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Allan variance
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Allan variance
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Scheme of atomic clock operation

(581 .

Li—1

0 p]
wn
D
-
&)
2
+~
@F
aw
=
<

N atoms

K. Chabuda, I.L., R.D.D., "The Quantum Allan Variance", arXiv:1601.01685

\



Looking for the fundamental bound
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Looking for the fundamental bound

o2(r) = < f Az ep(z ) % / dtewro(t) — % f dtwro(t) | — % (zx) >

2
2w0
T 0

K=2k-1 5K (@) =

o* (1) = g (T)

» Given: LO noise, atomic decoherence, number of atoms

» Find: optimal states, interrogation times, measurements and feedbacks (estimators)
to minimize the Allan variance
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Optimal quantum Bayesian estimation
strategy for the variance cost function

average cost : A2 = /dwp (w)/d;gTr (polly) (@ (x) — w)2 =

p (w) — prior distribution p (x|w) = Tr (p,I1,)
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Optimal quantum Bayesian estimation
strategy for the variance cost function

average cost : A2 = /dwp (w)/d;gTr (poIly) (@ () — w)2 =

p (w) — prior distribution p (x|w) = Tr (p,I1,)

_ /dwp (w) w2+Tr [/ dwp (w) pw/d$@2 (z) H:,;]—ZTr [/ dwp (w)wa/dxd} (z) Ha::|
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Optimal quantum Bayesian estimation
strategy for the variance cost function

average cost : A2 = /dwp (w)/d;gTr (poIly) (@ () — w)2 =

p (w) — prior distribution p (x|w) = Tr (p,I1,)

= /dwp (w) w?+Tr [/ dwp (w) pw/deJQ (x) Hx] —2Tr [/ dwp (w)wpw/dxd) (x) Hx}
p= [ dwp(@)p. 7= [ dup @) wp.
Ly = f dzw? (x) 11, L= / dzw (z) 11,
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Optimal quantum Bayesian estimation
strategy for the variance cost function

average cost : A0 = /dwp () [ dzTr (poI0,) (@ (z) — w)” =

p (w) — prior distribution p (x|w) = Tr (p,I1,)

_ /dwp (w) w2+Tr [/ dwp (w) pw/d$@2 (z) H:,;]—ZTr [/ dwp (w)wa/dchJ (z) Ha::|

p= / dwp (w) po, p= / dwp (w) wp,,
Ly = f dzw? (x) 11, L= / dzw (z) 11,
Projective measurements are optimal® Hi =1, = Lo = 1%
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Optimal quantum Bayesian estimation
strategy for the variance cost function

A2 = A°w —Tr [2p'L — pL?]

RIS L ATS dAZG I
R, A% & minA%e 7 =0 = 7 =5(L+Lp)
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Optimal quantum Bayesian estimation
strategy for the variance cost function

A2 = A°w —Tr [2p'L — pL?]

RIS RIS dAZG L1,
pn A% & minAfw 7 =0 = 7 =5(L+Lp)

A2 = A%w — Tr [ﬁL2]

p= f dwp (w) pu p = f dwp (w) wpw
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Quantum Allan Variance
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Quantum Allan Variance
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autocorrelation function™ :

ReSUltS R(t) = (wro (t) wro (0))1o = ae™ " + B4 (t)
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Summary

» We provide an explicit method to find the ultimate bound on the Allan
variance of an atomic clock in the most general scenario where N atoms are
prepared in an arbitrarily entangled state and arbitrary measurement and
feedback schemes are allowed.

» While our method is rigorous and completly general, it becomes numerically
inefficient for large N and long averaging times. We think that this could be
remedied by using matrix product state approximation.
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Thank you for your attention!

me

A s Kasih =
DiolchKiitos _Shlé'lli'n:f, esMamnoon ™ 2=
Shnorhakalutiun ==, Shokriy ﬂ-=-=3paash1ul ACi

Cansabapiia & = ,-_-,..ngalmnga =L X|e

1]

Dank -3 Takk ual“‘ 2E
25 Ko onSalamatMerCissE, 23
= “.E =

Dhanyavad Khopjai kﬁnﬁ:ma:n alu
rigatou =
Th kY ﬂhunnnbnt

Tac

Brazzi raibh - % = Enmapsupmda t—,““n“ Ham Dhan
E==S =leimap. s aa
E-‘-"—“E'm'danh =

K. Chabuda, I.L., R.D.D., "The Quantum Allan Variance", :1601.01685




