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𝜔𝜔𝑟𝑟

ℏ𝜔𝜔/2

ℏ𝜔𝜔𝑟𝑟
Photons:

Zero-point
fluctuations

εrms= 𝜔𝜔𝑟𝑟 ℏ𝜋𝜋/4𝑍𝑍0irms=

In a CPW resonator:

Harmonic oscillator𝑔𝑔

| ⟩↑
| ⟩↓

𝜔𝜔𝑞𝑞

𝛾𝛾

Atom:
Two level system
Or anharmonic

ℏ𝜔𝜔𝑞𝑞

| ⟩g

| ⟩e

Bloch sphere:

| ⟩𝜓𝜓 = cos
𝜃𝜃
2

| ⟩g + sin
𝜃𝜃
2
𝑒𝑒𝑖𝑖𝜙𝜙 | ⟩e

Cavity QED: electromagnetic cavities and qubits
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1.0 Outside the cavity

ωr = ωq

Purcell effect

Weak coupling:

𝜸𝜸, 𝜿𝜿𝒈𝒈 <

�𝛾𝛾 = 𝛾𝛾 +
𝑔𝑔2

𝜅𝜅

The atom decay rate
increases:
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Strong coupling:

𝜸𝜸, 𝜿𝜿𝒈𝒈 >

Rabi oscillations
Ω = 2g

ωr = ωq

Avoided crossing at 
degeneracy point

𝜔𝜔± = 𝜔𝜔𝑟𝑟+𝜔𝜔𝑞𝑞

2
±

4𝑔𝑔2+(𝜔𝜔𝑟𝑟+𝜔𝜔𝑞𝑞)2

2

𝜅𝜅
𝜔𝜔𝑟𝑟𝑔𝑔

| ⟩↑
| ⟩↓

𝜔𝜔𝑞𝑞

𝛾𝛾

Cavity QED: electromagnetic cavities and qubits
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Blais et al PRA 69 2004

| ⟩↑

| ⟩↓

𝚫𝚫 = 𝟎𝟎

𝜔𝜔𝑟𝑟

In resonance:

| ⟩↑

| ⟩↓ 𝜔𝜔𝑞𝑞

𝚫𝚫 = 𝛚𝛚𝐪𝐪 − 𝛚𝛚𝐫𝐫

Dispersive READOUT of QUBIT 
states and PHOTON COUNT!

Far from resonance:

𝜅𝜅
𝜔𝜔𝑟𝑟𝑔𝑔

| ⟩↑
| ⟩↓

𝜔𝜔𝑞𝑞

𝛾𝛾

Cavity QED: electromagnetic cavities and qubits
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=

Mediate interaction between
distant QUBITS

𝜅𝜅
𝜔𝜔𝑟𝑟𝑔𝑔

| ⟩↑
| ⟩↓

𝜔𝜔𝑞𝑞

𝛾𝛾

Cavity QED: electromagnetic cavities and qubits
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ℏ𝜔𝜔/2

ℏ𝜔𝜔𝑟𝑟
Photons:

Zero-point
fluctuations

εrms= 𝜔𝜔𝑟𝑟 ℏ𝜋𝜋/4𝑍𝑍0irms=

In a CPW resonator:

Harmonic oscillator

Cavity QED with bosonic excitations: two coupled harmonic oscillators

𝜅𝜅
𝜔𝜔𝑟𝑟

𝑔𝑔𝑒𝑒𝑀𝑀𝑠𝑠𝑉𝑉
2𝜇𝜇𝐵𝐵

Magnons: Kittel homogeneous mode

𝑔𝑔𝑒𝑒𝑀𝑀𝑠𝑠𝑉𝑉
2𝜇𝜇𝐵𝐵

µrms=

In a sphere:

Quantum
ℏ𝜔𝜔/2εrms=

f = B0×28 GHz

Classically

B0

𝛾𝛾

𝜔𝜔𝑚𝑚

𝑔𝑔
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Cavity QED with bosonic excitations: two coupled harmonic oscillators
Two coupled harmonic oscillators with detuning ∆k

