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An cxperimvental scheme i proposed to enhance the second-harmonic generauon It congisic nf 2
cylindricat waveguide filled with a graded-density plasma 20d containing a colloidal net whose
atoms form 8 two-level system. An intense laser palse incident on the waveguide propagatcs mside
and “halts” 1 the collowdal net where it excites the atoms by the two-photon absorption
mechanism. The subscquent stimulsted emission yielda aradiation at double the initial frequency.

PACS numbers: 42.65.Cq,52.40 Db, 42.65.Gv

1. INTRODUCTION

The genierstion: of 3 second-harmonic 1 adiation 1s useful
& a technigue to obtain a higher-frequency radiation from a
lower-fracuency radmtian' it can b achieved in vanous
wiys, o.g., by allowing a laser beany to pass through a nonlin-
ear crystal” or anisotropic plasma’. The yield of the second-
harmon, radiailon in such convenlional methods is, howev-
er, poor. This paper proposes u novel scheme wherehy the
frequency of 2 laser pulse can be doubled with considerable
dhciency.

The sbave-mentioned scheme consists of a cylindrical
waveguide filled with a graded-density plasma* and contain-
ing a colluidal net” before the piane, where the plasma fre-
quency equals the laser frequency. The colloidal atoms are
such that they can be excited by the two-photan absorption
mechanism” by the laser pulse which bas halied in the colloi-
dal net. The subsequent stimulated emission’ from the net
yitlds a raciation at doubie the initial frequency.

it. EXPERIMENTAL SCHEWE

Asshown i Fig 1, the experimental scheme consists of
(1} a cylindnical plasma waveguide of length L., {1i) a collvidai
net immersed 1o the plasma betweenz = £ /3 — and
2 = L /3, where z denotes the anisl distance, 1i'iii a lnser pulse
of appropriate spatic iemporal distribution, and (iv) a delec-
w7 ncai the east of the waveguide.

As shown in Fig. 2. the electron number density N of
the plasma varies with 7 in the form
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FI1G 1. Scheonatic dingram of the proposed expertmentsl scheme
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The cocfficrent C apyxanng here is defined as

C =9%0’m/Ame’. &
where w 1s the laser frequency. The parabolic cusp-type den-
sity distribution mentionesd here may be obtained by some
pressure-gauging technique.”

The plasma frequency w, is selated to N by relation®

wl = 4nNe fm. {3
Hence Eq. [1; implies that @, varies with 2 in the form
0 for O»zal,
@, =4 liz/L) dor OLL /2, {4

(il —27L) for L2zl
Figure 3 depicts the vanation of w, with z.

The forementioned net® is formed by introducing some
atoms in the plasma. in the region betwaenz =1 /1 - Iand
z =L /3 the thuckness { of the net is much smaller than the
length L of the waveguide. The structure of the atums is such
that

E, —E, =<k, - E,, is)

where Fdenotes the energy of the ith c;lcr;y level Thus
these atoms form a two-level system”. )

An intense laser pulse of short duration 1,{ -~ 10 s}
and of frequency w is incident normally at the entrance
iz = O of the waveguide. The cross section of the laser pulse
is smaller than that of the waveguide.

. THEORETICAL ANALYSIS

{1 is assumed that the laser pulse s not intense enough
o redistribute the plasma particles” or to underpo “normal”™

g/;.
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FIG & Varamison of the dectron sumber density of (e plasma «long the
wavegude.
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FIG. 3. Variation of 1he plasmas frequency wlong the wavegunic

+ wo-photon absorption® inside the colloidal net. Then the

maure of propagation of the taser pulse from z = U o
2= L /3w lincar”. Let

Ja = Enl/Em«
f“ =E-“/En,‘—‘ H --f“.

