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Phase Conjugation
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New Pump Sources
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h
Stable fringe pattern produced by interfering the degenerate

DRO beam with a reference beam from the Nd:YAG laser.

(from R ECKRRD et o\L
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Figere - Modes in the resonator of a doubly resonant osciliator. Note that w, increnses
to the right and w, to the ieft. Lines vertically above each other indicate the coincidence of
idler and signal modes. To the left is the point where , and w, are phase matched. The
closer operating point is the dotted line next to it, but the gain is higher at the point
furthest to the right and this is the actual operating point. After Gidrdmaine and Miller,
in Physics of Quantum Electronics, P. L. Kelley et al., Eds., McGraw.Hill, New York,
1966, p. 31.
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OP0 Spectrum Width Dependence
on the Degeneracy Parameter
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Ps OPO Pumped by TCP. Spectrum
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SPECTPUM

Configuration of the cw femtosecond QPO.

(TANG c.c. et.al.)
L] a0 l::n) as0
AC
—1; -~500 0 500 1000

_ AC of signal pulses at 840 nm for near-zero net
cavity GVD; the insets show an interferometric AC envelope
(right) and Spectrum (left). The pulse width (a sech? fit) js

o (from TANG C.¢. et at)
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E Key points

fSpace and Time-Domain Phase Conjugation

-Wave Front Reversal abeycosfunt-koz+ylxy,1)]
and Chirp Reversal monochromatic wave | plone wove
(similarities and differences) afcyloosfnt-kzepluy)] | oltlooskat-K 2y )]
Reaui bs Chi wove front reversal |  chirp rev.ersa!
-Requrements for Chirp =g |gep i
Reversal

Observation (experiments) a U \
~Phase Conjugation and />< t )<\ t
Time-Space-Domain Squeezing
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Phase Conjugation in OPO

21" 0PO
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Chirp Reversal
-JHMarburger. Appl.Phys. Lett, 32,372(1978).
-AYoriv et ol. Opt. Lett, 4,52 (1979).

Chirp_reversal of ps ond fs pulses
Requirements for conuqator:

-Nonlinear response

Coes %« Teignal corvelaion tine

-Phase-matching  bandwidth
o By, > AV
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| Spectrum Bondwidth of OPA

QW Wy=0), +
~1 OPA | S5O

205 A0y (K. fLL,,)

A=1um, 1ps —15¢m™
10fs —1500 cm”
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0P0 Spectrum versus Pump Wavelength
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CDA OPA Bandwidth Dependence on Temperature Tuning
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_ VU _ Compression

result

|

cr=175

vu Chirp Reversal in CDA OPA
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0P0 Tuning Curves
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Chirp Enhancement Results

VU

VU |Evolution of Pump ond OPO Signat Chirp along Troin

Synchronousty
pumped OPQ
LiNbO,

YAG:Nd loser
prr=10kHz B
At- Qcﬁm |
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Compression Results

A~ 112
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e 68ps
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Phase Conjugotion_ond_Squeezing in OPO) Verification of Phase _Conjugation
Classical analogy
Wy =Wy =Wy , 00-¢€
A=A chm+Agshm, m>1
A~ (A" + Kle™) => T
Suppression of one_quudrabure component
A°=u°+ih°, A=a+ib
a = ay(chm + shm)
b = bylchm - shm)
at=ale™ , |bi=ble
Conclusion::

squeezing in OPO s coused et
Wm“"l“‘l"t”" €, »T sharp peck in SH spectrum when o*+b?

Nonlinear mixing
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For-field ongulor distributions of
conjugated (1) ond nonconjugated (2) waves
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DETERMINATION OF
;, MULTIMODE SQUEEZING

m - parameter of multimode squeezing

m = E1IE2>% ooncinongfmu‘llnode
_(1-e)
T ge(EX1eEP- (14 8F

€= ?/? conjugation parameter

€1 no conjugation
€=0 complete conjugation

e 5.2
g.= {8+ ) second order coherence
@ B)2  of twin-field :

*) SKilin. Sov.Opt. & Spectroscopy
V.66, p.733 (1089).
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-_,_n.%ozaoan_ Arrangement for the Four-Photon
Parametric Luminescence Investigations

Delay
As1064nm  A532nm “ Line
<¢=T0ps T=50ps
E=18-2m) E-0,6m)

Cell
Boom N INa = _

AMLand QS SHE D8OM pycorond .
(W YAG:Nd  (KTP) SPlitter gpg iy zmﬂ_,_s
Laser setective sys

resonator

Pump porameters

Ap:932nm  a)=08cm

' Ex02m) Ps200mW <=50ps 9=1kHz

Apz9620m ,=09cm" E-00ImI B10mW <a45-50ps ¥=1kHz

Three ond Four-Photon Parametric Scattering

Three-photon inferaction

Four-photon interoction

interoction

Phose matchy  wy=0y0 w; Wp, + W, = g+ G

ing conditionss  kp=ke+ ki | Kp, + Ko, ™ Ws+ 0,

Collinear kghefhesh> Il kgl Ik, 1> Ik f+lky,|
e

Noncollinear
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Four-Photon Porametric Lumines-
cence Rodiation from Sodim Vo

Cell in Visible Spectral Region during
Noncollinear  Two-Photon 35-3D

Transition  Excitation

Ap=532nm
Concentration N=810%cm

, mrad
i O
a , b

9-ongle between pump beams Omrad
b-angle between pump beams 7 5mrod

3¢

The Man Formulos for the Coloulation of Four-
Photon Porametric Luminescence Phase Motching

- Phase Matching Conditions
Kot Koy K ok, ANEIANEIARYAY
" Cone Angle
costp= (K3 +kG-k3)/ 2Kk,
K -k .k R N{W)W
P "o Vg e i C
Selmaier  Equation
Nr, fp.3
1 n
()1 29 < Whpy- w?

N-density of sodium in om™

re=2,818 10%cm

Grpy-energy of the nP, level in cm™
fea-the oscillator strength




The Dependence of Four-Photon Porometric Gene-
ration Spectral Charncteristics on Sodium Concentration

25cm
‘ ,._.N.Qs.d ‘ l
| VAN %
a b c

N=2-10%em? n.w%ana.u N=2-10"em'S
~ nm

The Types of Cavities Used for Four-Photon
Parametric  Generator

1. 2, R+100%
-~ - Celt ~ = |Cell
KouKos \Jf»;aﬂ. ko by |
R=100% R=00% R 100%
_ 3 4.
r’ 3 .
fSﬁ = L1, ¢R*100% Gl N
L9 “ >
=]
ke,
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Dependence of the Four-Photon Porometric Oscilator
Qutput Energy on the Cavity Mismatch a

E.orbu _
._ L

» N*050%m*
o Ne10%¢m™

: o
| 16ps 35ps
| i ips
__|{ |16ps
I\ ok
0) A=820nm  b) A=820nm ¢) A=590nm d) A=820nm
Algyo=0 Al gyg=4mm Alga=0

AL gog=0
N-3510%m® N-3540%m®  Ne3540%m’ N=0%cm®
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CONCLUS/ION

O NEW PHENONMENR OBSERVED
~CHIRP REVERSRL
~CHIRP ENNRNCEMENT

~PULSE SELFCOMPRESSION
(SO0LITroNs)

-X(J) oPO
- SQUEEZING

® PRRAMETERS RCNIEVED *)

-PULSE WIDTH 68 fs

- LINE WIDTH ~ [0kH2
-ENEREY w~ 3F
~TUNINE  ~ 0.320/HM
- SQUEE2INé ~ 3dB

*} UNRELRTED






