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Nonadiabatic interaction of a propagating wave packet with localized parametric pumping
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The interaction of a propagating wave packearrier frequencyw, wave numberk) with nonadiabatic
parametric pumping, localized in a region of size the order of the carrier wavelergth=27/k, is studied
experimentally in a system of dipolar spin waves in a ferrite film. It is shown that the three-wave parametric
interactionw+ o’ = w,, leads to the formation of both contrapropagating= —k) and copropagatingk(
=Kk) idle wave packets of carrier frequenay. A system of equations derived for the packet envelopes gives
a quantitative description of the observed random modulation of the output signal caused by the interference of
the input and copropagating idle wave packets.

DOI: 10.1103/PhysReVE.63.066607 PACS nuni®er75.30.Ds, 76.506-g, 85.70.Ge
Parametric interaction of a propagating wave with electro- J J .
magnetic pumping in a nonlinear medium always occurs in a i v o Tl adtz) =Vigba(t.2)ac (t.2), (33

limited spatial region of lengthL (if we consider a one-
dimensional cage Usually, the interaction satisfies the adia- ( P

d
+T

batic condition[1,2] - +v -

ag (t,2) =V b3 (t,2)a(t,z), (3b)

kL>1, (1) ) o
wherev andI' are the velocity and dissipation of the para-

which means that the length of the pumping localization metric wave packety(t,z) having carrier wave vectok;
region is large compared to the wavelength 27/k of the Vi iS the coupling coefficient between the parametric
propagating wave of wave numblerlf the adiabatic condi- waves and the pumping,(t,z) is the pumping amplitude,
tion (1) is fulfilled, the interaction with pumping results in a Which in the simplest case is the slowly varying complex
parametric coupling between the signal wdfrequencyw, amplitude of the electric or magnetic field of the pumping
wave numberk) and the idle wavefrequencyw’, wave Wave having carrier wave numbek2

numberk’) satisfying the conservation laws On the other hand, if the pumping is quasihomogeneous
k,k">k,=0, as is usually the case for parallel pumping of
oto' =, (280 plane spin waves in ferromagnégig9], anabsoluteinstabil-
ity of contrapropagating wave& (= — k) is observed8]. To
kK+k'=kp, (2b)  describe the parametric coupling between these contrapropa-

gating waves the system of reduced equations can be written
wherew, andk, are the frequency and wave number of the; the form

parametric pumping. Here and below we shall consider only
the case of the one-dimensiortalaves propagate along tke
axis) three-wave(first orde) parametric interactioi2).

The parametric interactiof2) of two spectrally narrow
(quasimonochromatjiovave packets with adiabatic pumping ( 9

d d
—+v—+T

V5, a(t,z)=Vy _(bo(t,z)a* (t,2), (4a)

(1) is usually described by a system of reduced equations for i % +I

the envelope amplitudes (t,z) of interacting wave packets

[3,4]. This system has been used successfully in differen

bran(_:hes of physics, s_uch as nonlinear opfies plasma =0) electromagnetic field.

physics[6], and magnetisrfi7]. . . In this paper we show that in the case when a signal wave
It turns out that the character of the wave instability under, oot of carrier wave numbtinteracts parametrically with

t_he influence of parametric pumping, as well as the d'rec'gonadiabatic(or strongly localizel pumping

tions of propagation of the interacting wave packets, depen

critically on the relative values of the wave numbérsk’, kL<1, (5)

andk, . If k,=2k=2k’ (and the pumping is a propagating

wave, as is usually the case in nonlinear opfeB, acon-  the excitation of both copropagating’(=k) and contra-

vective instabilty of two copropagating wave packets’ ( propagating k' = —k) idle wave packets is possible simul-

=k) moving in the same direction as the pumping wavetaneously. This process becomes possible due to the “smear-

occurs[8]. In this case the system of reduced equations ha#g” of the wave number of the strongly localized pumping

the form[4] in the intervalAk,=2=/L near the pumping carrier wave

a* (1,2)=V _ bk (t,2)a(t,2). (4b)

fn this case the pumping is a localized, nonpropagatkg (
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® =2.8 MHz/Oe is the gyromagnetic ratit], is the bias
magnetic field, andM is the film saturation magnetization
[10]. By choosing the excitation frequenéywhen the value

of Hg is fixed) it is easy to change the wave numlkesf the
signal wave packet from several to several hundreds of in-
verse centimeters.

