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qubit pairs in double quantum dots

Elzerman et al, PRB 67, 16308 (2003)
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entanglement on demand

Motivation
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Entanglement measure for two delocalised electrons

A B

s)als")B

C = 2|ogoy — oqoy.

two ‘spins’ ’\PAB> = ZSS/ s’

C.H. Bennett et al., Phys. Rev. A 54, 3824 (1996);
S. Hill and W.K. Wootters, PRL 78, 5022 (1997).
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Entanglement measure for two delocalised electrons
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Entanglement measure for two delocalised electrons

_/K K initial state

interaction
(exchange)




@

Entanglement measure for two delocalised electrons
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Entanglement measure for two delocalised electrons
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Entanglement measure for two delocalised electrons

A B

_/K )(\_ C = 2Japay —ayayl.

W) = Z [pliel el + (/IJ clcl +yhel o),
1,7=1

C = max(O, CTl? C”).

Oy = 20(SES5)| - 2/ (PYPL)(PLPY),
Cy = 2/(SXSE) — 2(PAPg),
(5555) = Sl
i3]
<SXS4B_> — fzj ?[LL
[27]
(PiPg) = > luis %,
7] A. Ramsak, 1. Sega, and J.H. Jefferson PRA 74, 010304(R) (2006)




Conserved S, case
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Rigid rotator

P. R. Holland. Phys. Rep. 169, 293 (1988) & The Quantum Theory ... book
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Classical dynamics of rigid bodies ...




De Broglie - Bohm
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De Broglie — Bohm: two spin % particles (S, = 0 case)
0,

v, o
W 4p) = cos 5] Talp) + € sin §| laTB)
standard QM:
N /
M; = 50 i 1=I,Y,2 |
sindcosp  sindsing 0 ——
o . . o ‘
(0ioj) = | —sinvsing sindcosp 0 |
0 0 -1/

dBB:
< >: ffffff---‘"(MQSinaASino‘BdOéAdOéBdﬁAdﬁBdryAde
J ST T J 1P sinaasinapdaadopdBadfpdyadys

(M;M;) =7




Results: static qubits
v io . U
W AB) = cos §| Talp) + €% sin §| 1aTB)

S ng ot

6( M, M)
A lriplet |
Al

sin 9 cos ¢



Results

6(Mq M,y)

sin v sin d



Results




Results

1 2 - .
(MgMz) ~ 6<0x0a:>:§<MxMw>

1 2, A s
(MyMy)  ~ 6<0y0y>:§<MyMy>

1 2 A .
(M My)  ~ 6< x0y>:§<MxMy>

.. =0

<MscMZ> ~ <MyMZ>
(M,M,) ~ —(5+008219)/24:%(5+608219)<MZMZ>

2/3 factor due to quantum torque and quantum potential

Example: 1 electron case

1 M?2 Y
H=-I3°+Q, = - Q. _
T+ s =57 +¢ H =7




Angles between dBB spins
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Angles between dBB spins

My - Mp MM, + M,M, + MM,

(cos Pap) = (=) = s )
| M || M | M || M
singlet: 180 deg
Pup

100

triplet: ~ 71 deg




Fluctuations of angles between dBB spins

A(cos D ap)* = (cos P%5) — (cos P 4p)*

singlet




x-y plane angles between dBB spins

(cos dap) = (xMe + My My,

| ‘MA‘wy ‘MB|wy

triplet
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Fluctuations of x-y plane angles between dBB spins

A(cos pap)? = (cos p3p) — (cos pap)?

singlet

triplet




Entanglement

(W aB) = cos| Talp) +esindd| | ATB)
C =2[(S;Sp)| = |sin ]

A(cos pap)? = 0 — perfect entanglement, C = 1.




Entanglement

(WaB) = cosd| 1alB) + € sind| | 41B)
C =2[(S;Sp)| = |sin ]
A(cos pap)? = 0 — perfect entanglement, C = 1.

C < \/{cos pap)? + (sin pap)?




Dynamics
Hiny = J(1)Sa - Sp

Example: J(t) is step function and |¥45(0)) ~ T/
C(t) = | sin Jt|

weak interaction limit, J¢ — 0



Dynamics

typical general case



C'(t) = | sin Jt|

Dynamics
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