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IMSEHTIÜH DEVICES FÜR DORIS III

J. muyur and P. GUrtUr

Hamburger SyiichrutroiiBtrahlungelabor IIASYIAb am

Daulochen Elektronensynchrotron DESY

Kolkest rauiiu 85, D-2000 Howburg b2, Garnany

Ab«tract

To Improva the poniiibi l lt lob of Synchrotron radlatlon retiwarch at IIASYLAB In

lldwburg, the ataraye ring DORIS II will be nodlfled inlo DO« IS 111. One 65 •

Ion? atrdlglit aectlon will be replaced by a new 73.6 M long arc whlch in bullt

In mich a w*y ihat space für eeven Ineertion devicee. will ba created. Tim

•clentlf ic bockground and requ I reiMtnti on th« wlgglure and undulatora am

brlafly Mentlonad. The optlnlzation procedure leadlng to the pararoctere toi

tha propoBod devlcub IB de&crlbed. Tha raqulrcoiantc on vacuuni chänd)er aper-

tur«« In th« Inaartlon devlces, aspeclally tot the tihjli aoargy pliyslc« col-

lldlng baoM Operation node at b.l GeV, l* dlacusied.

to t« in Nui l . Intitr. n. u,.
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na roductloa

At DESY, uyiichrotrun radlatlon (SR) rasaarcli l. ,.. a lung tradltlon alnca tha

slxlleH. The flret SH «Kpui liiaint»* uead the UESY l Byuchrotron. Mhan DESY bullt

Lha tlrut alactron ütorage ring UOAIS In 19/2, aUo a Clrst baaMllna was con-

i.tiu:l.-.I Slnce then, tha SH autivltlaa grew cunt hiuouuly: IIA3YLAB was foundad

In l'J/tl and a largo axparlwmtal tiall waH bullt In tlie fullowlng yearc. In tha

(Htijnt Hu,: , the radlatlon of «ora tttan 1/4 of Lhu UORIS dlpula nagnata l« usad

for SH ux|iui-iinunt a. The t i i u l wlgglar/undulcitur was iitfitalled In UOHIS II in

1984 |1| and two nur« Insertlon devlcea upllmized lor VUV phyalca and high

onergy X-ray experlnantB |2] [ollowed.

Research nuiiiy SR ia lapidly axpandlng, and n.-w axperlwental posBlbllltlas

für, a. g., luelaetlc phuton acattarlng, un-jm-i u: surfaca scattarlng, tl**

resolved ütudlen becuino feaslbla wlth m)Ji;in uynchrulron radlatlon »ourcaa.

Tlio high t l u x , brlghtnesa and brllllance lliat > ,m be tibtalnud wlth Inaartlon

duvlca tachnolugy üLlnulated thaiia davalopm«iilt> Lo a large extend. AI a con-

fiugiiL'nc« , the demand on beamt Ine a t Inaart Ion de v Iceu hau Increaaed draMat l -

cal Ly .

At DOH1S II, howover, thu spaca for wiyylun. .uul undulatora ia Vary llaltad

du« to geomotrlcal conntraiciti. In ordar to piovide bpace for nora davlcat,

the Idea of DORIS III waa UJMI. 1 1 will pruvidti bevan additlonal «tralgtit

BectluiiB for InBertlon davlca«.

In l Im. artlcla wa präsent a briaf daacrlptlon of the plannad DOKIS III pro-

Ject and giva üome Inalght Into the problems öl adoptlng the InBertlon davicaa

to tho atorage ring. The plannad davlcas diid thelr design crltarla ara daa-

crlbud in dotall.

Th« Project DQBIS 111

llntll the end of 1-Jtib, two high anergy phyuicii uxpcrlMente slmultaneouily uied

the aturage ring DUR13 at UESY In HaMburg (neu Fig. 1). Una, the Argus (A)

deleclor l B «t 111 collectlng data. Tha othor, the Cryatal Ball (C), waa

i (.imivi-.i fron tha ring In 1906. Conuequently, onu ->t thu two 65 • lony utralght

uect i DM.i MÜH audl Idblu for n«w actlvlties. In tu dur to u&e thia opportunlty

for thu Inslallat Ion of wnjjl.ib and un.l.il ,.i .u , ...VIM.I! Option« wara itudled

by a wt>i-king group wlth the followlng ruttull: i- i h of tha two dipola nagneta

of l'.- U-M.IIIKJ angle ad)acuiit to the old i'i 1, t,.l ü.ill brauch will Lo renoved
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and replacod by three ahorter Magnets of 5* bandlnij angle whloh J t « ; diBlribu-

ted along th» na« arc. In Iltis w . i y eeven addltlonal stralght sectionu, MO s t of

l he» provldlng 4 H of free apuce tor Inaertlon duvlcee, a i u craaLed.

