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ERN, the European Organizat ion for 
Nuclear Research, was establ ished in 195-
o provide for co l laborat ion among Eun 
pean States in nuclear research of a pure 
scient i f ic and fundamental character, and 
n research essent ial ly related thereto ' . It 

acts as a European centre and co-ord inator 
of research, theoret ica l and exper imenta l , 
n the f ie ld of sub-nuclear physics. This 

branch of sc ience is concerned wi th the 
undamental quest ions of the basic laws 

govern ing the structure of matter. CERN is 
one of the wor ld 's leading Laborator ies in 
his f ie ld . 

The exper imental p rogramme is base 
on the use of two proton accelerators 

600 MeV synchro-cyc lo t ron (SC) and 
28 GeV synchrot ron (PS). At the latter 
machine, large intersect ing storage rings 
ISR), for exper iments wi th co l l id ing proton 

beams, are under const ruct ion. Scient ists 
f rom many European Universit ies, as wel l 
as f rom CERN itself, take part in the expe­
r iments and it is est imated that some 
700 physic ists outs ide CERN are providei 
wi th their research mater ial in this way. 

The Laboratory is s i tuated at Meyri 
near Geneva in Swi tzer land. The si 
covers approx imate ly 80 hectares equal ly 
d iv ided on either side of the front ier 
between France and Switzer land. The staff 
:otals about 2350 people and, in addi t io 
here are over 400 Fel lows and Visi t in 

Scient ists. 
Thir teen European countr ies part ic ipate 

n the work of CERN, contr ibut ing to the 
cost of the basic programme, 197.5 mi l l ion 
Swiss f rancs in 1968, in propor t ion to their 
net nat ional income. Supplementary pro­
grammes cover the construct ion of the 
ISR and studies for a proposed 300 Ge 
proton synchrot ron. 
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The main art ic le in this issue concerns a 
new in ject ion system to be bui l t for the 
CERN proton synchrot ron (CPS). The 
system involves the addi t ion of four syn­
chrotrons stacked one on top of another, 
each a quarter of the size of the CPS. They 
wi l l be fed by the exist ing 50 MeV linear 
accelerator (after some modif icat ions), and 
wi l l boost the energy of the protons to 
800 MeV before in ject ion into the main 
synchrot ron. (The new synchrotrons are 
thus often referred to as the 'Booster'.) 

With higher in ject ion energy, more 
intense beams wi l l be accelerated in the 
CPS and wi l l make it possible to do more 
exper iments in a given t ime, .or more 
detai led exper iments, or even some expe­
riments wh ich are not feasible wi th the 
present beam intensit ies. 

The Booster is part of the improvements 
programme at the CPS, wh ich was sup­
ported by the CERN Counci l in 1965. The 
improvements incorporate many of the 
technolog ica l advances which have 
emerged in the decade since the CPS was 

buil t and are intended to meet the growing 
demand f rom European Universit ies to do 
research at CERN, and to cont inue to 
provide the f inest possible equipment wi th 
wh ich to do this research. 

In addi t ion, the design of the new injec­
t ion system has been great ly inf luenced by 
the existence of the intersect ing storage 
rings as an appendage to the proton syn­
chrot ron. Theoret ical work on beam dyna­
mics in the ISR indicated that much higher 
interact ion rates wou ld be possible if 
certain t r icks could be performed on the 
beams fed to the ISR. The Booster has 
been made much more compl ica ted than 
wou ld be necessary if its only concern was 
better physics at 28 GeV, so that these 
t r icks can be done. 

The present preoccupat ion with the 
problems of the proposed 300 GeV Labo­
ratory tends to submerge the fact that, 
thanks to the improvements programme 
and the ISR, a healthy programme of 
research in sub-nuclear physics is ensured 
at CERN-Meyr in for many years to come. 
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The New Synchrotron Injector 

K.H. Reich 
Dr. Reich is Deputy to the Leader of the newly 
formed Synchrotron Injector Division and has 
acted as co-ordinator of the Study Group on the 
CPS improvements for the past eighteen months. 

Various aspects of the improvement 
programme for the CERN proton synchro­
tron (CPS) have already been descr ibed 
in CERN COURIER, part icular ly in the 
issue of Apr i l 1966 (vol. 6» page 63). The 
present art ic le discusses the need for a 
new injector, its basic per formance spec i ­
f icat ions, the var ious possibi l i t ies cons i ­
dered and the f inal cho ice. 

Why build a new injector? 

Despite a considerable effort at both 
Brookhaven and CERN dur ing the last few 
years, and a sizable increase in the proton 
current f rom the CPS injector, the beam 
intensity of neither the Brookhaven syn­
chrotron (AGS) nor the CPS has increased 
markedly dur ing this per iod. Both machines 
accelerate around 10 1 2 protons per pulse. 
We cannot of course exc lude the possib i ­
lity that some further (dynamic) correct ions 
of the magnet f ie ld at in ject ion might lead 
to a certain increase in intensity. (At the 
CPS, several sets of d ipole, quadrupole 
and sextupole d.c. correct ions are already 
in use.) Also, other developments such as 
a lower vacuum pressure or an improved 
radio-frequency system might lead to 
higher intensity. 

However, it is now thought that none of 
these measures cou ld y ie ld the improve­
ment factor of about ten in intensity that 
we are looking for to enable exper imenters 
in the 1970s to perform more and more 
sophist icated exper iments wi th 25 GeV 
beams and faster or more precise expe­
riments wi th the intersect ing storage rings 
(ISR). 

As explained in detai l in the COURIER 
art ic le referred to above, we believe that 

we are up against a rather fundamental 
space charge limit. These space charge 
phenomena are complex and not yet ful ly 
understood. They all have to do wi th the 
effects of the electr ic and magnet ic f ields 
created by the electr ic charges of the 
many c i rculat ing protons. Among the 
several known phenomena, the one 
bel ieved to be determining the space 
charge l imit of the CPS is that the repulsive 
forces between the protons weaken the 
effect of the external focusing forces, and 
this leads to a lowering of the f requency 
of betatron osci l lat ions. When the number 
of betatron osci l lat ions per revolut ion 
reaches a half integer or an integer value, 
a resonance occurs and the beam is lost. 
The only way known so far to push this 
l imit up by the desired factor is to inject 
into the CPS at a substant ial ly higher 
energy, say at least several hundred MeV 
compared with the present in ject ion energy 
of 50 MeV. 

What is the new injector required to do ? 

In addi t ion to achieving a substant ial ly 
higher energy an obvious requirement for 
the new injector is that it should produce 
an intensity of 10 1 3 protons per pulse in a 
way acceptable to the main synchrotron. 
There are however more subt le require­
ments. 

The first one, recognized almost f rom 
the beginning of the CPS improvement 
studies, concerns the beam emittance. This 
somewhat abstract notion is used to cha­
racterize the beam 'size' in phase space 
rather than in real space. In fact, the 
statement that a part ic le beam has a cross-
sect ion of, for instance, 1 c m 2 is in many 

cases of restr icted pract ical value. This is 
not only because the beam cross-sect ion 
can be decreased or increased by the 
use of magnet ic lenses, but also because 
it does not indicate whether the beam wou ld 
pass wi thout loss through a given part of 
an accelerator. In contrast, the emit tance 
(which is def ined as jt t imes the product of 
half the beam width in a given plane at a 
beam waist and the maximum angle wi th 
wh ich any part ic le crosses the beam axis 
at the same point in the plane - Figure 1) 
is independent of the value of the cross-
sect ion at any part icular point. The beam 
can, in pr inc ip le, be made to pass wi thout 
loss through any element (vacuum pipe, 
magnet or complete accelerator) as long 
as the acceptance of that element, def ined 
in Figure 2, is larger than the beam 
emit tance. 

The new injector is required to produce 
the high intensity beam with a small emit­
tance, i.e. wi th a high density in phase 
space. The requirement arises mainly f rom 
the improved usefulness of such an acce­
lerated beam for physics exper iments. 
(This can perhaps be appreciated by 
recal l ing the advantages of intense point 
sources in l ight opt ics wh ich , at the t ime, 
led to the use of carbon arcs despi te 
their inconvenience from the point of v iew 
of operation.) Also, certain elements such 
as fast e ject ion kicker magnets, beam-
lines, etc. become technical ly easier and 
less cost ly to make. 

