
Part of the pulse generator system which powers 
the FAK. Six of the generators (each feeding a 
different module) can be seen. They are 
located in a building at the centre of the PS 
ring and are connected to the FAK via high 
quality cable. Each generator is capable of 
supplying a 100 MW pulse for up to 2.2 [is. 

(see vo l . 8, page 26) but it was not 
successful mainly because of a t tempt ­
ing to use araldite impregnated ferrite 
to serve as the vacuum chamber and 
h igh vol tage dielectr ic as we l l as the 
magnet ic circuit . The new kicker has 
a separate vacuum chamber sur­
round ing the ferrite. It is bui l t in nine 
modules each fed by its o w n pulse 
generator. The aperture available to 
the beam is 1 4 7 x 5 3 . 5 mm and the 
total length is about 2.4 m. Each 
modu le has a characterist ic impedance 
of .15 ohms. 

The reason for the d iv is ion into 
many modules is the need to f i l l the 
FAK w i t h f ield (and empty it) in the 
0.1 fxs interval between the passage 
of successive bunches at fu l l energy 
in the PS. The pulse is derived f rom a 
cable pulse fo rming ne twork charged 
to 8 0 kV. Thyratrons are used at each 
end of the ne twork — one to sw i t ch 
power to the kicker, br ing ing on the 
required f ie ld in about 75 ns, and the 
other to sw i t ch the power to a d u m p 
to br ing the f ield off in the same t ime 
interval. By adjust ing the f i r ing t imes 
of the thyratrons the pulse length at 
the FAK can be varied to eject f rom 
one to t w e n t y (i.e. all) bunches in 
the PS. The pulse fo rming ne twork 
can be recharged in 4 ms and the 
kicker can be powered to perform up 
to four eject ions per machine cycle. 

The most d i f f icul t aspects of the 
FAK design and const ruct ion have 
been connected w i t h the ferrite. The 

One of the nine modules of the Full Aperture 
Kicker. The capacitor plates, which determine the 
characteristic impedance of the module, are 
polished to a mirror finish. They hide the ferrite 
around the magnet aperture. 

magnet has about 500 kg of ferrite 
inside the vacuum vessel. To lessen 
the outgassing problem the ferrite was 
immersed for t w o months in bo i l ing 
demineral ized water to remove hygro­
scopic salts and then vacuum baked. 
W i t h nine ion pumps on the vessel, a 
pressure of better than 10~7. torr is 
achieved. The remanent f ield of the 
ferrite was measured using an electron 
beam and some of the material proved 
to be a l itt le outside the specif ied 
l imit. This caused no not iceable d is­
turbance to the beam in the proton 
synchrot ron. 

Ano ther lengthy pre-operat ion pro­
cedure concerned the thyratrons. High 
rel iabil i ty is needed and has been we l l 
achieved — six tubes w i ths tood a l i fe-
test of a hundred mi l l ion pulses. 

The FAK is intended to take over 
all the fast eject ion system operat ions 
f rom the present small aperture kickers. 
Dur ing the PS run, the FAK was used 
for eject ion f rom straight sect ion 74 
towards the heavy l iquid bubble 
chamber Gargamelle and for h igh 
intensi ty f i l l ing of the ISR. This 
involved manual ly chang ing the m a g ­
net polar i ty in the accelerator r ing. 

The kicker operated rel iably 
t h roughou t the run and achieved 
eject ion w i t h no discernible beam 
loss. Its abil i t ies were part icular ly 
not iceable w h e n it was required to 
eject nineteen bunches; it was able to 
leave a single clean bunch orb i t ing 
quiet ly in the proton synchrotron r ing. 
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Annual shutdown 

As usual at th is t ime of the year, the 
PS and ISR are shut d o w n for ma in ­
tenance and modi f icat ions. This means 
the interrupt ion of all experiments 
wh i le the equ ipment of the PS, ISR 
and experimental halls is inspected 
and overhauled methodical ly . 

There are more than 500 jobs to be 
carried out at the PS and w e pick out 
on ly the major tasks: A t the l inac, in 
addi t ion to the maintenance work , 
the f lexible power supply cables for 
the r.f. cavit ies have been replaced by 
r igid one. This w i l l improve the rel ia­
bi l i ty w h i c h is crucial to the w h o l e 
CERN accelerator complex. 

