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Long-time Quasilinear evolution and saturation of free electron laser in Raman
regime

Chakhmachi Amirand Ataeiseresht laleh

Nuclear Science and Technology Institute, Plasma Physics and Nuclear Fusion
Research School

Abstract- The long-time quasilinear evolution of the electron beam distribution function and the spectral energy density in a
free- electron laser in presence of the space charge wave is investigated. The long-time quasilinear evolution of system is
investigated within the context of a simple “water-bag” model for distribution function. A broad spectrum of waves is
assumed in order to have a relatively wide range of resonant particles. By means of the Vlasov- Maxwell equation the long
time quasilinear evolution of the mean electron momentum, the momentum spread, the spectral energy density, the beam
energy and the efficiency of free electron laser are derived in Raman regime.

Keywords: quasilinear evolution, free electron laser, Raman regime, efficiency, saturation

YFFo


http://opsi.ir/article-1-150-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

(Sl o5 555 50 9 Vb lyd g JB) Slely w23,
20 )18 aalllas g (o) 0 9590

S 3d Joo =Y

A0 8053 Oev s B s S9r B

Ol G JBls jo Z jeme sliwl, jo a5 0 5

B, = -B,Cosk,28, — B, Sink, 28, 557 (srboline

B, =const akl, cpl jo o5 .l jlal J 0
2

4*-]9" ¥ J?‘blo :k_
0

R b ad Jae bl ol ST g 2SI 5 s
lr JomSle -5y (S 5 o S¥olee a3l
o4 old g g @y )l patie s S
oo W fy(z,p,,t) =n,8(p,)S(p,)G(z, P, t)
ey a PpgPong =const ol s a5 el ous

5 T Ol (gakald

RESHIWN-) G’ol‘c @ylf ‘_gl.am';\fy o}‘..\.i‘ 9 SIQL:.Y Lg]li>
lp ST 08I (s d oy Jgos [Y] ez e 5o
s ool L a5 s glalose o b ity
S a0l miy @b gl g aS e

1 L
Gy(p,t) = [d26(2,p,,1) M
-L

ol 3 1B ey 2 850 A 2L gl b L
osls b g5y SBem¥y (bt e Aol IS
o Sl Jso sd xS 5eSle 2L (Sl
togd g0 Jol> Go(P,1 1) (eSibe w5

oG, 0 0 0

=—<G>=— <&KL —H >0
ot ot op, oz

Q)
255 4B, Ll 4o (s (sl S il L oS Sloj
Js=s a5 005 0 Jol> BauVy ool as aloles
@ SzsS sl Pl lp | P2 w8 &b S
.J@.}‘SA Cawd

0%, P g (D506 g
ot ymoz oz P, "

TN N CES ORI IS S O

2 b st 2 OP([dt (e (1) +ix (L))

ok miy b Glp ) e e SYolee

\¥¥5

et o oSl AVAY oo Ve LA

doosio —)

az o319 Sl laysd bl 5 (as 5ol S5 (o) 2
shls Blel s e i 5l az 5 o)k Ll |
gy n ol Gl 5l atblbise ook sl Zoen
oz 2)Sal) g e g ool At i 033l
b a5 (Gloy oS sleidn plenw 0djl 1A
Gk 5l bl sighige aSily gloal 51 los i
O3PSI 5 bl oS o0 D90 (Sl oo
oS sl yr LB 5 o0liEl 5 na, 43 4 o]
Fr Sipl g ey o5 Ol gy J&r &S
Las - )b oe (Cal ol ald Sl S pu)caslVL
2 wileynl gae Gk I DSy eads o
(bl 68 w5y orl WS (e oS50 bt
Fr B & Gl s (oo oaml GeilS w3,
S5 Lb b o el o 531 (65 5 009 YU 3
5 SOMLL o se Gl Bkl Ll D13 g 0ud
2SS (oo S L ol 2l lgal b (5550 Jobis
5 ot sl o Lab b ae B il ams
-0 ool w23y )l T g S 5 ()bl el
2 695,59 T Susi 3l o b Al gLl ogd
S L Pl LS55 3 5] e 4 oy slels
5 Jo> o Sorsl gin IS miy @by e 4l
el g5l xS0 Doge skl sl s
5 5 0ab ooal 331 g 2SIl 5 e (a4t gl
3 dalllas 5 ooy 3y50 gl @5 0 [ a2
&5 eel Gkl Gla Sy 9 oles el wd S
w255 50 ST 0S5l o glsel Jlail (SigSz 5 0,
i mm G as lsl o [V] ez o b,
Jel5 sk [¥] a0 50 el 35 50 9T (9,2l
g bri) jo &5 glalis . conl a8)5 )18 () 2 9550
g cod Al cpl LS 5l ow &S conl () cnl 12551,
SLL (SoSx e @b Jooo a5 adsl el
il ol Bl 5 Cagi uailSo l3T (39,2801 5]
adsl gledl 5l am oS gl Joou al el 50 4z 4,
09750 550 ke sl e 4y Sy 9 o 3
3,le b el ool o dllio il (0 098 s0 00wl 5]
4 Jooi (OB, #0 5 0p #0) Lad )l zge 08
21 ST 09l 5 Cash pailSe e wily o>


http://opsi.ir/article-1-150-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

