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SPS reaches design 
energy 

Happy faces in the Main Control Room on 
17 June watch the display screens flashing 
400 GeV pulses regular as clockwork. 

On Thursday 17 J u n e J o h n Adams, 
Executive Director General of CERN, 
addressed the Summer Session of the 
CERN Counci l . He described the 
operat ion of the accelerators and c o n ­
c luded w i t h the announcement t h a t 
at mid-day, the SPS had reached an 
energy of 3 0 0 GeV — the design 
energy specif ied in the programme 
approved by the Member States. He 
then consul ted Counci l about go ing 
to 4 0 0 GeV, in accordance w i t h 
Counci l discussions three years earlier 
in J u n e 1973, and the higher energy 
was approved. The t ime was 15.30 h. 
A t 15.35 h the SPS accelerated pro­
tons to 4 0 0 GeV. 

The story of the machine 
commissioning 

This was the c l imax of the commis ­
s ion ing programme that w e have been 
report ing since the Apr i l issue and w e 
w i l l recall the major events. It began 
on 5 Apr i l w h e n 10 GeV protons f rom 
the PS were gu ided 1 km along the 
transfer tunnels to the underground 
SPS. W i t h the first t ouch of the bu t ­
tons , a healthy beam hit the beam 
stop at the entrance to the SPS, on ly 
mil l imetres off target. The transfer 
system was obv ious ly in great shape. 
A similar success came on 3 M a y 
w h e n the first in jected pulse toured 
the 7 km ring c i rcumference for a 
s ingle turn w i t h o u t d i f f icu l ty and, 
later the same even ing, d id 12 0 0 0 
turns demonstrat ing beam stabi l i ty in 
a perfect magnet system. 

On 6 May, the rad io- f requency 
accelerat ing system was brought in to 
act ion and several evenings ' w o r k 
achieved a t rapping ef f ic iency of about 
6 0 % and an accelerat ion for a f e w 
GeV. A t 15 GeV, however , the beam 
was lost. 

On 12 and 14 M a y a t ho rough 
s tudy of the O d iagram was made. 
The Q values are the number of 

osci l lat ions that a proton makes either 
side of its ideal 'c losed orb i t ' dur ing 
a single turn of the machine in bo th 
horizontal and vertical planes. Specif ic 
values of Q have to be avo ided, other­
wise dur ing successive turns a proton 
w i l l feel minute imperfect ions in a 
cumulat ive fashion. If for example the 
Q has integer or half integer values 
the beam b lows up and is lost. The 
machine is tuned by adjustment of 
the quadrupole focus ing f ields, to stay 
clear of such values. 

The examinat ion of the Q diagram 
at in ject ion energy revealed that the 
w i d t h of the t roublesome resonance 
regions is very narrow indeed — a n ­
other indicat ion of the perfect ion of 
the machine. Someone remarked that 
it looked more like a storage r ing than 
an accelerator. It d idn ' t seem, at that 
t ime, as if Q value problems were 
beh ind the beam loss. 

The next invest igat ion was of the 
chromat ic i ty — the w a y that the 

momen tum spread of the protons 
varies w i t h Q. As expected, a large 
chromat ic i ty was f ound and was cor­
rected by power ing sextupole magnets 
appropriately. Removing the chro­
mat ic i ty let loose the resist ive-wal l 
instabi l i ty and this in turn was cor­
rected by oc tupo le f ields. In all these 
manoeuvres, the machine was be­
having exact ly as expected. But the 
beam cou ld stil l not be coaxed past 
15 GeV and frustrat ion was sett ing in. 
Though ts were tu rn ing to such exot ic 
explanat ions as a screwdriver left in 
the vacuum vessel l i f t ing up into the 
beam as the magnet f ield increased. 

The breakthrough came on 26 May 
w h e n it was found that Q was hi t t ing 
a half integer resonance at 15 GeV. 
A l t h o u g h the machine tune was f ine 
at in ject ion energy, it moved away 
f rom the desired values as the magnet ic 
f ields rose. The faul t was that the 
bend ing f ields and the focus ing f ields 
were no t t rack ing together correct ly 
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A big day in the construction of the machine — 
on 31 July 1974 the tunnel boring machine 
completed its Journey around the ring, ft had 
cut out 7 km of tunnel emerging within milli­
metres of its scheduled position. 

3|C First tests of extraction system on 
9 July achieved fast extraction of al­
most all the cirGutiting fieam onto an 
external dump in one turn. Difficulties 
with tracking between main dipoles 
and quadrupoles were overcome 
and on 15 July over 4x 1012 protons 
per pulse were accelerated 
to 200 GeV. 

CERN 268.7.74 

(not keeping in step as their f ie lds 
increased). A l t h o u g h the cause of th is 
was not then k n o w n , provis ion had 
been made to apply correct ions to the 
t rack ing at any po in t in the magnet 
cycle. 

A t 17.00 h, after the adjustments 
were made, protons sailed ou t to 
50 GeV passing th rough t ransi t ion 
energy w i t h o u t prob lem. The t w o 
power suppl ies that were then hooked 
up cou ld give currents in the dipoles 
suf f ic ient to reach 80 GeV, and 80 GeV 
protons were achieved later in the 
evening. The SPS had become the 
highest energy accelerator outs ide the 
USA passing the 76 GeV of Serpukhov. 

In all th is w o r k on ind iv idual c o m ­
ponents of the machine and on beam 
characterist ics, the excel lence of the 
computer cont ro l system was the most 
str ik ing feature of al l . It is so versati le, 
so easy to use, so eff ic ient at pre­
sent ing the required in format ion that , 
t ime and t ime again, measurements 

and correct ions w h i c h in older acceler­
ators w o u l d have taken weeks of wo rk , 
were possible w i t h i n hours. 

For the run of 3, 4 J u n e six power 
suppl ies had been connected a l l ow ing 
a 2 0 0 GeV peak energy. The first pulse 
of protons in jected w i t h th is magnet 
cycle resulted in accelerat ion r ight up 
t o 2 0 0 GeV. Ad iabat ic t rapp ing was 
then t r ied, s h o w i n g at t imes ef f ic ien­
cies approach ing 100 % by 10 ,11 J u n e 
and the r.f. system was look ing very 
good . This was a relief because it is 
of novel type for synchrot ron rings 
and there is a lways a residual t ouch 
of magic in the most t ho rough ly 
designed r.f. systems. 

A f e w more na i l -b i t ing days f o l l o w ­
ed w h i l e the power supp ly system 
received at tent ion. It was f o u n d that 
w i t h ten suppl ies hooked up (suff ic ient 
for 4 0 0 GeV) instabi l i t ies occurred in 
the supp ly circui ts at power levels 
equivalent to 2 4 0 GeV. Thorough 
w o r k was needed to tame the suppl ies 

one by one and they were ready for 
the b ig event on 17 June . 

A t 12.10 h on that day, w i t h the 
magnet f ie ld ramp set for 3 0 0 GeV, 
the ini t ial design energy was achieved 
and the promised intensi ty of 1 0 1 2 p ro­
tons per pulse was accelerated. In 
careful steps, w a t c h i n g the power 
suppl ies for any s ign of t rouble, the 
magnet f ie ld ramp was taken pro­
gressively higher dur ing the af ternoon 
y ie ld ing 4 0 0 GeV protons at 15.35 h. 

There are sti l l some heavy losses 
dur ing the early part of the accelera­
t ion cycle t o be cured, componen t 
rel iabi l i ty has to be assured, and the 
eject ion system has to be brought 
in to act ion. But the experimenters 
seem certain t o have their higher 
energy particles in the West exper i ­
mental area by the end of 1976 as 
promised and it looks as if CERN has 
prov ided them w i t h another magn i f i ­
cent machine. 

The design of the accelerator 

On 19 February 1971 eleven of the 
CERN Member States — Austr ia, Be l ­
g i um, Denmark, Federal Republ ic of 
Germany, France, Italy, Netherlands, 
Norway , Sweden , Swi tzer land and 
Un i ted K ingdom — approved T h e 
3 0 0 GeV Programme' at an est imated 
cost of 1150 mi l l ion Swiss francs 
(1970 costs) spread over an eight 
year const ruc t ion programme. The 
accelerator was to be bui l t on a new ly 
al located site across the Franco-Swiss 
border ad jo in ing the exist ing CERN 
Laboratory. It acquired the name of 
Super Proton Synchrot ron — SPS. 

Several of the major features of the 
accelerator design are set by the dec i ­
s ion to locate the machine alongside 
the exist ing Laboratory. The land in 
th is area is not f lat and since the SPS 
had to be bui l t in the bedrock for 
stabi l i ty reasons, it was not possible 
to use the cut and f i l l method for 
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Plan of the SPS showing the link with the PS, 
which serves as injector, and the two experi­
mental areas. The six service buildings and 
access shafts, which are located at the six long 
straight sections of the machine, are indicated 
together with a seventh located over the beam 
line to the West Experimental Area. 

making the tunne l to house the 
machine. It was dec ided to bore the 
tunne l using a fu l l - face bor ing ma­
chine. The rock r idge has a w i d t h 
w h i c h permits a r ing diameter of 
2.2 km. (The max imum possible d ia ­
meter is desirable s ince it is one of 
the parameters w h i c h determines the 
peak energy of the synchrot ron. ) The 
depth at w h i c h the tunne l lies b e l o w 
the surface on the c i rcumference of 
th is r ing varies be tween a m in imum 
of 18 m and a max imum of 64 m. 

The precise locat ion of the r ing is 
also dictated by the fact that the p ro­
ton synchrot ron (PS) provides the 
particles for in ject ion and that the 
accelerated particles are to be sent 
to the already exist ing West exper i ­
mental area. This f ixes the posi t ions 
of t w o long straight sect ions, one for 
in ject ion and one for e ject ion to the 
West area. The r ing is d iv ided in to 
six arcs and six long straight sect ions, 
the other straights be ing taken up for 

e ject ion to the North exper imental 
area, for the radio- f requency acceler­
at ing system, for the beam d u m p , and 
one left free. 

Six access shafts, located at the 
long straight sect ions, are sunk to the 
r ing, and six service bu i ld ings are 
const ructed on the surface to house 
the power suppl ies and other equ ip ­
ment feed ing the machine c o m p o ­
nents instal led in the r ing tunne l 
underground. The disturbance to the 
exist ing env i ronment has been kept 
to a m in imum, and fa rming and 
forestry cont inues on most of the area 
of the SPS site as it had done pre­
v iously. 

Protons are to be injected into the 
SPS f rom the PS w i t h a beam intensi ty 
w h i c h w i l l enable the SPS to reach 
an intensi ty of 1 0 1 3 protons per pulse. 
In order to spread the protons around 
the SPS circumference, w h i c h is 
eleven t imes longer than that of the 
PS ( the PS diameter being 2 0 0 m ) , 

a novel method of eject ion f rom the 
PS is used. It is k n o w n as ' con t inuous 
transfer ' and consists of debunch ing 
the PS beam and peel ing it off dur ing 
ten turns so that a r ibbon of even 
intensi ty is ejected towards the SPS. 
The e jec t ion / in jec t ion is done at a 
m o m e n t u m w h i c h can be varied 
be tween 10 and 14 GeV/c. This is 
h igh enough to avoid problems of 
qual i ty of the in ject ion f ie ld in the 
SPS magnets and to l imit the necessary 
f requency sw ing in the SPS radio-
f requency accelerat ing system. It also 
keeps the t ime for w h i c h the PS is 
occup ied w i t h in ject ion into the SPS 
to a m i n i m u m so that it can cont inue 
to supp ly protons for its o w n exper i ­
mental programme at lower energy 
and for f i l l ing the Intersecting Storage 
Rings. 

The beam f rom the PS first travels 
a long a sect ion of tunne l , TT2, w h i c h 
is part of the beam transfer system of 
the Intersect ing Storage Rings. T w o 
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Inside the completed tunnel with an arc of 
bending and focusing magnets installed. The 
ring contains about a thousand magnets all 
aligned to better than a millimetre and providing 
fields accurate to a few parts in ten thousand. 

hundred metres a long TT2 a sw i t ch ing 
magnet is powered to direct the beam 
a long a new tunne l , TT10, towards 
the SPS (a distance of 8 0 0 m ) . A 
septum magnet and kicker magnet 
bend the protons on to their orbi ts in 
the r ing. The ten- tu rn eject ion f rom 
the PS gives a r ibbon of protons f i l l ing 
10 /11 of the SPS circumference. The 
magnet ic f ie ld in the kicker magnet 
can thus drop to zero before the first 
in jected protons pass it on comple t ing 
their ini t ial turn so that their trajectories 
w i l l not be disturbed by the in ject ion 
f ie ld . 

The magnet system into w h i c h the 
beam is in jected has t w o purposes — 
it has to curve the trajectories of the 
protons, so that they complete a near 
circle around the r ing, and it has to 
maintain the beam we l l focused, so 
that the protons do not hit the wa l l 
of the vacuum vessel in w h i c h they 
travel. Wh i le be ing accelerated to 
4 0 0 GeV, the protons orbi t the r ing 
about 150 0 0 0 t imes cover ing a 
distance of over a mi l l ion ki lometres. 
To ensure that they f o l l o w the desired 
trajectories th roughou t this journey, 
it is necessary that the magnet ic f ields 
be accurate to better than a f e w parts 
in ten thousand over the entire region 
in w h i c h the protons travel. 

The magnet system is of the 
'separated f unc t i on ' type in w h i c h 
the tasks of bend ing and of focus ing 
the beam are carried out in separate 
units — d ipo le magnets and quadru -
pole magnets, respectively. There are 
e ight dipoles and t w o quadrupoles in 
each normal 'per iod ' of the magnet 
latt ice and the pattern of this per iod 
is repeated 108 t imes around the r ing. 
The quadrupoles are arranged so that 
their f ie lds are successively focus ing 
and then defocus ing g iv ing a net 
focus ing effect in both hor izontal and 
vert ical planes. Their peak f ie ld gra­
dient is 21 T / m . The bend ing magnets 
are of the H-type in a compac t design 
w h i c h keeps cost and power require­

ments to a m in imum. It is this design 
w h i c h enables 4 0 0 GeV f ields to be 
achieved w i t h i n the cost est imate 
foreseen for 3 0 0 GeV. The dipoles 
are 6.26 m long , and each normal 
per iod has four magnets w i t h an 
aperture of 145 m m x 35 mm and four 
magnets w i t h an aperture of 120 mm 
x 48 m m . These dipoles are posi t ioned 
so as to match the undulat ions in the 
beam prof i le determined by the focus ­
ing magnets. The dipoles are pulsed 
to g ive a peak f ie ld of 1.8 T (cor­
responding to 4 0 0 GeV) w i t h a peak 
current of 4.9 kA. 

In addi t ion to 744 dipoles and 
216 quadrupoles, there are correct ion 
magnets — dipoles, sextupoles, and 
octupoles to compensate for any re­
main ing defects in the magnet latt ice 
and to a l low ref ined contro l of the 
orb i t ing beam. 

The magnets are powered using a 
'static power supp ly ' rather than a 
motor-a l ternator set c o m m o n in older 
synchrotrons. This is possible because 
the power storage capaci ty of the 
publ ic electr ic i ty ne twork is much 
greater than the peak pulse power 
required by the SPS, so that the load 
is d is t r ibuted over a number of 
generat ing stat ions. The static supp ly 
a l lows the pulses of power to f l o w 
between the ne twork and the SPS 
and back again w i t h o u t s igni f icant 
f luc tua t ion of the ne twork vol tage. It 
is necessary to connect at an elec­
tr ical ly s t rong po in t of the ne twork 
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and this is done at Genissiat in France. 
A 3 8 0 kV line br ings the power f rom 
Genissiat to CERN. 

The peak power for the bend ing 
magnets and quadrupoles is 135 M W 
and there is a mean power consump­
t ion of about 3 4 M W . This a l lows an 
SPS cycle t ime of about 6 s, inc lud ing 
0.2 s for in ject ion, 3.7 s for magnet 
f ie ld rise (accelerat ion t ime) , 0.7 s for 
a ' f l a t - top ' (dur ing w h i c h protons 
can be ejected to feed the exper i ­
ments ) , and 1.2 s for the magnet f ield 
to fal l again. The power dissipated in 
the magnets is absorbed by a water -
coo l ing system. Water is pumped f rom 
the Lake of Geneva (Lac Leman) and 
stored in t w o reservoirs, w i t h a total 
capaci ty of 10 0 0 0 m 3 , on the SPS 
site. W h e n the machine is in operat ion 
the necessary f l o w of coo l ing water is 
1000 l/s. 

The vacuum system is maintained 
at a pressure of better than 10~ 7 torr 
by about 650 sputter ion pumps and 
8 0 turbomolecular pumps. The vacuum 
tube, of l o w permeabi l i ty stainless 
steel, changes in profi le as it threads 
th rough the magnets and other ma­
chine components . 

Accelerat ion of the protons is 
assured by t w o rad io- f requency cav i ­
t ies, 20 m long , each w i t h a w a v e ­
gu ide structure of 56 dri f t tubes. This 
fo rm of r.f. structure is novel in the 
accelerat ion system of a synchrot ron 
r ing and is the most economic w a y 
of transferr ing power to the beam. 
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Since the proton ve loc i ty varies very 
l i tt le ( 0 . 4 % ) dur ing the accelerat ion 
cycle, it is possible to use an a lmost 
constant f requency of 200 M H z 
for the r.f. This f requency div ides the 
orb i t ing beam into 4 6 2 0 bunches. 
The r.f. system accelerates the pro tons 
by about 2.5 MeV per tu rn , cor­
responding to an accelerat ion rate of 
over 100 GeV/s. 

Separate equ ipment is prov ided to 
extract the accelerated beam towards 
the West area and towards the Nor th 
area. Three methods of extract ion can 
be operated to meet the di f ferent 
needs of the exper imental programme. 
Fast extract ion involves bend ing the 
protons out dur ing a f e w microseconds 
(a l l , or a f rac t ion, of the bunches 
extracted dur ing one tu rn) and w i l l 
be used part icular ly to provide a neu ­
t r ino beam and a r.f. separated beam 
to the BEBC bubble chamber. S l o w 
extract ion involves bend ing the p ro­
tons out dur ing t imes up to a second 
or more, prov id ing beams best adapted 
to the needs of e lectronic exper iments. 
M e d i u m extract ion w h i c h w i l l require 
some extra deve lopment , involves 
bend ing the protons ou t dur ing several 
mi l l iseconds, the max imum durat ion 
of beam that BEBC can cope w i t h 
w h i l e sti l l being acceptable to some 
electronic exper iments. 

Each extract ion system comprises 
four electrostat ic septa 3 m long w i t h 
septa made of tungs ten- rhen ium wi res 
0.1 m m th ick spaced 1.5 m m apart. 

Outside the wi re septa are electrodes 
at a potent ia l of up to - 2 0 0 kV. The 
f ie ld def lects the protons suf f ic ient ly 
so that they enter the aperture of 
septum magnets, of w h i c h there are 
four, 2.2 m long w i t h septa 4 m m 
th ick , f o l l owed by another f ive, 2.2 m 
long w i t h septa 16 mm th ick. 

From the extract ion po in t for the 
West area, proton beams can be taken 
up to the West exper imental hall and 
spl i t be tween three targets to y ield 
secondary beams. The d imensions of 
the hall can accommodate secondary 
beams produced by protons w i t h 
energies up to 200 GeV. Al ternat ively, 
protons f rom the same extract ion po in t 
can be used on underground targets 
to y ie ld either secondary beams of a 
type and energy w h i c h can be selected 
by r.f. separators, or neutr ino beams 
w h i c h are aimed at the BEBC and 
Gargamelle bubble chambers and 
counter experiments. For the neutr ino 
beams, the incident protons can have 
energies up to 4 0 0 GeV. 

