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" 1. INTRODUCTION

The SRE im tha world's first, purpose bullt, high anergy synchrotron
radiation somrce and it wae designed o meot several requirements specl-
fled by the user community. The spectrim neaded bto satinfy both the vuv
ueer and the ¥-ray user, and this ie reflected in the energy and sirze of
thn storage ring. The other major aspect of the gtorsge ring, the parti-

cular type of iattice ueed, is a conseguence of the followlng requirvementa:

al A beam current of 1000 mA should be aimed at,

L]  Good access to the radlation should be available, permitbing beams
with wide horizontal angles.

o) Users should have guaranteed accese to the beam lines Auring stored
beam conditlons, at least for beams up to 20 mr wide.

The cholee of lattlce to meet these requirementa was determined by
the following logical arguments. Tolht a) mesns that the beam emlttance
must not be a0 emall that, at the injection ensryy, the beam current is
limited by the Tovechek affect.
glectron losa procesees and the reeulting high energy radiation, that beam
The posl-
tions of the resulting beam lines forces the latbice quadrupsles to lie

Paint ¢} impliee, from consideratione of

ilne tangent points muat be &t the centre of the dipole magoets.

well down the straight sections which Follow the dipoles, az #leo does
point b) aince wide beams cannot be got through the spertures or side
yokes of the guadrupolea.

A FODO lattice with the quadrupoles at the downsbream end of the
atraicht mectlons was therefore chosen because it meets all the reguire-

ments glven above.

At the time of the design study usey commAnts on the best aize were
that it should be ae small as poseible in one plane. In most electron
etorage rings the vertical beam sime fa smaller than the horizontal snd in
the SRS it was declded to minimise the werkical beam slze by the use of 16

wall distributed skew gquadrupole lenses.

3 the meantime, followlng the design of the SRS, the world of ayn-
chrotran radiation has evolved with changed emphasea. It haa been reallised

that matching radiation beams with foousing miyrors to monochromators and
othey instrumentation is much easler for beams which have small emittances
in both planes. Secondly # great interest has developed in devices such as
gndulators and fres electron lassys which require storage rings with long
atraight scctions with epecific properxties. COonmeguently the later gener-
ation of dedicated synchrobtron radistion sources have Included long

straftght sectione for inserted devivea snd have gtressed the importance of
producing the smallest possible beam ewmlittance in both planes. The achieve-

mant of large storsd corrents has not been swphasised. |

As it stands the #1288 is potenklally an sxcellent synchrotron radisz-
tion source. Nevertheless, with the passage of time further developments
in the synchrotron radiation field and competition Frém the new generation
mavhines may remult In pressure to conglder modlfying the performance of
the SAS. The ways in which this could be done range between the oxtremes
of simply adjusting the focusing mtrength of the gquadrupcies to rebuilding

the whole atorage ring.

This paper will consider the Improvements to the SRS performance
which would resultr from a series of different modiflcations thet have the
wommon featurs of leaving unchanged the ring of dipole magnets. The modi-
fications will be sade to the nunber and locatics ¢f the quadrupcla magnets

which 14e in the straight sections.

¥t ie hoped that a clear indication la given of the improvements to
the bheam charscteriatlcs of the SRS which are feasible and may be worth-
while.
rupcles and of locating the other neceassary storage ring egquipment (r.f£.

The practical problems of getting beam lines past or throwgh gquad-

cavitien, injection kickers, ete) will requirs further study.

X+ PRESENT SKS

The presant SRS lattice Is a FODO struckure, which is phown in Fig.d
with the major lattice functions. It has been shown{l} that these latticen
produce the best beam brighitness when operated st high phase sdvances. In
accordance with this prisciple the Si% Is designed to operate at phage ad-

vances which give betatron tune walusa of 325 in the bhorlzontal plane



{9 ) and 2.25 in the vertical plane }gy). #ith elght unlt cells the lak-
tice stability limit is at # tune value of 4,0. Figure 1 also glves the
beam slzey calculated for the best iow coupling condition.

A smaller horizontal emittance would resuit if the SR% wam operated
at tunes of Qx = 3,258, QY = 1.25. #Howsver at this setting the vertical
beam sixes at tha tangent polnts sre sctually larger hecause the betatron
amplitude fuscelon {E} hmg incremsed. The heam slzes for this operating
point are also glven in £ig.1.

