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DESIGN OF A SMALL E?lITTANCE ELECTRON STORAGE RING FOR HIGH BRIGHTNESS VW XADIATION 
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3-2-i, !ijdorj-cho, Tanashi, Tokyo 188, Japan 

Abstract,: A snail cnittance of 3.5 nnrad at 1.5 GeV is 
obt;ained in a design of an electron storage ring composed 
of a TBA lattice structure wit.!1 I4 superperiod. An ap- 
propriate sclecbion of betatron tune together with corn- 
sensation sext~upolcs in dispersion free region results in 
a large dynamic aperture. Tune shift. and dist.ortion of 
beta function irrljuccd by wiKglcrs arc corrcct;ed ui:bi four 
kinds of quadrurolcs locally for each wiggler. 

Introduction 

Here is prcsent,ed a design sLudy of an elecl;ron 
storage ring sit.h a small cmittancc bean for an intense 
VIJV radint,ion. The ring opcratcd al. 1.5 Gel’ ( 7=3000) 
consist,s cf a ‘JIBA lattice sLruct,urc rit,h a 14 symmet.ry 

,~nd .-I cirrunftrri~co of 241.4 A. ‘The radiation is provjdcd 
by 12 uigglers alld 14 bending magnets. 

Jn designing a snail emjttance ring composed many 
wigglers there are three tundament:al problcs; 1) how to 
realize a small rmit.tancc with a large dynamic aperture, 
2) how Lo cope wit.h the effects of wigglers and 3) how 
Lo suppress various instabilities at, a high b;am current. 
The former two :;ub,iccts, discussed in the following, arc 
projlcm of onrj electron stabi 1 it.y and detcrmincd by t,hc 
JaLticc design. 

Rcquirenent, for clccLron bnnm 

T1:c int,cnsity of wjggler radiaLion is highly con- 
centrated on the ;adiat.ion axis, and the hjghcst; bright,- 
ness of t,he radjation can be obt,ained in the narrowest 
bal:dxidth of peaked radiaLion spectrum. Tile bandwidth of 
the k-th harmonic is dctcrmined by 

AA I 
--=- i 

hk RNlY 
-f$ h, (rA& (11 

uhcrc Fw is the number of aiggler period, and &the 
angle from the radiaLion axis. For a 5 m wiggler we can 
have NwglOO and then &../QXX~O-~ for k=3. So the angle 
should be d@ <XC ,urad, or the slit of a monochronetcr 
should be 2LAtkO.8 mm at a djstancc of L=ZO m. 

Broadeying of the bandwidth due to the size G,$and 
divergencc&,sof the electron beam should be sufficient,ly 
small compared with the above bandwidth. This sets the 
following condit,ions on the electron beam (G,y; 
emittance), 

< .&!- G,y T.., 2 z 0.2 mm , cx’g ,L -$f- 2 1 oprad 
In\ 

Ez.% < 2 nmrad 

The radintion has its own emittance &$= X/4% deter- 
mi:led by t.he uncertainty principle, which is 0.8 nmrad al 
a wavelength A=100 A. Thus the reduction of electron 
beam emittancc to the above value is still useful. 

I.at.Lice 

Such a small cmittancc beam can be realized by the 
DBA or TBA si,ructure with a superperiod Ns112. Several 
variations of Lhcse sLruct,ure are shown in Fig.1, among 
which we have selected Lhe structure C because of the 
follotijng reasons. Bending magnets of combined function 
tYPC, which can provide a smaller enittance, are not used 
because of uneasiness of edge shaping. THA can provides a 
smaller emit t.ance than DBA eit.h nearly the same unit ccl I 
iength. Four kinds of quadrupole magneLs arc ncccssary to 
make a local corpensation of beta function and betatron 
tune which are considerably affected by wigglers at; the 
bean energy. 
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Pig.1 
Various t.YFe of unit ccl I for TBA and DBh structtirc. 

