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?ree Electron Laws ualng Stahl-Unatabie Elng Resonators

Mark J. Schmitt and Alan H. Puton

Miaaion RMarch Corporation, 127 Eaatgste Drive, Suite 208
k Alanma. New hfexico 87544

Tba he clec’ron Iasur (FEL) simulation cod. FELEX u d to uunine ‘-ho opuation of stable-unstable

FEL rexmaton. These ruonAxu w-e ctsbk along one trsnsvuw ti ud un.atsble along the orthogonal

tramverse ti. The airnulatiorw utdk a ring ruonator with an intracavity focus in tbe unstable plane

neu the center of the wigg!er (cl- to tho o.armuial paition as tho waist in the ttable plane) theraby

●nhancing the coupling botwmn the optical and ●lectron hams. Aryrnm.tnc output Kaping u performed
ti lhe back Ier of tha ring wing * radoctive mirror tid from ona side of the unstable d. Raonstorx

with rwl~tivaly low ~uivahnt Fknel ●umb.sr (INWI ~ 10) and m~ni6cation (lMa I cx 1.2) am uarni.ned.

Optical chuacteristics i.n:lucling the cavity mods profila at variotu pcaitionminaid. the ramonmtor are shown.

QDUCTIQN

‘~he construction d la cacillatwa with V- high circulating pow- rmqaira the mu of totally rektive

optical dcm.nts. Such tkmmta rninimisa th~ abrption d optical powar and allow for mtior mrbatrate
cooling acr~ ho ●ntti rnti a~un. Stabla ~nakm ●mploying thw optical •l~mcnta can only ha

out-coupled wing cithar diffrutivs elanmn~ ‘, hdO @U*p~ or hOk COllpti. Uafortunata]y, ●uh of these
techniquca sudua from at baast on. drawback, Diffraction gratings d signihcaat ti an dificult to fsbncat~

and Lave rigni6cmit k; halo czrnpen pro.dues annular output baam.c that hsw infuior focus intcn.sitiu

md hole couplum product a k d on-ti imracsvity kanaity tht; rduca 1- ●ficiwacy. Onc cm ●void

the UM of thau ~hniqus by ell~ing :h. cavity gcom~~ along ouo transvorn u.ia to bocom. unntabla,

such tbmt an output coupling achama prcvioualy d-mhd 2“3 KM h ●mployd. This ochomo imolvw

~ymmctrica.lly scraping ona MIga 04 th. ckukti.ng optical baam u Aown in Figcm 1. ThQ position of the

ccraper adcc dictata the tic of tbc optical mods aJong th~ anstabl~ axia. Since tha cavity hu ● focus in

the unstable plane, output tiaping of only ona sida of the optical baam u roquird to limit the mod, ●ise

●t both ndg-. This u ● consqucnco C4 tha fi.ld invarsion that occun at tha focus. Thus, ●uh edge of the

mxde u scrapwl on every othar pam through tho cavity. Thb output coupling ochoma k hu th. advantag.

thmt s 611ed-fi output ham u pmducd which prop+~tu to ● central p.ah in th. far Bald.

A ntudy baa ban undar+ak-n to axami.m th. propartics cd this typa cd ~nator for frw •kc~ron laser

Applications. Tho t-dimmssiond cd. FELEX4 k king A to mod.1 both tht optical propagation

in the monator and the imkractim cd the optict~ mode with the ●bctron baun insir!t tha wigglu. In

Section 2 initial ●imulatiou am compard to praviouaiy pablkhad mnfitabla cavity mmh profilu for coda

val)datmn purp~, Thw mintulation~ hcludc bear and ring gaom+tri.a with -d without iotracavity foci.