Figure 1: A beam waist where the emittance 
is defined as E = « w a 

Figure 2: An accelerator component, such as 
a vacuum chamber, for which the acceptance 
is defined as A = 2 w V 

Figure 1 Figure 2 



Figure 3 

A stra ight forward extrapolat ion f rom the 
current s i tuat ion at the CPS shows that 
the emi t tance of a beam ten t imes more 
intense should not be substant ial ly larger 
than that of the present beam to avoid a 
decrease in the ef f ic iency of external 
targets. The same was thought to be 
general ly t rue for the special ' target ' , 
wh ich is the co l l id ing beam in the ISR. 
More recent ly however, a further cons ide­
ration has been put forward by E. D. 
Courant, E. Keil and A. Sessler who found 
that, in contrast to what has just been 
said, a beam of a larger emit tance wou ld 
be desirable for f i l l ing the ISR, prov ided 
the phase space density is preserved. The 
reasons for this are rather compl ica ted 
and we shall not explain them here. We 
merely note that the new injector should 
also be capable of prov id ing two or three 
t imes the present beam emit tance (retain­
ing the same phase space density) to 
make possible an increase in the inter­
act ion rate in the ISR by up to two orders 
of magni tude. To achieve the best per­
formance in the ISR two groups of part ic le 
bunches should be in jected into the CPS 
into posi t ions 180° apart (Figure 8b) so 
that they can be combined in the ISR by 
means of two-turn in ject ion. 

The various possibilities considered 

Start ing f rom the c lassical l inac, a number 
of possible in ject ion schemes to meet all 
these requirements were cons idered more 
or less thoroughly. They inc luded cyc lo ­
t rons (both of the convent ional and the 
separated-orbi t type) an FFAG acceler­
ator, a fast-cycl ing synchrot ron, a boot­
strap scheme (the CPS with an intermediate 
energy accumulat ion ring as f irst suggested 

for the AGS by A. W. Maschke), and a 
s ingle-r ing s low-cyc l ing synchrotron. Whi le 
none of these quite met the above require­
ments ( though this statement appl ies 
probably less to the fast-cycl ing synchro­
tron) a s low-cyc l ing mult i - r ing synchrot ron 
of the type proposed by W. Hardt, seemed 
part icular ly sui table, even more so when 
the requirement of adjustable output beam 
emit tance was taken into account as wi l l 
be shown below. It was also noted that, 
for equal cost, such a c i rcu lar in jector 
permits one to go to a substant ial ly higher 
energy than wi th a l inear accelerator, 
thereby increasing the space charge l imit 
even more. 

The chosen design 

Cont inuing the ear l ier studies d i rected by 
P. Lapostol le and W. Hardt, the Study 
Group for CPS improvements recent ly 
presented their f inal proposal in an internal 
report (MPS/lnt. DL/B 67-19). This report 
contains also the proposed improvements 
to the exist ing l inac and the CPS, the 
budget est imates, the considerat ions con ­
cern ing the use of the intense beam, and 
the names of all those who contr ibuted to 
the work. An art ist 's impression of the 
proposed Booster is shown in Figure 3. 
The main parameters are l isted in the 
Table on page 8. 

The beam coming from the improved 
l inac is e lectrostat ical ly def lected into 
three further channels, magnet ical ly gu ided 
to the four leveis indicated, and then mul t i -
turn in jected into four separate, largely 
independent synchrotrons s tacked vert ical ly 
on top of each other. The total c i r cum­
ference of these four r ings equals that of 
the CPS. After accelerat ion to an energy 

of 800 MeV, the beams are e jected, magne­
t ical ly recombined in var ious ways and 
t ransferred into the CPS. The relative 
locat ions of the Booster and the CPS are 
shown in Figure 4. 

What is the reason for the apparent 
compl ica t ion of using more than one syn­
chrot ron ? Accord ing to theory, the number 
of part ic les that may be conta ined in a 
synchrot ron ring f rom the point of v iew 
of space charge, somewhat surpr is ingly, 
does not depend on the r ing radius (all 
other parameters, in part icular the beam 
emit tance, being equal). Thus, if the CPS 
can contain 10 1 2 protons, a booster r ing of 
a quarter its radius can also contain 10 1 2 

protons. However, whi le in the CPS the 10 1 2 

protons are d ist r ibuted among twenty 
proton bunches, they can be packed into 
only f ive bunches in each synchrot ron of 
the Booster. Thus, the phase space density 
per bunch is four t imes higher in the latter 
case. As it turns out, this densi ty can be 
made higher by another factor 1.5, by 
add ing the cor responding extra length to 
the bunches in the Booster. Hence, ideally, 
the Booster should lead to an increase 
in the CPS intensity by a factor of 
six wi thout any increase in beam emit tance. 
To increase this fur ther to a factor of ten, 
the emit tance needs to be increased, always 
accord ing to the same theory (which has 
not yet been really conf i rmed exper iment­
ally) by a factor 5/3, wh ich is acceptable. 
It is on this value of emi t tance that the 
design of the Booster is based. 

In pract ice, some di lut ion of the phase 
space density is unavoidable, but the two 
fo l lowing points give some lee-way to 
retain the desi red increase. Firstly, we 
hope that improvements to the l inac wi l l 
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Figure 3: An artist's impression of the Booster 
showing the beam from the linac dividing into 
four levels to enter the four vertically stacked 
rings, and leaving the rings after acceleration, 
to be fed to the 28 GeV proton synchrotron. 
This view is taken from the position of the arrow 
in Figure 4. 
The numbers 14, 15, etc. refer to the magnet 
period; B denotes a bending magnet, EM an 
ejection magnet, Q a quadrupole focusing lens, 
INF an inflector. 

Figure 4. A plan view of the Booster position 
next to the CPS ring. The Booster is to be 
constructed below ground (the mean beam level 
is ten metres down) with its centre diplomatically 
located on the Franco-Swiss frontier. The 
diameter of the four Booster rings is 50 metres 
— one quarter that of the CPS. 

make it possible to in ject a beam into the 
Booster of a smal ler emit tance than was 
assumed above for space-charge reasons. 
Secondly, we may be able to reduce the 
factor two to three by wh ich the emit tance 
is at present b lown up in the CPS, and 
wh ich has been taken into account when 
evaluat ing target ef f ic iencies and comput­
ing the ISR interact ion rates. This hope is 
based mainly on the fact that the Booster 
is designed to have a 30 to 50 t imes better 
vacuum than the CPS (which should over-
compensate for the longer durat ion of 
mul t ip le scat ter ing whose effect is stronger 
at low energies) and also on the assump­
t ion that the current invest igat ion of this 
b low-up should lead eventual ly to a ful ler 
understanding and therefore possible 
el iminat ion of its causes. These cons idera­
t ions should not be interpreted as a 
promise of even br ighter beams than 
discussed so far, but, even in the case 
of an unexpected emit tance b low-up by 
say a factor of two, there is nevertheless 
a reasonable hope of obta in ing the good 
ef f ic iency of external targets and the ISR 
interact ion rates on wh ich the Booster 
opt imizat ion was based. 

In contrast to almost all exist ing syn­
chrotrons, the pr imary considerat ion for 
the new injector is to accelerate wi thout 
fai l a high number of protons, rather than 
to reach a certain energy. It br ings us into 
an intensity region wh ich is bel ieved to be 
governed increasingly by the, as yet, not 
very wel l known space charge effects, and 
there are undoubtedly some risks involved. 
However, these are thought to be reason­
able by CERN and also by the Scient i f ic 
Pol icy Commit tee wi th whom they have 
been discussed repeatedly. Some uncer-
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tainty is always involved in bui ld ing a new 
accelerator. 

To minimize this risk our basic pol icy 
is to plan for a maximum of f lexib i l i ty (an 
al ternat ive would have been to embark on 
a lengthy and cost ly programme of bu i ld ­
ing models and exper iment ing wi th them). 
In part icular, we have proposed 

(i) a magnet structure wi thout systematic 
non-l inear resonances over a w ide 
range of betatron f requencies near the 
work ing point 

(ii) the possibi l i ty of easy, cont inuous and 
independent adjustment of betatron 
f requencies in both planes 

(iii) a structure wi th a number of f ree 
straight sect ions for locat ing var ious 
correct ing devices if they prove 
necessary and 

(iv) the possibi l i ty of commiss ioning, the 
Booster, if necessary for an extended 
per iod, in paral lel wi th normal CPS 
operat ion. The l inac wou ld supply 
beam to the Booster in the interval 
between two pulses del ivered to the 
CPS. 