3.  ACHROMATIC ARC LATTICE

The hovizontal bsam emlttance in an electron storage ring is control-
led by the value, within the bending magnets, of m slightly complicatesd
function of the betatron amplitude funcbion, the dlspersion and the gradi-
ents of both those. One way of making s small emittance s to design the
gtorage ring such that the dispersion 1s small, especially in the reglons
whare the betatron amplitude function is large. This technique has beon
uged in the deslgn of the Broakhaven x-ray ringl2}, the ESRP(3) ana
pragyli®},

Buch a lattice is built up from bending sections which are achromatic
or non=-dlspersive between Input and ovutput. The bending sections are then
lisked togethex by stralghts containing quadrupoles which provide the
foousdng of the lattive. The dispersion in theae straights ls zero.

In its simplest form the achromatic gection compripes a eymmetric
valr of dipole magnebs with & Focusing guadrupole placed in the centre of
the strafght between them. The function of the quadrupole ls to foous the
diaperped trnjecgories from the centre of the [irst magnet to the centre

of the meacond.

The SRS could be converted o an achromatic are lsttlcwe by placing &
focusing guadrupole at the centre of alternzte stralght sections and a
quadrupole tripiet in the remalning four straights. This arrangement ls
ghown in £ig.¢ togethey with the calculated beam properties.

It is apparent that a wery iow emibtance could be achleved. There are

however 8 nusher of drawbacks with thig type of Imttice. Firatly the work-
ing reglon in which the machine is otable 18 very small snd thus the stor—
nge ring is very sensitive to errors. Secondly the chromaticlty ls very
difficult to control due to the shape of the betatron functions and there
im little space for the sextupoles where they &re needed. “irdly the gra-
dients in the guadrupoles tend to be rather high.

A further criticism which ©ould ba levelled at the SRS modified in
this way 1ls that hardiy any voom is left for r.f. cavities, Iinjection klo-
kers eto, An attempt hag besn made to ovaercome these objectlons by stedy-
ing a variation which would use A guadrupole doublet in place of the trip-
let. Although this would give more spsce the resulting lattice behaves
very badly mnd exhibits large peaks in the wertlcal betabron function.

M so the emittance le no smaller than can be achieved by other arzange-

Hwenty.

Therefore Lt sppears that the latbtice modified in the form of an
aghromatic are latiice does not seem foasible, although thie type of ar—

rangement probably sets the standard for the lowest achlevable emlttance,

4, LATTICE WITH LONG STRAIGHTS
\
nlthéugh the distance separating the ends of the dipole magnets in the
SR8 is just over 3.8 m, by the tlme space has been allocated for guadgu-
poles, BPls, pump tees, bellows, etc, there only remains about 1.5 m of
free npace. This i1a just sbout sufficient to accommodate a gsuperconduct-

ing threes pols wiggler.

& realistic undulatoy with encugh poles to produce a reasonable line
width (gay 25 periods of length 100 mm} would require about 2.5 m of
strajght section lengkh and thlo is clearly out of the guestlon with the
progent SRS lattice. Therefore a modification hap been consldered In which
alternate strajights asre left entirely free of quadrupoles, the lattice
fopusing beling done by guadrupoles in the other eight straights. In prin-
cliple these gusdrupoles could be in the form of a doublet but in practlse
a aymmetric triplet works much Petter.



A vgeful reductlon le achieved In both the emittance and the
Te implication of the latter is that the

propertice.
moentum conpaction factor.
bunch length lg 15% ahorter at 2 GeV or, glven the eame r.f. power, the
gtorage ring could be operated up to 2.15 Gav.

The conflguration of the vertical betatron funetion 1a gqulte sultable
for an undulator gince the value lg reagonably hlgh and constant through
the long stralght. On the cother hand the ratiocs between the horizintal
and vertical beta values lmply that chromatlclty control le likely to be

brfoky .

GF the elght long stralghts In the storage ring, two would he needed

for r.f. cavitles and twe for intectlon lesvinyg four for undulators.

5. WO QUADRUPOLES FER STRAIGHT

The lnstallation of an extera gquadrapole at the upstream end of every
stralght gection would oonvert the SRS from a #ODO latblce with 8 unit
cells to one with ¥ cells. Thies would permit an increamse in focuslng
poweyr to achleve higher betatron btunes with a consequent reduction in the

bata values and the lattloe dispersion, and hence a reduction in emittance.

he unit cell structure ie shown dn flg.4 with a swmary of the beam
properties. A considerable reduction in emlttance and momentum compactlon
tactor is indlicated. Due to the small wmomentum compaction the bunch length
at Y GeV would be redoced by about 55% for the samg Installed r.f. power.
Mternatively, with the same r.f. power the machine could be operated at
2.5 Gev but conslderstion must be glven to whether (he magnets could

produce the necessary fleld.

