Distillation of Qubits through Zeno-like

Measurements

Kazuya YUASA
Department of Physics, Waseda University, Tokyo, Japan

(July 19-23, 2004)

References:
H. Nakazato, T. Takazawa, and K. Y., Phys. Rev. Lett. 90, 060401 (2003);
H. Nakazato, M. Unoki, and K. Y., Phys. Rev. A 70, 012303 (2004);
G. Compagno et al., quant-ph/0405074 (2004).

L.-A. Wu, D. A. Lidar, and S. Schneider, quant-ph/0402209 (2004).



Introduction/Motivation I

e How to prepare a quantum state

with high quantum coherence (entangled state, ... )

e Purification/Distillation

.- - Extraction of a pure state from an arbitrary mized state

> in case a state preparation via a direct projective measurement
is not possible



Abstract I

e A novel method of purification/distillation

based on “Zeno-like measurements”

> general scheme > mechanism © optimization

e Possible Applications to Qubit-Systems
> Initialization of Multiple Qubits o — |]]...){]].. ]
> Entanglement Distillation o — |07 )(U™|

> Distillation of Entanglement
between Spatially Separated Qubits



Purification through Zeno-like Measurements I

H. Nakazato, T. Takazawa, and K. Y., Phys. Rev. Lett. 90, 060401 (2003);
H. Nakazato, M. Unoki, and K. Y., Phys. Rev. A 70, 012303 (2004).
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Repeated Measurements on X
(Zeno-like Measurements)
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Extraction of a Pure State in A

oA — |uo)a(uo]
mixed pure




Zeno-like Measurements on X I
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Otot — xR\ - |uo) A(uo
mixed pure

No

We retain only those events where |¢)x is found at every measurement.

> projection op. O = |¢)x(¢|

Parameters:
T --- interval between measurements
|p)x - - - measuring state

Hi. - - - parameters in the Hamiltonian
(coupling constants g, ... )



Evolution under Zeno-like Measurements I

State after N Successful Confirmations
e / p

Ol (N) = (O~ HeT\N O g O(eiHrerm O)N / P (N)
— |¢)x (6] ® o (V)

oV (N) = (qu(T))NéA(VJ(T))N/P(T)(N) IV increases o
- Y,

Success Probability
[ PM(N) = Tra[(Vs (7)Y oa (V] (1) "] j

Vo (1) = x(dle " HeotT| ) x, 04 = x{@|0ot|®)x -+ operators in Ha




Purification, Conditions & Optimization I

N increases
Vo)™ =D A ) a(vn] > Ao luo)alvel (0 < [An] < 1)

n

[o Ao - -+ largest (in magnitude) eigenvalue (unique, discrete, and nondegenemte))

oS (N) = (Va(r) N aa (V] ()N /P (V) A0, 1y s (g - Pure State!

e |ug)a is the right eigenvector of V(1) = x(d|le HrtT|@)x belonging to Ao.
® |ug)a is irrespective of the initial mixed state oo.

PN ~ | Xo* xaldvolosotldvo)xa (0 < [An| < 1)
Optimization

o |\ =1 —  suppression of the decay of P(™)(N)
e [\,/No| €1 — faster purification

® adjust T, ‘¢>X, Htot
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Possible Applications to Qubit-Systems I

1—|—J§< 1—1—0? 1+U?])3
() Q)
2 * 2 * 2

Hy =1

XA)
Y

Hip = g(otol +otaf o),

Hyp = g(oto® + ola®

Fidelity Success Probability
PON) = aluolol (NMug)a PN ~ [ol* xa(dvolorot $ro)xa



Initialization of Qubits I

Tuning

-

.

L |¢)x = [1)x

< for [Ng| =1

2. V291 #nmw (n=1,2,...)
< for the uniqueness of A\

3. V2¢1 = 2nm+(, ¢ = tan~1(2v/2)

< for a quick initialization

J

Initialization with the “optimal” prob.