Why four rings ? 

Start ing f rom the or ig inal two ring TART 
(Twin Accelerator Ring Transfer) scheme, 
var iants wi th three, four and f ive rings 
were examined. A higher number of r ings 
leads to a higher phase space density, but 
cost and complexi ty also increase. Three 
r ings wou ld be a good compromise so lu­
t ion and this has been tentat ively adopted 
for the Karlsruhe 40 GeV machine proposal . 
However, in our case the numero logy for 
the var ious schemes for f i l l ing the ISR 
becomes more favourable in the case of 

four r ings. In part icular, bunches f rom 
pairs of r ings can be combined in the 
transfer channel , as discussed below. 
There is also the smal l point that, s ince 
the CPS has 20 bunches, all 20 bunches 
(4 X 5) accelerated in the Booster can be 
used, whereas a three ring solut ion wou ld 
have meant d iscard ing one bunch at each 
cyc le ( 3 X 7 = 21). On paper, a f ive r ing 
booster wou ld y ie ld even higher interact ion 
rates in the ISR, but cost and complex i ty 
are against such a choice. 

Because of the new ideas for f i l l ing the 
ISR, the design energy of the selected 
four r ing booster was increased f rom 600 
MeV, wh ich is appropr iate for the required 
improvement in 25 GeV physics, to 800 
MeV. 

Magnets, r.f. accelerating units and buildings 

We now descr ibe some of the techn ica l 
aspects of the Booster components for 
those reasonably fami l iar wi th accelerator 
des ign, putt ing part icular emphasis on 
novel features. 

One of the sixteen magnets per iods in 
each r ing is shown in Figure 5. The design 
is of the separated-funct ion type, i.e. 
separate magnets do the jobs of bending 
the part ic les round their orb i t (d ipole 
magnets) and of focusing (quadrupole 
magnets). Whi le all synchrotrons bui l t so 
far use combined- funct ion magnets, sepa­
rated-funct ion magnets have been used for 
storage rings such as ACO, ADONE and 
CESAR. Among the advantages of this 
type of design are the convenient adjustment 
of betatron f requencies by means of the 
lenses (rather than by pole face wind ings 
or extra cor rec t ing lenses), and the relat i ­
vely easy in ject ion and e ject ion into a 
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Figure 5: One of the sixteen magnet periods 
is shown at the bottom and the beam behaviour 
as it passes through such a period is represented 
by graphs of (3 and 0 in the horizontal plane (H) 
and the vertical plane (V). The components of a 
period are 
O — field-free straight section 
B — bending magnet 
F — radially focusing quadrupole lens 
D — radially defocusing quadrupole lens 

straight sect ion located between septum 
type d ipole magnets. 

The focusing magnets are arranged in 
t r ip lets wh ich results in a relat ively narrow 
beam both hor izontal ly and vert ical ly inside 
the bending magnets and the long stra ight 
sect ions. This reduces the vert ical size of 
the ring elements, wh ich is an important 
point when four r ings are s tacked ver t i ­
cal ly. In fact, despi te the larger emit tance, 
beams in the Booster can be conta ined in 
vacuum chambers whose d imensions in 
the long straight sect ions are smal ler than 
those of the CPS chamber. Thus, the same 
fast k icker magnet design can be used for 
e ject ion f rom the Booster and in ject ion 
into the CPS. Also, the new CPS radio-
f requency cavit ies, vacuum sector valves, 
cor rec t ing mul t ipole lenses, etc., cou ld all 
be instal led in the long straight sect ions 
of the Booster as far as their aperture is 
concerned. 

The per iod ic change of the beam cross-
sect ion along the orbi t due to the focus ing 
forces is also ind icated in Figure 5. The 
lower graph shows the ampl i tude- funct ion, 
|3, wh ich is propor t ional to the square of 
the betatron osci l la t ion ampl i tude in the 
cor respond ing plane. The phase advance, 
0 , refers to the same osci l lat ions and is 
more than twice as high as in the CPS. 
Thus, despi te a c i rcumference only 1/4 and 
a number of magnet per iods only 1/3 the 
CPS values, the number of betatron osc i l ­
lat ions per turn is Q = 4 to 5 as compared 
to Q = 6.25 in the case of the CPS. These 
relat ively strong focusing forces have the 
effect not only of compress ing the beam 
cross-sect ion but of g iv ing a suff ic ient ly 
high Booster t ransi t ion energy. 

The tentat ive cross-sect ion of a bending 
magnet unit and a quadrupo le magnet unit, 
worked out by A. Asner and his group, 
are shown in Figure 6. Whi le the four air 
gaps are geometr ica l ly ident ica l , the mag­
netic f ields in the bottom and top gaps are 
sl ight ly lower than in the two middle ones 
because of the d i f ference in the magnet ic 
re luctance of the return path. However the 
result ing effects can be reduced to accep­
table values by select ing a steel wi th a 
suff ic ient ly high low-f ie ld permeabi l i ty , 
using d.c. correct ions of the remanent 
f ie lds and sl ight ly reducing the exci tat ion 
of the midd le gaps by e lectr ica l ly shunt ing 
the cor responding coi ls. 
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The r.f. cavit ies studied by H. Fischer, 
Y. Mendelsohn and D. Zanaschi in coope­
ration wi th C. Arnaud and P. Coet, basi­
cal ly resemble the CPS cavit ies except that 
the coo l ing system is di f ferent because of 
the higher r.f. power. Also, the return yoke 
of the tuning magnet wi l l be mounted 
s ideways (Figure 7) rather than underneath 
in order to save vert ical height. Al l power 
ampl i f iers and the transistor ized tun ing 
ampl i f iers wi l l probably be located in a 
central equipment room. 

A solut ion to the novel problem of 
synchroniz ing the indiv idual r.f. systems 
wi th each other and then wi th the CPS 
system, wi thout d i lu t ing ( longitudinal) phase 
space densi ty intolerably, has been worked 
out by U. Big l iani . 

At transfer f rom the Booster to the CPS, 
the r.f. phase of three r ings wi l l be servo-
contro l led f rom the fourth r ing, thereby 
making all four phases (and f requencies) 
equal . If the Booster t ransi t ion energy were 
inf ini tely h igh, the momentum compact ion 
wou ld compress the orbi ts of part ic les wi th 
di f ferent momenta into a s ingle one. In this 
case, the r.f. f requency wou ld uniquely 

8 9.82 m. 

determine the part ic le veloci ty and hence 
all momenta wou ld be equal for equal 
revolut ion f requencies. In a pract ica l case 
of f ini te t ransi t ion energy, i.e. separate 
orbi ts for di f ferent momenta, a d i f ference 
in magnet f ie ld between two rings (under 
the condi t ion of equal revolut ion f requen­
cy) leads to a di f ference in the momenta 
of the respect ive beams. However, in our 
case, the t ransi t ion energy is so much 
higher than the transfer energy that this 
momentum di f ference should be to lerable 
for pract ica l ly obta inable values of magnet 
f ie ld to lerances f rom ring to r ing. After 
beam transfer, the CPS r.f. system wi l l 
automat ica l ly adjust its phase and f re ­
quency to the correct values. 

The locat ion of the Booster (Figure 4) 
and the design of the bui ld ings was 
compl ica ted by str ingent boundary c o n ­
di t ions wh ich left E. Leroy and N. Morgan 
wi th litt le room for manoeuvre. There was 
f irst ly the wish to minimize extra bending 
of the beam from the Linac and even more 
so of the beam between the Booster and 
the CPS. Any such bending not only costs 
money, but is l ikely to reduce the beam 
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Figure 6 

qual i ty. Secondly, bui ld ings had to be 
posi t ioned 5 m away f rom the beam tunnel 
to the ISR because of radiat ion sh ie ld ing 
requirements studied by K. Goebel and, 
on the surface, 5 m f rom the Swiss side 
and 10 m f rom the French side of the 
border, because of f ront ier regulat ions. 
Nevertheless, an acceptab le solut ion has 
been found wh ich al lows permanent access 
to all equipment except that located in the 
machine room and connect ing tunnels. 