From the extract ion po in t for the 
Nor th area, proton beams can be 
taken almost 600 m to the surface 
and spl i t be tween three targets to 
y ie ld hadron beams in Nor th exper i ­
mental hall 1 , and hadron and muon 
beams into North experimental hall 2. 
These secondary beams can be pro­
duced by protons w i t h inc ident ener­
gies up to 4 0 0 GeV. 

Mon i t o r i ng and cont ro l of the 
mul t i tude of machine components 

John Adams addressing the SPS construction 
team who were joined by delegates of the 
Member States on the night of 77 June to rejoice 
with a glass of champagne. 

(Photo Jean Col lorn bet) 

and of the proton beams themselves 
are carried ou t by a computer cont ro l 
system w h i c h has advanced the t e c h ­
niques of accelerator contro l in several 
ways . The system has 24 small c o m ­
puters — 13 dist r ibuted around the 
r ing, 8 at the Ma in Contro l Room, 
and 3 in the experimental areas. They 
are most ly capable of independent 
operat ion and in some cases are 
'ded ica ted ' to the mon i to r ing and 
cont ro l of specif ic components ( for 
example, one computer looks after all 
aspects of the rad io- f requency sys­
t em) . The computers communica te 
w i t h one another and w i t h three 
consoles in the Ma in Contro l Room 
by means of a h igh-speed message 
transfer system. 

M u c h at tent ion has been given to 
the cont ro l ph i losophy so that data 
can be cal led up easily and presented 
in a w a y w h i c h is easily assimilated 
by the machine operators. The opera­
tor v i ews a number of co lour TV 
screens w h i c h present the status of 
componen ts of the machine w h i c h 
can be selected w i t h a ' touch screen'. 
The screen has 16 transparent but tons 
backed by a TV upon w h i c h dif ferent 
labels can be wr i t ten by a computer . 
A lmos t all the hundreds of knobs and 
swi tches of a convent ional contro l 
room are channel led into three ele­
ments, a knob , a rol l ing ball and a 
t ouch screen. A special ly developed 
computer language is used w h i c h 
a l lows changes to any computer p ro ­
gram to be made rapidly and easily. 

A great European achievement 

W e cannot let the coming into opera­
t i on of the 4 0 0 GeV proton synchro­
t ron go by unsung. The SPS is among 
the greatest technolog ica l achieve­
ments in the history of Europe. It 
involves f ract ion of a mi l l imetre pre­
c is ion over distances of ki lometres, 
a 7 km magnet system perfect to 
better than a f e w parts in 10 000 , an 
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Tbilisi under the spell 
of Charm 

accelerator cont ro l system w h i c h is 
the most sophist icated ever b u i l t 
engineer ing and electrical expertise of 
the highest order, all backed by a very 
ef f ic ient admin is t ra t ion w h i c h has res­
pected cost estimates and t imescales. 

It is the p roduc t of a w i d e range 
of talents. The project was led by 
J o h n Adams f rom the UK, w h o has 
the rare comb ina t ion of ou ts tand ing 
engineer ing abi l i ty and sh rewd po l i ­
t ical j udgement , w i t h , as deputy , Hans-
Ot to Wi is ter f rom Germany, w h o 
brought detai led know ledge of acce l ­
erator theory and const ruc t ion to his 
hand l ing of many managerial p rob ­
lems. The g roup leaders were — Roy 
Bi l l inge f rom England w h o mass-
produced a thousand perfect magnets, 
Clemens Zett ler f rom Germany w h o 
tamed the novel r.f. system, Bas de 
Raad f rom Hol land w h o has made a 
habit of t ranspor t ing beams w i t h 
minute precis ion, S imon Van der Meer 
f rom Hol land w h o s e met icu lous w o r k 
on the power suppl ies in J u n e was 
the key to reaching 4 0 0 GeV, Michae l 
C r o w l e y - M i l l i n g f rom England w h o 
t h o u g h t ou t and executed the br i l l iant 
cont ro l system, Jean Gervaise f rom 
France whose immacula te survey and 
a l ignment w o r k underl ies the perfec­
t i on of the w h o l e const ruc t ion , Klaus 
Goebel f rom Germany w h o ensured 
radiat ion safety, Giorg io Brianti f rom 
Italy w h o supervised the p lann ing and 
const ruc t ion of the vast exper imental 
areas, Hans Horisberger f rom Swi tzer­
land w h o bore the brunt of the 
mechanical des ign, Robert Levy-
Mande l f rom France w h o over­
saw the civ i l engineer ing aspects f rom 
tunne l l i ng to electr ic i ty supp ly to 
water coo l ing to bu i ld ing const ruc­
t i on , and Andre Klein f rom France 
w h o looked after adminis t rat ion and 
smoo thed , part icular ly, the negot ia ­
t ions w i t h the host countr ies France 
and Swi tzer land. 

The design speci f icat ion of the 
accelerator has already been exceeded. 
The t ime schedule has been bettered. 
It also looks as if the project w i l l be 
comple ted for a cost comfor tab ly 
w i t h i n the estimate. This is a great 
and rare achievement in w h i c h every­
one at CERN can take pride. 

The exper imental programme w i l l 
be under w a y by the end of the year 
and Europe's physicists w i l l have at 
their service beams of higher energy 
part icle, in many cases of a better 
qual i ty and intensi ty than are avai lable 
anywhere in the w o r l d . 

The 18 th Internat ional Conference on 
High Energy Physics, one of the 
biennial series k n o w n as Rochester 
Conferences, t ook place f rom 15 to 
21 J u l y 1976 in Tbi l is i , the capi tal of 
the Georgian Soviet Social ist Repub­
lic. A b o u t 8 0 0 physicists f rom many 
parts of the w o r l d had gathered there 
so that a g o o d thousand people were 
to be seen in and around the bu i ld ings 
of the State Universi ty where the 
lectures were held. The author i t ies 
and organizers had spared no effort 
to make the event a success, even 
w i t h o u t the science, and the fu l l and 
sol id lecture programme was l ightened 
by cul tura l and social events and 
excursions. The weather may not have 
come up to the expectat ions of West 
Europeans on ly lately accl imat ized to 
much heat and drought , but the a tmo­
sphere was br ight in the l ight of recent 
discoveries if not overheated by the 
n e w arguments they had engendered. 

The year of the Charm 

Events f o u n d in Gargamel le at CERN 
invo lv ing fast muons , s l o w electrons 
and strange part icles, similar f ind ings 
in the 15 foo t chamber at Fermilab, 
p rompt electrons associated w i t h a 
K meson detected at DESY (see also 
th is issue), a mul t ip le t of charged and 
neutral mesons all at the same mass 
of 1.87 GeV discovered at SPEAR in 
Stanford . These are, as A. de Rujula, 
the rapporteur on n e w part icle theory 
put i t : ' . . . if not charm itself, then the 
best possible counter fe i ts ! ' Experi­
mental results in the f ie ld of e+e~ 
interact ions were discussed by R. 
Schwi t te rs , and the search for n e w 
part icles in such co l l id ing beam ma­
chines was the subject of B. Wi ik ' s 
rapporteur talk. The consensus of the 
physicists in face of the latest evidence 
f rom numerous exper iments var iously 
related to th is burn ing top ic clearly 
was that part icles bearing the n e w 
quan tum number of charm have in 

This review is based on notes kindly provided 
by Yves Goldschmidt-Clermont, but thanks 
for additional material are also due to other 
Tbilisi participants too numerous to name. 

fact been f o u n d . A n d the charm was 
not merely ' h i dden ' as in the case of 
the J/i> and <|/ particles but also u n ­
ashamedly 'naked ' p roduc ing charac­
terist ic decays invo lv ing leptons and 
strange particles and exh ib i t ing 'exo­
t i c ' relat ionships between electr ic 
charge and strangeness. The spect ro­
scopy of the n e w particles, also 
covered by B. Wi i k , s h o w e d that much 
w o r k had gone into s tudy ing the 
propert ies of the J / ^ and <|/ particles, 
their modes of p roduct ion and of 
decay, their branch ing ratios, etc. The 
related states of opposi te charge 
con juga t ion are n o w we l l establ ished 
w i t h an almost def in i te at t r ibut ion of 
quan tum numbers. The states f o l l o w 
closely the pattern, predicted by the 
interact ion of a fermion — ant i fermion 
pair (e.g. e~ e+ y ie ld ing pos i t ron ium) 
and have become k n o w n as ' charmo-
n ium ' . 

A theory of weak and electromagnetic 
processes 

The discovery of charm conf i rms one 
of the more str ik ing aspects of a theory 
deve loped over several years by many 
authors. One of its several versions, 
somet imes cal led the 'standard mode l ' 
is based on the w o r k of Weinberg 
and Salam and of G lashow, l l iopoulos 
and Maian i . Besides predict ing the 
n e w quan tum number ' charm ' the 
theory is prov ing power fu l in exp la in­
ing and predic t ing phenomena such 
as neutral currents, as s h o w n be low. 
It is very sat isfactor i ly based on f unda ­
mental ideas of f ie ld theory as we l l 
as on gauge invariance, renormal iza-
t ion and other concepts renowned as 
power fu l too ls in quan tum electro­
dynamics. The advance in under­
s tanding brought about by its un i f ica­
t ion of electric and weak forces has 
been compared to that achieved by 
Maxwe l l in the last century in un i fy ing 
electr ic i ty and magnet ism. The theory 
also indicates similari t ies between the 
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SPEAR: Most direct evidence for charmed 
meson decay. Figs, (e) and (h) show a 
neutral meson (D°) decaying into n± K^, / f ± 3n. 

symmetr ies of weak and st rong inter­
act ions that cou ld lead to further 
progress. In the op in ion of de Rujula, 
it has the soc io log ica l advantages of 
of fer ing to physicists an ' o r thodoxy ' 
w i t h its e loquent partisans and v io lent 
detractors. 

Neutrino physics 

Here the s i tuat ion as rev iewed by 
S.S. Gershtein appears to be one of 

conso l ida t ion . The neutral currents 
discovered at CERN have been further 
s tud ied at several laboratories. Three 
types of exper imen t neutr ino co l l i ­
s ions w i t h electrons (Gargamel le, and 
NUE of the Aachen-Padua co l labora­
t ion ) w i t h protons (Brookhaven) and 
w i t h nuclei (Gargamel le) , concur in 
the determinat ion of their space- t ime 
structure. They appear to f o l l o w the 
pattern predicted by the We inbe rg -
Salam model w i t h a value of the 

characterist ic Weinberg angle 6 W such 
that s i n 2 0 W = 0.3 to 0.4. This further 
suppor t of the 'standard mode l ' p rov i ­
des a def in i te predict ion for the masses 
of the so far elusive vector bosons. 

Experiments at Fermilab at inc ident 
neut r ino energies above 50 GeV have 
ind ica ted an anomaly, w i t h respect to 
the 's tandard mode l ' , in the d is t r ibu­
t ion of events relative to the parameter 
descr ib ing the inelast ic i ty of the co l l i ­
s ion (Y anoma ly ) . Is this evidence of 
some basic l imi ta t ion of the model 
and of an ent irely new type of inter­
ac t ion or is it the result of the exc i ta­
t i on of the 'ocean ' of quark-ant iquark 
pairs? To quo te just one other fascinat­
ing aspect of neutr ino exper imental 
phys ics : recent measurements at ITEP 
have set a n e w (and lower) upper 
l imi t of the electron neutr ino mass at 
3 5 eV. On the theoret ical side the 
hypothesis of neutr ino osci l lat ions in 
ana logy w i t h the K° osci l lat ions was 
discussed in a paper by B. Pontecorvo 
and S. Bi lenky, w h i c h also suggested 
ways of observ ing such phenomena 
at accelerators and on solar neutr inos. 

Direct production of electrons and 
muons 

The great exper imental effort c o n ­
centrated at the major accelerators 
and the ISR on the direct p roduc t ion 
of electrons and muons in h igh 
energy col l is ions has y ie lded many 
n e w results, but to determine the 
source of these particles more evidence 
w i l l have to be col lected on their rate 
of p roduc t ion , their energy depend ­
ence, their angular d is t r ibut ion, etc. 
It remains to be seen whether all 
results obta ined so far can be inter­
preted in terms of the 'standard model ' . 
Do the direct leptons arise f rom quark-
quark interact ions ( the Drel l -Yan m o ­
del) or f rom the decay of vector 
bosons (p, co, c p , i>, < J / ) together w i t h 
the decay of charmed particles? One 
puzzl ing result f rom Serpukhov i nd i -
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SPEAR: Observation of a charmed charged 
meson decaying into the exotic channel T C ± T T ± 
(exactly as expected for a charmed meson, 
i.e. no signal in the non-exotic n+ n~ 
channel). 

cates that d i rect ly p roduced muons 
may be polarized but w i t h oppos i te 
polar izat ion to that expected f rom 
these models. The effect is scarcely 
more than t w o standard deviat ions 
f rom zero and needs con f i rmat ion . 
A t Fermilab in another k inemat ic region 
no polar izat ion was f o u n d . 

The ' r ight fa i th ' avai lable t o exper i ­
mental ists in the fo rm of the 'standard 
mode l ' w i l l prov ide them at least for 
a wh i l e w i t h a nice yardst ick for their 

results. Do they f o l l o w the model or 
indicate v io la t ions — do they po in t 
t owards the existence of other par­
t icles or other types of interact ion? 
First on the list of possible further 
extensions are perhaps the heavy 
leptons. The observat ions at SPEAR 
have not so far been conf i rmed at 
DESY. The quest ion remains, if heavy 
leptons ex i s t whe ther they also c o n ­
t r ibute to the direct p roduc t ion of 
muons and electrons. 

Deep inelastic collisions 

Quarks and ant iquarks of the 'ocean ' 
are somet imes referred to by the more 
general name of partons (quarks are 
partons w i t h speci f ied quan tum n u m ­
bers). The parton model w h i c h suc­
cessful ly descr ibed the scal ing be­
haviour of deep inelastic e lect ron, 
muon and neutr ino scatter ing appears 
in need of some drastic extension. 
The Fermilab exper iments on deep 
inelastic muon scatter ing conf i rm and 
extend previous observat ions at S tan ­
f o r d : in the deepest inelastic region the ­
re are str ik ing departures f rom scal ing. 

Hadronic collisions 

T w o - b o d y col l is ions and , above al l , 
the p ro ton -p ro ton elastic scatter ing 
s tud ied at h igh energy at the ISR, 
have been invest igated at even higher 
energies and larger angles so that a 
comprehensive descr ipt ion can gra­
dual ly be discerned. The g r o w i n g 
realization of the importance of sp in 
effects contrasts sharply w i t h w h a t 
was ant ic ipated perhaps ten years ago. 

M a n y - b o d y processes, covered in 
part icular by the inclusive react ions 
as rev iewed by P.V. Chl iapn ikov, also 
produced a wea l th of n e w results, 
interpreted in terms of the concepts 
of Feynman scal ing, l im i t ing f ragmen­
ta t ion , factor izat ion, Regge exchanges, 
etc. Such concepts , so far of ten l imi ted 
to a merely semi-qual i ta t ive descr ip­
t i on , are s l ow ly becoming more precise 
in their mean ing as the exper imental 
f ind ings def ine their areas of va l id i ty 
and their l imi tat ions. The emission of 
'c lusters ' of particles as revealed by 
the s tudy of the correlat ions between 
the emi t ted part icles, appears to be 
c losely related if not ident ical to the 
p roduc t ion and subsequent decay of 
k n o w n resonances. 

Particularly str ik ing (and related to 
the deep inelastic electron and muon 
scat ter ing) is the phenomenon of 
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The four quarks— Up, Down, Strange (sideways). 
Charm — as imagined and sketched 
by A. de Rujula. Only colour reproduction could 
do them full justice, however. 

part icle emission at large transverse 
momen tum p T . First d iscovered at the 
ISR this has been clar i f ied by many n e w 
results rev iewed by P. Darriulat. The 
behaviour of the particles accompa­
ny ing that of large p T ( the ' towards 
movers') and of those go ing in the 
oppos i te d i rect ion ( the ' away m o v ­
ers') is n o w k n o w n in some detai l . 

Meson and baryon spectroscopy 

The Conference of fered the usual 
oppor tun i t y of rev iewing progress in 
the f ie ld of meson and baryon spect ro­
scopy. In both cases the quan tum 
numbers of k n o w n states are estab­
l ished; decay modes and coup l ing 
have become better unders tood and 
some n e w states are f o u n d . The rap­
porteur, K. Lanius, chose to present 
the results in the f ramework of the 
classical quark model where the agree­
ment is part icular ly s t r ik ing. Practical ly 
all k n o w n states fal l in predicted slots 
and , at least in the lower parts of the 
spectra, no empty place remains for 
the mesons, if one accepts as genu ine 
states the very w i d e scalar objects 
k n o w n as e and x, and part icular ly so 
for the baryons where the predict ions 
of the model appear to retain their 
va l id i ty up to h igh quan tum numbers. 

New particles 

The four quarks, inc lud ing the one 
w i t h charm, const i tu te the basis of 

the spectroscopy of all k n o w n par­
t ic les and also of the 'standard mode l ' 
cover ing the new theory of weak and 
electromagnet ic interact ions. Quark 
believers can no longer be considered 
a ' bunch of rel igious fanat ics ' . H o w ­
ever, the search for free quarks has 
remained unsuccessful , and theoret ical 
models pos tu la t ingorexp la in ing theun-
breakable conf inement of quarks attract 
much interest. Other searches, so far in 
va in , were cont inued for such hypothe t ­
ical particles as monopoles , tachyons, 
metastable particles of long (mi l l ise­
cond) l i fet ime, metastable nucle i , etc. 

This l ine of research into ent irely 
n e w phenomena predicted by fa r -ou t 
speculat ions or by analogy w i t h k n o w n 
processes w i l l certainly con t inue, but 
the main stream of research in the 
next f e w years w i l l be directed towards 
test ing exper imental ly the propert ies 
of charm and of other predict ions of 
the 'standard model ' , to establ ish its 
range of val id i ty, to f i l l in missing 
detai ls and , by def in ing its l imi tat ions, 
to advance a litt le further in our under­
s tand ing of Nature. 

New accelerator techniques 

M a n y of the recent exper imental d is­
coveries have been made w i t h the 
aid of e~ e + and other part icle storage 
devices: such machines and their 
more power fu l successors shou ld thus 
prove a f ru i t fu l source of impor tant 
results for years to come. It was there­

fore appropr iate that some deve lop­
ments in n e w accelerator techniques 
shou ld be ment ioned. A. Skr insky re­
por ted on con t inued invest igat ions of 
e lectron coo l ing carried ou t on a 
100 M e V proton r ing at Novosibi rsk, 
w o r k w h i c h was or ig inal ly started in 
1960 by G.I. Budker (see March 
COURIER 1975, page 73 ) . Today's 
ach ievement is a coo l ing t ime of 80 ms 
and the process may we l l f i nd appl ica­
t ion at UNK, the big Serpukhov 
mach ine where pp col l is ions w i t h an 
est imated luminos i ty of 1 0 3 0 — 1 0 3 1 

cm~ 2 s - 1 are a imed for. The method of 
stochast ic coo l ing already tr ied exper i ­
menta l ly at the ISR (see September 
COURIER 1975 , p. 264) cou ld also 
prove useful for the coo l ing of p beams. 