In the following we assume that the signal BVMSW of
the frequencyw, is propagating along the axisin a film of
length | and is interacting with homogeneous parametric
pumping of frequencyw, localized in a spatial region of
lengthL. The equation for the amplitude, of this wave can
be written in the form{13]

1 0 k2 k

. (9Ck . ” L .
FIG._l. Spectrur_rwk of the Iqwgst mode of a BVMSW in a — i+ Tic= 2 Ve hys o exq—lwpt)c’;, ,
tangentially magnetized magnetic film. at Ko |
(6)

numberkp,. If the lengthL of the pumping localization re- whereI',= yAH is the wave dissipation paramete¥H is
gion is such that z/L = 2k, then the wave number spectrum the half-linewidth of ferromagnetic resonance in the film,
of the localized pumping contains not orky=0 but also Vi is given by[13]

components withk,=2k. Thus, independently of whether )

the input pumping signal is an oscillation with carrier wave v oo —(yHo) 7
numberk,,=0, or a propagating wave witkyo=2kK, the kk ™ @)
wave number spectrum of the strongly localizewnadia-

batic) pumping will contain both componenks=0 andk,  andh, is thekth Fourier harmonic of the spatially localized
=2K. pumping fieldh,(2),

It should be noted that, in spite of the pumping smearing
in k space, the signal and idle wave packets remain spectrally
narrow in the frequency spadsimilar to the well-known
case of adiabatic pumpinglue to the strong frequency se-
lectivity of the parametric interaction. This important prop- It is worth noting that the pumping here is not an eigen-
erty of a parametric interaction allows us to derive an ap-excitation of the spin systerfi.e., not a dipolar spin waye
proximate system of reduced equations for the envelopes @fnd does not obey the dispersion law for BVMSW's. Thus,
interacting wave packets even in the nonadiabatic case. Thise can independently change the spectral width of pumping
system takes into account the simultaneous existence of cin the frequency space by choosing the duratignof the
and contrapropagating idle wave packets and presents a giumping pulse, and the spectral width of pumping in the
rect generalization of Eq$3) and (4), traditionally used to wave number space by choosing the spatial width of the
describe parametric interaction with pumping in the adiabatipumping localization regioi.
case. Analysis of this generalized system yields a value of First of all, we shall give a qualitative picture of the action
the parametric instability threshol, , that is smaller than of nonadiabatic pumping. Equatid6) describes parametric
in the adiabatic case. coupling of waves having wave numbétsand k’. In the

The generalized system of reduced equations derived be&ase of infinitely extended. —« (purely homogeneous
low gives a quantitative description of the experimental repumping the coupling of propagating waves with pumping
sults obtained in the case of nonadiabatic pumping of backdoes not vanish only for the waves with wave numblers
ward volume magnetostatic wavéBVMSW's) (or dipolar  =k; andk’=k,=—k;, and frequencies=w’'=w,/2, de-
spin waves$ [10], propagating along the direction of a bias noted by the numbers 1 and 2 in Fig. 1.
magnetic fieldH, in a tangentially magnetized yttrium iron ~ When the pumping field is localized in a region of finite
garnet(YIG) film. lengthL, this field can be represented krspace as the sum

The experimental realization of nonadiabatic pumping isof monochromatic pumping waves having amplitudgs
difficult to achieve in optics, as the pumping localization and wave numbers mostly in the intervak (k| <2/L.
length L<\) there must be below Ium. It is, however, Thus, the parametric coupling in E¢6) becomes possible
easy to achieve nonadiabatic pumping conditions for dipolafor any pair of waves with wave numbeksandk’ such that
spin waves in ferrite films using strip-line pumping transduc-|k+k’|<2x/L. With the decrease df the number of inter-
ers[11,12. Below we shall discuss in detail nonadiabatic acting waves increases, and their frequencies, while still sat-
pumping in a system of dipolar spin waves in magnetic filmsisfying the condition(2a), could be different fromw, /2 (see,

