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I. Physical model :

e n (effective) spin-3

® common bosonic bath

e linear and local spin-boson coupling : >, 95 ® A

® no direct coupling between spins

QEC :

Sl = Xl’ le or Zl
Aj; = bosonic field strength at spin [

noise correlations due to boson exchange !

e (SS codes for < t-qubit errors

® instantaneous

e ideal



To which extent do noise correlations interfere with QEC 7

Il. Leading-order estimate :

! X -y

N+ : noise on n qubit register during time T

R . < t -qubit error correcting operation

residual error :

A=l =wll o~ () (ag®) AT AT,

g : coupling constant

a = a(r)



n 2 \t+1 2 2
A~ (t—|—1> (ag”) <Al1"'Alt+1>’

t : number of correctable errors

independent noise :

2 2 2 2 2\ t+1
(A - AL ) = (A (A ) = (4% 1
infinite spin distance

correlated noise :

(A7 AL )= (AT = el (A%
vanishing spin distance
A
— O = (2t+ 1!
Az'nal



— n, t > 1, constant correctable error rate t/n = q

independent noise:
A ~ ( " ) (ag’(A?) )q” ~ (cqag2<A2>)q” B
qn

if g% < g% = (cq a (A%) 1

correlated noise:

n n—oo

A~ (qnn> (2gn + 1)!! <|g|2(A2>>q ~ (cq an g2(A2>> an —— 0

forall g2 > 0

(qnn) ~ eTLHQ(q) , (2n + 1)!! ~ (2n)n



Conclusion:

e correlations due to boson exchange do matter

e perturbative series in g* problematic

e unboundness of A? essentially

Acorr <A2t>
Aina  (A%)!

~ (2t)"

lim Acof)’*fr’ = o0 !?
n—00

A
otherwise lim =
t—oo (A2)1

investigation of exactly solvable model: IlI.



I1l. Dissipationless n-spin-boson model:

Hzgl_zlzl + zkjwkb,zbk + kzljzl(gkeik’“z bl + h.c)

Unruh '95; Palma, Suominen, Ekert '96

M\ exact noise operation \; on n-qubit register: p — N, (p)

Ensemble of all [[n, k]| CSS codes:

e n large
e fixed information rate R = k/n

e correctable error rate ¢ = t/n determined by R = 1 — 2H»(2q)

N ensemble averaged residual error :

An,q — 1_< /dw F(¢7RCON(w)) >

¢ n,q



Independent noise (a = o0):

<q—K<o,T>>2]

Ang = exp [_n 2K (0,7)

K (r, ) : time- and distance-dependent decoherence coefficient
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Independent noise (a = o0):

—K(0,7))?
A,, =~ exp [— n (qu((o,T))) ] :

K (r, ) : time- and distance-dependent decoherence coefficient

800

Correlated noise (a < oo, n > 1):

—q
Apg ~ —
’q P [Kw, 7)}

r : spatial extension of register

| | | |
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q = 0.05, fixed Ky + = 0.01, 0.005, 0.0025, and 0.00125, Ko = 0.01

10



Example:

n spins on cubic array
1/3

spatial extension » = n"/“rg
observation time 7 = n1/37'0
ohmic bosonic bath:

K((n) =

A L] T T I |
é
; BBBBBEBEBBBBBBBE
o BBEBEEEEBBBEBBDEE —
— 2L g CoEOEnEEEEEEE d
10 ] BEE@BBBEEB
%EBEE_I.EEBE BBBBEEEEB
33 BBBBBEE‘
[ EIBBEE‘E‘
—4 . BEmmEEeEEEEE
10™ *F X |
independent noise —| L)
N
40 800 1200 1600 ,,

(since 7 o< 7 17)

K(nl/gro, n1/37_0’ T) L nl/gK(ro,To,T)

common bath

-

—

CSS error correction significantly reduced by boson-exchange correlations
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Summary/Conclusion

TITT
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e spin-boson model 4+ CSS error correction:
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Open questions

e improvement by use of “decoherence-free-subspaces” 7

e impact on FT-QC?
Lit.: RK, S. Frank, PRL 95, 230503 '05

e relation to improved Threshold Theorems? RK, PRA 75, 062315 '07
cf. B. Terhal et al. ‘05, P. Aliferis et al. 05, D. Aharonov et al. 06 5. Borghoff, RK, PRA 76 07
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