In Flg. l t ha old Cryetal b,il l brauch ia s t i l l vlalble. It wil l be dUaiantled

but nany ot 1t« coMponuiiLs w i l l b« ubed tor UüRIS III. Flg. 2 ahowa Itie Uypaaa

•actlon In nora datall, H u i u y tha inuertlon davlcea, aavan neu beanllnes w i l l

bacoaw avallabla.

Sine* h lyh energy actlvltlea at ARGUS will ba contlnued, DORIS 111 w i l l also

b« operated In two d l f fe ren t n. !.•!. : on« at S. l G*V «nergy wlth collldlng u^iim

of poaltrona and alactrona atored for high «nargy phyutc« (UM mudu), and tha

othar wlth «lactrona at luwer energy (4.5 GaV) for eynchrotron radlallon ex-

perlMenta (3VM «öde).

Of courae, deulyt i crltarla for a ring that U coHfxitlbla wlth UIH

ara dlf farant fron that for d r ing that In opt l«li«d for aynchrulron radial Ion

only. For ayiichrotron radiatlo» u|ieratlofl tha I.UH Ofitlon hai two atajor draw-

backn:

1. A apaclal «agnatlc lattlce acid carcaapondlng alactrun optlce ar« noedud

to produca tha Intaiactloit polnt for LUH Operation. Con»«quunt ly , l*»i>a

dagraaa of fraadu« ara avdllrtbla to produca «n «lectroii optlcs whan op-

tlülzlng t t i u aynchrotron r<idtatlon raqulrenenti. In ganaral, the eluctron

optlca will ba a coMpionlBe betwean SR and LUH ra<julrtMMntB.

2. Tha vartlcal aperture, ttial two clrculatlng baaaia requlra, !• für UiRIS

III roughly twlca aa larye de that oC only ona beaat. Thla Iti an lM[>urtant

boundary uondltlon for InaurUun davlca».

Durlng tha paat yaar, a Magnutic lattlca and alactron optlc wäre duvelupud

that «llow for Synchrotron ra<liuUon aa wall a« for LUH Operation | i | 1t

could bu deoKxietrated that Utth Operation andaa ara (>oaelbla In a r^Uier

•ayrnwlrlc ring llke UüKIS III .

Tha Ippacl of the Ittrgur . i | > t i i u i , < i n j u l i u m u n l t on the Inuertion duvtceB 1s

noat aavera. Tliu conGet]iiuiu:eB w i l l be dt&cuaaed In detall latar In Uu;; j«i|>tT.
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l UHU i titiii

lli« nuH^itif of lim paraHHitara whan duulgnlny tue nuw part of tha aLoraga ring

waa v«ry llnltcd. Therwfora alactron soufce ui/.ci, and elautron baaai divargan-

cub ttjpreuuiit coaiproHl aaa wlthln tha glven ..mii ,i„.u of üüKIS. Tha 0uurgy for

d«dic;aled SR runu uf IXtHIS 111 waa cltosen to bu 4. S GoV. Tharefora tha wlgg-

lera and undulatara ara optlMlzed for thla ünuiyy. A utixiMun currant of 100 ad\l IIL- avallabla. Hiunuroua dlacuaalotia hulpud Lo deflne the uaera ragulra-

nentB on tlie duvlca paraowtar* |4,S,6|. Duo to -ju-xnut rii^ul conatralnta on ona

of the new beauillnea at preeent only *lx of (he t>even Etralght aactlona ara

consldered for Inaertlon d«vlc«a, Four of Iht-'iu will uerva aa aourcaa In tha

X-ray rcglon, ona aa an xuv- and ona aa an VUV- au well aa an X-ray-aourca.

'Hu.- «Ix iluviL-fii propOBed for tha atralght üei-Lluns will be dlEcuaaad In «ora

dutall in the followlng paragrapha. Tln-u i>di<mtuter& are llatad In tobla l

togethec wlth relavant parauulara of the tii.u-jla t>ectlonu. A coo^iaricon wlth

*rxiiit ni.j duvlcua in DORIS II l« given aa well.

X-Bny

Tim prlHkiry deulgn goal for tha X-ray undu lü to r waa high brlghtnens at 0 keV

pholiin «norgy. Thla w i l l ba reallied wl th a i .1 puriud lengtti (A - 3.14 cm)

undiildlor in hybrid technology worklng on Ihu Ih l rd haraKXilc. The tunablllty

w i l l be rather liulttid.

The «nertjy of Ihe n-th harnonlc on axla Ia qivc'ii by

H |keV| = 2.483 x 10 (l.b

Bare t ia thu eluctron energy In unlta of its rvttt BUUM and A i» th« parlod

i. Tlie undulator paramoter K la delinud au

K - 0.«4 • X l«*! • BQ IT| <2>

uuignut Ic f i e ld on the undulator axl«. It OM INI ••tlaated

'ir ical forwitla |7| for l iybrld

U i. (de

iibing Hülbach's em

- 3.JJ (3)



wlth the unJuUt-or »agnel gap g. Kquatlon (3) lu valld for 0.07 S y/V l 0.1.

