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Letter of Intent to Max-Planck Institute<
for experiment with the RAON-puSR User Community<

Natures of orders in spin-orbit entangled compounds with hidden

multipoles-

Abstract<

We are going to mnvestigate hidden magnetic orders in the Ta chlorides, A:TaCls (A = Rb, Cs), and its MAX -PIANCK-CFSEILISCHAFT
izsostructural compounds based on the W and Mo ions, with the multipolar degrees of freedom. Because they ‘ . Pl Bl bt b TS
show the cubic symmetry with the 541 electronic state, the pure Ju= = 3/2 quartet state features charge
quadrupoles and magnetic octupoles. This is because the pure Jex = 3/2 guartet does not have any magnetic
dipolar moment but hosts hidden pseudo-dipolar moments accompanied by charge quadrupoles and magnetic
octupoles. The Ta chlorides Cs:TaCl; and Rb:TaCls are known to be correlated insulators with 54" Ta** ions in
aregular Cl octahedron. Their effective magnetic dipolar moment 1s substantially suppressed to approximately

0.2 yg. In addition, two-phase weak transitions are observed at low temperatures. We propose to employ muons
at TRIUMF to clarify the nature of the magnetic transitions in the quartet state with the collaboration of Prof. A-‘) )
Takagi's research group at Max Planck Instifute

Sungwon Yoon!'2, Yipeng Cai??, Tomohiro Takayamat?,

Hidenon Takam*38 Kenjt M. Kopma?? | Kwang-Yong Choil«

I Department of Physics, Sunglyunkwan University, Suwon 16419, Korea+
I TRIUMF, 4004 Wesbrook Mall, Vancowver, British Columbia Canada V6T 243«

1 Stewart Blusson Quantum Matter Institute{ SBQMI), University of British Columbia, Vancouver, British Eu [ (=] J lﬁ ?I nl Enﬁ EI
Columbia V6T 174, Canada- = =
4 Max Planck Institute for Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany < S ESREE A2
3 Institute for Functional Matter and Quantum Technologies, University of Stuttgart, Pfaffenwaldnng 57, 70550
Stuttgart, Germarry«

% Department of Physics, University of Tokyo, 7-3-1 Hongo, Toloyo 113-0033, Japan«

Spokesperson: Sungweon Yoon (indrasw81l@gmail.com)
Contactperson: Kenji M. Kojima (kojima@triumf.ca)«’




ke

oot

o2l 7ls=9Ql uSR A|AM &

I'

Science & Technology Facilities Council

@ |SIS Neutron and Muon Source
_ .

m Pl
% 1515 =
j+1 == EX
l#l =) =
oW pulsad’ ci

RCNP-MuSIC

The Intense DC Muon Beam in Japan

PAUL SCHERRER INSTITUT




244 SO0\ 85 AN o HQ uSR A4

. \ A VIRTUAL WORKSHOP
s N s * @ % * & ME HO§KSIVHI09@;02N1 February 1-2, 2021
A road map for a future Muon Facilty E ?

China Spallation Neutron Source

Program Proposed Beamlir

The goal of this two-day virtual workshop was te bring scientists and engineers from around the world together to discuss the construction
of a world class facility for Muon Spectroscopy (USR) at the Spallation Neutron Source (SNS) of Qak Ridge National Laboratery (ORNL).

USR is a technique that uses spin-polarized muons implanted in a material to provide extremely sensitive measurements of the static and
dynamic properties of the local magnetic field distribution within the sample.

The opportunity to leverage the existing accelerator and scientific infrastructure, as well as combine scientific and industrial capabilities with
combined Single Event Effects (SEE), will allow us to realize a project that would likely cost close to §1 billion if constructed as a standalone
facility.

This workshop, co-sponsored by the Department of Energy, Basic Energy Sciences, and the National Science Foundation, brought together
experts on scattering techniques to discuss a road map for a future muon facility in the United States. Given the scale of the proposed
facility, a bi-agency collaboration is important to ensure the success of the project.
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uSRZ 0|28t H-LEOF (ISIS off)
MUONS: Electronic

Organic
Irradiation €

Superconductivity

» Versatile probes of 3% 2o c
i ] b arbon .
magnetic, superconducting,quantum effects Biosystem 2% Inorganic
39, Superconductivity
molecular  systems 2% 210
Chemistry
«Complementary to other 4%

techniques ISIS / PSI / J- Sem“:‘;r;‘:“c“’rs
PARC all have n and p

Light Induced

facilities effects

7%
» Around 60 groups from 15 Organic
countries using ISIS muons Magnetism

9%

e Further details: Battery

materials/Solar

Inorganic
http://www.isis.stfc.ac.uk/groups/muons/ Cells Elemental Magnetism
10% analysis 1%

11%
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Metherlands 0.10%
Brazil 0.10%
Indonesia 0.10%
Sweden, 0.30%
Turkey 0.30%
Denmark 0.40
Israel 0_30%

Australia 0.30
South Africa 0
Korea 0.80%

Slovenia 1.00%
Portugal 1.10%
Spain 1.30%
Germany 1.70%
France 2.10%
Canada 2.20%

Switzerland 2.20%

India 5.60%

Japan 4.50% United States 4 50%

Number of proposals

Poland 2.80% ~  China 3.10% Italy 3.10%

A

A

Principle Investigator (User Number)
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(1) 06.08 : Exploring the nature of a ground state in the H-intercalated Kitaev magnet HsLilr,Og
(Dolly spectrometer, Paul Scherrer Institute, A2|A)

