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Intuitive Theory

Kinetic Theory for Dipole Pump
Finitte Wavelength Weak Pump
Parametric Processes in Curren Drive
Stimulaled Kaman Scattering and ils
Interplay with Stimulated Brillouin
ScaTtermg in Laser Produced Plasma .
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Tntuiclive Tﬁeor_y
Paramei‘ric excl'ta‘tian :

2
.t_ A
cl. X @) 4 ;E'?-X (‘t’) -0 (pendulum ezuatwn )

dt*
S=hi+en]  Qe+THr=Qw)
[pavometer) [modalation [periodic)

For IQI&] (weak modulation )
= amplifica'['fm\ of X(t) when ST = ﬁa(ﬂ.;h;)... )
J:ma'tcHng cond ition )

due To CouP[D‘lg Uf{x-t- A exp [‘Cnat] and

[mode couph\ng] X_ ~ exp (+ t‘ﬂotj

ct Bragg reflecﬁon condition n solids
IHO 4 [k Vo] tm=o. Vora=Voo
[Pen'odic latfice ladl‘en‘liaf_l
ka "-TQ'K- - resonan'f mamen+um exchau&e wﬁﬁ laﬁ.'t'uz

= electron enerqy ]CwbidJen

1883 Lovd Rayle.igh
o

il e amplification of string

vibration  when

wp'—"__’ 'ZRD

SC = f.ﬁ_
L L
wy= 20  medubfion of L,

w,ﬂ > amPliﬁcafr‘an of sw,‘hg ]
Q

CJ'\\I‘A’S sw‘mg



Math eu e%ua'ﬁcm m odel

d‘ﬁ(:d + S?: [1- QECOSCLJotJX(.t) =0

Bl = instability when wox Z-1,
Perturbation analysis
X = (dw et X (w)
D)X (w) = - 525 [ X(w-wey + X (w+wo)]
where iy = w*= S,
D=0 : finear dispersion velalim w=%0,
Dwtwo) X (o) == 51) [X(w) + X (w2ws)]

- s e - a

Dlwtmw) X (wimw,) = — E_Sz:[)((w:fvw] ws )
X (wxm-1]w, )]

|€l<]: Resonance condition

Dlwtmws)=0 or wimw, =x]),
Otherwise X (wimwo) =0

m=4 wW,= 2, CCmestno' 1o £=t)
M2 W= 3,



Case I Wo=230

. (yesonant ]
~

W+ = 3N,

D)X (w) == £ I X (-0 )
D (- X (w-wp) = — £ NI X(w)

w2 5. — w-w, = =,
{resonant J

Loff resomanl ]
IS direct COuPli\hg

of fwo resonant

wodes
D> Dispersion velation ' | Dro) Dreo-wyy = g25o¥

Resonance approxi motion

Dlw) = wl-ﬂf =(w-JU ) W+SLe) = 20, (w-w,)

Dlw-w,) = (W-te—3To) (L~ +51,) = = 2]V (w-wo+S1o)
= - 2_{20 (w-ﬁp-d)

where o= Wo— 252, [-freguency vniSma'ch]
Dispersion vefation:

— 4 (W=D W w=-No~4) = e

Slw= ot JE [AI\]&_Q:.R: ]\

y E—bo ’

W = S?., aﬂ“ U-J"’a-’a*-'no

ms"fa\ml 1) \N‘REH ¢ > A:'/Rz E— o a't A=D )
[exac‘t ma'fd\mg ]

W= u)_p-t-lr (% %row'fﬁtl'fe)

wy = Jlot 6/2 = ‘0%_ [fn%“éﬂ(y |0Ckﬂ‘\3]

DT ¢l
¥ = 'g"_'\lil.ﬂ;‘— 2 £ |2.n.o 2 Ymax

w-Ww,= — .._ -+ K ‘f\‘t%ﬂeﬂty locfeln% }
@ same %romﬁ vate

. unstable mede :

note



Case II QJoﬁ‘:SZO
("3""00) o - Wy A ‘Qo

<X ”

N X (@ +cw,)

Crontesonant] Cxesonant )

Coupl; " Df' Two T€S_0MH't mocles vig monresonant wmade
Dlw) Xw) = - EQ: [X(w—wo) + X(au-l—wa)]

Dwrw)X(wtws) = ~ £57° X (w)
D?spersion Tefa'ﬁcm
s |
] = 1e [ ‘ + ]
D) L Dlw-wyy  Dlwtuwn)

o, o —— y

w=o0, X(w
wrw,x +5¢C,

-—y

Resonance approx.  Pluwtw,) = £25.(wts)
= wo—SC. (mismatch )
D(w) = Do) = -Sp2

& wi= s(e¥}g. +35]
. instability when 0>3 >~ 'R,
. unslable modes ;| w= ¥ (Purel)( ‘3rowiu3 woole )