Beam injection, ejection and transfer 

The transport of the beam f rom the l inac 
to the four r ings as wel l as in ject ion into 
the Booster, has been studied by M. Weiss. 
For the vert ical swi tch ing to the three 
addi t ional levels he envisages three pairs 
of electrostat ic e lectrodes, wh ich , at 50 
MeV, are more advantageous than k icker 
magnets. An addi t ional debuncher is pro­
posed for handl ing a large range of energy 
spreads. The mult i - turn in ject ion into the 
Booster is based on the exper ience gained 
wi th the AGS and the CPS and involves 
in ject ing say four to e ight turns to obtain 
the 270 mA of c i rcu la t ing current wh ich is 

570 

Figure 6: A cross-section of, left, a quadrupole 
lens unit and right, a bending magnet unit. 
Note the combination of the magnets to serve 
the four rings in the same blocks. The figures 
give the measurements in millimetres. 

required per ring in order to accelerate 
10 1 3 protons with a t rapping ef f ic iency of 
9 0 % . 

One of the arguments in favour of a 
l inear in jector is the 'automat ic ' beam 
eject ion. In the case of the Booster, beam 
eject ion requires a heavy duty, not yet 
convent ional , system wh ich must work 
rel iably many mil l ions of t imes. (One 
machine cyc le every second means 18 mi l ­
l ion cycles per year for 5000 work ing hours). 
Such a system could hardly have been 
envisaged wi th conf idence a few years 
ago, but the exper ience gained wi th beam 
eject ion f rom the CPS and the easier 
condi t ions in the Booster case (apart f rom 
the l i fe-t ime requirement) make us now 
feel opt imist ic. 

A total of eight fu l l -aperture fast k icker 
magnets is requi red: four for e ject ion f rom 
the rings, three for combin ing the beam 
on transfer and one for in ject ion into the 
CPS. They wi l l all be of the same basic 
design and cross-sect ion but probably of 
di f ferent length. Despite the relatively 
short overal l rise t ime required (50 ns), 
A. Bruckner proposes the use of j i t ter free 

deuter ium thyratrons as swi tches for the 
several thousand amperes of exci tat ion 
current. 

Using a passive non-l inear pulse-sharpen­
ing network after the relatively s low 
thyratron, he has already obta ined swi tch ing 
t imes of about 15 ns for a 4 kA pulse in 
a f i rst test exper iment. It seems ent i re ly 
feasible to design the k icker magnets 
themselves for a ' f i l l ing t ime' of 35 ns, thus 
meet ing the 50 ns required. 

The requirements for the var ious beam 
transfer schemes, inc luding future impro­
vements, are i l lustrated in Figure 8. The 
s tandard transfer scheme, when the 
synchrot ron beam wi l l be used for 25 GeV 
physics, consists of t ransfer ing sequentially 
f i rst the f ive bunches of r ing III into the 
CPS, then, wi th the correct t ime delay, 
the f ive bunches of r ing IV and so on unti l 
the CPS is f i l led wi th twenty bunches 
equal ly spaced (Figure 8a). 

This f i l l ing procedure can also be used 
for the ISR and is al l that wi l l be prov ided 
init ial ly. However, at a further stage, the 
scheme shown in Figure 8b cou ld come 
into operat ion. Here the f ive bunches each 
f rom, say, r ings III and IV are e jec ted 
simultaneously, ver t ical ly combined in the 
transfer l ine as d iscussed below, and 
in jected into the CPS. Then the f ive bunches 
each f rom rings I and II are dealt w i th in 
the same way. Depending on the interval 
between the two operat ions, the two groups 
of bunches can either be in jected into 
opposi te posi t ions (as shown) or s imply 
into ne ighbour ing posit ions if s ingle- turn 
t ransfer f rom the CPS into the ISR is 
des i red. A s imi lar result can also be 
obta ined by in ject ing f irst sequent ia l ly the 
bunches f rom rings III and IV, and then, 
wi th two-turn in ject ion, the bunches f rom 
rings I and II . 

The beam recombinat ion scheme, pro­
posed by A. Asner and C. Bovet, is shown 
in Figure 9. In the sequent ia l mode, as 
already sa id, one f irst e jects the beam 
f rom ring III wh ich is on the same level as 
that of the CPS. Next the beam f rom 
r ing IV is e jected and k icker K2 is ener­
g ized to put this beam on the same beam 
l ine. Then k icker K3 is energized and the 
beam f rom ring II e jected. Lastly, the k icker 
K1 is energized and ring I empt ied. 

In the s imul taneous mode the doub le 
septum magnets DSM 1 and 2 are energized 

7 



Figure 7: A photograph of the model of the 
magnetic tuning circuit of the radio-frequency 
cavity. 

Figure 8: A schematic representation of how 
the five bunches of protons circulating in each 
of the four rings in the Synchrotron Injector 
(SI, left) can be transferred to the CPS. 
In (a), they are put one after another to give 
the usual twenty bunches orbiting the CPS and 
this will be the standard filling method when 
the accelerator is used for 25 GeV physics. 
In (b), which is a possible future development, 
2 X 5 bunches are put in opposite positions 
in the CPS which has particular advantages 

permanent ly. These magnets def lect the 
two incoming beams in opposi te d i rect ions, 
thereby making them paral le l to each 
other. Kickers K1 and K2 are not used in 
this case. 

Conclusions 

After about two years of study the main 
parameters of the new synchrot ron in jector 
can now be cons idered as establ ished, 
barr ing the discovery of some new pr in­
c ip le in the near future. There remains of 
course much work to be done to opt imize 
the design and to dec ide on major tech­
nical opt ions. For example, we wi l l have 
to dec ide whether to power the main 
magnet via a motor generator set as for 
all synchrotrons bui l t to date or whether 
to power it d i rect ly f rom the electr ic i ty 
gr id as or ig inal ly proposed by J . A. Fox 
and studied here by B. Godenzi and 
R. Mosig. In the f irst case one has a risk 
of breakdowns ( though perhaps less so 
than is the case for larger machines) and 
a supervis ion and maintenance task. In the 
second case, one enters into a new expe­
r ience both for the Electr ic i ty Company 
and ourselves. 

There are many other important aspects 
of the Booster wh ich have been s tud ied 
but wh ich we have not space to comment 
on here. We should also remark that there 
are many repercussions for the exist ing 
l inac, the CPS itself and the beams in the 
Exper imental Halls where modi f icat ions 
wi l l be needed if ful l use is to be made 
of the capabi l i t ies of the new synchrot ron 
injector. In part icular, the increase of the 
interact ion rates in the ISR, d iscussed 
above, requires that the increased longi ­
tudinal phase space density is not d i lu ted 
when passing transi t ion energy in the 
CPS. Also, despi te all the modi f icat ions 
envisaged, it is at present thought neces­
sary to l imit the average proton intensity 
to 3 X 10 1 2 protons per second in order 
to keep the problems ar is ing f rom radiat ion 
and induced act ivi ty in the CPS mana­
geable. 

I wou ld l ike to use this oppor tuni ty to 
thank all my col leagues, part icular ly in the 
ISR Department, the Nuclear Physics and 
Technica l Services and Bui ld ings Divisions, 
as wel l as in Health Physics, for their very 
valuable contr ibut ions to the CPS im­
provement studies. 

A list of the main parameters of the Booster 

Orbi t parameters 

Design energy 800 MeV 

Number of superposed 
rings 4 

Mean radius 25 m 

Number of focusing 
periods, N 16 

Betatron wavelength, Q 4 to 5 

Phase advance per 
period, \i 9 0 ° - 1 1 2 ° 

Transition energy, vfr 4.2 GeV 

Momentum compaction 
function, ap 1.0 to 1.5 m 

Beam emittance EH 130 JT 10~6 rad m 

EV 4 0 j t 1 0 " 6 r a d m 

Vacuum chamber d imensions 
magnet 6 X 1 3 c m 2 

lenses 11 cm dia 

Magnet system 

Bending magnets: 

Radius of curvature, p 

'Gap' dimensions 

Magnetic field 

Quadrupole lenses: 

Bore diameter 

Lens strength 

Maximum gradient 

(see Figure 5) 

8 m 

7 X 14 c m 2 

0.13 to 0.6 T 

12 cm 
< 0.5 r r r 1 

5.5 T r r r 1 

Radiofrequency accelerat ing system 

Harmonic number, h 5 

Number of cavities per 
ring 1 

Frequency 3 to 8 MHz 
Peak voltage per turn 12 kV 

Other parameters 

Vacuum pressure 10~ 7 Torr 
Repetition period 15 
Number of protons acce­

lerated per pulse 10 1 3 

Figure 7 CERN/PI 165.12.67 
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to achieve higher interaction rates when the 
protons are later fed into the intersecting 
storage rings. 

