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3ERN, the European Organizat ion 
Nuclear Research, was establ ished in 
954 to provide for co l laborat ion 

among European States in nuclear re-
earch of a pure scient i f ic and funda­

mental character, and in research 
ssential ly related thereto ' . It acts as a 
iuropean centre and co-ord inator of 
esearch, theoret ical and exper imenta l , 
n the f ie ld of sub-nuclear physics. This 
D r a n c h of sc ience is concerned wi th the 
undamental quest ions of the basic laws 
governing the structure of matter. CERN 
s one of the wor ld 's leading Labi 
or ies in this f ie ld . 

o ra­

ised The exper imental programme is base 
)n the use of two proton accelerators — 

600 MeVsynchro-cyc lo t ron (SC) and a 
!8 GeV synchrotron (PS). At the latter 
machine, large intersect ing storage r ings 
ISR), for exper iments wi th co l l id ing 
Dro ton beams, are under const ruct ion. 
Scientists f rom many European Univer-
it ies, as wel l as f rom CERN itself, take 

Dart in the exper iments and it is est i ­
mated that some 1200 physic ists draw 
heir research material f rom CERN. 

The Laboratory is s i tuated at Meyr in 
ear Geneva in Swi tzer land. The site 
overs approximately 80 hectares 
qual ly d iv ided on ei ther s ide of the 
ront ier between France and Switzer-
and. The staff totals about 2850 peoi 
and, in addi t ion, there are over 
r e l l ows and Visi t ing Scient ists. 

Twelve European countr ies pj 
ipate in the work of CERN, contribute 
D the cost of the basic programme, 
244.1 mi l l ion Swiss f rancs in 1970, in 
) roport ion to their net nat ional income. 
Supplementary programmes cover the 
onstruct ion of the ISR and studies for 
proposed 300 GeV proton synchrot ron. 
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Synchrotron injector 
at the half-way stage 

A review of progress on the synchrotron injector 
for the CERN proton synchrotron. The new 
Injector, usually referred to as the PS Booster or 
PSB, will increase the energy at which particles 
are fed to the PS from 50 MeV to 800 MeV. 

Booster Parameters 
GENERAL 

Design kinet ic energy at in ject ion to the Booster . . . . 50 MeV 
Design kinet ic energy at t ransfer to the PS 800 MeV 
Number of superposed rings 4 
Mean radius 25 m 
Number of protons accelerated per pulse 10 1 3 , 
Repeti t ion per iod 1.2 s 
Number of focusing per iods 16 
Nominal work ing point at t ransfer — Q H 4.60 
Nominal work ing point at t ransfer — Qv 4.85 
Momentum compact ion funct ion 1.06 to 1.46 m 
Design emit tance at in ject ion — horizontal 130 10~6 rad m 
Design emit tance at in ject ion — vert ical 40 10~6 rad m 

MAGNET SYSTEM 

Bending magnets 

Bending radius 8.2 m 
Aper ture (height X width) 7 X 24 c m 2 

Nominal mean magnet ic f lux density 1.3 to 6 kG 
Magnet to magnet f luctuat ions (rms) < 5 X 10~4 

Quadrupole lenses 

Bore radius 6 cm 
Maximum mean gradient 40 kG/m 
Lens to lens f luctuat ions (rms) < 2 X 10~3 

R. F. SYSTEM 

Operat ing range of accelerat ing vol tage 1 to 12 kV 
Maximum rate of rise of vol tage 100V/ j is 
Frequency 2.7 to 8.2 MHz 
Harmonic number 5 
Maximum rate of f requency change 1 kHz/fis 

VACUUM SYSTEM 

Design pressure 10~7 torr 
Number of 400 l itre pumps 35 

G. Brianti 
K. H. Reich 

The purpose of the PS Booster is to 
increase substant ia l ly the accelerated 
beam intensity avai lable f rom the PS and 
the interact ion rate in the col l id ing beams 
of the ISR. Its main features have been 
descr ibed before in CERN COURIER, vo l . 
8, page 3 and this art ic le wi l l concentrate 
on the present state of the projet. This is 
appropr ia te at a t ime when all the major 
contracts have been p laced, pract ical ly 
all the machine components have been 
speci f ied in detai l and most of the civi l 
engineer ing work has been comple ted. 

The work reported here, concerned 
wi th the accelerator design and con­
st ruct ion, has been carr ied out mainly in 
the Synchrot ron Injector Division and in 
the PS Machine Division (for part icular 
aspects of the project) through a co l la­
borat ion wh ich aims at minimizing per­
sonnel costs by avoiding dupl icat ion of 
groups and services as much as possible. 
The civi l engineer ing work is carr ied out 
under the responsibi l i ty of the Technical 
Services and Bui ld ings Division. 

What the Injector looks like 

For new readers it is useful to recall the 
main aspects of the machine. It consists 
of four s low-cyc l ing synchrotrons 50 m in 
d iameter s tacked vert ical ly one on top of 
the other. The synchrotrons are f i l led in 
succession wi th the 50 MeV beam coming 
f rom the exist ing Linac. Using four r ings 
instead of one, it should be possible to 
t rap and accelerate a substant ial ly greater 
total number of protons wi thout al ter ing 
unduly the present transverse, d imensions 
of the f inal PS beam. 

When the part ic les have been acceler­
ated to 800 MeV the four c i rcu lat ing 
beams are extracted and recombined into 
a s ingle beam for transfer into the PS. 
At this comparat ive ly high energy, the 
space charge l imit in the PS (the beam 
intensity at wh ich the space charge forces 
in the beam itself inhibit fur ther increase 
in intensity) should be wel l beyond the 
intensity of 10 1 3 protons per pulse wh ich 
is a imed for. 

Parameters and theory 

Since the t ime when the feasibi l i ty study 
was produced, work has cont inued in two 
d i rec t ions : 

1) to refine the proposed parameters 



The layout, to scale, of a Booster focusing 
period (there are 16 such periods in a ring). B1 
and B2 are bending magnets, QF1 and QF2 are 
radially focusing quadrupoles and QD a radially 
defocusing quadrupole. 

The straight sections will typically contain 
L1: injection septum magnet; injection kicker 

magnet; correction magnets; beam observation 
equipment; r.f. accelerating cavity; ejection 
kicker magnet; ejection septum magnet; vacuum 
manifold and pumps (standard location). 

L2: sector valve; vacuum manifold and pumps; 
pick-up electrode; beam scraper (standard 
location). 

L3: multipole lens (standard location) and 
pick-up electrode. 

L4: orbit correction dipole (standard location); 
dipole to deform the orbit for multiturn injection 
or for ejection. 

L5: vacuum manifold and pumps; beam scraper 
(standard location). 

(Standard location means that whenever 
possible all sixteen periods contain the same 
equipment). 

2) to f i l l - in the blank spaces left in the 
study. 

Under 1) we discuss br ief ly the main 
magnet, the r.f. accelerat ing system, 
in ject ion and e ject ion, and under 2) the 
magnet ic correct ion elements. We also 
def ine the machine geometry in more 
deta i l , inc luding the layout and use of the 
di f ferent straight sect ions. The result ing 
parameters are l isted in the Table. 

Besides their required funct ion of forc­
ing the protons to fo l low the po lygon-
shaped orbit , the main bending magnets 
may have undesirable s ide effects due to 
inevi table imperfect ions. For example, 
f luctuat ions of the f ie ld st rength on the 
central orbi t f rom magnet to magnet 
causes orbi t d istort ions in the hor izontal 
plane, and imprecise magnet a l ignment 
can cause orbi t d istor t ions in the vert ical 
plane. Deviat ions f rom the spec i f ied f ie ld 
can create unwanted coup l ing between 
the betatron osci l la t ions in the hor izontal 
and vert ical planes wh ich may then lead 
to proton density d i lu t ion, resonances 
and beam loss. To determine the admis­
s ib le level of some of these non- l inear i t ies 
the beam behaviour has been s imulated 
by a computer model of the Booster using 
the magnet ic f ie lds as measured in the 
bending magnet model . Simi lar ly, the 
effects of imperfect ions in the main qua­
drupoles were studied and max imum 
admiss ib le values determined. 

Provisional values of the r.f. vo l tage 
and f requency ranges were arr ived at 
ini t ial ly on the basis of the 'zero par t ic le ' 
theory, and we have s ince looked at in ten­
sity effects. The Coulomb repuls ion be­
tween the protons tends to lengthen 
(defocus) the bunches, when below t ran­
si t ion energy, and a higher acce lerat ing 

vol tage is then required to maintain the 
necessary longi tudinal focusing. To offset 
the vol tage induced in the r.f. accelerat­
ing cavity by the c i rculat ing current 
(beam-loading) another increase of r.f. 
power is requi red. Furthermore, these 
induced vol tages (and those induced in 
all sorts of equipment instal led around 
the ring) could cause loss of beam sta­
bi l i ty. These effects are being studied (by 
making measurements on the PS, by 
using a dynamical mathematical model 
and by exper iment ing wi th an e lectronic 
analog model) w i th a view to opt imiz ing 
the parameters of the f inal system. 

Refining the in ject ion and e ject ion 
geometr ies meant essential ly establ ishing 
the necessary beam orbi t deformat ions in 
such a way as to use a minimum of extra 
hor izontal aperture whi le keeping one 
type of straight sect ion free for p lac ing 
mul t ipole lenses. Subsequent ly the ma­
chine apertures were recalculated in 
detai l and the vacuum chamber d imen­
sions determined. 

The magnet ic correct ion elements are 
17 d ipo le and 20 mult ipole lenses per 
r ing. The d ipoles serve to correct the 
c losed orbi t and their number was arr ived 
at, fo l lowing a detai led study, as a com­
prise between a 'perfect ' correct ion and 
a 'min imum-cost ' cor rect ion. It is intended 
to use them f irst for a point by point 
cor rect ion to get the beam once around 
the Booster, then (if necessary) to reduce 
any large remaining deformat ions, and 
f inal ly to minimize all orbi t deformat ions, 
part icular ly in the in ject ion region. The 
mul t ipole units consist of several sets of 
coi ls produc ing quadrupole ('skew' and 
normal) , sextupole and octupole f ie lds. 
Their number and f ie ld strengths were 

chosen to give the max imum possibi l i t ies 
in the contro l of the betatron osci l lat ions 
of the orb i t ing protons. 

Besides the work on the parameters, 
we are extending the exist ing theoret ical 
knowledge of beam behaviour wi th a view 
to : 
— start ing Booster operat ion at high 

intensity wi th the best init ial condi t ions, 
— interpret ing the results of the running-

in measurements and, 
— planning future improvements wh ich 

are a l ready possible. 
Here we may ment ion the detai led study 

of (1) mul t i turn in ject ion into the Booster, 
inc luding the densi ty d ist r ibut ion as a 
funct ion of var ious in ject ion parameters, 
(2) both stat ionary part ic le d ist r ibut ions 
and the var ious types of part ic le density 
d i lut ions and instabi l i t ies occur r ing under 
space charge condi t ions, and (3) the 
evolut ion of proton densi ty f rom the Linac 
through the Booster and PS to the ISR. A 
part ial result of some of these studies is 
the cho ice of the nominal work ing point 
at t ransfer as Q H = 4 . 6 , Qv = 4 . 8 5 . 

General design 

In des igning a machine l ike the Booster, 
consist ing of four super imposed synchro­
trons, we have to solve a few addi t ional 
important prob lems compared to a normal 
synchrot ron. 

The f i rst one is to dec ide a sui table 
vert ical spac ing between the four c i rcu lat ­
ing beams. From the point of v iew of the 
accelerator itself, the tendency is to have 
a d is tance as large as possible in order 
to accommodate wi th ease the r.f. cavit ies, 
the quadrupo le apertures, etc. On the 
other hand, f rom the point of v iew of 



The prototype bending magnet showing clearly 
the four superposed gaps. The coils are inserted 
from the side and kept in place by closing 
plates. 
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recombining the four beams into a single 

one after e ject ion, the incent ive is to 

minimize the vert ical d is tance between 

beams, since a large d is tance impl ies 

large vert ical bending angles and cor­

respondingly str ingent to lerances on 

them. Detai led studies led to a cho ice of 

a distance only a l i t t le larger than the 

outer d iameter (350 mm) of the ferr i te 

r ings for the r.f. cavit ies, namely 360 mm. 

Another problem is in t roduced by the 

fact that the magnet ic e lements are con­

structed as single b locks for the four 

r ings (the only pract ical const ruct ion me­

thod) so that the support and a l ignment 

system is common to all of them. This 

cal ls for str ingent to lerances on the 

distance and relative or ientat ion between 

gaps, especial ly for the quadrupoles, and 

part icular requirements for the a l ignment 

system. 

A fur ther problem is the contro l of four 

r ings wh ich are int imately cor re la ted, but 

for wh ich we would l ike to preserve 

independent adjustments as far as possi ­

ble. This required deta i led studies of 

advanced contro l systems to marry overal l 

economy and s impl ic i ty wi th the relat ive 

independence of the four synchrot rons 

wh ich is necessary for their op t imum per­

formance. 

Having super imposed synchrot rons 

br ings many advantages in its wake as 

wel l as the special problems ment ioned 

above. Certain savings are possible by 

compar ison wi th the cost of a s ingle syn­

chrot ron of four t imes the d iameter — 

the c i rcumference of the tunnel to house 

the machine and the overal l d imensions 

of associated bui ld ings are smal ler ; the 

combined magnet unit costs less than 

four individual units ; the combined 

vacuum system requires fewer and larger 

pumps; beam observat ion and contro l can 

be carr ied out wi th fewer e lectronic 

systems (observation and contro l being of 

one, or at most two, rings at a t ime). 

Injection 

As in some other cases discussed here, 

progress on tt ie in ject ion l ine meant going 

f rom the 'zero part ic le ' approx imat ion to 

studying the 'high intensity' so lut ion. With 

respect to the beam opt ics this meant 

taking space charge forces into account . 

They are part icular ly strong at the exit of 

the Linac, where the bunch length is 

only of the order of cent imetres. (Subse­

quent ly the bunches spread out rapidly to 

about 50 cm length, thereby reducing the 

proton density and hence the space 

charge forces). The re-opt imizat ion is wel l 

advanced; it leads to higher lens strengths 

and possibly a few extra lenses compared 

to the or ig inal design. Also, the lens 

strengths wi l l depend on the Linac cur­

rent, and this compl icat ion was one of 

the reasons for br inging in the contro l 

computer for sett ing the lens currents. Al l 

magnet ic elements for the in ject ion l ine, 

their suppl ies, and some vacuum compo­

nents have been ordered. 

As regards the vert ical beam d is t r i ­

butor (which distr ibutes the l inac beam 

to the four levels of the Booster), con ­

s iderat ion of the effects of stray part ic les 

on the f ie ld of an electrostat ic device 

have swung the choice to a magnet ic 

device. Simi lar ly a magnet ic device has 

been adopted for the inf lector, an ad ­

di t ional reason here being the saving in 

space, wh ich makes it possible to instal l 

more beam observat ion and cor rec t ion 

e lements in the in ject ion straight sect ion. 