So it was , to all accounts, a very 
successful conference at an exc i t ing 
stage in the history of h igh energy 
physics. There were no reports of 
excessive inebr iat ion, w h i c h conf i rms 
that charmed particles had been f o u n d 
because a London rapporteur in 1974 
( l l i opou los) bet a crate of w i n e on 
that. In Tbi l is i de Rujula w e n t further, 
back ing quant i t y rather than qual i ty 
and bet t ing a w h o l e w i n e store that 
the next such conference w o u l d be 
domina ted by charm particles and their 
pals. W i t h so much w i n e (and a 
'Weinberg ' ) is the 'o r thodoxy ' perhaps 
becoming a cul t of Bacchus? 
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Nuclei at Cargese During the Cargese Conference another 'Phy­
sique dans la rue' exercise was held in nearby 
Ajaccio (some 30 000 inhabitants). It was 
organized by Corsican physicists with expe­
rienced help from Orsay colleagues and 
M.-C Detoeuf from IN2P3. Some 2000 people 
were attracted to this event and it received good 
coverage in the Press and on French TV. For 
one afternoon Conference participants, backed 

From 1 9 - 2 6 M a y the 3rd Internat ional 
Conference on Nucle i far f rom Stabi l i ty 
was held at Cargese on the island of 
Corsica. It d rew some 160 physicists 
f rom t w e n t y countr ies to the attract ive 
set t ing of the Inst i tut d 'Etudes Sc ien-
t i f iques. The locat ion was selected 
part icular ly by R. Klapisch w h o an i ­
mated the Conference w i t h his e n t h u ­
siasm w h i c h br ings people as we l l as 
nuclei in to an exci ted state. 

It is s ix years since the previous 
Conference in th is series held at Leysin 
and the s tudy of h igh ly unstable 
nuclei has advanced considerably 
since then , bo th in terms of the phys­
ics and of the exper imental techniques 
w h i c h it employs. The f ie ld has be­
come mature in the sense that exper i ­
ments can n o w be p lanned w i t h 
ins ight in to the nature of the pheno­
mena under invest igat ion. W e have 
space for just a f e w of the results 
presented at the Conference. 

The exper imental techn iques are 
g iv ing better results by orders of 
magn i tude in some cases. A part icular­
ly f ine example of th is was reported 
f rom Los A lamos by G. Butler. They 
are using telescopes in combina t ion 
w i t h t ime of f l i gh t techniques w h i c h 
lock on to the r.f. structure of the 
8 0 0 M e V linear accelerator L A M P F . 
The telescope gives a first stab at the 
mass, and the t ime of f l igh t t im ing , 
using the 805 M H z signal f rom the 
l inac, is then used to sharpen the 
value g iv ing about 1 % mass resolu­
t i on . 

On- l ine isotope separators, such as 
ISOLDE at CERN, are n o w a prol i f ic 
source of exper imental results and the 
exper imental techn iques seem thor ­
ough l y mastered. It was amus ing to 
hear 0 . Kofoed-Hansen recal l ing c ru ­
dit ies of the very first such exper iment 
at Copenhagen 25 years ago. 

A n e w method for measur ing extre­
mely short l i fet imes of nuclei was 
presented by J . Hardy of Chalk River. 
It uses the phenomenon of delayed 

pro ton emission (see January issue 
1970) comb ined w i t h electron cap­
ture to pin d o w n nuclear l i fet imes to 
10~ 1 6 s. For example, a selenium 
nucleus can capture an orb i t ing elec­
t ron f rom its K shell conver t ing to an 
exci ted state of an arsenic nucleus 
w h i c h can then decay to a germanium 
nucleus via delayed pro ton emission. 
The pro ton can actual ly be emi t ted 
before the K shel l is refi l led by an 
electron and the X ray cor responding 
t o th is ref i l l ing is then modi f ied in 
energy because the K shell has be­
come that of german ium rather than 
arsenic. Ratios of X- ray intensit ies 
make it possible to measure l i fet imes 
by relat ing the u n k n o w n nuclear l i fe­
t ime to the k n o w n atomic l i fet ime. 

Another techn ique, not discussed at 
the Conference, w h i c h can give such 
accuracy in l i fet ime measurement is 
under deve lopment at CERN using 
the channel l ing effect and drif t c h a m ­
bers (see J u n e issue 1 9 7 5 ) . The recoil 
o f nuclei into the gaps between crystal 
planes and their subsequent decay 
wh i l e able to emit a long the d i rect ion 
of crystal axes cou ld a l low l i fet ime 
measurements d o w n to 10~ 1 8 s. It is 
interest ing that bo th techn iques come 
f rom outs ide the nuclear d o m a i n : 
a tomic physics and sol id state physics. 

D. Hof fman f rom Los A lamos de­
scr ibed an in t r igu ing result on fe rmium 
(element 100) nucle i . In a technica l ly 
very clever exper iment they b o m ­
barded fe rmium 2 5 7 in a t r i t ium beam 
f rom a tandem Van de Graaff and 
measured the masses of the f ission 
products f rom the decay of fe rmium 
259 w h i c h was thus fo rmed. This 
revealed that the nucleus seems to 
spl i t p redominant ly into t w o nearly 
ident ical pieces. It may be that the 
h igh stabi l i ty of the t in 50 nucleus 
w i t h 82 neutrons (doub ly magic 
numbered) is already having its i n ­
f luence even t h o u g h the parent n u ­
cleus is 5 neutrons away f rom being 
able t o g ive t w o such t in nucle i . 

C. Th ibaul t covered the latest 
measurements of the Orsay spectro­
scopy g roup at CERN. Using the PS 
they have covered a range of sod ium 
isotopes and f o u n d t w o heavy iso­
topes much more t igh t ly bound than 
expected. The g roup has moved to 
ISOLDE since the beg inn ing of this 
year w i t h a spectrometer w h i c h i m ­
proves their mass resolut ion by one 
to t w o orders of magni tude. They take 
nuclei already separated by ISOLDE 
and after a second accelerat ion the 
atoms are analysed th rough magnet ic 
and electrostat ic elements. The group 
has already covered the rub id ium iso­
topes as the f irst of a long series of 
h igh precision measurements w h i c h 
the spectrometer can tackle. 

Ano ther series of measurements in 
its early days at ISOLDE has been 
started by a CERN/Ju l i ch g roup using 
a bent-crystal spectrometer. They n o w 
have suf f ic ient intensit ies to look at 
X rays f rom electron capture and to see 
the effect of exci ted nucle i . They thus 
have a too l for measur ing h o w the 
nuclear radius changes in the var ious 
exci ted states — as if they were 
measur ing the nuclear thermal expan­
s ion coeff ic ient. 

There was , of course, the t radi t ional 
d iscussion on heavy elements between 
Berkeley and Dubna concern ing w h o 
f o u n d wha t , where and w h e n . It is a 
p i ty tha t the c la im f rom the g roup of 
R.V. Gentry at Oak Ridge that they 
have seen superheavies came after 
the Conference where they cou ld 
really have been submi t ted to spe­
cialist scrut iny. The cla im is that nuclei 
of elements 116 and 126 have been 
spot ted via s t imulated X-ray emission 
in crystals of monazi te. It w i l l be 
interest ing to see whether these ele­
ments have gone away or have been 
w e l l establ ished by the t ime the far 
f rom stabi l i ty physicists get together 
for their next Conference. 
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by exhibits, operating spark chambers, films, 
solar cooking of the local sausage etc., con­
fronted the public ready to discuss any topic 
that arose: C. Detraz, explaining the forces 
binding the atom and all around us, raises his 
arms towards the stars, while silence seems to 
be called for (by P. Quentin) in contemplation 
of the immensity of our universe. 

Around 
the 
Laboratories 

ARGONNE 
Future of the ZGS 
ERDA has announced its in tent ion to 
close d o w n the 12 GeV Zero Gradient 
Synchro t ron at the A rgonne Nat ional 
Laboratory at the end of calendar year 
1978 . This is another stage of the 
ret renchment in the USA h igh energy 
physics p rogramme in the l ight of 
l imi ted funds and of the pr ior i ty g iven 
to the n e w faci l i t ies at Fermilab and 
at S tan ford . 

A s tudy of the ZGS programme was 
carr ied ou t in 1974 and, at that t ime, 
the recommendat ion f rom the s tudy 
was that the ZGS shou ld be kept in 
operat ion unt i l 1979 at the earliest. 
'Earl iest ' has rapidly become ' latest ' 
and the A rgonne management is 
deve lop ing plans for the coming years 
to extract the max imum physics f rom 
the fac i l i ty before the close d o w n 
takes place. 

The ZGS has been a very product ive 
mach ine in its twe lve years of l i fe 
suppor t ing some 2 0 0 experiments by 
5 0 0 experimenters f rom 70 ins t i tu ­
t ions. The major areas of research 
have been hadron spectroscopy, n e u ­
t r ino physics w i t h the 12 foo t bubb le 
chamber ( w h i c h is current ly be ing 
re juvenated by the instal lat ion of a 
t rack sensit ive target) and polarized 
beam exper iments. 

The s tudy of spin effects in h igh 
energy interact ions using polarized 
beams and polarized targets is the 
most l ively feature of the present 
exper imental programme. The ZGS is 
un ique in accelerat ing polarized p ro ­
tons to GeV energies: 6 GeV polarized 
beams were achieved in J u l y 1973 
and 12 GeV polarized beams in 1976. 
Polar izat ions are 7 0 % at 6 GeV and 
60 % at 12 GeV. Intensit ies have been 
raised f rom about 1 0 8 protons per 
pulse t o 2 x 1 0 1 0 ppp and fur ther 
improvements to the ion source ( a d d ­
ing a second sextupole in the a tomic 
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beam stage and using a m ic rowave 
dissociator) w i l l probably a l l ow 5 x 
1 0 1 0 ppp to be achieved soon. There 
are six beam lines capable of t ransport ­
ing polarized beams and some have 
spin rotat ing magnets and polarized 
targets. To complete a t ho rough pro­
gramme of exper iments on spin de ­
pendences using these beams requires 
several more years of ZGS operat ion 
and this has p rompted the f o l l o w i n g 
react ion to the projected close d o w n . 

To f in ish the present series of 
exper iments in hadron and neutr ino 
physics, A rgonne is request ing more 
extensive explo i ta t ion of the acceler­
ator dur ing 1977 and 1978 (addi t ional 
f inance of about S1 mi l l ion per year 
to a l l ow about nine months of opera­
t i on rather than the present seven 
mon ths ) . For 1 9 7 9 , 8 0 and 81 A rgonne 
proposes that the ZGS cont inues to 
run six months per year w i t h polarized 
beams only . This w o u l d require an 
expendi ture of about $5.5 mi l l ion per 
year on machine operat ion compared 
to $10.5 mi l l ion at present. Af ter that 
date it is hoped that a s t rong base for 
h igh energy physics research and 
deve lopment w i l l be sustained at 
A rgonne invo lv ing an investment of 
about §4.8 mi l l ion per year w h i c h is 
the level at w h i c h this w o r k runs at 
the moment . 

The ZGS performance w i t h u n -
polar ized beams has been raised to 
the level of 5.4 x 1 0 1 2 protons per 
pulse peak intensi ty w i t h an average 
intensi ty of about 4.6 ppp. Further 
increase in intensi ty w i l l be achieved 
w i t h the commiss ion ing of a 5 0 0 MeV 
booster ( k n o w n as Booster II) early 
next year. It is a 3 0 Hz, 5 x 1 0 1 2 ppp 
machine designed to take the ZGS to 
1 0 1 3 ppp. It uses negat ive hydrogen 
ion in ject ion — a techn ique pioneered 
at A rgonne . Direct in ject ion of H~ 
in to the ZGS has been successful ly 
tested (see M a y issue 1976 , p. 176 ) . 

Const ruc t ion of the Booster is we l l 
under w a y and is scheduled for c o m ­

plet ion by the end of the year. Insula­
t ion problems w i t h the first magnets 
to be del ivered have caused some 
delay and magnet assembly is n o w 
being done w i t h i n the Laboratory. 
One r.f. accelerat ing stat ion is instal led 
and the other is a lmost ready. The 
5 0 MeV in ject ion l ine, the magnet 
power suppl ies, the in ject ion and 
eject ion magnets are we l l advanced. 

The ZGS w i l l not need all the 
Booster pulses. Even for max imum 
intensi ty neutr ino runs on ly about 
1 0 % w i l l be needed w h i c h leaves 
protons avai lable for other uses. One 
possible appl icat ion is in proton radio­
graphy where very encourag ing results 
were obta ined t w o years ago (see Sep­
tember issue, 1974 , p. 303 ) but th is is 
not being pursued at the moment . 

Ano ther appl icat ion is to p lough 
the pro ton into a target to serve as an 
intense source of neutrons. This was 
p romoted under the name Z ING 
(ZGS Intense Neutron Generator) 
f o l l o w i n g w o r k on Booster I, and 
fur ther tests w i l l be carried ou t w i t h 
Booster I I . A variety of schemes c u l ­
minat ing in a proposal to bu i ld an 
Intense Pulsed Neutron Source ( IPNS) 
at a cost of about $50 mi l l ion have 
been deve loped. This proposal has 
st rong ind igenous back ing f rom re­
search workers in materials science 
at A rgonne w h o are probably the 
strongest g roup in their f ie ld in the 
count ry . The neutron source w o u l d 
be used for materials science, sol id 
state physics and l ife science research. 

There is a s t rong belief that this 
project w i l l be suppor ted — it seems 
the on ly pract ical w a y to increase 
neutron f luxes beyond those presently 
obta ined at reactors — the research 
programme that it cou ld suppor t is 
very broad and the user commun i t y 
is very large. A very similar scheme is 
being promoted by the Rutherford 
Laboratory in the UK and there is 
another proposal to use the L A M P F 
pro ton linear accelerator at Los A la ­

mos. H o w rapidly such a project w o u l d 
receive suppor t depends on the prior­
i ty g iven to neutron research in the 
USA science budgets and on the close 
d o w n programme of the ZGS, since 
IPNS w o u l d use some of the ZGS 
bu i ld ings and equipment . 

Ano ther major project w h i c h w o u l d 
call on accelerator expertise is a 
scheme to use h igh energy heavy ions 
to achieve fus ion in deuter ium- t r i t ium 
pellets. The A rgonne project is k n o w n 
as HEATHFIRE (H igh Energy A c c e l ­
erator for THermonuclear Fusion w i t h 
Ion beams of Relativist ic Energies) 
and involves stored beams of s ing ly 
charged hydrogen- iod ide ions at 
4 0 GeV. Iodine ions w o u l d be released 
by pho ton bombardment (xenon f lash 
doppler shi f ted by a ruby laser) in a 
bypass of the storage r ing. The iod ine 
ions are focused on a pellet 1 m m in 
diameter in a f e w nanoseconds to 
ini t iate fus ion . There are some f unda ­
mental quest ions to be answered 
(such as the abi l i ty to ho ld the ions 
in a s ing ly charged state and the 
accuracy of the pellet calculat ions) 
but essential ly the scheme is based 
on proven accelerator techno logy . A 
research and deve lopment programme 
spann ing t w o or three years and cost ­
ing several mi l l ion dollars a year has 
been proposed prior to launch ing 
HEATHFIRE itself. 

BROOKHAVEN 
Work on ISABELLE 
The 2 0 0 GeV p ro ton -p ro ton co l l id ing 
beam machine, ISABELLE, proposed 
for const ruc t ion at the Brookhaven 
Nat ional Laboratory has received CP 
and D (Const ruc t ion , Planning and 
Design) money to the tune of a lmost 
a mi l l ion dollars (as reported in our 
March issue). The money is to be 
used to t igh ten the cost est imate for 
the project and is al located w h e n a 
project is l ikely to receive fu l l support . 
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The Mkll 4.25 m superconducting dipole, 
which is a full-scale model bending magnet for 
the ISABELLE storage ring project at Brookhaven, 
in front of its cryostat decorated to 
celebrate the bicentennial. This magnet has 
been modified so that forced cooling can be 
used. The first tests with the new cooling 
technique have been extremely encouraging. 

(Photo Brookhaven) 

(The money is, in effect, a loan w h i c h 
w o u l d be deducted f rom the budge t 
w h e n const ruct ion began.) 

ISABELLE is an ' in tersect ing stor­
age accelerator' scheme tak ing 3 0 GeV 
protons f rom the A l te rna t ing Gradient 
Synchro t ron , accelerat ing them in 
opposi te direct ions in t w o rings and 
co l l i d ing them at energies up to 
2 0 0 GeV per beam. There are e ight 
intersect ion regions where luminosi t ies 
up to 1 0 3 3 per c m 2 per s cou ld be 
achieved. The revised cost est imate 
is $166 mi l l ion and the hoped for 
star t ing date for const ruc t ion is in 
Fiscal Year 1978 ( f rom October 1977 ) . 

A l l aspects of the machine design 
are under s tudy but at tent ion tends 
to focus on the deve lopment pro­
gramme for the superconduc t ing m a g ­
nets. W e have already reported the 
performance of M k l and M k l l fu l l size 
(4 .25 m long, 8 c m w a r m bore) 
d ipoles. Their coi ls are const ructed of 
bra id, 1.7 cm w i d e , made of 97 n io ­
b ium- t i t an ium compos i te wires each 
0.3 mm in diameter. The coi ls are 
suppor ted in cores bui l t up of 15 cm 
th i ck unspl i t laminat ions w h i c h are 
also held at l iquid he l ium temperature. 

M k l l reached des ign f ie ld of 4 T 
on its f irst quench and peaked at 
4 .5 T after t w e n t y quenches. M k l 11 
was tested in J u n e and ran into some 
heat ing problems probab ly due to a 
change of f i l ler w h i c h was in t roduced 
to help quench propagat ion t h rough 
the magnet (quench f ront stal l ing in 
M k l had burned ou t a t u rn ) . Replacing 
w i t h t in based fi l ler shou ld clear these 
problems. M k l V is ready for assembly. 
M k l 11 and IV are prototypes for the 
ISABELLE r ing magnets w i t h some 
changes compared to I and II main ly 
in the coi l end conf igura t ions to 
improve the total f ie ld integral . 

The most impor tant recent news 
on magnet per formance concerns the 
convers ion of M k l l f rom a 'poo l b o i l ­
i n g ' coo l ing techn ique to a ' forced 
coo l i ng ' techn ique after insert ing the 

coi ls in an unspl i t core. Dur ing tests 
on the converted magnet , there was 
a higher heat load than ant ic ipated 
(not related to the magnet itself) and 
the temperature cou ld on l y be taken 
d o w n to 4.4 K. On the second test, 
t ra in ing started at a f ie ld of a l i t t le 
above 4 T and the f ie ld u l t imately 
reached over 4.75 T at 4.6 K. The 
system performed very we l l and the 
t ime necessary to c l imb back to a 
h igh f ie ld after a quench was reduced 
to about 15 minutes compared to 
many hours w i t h pool bo i l ing . 

The ISABELLE magnets are to be 
coo led by forced c i rculat ion of h igh 
pressure gaseous he l ium. Such a cryo­
genic system is much more eff ic ient 
than a 'poo l bo i l ing ' system where 
the magnets are immersed in l iqu id 
he l ium. In M k l l the hel ium was fed 
to the magnet at about 15 atmospheres 
pressure and circulated th rough spiral 
and axial channels in the f ibreglass 
bands of the coils. 

The focus ing quadrupoles for ISA­
BELLE incorporate many of the design 
features of the dipoles using the same 
braid w i t h the coi ls c lamped in co ld 
iron and w i t h the same 8 cm beam 
aperture. Tests of the f irst fu l l -scale 
mode l , 1.5 m long, began in Spr ing 
and the first quench occurred at a 
f ie ld gradient of 51 T / m w h i c h is 
about the required operat ing gradient. 
Af ter 14 quenches the quadrupo le had 
trained to 71 T / m (equiva lent to a 
d ipo le f ie ld of 4.8 T ) . 