𝜔𝜔0 =
𝑘𝑘0
𝑚𝑚

𝜔𝜔0 =
𝑘𝑘0
𝑚𝑚

Weak coupling with no detuning ∆k=0

𝜔𝜔+ =
𝑘𝑘0 + 2𝑔𝑔

𝑚𝑚

𝜔𝜔− = 𝜔𝜔0=
𝑘𝑘0
𝑚𝑚

Strong coupling with no detuning ∆k=0 Even detuned ∆k≠0

𝜅𝜅
𝜔𝜔𝑟𝑟

𝛾𝛾

𝜔𝜔𝑚𝑚

𝑔𝑔

Equivalent to
purcell effect!!
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Cavity QED with bosonic excitations: two coupled harmonic oscillators

𝜅𝜅
𝜔𝜔𝑟𝑟

𝛾𝛾

𝜔𝜔𝑚𝑚

𝑔𝑔

Counting individual 
MAGNONS and SENSING!

D. Lachance-Quirion et al, Science
Advances 3 (2017)
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𝑔𝑔 = ↑ 𝝁𝝁 𝒃𝒃rms ↓

1
4
ℏ𝜔𝜔 = �

𝑉𝑉

1
2
𝑏𝑏rms2

𝜇𝜇0
𝑑𝑑𝑉𝑉 =

1
2
𝐿𝐿 𝑖𝑖2

2

∝ 𝑏𝑏rms=
𝜇𝜇0ℏ𝜔𝜔𝑟𝑟
2𝑉𝑉

How can we increase the coupling: From superconducting → to magnonic circuits

On-chip
version

DISTRIBUTED 
RESONATOR

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

B0

S = 1/2 𝑔𝑔𝜅𝜅
𝜔𝜔𝑟𝑟

∝ 1/𝑉𝑉

𝛾𝛾

𝜔𝜔𝑟𝑟

𝑔𝑔q

B0

S = 1/2



Outline

12

 Light-matter interaction and circuit QED

 Nanomagnets + magnonic resonators

 GdW10 as spin qubit
 SCB as cavity
 Spin – magnon

 Nanomagnets + superconducting resonators

 Coupling to spins
 Coupling to magnons



13

Spin – Photon coupling: the problem to couple to spin qubits

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

B0

S = 1/2 𝑔𝑔

Fixed to λ/2 = c / 2ω

w

∝ 𝑏𝑏rms=
𝜇𝜇0ℏ𝜔𝜔𝑟𝑟
2𝑉𝑉

𝑔𝑔

𝑮𝑮 = �
𝒊𝒊

𝑵𝑵
𝒈𝒈𝒊𝒊𝟐𝟐

𝑮𝑮 = 𝑵𝑵𝒈𝒈

Gimeno, MJ M-P (...) F. Luis ACS Nano 2020, 14, 8707−8715

Coupling can be increased by increasing the
number of qubits

Experimental 
demonstration

The length of the resonator is fixed by frequency
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Spin – Photon coupling: the problem to couple to spin qubits

Gimeno, MJ M-P (...) F. Luis ACS Nano 2020, 14, 8707−8715

0.1

0.5

1.0

2.0

Brms (nT)

10

100

1

w (µm) =

Experimental 
demonstration

w

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

B0

S = 1/2 𝑔𝑔

Fixed to λ/2 = c / 2ω

∝ 𝑏𝑏rms=
𝜇𝜇0ℏ𝜔𝜔𝑟𝑟
2𝑉𝑉

𝑔𝑔

The length of the resonator is fixed by frequency

The width can be decreased reducing the mode volume

𝑖𝑖rms = 𝝎𝝎𝒓𝒓
ℏ𝜋𝜋
4𝑍𝑍0

1
4
ℏ𝜔𝜔 = �

𝑉𝑉

1
2
𝑏𝑏rms2

𝜇𝜇0
𝑑𝑑𝑉𝑉 =

1
2
𝐿𝐿 𝑖𝑖rms

2

2

~𝝎𝝎𝒓𝒓
𝒓𝒓

𝟐𝟐𝝁𝝁𝟎𝟎
𝝅𝝅𝝅𝝅

𝒁𝒁𝟎𝟎 =
𝝅𝝅
𝟐𝟐
𝑳𝑳𝝎𝝎𝒓𝒓

How can we estimate the z.p.f. field
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Spin – Photon coupling: the problem to couple to spin qubits

