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In quantum materials research, we are searching for quantum states of matter
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Low temperature, necessary but (in many cases) 
not sufficient to reach these quantum states.



Jain et al., Nature Physics (2017)

Higgs ModeMajorana Fermions

Banerjee et al., Science 356 (2017)Fennel et al., Science 326 (2017)

Magnetic Monopoles

Emergent quasiparticles in magnetic quantum materials 
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The next decade of research at QMI will be guided by three Grand Challenges

RESEARCH THEMES

I    Atomic Level Design of Quantum Materials

II Emergent Electronic Phenomena at Interfaces

III Topologically Protected Quantum States

IV  Photonic Manipulation of Quantum States

Materials Experimentation Modelling



My group designs and then grows single crystals of new magnetic quantum materials

- Apply chemical pressure
e.g. Ge4+ < Ti4+ < Sn4+

- Reduce the spin
e.g. Ni2+ (S = 1)  Cu2+ (S = ½) 

- Tune the oxidation state
e.g. Anion substitution (O2- N3-)

- Enhance spin-orbit coupling
e.g. Ru3+ (Z = 44)  Os3+ (Z = 76)

Rau et al., ARCMP 7:195 (2016).

Romhányi et al., PRL 118, 217202 (2017).



My group designs and then grows single crystals of new magnetic quantum materials

Partial image credit: Morosan Lab @ Rice



Multi-anvil apparatus –
pressures up to 250 kbar

High pressure floating zone –
Gas Pressures up to 300 bar

UBC-SBQMI

High pressure synthesis at the Quantum Matter Institute
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High pressure synthesis extends the materials discovery landscape



How we use muons at TRIUMF to study magnetic quantum materials

1. Highly sensitive local probe of magnetism

2. Sensitive to spin fluctuations on the time scale of MHz

3. Volume sensitive technique

μ



Example 1: The search for quantum critical points 

Te
m

p
er

at
ur

e

QCP

Pressure
Magnetic Field
Doping



H
uang et al., P

hysical R
eview

 Letters (2020)

RNiO3 Ni1-xRhx

Example 1: The search for quantum critical points 
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Pnictides

Cuprates

EF

Ug(EF) ≥ 1

J = L + S

Moriya and Yoshinori. Ann. Rev. of Mat. Sci. (1984).

Example 2: The search for purely itinerant magnets



Example 2: The search for purely itinerant magnets
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Example 2: The search for purely itinerant magnets
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