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The proton 
at very high energies 

What happens to the proton w h e n w e 
increase its energy? The answer, to the 
best of our present know ledge , is in 
the graph on the next page. It shows 
h o w the total cross-sect ion of the 
interact ion between a proton and a 
proton varies as the energy increases. 
Our task in this short article is to try to 
explain as s imply as w e can h o w this 
behaviour is interpreted. The reason 
for tu rn ing to the topic n o w is that the 
graph has just taken a surpr is ing turn 
at very h igh energies w i t h new results 
f rom t w o groups (CERN/Rome and 
Pisa/Stony Brook) at the intersect ing 
storage rings. 

The total cross-sect ion expresses 
the region over w h i c h one proton 
affects another. T w o protons w i l l 
interact w i t h each other w h e n they 
come close enough that these regions 
overlap. The cross-sect ion is expressed 
as an area — even t hough the region 
of inf luence of each proton is l ikely to 
be approximately spherical , protons 
f l y ing at one another see an area like 
a disk w h i c h can affect them. It is 
measured in mil l ibarns (mb) where 
one mil l ibarn is 1 0 - 2 7 c m 2 . As is clear 
f rom the graph, the region of inf luence 
of the proton changes in size as the 
energy increases. 

Let us begin at the lower energies 
where the curve, pp, represents the 
in format ion gathered over the past 
decade at accelerators capable of 
energies up to those of the Brook-
haven 33 GeV and the CERN 28 GeV 
synchrotrons. 

A t l o w energies the protons l inger 
long enough in the v ic in i ty of one 
another for a variety of interact ions to 
occur. In particular there is enough 
t ime for the product ion of resonances. 
The cross-sect ion reaches a peak 
value of 47 mb at about 2 GeV. Then, 
as the energy goes up, the cross-
sect ion falls steadily. We can visualize 
this in terms of the wave length w h i c h 
is associated w i t h the proton at each 
particular energy. The wave leng th 

dictates the region of inf luence of the 
particle — a long wavelength at l o w 
energy means that the particle spreads 
itself around a lot. As the energy 
increases the wave length decreases, 
the proton keeps more to itself, the 
cross-sect ion falls. 

Then came the experiments at 
higher energies w i t h the advent of the 
76 GeV synchrotron at Serpukhov. 
The cross-sect ion measurements are 
picked out as open circles on the 
graph. What they seemed to be te l l ing 
us, and w h a t was believed by most 
people unt i l very recently is that at 
h igh energies the cross-sect ion 
reaches a constant value independent 
of energy. Between 10 and 70 GeV the 
cross-sect ion is almost constant at an 
area of about 38 mb. It was rather 
surprising that this happened at ener
gies be low 70 GeV but in itself the 
phenomenon was expected. 

The majori ty of theorists that looked 
at this problem predicted that an 
asymptot ic value of the total cross-
sect ion w o u l d be reached and that 
go ing to higher energies w o u l d see 
no further change in the cross-sect ion. 
The reasoning behind this can be 
s impl i f ied by saying that beyond a 
particular energy the wave length asso
ciated w i t h the proton has become 
smaller than the physical d imension of 
the particle. Thus, f rom then on , 
increasing energy w i l l not affect the 
cross-sect ion w h i c h w i l l a lways be 
equivalent to the physical d imension 
(seemingly of 38 mb) . The Serpukhov 
results l ine up w i t h this excel lently. 

There were some mysteries, h o w 
ever, about the cross-sect ion measure
ments at Serpukhov (see vo l . 9, 
page 232 for the report on the results 
of the f irst CERN-Serpukhov co l la
borative exper iments) . Some funda 
mental ideas about particle behaviour 
are bui l t into the statement that at 
very high energies the cross-sect ions 
of both particle and ant i -part ic le w i l l 
be the same. The total cross-sect ion 

for p ro ton-p ro ton should equal that 
for an t i p ro ton -p ro ton ; the total cross-
sect ion for negative kaon-pro ton 
shou ld equal that for posit ive kaon -
proton and so on . Essentially this is 
because the properties w h i c h d is t in 
guish be tween particle and an t i -
particle pale into insigni f icance at 
h igh energies w h e n compared w i t h 
all the other properties where particle 
and ant i -part ic le are the same. A t l o w 
energies, for example, the fact that the 
ant iproton can annihi late w i t h a pro
ton results in the an t ip ro ton-pro ton 
cross-sect ion being much bigger than 
the p ro ton-p ro ton . As the energies 
become very h igh it is expected that 
the annih i la t ion property w i l l add 
insigni f icant ly to all the other possible 
ways of interact ion and that the t w o 
cross-sect ions w i l l be the same. The 
fu l l fo rmula t ion of this idea is usual ly 
associated w i t h the name of I.Y. Pome-
ranchuk. 

W h e n it was observed that some of 
the cross-sect ions f lat tened out sooner 
than ant ic ipated it was realized that 
the coming together of particle and 
ant i -part ic le cross-sect ions looked less 
feasible. This was particularly true of 
the posit ive kaon w h e n the first 
measurements were completed — it 
d id not look as if its cross-sect ion 
w o u l d jo in the negative kaon unless it 
somehow g rew w i t h increasing energy. 
In 1 9 7 1 , such a g row th of the posit ive 
kaon-p ro ton total cross-sect ion was 
reported f rom Serpukhov but the idea 
of a cross-sect ion g row ing again w i t h 
energy d id not, in general, sink in. 

The latest measurements on the 
pro ton, however, mean that w e have 
s o m e h o w to come to terms w i t h a 
g r o w i n g cross-sect ion and abandon 
the comfor tab le explanat ion of a 
constant value w h i c h w e had. Higher 
energies have become available w i t h 
the 4 0 0 GeV proton synchrotron at 
NAL , Batavia and w i t h the ISR at 
CERN where near-head-on col l is ions 
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Results from the ISR have revealed that the total 
cross-section of the proton-proton interaction 
increases at very high energies. This has come 
as a surprise since a few years ago, at the 
highest energies then available (at the 
Serpukhov synchrotron), it seemed that the 
cross-section had reached a constant value 
independent of energy. The ISR data 
have overthrown this picture. 
Dramatic changes are now expected 
in the proton-antiproton cross-section, also 
picked out on the graph up to energies 
investigated so far, since it should not fall 
below the proton-proton values. 

between proton beams produce c o n 
d i t ions equivalent to those obtainable 
at convent ional accelerators of up to 
2000 GeV. 

A n ink l ing of t rouble came f rom 
some measurements at the ISR 
and f rom three prel iminary results 
f rom NAL, w h i c h all gave values of the 
p ro ton-p ro ton total cross-sect ion 
higher than the Serpukhov value. 
However , these measurements were 
not hot on precision and they were all 
consistent w i t h the constant cross-
sect ion. 

The CERN/Rome, Pisa/Stony Brook 
experiments n o w being publ ished are 
very sol id evidence that after passing 
th rough the 38 mb m in imum the 
cross-sect ion cl imbs again. By 
1500 GeV, for example, it has reached 
43 mb. The c l imb appears to go 
logar i thmical ly w i t h energy. 

Is there any possible explanat ion for 
this new observat ion? Wel l , w h e n w e 
used the phrase 'most people ' c o n 

cerning the acceptance of the constant 
cross-sect ion picture it was because 
some theorists had predicted other 
variat ions w i t h energy. In fact the 
theorists were wel l covered — there 
were predict ions of a rise, of constant 
cross-sect ion and of a fal l ! The first 
predict ion of logar i thmic rise was in 
the w o r k of W. Heisenberg t w e n t y 
years ago and there have been several 
other similar detai led predict ions since. 

The idea behind the mathematics 
concerns the nature of the strong force 
operat ing between t w o protons (or any 
t w o hadrons) . The successful Yukawa 
theory, w h i c h describes the interact ion 
as invo lv ing the exchange of a meson, 
describes a force w h i c h falls off 
exponent ia l ly . Its inf luence therefore 
does not extend much beyond the 
d imension of the particle itself. There 
is nevertheless an 'exponent ia l ta i l ' — 
the force does extend but, at l o w 
energies, there is not enough strength 
in this tail to affect other particles. 
But at h igh energies, perhaps the jo l t 
f rom the tail becomes signi f icant and 
interact ion takes place over a w ider 
range. 

Jus t to touch the mathematics — 
suppos ing w e consider a m in imum 
force, F, w h i c h w i l l result in interact ion. 
This is related exponent ia l ly in the 
Yukawa theory to a range r. The total 
cross-sect ion, rur 2, is then propor
t ional to l o g 2 1/F. If this m in imum 
force is related to the energy (i.e. a 
smaller force w i l l induce interact ion 

at higher energy) then w e can expect 
the total cross-sect ion to increase 
logar i thmical ly in some relation to the 
energy. 

Such a logar i thmic rise is wha t is 
being seen and is particularly in t r igu
ing because it cou ld give a new w a y 
of look ing at the force act ing between 
t w o hadrons. Another consequence is 
t ied up w i t h the particle ant i -part ic le 
ideas w e ment ioned above. As can be 
seen on the graph, the p ro ton-an t i 
proton cross-sect ion is dropp ing like 
a spent rocket at the energies invest i 
gated so far. If the t w o curves are to 
come together, the pp measurements 
must pass th rough a sharp U-turn at 
higher energies. This is a severe 
check on the correctness of the 
Pomeranchuk theory. 