Model work on these components is wel l 

advanced. 

Main magnet 

The main magnet system is of the 'sepa­

rated func t ion ' type. It compr ises 16 iden­

t ical per iods, w i th two bending magnets 

and a quadrupo le t r ip let in each of them. 

This par t icu lar latt ice has the important 

advantage of maintaining a relat ively 

narrow beam both horizontal ly and ver t i ­

cal ly inside the bending magnets and in 

the long stra ight sect ions where the 

e ject ion k icker magnets are located, thus 

s impl i fy ing thei r des ign. A disadvantage 

of th is lat t ice is that it demands rather 

more space around the c i rcumference but 

s ince the Booster c i rcumference is f ixed 

as a quarter of that of the PS (which is 

very large for a 800 MeV machine) this 

d isadvantage is not so important. 

Certain features of the magnet design 

have been inf luenced by the problem of 

how to power and interconnect the 320 

gaps belonging to four synchrotrons and 

to three di f ferent types of magnet (bend­

ing, hor izontal ly focusing (F), and hor i ­

zontal ly defocus ing (D) quadrupoles) . 

The necessary power is considerably 

lower than that of the PS and this opened 

up the possibi l i ty of adopt ing a power 

supply not conta in ing any rotat ing 

machinery, but wi th sol id-state contro l led 

rect i f iers fed d i rect ly f rom the mains. The 

inf luence on the electr ic i ty network of tak­

ing a 10 MW act ive power pulse f rom the 

mains at the PS repet i t ion rate (a pulse 

every 1.15 to 3 s) was careful ly s tudied 

exper imenta l ly by our staff in co l labo­

rat ion wi th J.A. Fox f rom the Rutherford 

Laboratory and the Services Industr iels de 

Genève. On the basis of the sat isfactory 

results, it was dec ided to proceed wi th 

the design of a stat ic power supply con ­

sist ing of three dodecaphase rect i f ier sets, 

sequent ia l ly swi tched on, and of a four th 

set to equal ize the reactive power 

absorpt ion dur ing the cycle wh ich is sub­

sequent ly part ia l ly compensated by a 

capac i tor bank. 

In order to be able to adjust the oper­

at ing condi t ions of the Booster, we should 

be able to vary the currents in the F and 

D quadrupoles independent ly f rom the 



The prototype quadrupole being prepared for 
magnetic measurements. For the final version the 
quadrupole will have the four gaps stamped out 
in a single lamination. 
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current in the bending magnets. Given the 
complex i ty of the type of power supply 
descr ibed above, we came to the con­
c lusion that it would be more economica l 
to power all the magnet gaps of all the 
rings and of all types in series, thus need­
ing only one main supply, and to vary the 
currents in the F and D quadrupoles (by 
7 % ) by means of much smal ler t r im 
suppl ies. Of course by such in tercon­
nect ions, the lengths of the magnet ic 
elements of dif ferent types are no longer 
independent. The main power supply 
(3000 A, 2850 V peak) was ordered in 
October 1969 and should be complete ly 
instal led by May 1971. 

Considerat ions of peak magnet ic energy 
and of the relatively high inf luence of the 
magnet end-f ields have led to the adopt ion 
of a rather low peak f ield in the bending 
magnet (6 kG) and gradient in the quadru­
poles (40 kG/m). The cost of the iron and 
copper represents only a f ract ion of the 
total magnet cost, and it appeared more 
economica l to invest a modest sum in 
lengthening the magnets rather than to 
have a more str ingent design. Savings are 

thus made on the main power supply and 
on the di f f icul t compensat ion of the end 
f ie lds. The fact that magnets wi l l be oper­
ated in the low to medium f ield region 
suggested the use of a s i l icon steel. 

The design is a 'window frame' conf i ­
gurat ion of the C-type (without yoke on 
one side). This solut ion is attract ive not 
only for its intr insic propert ies of mag­
netic f ie ld uni formity but also because of 
the di f f icul ty of realizing four super­
imposed magnets wi th prominent poles. 
The C-shape has the advantages of a l low­
ing in ject ion and extract ion of the beams 
in essential ly f ie ld-free regions, and of 
making possible lateral insert ion of the 
coi ls. 

A special feature is that the four gaps, 
even though geometr ica l ly ident ical , when 
submit ted to the same exci tat ion show 
sl ight ly di f ferent magnet ic f ields. In fact 
the top and bot tom gaps have a some­
what higher f ie ld at in ject ion and a lower 
one at top energy that the two inner gaps, 
due to the di f ferent ratios of iron to air 
paths. (This considerat ion made it very 
important to choose a steel wi th low 
coerc ive force and high permeabil i ty.) To 
correct these effects the magnet ic length 
of the four gaps wi l l be made equal for 
top energy (where such equal izat ion is 
most essential) and, to reduce the phe­
nomenon at in ject ion, it wi l l be possible 
to take the current at the end of the cycle 
to a value lower than that needed at 
in ject ion. The power connect ions of the 
magnet system al low a small change of 
the current in the outer or inner gaps, if 
necessary, by means of a t r im supply. 
Auxi l iary wind ings make it possible to 
equal ize the f ie ld integrals of the var ious 
rings. 

A complete magnet unit (f igure 2) to be 
used as a model was del ivered in Sep­
tember 1969 and the measurements have 
conf i rmed essential ly the design as­
sumpt ions. The method of construct ion of 
the b lock ( laminat ions, 1 mm thick, pre­
cisely s tacked in a f rame and then welded 
together) proved to be sat isfactory a l ­
though special care has to be taken dur­
ing weld ing to avoid the opening-up of 
the two outer gaps. The coi l conductors 
nearest to the beam have to be accura­
tely posi t ioned to avoid an asymmetry of 

the magnet ic f ie ld wi th respect to the 
median geometr ica l plane of each gap. 
We placed the contract for 34 magnets 
(32 in the r ing, 1 as a reference unit and 
1 spare) in December 1969. The f irst 
magnet of the series is expected by the 
end of September 1970 and the com­
plet ion of the del ivery by May 1971. 

The quadrupoles of the two types, F and 
D,wi th ident ical cross-sect ion but di f ferent 
lengths, present considerable problems. 
They or ig inate f rom the fact that for s im­
pl ic i ty and economy, it is qui te convenient 
to construct the four super imposed qua­
drupoles as a single magnet, but this pro­
cedure imposes qui te str ingent to lerances 
not only wi th in a part icular gap but also 
on the d is tance between the magnet ic 
centres of di f ferent gaps. 

Or ig inal ly it was envisaged to spl i t the 
iron core into four parts and to construct 
the complete coi ls in a normal manner 
and insert them between the iron b locks 
suitably assembled. Fol lowing pract ical 
tests and more detai led studies, it has 
been dec ided to construct the quadru­
pole core as one single block, wi th lami­
nations s tamped out for the four quadru-
polar apertures f rom one iron sheet. This 
procedure ensures much better to lerances 
between gaps but requires a di f ferent 
technique for the coi l construct ion than 
the one ment ioned above. 

In fact conductors in the form of U-bars 
carry ing the glass-tape not impregnated 
are in t roduced through the appropr iate 
slots and then the coi ls are completed by 
means of copper bars brazed to the U-
bars. The ent ire coi l is then impregnated 
in si tu. 

Another important aspect of the quadru­
pole design is the compensat ion of end 
effects wh ich are very ser ious if we con­
sider the high precis ion required and the 
rather short length of the magnets. This 
compensat ion wi l l be made by adequate 
sh imming of the end plates, wh ich is 
being tack led by means of computat ions 
and exper imenta l work on a prototype 
(f igure 3) wh ich was received in November 
1969. 

In February 1970, the contract for the 
const ruct ion of 48 quadrupole units and 
some spares was p laced. The first unit is 
expected by January 1971 and the com­
plet ion of the del ivery by August 1971. 



Artist's impression of the group of four super­
posed accelerating cavities (A) with their air 
cooling system. The four ring levels are indi­
cated I, II, III, IV. 

The air ducts (B) can be disconnected to 
enable the cavities to be moved out for servic­
ing. Part of cavity IV has been cut away to 
show the ferrite rings. The r.f. power amplifiers 
(C) are visible at the rear. 

R.f. accelerating system 

As a result of three years of theoret ical 
and exper imental study inc lud ing model 
work, the design of the r.f. accelerat ing 
system is now frozen. Each cavity consists 
of two quarter-wave ferr i te- loaded reso­
nators, one of wh ich is exc i ted by an 
r.f. generator. After the r ing separat ion 
was increased to 360 mm it was found pos­
sible to combine the four cavi t ies in a 
single unit as shown in f igure 4. (A second 
straight sect ion located d iametr ica l ly 
opposi te in the Booster is reserved for a 
further unit). 

The two t imes twenty-f ive ferr i te r ings 
per cavity (350 mm outs ide diameter, 
200 mm inside diameter, 30 mm thick) are 
a i r -cooled. This type of cool ing was 
chosen for its s impl ic i ty : in contrast to 
some cool ing f lu ids, air does not in f lu­
ence the r.f. f ie lds, does not at tack the 
ferr i tes chemical ly , is not tox ic , does not 
present a problem in case of smal l leaks 
— and it does not have long del ivery 
t imes, nor does it present a large budget 
i tem! Apart f rom the bulk iness of air ducts 
(and the l imited cool ing capaci ty) , the 
main drawback is the possibi l i ty of ' ther­
mal run-away' of indiv idual ferr i te r ings 
wh ich are no longer closely coupled ther­
mally to a large-capaci ty heat sink. This 
potential danger was avoided by speci fy­
ing close to lerances on the relevant 
ferr i te propert ies f rom ring to ring and by 
work ing wi th a conservat ive max imum 
temperature (about 30° C). 

The ferr i tes are biased by means of 
two ' f igure of eight ' loops (rather than by 
means of an external magnet yoke), wh ich 
at the same t ime couple the two half-
cavit ies. We f inal ly dec ided to locate the 
f inal stage of the power ampl i f ier at the 
cavity wh ich makes it possible to achieve 
better contro l of beam-cavi ty interact ions. 
Each cavity wi l l be equ ipped wi th a 
double unit, one act ive and one in reserve 
wh ich can be swi tched in remotely. The 
pre-ampl i f ier and dr iver stages as wel l as 
the tuning ampl i f ier wi l l be located in the 
central r.f. room (outside the radiat ion 
environment), thereby increasing their l i fe­
t ime and faci l i tat ing their serv ic ing. 

Like all a l ternat ing gradient proton syn­
chrotrons, the Booster wi l l be equipped 
wi th an automat ic beam contro l system 

for the control of the r.f. phase and f re­
quency (i.e. radial beam posit ion). In the 
design of this system due regard is being 
given to the ant ic ipated effects of the 
intense beam. The main e lectronic c i rcui ts , 
wh ich are of advanced design, have been 
f inal ized. A complete phase lock servo 
loop has been constructed and success­
ful ly tested on the PS. Good progress is 
also being made on the prqblem of syn­
chroniz ing the four rings. 

The del icate problem of t ransferr ing the 
20 bunches f rom the Booster to the PS 
r.f. 'buckets ' wi thout unacceptable d i lu t ion 
of longi tudinal phase space densi ty has 
been studied and a promis ing solut ion 
found, at least for the more normal runn­
ing condi t ions. 

Vacuum 

The beam in the Booster can be acceler­
ated slowly, s ince all the t ime between 
two successive PS pulses is avai lable for 
accelerat ing the beam up to only 800 MeV. 
This makes it possible to have rather 
cheap r.f. and main magnet power supply 
systems, but impl ies that the 50 MeV beam 
from the Linac spends a relat ively long 
t ime in the Booster at low energy when 
scatter ing by residual gas molecules in 
the vacuum chamber can be part icular ly 
t roublesome. Fixing a l imit of about 1 0 % 
to the to lerable increase in emit tance due 
to gas scat ter ing, the average pressure 
around the ring needs to be of the order 
of 10~7 torr. Fortunately, such pressures 
can be obtained nowadays using s tand­
ard ion pumps and metal jo ints wi thout 
fur ther compl icat ions such as baking of 
vacuum chambers. 

As has been pointed out before, the 
four machines are kept as independent as 

possible for most of the systems, but for 
vacuum it appeared much more con ­
venient to have a s ingle system, wh ich is 
more economica l and involves a consider­
ably smal ler number of components . 
Thir ty two 400 l/s ion pumps (two per 
magnet period) wi l l be used and about 10 
mechanica l and turbomolecu lar pump 
groups wi l l complete the instal lat ion. 

The most t r icky vacuum chamber to 
design, is that located in the gap of the 
bending magnet, for wh ich we require that 
the d istor t ion of the magnet ic f ie ld due 
to eddy-currents in the chamber should 
be suff ic ient ly smal l not to need cor­
rect ion by pole-face windings. AH require­
ments are met by a thin wal led metal 
chamber adequately corrugated for mecha­
nical s t rength. We plan to use Inconel-X 
as mater ia l , wi th a th ickness of 0.4 mm 
and corrugat ions of about 3 mm height. 
The other vacuum chambers are all of the 
th ick wal led type and rather convent ional . 

A specia l case is posed by the large 
tanks conta in ing the k icker magnets for 
e ject ion where a considerable pumping 
speed is required and here a subl imat ion 
pump wi l l be used in addi t ion to the 
normal ion pump. 

Transfer to the PS 

The transfer beam-l ine from the Booster 
to the PS is one of the most intr icate 
t ransport systems for intense par t ic le 
beams that has ever been designed. It 
has to accompl ish several tasks in a 
rather l imi ted space and to preserve as 
far as possible the qual i ty of the beams 
c i rcu la t ing in the Booster. 

After a rather st ra ight forward (at least 
in pr inciple) fast e ject ion of the beams 
in the four hor izontal planes cor respond-



The 'optics' for the recombination of the beams 
from the four rings (I, II, III, IV) of the Booster 
for transfer to the PS in the 20 bunch mode (five 
bunches from each ring being transferred in 
sequence). Without moving any element this can 
be changed to the 10 bunch mode (the twenty 
bunches from the Booster being transferred as 
ten vertically stacked pairs) by adding DSM — a 
double septum magnet. The other units are: 
ESM — ejection septum magnet, VBM — vertical 
bending magnet, VSM — vertical septum magnet, 
K — kicker magnet, Q — quadrupole, D — ver­
tical deflector. 

A sketch of the Booster buildings. There are 
three levels, the lowest one being that taken by 
the machine tunnel itself. Above is the service 
tunnel for cabling, some electronics, etc., and on 
top is the entrance, water-cooling plant, air-
conditioning plant and power supplies. 

ing to the four Booster r ings, we have to 
recombine the beams into one at the PS 
plane, to match this beam to the PS 
acceptances (both for betatron osci l la t ions 
and momentum), and f inal ly to in ject the 
beam on the PS closed orbi t . 