To L« on th« ett* side, ouly 90 % uf the value given by (3) were taktMi inlo

account .

Wien liiuuitliiy (3) Into (1), E ia a functlon of 9 and i ouly, BÖ -j A palrs

cen b« founJ that aatlsfy eq. (1) for * «peclflc photon uiieryy. Tina funclio-

nal rolatiunehlp for E c 0 keV ib chown by th« füll curv« In Flg. 3.

Th« total flux uf th« n-th harnonlc l« g l von by

I » « > R * H * F (K) • (1*0.5n n ( 4 )

H l« th« nunib«r of perlods, a the alectron Charge and c th« apeed of light.

Th« functlon F (K) ii deflned diid reproduced In r a t . B. Above K - 1.5, th«n
intensHy I In th« thlrd hammnlc reaches coaparabl« ur «ve» higher valuee

than that of the f l ra t one.

Th« brlghtneaa of thls devica can be calculatad fron eq. ( 4 ) . Potmible g - A

palra ara reproduced by the f ü l l curva of K i g . 3. The brlghtness values for

theso palrs are ahown by tha daalied curve. Th* number of perloda H ia re-

•trlcted by th« avallabte length of tha etralght aectlon (4 m) and incceasea

contlnuously for decru.iuimj y.iji Bince tha period luny th K decreases wi t l i tha

gap. Therafor«, In order lo otitaiti a r«aaonabl« brlghtnoas, low gap valuea are

nacesaary. At präsent a «uignetic gap of 11 MR tuattu pouBlbl« owi^loylncj a ao-

phlatlcatad vacuum cliaMbur w l t h a m in l MUH vacuu* aparture of /-B um. Hachine

•tudlea wlth POKIS denonatrated that In SYN-HOd« auch a amall aperture uhuuld

b« poaslbl« by choaelfig a low vertlcal p-functlon wlth a corresponding low

vartlcal buiM alza at t h i a duvlce locatlon.

Th« brlghtnsaa of thla unüulatur lo atrongly Influenced by tha oleclrun bea«

dlvergenc«. Tha wldth of t In: r^dlatlon con« o' Ia conslderably tutallMr tlian

the Itorlzontal and vertlcal elbclroa be dlvergences a' and a'.x z

In order to «axlMtzw the br j t j l i t i i ( i&u wu also trled lo nlnlMlze u1 wliun dc!bl<jn-

Ing the alectron optlca. H m i n T i i - . i l valuea for a' and D' are ulven in T. iLlo 1.

o* waa already flxed by tho re>|nlrvHtenl für a small vurt tcal boom ; . ) / . • .

uxiiorimeiita uea X-raya In the raiujt: ii|> tu rotighly 20 keV. ExpttrlMenta

l ike , • - • ) . , EXAKS, XAHICS, KIM 11 uny lu U .MU . i m.j, proteln ctystallotiraphy,

X - i . i y d l f f rac l lon , puwdar d l f f rac t lon , an<) im.-lcitillc X - r a y ticalterlng need a

high i ' l .uion f l u x , enargy tunablllty, and iuuging of ttie aource rat her than

high f u l l i iud i lu» and brlghlneee. To Meet tlici;u .luiiumlu, t t i ruu Idantlcal atan-

djrJ wlgglera have b«en propoeed. Unl lke fü r undulatora tha dlvergence of th«

radiation playa only a nlnor rola. Host of the radiatlon of a wlgglar Ia

unltted Incoherently, th«r«fore the total u|>üiiing angl« l a nuch largar and

glven by

ß = 2 (5)

Slnce the K-valu« can b« qult« larg«, o can i >. . , Ii auvoral wrad. In Order to

c i i l lu i t the radiatlon or to Inage the aourca, uptlcal wlvmentB such aa focua-

Ing Mlr iors w i l l be used. The horizontal accuiitance of theea »Irror* 1s UM!-

ted tu about l 1.5 «rad thua l l m l t l n g tliu K v, ihn; to 13.2 at 4.5 GeV. On th«

other hand, the eultted apectrun ahould not extend to too high photon energle«

In ordor tu avoid background problema. A c r i t t c a l unergy around 12-14 k«V Ia

eu f f i c i en t whlch allowa for X-ray experlnent a uvatt wti l l abuve 20 keV.

