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I Introduction

* What is decoherence of a 'two-state quantum

I system'?

Decoherence is a process
whereby quantum systems lose
their ability to exhibit coherent

behaviour such as interference.

see also Fox, Quantum Optics, chapter 13.4 Decoherence and error correction



I Introduction

* Why should | be interested in suppressing
I decoherence in two-state quantum systems?

* need of 'storing’ information

— gquantum computers



I Introduction

I e General Idea:

- NMR spin echo tactic
— Idea: 'reverse' time evolution
- send series of rf-pulses

— quantum 'bang-bang’' controle



I Single-qubit dephasing
I mechanism

I * two states correspond to spins
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» System Hamiltonian:
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I Single-qubit dephasing
I mechanism

I  Bath Hamiltonian:

H,=) hw, bl b,
k

* Interaction Hamiltonian:

HSB=Z h'o'z'(gk'bli+g:'bk)
k



I Single-qubit dephasing
I mechanism

« Complete Hamiltonian:
I H=H +H ,+H g,
(03
=h-w-7"’+z B-w, bl b+ ko (g, b+g:b,)
k k

» density operator of the system

ps(t)=Tr,(p,, (1))



Single-qubit dephasing
mechanism

Interaction picture:

i(Hg+Hp)tlh (t) —i-(Hg+Hp) tlh
tot

Pult)=e

H(t)=H(t)=ho ) (g, bie" " +g; b, e ")
k

time evolution operator:

J o-z I, 1, —i Wty e *
Utot(tO,t)=eXp{72 [bli.e t Ek(t_t())_bk.e t ‘& (t_to)]}

k

2 w0, At
£ (t1—t,=At)="25.(1— ")




I Single-qubit dephasing
I mechanism

temperature T:

pu(tg)=L] (1= 7). ¢ Frotin

k

I * environment at thermal equilibrium at

 coherence evolves to:
Por (1)=( 0| Tr 5 { U, (25,) s (2,) UL, (2, £)}]1)

Ty(,1)

~

=P (t)-e

calculation



Single-qubit dephasing
mechanism

» Damping factor

Fo(to,t)=ro(t_t0)=

Z |§k(t_t0)|2 w
. -coth( A )
2 2-T

» Continuum limit:
(l—cosw-(t—to))

2

I(t—1)=4[ dw I(@)[2-(w,T)+1]

/SN )
spectral density average number of
of the bath field excitations



Pulsed evolution of quantum

coherence
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I Pulsed evolution of quantum

I coherence
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Pulsed evolution of quantum
coherence

* Perturbation with a radio-frequency field:
H (0,1)=Y. V" cos[w, (t—1")] & +sin[w,(t—

where

(n) (m)
V(n)(t)=[V t<t<t)’+T

0 elsewhere
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I Pulsed evolution of quantum
I coherence

I » Evolution of coherence after N cycles

P~01(tN)=<O‘T”B{f]g)(to,At)P;ot(to)ﬁgg)f(to,At)}“)

=P~01(t0)°e_rp(N’At)



I Pulsed evolution of quantum
I coherence

perturbed coherences:

;lgk(t_to)lz w,

Iy(tyt)=T,(t—t,)= mth(z-T
|nk(N’At)|2 5

I',(N,At)= -coth( £

2-T

r’k(N’A t)=§k(A t)(eiw"At—l)Z eZi(n—l)kat

n=1

I * comparison between perturbed and non-




Pulsed evolution of quantum
coherence

* comparison between perturbed and non-
perturbed coherences:

|n(N,wAt)|2<|§(N,wAt)|2 onwAtE[O,g]foranyN

Decoherence can be reduced!



Pulsed evolution of quantum
coherence

* limit of continuous flipping:

2 |E,(2NAx))
I,(N,At)=-*F ; coth( )|1 f.(N,At)|

rer f (N Al‘)_l calculation
k ’ o

At—0
Decoherence vanishes!

_ Ek(At) c 2i(n—1)w, At
fk(N,At)_Z Ek(ZNAt) ’;1 €




Analysis and examples

high-temperature limit (classical environment)
T T S
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I Analysis and examples

» low-temperature limit (Qquantum environment)
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I Analysis and examples
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I Analysis and examples
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I Analysis and examples
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I Analysis and examples
. Low temperature case W|th 10 cycles
I [T without flips:
= | exp{-I}=
K wieto | ~0.915

D&}

Decoherence can worsen if 29
T flipping is no rapid enough!