Wtw,= LW, + LY "
wency 3row\‘Rr es are the
[ﬁ}kna _] [saue for atl 3Moclps]
. WMIXINUN 3"Dw'rﬁ at 3=~ EIRU/Z
Wpox = ES% /[, o EF
. - yescmah't

. ampﬂutude Fbtlb : X (w) ~ € <<( modes
. X (Wt wp)

&

dominant



Effect of dampma

X 2 ..
L X+ 2r dyxw) + [§+ i )Xay=0

-t wl

Xlt)~ € |
D (-5t (w+ileti ) =0

w= tS2.-t! (davnped osta‘h'cry\]
Parameler modulatiom
S = G2 =GR (1- 28 coswt )
let %) = x(t)eTt
=> %L;R'(t) + OMX(t) =0
If we=wr+i¥  for X(1)

Renw e wret (Y=Y Hoo X(V

M inimum Rre shol d 'JCOY ]V\§Tabf‘ib¢
¥mex > L

2

4 2
(ase T (wo225) e* > ar £ > o

(a6 I (w0 = SCo) F_:)-i—.t‘: or g>(_2_f_‘
? 3.

Nete! T s T&damping YQN o} e yesoranl wicdes.
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C led } Lo . g
__gl-iE__e_ moo€ __P_,/_}!_é_ﬁ"@b?l T ex  1aLion
Two different nodes

X, and Xy cowple via L
Llow f"i wode ] { lﬂlgl\ fﬂz hoJe] | {argeappﬂ{‘(u J.e]
PUMP
Examp}es W unmagne'{izecp plasma
electromagnetic wave —w*=chpe+ck? Cphoton)
electron plaswa wave o2 =w;e+3k2\l-,z (plasmon)
ion acvashic wave = k’(f/[H. kz,\i (phomon )

2 2 s

6 Pkcd‘un - pko‘h" + P]asmm (s‘h‘w\u’afed Ea»-«an sca'ﬂ‘eving )

o photon 5 photon + phonon  ( stimulated Brillouin scaﬁ:cn\ng )

|

® F\sohhm ~ p‘asnm + phonowm (Faramebn‘c a‘eCay info Plasmm and ph(mm_

-]

photon —> photom + election C Complom scallenng )
o U
o phitm —> plasmen + decfrm  ( stimulated moda conversion )
or iom
o pl‘asm—’ P'aSth + p‘wnm C Yosanan'l" dlacay oj- ?bsmm)
o Pasmen> pheton « phononm (famdm back compersion mb phdd

o plasmm photon + elechon ( stiwdated mede back Conuersivn )

ay o
o ﬁ:\aSwm - F‘thw\ + jon ¢ induced scau‘elﬂ’lé afpfasum m fm,é
o plasmon = phonm + eledom (shimulated mode comversion
o) Pb\o'ﬁ)‘h —_ P‘BSMW\ + p‘asmm ("JW plaSnwn c(dcay )
S



Manley Rowe 're(a‘ﬁem {0\" +Rree C_ou?\f'c( mons_

Couphlg condihion ! W+ W+ wy =0
‘k\ +'k2. + k3 =0

Wave energy ancd  momedtum
w; N, , k5N (N, adhon, y=1,2.3)
Encrg,y and momentum amservahion
w,sN, + w.4N; + w; ANy = O

K, aN, + “2;,45“3_ t kg AN; =0
T
> dst::--—a:—;[CJ.AN‘Twz.AML]
(ks =ty ) al, + (Kyeoq --k%w;)ANg, =0
Ik!w3 "kswl - —(lk;+'k3)w3 - ks(“;'f‘w; )

= =~ (ks ~kyw,)
I=b ANl = 4“2_ = 4N3

Suppose  lw,y| > las] > |
Ron (i) = 1|+ lwa|
S‘ian'{w;AN;_g ¥ sign fe, Aud = 9‘8“{6"1&”:5

o> Enﬂgy -flow . @ @
= only the highest Sreguency moelo can act a5t UM

Energy Pa\—‘h'hmn- eN .
o, AN, el

energy PVerJo'mmauﬂy aoes fo Hgk &RL Mao‘.e



Two basic proilems :
I. Fmd general mstadility characteristies,

sud\ S ‘i‘Rl\eS,’\D‘cj -f—(/r ms‘}abi(i‘f}) WA X\ WA gtoufﬁ ratg)
frequency at tRreshold or wmaximum growtk efr.