A fur ther compl ica t ion stems f rom the 
fact that several recombinat ion modes of 
the four beams can be envisaged, namely: 

a) 20 bunch modes — where beams 
are sequent ial ly extracted one after 
the other f rom the Booster r ings; 

b) 10 bunch modes — where two 
bunches are stacked into the same 
PS bucket ei ther hor izontal ly by two-
turn in ject ion into the PS or ver t i ­
cal ly by merging the bunches in the 
transfer l ine itself; 

c) 5 bunch modes — where a beam 
wi th vert ical ly merged bunches in 
the transfer l ine is then two-turn 
in jected into the PS. 

Several opt ical arrangements for the 
recombinat ion have been considered by 
the study group prior to the author izat ion 
to bui ld the machine. More recently, the 
f inal scheme has been determined 
(f igure 5). It requires a min imum number 

of magnet ic elements and has the ad ­
vantage of not needing any physical 
d isp lacement of elements when changing 
f rom one of the above modes to another. 
Only one double septum magnet needs 
to be powered addi t ional ly when it is 
required to recombine bunches in the 
same bucket. 

The part of the transfer l ine where the 
beam f rom the Booster is matched to the 
PS uses a 10° bending magnet and seven 
quadrupoles. 

A spect rometer is to be instal led in a 
branch-off f rom the transfer l ine so that 
the mean energy of each bunch can be 
measured and the beam recombinat ion 
system can be set up and beam omit­
tances measured independent ly f rom the 
operat ion of the PS. This faci l i ty wi l l be 
very useful especial ly dur ing the running-
in per iod. 

The main elements for the in ject ion of 
the recombined beam into the PS are one 
septum magnet and one (or two in the 
case of two-turn inject ion) ful l aperture 
k icker magnet. The exact in ject ion path 
required considerable detai led study. 

From the hardware point of view, the 

most cr i t ica l components are the eight 
k icker magnets needed for extract ion f rom 
the Booster, recombinat ion and in ject ion 
into the PS. Full aperture k ickers, based 
on a modular system f rom wh ich magnets 
of var ious strengths can be built , have 
been deve loped, tested and f inal ized. The 
pulses of power to the k ickers need a 
very short r ise-t ime (50 ns). J i t ter- free 
deuter ium thyratrons # have been success­
ful ly used as swi tches coupled with a non­
l inear pulse-sharpening network to ade­
quately shorten the relat ively s low pulse 
f rom the thyratrons (see CERN COURIER 
vol . 8, page 24). 

The f inal k icker magnets are now in 
product ion. Al l other magnet ic elements 
of the t ransfer- l ine — septum magnets, 
quadrupole and bending magnets — are 
either ordered or being tested in pro­
totype fo rm. A contract for all the d.c. 
power suppl ies was placed in December 
1969. 

Beam Observation and Measurement 

Adequate equipment for beam observat ion 
and measurement is part icular ly important 
in an accelerator wh ich has to del iver its 
high intensity soon after commiss ion ing. 
In most of the exist ing accelerators, it has 
taken years to br ing up the intensity to 
the levels speci f ie ld for the Booster. 

The strategy adopted is to monitor the 
relevant beam propert ies at each stage 
of the beam's journey, in part icular at 
the important ' f ront iers ' . Thus, qui te ela­
borate devices are being constructed to 
measure the beam emit tance and energy 
spread as wel l as the beam posi t ion and 
intensity before in ject ion into the Booster 
and before t ransfer into the PS. In the 
Booster itself, 18 p ick-up e lectrodes per 
ring (mostly located concentr ica l ly inside 
the mul t ipole lenses) wi l l make it possible 
to observe and measure the proton orbit . 
An ' Ionizat ion Beam Scanner ' (IBS) and 
possibly a 'Gas Cur ta in ' are planned for 
the measurement of the transverse den­
sity d is t r ibut ion of the protons. An auto­
matic Q-measurement device wi l l serve 
to measure betatron f requencies every 
three mi l l iseconds. In addi t ion we shall 
have the more convent ional co l lect ion of 
scint i l lator screens, current t ransformers, 
wide-band pick up stat ions, targets (for 
beam 'shaving ' and IBS cal ibrat ion) and 



beam loss detectors. Al l of these have 
been speci f ied in detai l and the design 
is wel l advanced on some of them. 

Controls 

A number of di f f icul t decis ions had to be 
taken as regards the contro ls . Firstly 
there was the quest ion of the locat ion of 
the Booster contro ls — should it be in 
the Booster bui ld ing or in the Main Con­
trol Room of the PS. The latter solut ion 
was adopted to ensure the best oper­
ational integrat ion between the Linac, the 
Booster and the PS, to minimize the total 
cost in terms of the manpower needed for 
operat ion and in terms of the capi ta l out­
lay, and to make the t ransi t ion f rom the 
running-in period to normal Booster oper­
at ion easier. However, the number of 
racks avai lable in the MCR is rather 
restr icted and their opt imum use requires 
careful p lanning. The layout of these 
racks has been worked out and the MCR 
is being rearranged accord ing ly . 

Secondly we had to dec ide on the 
degree of involvement of a contro l com­
puter and subsequent ly whether to enlarge 
the capaci ty of the exist ing IBM 1800 in 
the MCR or to buy a new computer . Ideas 
have evolved to the point where we de­
c ided recently, in co l laborat ion wi th the 
MPS Controls Group, to entrust a con­
s iderable number of contro ls to an 
enlarged IBM 1800 (without any inde­
pendent manual back up) and to buy a 
satel l i te computer for the generat ion of 
most t ime-var iable contro l funct ions. The 
detai led speci f icat ions for the major i ty of 
contro ls are wel l advanced and their 
design is about to start. 

Good progress has been made wi th the 
more classical contro ls and wi th the 

rather t r icky Booster t iming system, as 
wel l as wi th the audio in tercommunicat ion 
and radiat ion securi ty systems. 

Buildings 

The locat ion of the Booster has been 
indicated and commented upon in CERN 
COURIER vol . 8, page 5. 

The bui ld ings are at three di f ferent 
levels (f igure 6). At the bot tom are the 
main tunnel and the connect ions wi th the 
PS for the in jected and e jected beams. 
The civi l engineer ing work on this part 
was completed in the Spr ing of 1969 and, 
since the Summer, the main tunnel is 
covered by earth shie ld ing. 

The next level compr ises a service 
tunnel to contain cabl ing, certain power 
suppl ies and some local e lectronics, and 
a central e lectronic room to house all the 
e lectronics for detai led contro l of the 
major components of the machine. At the 
same level, but separate f rom the main 
bui ld ing structure, there is the power 
house for the main magnet power supply 
and the electr ic i ty substat ion. The work 
on this level is progressing sat isfactor i ly. 

At the top are located the entrance and 
the access to the vert ical shaft to t rans­
port machine components to the lower 
levels (for economy no road is provided at 
tunnel level), the water cool ing and air-
condi t ion ing plants and the power sup­
plies for the beam transport to and f rom 
the PS. 

Al l bui ld ings are scheduled to be ready 
for occupancy and for the start of machine 
instal lat ion by the end of this year. 

Collaboration with industry 

It is wor th noting that 80 to 9 0 % of the 
components of the Booster wi l l be pro­

duced by European industry. Despite the 
present boom in industry, wh ich could 
have led to lack of interest in CERN's 
rather specia l and di f f icul t technica l 
requirements, and to problems in achiev­
ing t ight del ivery schedules, we have 
found the, by now, t radi t ional good-wi l l 
and interest in our problems. 

It is therefore a pleasure to record our 
apprec ia t ion of the cooperat ion we are 
receiving f rom the many f i rms part ic ipat­
ing in our project , in part icular : 

A ls thom (France) — bending magnets, 
d.c. power suppl ies ; Asea (Sweden) — 
bending magnet, quadrupo le ; BBC (Fede­
ral Republ ic of Germany) — main quadru­
poles; BOA (Switzerland) — vacuum 
system; Calorstat (France) — vacuum 
system; Kabel und Metal lwerke (Federal 
Republ ic of Germany) — water-cooled 
power cab les; Lintott (UK) — d.c. bending 
magnets ; Oer l ikon (Switzerland) — d.c. 
magnet lenses; Passoni e Vi l la (Italy) — 
high vol tage suppl ies; Pfeiffer (Federal 
Republ ic of Germany) — turbomolecular 
vacuum pumps; Phi l ips (Netherlands) — 
r.f. cavity fer r i te ; Siemens (Federal Repu­
bl ic of Germany) — main magnet power 
supply ; Smit (Netherlands) — d.c. quadru­
po les; Var ian (Switzerland/Italy) — ion 
vacuum pumps. 

The general progress of the pro ject 
and the del ivery dates agreed by industry 
give every hope, at this stage, that the 
or ig inal t ime schedule for const ruct ion 
can be held. The Booster should provide 
its f i rst beams to the PS in 1972. 



Studying heavy mesons 
CERN/Serpukhov experiment No. 2 
The story of the second experiment to be carried 
out by a joint team of physicists from CERN and 
from the Institute of High Energy Physics 
Serpukhov, on the 76 GeV proton synchrotron at 
Serpukhov. 

We had intended this month to record, 
fairly briefly, the dispatch of equipment to 
Serpukhov for the second joint experiment 
and to say something about the aims of 
the experiment. But there is so much of 
interest in connection with this topic, that 
it merits telling in more detail. Some of 
the things we have to try to cover are: 
The experiment is Chapter 3 of a story 
which began about five years ago. Chapter 
1 was written at CERN where seven nega­
tively charged mesons were identified for 
the first time using a new technique 
known as the 'missing mass' technique. 
Chapter 2 has recently emerged in print. 
It has extended these results in a CERN 
experiment using a different approach 
and a higher energy. Nine further heavy 
mesons have been identified and it has 
been found that new particles are lying so 
thick on the ground at higher energies 
that it is becoming difficult to distinguish 
one from another. 

Chapter 1 revealed that a particle 
known as A 2 (in view of the recent 
epidemics, we hasten to add that this has 
nothing to do with the influenza virus !) is 
in fact two particles of almost identical 
mass. A controversy as to whether these 
were two radically different particles or 
two particles having the same quantum 
numbers has been convincingly resolved 
in favour of the second alternative. 

The experiment at Serpukhov will study 
the newly observed particles in more 
detail and later will have a look at what 
is around at still higher energies. The 200 
tons of equipment en route for Serpukhov 
is quite exceptional in its sophistication 
and versatility. The problem is not how to 
stretch its performance to gain more infor­
mation but rather how to restrain the 
inclination to do a dozen other interesting 
experiments which are easily possible. 
The huge Antonov 22 plane (bigger even 
than the Boeing jumbo jet) is coming to 
Geneva airport for the first time to take 
50 tons of the more delicate equipment, 
adding spice to the equipment removal. 

Chapter I: 
The Massing! Mass 
Spectrometer 
At the end of 1966, the missing mass 
spectrometer exper iment (see CERN 
COURIER vol . 7, page 31) conc luded its 
run on the CERN PS. It searched for 
negative mesons over the mass range 
f rom 0.5 to 2.5 GeV and spotted seven for 
the f irst t ime. It also demonstrated the 
success of the missing mass technique 
wh ich was descr ibed by its or iginator, B. 
Magl ic, as rather l ike f ishing for part ic les 
wi th a net rather than a hook. 

The exper iment went as fo l lows. A 
beam of negative pions f rom the PS was 
f i red at a hydrogen target and the de­
tect ion equipment recorded parameters of 
the emerging proton when the fo l lowing 
interact ion took p lace: 

jt~ 4- p->p + (X~) 
One has enough information about the 

incoming pion, the target proton and the 
emerging proton to be able to calculate 
the missing mass (writ ten in the inter­
act ion as X~). It was found that the miss­
ing mass preferred part icular values — 
corresponding to part ic les wi th sharply 
def ined masses. The nature of the other 
part ic les part ic ipat ing in the interact ion 
(pion, proton, proton) tel ls us that the X~ 
part ic le is a negative meson. 

A dist inct ive feature of the exper iment 
was the way in wh ich it looked at the 
emerging proton. The array of detectors 
for the proton could be moved on a 
turn-table through angles wi th respect to 
the d i rect ion of the incoming pion beam. 
Associated wi th each meson produced, 
there is an angle at wh ich a high per­
centage of the protons emerge. (Such 
angles are known as 'Jacobian peaks' in 
the angular d istr ibut ion). Thus as the de­
tector was moved through a range of 
angles, the number of protons recorded 
rose sharply at those angles cor respond­
ing to product ion of a meson. The meson 
itself l ives only for about 10~ 2 3 seconds 
before decay ing, predominant ly into pions, 
and the decay products could be observed 
in a detect ion system immediately fo l low­
ing the target. 

This f irst net caught the fo l lowing f ish 
— Ô (0.962), RT (1.630), R 2 (1.700), Rs 

(1.750), S (1.929), T (2.195) and U (2.384) 
where the f igures in brackets are masses 
in units of GeV. There is a remarkable 
regular i ty in the mass spectrum of the 
part ic les, the squares of their masses 
lying neatly on a straight l ine. This t ies 
in nicely wi th the hypothesis that every 
meson is composed of a quark and an 
ant i -quark ( l ike a molecule made up of a 
quark and an anti-cjuark rotat ing around 
one another) . 

Another observat ion f rom Chapter I was 
that the A 2 meson, wh ich was known as 
a single peak pr ior to the exper iment, is 
'spl i t ' — it consists of two part ic les (now 
referred to as A 2 high and A 2 low) of 
a lmost ident ical mass. 

Chapter II: 
CERN Boson 
Spectrometer 
In 1968 and 1969 a CERN, Geneva, Mu­
nich co l laborat ion carr ied out the CERN 
Boson Spect rometer exper iment (see 
CERN COURIER vo l . 9, pages 8 and 233). 
This also used the missing mass tech­
nique but in a di f ferent way. Whereas the 
Missing Mass Spect rometer speci f ied the 
missing mass by observ ing the Jacobian 
peaks in the d is t r ibut ion of the protons 
coming off at an angle (let's cal l it the 
MMS method), the CERN Boson Spectro­
meter speci f ied the missing mass by 
measur ing the momentum of the protons 
coming off f rom the target wi th in a smal l 
angle in the forward d i rect ion (the CBS 
method). 

('Boson' incidentally is a global term 
for those particles (including all the me­
sons) which have an integral value for 
their spin (0, 1, 2...) and thus obey Bose-
Einstein statistics; their counterpart is 
'fermion' meaning particles which have a 
half-Integer value for their spin Çh, 3h...) 
and thus obey Fermi-Dirac statistics.) 