Members of the t w o ISR exper i 
mental groups are — Inst i tuto Supe
r i o r di Sanita, Roma /CERN: J.V. A l -
laby, U. Ama ld i , W. Bartel, R. B ian-
castel l i , C. Bosio, G. Coccon i , 
A . N . Diddens, R.W. Dob inson, 
G. Mat th iae and A . M . Wethere l l ; 
Inst i tuto di Fisica del l 'Universi ta and 
Scuola Normale Superiore Pisa/Stony 
Brook: S.R. Amendo l ia , G. Bel lett ini , 
P.L. Braccini , C. Bradaschia, R. Cas-
tald i , V. Cavasinni , C. Cerri, T. Del 
Prete, G. Finocchiaro, L. Foa, P. Giro-
min i , P. Grannis, D. Green, P. Laurell i , 
A. Menz ione, R. Mustard, L. Ristori, 
G. Sanguinet t i , R. Thun and M. Va l -
data. Their results are being publ ished 
in Physics Letters. 
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CERN News 

Tracks in BEBC 
Dur ing the night of 3 -4 March , the 
first photographs of charged part icle 
tracks were taken in the 3.7 m European 
bubble chamber, BEBC. A t the t ime 
of wr i t i ng , tests are con t inu ing but all 
the major components have already 
been taken th rough their paces very 
successful ly. Work has started on 
opt imiz ing chamber performance and 
photograph qual i ty. 

The present series of tests began 
mid-January w i t h the c o o l - d o w n of 
the huge superconduct ing magnet. 
The chamber was not at that t ime 
f i l led w i t h hydrogen so that the 
operators could master one system at 
a t ime. The c o o l - d o w n was done 
s low ly over nine days to avoid thermal 
stresses w h i c h cou ld damage the 
magnet cryostats. The hel ium refr ige
rator, where t rouble had been expe
rienced earlier, worked we l l . The 
cryostats were f i l led w i t h 20 000 I of 

Charged particle tracks recorded for 
the first time in the 3.7 m European 
bubble chamber, BEBC, at the 
beginning of March. In this 
photograph of part of the chamber 
volume a beam of positive particles 
of energy about 6 GeV arrives from 
the top and several interactions can 
be seen. Note that the chamber 
uses bright field illumination, the 
walls being lined with Scotchlite. 
With a large chamber volume, 
cosmic ray particles are also likely 
to be recorded. The heavy track 
on the left and the track of low 
bubble density crossing the 
photograph are cosmic rays passing 
through the chamber not synchronized 
with the operation of the pressure 
system. The central black mark 
is a vapour pressure monitor and 
other marks are from boiling at seams 
on the Scotchlite which will be 
cured. 

l iquid hel ium and, w h e n operat ing 
temperatures were reached, current 
was fed to the superconductor i n 
creasing in steps towards the design 
level. This enabled safety devices and 
instrumentat ion to be checked pro
gressively. The optical and expansion 
systems were also operated so as to 
detect any effects due to the f r inge 
f ield of the magnet. Small effects were 
not iced as peak f ield was approached 
but they can be cured fair ly straight
forward ly by extra magnetic shie ld ing. 

On 24 February, the current fed to 
the coils reached 5 kA and the ma
gnet ic f ie ld in the useful vo lume of the 
chamber c l imbed to 3.1 T. This current 
corresponds to 550 M J of stored 
energy. A map of the f ie ld was taken 
(as at each current level on the w a y 
up) using 180 Hall probes l inked to 
a computer. These give a relative 
precision of 0 . 0 5 % ; absolute cal ibra
t ion using a nuclear magnet resonance 
probe w i l l be done later. The effect of 

frozen f lux f ields (the superconductor 
is not of the ' intr insical ly stable' type) 
was observed but the magnet has not 
yet been powered for long enough at 
one stretch to measure their long term 
effects. 

Hel ium was then drained f rom the 
magnet cryostats (but the magnet was 
kept co ld) wh i l e at tent ion sw i tched 
to f i l l ing the chamber w i t h hydrogen. 
The chamber was cooled in three days 
and, on 3 March , 38 000 I of hydrogen 
were pumped in w i t hou t problem. 
Expansion tests began and as soon as 
sensit ive condi t ions (correct temper
ature, pressure and piston stroke) 
were establ ished, tracks were pho to 
graphed. A beam of particles was 
available f rom the proton synchrot ron 
— not yet a t idy beam but adequate 
to make the observat ion of tracks 
possible. The track qual i ty was good 
f rom the beg inn ing and distort ions 
due to turbulence were quick ly e l imi 
nated. 
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The huge assembly hall at Laboratory II which 
has a floor area of about 11 000 m2. The hall 
was brought into use in February when the 
prototype magnets were wheeled in. Some Lab. 
II staff have moved over from their temporary 
accommodation in Lab. I to the first office 
block to be completed, which is alongside the 
assembly hall. 

Dur ing this t ime the m a g n e t cooled 
w i t h hel ium gas, was fed w i t h l ow 
current (1kA corresponding to 0.6 T 
in the chamber) so as to have some 
magnet ic force pul l ing the t w o coi ls 
together. This avoids possible damage 
by prevent ing them f rom bounc ing 
around w h e n the expansion operates. 
Some curvature of the tracks was thus 
achieved as a by-product . 

The remaining step in the tests is to 
operate the chamber in the highest 
possible magnetic f ie ld. This might 
however be postponed unti l the next 
run, because there is t rouble w i t h a 
hydrogen leak. 

Mole in the hole 
February 19 was the second anniver
sary of the authorizat ion of const ruc
t ion of the SPS by the CERN Member 
States. The anniversary was celebrated 
by a start on bor ing of the r ing tunnel 
by the 'mole ' . 

The tunnel for the new proton syn 
chrot ron w i l l be 4.8 m in diameter w i t h 
a circumference 6.9 km and its average 
depth w i l l be 40 m be low ground. 
Bor ing this tunnel is probably the most 
impressive part of the civi l engineering 
programme of Laboratory I I . 

A m o n g the reasons for select ing a 
tunnel l ing scheme (rather than 'cut 
and f i l l ' ) was a desire to avoid changing 
the character of the countryside in a 
major w a y so that agricultural and 
forestry activit ies can cont inue much 
as previously. A second reason is the 
var iat ion in al t i tude over the site (45 m 
between the lowest and highest 
points) w h i c h w o u l d have made 'cut 
and f i l l ' very di f f icul t . To retain a 
m in imum earth shield of 20 m for 
radiat ion protect ion, the tunnel w i l l be 
bored at a depth w h i c h is 65 m be low 
the highest point on the surface. A 
f inal point is that the molasse bedrock 
is sol id enough to a l low the tunnel to 
be bored reasonably easily. 

A detai led descr ipt ion of the bor ing 
machine, k n o w n as the mole, can be 
found in vo l . 12 page 124. The 
machine is a convent ional Robbins 
bor ing machine bui l t for CERN in a 
factory in Seattle, where it underwent 
pre-del ivery tests. It came by sea f rom 
the Pacific coast of the USA th rough 
the Panama Canal to Rotterdam and 
up the Rhine to Basel, whence it was 
brought to Geneva by lorry. It arrived 
at the end of last year. 

The head of the mole has 35 cutters. 
Behind the head on each side, t w o 
lateral hydraul ic rams push suppor t ing 
pads against the wa l l of the tunnel to 
fo rm the supports for the machine as 
the head gr inds into the molasse. The 
head is pressed against the rock by 
means of four axial rams w i t h a stroke 
of 120 cm and an effective pressure 
of 480 tons. After bor ing these 120 cm 
the machine stops, a foo t is lowered 
beneath the operator 's cabin behind 
the head to keep the who le machine 

CERN 15.2.73 

70 



The mole being installed underground at the 
point where boring of the tunnel is beginning. 
The mole has a 7 km journey confronting it 
around the circumference of the ring which 
is expected to be completed by Autumn 1974. 
The head shown here is 4.8 m in diameter. It 
was lowered into the tunnel in January and the 
whole machine was assembled below ground. 
In addition to the head, the machine comprises 
pressure and supporting pads, an operator's 
cabin, electrical equipment, conveyor belts, 
tunnel lining system, skip changer and 
spoil removal train. Its total length is 80 m. 

in balance, and the t w o lateral sup
por t ing rams are retracted so that the 
four axial rams can pul l the suppor t ing 
system w i t h them. After this the head 
can start w o r k w i t h 120 cm of travel 
in f ront of it again. 

The 14 ton lift of the PGC (civi l 
engineer ing shaft) cou ld not be used 
for lower ing components of the mole 
because of the bulk and we igh t of 
certain items. They were lowered d o w n 
the nearby shaft PP1 (45 m deep) 
using t w o automat ic cranes w h i c h 
cou ld take loads of 30 and 100 tons. 
The heavy components , w e i g h i n g more 
than 10 tons, were assembled at the 
bo t tom of PP1 , wh i le other less bulky 
ones were taken to the assembly region 
f rom w h i c h the tunnel bor ing starts. 

The mole plat form (9.5 m long and 
we igh ing 32 tons) , w h i c h carries a 
750 kVA transformer, electrical cub i 
cles, oi l tanks and the operator 's 
cabin, was lowered in a vert ical pos i 
t ion by the large automat ic crane. It 
was s w u n g horizontal ly by means of 
the second crane and parked at the 
assembly point. The main shaft, f o r m 
ing the connect ion between the bor ing 
head and the plat form and conta in ing , 
among other th ings, the lateral suppor t 
system, was parked in the 'neut ron 
t rap' at the back of the access tunne l 
f rom PP1. Then the head itself ( total 
we igh t 53 tons) was lowered after 
some prior assembly at the surface. 
It was coupled to the main shaft at the 
bo t tom of PP1 and the w h o l e was 
transported on small Caterpil lar t rucks 
to the assembly point. The var ious 
assembly operat ions, w h i c h began on 
11 January, took about a mon th . 