A t the Booster the tasks inc lude: 
- replacing a defect ive vacuum c h a m ­
ber in a bend ing magnet unit 
- replacing a vacuum vessel and its 
four septum magnets for in ject ion by 
septum magnets of an improved type 
- instal l ing four w i d e - b a n d radial 
p i ck -up stat ions 
- re-a l ign ing the in ject ion system 
- surveying magnet posit ions and 
a l ignment of the quadrupoles. 

A t the PS r ing, as is the case every 
year, the w o r k to be carried out on the 
magnets is considerable because of 
radiat ion damage. Of the 100 magnets 
in the r ing, t w o w i l l be replaced by 
recondi t ioned units and eight others 
w i l l be repaired by strapping the end 
blocks on w h i c h the adhesive has 
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The vacuum tank of the FAK being tested prior to 
installation in the PS ring. Nine ion pumps are 
distributed either side of the tank. 

suf fered damage. A n o t h e r s tage o f t he 
ins ta l la t ion o f the auxi l iary cor rec t ion 
magnets has n o w been c o m p l e t e d 
and th is w o r k w i l l be repor ted in 
next mon th ' s issue. 

A n e w large-aper ture s e p t u m m a g ­
net (vert ical aperture measur ing 
3 0 m m instead of 2 0 m m ) for t he 
e jec t ion o f a h igh in tens i ty beam has 
been insta l led for t he neu t r ino area, 
necess i ta t ing mod i f i ca t i ons t o t he 
v a c u u m chambers in the ups t ream and 
d o w n s t r e a m magnets . N e w p o w e r 
l ines have been insta l led fo r th is 
magnet . 

Specia l a t ten t ion is be ing paid t o t he 
v a c u u m systems s ince 7 5 o u t of t he 
1 0 0 st ra ight sect ions mus t be opened 
up. Fi f teen of these s t ra ight sec t ions 
are be ing mod i f i ed . Specia l a t ten t ion 
is also devo ted t o the con t ro l r o o m 
w h e r e 25 racks w i l l be conve r ted in 
order t o change f r o m manua l t o 
au tomat i c con t ro l . N e w conso les are 
be ing insta l led for th is purpose and 
the e q u i p m e n t is be ing modern i zed . 

For the main, magne t p o w e r s u p p l y 
a sys tem has been insta l led enab l i ng 
one o f t he t w o rect i f ier un i ts t o be b y ­
passed. D u r i n g the f lat t o p o f t he ac ­
ce lerat ion cyc le , t he second un i t w i l l 
opera te at doub le vo l tage , t he reby 
reduc ing b l o w - u p of the beam. Th is 
w i l l improve the p o w e r fac to r a n d 
the increase in react ive p o w e r w i l l 
result in f la t t ops b e t w e e n 2 0 and 
3 0 % longer , d e p e n d i n g on the cyc le 
used. Th is system s h o u l d be ope ra ­
t i ona l fo r Easter. 

A t the exper imenta l hal ls : In t he 
Wes t Hal l , t he o n l y mod i f i ca t i on is t he 
ins ta l la t ion o f a d.c. s u p e r c o n d u c t i n g 
lens in the u7 beam for tests. In t h e 
No r t h Hal l , t he main j o b is t o d i sman t le 
t he k 1 6 beam t o t he H y b u c b u b b l e 
chamber w h i c h has f in i shed its expe r i ­
men t on the magne t i c m o m e n t o f 
t he s igma hype ron . In t he S o u t h Hal l , 
t o a l l o w access t o t he PS r ing , near­
by beam- l i ne c o m p o n e n t s mus t be 
m o v e d and some separators, w h i c h 

have no t been opera t ing w e l l , are 
be ing taken ou t and recond i t i oned . 
In the East Hal l , certain beam- l i ne 
magne ts w h i c h have been exposed to 
rad ia t ion are be ing removed fo r over ­
haul and replaced by recond i t i oned 
c o m p o n e n t s . 

