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EE, B, HE2h SO EMERERRIEZ FIREIC T B,

The multi-purpose ultrahigh-pressure device, under construction this FY. Our hybrid-
anvil technique realizes the largest-ever sample space, and combination with advanced
measurement techniques such as optically-detected magnetic resonance enables us a
simultaneous characterization of many samples and many physical properties, transport,
magnetization, specific heat, and optical properties.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kitagawa_group.html
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E ﬁ } I I m % % Hasegawa Group

HiZE T —< Research Subjects

1K STM IC & 2 RS/ / bR a2 7 VOB
Exploration of peculiar superconducting / topological states using low-
temperature STM

XA 7 OPE AR Y R STMIC & 5T/ A — VRIS
EAEYRAFITA
Nanoscale detection of magnetic resonances and spin dynamics by microwave-
assisted spin-polarized STM

AX UiE AR T Y 3 AR VIS KB AY Vi F2 22
Real-space distribution of spin currents by spin-polarized scanning tunneling
potentiometry

T — 2RV SARIC K B )R R e IR AEE T

Effective collection of local density of states with an assist of data science

B LR g
Research Associate
HAZE, Masahiro
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Professor HASEGAWA, Yukio
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App. Phys., Eng.
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Proximity effect at superconductor/metal interface. Tunneling spectra taken around an
interface between 1ML-Pb layer on Si (blue, normal metal) and a Pb thin film (yellow,
superconductor) indicate the penetration of superconductivity into the metal layer with a
decay length of 40 nm.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hasegawa_group.html
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Scanning tunneling microscopy (STM) reveals not only atomic
structure of surfaces but also electronic states of sub-nanometer areas by
tunneling spectroscopy. With a function of spin-polarized (SP-) STM,
the microscope also provides local magnetic properties and surface spin
structures, and with inelastic tunneling spectroscopy (IETS), various
excitation energies can be extracted.

In Hasegawa-lab., by using STMs operated in ultralow temperature and
high magnetic field, peculiar local superconducting and topological states
that are found e.g. at surfaces, where inversion symmetry is broken,
and in the proximity with ferromagnetic and topological materials, have
been explored. We have also studied local magnetic properties of nano
magnets, peculiar spin-spiral structures, and energy dispersion of surface
magnons using SP-STM and SP-IETS. We have also explored unique
functionality of the probe microscopy; recent examples include the
investigation of local spin dynamics through the detection of magnetic
resonances using microwave-assisted SP-STM, spin current detection
using SP-scanning tunneling potentiometry, and efficient collection of
local density of states based on data-driven science.

BEVETRWE CeColns TRAIE NcRENEHF. Co RFANEHESILIE
(AR, £ER) T, BEEEDFTSIME (ETR) 2885 & ZUNIVRKRD
d PEDHFETIREDNEREE NS,

Surface-induced orbital ordered states observed on a heavy-fermion material CeColns.
In STM images taken on a Co-terminated surface in standard conditions, round-shaped
Co atoms are observed (center and upper- left images). In STM images taken in closer
distances (lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
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YIRS 50 2 B E RO

Study of strongly correlated-electron systems at ultralow temperatures

i RIC F5UF B R ERIIEL DO FAR — LA

Study of thermal Hall effects of charge-neutral excitations in insulators

B NMR % Hu 7= 2 i 7 #k 5 OigE

Multipole orders studied by NMR measurements
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Associate Professor YAMASHITA, Minoru
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Adv. Mat., Frontier Sci.
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The ultralow temperature cryostat at ISSP. Nuclear demagnetization cooling enables
experiments down to 1 mK under a magnetic field up to 10 T. The lower left picture is an
enlarged view of the experimental space. The lower right picture shows a cantilever cell
for torque measurements.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamashita_group.html

What happens when materials are cooled down close to absolute zero
temperature? It sounds a boring question because everything freezes at T
= 0. It is NOT true, however, because quantum fluctuations persist even
at absolute zero temperature. The richness of low-temperature physics
was first demonstrated by Heike Kamerlingh Onnes at 1911, who was
the first to liquify Helium and reached ~ 1 K. He discovered that the
resistance of mercury suddenly vanished at low temperature. Followed
by this discovery of the superconducting transition, many amazing
quantum phenomena — superfluid transition of Helium, Bose-Einstein
condensations of Alkali Bose gases — were found at low temperatures.

We are interested in these quantum condensed states at low temperatures
where the thermal fluctuations are negligible. Especially, we are now
challenging measurements of correlated electron systems at ultralow
temperatures (below 20 mK) where many interesting phenomena have
remained unexplored due to technical difficulties. Further, we are
studying thermal Hall effects of charge-neutral excitations (phonons
and spins) in an insulator, as well as detecting multipole orders by NMR
measurements.
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(Top) a schematic illustration of the topological thermal Hall effect of magnons in the lat-

tice of magnetic skyrmions. (Bottom) the magnetic field dependence of the thermal Hall
conductivity that sharply appears in the magnetic skyrmion phase (green), but disappears
in the cycloidal (blue) and the forced-ferromagnetic (pink) phases.
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Visiting Professor ISHIGAMI, Masahiro

My research group focuses on electronic/mechanical dissipation
phenomena in carbon nanotubes, graphene, and topological materials
and development of photodetector technologies based on these materials.
In the last 10 years, I have concentrated on overcoming the physical
limitations of silicon through the development of 2D semiconductors
and quantum materials. I characterized the interface between
molybdenum disulfide and gold, using scanning tunneling microscopy
(STM) enhanced with machine learning and automation, to show how
hybridization and defect densities influence electronic performance. I
have determined the topological surface states of nickel telluride, which
can be used to develop new low power electronics, and discovered that
carbon nanotube devices suffer from enhanced scattering at the band
edge as the Wigner cusps manifests even in these devices. My group
is now working on the development of mm-wave photodetectors with
graphene weak link Josephson junctions and on understanding nanoscale
friction at technologically relevant speeds.
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