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THE SRS: PROGRESS REPORT ON THE DEDICATED SYNCHROTRON RADIATION SOURCE AT DARESBURY; 

AND OPERATION OF A 600 MeV BOOSTER 

D.J. Thompson* 

Abstract 
Design of the 2 GeV Storage Ring is virtually com- 

plete and construction will be finished in April 1980. 

The inlectnr, a 600 MeV 10 Hz synchrotron, has been 
commissioned and its performance is reported. 

Introduction 
An artist's impression of the SRS(l) is shown in 

Fig.1. A 2 GeV electron storage ring is injected from 
a 600 McV booster synchrotron with a 12 MeV linear ac- 
celerator as pre-injector. The synchrotron radiation 
has a characteristic wavelength of 4 i from the 1.2 T 
bend1 nq magnets, and a superconducting 3-pole wiggler 
magnet- LS belnq built with a 5 T field on tl~e orbit. 
Initially, one 250 kW klystron is being installed to 
provide r.f. power at 500 MHz. This will support a 
circulatlnq beam of 370 mA at 2 GeV or higher currents 
at lower energies. The storage ring can be upgraded by 
provlslon of a second klystron and this will provide 
enough power fol 1 A at 2 GeV with two wigglers in 
operation. 

The linear accelerator and booster synchrotron 
have hecn commissioned and accelerator studies are in 
progress. Operation is via the computer control system. 

Most components for the storage ring have been ordered, 
prototypes of all mayor items have been tested, and 
production units are now arriving. The steelwork to 
support the shield tunnel has been installed and in- 
stallation of the ring is scheduled to start in July 
1979. 

There is provision for 12 beam lines, most of 

which will feed several exprimcnts. The first two will 
be installed for first beam and further lines will be 
added as fast as funds and manpower allow. Though not 
in the first two, a wiggler line and an infra-red port 
are planned for early installation. 

The Booster Synchrotron 
The 600 MeV booster synchrotron (Fig.21 has a mean 

radius of 5.06 m and uses combined function magnets in 
a FODO lattice. 

InJection from the 12 MeV linac is by means of two 
kickers and a septum and the injected current is usual- 
ly 30 mA, modulated at 500 MHz (which is the booster 
r.f.). The tune at injection is Q, = 2.30, Q, = 2.43 
and inJectIon extends over a period of between two and 
three turns. However, the linac operates at present 
without a prebuncher and this results in a high emit- 
tancc and consilderable loss at injection. The current 
in the ring after three turns is 25 mA. The closed or- 

bit at injection seems good and the first turns are not 
sensitive to steering, which is by backlcg windings on 
the magnets and helmholz coils in the short straights. 

The closed orbit remains good throughout accelera- 
tion. There is considerable beam loss in the first few 
tens of microseconds (hundreds of turns), and this is 
thought to be an r.f. capture problem, which is still 
being investigated. It is dependent on 6, and when in- 
jecting into a d.c. field, 25 mA can be captured and 
held. No further losses occur after this capture per- 
iod, although the tune changes considerably. Under some 
conditions the beam is lost on crossing Q, = 2.33 but 
this 1s easily avoided. So far 10 mA has been accelera- 
ted to GO0 MeV. This is adequate for filling the stor- 
age ring, but a larger current would mean a greater 
safety margin in the event of poor transfer efficiency, 
and under single bunch conditions. 

The 500 MHz r.f. system consists of a single-cell 
cavity with a shunt impedance (ZT2) of 4 M2 powered by 
a 500 W source. The cavity has adjustable matching and 
tuninq and a voltage feedback loop. 

*Daresbury Laboratory, Warrington WA4 4AD, U.K. 

The booster has an all-metal vacuum system, the 

magnet vessels being corrugated stainless steel 0.3 mm 
thick. The magnet current waveform is a 10 Hz biassed 

fields. This was more than three times greater than the 
expected non-linearity in field distribution, and would 
significantly increase the inherent negative chromatic- 

ity of the storage ring. Correction was necessary, but 
it was thought unwise to change the dipole pole design, 
as any significant incrase in the correcting shims at 
the aperture edge would further increase the non-linear 
behaviour of the dipole, and would distort the field 
component on the correction multipole magnets, and 
tests on the prototype multipole show that by increas- 
ing the coil water presure in order to enhance the 
cooling, an excitation increase of greater than 50% is 
possible without overheating or saturating the multi- 
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~01~ magnet . With such augmented scxtupole fields 
nva1lable, lt will be possrble to tune the storage ring 
~(~11 into the region of positive chromatlclty to ex- 
plort’ beam ht>havLour and to Improve storage time. 