The ' t rain ' , w h i c h immediate ly 
f o l l ows the bor ing machine and w h i c h 
has the tunnel l in ing system and the 
skip changer for the spoi l extract ion, 
was set up at the same t ime. Tests on 
the complete instal lat ion began in the 
second half of February and the 
machine was ready to start on its w a y 
at the beginn ing of March . 

The problem of removing the spoi l 
is solved in the fo l l ow ing manner. It is 
carried on conveyor belts f rom the 
scoops on the bor ing head to a hopper 
(a funnel of about 2 m 3 ) . This is the 
f irst component of the skip changer 
located behind the tunnel l in ing 
system (shor ing erector). The skip 
changer is a t w o storey af fair—empty 
skips on the top rai lway track, fu l l skips 
on the lower track. The hopper pours 
the spoi l into a skip on the lower level 
of the changer. Once the skip is fu l l , 
a ram pushes it on to a rai lway, stil l on 
the lower level, a l low ing an empty skip 
to be brought d o w n f rom the upper 
level. This empty skip, in its tu rn , is 
pushed backwards beneath the hopper, 
and so on . 

The changer can take twe lve fu l l 
skips on the lower track and twe lve 
empty skips above. Once twe lve skips 
at the lower level are fu l l , a train pul ls 
them to the PGC lift, w h i c h takes 
them to the surface t w o at a t ime. From 
there, they are taken to a device 
w h i c h t ips their contents into a 
hopper. Then the spoi l is taken on a 
conveyor belt to an intermediate store 
f rom w h i c h it is picked up by lorries 
and taken towards the centre of the 
site to a l i tt le dell w h i c h w i l l be f i l led 
in. 

The mole w i l l operate 24 hours a 
day, six days a week. Out of these 
24 hours, eight are for maintenance of 
the machines. When half the f inal 
length of the tunnel has been bored 
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(about 3.5 km) the shaft PP4 w i l l 
take over the task of PGC for spoi l 
extract ion. Work ing at a rate of 20 m 
per 24 hours, the bor ing of the tunnel 
w i l l take 18 to 20 months to complete. 

The f i rms involved in the tunnel l ing 
programme are grouped in the ACCEL 
consor t ium: Losinger (Swi tzer land) , 
Prader (Swi tzer land) , Les Grands Tra-
vaux de Marsei l le (France), Forgal 
(France), Cuenod (Swi tzer land) , and 
SELI ( I ta ly) . The shor ing erector and 
skip changer (Grandori system) were 
bui l t by SELI and three German f i rms 
(Zurnieden, Wol f f and Vetter) sup
pl ied the spoi l extract ion system 
(instal led at the PGC and PP4 shafts) . 

Telling the mole 
where to go 
The survey problems at the SPS are 
di f ferent to those encountered in 
bu i ld ing the PS or the accelerator at 
Batavia. These machines were instal led 
in a t rench ( the 'cut and f i l l ' method) 
in open f lat land. The different p rob
lems at Laboratory II are: 
- instal lat ion of the magnet ring in an 

underground tunne l ; 
- l inks w i t h exist ing instal lat ions at 

Laboratory I (mainly using the PS 
as injector and the experimental 
faci l i t ies associated w i t h the West 
Ha l l ) ; 

- a dif ference in al t i tude around the 
c i rcumference of the r ing of about 
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45 m between the highest and 
lowest points on the surface; 

- w o o d e d land w h i c h interferes w i t h 
the l ine of s ight in survey measure
ments. 
To solve these problems, the sur

veyors had to resort to t r iangulat ion 
(angular measurement) and tr i latera-
t ion (distance measurement) . Datum 
points are located on h igh bu i ld ings 
at CERN (ISR Laboratory, Labora
tory 5, SB Bui ld ing, e tc) . Other 
points have been set in the g round at 
a height of about 1.5 m and one of 
them (monument 223) at a height 
of 8 m. It was impossible to use the 
top of the ISR water tower , w h i c h is 
the highest point at CERN, as a 
survey point because it is subject to 
movements of up to 2 cm. 

The results give an accuracy of 
2 mm between all the points. The base 
l ine is provided by t w o of the survey 
points of the PS (see the t r iangu la t ion-
tr i laterat ion f igure) . 

In subterranean surveying, one of 
the most di f f icul t problems, w h i c h is 
of ten rather poorly so lved, is the 
d ropp ing of a perpendicular l ine 
w i t h i n a shaft in order to transfer the 
surface co-ord inates to the tunnel 
level. Various methods were used for 
this operat ion, g iv ing results to better 
than 0.5 mm for depths of 60 m. It is 
amusing to note that the curvature of 
the earth requires a correct ion of about 
8 mm for the deepest shafts in order 
to ensure that the SPS has the same 

Geodetic measurements are often taken under an 
umbrella sheltering the surveyors from the sun. 
But an umbrella has other uses — here, 
a gyro-theodolite and its operator are being 
protected from water seeping in at the bottom 
of the PP1 shaft some 40 m below the surface, 
while preparing the survey points below 
ground which tell the mole where to go. 

diameter underground as that ca l 
culated at the surface. 

The first underground survey, w h i c h 
was needed to guide the mole, c o n 
sisted in laying out the line of the 
tunne l between the shafts PGC and 
P P 1 , some 200 m apart. After the 
tunnel had been pierced, metal brackets 
w i t h reference sockets conta in ing an 
automat ic centr ing system were f i t ted 
to the wal ls and the distances were 
measured w i t h invar wi re and the 
direct ions w i t h a gyro- theodol i te . 

This underground a l ignment c o m 
pared w i t h the surface al ignment, was 
accurate to 2.4 m m , w h i c h is a very 
satisfactory f igure since no external 
or ientat ion was available for any of 
the survey operat ions in the tunnel 
except for locat ing the geographical 
north by gyro- theodol i te . This result is 
important because it shows that the 
methods used are more than adequate 
for the job in hand. 

The first survey monument , t o -

Positioning components of the large CERN 
machines calls for extreme precision and the 
most advanced survey techniques are used. In 
the case of the SPS, triangulation and 
trilateration studies were necessary. Datum 
points were established over the whole site, 
and even beyond it. This illustration shows the 
geodetic network. Position locations have then 
to be transfered to the tunnel underground. 
Boring of the tunnel began in March from 
a position between the PGC and PP1 access 
shafts (to the right of monument 221). 

gether w i t h its reference socket and 
the support for the laser w h i c h w i l l be 
used to gu ide the bor ing machine, is 
already in place in the tunne l . Such a 
monumen t w i l l be bui l t every 32m as 
the mole progresses. The survey team 
have considerable conf idence that the 
mole w i l l arrive back where it is 
start ing f rom. 

Shuffling computers 
A t the end of February a CDC 
6200 computer arrived at the new 
computer centre on loan f rom Control 
Data Corporat ion to help CERN in 
some intr icate shuf f l ing of its central 
computers. The need for the shuff le 
has arisen because the new 7600 is 
tak ing longer than ant ic ipated to 
settle d o w n w i t h CERN's normal cen
tral computer w o r k load. 

We last discussed the 7600 at the 
t ime w h e n its hardware acceptance 
tests were successful ly completed in 

220 
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Ju l y of last year (see vo l . 12, page 
232 ) . A t that t ime it was runn ing for 
1 Vz shifts six days per week. This has 
been increased to t w o shifts seven 
days per week and the 7600 is n o w 
processing over a quarter of CERN's 
compu t ing . However, some of the 
sof tware weaknesses apparent at the 
t ime of the acceptance tests have been 
aggravated in extending the w o r k 
load. Conversion of user's programs 
to the 7600 ( invo lv ing chang ing f rom 
programs wr i t ten for CERNSCOPE, 
w h i c h is the sof tware of the 6 6 0 0 / 
6500 system, to programs wr i t ten for 
SCOPE 2, w h i c h is the new Contro l 
Data sof tware of the 7600) has proved 
more t roublesome than . ant ic ipated. 
There are t w o main reasons for this — 
first ly, there are serious shor tcomings 
of the sof tware in the w a y it handles 
data on magnet ic tape and , secondly, 
there is an abnormal ly h igh number of 
interrupt ions to the compu t ing service 
because of sof tware 'bugs ' . 

The result is that the day w h e n the 
CDC 7600 can conf ident ly be assigned 
almost all CERN's central compu t ing 
has been moved further into the fu ture 
than had been hoped. It is thus 
important to keep available the capac
ity of the 6600 and 6500 using 
CERNSCOPE. However, it is i ncon 
venient and wastefu l to have the 
computers in dif ferent locat ions and 
it is intended to br ing them all under 
the roof of the new computer bu i ld ing. 
To move both computers and to 
revamp them w o u l d take about f ive 
months w h i c h is considered far t oo 
long to be w i t h o u t either machine 
using CERNSCOPE. 

This is where the manoeuvres w i t h 
the loaned 6200 come in. It is being 
instal led alongside the 7600 and a 
hardware conversion w i l l bu i ld it up 
to a 6500. This involves an extra pro
cessor and some central memory 
(part ly coming f rom the exist ing 
6500 where the amputat ion is p lanned 
to be carried out over Easter). It w i l l 

7. M. Toussaint, Belgian Minister of Education 
(on the left) visited CERN again on 12 February. 
After being shown around Laboratory II by the 
Director General, Dr. J.B. Adams, Mr. Toussaint 
toured part of Laboratory I that has been built 
since his first visit in 1967. In the photograph 
he is shown at the ISR with ( from left to right) 
W. Schne/I, G.H. Hampton and the Director 
General of Laboratory I, Professor W.K. 
Jentschke. 

2. G. Charpak has received the 1973 'Grand prix 
de physique Jean Ricard' from the French 
Physical Society. The prize was awarded 
particularly for his work on particle detectors. 
Charpak led the development of multiwire 
proportional chambers which have found wide 
application in particle physics and in medicine. In 
the photograph Charpak, on the right, is in 
conversation with V.P. Dzhe/epov appropriately 
at the Dubna Instrumentation Conference. 