Gimeno, MJ M-P (...) F. Luis ACS Nano 2020, 14, 8707−8715

0.1

0.5

1.0

2.0

Brms (nT)

10

100

1

w (µm) =

Experimental 
demonstration

Dip pen distribution of s=1/2 
molecules (DPPH)

Experiment
Simulations

G=2 MHz
g < 1 kHz !
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How can we increase the coupling: From superconducting → to magnonic circuits

On-chip
version

DISTRIBUTED 
RESONATOR

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

B0

S = 1/2 𝑔𝑔

Q =
ωr

𝑘𝑘 ~104 − 105

𝛾𝛾

𝜅𝜅

LUMPED ELEMENT 
RESONATOR (LC)

𝜔𝜔𝑟𝑟

𝑔𝑔B0

S = 1/2

𝜅𝜅
𝜔𝜔𝑟𝑟

∝ 1/𝑉𝑉

𝛾𝛾

𝜔𝜔𝑟𝑟

𝑔𝑔q

B0

S = 1/2
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How can we increase the coupling: From superconducting → to magnonic circuits

Q =
ωr

𝑘𝑘 ~104 − 105

𝛾𝛾

𝜅𝜅

LUMPED ELEMENT 
RESONATOR (LC)

𝜔𝜔𝑟𝑟

𝑔𝑔B0

S = 1/2

𝑖𝑖rms = 𝝎𝝎𝒓𝒓
ℏ
𝑍𝑍0

=
ℏ𝝎𝝎𝒓𝒓
𝐿𝐿

1
4
ℏ𝜔𝜔 = �

𝑉𝑉

1
2
𝑏𝑏rms2

𝜇𝜇0
𝑑𝑑𝑉𝑉 =

1
2
𝐿𝐿 𝑖𝑖rms

2

2 𝒁𝒁𝟎𝟎 = 𝑳𝑳𝝎𝝎𝒓𝒓

How can we estimate the z.p.f. field

g < 10 kHz !

Coupling increases by one
order of magnitude !!!

We are still far from coupling to one
individual spin qubit (we need MHz)
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Magnon nanocavities: how can we estimate the magnon-photon coupling

𝐻𝐻 = ℏ𝜔𝜔𝑐𝑐𝑎𝑎𝑐𝑐+𝑎𝑎𝑐𝑐 + ℏ𝜔𝜔𝑣𝑣𝑎𝑎𝑚𝑚+ 𝑎𝑎𝑚𝑚 + ℏ𝑔𝑔 (𝑎𝑎𝑐𝑐++𝑎𝑎𝑚𝑚)(𝑎𝑎𝑚𝑚+ +𝑎𝑎𝑐𝑐)

Hcavity Hvortex Hcoupling

The hamiltonian, harmonic magnon mode:

Zeeman magnon-cavity coupling: Hcoupling = �
𝑗𝑗

𝜇𝜇𝑗𝑗𝐵𝐵(𝑟𝑟𝑗𝑗) = 𝑉𝑉𝑀𝑀𝑗𝑗𝐵𝐵(𝑟𝑟𝑗𝑗)

cavity quant: �𝐵𝐵 = 𝑏𝑏 𝑎𝑎𝑐𝑐+ + 𝑎𝑎𝑐𝑐

magnon quant: �𝑀𝑀 = 𝑚𝑚 (𝑎𝑎𝑚𝑚+ + 𝑎𝑎𝑚𝑚)
ℏ𝑔𝑔 = 𝑉𝑉𝑚𝑚𝑏𝑏

Classical driving feld: Hcoupling = ℏ𝑔𝑔2𝑔𝑔 cos𝜔𝜔𝜔𝜔 (𝑎𝑎𝑚𝑚+ +𝑎𝑎𝑚𝑚)

