UNIVERSIDADE FEDERAL
DE MATO GROSSO

A\

INCT-IQ

Instituto Nacional de Ciéncia e
Tecnologia de Informagdo Quantica

-

C APES

@ CNPq

Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico

Mach-Zehnder interferometer with quantum beamsplitters

XIX Meeting of Physics, Lima — Peru (2020)

Nelson Thiago Daniel
Almeida, Werlang, Valente,
PhD candidate. Prof. Prof.

(UFMT)  (UFMT)

(UFMT)

valente.daniel@gmail.com

I +|@®| @&

RORAIMA
1P 71 B =2 B "t 7 0 e
Belém
5
Sdo Luis
Manaus
F
Brasil RERNAMBUCO
Peru
Lima
®
salvad
usco
' GOIAS Brasilia
©
nequpa  {LLa paz - . ”, . iania
ere ulaba (C1ty).
Gochabambao s 5 MINAS GERAIS
Santa Cruz
delLa Sierra ESPIRITO
elo Hogizonte SANTO
ato rrosso.(state
eiraoler
MATOGRGSSO o
00 sUL Rib DE
S AOIEAUT0 JANEIRO
£ o
Paragu S@o Paulo gi de Janeiro
aaaaa
S recog Curitib
n Migue
il de Tugumén
Florianspolis
S o
R Porto Alegre -
satdite cord Google @
2020 Google E—



Big question: single quanta?

Are There Quantum Jumps? Part II

Author(s): E. Schrédinger
Source: The British Journal for the Philosophy of Science, Vol. 3, No. 11 (Nov., 1952), pp.

233-242

registering the fact, that we never experiment with just one electron
or atom or (small) molecule. In thought-experiments we sometimes

assume that we do ; this invariably entails ridiculous consequences
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Recall: single-photon in a Mach-Zehnder interferometer

‘ Probability of click in Detector 1 = 50%

Single-photon pulse |
‘—NWMVVWWWWW\AWM‘ / . Probability of click

in Detector 2 = 50%

Beamsplitter

S. Haroche, J. M. Raimond, Exploring the Quantum
(Oxford Grad. Studies), Cap. 3

U1,0) = (|1,0) +4|0,1))/v2
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I'he quantum beamsplitter in waveguide QED

(RIKEN |JP)
P. Lodahl '

g (Niels BOhr | DI<) - Nonlinearity

J. M. Gerard
(CEA|FR)

= (Stanford | USA)

Single photons || Detection

-
s g 5i0, 'Asj - g ’ * 7 _(
= J. Vuckovic ﬁ ’ ‘ ‘ ‘ ‘
Superconducting

Photonic . = & ww \
Qanownres (2010) / Qhotonic Crystal Waveguides (ZOOSy \ Waveguides (2()1()V




A

'he quantum beamsplitter in waveguide QED

-

ﬂ P. Lodahl
J. M. Gerard
(CEA|FR)

J. Vuckovic
Photonic . =

(Niels Bohr | DK)

! ’ 5 ¢
A Y|
\ in e‘ otons Detection

Qanowires (2010) / Qhotonic Crystal Waveguides (ZOOSV \

(Stanford | USA)

\ ﬁs Tsai

(RIKEN [JP)

Superconducting
Waveguides (ZOlOV

-

E@) =¥ @)le, 0) + Y _[6L(al, + oL ()b} lg, 0)

¢ 1) =) ¢ @Dt

Single-photon pulse

A== —D,

Hoo=Y " —ihglo(apet™® + e~ %) —H.c]
w

\

AT

resonance

——

———
OFF

resonance

N

Single-atom mirror

— >,

= =m

Single-atom beamsplitter




Quantum beamsplitter: two ways of getting 50-50%
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Interferometers with quantum beamsplitters?
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Results: ideal Quantum Mach-Zehnder
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Results: non-ideal Quantum Mach-Zehnder

Identical resonant quantum beamsplitters are unable to preserve broadband photon
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Summary

Quantum Mechanics with single particles: experimental reality;

Waveguide QED: interferometers with quantum beamsplitters;

Perspectives: quantum technologies (see reviews below).

REVIEWS OF MODERN PHYSICS, VOLUME 87, APRIL-JUNE 2015

. Interfacing single photons and single quantum dots with
The quantum Internet || photonic nanostructures

H. J. Kimble' Peter Lodahl,” Sahand Mahmoodian, and Seren Stobbe

Thank you for your time!
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