Shih-Wei Su(gr1-)&)', Zhen-Kai Lu(=#x31)?,
Shih-Chuan Gou(Ep7g)[])! and Wen-Te Liao(ZE 7 {%)34

1. Dep. of Physics and Graduate Institute of Photonics,
National Changhua University of Education, Taiwan

2. MPI of Quantum Optics, Germany

3. MPI for the Physics of Complex Systems, Germany

4. Dep. of Physics, National Central University, Taiwan




Why Cavity?
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Standing wave in a cavity

antinode:
max field

mirror

node: no field



Interaction In a cavity
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Cavity modifies atom’s behavior

antinode:
max field

mirror
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node: no field
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HAROCHE METHOD

Microwave photons are place
reflective mirrors that enable
bounce back and forth betws

WINELAND METHOD

An electric field produced by an arrange~

electrodes holds one or several ions insigEss

Electrode

David J. Wineland
Laser light _

Ed Hinds & Rainer Blatt Nature 492, 55 (2012)

Rydberg atoms, which have one electron in a Laser light is shone on the ion, suppressing its
high-energy level, are sent through the system to thermal vibration and allowing its quantum state to 8
measure and manipulate the photon’s quantum state. be measured and controlled.



Control Matter with light



Alfred Kastler
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How about applying 2nd light?




Electromagnetically induced transparency
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O. Kocharovskaya and Y. I. Khanin, Sov. Phys. JETP 63, 945 (1986) -
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What we want to do?

circulating
light

mirror mirror

conventional cavity
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What | want to do

circulating
light

mirror mirror

circulating
light

reflection on/ off
whenever you
want

controllable controllable
magic box magic box 17




Motivation — different cavity QED

credit: Scientific American

conventional mirror is

not controllable.

Can fast control happen?
can the mirror be as tiny as

atom clouds in a cavity?

any cavity effect different from
vacuum Rabi oscillation?

any novel way of
controlling matter?



Dispersive Mirror

optical depth
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Dispersive Cavity & its Finesse

®o all-optical control
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Loading a 1D Bose-Einstein Condensate
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— BEC’s cross section
polarization & energy matched BEC-photon coupling constant



Bose-Einstein Condensate
video link

http://toutestquantique.fr/en/bose-einstein-condensate/



Bose-Einstein Condensate (2001 Nobel Prize)

Eric Cornell
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Superradiance from 1D gas
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Confined superradlance from BEC

mirror

|

—————————————————————————————————————————————————————————————————————————————————————

_____________________________________________________________________________________




Vacuum induced atomic diffraction

prepare and promote a binary BEC
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Vacuum induced atomic diffraction

multiple scattering between BEC &
circulating photons

EEE
generation of y

high k, modes



Vacuum induced atomic diffraction

generation of
high odd k, modes




Time of flight simulation

generation of
high odd k; modes




Coupling- strength -dependent diffraction

average over 1000 realizations
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Coupling- strength -dependent diffraction

average over 1000 realizations
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Dynamical control of diffraction

" ‘ BEC density evolution in k-space
%:f'“u

2
s&é

»
= 1
switching off 0 5 0 5
coupling fields before
some k, mode generates. k/k

32



Dynamical control of diffraction
" | BEC density evolution in k-space
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Dynamical control of diffraction

coupling always on



Specific mode can be suppressed
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