Response of the driven HO: M(t) = 𝑚𝑚 𝑎𝑎𝑚𝑚+ +𝑎𝑎𝑚𝑚 =
ℏ𝑔𝑔
𝑉𝑉𝑏𝑏

ℏ𝑔𝑔2𝑔𝑔
ℏΔ𝜔𝜔/2

sin𝜔𝜔𝜔𝜔

Δ𝑀𝑀

𝑔𝑔 =
𝑏𝑏rms

2
𝑉𝑉𝑉𝑉Δ𝑓𝑓𝑚𝑚
ℏ

one photon

𝑉𝑉 𝑓𝑓𝑚𝑚 = Δ𝑀𝑀/𝑏𝑏

𝜅𝜅

𝜔𝜔𝑟𝑟

𝜔𝜔m

𝜅𝜅

𝑔𝑔m

One needs to know the 
susceptibility of the mode

MJ M-P & D Zueco, ACS photonics 2019
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Fixed to λ/2 = c / 2ω

Spin – Photon coupling: Coupling to ferromagnetic spins

y x
z

𝐺𝐺 =
γ 𝑣𝑣cell
4ℏ

�
𝑗𝑗

𝑁𝑁cell

Δ𝑴𝑴𝑗𝑗 � 𝒃𝒃rms(𝑟𝑟𝑗𝑗)

Coupled spins

brms

-11 -10 -9
0

2

4

6

11 12 13

 

 

f (GHz)

 

 

-5.4 -5.1
0.0

0.2

0.4

4.2 4.4

 

 

(κ
-κ

m
) (

M
Hz

)
f (GHz)

 

 

Martinez-Losa, (...) MJ M-P Phys Rev Appl, 2022

In the weak coupling regime:MJ M-P & D Zueco, ACS photonics 2019

Gtheo = 80 MHzGtheo = 40 MHz

10.42

10.46

10.50

30-60 -30 0 604.190

4.200

4.210

Fr
eq

ue
nc

y 
(G

Hz
)

10-20 -10 0 20
Bext (mT) Bext (mT)

Gexp = 20 MHz

γ = 80 MHz

10 μm

600 nm
t = 120 nm

15 μm

3
μm

t = 60 nm

Fr
eq

ue
nc

y 
(G

Hz
)

Gexp = 60 MHz

γ = 200 MHz

Not in strong coupling
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Magnon nanocavities: how can we estimate the magnon-photon coupling

Kittel (k = 0) Magnetostatic (k ≠ 0) Vortex Skyrmion

Cylindrical Re-entrant Distributed Lumped-element

Real cavities yield strongly non-homogeneous profiles…

That excite non homogeneous magnon modes. Also magnetic textures can be stabilized
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Spin – Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED

Martinez-Losa, (...) MJ M-P sumbitted to 
Computer Physics Commun.

We can now simulate the response of M upon the action of a cavity field Brms. Hamiltonian:  

available on GitHub

Memory term

Heisenberg equation of motion for spin:

Large spin limit
+ DAMPING

Corresponding
Heisenberg eq. of
motion

Expectation value
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Spin – Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED

Martinez-Losa, (...) MJ M-P SUBMITTED TO 
Computer Physics Commun.

Soon available on GitHub

1.
75

 µ
m

1 µm

2g↑↓

0.60.4 0.8 1.0

20

25

15

f(
G

Hz
)

B (T)

0.46 0.5

13.0 2g↑↑

12.5

13.5

brms (nT)
101 10310-1

M. Goryachev,, Physical
Review Applied 2 (5) 
(2014)

Reproduce EXPERIMENT by:
NUMERICAL RESULTS:
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Spin – Photon coupling: cavity quantum electrodynamics with MUMAX3-cQED
Soon available on GitHub

Magnetic textures + non-homogeneous magnetic profile

Vortex

800 nm

150 nm

Martinez-Losa, (...) MJ M-P SUBMITTED TO 
Computer Physics Commun.
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∝ 1/𝑉𝑉