Sin)ulation of tho cavity cd a atablo-unslsblc dyt Iaa.ar currently in opwation u conductvd in %ction 3
Su&equant ●irnulationa of the ~t~blo-unttabl~ r~nator with a FEL M tb. activa gain medium - given in

%clion 4,
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● Apcrtura Apodi.aation: tha traaaminion (T) or th - ontlc~l Ctld nou Lhc dto Of hard ●parturm was



chxnged from s tip function to ● smcmthly vuying sinus.oidxl function d tha form

‘=i{’+wr]} Iz-hplskp (1)

whm I- u die kMiOD d the qmtun wlge md ~ m the half-width of tie •@ti~ion meio~ The

half-widlh u spci6ed by xn integer numbu of grid poin- and wu typicmlly 2 to 4 de~ndi.ng on the
grid ruduhon. Although th. field vafuas on th- rrid uc s piecowbt approximation of tha cxpreuion in
Eq (l), oignificut redactions in s.lki.ng can ha dievcd with qodi.xxtion ovur just a f.- grid pointJ,

Cxre WM txken to keep the hxlf-width of tho apodixation -ion -d.l .novgh m that the physics of the

problem being studied was not xltarwl. Th. cavity mode would be s.ignikantly chxngwl d the deviation

in the rxdius of the apa-tu.ra introduced by tha apodixstion mA16d the quident Fhnel number of

the rascrnator by ctnlty, Themf~, the half-width d the a~ixation wu ch~n to hep AN.C < 1.

● Spatiwl Fhquency Fik-i. ng:The algorithm d to prop4ate th. optkd field in freenpxce involves the

uoe of fxxt Fourier wxasforms (FF’T). In trtiorm spaca &halarge wavamacnbu VdUQS will appxr M the

edg- of the 2-D field may. Tka large wavmnmbu 6*M mmposont.s CM h mpprusecl by appljIing

xn apodisad “wsv.numbs •~w” to the ●ktric 60M tran.dorm anay. In FELEX this 61tar hxx the

form

(2)

where IA” u th. mtium wwmumk allowvd by tho grid such that &/& b tha normdi.d

Input wavenumber spocilying wbae the filtering bsgti. Ax with the spatix.1 sp.di.aa, on. must take

cxre not to cltmnge the problcm by axc-ivoly 61taing in Fouriar cpaca, A maxmabi. guidofinc for the

truncation of spatiml frqumcica U given by

whcr~ J-, n u th~ abortut Lramsvcrn wavclongth rwmtiing afkr 61tuing. When .mployed, thb 61totig

procedure u porformcd at •~h propagation shp through tho ~o~,

● A perjuring ● a FCUU: Sinco tho optical 8ald profila ●t ● focu k jwt ● waled vmion of the Fourim

transform d tht doctric fiald, on. CM filtu out tbc high bqnoncy spatiml componont.g by introducing

an ●portun xt ths focxx thxt ocrapu OU the wings d tha 60M. Tho ●pplictiion d this khsiqua diflms

from tha ●buvQ CM in that the -nctiion d th~ hi~hcr opatid froqa.nck u irn# moro sbruptly

xnd *L only s~i6c pitiom is tb. ~a&r,
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Pksnel numbare of the individud ngmonte of the cavity. With the help of Figure 2, the col.lhti Fhenel

number cc#the ring can be ax-

.
(4)

where a ie the ●perture half-width. Ueing thie rslatien io conjunction with the u~ioa fer JVq given by

(4)

the varioue cavity Imgthe CAD bg chaon to obtain the daired M and NW,
Initial simulations produced mods paLtems that deviat.d ~ticantly from thaa given by Ransch and

Cheetere. Howevar, by pluing M apartura u the htrmcavity focus, an hkneity profik clody resembling
the pattarn given in 16] wu uhieved. Figure 3s amd Sb show tic modt psttarB from [6] ead from the
FELEX tiulation with focal @uring. Shea tho uect Wtuiag algorithm d in 16] wu not specified by
the ●uthore, ● ck cornp~a add x k pdormd. An dditional comparison was mada of the mode
pattmn obkned analytically ~ Rodgare and ErhMa’. They conductod c.alcnlstions for s standing-wave
resonator with M = 2.6 aad Nw = 3.12. ‘Ilk rna~ wu modald a@n U@ a ●ogative branch ring

con6guration with tht SeJIM pera.m~ magaitadu. Tb control aliasing, apodis~ion ~ 4 grid pointe weJ
●mployed rmd M aperture weJ placed at tbc focus. Tho Iouat ordar modo pat- form their papr u given

in Figure da whik tb. simcdstioa radt u given in F@rw qb. Tha rualte d thae compui+ons indicated
that k FFT prop4ator in FELEX wu dqu~ fa modaling an.stabbe ~nator geom.tria.

s.