Theua facts are sunuarlzed and l l luntrated in M < j . 4. The allowad X va luua

ttiat f i i l t i l equ. (2) and (3) wlth K - 13.2 are shown by thu fül l l l na . Agaln

Halbacti 'u (otinuld »iHUB 10 % was enpluyei) to i.-dlculata t l i u ukixiimii» fleld. Th«

ludxiimuii f l e ld on axia, the crltlcal «nergy <ind Mio numbur of porloda poaalbl«

In a 4 n lony stralght sectlon ate alau plol ted. AB 0110 eees Ivnedlataly, a

wiijglar w l t h K - 13.2 allowa for nore pcrlotlu, liigher f leld and higher crltl-

cal unurgy , the BinaLler the gap. 1t 1s obvious that tha f l u x unltted by th la

i luv ii.-i; a tao tncraaeea at leaat proport ional t o N If tha gap 1s decreaaed.

t'm i In i tlie total pawar «uitted by theue w i > j > j l u r t i Increasua drawatlcally pro-

portional to B . Thu crltlcal enurgy waa clit>t:un not to excoad 13.6 keV thua

al lowing for a maxlnura f le ld of 1.01 T and a [niriod length uf 14 cm. The cor-

roü|H>i»liiig i i i j t j i i . - l gap 1s 3 cn, requlring a vdcntnii ctmniiur apertura of 26 RM.

Thiu >:c in l..' re<i l izüd w i t h vacuiun cliaiiiliut u . i l i i . u l y in uue at DOH1S. The total

l « . h i - i ül 100 ruft r lnu i : u i i L - u t wi l l be b . J ' . kW, .1 value conuidared tractabl«

w i M i I I . . J . I I - I N i . l . i l i - ot the a r t Ü K ' - i u l i mi ü |')|.

Wu in l <-< in l l u i>l .iii.i.mii.'.i. t lmuu wigglera an l >u du poauible, e.g., Mechanlcal

dr iv t>ü , i - , well <)& Hhignetlc utructureu w i l l 1.« iilmit it:al. Thia also allowa for
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•conoaüc aunufacturlng. The »agnetlc atructurea CM b« aaally dluaonnted tram

thelr drlvaa In ordor to facl l l tate • quick exchai>ga of p*gn«tic , H I . . , I . .

Asymmetrie

There lu a rapldly IncreaBing dumand for clrcularly polarlzed radlatlon In the

*-r«y r «g Ion for Bpln dependenl photoabsorpt Ion , »agnetlc scattarlug, magnetic

Burfacw acatterlng, and luagnet ic Inelaatlc acatterlng.

Plan« are underway to bultd an asymuetrlc ulgglar for DORIS III t o l l u w l n g Ihn

original Idea of Coulon et al. [10|, houavar, wl l t i a nudlfled Ktagnetic struo-

tur*. A prototype baeed uti u pure htC nwgimtic Btructure lu a l i t - j . ly under

con*tructlon | 1 1 1

tot DORIS III an auyunelrlc etructure that usaa hybrid tachnolugy w i l l b«

bullt. Tlii« Mlll allow for high Mulde and conEequently «or« polar Ued i n t u n -

• Ity at higher energles. Although a hellcal wlggler au propused by Yaniainoto

and Mtamura |12| offer« moie polarlzed Intenalty for a glven devlce lungth,

H« declded oti the slnt>ler a^ynmetrlc deslgn whlch lu nechanlcally f u l l y com*

patlble wl th the symtelrlc ütructurea. Thl« a l l uwa tlia conetructluii of at

least on* atructure that can bo uaed alternatlvaly at any X-ray wig<]lur boam-

l i n u . Tha Influence of poaalbly d l fCerent optlcal elenunta on pholon polarl-

zatlon can be elther predlctud thcoratlcally [M| or detennined faxpurlmunlally

Iltl.

Flg. Sa HhoM« a »ayi iut ic f l u x lln« plot of t hu up[>er pari of onu l i a t f peirtod

of thla devlce obtalued w l t h t l iu I 'ANDIKA progra« cod«. Th« f l a l d un axla la

ehown In th« dlayram below. Thu anymnetrlo flald la obtalnd by chooblng .lil

f a r u n t lengtha for the Lwo magnat block*. In thla way Ihe aBypmetiy can be

adjuBtad. Further, wm« peiioda can ba Inatallad In a glven utralght btctIon

than propoaed by the deslgu glvon In raf. 13. Tha f le ld Integral le kupt zeco

alnca each f lux llne of uno block croaiiet the Mldplana twlce, thua causlng no

net deflactlon. If the length uf büth blocka In Identlcal. a f ü l l perlod of a

aypmatrlc atructure w i l l be obtalnud, Thla caae la shown for c 004 .a r l uon In

Flg. 5b whlch correapoiida lo a Byunotric X-ray wlgglur wl lh * 14 cm. The

perlodlclty IB doubled In the la t ter caae. Tlie lengthB of the Mn;i blocka are

Ihe eaaie In the Byinuutric and i:,yimn;i r 1<; devlca and very u l M i l . n v n l u u u for

tha negative peak l u . - l . l , u , oblc i inud. It can be sltown by lnteyr.it ion that the
•

bot« deftection of Ui lh ikivlcea IB also very u i« 11 dt -.,» i h . i i IKIÜI (hu

