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Experimental Setup & Basics

Gate Charge sensor  Quantum dots

Depleted region
in 2DEG

Ohmic contact
to 2DEG

Al,Ga, As[

GaAs

V(x)

® GaAs/AlGaAs heterostructure -> 2D EG
® Vi, VR negative voltages applied € ~ Vr - VL
o

Quatum point contact
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Experimental Setup & Basics (ll)
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Brief reminder

Singlet

® ISS=(/V2)F(|TI>-]1T>)
®  Triplet

® |To>=(1/V2) *(|Ti>+ | 11>)
® |Te>=|11>

* |T>=]1ll>

Interaction Hamiltonian

® H=]SS




Control Cycle

A Prepare _
Preparation:

e >0, (0,2)S ground-state configuration.

e>0

t=0 Separate ,
Separation:

€ < 0, spatial separation of electrons.

Evolve

Evolution:
€ < 0, V; modulates tunneling barrier.

<0

-

v
t=ty Measure

Measurement:

= e > 0, Projective measurement onto (0,2)S state.
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Energy Diagram and J( € ) Exchange Splitting

S-T, degeneracy line
allows determination of
J(€)via Je) = g*p, B

® (0,2) and (I,1) charge
states hybridize, resulting
in exchange splitting J(€).

Zeeman splitting E;, = +
g*UgB (B = 100 mT).

J(g) ABj,
H =
AB . 0




Dephasing of separated singlet (l)
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Dephasing of separated singlet (ll)

1.0 T T = i
. T
B=100 mT
Thiory8=0 mT
0.8 - B=100 mT. 4
n z -
o
0.6 -
04% | | 1 1 4
0 10 20 30 40 50
Tg (ns)

T2* dephasing time for ensemble of dots

® Saturation after 20 ns, Ps ~ 0.5 (0.7) for B =0 (100) mT

® Semiclassical model Ps(Ts >> T2*) = 1/3 (B << Bnuc), Ps(Ts >> T2*)
=1/2 (B >> Bnuc)




Spin SWAP & Rabi oscillations (1)
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Spin SWAP & Rabi oscillation (I1)
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Theoretical value for Py is given by Pg = {1 + cos[Ae)r/fi]}/2
Fastest TT-pulse ~ 350 ps.
® SWAP operation if (€)TE/h = 171, 317, 51, ...

VSWAP with single qubit gates is universal
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Singlet-triplet spin-echo (l)
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Singlet-triplet spin-echo (ll)

10 20 30 40
T (ns)
T2*=9+ 2ns

Decoherence time of 1.2 Us
100 times larger

~7000 +/SWAP operations
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DiVincenzo Criteria

Scalable with well-characterized qubits. v
Initialization to simple fiducial state. v
Relatively long coherence times. v
Universal gates. v
Qubit-specific measurements. v

Stationary to flying qubit interconversion. -

Faithful flying qubit transmission -