The CBS used wide gap spark chambers 
and a large magnet to measure the for­
ward proton and was able to look at dif­
ferent mass ranges by varying the energy 
of the incoming pions. The detect ion 
system also caught the decay products of 
the mesons wh ich were produced but, 



Equipment for the CERN/Serpukhov experiment 
photographed during final tests at the beginning 
of March before being dismantled for dispatch to 
the Soviet Union. On the left is the new type of 
hydrogen target, followed by a series of three 
wide gap spark chambers (light can be seen 
reflecting from the planes of wires), followed by 
the large aperture magnet. Also in the picture 
are scintillators wrapped in black tape to shield 
them from the light. Note in particular the huge 
scintillator on the right marked 'Attention très 
fragile'. Part of the turn-table on which the pro­
ton detector can be moved is seen at the bottom 
of the photograph. 

since the system was essential ly for 

measuring the proton, the decay products 

could not be studied as thoroughly as in 

an MMS set-up. The great advantage of 

the CBS was to be able to investigate 

about 1 GeV higher masses than the MMS 

for a given energy pion beam using the 

forward proton. The exper iment d id two 

things — first it conf i rmed wi th its dif­

ferent approach) the A 2 sp l i t t ing; second, 

it extended the search for mesons f rom 

2.5 to 4 GeV. 

The A 2 controvesy centred on whether 

A 2 high and A 2 low have the same total 

spin (J) and parity (P) quantum numbers. 

The observed symmetr ic shape of the 

double peaked A 2 suggested that this was 

so — it looked l ike interference between 

two part ic les of the same quantum 

numbers. This quest ion is important be­

cause if the quantum numbers take certain 

dif ferent values it destroys the quark 

model of the mesons as we know it. 

To explain brief ly what could be happen­

ing wi th regard to the A 2 we need to 

think back to the days of atomic spect ro­

scopy when observed e lectron energy 

levels in the atoms were beaut i fu l ly ex­

plained by consider ing the energy that 

e lectrons has by vir tue of their angular 

momentum in orbi t around the nucleus 

(with orbi ta l quantum number L), their 

intr insic spins (spin quantum number s), 

and the way these could couple together. 

We have a simi lar si tuat ion wi th the two 

quarks orbi t ing around one another in the 

meson. Possible values could be assigned 

for the spin and pari ty of the A 2 as 

JP = 2 + . Then A 2 high and A 2 low could 

be explained as belonging one to the top 

of the L = 1 group of energy levels and 

one to the bottom of the L = 3 group. 

(This rather compl icated story is expla ined 

more ful ly in CERN COURIER vol . 9, 

page 233.) The quark model sti l l has to be 

stretched to explain how the L = 3 group 

can come down by about a GeV in mass 

compared with where they are expected 

and it is not very satisfying to accept that 

the two part ic les fal l on top of one 

another by accident . 

Results f rom the USA had suggested 

that for A 2 low J p = 1~, wh ich would spel l 

death to the s imple quark model . The 

CBS exper iment studied the quantum 

numbers of the A 2 in two independent 

ways. One was by examining over 3000 

events giving three pions (X~-^JT + + j t " + jt~) 

in the region of the A 2 mass. Two of the 

pions can result f rom the pr ior format ion 

of a rho meson. Then the interact ions go 

X ~ - > Q° + Jt~ 

K+ + Jt~ 

The decays where it could be shown that 

a rho and a pion were produced were 

then submit ted to what is cal led a 'Dalitz 

plot ' and var ious hypotheses for the possi­

ble spin and parity quantum numbers 

were compared wi th the results. No dif­

ference was detected between the decays 

coming f rom A 2 high and those f rom A 2 

low and J p = 2 + f i t ted the exper imental 

results best. 

The other way was to look at the com­

parat ively rare decays of the A 2 into a 

neutral kaon and a negative kaon 

A 2 - - * K ° i + K-

which occurs in about 4 % of all the 

possible decays. 251 events of this type 

were ident i f ied. Again the data showed a 

deeply spl i t A 2 wi th no di f ference be­

tween A 2 high and A 2 low. By indirect 

argument the most probable quantum 

numbers are then J p = 2 + . The programme 

for the 'Conference on Experimental Me­

son Spect roscopy ' to be held in Phi la­

de lph ia at the beginning of May contains 

the quest ion 'Does anyone wish to c la im 

that J p for the A 2 is not equal to 2 + ?'. 

The exper iment involved the extensive 

co l laborat ion of the Universit ies of Ge­

neva and Munich (Sektion Physik) wi th 

CERN. TheiT contr ibut ion included the pro­

vision of equipment, comput ing t ime, and 

f inance in addi t ion to the teams of 

physicists. From Geneva came R. Baud, 

M. N. Focacc i , P. Lecomte, M. Mart in 

(team leader) and C. Nef. From Munich 

came H. Benz, B. Bosnjakovic, H. Jost-

lein and A. Wei tsch (team leader). The 

remaining members of the team were H. 

B lumenfe ld , D. R. Botter i l l , G. Damgaard, 

W. Kienzle (team leader), R. Klanner, C. 

Lechanoine, V. Roinishvi l i and P. 

Schubel in . 

Now let us turn to look at the nine new 

f ishes that the CBS net has c a u g h t The 

search for negative mesons was extended 

over the mass range f rom 2.5 to 4 GeV, 

CERN/Pl 1.3.70 
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sett ing the energy of the incoming pion 
beam at energies going f rom about 8 to 
15 GeV and measuring the forward pro­
ton as descr ibed above. Unfortunately we 
are running out of a lphabet so the newly 
observed part ic les are known s imply by 
their masses (in GeV) as fo l lows: X~ 
(2.620), X- (2.800), X " (2.880), X " (3.025), 
X- (3.075), X- (3.145), X" (3.180), X" (3.475) 
and X~ (3.545). Most of them are peaks of 
narrow wid th . Their cross-sect ions do not 
decrease rapidly wi th energy, contrary to 
expectat ion. 

The f irst few fit on the stra ight l ine 
plot ted f rom the MMS part ic les but the 
higher we go in mass the more di f f icul t 
it becomes to assign a meson to its po­
si t ion s ince there are more part ic les 
found than are required by extrapolat ing 
the l ine. Near 4 GeV the mesons are 
tumbl ing on top of one another; the space 
between neighbour ing peaks becomes so 
smal l that they are di f f icul t to d is t inguish 
even though the CBS has a very good 
mass resolut ion. 

In conclus ion the exper iment has shown 
that the mass region f rom 2.5 to 4 GeV is 
also rich in interest. Years of exper i ­
mentat ion wi th sti l l more sophist icated 
equipment, sensit ive to the decays of the 
heavy mesons, wi l l be needed to under­
stand their propert ies. 

Chapter III: 
The CERN/Serpukhov 
Experiment 
The exper iment in Serpukhov wi l l be in 
two stages. The first wi l l study some of 
the higher mass mesons recent ly iden­

t i f ied whose propert ies have not been 
found. 

Thanks to the higher energy of the pion 
beam (20 to 40 GeV) avai lable f rom the 
Serpukhov machine, it is possible to use 
the MMS method again to detect the pro­
ton at an angle (even for the mesons of 
mass above 4 GeV) leaving the forward 
d i rect ion free for a detect ion system 
tuned to measure the decay prodgcts of 
the mesons. 

The system is so versati le that several 
interest ing studies can be carr ied out at 
the same t ime. The first is of course the 
missing mass study of negative mesons 
as before 

j t~ + p ^ p + (X") 
The second is the study of neutral mesons 
by a 'double missing mass' measurement 
when the X" decays. The detectors can 
measure emerging negative pions pre­
cisely so as to identify neutral mesons 
(X°) in the decay 

x- - > i t" + (X°) 
where the X° may for instance decay 
into pions wh ich are also measured 

X° —»- j t + + j t~ 

In other words what is done is to measure 
a negative pion and to see if the 'missing 
mass' predominant ly takes up part icular 
values corresponding to neutral mesons. 
(The rho meson coming f rom the decay 
of the A 2 as ment ioned above is an 
example of this type and has been seen 
clear ly in recent tests.) 

The th i rd is the study of the possibi l i ty 
of doubly charged negative mesons (X~~) 
by measur ing the posit ive pion f rom the 
X~ decays. If it were shown that the miss­
ing mass took up part icular values 

X - - w t + + ( X " ) 
there really wou ld be a f lutter in the 

theoret ical dovecotes. The quark theory 
of the mesons forb ids a doubly charged 
meson — in no way can a quark and an 
ant i -quark (each carry ing a charge of 
7 3 or 2/z e) be combined to yield two 
integral charges. 

After the invest igat ion of the heavy me­
son decays by the MMS method, the 
exper iment wi l l turn to a search for me­
sons of st i l l h igher mass (above 4 GeV). 
Again it is the higher energy of the pion 
beams from the Serpukhov machine which 
makes it possible to look for part ic les as 
heavy as 8 GeV. Here the exper iment wi l l 
revert to the CBS method measuring the 
forward proton and wi l l not have as much 
evidence on the decays of these heavy 
mesons. 

Let us now run through the way in 
wh ich the exper iment (Part 1) wi l l be 
carr ied out and en route we can get a 
good idea of the complex of equipment 
involved. The sketch of the layout may 
help in understanding what fo l lows. 

The pion beam-l ine, known as Channel 
4B, wi l l probably be set at a momentum 
of 25 GeV/c whi le using the 'double miss­
ing mass' method. It is a beam of exce l ­
lent qual i ty prov id ing 500 000 pions per 
pulse lasting one second (there is one 
pulse every 7.5 seconds). It is expected to 
record about 25 events per pulse (about 
200 000 per day). Counter hodoscopes 
Ho, H i and H2 wi l l moni tor this beam and 
scint i l la t ion counters T i and I2 wi l l p ick 
out a s ingle p ion. (Despite there being 
500 000 pions per second, the counters 
can dist inguish between charged part ic les 



A schematic representation of the layout of the 
experiment as it will be for its first stage. 
H0, Hlt H2 are hodoscopes monitoring the in­
coming pion beam. 7 7 , T2, T3, T4, T5, T6 are trigger 
counters which must record charged particles 
and Blf B2 are trigger counters which must not 
record charged particles before the whole 
detection system switches on to record an 'event'. 

arr iving at t imes as short as two or three 

nanoseconds apart.) T i and T2 are t r igger 

counters — the whole system wi l l not 

swi tch on to record an event unless T i 

and T2 tel l the e lect ronics that they have 

p icked out a p ion. 

The target is a smal l cy l inder of l iquid 

hydrogen, 43 cm long, 4 cm in diameter. 

It is of the new type (descr ibed on page 

84), developed by L. Mazzone at CERN, 

which needs almost no at tent ion. 

The detect ion system for the proton is 

mounted on a turn-table so that it can be 

moved around to p ick out the Jacobian 

peaks. Init ial ly it wi l l be swept r ight 

around into the pion beam for a thorough 

study of the beam propert ies and ca l i ­

brat ion of the spark chambers. It consists 

of two w ide gap spark chambers and a 

bank of scint i l lat ion counters. The sc in t i l ­

lators are 2 X 1 m 2 and 10 mm thick. 

They serve as rough range counters, 

measuring the energy of a proton by 

seeing how far it t ravels through the 

bank. The first two, Ts and TO are t r igger 

counters (they must see a part ic le before 

the whole system wi l l swi tch on) and the 

last scint i l lator B 2 is an 'ant i -co inc i ­

dence' counter (no proton f rom the inter­

act ion we are interested in should reach 

it) — if it sees a charged part ic le the 

whole system does not swi tch on. Further 

scint i l lators T 3 and T4 must record a 

charged part ic le passing through the 

spark chambers and magnet before the 

whole system swi tches on. They have an 

opening along the beam di rect ion so as 

not to record beam part ic les. Finally an 

ant ico inc idence counter B i must not 

record a beam pion selected downstream 

to ensure that there was in fact an inter­

act ion in the target. 

Thus when t r igger counters T i to TO all 

f i re whi le B i and B2 do not f i re, the elec­

t ronics swi tch on the spark chambers and 

the event is recorded. ] 

Observing the proton d i rect ion in the 

spark chambers the proton angle is 

measured to an accuracy of ± 3 mrad 

and its momentum to ± 1 % . Since the 

proton momenta are qui te low (about 

500 MeV/c) scat ter ing of the proton on its 

way out of the target is a major worry. 

Also to reduce scat ter ing the spaces 

where the proton travels between equip­

ment wi l l be f i l led wi th large polythene 

bags contain ing hel ium, wh ich wi l l cause 

less scatter than air. 

The detect ion system for the decay pro­

ducts consists of f ive wide-gap spark 

chambers arranged on ei ther side of a 

large magnet wh ich has an aperture 1.5 m 

wide, 1 m deep and 50 cm high, and a 

f ield of 10 kG. This wi l l bend the t racks of 

the charged part ic les and enable their 

momenta and the sign of their charge to 

be determined. The spark chambers are 

1.5 X 1.5 m 2 wi th a gap of 5 cm and they 

have been developed in the course of the 

MMS and CBS exper iments. This began 

under the late G. E. Chikovani f rom the 

Georgian Academy of Science in Tbi l is i 

who spent several years wi th the CBS 

exper iment. The tradi t ion of his expert ise 

has been carr ied on by V. Roinishvi l i , also 

from Tbi l is i , who has part ic ipated in the 

CBS exper iment and who wi l l be in the 

CERN/Serpukhov team as a member of 

the Serpukhov staff. 

The whole system has been thoroughly 

tested at CERN in exact ly the form wh ich 

wi l l be instal led at Serpukhov. These tests 

came to an end on 6 March. Ideally a 

supernatural power would then have 

p icked up the equipment as it was and de­

posited it in the exper imental hall at Ser­

pukhov where a special concrete base 

about 1 m high (known as the CERN plat­

form) awaits it — effectively raising the 

f loor so that the beam height is the same 

as at CERN. In the absence of such a 

power, the equipment has been dismant led 

and d ispatched in pieces. Dismant l ing and 

packing took until 20 March. 

On 22 March the 110 ton magnet left 

Geneva by t ra in, it travels by Swiss rai l ­

way to the Russian border at Tchop and 

f rom there by Russian rai lway right into 

the exper imental hal l . The total t ransit 

t ime is 3 weeks. 

On 31 March an Antonov 22 cargo plane 

is scheduled to land at Cointr in ai rport 

Geneva to pick up over 50 tons of de l i ­

cate equipment. It has a capaci ty of 

500 m 3 and this wi l l be taken up by three 

large containers (two for an IBM 1800 com­

puter wh ich wi l l be used on-l ine in the 

exper iment and one for the fast e lect ro­

nics units) and other i tems inc luding the 

spark chambers, the hydrogen target and 

the scint i l lators. Loading wi l l take place 

overnight and the plane wi l l leave for 

Moscow on 1 Apr i l . On arrival at an air­

port between Moscow and Serpukhov, a 

convoy of t rucks wi l l take over and travel 

at s low speed to the Laboratory. The 

t rucks wi l l halt in the exper imental hall 

itself and unloading, customs check ing 

and instal lat ion wi l l begin. The headaches 

of this exerc ise on the CERN side have 

been part icular ly those of E. Leya who 

is responsible for the transport . The 

associated documents stand some 20 cm 

high on his desk. 