- a

and aayawetrlu wiyyler raqulre thu uawe accoptanca for th« b«a*llna

VUV-Undalator /

On« L,, niil in..- will be ulidiud by a VUV and an X-ray experlnent . An undulator la

dtMii.jLn.-u to dellver a hlyh brlghtnesa phuton IIUHIN für a high raaolutlon plane

gratimj VUV-munochromator In the ränge frow b tu 10Ü eV. For a flrat hatnunlc

at S oV, a Irti.ju porlud lungth and large K v.ilue uf 10. b In needud. Thl* ateana

high Kki<jnetic fldld and uuch a devlce n; biiuul lauooualy a wlggler for tha

X-i.iy ränge. Uue to Ihe large perlud length, Lhu uagnutlc gap can be falrly

lat<jki and Ihe duvlcu la bullt In pure um: le>:hno)oijy .

The eluctruit I^-LIIU elze In Ulla wlggler lu vwiy uinatl «u thal la la wall aultad

for lumglng upttca. However, the lunylti of thu duvlce la Itnlted to 2.7 n dne

to two quadrupoleü needod to prtxluce a I.UH o|>t Ic tor high unuiyy phyalca.

XUV-Trlple Undulator

Slt-L-x[.<;i-hi>u(il u un the K-ehella of free .itu«.; und wuleculea up to Silicon re-

iju 1 1 ' very high resolut Ion becauue t ho ulu<;l i uiilc exe l tat Ion levala ara vary

ühaip. Tu covur t l i i b energy ränge a buauilinu lunable froM bO to 2OOO »V that

otfeib bolh v-.-ry high reuolutlon (up to luiiuii) and vory hlqh flux la planned.

A lu.-w typu ot nunochromator ualng a vui n .1 . j n <• plane gratlng wlth aelf-fo-

. j . i , , j j i |...it i.jt, will be uaad, that allowa l i lilgh photun throughput (16,

In •-!.!. i lo ruach lla dewlgn goalx, thls MunocInoiMtor nueda a hlghly colll-

ii. i i i < l photon l«, .in, that can onty be dellvurud by an undulatur. Tlirue »agnet

ulriicturea wtlh dlfferent perlud lengthu w i l l be provided that can b« altar-

int i v i - l y utiud In a revulver type |IB| Ji-vn.: Thu Iimt harmonlc of each can

be tunud by changing the gap. In thla way tho füll ränge fron 50 to 2000 aV

con be cavured.

Thu <.|.| HniiKit tun procedure for the Ihn-.- «M>)nut utructures IB llluatrated In

r'lg. b. A cuiwtnl ional pure NEC structutt: u i l h lum blucku per perlod l« an-

:.NIII.-.|. 'Hie 11,« i-i, l posaible energlea of tho i n ..i Imrimnlca of thefie atruc-

lutui: at Ihe luiniimiM <j.i|- were uul to 'Hl, .Min .<n<l iluu eV. PusBlble g-A palra
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that eatisfy thla condltlon aru albo uhown in Fig. 6. Generally, Itie

ttw «InlMW gap, the omaller tha per l öd length and the ieora periodö can ba

ui«d in • glven devlca length, which In turn increaie» tha obtaiiioble Inten-

•Ity. Ttra K-value alao increasea, but only allgtitly, and t h« tunablllty

larger.

On thei other hand, the total power **ltted by thla undulator and correspon-

dlngly th« power denelty on ttte flrst optlcal eleatent Increasea dramat Ically

whan reduclng tha gap and thls aeta a lowar li»lt. Flg. 6 demonalrates huw

relevant paraotetera changa w i t h deaign Bodif Icatlone. AB a cuoproini&e between

Intenalty and tunablllty conslderat tona on one aide and power load probleroa im

tha othar alde, wa dectded to ust a ininlmin nagnetic gap of 30 un which allowa

to eoiploy tha eane vacuiun chaiubers äs for the X-ray wigulera. The powor load

of 2.54 kU at 100 itiA beam current (a 4<jaln conalderad to ba tractahle.

Spectra of l he limoi l hin Dgylca«

A coiaparlson o[ brlghtnesi and flux tor all Inaartlon davlcea daBcrlbod In

thli papar in uhown In Kiyu . l* and b. Finit« «lactron dlvarganca waü proparly

taken Into account for the calculatlon of brlghtneu. Undulator harmiiiica ara

raproducad by the dottad curves. Ttte flrat In tha caaa of VUV and XUV, the

thlrd in the casa of tha X-ray undulator.