Figure 9: The main elements involved in the 
schemes for recombining the beams from the 
four Booster rings as they are transferred to the 
CPS. (VSM denotes a vertical steering septum 
magnet, DSM a double septum magnet and K 
a fast kicker magnet). The different ways in which 
they are combined in operation are explained 
in the article. 

CERN 
News 

Film on CERN completed 
During 1967 a new f i lm of CERN has been 
made by the Swiss f i lm di rector Guido 
Franco in co l laborat ion wi th the Publ ic 
Informat ion Off ice. Its t i t le is 'European 
Organizat ion for Nuclear Research' . It has 
been produced in four languages (Engl ish, 
French, German and Italian) and 16 mm 
copies in each version are avai lable free 
for loan. Any organizat ion wish ing to 
screen the f i lm should contact the Publ ic 
Informat ion Off ice at CERN. 

Concerts 
As in 1967, CERN wi l l this year organize 
a further series of concerts of c lassical 
music. The concer ts wi l l be on the same 
basis as last year and the Geneva studio 
of the 'Radiodi f fusion Suisse Romande' 
wi l l again co l laborate c losely wi th CERN, 
part icu lar ly in the cho ice of art ists and 
programmes. The concerts, given in the 
CERN Audi tor ium at Meyr in, wi l l be 
recorded for broadcast ing at a later date. 

Five concer ts have been arranged for 
1968. On 11 March, the Tel Aviv Quartet, 
consist ing of Chaim Taub (viol in), Menahem 
Breuer (viol in), David Benyamini (violin) 
and Uzi Wiesel (cello) wi l l perform works 
by Beethoven, Schumann and Seter. 

On 2 Apr i l , the Choir of the 'Radio 
Suisse Romande' conducted by André 
Charlet wi l l give a programme of 16th 
century music, contemporary music and 
popular songs f rom Switzer land and else­
where. Among the composers chosen are : 
Jannequin , Stravinsky, d 'Alessandro, Pe-
trassi and di Venosa. 

On 9 May, Edgar Fischer (cello) and 
Edith Fischer (piano) wi l l give a p rogramme 
inc lud ing works by Boccher in i , Mendels­
sohn, Becerra, Hindemith and Bartok. 

On 28 May, works by Bach, Schib ler and 
Brahms wi l l be per formed by Ariette Chedel 
(contral to), Ron Golan (viola) and Denise 
Dupont (piano). 

Finally, on 18 June, the Ensemble Ars 
Ant iqua of Geneva wi l l appear in per iod 
costume (based on o ld pictures and 
engravings) using instruments f rom the 
'Musée Instrumental ' . Their p rogramme 
is by several 15th, 16th and 17th century 
composers, namely: Schein, Gesualdo da 
Venosa, Diego Ortiz, Claude Lejeune, 
Samuel Scheidt and Claudio Merulo. 

Figure 
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The January sun hiding behind a plume of water 
vapour from the cooling towers. In the foreground 
is the tall propane chimney next to the neutrino 
beam-line. 

Hadron Conference 
A T o p i c a l Conference on High Energy 
Col l is ions of Hadrons' was held at CERN 
on 15-18 January. In addi t ion to about 
40 part ic ipants f rom CERN itself, some 
160 scient ists f rom 20 countr ies (Europe, 
USA, USSR, Israel, Japan) pooled the 
latest developments in the exper imental 
and theoret ical at tack on understanding 
the behaviour of hadrons. 

Hadrons are the large group of part ic les 
whose propert ies are dominated by the 
most powerfu l of the forces wh ich have 
been found to operate in Nature — the 
st rong nuclear force. They inc lude the 
baryons (such as the proton, neutron, 
lambda hyperon etc.), the ant i -baryons, 
and the mesons (pion, kaon, eta, etc.). 

Over the past few years the list of 
ident i f ied hadrons has suffered a dramat ic 
populat ion explos ion as a result of the 
work at the part ic le accelerators, but this 
profusion has been brought to order by 
the representat ion of the s imi lar i t ies and 
symmetr ies exist ing among the hadrons, 
by mathemat ical group theory (SU3, SU6). 
The under ly ing reasons for this order are 
not yet c lear but considerable progress 
has been made wi th the 'quark mode l ' 
wh ich at tempts to interpret the observa­
t ions in terms of more fundamenta l par­
t ic les, or quarks. 

Visits in 1967 
A total of more than 11 000 people toured 
the CERN site in 1967. The major i ty of 
them (6663) took part in the visits organized 
on Saturdays. On weekdays 1715 people 
(mostly physic ists or physics students) 
came to the Laboratory. Al l of them were 
accompan ied by expert guides, and were 
able to fami l iar ize themselves wi th the 
largest European Laboratory specia l iz ing in 
fundamenta l sub-nuclear physics research. 

As in previous years, the press, radio 
and televis ion have all shown a l ively 
interest in CERN's work ; a total of 117 
journal is ts were we lcomed by the Publ ic 
Informat ion Off ice either indiv idual ly or 
on press days. 

530 VIP's, inc luding many wor ld- famous 
physic ists and outstanding pol i t ical perso­
nali t ies, also came to CERN dur ing 1967. 
They inc luded a head of state, 10 ministers 
and 73 par l iamentary representat ives. 

Finally, on the fami ly day, 23 September, 
2351 people (staff members and their 
famil ies) were able to see where their 
col leagues or relat ions worked . 

Contracts 
A contract for the supply of 800 poleface 
wind ings for the ISR magnets has been 
awarded to Brown, Boveri and Co., Switzer­
land for a value of almost 1 Vi mi l l ion 
Swiss Francs. 

The poleface wind ings have the job of 
adjust ing the focusing strength of the 
magnets wh ich hold the protons in the 
storage r ings. They make it possible to 
change the shape of the magnet ic f ie ld, 
especial ly at high f ie lds when the ideal 
f ie ld shape can be lost as the magnet 
starts to saturate. The wind ings have to be 
very accurate ly manufactured and accura­
tely posi t ioned on the magnet poles. 
Another requirement is that their insulat ion 
should retain good mechanica l propert ies 
when it is subjected to radiat ion in the 
storage rings. 

The pi les and moulded wal ls for the 
bui ld ings, wh ich wi l l be built on the French 

CERN/PI 2.2.68 

half of the CERN site to house the 3.5 m 
hydrogen bubble chamber, wi l l be suppl ied 
by Soletanche, France, at a cost of just 
over 1.3 mi l l ion Swiss Francs. For some of 
these bui ld ings, the weight of the equip­
ment they wi l l contain makes it necessary 
to construct special foundat ions to transfer 
the load r ight down to the molasse under 
the site. 

A contract for the vacuum tubes for the 
ISR has been p laced wi th Avesta, Sweden, 
at a value just over 630 000 Swiss Francs. 
It involves the supply of 2000 metres of 
stainless steel tube — el l ipt ical tubes 2.4 mm 
th ick to pass through the bending magnets 
and c i rcular tubes 1.5 mm th ick to pass 
through the quadrupole focusing magnets 
and straight sect ions. The steel has to have 
very low magnet ic permeabi l i ty, so as not 
to disturb the f ie ld shapes inside the 
magnets, and high mechanica l s t rength. 

The f irst batch of tubes is scheduled 
to be del ivered in May and all the tubes 
wi l l be at CERN at the beginning of next 
year. Avesta has also got the contract for 
the other stainless steel components of 
the ISR vacuum system. 
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Of C and P and T 
and combinations thereof 
A short review of some of the news on the topic 
of symmetries from the research of 1967. 

The present experimental status of the symmetries The story so far: An art ic le in CERN 
COURIER, September 1966 (vol. 6, page 
171) descr ibed in some detai l the re­
markable recent developments concern ing 
the respect wh ich Nature has, or has not, 
for the symmetr ies of pari ty (P), charge (C) 
and t ime (T). 

To recap very br ief ly — In 1956, P 
symmetry was observed to be v io lated in 
the weak interact ion; Nature was seen to 
be choosy about the d i rect ion in wh ich 
things happen when the weak force is 
involved. The combined symmetry, CP, 
restored order however unti l 1964 when a 
Princeton team, in an exper iment at 
Brookhaven, found that the decay of the 
long-l ived neutral kaon violated CP on a 
very small scale. To preserve the overal l 
CPT symmetry, wh ich evolves f rom funda­
mental postulates of quantum theory and 
special relativity, CP vio lat ion impl ies also 
a violat ion of T. Then came the suggest ion, 
init ial ly suppor ted by an exper iment on the 
eta meson at Brookhaven, that what was 
really happening was a violat ion of C 
symmetry in the e lect romagnet ic inter­
act ion. This d id not stand up to a ful ler 
examinat ion of the e lect romagnet ic decay 
of the eta meson at CERN. 