A ctabl-uaetsbk ring bmr haa ban co~cted at MRG Albnqnerqac. The rnaa.tor hma Boar conlocd

geomet~ with estigm~ism introdgcod to maba the ring g.utablg in oaa dimaneh. Tho magnification of
the cavity WM hept low (IMI Y 1.2) to limit the tho outpat coupkg. Thti hnpa the estwti timgl+pau

gtin of the FEL rdativcly low (lk SO%). & m ruult, the unomt d mod. dbtortion” caueal by the gain
is the nurow ●kctron ham w~ ●ot signi6caAy alter tbo mod. dap d the -cavity mnator. k the
.xporiment ● laser dy. tmha providedtho activo gain media.

The quivde~t MD- dcpictcd is Figurv 5 wee d to mdol tho upa-imonhl ruonator. The
simulation converged akr ●pproximately 2Q ~ to ● k d a 14% pcr pGM, Dauvan pdbe in
th. unstable dirsctiom of tho u~omhl mod. ead ihc mod- from ths eimdation am shown in Figure 6.

Clam gsussim male prdla wmw obtti iB the orthogonal traasvan pl~c both upcri,mondly sad in the

9imulation.

A modi6ca;ioD of the propagation elgorithm hd to b mdo hdaa the FEL ioterution could k
included in tbo simulation mdel, FELEX mBU ● fi.d (mon~panding) @ M- tha wig~ler, A finito
difference algorithm u ad in thk ~iom m that tbo optkl wgrco da. to tho ●kctrom CM be added irn
u the optiml Md u stepped through tho wiggk. AD ● amsl chock, the tiit.e dikenca propqator wu
trmd hoogh th. wiggbr ~io~ with ●O ●kctron km ~nt. Tha rualtJ obttied wwe id.ntical to the
previoue AnuMonJ uing omly tha FFT’ pop~ti,

A MW (with id~ntical M and Nq) veniom cd tha eaprinmmtd ctabltanetabk rimg analymd in %ction
3 WM modeled. The cavity dimon.eims w- kred eo that th. Rayhigh rwgo WM qual to the lon@h
d typical exparimomtd wigghm (m 1 metar), Ap~xirna.taly 20 p- were required foc tho opticel mode

to converg~ iB the nmtabk dktkm. ‘km, dopaadiug O* tha amplitude of tho imhial optical hid, tha
circulating pcmer h tho cavity increecod SBtil satmrwiom wee mecbd. A $D plot of the transverse Actric
Md ●t tho ●md d the wiggler u given iB ?igue 7. no mod. is ~ho uut~ble direction has eoveral sida
Iobae (cad by th. high tr~ve~ spatial frquamcb) wMe the mde k tho stablo d~tion hu ● DUTOU

gmmeian deponduco. Tbs ~iea O/ the optical mda wae chaon m that th~ comtrel bbe of tha ~ptica.1 mods



Wa spprmi.nmtdy twice the & d the alectron beam. Tkieemorulthti*dJY ~ the •l=~nl ~t~act~

●fficiently.
The output beam uraped 08 one de of the a.nembb direction in the back Iez of the resonator ie thown

im Figure h Since th besm k mnobecti, it cas be famed to s ●uruw spot m mhown b Figure 8b. This

focusing ●bility b crwciai for SPpik-= wh- high intensity m d+.

We have down thct PELEX baa ●ktiva tool for ad~g the u.ednln~ d stabkuantabls -nstorm

for he electron k sppiicakns. Cod ~eBt hoe b.nn obttied both with previously published
unmable mode pm6iu and with the upaimentdiy me-ured mode prdee d the etablo-unstable l-r
currently opertiing et Mimion bard Corporation in Aibaqmrque. Tha tialatio~ mhow that ● cku
ou6put beam can he obtain using u asymmetric ~apu in conjunction with the stablo-unetable FEL cavity

configuration. More tiulaticms will be roquird to detennioe the operAng chuuterietice of cuch resormton
[or high power ●pplications.

The authom wodd lih to thank Dr. B. D. McVey d La Aluna Nstioad LAorstory f- his helpful
mggatione concerning the opemtion d FELEX. Thie work ooppmted hy the Str~ic Menee Initiatim
Orgmtiation.
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