< (pz_< P, >)2 >= J.dpz(pz_<

eB, a,7"
oH, ={ 2 —e( 2

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

25 Daye 4 Go(Pol) i ol mosed adllas

: Sl 00 oy

Gu(p, =) A P PeO=AQ) "
0 [p, = po(®)]>A()

25 Eoge & Po(t) eXke psiiee abal; ol )0 oS

: |

po =(p.) = [dp,P,Go(p, 1) @
b pyiias mipe ol ady, 4 A1) sl o
alayl, 51 oolazul

p, >)°G,(p,,t) =1/3A(t)
)

Ol () &g &b @ barype Sllasde 050 o0 bgiye
eon b SlEee mis @b Sl J &5 wesee
(3l el S8z 5 A() < Po(t) sosusgs Js
poiiee Slojy Jozi jle 0,5 18 asdllae )90
5 (V) 5 (F) OVoleo 3l ooliwl b Py(t) oKiles
Faloe cand 4 P, 9y 65 JIS

9pa) _ jD(pz o2 0N

:M)lo alwly pl o as
)

G _ L (5(p, ~[po(t)— A®D - 5(p.[p. 1) + AG)D)]

ap, 2A(t)

Lag o Sloy anwgs ool Lad gl cnl 2 ogdle

ol &5 S o (F) 5 (Vo) asles 5l Lo A(L)
Pl e Cawd A oy S A e

DO gp, ) B 3[ dp, D(p, t)aG (O

A(t)
5 SRS pé sl ay g, 00l 0aST ) zoe ‘*5-.'.‘ PR
&Lﬁw‘dwwwmﬂo_\moﬁ‘fcyo
x °9)Lc "EA;% <<‘5A‘k_—ka ‘DLKD Ji"") Q)l.,.c
abal, 5l esliiad L Y] ampe L o @lhe
Hy, <le ap, (KA, =a,r" 12c*k* Dy

990 Gl ) O)ge 4 Slgi e

)}5;\k L |jQ "dt')

H

.
<< ‘ Dy,

2ymc’k,  2c’k’Dy

:MT..\.@\P Sy ) O yge0 & LSy o p (ol ol

YFFY

s a1y ST a5 53 IS 5 Gy (P, 1)
[¥] &)50 @ Go(P,11) Sles Jszs 256

0 Gy(pt)

0 0
—G ) =—(D(p,,t)—
at o(P,1) aIOZ( (p )apz
G el D(P, 1) adal,y cpl jo a5 ] (oo Cws
Syrayy alal) sloolaiul b g cnl pgiien glad o

¥ logs o

)

- SH ‘2
D(p,.t) = 'kzi‘ .
(o) = 2 k" V)

[H [ o 533 st pisilale sy Joos
L Irg ] el sl
g\a*kf:%\é‘*k\z *)
58,5 Sk 0 by Pl 4,98 w5l eslaal b
ey gy s s alolns o) 4 iy 5]
PSS go Jol> py Dyge arly gy 50 o (Sosil
c’k’Dy (Q,)Dy () =
1/2a2[Dy, (@) + Dy, ()] v)
[rOF D Q)4E +as0f.])
&y DkL 3 Dk ke 9° D|I+k0 &y akaly ol o a5
5 Job s o gleel Sl oo

¥\ | aies 530 cunboline
E¥olee 51 ol g5 (V-F) &Y olas degasme ol ol

&8y 7"

A oo Cewd & Hloly ) 0 ] pew > 8

09Nl i (s ad (Jloy Jed
water bag & 395 @b 31 eslisw! b ol 31

-\-y

aad bylps o aS wes o ol [¥] 9 [v] &=l
5 Siboslsed o @ b3t sloanld hens
Sd e @by wass axb e plateau Jsus
09S1 ool amb ol o 8Go
op,
gl 655 Sl G loy <3 L oS ceal Jlgm
"o 978 b 65 S8 g i b 4 Jlsen
Jo25 b o5 cnl jo aidl oo i1 gLl oy 4z 9wl
spa 53 1y 5T g S 5 s (a3 as Sl
oley wae o plateau LSes 51 e Lad b zge
Water ™ Joo (28,5 5l 1o b esehe jsb 4 SYsb
obely swass w3, o @iy @b olpe 4 "bag

0 b @llee a5 wigh o


http://opsi.ir/article-1-150-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

iy U=ty oot ol Gl bl 5o
duy Tg=A/c=2m/cK, akl, L Ty 5 098 o
olis & oy 4 AT g Py slecesS 85