(Photo Yu. Tumanov) 
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1. Drawing on their experience, the CERN 
'pompiers', part of whose duty involves the 
transport of any injured personnel, have 
designed and built a new kind of ambulance in 
collaboration with the first-aid staff. Compared 
to the traditional types used at CERN, it is 
better adapted to our needs and has cost much 
less to build. For example, it is possible to move 
freely around a central stretcher, which is 
intended for serious cases and can be used as a 
rudimentary operating-table. Also better 
distribution of equipment inside the ambulance 
means that conditions for giving cardiac 
massage are excellent. The CERN ambulances 

are on call in case of accidents on the site but 
are also often in action in response to urgent 
calls from the surrounding regions in France 
and Switzerland. The photograph shows the 
inside of the CERN-built ambulance with its 
centre stretcher and two further stretchers on 
the left available for use. 

2. Installation tests of a vacuum chamber in a 
full-scale model of the ISR split field magnet 
(SFM) destined for intersection 1-4 of the ISR. 
The final version will be a scaled-down chamber 
designed to match the beam geometry and 

to give maximum space for positioning detectors 
close to the interaction region. The chamber is 
located on the centre plane of the magnet 
aperture which has a height of 1.10 m. A first 
series of magnetic measurements was completed 
in February. From the data, settings were 
optimized to give the precise fields which will 
keep the ISR beams on the closed orbit. A 
second series of measurements is now in 
progress over the whole useful volume of the 
SFM (approximately 55 msJ, measurements 
being taken on a grid 5 x 5 x 10 cm. This series 
is being carried out with compensator magnets 
powered and magnetic channels in place. 

sti l l leave the 6600 un touched t o 
gether w i t h the equivalent of a large 
6 4 0 0 in the other computer centre. 
W h e n this has been accompl ished and 
the 6500 in the new centre proved to 
w o r k satisfactori ly, the 6600 can be 
moved wh i l e the comput ing service is 
assured by the 6500 and 6400 . Finally 
the, by then amputated, 6500 can be 
d ismant led and returned to CDC. 

The automat ic f i lm measuring ma
chine HPD1 w h i c h has been l inked to 
the doomed 6500 is being d ismant led 
for transfer to the new computer bu i l d 
ing where it w i l l jo in the new 6500 . 
This w i l l take several months dur ing 
w h i c h t ime HPD2, l inked to the 6600 , 
w i l l take the f i lm measuring burden. 
W h e n HPD1 comes into act ion again, 
H P D 2 w i l l shut d o w n for ever. 

Thanks to the loan of the 6200 by 
CDC there w i l l be on ly a f e w weeks 
dur ing w h i c h only one machine is 
available for operat ion w i t h CERN
S C O P E . 
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Electron-positron colliding beams 

Results f rom elect ron-posi t ron storage 
rings were among the most interest
ing presented at the Chicago con fe 
rence in September last year. Here 
are recent reports on research at 
the storage rings of Frascati and 
Cambr idge. 

Research at AD ONE 

The Frascati 1.5 GeV e lect ron-pos i t ron 
storage r ing, A D O N E , has been suc
cessful ly operat ing since the beg inn ing 
of 1970. The Frascati Laboratory was 
the bir thplace of storage rings for it 
was there, in the early 1960 's , that the 
first small e lect ron-posi t ron storage 
r ing, cal led AdA , was bui l t and oper
ated. A d A moved to Orsay and was 
used there for the first co l l id ing beam 
experiment. A d A and a small S tan ford-
Princeton machine were the first to 
demonstrate the potent ial of storage 
rings for particle research. 

Dur ing the past t w o years, the per
formance of A D O N E has been i m 
proved and it has successful ly reached 
and ( in the case of the luminos i ty at 
energies higher than about 1 GeV) 
even exceeded its design parameters 
( total col l is ion energy of 3 GeV w i t h 
a luminosi ty of 0.6 x 1 0 3 0 c m - 2 s~1 in 
each experimental sect ion) . Results 
f rom the first series of exper iments 
were presented at Chicago and played 
a dominant role in the sessions c o n 
cerned w i t h the electromagnet ic inter
act ions of the hadrons. 

Besides the QED tests at h igh 
momen tum transfer (react ions e +e~—• 
e + e~, [i+[i~f Y T ) and the l imits on 
the electromagnet ic p roduct ion of 
heavy leptons, where results have been 
extensively reported on the l i terature, 
considerable effort has been devoted 
to the problem of the e lectromagnet ic 
structure of the hadrons in the t ime
like region. On this subject the latest 
A D O N E results have conf i rmed the 
fundamenta l role of the e lec t ron-
posi t ron interact ions as a un ique too l 

for extending the invest igat ion of the 
structure of the hadrons. 

The importance of this k ind of 
research is clear since it is very l ikely 
that a tho rough knowledge of hadron 
structure w i l l be the first step towards 
complete understanding of the hadron-
hadron interactions. This explains the 
interest in the experimental results on 
mul t i -hadron product ion and fo rm 
factors coming f rom A D O N E and 
f rom the Cambridge bypass. 

One of the first exci t ing results to 
emerge f rom A D O N E at total centre 
of mass energies above 2 GeV was 
that the product ion of hadrons in 
e lect ron-posi t ron col l is ions is much 
more abundant than expected. The 
most recent results have further clar
if ied the features of the product ion 
process (among the main achieve
ments has been a separation of the 
partial reaction channels w h i c h , t hough 
not complete in the case of the neutral 
component , has made it possible to 
determine the p ion mul t ip l ic i ty of the 
mu l t ibody f inal states). The number of 
charged particles is f ound to be 
about 3.3 and the total number about 
4.4 vary ing s low ly in the energy range 
1.2 to 3.0 GeV. Furthermore, the 
existence of a new vector meson, the 
rho pr ime, w i t h a mass of about 
1.6 GeV has been found by look ing at 
the interact ion g iv ing four charged 
pions. The decay of the rho prime into 
rho and epsi lon mesons has been 
indicated. ( Ident i f icat ion of the rho 
prime in a Berkeley/Stanford exper i 
ment is described later in this issue.) 

The tota l product ion cross-sect ion 
for hadrons varies w i t h energy and 
shows a broad increase around 1.5 GeV 
where values of the order of 70 nb are 
reached. A t higher centre of mass 
energies (up to 3 GeV at Frascati and 
at 4 GeV at the CEA bypass) the cross-
sect ion, a l though decreasing, remains 
a factor of t w o to three larger than 
expected. 

The importance of these results on 

mu l t i -hadron product ion th rough elec
t ron-pos i t ron annihi lat ion mainly stems 
f rom the fact that this k ind of reaction 
represents the t ime- l ike mirror image 
of the inelastic processes in e lect ron-
nucleon scatter ing whose scal ing be
haviour has been the impetus for 
recent exci t ing theoretical approaches 
to hadron structure (partons, l ight -
cone current commutators) . 

It is clear that, in order to get a 
complete picture of the s i tuat ion, more 
data are needed and are eagerly 
awai ted f rom A D O N E , the CEA bypass 
or the more energetic and ' luminous ' 
storage r ing SPEAR n o w coming into 
act ion at Stanford. 

The t ime- l ike region of the fo rm 
factors has n o w become accessible 
in a direct manner w i t h the avai labi l i ty 
of the e lect ron-posi t ron machines and 
data on proton and pion form factors 
have been gathered. 

The first measurement of the cross-
sect ion for the reaction e lect ron-
posi t ron g iv ing proton plus ant iproton 
has been carried out at A D O N E at 
S = 4.4 G e V / c 2 and a value of (0.91 
± 0 . 2 2 ) x 1 0 3 3 c m 2 has been f ound . Up 
to this t ime on ly upper l imits for the 
t ime-reversed reaction pp - > e + e~ 
were available. This first quant i tat ive 
in format ion about the t ime- l ike region 
of the nuc leon form factors is the 
first step in a f ie ld of physics, the fo rm 
factors of the stable and unstable 
baryons, w h i c h is expected to be 
thorough ly explored by e lec t ron-pos i 
t ron machines. 

The electromagnet ic structure of 
the p ion can be investigated th rough 
the reaction e lect ron-posi t ron g iv ing a 
posit ive and a negative p ion. In this 
case, due to the one photon exchange 
mechanism, the isovector part of the 
fo rm factor is clearly measured. N e w 
data f rom A D O N E has extended pre
v ious measurements at lower energies 
performed at Orsay and Novosibirsk. 
Above a total centre of mass energy 
of 1 GeV, where the effect of the 
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The electron-positron storage ring, ADONE, at 
the Frascati Laboratory. Results from the 
experiments at ADONE were prominent at the 
Chicago Conference and are briefly reviewed 
in the article. 

(Photo Frascati) 

product ion of the rho meson should be 
reduced to a reasonably predictable 
ta i l , the observed values of the p ion 
fo rm factor are larger than expected 
and exhibi t , approximately a 1/S 
energy dependence. 

A l l of these interesting results f rom 
the 'f irst generat ion ' exper iments at 
A D O N E call for further effort invo lv ing 
more sophist icated experimental set
ups. In December 1972, A D O N E 
began a long s h u t d o w n dur ing w h i c h , 
besides general maintenance on the 
machine, three new sets of apparatus 
w i l l replace their f irst generat ion 
equivalents. 

W i th these more sophist icated de
tect ion systems larger sol id angles 
w i l l be covered. For the first t ime, 
magnet ic momentum analysis w i l l be 
prov ided in one interact ion region and 
a larger degree of automat ion w i l l be 
general ly achieved. The second half of 
1973 should see data tak ing using the 
new equ ipment at fu l l ef f ic iency. 

