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THE C:Ol~POSITE WIGGLER FOR THE EL,FA PHOJEC:T 

t’ ArTrhi. n. Bor,ffacio, R. C’mrint, I,. DC !inlro .Snu;ic. I.. Hos.r, 

L.4S.4 INFN and T~nivmsity of Milan 
\‘ia J“ratelli (!rrvi 30 I, X)090 Segrate (nlilanc,i I 

Abstract : the solution of a composite wiggler (an hybrid section _____. 
coupled with an eiertromagrletic section), whose parametws are de- 
terrnincd by ELFA experiment requirements is described in details. 
The parameter choice anti a preliminary design of the two sections 
are pi-esrntd and riiscusird. 

Introduction __._. -. 

The aim of the ELFA (Electron Laser Facility for Acceleration) 
[l] experimenl. is to study the physics of a single pas’ J”BL amplifiw 
operating in tlw high gain Complon regime using short, rlcctrori pulse 
hcans. The i~x~wri~~ccnlal pnrpow is thv pro~lurti~~r~ of high peak 
power (0.3 1 <:W) of microwave radiation, with a basic wavelenght 
of .\,. 3 mm. with the possibility to tunt~ from \ : I (‘~11 10 X, (1. I 
ml,). In order to achieve this goal an rzlwt ran beam of wry high 
rnrrwlt (400 A) in short pulses (Ii c*1l) and with a maximmu vuvr~,j 
around 16 MeV will be injwt.r(l into the wiggler midplirnv 

‘I’hr~~t~ iliffrwrrt n~~dr~ of op0ratior1 will I)<’ t~x~‘lrlrtvl: Stwuly 
St CL1 f’. \I’wk md St rang Superradiatlw 121, only thv tirht of wilii-1L 
has beI= exJ”~rilrl~~llt~rll~ 0twmYY1, and r,i~ly with long pulse r1ectron 
lwarllr. 

The E’i,l, intwaction will take place in a wtwguidr. J)iff;v- 
em wavt~quicl~s a~ill be insertwi into t,lw wigglrtr in order to control 
thv group velocity of tllv radiation; with a IO mu high wavegtiidr 
(~1~ := u?) it will be possible to verify whether the SS regime can be 
arl~iwrrl with short electron plil’irh wllilr with a 30 mm high wirveg- 
title (7, :z 11, ) we are going to verify the existence of the throrcticall~- 
tx*vlirlrv~ Sit regirlws. Finally in I.110 SS rrginw, it is n0rrss;rry to 
taper the magnetic field in t.hc wiggler in order 1.0 maintain the rv+ 
onanw rendition after saturation ant1 I.0 ront.inu~ extracting rnerg~ 
frolrt thri i~lfvt ran heatll: t llih .~Il~)ws to incrrnw rxrrart ion vfficicncy 
iiwrl 4 b 6% to 20 f 3OY. Iu Iahlc‘ 1 we suinmari7e thv basic parmn~ 
eter5 for t hv w iggivr.. 

Table I - Wiggler I~ar~~m~~tw 
wiggler parnn~~tw / /I~,_ 2.h:, 

period i\L. I:! cm ~ 
peak magnl,t.ir field 

minimum gap 
m., Z3.5 kGitus5 / 
g-- 3 Ii Jr1111 I 

mi*timum ~nunlwr of period? 1 s,, 50 

The wiggler parameter B,, and X,, has been rhosrn in such a way 
to obtain the desired output wavelength X, with beam energies in 
the% rmge reachable 1)~ our accelernt ing system, arl11 to keep largr 

eIlough the gain parameter p (maximizing the extraction efficiency 
anti minimizing tlw wiggler length). This field lcvel (with s/X, ~ 
0.3) is easily reached with an hybrid wiggler and is reasonable for 
an P.,I,. device. To ensure t.he necessary flexibility for ratIiat.ion 
Wavdength timing, we should be ablp to lower the field level B, 
down to 1.2 kGanss. 

Some prrlintinirr~ calrulations on thr SS Ft:l, ~,roccss (fig. I ) sI,<,w 
that about :%O--35 wiggler periods arc necessary in order to reach sat.. 
waltion wirhwt. tapering and about I5 additional periods to ol)t,ajil 
the maairrnxn output level of operation with tapering. 

The resulting wiggler length is several meters (- 6 m), and this 
require? 7 iw I)PRIU focusing in both transvrrw planes. Focusirig in 
the vertical &me is assur~rl by the “rmtural” property of the pIa,le 
wiggler field configuration, while in the horizontal plane it can be 
&vided by pwper pole geometry (canted poles or parabolic shaped 
polw). 