The spectrumw, of the lowest mode of the BVMSW in a e.g., the waves denoted by the numbers 3, 6 and 4, 5 in Fig.
tangentially magnetized magnetic film is presented in Fig. 11 for which|ks 5+ kg 4/ <27/L). Note, however, that as long
This spectrum is symmetriw,=w_,, and has an upper as the conditior{l) is fulfilled, these parametrically interact-
boundary of wg=yJHo(Ho+47My), where /27 ing wave pairs remain contrapropagating.

hk=%Jolhp(z)exp(—ikz)dz. (8)
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Finally, when the pumping localization region is so small

104 - 71 _ T T T T T T ]
that 27/L> 2k and the adiabatic conditiofi) is broken, the [» B0
interaction of copropagating waveés.g., waves 3, 5 and 4, 6

in Fig. 1) becomes possible as well. Thus, the simultaneous
parametric coupling of both contrapropagating and copropa-
gating waves is possible only when the pumping becomes
nonadiabatic.

To obtain a quantitative confirmation of the qualitative
analysis presented above of the influence of nonadiabatic
pumping we performed numerical calculations in wave num-
ber space using the model E§) for the Fourier amplitudes
¢, of the input signal. The central pumping frequency was
chosen to bew,=27Xx9346 MHz. The pumping was as-
sumed to be a rectangular temporal radio pulse of duration
7,=30 ns localized along the axsin a region of length
L=0.1 mm in a film of length =10 mm. The bias mag-
netic field, determining the upper boundawy, in the
BVMSW spectrum, was chosen to Ib=1015 Oe, while
the saturation magnetization?M,=1750 Oe and the re-
laxation parameteF,=3.5x10° s }(AH,=0.2 Oe) were
typical for high-quality YIG films[11—14]. The input signal
was chosen in the form of a temporal radio pulse having a
bell-shaped envelopgc(t)=cosh (1.7&/r5)] of duration

Power spectra of transmitted signal |c,(Aw)| 2 (au)

0.0

— T v T T T — T T
-100 -75 50 -25 0 25 S50 75 100

7s=20 ns, and carrier frequenays= w,/2+27X50 MHz Frequency detuning Aw /27 (MHz)
=27 X 4723 MHz(see point 3 in Fig. 1 The carrier signal
wave number waks=100 cni }(A¢=0.6 mm), so the con- FIG. 2. Spectra of the signal transmitted through the region of