Further progress in this f ield requires 
higher luminosit ies and the deve lop
ment of experimental apparatus more 
sui ted to the typical An geometry of 
the events. Work is proceeding in se
veral Laboratories and in the next de 
cade e lect ron-posi t ron and, hopefu l ly 
in the future, e lect ron-proton co l l id ing 
beams, w i l l add their special k n o w 
ledge to that gained at the proton 
storage rings and the large proton 
accelerators. 

First results from the bypass 

Analysis of the first experiment carried 
out at the e lect ron-posi t ron co l l id ing 
beam faci l i ty at the Cambridge Elec
t ron Accelerator has been comple ted. 
(For a descr ipt ion of the faci l i ty, 
k n o w n as the 'bypass' since it involves 
an addi t ional special loop on the 
synchrot ron r ing, see vo l . 8 page 289 ) . 
The exper iment measured the elastic 
cross-sect ion of e lect ron-posi t ron 

scatter ing over the angular range 50 to 
130 degrees at a centre of mass 
energy of 4 GeV (i.e. 2 GeV per beam). 

The interact ion region in the bypass 
was surrounded by the detector k n o w n 
as BOLD w h i c h has a sol id angle for 
detect ion of about 2TZ. The measured 
cross-sect ion was (2.49 ± 0.28) x 
1 0 - 3 2 c m 2 w h i c h compares w i t h the 
calculated value using quan tum elec
t rodynamics of (2.82 ± 0.02) x 
1 0 - 3 2 c m 2 . There is thus no s igni f icant 
evidence of a b reakdown of quan tum 
electrodynamics at these high ener
gies. 

Dur ing the experiment, 87 events 
were observed w h i c h are consistent 
w i t h the interpretat ion of hadron pro
duc t ion in the e lect ron-posi t ron co l l i 
sions as observed at A D O N E . The 
total cross-sect ion for such inter
act ions is (8.7 ± 1.2) x 1 0 - 3 3 c m 2 

div ided by the ef f ic iency of the trigger. 
T w o extreme approaches in est imat ing 
the tr igger ef f ic iency convert the 
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Around the Laboratories cross-sect ion to a value be tween about 
1.5 x 1 0 - 3 2 and 2.9 x 10~ 3 2 . More 
accurate calculat ion of the tr igger 
ef f ic iency is n o w under way . 

Dur ing the exper iment the 1/e l i fe
t ime of an indiv idual beam was 
40 minutes wh i l e the 1/e ' l i fe t ime' of 
the init ial luminosi ty (determined by 
the doub le bremsstrahlung method) 
was about 20 minutes. The synchro
t ron was refi l led about tw i ce per hour, 
the ref i l l ing process tak ing 5 to 
10 minutes (for details of beam 
accumulat ion see vo l . 12 page 168) . 
Typical initial luminosi t ies f o l l o w i n g 
ref i l l ing were around 2 x 1 0 2 8 cnrn 2 s~ 1 

and the highest average dur ing a 
twe lve hour period was about a f i f th 
of this. Dur ing 441 hours of operat ion 
for the exper iment the overall l um i 
nosity was just over 1 0 3 4 c m - 2 . 

Since complet ion of this first data-
tak ing run many improvements in the 
bypass and the synchrot ron r ing have 
been made to prepare for an exper i 
ment w i t h higher beam energies 
(2.5 GeV per beam). 

Improvements to the bypass inc lude 
instal lat ion of quadrupole magnets of 
greater bore (10 cm) and greater 
length along the bypass central run. 
The main benefit f rom larger aperture 
is that the qual i ty of the quadrupole 
f ie ld close to the axis is improved : the 
12-po le and 20 -po le f i e l d components , 
for example, are of reduced intensity. 
A larger diameter beam pipe has been 
instal led in the new quadrupoles of the 
bypass. The larger aperture (almost a 
10 x 10 c m 2 square, but s l ight ly 
p in -cush ioned in shape, as compared 
to the earlier circular pipe of 7.5 cm 
diameter) increases the pneumat ic 
conductance and also gives room for 
cryogenic coo l ing tubes. 

Improvements in the r ing inc lude 
extensive revision of the electrostat ic 
plate system to keep the t w o beams 
vert ical ly separated in a more un i form 
manner. The process of in ject ion and 
accumula t ion of posi t rons and accu 
mula t ion of electrons, then tu rn ing 
off the a.c. component of the synchro 
t ron magnet power and sw i t ch ing the 
beams into the bypass, has been 
almost complete ly automated for 
quicker and more reliable operat ion. 

After some machine operat ion to 
opt imize performance w i t h beams of 
2.5 GeV the BOLD detector has been 
reinstalled in the bypass and a data-
tak ing run at 5 GeV centre of mass is 
under way . 

DARESBURY 
New computer 
A n I B M 3 7 0 / 1 6 5 computer has just 
been successful ly commiss ioned at 
the Daresbury Laboratory and has 
taken over f rom a 3 6 0 / 6 5 as the cen
tral computer . Instal lat ion of the new 
machine was completed on schedule 
in spite of a bui ld ing strike last summer 
w h i c h threatened to delay comple t ion 
of an extension to the computer hall . 

The new computer costs about 
£2 mi l l ion and the central processor is 
about f ive t imes as power fu l as its 
predecessor (i.e. about half as power 
fu l as the CDC 7600 ) . It w i l l meet the 
comput ing needs of Universi ty and 
resident scientists part ic ipat ing in the 
various Daresbury physics programmes 
w i t h i n the UK and at CERN. In the 
near future, data l inks w i l l connect 
compu t ing equipment in Universit ies 
and other centres remote f rom Dares

bury so that users can have access to 
the power fu l comput ing faci l i t ies 
w i t h o u t having to travel to the 
Laboratory. 

The I B M 3 7 0 / 1 6 5 has a 2 Mby te 
core store, about 850 Mbytes of disk 
storage, e ight magnet ic tape drives 
and a f ixed head f i le. Several per i 
phera ls have been retained f rom the 
3 6 0 / 6 5 inc lud ing t w o interactive gra
phics terminals. The central computer 
not on ly provides a convent ional 
batch processing service but also acts 
as the focus for a number of h igh 
speed data l inks. These data l inks 
distr ibute compu t ing power to small 
computers in a variety of systems 
inc lud ing : 1) h igh energy physics 

The new IBM 370/165 computer in action at 
Daresbury Laboratory. It has taken over as the 
central computer serving the Daresbury physics 
programmes within the UK and at CERN. 

(Photo Daresbury) 
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On the left are magnets of the ejected proton 
beam, known as Channel C, at Serpukhov. They 
are the last elements of the beam-line before 
the external target. This Channel provides 
particles for the 'Ludmila' bubble chamber. 
Channel A, which came into action a year ago, 
provides particles for the 'Mir a belle' bubble 
chamber. 

(Photo Serpukhov) 

exper iments; 2) synchrot ron radiat ion 
exper iments; 3) an exper imental 
m ic rowave communica t ion channel 
(see vo l . 12, page 206 ) . There are also 
about t w e n t y a lpha-numer ic terminals 
at tached via s lower data l inks w h i c h 
provide faci l i t ies for remote j ob sub 
miss ion, f i le manipulat ion and inter
act ive compu t ing under contro l of the 
I B M Time Sharing Opt ion . 

Instal lat ion of the new equ ipment 
was a painless process for the users of 
the computer centre. The 3 6 0 / 6 5 
was kept in operat ion wh i l e I B M 
engineers commiss ioned the new 
hardware and w h e n the f inal change
over was made the Laboratory was 
w i t h o u t an internal compu t ing service 
for on ly e ight hours. The operat ing 
system and programming languages of 
the t w o machines are complete ly c o m 
patible and in most cases the on ly 
effect not iced by users was a dramatic 
reduct ion in running t ime. 

SERPUKHOV 
Channel C 
to feed Ludmila 
A second fast ejected proton beam 
was commiss ioned in October 1972 
at the 76 GeV proton synchrot ron at 
Serpukhov. It is k n o w n as Channel C 
and w i l l serve the Ludmi la bubb le 
chamber. It jo ins Channel A w h i c h 
was launched in February 1972 
th rough the jo in t wo rk of the Inst i tute 
of H igh Energy Physics and CERN. 
The successful operat ion of the Chan
nel A eject ion system has made it 
possible to tune the r.f. separator to 
achieve an extensive exper imental 
programme w i t h the Mirabel le bubble 
chamber using beams of separated 
particles. 

The external proton beam transport 
system for Channel C was designed 
and bui l t at Leningrad wh i l e the 

kicker and septum magnets of ejec
t ion A, constructed at CERN, were 
used for def lect ing the beam into the 
Channel . The dist inct ive feature of 
Channel C is that the accelerated 
beam is ejected at a small angle to the 
equi l ibr ium orbit . This means that 
before it reaches the external target, 
s i tuated 45 m f rom the accelerator, it 
passes th rough the f r ing ing f ie ld of 
the main r ing magnet for 20 m. In order 
to overcome the defocusing effect of 
this f ie ld and to achieve the necessary 
beam qual i ty on the external target, a 
complex beam transport system has 
been constructed, consist ing of pulsed 
quadrupole lenses and correct ing mag 
nets. The h igh qual i ty of the lenses 
and magnets has made it possible to 
focus the beam on the target to a spot 
size of about 1.5 mm diameter and 
w i t h an angular dispersion of better 
than ± 2 mrad. 

The system has worked reliably for 
long periods w i t h an eject ion eff ic iency 

close to 1 0 0 % . Beam measurements 
at the external target indicate that 
h igh ly stable operat ion is being 
achieved. Instabi l i ty in beam posi t ion 
is less than 0.2 mm. This has enabled 
w o r k to be successful ly started on 
tun ing the system in con junc t ion w i t h 
the r.f. separator in order to provide 
beams for the 0.8 m 3 hydrogen bubble 
chamber, Ludmi la, w h i c h was bui l t at 
Dubna. 

