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4. INTRODUCTION @

WHAT IS A FE.L. 7
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CHARAC.TER.'STICS :
o RELATIVISTIC ELECTRON BEAM
e UNDBULATOR — 3p6¢c~v0*75m} maa.me'én'r. fiebd
® INITIAL INCOHERENT EMITTED RADIATION
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Bw = Bwo G (szo'f'ww't) @
Wy = Ky Vp ~ KuC
THE ELECTRONS SEE A BACKWARD £.A. WAVE
WITH WAVENUMBER Kw ANO FREQUENC) w
IN THE TRANSVERSE PLANE (4 Z) THEY
OSCILLATE AND PRODUCE, AT ONCE , [NCOHERENT
E.M. RADIATION.

® STIMULATED COHERENT EMISS/ON
raN DERPMETIVE  dyy= 2
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MANY ELRCTRONS Ew ELECTREN
REGIomN REGioN

BEATING BETWEEN THE UNBULA TOR MAUNE -
ric FlIELd Aw AND THE E.M. RAMATI O

——
A A PONOEROMeTIVE
FieLd AR Aw +An ¥ & oA rreAR S
b . — — !‘
£ oc -~ ¥ |Aw+Ar]
THIS FORCE PloDVCES A SELF-BUNCH/»G

BEAM
OF THE ELECTRON
~HE PARTICLES ARE FoRCED TO
pSsclLLATE IN PHA SE
COMPTON REG/ME : T 4E fonOEROIMSTIVE
EFFECT (s LARGER ™ THAN THC EFFEcT OUE
vo THE SPACE CHARGE oOF THE BEAM.

THE COHERENT RAMATION
Ap = Adw_
2 Y%
(Sinmplifred cxpress,on )
IN PRINCIPLE WE CAN FPROBUCE ANY E.M. FAE Quewy
BY VARYING BorH Aw Awd %o

WAVELENG TH @

BUT SomEeE PRoBLEMS ARISE
IF WE WANT T'0 REACH VERY SMALL
WAVELENGTHS, SAY Aa v 105+ 103;
Aw < 1 mume
oF
/mc‘T. v o440 GV

LIMYTATIONS IN TERMS OF CoST‘)
TECHNOLOCX}A;VA 7T/ ME

« ITT IS DIFFICULT TO REOQUEE
kw UNDER 4. om

VERY SHALL DISTANCE BETWEEN THE MAGNET
.QDTH ﬂyEDUCEI AND DEFOAMS THE quBLE PART

OF THE MAGNET!C FIELD /N THE UNDULATOR
b) ¥» VERY LARGE ; BIG PARTICLE ACCELERATORS

&) )\w“’ i1om

HoW Do WE OVERCME THESE L/IMITATIONS,
IN ORDER To REACH SMALL COHEREWNT
RADIATIoN WAVELENGTHS WITH Low
ENERGY ELECTRoON BEAMS ©

A SoLUTION OF GREAT INTEREST

AT THIS MOMENT MAY BE REPRE SEwnTED
AV PLASMA UNNMNIIATORS
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9. WHAT IS A PLASMA UNDULATOR ¥ & ' | &
“MAGNETIC mvz==KWZO+MHQ = K, +Cht

THEFIRST IDEA CAME FRem U, C.{..A. GRCUPE U N DULATOR
(€. Joshi, T. Katsouleas, T.M. Dawsem, Y. T, Yam , amol
T.M, Slatel- TEEE Tems. en Q. E., QE~ 23, 15;:;(173;) PLASMA KeZ+Wpt = KpZo + (Wp+KpVp )t
C. Toshi, T. Katsouleas, T.M. Dawsom, Y. T, Yan , 2md FF UNDULATOR T P pZo +(Wp+Kp
Chem, Prec. 19’; A"CI‘K‘ W.\!‘uﬂ.gtom) P£3 wave PI)JJC V‘C&Q'I"/v
BASIC IDEA (2 pessible Sheme) V3, = __£
A RELATIVIST e~ BEAM IS LAUNCHES AGAIN ST
A LARGE AMPLITUBE PLASMA WAVE. in Wral Vpy FC
B g iltgergt 2 RS ®COMPARING M.U. Ano P.U.