dition of nonadiabatic interactiotb) was fullfilled. In our ~ nonadiabatic pumping for different values of the pumping power
calculations we took into account 300 waves with wavePr: Ppthis threshold pumping power for parametric excitation of
numbers k,k’ in the interval from —300 cm! to MSW's.
+300 cm !, and the coupling coefficien¥,,, was calcu-
lated using Eq(7). BVMSW excitationP, ,, a new spectral packet having cen-
The power spectréc,(Aw)|? (WhereAw=w—wy/2) of tral frequency exactly equal t0,/2 appears in the transmit-
the signal transmittedk¢>0) through the region of nonadia- ted [Figs. 4c), 2(d), and 2e)] and reversed output signals
batic pumping are presented in Fig. 2. They were calculate@points 1 and 2 in Fig. 1 With increase of pumping power
from Eq. (6) for different values of the pumping power all the partial spectral packets broaden, begin to overlap, and,
(Pp~hpl?). finally, for P,=2P,,, form a single spectral packet with
In the absence of pumpindrig. 2(a), P,=0] the output the central frequency,/2 [see Fig. 2g)]. In the case when
signal is identical to the input signal and in the frequencythe input signal is centered aroung/2 the picture simplifies
space yields a spectrally narrow wave packet with carriesignificantly as only one spectral packiimilar to the
frequencyws= w,/2+ 27X 50 MHz, corresponding to point packet in Fig. ?e)] exists at all levels of the pumping power.
3 in Fig. 1. It is well known from the theory of parametric interaction
When the pumping power is nonzero but less than th¢l15] that the phases of all waves at the signal frequency
threshold of parametric excitation of BVMSW'’s by localized = wg coincide with the phase of the input sign@l (see
nonadiabatic pumping,, \, [defined below by Eq(13)], an  points 3 and 4 in Fig. 11 In contrast, the phasef of waves
additional wave packet with the central frequensy=w,  at the idle frequency»’ = w;=w,— s (points 5 and 6 in
—ws=wy/2—2m x50 MHz appears in the output signal. Fig. 1) are also dependent on the phase of the pumping
This case forP,=0.8P  is shown in Fig. 2b). This new  ¢;=¢,— ¢s+ m/2. These phase relations do not affect the
wave packet corresponds to the point 5 in Fig. 1 and is noamplitudes of transmitted and reversed signals in any way, if
present in the case of adiabatikL&>1) pumping. The re- the partial wave packets in these signals do not ovddap
versed signal K<0, not shown in Fig. 2 created in the e.g., Fig. Zb)], although in the pulsed regime the phase dif-
interaction of the input signal with pumping, also consists ofference between these packets is random due to the random-
two separate partial wave packets corresponding to theess of the phases of both signal and pumping.
points 4 and 6 in Fig. 1. Thus, it can be seen that below the On the other hand, if the partial wave packets do overlap,
threshold of parametric excitation the presence of stronglghen in the overlap region each spectral component is an
localizated (nonadiabatig pumping leads to the parametric algebraic sum of spectral components from different partial
interaction of not two, as in the adiabatic case, but four wavevave packets, and the phase differences between packets be-
packets: one signal and three idle wave packets shown ipome very important. Thus, the amplitudes of the spectral
Fig. 1 by the numbers 3 and 4, 5, 6, respectively. components in the overlap region will vary from the maxi-
When the pumping power exceeds the threshold ofmum valueA,,,, corresponding to constructive interference
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J
minimum valueA,,;,, corresponding to destructive interfer- o1 Vg, Tl a(t2)=Vheal+Vh pat, (10
ence. This interference between partial wave packets in the
pulsed regime will result in random modulation of the outputynere
signal (both transmitted and reversedith the modulation
coefficient(in powep given by *

a.(t,z)= Z Cy+ exr{i %H—i(kt ki)z
k=—o

between components from different partial packets, to the ( 9

2 2
_Amax_ Amin 9)
mod— o> .o -
Aﬁmﬁ Arznin are the slowly varying envelopes of wave packets propagat-

. . . ing in the positive £>0) and negative 4<0) directions
Analysis of the calculated signal spectra Fig. 2 shows thag o the region of pumping localization. We note that the
even in the case of nonadiabatic parametric pumping tran%’nvelope amplitude., (t,Z) contains all the signal and idle

mitted wave packets remain spectrally_narrow in the fre'partial waves propagating in the positive directipoints 1,
guency space. For example, for a pumping power level th

) o aéi 5 in Fig. 1, while the amplitudea_(t,z) contains all the
is well above the threshold of BVMSW excitatioR, s waves propagating in the negative directipaints 2,
=2Py w [Fig. 2(€)], the width of the frequency spectrum of 4 " iy Fig 3. Note that group and phase velocities have

the transmitted wave packet is only about 1.4% of its Carrie'bbposite directions for BVMSW's. It is easy to find a trans-

frequencyws, although waves ffc,’m a wide wave .number formation that converts the systdit0) into a system for the
range—2m/L <k<2w/L take partin the parametric interac- omjitudes of separate partial wave packets. For example, in
tion. This small frequency Wlo_lth of the transmitted S'gm?‘lthe case wherP <P ., [corresponding to Fig. (®)] this
wave packet results from the inherent frequency selectivity.<tormation has the form

of parametric interaction, which keeps at high amplitude

level only the waves that are close to the parametric reso- a, (t,2)=as(t,z)exp —iAwt+iAkz) +as(t,z)
nance surface defined by E@®a).