The CERN members of the team (with 

their par t icu lar responsibi l i t ies indicated 

in brackets) are as fo l lows: W. Kienzle 

(the team leader), R. Klanner (beam), P. 

Lecomte (target), G. Damgaard (scint i l la­

tors and t r igger logic), A. Wei tsch (spark 

chambers) , M. Mart in and G. Laverr ière 

(data acquis i t ion), R. Baud, A. Lacourt 

and an IBM engineer (computer) , M. N. 

Focacci -Kienzle and C. Lechanoine (data 

analysis). Other special ists wi l l go to Ser-

pukhlov for a t ime until the equipment 

sett les down, for instance, V. Beck and R. 

Schi l lsot t (mechanical work) , C. Brand 

and G. Coubra (target). The Serpukhov 

component of the team wi l l be led G. 

Lansberg and wi l l have four other 

physic ists and four technic ians. 

The team members, wi th their fami l ies, 

are moving to Serpukhov in stages and 

are due to have their f irst jo int group 

meet ing there on 6 Apr i l . They wi l l stay 

in a new apartment b lock in the nearby 

v i l lage of Protvino and a k indergarten wi l l 

be avai lable for the young ch i ldren. 

The exper iment is scheduled to start on 

1 June 1970 and to f inish about the end 

of 1971. 
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A diagram of the proposed pre-in'iector. The 
tank contains sulphur hexafluoride gas at a 
pressure of seven atmospheres with the exception 
of the volume centre right where the beam 
energes. The different components are: 
1. High voltage generator; 2. High voltage elec­
trode; 3. Accelerator tube; 4. Central cylinder; 
5. and 6. Base-plates; 7. Capacitive screen; 

8. Insulating supports; 12. Intermediate electrode; 
13. Protective resistor; 14. Motor; 15. Insulating 
shaft; 16. 2000 Hz alternator; 17. 400 Hz alternator; 
18. Equipotential rings; 19. Anode (containing the 
ion source); 20. Accelerating electrodes; 
21. Cathode containing a focusing triplet; 
22. Equipotential rings. 

1.4 MeV pre-injector 
When thought was being given to the pro­
gramme of improvements at the 28 GeV 
proton synchrot ron, the per formance of 
the Linac feeding the accelerator was, 
of course, one of the i tems examined. 
The 'bot t leneck' in terms of Linac per­
formance was considered to be the f irst 
part of Tank 1 — the f irst of the three 
large r.f. cavit ies in wh ich proton beams 
are accelerated to a f inal energy of 
50 MeV. The present ion source, one of 
the most powerful operat ing on a proton 
accelerator , del ivers a higher qual i ty 
beam than can be explo i ted. A redesign 
of Tank 1 was therefore cons idered and 
it was also real ized that achieving higher 
intensit ies would be easier if the beams 
into Tank 1 were of h igher energy than 
those provided by the exist ing 500 keV 
pre- in jector. This possibi l i ty was also con­
s idered interest ing in connect ion wi th the 
300 GeV project . Studies have been car­
ried out by a team from the Linac group 
in close col laborat ion wi th the Institut de 
Physique Nucléaire, Lyon, and wi th Saclay. 

They have now advanced to the stage 
where a pro ject for a pre- in jector of 
energy 1.4 MeV can be formulated. 

The col laborat ion with Lyon enabled 
CERN to use a high vol tage instal lat ion at 
IPN (constructed in connect ion wi th a 
French heavy ion l inac project wi th a 
1 MeV electrostat ic injector) for test ing 
high gradient accelerat ing structures, 
whi le enabl ing Lyon to benefit f rom the 
CERN exper ience in accelerat ing tube 
construct ion and running. (The high c lean­
liness CERN tube design and assembly 
technique has been adapted by Brook-
haven and commerc ia l ized recently by 
HVEC to cope wi th the demand of the 
Heidelberg heavy ion l inac group who 
ordered three of them.) The col laborat ion 
wi th Saclay arose spontaneously f rom the 
close relat ionship between the two Labo­
ratories and enabled CERN to benefi t 
f rom the exper ience accumulated at Sa­
clay dur ing the construct ion of their wel l 
engineered new injector for Saturne (see 
CERN COURIER vol . 9, page 138). ' 

The size of the present Faraday cage 
at the PS prohibi ts moving to higher 

energies wi th an 'open air' design — the 
cage is not big enough to conta in, w i th ­
out b reakdown, equipment taken to much 
higher vol tages. Thus a design for an en­
c losed pressur ized system as used at 
Saclay was chosen. As far as possible, 
wel l -proven techniques were selected for 
the var ious components . For example, the 
ion source and accelerator tube are s imi ­
lar to those used on the PS and the high 
vol tage generator consists of two Saclay-
type units in ser ies. It is for this reason 
also that the energy is l imited to 1.4 MeV. 
Higher energies cou ld have involved con­
s iderable development work on new tech­
niques and have resulted in a more 
expensive project . The major features of 
the proposed design are as fo l lows: 

Pressurized tank 

All the major units of the pre- in jector are 
grouped together inside a pressurized 
tank conta in ing sulphur hexaf luor ide 
under a pressure of seven atmospheres. 
The tank (a hor izontal cy l inder 5.4 m long 
and 2 m diameter) contains the high 
vol tage generator (two 750 kV generators 

5.40 m 



The prototype accelerator tube was tested under 
a cylindrical container filled with sulphur hexa­
fluoride at atmospheric pressure. The units 
indicated are: 1. Insulating casing; 2. Upper high 
voltage electrode; 3. Anti-corona rings; 4. 
Resistor; 5. Lower cone; 6. Chassis; 7. Pumping 
set. (Photo IPN) 

Installation of the dome forming the roof of the 
large Faraday cage at the Institut de Physique 
Nucléaire, Lyon, where the prototype acceler­
ator tube was tested. The construction of the 
Faraday cage involved novel and inexpensive 
techniques. (Photo Huguenin) 

in series), the ion source, the acceler­
ator tube and almost all their associated 
equipment. 

A 2000 Hz alternator, dr iven by an insu­
lat ing shaft, provides the power required 
for one of the generators (the f irst is 
suppl ied f rom a source at earth potent ial) , 
and another 400 Hz alternator, dr iven by 
the same shaft, provides power for the 
var ious components of the ion source. 

The tank opens at the jo in t between the 
baseplates and the central body. The 
accelerator tube sub-assembly is f ixed in 
relat ion to the Linac, wh i le the central 
body is movable on rails, as also is the 
generator sub-assembly. 

Ion source 

The ion source is required to provide a 
current of about 500 mA for 100 JJLS wi th a 
current density of about 200 m A / c m 2 at a 
repeti t ion f requency of 2 Hz. This per­
formance is already achieved by the 
present PS source (see CERN COURIER 
vol . 6, page 88) wh ich can therefore be 
used almost as it stands wi th the ex­
cept ion of the e lectronic c i rcu i t ry wh ich is 
miniatur ized. 

The hydrogen feeding the source is 
stored inside the tank in a l ight-metal 
bott le contain ing enough gas for 3000 
hours of operat ion. Moni tor ing and con­
trol of the source is carr ied out via an 
infra-red l ink by a method already in use 
at CERN (see CERN COURIER vol . 9, 
page 103). 

Accelerator tube 

This part of the project required the most 
thorough exper imental invest igat ion in 
view of the very high vol tage and vol tage 
gradients. Experiments have been carr ied 
out (the 'Berthe' tests descr ibed below). 

The accelerat ing structure is not f inal ly 
dec ided but may be of the Pierce hybr id 
type wh ich offers cons iderable f lexibi l i ty 
and is sat isfactory f rom the beam opt ics 
point of view. The e lectrodes are made of 
t i tanium alloy. 

The central apertures are machined to 
be as close as possible in prof i le to the 
theoret ical equipotent ia l . They are sup­
ported by three oval-shaped bars leaving 
plenty of room for vacuum pumping. This 

is important because of the leakage of 
hydrogen f rom the source, and degass­
ing of the electrodes dur ing high vol tage 
hardening. 

A pump wi th a speed of at least 1000 l/s 
designed to cope wi th the hydrogen leak­
ing f rom the source, is to provide the 
vacuum, wh ich must reach 2 X 10~4 torr. 
Several types are now on test. 

High voltage generators 

There are two 750 kV generators, almost 
exact ly l ike that used in the Saclay pre-
injector. They must be capable of prov id­
ing 500 [iA d.c. and an instantaneous 
current of ten t imes this value. They are 
of the series cascade type wi th selenium 
rect i f iers and ceramic capaci tors. A pro­
tect ive resistor is provided to l imit the 
power in case of a breakdown. 

The negative terminal of the f irst gene­
rator is earthed, and it can therefore be 
suppl ied f rom an external unit. A 2000 Hz 
al ternator at a potential of + 7 5 0 kV driven 
by the insulat ing shaft provides the supply 
for the second generator. 

'Berthe' tests 

Prototype tests on the accelerator tube, 
known as the 'Berthe' tests, have started 
in Lyon. CERN has provided a high vol tage 
test faci l i ty to be used in a Faraday cage 
constructed by IPN who also provided a 
1.5 MV generator (Haefely set). Scient ists 
from both centres part ic ipated in the 
tests. 

The Faraday cage is of novel con­
st ruct ion. It is topped by a large dome 
16 m in d iameter and 12 m high the inside 
of wh ich is coated with a lumin ium. The 

dome is made from a very l ight metal 
f ramework and glass f ibre reinforced 
polyester foam. This provides a very l ight 
s t ructure at a low cost. 

The prototype accelerator tube is of the 
type used at the CERN PS. The cathode, 
anode and intermediate e lectrodes are all 
ad justable in posi t ion for test purposes. 
For tests above 850 kV it was placed in an 
insulat ing environment of sulphur hexa­
f luor ide at a tmospher ic pressure. 

The tests were concerned f irst of all 
w i th the vol tage holding propert ies in 
vacuum of t i tanium alloy e lectrodes as 
the d is tance between two electrodes is 
var ied. Average vol tage gradients of 
200 kV/cm over 1 cm and of 130 kV/cm 
over 6 cm could be achieved. A model 
acce lerator tube structure wi th f ive elec­
t rodes (anode, cathode, three intermediate 
e lect rodes wi th a central aperture where 
the proton beam would pass) was then 
put under vol tage. On 20 January 1970, 
the summit of 1 MV was topped wi th great 
joy, the f irst t ime this had been achieved 
wi th such a system. A week later, after 
ad justments 1230 kV was achieved w i th ­
out d i f f icul ty. The d.c. inter-electrode 
current was less than 0.01 jiA and gave 
rise to X-radiat ion below 0.1 mR/h at 10 m 
dis tance. Af ter a shutdown over Easter 
when several modi f icat ions wi l l be carr ied 
out, the tests are scheduled to begin 
again unti l next summer. 

The results so far have conf i rmed that 
the advanced technology of accelerator 
tube const ruct ion, the use of t i tanium 
elect rodes, and of a very clean vacuum 
system ( turbo-molecular pumps were 
used in the tests) make it feasible to con­
struct a high energy pre- injector. 



The new type of hydrogen target, which will be 
used in the CERN/Serpukhov experiment, pho­
tographed in the actual experimental conditions 
during tests at CERN in February. Inside the 
vacuum tank (the horizontal cylinder in the fore­
ground) a small black horizontal cylinder filled 
with liquid hydrogen forming the target proper 
may be seen through the Mylar window. The 
liquéfier is visible at the top left of the photo­
graph, standing on a concrete block. 
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Hydrogen target 
Liquid hydrogen targets are used in many 
exper iments carr ied out wi th part ic le 
accelerators, taking advantage of the 
s impl ic i ty of the hydrogen nucleus of a 
single proton. An experiment then looks 
at the col l is ion of an incident part ic le (an 
accelerated proton or a secondary par t i ­
cle such as a pion or a kaon) wi th a pro­
ton in the target. If the target nucleus was 
complex (consist ing of several protons 
and neutrons), the effects of the very 
strong binding force between the protons 
and neutrons would make it much more 
di f f icul t to study the interact ion between 
the incident part ic le and a part ic le in the 
nucleus. 

L iquid hydrogen (providing a much 
denser concentrat ion of the target nuclei 
than gaseous hydrogen) is usually con­
ta ined in a small cy l indr ical f lask located 
horizontal ly in the path of the beam. 
Hydrogen becomes l iquid, at normal pres­
sure, at a temperature of 20.4° K. In spite 
of the heat insulation provided around 
the target system, some hydrogen wi l l 

gradual ly evaporate away, and the l iquid 
hydrogen in the target has per iodical ly to 
be replenished. Large dewars of hydrogen 
are thus general ly to be found alongside 
a target, connected to the target by pipes. 

A mixture of hydrogen and air is 
inf lammable (explosive) and the hydrogen 
system has to be treated with great care 
especial ly dur ing changing from a dewar 
to another containing about 200 litres of 
l iquid. Any escaping gas is encouraged 
to f ind its way out into the open air. In 
addi t ion to the explosion hazard, escap­
ing hydrogen represents a considerable 
f inancial loss. 

In order to simpli fy the safety problems, 
hydrogen targets have been developed in 
wh ich the hydrogen is in a closed c i rcui t 
— when it changes to the gaseous state 
it is recondensed in a heat exchanger 
f rom which the excess heat is removed 
by a circui t containing hel ium, wh ich is 
not explosive. This does mean, however, 
that the hydrogen loss is replaced by a 
leakage of hel ium (even more expensive 
than hydrogen) and, even if the problems 
of safety are thereby s impl i f ied, there is 
sti l l the inconvenience of the per iodic 
change-over of dewars. The ideal solut ion, 
therefore, is to f ind some way of becom­
ing total ly independent of any need for 
replenishment f rom outside. 

These problems have been solved in a 
new target design which is, for example, 
being used for the target of the new 
CERN/Serpukhov experiment to be carr ied 
out on the Serpukhov 76 GeV acceler­
ator. It contains only a litre of hydrogen 
and is very s imple to operate. 

The target (constructed at CERN under 
the responsibi l i ty of the group of L. Maz-
zone) consists of two sect ions — the 
target proper surrounded by a vacuum 
tank with very thin Mylar w indows 
(0.12 mm) to al low part icles to pass 
through the front and sides with very low 
probabi l i ty of scat ter ing; a l iquéfier, s imi ­
lar to that of a refrigerator, which uses 
hel ium as the medium f luid and is de­
signed to recondense the gaseous hydro­
gen leaving the target. The two sect ions 
are interconnected by vacuum-insulated 
pipes through which the hydrogen is cir­
culated by gravity. The vacuum providing 

the insulat ion for the l iquéfier and for the 
target and connect ing pipes is produced 
by an oi l di f fusion pump generat ing about 
10~6 torr. Both the hel ium and hydrogen 
circui ts are c losed systems and neither 
needs regular replenishment. 

The exper imental physicists are very 
satisf ied wi th the performance of this new 
type of target. It has proved so rel iable as 
to become part of 4he equipment they can 
forget about. 