We now select some of the news wh ich 
came f rom this front in 1967. 

In January, f rom Princeton and f rom 
CERN, came the announcement of the 
observat ion of a further CP vio lat ion decay 
of the long-l ived kaon, this t ime into two 
neutral pions (CERN COURIER, vo l . 7, 
page 31). The previous observat ion had 
been of decay into two charged pions. 

A l though further examples of CP violat ion 
have been looked for in the weak decays 
of other part ic les, such as the lambda and 
s igma hyperons, none have been found. 

The Princeton and CERN exper iments 
were part icular ly important because, taken 
together wi th the measurements on the 
CP violat ing decay into two charged pions 
f rom Brookhaven, Rutherford and CERN, 
they made possible a compar ison between 
the rates of the decays into two charged 
and into two neutral p ions. This compa­
rison ind icated that the source of the 
t rouble does not lie solely in the compo­
sit ion of the long-l ived kaon, wh ich is 
bui l t up f rom the neutral K meson and its 

Interact ion 
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Strong / / 

Electromagnet ic / / 

Weak / X 

ant ipart ic le. Prior to 1964, it was bel ieved 
to be a one to one mixture. It is now 
bel ieved to be an unequal mixture but this 
inequal i ty cannot be the only mechanism 
of the CP violat ion. 

In February, a further result f rom the 
CERN exper iment on the eta meson rein­
forced the conf idence in C symmetry in 
the electromagnet ic interact ion. Also, a 
consequence of any T symmetry v io lat ion 
in the electromagnet ic interact ion, was 
investigated dur ing the year in the USA. 
Three teams carr ied out exper iments on 
neutrons to see whether they cou ld detect 
any electr ic d ipole moment. T symmetry 
v io lat ion would involve the existence of a 
smal l e lectr ic d ipole moment on some 
part ic les inc luding the neutron. Two of the 
teams, one at Oak Ridge looking at s low 
neutrons and one at Brookhaven looking 
at fast neutrons, were led by N.F. Ramsey. 
They used a neutron magnet ic resonance 
technique. The other team, led by C. Schul l 
was also at Brookhaven using the scatter­
ing of polar ized neutrons. No electr ic 
d ipole moment was observed down to a 
value for the separat ion of two charges 
produc ing the moment of 3 X 1CT22 cm. 
(This is about 160 t imes smal ler than the 
previous value). So T symmetry in the 
e lectromagnet ic interact ion sti l l stands. 

In October, results appeared f rom Brook­
haven (a team led by J . Steinberger) and 
Stanford (a team led by M. Schuartz) wh ich 
showed that CP symmetry is v io lated in the 
leptonic decay of the long-l ived neutral 
kaon. At Brookhaven, observat ion of the 
decay into a p ion, e lectron and neutr ino 
showed that the decay produc ing a 
negative pion occurs more often (a few 
t imes per thousand) than that produc ing a 
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posit ive p ion. At Stanford, a simi lar result 
— negative pion favoured — was found for 
the decay into a p ion, a muon and a 
neutr ino. 

(This under l ines the possibi l i ty, ment ioned 
in many general art ic les fo l lowing the 
exper iment wh ich seemed to show a v io­
lat ion of charge symmetry in the e lect ro­
magnet ic interact ion, of communicat ing to 
a person on a distant galaxy what is pos i ­
t ive and what is negative in our wor ld . 
Al l he has to do is bui ld a synchrot ron, 
p roduce long- l ived K mesons, look at the 
appropr ia te decays and note which charged 
pion predominates. That tel ls him our 
negative. We can thus f ind out whether his 
galaxy is constructed of matter or ant i ­
matter and therefore whether we wou ld 
wish to meet the person in quest ion ... Who 
said that sub-nuclear physics has no 
pract ica l appl icat ion ?) 

In December, a prel iminary result, based 
on 6 0 % of the data co l lected in the expe­
riment, was reported f rom a CERN/Geneva/ 
Lund team who measured the |3 parameter 
in the decay of the lambda hyperon into a 
proton and a p ion. This is a test of T 
symmetry in the weak interact ion. No 
ev idence for the violat ion of this symmetry 
was observed. 

The problem has thus been tack led on 
many di f ferent fronts in many Laborator ies. 
No deeper understanding, no break­
through, has been achieved but much 
more raw data has been accumulated on 
wh ich to base an eventual theoret ica l 
explanat ion. 
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News from abroad The elegant building which houses the ADONE 
storage ring at the Frascati Laboratory. 
(Photo CNEN) 

ADONE Commissioning 
Commiss ion ing of the e lectron-posi t ron 
storage r ing, ADONE, is under way at the 
Frascati Laboratory in Italy. Electrons and 
posi t rons have been successful ly in jected 
into the r ing and some accelerat ion of the 
beams has been achieved. 

The Adone project was f irst proposed in 
1962 by the Italian National Institute for 
Nuclear Physics (INFN) and has been 
f inanced mainly by the Comit tee for 
Nuclear Energy (CNEN). The National 
Research Counci l (CNR) granted the 
necessary funds for the l inear accelerator . 
Construct ion of the l inear accelerator 
began in 1963, and of the storage ring 
itself in 1964. 

The main design parameters of the r ing 
are : 

Energy per beam 300-1500 MeV 
Number of part ic les 
stored in each beam 2 X 10 1 1 

Beam l i fet ime 5 to 10 hours 
Luminosi ty at cross­
ing points 10 3 3 per c m 2 per hour 
Vacuum pressure 10~9 torr 
Positron f i l l ing t ime about 15 minutes 
The ring is a separated- funct ion magnet 

st ructure wi th an average radius of 16.7 m, 
though the bending magnet radius is only 
5 m. There are twelve sectors each wi th a 
stra ight sect ion 2.5 m long and four of 
these can be used for exper iments. The 
other straights are taken up wi th inf lectors 
for the in ject ion of the beams, radio-
f requency cavit ies, and beam moni tor ing 
and contro l units. There are two twin r.f. 
cavit ies, each capable of 100 kV, operat ing 
on the th i rd harmonic of the revolut ion 
f requency (8.54 MHz). Their job is to 
compensate for the energy lost by the 
orb i t ing part ic les as synchrot ron radiat ion, 
and also to accelerate the part ic les beyond 
their in ject ion energy (350 MeV) up to the 
maximum energy of 1.5 GeV in a t ime of 
the order of a few seconds. 

The useful aperture for the beams is 
22 X 6 c m 2 and they can be made to 
cross at an angle up to 6 mrad (in the 
vert ical plane) by means of e lectr ic f ie lds 
d ist r ibuted around the r ing. The vacuum 
system, all bakeable, is equ ipped wi th 
26 getter- ion pumps each capable of 
400 l itres per second ; rough vacuum is 

achieved wi th mechanical pumps and 
sorpt ion pumps (convent ional rotary pumps 
down to 0.1 torr, then molecular pumps). 

A wide exper imental p rogramme has 
already been proposed by physic ists of 
several Ital ian Universit ies and of the 
Frascati National Laboratory. The approved 
exper iments wh ich are now in an advanced 
state of preparat ion, are l isted be low: 

— Single boson product ion (Naples Uni-
versi ty/Frascat i) 

— Electron-posi t ron annihi lat ion into two 
bosons (Padua University/Frascati) 

— Electron-posi t ron annihi lat ion into two 
gammas, neutral p ion plus gamma, or 
eta plus gamma (Rome Universi ty/Fras­
cati) 

— Muon pair product ion (Rome Univer­
si ty/Frascat i) 

— A study of the phi resonance through 
its charged kaon, muon and neutral 
decays (Istituto Super iore di Sanità) 

— Nucléon pair product ion (Naples Uni­
versi ty/Frascati) 

— Search for leptonic quarks and heavy 
leptons (Bologna Universi ty/Frascat i) . 

Parents unknown 
News emerged in December f rom a group 
of physic ists who have d isappeared down 
a mine in search of neutr inos. The news is 
in Physics Review Letters, 25 December, 
the group of physic ists (led by J . W. 
Keuffel) are f rom the University of Utah 
and the mine is the Park City lead mine 
in Utah. 