Fig. 1 Steady s1nte FJ’:J, pr<w<‘cs wr~uJnt,~,n 

In orciw to sat.isf:y all this rc~quirc,rllr,nts, thr ~nofc flexible solut iof; 
is repwscntw~ by an e.m. wiggler but its const.r~~ct.iorl and operatiorl 
could be very expensive. Anot her solution can be a composite wig- 
gler, consisting at, two c~III~IP~ sections: 

l Ihr firs1 yarL. iil?llr;)xi*nat[,ly 35 iw~iC~ds, ir nmlr with au hybrid 
stmcturt~(irun jxd~c I pcrmnrwit magnets), this part shnll havr COII- 
stant peak field lo Irt the radiation produced in thr FEI, process 
gww up fwm thr lethargy to lh<, Hugh gain rcgimt-. At thr end c,f 
this srrtim thr radiation shc~old warh tilt S.S saturnti:m 

t tl scrond put, yqw. 15 pf*riwii, is *nadz v.1111 H P.~I. stiucturf, 

whlr:h allows IO obtain easily a St-ming En-r aud rapidly tunabit 
tapfring of thr magn&r firld. 

Ill tliik {1ililC’r J pr~~linlimi~ .i Cvhigl~ uf 1111~ rilmlw4tt w:gp-lvr will 
be presented by rrnphasizing t how i~sjwcr~ itrld probl~~n, wkich are. 
rharact,rristic of tiw 5ycti,m 

hlag:livti<. Ctrncturr L 

The hybrid configuration has been rhwm b+xar~se of the several 
advantages ovw t,hc cm. ant1 pure permanent magnet design: in the 
range of dimensions of our interest it grants a considerable higher 
field level and has lower construction and operation costs than the 
c.m. wiggler, while, still giving a higher field, it has the major ad- 
vantage over the purr PM solution of being by far less sensitive to 
errors in Phi blocks rnagnetizatiorl strength and direction. 

It is worth noticing that the maximum field level for the wiggler 
of 3.6 kGauss has been fixed because of the limit of the e.m. section 
(due to sat uralion effects in irw p&r); +nu hybrid wiggler is quite 
far from upper field limit; this reflects upon the wiggler costs and 
gives margin for flexibility in geomrtriral and structural choices. 

The magnetic design has bretl performed in 2 D wit11 PANDI- 
RA,[3]. The dimensions of permanent magnrts blocks and poles have 
been optilG,ed in order to ntininGzr~ tlkc fivltl harmonics con~po~lrr~t s 
of* the wiggler axis. 

The field harmonic conl ent iz determiurd via Fourier analysis 
assuming that the y-component (vertical) of the field in a infinitely 
long and wide period structrlre is described hp: 

&(Y,Z) .-- HI E3h2,.x+i rwr~(2n1 + I)k2]mslt[(2m + l)ky] 

where k-2 T/X,, B1 is the amplit utle 01 the fxmrlamental and b2,7, + 1 - 

&,,,+l /RI is the normalized amplitude of the 2m+l field component, 
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lBtt(,. Tliii-i. (Clil! 

Following Halbach’s binomial configuration [5: the relative mag- 
nitude of the scalar potential (absolote value) should be zero for the 
first pair of up-down poles, and 0.25, 0.5, 0.75, 1.. 1.. for the 

following pairs. The zero scalar potential of the first pole pair is 
maintained by direct magnetic linkage of the upper pole to the lower 
pole. The scalar potentials of the other poles are controlled by their 
geometry and the amount of Nd-Fe-B between them. In fig.4 the 
results of PANDlRA calculations for the end configuration described 
before is shown. 

L’lF 2 3’” iiud 5”’ hmmrni~. ri,ir,p31”lltF at: a) 3, ~ 0 ,‘111. II) y 0 ,I No end coils will lx used in this design. Ins! rad, WC shall use a 
r:lI. (‘1 !j it.<; , 111 a< a function tof pair th~ckilcs~ system of Nd -Fe-R mtor~ for fine tuning of tlw wiggler w111 firl<l -41 

In fig.2 the I> wd and gfh harmonic components at diffwcnt value~i of 
y, in 70 of the fundamental, as a function of the pole thickness are 
s]wwn. l’hrb 3’” and !i!” harmonic jh3 and bs) <‘an be rrducwl TC’ 
spectively to 0.2% and 0.7% of the fundaruental whereas the higher 
harmonics are negligible (< 0.1%). The dependence of the peak snag- 
uetic field and the harmonic component contribution on the wiggler 
gap has been invest,igat ed. 

We have evaluated the 3--D effects with n wr~lj;m;~l,~t ical ~noricl 

which takes into account all 3 -D contribrltions to the nmgnet.ic field 
flux in the pole [,{I. The real field 1ewI WC can e.xl”~ct for our geomrt.r> 
is lower than the one predicted by the 2- 1) rode PANDI R A but 
should bc st,ill higher th;~~ o~lr peal of C<.t; I~(:;LII~~. 

The final set of pararrwtwi for thr hyllrirl w,tiilri i< p:‘m ill 
Table I1 and t,iw cl?.:! show t hr g’wl”“! rj or t 1IC’ l”‘li.\ ;rIlrl ~‘+‘““:““‘“I 
rllagnrts blocks ~hir11 will 1~ used in tltt* 111~ulr4 i<‘,i 4. 