Can use. MoDEL EQUATIONS.
I. Derve Coupk-‘d—wode e%ua'ﬁms o coup\n\\ta constant
Neod case by case analy sis .

T. Model anzlysis
"'33& {wE wmode  dencted l’)’ Xn (kp, )
low 'SH"?)' Mb‘d? Jehofeo( (07 XL. (kL, w)
puwmp ov modulatoy © Z@) = 220 cos( kot ~at) .
CkHikL-:\ko) [2,: consdant ]
Linear o\‘u'spersroh relafion :
-DH (k,w)XH (k,w) = 0
D tk,w) X, (ko) =0

where D (k. @) = 00— o (k)

Dok, ) = = (k)

natural 1
.guiuen(ie S

. m—— 0N ‘mcluale damp;\ch by W= W +t rHJ "
Restiict owrselves B +Re case

A 2‘
W= Wy Do, and Z, & J
T law frea okr“fdﬁim M m rwe?\b pu\upj



Coupling ¢ X (kxk, w0,

P 3ajc\ Xt f K, ) )>vi38 |
DLk, o)X (kK w)= Z,{ A+ X (ktk, o+000 )

+ A=K (kKo o) &

Da (ktko, wiwy) Xy(ktke, @tws) = Z s X (K 0)

=> Dispersion relafion

1= ._-2—95-—— { M P + A-H-
Dk.w)y LD, (kth, wew,) Dy (o, c0-w;)

- — JU S e

~ Two cases of mstabilitres
1) D, =0 and Dy(wrw)0 0¥ Dy (w-05) =0
— Yesonanl-Type mstability  (cf caseI )

b)) Dylwtwy)=0 and Dylw-w,) =0

—_ hmresonan'l.-—'type ced carell )

Resonance approx. for Dy
Dy (ktk,, wtw,) = 20, [@tw,F wy,(kk,) ]
=t 20w, [w-«) %% )
oheve ol = [ oo (K tha) — ooy (ko) 1 /2

S = w, —[Wplktk) + 0y (kK] 1/,

(»



ASSume Z; L}H- = Z; Z-H— = Ezcu; (Jf(fk)
’.DisPerSi:av\ velation

(w-w?) [ (w=a)*- S"] = — £2w,a, §

>0 | | (6w ) [w—a* &)
\ I ST

(8<0) .

ok-\B\//\

Y (A TH

=) 5 3 > cop
ol +13}|

| (s>0>
Appendix

~ Set W= Cdr‘f';K

2¥ wye [(Wr ) 5=37]
S)O . TWD %,rowﬂ'lg MOO‘-@S L 2y [wys u] ["-'r "'w;_]"o

O we=Zd >0 for- e ) (2= -37]
[se€ )
A

pppend) @ 0z w; [ -aeenav )

: =—¢reo, &
££0: one growng modle,

D 2 W 20
Q 7 + 4V wy t..;r_.tjt e’u,u._S

1k
(w:-' -y k . Sa,w ¥

:D UL[_UL-J] {431‘* Wt

p ekl PPl BV
Wy

e ———
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Dipole pump ko =0
A =0, 5=OJQ“C'JH("~)
1) ?esmah'[-.‘type Sxw_>0

¥ = \l max - Az/’d. [ resonant deray
f.ns'fébil;'l)f ]
Kmﬁ’ = & &35&3{_/4_ (A’-‘UD-MH"‘JL)

W) Nonyesonar\t-—"lype -2, < <0 wode®
w= 1% ( purely Frowing mode )
Brox = Elwo /o ot §= —8wofn
[osciﬂa'ﬁuj two-stream nstability o0TsT )
E-ﬂec’f oj JamPing
DH,L(k'w) = [w "wH,L.-i' H;L][w-'-('OH,I_-;C‘LL]
Threshold : resomant-type Tmox > T T
ot €*> 4Tl fyw,
nenvesomant~type  ¥max > [y
o £*> 2[n/w,

Well 2 boye Rveshold
25> W /w, MN*MW qrwik mode

{ [E“""'-J [£E+3] (80
L[ el 1% (5<0)

[QuaSI—Teac'five moa'e /g\ns‘ta},‘.lﬁy J
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Stimulated scatteri ng
wo = Wy (ko)

2 o = wylks) —

Wy (kstk) =+ wy (ko-k )

2
sign of & determined by dispersion characterislics
W . | . 4y mode © and
i:Dp‘mpdgaj‘lﬂ‘h\ S >0 -'f- B—F<O pde ®

$<Z0 ;j- ‘i_l?.ﬂ >0 wod e @
(photon, plasmon )

Physica | mechanisw - ( consider mede @ iR ot ey >0 )
Nete S ° beat pm[»aga“}ian spead in hinear approv.
0> w"k-d . nonlinear shift of beat P\mpagaﬁm\ SP&O‘

hmt—éw

—_—> —_— D -2 - |
—\/—— q e
moduation of amplitude antisteapenin 9

&> rvesults in amplificaﬁ(m of modulation.