XAB<lll|QtotHll>XAB

Repeated Confirmations of |])x
(Zeno-like Measurements)

Y
Initialization of Qubits A and B

OAB — \lUAB@U

mixed initialized
1.0 . : N
./' @ @ ®
— ®
= 0.8 >o/
S 06. .\
R [ ®— o o PY ®
= 04}
=
o, 0.2 e'("(N) ePU)(N)

e PHor — ||| Yxan(l1]]
Q=2 g=1, 7~173, pB=1



Entanglement Purification I

Repeated Measurements on X
(Zeno-like Measurements)
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Entanglement between A and B
oaB — U7 )aB(¥ |

X mixed Bell state
\v U™ )aB = %(HUAB —[|11)AB)
Tuning ~ 1.00\ . —"* o 5
1. Q7 =2n7 (n=0,1,...)

<= fOI' |)\\1;—’ =1

2. [p)x # I1)x, [1)x and v2g7 # nm

< for the uniqueness of A\

3. V291 = 2nm £ (, ¢ = tan"1(2v/2) =02 er((N) ePM(N)
< for a quick purification y
0.0

(N), P7(N)

(1)

AB

with the “optimal” prob. N
XAB{OY ™ |0tot |0V T )xAB —)x @ Ma®I[)B — [—)x®[¥7)aB



Entanglement between Separated Qubits I I

Repeatedly Throwing X

D U
X<T‘ ‘T@ % |T>X Entanglement between A and B
oaB —  |¥)as(Y|
-

t
- mixed entangled state

1 ;
XA = ga{ialA, )/CB = gai<0]13 (U)aB = E(HUAB —eX[|T)aB)

Projected Time-Evolution Op.
VTT — X<T‘e_iHOte_i(HO+H£{B)Te_iHOt€_i(HO+H§<A)T‘T>X

Tunin
4 5 )

0O |
cos\/ 2% + g% T — 1 \/92——1—92 siny/Q2 + g2 17 = —e"* cos g7

for |Aw| = 1 and the uniqueness of Ao

. J

cf., A. Messina, Eur. Phys. J. D 18, 379 (2002) and
D. E. Browne and M. B. Plenio, Phys. Rev. A 67, 012325 (2003),
where the iaitial states oot should be carefully prepared.
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Entanglement between Separated Qubits 11 I

Throwing X, 4 Times

Entanglement between A and B
¢\ ‘\f OAB — |\Ifi>AB<\Ifi‘
mixed Bell state
HXA—9A0'+O' + 0% a+ - _L .
Hyp = gs(oiol + 0%ch) V=) aB \/—(‘TUAB [1T)aB)

Projected Time-Evolution Op.
Ve=VitViny
Vire = x(U (ra) UL () [1)x (1O (78)UF™ (74) | 1) x
Vier = x (U (ra)UFP (1) [ D) x (LU (78)UF™ (74) 1) x

Tuning
: 1
cosgaTa =0 and singpT = iﬁ
for |Agy—| = 1 and the uniqueness of Ao
e Success Prob. P = Ag(U¥|oap|¥*)ap --- “optimal”
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Summary I

Simple (just repeat one and the same measurement).
(< combination of rotation, CNOT operation, measurement, ... )
High fidelity with high success probability after a few steps.
> | Ao] =1, M| <1
“Optimal” success probability P(T>(N ) — xA{PV|0t0t| W) x A is possible.
> The target state [¢W)xa contained in the initial state oy is fully extracted.
(< decays to zero)
General & Flexible
> It accepts various experimental settings.
> Many potential generalizations.
(< special design for a specific system)

Robustness 7
> Precise tuning of parameters 7
> Errors in Measurements 7
Experimentally feasible setups 7
> Instead of repeating measurements;
Continuous application of an external field.
> “One-photon” scheme = “Multi-photon” scheme, using coherent light
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