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Abstract 
The physical engineering tlcsigti of a 7.5 Tesla sripercon- 
ducting wiggler for the P I S  is described. The design is 
based on thee parallel superconducting dipoles. The field 
is produced by six racetrack N bTi-coils assenibled syiiiinet- 
rically above aiid below the vaciiuiii chamber. The current. 
density for the central pole was chosen to obtain optimal 
fieltl-current characteristics wit,Iiin tlie conductor packilges. 
The use of iron poles antl rehirii yokes makes it possible ko 
produce higher fields than t l i c  corresponding values when 
no iron is used. 

I Introduction 
A strong field wiggler (wavelrtigth shifter) will be illstalled 
in a stmight. section of the l’oliang Light source (1’13) s- 
torage ring power [l] to eiihance tlir perfonnance of (.lit 
niacliine for sliorJ wavelrngbli users and to provide ncw 
possibilities for SR experiincirts. The wiggler is not. one 
of the niain elements of the lattice and does not, rednce 
tlie reliability pf the i~iacli i i i~.  Ilowevcr, lattice niatcliiiig 
and compensation of wiggler dfects on the electron beniir 
dyiianiics art- ncctletl. 

A siiyerroiitlrictiiig wiggler is lintler coiistsrrrction riow at 
the Budker Institute of Nuclear Pliysics [DINPI, Russia antl 
will be delivered to PIS at, t h  end of 1994, which is also 
the expected coinpletioii tlatr for the PLS. 

In this article, the dcsigii oft he Sopercondiicting Wigglcr 
and the radiation propertics of the wiggkr will be hiefly 
presea ted. 

I1 Wiggler Design 
A view of tlie three-pole wiggler is presented i l l  Figure 1. 
The wiggler design is basecl oii three j)arallel supercoiitliict.- 
ing dipoles. The  iiiagnetic ficlcl is prodlicecl by six ritcetrack 
NbTi-coils assembled symmet.rica.lly ahove and below t,lie 
va.cuuiii cliaiiiber. The coiiductor is insiilat.ed with 1ia.pton 
film, and tlie coniplet-ed coils will be iinpregiiatecl with e- 
poxy resin. ‘rile two centmi coil yacka.ges are split iiil.0 lwo 
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Figure 1: General view of the Supcrconducting Wiggler 

separate coils. The current density in each of the c,oils was  
clioscii to obtain opt.inial field-current cliaracteristics. 

‘l‘lic iron poles and yoke surrouiid the coils, providing n 
fliix path, and supporting tlie coils. The use of iron poles 
and yokes makes it possible to produce a liigher field tlian 
is possible for similar geometries when n o  iron is used. In 
addition, tlie outer poles act as tlie mechanical restraint 
to the very large magnetic forces generated by the niain 
pole coils. The non-magnetic stainless steel slab located 
between the upper and lower wiggler halves is simultane- 
ously a part of the helium vessel and a support for tlie 
halves. 

The magnetic field of the wiggler tnagnets was calculat- 
ed wit.11 (he MERMAID code developed a t  BINP. [2] The 
fliix distril)ut,ion is sliown in  Figure 2. The dist<ribution of 
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Maxitiiuin field on beam axis 
Ceiitml pole (T) 
0iil.er poles (T) 

Pole gap ( m n )  
Vert. gap of the vacuum chamber (inin) 
Horiz. gap of the vacuuiii chamber (miii) 

St,ored energy (kJ) 
Total weight of cooled parts (Kg) 

Table 1: R4a.in para.iiieters of the 7.5 T wiggler 

7.5 
-1.7 

40 
24 

100 
150 - 1000 

Ratio of Cu:NbTi 
No. of NbTi filaiiieiit 
Cr i t. ical Cur rei1 t 

0.85 i n i n  

(0.95 nim with insul.) 
0.58:0.42 
89 10 
3GO A (at, 7 Tesla) 

‘I’able 2: Properties of t,lie superconducting wire 

opera,t,e with dilfereiit ciirreiit, tlerisity, tlepentliiig oii t81ie 
coil. We will use the superconducting wire specified in 
Table 2. 