]
N

Here E ., denotes the laser energy entered through ihe plane
» =), E 4 1 denotes the laser energy absorbed lincarly” dur-
wg the propagtion of the laser pulse from z = Otoz = L /3,
and E,., denotes the laserenergy reaching theplanez = L /3.
Atz = L /), the laser frequency w equals the local plus-
na frequency @, 2 = L /3). Here the laser pulse can under-
g0” resonance sbsorption, refiection, and tunnehng. Let

Jo. = E/Eris (R)

Y =Ey ,/E, |, 9

Jra=Er /Epy =1 ~Jo ~fus- (1)
Here® £, , denoies the laser encrgy absorbed resonantly
atsaround the planez = L /3, E,, denotes the laser encrgy
refected from the plancz = £ /3, and E, , denotes the laser
cnergy 1at frequency ] cTossing the plane z = L /3.

Inside the colloidal net, the photons are retracing their
path. Because of the subsequent “deceleration,” the eflective
velocity ¢, of the photons in the backward direction is much
_maller than the velocity C, of the photons in the forward
di-ection. Therefore the photons refiected from the plane
- =L /3 tend to “cling” to the colloidal net. This chinging

+ads to “induced” two-photon absorption of the laser ener-
v by the collodal atoms. Let

.*r,u =£n/£nv

Ja: = Ep SEy =) ~fav
Hese £, denates the laser cicrgy absarbed in the collaudal
aet by the induced two-phaton absorpiion mechanism and
E,; denotes the lases energy Propagating towards the en-
urance after escaping the colioidal net.

The atoms cxcited by the indluccd Lwo-photon absorp-
yion mechanism donot remain in the excited state. They tend
1o come down’ by the mechanisms of spontaneaus and stim-

ulated cmissions. Let

(i)
(12)

ff.'l=£l:l/EQ\‘ (13
Jer =B FE L, 4
(15

fﬂd - E.‘/E‘” = b=t =L
gere’ E, , isthe encrgy emitted by the collvidal atoms by the
UMIANEOUS emission mechanism withim the time duralion
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undes c.msodmum E, , isthe encrgy emitied by the colloi-
dal atoms by the stimulated cmission mechanism, and £, is
. ; ae

Lhat part of the energy which has been absorbed by the coltor-
dal asums by the indiiced two-photon absorption mechanism
Pul has nos boen emitred back. Theenergies B, and £, are
in the fomf\ of photons at frequency 2 The energy £,
propagates randomly, whereas the energy £, propagatcsin
the direction of the stimulating rsdigtion, i.e., 1owards the
exit of the waveguide.

Y he radiation at z = £ 15 contributed by

L3 & and E, ;. Lex

Jin=E, /E,., 16
fio=E, /E,.,. 7
Jos =By /By, {18
E,w=E;, +E,, v+E, =E, .+ E,,. '19)
E,=E  +E., 200 -
Sio=EE,,, (2t
Soa=E,/E, =1-[,,. 2
fio=E/E;q. i23}

Here £, , 15 ihe cnergy of photons at frequency w reaching
z = L. E,, isthe energy of spontancously emitied photons at
frequency 2w reachingz = L,and £, 1s the energy of stimu-
latedly emitted photons at frequency Zw reachingz = L.

The content of 2 frequency radiation in the outcoming
radiation is determined by the ratio f, » and the efficiency of
conversion of the incomng {w frequency) radiation into 2o
frequency cadiation is determined by the fraction /.. The
content ratio [, , and the efficiency ratio f, , may be ex-
pressed in terms of other “basic™ ratios ax follows:

f!JJ‘?

R sty ey S
fia= Uiy thdeVade oo {25
11 15 easily understood that
fifi2=0, 126}
Sedvi&fates 2
Conscquently,
=ty 128
fraxfideS Jaifir- (29)
In & collisiontess plasma,”
£, (304
Syt (21

[n view of the experimental scheme under censideralion, we
may assurme’ that

fu, ~0.6, i32)

fei~05. 133
Then Eq. (291 imphes

Foa=0.Y,: 134

The ratw /-, depends on the temporal distribution of the
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laser intensity, i.c., o the pulne shape. By proper tailonng of
the lager pulse, it is possible to get’

ISR (35)
and hence 1o zer
Jra>0.15 136}

Equations {251 and {161 lead to the following conclusion:
the experimental wchevw under consideration produces al-
most monachrosasbe sadiatun at douhle the iniiad fraquen.
cy, with an oversl! effeciency greater than 15%.
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