Identification, enhancement and time-resolved study of YIG spin
wave modes in a MW cavity in strong coupling regime
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» Cryogenic superconducting magnet
(10.5 T, 0.3-300 K)

» Oxford dilution refrigerator (down to
10 mK, vector magnet 6T/1T/1T)

» Cryogenic RF probe station (down to 8
Kand up to 0.5 T and 70 GHz).
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Magnonics
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Towards quantum technologies with hybrid systems
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Cavity QED and hybrid systems for QC

(s / TRASMON / FM MATERIALS \

<

—} | O

\ Paik et al, Phys Rev Lett (2011) ‘

J
/ OMR / PHONONS \

/&
K

Cr2 L C/2

~ Probst et al, Phys.Rev. B (2014)

¥

(" PARAMAGN.SPIN ) 2 ¢ |

Bienfait et al, Nature Lett. (2016) 4
] 3 ENSEMBLES Goryachev et al, Phys Rev App (2014)

giuseppe.maruccio@unisalento.it

nﬁ/\, Giuseppe Maruccio
group

O UNIVERSITA @ CNR INFN
76 DILSALENTO NANOTEC —.....



Magnon-Photon coupling

1
Confined EM field K, = ho, <a*a + E)

1
Magnons H,, = hw,, <me + 5)

only with resonant interactions:

H

H=H,+H,, + Hine - = woata + wpymim + g(atm + mta)
Coupling strength of each spin: As a spin ensemble:
(ohwo) gi = go,i\/m
Joi MVe A
21T - 41 gi X \[Wer :\/(‘)OVm/Va
o  B-M
Overlap among subsystems: n = f = ——dV <1
Vm |hmax|||Mmax|
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Magnon-Photon Coupling Regimes

Zhang et al, Phys Rev Lett (2014)
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Increasing coupling via spin density (&Y 1G)

Paramagnetic spin ensembles
NV- centers in diamond Rare-earth doped crystal
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Strong Coupling & exp. setup
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Rabi-like oscillations

(a) (b)
282 r——0m Refl. (dBm) Ak = = T
- 10 A &
é 0 ’E\ '\.'Q.i -2 2‘ ".
D REFR
S 0 © OB PR
27 M
= '- - P B O AR s
e 20 S WAL
*a S 30 B Y 4F i RR o
D ) ; O @ RFWM ¥
c 30 2 P ® % UIPA B
S 5
s 40 (@ -40} T b ¢ B E:"z
e o 1 B WY

O 100 200 300 400

100 200 300 400
Time (ns)

Time (ns)

o

(a) Evolution of the cavity response after a pulsed signal modulated at cavity’s
eigenfrequency as a function of bias magnetic field. (b) Measured Rabi-like
oscillation signal at bias magnetic field such that YIG FMR occurs.

X. Zhang, C.-L. Zou, L. Jiang and H. X. Tang (2014). Strongly coupled magnons and
cavity microwave photons, Physical review letters, 113(15): 156401.
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Coupling with trasmons
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Cavity Magnonics with YI1G
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Strong coupling fingerprints (1/2)

Anticrossing and magnon-polaritons
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Strong coupling fingerprints and MSMs
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Characteristic equation in associated Legendre functions B;"* for MSMs in spheroids within MW cavity
working at frequency f = w. /21 -
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Strong coupling fingerprints (2/2)
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Electric

Enhancement of coupling features
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