The immediate aim of the ISABELLE 
magnet deve lopment programme is to 
operate a 'ha l f -ce l l ' of the r ing latt ice 
— t w o dipoles and a quadrupole — 
in a f e w months ' t ime. The hal f -cel l 
w i l l be fu l l y instrumented and c o m ­
puter cont ro l led and shou ld g ive 
valuable experience on br ing ing all 
the necessary systems together. M e a n ­
wh i l e the magnet experts are also 
busy br ing ing together four large aper­
ture beam line magnets for the high 
energy unseparated beam line (HEUB) 
w h i c h w i l l feed particles to the mu l t i -
part ic le spectrometer ( M P S ) . These 
magnets are close relatives of the 
ISABELLE dipoles but are 2.5 m long 
w i t h a 20 cm beam aperture. T w o are 
be ing instal led having met their design 
parameters and the other t w o are 
l ikely to be ready by the end of th is 
year. 

Other ISABELLE systems such as 
cryogenics, vacuum, r.f., etc. are also 
under deve lopment . A series of w o r k ­
shops has been in i t iated, w i t h the 
par t ic ipat ion of experts f rom both 
inside and outs ide Brookhaven, to 
look at aspects of the machine design 
and of the experimental explo i ta t ion 
of the storage rings. Opt ions for longer 
term deve lopment are also receiving 
at tent ion — the possibi l i ty of p ro ton -
ant ip ro ton exper iments bu i ld ing up 
ant ip ro ton beam intensit ies using the 
' coo l i ng ' techniques pioneered at 
Novosib i rsk and CERN, the possibi l i ty 
of an addi t ional r ing of convent iona l 
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magnets for s tack ing current prior to 
in jec t ion into ISABELLE, the pos­
sib i l i ty of h igher energies using higher 
f ie ld superconduc t ing magnets. 

The considerable effort be ing de­
vo ted to the ISABELLE project has 
necessari ly weakened the suppor t of 
the 33 GeV A G S and its exper imental 
programme. Nevertheless the A G S 
has been per forming better than ever 
reaching a peak intensi ty of 1.1 x 
1 0 1 3 pro tons per pulse and susta in ing 
an average of 0.9 x 1 0 1 3 for w h o l e 
operat ing periods. 

Neutr ino physics is a major feature 
of the exper imental programme since 
the A G S is able to supp ly h igh neu­
t r ino f luxes (it has g iven 9 x 1 0 1 2 p ro­
tons on to the neutr ino target at a 
repet i t ion rate of one pulse per second) 
at energies h igh enough to produce 
interest ing physics w i t h o u t the h igh 
mul t ip l ic i t ies in part icle p roduc t ion 
w h i c h can occur at h igher energies. 
A new series of counter neutr ino 
exper iments has been proposed and 
the 7 foo t bubb le chamber w i l l be 
back in act ion in the neutr ino beam 
in October. (The chamber had a sup ­
port structure fai lure w h e n being used 
w i t h neon.) Experiments have started 
in the M P S mul t ipar t ic le spectrometer 
and the f irst results are com ing out . 
Final ly, a fasc inat ing exper iment look­
ing at short l ived neutral kaon decays 
has seen the emerg ing p ion and muon 
in orb i t a round one another and the 
Lamb shi f t in th is m in i -a tom can be 
observed. 

Other studies using Brookhaven 
accelerator expert ise inc lude the acce l ­
erat ion of heavy ions to produce fus ion 
react ions in deuter ium pellets, the 
p roduc t ion of neutron beams for fus ion 
reactor materials tes t ing, the p roduc­
t ion of neutral beams for plasma heat­
ing in a fus ion reactor, and electron 
storage r ings as intense sources of 
synchro t ron radiat ion. W e shall be 
com ing back to some of these top ics 
in fu ture issues. 

FERMILAB 
500 and doubling 
Fermilab is sti l l basking in the achieve­
ment of 5 0 0 GeV peak energy in May. 
More than the intensi ty records, th is 
has been a major goal of the Labo­
ratory and has brought great sat isfac­
t i on . Experiments at the new energy 
are l ikely to be scheduled w i t h i n a 
year. 4 0 0 GeV has been the standard 
operat ing energy since J u l y 1975 w i t h 
average intensit ies around 1.8 x 1 0 1 3 

protons per pulse fair ly rel iably and a 
peak intensi ty of just over 2 x 1 0 1 3 p p p . 
A b o u t 100 hours per week go to the 
h igh energy physics programme, up 
to 15 hours to accelerator physics w i t h 
the rest scheduled and unscheduled 
d o w n t i m e . 

The 2 0 0 MeV linac has accelerated 
a beam of 235 mA, more than doub le 
the design intensi ty, since the instal la­
t ion of a larger aperture 7 5 0 keV pre-
in jector co lumn . If th is current cou ld 
be t ransmit ted th rough the rest of the 
machine it w o u l d g ive intensit ies of 
over 5 x 1 0 1 3 ppp. Ano ther large 
aperture co lumn was instal led at the 
end of J u l y w i t h better focus ing pro­
perties w h i c h shou ld g ive improved 
beam qual i ty and , possibly, sti l l h igher 
currents. 

W i th such a h igh l inac current, 
s ingle tu rn in ject ion into the 8 GeV 
booster is acceptable, rather than the 
mul t i tu rn in ject ion ini t ial ly in tended, 
and losses at in ject ion are reduced. 
A peak ou tpu t beam of 2.7 x 1 0 1 3 

has been sent to the main r ing. T w o 
n e w booster r.f. accelerat ing stat ions 
have been added, w h i c h has improved 
the abi l i ty to accelerate more intense 
beams and the overal l rel iabil i ty. 
'Dampers ' in the booster and in the 
main r ing have helped to suppress 
parasit ic modes in the r.f. cavit ies. 

More dampers w i l l be instal led as 
part of the con t inu ing ref inement pro­
cess towards extract ing more protons 

f rom the machine. T w o turn in ject ion 
into the main r ing w i l l be at tempted 
soon (it adds about 1 s to the machine 
cycle t ime) and it is expected that 
over 2.5 x 1 0 1 3 at 4 0 0 GeV w i l l be 
reached before the end of the year. 
The next major improvement may 
f o l l o w the in t roduct ion of negat ive 
hydrogen ion in ject ion into the booster; 
th is project is go ing s lower than 
ini t ia l ly in tended but it is hoped to 
begin H~ operat ion in about a year's 
t ime. 

Meanwh i l e there is more to be done 
to increase rel iabil i ty. Magne t fai lures 
are n o w less than one per m o n t h , 
more feeder cables convey ing power 
to the main r ing need to be added and 
others replaced, the main r ing magnet 
power suppl ies are being imp roved . . . 
The capaci tor tree in the Laboratory 
substa t ion, w h i c h matches the magnet 
system to the electr ic i ty ne twork , is 
n o w in act ion rel iably and was crucial 
to the achievement of 5 0 0 GeV and 
to operat ion w i t h f la t - tops of 2 s 
durat ion at 4 0 0 GeV. 

The physics programme 

The exper imental programme at the 
accelerator is locked into the exc i t ing 
deve lopments in part icle physics in 
the past three years. A part icular for te 
is the abi l i ty to produce the wor ld ' s 
highest energy neutr ino beams and 
the neutr ino exper iments have t h r o w n 
up a lot of surpr is ing new in format ion. 
The latest eye -b row raiser has been 
evidence for a 'h igh Y anomaly ' . 
Counter exper iment data indicate that 
the ratio of ant ineutr ino to neutr ino 
interact ion cross sect ions, w h i c h is 
constant at a value around 1/3 at l o w 
energies is r ising at energies above 
50 GeV. (The bubb le chamber exper i ­
mental data are not conv inc ing ly pro 
h igh Y and w i l l be gather ing more 
statistics.) From the three-quark model 
of the nuc leon, the value of 1/3 for 
the probabi l i ty of an ant ineutr ino 
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On 12 July 'citations of appreciation on the 
occasion of the achievement of 500 billion e/ec-
tronvolt energy' were presented to Fermilab 
staff 'in recognition of many valuable contribu­
tions to the successful construction and opera­
tion of the Fermi National Accelerator Labo­
ratory'. The photograph shows Bob Wilson 
making the presentations to the operations 
support group during a lunchtime barbecue. 

(Photo Fermilab) 

interact ion compared to the probabi l i ty 
of a neutr ino interact ion emerges 
logical ly. If the ratio rises at h igh 
energies it impl ies that there is some­
th ing else (perhaps more quarks and 
ant iquarks) around. 

Is the three-quark nuc leon picture, 
for w h i c h w e n o w have so much 
evidence, h id ing some quark -an t i -
quark core — the three quarks being 
valence quarks act ing l ike electrons 
orb i t ing the nucleus of the a tom and 
causing all its more obv ious behaviour? 
Another hint in th is provocat ive d i rec­
t ion comes f rom the 15 foo t bubb le 
chamber pictures in the neutr ino 
exper iments w h i c h are candidates for 
interact ions invo lv ing charmed par­
t ic les (see January issue, page 3 ) . 
The interact ions produce a surpr is ing 
number of kaons and , unless there 
are some extra quarks around in the 
nuc leon , it is not easy to w o r k ou t 
where all the kaons are com ing f rom. 

These are h igh ly speculat ive ideas 
at the moment but some n e w pheno­
mena seem to be at wo rk . To t ry to 
p in them d o w n in more deta i l , the 
counter exper iment is hav ing its detec­
t ion system improved and the 15 foo t 
bubb le chamber has more neutr ino 
runs scheduled. A lso the advent of the 
SPS neutr ino programme at CERN w i l l 
add greatly to the in format ion input . 

The first run w i t h a heavy h y d r o g e n / 
neon mix in the 15 foo t chamber gave 
pictures of excel lent qua l i ty and it 
seems to be reasonably stra ight for­
w a r d to sort out the interact ions. The 
data tak ing rate goes up considerably 
w i t h the more dense target l iqu id and 
as many as four neutr ino interact ions 
have been recorded on a s ingle p h o t o ­
graph. Fo l low ing discussions w i t h the 
Program Adv isory Commi t tee ( P A C ) , 
w h i c h met in Aspen at the end of 
J u n e , the bubb le chamber schedule 
for the next year w i l l p robably begin 
w i t h a hydrogen f i l l in late au tumn 
f o l l o w e d by a heavy hyd rogen /neon 
f i l l . A deuter ium f i l l , t o take a cleaner 

look at the interact ion w i t h the neu ­
t ron , w i l l take place next summer. By 
th is t ime it is hoped that the accelerator 
in tensi ty w i l l be considerably higher 
and that doub le puls ing of the 15 foo t 
chamber for neutr ino exper iments 
using the focus ing horns w i l l be 
feasible. 

Other searches for charmed particles 
in hadronic interact ions, such as 
p ro ton -p ro ton col l is ions, have not u n ­
earthed any clear evidence for them. 
There are so many ways in w h i c h 
such h igh energy interact ions can go 
that sor t ing out the w a n t e d event 
f rom the background is extremely 
d i f f icu l t . Leon Lederman st imulated 
discussions on this prob lem at the 
PAC meet ing by graphical ly descr ib ing 
h igh energy hadron-hadron col l is ions 
as l i k e t h r o w i n g t w o garbage cans at 
one another ' . There is so much garbage 
f l y ing around that spot t ing any gems 
is almost impossible. Fermilab is tak ing 
another look at the emphasis g iven to 
exper iments using tagged pho ton and 
b road-band photon beams where 
sor t ing out the interact ions produced 
is easier. 

The exper iments w i t h the muon 
beams, d rawn parasit ical ly f rom the 
neutr ino beams, have prov ided some 
useful in format ion. They have s h o w n 
that scal ing breaks d o w n at h igh 
energies (as predicted by f ie ld t heo ­
ries) and they have evidence for n e w 
phenomena such as the d i - m u o n 
events seen in the counter neut r ino 

exper iment . These events where t w o 
muons emerge f rom an interact ion 
cou ld or ig inate in the product ion of 
a pair of charmed particles. When they 
are recorded in reasonable numbers 
in bubb le chamber experiments t oo , 
it shou ld be possible to w o r k out w h a t 
is happen ing to the hadrons w h e n 
d i - m u o n produc t ion occurs. The i m ­
proved counter detect ion systems 
shou ld also add more in format ion. 

It has been dec ided, f o l l ow ing the 
PAC meet ing , to launch a faci l i ty for 
hyperon exper iments at Fermilab. It 
w i l l be located in the Center pit o f 
the Proton Laboratory w h i c h w i l l thus 
house pro ton experiments, as at pre­
sent, and the first half of the hyperon 
beam. It is hoped that the first charged 
hyperon exper iment w i l l start by the 
summer of 1978 . 

A major discussion at the PAC 
meet ing covered the 'modest storage 
r ing proposals ' w h i c h have emerged 
at Fermilab dur ing the past year. They 
inc luded schemes for bu i ld ing a small 
storage r ing (SSR) of around 30 GeV 
to co l l ide protons w i t h protons in the 
main r ing , for co l l id ing protons w i t h 
protons using the Energy Doubler and 
the main r ing, and for co l l id ing an t i -
protons w i t h protons using the main 
r ing and the Doubler. PAC recom­
mended reject ion of all the proposals 
so that in the immediate future the 
resources of the Laboratory w o u l d not 
be diverted f rom the chal lenging 
task of bu i ld ing the Doubler. 
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The recommendat ion was in no 
w a y a reject ion of the ideas beh ind 
the co l l id ing beam schemes or of their 
physics potent ia l . On the contrary the 
PAC urged a detai led look at the 
var ious possibi l i t ies, suggest ing a 
' w o r k s h o p ' to def ine op t ima l c o n f i g u ­
rat ions of the Doubler , exper imental 
halls and detectors prior to cal l ing for 
co l l id ing beam proposals. They also 
urged the s tudy of methods to produce 
stored ant ip ro ton beams so that th is 
op t i on w o u l d also be kept open . In 
Ju l y , there were also meet ings at 
Fermilab t o discuss the possibi l i t ies 
w i t h e lectron beams, w h i c h adds sti l l 
more op t ions to the list. Before the 
end of the year some select ion is l ikely 
to be made so as not to dissipate effort 
over t oo many possible co l l id ing beam 
projects. 

The Energy Doubler I Saver 

Work on the Energy Doubler is go ing 
ahead as the Laboratory 's major pro­
jec t for the next f e w years. It is be ing 
bui l t as a research and deve lopment 
project , w h i c h seems appropr iate to 
an exercise invo lv ing the first large-
scale use of pulsed superconduc t ing 
magnets, and no special author izat ion 
for the const ruc t ion is necessary. The 
present f u n d i n g inc ludes §8.6 mi l l ion 
f rom the Laboratory 's resources plus 
§3.9 mi l l ion f rom ERDA speci f ical ly 
assigned to the Doubler . A t the latest 
Congressional hearings on h igh energy 

physics money it was stated that the 
government expects to f u n d the p ro ­
ject next year (f iscal year 1978 , be­
g inn ing October 1 9 7 7 ) . The cost 
est imate (depend ing on such th ings 
as the rate of f und ing ) is §50 mi l l ion. 

The Doubler is a r ing of super­
conduc t i ng magnets to be instal led 
underneath the exist ing main r ing 
magnets w i t h a f ie ld capabi l i ty of 
4.5 T compared to the main r ing 2.25 T, 
enab l ing the peak energy to be taken 
f rom 5 0 0 GeV to 1000 GeV (1 TeV) . 
Since the use of superconduc t ing 
magnets rather than convent iona l 
magnets w o u l d absorb less power for 
an equivalent energy per formance the 
pro ject carries the addi t ional t i t le of 
Energy Saver. 

Since the Doubler programme be­
gan in September 1972 a mul t i tude 
of superconduc t ing magnets have 
been bui l t and gradual ly the goal of 
magnets of appropr iate qual i ty for a 
synchro t ron at reasonable cost has 
been com ing more and more into 
v iew. A fu l l scale (22 foo t ) proto type 
achieved the desired f ie ld in March 
of th is year and superconductor cost 
is near the or ig inal est imate of §1.5 
per foo t . The latest 23 strand cable 
(Ruther ford style) is §1 .52 / foo t g r o w ­
ing to §1 .83 w i t h insulat ion. Since 
close on 5 mi l l ion feet are required (800 
dipoles w i t h about 6 0 0 0 f t each plus 
about a mi l l ion feet in the focus ing 
quadrupoles) superconductor cost is 
a v i ta l parameter. 

The coils of a 22 foot superconducting magnet, 
such as are being developed for the Energy 
Doubler at Fermilab, prior to being introduced 
into their cryostat and iron yoke. This is one of 
the recent types where the coils are held in 
stainless steel collars which eliminate deforma­
tions encountered with the previous banding 
technique. At the time of writing the coils of six 
22 foot magnets had been wound. 

(Photo Fermilab) 

Coils for six 22 foo t magnets have 
been w o u n d and the w i n d i n g rate is 
n o w about one set of coi ls every t w o 
weeks. A n inner shell half coi l has 
3 4 turns and an outer shell 21 turns. 
The conduc to r is keystoned (made 
approx imate ly t rapezoidal in cross sec­
t i on ) so that it packs together better. 
Coi l band ing has been abandoned in 
favour of close f i t t ing collars (half r ing 
laminat ions of stainless steel) . Bo th 
these changes — keyston ing and 
col lar ing — hold the conduc to r better 
and improve magnet t ra in ing charac­
terist ics. Assembly w i t h a central 
mandr i l in place has improved the 
mechanical a l ignment . 

Test ing of const ruc t ion techniques, 
f ie ld measurements etc. con t inue on 
a series of smaller scale magnets. It is 
accepted that some tens of fu l l size 
magnets may need to be bui l t before 
the produc t ion schedule can sett le 
d o w n g iv ing qual i ty magnets. The 
exper imental area beam lines w i l l also 
need conver t ing to handle 1 TeV 
beams and many of the early 22 foo t 
magnets cou ld be used there where 
the qual i ty requirements are not so 
str ingent. There have been trial insta l ­
lat ions in the main r ing w h i c h d id not 
uncover any great problems. The next 
mi lestone, before the end of the 
year, w i l l be to power a str ing of 
magnets in series (perhaps four of 
them ini t ia l ly, t h o u g h the str ings in 
the Doubler w i l l be seventeen magnets 
long) to test the abi l i ty to quench 
the magnets w i t h o u t causing any 
damage. 

The refr igerat ion system for the 
Doubler w i l l be the most power fu l in 
the w o r l d . The bu i ld ing for the central 
p lant is under cons t ruc t ion ; it w i l l 
p roduce 4 0 0 0 litres of l iqu id hel ium 
per hour, w h i c h w i l l be conveyed to 
satel l i te stat ions around the r ing. The 
f irst of the satell i tes is under test. 
There is a t remendous amount of w o r k 
sti l l to be done but the Doubler looks 
f i rmly on its way . 
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Tank 1 of the new 70 MeV linac at the Rutherford 
Laboratory in its raw state after delivery from 
Morfax Ltd. Water cooling, electrical connec­
tions, vacuum pumps, r.f. feeds have since been 
added and the tank has done its bit in achiev­
ing design energy in May. 

(Photo Rutherford) 

RUTHERFORD 
Commissioning of 
new linac 

Construct ion of a 7 0 M e V proton 
linear accelerator at the Rutherford 
Laboratory, or ig inal ly designed as a 
n e w injector to increase the intensi ty 
of the 8 GeV N imrod pro ton synchro ­
t ron , is n o w comple te and a 70 MeV 
beam has been obta ined. The injector, 
s i ted alongside the exist ing 15 MeV 
l inac, f igures prominent ly in the Labo­
ratory's plans to adapt the N imrod 
complex into a h igh intensi ty neutron 
source (see M a y COURIER) . 