g A — _—AL_. = VUp
CE - e

MAGNETI - Aw
£3§ UNDUVLATOR >\R FA
TUE ELECTRONS OF THE BEAM ARE “WIGGLED? N

ELECTRIC FIELD OF THE PLASMA PLASMA - P
By THE L.' UNDULATOR AR 2(1,,?',&)%1
WAVE (N A WAY THAT’S PERFECTLY ANALOGOUS
TO THE WAY A MAGNETIC UNDULATOR WIGGLES T phacan, fob  fpa=1
SUCH BEAM. Ne = AP

ES

LORENTZ TRARANSFORMATION ;
FOR AN ELECTRON oF THE BEAM A T/ME-vARywG  ® SOME ESTIMATES

ELECTRIC FIELD IS EQUIVALENT To A SPACE- PLasma oluuu'(y: m, = 1o+ 10" em
VARYING MAGNETI € FIELD. (N\p = do0pm = 2 em)
amd fras s s
T pankicaban for Np= Loops
WHAT IS ANALCGOUS TO Aw /W ” \gos 50(::#«!/)—.'4((3”‘-")3

A PLASMA UNDULATOR



3. HOW TO0 PRODUCE A LARGE AMPLITUDE ©
PLASMA WAVE ?
WE KNOW THREE MEeCHANISMS :
— PLASMA BEAT WAVE [ExCITATIoN
—~ PLASMA WAKE FIELD EXCrTATON
- LASER WAKE FlEL) EXCITATION

® WE CONSIDER HERE THE FIRST ONE D/VL)/

LASER » VERY HIGH PLASMA
/ REGIME FIELDS (1~ 200 GV /m)

PBW

\1‘4!::1?::\«/;4'/%:____> MODEST PLASMA
REGIME °

, FIELDS (10%-10° V/im)

(U. bE ANGELIS, R. FEDELE, G- MIANO, And

C. NAPP), Masrme Phys. Gad. Fus. 29
789,4987) —

'

IMPORTANCE FoOR

ACMON Preject ot INEN
omd UNIVERSITY OF NAPLES,

R.A.L., amol PoLyTECHNIQUES
OF LOSANNA @

MitroWene oﬁm ReSometsn ﬁ"—

PBW exc botipn SCal eX Rt

SINCE THE F M. PUMPS FoR P.B.W. ExciTATION HAVE #
AN AMPLITVBE RABIAL PRoFILE, UNDER THE USUAL
RESONANCE CONDITION W, Wy = &y WE

/S GEMNERATED
HAVE A RADIAL ELECTRIC FIELD
IN THE PLASMA,

Se¢ ROTH THE LONGITUDINAL AND THE RABIAL
CoMPe NENTS ¢F THE FIELD /ACREASE [N
AMPLITUNE AT THE SAME TIME . TH!S
PROCESS CeaTINUVES UNTIL WRELATIVISTIC

SYTURAT!ON |5 REACHED



PUHP PROFILE ‘
o GAUssIAN PUHE RROFILS kb 70 KATSoU LEAS . @

(Rph;fogl;s X 33 4412 (Mm) > E:M. PUMPS: TEMoo MoOES
| | UxE=Qp = Igyg_ Ap % R = zpdtn of
o Eog ~ r}{-& 2, 4. beokws
#l | g Xp~R, Eorw &z
: 2 ¢z E,ut .. Lot
g ES -'Z's ~ 8 Tr | s - C/hw C)
! Ay —et
| | ’ \ Yo = L2 Epump w= &t
i A . i . E puny A
i L ? 3 ' " i .: 0 ) ?’ _ ?4 v‘;

IN THIS SCHEME WE CeNSIDER A TRAVELLING
2 BEAM ALONG AN AXIS PARACLLEL TO Z

AT ’(:-R/\/?_ WHERE Ean IS MAXIMUM -

Ep =\ Bon v 2 Eop)exp[l(kpzetope]tae sE )
L x 0,21 s V2
E, ke R

Eoz = 0.15 ’2-5 voz
Ep

FOR THE F.E.L. ACTION THE INTERACTIoN
BETWEEN THE BEAM AND F,x |S BESO/VANT
BUT THE INTERACTION BETWEEN THE BFAM
AND Eoz 1S NoT RESONANT

(R



1 vira)
E=- ED-(mpt) ﬁ;gnd[ -3 sm(kpz - tl.'lpl + AQU )] N
-

- Ep Dawson limit elecrric field: Epm 4nendk.p;

-Pem ‘“p/(kpc).

