Quantum measurement
for state generation
and information amplification

March 2015

Saki Tanaka



AY

= W X = 5

s B 5 2 K 4 SRS

Fim X EHE
Quantum measurement for state generation and information amplification

(& FRIELT L D IRAEA AL & 1 A EiE)

(NEDES)
A S FEIC K Dk ST S,

51 BT, ASSCOMES = SR DWW T 5, & <2, AL B 287 R T
&% B ER R B TR A RO TR TEN DO TR ENITIRR S,

B2 ETIE, AW THWABEHEHRROEMEHIH W TEHIAT %, BRI, F
9. 3 ETHWDE HEGAEZEHT 5, F7-. F4 B THW D EHEHERRORRE L <
\ZRT A R w7 BT UZHAS  SEHHERERGIZ DWW TR E L 5,

H3E T, ESHIEZ VY 2 ME & IR OMEERVERGE] (ZOW TR 5, 2
I%. Jacobs IZE D AF—LEZHEMNEETHHDTHD, M, BE-REWHET D EXE
A Z D, ZNNMREEER LS5, Jacobs DFET, HIERERIZEEADWCRIEHRE S L
BEY B E 2 RS 2 LS5 LWV O BEINIED A — L L7 TEY . ZHUuTk
0. ALED 2 YN & IRIEAFEENINZART D Z LN TE 5, AWFFETIL. Jacobs DFEE 1T
F70 D SHETEZARZE LT, T OFHETIRAERE Z R —E I D LW ORI H 1 |
WIERRSEEBU AN TG, S 512, ZOTET Jacobs DFHEIZEEAT BERREE~DIHH
<y IOVAT AOAENSITHT DR MEEFTH Z & NEEN R ST,

%54 TETIE, Aharonov 52X % T55HIE ] OEESZ VA5 SHtEEZ ., HuatHHERIELRIC
FANTEHE LIEEC DWW TEHRIAS %, 99HIE TR, MESRICHEERIRZI TV, ZORER)S
FTEDEZR LT & IR T HEROIEZ TN D &\ D FER7eiE21T 5, ZOHIEE
(3 T5ME) LFREHL, BRI SAUT, SR/HCZ > TIRRTHRO TREREZ D, Zh
RV IME SOIRITISHT S, LW O AENITERAATOI TN D, ARETIE, ZOFEZR
s HHHBLR N ST LRI 21T o7, TORR, Bt LICVWMESOREV ST A —2) DHEERGE
I3, FREROBIMERZBEIIAND & FRERZATHOR @R OF SRS L 5 b0
ETRIGRNZ EN, HD ALK T THI LIz, ©FE Y, S5RIEIC K D5 SHtEE
MR AN LRI E AR 20N 2 &3, WO CREA SNz, ZORSRIT, J9HIEIC L 515
THERIEEMI TS e & & BIS, MR SRR DR B E B 525 Z
EHIFEND,

F LTI, AGLDEL O EREEEIT,




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
School of Fundamental Science Tanaka, Saki
and Technology

Title

Quantum measurement for state generation and information amplification

Abstract

This dissertation is composed of the following five chapters.

In Chapter 1, I present the background and a brief summary of this dissertation. In
particular, the quantum measurement theory, which is a core concept of this research, and
its role in quantum information science are briefly described.

Chapter 2 is devoted to summarize the basics of quantum measurement theory, which is
used throughout the dissertation. In particular, the time-continuous measurement
scheme 1s derived. Also I review the theory of statistical inference for a parametric model of
quantum states.

Chapter 3 discusses the first main result; I first review the adaptive measurement
scheme for a qubit state preparation, which was proposed by Jacobs, and then show an
1improved scheme. Both schemes are based on the time-continuous measurement, which
brings the time-continuous back-action and drives a quantum state. In Jacobs’ scheme, the
measurement strength and the measured observable are adaptively changed depending
on the measurement result; as a result, it is numerically shown that any qubit state can be
generated deterministically. My scheme is different from Jacobs’ one in that the
measurement strength can be taken constant, implying that it is suitable for physical
implementation. Further, the method has clear advantages that the convergence speed to
the target is faster and it has a better robustness property against uncertainty brought
into the system; this is indeed confirmed by numerical simulations.

In Chapter 4, I conduct a statistical analysis of the signal amplification technique based
on the so-called weak measurement proposed by by Aharonov, Albert, and Vaidman. This
measurement has an important property, post-selection, meaning that we read out the
measurement result of the probe (weak value) only if the target measurement result is
obtained with the post-selective measurement; it has been recognized that, in a naive
sense, the weak value can take an infinitely large number, which thus could be used for
amplifying a tiny signal. In this study I formulate a general parameter estimation problem
and found that, while the Fisher information is certainly amplified by the post selection,
the accuracy of estimate per particular amount of date is diminished due to the data loss in
the post-selection. That is, this result clarifies a general practical limit of that signal
amplification technique from a statistical perspective.

Chapter 5 concludes this dissertation.