BERKELEY/STANFORD 
Rho prime results 
A Berkeley/Stanford team have a n 
nounced new results f rom an exper i 
ment at the Stanford Linear Accelerator 
w h i c h has been under w a y for several 
years. From t w o mi l l ion bubble cham
ber photographs, they have col lected 
around 350 events w h i c h are inter-
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Bubble chamber picture (with background 
removed) of an event involving the creation of 
a rho prime meson recorded in a Berkeley, 
Stanford experiment. A photon, which has 
spontaneously converted into a virtual vector 
meson, has interacted with a proton. Analysis of 
this and other similar photographs led to the 
interpretation that the interaction involved a 
proton and a rho prime which is not itself seen 
since it decays in 10-™ s into rho and epsilon 
mesons (also not seen). Each of these mesons 
decays into two charged pions whose tracks 
are visible. 

preted as decays of the rho prime 
meson. 

The existence of the rho prime was 
predicted to explain some features of 
the interact ion between photons and 
st rongly interact ing particles. As m e n 
t ioned earlier in this issue the first 
evidence of its existence was u n 
earthed at Frascati at the A D O N E 
storage r ing. The new data adds much 
more in format ion on the part icle. 

The experiment used a laser beam 
back-scattered f rom the accelerated 
electrons result ing in very h igh energy 
photons (around 10 GeV) passing into 
a hydrogen bubble chamber. There 
they cou ld interact s t rongly w i t h pro
tons via the intermediary of vector 
mesons. This phenomenon has been 
k n o w n for some t ime. Photons, w h i c h 
of themselves are not s t rongly inter
act ing, can convert spontaneously into 
vector mesons and thus enter into the 
interact ion as hadrons. Three types 
of vector meson — rho, omega and 

phi — have been extensively studied 
and the knowledge thus gained has 
gone a long w a y to explain the p h o t o n -
proton interact ion. The three types 
were not however adequate to explain 
all features of the interact ion and more 
vector mesons such as the rho prime 
were predicted. 

From the bubble chamber measure
ments the mass of the rho prime is set 
at about 1.5 GeV. It can exist in 
posit ive, negative and neutral varieties. 
The meson decays in 10~ 2 4 s g iv ing 
four pions (and not t w o pions as 
expected) . The photograph shows one 
such decay where the event is analysed 
as the rho prime g iv ing rho and 
epsi lon mesons each subsequent ly 
decaying into t w o pions. 

Chicago Proceedings 
The first t w o volumes of the Proceed
ings of the XVI International Confer

ence on High Energy Physics, held at 
Chicago and N A L 6 -13 September 
1972, are n o w available. 

The Proceedings, edited by J .D . 
Jackson and A. Roberts, are being 
publ ished in four vo lumes: Vo lume 1 
Parallel sessions — Strong interact ions, 
Vo lume 2 Parallel sessions — Most ly 
currents and weak interact ions. V o l 
ume 3 Plenary sessions — Strong 
interact ions. Vo lume 4 Plenary ses
sions — Mos t l y currents and weak 
interact ions. Volumes 3 and 4 are 
expected to be available in about f ive 
weeks t ime. 

The price of the four vo lume set is 
$20 but separate vo lumes may be 
obta ined for $7. Airmai l to Europe for 
the comple te set is $15 and surface 
mail $2. Cheques should be made out 
to 'XVI Internat ional Conference on 
HEP Proceedings' and fo rwarded to 
R. Dona ldson, P.O. Box 500, Batavia, 
I l l inois 60510 . 

WISCONSIN 
Seeing the light 
A f i f th annual conference has been 
held at the Synchrot ron Radiat ion 
Centre of the Wiscons in Physical 
Sciences Laboratory to discuss re
search at the 240 MeV storage r ing, 
Tantalus, and at other synchrot ron 
radiat ion faci l i t ies th roughout the 
w o r l d . 

Interest in sett ing up research 
faci l i t ies to use the synchrotron radia
t ion emanat ing f rom orbi t ing electrons 
( in storage rings or electron synchro
trons) cont inues to increase. In add i 
t ion to the centres w e covered in the 
Apr i l issue last year (vo l . 12 pages 
130 -132 ) research is beginn ing this 
mon th at Orsay using the A C O 
580 MeV storage ring and there are 
plans to set up synchrotron radiat ion 
experiments at the 2 GeV storage r ing 
DCI n o w under construct ion. A new 
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The extended experimental area at the Cornell 
12 GeV electron synchrotron. The electron (e) 
and photon (y) beam-lines, which feed 
experiments in the area, are indicated by solid 
and dashed lines respectively. The figures refer 
to experiments listed in the text. 

group ( k n o w n as LURE — Labora-
toire pour ( 'Uti l isation du Rayonne-
ment Electromagnetique) has been set 
up under the leadership of Y. Farge. 

A team w h i c h has used Tantalus has 
moved to the Cambridge Electron 
Accelerator to carry out higher energy 
w o r k w i t h the bypass stored beams. 
Several other experiments in sol id 
state physics and b io logy are using 
l ight f rom the CEA and the Laboratory, 
w h i c h in the present USA physics 
budget s i tuat ion is f igh t ing for its l i fe, 
has proposed to the Nat ional Science 
Foundat ion that it becomes a Nat ional 
Synchrot ron Radiat ion Facility. 

In the Soviet Un ion , under the 
inst igat ion of S. Kapitza, six Labora
tories are proposing to bui ld new 
machines or modi fy exist ing machines 
to serve as l ight sources. A t Wiscons in 
there is a proposal to construct a 
1.76 GeV electron storage r ing to be 
used solely as a synchrot ron radiat ion 
source. This proposal is n o w being 

examined by the National Science 
Foundat ion. 

A t the annual conference some 
topics f rom the research at Wiscons in 
attracted particular at tent ion. A group 
f rom Il l inois led by F.C. B rown has 
been s tudy ing the absorpt ion of syn 
chrot ron radiat ion by solids and gases. 
They have used photon energies in the 
range 30 to 300 eV and have observed 
the absorpt ion of th in f i lms of sol ids 
such as s i l icon, alkali metals, etc., and 
of po lyatomic gases such as si l icon 
tetraf luor ide retained in a gas cel l . The 
spectra that they obtain are so refined 
by n o w that details can be d is t ingu ish
ed w h i c h are due to the density w i t h 
w h i c h energy states are occupied and 
to col lect ive electron effects. W i th i n 
creasing experience, ways of ident i fy
ing the dif ferent phenomena, w h i c h 
are produc ing features in the spectra, 
are emerging. 

A Wiscons in experiment by 
W . M . Yen and L.R. Elias has looked at 

absorpt ion spectra of tr ivalent rare-
earth ions held in lanthanum f luor ide 
crystals using wavelengths between 
1250 and 3 0 0 0 angstroms. Strong 
absorpt ion bands are seen w h i c h can 
be assigned to electrons being l i fted to 
higher energy levels and a lot of 
in format ion on the possible transit ions 
has been gathered. This is l ikely to 
have practical appl icat ion in the devel 
opment of sol id state lasers in the 
wave leng th range f rom 2000 to 4 0 0 0 
angstroms. 

A surpr is ing recent result came f rom 
the w o r k of H.W. Ellis and J.R. Steven
son of Georgia w h o looked at the 
synchrot ron radiat ion f rom Tantalus in 
the infra-red region. They found that 
the radiat ion intensity at long w a v e 
lengths, beyond 10 [Jim, was higher 
than f rom a convent ional black body 
source ( the wave leng th where syn 
chrotron radiat ion becomes compe
t i t ive depend ing on the stored electron 
current) . Particularly at the proposed 

IO Meters 
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MODULATORS ELECTRICAL 

PRE-INJECTOR 

Planned location of the 70 MeV injector 
to feed the proton synchrotron, Nimrod, at the 
Rutherford Laboratory. It will take over from 
the existing 15 MeV linac and should increase 
the accelerated proton beam intensity by a factor 
of five. 

new Wiscons in storage r ing or at the 
higher energy machines elsewhere, 
synchrot ron radiat ion faci l i t ies cou ld 
better the present experimental possi
bi l i t ies for research at infra-red w a v e 
lengths. 

Summer Institute 
From 13 -26 Augus t 1973 an ' In terna
t ional Summer Inst i tute on Particle 
Interact ions at very h igh Energies' has 
been organized by the Universite 
Cathol ique de Louvain and the Tech -
nische Hochschule Aachen . The Inst i 
tute w i l l be held at Louvain. Further 
in format ion may be obta ined f rom 
D. Speiser, Director of the Summer 
Inst i tute, Inst i tute for Theoret ical 
Physics, Celesti jnenlaan 200 D, 3030 
Heverlee, Belg ium. 

CORNELL 
Experimental 
area doubled 
The area available for exper iments at 
the Cornell 12 GeV electron synchro
t ron has recently been doub led w i t h 
the complet ion of an extension to the 
or iginal area. The increase in space 
makes it possible to use the beams 
more eff ic ient ly and to have more 
f lex ib i l i ty in schedul ing the exper i 
mental programme. 

Four experiments are current ly in 
progress: Electroproduct ion of rho 
mesons being carried ou t by a Cornel l 
g roup indicated at posi t ion (1) on the 
d iagram; Photoproduct ion of the 
omega meson using tagged photons 
by a Rochester, Cornell g roup at pos i 
t ion ( 2 ) ; Eta and neutral p ion Prima-
koff effect by a Cornel l , B inghamton 
group at ( 3 ) ; Inclusive posi t ive and 
negative p ion, posit ive and negative 
kaon and proton e lect roproduct ion by 
a Harvard group at (4 ) . 

