
Preparatory Work 
The following section covers some of the preparatory work which has been done on the ISR 
project . It includes information on the major components of the storage rings (magnet , r.f., 
vacuum, b e a m transfer and site work) , research using the electron storage ring at C E R N , and 
storage rings e lsewhere . 

1. Magnet 
L. Resegotti 

The magnet system of the ISR is in pr inc ip le s imi lar to 
tha t of the CERN pro ton synchro t ron but has some 
d is t inc t ive features because of the requi rements of 
par t i c le accumula t ion and of co l l id ing beam exper iments . 
In part icular , the g rad ien t of the magnet ic f i e ld in the 
gaps is a l inear func t ion of the radial coord ina te and is 
d i f fe ren t in focus ing and de focus ing magnets, wh ich 
fo rm separate units. A lso , the po le face wind ings, 
bes ides compensa t ing fo r the e f fec ts of steel satura t ion, 
have to enable a w ide var iety of f ie ld cond i t ions to be 
set up. 

The main ISR magnet is more than tw i ce as long as 
tha t of the PS, but the cons t ruc t ion p rogramme requires 
it to be bui l t in approx imate ly the same t ime. There fore , 
it was necessary to acqu i re the in format ion fo r its des ign 
and to invest igate mater ia ls and manufac tur ing methods 
at an early s tage. It was also essent ia l to ensure the 
in terest and co l labora t ion of manufacturers so tha t t ime 
schedules and budgets cou ld be real ist ic. 

A pre l iminary survey of the European s tee lmakers 
revealed several who were p repared to supply very- low-
carbon steel sheet to magnet ic spec i f i ca t ions . Semi ­
au tomat ic measur ing equ ipment was p repared in the 
magnet laboratory at C E R N and a large number of 
samples f rom seven f i rms have been measured. A l though 
most of the sat is fac tory samples came f rom smal l scale 
tes ts rather than f rom the p roduc t ion plants, it became 
c lear tha t the prob lem was genera l ly unders tood . 

Cons iderab le in terest was f ound among the manu­
fac turers of large e lec t r i ca l machines fo r the cons t ruc t ion 
of the magnets. Most of t hem favoured the use of large 
we lded stacks of punched laminat ions (s imi lar to the 
magnets of the A G S at Brookhaven) rather than smal l 
g lued b locks ; savings in cost and t ime are c la imed. In 
order to gain exper ience wi th th is method of cons t ruc t ion , 
two fu l l -sca le model cores were bui l t , co r respond ing to 
short magnet units, of the focus ing and de focus ing t ype 
respect ive ly . 

The prob lem of the des ign of the magnet prof i les also 
had to be faced at an ear ly s tage. Compu te r programs 
were deve loped wh ich cou ld solve the two d imens iona l 
magnetos ta t ic p rob lem to the requi red accuracy by the 
method of success ive approx imat ions and these programs 
were used to arr ive at the shape of the pole prof i les fo r 
the two models. 

In the p roduc t ion of the s teel sheets, the in f luence of 
var ious t rea tments on the geomet r i ca l , mechan ica l , and 
magnet ic p roper t ies was s tud ied . The cons t ruc t ion of 
the cores gave va luab le exper ience on the prob lems of 
prec is ion s tack ing of the laminat ions, of compensat ion fo r 
var ia t ions in th ickness and of we ld ing under pressure. 
The prof i les of the dies had to be checked and ad jus ted 
wi th ext reme care in order to meet the requi red to le rance 
of 0.01 mm. A measurab le amount of twis t appeared in 
both cores, but was wi th in to le rab le l imits. 

A set of exc i ta t ion coi ls and one of pole face w ind ings 
were o rdered , and a su i tab le power supply was insta l led. 
The exper ience ob ta ined in cons t ruc t ing and mount ing 
the pole f ace w ind ings , wh ich are a rather de l ica te i tem, 

Magnetic field measurements in progress on 
magnet model 2 for the ISR; the model is 
similar to magnet model 1 (pictured in CERN 
COURIER, vol. 5, no. 12 (December 1965) 
p. 192) but is a defocusing sector. The large 
coils which power the magnet can be seen 
running along its length (2.5 m). Construction 
and testing of the two model magnets have 
provided valuable experience for the final 
design. 
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Tests in progress on a model r.f. cavity for the 
storage rings. Six of these cavities will be 
used in each ring of the ISR to accelerate the 
protons from the orbit where they are injected 
to the orbit where they will be stored. The 
radio-frequency system in the ISR is different 
to that of a conventional synchrotron and 
preliminary work with the model cavity and its 
associated electronics is serving to develop 
the necessary techniques. 

lead to substant ia l improvements in the des ign. Tests on 
radiat ion damage fo r many types of insulat ing resins, 
wh ich cou ld be used fo r the po le f ace w ind ings , were 
car r ied out at a reactor cent re . The tests have lead to 
the re jec t ion of some types of resin and have ind ica ted 
others wh ich wi l l p robab ly be sat is factory . 