If v2(r,z) does not depend on z coordinate ( in the waist of the external electromagnetic
waves) then we obtain for axjsymmetric pumps:

—€p ﬁ;;( V() (wpt ) sin(kyz — apt + A ) e, ,

E=

-Ep ﬂ—l'f #(mpt) cos(ky,z ~ wt+ 40 ) o, .

® PUMPS: GAUSSIAN + TANTIGAUSSIAN " PROFILES

-MORE STARBLE ELECTRON

BEAM McoT{CN THRU
THE"PLASMA UNDER THE ACTienNn OF THE
ELECTRC

FIELD OF THE PLASMA

WAVE

49 . LINEAR FLUID THEORY OF A FEL. @¥

WITH A PLASMA UNDULATOR

ot L eE

G-E = -4Tem vxE X7 R
_ﬁ‘x-—é: AR _gerenV

7.B= 0 L= z

HE
AnaLysis s VERY SIMILAR TOLITORS
i SIS GIVEN FoR MAGNETIC wu;u
A | c. M. TAM Ied.
L{-orYe_xampfc Ser F.Spl-ama,fc 9_
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M.R masulle, G.M.‘JMo,am-L V.G. Veccare,
5’."' cNERP, Feorwce,f‘!ﬂ) :

)) IN!ROBUClN(t THE FOUR"PDIENHAL (ézﬂ)
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— —_ - .
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3) IN ORDER Tc LINTARIZE | WE SUFFOSE @ o THE PONDERCHOTILE PerenTIAL @

V(Zt)s 2 V] +9 V(&) (Vo) A quL: £WM~; 'v';,c,?. A X QXP[L'(Kgka)z-c'(‘,’,""r){’ ;
nizt) = My +dM (2,t) °
o Yk gM oc Exp [C(k k) -C (0 o)t ]
c :
A lre
A,__ :a ‘U""a . ./‘g_Eo"L____z e L%}
il ot T % 5 ® Yo = ¥z l.iTk/}"(‘\’p‘*mKP)) :{ = 12 (14K2)

AND ASSUME - . |
Aa = Aro LKPEc'(,KZ'UU]*‘C' ¢. CoMFTON REG/ME ;

SM:@m) g_xf[f(i('z--b'{‘.);)-i-('.c. g MAGNET’C UN‘DULAT'QR

IN SucH A WAY THAT! i Pw >> ﬁcm*r
w! = g -Wp d'—hb,‘,s) FvwE 2Aw . .
( LeSomam(e Cond: ¢ ("“-tf“-f“"t d‘f the ehictrom wi
NEGLECTING THE NoNRESoNANT CoUPLING ﬁcnn- = Z%)Lm Ya (-HK‘)% |
(N THE LORENTZ~MAXWELL SISTEM WE FIvALLY GET; x ) w "'t
Lowi\sm= em 2 (2 4% )[(V;é)Ag] = £Lu.  (moamutc st g ff ) :
+ = —t. — Myt
G’? ‘;‘_‘":') m Y, ©Z\%Z c:")?E c® K = ;”C/)w
*
21 2 Ve 5' 1
'b __;1_2...._925_/\:4-7;'.2( )’Vl W, = [amem, \V2
(Ta_z‘:. ciazr” Y, Cz) R -éi b ___:n s) ((bear ploone p
. oy . —_ ® /\ _ )\
= _ L 2En T axo[i(kezept) |+ T Y, R= Aw (1, KE
Vpe = im¥, (@p+vaRe) rLitkrzeey 25" ( )
= Pto Lxr EL(KfZ+th )]+ C. C. ® INTRINSIC EFF|CIEUCY 7_: PM - :E t