(2) 06.04-2021.06.07: Kondo impurities in the Kitaev spin liquid candidate a-(Ru,Cr)Cl;

(GPS and HAL-9500 spectrometers, Paul Scherrer Institute, 22|A)

(3) 06.06-06.08: Crossover of spin transport mechanism by one-dimensionalization in the anisotropic
triangular antiferromagnet Ca;ReOsCl, (GPS spectrometer, Paul Scherrer Institute, 22{4)

(4) 06.04-06.08, 07.04-07.06 : Possible spin liquid state in the hexagonal perovskite BagY,Rh,Ti,O5
(LAMPF and DR spectrometer, TRIUMF, ZHLtCt: PrincetonCl| Cava)

(5) 06.16-06.18: Electronic and magnetic phase diagram of Ni;_Co,S,

(LAMPF spectrometer, TRIUMF, ZHLtCt: Kenji Kojima BFAHTRIUMEF, ZHLEC}), Z42FF W4~ (SNU IBS))

(6) 06.19 - 06.25: Investigations of spin dynamics in magnetic topological insulators,
(MnBi,Te,) (Bi,Sbs) .,

(LAMPF spectrometer(M20 beamline), TRIUMF, ZHLtCH Kenji Kojima BFAHTRIUMEF, ZHLECE, L. Li (UCLA))
(7) 06. 25 - 07. 04: Natures of orders in spin-orbit entangled compounds with hidden multipoles
(LAMPEF spectrometer(M20 beamline), TRIUMF, ZHLIC}: H. Takagi (MPI Stuttgart))

(8) 10.25 - 10.29: Electronic and magnetic phase diagram of Ni;,Co,S, (0.5<x<1)

(DR spectrometer, TRIUMF ZHLICY)

(9) 12. 14 -12.15 : Spin diffusion in the quasi-one dimensional $=1/2 antiferromagnetic spin chain

KNaCuP,0; (Dolly spectrometer, Paul Scherrer Institute, 22{2)
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PHYSICAL REVIEW B 103, 024413 (2021)

Temporal and field evolution of spin excitations in the disorder-free triangular
antiferromagnet Na,BaCo(POy),

S.Lee."™" C.H. Lee."” A. Berlie.” A. D. Hillier.” Devashibhai T. Adroja.” Ruidan Zhong.?
R.J. Cava.’ Z. H. Jang,* and K.-Y. Choi'~*
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ARTICLE OPEN M) Check for updates
Dichotomy in temporal and thermal spin correlations observed
in the breathing pyrochlore LiGa, In Cr;Og

S. Lee'?, S-H. Do', W. Lee', Y. S. Choi', J. van Tol®, A. P. Reyes(i?, D. Gorbunov®, W-T. Chen (3°# and K.-Y. Choi (/™
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PHYSICAL REVIEW MATERIALS 5, 014411 (2021)

Quantum disordered state in the J;-J> square-lattice antiferromagnet SrCu(Tey.9sW.05)Og

Sungwon Yoon®,'> Wonjun Lee,' S. Lee,"* J. Park,! C. H. Lee,! Y. S. Choi,' S.-H. Do,"* Woo-Jae Choi,” Wei-Tin Chen,®’
Fangcheng Chou,>”* D. I. Gorbunov,” Yugo Oshima®,'" Anzar Ali®,"! Yogesh Singh,'' Adam Berlie,?
I. Watanabe ©.'? and Kwang-Yong Choi''?:"
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Time-scale distributions of spin fluctuations in the S = 2 kagome antiferromagnet
CsMn,;Fg(Se0y),

Suheon Lee,''* Tianyu Zhu?-* Y. Oshima.* T. Shiroka.* C. Wang*
H. Luetkens* Haoming Yang,? Minfeng Lit,* ! and K.-Y. Choi®*
! Center for Integrated Nanostructure Physics, Institute for Basie Seience, Swwon 16419, Republic of Korea
*School of Environmental and Chemical Engineering,
Jiangsu University of Science and Technology, Zhenjiong 212003 Jiangsw, China
*Meson Science Laboratory, RIKEN Cluster for Pioneering Research, Hirosawa . Wako, Saitama 351-0195, Japan
! Laboratory for Muen Spin Spectroscopy, Paul Scherrer Institute, 5232 Villigen, Switzerland
P Department of Physics, Sungkyunkwan University, Suwon 16418, Republic of Korea
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(1) 71220 24 CsV3Sb:OllAl time-reversal breaking?| Bi|7HLS #+3& [SKKU Tuson Park]
(2) Transverse Ising magnet SrCo(SeQ;);2| YAt 24 0| A+ [Academia Sinica]

(3) 70| BEIAFSA| YCus(OH)g sBry Ol Af ATIOHAN AL

(4) Coupled tetrahedral and honeycomb lattice CusTe,O4H,2| ground state &+

[Jiangsu University]

W 2 uSR 15 FA| Mg



Con il Patrocinio del p
% Comune di Parma e
- eutron and Muon Source

The 15th International Conference on

Muon Spin Rotation, Relaxation and Resonance
29 August - 2 September, 2022 Parma, ITALY

Student Day for Ph.D. students will be held on 28 August 2022