The spectral narrowness of the parametrically interacting X expiAwt—iAk2), (119
wave packets in the frequency space, proved by direct calcu-
lation using Eq(6) (see Fig. 2and retained even in the case a_(t,z)=ay(t,z)exp(—iAwt—iAkz)+ag(t,2)

of nonadiabatic pumping, allows us to build an approximate
theory of nonadiabatic parametric interaction based on the
equations for the packets’ envelopes, similar to the tradi-
tional reduced equations for envelopes used in the adiabatjf%

case[3-5,7. However, in the nonadiabatic case we need tq. ur equations de.f,crlbmg.parametnc mtergctlon of four par-
tial wave packets: one signal and three idle wave packets

take into account both copropagating and contrapropagatin . ; C s
idle wave packets simultaneously, while in the adiabatic cas rresponding to the points 3, 5, 4, and 6 in Fig. 1. Here
0= w3~ op/2 andAk=k;—k, are the frequency and wave

they were always considered separaf@y] [see also Egs. number detunings of the signal wave from the point

(3) and(4)].
To derive the generalized reduced equations for the pack(welfrzlgl) eonnetgle' (:dk) pl{aenrﬁ. of reduced equatiét® de
ets’ envelopes that are correct for both adiabatic and nona- generalized Sys u quat A

. : . A scribes the first-order parametric interacti@®) of a spec-
diabatic pumping, we start from the modé). For simplic- : . X : .
ity, we take only the first term in the Taylor expansion of thetrally narrow signal with both weakly localizehdiabatig

BVMSW dispersion law,w,=wo—uv|k|, where v is the and strongly localizednonadiabatic pumping, and is appli-
BVMSW group velocity ’ankd asosume ihat bdth=T and cable for waves of any nature. In particular, the phenomena
V=V are constants ,calculated at the wave number .Of pu_lsed signal amplificatiop11,13,14,1¢ and phase con-
(point 1 in Fig. 2. We shall denote the amplitude of all the jugation and wave front reverspl2,13,17 experimentally

waves propagating in the positive direction of thaxis as observed in the parametric interactié®) of dipolar spin

c.. and waves propagating in the opposite direction,as: waves with localized electromagnetic pumping in ferrite
Ce=Ces s Cr =O(—K)Cy, andc,. =O(K)C,, whkaesre films can be approximately described using madeé).

®(K) is the Heaviside unit function. The choice of sign in . | he case of adiabatic weakly localizedl-1) pump-

the argument of the Heaviside functions is connected with 9 the termshﬂkl in Eq. (10) are Van'Sh'nghi2k1_>0’ and

the fact that BYMSW's are backward waves, i.e., the directhis system is reduced to the traditional system of envelope
tions of wave vector and group velocity are opposite. Mak-eduationg4) that takes into account only the interaction of a
ing a standard Fourier transform to theepresentation and Signal wave packet with a contrapropagating idle wave
retaining only the resonant terms, we get, in the approximaPacket[7]. On the other hand, if, as in nonlinear opt[&g,
tion of spectrally narrow wave packets, the following systemthe pumping is done not by a localized electromagnetic field,

of reduced equations for the wave envelopes(t,z), Put by a double-frequencyave (w,=2w;,ky=2k;), the
a_(t,2): traditional system of reduced equations for envel@ecan

be obtained from the generalized mod&0d) by substituting
by for hyy in Eq. (108 and assuming thdty=h_z =0 in
Egs. (10). In this case Eq(109 is directly reduced to Eq.

XexpiAwt+iAkz), (11b

This transformation converts systefD) into a system of

AT
at " Yoz

a+(t,Z) :Vhoat +Vh2k1aj_ ’ (103
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(38 and Eq.(3b) can be obtained from it by complex con-
jugation. Equatiori10b) is then reduced to a simple equation
of a wave transfer.

It follows from the generalized modéL0) that in the case
of nonadiabatic pumping it is possible to realize phase con-
jugation and wave front reversal of optical waves in the first-
order three-wave parametric proce. So far, in optics
these phenomena have been observed only in a second-ord
four-wave parametric interactidri.g].