On-chip
version

How can we increase the coupling: From superconducting → to magnonic circuits

| ⟩↑
| ⟩↓

𝜔𝜔𝑞𝑞

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

𝑔𝑔q

Magnon 
version 𝜔𝜔m

𝑔𝑔
𝜅𝜅

𝐐𝐐 =
𝝎𝝎𝐦𝐦

𝒌𝒌 ~𝟏𝟏𝟎𝟎𝟐𝟐 − 𝟏𝟏𝟎𝟎𝟒𝟒

Mode volumen can be 
strongly reduced !!!

DISTRIBUTED 
RESONATOR

𝛾𝛾

𝜅𝜅
𝜔𝜔𝑟𝑟

B0

S = 1/2 𝑔𝑔

Q =
ωr

𝑘𝑘 ~104 − 105

𝛾𝛾

𝜅𝜅

LUMPED ELEMENT 
RESONATOR (LC)

𝜔𝜔𝑟𝑟

𝑔𝑔B0

S = 1/2

B0
S
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Az Ay

δz − δy

Use excitation field 𝐵𝐵 = 𝛽𝛽 sin(𝜔𝜔𝜔𝜔)

On each cell

𝑩𝑩rms = Λ 𝛽𝛽 𝑩𝑩strayac (𝛽𝛽)

𝐵𝐵rms = 𝐵𝐵rms,1
2 + 𝐵𝐵rms,2

2

𝐵𝐵rms,1

Response:

Relevant zpf to calculate coupling to ½ spin:

Beff

𝐵𝐵rms,2

z z

Ferromagnetic spheres:

x
y

Beff

S = 1/2

-30-50 -10 10 30 50

-30

-10

30

60

-60

10 300

400

100

200

0

brms (µT)

y 
(n

m
)

x (nm)

60
 n

m

Gonzalez-Gutierrez, MJ M-P ACS Nano 2023



10-24 10-21 10-18 10-15

10-3

10-2

10-1

100

101

 

g/
2π

 (M
Hz

)

V (m3)

𝑔𝑔/
2𝜋𝜋

@
3n

m
 (M

Hz
)

YIG
Py
CoFe

Low Z resonator

1.5
5
10

ω0 /2π (GHz)

Low Z

Superconducting cavities:

B0

brms

B0

S = 1/2

gmax/2π = µB Brms  ≤ 10 kHz

Magnon nanocavities

-3

0

3

-10-15 -5 5 10 15

0 0.2 0.4 0.6
Brms (µT)

y 
(µ

m
)

x (µm)

ω0 /2π = 10 GHz

50 nm

gmax/2π = µB Brms  ∼ MHz for S=1/2 !!!

Ferromagnetic spheres:

x
y

Beff

S = 1/2

-30-50 -10 10 30 50

-30

-10

30

60

-60

10 300

400

100

200

0

brms (µT)

y 
(n

m
)

x (nm)

60
 n

m

g can be three orders
of magnitude larger
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𝑔𝑔𝑒𝑒𝑀𝑀𝑠𝑠

2𝜇𝜇𝐵𝐵𝑉𝑉
Mrms =𝑔𝑔 ∝

∝ 𝑏𝑏rms=
𝜇𝜇0ℏ𝜔𝜔𝑟𝑟
2𝑉𝑉

𝑔𝑔𝑔𝑔

Gonzalez-Gutierrez, MJ M-P ACS Nano 2023
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Metallic ferromagnets: permalloy and FeCo

400 80 120 400 80 120
#3 #4

400 80 120
#1

400 80 120

Bext (mT)

#2
400 80 120

2

4

6

8

10

12

14

0
#0

fr
eq

(G
Hz

)

#0
10 μm

600 nm

t = 120 nm

15 μm

3
μm

t = 60 nm

#3 #4

15
μm

15
μm

t = 20 nm

#1

25
μm

25 μm

t = 120 nm

#2

6 μm

2μm

t = 200 nm

Bext

Broad band ferromagnetic resonance at mK temperatures

α ∼ 0.01
7 8 9

Frequency (GHz)

61 mT

𝐐𝐐~𝟓𝟓𝟎𝟎

Martinez-Losa, (...) MJ M-P Phys Rev Appl 2023

Shape and magnetocrystallyne anisotropy 
allows to tune the resonance frequency !!