Computer 
takes over 
On 29 January, a rather unusual test was 
made dur ing one of the machine develop­
ment per iods on the CERN proton syn­
chrot ron. 

Al l the d ipolar correct ions guiding the 
beam in the horizontal plane were switched 
off and it was then impossible to acceler­
ate the beam to ful l energy. The beam 
would make only thir ty revolut ions in the 
machine (lasting about 200 |is). The IBM 
1800 machine contro l computer was then 
asked (pol i tely and in a language it under­
stands) to br ing the beam back on. After 
successive opt imizat ion procedures, the 
computer succeeded in accelerat ing a 
beam wi th an intensity of 96 X 10 1 0 pro­
tons per pulse. The intensity before be­
ginning the tests had been about 8 0 X 1 0 1 0 

protons per pulse. 

The program used opt imizes the beam 
intensity at one point in the machine cycle 
by al ter ing parameters wh ich def ine the 
horizontal in ject ion t ra jectory (involving 
28 d ipolar wind ings and 3 electrostat ic 
inf lectors). 

The test was part of the research pro­
gramme of the contro ls group concerning 
the use of on-l ine computers in acceler­
ator contro l . Though the experiment does 
not foreshadow computer control led oper­
ation in the near future, it does show 
how the use of computers can help in 
accelerator cont ro l . Simi lar work is being 
done in several other Laborator ies (see 
CERN COURIER vol . 9, pages 166 and 381) 
but this is bel ieved to be the first t ime 
that the intensity of an accelerator in use 
for physics has been opt imized by com­
puter. 



The 2 metre hydrogen bubble chamber opened 
out into its major component parts. It has now 
been reassembled to begin operation again after 
a long shutdown during which it had its first 
thorough cleaning since it came into operation in 
1964. 

Important modifications which have been 
carried out were — shortening of the vacuum 
tank, where it is in the path of the beam, to 

allow final beam-line magnets to be installed 
closer to the chamber thus improving operation 
with low energy beams; repolishing of the 
windows and marking of new fiducial lines better 
adapted to HPD film measurement; installation of 
mirrors so that laser beams can be used to 
study optical distortion. The magnetic field has 
also been remeasured with the chamber comple­
tely assembled. 

Slow ejection 
developments 
Some most encouraging tests have 
recently taken place in the proton syn­
chrotron on the use of an electrostat ic 
septum def lector to improve fur ther the 
eff ic iency of s low e ject ion. The idea of 
adding an electrostat ic unit to a slow 
eject ion system has been considered for 
a long t ime at CERN but at the pre­
vai l ing PS intensit ies (when high s low 
eject ion eff ic iency was not essential) 
there was no wish to increase the d i f f i ­
cult ies encountered in the operat ion of 
the slow eject ion by this addi t ion. But it 
was shown by A. W. Maschke at Batavia 
to be an essential e lement in achieving 
very high slow eject ion ef f ic iency which 
is a crucia l factor in the design phi lo­
sophy of the 2 0 0 GeV accelerator . 

The complet ion of the improvement pro­
gramme yie ld ing much higher PS inten­
sit ies wi l l make the electrostat ic septum 
an essential e lement in s low eject ion 
systems at CERN also. The construct ion 
of a f irst prototype of such a septum was 
recently undertaken in the electrostat ic 
separator group (led by C. Germain) who 
have considerable exper ience in the 
required techniques (see CERN COURIER 
vol . 9 , page 1 3 2 ) . 

The advantage of an e lectrostat ic unit 
is that it is possible to have a very thin 
septum whi le st i l l achiev ing a f ie ld high 
enough to give an adequate def lect ion to 
the protons. The septum, wh ich shields 
the beam orbi t ing in the synchrot ron f rom 
the f ield wh ich bends the part ic les out of 
the synchrotron, wi l l inevitably intercept 
some of the part ic les. These are then lost 
f rom the ejected beam. The ef f ic iency of 
the eject ion system is inversely pro­
port ional to the th ickness of the septum. 
In a 'convent ional ' septum magnet, as the 
septum is made progressively thinner, 
the f ie ld wh ich can be attained in the 
magnet becomes lower. An electrostat ic 
def lector, wh ich can have a very thin 
septum since no current is f lowing in it, 
then becomes a more at t ract ive propo­
sit ion for the f irst unit of the slow eject ion 
system. 

The unit built at CERN is about a metre 
long and has a septum less than 0 .2 mm 
thick. The electrodes are a stainless steel 

anode, forming the septum, and an ano-
dized aluminium alloy cathode. It was 
instal led in the PS in associat ion wi th the 
system slow eject ing beams from straight 
sect ion 6 2 . It was posi t ioned upstream of 
the f irst convent ional septum magnet and 
powered to def lect the beam so that it 
would not col l ide wi th the septum of this 
magnet. 

In the absence of a beam, the e lect ro­
static septum wi thstood a vol tage of 
1 6 0 kV over 1 0 mm wi thout breakdown. 
Prel iminary tests have been carr ied out 
wi th the PS beam, varying parameters 
such as beam energy and intensity, po­
sit ion of the septum, cathode vol tage, etc., 
all of wh ich inf luence the capabi l i ty of 
the septum to withstand the high vol tage 
appl ied to the gap. The orb i t ing beam 
could affect the high vol tage supply 
power ing the electrostat ic septum def lector 
when the level of radiat ion became high, 
because of beam losses in the neighbour­
hood, and protect ion against this needs to 
be f i t ted. Nevertheless, despite the fact that 
condi t ions were not opt imized, it proved 
possible to achieve the fo l lowing result. 

With a beam energy of 2 4 GeV and 
intensity. It is intended to inc lude an 
power ing the septum (with the gap set at 
2 6 mm) wi th a pulsed current of 5 0 JJLA at 
a vol tage of 1 1 0 kV, an eff ic iency of 9 5 % 
± 2 % was achieved. 

Later, good results were obtained when 
try ing to reduce the inf luence of the pro­
ton beam on the septum capabi l i ty to 
wi thstand Tiigh vol tage. Slow eject ion tests 
wi l l start again soon at a higher beam 
intensity. II is intended to include an 
electrostat ic septum in the slow eject ion 
system sending beams to the West hall 
wh ich is to come into operat ion in 1 9 7 2 . 

Installation of a test beam-line 

To carry out qui te detai led studies on a 
s low e jected beam (involving for example 
measurements of size and emittance) 
wi thout interfer ing wi th the beam-l ine 
feeding the exper iments, it is an ad­
vantage to have a test beam-l ine branch­
ing off the main beam-l ine. Such a beam-
line has been instal led as part of the slow 
e ject ion system at Brookhaven. It is then 

CERN/PI 76.3.70 



Tests being carried out on fire inhibiting paint. 
The fire did not spread to the right along the 
cables where the insulation had been coated with 
the paint. 

possible to study slow eject ion using the 
best possible observat ion techniques. 

Work is now under way on a test beam-
line at the CERN proton synchrot ron for 
the s low ejected beam f rom straight 
sect ion 62. The beam is def lected into the 
test beam-l ine by reversing the polar i ty of 
a magnet. The beam-l ine is 17 m long and 
it is intended to install a c losed-c i rcu i t TV 
camera and screens, a mini-scanner, a 
secondary emission chamber and a topo-
scope. 

Because the beam has to pass through 
windows, ' its character is t ics wi l l be 
s l ight ly modi f ied and calculat ions wi l l have 
to be made to correct for the effect that 
this wi l l have on the emit tance. 

The test beam-l ine wi l l give an add i t ion­
al means of studying slow e ject ion. 

Fire-inhibiting paint 
Flashovers can occur in polyethylene-
insulated cables carry ing high-vol tage and 
high-intensity pulsed currents, and be­
cause fuses cannot be inserted in such 
c i rcui ts , the repeti t ion of these f lash-
overs dur ing many pulses can cause the 
polyethylene to catch f i re. It burns l ike 
t inder and the f lame can travel consider­
able distances along the cable. More­
over, it is di f f icul t to ext inguish (as was 
demonstrated dur ing the recent f i re in the 
neutr ino tunnel where there is a large 
number of cables running side-by-side). 

At the end of February, CERN's f i remen 
carr ied out some tests on a new f i re-
inhibi t ing paint wh ich proved capable of 
halt ing the propagat ion of the f lame along 
polyethylene cable. It has a double act ion 
under the effect of heat. In the f irst p lace, 
it releases gaseous carbon d iox ide, and 
secondly it swel ls occ lud ing carbon 
d iox ide molecules, thus const i tut ing an 
excel lent heat-shield by reason of its poor 
heat conduct iv i ty. To provide ful l pro­
tect ion, the cable must be complete ly 
coated wi th the paint and this can be 
achieved using an electrostat ic spray-gun. 

The use of this paint on all pulsed h igh-
vol tage lines already in use is therefore 
to be highly recommended. For new poly­
ethylene cables, use could also be made 
of a sheath of a substance l ike PVC or 
polychloroprene, wh ich is also a good 
way of prevent ing f ire f rom spreading. 
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The paint could also be successful ly used 
on other combust ib le materials. 

Feeding the PS 
with nitrogen 
Fol lowing successful tests carr ied out on 
sector 4 of the PS vacuum chamber, it 
has been d e c i d e d . to use dry n i t rogen, 
before atmospher ic air, to f i l l the vacuum 
chambers when the vacuum has to be 
broken for maintenance or modi f icat ion 
of equipment. This t r ick, wh ich is already 
in use in other Laborator ies and by 
certa in CERN groups, has the advantage 
of shortening pumping t ime by a factor 
of more than three when the high vacuum 
has to be restabl ished. 

The reduct ion in pumping t ime is due to 
absorpt ion of dry ni t rogen by the chamber 
wal ls wh ich inhibi ts the subsequent 
absorpt ion of water vapour when atmos­
pher ic air is a l lowed in. This is of 
special importance since the PS oil dif­
fusion pumps are at present being re­
placed by ion pumps, wh ich are par t i ­
cular ly sensit ive to moisture. 

Two sectors of the synchrotron, 2 and 
6, are already f i t ted wi th the necessary 
connect ions, and this wi l l be extended to 
the other sectors as the ion pumps are 
instal led. 

1970 CERN School 
The 1970 CERN School of Physics marks 
a new departure in this series of summer 
schools for young experimental physicists. 
This year the school is being organized in 
co l laborat ion wi th the Joint Institute for 
Nuclear Research, Dubna, USSR. 

The school wi l l be held at Loma-Kol i in 
North Karel ia in Finland (530 km nor th­
east of Helsinki) f rom 21 June to 5 July, 
and replaces the Liper i School of Physics 
normal ly ar ranged each summer by the 
Research Insti tute for Theoret ical Physics, 
Helsinki . It is intended for physicists f rom 
the twelve Member States of CERN (about 
50 students), f rom the twelve Member 
States of Dubna (about 40 students) and 
from Finland (about 10 students). 

The Organiz ing Commit tee is chaired by 
O. Kofoed-Hansen (CERN) and members 
are M. Brenner (Abo Akademi , Turku), 
Ch. Christov (Dubna), K.V. Laurikainen 
(University of Helsinki) , W.O. Lock (CERN), 
P. Tarjanne (University of Helsinki), A.N. 
Tavkhel idze (Dubna), L. Van Hove (CERN). 

The programme of the school wi l l con­
centrate on the fo l lowing top ics : Modern 
developments in hadron physics ( lectures 
to be given by A. Donnachie, University of 
Manchester, and K. Kajant ie, CERN/Hel-
s ink i ) ; weak interact ions (B.A. Arbusov, 
Serpukhov) and e lect romagnet ic inter­
act ions (S.B. Gerasimov, Dubna). In add i ­
t ion there wi l l be lectures on the research 
programmes of CERN (B.P. Gregory), of 
Dubna (Ch. Christov) and of Serpukhov 
(S.P. Denisov). Special lectures wi l l inc lude 
one on the CERN muon exper iment 
(E. Picasso) and on the Cabibbo theory in 
weak interact ions (P. Tarjanne). Informal 
d iscussion groups wi l l be led by N. Brene, 
P.N. Bogolubov, C. Michael and E. Picasso. 



Around the Laboratories From left to right: R. Hildebrand, R. Stiening, 
and J. Klems, the physicists who have carried 
out the neutrino neutral current experiment at 
Berkeley. The entire detection apparatus, which 
is unusually simple and compact for a high 
energy physics experiment, is shown behind 
them. 

(Photo LRL) 

EPS New Divisions 
and Group 
At the Counci l Session of the European 
Physical Society held in Paris on 12, 13 
February, two new special ized Divisions 
and an Inter-Divisional Group were const i ­
tuted. The Divisions are 'High Energy and 
Elementary Part ic le Physics' and 'Nuclear 
Physics' ; the Group is 'Computat ional 
Physics'. 

The funct ions of the High Energy and 
Elementary Part icle Physics Division were 
formulated by a Steering Commit tee which 
met in Geneva on 5 February. They are: 

1. The Division should serve as a forum 
for discussion of professional problems in 
high energy physics, and should en­
deavour to express general opin ions, and 
to take appropr iate act ion, based on the 
views of the physicists work ing in the 
f ie ld. 

2. Concerning the general aims and 
activi t ies of the Division, the Steering 
Commit tee proposes: 

a) to establ ish a body wi th in the Divi­

sion for the purpose of fur ther ing 
co-ordinat ion in the development 
and use of the research faci l i t ies in 
all aspects of high energy physics 
in Europe; 

b) to improve the organizat ion and co­
ordinat ion of conferences in this 
f ield in Europe, and in part icular to 
promote small conferences on spe­
cial ized top ics ; 

c) to further the co-ordinat ion of ad­
vanced educat ion in high energy 
physics and related f ie lds, and to 
promote new activit ies where needed. 

An interim Board, composed of A. Ber-
thelot, R. H. Dalitz, W. Paul, P. Preiswerk 
(Chairman) and A. Z ich ich i , was invited 
to br ing the Division into operat ion. Since 
the Paris Meeting A. M. Baldin has jo ined 
the Board. 

The Nuclear Physics Division has as 
interim Board — L. L. Green (Chairman), 
N. Cindro, E. Cotton, W. Gentner, H. 
Schmidt-Rohr, G. H. Stafford, R. van Lies-
hout and V. V. Volkov. The Computat ional 
Physics Group (so const i tuted since its 
special i ty crosses the front iers of all the 

Divisions) has as interim Board — G. R. 
Macleod (Chairman), J . B. Adams, H. 
Bross, K. Differt, M. R. Feix, B. H. Flowers, 
E. Knight ing, B. McNamara, C. Moser, 
R. S. Pease, C. L. Pekeris, K. V. Roberts, 
A. Vaciago, L. Van Hove and V. Verlet. 

