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Abstract: <span><div id="Cleaner">"Most of the experimental advances in coherent quantum control in recent years have involved ultrashort pulses
and pulse shaping techniques. These pulses have been an excellent source of coherent light with precise phase relationship between the various
frequency components. In several recent works we have investigated the possibility of using broadband nonclassical light, generated by
down-conversion of narrow-band lasers, for coherent control.<div id="Cleaner">We demonstrated that pulse shaping techniques can be used in the
single-photon limit, when the light is composed of individual time-energy entangled photons. We could shape the two-photon correlation function,
which is as close as one can get to & shaping of individual photons&€™. Using polarization pulse-shaping techniques we aso controlled the
guantum interference of polarization entangled photons. By controlling both phase and polarization of the photon-pairs, we were able to tailor the
Hong-Ou-Mandel interference pattern, and generate all four polarization Bell-states.<div id="Cleaner">We believe that the combination of quantum
control techniques with quantum optics could add an important ingredient to the toolbox of quantum information and computing.” </span>
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Classical Pulse Shaping

Phase, amplitude and polarization synthesizer

Spectral
plane

- 8 10 fs pulses @ 800 nm ~130 nm FWHM Y,



Classical Pulse Shaping

Phase, amplitude and polarization synthesizer

SLM

. 10 fs pulses @ 800 nm ~130 nm FWHM =



Shaping a Single Photon

Can we shape a single photon?
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Shaping a Single Photon

Can we shape a single photon?

... what does it really mean?
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Shaping a Single Photon

Can we shape a single photon?

... what does it really mean?

... and what is it good for?
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Spontaneous Parametric Down-Conversion

a pump photon 1s spontaneously converted mto two lower frequency photons
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Time-Energy Entangled Photons
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Time-Energy Entangled Photons

non linear crystal

signal
(1 - _
monochromatic idler
pump
O, +0, =0, O —0 ="

Pirsa: 07060017

llllllllllllllll

age 11/42



Time-Energy Entangled Photons
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Time-Energy Entangled Photons

g (@)
I e = | ' A
‘l’(f>:\/(l—8)fu;;+w*g’d(.i)g((?)}‘lﬂ |1 +m>r I_A
| - Fpiz= P J | Tz _

: . : !
uncertainty relation =% [_+1, = A = A
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Time-Energy Entangled Photons

signal (cw)

non linear cryvstal
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» The time DIFFERENCE between the photons behaves as a fs pulse
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Time-Energy Entangled Photons
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* The time DIFFERENCE between the photons behaves as a s pulse
.. so lets shape the two-photon correlation function !
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Time-Energy Entangled Photons
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* The time DIFFERENCE between the photons behaves as a s pulse

. 80 lets shape the two-photon correlation function |
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«Hlectronics limits temporal resolution and photons rates fs (1 0_15)
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How can we get fs resolution?

Hong-Ou-Mandel Interference
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The Effect of a Lossless Beam Splitter
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The Effect of a Lossless Beam Splitter
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The Effect of a Lossless Beam Splitter
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Coincidence Detection
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Coincidence Detection
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Indistinguishable Paths
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Feynman: Indistinguishable paths which lead to the same event mtertere

—_—p  desttuctive mterference =—» no comcidence
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Indistinguishable Paths
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Feynman: Indistinguishable paths which lead to the same event mterfere
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Two-Photon Coincidence Interference :
Hong-Ou-Mandel Dip

“Measurement of Subpicosecond Time Intervals between Two Photons by Interference”
C K Hong, ZY. Ou and L Mandel. PRL 59 (1987)
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Two-Photon Coincidence Interference :
Hong-Ou-Mandel Dip

“Measurement of Subpicosecond Time Intervals between Two Photons by Interference”
CK Hong Z Y Ouand L. Mandel. PRI 59 (1987}

No. of coincidence counts in 10 min,
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Two-Photon Coincidence Interference :
Hong-Ou-Mandel Dip

“Measurement of Subpicosecond Time Intervals between Two Photons by Interference”
C K. Hong, ZY. Ouand L. Mandel. PRL 59 (1987)

'-‘ ,,,,
b r
!
g \
= b = i
[ A ~
a = N I
8 : :
X I
- ‘ '
= : - .
s 1 F 3 I
o v L
k=] v 4 Vi
- i
E T T T T T T T T

Position of beam splitter

Pirsa: 07060017 Page 27/42



HOM in polarization
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Experimental Setup
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Experimental Results
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Quantum Information Technology

Bell-State Synthesizer
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Spectral-Polarization Bell States
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Traditionally, spatial-polarization states:

(or time-bin modes, Yasaman's & Joshua's lectures)

We propose, Spectral-polarization states:
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Polarization Bell States Synthesizer

Pulse shaper
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Bell-States — Experimental Results
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Polarization Bell-States Synthesizer

» Computer controlled

» Robust (Singlet — DFS)
- Easily fiber-coupled

» High flux

» Multiplexing?

- Multidimensional qdits? 2 yd
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\We have seen...

Single Photon Shaping

» Control of HOM interference

« Shaping of two-photon correlation functions

Bell State Synthesizer

» Computer Controlled Generation of the 4 Bell States
* Practical

- future research: Multidimensional qdits

Pulse shaping offers a new tool for quantum information
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Experimental Results
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