The design speci f icat ion for the 
n e w linac calls for an ou tpu t beam 
intensi ty of 75 m A w i t h a pulse dura­
t ion of 500 pis and a max imum 
repet i t ion rate of 1 pulse per second. 
It has four tanks, the second and th i rd 
being f rom the 50 M e V proton linear 
accelerator (PLA) c losed d o w n at the 
Rutherford Laboratory in 1969. The 
first and four th tanks are n e w and are 
based on the design of the Brookhaven 
and Fermilab 2 0 0 M e V injectors. 

The pre- in jector is designed for a 
2 0 0 m A beam intensi ty of 5 0 0 \is 
pulse length. Protons f rom a small 
duoplasmatron source (outer d i m e n ­
sions 130 mm long by 100 m m d ia­
meter) are focused into a med ium 
gradient co lumn (16 k V / c m ) and 
accelerated to an energy of 665 keV. 
The effect of beam load ing on the 
ou tpu t vo l tage of the Haefeley Cock-
c ro f t -Wal ton EHT generator is reduced 
by means of a 0.01 iiF reservoir 
capacitor. A drop of about 10 kV w o u l d 
sti l l occur, but is stabi l ised by means 
of an electronic stabil iser ( the ' b o u n ­
cer') w h i c h applies a compensat ing 
signal to the earthy plate of the reser­
voi r capacitor. In October, the pre-
injector was w o r k i n g to speci f icat ion 
w i t h stable, repeatable characterist ics. 
The bouncer w o r k e d at a lmost the 

f irst a t tempt and held the accelerat ing 
potent ia l steady to w i t h i n 2 0 0 V. 

In parallel w i t h the commiss ion ing 
of the pre- in jector, instal lat ion of the 
four rad io- f requency power systems 
was proceeding. A c o m m o n l o w 
power drive cha in , f rom the o l d 
Rutherford Laboratory PLA, suppl ies 
a 202.5 M H z drive signal at a power 
level of 20 kW, w h i c h is d iv ided 
between the four r.f. power ampli f iers. 
Each of these has a peak power ou t ­
put capabi l i ty of 4 .25 M W and pro­
duces a 700 [is pulse w h i c h is l oop -
coup led to the tank. The f irst system 
to be completed was that of tank 2, 
w h i c h was operated at its design f ie ld 
in the au tumn of 1975. 

Instal lat ion of the remainder of the 
machine was completed early in 1976 
and a beam was accelerated th rough 
the f irst tank to 10 MeV in February. 
Tun ing runs gave 28 m A of 10 MeV 
beam w i t h i n the first week w i t h o u t 
the buncher. Subsequent ly , w i t h the 
buncher powered and w i t h improved 
t u n i n g , more than 80 m A of 10 MeV 
beam was measured at tank 1 ou tpu t . 
By the end of Apr i l beam was a l lowed 
th rough the machine to an external 
beam-stop. Work ing w i t h short pulses, 
tanks 2, 3 and 4 have been progres­
sively commiss ioned and 7 0 MeV pro­
tons were first seen on 19 May. 
Efforts n o w turn to min imis ing beam 
losses and achieving h igh rel iabi l i ty. 
Commiss ion ing w i l l probably be c o m ­
pleted by the end of 1976. 

DESY 
On-line 
One of the VIT's (very impor tant 
th ings) at a h igh energy physics 
Laboratory is the computer centre — 
f requent ly used but comparat ive ly 
rarely ment ioned. It is we l l k n o w n 
that t oday it w o u l d be impossible t o 
do h igh energy physics w i t h o u t b ig 
and fast computers, handl ing the 
large quant i ty of data produced by 
the exper iments. In most Laboratories 
the normal w a y of do ing physics is to 
take data at the exper iment, assisted 
by a smal l computer and to go after­
wards to a big computer t o sort ou t 
the results. A t DESY (and a f e w other 
Laboratories such as Daresbury) the 
concep t is di f ferent — the big c o m ­
puter is part of the exper iment f rom 
the beg inn ing . 

24 'assistant ' computers at the 
exper iments, inc lud ing an HPD au to ­
mat ic f i lm measuring machine, are 
connec ted on- l ine w i t h t w o I B M 3 7 0 / 
168s at the computer centre. The 
smal l computers are check ing the 
exper imental se t -up and co l lec t ing 
data, but the data go direct ly to one 
of the 168s. The pr imary data w i l l be 
wr i t ten on a tape and also used to 
calculate some first physical results. 
DASP and PLUTO for example — the 
t w o b ig detect ion systems si tuated at 
the interact ion regions of the DORIS 
storage r ings — are send ing ten k i lo -
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bytes per second to the I B M f i l l ing a 
magnet ic tape w i t h 36 megabytes per 
hour. Performing th is j o b and do ing 
calculat ions on th is on- l ine data 
absorbs about 1 0 % of the IBM 's 
capaci ty. 

The argument of the no t -on - l i ne 
special ist that he w o u l d never dare to 
be dependent w i t h his exper iment on 
a computer centre is countered by the 
DASP group 's experience — on ly four 
days w i t h i n the last 17 months lost be­
cause of the on - l i ne connec t ion . 

Each on- l ine computer is suppor ted 
by a separate on- l ine j o b in the central 
computer . To avoid over loading the 
store and unnecessary scans of super­
v isory programs th rough mainly i n ­
act ive queues, every j o b w h i c h is idle 
for more than an hour is automat ica l ly 
t h r o w n out but can be reinvoked 
th rough an interrupt w i t h i n 20 s. Thus 
the number of on - l i ne jobs l iv ing in 
the computer at any one t ime has 
been reduced to about 5 to 6. 

Ano ther impor tant fac i l i ty is the 
data-set migrat ion scheme. Every user's 
request for a l locat ion of a permanent 
data-set on disc is satisf ied ou t of a 
pool of discs w h i c h n o w extends to 
5 0 0 megabytes. Whenever a certain 
upper threshold is reached, th is disc 
poo l is empt ied , to a certain amount 
on a least- recent ly-used basis, by 
copy ing data-sets to tape. This can be 
done because the user ident i f ies his 
data by a un ique name only , not 
spec i fy ing the name of the vo lume 
his data resides on . Once th is data is 
emigrated, the user is free to process 
his data off tape or to immigrate it 
f irst. By this method it was possible 
to extend the effect ive disc space to 
3 g igabytes at the cost of some data 
movement w h i c h is main ly done 
dur ing n ight shif ts. 

The f o l l o w i n g f igures s h o w that 
most of the users are w a n t i n g their 
data-sets f requent ly : More than 1000 
jobs are calculated each weekday. 
Each week in recent months 5.2 to 

6.7 k i lo jobs were passing th rough the 
computers. Dur ing 325 days in 1975 
263 k i lo jobs were calculated. Wi th in 
these 7 8 0 0 hours for each ' 168 ' , 
7 0 0 5 hours CPU- t ime was used — an 
average CPU t ime per j o b of about 
1.6 min . A t the end of th is year the 
capaci ty of the DESY computer centre 
w i l l be saturated. 

Start ing a j o b on the machine is 
possible by feeding cards into the 
reader or by using one of 16 terminals 
of the TSO t ime shar ing system 
located at di f ferent places on the 
DESY site. A n interact ive p lo t t ing 
system, IPS, enables users to look at 
their data in a graphic fo rm or even 
to produce a graph of their exper i ­
mental setup. Mos t of these special 
services are programmed and handled 
by the DESY computer staff. The 
centre is run by 6 system programmers, 
4 programmers and 18 operators. 

New particles 
Reports about n e w particles cont inue 
coming in. Those people w h o favoured 
charm theory already at the end of 
1974 , w h e n the J / i p and <|/ were 
f o u n d , seem n o w to be the f inal 
w inners over their col leagues w h o 
preferred other models. A t the same 
t ime w h e n SPEAR announced a spec­
t rum of particles near 2 GeV as g o o d 
candidates for charmed mesons (see 
J u n e COURIER 1976, p. 211) DORIS , 
the electron posi t ron storage r ing at 
Hamburg , presented results on the 
semi- lep ton ic decay of those particles. 

As the members of the J/ty fami ly 
are bound states of a charmed quark 
and an ant icharm quark they have no 
vis ible charm. Charmed mesons are 
however combinat ions between a 
charmed quark and one of the three 
o ld quarks. As charm is not v io la ted 
in st rong and electromagnet ic inter­
act ions a charmed meson can o n l y 
decay by weak interact ion. The charm 
theory predicts that charm quarks 

coup le preferential ly to strange quarks, 
w h i c h means that the decay into a 
K and a lepton must be visible besides 
the decay into a kaon and one or 
more p ions seen at SPEAR. 

Since the beg inn ing of 1976 DORIS 
exper iments have concentrated on 
these channels and f o u n d an extra­
ordinary electron product ion start ing 
at energies above 4.0 GeV. The spec­
trometer PLUTO (run by a co l labora­
t ion of DESY, Universi ty of Hamburg , 
Siegen and Wupper ta l ) and the DASP 
col laborat ion (Aachen, DESY, H a m ­
burg Universi ty, Max-P lanck - Ins t i tu te 
M u n i c h , and Tokyo) are able to see 
electrons and posi t rons d o w n to an 
energy of on ly 3 0 0 resp. 2 0 0 M e V / c . 
DASP people, for example, used a 
Cherenkov counter in f ront of the 
magnet to ident i fy electrons. Ask ing 
for at least three other particles in the 
inner detector led to 22 events w h i c h 
can on ly be due to a weak ly decaying 
part icle. A h igh mul t ip l ic i ty of p ions, 
w h i c h peaked at 5 to 6, exc luded 
heavy lepton decay for these events. 

Since the charm theory predicts a 
s t rong relat ion be tween charm quarks 
and strange quarks bo th exper iments 
looked for events w i t h the appearance 
of a kaon and a single lepton. Both 
spectrometers were successfu l : at 
PLUTO a sample of s imul taneous 
product ion of K° and electrons was 
f o u n d and DASP people are sure that 
they have observed events w i t h 
charged kaons and electrons, both 
together w i t h a h igh mul t ip l i c i ty of 
p ions. It is interest ing to k n o w that 
PLUTO saw this correlat ion at a 
centre of mass energy of 4.1 GeV but 
not at 4.4 GeV t h o u g h a good K-
signal there has also been observed. 
Measur ing at 3.6 GeV s h o w e d that 
there is no eK correlat ion be low the 
threshold. A l l these events cannot be 
interpreted w i t h o u t the existence of 
n e w hadrons w i t h a n e w quan tum 
number and all propert ies of these new 
part icles are consistent w i t h charm. 
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A tungsten grid (about 25* magnification) 
obtained by a method of electrolytic etching 
developed in CERN's Central Workshops: foil 
thickness 0.1 mm, etching time 30 minutes. 

CERN 

New etching techniques 
CERN's Central Workshops have just 
successful ly used an interest ing me­
t h o d for the produc t ion of special 
gr ids made of h igh densi ty metal and 
insulat ing material. These grids are 
in tended for the manufacture of c o n ­
verters associated w i t h propor t ional 
chambers. They make it possible to 
obta in h ighly ef f ic ient gamma ray 
detectors w i t h great spatial precis ion, 
either for medical purposes in nuclear 
image displays or for h igh energy 
physics. These detectors normal ly 
consist of a stack of al ternately insulat­
ing and conduc t ing gr ids w h i c h are 
f requent ly expensive and d i f f icu l t to 
produce using normal mach in ing t e c h ­
niques. 

The method developed at CERN 
makes use of chemical or e lectro­
chemical photogravure techniques. 
The main problems encountered are 
the preparation of a sui table e tch ing 
so lu t ion for each mater ial , and the 
cho ice of an appropriate mask. Various 
tests carried out over the past f e w 
months have s h o w n that the results 
lie w i t h i n the required tolerances, wh i l e 
the cost remains compet i t ive . 

As the so lu t ions used to etch 
insulat ing materials are extremely cor­
rosive, it is necessary to employ metal 
masks in place of the usual pho to ­
resists. The f o l l o w i n g materials, avai l ­
able as th in foi ls, have been success­
fu l l y mach ined : 

Mylar ( D u Pont de Nemours Trade 
M a r k ) : Excellent resolut ion and g o o d 
e tch ing un i formi ty has been obta ined 
w i t h chemical mach in ing in a su l ­
phur ic and nitr ic acid so lu t ion (0.1 
m m etched in 2 minutes) . 

Kapton (Du Pont de Nemours 
Trade M a r k ) : The alcal ine so lu t ion 
of hydrazine hydrate normal ly used 
is both expensive and dangerous, 
but comparable results can be obta ined 

faster w i t h a solut ion of sod ium hydro -
sulphi te (75 microns etched in 5 m i ­
nutes) . 

Epoxy resin-glass fibre composite: 
In spite of the non-un i fo rm i ty of this 
material , good results have been 
obta ined w i t h a hydrof luor ic and 
sulphur ic acid so lu t ion (0 .15 mm 
etched in 12 minutes) . 

Other materials, l ike metals and 
metal al loys, w h i c h are d i f f icu l t to 
machine by convent ional methods, 
have also been successful ly pho to -
etched. 

A m o n g the soft materials, satisfac­
to ry results have been obta ined w i t h 
the mach in ing of lead by chemical 
e tch ing in propionic acid (0.2 mm 
etched in 15 minutes) , wh i l e the rate 
achieved on lead-b ismuth a l loy foi l 
w i t h a mixture of nitr ic and an organic 
acid was 0.2 mm in 4 0 seconds. 

W i t h the hard materials, the electro­
chemical mach in ing of tungsten w i t h 
a so lu t ion of caustic soda conta in ing 

a sui table addi t ive was h igh ly success­
fu l (0 .2 m m etched in 1 hour ) . The 
same method may be used to machine 
mo l ybdenum electrochemical ly, but 
comparab le and more rapid results 
can be obta ined by chemical e tch ing 
in a nitr ic acid so lu t ion f o l l owed by 
e lect rochemical e tch ing by a similar 
process t o that used for tungs ten 
(0.1 m m etched in 20 minutes) . Tests 
w i t h t i tan ium and n iob ium are n o w 
in progress. 

These methods of mach in ing are 
l ikely to be of great interest to i ndus ­
try. A n internal report on this t e c h ­
n ique may be obta ined f rom CERN on 
request quo t ing reference S B / A C / 
S T / 3 1 8 0 / g p . 
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People and things 

A w a r d s 

The A n t o n i o Feltrinell i Prize, at t r ibuted 
to physicists once every f ive years, 
has been awarded by Italy's Accademia 
dei Lincei to Prof. Massimi l la Ba ldo-
Ceol in and to Prof. Ferdinando A m ­
man. 

Massimi l la Ba ldo-Ceo l in , Director 
of the Physics Inst i tute of Padua 
Universi ty and an accompl ished ex­
perimental ist , w a s responsible for the 
successful search for the ant i lambda. 
Af ter invest igat ions into the K°K° 
system her interests tu rned to the 
select ion rules in weak interact ions 
(main ly for K + and K°) and invariance 
pr inciples. Fo l l ow ing the NUE exper i ­
ment at the CERN PS (see J u l y / 
Augus t COURIER 1974 , p. 252) she 
is n o w look ing in to leptonic neutral 
currents. 

Ferdinando A m m a n , professor of 
physics at the Engineering Faculty of 
Pavia Universi ty, started research on 
part icle accelerators in 1953 at the 
Frascati Nat ional Laboratory where he 
col laborated in the design and realiza­
t ion of the electron synchro t ron . 
Subsequent ly he directed the project 
o f A D O N E , the 2 x 1 . 5 GeV e lec t ron-
posi t ron storage r ing at Frascati. His 
theoret ical and exper imental studies 
on the physics of co l l id ing beams 
proved f ru i t fu l in the design of storage 
accelerators all over the w o r l d . He 
was also Chairman of the 3 0 0 GeV 
Adv isory Mach ine Commi t tee at CERN. 

Nuclear physicists in Italian Senate 

Following the June general elections 
in Italy two nuclear physicists have 
entered Italy's Upper House, the 
Senate. They are Prof. Carlo Bernar-
dinif Dean of the Faculty of Sciences 
of Rome University and Prof. Claudio 
Villi, formerly President and now Vice-

President of IN FN, the National Insti­
tute of Nuclear Physics. Another 
nuclear physicist Prof. Protogene 
Veronesi has been re-elected as Sena­
tor. 

Soviet representatives visi t CERN 

A party of Soviet scientists v is i ted 
CERN dur ing the second half of June . 
Composed of representatives f rom 
the IHEP in Serpukhov, the ITEP in 
M o s c o w and the State Commi t tee for 
the Use of A t o m i c Energy, the party 
w a s part icular ly interested in the t e c h ­
no logy and const ruc t ion of large par­
t ic le accelerators. M u c h of their t ime 
was spent, therefore, in ta lk ing to 
special ists w o r k i n g on the Super Pro­
t o n Synchro t ron , w h i c h reached an 
energy of 4 0 0 GeV on 17 J u n e dur ing 
their stay. The visi t came on ly a short 
t ime after the Serpukhov meet ing 
where the major top ic w a s a project 
for a very b ig accelerator by a w o r l d ­
w i d e co l laborat ion. The Russians are 
propos ing a 2 TeV machine, whereas 
other physicists, in the Uni ted States, 
have in m ind a more ambi t ious project 
for a 10 TeV machine (see M a y 
COURIER 1976 , page 167 ) . 

Appointments at CERN Council 

At its Session on 17 June, the CERN 
Council appointed E. Lohrmann (now 
at DESY) as Member of the CERN 
Directorate in succession to John 
Mulvey who returns to Oxford Uni­
versity at the end of September. 
Robert Levy-Mandel, who has super­
vised the civil engineering work at the 
SPS project, was also appointed to 
the Directorate for a period of three 
years from the beginning of July. The 
appointment ofS. Fubinias Directorate 
Member was extended for two years 
as were the appointments of C. Tieche 

Godfrey Stafford, Director of the Rutherford 
Laboratory and Vice-President of the CERN 
Council, was awarded a C.B.E. in the Queen's 
Birthday Honours List on 12 June. The award ot 
'Commander of the British Empire' is one of 
the highest tributes for public service in the 
UK. 

and G. Ullmann as Division Leaders 
of the Finance and Personnel Divisions 
respectively. 

The Council also approved the 
nomination of new members of the 
CERN Scientific Policy Committee — 
M. Veltman and I. Mannelli in succes­
sion to M. ConversiandA.G. Ekspong. 
A. Bohr and G.H. Stafford have their 
appointments renewed for a further 
three years. 

I tal ian Exhibi t ion in Teheran 

Dur ing the first half of J u n e an exh ib i ­
t i on under the t i t le ' I ta ly, Science and 
Techno logy ' was held in Teheran. 
Promoted by the Ital ian Min is t ry of 
Foreign Affairs in co l laborat ion w i t h 
the main research inst i tu t ions and 
industry it a imed to g ive an u p - t o -
date picture of Italian accomp l i sh ­
ments in science and techno logy 
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Dr. Jack Sample, new Director of TRIUMF. 