In the stationary regimed{dt=0) the generalized system

(10) can be easily solved, and, in the weakly dissipative case F|G. 3. Experimental setup for nonadiabatic pumping. 1, 2, and
(I'<v/L), explicit expressions for the transmitted signal 3 are input, pumping, and output transducers, respectively; 4 is the
power gainK, =P, ,../Pin=|a;(t,L)/a,(t,0)]? can be dielectric substrate: 5 the copper screen: and 6 the YIG waveguide.
obtained. In the case of constructive interference between th&éhaded area near the middle transducer shows the pumping local-
transmitted amplified signal wave paclatand the copropa- ization region of length..

gating idle wave packets; and Aw—0, Ak—0 the power

gain coefficient for the transmitted signal has a maximum The modulation coefficient9) in both transmitted and
valueK ; ax reversed waves turns out to be the same, and is defined by
the expression

5

-2
Kt max= COSKL)—J%SWKL) , (129 « 2a+/1— a? sin(kL)cog L)
M9 (1— a?)co(kL)+ a? s (kL)

(15

while for the conversion coefficientK =P _,,/P i,
=|a_(t,0)/a,(t,0)|? of the input signal into the reversed  Obviously, in the adiabatic caser&0) the modulation

signal the maximum valuK _,,,, has the form coefficient(15) vanishes. In the nonadiabatic case for rela-
tively small pumping amplitudeshg<<hg,) the modulation
K max=(SIN(«L)/V1—a?)?K ; may, (12b  coefficient increases linearly with increase in the pumping
. amplitude,
wherea=[hy /hy| andx=h,V\1— a?/v. The expressions
for the minimum amplification gain and conversion coeffi- Kmod=2ahoLV/v. (163

cientsK . ,in In the transmitted and reversed signals are ob- . ) ,
tained from Eqs(12) by substituting— a for a. In the case N the strongly nonadiabatic caser{-1) the modulation

of adiabatic pumping ¢=0) there is no interference of coefficient approaches unity when the pumping amplitude
wave packetsk . ;.= K- min, and the expressions obtained approaches the threshold of BVMSW generatitaby):

from Egs.(12) coincide with the formulas obtained for the

power amplification gain coefficients in our previous papers _ 2ho/hg b
[12,13,19 mod ™  hoThow? (16D
19 - o/Noth
The threshold of BVMSW excitation by localized nona- t
diabatic pumping can be obtained using EG®) from the Experimental investigations of the interaction of a spec-
conditionK ., a5— trally narrow wave packet with nonadiabatic parametric
pumping were performed on dipolar spin waves, namely,
arccosr v backward volume magnetostatic waves, propagating in a
ho tn= N Lv: 13 high-quality yttrium iron garnetYlG) film. We chose BVM-

SW's for these experiment because it is relatively easy to
In the adiabatic case=0) Eq.(13) is reduced to the well- Ccreate nonadiabaticL(<\) pumping conditions for these

known expressiofil9] [see also Eq(6.5.16 in Ref.[7]] Waves. _ _ o _
Our experimental structure is shown in Fig. 3. It consists
T U of three thin silver wiregdiameterd=30 wxm) that play the
hon=7 - (148 roles of input 1, pumping 2, and output 3 transducers and
were in direct contact with an YIG waveguide, i.e., a rectan-
In the strongly nonadiabatic case<{-1) we get gular sample of an YIG film epitaxially grown on a gallium
gadolinium garnet substrate. The thickness of the YIG wave-
v guide was 4.9um, while the in-plane sizes were 1.6 mm
ho th= LV® (14b X 18 mm. The YIG waveguide was oriented in such a way

that its short side was parallel to the wires. The three silver
It is clear that in the case of strongly nonadiabatic pumpingwire transducers were situated on a free surface of a screened
(14b) the threshold of BVMSW excitation is/2 times lower  dielectric (ALO3) plate of thickness 0.5 mm at a distance
than in the adiabatic cadgvhen the idle wave packet co- 3.75 mm from each other, so that the signal wave propaga-
propagating with the signal is not taken into account tion length from the input to output transducer was 7.5 mm.
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The YIG waveguide in the structure described above was
magnetized to saturation M ,=1750 Oe) by the in-plane
constant bias magnetic field;=1015 Oe oriented perpen-
dicularly to the wire transducers. In such a geometry the
input transducer 1 can effectively excite BVMSW's propa-
gating mostly perpendicular to the transducer and having
wave numbersk| < r/d.