I11 Radiation Characteristics 

IIere arid below an elect,ron energy of 2 GeV and a.11 elect,ron 
h a i i i  ciirreiit of 100 in / \  are a.ssumctl. lu Figure 4 tlie ver- 
tically iiit,egrat,etl iiit,ensit,y for a 1 ii1ra.d horizont~al opening 
aiigle and 0.1 9’0 ba.nclwidtli is shown for a ceiit,ra.l pole field 
st.rengI.Ii of 7.5 T ancl side pole ficld stmngth of -1.7 T. The 
slwct,raI pltoton flus a.t t,lie crit8ical wa.velengtli A c  = 0.F2 A’ 
(critical energy t = 20 keV) is I = 3.2 x 10l2 plioton- 
s/sec/O.l% UW/nira.d. 

The t,ot,al racliathi power from t,he 7.5 T superconduct,- 
iiig wiggler is a.pprosiiiint,cly 3.4 kW. 

The 7.5 ‘1‘ supercoiicliict,ing wiggler dellcct8s 2.0 GcV elcc- 
t,roiis in t,lie horizontal pla,ne by a, total a.iigle of about, 
fR .8”.  For t.lie ca.se when t,lie wiggler is locat*ed in t81ie 
cciit.er of a 6.5 iii  st,ra.ight, src,t,ioii, t,lw design of t81ie 1’1,s 
vaciii i i i i  cliaiiil)cr nia.lres it,  possib le  t,o Iiave a. iiia.xiiiiiiiii 
1 1  or izoii t,al ail  gri la r a pert w e  for r a.tl i a.t.ion output. a.p pros i- 
iii;it,rly equal t o  2AO 2 20 uirad. This is corresponds to an 
orilput. power of nea.rly 0.5 kW, with t,lie reniaintler of the 
t.okil 3.4 kW eiiiitjt.etl p o w e r  being stopped by several wa.t*er 
cooled copper a.ltsorbers iristsalled in tlie vacuum clia.mber 
Il(ft,wecti tolie wiggler and the bea.inline port. 

Iiisert,iori of the special ahsorber iiiiit,s inside the I’LS 
vacuiiiii clia.mber will riot result, in a retliictiori of the Iiori- 
zotit,al apert,ure of b h  electron beani, which is k35 ~i i i i i .  

1 lie preliminary locatsion of t8he absorhers 1ia.s been coni- 
I)iit,etl n.titl incorporat,ed int,o the design of the vacuuiii 
cl I a 1 I 11) c us. 
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I 3 

a ttalog coiivert,ers. 

C o 11 t r o 1 S y s t e 111 
The wiggler control syst.etii has to provide for cotttrol atid 
tnonit,orittg of the wiggler operation during cooling, ramp- 
itig on atid operation conditions. The main functions of 
t It( .  control system are: ,f .7 T 

0 cotitrol arid iiionitoritig of tlie power supply. 

0 magnetic field ramping. 

0 control of the quenclt protection system. 

0 monitoring of cryogenic equipment. 
10 I I I , ,  I , ,  , I  

f o  .10000 10000 0 wiggler operation statistics. 

K:\ \'EL.ENCTH (A) V Summary 
Figure 4: Photon IIux ittt,c>griit,ed over t,lte verticil1 opetiiiig 
angle. 

Maximit i n  output volt age 
RMS Stability 
Litie voltage 
Cooling 

2 x 300 I\ 

12 v 
0.01 96 

220/380 \'-GO I I Z  

wat.cr 

Table 3: Parainetrrs of wiggler power siipply 

IV Miscellaneous 
Cryogenics 

A su~~ercondrtct,ittg wiggler is being built for the PLS s- 
t,orage ring. 'The tlesigti is 1)asetl on three parallel super- 
coiidnctitig diyolcs. The field is produced by six ra.cetra.ck 
Nb'ri-coils asseiiibletl symtiiet.rica.lly above and below the 
vacitiiiii chatriber. The current, density for the  coil about 
t,lw ceiit,ral pole is opt,iniized bo obt,a.in opt.imal field-curretit 
cltaract,erist,ics wit.liin the coils. Tlie use of iron poles atid 
yokes makes it possillle 1.0 produce Iiigher field t.1ia.n tlie cor- 
responding values when no iron is used. The  cent,ral field 
is expect.ed t,o he about, 7.5 TI giving a critical wavelengl.lt 
of A, = 0.62 A a.t. an electron energy of E=2.0 GeV. 'I'his 
siipcrcoittlrictitig wiggler will enhance t,he performance of 
t,he PLS for short. wa.ve1eiigt.h users aiitl provide new pos- 
sil)ilit.ies for syiicltrot,roii ra.diation esperinietit,s. 
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