— Tt}
= =
=
T T
-
&
e
=
-
-

.
I‘""" _ 4
— w t=10 ~023
1 [ 1




I Summary

e a state will suffer decoherence under time
I evolution

» decoherence can be suppressed if a pulse

sequence is applied that fits the problem

* if the pulse sequence does not fit the

problem, decoherence can be made worse
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To(to,t)=1"0(t—t0)= .

Single-qubit dephasing
mechanism

back
ptot(t0)=pS(t0)®pB(t0)

P (1)=(0|Tr,{U (2, 1) 5, (t,) U, (1, 2)}|1)

HT”k ka D[lwt (1—1)]}

eq. 11 =Py, (2,)-e " with the help of
M. Hillery et al.;
Phys. Rep. 106, 121 (1984)

2 g (=2, o, o
coth(ZT) D(Ek)=e RIS


file:///C:/Dokumente%20und%20Einstellungen/Suse/Eigene%20Dateien/UNI/Quantenpropleme%20der%20mesoskopischen%20Physik/dynamical%20decoherence%20eq11.pdf

Pulsed evolution of quantum

coherence
—iwg, 1M (l_eiwkm) Al
I N,At)=—% Ar=0 QA te
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. [, At
oy lim (1—€")
_ e At—0 iw,s
= ; dse

l_e’wk(tzv_to) At
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Ausarbeitung
eq.11 Dynamical suppression of
decoherence in two-state quantum
systems

Susanne Blum
23. Mai 2010




por(t) = por(to) I I, Tridpms - Dle™&u(AL)]}

it T, Traf(L — =) o= Phostive . et =h 0w

— pon(to) [T, (1 — 2@ ) - T {e 2@k bibe . exleel” . ombre™ RI0€L | phretko6y
10 () TL(1 — € EH)) ISP Ty [l s e XM 051
= pin(to) [T, (1-e>EH)extel ™1 [ < a

4+ iwp- Wi 1+ —dewp
b e R t0-g | =25 )bl b | p—bree TR0 | S 20

a >d*a

— P?n(to) Hk<1_e—2(;—’%))_€%.|§k|2'% f ea*‘ezlwkio.gk—a.e—i»uk»to.gz Zn < a\e‘2(%)b:bk|n > TllOé ~d®a
— pon(to) [1, (1 —e 238)) . ealeal’ . L [ gametntogmaremintogp sn o =a(ghynlal ™ o—laf g2,

= o (t) TT(1— 2580 b6l L [ gareroitogumaetsitog, s (300 a2,

n!
— pon(to) [T, (1—e 2% 168 L [ gatremk0-Gumaee W 060 o (102 4 e=255) . |2} d?a
= pal(to) Hk<1_672(%))€%|£k|27_1r f exp{a* . ei'wk'to . é-k — - e_i‘wk'to . 51;“ _ ‘alZ . (1 — 672(%))}d2a
—12] por(to) [T, (1— e~2(z%)) LIl L [dr [ dk exp{(r —ik)(z +1iy) — (r +ik)(z —iy) —
(r2 4+ k%) - (1 — e 2%}

w

= po1(to) [1,(1 — e 2E7)) . eslénl® . %fdrfdk; exp{¢/7‘+y/jt+iyr — kTl + iy —
iky + (r* + k*) - (=1 + e—2(5% ))}

N
N

= po1(to) Hk(l—efz(%))-eé"f’“ﬁ-%fd?“fdk exp{2i7’y—2im+(r2+k2)-(—1+e*2(%))}

= pin (1) [T (1 = 7GR - e2 5 L [ [k eap{(=1+ e G {r? + e @), iyt
1+e 2T

1y 2 _ iy 2 2 _ 2ikx ix 2 _
(_1+€—2(;—’%)) (—1+e_2<;7]§“))) +k (—1+e_2(;7]%)) (—1+e_2(§%€")) ((—1+ —2(h T) ) }}
= (1) [To(1 = e72G0) - H6" L [ [k cap{ — 2t} - eap{=(1 = 238
((r + ——m)? + (b~ ——2 )]}

(—1+e2(F7)) (—14e2(2H))

~ Wik l 2 2 14
= o to) T gl - €' - # - earl 225} ey
= pon (to) TT eap{ %L - (1 + —2

(—14e2(z))

= pon(to) [T, exp{ %" - coth(522)}




=B i1 (to)eap{ S, — %L - coth(2x)}

= poi(to) - exp{—To}



Literaturverzeichnis

[1] Tr(ABC)=Tr(CAB)=Tr(BCA)
[2] a =1 +ik, & - e“rlo=x + iy

[3] coth(-x)—-coth(x)