L « (e-t)Mmc®
THE CouPLING BETWEEN THE E:M.RANATION FiEL) | L g vy (ot} me
AND PLASMA WAVE ExciTES THE BEAM DENSIT} 7: O-OF(I[KA] /\w (3” 12 ¢ {
PERTURBATION AND THIS, IN TURN, EXCITES Y, ¢* g3
THE COHERENT E.M. RADIATION FIELD, BY Coubling

A M aa & Vat art e
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» PLASMA UNDULATOR
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T)(F;C.‘I‘Cey AF.-:I'- the P-B.W. excitathon
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§. THE ROLE OF THE EMITTANCE @
(@) A conDlITioN CAN BE USED To ESTASLISA
A ConnECTION RETWEEN THE WAVELENGTH Ag
AND THE ELECTRON BEAM TRANSVERSE LCHNITTANCE
£ (C. Pva-.’):.'m{, Nuck, Tustr. Methad , 177,
2937, 1780) :

E < 0.6 )\R
WITH THE PRESENT TECHNo(OGy THERE IS
A LIMITATION IN GENERATING VERY SMALL
WAVELENGTH E.M. RAMATION

£= 4\.24 K'D_?Mu.

FoR %¥,220 ?
roR ¥o=50 €x¢.Jox10" #m: el
STRoNG LIMITATION l
(b). " o o

THE EMITTANCE SPREAD CAUSES A pmduecTron

oF THE EFFICIENCY
WE cannvoT REOVCE THE EMITTANCE BUT

wE CAN PARTIALLY ConTROL 0.

How ?

i



BY MEANS OF THE SELF-PINCHING OF THE REAM ! @
~HE PLASMA SCREENS THE BEAM ISPACE CHARGE  Awnb
THE MAGNETIC FORCE ON THE BEAM OUVE To THE
QEAM CURRENT HMAKES THE SCLF-PINCH

® THE KAPCHINSKI)-VLADIMIRSKIS EQUATION .

t t 3
%*KFU‘ _ftol=o0
Ke = 2re*M :(lﬂ—-’z-‘)_l. fo s e ’yfmﬂ
F MY@ C" xp o-i U-z' }

EQuiLIBRIVM CoNDITION

KFU;-; = Eiq;.‘,s
Te = cﬂa)}hwﬂf‘b
otz 'Y ‘&d;;-: ‘:5
T (W) No-(am) Me g
0z
0, = r(270)
s -3
FoR ¥, =20 , My=3cxde om =, 0p=13.8 pese
L
- ~ 13 um
g = e

’,Z_'-corvcwsfous dy

® ON THE BASIS OF THE THEoRy OF IMAGwET/C
UNDULATORS For F.E.L. WE HAVE ANALYZED
THE USE oF A LARGE AMPLITUDE WAVE AS Aw
ELECTRO STATIC UNJULATOR

® WE HAVE REVIEWEDN THE oRIGINAL I1pEA oF

THE PLASMA UNDULATOR AnD ConSIDEREDN SoeME
PARTICULAR PLASMA UNDULNTOR ConNFIGUAATI SNS .

®BY USING Low ENERGY ELECTRON BEAMS WE
HAVE SHoWED THE PossiBitiTy To G ENERATE
SAALL WAVELENGTH E.M. RABIATION , BUT TAHE
LIMITATI on DUE To THE ERITTANCE HAS BELN
DI SCUSSED

® THE FLULID THEoRY FoR THE P, U., N cOMPLETE

ANALOGY WUITH THE oRDINARY UNDULATORS HAS
REEN DISCUSSED

® AN ANALYSIS FoR PHE INTRINSIC EFFICIENCY,
WITH RESIECT THE EMITTANCE AND THE SFLF-
PINCHING HAS SHoWN THAT THE SERF-PINCHMNG
CAN BALANCE THE EMITTANCE SPREAD EFFECT
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