Ma X irowi‘ﬁ
at wylle) = Oy lk.k) + ) (k)
(re’s&nce comditiom ) (4 =0 )

Ts o'h'UP?C. case .

Ymax at klkr- 2»:., (bach 'sca(‘tenhg)

< kn = ., (“‘H': -k.)
k'-'lkb"kH: 2ko ﬁ‘g\




Ncmf}nf'ar waue- Par}icifb im"}“erac‘f[on;

We = WH + v
[pump)  [plasea wave] [ pardide ]

Wk = Wy(k) + Ck-K')-v
C nonlimear LandaM‘c‘aMPb\c‘] ]

Energy Hms foHom\'g Manley—?owe relafon
_A_b_}o\_qTe vs Convective inslabilities

2 W, Vg T{ Vg Vg, >0 3lways
COD \ | ’ ¥ convedhive
Wa \Yal fe \Vgl‘Vaz L0
Tqroup vel. ] can have absolide msts.

via -fea.clbach loe p
1D uhif(f'm plasma wifﬁ. unn‘ftﬁm ,Pu_u'lP
o) ?“\’e L\ g5t

™ he ' .
s pahia| awmpdi{ication
Vi r
model - AN /r\ S % ra.‘\e of . Pdse
| cm.PQW\3 \i( Coup‘\g. f
Yhﬁd?i ' Val ' % =
S—— —> X ‘“VS'VP |
<€ \, —>

net ampli flca'hlm af o\ngmﬂ posifitm

QXP{Z%LJ o [lva.\ 'V%zl e S

Threshsld 4oc abs. nsla. r. I

Crouses ‘! L "R\‘\’SLJ




Effects O‘F’ spa_‘t_i,a\ nohun‘\-for.mﬂj (LD

Local dispersion velations

koX, o), Ki(X,0,)  k2(X,6) wik wo=w +
Wavenumber mismatch

Let ko= ki + ko at x=0

then al X$0! W) = Kolx,w,) —k, 0~ ks

Intetaction region
X)) =D -S--rezuenc)( miswatch A?': )(z‘\lal\/

mstability when ¥ha > &7

2
$ inT-er&cﬁm Tea.?(m Kz()‘) < 4-me

'Vg;vail
FUY =YX > it = 2 Bmax
| {1VgiVya |

Absolute vs Convechve mstabilitres

nitial pulse X| at x=0 witk ki=kix=o)
prbpqgaﬁon of Xy & x=L = kilx=L)
driven mode X3 at x=L Has k;‘= ke O(=L)~ k,
propagation of X3 to x=0 => ks + kalx=o) —kal
driven mode X, at x=0 Ras koxeo)= [ Ko+ ko).

= k(=0 )+ YC(L)
Fecdback poss}b\e anky when

1AL 4 Vmax L < L
) < TORTN => £b

(&
N




FGY K(x):K’K Liﬂtffz - L___y‘{?

=D convechon loss dowinale s

/VV\,\ /\/'\ \[\ " no QIDSO'arTe Ysho:l f{[

k—-————-LhT, —

~Lip —r L~

Maximuu amplification facler {or convective inshkil‘si!

o = K X u‘.v,_

X, (x= Lint/ )] = exp { dax ‘L""]}
x, (x=o0 ma

Lt 2 P
s 12, 14
_ LWWa [ Buax = 6/4] }- f"Pigdx ( Vway ¥ X }
—' { go dX lVgl\Jaz‘ IV?IV%ﬂ 4"

= exp TS — 1 (Rosen bluth amPﬂi‘ji‘éﬁ‘M {ad‘w )

“L' Vg| ngl

Eﬂec'ﬁ\rc tRreshd d
> 1% v, Vg, | lV?‘f[ !V_E} (e'=2"%)

(RHedive dawmpmg . Tey= V3 /p )

Mﬁ“‘

For WX =%"X2/a
{udhack pu:siue between two fynme’h;c fo}u\‘s

2
(Lmt = b ‘U.mrx /yﬂL lVe!Vsz‘
Eftedive Rreshold -

Ymax > 4 Jlx | ;IW'U?‘

(>