Three other experiments are sett ing 
up : A Cornel l , Ithaca group w i l l s tudy 
mult ip l ic i t ies in deep inelastic electron 
scatter ing at ( 4 ) ; A Cornell g roup w i l l 
s tudy mult ipart ic le f inal states in 
e lect roproduct ion at ( 5 ) ; A Cornel l , 
Harvard, B inghamton group w i l l s tudy 
inclusive posit ive and negative p ion, 
posit ive and negative kaon and proton 
e lect roproduct ion at (6 ) . There w i l l 
also be a test faci l i ty at posi t ion (7 ) . 

RUTHERFORD 
New injector for Nimrod 
Not long ago the 7 GeV proton 
synchro t ron, N imrod, at the Ruther
ford Laboratory had its head on the 
b lock in the context of seeing wha t 
internal economies cou ld be made to 
ensure UK part ic ipat ion in the 300 GeV 
project. But the axe did not fal l . On the 
contrary, towards the end of last year 
the Science Research Counci l foresaw 
Nimrod being in operat ion unt i l the 
end of the decade. To improve the 
machine's capabil i t ies in the coming 
years, the construct ion of a new 
70 MeV injector has been author ized. 

The new injector w i l l take over f rom 
the exist ing 15 MeV linac and the 
higher energy is expected to increase 
the N imrod intensity to 1 0 1 3 protons 
per pulse. This is a factor of f ive 
higher than the peak ejected beam 

intensity of 2 x 1 0 1 2 w h i c h is expected 
to be achieved w h e n a second 
harmonic r.f. system is brought into 
act ion th is year. Wi th an intensity of 
a f e w t imes 1 0 1 2 at 15 MeV in ject ion 
energy, the machine is bump ing into 
its space charge l imit. Hence the need 
for a higher energy injector. 

Design w o r k has been underway for 
some t ime. The major constraint, as 
usual, is money and ways of l imi t ing 
effort and cost have been found . It is 
hoped to bui ld the injector for around 
£1 mi l l ion and the money w i l l be 
found by internal budget shuf f l ing 
rather than by asking for ' new ' money. 

The injector w i l l be bui l t a longside 
the exist ing 15 MeV linac (as s h o w n 
in the diagram) and w i l l use exist ing 
components where they are suitable. 
This appl ies in particular to tanks 2 
(10 to 30 MeV) and 3 (30 to 50 MeV) 
w h i c h w i l l be moved over f rom the 
PLA (50 MeV proton linear accelerator) 
w h i c h was closed d o w n at the Labora
tory in 1969. There w i l l be four tanks 
in al l . Tanks 1 and 4 w i l l be model led 
on the equivalent tanks in the Brook-
haven 200 MeV linac. 

The pre- in jector w i l l operate at 
665 keV w i t h a duoplasmatron ion 
source and a medium gradient co lumn 
(16 k V / c m ) . Beam transport equ ip 
ment w i l l be convent ional plus a phase 
ramping debuncher as used at Saclay 
(see vo l . 1 1 , page 76 ) . 

The new injector is designed to 
achieve an intensity of 75 mA w i t h a 
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500 ^s pulse length at a pulse repet i 
t ion rate of 1 Hz. Commiss ion ing is 
scheduled for the Spr ing of 1975. 
Unt i l h igh reliabil i ty of the new 
machine is assured, both injectors w i l l 
be available to feed the synchrot ron 
r ing. 

N imrod turned in its best year's 
performance in 1972 w i t h 5400 hours 
of good beam t ime. The ef f ic iency in 
the scheduled t ime al located to h igh 
energy physics research was just over 
90 %. Ejection eff iciencies were also 
improved. Th in -septum, energy- loss 
eject ion systems are n o w in act ion for 
all three eject ion channels and dur ing 
1972 the highest number of protons 
per pulse ejected d o w n channel X3 
was just over 1.3 x 1 0 1 2 . The machine 
is n o w having a we l l earned rest 
dur ing a long shu tdown (February to 
Apr i l ) . 

EPS Divisions for 
high energy 
and nuclear physics 
The February issue of the Bul let in of 
the European Physical Society reports 
the activit ies of Divisions of the EPS 
devoted to High Energy and Particle 
Physics and to Nuclear Physics. 

The HEPP Division init ial ly operated 
under an interim board chaired by 
A. Z ich ich i (after the death of P. 
Preiswerk) but a new board has n o w 
been elected — M. Froissart (Chair
man) , G. Charpak (Secretary), A. 
Bald in, G. Bernardini , J . Hami l ton , 
H. Lipkin and W. Paul. 

The Divis ion organized an EPS 
Conferenceon 'Meson Resonances and 
Related Electromagnetic Phenomena' 
in Bologna and an important future 
act iv i ty is its involvement in the orga
nizat ion of the next European C o n 
ference on High Energy Physics w h i c h 
is sponsored by the EPS and the 

French Physical Society. This C o n 
ference w i l l be held in A ix -en-Provence 
f rom 6-12 September and is expected 
to we lcome about 600 physicists. The 
emphasis at the Conference w i l l be 
physics at very high energies. The 
fo l l ow ing Conference in this European 
Conference series, w h i c h w i l l possi
bly be held in Italy in 1975, is already 
under considerat ion as an HEPP 
Divisional Conference. 

Other concerns of the Division are 
the future developments at national 
Laboratories in Europe and their rela
t ionsh ip w i t h CERN. (This is under 
invest igat ion also by the European 
Commit tee for Future Accelerators, 
ECFA). Also the Division is sensit ive to 
the many rapid changes occurr ing in 
the high energy physics commun i t y 
and in the pol i t ical background w i t h i n 
w h i c h it works . It is intended to give 
more at tent ion to assessing f inancial 
means and numbers of physicists (and 
perhaps of specialized technic ians) 
available for high energy physics in 
Europe in coming years. 

The Nuclear Physics Division is also 
preoccupied by a fo r thcoming c o n 
ference — ' Internat ional Conference 
on Nuclear Physics' to be held at 
M u n i c h f rom 27 Augus t to 1 Septem
ber. It is being organized by the t w o 
local Universit ies under the sponsor
ship of the EPS and IUPAP. Since the 
nuclear physics sections of nat ional 
societies w i t h i n Europe already have 
meetings of h igh standard, the Divis ion 
is general ly l ikely to help extend the 
scope of some meeting of this charac
ter to serve as Europhysics Divisional 
Conferences. International summer 
schools are being organized by nat io
nal groups — such as in Poland 
(Rudziska and Zakopane schools) and 
Romania (Predeal) . 

The Divis ion is also pressing the 
EPS to establish a European equivalent 
of the Bul let in of the Amer ican Physical 
Society in connect ion w i t h the inter
nat ional izat ion of national conferences. 

The interim Board of the Divis ion is 
L.L. Green (Cha i rman) , C. van de Leun 
(Secretary), N. Cindro, A. Corciovei , 
H. Faraggi, I. Lovas, Th. Mayer-
Kuckuk, O.B. Nielsen, S.G. Ni lsson, 
R. Nordhagen, R.A. Ricci, A. Strzal-
kowsk i and Y. Talmi. 

Sweden's route 
to Laboratory II 
A n English translat ion has been pub 
lished of 'Sweden and CERN II — the 
Research Pol icy Debate 1 9 6 4 - 1 9 7 1 ' . 
The report was prepared by A. Hade-
nius f rom Uppsala University for the 
Swedish Commit tee on Research Eco
nomics, FEK (a sub-commi t tee of the 
Swedish A tom ic Research Counci l — 
the contact organizat ion for CERN — 
and of the Natural Science Research 
Counc i l ) . It charts the important 
stages en route to Sweden 's decision 
to part icipate in Laboratory I I . 

The debate prior to the decision was 
intense especial ly in the early stages, 
w i t h much oppos i t ion f rom w i t h i n the 
scient i f ic commun i t y itself. The report 
has some very sharp comments about 
att i tudes and techniques taken up 
by the part ic ipants in the debate. It is 
also underp inned by a very interesting 
discussion on scienti f ic research 'doc
tr ines' and their relat ionship to the 
activi t ies of society at large. 

Copies may be obtained at a cost 
of 15 Swedish c rowns f rom the 
Editorial Service, Box 23136 , S -10435 
Stockho lm 23, Sweden . 
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ULTRATEST M 
Remote Control Leak Detector 

New portable helium leak detector 
easy to operate and handle, light 
weight, little space, without stand-by 
pump system, a multi-purpose unit 
for leak testing of vacuum and 
pressure systems. 

Great flexibility and high detection 
efficiency allow manifold applications 
of the ULTRATEST M: servicing 
of in-line production systems, in 
single-part production and difficultly 
accessible plant and installation. 

Great sensitivity - high pumping 
speed 
Smallest detectable leak rate: 
2 x 10~ 1 1 torr Itr/sec Maximum 

pumping speed at intake connection: 
20 Itr/sec 

Mobility and flexibility 
easily portable due to low weight 
and carrying handles. 

Great simplicity of operation 
On or off-switching only of vacuum 
pump system. Operation by remote-
control module; visible and audible 
indication. Control module portable 
on shoulder straps, may be removed 
up to a distance of 35 m from the 
analyzer system. 

High efficiency analyzer system 
with magnetic and electrical deflec
tion of the ion beam. Novel-type 

mass spectrometer with Two-
Direction Focussing. 

Reliable ion source 
due to permanently heated anode 
and two burnout-proof cathodes. 
Total pressure measurement as by 
an ionization gauge with electronic 
cutout. 