The f ie ld d is t r ibut ions in the cent ra l part of the models 
were found to be in good agreement w i th the compu ted 
values. A lso , end e f fec ts were measured at several 
exc i ta t ion levels. These results p rov ide the necessary 
gu idance for the f ina l des ign . In the near fu ture , the 
t w o models wi l l be mounted toge the r on a g i rder and 
exc i ted by a common co i l , to s imulate a long magnet uni t 
of the s torage r ings. Me thods of a l ignment wi l l be tes ted 
and j unc t i on e f fec ts wi l l be measured. Before the end 
of the year, all the in format ion needed fo r the f inal des ign 
shou ld be ga thered . 

Design work is now mov ing onto the auxi l iary lenses 
(quadrupo les , sextupoles, etc.) wh i le the de ta i led study 
of the lay out of the who le system is con t inued . 

2. Radio-frequency system 
W . Schnell 

The purpose of the rad io - f requency system is to 
acce le ra te the par t ic les f rom the in jec t ion orb i t to the 
s tack ing orb i t where they are depos i ted by tu rn ing of f 
the r.f. vo l tage. This s tack ing cyc le is repeated every 
t ime a new set of par t ic les is i n jec ted f rom the PS unt i l 
a suf f ic ient number of p ro tons has been accumu la ted . 

Two d i f fe rent k inds of s tack ing schemes are poss ib le 
and there wi l l be prov is ion fo r both at the ISR. In the 
f i rs t scheme, the pos i t ion where the par t ic les are 
depos i ted is changed by a smal l amount in success ive 
cyc les, unt i l all the space avai lab le inside the vacuum 
chamber (about 60 mm) is f i l l ed . In the second , the 
in jec ted par t ic les are always d r o p p e d at the same p lace. 
Those par t ic les tha t have been depos i ted ear l ier are 
automat ica l ly d isp laced inwards an appropr ia te d is tance 
by the r.f. If the s tack ing process is conduc ted wi th 

maximum ef f ic iency about 20 A of c i rcu la t ing current can 
be accumula ted . 

The r.f. system di f fers rather substant ia l ly f rom that of 
a normal acce lera tor . A t the beg inn ing of each s tack ing 
cyc le, a maximum to ta l acce le ra t ing vo l tage of about 
20 kV per turn is requi red to g ive suf f ic ient ly rapid rates 
of acce lera t ion so that the in jec ted pulse wi l l be s tacked 
before the next pulse arr ives f rom the PS. However , 
towards the end of the s tack ing cyc le the vo l tage must be 
reduced to values be low 100 V per tu rn , in order to cause 
the min imum of d is tu rbance to the beam already s tacked . 

This large var ia t ion of vo l tage , wh ich has to be car r ied 
out in a smooth and we l l - con t ro l l ed fash ion , is all the 
more d i f f i cu l t to achieve as the r.f. cav i t ies are heavi ly 
loaded by the acce le ra ted beam. The lat ter p rob lem is 
overcome by means of s t rong negat ive feed -back tha t 
makes the acce le ra t ing vo l tage v i r tual ly independent of 
beam- load ing . 

A f i rs t h igh-power , fu l l -s ize model has been bui l t and 
tes ted . Full r.f. vo l tage has been ach ieved whi le the 
negat ive feed -back system has been work ing wi th fu l l 
loop-ga in . D i f f i cu l t ies encoun te red wi th h igher order 
resonances in the load ing capac i to r of the cavi ty have 
been overcome by su i tab le des ign of the capac i to r and 
by the use of fe r r i te tha t has l i t t le in f luence at the 
fundamenta l f requency of the r.f. cavi ty (10 MHz) but 
prov ides damping at h igher f requenc ies . 

The mechan ica l des ign of a second mode l , in tended 
to be the last p ro to type pr ior to cons t ruc t ion of the actua l 
ISR cavi t ies, has been comp le ted and cons t ruc t ion of th is 
model is about to beg in . 

The requ i rements of p rec is ion , s tab i l i ty and f r eedom 
f rom noise of the low-power cont ro l systems fo r r.f. 
f requency and ampl i tude are rather s t r ingent . The f r e ­
quency may be genera ted e i ther by a p rogramming 
system alone or wi th the help of a phase- lock system 
similar, in p r inc ip le , to the one used on the PS. But the 
use of phase- lock on the s torage r ings is comp l i ca ted by 
the presence of the s tacked beam and a method has 
been dev ised to overcome th is p rob lem. It involves 
leaving one or more r.f. ' bucke ts ' empty to act as a 
marker. 
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