In thaw CUSP of the quadrupolcs and multlpoles, 
whi(,il operate at a lower flux density, agreement hc- 
twccn mensurczments and computations is excellent. 
R.f. system 

The four. storage ring acceleratiny cavrties are 

si nyl(> cells of a fully optimlsed shape. They arc made 
from electro-deposlted copper and are fed via a 150 mm 

aperture window from a WR 1800 waveguide feeder. Each 
cell has a mechanlcal tunlnq plunqer with an lnductlve 
loint to the cavity wall. Each cell 1s rated to dissi- 
pate 45 kW of r.f. power at 499.653 MHz. 

All the cavities have now been constructed, and 
the prototyptl cavity has been extensively tested at 
Daresbury. After tuning it was found to have a Q of 
30,000 and an accelerating shunt impedance of 7.2 M’. 
(0.0072 EleVI’/kW). The tuner gave a useable tuninq 
range of over 2 MHz. The cavity has been powered to 
its full rated dissipation. The cavity will resonate 
in d large number of higher order modes. To date all 
but one of these have been damped using a triple anten- 
nae system without significant detriment to the accele- 
ratinq mode. 

The 250 kW power source IS a Varlan klystron and 
this has been installed and operated at full power into 
a dummy load. The crowbar consists of four ignitrons In 
series. 
Vat uum 

The vacuum system is an all-metal, bakeable system 
with a design base pressure better than 10v10 torr and 
an operating pressure wit.11 full beam current of 10q9 

torr. The pumps used are 16 trlode ion pumps in thr 
straight sect ions, 16 distributed diode ion pumps in 
the dipole maqnets, 4 air-bearing turbomolecular pumps, 
and 16 titanium sublimation pumps. Because of the lm- 
portance of a good beam llfetime, and hence of a clean 
reliable vacuum system, a comprehensive pressure mea- 

surement system supervised by the computer control sys- 
tem is provided(:). Three overlapping pressure regions 
have been asslqned: low vacuum (760 - 10-j torr), med- 
ium-high vacuum (lo- - 10m8 torr) and UHV (lo-' - lO-'l 

tnrr ) . Pressure measurement is by Plr’ani, Pennlnq, and 
Bayard-Alpert gauges respectively. In addition facili- 
ties for partial pressure analysis will be installed 
using new generation mini-quadrupole mass spectrometers. 

An essential feature of the SRS vacuum system is a 
very low photoelectron stimulated desorption efficiency 
The vessels are made from stainless steel with a copper 
radiation absorber, and detailed ex eriments have been 
carried out at. Liverpool University ? 3) to measure the 
desorption efficiency under reallstlc conditions and 
after various surface treatments. The maximum linear 
power density in the SRS will be 7 kW/m, Results from 
the Liverpool work showed that for a given surface and 
electron bombardment current a steady state desorption 
efficiency is reached, i.e. the lowest value obtainable 
for that surface under the existing bombardment current 
and pressure. This result was explained in terms of a 
balance between desorption of gas by the electrons and 
adsorptlon mainly from the gas phase, The role of glow 
discharge In reducing electron-stimulated desorption 
(ESD) of surfaces was clearly demonstrated, even after 
exposure to atmospheric pressure and subsequent bom- 
bardment after bakeout but with no further glow dis- 
charge. This permanent reduction in ESD by glow dis- 
charge is believed to be due to the removal by ion bom- 

bardment of surface carbon which is a feature of stain- 
less steel, copper and other metal surfaces. 

Therefore on the SRS all the storage ring vaccuum 
chambers ~111 be cleaned by glow discharge prior to m- 
stallat ion, using 90% argon-lo% oxygen, and an ion dose 
of about 1 x 1018 lons/cmi). After this treatment and ex 

trapolating dat.a from the Liverpool work to SK.5 contll- 
tions where the electron bornbardmcnt will amount t ~1 
around IO mA/cm’ , lt can be predicted that after bake- 

he wiggler (“! is complete 
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Fig.1 baresbury Synchrotron Radiation Source 

IS InJection septum 
ES Extraction SfptUm 

IK Injection kicker 
EK E:xtraction kicker 
D Dragnostic 
RF R,f. cavity 
BP1 Beam monitors (8) 

Fig.3 Booster tuqe-varlatlon during acceleration 
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Fig.2 Arrangement of Booster Synchrotron Fig.4 Wiggler coil arrangement 
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