(Photo John Morris UBC Information Services) 

t rac ing the deve lopment back to 
historical roots. One sector of the 
exhib i t ion was devoted to fundamenta l 
research i l lustrated by three top ics : 
nuclear and elementary part icle phys­
ics, astrophysics and b io logy. The 
material for the first top ic was chosen 
and arranged by the Nat ional Inst i tute 
of Nuclear Research ( I N F N ) w i t h the 
aim of descr ib ing the t rends and p rob­
lems of h igh energy physics research 
as faced by Italian groups in w o r l d ­
w i d e col laborat ions. A f e w detectors 
s h o w n inc luded a large mu l t iw i re pro­
port ional chamber used by a Tur in 
g roup in a PS exper iment on the pro­
duc t ion of hypernucle i , and slides 
gave in format ion on the most impor ­
tant faci l i t ies and on research being 
carried ou t by Ital ian groups at 
Frascati and at CERN, cover ing the 
descr ipt ion of an electronic exper i ­
ment (P isa-Stony Brook at ISR) f rom 
its incept ion to the f inal results. In the 
f ie ld of nuclear physics, projects of 
n e w accelerators for instal lat ion at 
Legnaro, Frascati and Catania and the 
model of a superconduc t ing cyc lo t ron 
under s tudy at M i lan were s h o w n . 
The possibi l i ty of present ing th is 
exh ib i t ion in other countr ies is be ing 
considered. 

Scientific inauguration of TRIUMF 

Following the dedication of TRIUMF 
by the Canadian Prime Minister in 
February, a scientific inauguration 
was held on 4 June coupled to a two-
day meeting of TRIUMF Experiments 
Evaluation Committee where experi­
mental results were reported and new 
proposals puffed. Visiting speakers 
included HA. Bethe (Chairman of the 
1964 US report on meson factories), 
B. Dropesky, E.M. Henley, H. Prima-
koff and Sir Denys Wilkinson. 

TRIUMF retiring Director J.R. Ri­
chardson reported that the cyclotron 
had operated at 85 % reliability over 

the past four months. Two simulta­
neous proton beams of independently 
variable energy from 180-520 MeV 
were available with 1 MeV energy 
spread, small emittance (about 10 mm 
mrad) and ±75% polarization when 
required. In addition, three secondary 
beams of stopped pions and muons 
were in operation. Plans were well 
under way for raising the primary beam 
intensity to 10 ^A later this year and 
to the full design value of 100 \iA by 
the end of 1977. Experimental results 
of interest had already been obtained 
in pp scattering, pion production, 
polarized (p,2p) reactions, pi-radiative 
capture of hydrogen and deuterium, 
and in muon spin resonance studies 
of single metal crystals at low tem­
peratures. 

The incoming Director, J. T. Sample, 
thanked his predecessors for their 
efforts and commented on his good 
fortune saying, 'John Warren started 
it up, Reg Richardson got it off the 
ground, now I get to fly it'. 

Chang ing hands at T R I U M F . . . 

On 1 Ju l y , J.T. Sample succeeded 
J.R. Richardson as Di rectorof T R I U M F , 
the Canadian cyc lot ron laboratory at 
the Universi ty of Brit ish Columbia . 
Jack Sample is a nuclear physic ist 
f rom the University at Alberta w h o 
combines a d is t inguished research 
career w i t h experience in science 
management and science po l icy mak­
ing in Canada. He has been Chairman 
of the Physics Department of Alberta 
since 1967 and played a major role 
in Alberta 's j o in ing the T R I U M F pro ­
ject. Reg Richardson, f o l l o w i n g J o h n 
Warren, has seen the 5 0 0 MeV cyc lo ­
t ron th rough its const ruct ion and c o m ­
miss ion ing. Karl Erdman, w h o has 

been on the staff of the Universi ty of 
Brit ish Co lumbia for 15 years, was 
appo in ted Associate Director for 1 9 7 6 -
1977 in succession to Brian Pate of 
S imon Fraser University. Karl Erdman 
has been associated w i t h the bu i ld ing 
of the cyc lo t ron since its incept ion 
and led the group responsible for 
the r.f. system. 

...andat FERMILAB 

The Accelerator Division at Fermilab 
changed hands mid-July when Russ 
Huson succeeded Phil Livdahl as 
Division Head. Since the departure of 
Paul Reardon to lead the TFTR fusion 
project at Princeton, Phil has steered 
the Division with Russ as second in 
command through the heady days of 
achieving 500 GeV. He will now give 
most of his time to working on the 
Energy Doublet/Saver (see this issue, 
page 262). 
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Clever gadget developed at CERN for rapid 
checking of the vital wire tension in wire cham­
bers. It emerged from work for the Omega 
spectrometer where it has enabled a plane of 
1600 wires to be checked in an hour and a 
half. The gadget sweeps across the plane with 
magnets plucking at the wires. The wire dis­
placement, measured via a microscope and 
photocells, in a known field gives the tension 
directly. 

CERN 305.5.76 

Second synchro t ron radiat ion beam at 
SPEAR 

A t the Stanford Synchro t ron Radia­
t ion Project (SSRP) a second tangen ­
tial beam line for synchrot ron radia­
t ion f rom the SPEAR r ing came into 
operat ion on 3 0 June . The n e w beam 
l ine, f unded by the Nat ional Science 
Foundat ion , w i l l accommodate four 
or more X- ray exper iments s imu l ta ­
neously and relieve the users' pressure 
on the f irst beam line that started up 
in M a y 1974 (see February COURIER 
1975 , p. 4 1 ) . One rapidly tunable 
channe l -cu t crystal monochromator is 
in operat ion and t w o similar systems 
w i t h provis ion for addi t ional focus ing 
are under cons t ruc t ion . The pro­
gramme of SSRP, w h i c h is carried 
ou t parasit ical ly dur ing co l l id ing beam 
runs of SPEAR has g r o w n rapidly in 
the past t w o years and n o w involves 

about 150 researchers and 35 inst i tutes 
w i t h 64 act ive proposals, so that 
demand cont inues t o exceed the t ime 
avai lable on exist ing faci l i t ies. A n 
expansion of research towards the 
vacuum ultraviolet part of the spec­
t rum is under discussion and proposals 
have been submi t ted for ex tend ing 
the exper imental faci l i t ies dur ing 1 9 7 8 -
1980 . Plans are being considered for 
us ing SPEAR as a dedicated synchro­
t ron radiat ion source at 5 0 % w h e n 
PEP, the L B L / S L A C 18 GeV e lec t ron-
posi t ron storage r ing is operat ing for 
half its t ime on h igh energy physics 
research. The success of SSRP in 
research over a w i d e var iety of f ie lds 
such as surface physics, catalyt ic 
chemistry, structural b io logy , etc., has 
s t imulated interest in the USA to 
provide addi t ional research faci l i t ies 
using synchrot ron radiat ion. 

Accelerator Meetings 

A 1st Course (under the title 'Theore­
tical Aspects of the Behaviour of 
Beams in Accelerators and Storage 
Rings') of an International School of 
Particle Accelerators is being organ­
ized for Erice, Sicily on 10-22 Novem­
ber 1976. The School will be directed 
by Professor Kjell Johnsen of CERN. 

The 1977 Particle Accelerator Con­
ference 'Accelerator Engineering and 
Technology' (the USA Accelerator 
Conference) will be held at Chicago, 
Illinois on 16-18 March 1977. Further 
information may be obtained from 
L.C. Teng at the Fermi National 
Accelerator Laboratory. 

LASS ready for act ion 

The Large Aper ture So leno id Spect ro­
meter (LASS) at the Stanford linear 
accelerator has been bui l t t o s tudy 

mul t ipar t ic le interact ions. The magnet 
has been per forming we l l over the 
past six months and detectors and 
sof tware are also in g o o d shape. 
Proposals for hadron beam exper i ­
ments are n o w being gathered at 
Stanford. Further in format ion is ava i l ­
able f rom David Hutch inson . 

Superconductor test ing faci l i ty at 
Rutherford 

The Superconduc t ing Magne t Re­
search Group at the Rutherford Labo­
ratory is p rov id ing superconductor 
test ing faci l i t ies for users in industry, 
universit ies and other research estab­
l ishments. This func t i on is be ing 
assumed f o l l o w i n g the c losure of 
' H i g h Field House ' at Malvern . The 
Rutherford faci l i ty w i l l have t w o super­
conduc t i ng magnets to provide back­
g round f ie lds — one 9 T, 85 m m bore 
and the other 10.5 T, 5 0 m m bore. 
Further magnets for 12 and 15 T are 
being prepared. Further in format ion is 
ava i lab le f rom Gordon Fraserat Ruther­
fo rd . 

Using the sun at Los Alamos 

The solar energy group led by Doug 
Balcomb at the Los Alamos Scientific 
Laboratory has brought a 'first phase' 
solar heated modular home into action. 
80 to 85 % of the heating requirements 
of a 1056 square foot structure is 
provided via flat plate, air heating solar 
collector panels oriented at 60°. Four 
solar heated homes are on the drawing 
board and will benefit from lessons 
learned with this first phase exercise. 
The aim, of course, is to achieve costs 
which are competitive with other forms 
of energy and to produce a design 
which proves to be aesthetically ac­
ceptable. 
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Scientific Editor 

The European Organizat ion for Nuclear Research, CERN, at Geneva in Swi tzer land has a 

vacancy in the Publ icat ions Sect ion of its Scient i f ic In format ion Service for a scient i f ic edi tor / 

wri ter. The w o r k of the Sect ion inc ludes publ icat ion of CERN COURIER, journa l of h igh energy 

physics, and many other documents project ing CERN and its research. The edi tor w o u l d be 

expected to part ic ipate in the wr i t i ng and product ion of th is l i terature. 

Candidates shou ld have a Universi ty degree in science, preferably physics, and several years 

of experience in science journa l ism. A good c o m m a n d of English is required and a wo rk i ng 

know ledge of French w o u l d be an advantage. 

App l i ca t ion forms, cond i t ions of service and in format ion on salaries may be obta ined f rom 

the Recept ion Off ice, Personnel Div is ion, CERN, 1211 Geneva 23 , Swi tzer land. 

A m Inst i tut fur E x p e r i m e n t e d Kernphys ikder Fakultat f i i r Phys ikder Universi tat Karlsruhe (TH) 

ist 

eine ordentliche Professur (AH 4) 
zu besetzen. 

Eine angemessene Bete i l igung an den Lehraufgaben der Fakultat w i r d gefordert . 

A m Inst i tut f i i r Experimentel le Kernphysik s ind Forschungsgruppen auf den Gebieten der 

Nieder- , M i t t e l - und Hochenerg iephysik vorhanden. Das Inst i tut w i r d gemeinsam von der 

Universi tat und der Gesellschaft f i i r Kernforschung betr ieben. 

Bewerbungen s ind bis zum 15. Oktober 1976 zu r ichten an den Dekan der Fakultat f i i r Physik, 

Universi tat Karlsruhe ( T H ) , Postfach 6380 , D -7500 Karlsruhe. 
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ADVENTURES IN EXPERIMENTAL PHYSICS 
THE M O S T WIDELY A C C L A I M E D N E W SCIENTIFIC PUBLICATION 

New Style Physics Publication - FASCINATING SCIENTIFIC ENTERTAINMENT 
SALE OF BACK ISSUES 

• Personal stories of Discovers and Inventors 
dealing w i t h Innovative, Unconvent ional 
and Adventurous Experimentation in PHYSICS, 

ADVENTURES IN EXPERIMENTAL PHYSICS 

ASTRONOMY, ASTROPHYSICS, CHEMISTRY P.O. Box 683, Princeton, NJ 08540 

and Interdisciplinary Experiments. 
SALE of Back Issues 

• New Teaching Tool (Only Three volumes sti l l available) 

• Three-Level Presentation of Science : Vo lumes: 

Personal Professional Pedagogical. 1 A L P H A - O U T OF PRINT 

Explanatory notes for Non-Special ists for every Subscribe me for 2nd Edition • $ 10.00 

concept. 2 B E T A - O U T OF PRINT 
SCIENCE: "First to Supplement the lean fare of the major Subscribe me for 2nd Edition • $ 10.00 

curr iculum w i t h tales of Adventures in contemporary 3 G A M M A - A v a i l a b l e • $ 6.00 
Physics." 

PHYSICS TEACHER: "We l l wo r th the investment." 
4 DELTA-Ava i lab le • 

5 EPSILON-Ava i lab le • 

$ 6.00 

$ 6.00 

SOME OF THE CONTRIBUTORS : Alikhanian, Alvarez*, Library Price Twice the Above Prices 
Bratta/n*, Chadwick*, Cockey, Deutsch, Dicke, Disney, 
Dyson, Esaki*, Garwin, Gell-Mann*, Ghiorso, Giavier*, 

Payment Enclosed • Bill Me • 

Goldhaber, Grozins, Hewish*, Hofstadter*, Lederman, Put me on the mail ing list for FUTURE volumes • 

Lee*, Josephson*, Maffei, Nikitin, Richter, Rosen, Ryle*, N A M E : 
Schwartz, Seaborg*, Spinrad, Staub, Telegdi, Ting, 
Turkevich, Wu, Yang*. 

A D D R E S S : 
Schwartz, Seaborg*, Spinrad, Staub, Telegdi, Ting, 
Turkevich, Wu, Yang*. 

* Nobel Laureates. 

Come to Britain at CERN 7 6 
The British Measurement, Control and Automation Conference 

in cooperation with 

The British Overseas Trade Board 
and 

The British Consulate General in Geneva 

Invite you to an exhibition featuring twelve British manufacturers of instrumentation, 
components and equipment in the: 

CERN Administration Centre 
October 11-15 

Daily 10.00 -17.30 hours (Friday 12.00 noon) 
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En Suisse 
aussi 

Beckman Instruments International SA 

dispose desormais 
desa 

propre organisation 
de vente et 

de service apres-vente 
Des le 1 e r juillet 1976, nos vendeurs et ingenieurs de service 

sont directement a votre disposition a partir de nos deux nouveaux 
bureaux: 

Pour la Suisse romande: 

Beckman Instruments Analytiques 
(Suisse) 

19, avenue de Lonay 
1TI0 Morges 

Tel 021 710411 

Une equipe de collaborateurs com-
merciaux dynamiques est prete a 
vous offrir ses services et conseils 
dans I'achat de vos instruments 
scientifiques. De plus, une equipe 
d'ingenieurs de service a ete spe-
cialement formee pour resoudre vos 
problemes et assurer I'entretien de 
vos appareils Beckman. Toutefois, 
notre gamme de produits pour la 
physiologie reste sous la responsa-

Pour la Suisse alemanique: 

Beckman Analytische Gerate 
(Schweiz) 
Mellingerstrasse 1 
5400 Baden 
Tel. 056221542 

bilite commerciale de notre agent en 
Suisse, la societe Kontron a Zurich. 

Nos services technico-commer-
ciaux se rejouissent de nos futures 
relations et souhaitent faire bene-
ficier notre clientele des fructueux 
contacts dont jouissent deja nos 
clients dans les principaux pays 
d'Europe, tels que TAIIemagne, 
I'Angleterre, I'Autriche, la France et 
la Hollande. 

B EEC K M AIM® 
toujours a votre service 

Reseau de vente mondial: Fullerton, USA; Geneve; Munich; Glenrothes, Ecosse; Paris; Le Cap; Mexico; Mi|drecht, Pays-Bas; 
Stockholm; Tokyo; Vienne. 



LEYBOLD-HERAEUS -
The complete knowledge 

of vacuum technology and 
its scientific and 

industrial applications: 

Research and Development. Production of Equipment. After Sales Service. 

TURBOVAC 3500, 
a new achievement in turbomolecular pump design 

b o o s t s p u m p i n g s p e e d 

t o m o r e t h a n d o u b l e 
completing the famous series of 
TURBOVAC 200,450 and 1500 pumps 
by a new model of more than twice 
the performance rating of the next 
smaller TURBOVAC 1500, viz. 
3500 Itr/sec pumping speed (volume 
flow rate) for N 2 > with NW400 (15 • 75") 
I. D. of intake port. 

Double pumping speed does not 
mean double pump size, but small 

dimensions: 55 cm height, 50 cm dia., 
weight: 145 kg. 

The TURBOVAC 3500 finds its appli­
cation in space simulation, plasma 
physics, molecular beam systems etc. 
Its outstanding features: 

• Very high pumping speed com­
bined with little space requirement 

• Extremely quiet and vibration-free 
running 

• Insensitive to accidental air inrushes 

• Long life due to reduced rotational 
speed 

Whenever your problem is fast pump-
down of large volumes to clean, 
hydrocarbon-free high or ultra-high 
vacuum, the TURBOVAC 3500 offers 
the ideal solution. 

L E Y B O L D - H E R A E U S 
P.O. Box 510760 • D 5000 Kdln 51 
Fed. Rep. of Germany 
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EEV CX1529 /GHT9 
metal envelope thyratron 
Peak power 200MW 

Peak voltage 40kV 

Peak current 10kA 

RMS current 350A 

Average current 15A 

You can operate as many CX1529s 
in parallel as you like - to extend 
pulse and average current capability. 

CX1529's tetrode construction provides 
optimum current sharing during switch-on 
time. 

Barretter controlled reservoir current 
eliminates critical low-voltage adjustments. 

With suitable circuits, ten CX1529 tubes 
in parallel have a lOOkA pulse current 
capability (average 150A). 

Get full data on this unique EEV tube, 
fast. Contact us now at Chelmsford, England. 

EEVand M-OV know how. 
THE M-0 VALVE CO LTD, Hammersmith, London, England W6 7PE.Tel: 01-603 3431 .Telex: 23435.Grams: Thermionic London. 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford. 

r-
> 
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The switch that 
sets you free 

Three advanced pocket programmables from 
Hewlett-Packard. With the switch that sets you 
free on all three. 

Free from the keyboard. You are not limited 
to built-in functions: you can enter programs 
yourself. Free from the need to enter algorithms 
again and again in repetitive calculations. You key 
in constants and operations once: then solve 
swiftly for variables. 

If s all very simple; very logical; very practical. 
And Hewlett-Packard's years of experience in 
programmable calculators show up in a very 
special combination of hard- and soft- ware that 
effectively gives you extra programming power. 

The wide range of built-in 
functions on the keyboards 
make every step count. Hewlett-
Packard's famous RPN logic 
system and 4-level operational 
stack can save and automatically 

re-introduce in correct sequence, up to three 
intermediate answers: so you don't waste steps 
storing and recalling them. There's more memory 
than you expect in a pocket calculator. And 
powerful software support. 

Every Hewlett-Packard pocket programmable 
comes to you complete with comprehensive 
manual, packed with detailed programming 
instructions and examples. Soft carrying case, 
rechargeable batteries and re-charger/mains 
adaptor are also included. So is a full year's 
warranty honoured at any of 172 Hewlett-Packard 
offices in 65 countries. 

It all adds up to a mind-
expanding instrument with the 
Hewlett-Packard look and feel of 

quality. One you will use with 
growing pleasure as you continu­

ally discover new and unsuspected 
capabilities in it and yourself. 

HEWLETT ^ PACKARD 

Sales and service from 172 offices in 65 countries. 
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Advanced programmables from 
Hewlett-Packard-the first family 

EIDCT engineering notation 
• 11x3 I (scientific in multiples of 
l O ^ - H P - ^ . 49 program lines with up 
to 3 steps in each. 72 built-in functions 
covering science, engineering, maths 
and statistics. 

Comprehensive editing facilities. 
13 memory registers, eight separately 
addressable. 

A truly advanced programmable 
calculator from Hewlett-Packard. 

ODCT four dimension pocket 
• IK J I calculator-HP-55. 
1.49 steps of practical programming 
power. 2. No less than 20 addressable 
memories! 3.86 built-in scientific and 
statistical functions. 4. Built-in timer 
with a resolution of 1/100 sec. 