Tha füll llnea correapond to (ha wlg<jler Bpectruu of tha VUV-undulator/ X-ray

wlgglar. The X-ray wlggler «pectra ara •hown by the dot-daalmd curves. For

coMparlBon, the apectra of the already exletlng devlcae Hl and H2 ae wull ao

the •pactriM of a dlpole nagiiel for l Mrad horizontal width are includud. Tha

hlgbest brlghtnaaa l« deliverud by tha undulator« eapeclally In the XUV und

VUV reglon. In the case of (he >:uv l undulator a galn of 40-SO In cowpui i aoit

wlth a wlgglar 1s axpected. Tina la due to the fact llt.it for hlglier pliotou

energlea a Malier pariod lengtli IB requlrad. Dut for a flxad gap tlia nta<jnutlc

flald on axla In then decreaslmj caualng a rapld dacraasa In brightnutiB. Ua-

cauee of thlv, effact, undulatora in llie XUV epectral reglon ace pruMiutrig du-

vlcaa for a atorage ring llke IXJRIS. Thla is alraady ghown with thu exl&tlng

wlggler/undulator Hl ( i s | .

Tha total flux ealtted by the undulators la conilderably lower than thal of

the wlgglara. Thla Indlcales lh.il they are optlataily UBed only Mhun .1 hnjhly
•

colllatated bean la naedud. Hluut t lux IB the flgure of muiit like in l In- caat*
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of naity X-ray axpwrlmnta. wlgglam ara buput iur, eapeclally If alao a broad

spactrdl ränge IB raqulrad.

Fiya. Ua-c ahow apectra of the aeynwtelric wiggler. Inataad of raproducing the

general brightnasB and flux curvei, a dlrect cmuparifion IB »ada for an axpe-

rlMunt on spln dapandent phutoabaorpt ion in.t.li- at HASY1AB |20|. Thli exparlawnt

ÜB t B tha clrcularly polarlzed llght aMltted by a dlpola ntagiiet above and balow

the orbltal plane. Flg. tia Hhowa a dlracl cuni|><ii-lt>on of tha total flux ra-

calved at thlfi uxp«rl»ent vith an acceptanca of t 0.2 »rad horlzontally and

0.14-0. 18 mi'ad vertically for a dlpole wagnot (dot-dabhed) and the aByowatric

wlgglur wilh 11 perloda (füll 1h. u ) . Flg. Bl> glvea thu clrcularly polarlzed

tlux l. i. wtici'a the pogUlve and noy.it Ive i i.jn., utdiid for rlght and left
K L

li.n.J. 1 pulctrlzitt Ion, 'raBpactlvely. ElectLun l>i:.iiu divergencu Ig taken Into ac-

couiil . üoly lett hundud polarlzed llght 1s -. i . . i . , l at a dlpola. At tha aayM-

Mtitriu Mi(jgl«r a w«dk positive and a Htrong u> j.il i vu [leid contrlbute to tha

torwdrd Mnlablon wlilch alwaya laada to a chaixju of ulgii of the polarlzation at

low eiiurgluu. The photou energy at which thitt i:liunga occura can be Influencad

by (ho n„i.jm.'t dttülgn, 1.«. by chooalng tha proper ratlo of langtha of the two

maguat blocku In Flg. Sa. The galn In polarizud Inteimlty la rouijhly equal to

the nuuibar of perlod« which la raadlly vui ilu-.I In Fig. ab. Tliia IB dlfferent

fron eyinnutrlc wlgglera hthere two palea contribute per pariod and conaaquently

tha Intanalty la Incraaaäd by about 2 N wlmn compdretl to a bandlng Bwgnet.

The dugree of polarlzation lu glvan in Flg. Uc. tupeclally balow about 3.0 kaV

it in lower than thdt of a dlpole atagnet . Atxivu b kuV there la practlcally no

dlf tuience. Of courae, the polarlzation chai m:L«rl6t ICB can ba atrongly In-

l l i n - i L . l by i 1,-xii . LI ,<J approprlate dlfferent upuituiuu. In tha exaovle glven

atxjve l htfy weru kept f ixed.

In Lhe precudlng chaptar 1t waa pointad oul tlt.it Lho luiiiiuuini ougnetlc gap la

etiaential tor tha optlnlzat Ion of a glven tluvicu, slnoe for moat appllcatlons

doviceb optlnlzed at a biuallar gap jjurtonn ln.-llt.-i-. l hei« ata two conatralnt«

für the ui.njiii-i u; gap:

1. Umtun «miBölod charactarlatlcE llke uiux itmiiu radlated powar, power den-

uity, or nkixliituiu critR-al energy of 1 1 . « iddlaled Bpecltun.

2. Vertlcal aperture rtt<iulr«aient for 1 1 . - . uirculating electron baam. I.e.

lifetiwu of tha I.UJJM.
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Th« needed aperture In a «tura-je r i n g dependi In a ciMf>l«X wny on a numboi- of

Mchln« poroiitMtera like electron ouerqy, electron opllca, Lo.un a tze , vücuiii«

prensur«. Sine« 1t 1s d i t l i > u l i to predlct the aperture requlrewent exactly.