There ls much to commend a FODO lattlce of this typer 1t is stable
and centrollable, the chromaticlity is easy to correct and the quadrupole
gradients are woderate. For the SRS modlfled in this way the maln concern
would be Ip making sure that enough room waz left for other necessary
aguipment (r.f. cavities, injection kickers eted and in getting the radia-

tion beams past or through the new gquadrupoles.

Since the wodified FODQ lattice with 16 unlt cells looks a littie
short of space for other equlpment, a compromise approach bas beesn studied.
This has an extra quadrupole in only half the ptralight sectlons and so
does not uge up so puch available space.

The arrangement 1s shown In £ig.%.  This lattice may be thought of as
containing four unit cells each of which han Swo a&ymmetriE gquadrupele
triplets) one triplet being ¥IA D1 FiIB, the other LA ¥2 D2B.

Congequently, although 1t is a wery flexlble ilattlce it needs alx
geparate sets of powar suppiies for the gquadrupoles. The lattles Lo quite
well-behaved for such an odd arrangement, but it does not produce a very
low emittance, Tt is interesting to note that the stralghts which zontadn
only one quadrupole have a falrly low dispersion. This could be yseful for
instaliing high flald wigglexs since the cmittance blow up from the wig-

glers weuld be fairly pmall,.

7. CONCLUSIONS

Subatantlal reductionsg in horlzontal beam emittance can be achlieved
by modifying the lattlcee to an achromatic arc type ox by doublling the num-~
ber of unik cells. The latter approach ia preferred since 1t results In a

much bketter behaved lattice.

The raducktlon in momentos compaction factoxr which also takes place
would mearn that the mawlmist enrergy could be lIncreaped to 2.5 GeV without
noeding more r.f. power. It 18 not clear 1§ the bending magneta could be

pushed to the necessary fleld level (1.5 T}.

Other types of latkice modification can result kn longer straight sec-
tlon free space, a rarnge of adjustable beta valuea, or stralght sectlons
with low dispersion. These versions do pot greatly redece the horlzontsl

beam emittance or the momentim compactlon factor.

All modifications will call for Installation of further guadrupsles



into the exlsting lattlce, and the problem of bringing e synchrotron radi-
ation bean plpe pant, or through, these guadrupoles remaina ko be solved,
Other practlcal probless such as Injectlon, the location of r.f. cavicieas,
otc. have yet to be studled in detall. Many of these practical problems
will be betker asmsessed after experlence has been galned in operatlng the

storage ring In lta present form.

t.
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FIGURE CAPTIONS

Labbice parameters and beam sizes For the
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Fig.1

Qx = 3.25 QY w 2,25

¥ - Horizoatally Focuslng quadrupole Gradient 3.58 T/m

Qo - Horlzontally deFocusing gquadrupole Gradient 4.51 T/m

€, = 1.5 % 1076 m.rads @ o= D135 "fgl e G.67 x 10~}
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Dipole 1. gx = 5.5 mm Oy w .17 s
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Dipole 2. 9, = 2.5 mm 9, = 0,30 m
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Fig 4
Q‘x = Fady Qy = 2.4
= &, 235 , w3,
\',2’t E] Qy 3.25
QFI Gradient -~ 5.8 T/m
QAbY  Gradient -~ 5.2 T/m
OF  Gradient ~ 9.45 T/m QF1B  Gradient - 6.0 2/m
QF Gradient - 7,08 T/m
QU2h Gradient = 5.3 T/m
w30 Gradient - 4.2 T/m
F.:x = 1.1 x 1077 m.rads o = $.028 u:f} w 0.1 » pued QOB Cradient -~ 4.6 T/m
i3
Dipole o, = 0.78 m 9" 5.08 B ttx 1978 g.pads o = 0,096 % = 0,68 = 1478
o
Bipale Gx = 4.1 mm c&y " (.26
Dipole 2 L 2.6 o ay = 4.30 gm
Dipole 3 o, = 3.5 mem ay = G.35 mm
Dipole 4 o, = T« B omm sy = 4,37 gm