Rugged, reliable, amazingly versatile 
- t h e sophisticated HP-55. 

r i Q C T fully-programmable pocket 
l l t O I calculator in the wor ld-HP-65. 
100 steps of program memory. Built-in reader 
enables you to enter programs from pre­
recorded magnetic cards about the size of a 
stick of chewing gum; or record for use over 
and over again, programs entered through 
the keyboard. Full range of built-in keyboard 
functions. Powerful memory. Specialised 
applications software in abundance. 

Fast-growing library of programs from 
users . Virtually a pocket computer. 

F o r f u l l d e t a i l s c o n t a c t y o i i r n e a r e s t H e w l e t t - P a c k a r d o f f ice : 
AUSTRIA Hewlett-Packard Ges.m.b.H.,Handelskai 52/3, P.O. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S.A./N.V., Avenue du 
Col-Vert,l(Groenkraaglaan),B-1170Brussels.DENMARKHewlett-PackardA/S, Datavej 52, DK-3460 Birkerod. FINLAND Hewlett-Packard OY, 
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France,Quartier de Courtaboeuf,BoitepostaleNo. 6,F-91401Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117,Postfach560140,D-6000Frankfurt56,ITALYHewlett-Packard 
Italiana S.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134Amstelveen.NORWAYHewlett-PackardNorgeA/S,Nesveienl3, Box 149, N-1344 Haslum. SPAIN Hewlett-Packard Espanola S.A., 
Jerez No. 3,E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB,Enighetsvagen 1-3, Fack, S-16120 Bromma 20. SWITZERLAND Hewlett-Packard 
(Schweiz) AG, Ziircherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Zurich. UNITED KINGDOM Hewlett-Packard Ltd.,King StreetLane,Winnersh, 
Wokingham, Berkshire RG115AR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Geneve. 
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SOCIETE TECHNIQUE DE 
REALISATIONS INDUSTRIELLES 

125 bis, rue Gall ieni 92500 R U E I L - M A L M A I S O N - FRANCE T e l . : 977 03-93 

CHAMBRE 

A 

ETINCELLES 

CERENKOV 

HODOSCOPE 

Etude et realisation d'appareillages de physique 

Usinage, polissage, habillage de conduits de lumiere et scintillateurs 

• N E T 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 12 bis, boulevard Pebre tel. (91) 732850 
75-PARIS 4 et 6, rue du Buisson-Saint-Louis-Xe tel. (1) 2081557 
GENEVE 55/57, rue Prevost-Martin tel. (022) 20 6848 
74-ANNECY 6, avenue de Mandallaz tel. (50) 51 4641 
01 -SAINT-GENIS Route de Gex - zi BP 25 tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'OMS, de I'ONU et de I'UIT a Geneve. 
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You can wrap our 
Nb3Sn superconducting wire 

this tight. 

That's why we were asked to supply the wire for 
the first commercial pre-reacted multifilamentary 
NbaSn magnet built in the United States. For 
Wright-Paterson AFB. 

Our Nb 3Sn and NbTi multifilamentary 
superconductors made a 9.5 Tesla mag­
net. . .with a 35-mm bore and only a 100-
mm outside diameter. It operates on 113A 
at 4.2 K with 100% short sample current. 
And it replaces a 5 Tesla magnet without add 
ing one millimeter to the outside diameter. 

We have a lot of our flexible, multifila­
mentary NbaSn superconductors in stock. 

We can 
provide copper-
stabilized wires, cables 
and braids, all with 
high-packing densities. 
From 300 to 500,000 
filaments per strand. We 
can supply the material 
unreacted, or pre-reacted, ready 

to wrap and use. In round, square, or rectangular cross-
sections to wind bores as small as 25 mm. 

We also stock NbTi copper-stabilized or mixed-matrix (Cu + 
CuNi) superconductors for pulsed or DC magnets. We also make 
custom-designed shapes, composites and low-AC-loss NbsSn tapes. 

Call or write Dr. Erik Adam or Dr. Eric Gregory for help...or just for our flexible 
brochure. (201)464-2400. Airco, Inc., 100 Mountain Ave., Murray Hill, New Jersey 
07974, U.S.A. TWX 710-984-7985. 



World renowned source 
of special glass: 

• blocks for cerenkov counters 
• slabs for anti-radiation 

in addition to a full range of 
materials for optical systems. 

The above glasses are researched, 
developed and manufactured in 
France for the world's nuclear and 
applied physics industries. 

For information please call: 

SOVIREL 
Departement Optiquc 
90, rue Baudin - 92390 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 
for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 s 

L UZIESA 
Usinage a facon par ultra-sons 

Verre — Quartz — Ceramiques 
Usinage a facon par electro-erosion 

Aciers traites — Carbures — Tungstene 

— PETITE MECANIQUE DE PRECISION 

— PROTOTYPES 

— SPECIALITY MECANIQUE 

Creation de defauts artificiels pour I'etalonnage des 
appareils de controle non destructif (CEA - Belgo-
nucleaire - Fabricants de tubes...) 

REFERENCES: 

CERN: plaque Data Box de B.E.B.C. 
CEA: plaques desuccion Mirabelle en service a Protvino 
en U.R.S.S. (marques Brenner et Bits) 

FABRICATIONS PROPRES: 

Generateurs d'Ultra-sons Multifrequences 
Generateurs d'Aerosols par Ultra-sons 
Sirenes Electro-Acoustiques - Sondes... 
Cuves de Nettoyage 

CHATRES/CHER 41320 MENNETOU Tel. (39) 98 01 02 
PARIS Tel. (1) 357 48 22 

Add to your nuclear instrumentation 
with the following which 

provide im 
on the 

PEN DOSIMETERS 
SEQ 5 i « 
Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm 2 , due to photons of 50 keV or above and electrons 
of any enegy, 

Measures the absorbed dose in soft tissues 
at a depth of 300 mg/cm 2 , due to photons of 
10 keV or above and electrons of any energy. SEQ 6 

SEQ 7 

formation 
d dose 
DASAL 
Personal detector with an adjustable alarm level. Audible 
warning with three levels. 

* l BALISE 224 
7 mg/cm 2 (skin dose). 

A wall-mounted or portable instrument for monitoring 
the level of radioactivity. Visible or audible warning. 
Remote control for outdoor operation. 

Is 
la-

Good internal insulation, daily leakage less than 0 .5%. M a n u ­
factured in accordance w i t h French standards — DIN or 
British standards on request. CEA-LCA system. 

LA PHYSIOTECHNIE 
34, AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL-FRANCE T E L : 7 3 5 1 6 1 0 + 
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^ n c e d tecluioiogy i n a c r y t f c * 
Precision castings in 'Transpalite' can offer the perfect solution to many problems 
in nuclear research and processing. 
'Transpalite' seamless castings combine strength with extreme clarity. There are 
virtually no limits to size> shape of complexity. Custom made castings can be 
produced in any quantity from singles upwards. They are ideal for prototypes or 
experimental models. 
'Transpalite' can be turned, milled, drilled, tapped and polished. The manufacturers, 
Stanley Plastics Limited, have supplied castings to atomic energy establishments 
and university research centres throughout the world. 

Seamless flanged tubes up to 609mm dia. wall thickness up to 100mm or 
more, for high pressure visibility working. Blocks and castings up to 
3253mm X 1524mm X 609mm (2268 kg). 

A b o v e : Massive castings prior to machining. A - 9 1 4 m m OD X 5 0 8 m m ID X 
7 6 2 m m thick. Weight 4 5 3 kg. B - 1 0 1 6 m m OD X 7 6 2 m m ID X 6 6 0 m m thick. 
Weight 317 kg. C - 1270mm OD X 9 1 4 m m ID X 3 8 1 m m thick. Weight 317 kg. 
D - 1371mm dia. X 5 0 8 m m thick. Weight 1134 kg. 

T o p left: Seamless flanged pipe assembly 3 0 4 m m OD X 2 5 4 m m ID with tapering 
section leading to 2 0 3 m m OD X 152mm ID. F o r use as visibility section in pipe 
line. Working pressure 800 kg/sq.m. 

Left: 2 1 3 3 m m high manifold manufac tured from 3 5 5 m m dia. X 2 5 m m wall 
seamless tube with 152mm OD X 2 5 m m thick exit ports . Tolerance ± .50mm. 

Stanley Plastics Limited 
H A M B R O O K • C H I C H E S T E R • W E S T S U S S E X • E N G L A N D 

Telephone: WEST ASHLING (024 358) 551-2 

Worldwide exports. 25 years devoted solely to the manufacture and machining of acrylic materials 

279 



How to go faster 
thanMOS 
microprocessors 
and easier 
than SSI/MSI. 
New 
TTL Macrologic. 

Generalvertretung fi 

W.Moor AG 
Elektro-lndustriebedarf 
Bahnstrasse 58 
8105 Regensdorf/Zurich 
Telefon 01 / 840 66 44 

MOOR HALBLEITER-PROGRAMM 
Beratung • Engineering • Service 

Fairchild's latest 9400 
Series Macrologic is a new 
kind of high-speed, low-cost 
approach to computer and 
peripheral system design. 

M a c r o l o g i c . T h e # 

p r a c t i c a l m i d - p o i n t 
b e t w e e n S S I / M S I a n d 
m i c r o p r o c e s s o r s . 

We're introducing this fam­
ily with seven new advanced 
Schottky TTL devices that 
offer some very distinct 
advantages. 

Typical Macrologic com­
plexity ranges from 150 to 250 
gates per device. 

Typical gate delays are 
just 4ns per on-chip gate, and 
6ns per output buffer. 

And the circuits are pack­
aged in standard 14 and 18-pin 
packages—as well as in a slim 
new standardized 24-pin unit. 

M a c r o l o g i c v s . S S I / M S I . 
Compared with conven­

tional SSI/MSI design, for 
example, Macrologic devices 
represent a significantly higher 
level of integration—up to 
250 gates per device.. 

So fewer parts are 
required. 

Less power is required. 
Design is simpler. 
Reliability is greater. 

And the system cost is less. 

M a c r o l o g i c v s . 
M O S m i c r o p r o c e s s o r s . 

Compared with micro­
processors such as Fairchild's 
own two-chip F8, Macrologic 
is more complementary than 
competitive. 

Where economy is the 
critical consideration, the 
fully-integrated new F8 affords 
the most practical solution. 

But where speed, perform­
ance and architectural flexi­
bility are required, Macrologic 
is the answer. 

Most important, Macro-
logic elements can be used 
with any bit length, instruction 
set or organization—without 
performance penalties, loss of 
flexibility or the need for 
custom development. 

!ai idmemory. 

T T L M e m o r y 

Check these Fairchild 
memories which may be used 
with Macrologic: 

D E V I C E S AVAILABILITY 

T T L R O M s 
9 3 4 0 6 2 5 6 X 4 N O W 
9 3 4 3 1 / 9 3 4 4 1 5 1 2 X 4 N O W 
9 3 4 3 2 / 9 3 4 4 2 5 1 2 X 8 N O W 
9 3 4 5 4 / 9 3 4 6 4 1 0 2 4 X 8 3 r d Q 

TTL P R O M s 
9 4 3 1 6 / 9 3 4 2 6 2 5 6 X 4 N O W 
9 3 4 1 7 / 9 3 4 2 7 2 5 6 X 4 3 r d Q 
9 3 4 3 6 / 9 3 4 4 6 5 1 2 X 4 N O W 
9 3 4 3 8 / 9 3 4 4 8 5 1 2 X 8 N O W 

T T L R A M s 
9 3 4 1 0 / A 2 5 6 X 1 N O W 
9 3 4 1 1 / 9 3 4 2 1 2 5 6 X 1 N O W 
9 3 L 4 2 0 / 9 3 L 4 2 1 2 5 6 X 1 N O W 
9 3 4 1 2 / 9 3 4 2 2 2 5 6 X 4 3 r d Q 
9 3 4 1 5 / 9 3 4 2 5 1 0 2 4 X 1 N O W 
9 3 L 4 1 5 / 9 3 L 4 2 5 1 0 2 4 X 1 N O W 

mm mmmmm 

Based on t h e nuc lear magnet i c resonance p r i nc i p l e , t h e Wa l ke r / 
Magn ion N M R Gaussmeter prov ides e x t r e m e l y accurate and rap id 
measurements o f cons tan t o r s l o w l y chang ing magne t i c f i e lds . 

B o t h t h e average value o f t h e f i e l d sampled and t h e d i s t r i b u t i o n o f t h e 
f i e l d over t he sample v o l u m e [ re la t ive h o m o g e n e i t y ] can be measured. 

T h e G - 5 0 2 has also been used t o m o n i t o r m u l t i - m a g n e t systems 
[v ia e lec t ron i c s w i t c h i n g ] , t o ca l ib ra te f l u x m e t e r s and o the r 
magnet i c measur ing i n s t r u m e n t a t i o n , f o r a l ign ing magne t systems 
f o r m a x i m u m h o m o g e n e i t y , and f o r educa t iona l d e m o n s t r a t i o n o f 
N M R p h e n o m e n o n . 

Price: $3,275.00 
(Includes standard set of probes - range 870 to 30,900 gauss) 

F.O.B. Wa lke r Sc ien t i f i c , Inc . , Worces ter , Mass. 0 1 6 0 6 

W A L K E R R O C K D A L E S T . / W O R C E S T E R , M A S S . 0 1 6 0 6 U.S .A. 

SCIENTIF IC INC. Telex No. 920489 / Telephone (617 ) 8 5 2 - 3 6 7 4 
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DEDICATED SUBSYSTEMS FUNCTIONAL BUILDING BLOCKS 

PRESET SELECT POLYNOMIAL 
,41 i l l 

OWE 
RESET 

8 SELECTABLE POLYNOMIALS 
(CRC16.12. CCITT.LRCe.etC) 
PRESET AND CLEAR INPUTS 
AUTOMATIC RIGHT JUSTIFICATION 
GUARANTEED T2 MHz DATA RATE 

The 9401 Cyclic Redundancy Check Generator/ Checker is an advanced tool for implementing the most widely used error-detection scheme in serial digital data handling systems. A 3-bit control input selects eight different generator polynomials, including CRC-16 and CRC-CCITT, as well as their reciprocals (reverse polynomials). Separate Clear and Preset inputs are provided. 

SERIAL IN-* } PARALLEL IN 
INPUT _ 
HANDSHAKE_ 
CONTROL ^ 

DATA 

- i t . 

BUi&LÊ3̂  STACK 

PAHALLtL OUT » 

OUTPUT _HANDSHAKE -CONTROL 

20MHz DATA RATE TOTALLY ASYNCHRONOUS AND INDEPENDENT INPUTS AND OUTPUTS EXPANDABLE IN BOTH DIMENSIONS WITHOUT EXTRA LOGIC AND WITHOUT LOSING ANY FEATURES 
The 9403 FIFO Buffer Memory is a high-speed expandable fall-through type with totally independ­ent and asynchronous inputs and outputs. Orga­nized as a 4-bit wide by 16-word deep "bubble stack," it has four bits parallel and bit-serial data inputs and outputs. Complete "handshake" control signals are provided for unambiguous operation in asynchronous systems. It is intended for disk and high-speed communications applications with data rates of up to 20 MHz. 

i — BUS K — BUS 

instructions: - COMPLEX AND 
= VERY FAST 

LINKAGE ~ MULTIPLEXER * LINKAGE 

GENERATES: ~ \ 
TRUE OR COMPLEMENT I 
LEFT SHIFT I 
RIGHT SHIFT > OF D OR K 

(LOGIC OR ARITHMETIC) ( 
SIGN EXTENSION I 
CONSTANTS: - 2 . - 1 , 0, +1 

The 9404 Data Path Switch (DPS) is a very fast combinatorial array for closing data path loops around arithmetic logic networks (like the 9405 ALRS). A 5-bit instruction word selects one of the 32 instructions operating on two sets of 4-bit data inputs. Four linkage lines are available for expan­sion in 4-bit increments. The delay is less than 30ns over 16 bits. Samples available August. 

^Iz|LATCHEl|(^r[-[ 

G-REGISTER 
IP 

OUTPUT BUS — STATUS: CARRY. NEGATIVE, OVERFLOW INSTRUCTIONS: LOAD/ LOAD COMPLEMENT • LOGIC AND/LOGIC OR/LOGIC EX-OR • ACCUMULATE WITH CARRY IN/ ACCUMULATE WITHOUT CARRY IN » OUTPUT Rx 

The 9405 Arithmetic Logic Register Stack contains a 4-bit arithmetic logic unit (ALU), an 8-word by 4-bit RAM, an edge-triggered output register, and associated control logic. The ALU implements eight different arithmetic or logic functions where one of the two 4-bit operands is supplied from the input data bus and the other is supplied from one of the eight registers selected by the Address inputs. The result of the operation is loaded back into the same register and is also loaded into the edge-triggered output register and becomes available on the 3-state output data bus. The 9405 operates at a 10 MHz microinstruction rate over 16 bits. 

DATA ADDRESS BUS 

INCREMENT (FETCH) 
The 9406 16-word by 4-bit "Push Down-Pop Up" Program Stack stores program counter and return addresses for nested subroutines in programmable digital systems. It executes four instructions — Return, Branch, Call, and Fetch as specified by a 2-bit instruction. The 9406 may be expanded to any word length without additional logic and operates at a 10 MHz Microinstruction rate over 16 bits. 

3J 
OUTPUT PRE/POST 

REGISTER! | SELECTOR 

±^J " - g y 
DATA BUS ADDRESS BUS {X-BUS) 

The 9407 Data Access Register (DAR) performs memory address arithmetic for RAM resident stack applications. It contains three 4-bit registers — program counter, stack pointer and operand address — a 4-bit adder, a 3-state address output buffer and a separate output register with 3-state buffers. The DAR performs 16 instructions, and operates at a 10 MHz Microinstruction rate. Samples available August. 

The 9410 64-bit Read/Write Memory is a register-oriented high-speed device organized as 16 words by four bits. An edge-triggered 4-bit output register allows new input data to be written while previous data is held. Three-state outputs are provided for maximum versatility. The 9410 operates at a 10 MHz Microinstruction rate. 

Information here. 
Most devices are avail­

able for sampling immediately. 
For more detailed infor­

mation on Macrologic devices, 
write or call your Fairchild 
Sales Office. 

W. M o o r A G 

MOOR HALBLEITER-PROGRAMM 
Beratung • Engineering • Serwce 

A v e z - v o u s d e s p r o b l e m e s 
d ' e n t r a i n e m e n t ? 

C h e r c h e z - v o u s d e s m o t o r e d u c t e u r s 
d e h a u t e p r e c i s i o n ! s i l e n c i e u x , a v e c 
u n e t o n g u e d u r e e d e v i e ? 

C h o i s i s s e z d u p r o g r a m m e 

les motoreducteurs a vis 
sans fin jusqu'a 1300 Nm 

(^unkermotoren les plus petitS 
jusqu'a 1000 Ncm 

les variateurs 
mecaniques jusqu'a 
40 Nm 

T h . Z i i r r e r + C i e . 
Birmensdorferstrasse 470, CH-8055 Zurich 
Telefon 01 35 25 55, Telex 54506 

ION BEAM 
TRANSFER MAGNETS 

Model 3448 shown 
with top yoke plate 
and pole assembly 
removed to show 
vacuum chamber 
details. 

M O D E L 3 4 4 8 

9 0 ° P r o d u c t 1 8 P r e c i s i o n A n a l y z e r 

Another high performance magnet from ANAC's 
comprehensive range of standard beam line elements -

Q u a d r u p o l e s 
S w i t c h e r s 

A n a l y z e r s 
B e a m S t e e r e r s 

Call or write for complete technical specifications and prices: 

EH35 AUCKLAND NUCLEAR ACCESSORY COMPANY 
PO Box 16066, Auckland 3, New Zealand. Tel 861-985. 