BERKELEY 
Important experiment 
on the fcheap 
On 5 December the University of Chicago-
Berkeley neutr ino neutral current exper i ­
ment conc luded its run at the 6 GeV 
Bevatron. The exper imenters looked for 
the react ion K + -> j t + + y + v, wh ich , had 
it been observed, would have been evi­
dence of the existence of such currents. 
During the course of the exper iment a 
total of 1.5 x 10 9 posit ive kaons decayed 
wi th in the detect ing apparatus but no 
example of the neutral current reaction 
was observed. 

Prel iminary analysis of the data indi­
cates that the branching ratio for K + d e c a y 
in this manner is less than 1.2 X 10~6. 
The exper iment is important because the 
absence of this decay mode (and of the 
related mode K + ^ - J T + + e + + e") is an 
unsolved puzzle in weak interact ion 
theory. One possible interpretat ion of this 
observat ion is that e lectrons and neu­
tr inos carry a quantum number wh ich 
forb ids the creat ion of isolated electron 
or neutr ino pairs by weak interact ions. 

An unusual feature of the Berkeley 
exper iment is that the apparatus was put 
together by the exper imenters almost ent i ­
rely f rom 'odds and ends' . One crucia l 
part of the apparatus consisted of two 
f i f teen year old osci l loscopes which were 
used to display the j t + ^ t i + - ^ e + decay 
sequence. No computers, ei ther on- l ine or 
off- l ine, were used in the reduct ion of the 
data. 

Medical and biological applications 
of wire chambers 

Wire spark chambers, wi th magneto­
str ict ive delay l ine readout for recording 
the coordinates of charged part ic les, 
have been in use at Berkeley for the past 
few years. The versati l i ty inherent in this 
e lect ronic readout method has prompted 
the use of these devices in medic ine and 
biology. In medic ine they are being de-



The most recent magnet model (at a scale of 
1 :20) for the TRIUMF cyclotron in Canada. The 
model scaled down exactly the design drawings 
of the consulting engineering firm including all 
bolts and other mechanical details necessary for 
the magnet fabrication and the cyclotron 
assembly. The resulting magnetic field from the 
model matched the desired field to better than 1°/o. 

(Photo TRIUMF) 

ve loped for imaging dist r ibut ions of X-rays 
emit ted by radioact ive isotopes used to 
locate tumors and other abnormal i t ies in 
human organs. (L. Kaufman, V. Perez-
Mendez — Nuc. Inst. & Methods 62, 105 
and M. Powell , D. Price, L. Kaufman, D. 
Mack, V. Perez-Mendez — J. Nuc. Med. 9 
(1968) 342.) In biology they are being de­
veloped for rapid scanning of paper chro-
matographs in wh ich beta-emit t ing radio­
isotopes are used as t racers. 

Proport ional wire chambers (developed 
at CERN) coupled wi th the e lect ro­
magnet ic delay line readout (developed 
at Berkeley by A. Rindi, V. Perez-Mendez 
and R. L. Wallace) wi l l also be used. They 
have the advantages of s impler operat ion 
and of count ing rates up to 10 5 per 
second. The poorer posi t ional accuracy 
of these proport ional chambers ( locat ing 
part ic les to wi th in 1 to 2 mm compared 
to the 0.2 to 0.3 mm for the wi re spark 
chambers) is not of importance for these 
appl icat ions. 

One recent use of wire chambers is of 
interest in the appl icat ion of negative 
pion beams for cancer therapy. An exper i ­
ment was recently carr ied out by A. J . 

Mil ler, V. Perez-Mendez, M. R. Raju, A. 
Rindi, and J . Sper inde at the 184 inch 
Berkeley cyc lot ron where a low energy 
negative pion beam was stopped in t issue-
s imulat ing plast ic. The spatial d is t r ibut ion 
of the stopping pions was determined by 
observing the d ist r ibut ion of gamma rays 
( 2 % ) produced in the capture process 
when v iewed by the wire chamber through 
a slot ted col l imator. 

TRIUMF 
Magnet contract placed 
An important stage in the TRIUMF project 
(see CERN COURIER vol . 8, page 136) 
was reached in February wi th the placing 
of the contract for the manufacture of the 
4000 ton magnet for the cyc lot ron. The 
contract went to Davie Shipbui ld ing Ltd. 
of Lauzon, Quebec, the largest sh ip­
bui ld ing company in Canada, for a cost 
of $ 1.94 mi l l ion. 

This fo l lows more than three years 
study of the complex magnet, in a team 
led by E. G. Au ld , wh ich has culminated 
in a highly eff ic ient design. The latest 
model magnet (exactly scaled to a 

twent ieth of the magnet for the machine) 
achieved the desi red f ie ld to better than 
1 % . The f i rm of Di lworth, Secord, 
Meagher and Associates, Vancouver, has 
been responsible for the structural design. 

The magnet has six spiral sectors. The 
horizontal return yoke wi l l be bui l t up 
f rom low carbon steel plates 3 inches and 
5 inches th ick (0.15 and 0.25 inches on 
the model ) ; the vert ical return yoke wi l l 
be bui l t up f rom 10 inch plate (one sol id 
piece on the model) . The pole piece con­
sists of three separate plates contoured 
by f lame cut t ing and machin ing to a f inal 
th ickness of 10.8 inches. 

The Steel Company of Canada, Hami l ­
ton, wi l l supply the 3 inch plate for about 
$ 400 000 and the Lukens Steel Company, 
Coastvi l le (the largest steel mil l in the 
wor ld) wi l l supply the 5 and 10 inch plate 
for about $ 600 000. The plate ranges in 
length f rom 1 foot to over 31 feet. It wi l l 
be sh ipped to Davie for cut t ing and 
machin ing. 

TRIUMF — the jo int pro ject of the 
University of A lber ta , Simon Frazer Uni­
versity, the University of Vic tor ia and the 
University of Br i t ish Columbia — hopes 
to produce its f irst beams in 1973 and to 
be the f i rst of the new generat ion of 
cyc lot rons to begin meson physics. 

BATAVIA 
Preparation for experiments 
It is intended eventual ly to make exten­
sive use of superconduct ing magnets in 
the beam-l ines into the exper imental areas 
of the 200 GeV accelerator . Model super­
conduct ing magnets are therefore being 
buil t . Mark M bending magnet, wh ich has 
a 'p ic ture f rame' iron yoke, reached a 
f ie ld of 21 kG and was charged f rom zero 
f ie ld to 20 kG in about 5 minutes. During 
tests the superconduct ing coi l was de l i ­
berately quenched eleven t imes wi thout 
af fect ing subsequent per formance. A 10 
foot d ipo le is to be buil t by 1 July 1970 
to give a f ie ld of 35 kG. A superconduct ­
ing quadrupo le (7 foot long, to give a f ield 
gradient of 10 kG/ inch) is under study. 

The th i rd 'Exper imental faci l i t ies work­
shop ' was held on 13 March to discuss 
Exper imental Area 1 (the area being 
designed for neutr ino beams and bubble 
chambers) . The annual meet ing of the 



Summer School in 
Medium Energy Nuclear 
Physics at Banff, 
Alberta 

The School is sponsored by the Division of Nuclear 
and Theoretical Physics of the Canadian Association of 
Physicists, with support from the North Atlantic Treaty 
Organization, Atomic Energy of Canada Limited, and from 
the University of Alberta. The purpose of the School is to 
study the important aspects of nuclear and meson physics 
at intermediate energies. The subjects covered wil l be: 
(1) Pion-Nucleus Scattering (2) Proton-Nucleus Scattering 
(3) Diffraction Theory (4) Interaction of \i Meson with 
Nuclei (5) Nuclear Structure Studies. 

There wil l be six guest speakers covering these topics 
in a two-week period. The School is l imited to 80-100 
participants. 

Appl icat ions are invited from interested persons to 
attend the Summer School. Successful applicants may be 
able to obtain full or partial f inancial support. Apply to: 

August 17-28 1970 

Dr. G.C. Neilson, Chairman 
Division of Nuclear Physics 
Canadian Association of Physicists 
Nuclear Research Centre 
The University of Alberta 
Edmonton, Alberta, Canada 

NAL Users Organizat ion is scheduled for 
10, 11 Apr i l . 

As another step in the preparat ion for 
the exper imental programme, a 'Program 
Commit tee ' has been set up inc luding 
Laboratory Staff and scient ists f rom out­
side (O. Chamber la in, T. H. Fields, V. L. 
Fi tch, M. Gel l -Mann, T. D. Lee, W. K. H. 
Panofsky, R. G. Sachs, N. P. Samios and 
W . J . Wil l is). The Commit tee is cal l ing 
for exper imental proposals in the near 
future since plans for the f irst exper i ­
ments need to be suff ic ient ly wel l def ined 
by the autumn of this year to a l low appa­
ratus to be ordered. Exper iments wi l l then 
be ready to use the machine as f rom 1 
July 1972. The Commit tee met for the f irst 
t ime on 6 March. It wi l l meet again in 
August to consider proposals. 

Construction progress 

The Booster tunnel was ready for occu ­
pancy on the scheduled date of 26 Fe­
bruary and the f irst of the 48 modules was 
moved into posi t ion. Booster magnets are 
now arr iv ing at the Laboratory at a rate 
of about three magnets per week. The 
first prototype r.f. cavity for the Booster 
has been successful ly operated to ful l 
power. 

To help preserve the qual i ty of the 
beam in the Booster when passing through 
transi t ion energy, a system is being in­
stal led to enable the t ransi t ion energy to 

be shif ted as the beam crosses it. This 
t r ick was successful ly developed at CERN 
in the proton synchrotron (see CERN 
COURIER vol . 9, page 230). 

The f irst product ion bending magnet for 
the main ring was completed on 23 
January and was powered to f ie lds of 
22.5 kG. It has the new coi l design de­
scr ibed in CERN COURIER vol . 10, page 
14. Detai led measurements of the f ields 
then began. A modif ied pole shape has 
been adopted using tapered sides to 
improve the qual i ty of the f ie ld at high 
f ields. Computat ions predict that the f ie ld 
shape wi l l then be acceptable wi thout 
fur ther correct ion up to 21 kG (correspond­
ing to 467 GeV). By the end of February, 
four magnets had been instal led in the 
main ring prototype tunnel . Tunnel sect ions 
are already in place in the excavat ion for 
the main r ing. 

President Nixon's budget request to 
Congress included construct ion money 
for the 200 GeV accelerator of $ 65 mi l l ion 
for f iscal year 1971 (beginning 1 July 
1970) plus $ 17 mi l l ion for operat ion and 
equipment. In the next f iscal year it is 
hoped to begin construct ion of the 'Core 
Bui ld ing ' wh ich is intended to be an im­
pressive 'high rise' st ructure contain ing 
off ices, laboratories, computer centre, 
l ibrary, audi tor ium for 500 people, restau­
rant, etc. Leading archi tects have put 
forward conceptual designs. 

LUND Conference 
Proceedings 
The f i f th in the series of 'odd-year con­
ferences' , wh ich started in Aix-en-Pro-
vence in 1961, was held in Lund, Sweden, 
f rom 25 June to 2 July 1969. A short 
review of some of the major top ics f rom 
the Conference appeared in CERN 
COURIER vol . 9, page 232. The Proceed­
ings of the Conference has now appeared 
and has been dist r ibuted to the part i ­
c ipants. 

The Proceedings opens with an art ic le 
commemorat ing Gunnar Kâl lén, who was 
Professor of Theoret ica l Physics in Lund, 
and who d ied t ragical ly in an airplane 
acc ident before the Conference. The Pro­
ceedings contains the ful l talks of the 
rapporteurs, report ing on the paral lel 
sessions of the Conference, and the dis­
cussions wh ich ensued. A novel feature of 
this Conference was a series of intro­
ductory review ta lks ; they give extremely 
useful in t roduct ions to the main subjects 
covered. As usual the Proceedings gives 
a list of par t ic ipants and the t i t les of the 
contr ibut ions to the paral lel sessions. 

The Proceedings may be ordered 
d i rect ly f rom the printer, Ber l ingska Bok-
t rycker iet , St. Grâbrôdersgaten 17, 222 22 
Lund, Sweden, against advance payment 
of 100 Swiss f rancs (postal account 
3 04 90). 



les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Auto-déclenehement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 
APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation. 
Basses énergies : 
Plan focal de spectrometry 
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographic p. 
Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption. 
Electronique : 
Résolution : 40 ns 
Temps mort total : 200 ns 
Vitesse de lecture : 4 MHz en code parallèle 

new possibilities 
with multiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer. 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 
Electronics : 
Resolution : 40 ns 
Total dead time : 200 ns 
Reading speed : 4 MHz in parallel code. 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S D E L A P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 2538720 +, adresse télégraphique : Saiphy Malakoff 



Pd id 
you know 
that 

there is 
a single 

supply source 
of low energy 

accelerators?. 
C h e c k the capab i l i t y you are in teres ted i n . . . 

APPL ICAT ION 
• Ion imp lan ta t ion 
* Spu t te r ing 
• So la r W i n d 
* Space S imu la t ion 
b Neu t ron Ac t iva t ion 
i Ana lys is 

Sur face In terac t ion 
• Crossed Mo lecu la r 

Beams 
- Glass Po l ish ing 
• A t o m i c Phys ics 
• Teach ing 

ENERGY, eV 
• 300,000 
• 150,000 
• 30,000 
• 5,000 
• 100 
• 5 
• 1 

IO 
• Hea" 

Neutr 
P or h 
High i 
Nob le 
Neu t ron 
Elect ron 
Hydroge 

T h e r e are many more comb ina t i ons a v a i l a b l e . . . let us he lp you . Wr i te or ca l l ; 
H i gh Vo l t age Eng ineer ing (Europa) n.v. Amers foo r t -The Ne ther lands 





...for 
complete 
magnet 

systems 



this is 
fr90043 

Many years of experience in the construction of mechanics. We do the same fine job with corribina-
large particle accelerators and related components tion systems. Whether involving high voltage insula-
make us eminently suitable to manufacture your tion, controls, magnetics etc. we would be pleased 
special designs. The photograph shows as an to prove our capabilities, 
example the U.H.V. manifolds for the I.S.R. turbo 
molecular pump connection. It is pure (but critical) * Our internal ordering number. 



Six special things, not four. 
{Four components. Or two systems. You choose.) 

All solid-state high voltage 
power supply (HV-4R)—ultra 
low noise fo r operat ing 
photomul t ip f iers, e lec t ron 
mul t ip l iers , propor t ional 
counters, and ionizat ion 
chambers , Smal l , l ight, 500 to 
6,100 vol ts DC range, reversible 
polar i ty, h igh ly f i l te red, no ise: 
less than $00 ^ v R M S . 
Forms a comple te matched 
system wi th the preampi i f ier -
ampf i f le r -d iscr iminator and 
ei ther of the par t ic le mul t ip l iers 
shown below. Wri te for f i le HV. 

Preaniplifier-amplifier-discriminator (FAD-1)—for 
use wi th photo mul t ip l iers and e lect ron mul t ip l iers 
in mass spect rometers and fast count ing 
systems, Charge sens i t ive; r ise-t imer 3 nsec, 
output : 4 vol ts into SOU, min ia tur ized, rugged. 

