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Outline of a simple story

A new quasi-particle Cavity Magnon Polariton (CMP)

The price we pay

Three ways out

Summary What is the Cavity Spini
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Take home graph:  The story of a hybrid beast (CMP)

Cavity Magnon Pola

(A new quasi-particlg

This hybrid beast was born a few years ago, but it grows rapidly.




That beast was created by the cavity technique

© Aashish Clerk

Cavity + Atoms Cavity + Mechanical oscillator

Circuit QED

R © Huebl and
© Wallraff et al, Goennenwein,

Nature (2004) Physics (2015)
Cavity + Cooper pair box Cavity + Spins = Cavity Spintronics

A disruptive technique that transformed many research fields

The magnons (many spins locked together)

a The Landau-Lifshitz equation
of magnetization dynamics

Magnetic materials

© Burkard Hillebrands

What happens if we let magnons couple with cavity photons?

Once upon a time: the story of Cavity photon + Atom (a spin)

The single atom (spin) Rabi frequency

The spin-photon cooperativity C= gz/yK =1

Prophets said:  we should try with many-spin systems (e.g., magnons)

Here is what the prophets said in 2010

"Coupling terms > several THz are predicted to be achievable .."




Then the pioneer came: Magnon - photon coupling (50 mK)

C7M

i ibectd Number of spins: N ~ 1016

H=ho$, +hod'd+hg(Sa+a's)

s Huebl, et al., Phys. Rev. Lett. 111, 127003 (2013).  Cooperativity C ~1350 @ 50mK

Many-spin (magnon) Rabi frequency [l g\/ﬁssloo MHz

Quantum vs classical: The Correspondence Principle

The behavior of systems described
by the theory of quantum mechanics
reproduces classical physics in the
limit of large quantum numbers.

Cavity + Single spin

H,, =g(a'S_+aSt)

© Huebl and
Goennenwein,
Physics (2015)

Bohr, "Uber die Serienspektra der Element", Cavity + Spins = Cavity Spintronics
Zeitschrift fur Physik, 2 (5): 423-478, (1920)

Simple picture for magnon-photon coupling (quantum)

H=hoS, +hod'd+ng(Sa+a's )

PRL 113, 083603 (2014)

Classically, the cavity can be modeled by LCR equation

A microwave cavity

Wi~ (1)

h(t) < j(t)

Ampere's law tells us: the phase of h(t) locks with the phase of j(t)




Semi-classically, magnon can be modeled by LLG equation

vmd(t)oc%mm

Faraday's law tells us: m(t) induces V(t) that drives the microwave current

Review: the polariton (quasi-particle)

EM waves - Material

RF
p-wave
IR

The electrodynamics The spin/charge/lattice dynamics

Electrodynamics + spin/charge/lattice dynamics = polariton

Classical picture for the quasi-particle CMP

Ampere's law

Faraday's law

E3  Phys. Rev. Lett, 114, 227201 (2015) Cooperativity C ~1000 @ RT

The quasi particle:  Cavity Mangon Polariton (CMP)

The well known example:  phonon polariton

Phonon Polariton

Polar semiconductor

TO and LO phonons

A hybrid mode of light and lattice dynamics




CMP is a new member of the polariton family Spin Cavitronics 1 vs PLMCN 19
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Cavity Exciton Polariton

Example of a CMP measurement (microwave transmission) What's the use of CMP? A great fransducer

CMP:
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Spin current

Spin “solar” cell

C‘ e

detect V@ FMR

e -

. . A semiconductor solar cell
The spin pumping

How do we do that? W |

Microwave Cavity + YIG/Pt

With CMP, we can use one spin current to switch the other one in distance.

CMP for wirelessly controlling spin currents

YIG/Pt

(VA P o (m +e’h+e'm,)e™

Spin current 1 spin current 2

All these are wonderful, but, there is no free lunch.

The price we pay




By moving from single spin to many-spin system,

Priest Feynman .. ... we came back fo the top

Many-spin world
"There's Plenty of Room at the Bottom."

Single-spin world

we disobey the priest, so we pay a price ...

And we lose the photon number state (Mollow Triplet)

A single spin The dressed states

Each photon number state splits into two,
producing the Mollow Triplet.

The price we pay: the loss of non-linearity

A single spin

Number of photon n >> spin Number of CMP m << spins: N ~ 1016

Nonlinear dynamics of a Fermion Linear dynamics of many Bosons

The Rabi frequency is The Rabi frequency is
controlled by the photon number n independent of n

We can not control the Rabi frequency via the microwave power (photon number)

We don't see Mollow Triplet in CMP system

A single spin Many spins (magnon)

Because we lost the access to the photon humber state. That's the price we pay.




Three paths towards restoring the non-linearity

Couple the CMP to a non-linear system (such as a qubit)

—
—
Science (2015)

Using the nonlinear magnetization dynamics

*:
Y.S. Gui,
o
PRL (2018)

Using the active cavity technique u

Nat. Comm. (2017)

We first couple 10 spins with a photon o get a CMP

Phys. Rev. Lett. (2015)

(2017)

The active cavity technique, and the new specie ...

Cavity Magnon Quintuplet
Locking 1013 CMP together

Then, we feed the photons back (coherently)

u Nature Comm. (2017)




The feedback photons lock trillions of CMP fogether

n Nature Comm. (2017)

The photon number control of Rabi splitting is restored (free lunch !)

Two sets of Mollow triplets are observed

Observing Mollow triplets indicates that we are accessing the photon number state.

What happened? “dressing of the dressed states”

Nature Comm., 8, 1437 (2017).




Where comes the free lunch? Many-body system

“There's Plenty of Room at the Bottom." “More Is Different”, P. W. Anderson

Science, Vol. 177, (Aug. 4, 1972), 393-396.

enhanced Rabi frequency + photon control There's plenty of surprises in many-body systems

Take home message II: What is Cavity Spintronics?

Cavity Spintronics
(Spin Cavitronics)

Take home message I: 6o many-body!

More spin is better than a single spin CMP enhances Rabi frequency

Cavity Magnon Polariton (CMP)

More CMP is better than a single CMP

CMQ restores photon number control of
Rabi frequency (restores non-linearity)
|

Cavity Magnon Quintuplet (CMQ)

Lake Winnipeg

Winnipeg Skyline

Thanks for your attention! Collaborations are welcome.

University of Manitoba n

The oldest university in west Canada
(since 1877)

Long tradition in studying magnetism
(Allen Morrish was the department head)

(Michael Coey was a PhD student of our dept)
(Bob Stamps is our new department head)
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