This mine is di f ferent f rom the others 
being used for research on cosmic and 
solar neutr inos in that it is only about 600 
metres down and it is possib le for the 
very high energy muons in cosmic rays to 
penetrate to this comparat ively modest 
depth. 

The team carr ied out a prel iminary 
invest igat ion of this muon background. 
They looked at the var iat ion in the intensity 
of the muon flux, in the energy range 1000 
to 10 000 GeV, wi th depth and with angle. 
The var iat ion wi th depth was in excel lent 
agreement wi th what was expected but the 
var iat ion wi th angle produced an unex­
pected result. 
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Stores Service, 
CERN 

The Surplus Stock and Salvage sect ion has a large 

select ion of new and used e lectronic and electr ical 

spare-parts, also used e lect ronic components in 

good condi t ion. 

Those interested should contact the Head of Stores 

Service for fur ther informat ion at the fo l lowing 

address: 

CERN - 1211 Geneva 23. 
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Photocopies — Appare i l s d 'éc la i rage et 
d ispos i t i f de déve loppemen t - Papiers 
pour pho tocop ies - Instal lat ions pour la 
pho tocop ie . 

Héliographîe — Appare i l s d 'éc la i rage et 
machines à déve lopper - Nouveau té : 
H É L I O M A T I C , machine à hé l iograph ier 
avec V A R I L U X permet tan t de fa i re var ier 
la pu issance d 'éc la i rage - Papiers pour 
déve loppements à sec et semi -humides. 

Bureau-Offset — Mach ines-o f fse t et 
p laques-o f fse t présens ib i l i sées O Z A S O L . 

Dessins — Mach ines à dess iner J E N N Y 
et combina ison de dessins - Papiers à 
dessin (papiers pour dessins de déta i ls ) , 
l istes de p ièces , papiers t ransparents (à 
ca lquer ) , pap ier pour croquis . 

Installations de reproduction pour hé l io­
graph ies , impress ion de plans, pho to ­
cop ies , t ravaux de pho tograph ie t e c h ­
n ique, réduc t ions , agrand issements , t ra ­
vaux de déve loppemen t de micro f i lms. 

It is general ly assumed that the high 

energy muons result f rom the decays of 

pions and kaons and on this assumpt ion it 

is possible to say someth ing about the 

muon intensity one wou ld expect to observe 

at di f ferent angles. If the muon parents are 

in fact pions and kaons, one wou ld expect 

to detect more muons at large angles to 

the vert ical d i rect ion and progressively 

less as one looks at c loser and c loser 

angles to the vert ical . This is because the 

pions and kaons are more l ikely to undergo 

interact ions other than their weak decay, 

the more dense is the atmosphere where 

they are produced. The pions and kaons 

coming f rom ' inc l ined pr imar ies ' are pro­

duced at higher att i tudes and are more 

l ikely to decay than to interact wi th other 

part ic les. The Utah team, however, ob­

served hardly any var iat ion in high energy 

muon f lux as they looked through a w ide 

range of angles. 

Their detect ion equipment consisted of 

a large bank of cy l indr ica l spark counters, 

nine columns wi th forty counters in each. 

These counters were 15 cm diameter 10 m 

long steel pipes wi th wires down the 

centre, sparks being located acoust ical ly 

to an accuracy of a few mi l l imetres. The 

sensit ive vo lume was 6 X 10 m 2 and 6 m 

th ick. The counters were pulsed, being 

t r iggered by fast co inc idence between two 

water- f i l led Cherenkov counters. 

The conc lus ion they draw f rom their 

observat ions in that the major i ty of muons 

in cosmic rays wi th energies greater than 

1000 GeV are either p roduced direct ly in 

some interact ion or are the decay product 

of some unknown parent, wi th a much 

shorter average l i fet ime than the kaon, 

wh ich decays copiously into muons. An 

obvious candidate for such a parent is the 

intermediate boson, the postulated media­

tor of the weak interact ion, wh ich has been 

searched for wi thout success in neutr ino 

exper iments at CERN and elsewhere. They 

suggest looking in nuclear emuls ions for 

high energy muons (though the energies 

involved are at the upper l imit for d i rect 

detect ion in nuclear emulsion) and for high 

energy electrons which wou ld be expected 

if the intermediate boson were being 

produced. 

ING recommended 
The Science Counci l of Canada has 

recommended in pr inc ip le the project to 

construct an intense neutron generator 

(ING) at the Chalk River Laboratory. The 

Counci l in their report d rew part icular 

attent ion to the benefits, not in themselves 

scient i f ic, wh ich this machine, unique of its 

k ind in the wor ld , wou ld have for Canada. 

They contend that for a country in the 

posi t ion of Canada, specia l izat ion in some 

form is essential in order to achieve high 

standards, to attract wor ld-c lass scient ists 

and to produce results wh ich are inter­

nat ional ly s igni f icant and compet i t ive. A 

pre l iminary survey at a cost of $ 7.5 mi l l ion 

wi l l now go ahead. 

The proposed machine consists of a 

l inear accelerator to produce a very intense 

proton beam (65 mA cont inuous) at an 

energy of 1 GeV. The beam wou ld be 

d i rected into a target of l iquid lead-bismuth 

sur rounded by a heavy-water moderator. 

From this target arrangement the f lux of 

thermal neutrons, ca lcu lated as 10 1 6 per 

c m 2 per s, wou ld be used for research in 

sol id-state physics, isotope product ion, etc. 

If a start on the pro ject can be made fair ly 

soon, it is est imated that ING could be in 

operat ion in 1974. 

Another p iece of news relat ing to Canada 

— The University of Toronto has jo ined 

the Universit ies Research Associat ion Inc., 

the body responsible to the U.S. A tomic 

Energy Commiss ion for the const ruct ion 

and operat ion of the 200-400 GeV machine 

at Weston. 

13 



Versatile, adaptable, modular, plug-in instruments of the most advanced 
performance, compatible w i th USAEC Specification TID.20893, and forming the 
most complete range available from one source. 

* Amplifiers with double delay line differentiation, or double RC differentiation and integration. 
* Fast "jitter-free" high stability pulse height analyser. 
* Sealer-timers with 5, 6 or 7 decades employing direct digital display with 70 nanosecond 

resolving times, featuring built-in time reference, digital read-out, programming facilities and 
automatic print control. 

* Precision quartz crystal time reference for accurate control of sealer-timers. 
* Lin-log ratemeters, fast coincidence-anticoincidence units, linear gates, crossover pickoffs, 

linear delays, mixers and time converters. 
* Pulse generators for in situ calibration and testing. 
* Special combinations of amplifiers, biased amplifiers, stretchers, preamplifiers, integral and 

differential discriminators, for high resolution low noise semiconductor detector applications. 
* Ultra-stable high voltage units, distribution units, and semiconductor detector voltage supplies. 
* Bins and power supplies in accordance with USAEC TID.20893 Specification to accommodate 

single and multiple-width modules. Input and power supplies compatible with all current 
Nuclear Enterprises head and probe units, preamplifiers and quench units and AEC standards. 

Write for specifications and prices for the thirty International Series modules currently available. 
Many additional units are under development and details of these will be announced shortly. 

Associate Companies 
Nuclear Equipment Corporation : 931 Terminal Way, San Carlos, California. Te l . (415) 591-8203 
Nuclear Enterprises, 935 Terminal Way, San Carlos, California. Te l . (415) 593-1455 



b o r e r s •m 

SCALER 

C O U N T I N G C O N T E N T 

If you 

to be 
certain 
of your 
scaler 
counting 
accuracy 
fêaï ôn " 

LOOK 

MSET 

CO READ 

CO OFF 

GATE 

The input-arid gate-circuits of the new 
AEC-NIM-Module Scalers are designed to 
enable you to forget about pulse conditioning ! 
A useful two-lamp feature shows actual operation 
of each scaler. The 'counting' lamp flashes when 
the scaler accepts a pulse. The 'content' lamp 
indicates difference from zero. 
By pressing the 'look' button of any scaler the 
contents can be seen on a central display unit. 
A wide range of readout equipment is available. 
The scalers can be interfaced to fast on-line 
computers w i t h a readout speed as high 
as 3 2 x 1 0 6 bits/sec. 

Input characteristics Scaler Type 902 
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Pulse width nS Rep. rate MHz 

Many different types are available to meet 
your specific requirements. 
Counting speed of 10, 30 or 100 MHz 
with or without input discriminator 
gating facilities, coincidence or anti-coincidence 

Please ask for full technical literature ! 