In« Information on a part icular Btoraye ring In obtalned experlmuutal ly by

u*lng icraperi. For UOHIS the in,u n pai Meter that delenalnea ttie l l feÜMt» was

tuund to be tti* verlical uuurce uize. for SYN and LUM Operation the fu l lowlng

relatlonihlp was found |21):

N.8YB ' " °z

2,SYN
36 a

64 o

(U,)

(bc)

o Je th* vertlcal aource slze. Th« A'» in «qua. (6a-c) are BinlnuM aperlures

for th« »Itctron bea> wlthout bhortenlng H« llf«tliM. LUM Operation genu

alnost twlc« äs Mich vertlcal «pwrtur* a« SYH Operation for tha

O . Equ. (6b) and (6c) already cuntain a ••cuclty Cactor for bean deflectlon

by fl*ld «rrum. If the apertura can bu adjuuted to the electron beani, BÖ that

U pBBBe« rlght throuyh the cuiiler, the «Malier valu« (6a) can be taken. The

aperture given by Equ. (i.,i-<:) are reproduced in table l for SYH and I.DH upe-

tation togelher wlth the wtniintiHi Magnetic qap* for the Insertlon dovlcttti und

the inner helght of the plannet! vacmin chaober«.

In SYN (w>de for all devlceu uxi:ept th« K-ray undulator the min nimm uxitjuet Ic

gap wai chouen on the bauis uC hedt ioad conBlderalionB or the deelred • i i t i

cal «nergy. In contraat, the x - i . « y undulator will tully us« the aperturu liunl

glven by Equ. (6a). In ordui to obtaln thla anwll value (/.J iniij a vacuun

chanber wlth • variable ̂ ap hdB to be d«veloped.

In th« atralght aectiona 2, 3, and 6 th« LUM «öd* requlreu Mich nun u than

twlce th« aperture •• con|>ared to the SYN caae due to th« «lectron optlcu. The

consequance !• that In theiie sectiuiu elthor vacuuM chanberi willi the aper-

tur«B glven In Table l tiuve to be Interchanyod when swltchlng betweun SYN and

UM Operation or variable vdcuu» choMbora have to be eMployed. Mhile Ihe flral

alternativ« la a straiglilforward Eolutlon, 1t ruqulrea 3-4 chan^au pur yoar,

wlth the draMback öl U.-.ik m<j (he vacuun ot tha »toratje riuy. rin- tieconii al-

ternativ« roqulrea a conuldurdble emjineerlng effort. At pretieut tinly one such

chanber in In uae worldwtdt.* | .'' | A variable gap vacuu» chaMlxir liau Ix-i-n de-

algned at IIASYIAB and a inui'.i V1,L- is under conBtriictlon and will l . t , . . i , t

thlB fall.

Anolhur iinhiUoti ha« bean «ucceauf ully liiuti uiil at BK3SY whei« th« whol«

ILI..JI,, l Ktructure is placed in a large vauuiiM vuubul |23,24).

The linw uchudule for Üükia 111 iB ai tolluwj:

KlecLfon uptlcn calculatlon* «re alHoat con^ltlud. The dlpole, quadrupole, and

Bextupole n.ijtitiii aa well aa correctlon mii:. nie deBlgned. flrst prototypea

will U; delivered durlng l'Jtiy, Aa far aa [x>uulble lyptta already exlatlng in

one ..I Ihe t'our UtSY Btorage ringe were uand or mudified. The daalgn ot th«

ring vacuun chawber» and «ult chaMbere ha» utdrLod. Ttiere will ba a conceptual

phatiü for the »uchai)lcal drivua of the Irmvi l Ion duvlcoa aa aoon a« all geo-

nutricat buundary condltlona are clarlfled. 'IVüt Blructurea of th« X-ray un-

dulatur, X-ray wlggler and aayMnetric wi.)jl.;L will be bullt durlng 1989 in

ordur t« check their nagnetic propertiea. Tliu lull dovicea will bu conttructed

In parallel. Clvil conatruction Including l In- nuw tixperinwnlal area«, the BÖ-

dif IcaLiuiia of the DORIS tunnel ea well aa .1 nuw experimentell hall ara planned

for 19'Jü.

In the l.>: j i m r i i i i j uf 1991 [X>H1S III will buc

nl t ln> iiiiii.-! l IDII iluvlceii u o well ÜB Buvcral

opurat ioual . At thle t IIK Kost

Mil >it«u will be coMpleted.
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Figur« Captlona

Flg. l 81t« plan of DORIS 111. Thu u ld Cryatal Ball brauch (C) 1s still

Vlalbl«.

It wi l l U. d Ismail t led and 1 1 n coaf>on«nta uued for DORIS I I I .