The middle 2 transducer played the role of a pumping
source that created in the YIG film a region of localized
(nonpropagating withk,,=0) microwave magnetic fielt,
that was mostly parallel to the bias fieldl). The pumping 1
frequency supplied to the transducer 2 was two times larger =51 P ]
than the frequency of the signal supplied to the input trans- N — .!.p.'h. —
ducer: w,=2ws=2mX9446 MHz. The BVMSW wave 0 1 2 3 4 3
number corresponding to the pumping frequensy was Pumping power P (W)
substantially larger thamr/d, and, therefore, the pumping _ o _ o
transducer could not linearly excite a propagating BVMSW FIG. 4. Maximum and minimum power gain coefficients for the

at the frequencyop. The pumping transducer 2 was made assignal wave packet transmitted through the region of pumping lo-

. . ization in the case of nonadiabatic pumping: squares and circles
a half-wavelength open microstrip resonator tuned to thecahzanon in th 'apalic puriping: squ

. . Show the experimental values Bf, 1, and K nin, respectively;
pumping frequencyup, and having a loade@ factor of Q solid lines are calculated from the modé); dotted lines are cal-

=20. When a pumping electromagnetic signal of frequencyyjated from the approximate moddl); broken line in the middle

wp=2ws Was supplied to this resonator, a region of pumpingjs calculated from the mode#) for adiabatic pumping.
magnetic field localization was created around it. The effec-

tive lengthL of this region in the direction of the signal wave pulsed regime using signal and pumping microwave genera-
propagation is determined mostly by the wire diameffdsut  tors that have random initial phases. Thus, the phase differ-
also by the thickness and dielectric permeability of the di-ence between the signal and pumping at the moment of their
electric substrate, and is of the order of several wire diaminteraction in the pumping localization region was arbitrary,
etersd. The value of the pumping localization lengthin  and different for each repetition of this interaction. There-
the case when the group velocity of the signal wave isfore, the power gain coefficients for the transmitted and
known, can be evaluated experimentally by measuring theeversedK _ wave packets, as well as their amplitudes,
time dependence of the influence of the pulsed pumping owere changing from maximunK(: ;ax,A+max 10 Minimum
the linear signal transmitted through the pumping localiza(K. i, ,A+min) Values depending on this randomly chang-
tion region(for details see Ref.13]). For our experimental ing phase, i.e., random modulation of the amplified transmit-
structure (Fig. 3) it was experimentally evaluated ds ted and reversed signals was observed.
=0.1 mm. The experimental values df .. 5, are shown in Fig. 4
The magnitude of the bias magnetic fighy=1015 Oe and Fig. 5 by squares, while the experimental values of
in our experiments was chosen in such a way that the carrier

Transmitted signal gain K, (dB)

wave numberk, of the signal wave packet wa&, @20_ ' ' ' S
=100 cm ! when the signal carrier frequency was exactly ]
half of the central pumping frequencws=wy/2=2m %15_
X 4723 MHz. It is clear that for these parameters our pump- |
ing was nonadiabatic, dgL=1. € 104
The other measured parameters of our experiments are ;0 ]
the group velocity at the signal carrier frequeney 2 s
=—2.24 cmjus; the signal propagation time from the input § ]
to output transducetr,,,,=334 ns; the ferromagnetic reso- 2 ol
nance linewidth of the YIG film sampleAH =0.4 Oe; the g
signal pulse duratiorrs=20 ns; the signal input powe?g £ 5 P i
<5 mW; the pumping pulse duratiaf =30 ns; the pump- 5 | a | 2% ]
ing power 0<P,<5 W; and the threshold pumping power = 0 1 B

at which generation of half-frequency BVMSW's took place,
Ppih=3.9 W.