Bext 0 deg

Bext 90 deg

FeCo 110 -hard axis FeCo 100 -easy axis 

2

6

1
0

1
4

1
8

fr
eq

(G
Hz

)

#0

-100-200 0 100
Bext (mT)

200

4.4 K  10 dBm 0 deg

-100-
200

0 100
Bext (mT)

200

4.4 K  10 dBm 45 
deg

(collaboration with A. Butera (Bariloche)

α ∼ 0.01 𝐐𝐐~𝟓𝟓𝟎𝟎
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Insulating ferrimagnets: Yttrium Iron Garnet at mK temperatures with no GGG

α ∼ 0.0007
Using  nanopatterned YIG at 30 mK:

S21

Bext 0 deg

𝐐𝐐~𝟕𝟕𝟎𝟎𝟎𝟎

5 µm

(collaboration with A. Chumak, Vienna)

Very encouraging !!

α ∼ 0.0001Using YIG at Room temperature: 𝐐𝐐~𝟓𝟓𝟎𝟎𝟎𝟎𝟎𝟎
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 Light-matter interaction and circuit QED

 Nanomagnets + magnonic resonators

 GdW10 as spin qubit
 SCB as cavity
 Spin – magnon

 Nanomagnets + superconducting resonators

 Coupling to spins
 Coupling to magnons
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GdW10 a prototype spin qubit

(collaboration with E. Coronado ICMOL)

𝑇𝑇dip= 36 mK

• Relatively large Zero Field 
Spliting of ∼40 GHz (2 K)

• Diplar order at 36 mK (very
weak dipolar interactions)
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10

15

20

25

30

0

Fr
eq

(G
Hz

)

7.
5 

G
Hz

14
.8

 G
Hz

S=7/2 -7/2

-5/2

-3/2

-1/2

5/2

3/2

1/2

-100 100 2000
B (mT)

GdW10 20 mK

-100 1000
B (mT)

GdW10 has a well defined easy axis. Hamiltonian:
𝐵𝐵20=-0.059 K 𝐵𝐵44= 4e-4 K

Η = 𝐵𝐵20𝐎𝐎𝟐𝟐𝟎𝟎 +𝐵𝐵44𝐎𝐎44 − 𝑔𝑔𝜇𝜇𝐵𝐵
1
2

(𝑆𝑆+ + 𝑆𝑆−)(𝐻𝐻𝑥𝑥 + 𝑖𝑖𝐻𝐻𝑦𝑦) + 𝑆𝑆𝑧𝑧𝐻𝐻𝑧𝑧

W5O18

W5O18

GdS=7/2
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GdW10 a prototype spin qubit

(collaboration with E. Coronado ICMOL)

Η = 𝐵𝐵20𝐎𝐎𝟐𝟐𝟎𝟎 +𝐵𝐵44𝐎𝐎44 − 𝑔𝑔𝜇𝜇𝐵𝐵
1
2

(𝑆𝑆+ + 𝑆𝑆−)(𝐻𝐻𝑥𝑥 + 𝑖𝑖𝐻𝐻𝑦𝑦) + 𝑆𝑆𝑧𝑧𝐻𝐻𝑧𝑧GdW10 has a well defined easy axis. Hamiltonian:
𝐵𝐵20=-0.059 K 𝐵𝐵44= 4e-4 K

-100 100 2000
B (mT)

GdW10 20 mK

-100 1000
B (mT)
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-200-300 300

GdW10 40 mK 0dBmW5O18

W5O18

GdS=7/2
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GdW10 a prototype spin qubit

(collaboration with E. Coronado ICMOL)