Explanatlon uf sywbolc;

A: A r 911 o dotector

Ct Cryatal Ball deteclor

D: DORIS »ain hall

Do: DORIS Office t m i M i i K )

B: EHBL bullding and laboratory

H: HASYLAB experiwonlal hall

H: HlggUr hall

Flg. 2 kctuel p l a i i i i i u y Btayu (January 1969) of DORIS III.

Fig. 3 Th« f ü l l llne ropieeenlB all poaalbl« A *gap-valuea for an undula-

tor t Im t result In a thlrd harwonlo ot 0 k n V . Halbach 'B hybrld-

formila Minui 10 1 la . luüimmd. Th« daahed curva glvea t lm b r t g h t n e u E

of t ha thlrd ha r wontc correaponding to t ha fü l l curve.

Pl9* 4 Gap/A valuea tor the X-ray wlgglera when K • 13.2 reeultiny In an

o|Hining angle of 3.0 «rad. Für thave palra, the ataxiMum field, th«

crltlcal energy and the nuirbar of pariuda in a 4 M long Btraight
\n ia also attown. \. B« Flux line plot of the auynmetrlc Magnet «tntctur« obtaln«d with

the PAHOIRA program code. Tha upper part of on« lialf perlod 1s

•hown. The aaywMtry of the field can be influencad by a proper

cholce of the lengtha uf the Magnet block«. The flux denalty on axie

i* ahown In th« lower diagra*. Para«Mtera: A <• 19 cm. Gap = 3.0 CM,

HdFeB Mllh B l . i l

Sb If the lengtha of bulh nagnetB are equal, a f ü l l poriod of a aymn

t r tc Btructure in ul)tained. Th« luny lh of the ( i i u t ÜM-JHL! l» un-

changed. TIiu parontelerB of t h U f lgure are thotie of Lhe X-ray

ler (A •• M CM, Gap - 3.0 < m , HdFeB wlth B - 1.1 T) .

- Ib -

Flg. b OptlMiiztillon curvflB of Iho xuv i r i(.l. undulator. Gdp~A palra are

detucmined «uch ttiat the result irnj imniuuini onctyy of tha fit «t har-

Munic In SO, 200 and BOO »V für XUV l, 11, and 111, raapactlvcly.

Tlie rueultlng K-vttluea are l.mji- (.-iiuugh to guarantee «ufflclent

tunlng ränge. The resultlng ntixiiimi i h u. ihm«, and mjxln*u» powur load

1s aluo bhuwn. üliice the numbur ot pouulble purlodu Increaaea with

• ],!., u, inij A , ii*n u perloda CMII !-• inuLalled in a devlc« llial la

opLlMlzud at lower gap. A good chuice of paranntera Miat b« a

balance belween yaiii of Intenalty and tunabllity and tolarabl« puwar

load oi) th« 1 1 Mit Hlrror.

Flg. 7a,b Sptictral brlghtnesa and flux of all IH)K1S in invertlon davlca«.

Uutted: t hu undulator haramilca ut VUV and XUV I 111 (lat) and X-tay

undulator (3rd). Füll; IncobarenL uiyglar upuctca oC l ha VUV-undu-

lator which la aiao a good X-ray wiyjlui. Dot-daBh«d; X-ray wlggler.

Ddtihed: Hl, H2 {alraady axlatlni)) and dlpolu Magnet (l »rad of orbit

are).

Flg. t) tiaiaalon characterlatica of the plannüd abyuMutrlc wlggl«c. A cu»-

parlson between an experluent uulny circularly polarlzed X-raya

at IIASY1AB on a dlpolo nkiynut (stte ref. 20) and the In-

that wuii U b« poBfiible w i l l , thla duvlce la *ad«. The ex-

aperture t .18 aurad hoflzonLal and 0.14*0.16 nrad

vertlcal. Electron beaai divorgunco 1 1. Inuluded. Füll line*: auyw-

im-t i ic wlggler. Uabhed linea; IxilU:; illpolu utagnet.

Total Intenalty acuapted by the Mf*riaMBt*J apertur«.

Clrculacly polarlzed flux accaptud by thlB ap«rtura. The

y.iln iu about M tlMea that of a dipole nktgnet. B«low 3 keV the po*

larlzatlon of the anymetrlc wiy y l t - i changea algn becauae of th«

t,null |>oaitive field preatint in forw.ird dlrecLion. Thla bahavlour

can ba Influancad by the choice ot t hu lungths of th« Magnat block«.

DtjyitK of clrcular polarlvatIon. iii-. .n̂ .u |x>B|tlve and negativ«

fiel du contribule, the polarlzat Ion öl tho ai>ypnietric wlggl«r ia

lower than the of a dipule m.njti. l imi ubout) 4 k«V 1t IB atlll lar-

ger t h.m O.'f. Abovu IU keV It iti jit .»:t u:.il l y tliu Barne In both caaea.
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