Combines .w i th the h igh vo l tage power supp ly 
above and ei ther of the par t ic le mul t ip l iers 
be low to fo rm a comp le te matched system. 
Wr i te for f i le PAD. 

Particle multiplier (MM-2), 
patented—has the same genera l 
character is t ics as the par t ic le 
mul t ip l ier shown above, but is 
only hal f the d iameter (1") . 

Forms a comple te matched 
system when comb ined w i th 
the h igh vol tage power supp ly 
and preampMfier-ampl i f ier-
d isc r im iha tor above. Wr i te for 
f i le M M . 

Johnston Laboratories, Inc. 
3 Industry Lane, Cockeysvi f le , Md. 21030, ^ ' 

— p a t e n t e d - f o r pulse 
I^^^Vor cur rent measurement of e lect rons, 

ions, UV or x - ray photons, and energet ic 
neutral a toms or molecu les . Ad jus tab le high 
ga in (up to 1 0 1 0 ) , s table, guaranteed 
react ivateabfe, non-magnet ic , no ion feedback 
or instabi l i ty, integral resistor cha in , smal l , 
l ight, rugged, bakeable , repai rable. 

Other opt ions avai lab le (e ,g„ in terchangeable 
cathodes.) 

Comple te matched system when comb ined wi th 
the high vo l tage power supply and preampl i f ler -
ampi i f ie r -d tscr iminator above. Wr i te for f i le RM, 



W^^H^^^X M E S S - U N D @ 

K ^ ^ ^ l I ^ J R E G E L T E C H N I K PLUG IN 

CONNECTION FOR 

PRINTED 

CIRCUIT BOARDS 

« HIGH QUALITY » 

Type STV 32, 64, 96 pins 

Temperature range: —55°... + 125° C 
Resistance against shock and vibration: 
no contact failure >/ 1 ms at 50 g between 

10 and 2000 c/s 

Designed according to : VG 0095324 
Tested according to : 

CEI and DIN standards 

Appl icat ion: 
Space research, aviation, military 
equipment, general electronic 
equipment of high quality 

Suitable for single - double - or multilayer 
prints. 

TEMPERATUR - DRUCK • FEUCHTE 
4. 7—9 /1 

Punktschreiber 

Thermoelemente 
Widerstandsthermometer 

f Feuchtegeber 

I X I m 

i 1 
! 1 
i 

20 N O SOI 1 
1 I I S 1 1 i I 

m 
- - * « » * * • " 

Thermoelektrische Régler und Anzeiger Elektronische Temp.-Régler 

M.KJUCHHEIM GMBH&CO 
6 4 0 0 F U L D A - R U F : 0 6 6 1 / 8 0 0 1 - 6 - T E L E X : 0 4 9 7 0 1 

Hannover-Messe 1970, Halle 12, Stand 116 

SPECIAL 
NUCLEAR 
SHIELDING 

CHEMTREE CORPORATION 
Central Valley, N.Y. 914-928-2293 

E R N I + C o . E l e k t r o - I n d u s t r i e 

C H - 8 3 0 6 B r ù t t i s e l l e n - Z ù r i c h 

T e l e p h o n 0 5 1 / 9 3 1 2 1 2 

T e l e x 5 3 6 9 9 

E R N I 



the world's leading supplier of sodium iodide scintillation detectors, offers 
complete anti-compton and pairspectrometry systems including: 

A high performance GefLi) detector 
A large NalfTlJ shielding 
Associated electronics 

For information please contact: 
Harshaw Chemie N. V., P. 0. Box 19, De Meern, Holland 
Harshaw Chemie GmbH, Wermelskirchen, Viktoriastrasse 5, W-Germany 



For people who 
want to choose 

the best, 
no matter how 

little it costs 

The new 
Digital PDP-15 



First, we ' l l tell you something about 
medium-sized computers, you k n o w 
already. 

They're a pain in the neck. 

Because all the ones you've ever seen 
up to n o w come w i t h big price tags and 
noth ing like the kind of versatil ity you wan t , 
unless you're w i l l ing to fork out a fortune 
to get them tai lor-made to your 
requirements. 

Hence, the new Digital PDP-15 
medium-sized computer. Really four 
medium-sized computers for you to choose 
f rom. Not just one. Al l costing you far less 
than any comparable competi t ive 
computers. 

It w o n ' t have escaped you that a range of 
four computers means a fair old bit of 
versatil ity. But you couldn ' t possibly know 
just h o w much versatil ity. 

So we ' l l tell you. Because the PDP-1 5 
comes in four different packages you get 
different peripherals and different levels of 
software, for different budgets and different 
needs. Al l upward compatible. 

Offering peripherals and software in 
standard configurat ions is wha t al lows us 
to offer substantial price reductions on all 
four systems. 

Al l but the basic PDP-1 5 /10 
conf igurat ion are moni tor-contro l led to 
permit ease of use and device 
independence. This means that you get 
your programs 'on the air' quickly. Wi thou t 
hav ing to changethem every t imeyou add 
new devices. 

Actual ly , the PDP-1 5 is both new and 
not new. New in its high-speed I/C 

meetings of DECUS, the Digital Equipment 
Computer Users Society. 

N o w that you've discovered a 
medium-sized computer that's anything 
but a pain in the neck, undoubtedly you' l l 
wan t to f ind out all about it. 

P D P - 1 5 / 1 0 4,096 18-b i t words of 
800-nanosecond core memory,Teletype 
Model ASR-33 console teleprinter. 
COMPACT Software System inc lud ing 
assembler, editor, debugging aids, and 
mathematical and uti l i ty routines. 

P D P - 1 5 / 2 0 Advanced Monitor System : 
8,1 92 words of core memory, KSR-35 
Teletype for extra reliability, t w o DECtape 
transports and control units, high-speed 
paper tape reader/punch. Extended 
Ar i thmet ic Element for high-speed 
arithmetic operations and register 
manipulat ion. Advanced Moni tor System 
w i t h FORTRAN IV, FOCAL-15, 
M A C R O - 1 5 macro assembler, l inking 
loader, batch processor, system generator, 
scientif ic library, and comprehensive 
debugging and util ity routines. 

P D P - 1 5 / 3 0 Background/Foreground 
System : 1 6,384 words of core memory, 
KSR-35 Teletype, Extended Ar i thmet ic 
Element, Automat ic Priority Interrupt 
System, Memory Protect System, 
high-speed paper tape reader/punch, 
three DECtape transports and control unit, 
real-t ime clock,.and a second on- l ine 
Teletype for background use. Background/ 
Foreground Moni tor System combin ing all 
Advanced Moni tor funct ions w i t h c o n ­
current execution of real-t ime foreground 

technology. Expanded instruct ion set. 
Improved expandabil i ty. Not new because 
PDP-15 users can draw on the software 
and applications expertise that stand 
behind several generations of Digital 
computers. Some 900 of our machines are in 
use in Physics applications th roughout 
the wor ld . 

Major areas include Nuclear data 
acquisit ion and analysis, reactor and 
instrumentation control and f i lm scanning 
Not to mention hundreds of other 
applications in various sciences. 

In addit ion to all the standard PDP-15 
sof tware, n e w users can share in the 
Program Library and exchange of 
informat ion at regularly scheduled 

tasks and program development or other 
lower-pr ior i ty background computat ion. 

P D P - 1 5 40 Disk-Oriented Background/ 
Foreground System : 24,576 words of core 
memory, KSR-35 Teletype, Automat ic 
Priority Interrupt System, Memory Protect 
System, high-speed paper tape reader/ 
punch, t w o DECtape transports and control 
unit , RF1 5 DEC-disk control and t w o 
RS09 random-access disk fi les, real- t ime 
clock, and a second on- l ine Teletype for 
background use. Disk-oriented version of 
the Background/Foreground Moni tor 
System, a l lowing concurrent execution of 
real-t ime tasks and background 
computat ion, in addit ion to all standard 
Advanced Moni tor funct ions. 

mm 
C O M P U T E R S • M O D U L E S 
Arkwr igh t Road, Reading, Berks. 
T e l : (ORE 4) 8 5 1 3 1 . 
Bi l ton House, Uxbridge Road, Ealing, W.5 . 
T e l : (01) 579 2 7 8 1 , and 13 Upper Precinct, 
Walkden, Manchester. T e l : (061) 790 4 5 9 1 . 
Offices also in Geneva, Switzerland; Paris, France; 
Munich and Cologne, Germany; Stockholm, 
Sweden; Milan, Italy; The Hague, Netherlands; 
Sydney and West Perth, Austral/a; Carleton Place, 
Toronto, Montreal and Edmonto, Alberta, Canada 
and in principal cities of'the U.S.A. 
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F E 250 SHAPER, CABLE TIMED : 
Low cost trigger module, 0 P L I ^ 
rate 100 MHz 

F E 251 DUAL LIMITER: Trigger module, \ 
rate 125 MHz 

F E 252 DISCRIMINATOR: Threshold - 1 0 0 mV 
to - 3 V, rate 200 MHz 

FE 260 COINCIDENCE 5 IN — 7 OUT : Overlap and 
standardized outputs, rate 180 MHz 

F E 261 COINCIDENCE TRIPLE, TWO FOLD : Output w id th 
f ixed, rate 50 MHz à 

FE 262 COINCIDENCE 5 IN — STROBED : Output w id th f i xed, 
rate 50 MHz 

F E 270 O R , 6 INPUTS: High fan-out, rate 150 MHz 
F E 280 SHAPING AMPLIFIER : Short pulses are shaped and made 

suitable for an ADC 
FE 281 LINEAR GATE : Selects and transmits linearly pulses and DC 

levels 

F E 290 DELAY UNIT : Cable delay, range 2.5 to 66 ns 

(CERN designed) 

F E 275 LOGIC BOX : Patch board w i th MECL II gates 
F E 291 QUAD DELAY : Four delay sections in a 19 " chassis 

c 0 
D 0 

E 0 

SHAPING ; AMPU 
% FE28° « 

diff I 

é 

LINEAR 
GATE 

\ % OUT ' 

A 1 1 1 $ 
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E L E C T R O N I Q U E 

Representa t i ves t h roughou t Eu rope and The Un i ted States 

31 AV. Ernest-PicteN1211 G E N E V A 13/SWITZERLAND-TEL;(022) 44 29 40 



Separated 

Q U A D ™ 1100 per formance: 
Mass Range: 1 to 300 amu 

Resolut ion: M/am = 2 M over whole mass range 
Scan Rates:0.1 to 900 sec 

Bakeout : 4 0 0 0 C wi th RF sect ion removed varian 

RF/DC Generator 
from 
all solid state control unit 
The QUADTM noo has no bulky power suppl ies 
and contro l units. The RF/DC generator is located 
on the analyser great ly reducing the amount of RF 
power required. 
This al lows use of smal ler components and results 
in smal l size, l igth weight , all sol id state e lectronics. 

For further informat ion, please contac t : 
Var ian AG Terr i tor ies 
Baarerstrasse 77 
6300 Zug/Swi tzer land 
Te l . : (042) 31 27 21 



The 
do-it-yourself 
logic module ^ 
With the new EG&G KL110/N Logic 
Module you can build your own 
special arrays of ANDs, ORs, 
NANDs, and NORs to make latches, 
gates, scalers, memories and other 
complex logic functions. 

You can build them when there's 
no'standard module available. And 
you can avoid obsolescence by 
reconfiguring them again and again. 

The KL110/N lets you use MECL II 
in a NIM system. Each module con­
tains 10 NIM to MECL II translators, 10 
MECL II to NIM translators and a field 
of 15 IC sockets. Power is prewired to 
all sockets for convenience, while 
patch pins and patch cords on all 
sockets allow virtually unlimited 
flexibility. 

C h e c k - i t - y o u r s e l f . . . 

w i t h a n e w E G & G 

K I 1 1 0 / N I n d i c a t o r M o d u l e . 

This module indicates 
presence of N I M 
standard fast logic 
signals. A light 
flashes whenever such 
a pulse is sent through 
the bridging input. 
KI110/N Indicator 
Module supplied 
ready to run. Wr i te 
for al l the facts. 

For complete details on how this 
can save you money, write EG&G, 
Inc., Nuclear Instrumentation 
Division, 35 Congress Street, Salem, 
Massachusetts 01970. Phone: (617) 
745-5200. Cables: EGGINC-SALEM. 
TWX: 710-347-6741. TELEX: 949469. 

s N U C L E A R I N S T R U M E N T A T I O N D I V I S I O N 



Lemo patented 
latching system 

Genera/ specifications 
Composition 
Body : brass 59 A 
Insulator : tef lon PTFE 
Contact : brass 59 A 

Finish 
B o d y : nickel + chrome 
RP + RPL types gold plated 3 microns 
Contacts : nickel and 3 microns gold plated 
Operat ing temperature range : -55° C +150° C 

Electrical specifications T F 
Character ist ic impedance : 50 Q ± 2 % JB 
Frequency range : 0-10 GHz 
Max VSWR 0 — 10 GHz : 1 :12 
Contact resistance : < 8 m Q 

Insulator resistance : > 10 1 2 Q under 500 V. DC 
Test vol tage (mated F + RA) : 3 KV. DC 
Operat ing vol tage (mated F + RA) : 1 KV. DC 

Normal maximum cable d iameter : «126 
Special arrangement : • 157 

Electrotechnique 

Tél. (021) 71 13 41 Télex 24 683 1110 MORGES (Suisse) 

1 "»"fp 

00.250 camac standard 
coaxial connector 

L Ê M O S . A . M O R G E S / 



M M 
00155 R O M A - V I A T O R C E R V A R A , 261 - T e l . 2 2 0 1 0 4 - 2 2 1 3 9 3 

Mechan ica l c o n s t r u c t i o n s 
fo r t he e lec t r i ca l a n d 
e l ec t ron i cs i ndus t r i es 

The C A M A C chassis is 
des igned to C A M A C 
speci f icat ions which most 
European laborator ies, 
under the auspices of the 
E S O N E , have drawn up for 
s tandardiz ing data 
t ransmission to computers . 

Châssis m o d . CAMAC - RDT 

S O L A R T R Q I M 
A Schhimberger Company 

Throw your notes away. Connect 

Solar t ron's new Data Transfer Unit 

to any source of d igi ta l data and 

you can log your readings automat i ­

cally. For under SFr. 7000.— you 

now have all the benefi ts of a data 

logger. It can take up to 20 chan­

nels and wi l l scan them at pre-set 

t ime intervals. Recording can be 

made on pr inters, typewri ters, 

punched tape or magnet ic tape. It's 

up to you. For technica l data wr i te 

to the address below. 

Just by using our new DTU (Data Transfer Unit) 

Schlumberger 
1211 Genève 6 

15, Jeu-de- l 'Arc, té l . (022) 35 99 50 

8040 Zur ich 

Badenerstr. 333, té l . (051) 52 88 80 


