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The Arena:

@ Suppose N moderatelylarge: 1/N!,1 0! 1/ N

e Given: N copiesof p(f) = %(ﬂ+5é&), e ©

—

-- whatis @ ? (m easurement + dataprocessing )

® separate / a daptive / L OCC / separable / c ollective ?

# of c omponents / m easurements ?  projective/ POVM ? ...

@ prior Okrowledge®? (pu re/mixed, 2D/3D: * 1 )

@ prior distr ibution ??  bgure of merit ??




The Tools:

® Cramer-Rao ->

@ Holevo ( Q CR)

@ van Trees ( BCR)

@ (Q) LLN, (Q) CLT

Q LAN

D Tayl 0)§ (propagation of e rrors, d-method) (nOt |n th |S talk)
Analysis
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phd thesis! <b www
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%4 [ déAilanO CE.0 Hl‘adil, ] [unclassibed!]
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Asympotic inf orma ion bounds in quantu m statistics
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THE FUTWRE (QLAN) :

@ M| Guta & J Kahn (20 06)
Local asympotic normality f or qubit states

Phys Rev A 73 05218
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Optimal fu Il e stimation of qubit m ixed states
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Other References:

@ RD Gill & BY Levit (1995)
Applicat ions of the Van Trees inequality :

a Bayesian CramZr- Rao bound Bernoulli 1 59D79

http:/ / www.math. uu.nl/ people/gill/ Preprints/ van_tr ees.pdf
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@ M Hayashi & K Matsuma o (2004) quan t-ph/ 0411073
Asympotic perf ormance of State estimation in
guanu m tw o level system

@ M Hayashi (2003; 2006) guan t-ph/ 0608198
Quantum estimat ion and quantu m centr al | imit theo rem




Main theorem (Gill, 2005) :

Asympg. quadratic Bayes@isk for e st@n of ! (" ith weig ht
mar ix G(lan d prior ! (") is no smaler than the p rior mean
pointw ise Holevo bound with weig ht matrix G = 'Gid"  .e.:

iminf NRM) (1) > E, Cq

N — o0

= E B (¢™N) 1 4(6)) GB) (™) 1 4(8))

inf trace G(0)V

s.a. X, Zopeal Vel Eas e
trace 2-p(0)X; = & , (Holkevo bound)
traceHX; X = Zij




(this part | ive on real bl ackboard)

Sketch of p roof: ..

(@ math t alk without a p roof is | ike a movie without a | ove scene)




(this part | ive on real bl ackboard)

Examples:

completely unknown mixed qubit Pdel ity | oss
3D and 2D cases

(2D case insoluble witho ut the se metho ds)

completely unknown pure qudtt

ANY covariant e xhaustive povm + wise data processing
IS asympootically optimal, eg,

uniform random independent
von Neumann measurements + MLE or Bayes




CONCUSIONS:

wise combina ion of c omplementary | deas
fr om Bayesian and pointw ise approaches
IS needed t o gain theoretical insig ht
and solve practical problems

My point of view:
| am a r abid pragma ist
le fanat ically opposed BOTH to rabid Bayesians
AND to rabid fr equertists

An often probtable approach is t o study the fr equertist p roperties
of Bayesian methods, inordert o tune priors and loss functions
to attain sensible fr equertist p roperties




