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[ Nuclear spin-qubit SMM J

e terbium double-decker (TbPc,) — a simple example
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[ Nuclear spin-qubit SMM ]

e terbium double-decker (TbPc,)

Tbig
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[ Nuclear spin-qubit SMM ]

e terbium double-decker (TbPc,)
electronic spin
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[ Nuclear spin-qubit SMM ]

e terbium double-decker (TbPc,)

electronic spin nuclear spin
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Di Vincenzo 1996

~o0  Read-out
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SMM detectors

e tiny magnetic moment (few up) — sensitive detectors

Nano-SQUID
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{ Schematics of the read-out ]

Weak two-stage-coupling to avoid backaction

read-out
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Device characteristics

Easy axis
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[ Nuclear spin read-out ]

HF
* ligand field induces anti-crossings O
electronic @ nuclear
spin Vy spin
BRI+ 5 —15)
_ I at each anticrossing:

* ¢- spin reversal

* nuclear spin conservation

position of e - spin reversal

_ | | l
-0.06 -0.02 0.02 0.06
po Hyy (T)

’ |

linked to nuclear spin state
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Nuclear spin read-out

15 nuclear spin — electronic spin

2"delectronic spin — read-out dot

e overlap between Tb e- wavefunction
conjugated pi-orbitals of the Pc

— exchange interaction
e coupling of e-spin to tunnel current
e spin reversal = conductance jump

* ramping the magnetic field (75000x) &
recording conductance jumps

X
ﬂ 1.0 B
conduction jump position § 0.5 -
yields nuclear spin state ©
0.0 :
-0.06 -0.02 0.02 0.06

po Hy (T)
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[ Outline ]

Di Vincenzo 1996

/ Initialization
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[ Nuclear spin trajectory ]

e sweeping the magnetic field back and forth

e cach jump — nuclear spin state + time
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Thiele et al. PRL 111, 3 (2013)
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[ Single nuclear spin relaxation ]
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[ Single nuclear spin relaxation ]
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[ Single nuclear spin relaxation ]

experiment
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Single nuclear spin relaxation

experiment
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Manipulation
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[ Single Nuclear Spin Manipulation ]

Magnetse field

Hyperfine
interaction

B, =100mT
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Bloch sphere representation of a two level
spin qubit system
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Trajectory of a spin qubit, in the laboratory

frame and the rotating frame
H = hw,0, + hQ (oxcos(wt) 4 aysin(wt))
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[ Nuclear spin manipulation

1

I. Initialization: 515 *f@ ‘ b

sweeping the external mag. field + 2104 -

position of the conductance jump % ;82: i

initializes the spin 204 1 |

-0.06 -0.02 0.02 0.06
o H, (T) +35)
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[ Nuclear spin manipulation ]

e 1o . )
I. Initialization: 515 b
sweeping the external mag. field + - 210 :
position of the conductance jump % ;82 i i
initializes the spin 504
006 -0.02 o 02 0.06
Ho H) ( +%3)
w1
II. Pulse: ) 2 g )
applying an oscillating electric field
with the frequency f and different
durations 7 creates a coherent

superposition
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[ Nuclear spin manipulation ]
I. Initialization: N el
sweeping the external mag. field + 52104 | i
position of the conductance jump % ;82_ ' i
initializes the spin 204 =
006 -0.02 002 0.06
po Hy (T)
II. Pulse: ) T . +)3)
applying an oscillating electric field
with the frequency f and different
durations 7 creates a coherent
superposition
III. Read-out: o |+ 34> 4 )
sweeping the external mag. field + 5210 | |
position of the conductance jump = ;82‘ ]
projects the spin 204 .
006 -0.02 002 006
po Hy (T)
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[ Nuclear spin manipulation ]

e repeating this procedure 100x for different pulse durations and two different
microwave powers

e plotting the excited state probability

1
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[ Nuclear spin manipulation ]

e repeating this procedure 100x for different pulse durations and two different

microwave powers

e plotting the probability of staying in the state
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e Rabi oscillation: direct proof of coherent superposition + manipulation

» created using the AC Stark effect
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Spin precession around an effective magnetic
field in the rotating frame
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Trajectory of the Bloch vector in the rotating
frame at different detunings

<0z>/ <0z>7=o
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{ Basic quantum operation: Ramsey ]

- Oscillation : Vector rotation

- Damping : Decoherence

O*r’ -
T T T T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

T(2m/A)
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{ Basic quantum operation: Ramsey ]

Init probe
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[ Basic quantum operation ]

Rabi Resonance Ramsey Hahn spin echo
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Hahn Spin Echo

By Gavin W Morley - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=15230576
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Hahn Spin Echo Decay

90° 180° echo

,!
| 1
i 1 | /\

By Gavin W Morley - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=15230576
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[ Outline ]

Di Vincenzo 1996
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Quantum gates, Grover’s algorithm
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[ Geometric phase (Berry’s phase) ]

Geometric phase accumulation :

1) Pulse T with p = 0
2) Pulse mwith p = + /2
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[ Geometric phase (Berry’s phase) ]

Geometric phase accumulation :

1) Pulse t with p = 0
2) Pulse mwith p = + /2

Phase measurement : Interferometer

m, 0 T, T+ a2
P

a
/2,0 /2, O
()
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[ Geometric phase (Berry’s phase) ]
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[ Geometric phase (Berry’s phase) ]

A B
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[ Geometric phase (Berry’s phase) ]
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{ iISWAP quantum gate ]

0
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[ iISWAP quantum gate ] IWM“
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Visibility

[ iISWAP quantum gate ]

0.5
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Visibility

[ iISWAP quantum gate ]
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[ 3-state coherence time ]
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[ Molecular spin quantum technology? ]

Quantum computing in molecular magnets
M.N. Leuenberger & D. Loss

Nature 410, 789 (2001)

Grover algorithm for large nuclear spins in

semiconductors
M.N. Leuenberger & D. Loss
Physical Review B 68, 165317 (2003).

Grover’s algorithm
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[ Grover’s algorithm ]

Initialisation Hadamard Grover Read-out
|~ . . ~~

v @ -
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[ Grover’s algorithm ]

[+ 15— —(135)+|5)+[- 15)+- 35))

Hadamard gate with 4 states
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[ Grover’s algorithm ]

Hadamard gate with 3 states

Visibility

200 40 60 80 100 120 140
width (NS)
PRL 119, 187702 (2017)
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Visibility

[ Grover’s algorithm ]

Selecting an element (state)
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[ Grover algorithm ]
Selecting an element (state)
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[ Single-molecule magnet qubits ]

visolation: intrinsic to nuclear spins

515
v

X
n1.0
2

v'read-out: through the position of the conductance jumps
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o + Yinitial state preparation: by measurement due to the QND
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i“aseseanae ¥ coherent manipulation: we could perform simple

06
04
02
0.

L)
g W WY

R quantum operations

0.8 2
»g;! o . |
s N A ANy
Balet d i Ng W
02 . 0.. ‘.’ 7 o
) L]

v'information storage: quantum information was
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rover’s algorithm, quantum gates
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~ Triple Decker ThyPc;
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Triple Decker Tb,Pc,
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Quantum computing in molecular magnets

Michael N. Leuenberger & Daniel Loss
NATURE, 410, 791 (2001)
e implementation of Grover's algorithm
e storage unit of a dynamic random access
memory device.

e fast electron spin resonance pulses can be used
to decode and read out stored numbers of up to

10° with access times as short as 0.1
nanoseconds.
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