W5O18

GdW10 has a well defined easy axis. Hamiltonian:
𝐵𝐵20=-0.059 K 𝐵𝐵44= 4e-4 K

Η = 𝐵𝐵20𝐎𝐎𝟐𝟐𝟎𝟎 +𝐵𝐵44𝐎𝐎44 − 𝑔𝑔𝜇𝜇𝐵𝐵
1
2

(𝑆𝑆+ + 𝑆𝑆−)(𝐻𝐻𝑥𝑥 + 𝑖𝑖𝐻𝐻𝑦𝑦) + 𝑆𝑆𝑧𝑧𝐻𝐻𝑧𝑧

Bext 0 deg

Bext 90 deg

θ

z axis in the plane at 
approximatelly 45 deg

W5O18

W5O18

GdS=7/2
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GdW10 a prototype spin qubit

(collaboration with E. Coronado ICMOL)

W5O18

W5O18

GdS=7/2

GdW10 has a well defined easy axis. Hamiltonian:
𝐵𝐵20=-0.059 K 𝐵𝐵44= 4e-4 K

Η = 𝐵𝐵20𝐎𝐎𝟐𝟐𝟎𝟎 +𝐵𝐵44𝐎𝐎44 − 𝑔𝑔𝜇𝜇𝐵𝐵
1
2

(𝑆𝑆+ + 𝑆𝑆−)(𝐻𝐻𝑥𝑥 + 𝑖𝑖𝐻𝐻𝑦𝑦) + 𝑆𝑆𝑧𝑧𝐻𝐻𝑧𝑧

θ

z axis in the plane at 
approximatelly 45 deg

Bext 0 deg

Bext 90 deg
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20
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0
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0.250-0.25-0.5 0.5 0.250-0.25-0.5 0.50.250-0.25-0.5 0.5
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θ = +50º

θ = 300º
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GdW10 a prototype spin qubit

(collaboration with E. Coronado ICMOL)

W5O18

W5O18

GdS=7/2

GdW10 has a well defined easy axis. Hamiltonian:
𝐵𝐵20=-0.059 K 𝐵𝐵44= 4e-4 K

Η = 𝐵𝐵20𝐎𝐎𝟐𝟐𝟎𝟎 +𝐵𝐵44𝐎𝐎44 − 𝑔𝑔𝜇𝜇𝐵𝐵
1
2

(𝑆𝑆+ + 𝑆𝑆−)(𝐻𝐻𝑥𝑥 + 𝑖𝑖𝐻𝐻𝑦𝑦) + 𝑆𝑆𝑧𝑧𝐻𝐻𝑧𝑧

θ

z axis in the plane at 
approximatelly 45 deg

Bext 0 deg

Bext 90 deg
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1/2

γ ∼ 10 MHz

τ ∼ 100 ns
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 Light-matter interaction and circuit QED

 Nanomagnets + magnonic resonators

 GdW10 as spin qubit
 SCB as cavity
 Spin – magnon

 Nanomagnets + superconducting resonators

 Coupling to spins
 Coupling to magnons
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Van der Waals antiferromagnet: Chromium Sulfide Bromide

c axis is hard, the b axis is easy, a axis is intermediate

Bex=0.395 T
Bk,c=1.30 T Bk,a=0.383 T

Hongyue Xu et al arXiv:2409.12501
Cham et al Nano Lett. 2022, 22

Two coupled LLG equations

TN = 132 K

https://arxiv.org/abs/2409.12501
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 Light-matter interaction and circuit QED

 Nanomagnets + magnonic resonators

 GdW10 as spin qubit
 SCB as cavity
 Spin – magnon

 Nanomagnets + superconducting resonators

 Coupling to spins
 Coupling to magnons
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Spin – magnon coupling: GdW10 - CrSBr

Pérez-Bailón, (...) MJ M-P in preparation

𝜔𝜔mκ
γ Q =

ωr

𝑘𝑘 ~104 − 105

𝛾𝛾

𝜅𝜅

LUMPED ELEMENT 
RESONATOR (LC)

𝜔𝜔𝑟𝑟

𝑔𝑔B0

S = 1/2

B0
S

Q = 300

𝒈𝒈
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