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TRANSPORT PROPERTIES OF RELATIVISITIC ELECTRON 8EAMS
THROUGH LINEARLY POLARIZED MAGNETIC WIGGLERS

Ren-Chau J. Hu and L. R, Elias
Physics Jepartment, University of California, Santa Barbara, TA 33106

. Abstract

“han a relativistic electron beam moves through a linearly polarized magnetic wiggler it
gxnipits betatron oscillatiaons along the direction perpendicular to the motion. There is
also a small defocusing aeffect along the transverse dirsction bscause of spacs chargs
rapulsion. In oQur casa with a low smittance electron beam, computar simulation shows a
negligibla increase in emittance, although the phase spacs in the transverse plane may vary
graatly from period to period bscause of the betatron effect.

Introductign

An important fesature of the UCSB FEL is its elactron bpeam recirculation. Secause of
this recirculation, the elsctron beam transport properties of the wiggler are extremsly
imoortant even if we ignore their affect on the gain mechanism. The parameters of the
wiggler and tha slectron beam in our simulation are shown in Tabel 1 and Fig. 1.

Tabla 1 Wiggler and Electron Beam

WIGGLER ELECTRON BEAM
Parioa 3.6 cm Energy 3 Mav
"gak Figla 416 Sauss Current 2 Amp
Numger of Periods 160 Radius 2.5 mm
Langth 576 cm Emittancs 1 mmempr

Magnetic Fisld

3yix,0,z) is calculated by applying the Biot-Savart Law to an equivalent current sheet
nodel of the magnet array, with this and the Laplacs equation for the scalar potential we
can fing the coefficients of the expansion of the figld along the z-axis. The form of this
wiggler fiald is

3% » f(x,y)SINkZz , {(1a)
3% = Bol1eg(x,y) ICOSHkySINKZ |, (18)
3% = 80[1+h(x,y) ISINHKyCOSKkz , (1e)

wnare < = 27/), } is the period aof the wiggler. The functions fix,y), glx,y) and "ix,y)
are 3ue %3 tha finite size of the magnaets and would vanish if the magnets wers infinitaely
Lang. In our model, we calculate the field to fourth order in the expansion of powars of x
and y along the z-axis. We take 8o = 416.2 Gauss.

Trajactorias
Srom tnhe _orentz force aguation we get the squations of the electron trajectaries:
<" e @/ lex™ ey® [y'82 - (1ex? )By + x'y’Bx| + Yme/zF (1ex” +y® ) (Ex - x'€2) ,  (2a)
J* e =@/0 0 Tex® ey ® (x'Bz = (1ey® 1Bx « x'y'Byl o Yme/pf (1ex” oy® ) (Ey - y'€2) . (28) @ —————ag.
~nere 3ll +the agerivatives are taken with respect to 2z, i.e., x' = 3Ix/dz, y' = 3y/d2, atg. CUTTeeewe—od

3017 wigglar “ields anc space charge fields are included in thesa aguations.
3 “in3 some Dasic fgaturaes of the Jeam wa can simplify “hese aquations Dy xe@0ing oNly  ~——esccecu—d
Tn@ Lowest arzer tarms, giving des
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> x* « -a/p-By = -e/p+BoSINKZ , (3)

o x' « @/p/k*30C0Skz , (4)

P> 4" s ~a/prx'Bz = -9%/p?/k-Bo  kyCOSkz = -& /p?Bo’ COSkz-y . (5)

N The focusing constant J <@ /02 Bo coskz>! = (e2/p2/2-80t ), 2.57/m. (s}

4 From Egns. 5 and 6 we see the presence of a betatron ocscillation along the main fiald

direetion, i.s8., the y-direction. The anvelops of the aslectron beam is shown in Fig. 2
whgre Dboth the Baetatron affect and the space charge effact are claarly Zemonstrated.

k. Notizs that we inject the electrons with some focusing slope in order to form a beam waist

. at about the midpoint of tha path, The result also showsa :that the betatron effect is

= axactly the same as predicted by Eqn. 6, i.8., Q = 27/3g = 2.57/m implies that ig = 21/2.S57

N m = 2,44 m » 58 )\, where Agis the wavelangth of the betatron oscillation. For a total path

. of 160 \ we should 2e able to see about 2.4 periocds of hstatron ogscillation or 4.8 peaks.

) Phage space

T The transverss phase spacs is also studied and shown in Fig. 3. Besides the batatran

< affact we find that both the y-phase spacs and the x-phase space are always correlatad,

- though there are some aberations in the x-phase space. Thesa aberations are such that

. some electrons et larger x-slopes after about 10 periods and coms back aftar ancther 10

- seriods and have thes same phase space again. To explain this, we solve the equation of

Y motion in the x-dirsction to the lowest arder:

) z

ax' = x'(z,} = x'(2;}) = ~u/p Jaé dz

. (7} 2 ’..
o ! w w
. The change of the x-slope is equal to the integral of B8y along the path. If 3y is a fa
- perfect sinusoidal function, which 1is true aonly in the x-z plane (y=0), the slope of the D
" slectrons will not change at all aftsr esch period. For those cff-plane alectrons, the o
.- y-sosition, and hence the amplitude of BY, changes bacause of the betatron oscillation (see AN
- fig. 2J). The electrons ars picking up slopes whils they are sliding down to the valley of -

. . the anvelope and losing slopes while climing up. With a suitable choics of the psak
~iggler field the slsctron beam can again becoms not aberated at the and of the wiggler so
that we can collect most of ths electrons.

In real cases the wiggler is not perfect. The field of each period is not identical.
There are always some fluctuations in the amplitude. Will they affect the correlation of
the alectron Dbeam? To answer this gquestion we make another simulation with an assumption
that there is a S% fluctuation in the field of the wiggler. The result is shown in Fig. 4.
Ada  see that the elactron beam can still bs somawhsre without sberated along the path. The
reason for this well bshaved phenomsnon is the sams as above gxcept that the fluctuations
in the fleld do not contribute greatly to the emittance because the averasge change of the
slope due to the fluctustions of the field is close to zero.

. e
P RN l'

ll' "',l_ )

~ Conclusigns

N The aemittance of an electron beam of initially low emittance will not change greatly

> Juring passage through & linearly polarized magnetic wiggler. Thus the wiggler will not
adversaly affaect the recirculation of the alsctron beam. By choosing a correct peak

d ~iggler field we should be able to eliminats the emittance of the alectron baam at the end

- of the wiggler.
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