Lrtit cell of Lhe lattice structure js shown in 
Pig.2. Focusing quadrupoles arc separated nearly equally 
from the side bending magnets to locate the mjninun beta 
function at the center of the bending magnets, which 
produces the smallest, emittance. Bendjng magnets have an 
edge angle of 15 deg to reduce the maximum vertical bcla. 
The lattice function and beam size are shown in Fig.3. 
The lattice function is small and varies slowly along the 
circumference, which gives a good stability against, a 
change of quadrupole field strength. The strength varia- 
tion of 1 % induces a 8 % variation of maximum beta, 
which is very small compared with 150 % in the METRO mode 
of BESSY. d The emittance is 3.5 nnrad, which can be easily 
increased to 11 nmrad, if necessary, by introducing a 
small negative dispersion 32x=-0.1 in the long straight 
section. A 
coupling) 

small vertical beam size (~~=O.OZ mn at, 10 % 
in the center bending magnet may be useful for 

some users of bending radiation. La1 t.ico paraldet,ers are 
given in Tablc 1. 
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Table 1 Parameters of electron storage ring _I--__. .__ 
no wiggler 

Beam energy E 1.5 GcV 
Circumference C 241.4 m 
Superperiod k 
Enittance -‘e 

ti nmrad 
Betatron tune WV&! 17.22/10.20 
Chromaticity fx& -33.7/-23-D 
Nomentun camp. factor l.o6Klo-3 -40 -20 0 20 40 
Radiation loss 9 98.5 kcY/t.urn 
Energy spread G/E fi.O8~10-~ 

XA(mm) 

Damping time W$& 23.8/24.5/12.5 mscc 
RF voltage 
RF frequency b 

Revolution period 

APA &P/P W 
’ Fig.6 Dynanjc aperture tracked 100 turns. Dotted line 

represents the dynamic aperture without compensation sex- 

Fin.4 Momentum dopondcnce of the I;UIIC. 
Lupoles. 

Dynamic apcrt.urc no wqq,cr .a -N% ,.- ‘\ 
The cttromat,icit.y of !.he lattice is 9-x./!?%=-33.7/- 

23.9. To suppress a large t,une shift for a large mnment.um 
devint,ion about%3 % and also the head-Lail instabilt.y, 
the chromatjcity is reduced to zero with sextupolo mag- 
net.s installed ill dispersion region, while there still 
remains a little momentum dependence of the tunc(sec 
Fig.4). Nonlinrar field of the magnets, on Lhc other 
hand, induces a large anplitude dcpcndent tune shift, 
which in turn reduces the dynamic apcrturc drastically. 
The tune shift, det,ermined by t.be distortion function of 
sextupole field, is expressed as’) 

~VP?. = All XYps f el~3’/pr; 
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where Aij’s are the coefficients determined by the sex- Fir.7 
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A, 3&, 2V~+Vx~mN, (m:integer) (4) The coefficienls thus obtained are sti 11 as large as 
]Ai.j(<4880, and the dynamic aperture is as small as 

Figure 5 shows the map of the snallest deviation of VX, 3& XA/YA=2()/24 mn. Introducing 
, Z&Q&from mNs, LoRethcr with non1 i near structure 

additional scxtupoIcs 

reso<ances up to sixth order. Vc see the optimum tuno is 
(compensation sextupoles) in dipersion free region 

v%/u~=17.2:10.2. 
reduces the coefficients Lo less than ‘710, and the apcr- 
ture js expanded as large as X.4=-40/34 mm, YA=+?3 IIIII (see 

Fig.6). Amplitude dependence of the tune is shown in 
Fig.7. We see that the aperture is determined by a rapid 
tune shift to integercar half integer) resonance. Momen- 
tum and amplitude dependences of the tune are also 
shown in the tune diagram togelher with the third and 
fourth order resonances (see Pig.8). 

tupole fields and beta function. The coefficients become 
_~. 

large when i.hc betat.ron tune satisfies t.hcJ following con- 
Amplitude dependence of Lhc decimal part, of the tune. 

dition 

Tracking simulation shows that the aperture is wide 
enough for beam injection. It is noticed that the verti- 
cal betatron amplitude is enhanced by the coupling with a 
large horizontal oscillation ampljt,ude due to the sex- 
tupolc fields. Tracking simulation for beam injection in- 
dicates that allowable angle errors are 1.2 mrad horizon- 
tally and vertically for injection betatron amplitude of 
10 mm to clear a vertical aperture of +I0 mm at a long 
straight, section. 