Table II ltybrid Wiggler 
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Fig. 3: Hybrid wiggler geo~lctry 

As shown in fig.3 the magnet has not overhang at the top and 
presents a step of 0.5 cm (useful for fine t,uning coils): and the CSEM 
material is divided in 3 blocks of squared cross sections (usef111 for 
block sort,ing). 

The possibility to use San~arium Cobalt instead of Nd-Fe-B for 
PM blocks is still not precluded. The decision will be based not 
only on performance limit and costs, but also on radiation hardness 
properties and tcmperat,ure effects evaluation. 

End Poles h-tic DPsign ~--. 

To avoid steering perturbations of the beam as it travels through 
the wiggler, it is necessary to design a special configuralion for the 
field at the ends of the wiggler. 

~ --.-__.-. .- - 
a 

Fig. 4: 
a) <!ontigaration mid nlntjnetic firld 1nattvIii f<al wgglvr +n(l’r. ~III>WIII~ t’b! 
blocks dimrnsions needed to obtain the binomial potential pnttrrri, wld the 
two round PM rotor tuners for fine tuning of the field; 
b) Magnetic field level for wiggler end configuration, showing tunatiilit) 
level reach&k using PM rolor tuners. ____ .-.--- / . . __._ . ------- .__7_-- 

~“‘, I~~-~ 

f-. 
5. 0 ,‘. 7, 3 1. s a ‘7 

7. (i.lill 

Electromagnetic Section __ --.._- ~-.-- -- 

The design of the electromagnetic . crrtion has lwrn carried out bb 
using t&e ~amc~ procedures adopted for thr hybrid wction. ‘The fig.:) 
shows the nlagnetomotive force as a function 01’ thr wiggler gap an<1 
the peak magnrtic fi~ltl a11(1 tile CIITV?S ~1~ $ + Iv Inasiilwlil !i<,lrl l~~wl 

j~l the iron poles. From this grapt’ it is evi,hwt that t tlw s;it urai i<m 
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effects (which becmne large above 18 kGauss) determine the working 
region of the electromagnetic section. The main parameters of this 
s&ion are reported in Table III. 

r 
Table III - Electromagnetic Wiggler 

Pole thickness 1 27 mm 
Coils section (HxT) 40x16.5 mm2 

Overall current density ; 1000 A/cm2 
Power/‘period h 3 kW 

Max. field in the poles -16 kGauss 
Periods 14 (minimumi 

Ilod~~l st.utlies will show if it is necessary to USC a PM assisted 
configuration. This ran hplp to rracb the desired field level ant1 lower 
current density and power consmnption 

__-- _. r- ------ -.v- 
Nl (&I. 

I I<” 

/__j/ 

OR1 

/’ “\’ 

L-. -_J -.i--.-. ..-~ 
^̂  J” 4” 50 

e (cm) 
Fig. 5: Magn&xnotivr force as a function of gap and peak magnetic field 
in an c.xn wiggler. Maxilnunl field Ievrl in the iron and working region of 
ELFA e 111. wiggler scrtion TIC shc~w~~ 

~Iybrid-Electrolncletic Section Coupling 

The transit icm section brtwern the hybrid and elcccromagrletic 
part cd tht: wig&r can pvsent soinc problrms n,,l only from the 
point of view of Ihe realization but also from the point of view of 
the quality of the field. In fig.6 we show thr preliminary propnsc~l 
configuration ;rr.d the PANDIRA output corresponding to it. 

Conclusi.Qu 

The compositr wiggler solution seems to be, at the present st.age 
of’ the project, the one that fus best all thr ELFA experiment re- 
quirements. A prelirxlinary design has been drfined~ and the results 
are going to bc tested on a full SC& model of a few periods of the 
wiggler. In particular we are going to test.: 

l peak field lpvnl nnd hnrnloliir rontvnt. 

l tmnwerse urliforniit:; of t11: Ii&i: 

. tr.lrraIl~-rn: 

l end colifigurati~~ri of 1111, wigt;l<:r; 

l trilniitlrlll rr’g10l1 lw:nwi~ 111~ ltvt 11,: , <iill 1111. I’ 1, ‘t.S.tl<il,,. 

l tapvlin,;. 

‘rhc study ‘II1 the Inodel will be alho liaeflll for thq defirljti(lrl of 
thr foraliza: i01 on tlira IioriLontal planf’. 

cl 

Pig. 6: Geometry and magnetic field pattern (a) and field level (b) in 
the transition region. 

b 
y-.---n , -......l.l.p__m 

Acknowledgements 

The nnthors gratefully acknowledge prof, K. IIalhac11 oft hr Lawrence 
Berkeley Lab. for the many discussions and his suggestions in the 
wiggler design. 

References 

[I: R. Bonifario t’t ~61. “l’ht> ELI’A Project”, thij (‘onfcrei~c<~ 

[2] R.Bonifacio, B.McNeil and P. Pie&i. Physical Review A, Vol.40, 
N.8, 1989, p.4467. 

[3] K.Halhach et al. J.Computer Phys. 1, 1119. 196; 

(41 K. Halhach, private communication. 

151 K.Hall~acb, Nucl.1 ,t II\ rum.Merhodi;, A24ii (108~;) 7; 


