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Research Interests

o Fundamental quantum physics
« Quantum stochastic dynamics/tomography
* Decoherence & quantum to classical transition
* Noise spectroscopy & feedback control

o Quantum communication (with photons)
» Random number generators
« Single photon generation/quantum repeaters
 Quantum Key Distribution

o Quantum algorithms/computing
* Quantum random walks/ with IBM’s QisKit
* Application to finance
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Tasks/Questions

o Understand behaviors of quantum systems under noise.

o How to detect/suppress/control decoherence?

o Understand coherence effects on quantum
algorithms/communication channel.

o How to construct quantum network?
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Example: Quantum Random Walks

PROBABILITY DISTRIBUTION WITHOUT FLUCTUATION IN COIN OPERATOR

Prob of 1000 step 6 = 45.00 , & = 0.00
Prob of 1000 step @ = 45,00, 0 = 0.10

- PDF of classical RW jafter many " PDF of quantum RW after many steps.

.. steps.
0.15
0.10
o 0.05
0.1 T T T T T r
| Effects on initial states after 100 steps. pi6 | | 0.00f¢ . . , . .
009 zzi —30 20 -10 0 10 20 30
L 1 [M. Montero (2017), Phy. Rev. A 95, 062326]
0.07 -
= 0.06 |- —
8 oos l ' \ | classical quantum
£ oo _' \ ' ._ Probability Probability
003 ! ’ l | °3|
; ‘ " '[ F 0.2}
0.02 ' N l
g |/ \,M' l. 01 I l ou
QmMM' & ‘“‘u.“,u,'.l,\ %A’J"' WMA[ -5.3 T T3S 5 8 1l13 5
ol L1 mvw' v'vvw VAN Y T Y B
-50 -10 10 20 30 40 50 Time Time

Posntlon

[A. Schreiber et al (2010). Phy. Rev. Lett. 104 ]
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Example: Quantum Random Walks

QUANTUM RANDOM WALKS WITH FLUCTUATING COIN OPERATORS
QRW Characteristics
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» X axis: position after 1000 steps. Y axis: probability of occupying X after 1000

steps.
o Common occurrence for all angle 6,, but transition point o, depends on 6,

Q% 19Nasus:nauNn1sia1oun Quantum Engineering in Thailand ¢ A3 unsnodsuiaa.
JuUs=sudsImsiazinssAnIsiuAINg Us=91U 2562 (NECTEC-ACE 2019) g Mahidol University

NECTEC-ACE
2019



Example: Quantum Random Walks

ROOT MEAN SQUARE DISTANCE AFTER 1000 STEPS
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« X axis: time (1000 steps). Y axis: root mean square distance r(t) := +/(x?).
o o = 0.00,0.01,0.02,...,0.99,1.00

o r(t) = AtP with % < B < 1, coefficients depending on 8,and o
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Example: Quantum Random Walks

oifset = 0.512135 * 0.001502
RMS = 0.011943
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« X axis: fluctuation strength o (%) . Y axis:

o B exponentially decays as o increases, with asymptotic at § = 0.5
o Quantum to classical transition is continuous!
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Example: Quantum Random Walks

QUANTUM RANDOM WALKS WITH FLUCTUATING COIN OPERATORS

Localization of PDF profiles as seen from inverse participation ratio (IPR).

40 : . . ; : 35 : r y : . 25
“if 201 4 7 ,'|' | TC/3
25| ' ‘I!’}! )\ |
' |EI N |
15+ ’ b )
i {, . ,| 1l i | \“
5] " \hn ,1 1 \ ‘p t'
A fiH o,,
10} l j""' " N o 4""' V (|
H ﬁ
o ' ' r
o \
% 20 0 %0 80 100 120 % 20 w0 ) ) 100 120 % 2 20 60 8 100 120

‘ Model; Ax*

250 0.069093 A=26 5 + 0202830
0.00319: B=-0 +0.001549
0028696 700 V=03 £0,006370
ma 41712 RMS = s 1000
= 4.
200 A 600+
\ 800
500+
150 ‘
400+ 00 |
| \ , \
100 | 300 !‘ 400 \
5 \
e 200+
p 2
0 o ~
100

o IPR shows localization as o increases, but weaker than Anderson localization.
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Example: Quantum Random Walks

Critical Sigma VS Angle

—— Step = 250
—— Step = 500

—— Step = 1000
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Decoherence destroys
potential quantum
supremacy.

= key obstacles, in
addition to hardware
construction
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Interpretation of results

o Tails fit well with power law Aag™" or polynomial decay m = fluctuation around 10%

yields quantum to classical transition.

o Number of operations exponentially decrease with high disorder

o Quantum state loose its quantumness exponentially quick with high disorder and number of
operations (walks). 7
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Example: Quantum Feedback Control

dpe(t) = dt(—iA. p(t)] + dtD[L]p(t)) + dW(t)H[L]p(r) ~ NO-Knowledge Measurement
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Key Obstacles for Quantum Supremacy

Quantum Science and Technology

Technology that exploits “quantum properties” or “quantum states” of light and matter
to perform calculation, evaluation, communication, restoration or presentation of data
with the goals to understand, control, process and manipulate quantum systems to yield
ability beyond the limit of classical world.

o Key properties such as superposition, entanglement, teleportation, no cloning
o Many platforms using light, spins, paths, fundamental particles

QRNG

guantum teleportation

Communication
Computation

guantum cryptography

Sensing/Metrology

quantum error correction

Basic Science

[A. Acin et al 2018 New J. Phys. 20 080201] 9
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Quantum Communication “Scheme”

quantum teleportation scheme

Node C
QRNG  Physical platforms: photonics

» Media: air (free space) or fibers

* Single photons or quantum continuous variables (QCV)

No-clone Theorem “’\l A detectors
guantum repeaters : QEC
quantum memories HAPS photon-matter interface

trusted nodes satellite storage

photon-matter interface drone-like
[M. Sasaki Quantum Sci. Technol. (2017) 2, 020501] *°
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Key Obstacles for Quantum Supremacy

No small effort

Estimated annual spending on non-classified | 15090 in 2018
quantum-technology research, 2015, €m

National
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Quantum Sensing / Quantum Metrology
@ Quantum Information Theory / Quantum Algorithm

® Quantum Simulation / Quantum Computing
@ Quantum Cryptography / Quantum Communication
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(Experiment)
Quantum Computing (Software and Algorithms)

Quantum Metrology/Sensing
Quantum Communication
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