A U S T R A L I A PO Box 102, Sutherland, NSW 2232. Tel 546-3116 (Sydney). 
U S A PO Box 7453, Menlo Park, CA 94025. Tel (415) 322-8664. 

AD-14-CC 
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camac 

CAMAC -
LSI11 
INTERFACE 
• Dedicated crate controller 
• from the user's point of view equivalent to the interface 

type JCC 11 
• CASIC language valid for JLSI 10 
• two most powerful features of UNIBUS extended to the 

CAMAC modules : 
- DIRECT CAMAC REGISTER ADDRESSING : 371 

addresses per crate 
- FAST INTERRUPT HANDLING : 8 interrupt vectors 

can be individually masked 
• UP TO 4 CRATES in a CAMAC system 
• FAST Q AND X TEST in the case of block transfers or 

CAMAC data less instructions. 

COMPTEURS 

Schlumberger 
FOR MORE INFORMATION PLEASE CONTACT : 
Departement Nucleaire COMPTEURS SCHLUMBERGER 
BP 47 - 92222 Bagneux (France) 
Tel. : (1) 655.22.11 - Telex : SAIPEX 25075 F 
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liMl C A M A C 
ELECTRONIQUE 

12813 2079 
UNE SURVEY 

lEifi 

S w r v « f 

I n 

1 1 1 I n p u t s 

128 Line Surveyor 
128 LS 2079 

Surveys and memorises the states of 
the 128 lines 

Will survey continuously or in 
individual cycles 

All updating is done in the unit - no 
computer memory space needed for 

table comparisons 
All data immediately available as the 

LAM is sent-address, status, etc ••• 
F ( 0 ) A ( 0 ) 

F ( 2 ) A ( 0 ) 

F ( 8 ) A ( 0 ) 

F ( 9 ) A ( 0 ) 

F ( 1 0 ) A ( 0 ) 

F ( 1 6 ) A ( 0 ) 

R e a d s t h e a d d r e s s o f t h e l i n e w h i c h 

h a s g i v e n a n a l a r m o n t o t h e R 1 - R 1 4 

b u s - l i n e s . T h e s t a t e o f R 1 6 c o r r e s ­

p o n d s t o t h e s t a t e o f t h e l i n e . 

G e n e r a t e s Q i f t h e a l a r m i s v a l i d . 

G e n e r a t e s X . 

S a m e a c t i o n a s F ( 0 ) A ( 0 ) , b u t a l s o 

r e s e t s t h e L s o u r c e t o z e r o , a n d 

c o n t i n u e s t h e s u r v e y . 

G e n e r a t e s Q i f t h e a l a r m i s v a l i d . 

G e n e r a t e s X . 

T e s t s t h e s t a t e o f t h e l_ s o u r c e . 

Q = 1 i f l _ = 1 . 

G e n e r a t e s X . 

I n i t i a l i z a t i o n . T h i s i n s t r u c t i o n s e t s 

t h e 6 4 c e l l s o f t h e l i n e s t a t e m e m o r y 

t o ' 0 ' o r M 1 , a c c o r d i n g t o t h e c h o s e n 

s u r v e y m o d e . T h e l i n e m a s k i s a l s o 

c a n c e l l e d . 

G e n e r a t e s X . 

S a m e a c t i o n a s F ( 8 ) A ( 0 ) , b u t r e s e t s 

t h e l_ s o u r c e t o z e r o a n d c o n t i n u e s 

t h e s u r v e y . 

G e n e r a t e s X . 

S e l e c t s o n e o f t h e i n p u t s , t h e a d d r e s s 

b e i n g s e n t o n t h e W 1 - W 6 b u s - l i n e s . 

T h i s i n s t r u c t i o n s t o p s t h e s u r v e y ; 

a f t e r i t s t r a n s m i s s i o n , t h e f u n c t i o n s 

F ( 0 ) o r F ( 2 ) p e r m i t t h e a c t u a l s t a t e 

o f t h e s e l e c t e d l i n e t o b e t e s t e d . 

G e n e r a t e s Q . a n d X . 

S a m e a s F ( 9 ) A ( 0 ) . 

B l o c k s t h e a c q u i s i t i o n . 

F ( 1 6 ) A ( 1 ) 

F ( 2 4 ) A ( 0 ) 

F ( 2 4 ) A ( l ) 

F ( 2 5 ) A ( 0 ) 

F ( 2 6 ) A ( 0 ) 

F ( 2 6 ) A ( 1 ) 

F ( 2 7 ) A ( 0 ) 

S e l e c t i o n o f t h e s u r v e y m o d e . T h e 

c h o i c e o f m o d e s , d e p e n d i n g o n W 1 a n d 

W 2 , a r e a s f o l l o w s : -

w T W 2 : G e n e r a t e s L w h e n a n y i n p u t 

i s ' 0 ' . T h e i n p u t s t a t e s a r e 

m e m o r i s e d b y t h e r e g i s t e r . 

W 1 W 2 : G e n e r a t e s l_ w h e n a n y i n p u t 

i s M 1 . T h e i n p u t s t a t e s a r e 

m e m o r i s e d b y t h e r e g i s t e r . 

W 1 W 2 : G e n e r a t e s l_ w h e n a n y i n p u t 

c h a n g e s s t a t e w i t h r e f e r e n c e 

t o t h a t w h i c h i s s t o r e d i n 

t h e r e g i s t e r . O n c e t h e a l ­

a r m h a s b e e n a c k n o w l e d g e d , 

t h e n e w v a l u e i s l o a d e d i n t o 

t h e r e g i s t e r . 

W 1 W 2 : E a c h i n p u t a u t h o r i s e d b y t h e 

e n a b l e r e g i s t e r g e n e r a t e s 

a n l _ . T h e c o n t e n t s o f b o t h 

r e g i s t e r s r e m a i n u n m o d i f ­

i e d b y t h i s i n s t r u c t i o n . 

G e n e r a t e s Q a n d X . 

C a n c e l s t h e l i n e s u r v e y . 

G e n e r a t e s X . 

M a s k s t h e r e q u e s t a t t h e s e l e c t e d 

a d d r e s s . 

G e n e r a t e s X . 

I n s t r u c t s a s i n g l e s u r v e y c y c l e . 

G e n e r a t e s X . 

S t a r t s a c o n t i n u o u s s u r v e y o f t h e i n ­

p u t s . 

G e n e r a t e s X . 

A u t h o r i s e s t h e r e q u e s t a t t h e s e l e c t e d 

a d d r e s s . 

G e n e r a t e s X . 

T e s t s t h e f u n c t i o n i n g o f t h e m o d u l e . 

D u r i n g a s u r v e y w h e n t h e r e a r e n o 

L_ r e q u e s t s , o r d u r i n g t h e i n i t i a l i z ­

a t i o n , t h i s c o m m a n d g e n e r a t e s Q . 

G e n e r a t e s X . 

S E I M E L E C T R O N I Q U E Case Postale 39 

Z U R I C H Im Zentrum 18 

H A M B U R G Postfach 223 

M U N I C H Radspielerstr. 8 

CH 1211 Geneve 13 

CH 8604 Volketswil 

D 2000 VUedel 

D 8000 Munchen 81 

tel (022) 44 29 40 tlx 23359 ch 

tel(01) 86 51 03 tlx58257 ch 

tel 04103 6282 tlx2189 548d 

tel 08S 916710 tlx 529167d E L E C T R O N I Q U E 



Ein 
breites 

Programm zurLOsung ihres Registrier-
-Problemes 

Kompensationsschreiber SERVOGOR S 

250 mm Schreibbreite 
0,3 sek. Einstellzeit 
0,25% Genauigkeit 
Bitte verlangen Sie Liste B-8-13 

Das Servogor S-Programm 
bietet 40 verschiedene 

Typen mit umfangreichen 
Zusatzen und Zubehor. 

Q 2 3 G O E R Z 
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DIFFERENTIAL PRESSURE TRANSMITTER 
SOLID STATE MODEL 5020 DP 

A l l So l id State Sensor 
2 Wire Signal 4 - 2 0 (10-50) M A D C 
Wide Power Supp ly 16 to 80 V D C 
Pressure Range O-IO-IOOCTHzO 
Overpressure L imi t 2 0 0 0 PSIG 
Zero Suppress./Elev. 80 % of Range 
Temperature Stabi l ty 
Reverse Polar i ty Protect ion 

V 

B O U R N S (Schweiz) AG 
Telephon 042 232242 

6301 Zug 
Telex 78722 

ION BEAM 
TRANSFER MAGNETS 

Effective Pole Length 
Effective Separation 
Gradient (max) 
Power (max per singlet) 

DELIVERY 

MODEL 3514 
2" QUADRUPOLE 

DOUBLET 
( s h o w n w i t h o p t i o n a l 
v a c u u m c h a m b e r a n d c r a d l e ) 

8.03 inches 
7.97 inches 
4.4 kgauss/inch 
13.0 Volt, 46 Amp 

Normally Ex Stock 

Another h igh per formance magnet f rom ANAC's 
comprehensive range of standard beam line elements • 

Q u a d r u p o l e s 
S w i t c h e r s 

A n a l y z e r s 
B e a m S t e e r e r s 

Call or write for complete technical specifications and prices: 

•GOBS AUCKLAND NUCLEAR ACCESSORY COMPANY 
PO Box 16066, Auckland 3, New Zealand. Tel 861-985. 

A U S T R A L I A PO Box 102, Sutherland, NSW 2232. Tel 546-3116 (Sydney). 
U S A PO Box 7453, Menlo Park, CA 94025. Tel (415) 322-8664. 

AD-20-CC 

The hands off pressure/f low 
controller you can set and forget 

If you face the challenge of pro­
ducing better products at lower 
cost by a process that requires 
control of gas pressure or flow, 
here are ways a GP automatic 
pressure/f low controller can 
help you. 
• Automated gas admission pro­
duces controlled pressure or 
flow. A GP Controller works 
faster than any operator and al­
ways remembers the pressure or 
flow you want when you want it 
on every production run. 
» Low overall cost. The Control­
ler operates around the clock on 
pennies per day including depre­
ciation. If you're controlling pres­
sure or flow manually, you're 
probably wasting time and 
money. 

• The cleanest valve. The Con­
troller's organic-free, all-metal 
valve will control the purest 
gases without contaminating 
them. Less contamination means 
bet ter p roduc ts in c r i t i ca l 
processes. 
* Wide control range. Precision 
control of pressure all the way 
from ultra-high vaGuum to 115 
psia. Precision control of flow 
up to 2500 Torr liters/sec (400 
scfh). When you want gas ad­
mission to stop, the valve will 
seal mass spectrometer leak 
tight, not just part way. 
We'd like to show you how a GP 
automatic pressure/flow con­
troller can increase productivity 
in your application. Interested? 
Call or write us today! 

GRANVILLE-PHILLIPS COMPANY 
5675 EAST ARAPAHOE AVENUE 

BOULDER, COLORADO 80303, U.S.A. 

TELEPHONE 303/443-7660 • TELEX 45-791 

Designed to 
wash away 
damaging 
contaminants. 

Haws Model 7060-B 

with patented "Feather-Flo" heads 

Install Haws emergency eye/ face-wash fountains near 
every hazard. Push of the valve handle provides instant, 
gentle, pressure-control led water to float away 
contaminants without damaging delicate tissues. 
This equipment can help to eliminate potential permanent 
injuries. Write for free information and catalog. 

Haws International, 1439 Fourth St., 
Berkeley, California 94710, U.S.A. 

I N T E R N A T I O N A L 

Haws Emergency Safety 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stations • 
Laboratory Units • Freeze-
Proof Units 
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CAMAC 
Digital 
Voltmeter 
9068 
• 5 character visual display 
• 2000 volt input isolation 
• 6 bipolar programmable 

ranges 
• Selectable ramp intervals 
• Free run or Command Mode 

operation 
• Front panel trigger in 

Command Mode 
The 9068 has been cleverly 
engineered into a double width 
Camac compatible module. 
Positive or negative input 
voltages, in six programmable 
ranges from 20mV to 2kV, are 
converted to a digital number 
for access by the dataway and 
visually via a 5 digit LED display 
on the front panel. 
Dataway selectable ramp 
intervals allow user optimisation 
of conversion speed and 
resolution parameters. 

NUCLEAR 
ENTERPRISES 
S.A. 
25, c h . F ranco i s -Lehmann 
1218 G r a n d S a c o n n e x / 
Geneve. Tel (022)981661/62 
Telex 2 8 9 0 6 6 

CAMAC 
Nuclear 

ADC 
9060 
4096 channels^ 

8QMHz digitising rate* 
8 conversion buffers* 

Voltage Sampling Gate* 
Stabilisation Inputs^ 

The Nuclear Enterprises 9060 
is a single width Camac 

compatible, high resolution 
Wilkinson type convertor, 

provided with all those functions 
found desirable in a 

Nuclear ADC. 
A control register stores the 
commands necessary to set 

digital range, offset and 
conversion gains, together with 

the coincidence and conversion 
mode features. 

Eight conversion addresses are 
stored in the module before 

service is requested, giving a 
fast maximum rate of 

accumulation. 

Full details of the 
9068 and 9060 and 

copies of the new 8-page 
NE CAMAC Selection Guide 

available on request. 

Also at 
Nuclear Enterprises Limited, Bath Road, Beenham, 
Reading RG7 5PR, England. Tel 073-5212121. 
Telex 848475. Cables Devisotope, Woolhampton. 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Munchen 2, Germany. Telephone 53-62-23. 
Telex: 529938 
Nuclear Enterprises Inc, 935, Terminal Way, San Carlos 
California 94070. Telephone 415-593-1455. 
Telex 348371. 



Choose an off-the-shelf readout 
system that meets your own multiwire 
proportional chamber needs... 
As a research physicist, you are undoubtedly aware of the significant proportion of time typically devoted to instru­
menting multiwire proportional chambers. Different chamber sizes, different wire spacing, different gas mixture require­
ments . . . All the time and effort spent on building appropriate readout electronics detract from the time one could spend 
on actual experimental research. — Well, you can be different! Now, two systems available off-the-shelf from LeCroy 
provide you with the flexibility and cost effectiveness you need — save you the time and d r u d g e r y — i n setting up your 
own particular wire chamber system. Look . . . 

PCOS II 
System 

Designed to fulf i l l substantial requirements at CERN, this system con­
sists of a series of 32-channel chamber-mounted ampl i f i e r /d isc r im i ­
nator /de lay / reg is ter cards and a specia l CAMAC control ler l inked to 
the front ends by a serial transfer data highway. A single control ler 
handles up to 4096 wires, stor ing the center address and the size of 
hit clusters in FIFO memories for CAMAC transfer to the computer. 
The PCOS II System features: 

DIFFERENTIAL INPUTS 12 WIRES PER CARD) 

< © PRE-TRIGGER ^ ^ FAST LOGIC ^ h—© 
• « — © 

* — © 

PCOS II SYSTEM BLOCK DIAGRAM 

COMPUTER CONTROLLED CAMAC CRATE 

• — 1 j i A m i n i m u m t h r e s h o l d 

• 2 0 0 Q, input i m p e d a n c e 

• Dif ferent ia l i n p u t s , 

• 1 0 n s e c s l e w i n g , 2 X to 2 0 X 

• D u a l m o n o s t a b l e to permi t 
3 0 n s e c d o u b l e - p u l s e reso lut ion 

• F a s t o p e n c o l l e c t o r la tch o u t p u t s 

• M o d e l 7 7 0 0 3 2 - c h a n n e l c h a m b e r 
c a r d , r e a d y for c h a m b e r m o u n t i n g 

• L o w , low c o s t 

PC200/2720 System 
This system consists of individual front ends (Model PC200 Dua 
Discriminators) and the Model 2720 CAMAQ 128-Channel En­
coder, which receives the dif ferent ial ly t ransmit ted standardized 
wire signals f rom the PC200's and stores up to 80 addresses of 
hit wires in a buil t- in FIFO memory for readout onto the CAMAC 
Dataway. The PC200/2720 System features: 

• Differential s i g n a l t r a n s m i s s i o n 

• 5 k£l input i m p e d a n c e 

• — 2 0 0 i.tV m i n i m u m t h r e s h o l d 

• F a s t a n a l o g o u t p u t s 

• 1 0 j t s e c a v e r a g e e n c o d i n g t ime 

• C o m p a c t hybr id s i z e , permi t t ing 
u s e r - d e t e r m i n e d layout to m a t c h 
c h a m b e r c h a r a c t e r i s t i c s 

• Indiv idual front a n d b a c k e n d s 

• C a b l e d e l a y s to e l i m i n a t e 

e x c e s s i v e d e a d t i m e 

• E v e n t a c c u m u l a t i o n for h igh rate 
s i t u a t i o n s 

• F a s t c l u s t e r s u m for a d d i t i o n a l 
t r i g g e r l o g i c 

DISCRIMINATOR AND LINE DRIVER 

DISCRIMINATOR AND LINE DRIVER 
DUAL MWPC AMPLIFIER/ DISCRIMINATORS, MODEL PC200 

DIFFERENTIAL TRANSMISSION LINES 

PC200/2720 SYSTEM BLOCK DIAGRAM 

LeCroy 
RESEARCH SYSTEMS ^ 

Call or write for detai ls. Note our new address and telephone number. 

I n n o v a t o r s in I n s t r u m e n t a t i o n 

LeCROY RESEARCH SYSTEMS CORP.; 700 S. Main.; Spring Valley, N.Y., U.S.A.; (914) 425-2000; TWX: 710-577-2832 • LeCROY RESEARCH SYSTEMS 
SA; 81 Avenue Louis-Casai; 1216 Cointrin-Geneva. Switzerland; (022) 34 39 23 • LeCROY RESEARCH SYSTEMS LTD.; 74 High Street; Wheatley, Oxford­
shire 0X9 1XP, U.K.; (08677) 3540 • LeCROY RESEARCH SYSTEMS G.m.b.H.; 6900 Heidelberg: Treitschkestrasse 3: W. Germany • TOYO TRADING CO.; 
2, 1-chome, Hongoku-cho, Nihonbashi, Chuo-Ku; Tokyo 103, Japan; (03) 279-0771 • OFFICES THROUGHOUT THE WORLD 
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Get high power RF generation, 
switch and regulator tubes 
for tomorrows accelerators 

and fusion machines 
from EIMAC today. 

When combined RF power generation and high voltage 
switching and regulation requirements for accelerators and 
fusion machines develop, you need off-the-shelf power tubes— 
not proposals. That's why EIMAC has developed the highest 
power tetrode product line available for these requirements. 
And that's why EIMAC is dedicated to a policy of continued 
development of new tube materials, rf tubes, switch tubes 
and high power circuitry for tomorrow's requirements. 

EIMAC high-current switch tubes with hold-off voltages 
up to 70 kV are ready right now and development of products 
up to 200 kV is underway. 

RF power tubes with up to 1250 kW anode dissipation 
and cavities at 50 to 110 MHz are also available at reasonable 
prices from EIMAC. For example: 

EXCITER 
EIMAC 

4CW50,000E 
AND CAVITY 

EIMAC 
X-2170 

AND CAVITY 
EXCITER f 

EIMAC 
4CW50,000E 
AND CAVITY f 

EIMAC 
X-2170 

AND CAVITY f 
500 kW 

at 
55 MHz 

Because EIMAC is a leader in state-of-the-art high 
power tube development, EIMAC power tubes dominate the 
field of fusion power generation and related experiments in 
ERDA and world-wide national laboratories. For your high 
power needs, contact Varian, EIMAC Division, Attn: Tom 

Yingst, 301 Industrial Way, San Carlos, California 
94070 USA. Or any of the more than 30 Varian 

Electron Device Group Sales Offices 
throughout the world. 

varian 
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