Pig.5 Smallest deviation of UX, 3&, 2USi&from 
non1 inear st,ructure resonances. 

mUs and 

Effects of wigglers 

Pour kinds of wigglers (each 3) with a length 4.8 m 
and a different peak fields 3-9 kG and different peri- 
odic lengths 5 ~12 cm aro inst.allcd randomly in the long 
straigtht sections. Measure of wiggler effects is clearly 
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expressed by the tune shift which is caused by the edge 
focus of the wiggler; 

AL+ == Nvv ho ( f$ >$?~~,j’ 

where f, is the ortit curvature corresponding to the peak 
fields of the wiggler. The shift, proprotinal to the 
square of bean erergy, is considerably large at 1.5 CeV. 
For instance he hjve d$=O.O32 for Yjj0=5.5 mand <&>=5 m. 

Wigglers dist,ort beta function considerably, which 
in turn increases the st,opband width of the integer and 
half integer resonance (dV-0.14). and the dynamic aper- 
ture is reduced subsLantia1 y. Wjggler also distort t.he r- 
equilibrjum closed orbit, which changes the radiation 
axis. 

Above cffect.s of wigglers can be corrected by quad- 
rupole magnets considerably. in ordinary operation, wig- 
glcr fields will be changed freely and independently by 
radiat.ion users, so t.he correctzion should bc made locally 
or indcpendent,ly for each wiggler. Corrections for the 

~UIIC shift, and the di.stort,ion of beta funct,jon can be 
made at the sdme t,ilr by using four kinds of quadrupoles 
ad,jac.ent. to t.he wiggler. Beta function before and after 
the corrcct.:on for a 9 kG wiggler are shown in pig.9. 
Bet.3 function after correction for 12 wigglers are also 
shown in the figure. Quadrupole field strengt:h necessary 

for thcT corrccticn drc shown in Fig.10 as a function of. 
l/$-. For a Krac!lai change of wiggler field t,he quad- 
~UP()IC field strength shollld be varied a]or,g t,l,e solid 

Fig.8 Tune diagram for the operat,ion point, and momenLum 
and amplitlJdc dependence of !,he t.une. Cirlerenco 
resonallccs are net; danEerolrs. 

FiR.10 
Buadrupole field strength for t.hc correct,ion against, foui 
kinds of wigglers WA-JWD. 

line in t,he figure. Dynamic aperture after correction for 
12 wigglers is as large as Xh=ktZO nm and YA=+12 nm (see 
Fig.6). which provides a bean lifet.imc about, 80 h at a 
pressure of 1 nTorr. 

F:ven wit,h such a corrcct.ion the closed orbit of t,hc 
clcctron beam will change slightly, which shifts the 
radiat.ion axis of the wiggler, and may be serious for 
radiation users. Thus it is necessary to make a simul- 
t.aneous local orbit correction wi!.h a feedback loop to 
four steering magnets adjacent, to the wiggler by monitor- 
ing the radiation axis with an accuracy less than 0.1 mm. 
Th.is should be done wit;hout disturbing other beam 
lines(sec Pig. 11). Vertical and horizontal steering mag- 
nnts can be installed in each sextupole magnet. 

It. is known t,hat, a wiggler induces the third and 
fourth order resonances!) Tracking simulation, however, 
does not show any increase of the betatron oscillation 
.a;;li;ude near the fourth order resonance dVa=O. 25(sce 

. . 

Fig.11 Feed back loop for the corrcct,ioG of radiat.ion 
ahis. 

Present. study has beet1 performed by the USC” of coc- 
puter codes LATTLCE, BETA and HACETHACK. The author is 
grateful to Dr.G.Wiistefeld for valuable discussions at. 
BESSY * 
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Fig.9 Beta function before (a) and after (b) the correc- 
tion for a 9 kG wiggler.(c) represenls the beta function 
after the corrcc:ion for 12 wigglers. 