INPUT 

10 MHz 

TYPE f A ^ 901 

E L E C T R O N I C S 

Swi tzer land: Heidenhubelstrasse 24, Solothum 
Telephone 065/2 85 45 

Great Br i ta in: 36 East Street, Shoreham-by-Sea, Sussex 
Telephone 4305 

Germany: Verkaufsbiiro Munchen, Kaiserstrasse 10, D-8000 Munchen 23 
Telephone 34 80 16 

France: Sorelia Electronique, 150 rue de Chatou, 92 Colombes 
Telephone 782.16.39-782.32.79 
I ta ly: B o r i s G. F. N a r d i , V i a C a p r a n i c a 16, M i l a n o 

Telephone 2362924-2361394 
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THE INNOVATOR LINE 

FAST LOGIC... 
logically designed 
When we first introduced the LRS Innovator Line 
a few years back, it was a new and untried design. 
It incorporated many firsts. Deadtimeless opera­
tion. Full-system direct coupling. Continuously 
variable output duration. Well-protected inputs. 
High fanout. N o multiple pulsing. . . . We incor­
porated new features we felt were important. • 
Experimenters must have thought so ? too. They 
tested the new instruments. They did experiments 
with them. They suggested further refinements. 
• We listened. We made changes. We kept on 
making improvements that were important to the 
experimenter. And we're still listening, • The re­
sult is the newest generation of LRS fast logic — 
our new 160 Series Discriminators and Logic Mod­
ules. All still logically designed — by experiment. 

LRS 
LeCROY RESEARCH SYSTEMS CORP. 
1 Hayes St., Elmsford, N. Y. 10523 • (914) 592-5010 

Innovators In Instrumentation 



the simplest solution ! 

S E N 3 0 0 C O U N T I N G E Q U I P E M E N T 
w i t h i n t e g r a t e d c i r c u i t s 

100 Mhz 
Unlimited applications t Up to 1000 channels • Scalers with visual display • Modular 
scalers • Automatic readout of the system : from the simplest printers to the most 

sophisticated output device 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLÉAIRE — 31, AV. ERNEST-PICTET — 1211 GENEVA 13 — SWITZERLAND 
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Discriminate! 

Select! Choose! Opt! Judge! 

Be Fussy. Accurate. Meticulous. 

Use our Model 151. 

Win big! 
O u r 1 5 1 Dua l D i s c r i m i n a t o r is t h e b e s t c o m m e r ­
c ia l ly ava i l ab le d i s c r i m i n a t o r y o u c a n use . W e s a y 
so , na tu ra l l y , a n d s o d o t h e w a v e f o r m s w e here 
p r o m i n e n t l y d i sp l ay . N o w t h e s e a r e n ' t o u r s , ac ­
tua l l y ; t h e y w e r e t a k e n d u r i n g an e v a l u a t i o n o f 
d i s c r i m i n a t o r s a t a m a j o r na t i ona l a c c e l e r a t o r 
d u r i n g J u n e p a s t . T h e t e s t r e s u l t s i n d i c a t e a s t a ­
b i l i ty o f t h r e s h o l d f o r t h e 1 5 1 w h i c h c o u l d n o t be 
d u p l i c a t e d by a n y o t h e r d i s c r i m i n a t o r . W h y n o t 
t r y y o u r s ? 

M o d e l 1 5 1 h a s r a n d o m a c c e s s t o 2 0 0 M H z f o r 
pu lses 2 ns or w i d e r . Pu l se b u r s t r eso lu t i on a t 
2 0 0 M H z b e t t e r t h a n 5 ns . C o n t i n u o u s l y va r i ab le 
t h r e s h o l d - 5 0 m V t o I V . T w o logic pa i rs p lus 
sca le r o u t . O u t p u t w i d t h v a r i a b l e f r o m less t h a n 
5 ns t o 5 0 us w i t h f i x e d 3 ns p o s i t i o n . D e a d t i m e 
or U p d a t i n g m o d e s . N o r m a l or C o m p l e m e n t a r y 
o u t p u t on o n e logic pair . P r i ce : v e r y c o m p e t i t i v e . 

T h e 1 5 1 is o n e m o d u l e o f t h e m o r e t h a n f i f t e e n 
n o w ava i lab le in ou r n e w A E C - c o m p a t i b l e N A N O -
L O G I C 1 5 0 S Y S T E M . A l l o f t h e m o d u l e s a re th i s 
g o o d . A n d t h e r e a re m o r e o f t h e m all t h e t i m e . 

NAN0LOGIC 150: Model 151 and associates . . . for the discrimi­
nating experimenter. Please write or 'phone for technical data, 
demonstrations or exceptionally competent applications assistance. 

^ . , \WÊÊm i i i f ^ T r r r M i n 

m THRESHOLD vs PULSE PAIR SPACING 

(Multiple exposure, double pulse input; 

first pulse fixed, second pulse delayed) 

2 ns/division 

Upper trace: 20 mV/cm 

Lower trace: 200 mV/cm 

C H R O N E T I C S 

U.S.A. : 5 0 0 Nube r A v e n u e , M t . V e r n o n , N e w Y o r k ( 9 1 4 ) 6 9 9 - 4 4 0 0 T W X 7 1 0 5 6 0 0 0 1 4 

Europe: 3 9 Rue Ro thsch i l d , Geneva , S w i t z e r l a n d ( 0 2 2 ) 3 1 8 1 8 0 T E L E X 2 2 2 6 6 



Exclusively E6&6... here : " Ive ol 
Iigfc ... .its available only. ..... i m 

the many c. . jiear 

n 
N U C L E A R I N S T R U M E N T A T I O N 

AD128 Low cost 7-bit ADC wi th complete supervisory features and 
front panel readout. . . . C142 /N Four complete 200 MHz data 
channels for your computer. Each channel includes input discrim­
inator, coincidence gate, and output data buffer. . . . AN102 /N 
Six input direct-coupled fast linear mixer w i th individual input 

l imiters. . . . S110/N Decade scaler w i th 4 nsec resolution and 
gated BCD output. Included are an input discriminator and visual 
readout. . . . LG102 A linear gate and stretcher for fast signals. 
Linear down to 0.5 p icocoulomb input signal. Everything you need 
to get f rom detector to analyzer w i t h unsurpassed resolution. 

Wr i te or call for detailed specifications, EG&G, Inc., Nuclear Instrumentation Divis ion, 40 Congress Street, Salem, Massachusetts 01970. 
Telephone: (617) 745-3200. Cables: EGGINC-SALEM. Field offices: Chicago, I l l inois; San Ramon, Cali fornia; Alexandria, Virginia. 
Representatives in foreign countries. 
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, i : 

l a s u r e f f 1 ? 1 1 * a c c u r a c y 

with 
n o w ® ' ' f -

...such as 
the model with the unique 

equation...! + 1 = 9 

T w o dua l range p o w e r supp l i es in 
one c o m p a c t package p rov ide n ine 
d i f fe ren t ou tpu t comb ina t i ons . 
Many c i rcu i t app l i ca t i ons requ i re 
the s imu l t aneous use of two DC power 
s u p p l i e s - o f t e n a pos i t i ve and 
a negat ive sou rce . M o d e l 6205 B 
p rov ides t w o i n d e p e n d e n t o u t p u t s -
each can be se t for e i ther of t w o 
ra t ings and o p e r a t e d as a p lus or m inus 
supp ly . A l ternat ive ly , t h e two s ides 
can be c o n n e c t e d in se r ies to ob ta in 
up to 80 vo l ts , or in para l le l for up 
to 1.2 amps . 

Output A Output B 
0-20 Va t 0-600 m A 0-20 V a t 0-600 m A 
or or 
0-40 Va t 0-300 m A 0-40 V a t 0-300 m A 

Load Regulation: 0.01 °/o + 4 m V 
Line Regulation: 0.01 % + 4 mV 
Ripple and Noise: 200 (jlV RMS 
Size : 9 cm H x 21,5 cm W x32 cm D 
Weight: about 4,5 kg 
Price f. o. b. Geneva : $ 235. 

HEWLETT M PACKARD 

Hewlett-Packard SA 

54, route des Acacias, 1211 Geneva, Tel. 42 81 50 

28 sales and service offices throughout Europe. 

Factories in USA, Bôblingen (Germany), 
South Queensferry (Scotland) and Tokyo (Japan). 


