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Coupled Atoms: Closed Quantum System
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Coupled Atoms on Surface: Open Quantum System
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Renormalized level splitting – Spin Boson model
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Fe3 spins sensor
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Entangled ground state and avoided level crossing at B = 0
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Entangled ground state and avoided level crossing at B = 0
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Spin lifetime of few-atom spin systems (Fe3)Cu2N
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technique see: Science 329 1628 (2010).
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S. Yan, D.J. Choi, J.A.J Burgess, S. Rolf-Pissarczyk, S. Loth
Nature Nano 10 40 (2015)
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Remote Spin sensing at the atomic scale
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Remote sensing of correlated spin states
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Antiferromagnetic correlation:
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 Experimental data
Green line is the calcualted exchange interaction
by assuming single exponential decay of J

Blue line is the calculated dipolar interaction
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Long-range p-d exchange interaction
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Long-range p-d exchange through Cu2N network
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S. Yan, L. Malavolti, J. Burgess, A. Droghetti, A. Rubio, S. Loth, Science Advances 3 e1603137 (2017)
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‘2D’ superconducting substrate: Pb on Si(111) 7x7

Hc up to 5 T 
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Molecular qubit: Vanadyl phthalocyanine (VOPc)
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Vandayl ion: [V=O]2+

(at 4 K), Atzori M. et al.; JACS 2016, 138, 2154

Collaboration with: M. Mannini, R. Sessoli, U Florence

© 2019, S. Loth, FMQ, University of Stuttgart



Vanadium L3,2 edges + Oxygen K edge
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Simulated

Eguchi. , et al.; J. Phys. Chem. C 2013, 117,22843

Spectra comparable with VOPc on Ag, Si:

Eguchi. , et al.; J. Phys. Chem. C 2014, 118,17633

XMCD characterization – Pb(111) single crystal

0.44

0.46

0.48

 s+

 s

X
A

S
 (

a
rb

. 
un

its
)

510 520 530 540 550
-60

-40

-20

0

20

40

 s+- s

X
M

C
D

%

Photon energy (eV) 

525 530 535
-4

0

4

X
M

C
D

%

Photon energy (eV)

V-L3 V-L2
O-K 6T; 2K

© 2019, S. Loth, FMQ, University of Stuttgart



1.0V; 0.1nA

Oxygen-Up

Oxygen-Down

VOPc molecules on Pb island
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Oxygen-Up

Oxygen-Down

-4 -2 0 2 4

0.0

0.2

0.4

d
Id

V
 (

nA
/m

V
)

Bias (mV)

0.0

0.2

0.4

-4 -2 0 2 4

0.0

0.2

0.4

d
Id

V
 (

nA
/m

V
)

Bias (mV)

0.0

0.3

0.6

5mV; 1nA

5mV; 1nA

Pb

Pb

Oxygen-Up

Oxygen-Down

VOPc molecules on Pb island

0.5K

0.5K
© 2019, S. Loth, FMQ, University of Stuttgart



-2 0 2

0.0

0.5

1.0

1.5

C
on

du
ct

a
n

ce
 (

ar
b.

 u
ni

ts
)

Bias (mV)

-2 0 2

0.0

0.5

1.0

1.5

C
on

du
ct

a
nc

e 
(a

rb
. 

un
its

)

Bias (mV)

Magnetic centers on superconductors

Shiba H. Prog. Theor. Phys. 1968, 
40, 435
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Heinrich B. W. , et al.; Progress in Surface Science 2018, 93,1

Yu-Shiba-Rusinov states
- weak vs. strong spin-superconductor interaction 
- Quasiparticle excitation localized in the superconductor

Farinacci L. , et al.; arXiv:1807.01344
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Orbital symmetry determines spin-surface interaction

Orbital: dxy symmetry
No interaction

Orbital: symmetry-broken
Strong interaction

L. Malavolti et al. Nano Lett. 18 7955 (2018)
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Oxygen-Up – Tuning the YSR bound states energy
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L. Malavolti et al. Nano Lett. 18 7955 (2018)
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Oxygen-Up – Tuning the YSR bound states energy

Å

Å

Å

Å

Å

Å

Å

Å

Å

Å

0.5K
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• Nanometer-range spin sensing
by p-d hybridization in Cu2N

• VOPc on superconductor
isolated spin by orbital symmetry

www.fastatoms.de
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