PUPB
La science quantique
Une vision singuliére
XI1V) Magnetic Resonance (MR)
et spin qubits
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et leur Hamiltonien
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Sans champ magnétique

Magnétisation moyenne

Avec un champ Bz

R

¢ &

A
4

o

~Ey/kT

iy e

e

_E/kT

(M)=N

—E kT “E kT
2 e M peth :

<M>:N.Mth(£).ﬁz
2 2kT

Pierre-André Besse

p.14.6 “MR et spin qubits”

2025



20983 Larmor et relaxation
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Nuclear Magnetic Resonance (NMR):

Mesure des spins des noyaux

(en particulier du proton = Hydrogéne)
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P9 1) Polarisation par un
SaB fort champ magneétique DC en Z
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PUSB 2) Excitation RF selon ’axe X
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PUSB 3) Detection RF selon ’axe Y

Bobine de détection
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Bases de la spectroscopie par
résonance magnetique

The MR Spectrometer
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PUPB Relaxation et Free Induction Decay (FID)
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Principe de détection:
Mesure en Y dans le référentiel fixe

Sans relaxation (si

signal détecté en Y):
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Avec relaxation: Free Induction Decay (FID)
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PUSB Mesure du temps de relaxation T1
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Mesure du temps de relaxation T1
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20983 Relaxation et décohérence
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PUSB Spin Echo
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2R Mesure de T2 et T2
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Applications en chimie:

Spectroscopie moléculaire
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PUSB 1D spectroscopie

https://www.researchgate.net/figure/Typical-NMR-spectra-for-ethanol-
molecule-On-the-left-the-13-C-NMR_fig3 273219251
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D 2D spectroscopie: exemple
SAR COSY-90 (Correlated SpectroscopY)
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PARB 2D spectroscopie: exemple

COSY-90 (Correlated SpectroscopY)
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Excitation
RF

Détection
RF

2D spectroscopie: exemple
COSY-90 (Correlated SpectroscopY)
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PUPB COSY-90: exemple

Ethyl crotonate
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Imagerie par IRM

Spin local

des noyaux d’hydrogéne
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2095 Scanner IRM

Besse PA, Klinik GUT St. Moritz
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2R IRM: coils

Y Coil
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spin echo et gradients

IRM

PUPB
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PUPB IRM: reconstruction de I’1tmage

Free Induction Decay (FID)
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PUS IRM: reconstruction de I’tmage

FID Fourier Image
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https://compphys.go.ro/nuclear-magnetic-resonance-and-fourier-transform/
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PUSB NMR et IRM on chip

IRM: ovocyte de grenouille
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Electronic Spin Qubits

Structure et quantum box
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PUPB Paire de spin qubits

https://www.science.org/doi/10.1126/science.1116955

Gl T G2

L

| =

https://www.semanticscholar.org/paper/Simulating-Charge-Stability-
Diagrams-for-Double-and-

Powell/9ad8a90elecfc4269638b774fct27¢c7b0544eccs

S
\ 4

Pierre-André Besse p.14.52 “MR et spin qubits” 2025



2P Two coupled spin Qubits

0.7um

qubit

https://www.science.org/doi/10.1126/science.1116955
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PUPB Quantum box sans champ magnétique

Source Gate Drain

V https://qutech.nl/wp-
G content/uploads/2019/01/2005  Elzerman2005
Chapter SemiconductorFew-ElectronQuant.pdf
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PUPB Quantum box dans un champ magnétique
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Electronic Spin Qubits
Mesures par

quantum point contact
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2095 Quantum Point Contact

lum
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PUB Quantum Point Contact (QPC)

Courant du QPC
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PUB Quantum Point Contact (QPC)

Courant du QPC
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2095 Quantum Point Contact

https://arxiv.org/pdf/1401.4416.pdf
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Spin qubit
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Electronic Spin Qubits

Initier et manipuler
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PUSB Spin qubit: Initier et conserver

Empty Initialisé Conservé
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Manipuler par des champs magnétiques HF
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Electronic Spin Qubits

Détecter
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PUB Readout: «signature» Up / Down

Transformer le «spin Up», «spin Down» en état de charge dans le quantum dot

Spin Up Spin Down
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Elzermann et al., Nature (‘04)
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Readout: quantum point contact
PUPB qraTrEm P
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Paire et chaine

d’ Electronic Spin Qubits
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PUSB Couplage de spin qubits

exchange interaction w
JSWAP Hy~2 J;(0) S5,

o . e . https:// .Sci .org/doi/10.1126/sci 1116955
https://en.wikipedia.org/wiki/Spin_qubit quantum_ computer po-iwvv.SeIence. org/cot Selenee
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M. Kiczynski et al, «<Engineering topological states in atom-based semiconductor quantum dots»,
Nature | Vol 606 | 23 June 2022, pp. 694-699, https://doi.org/10.1038/s41586-022-04706-0
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