In add i t i on , some reorganizat ion o f 
the East Hal l beam- l ines is under w a y . 
The m e d i u m energy p8 p ion beam is 
be ing replaced by a b 2 0 neutra l par­
t ic le beam fo r an exper iment t o s t udy 
neutra l k a o n - p r o t o n in teract ions. The 
p13 beam is be ing mod i f i ed and 
w i l l be k n o w n as p14 . Its par t ic le 
p r o d u c t i o n angle w i l l be smal ler t h u s 
increas ing the beam intens i ty . A t 
the end o f the u5 beam- l i ne , b e n d i n g 
magne ts are be ing replaced by more 
p o w e r f u l vers ions in order t o separate 
neutra l part ic les w h i c h w i l l f eed 
the 2 m bubb le chamber . It is es t imated 
tha t t he opera t ions in t he East Hal l 
w i l l i nvo lve m o v i n g and re -pos i t i on ing 
more t h a n 3 0 0 0 tons o f e q u i p m e n t 

( i ron , concre te sh ie ld ing and beam 
t ranspor t c o m p o n e n t s ) . 

A t the ISR, the s h u t d o w n began on 
a no te of sa t is fac t ion because the h igh 
in tens i ty run us ing the Booster resul ted 
in a bet ter feed t o the ISR than had 
been an t i c ipa ted . On 7 December , 20.6 
A w e r e s tored in R ing 2 and 22.1 A in 
R ing I w i t h h igh luminos i t ies also 
be ing ach ieved . The average pressure 
over t he t w o k i lometers o f v a c u u m 
chamber is less t han 2 x 1 0 n torr , 
w i t h even l o w e r va lues o f 1 0 - 1 2 tor r in 
cer ta in reg ions . Th is f o l l o w e d the 
ins ta l la t ion o f 500 t i t an i um s u b l i m a ­
t i on p u m p s and 47 b a k e - o u t ope ra ­
t i ons in 31 d i f fe rent sectors. 

In order t o con f i rm th is per fo rmance 
and c o n t i n u e improvemen ts d u r i n g 
1974, a p r o g r a m m e has been carefu l ly 
w o r k e d o u t t o take fu l l advan tage o f 
th is th i rd ma jor s h u t d o w n of t he ISR. 
In v i e w o f t he w i d e range o f poss ib i l i ­
t ies, a list o f pr ior i t ies w a s d r a w n up 
as a c o m p r o m i s e b e t w e e n w o r k 
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devoted to development , instal lat ion, 
exper iments and maintenance. 

N e w apparatus is being instal led to 
make possible better studies of the 
beam behaviour. A number of lenses 
(sextupoles and octupoles) are being 
in t roduced around the t w o rings to 
compensate non- l inear beam reso­
nances. A special observat ion stat ion 
w i l l be used for moni to r ing the hor i ­
zontal beam profi le. A damping m a g ­
net w i l l correct vertical errors in the 
in ject ion system. T i tan ium jackets are 
being installed in the vacuum chamber 
to prevent pressure bumps and it is 
p lanned to use several gas discharges 
in an argon atmosphere to clean out 
certain chambers in twe lve sectors, 
w h i c h w i l l be baked out dur ing the 
machine s h u t d o w n . 

Mos t act iv i ty w i l l , however , centre 
around the intersection regions where 
certain experiments are being replaced 
by n e w ones. 

In intersection 2, the programme of 
exper iment R203 using a w ide -ang le 
spectrometer has.been comple ted and 
it w i l l be converted to exper iment 
R205 by the addi t ion of a central 
hodoscope composed of 120 sc in t i l ­
lators around the intersect ion. 

In intersect ion 4 , the detectors used 
for f ive experiments have been d is­
mant led for inspect ion of the Spl i t 
Field Magne t and baked out of th is 
intersect ion region. It is hoped that all 
the detectors can be re- instal led before 
the end of the shu tdown per iod. 

In intersection 5, chamber m o d i ­
f icat ions are being carried out w h i c h 
shou ld help to improve performance 
and be particularly useful for the 
measurement of beam luminosi ty . 