Sl o)lal Ag /MC 5 P/ MC oas 030l
4 (0K 7)) slayell Gk 5101 5 (V) S¥oles
Cawd 4 (V) Sasly aal) 5l a5 wyls S b
oy & (1) ab 5 B Sley Joou il
ool (18) 5 (VV) &Voleo lawgs Py (1) oSilos g3

Luly) b pincs 033l 5 D)5 (5:Kle (555

1/2

i +looz(t)} (Yv)

4k02 mZCZ

2
_ e
nemc’y(t) = nomc{h >

U()_Zek(t) >0 0

nemc?(1-7(0))
4.?1,.3.3)0 .L)?M(sn.‘a&fo ubé u.\i;Luo J]" O)L).Jld.)
Ol 0e3 w2 (Y)-(OVA) 5 (V)daslg, 5l eolainl b lgs oo
bz slgley yo 1) Wil glej Joou o g oS
8,5 o g 08591 s

S S Az Y

V(YY) Gl s g JolS Y olee aiws dlde (ol o
3T oSl 5 o 4l Jooo JelS chiog g
J= sleslaal bass &) SYsb Loy jo olaly a3y 5o
&b Jow Sz lei oo cVolae aiws pl (g0
Sy Jsrs Ol eyl s Ly Sy Jos Sl 5l s
S (S8 (D)3 (Sl &S 5> ojlui) @je @
ELSl oy 4 o) B ) s 033 9 4S9 )L (6351
Fr &3P Eldl 3o ploy adllae Gl 88T (o
‘)o.)) ‘)mfwm‘jéu‘uu
Soye Pl ool atws (pl goae > s o0 Sy
s IS8 S e @b SR Gl wslayall
adgl slo 5551 5 lo JBs (B slad )0 (Fod o
Q“W&Ao&) ‘).A.AS&LH»‘ )(55))"")&9&
L somilSo Glgs oo YU ol 51 oolaiwl b ans oo

Db acin ol eojlb aS 5,5 b aigs sla el

5y olyd

&=l o

[1] A. M. Dimos and R. C. Davidson, Phys. Fluids 28, 677
(1985).

[2] A. Chakhmachi and B. Maraghechi, Phys. Plasmas 16,
043110 (2009).

[3] A. Chakhmachi and B. Maraghechi, Phys. Plasmas 16,
073107 (2009).

et o oKSls AVAY oo Ve LA

|

()

Swoluo b gl )l Sloj Jaxi -Y-Y
S35 e S (VF) (DS (igilesls 5l oslial b

1)
a, X

2c’k?Dy

(1)
a, Xk

2
a7
2ctkepr| 22 )
k

S| (2ol y2
D(p,.t) =2e"> | (=)
kzzl; 2y

kz?’k
(a)k —kVZ)Z +7/k2

oA |

109 oo ol 5 Ojgo 4

2
an(l)
t)=—| (0 +7?) +c*(k-k,)* + 2c°k?|—2——
& (t) Py (o +7¢) ( o) 2(Czk2+7]|?) ]
P (1)
C(k_ko)a)k2
(%)

.WI‘ZWJQQ,&;L& Sls ks P(t) o e as

exp(ZJ.yk (t)dt }

P () =5 [c(k kodar ] [6A .,

av
25 akly (V) aal) 58,5 )l o b
2280 _ 2, 2.0 OA)

potioe Sloy Joo lp prY Ole 0gh oo A
A0) 5 (V7)) (VYY) ((VA) &¥olee (5,131 b (1 Sile

Pyl oo Sy JSB a4 (V) aolee o

dpo(t) _ 4777 a)Re m}/ a{ﬂﬁn
O kz)m = kZ;[{[( y Z(Czkz+ﬂ§0))
az|  an® | 1
2( . ) Y} ] . ; }_
27 |2 0 o -k Py e
7
{[(am?)z + 3107,{'51) _Z(am?) mllgi) ‘] 1
2 2%k + 7@ 25 ’|2(c2k2 + n© = A
7. (c P 7. 120C°K" + 1y )‘ (e, —ck po]/ )+ 7

XMP()}]

c(k —kp)m,
%)
a Comd A() sl o Syt 6l U39y oot &
tels ooy
dA(t) 1277 w;e) 1
Codtt  A(t) ok mc?
Z{I(a Ty, | an® [ (aM a \ 1

2 +
2y ‘Z(Czkz‘*ﬂém)‘ 27,"2(02k2+7]k0))‘ (0 -ck Po - )z+}/kz
/a

()
3,1k 1

2 ay
2k )| 2

s

[y + T

27. (@ —ck =—=)" + ¢
2

koK
c(k —ky) o,

R.t)
)

YEFA


http://opsi.ir/article-1-150-fa.html
http://www.tcpdf.org