The experimentally measured resonaneg< wp/2) val- FIG. 5. Maximum power conversion coefficients for the wave
ues of the power gain coefficient for the transmitted signapacket reversed from the region of pumping localization in the case
wave packeK . =P, /P, and for the conversion coef- of nonadiabatic pumping: squares show the experimental values of
ficient into the reversed wave packiét. =P _,/P.j, @S  K_,,,,; solid line is calculated from the modés); dotted line is
functions of the pumping powe?, are presented in Fig. 4 calculated from the approximate modéb); broken line is calcu-
and Fig. 5, respectively. The measurements were made in thated from the mode{4) for adiabatic pumping.

Pumping power P, (W)
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K 4+ min @are shown in Fig. 4 by circles. The solid lines in Figs. 1.0 T T T =T

4 and 5 show the results of direct numerical calculation using

the model(6) when 300 waves having wave numbers in the 2 0. i

interval from —300 cm'* to +300 cm! were taken into f

account. The dotted lines in Figs. 4 and 5 show the results & A

obtained using the approximate generalized envelope equa- é 061 /. |

tions (10). The broken line in the center shows the results 8 7

obtained from the traditional envelope equations derived for o 0.4 “ 7

the case of adiabatic pumpin,7] [or obtained from Eq. % /i

(10) for h.. 5, —0]. Bo2{ A |
It can be clearly seen that for moderate pumping powers §

the generalized envelope equati@h6) derived in this paper 00 I . . .

give a good quantitative description of the experiment, and 0.0 0.2 04 0.6 0.8 1.0 12

do not differ much from the results of direct numerical simu- Pumping magnetic field /4,

lation ink space performed using the mod@é). On the other
hand, the traditional enve|ope equationsl obtained for adia- F!G. 6. Modulation coefficient of the output signal for different
batic pumping, give results that have nothing to do with re-values of pumping supercriticality: squares, experiment; solid line,
ality, and do not describe the experiment even quaIitativerFalCUla_tion from the mode(6); dotted line, calculation from the
With increasing pumping power the experimental results@PProximate mode(10).

begin to differ significantly from the results of calculations.
These differences may be caused by parametric excitation
plane spin waves at high pumping pow¢g13]. The ap-
pearance of these plane spin waves reduces the influence
phase differences between the signal and pumping, and, co

sequently, leads to a decreasekof,,., and an increase of
Ktmin-

opagating wave packet with nonadiabatic parametric
%meing localized in a region of size the order of the carrier
s&gnal wavelengthl{~\) was investigated theoretically and
experimentally. A system of generalized reduced equations
for the envelopes of interacting wave packets was derived
and successfully used to describe the experimental results in
! . - .. the case of nonadiabatic parametric pumping.
e e Unusal feaire ofnonadabaic ree-vave parame-

ric interaction of the first order is the simultaneous excitation

of the pumping magnetic fielgbr supercriticality ho/No . of idle wave packets that are both copropagating and contra-

Th:TS] scralethon t)t\e rr]i?r?zr?tn\:\iiha;(r:s wasrcf:(?rie? ti)hcor;vgnltlantl ropagating with the transmitted signal wave packet. This
C(r)esgs)r?(m%)e I'P ﬁan ?)e clearl eg:gﬁ ?hat 315 efoeﬁmceantzl'roperty of nonadiabatic three-wave parametric interaction
P : y P opens the possibility of observing wave front reversal and

trir:/O(IMIaUvOC foeﬁ'cf'?[ﬂt mcrrrt]aaiies lr':elﬁrl}é W'Hr;@’ dfor trerlat— hase conjugation of optical waves in the first-order three-
ely low values ot Iné pumping amplitude, and saturates ag, ,,q parametric procesg). To the best of our knowledge

unity for values of supercriticality close to 1, in good agree-y oo phenomena in nonlinear optics have so far been ob-

ment with the theoretical predlctmﬁLt_Sb). Itis also clear —go\ 04 only in second-order four-wave parametric processes
from Fig. 6 that the results of calculations obtained from th 18]

approximate generalized system of reduced envelope equa-
tions (10) are in good agreement with both the experimental This work was partially supported by the U.S. Civilian
results and the results of direct numerical modeling using EqResearch and Development Foundati@rant No. UP1-
(6). 2120, by the U.S. National Science Foundati@rant No.
In conclusion, the interaction of a spectrally narrow DMR-0072017, and by the Oakland University Foundation.
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