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Hybrid Quantum System

Quantum Optics with Spin Ensemble
and Microwave Resonators

Superconducting
Microwave Resonator
Circuit CQED

Spin Ensemble
NV- centers
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Coupling Diamonds

T. Astner, S. Nevlacsil, N. Peterschofsky, A. Angerer,
S. Rotter, S. Putz, J. Schmiedmayer, and J. Majer,
Coherent Coupling of Remote Spin Ensembles via a -

Cavity Bus, Phys. Rev. Lett. 118, 140502 (2017) Editors Suggestion

EM Field strongest
in the gaps

Coupling strength
varies over many
orders of
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3D Lumped Resonator

LC Resonator
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Homogenous Coupling
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Collective strong coupling with homogeneous Rabi frequencies
using a 3D lumped element microwave resonator,
Applied Physics Letters 109, (2016) < >

Andreas Angerer, Thomas Astner, Daniel Wirtitsch, Hitoshi
Sumiya, Shinobu Onoda, Junichi Isoya, Stefan Putz, and




aluminium
Q= 510 000

no external field possible (Meissner effect)



Dispersive Measurement

Resonator
wy/2m = 3.04GHz

Spins
ws/2m = 2.88GHz

A:wr_w8>>g

non-distructive

2
Heg=nh (wr + g—Sz> a'a 4 ... quantum non-demolition
A measurement

dielectric shift of the cavity
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Su perradlance
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Ground State

Burst of photons in short amount of time
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Gross, M. & Haroche, S. Superradiance: An
Essay on the Theory of Collective Spontaneous
Emission . Phys. Rep. 93, 301-396 (1982)



Andreas Angerer, Kirill Streltsov, Thomas Astner, Stefan
Putz, Hitoshi Sumiya, Shinobu Onoda, Junichi Isoya,
William J. Munro, Kae Nemoto, J6rg Schmiedmayer, and
Johannes Majer, Superradiant emission from colour
centres in diamond, Nature Physics 14, 1168--1172 (2018)
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Relaxation

Time
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Inversion

-0.61

-0.79 1

-0.97

-1.14

12.7K

3
XA I, TR
O OOKLELLHO OO

@O0 [\ N1

20-300mK 20-300mK

0 1 2 3 4 5 0 005 01 015 0.2 025 0.3

Time (h) Temperature (K)



N1—S—
E1—0—
E2—A—
E3 —=—
theory m = =

- 4 Spontaneous N 4 Stimulated emission )
C emission and absorption
e i
B T T e
N\ N\
g
- 2N J
C

@
S
.« &

4
¢

\ T
107

ab-initio DFT Calculation
J. Gugler, P. Mohn

Temperature (K)

T. Astner, J. Gugler, A. Angerer, S. Wald, S. Putz, N. J. Mauser, M. Trupke,
H. Sumiya, S. Onoda, J. Isoya, J. Schmiedmayer, P. Mohn, and J. Majer,
Solid-state electron spin lifetime limited by phononic vacuum modes,
Nature Materials 17, 313--317 (2018)



J. Gugler, T. Astner, A. Angerer, J. Schmiedmayer, J. Majer, and P. Mohn, Ab initio calculation of the spin lattice
relaxation time Ty for nitrogen-vacancy centers in diamond, Phys. Rev. B 98, 214442 (2018)
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