In intersect ion 6, exper iment R603 
has been dismant led and a new 
vacuum chamber is being instal led to 
cont inue studies on smal l -angle elastic 
d i f f ract ion scatter ing w i t h exper iment 
R602. N e w detectors are also being 
instal led by this group. 

In intersect ion 8, the vacuum c h a m ­

ber is being modi f ied for exper iment 
R801 in order to be able to check the 
total cross-sect ion by s imul taneous 
measurement of the overall number of 
interact ions and the smal l -angle elas­
t ic d i f f ract ion scattering rate. The 
vacuum chamber for experiment R802 
is being completed by the instal lat ion 
of a special chamber k n o w n as the 
' f ly ing bedstead' . Finally instal lat ion of 
a n e w exper iment, R803, shou ld 
also begin. 

Gamma-transition 
jump 
The 'gamma-t rans i t ion j u m p ' system 
used in the 28 GeV proton synchro­
t ron proved to be part icularly effect ive 
in cop ing w i t h the increase in in ten­
sity recorded before the machine shut ­
d o w n . 

In a synchro t ron, the pr inciple of 
phase stabi l i ty, discovered by V. Veks-
ler and E. M c M i l l a n , makes it possible 
to achieve stable acceleration of many 
particles because of synchrotron osc i l ­
lat ions. A synchronous particle orbits 
the r ing exact ly in rhy thm w i t h the 
accelerat ing f ields wh i le a bunch of 
other part icles oscil late around it 
somet imes arriving at the r.f. acceler­
at ing stat ion sooner, sometimes later. 

A particle w h i c h has a higher energy 
than the synchronous particle acquires 
a higher tangent ia l veloci ty result ing 
in t w o conf l i c t ing effects — an increase 
in its angular veloc i ty around the ring 
and an increase in its orbit radius. In 
a s t rong- focus ing synchrot ron, the 
former effect is the more important at 
l ow energies. It cuts d o w n the t ime 
taken to travel around the r ing and the 
particle arrives ahead of the synchro­
nous particle at the r.f. accelerat ing 
f ield and must therefore receive less 
energy f rom that f ield than the syn ­
chronous particle in order to keep it 
in the bunch . 

A t h igh energies, on the other hand, 
the latter effect is predominant — the 
proton has fur ther to travel in go ing 
around the r ing and this increases the 
revolut ion t ime. A particle arr iving 
later than the synchronous particle has 
then to receive less energy f rom the 
r.f. f ie ld in order to remain in the 
bunch . 

Between th is l o w energy and high 
energy behaviour, there is an energy 
at w h i c h the increase in angular 
ve loc i ty exact ly counters the e longa­
t ion of the orbi t . The t ime taken to 
orbi t the r ing is independent of the 
momen tum of the particle and the cor­
responding energy is k n o w n as the 
transi t ion energy. The r.f. accelerat ing 
vol tage has to change phase w h e n the 
transi t ion energy is reached to adapt 
to the chang ing particle behaviour. 

Space charge phenomena also u n ­
dergo radical changes w h e n the t ran­
si t ion energy is crossed since the 
behaviour of the particle bunch is 
complete ly di f ferent be low and above 
this energy. Be low transi t ion energy, 
the forces of repulsion between par­
t icles cause the bunches to lengthen. 
Above it, these forces cause the 
bunches to shorten. This results in 
osci l lat ions in the shape of the 
bunches and can lead to d i lu t ion or 
even considerable losses. Moreover, 
just after t ransi t ion, the sl ight stat ist i ­
cal f luc tuat ions in the bunches i n ­
crease and cause them to expand 
laterally (negat ive mass ef fect ) . 

Thet rans i t ion region must becrossed 
fair ly rapidly in order to avoid d a m ­
aging effects f rom these t w o pheno­
mena. The so lut ion consists in abrupt ly 
chang ing the t ransi t ion energy just 
before crossing the transi t ion region, 
by act ing direct ly on the focus ing 
forces w h i c h dictate the transi t ion 
energy. 

Since 1969 , the transi t ion region 
has been crossed by provok ing a 
' j ump ' in the number of horizontal 
betatron osci l lat ions per tu rn , Q H , 
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