Please ask for detailed information. 
We shall be glad to send 
you the complete data sheet of the 
ULTRATEST M. Your Leybold-
Heraeus engineer will advise you 
upon request and give you a free 
demonstration of the ULTRATEST M 
in our laboratory or at your site. 

Un 
contact^ 

direct . 

„Know how" is no idle slogan with us, but knowledge 
from experience. You can profit by it. A discussion 
with our experienced sales engineers will help 
to solve your problems. Take this chance. Talk to us. 

L E Y B O L D - H E R A E U S 
5000 Koln 51 • Postfach 51 07 60 
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benilec s.a. 
N E W from P R I N C E T O N G A M M A - T E C H . 

Ultra Pure Germanium RAdiat ion De tec to r s -UPGRAD series 
Shipping and storage at room temperature. 
No warm-up problems. No Ion Pump necessary. 
UPG R A D detectors do not require factory reprocessing if 
a l lowed up to room temperature. Just refill cryostat w i th l iquid 
nitrogen to obtain original detector performance. 

T Y P I C A L S P E C T R U M 

F . W . H . M . = 164eV 

N O T E benilec s.a. can supply and maintain partial or complete 
systems from our principals w ide range of products. 
P R I N C E T O N G A M M A - T E C H . Detectors Ge(Li) 's , Si(L i ) 's , 
Si. Surface Barrier. 
T E N N E L E C I N C . N.I.M. modules. Ultra linear, low noise 
amplifiers etc. 
N O R T H E R N S C I E N T I F I C I N C . Wide range of P.H.A. sys
tems and A.D.C.'s. 

G.E.C. E L L I O T T A U T O M A T I O N L T D . for CAMAC. 

For more information contact BOB BROOMFIELD. 

benilec s.a. 
As from 1 March our address wi l l be: 
18, rue Hoffman - 1202 GENEVE 
T E L (022) 33 23 20 / 33 23 29 - TELEX 28268. "BELEC" 

^ ^ ^ ^ 

Precision roller chains and 
wheels for power transmission 

Chains, wheels and attachments 
for mechanical handling 

Gears and Gear units 

Couplings, clutches and brakes 

Variable speed systems 

And most other associated products for 
power transmission and mechanical handling 

For technical advice on the complete range of power transmission products: 

REN OLD (SWITZERLAND) GmbH 
RINGSTRASSE 16 • POSTFACH • 8600 DUBENDORF 
Tel: 01 85 95 85 Telex: 55574 

RENOLD (SWITZERLAND) GmbH 
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E U R O V A I M 

SAUVIN, SCHMIDT S.A. 
Demenagements (membre EUROVAN) 

Service fret avion (agent IATA) 

Camionnage officiel CFF 

G E N E V E 

Gare de La Praille Tel. (022) 43 80 00 

Q U R T A L 
Route de Porrentruy 74 
2800 DELEMONT, Suisse 
Tel. (066) 22 39 44 

Production d'outils coupants et 
de pieces speciales en carbure 
de tungstene. 

Bureau de construction 
d'outils speciaux. 

Laboratoire de recherche en 
nouveaux procedes d'usinage. 

Construction de machines 
pour pieces speciales 
de haute precision. 



Observation of random transient waveforms—difficult, if not imposs 
ible with ordinary c.r.t. 'scopes—is made simple with the EEV Storage 
Tube. 

A full brightness image with continuous viewing can be re
tained for several minutes—and with added circuitry this can be 
extended to ten minutes or more. Under 'hold' conditions ^ 
an image may be stored for days. The tube can also be 
used as a conventional c.r.t. with post deflection 
acceleration. ^ 

No viewing hood is necessary; good, clean j 
photography of waveforms is as easy as taking a \ 
family group. No expensive recording cameras 
are required and film is saved because the wave 
shape can be adjusted as required before exposing. 

Quite an achievement isn' t it ? How is it done ? 
Conventional c.r.t. 's have one electron gun. The EEV 

J l tube has two. One of them, the flood gun, is capable 
of illuminating the whole screen whilst the other— 

the writing gun—has a finely focused beam which 
writes information on a storage mesh, so producing an 

f ' electronic stencil'. The flood gun' s electrons flow through 
this stencil, lighting up the pattern on the fluorescent screen. 
This gives an image that is not only longer lasting, but also 

bright enough for full daylight viewing. 
The EEV rectangular type E714 is unique, and represents 

a major step forward in the design, manufacture and appli
cation of Storage Tubes—the latest proof of EEV knowhow. 

Please write or telephone for further information. 

E E V k n o w h o w . 
E N G L I S H E L E C T R I C V A L V E C O L T D . C h e l m s f o r d , Essex, Eng land , C M 1 2 Q U . T e l : 0245 61777 . T e l e x : 99103 . G r a m s : E n e l e c t i c o C h e l m s f o r d . l 
A member of THE GEC ELECTRONIC TUBE CO L T D , a management company wh i ch unites the activit ies of English Electric Valve Co Ltd and The M-0 Valve Co Ltd 

keeping up-to-date on the 
newest developments in the 

DETECTION AND 
MEASUREMENT OF 
• LIGHT 
• X RAYS 
• * RAYS 
• PARTICLES 
is part of your job, let us 
help you, without obligation, 
by enrolling you in Philips' 

FREE TECHNICAL 
INFORMATION 
SERVICE. 
A reply to this advertisement 
will place your name on our 
circulation list. Please write to: 

Philips Industries 
Elcoma Division - Geb. BF1 
Nuclear Devices Group 
Eindhoven -The Netherlands 

Informat ion wi l l be 
suppl ied on the fo l lowing 
nuclear devices and their 
appl icat ions: 

Photomult ip l iers 
Photoscint i l lators 
Light guides 
Light pulse sources 
Photo tubes 

Semiconductor radiation detectors 

Ge (Li)true coaxial 
Double and single open ended 
Germanium intrinsic planar 
Si (Li) X-ray 
Si (Li) part ic le 
Si l icon surface barrier 
Si l icon dif fused 

Charge sensit ive preampli f iers 
Cryostats 
Dewars 

Geiger Mul ler tubes 
Proport ional counters 

Channel e lectron mult ipl iers 
Channel plates 

Neutron generator tubes 

E l e c t r o n i c 
C o m p o n e n t s 
a n d M a t e r i a l s P H I L I P S 
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Peripheral 
Interfaces 
for extending and emphasising the 
flexibility of CAMAC data handling systems. 

7 0 6 4 Per iphera l Reader T T L Level (Paper tape reader, etc) 

7 0 6 5 Per ipheral Dr iver T T L Level (Paper tape p u n c h , etc) 

7 0 5 7 Per ipheral Reader BSI Level 

7 0 5 8 Per iphera l Dr iver BSI Level 

i t Sui table for interfacing to a w i d e range of p e r i p h e r a l s : -
Teletypewri ters - Line Printers - Paper T a p e Readers - Paper T a p e 
P u n c h e s - M a g n e t i c T a p e Units 

i t Incorporat ing h a n d - s h a k e method of s y n c h r o n i s i n g the operat ion to 
the s p e e d of the peripheral 

i t Posit ive and Negat ive logic data outputs 

i t C o m m o n c o m m a n d structure s impl i f ies sof tware 

T e l e t y p e C o m p a t i b l e I n t e r f a c e s : 

7 0 4 3 Teletypewriter Driver or general p u r p o s e eight bit serial iser (very 
l o w cost ) 

7061 Fully Dup lex Interface be tween C A M A C da taway a n d a serial 
teletype c h a n n e l , e.g. A S R 3 3 / 5 5 

Sui table in a number of conf igura t ions 

i t Input M o d e 

i t Output M o d e 

i t Input reflected onto the output 

i t Wi th s imu l taneous but independent input a n d output 

i t Data Link be tween C a m a c instal lat ions wi th strobe s o u r c e s adjusted 
to increase transfer rate 

R e q u e s t 1 9 7 3 C A M A C Cata logue No. 66 . 

4 N U C L E A R E N T E R P R I S E S L IMITED 
B a t h R o a d , B e e n h a m , R e a d i n g R G 7 5 P R , E n g l a n d . T e l : 0 7 - 3 5 2 1 2 1 2 1 . T e l e x : 8 4 4 7 5 . C a b l e s : D e v i s o t o p e , W o o l h a m p t o n . 

Associate Companies: Germany: Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 Munchen 1 5, Germany. Telephone: 53-62-23 Telex: 529938 
U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 Telephone: 415-593-1455 Telex: 348371. 
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A N A L O G I C t I I N F O R M A T I O N f 
rVACUUM 
AUTOMATION 

VACUUM 
AUTOMATION 
VACUUM 
AUTOMATION 

VACUUM 
.AUTOMATION 

I 
N E W 

K O N T R O N E L E C T R O N I C A G 

r e p r e s e n t s A N A L O G I C 

• A/D Converters - up to 16bits, w i th speeds to 8{j.sec 
for a 15-bi t conversion. 

• D/A Converters - up to 1 6bits, w i th throughout rates 
to 4MHz at 16 bits; including gl i tch-free designs at 
comparable speeds and resolutions. 

• Digital Panel Meters - f rom 2%-digit economy de
signs to state-of- the-art 4%-d ig i t ins t ruments . . .28 
standard designs cover every class of application. 

• Multiplexers - 4 to 16 channels per module; ultra
high impedance. 

• Sample/Holds - aperture t ime as low as 5nsec; 
acquisit ion t ime < 1[xsec. 

• Amplifiers - fast-sett l ing inverting and differential 
design; low- level , low-noise/dr i f t designs; program
mable-gain designs; vol tage-to-current converters for 
DAC-output interfacing. 

• Power & Reference Supplies - miniature and 
standard modules. 

• Complete Systems - computer-compat ib le M U X / 
A D C / S - H / D A C systems; l ow and high level data-
acquisit ion systems; industrial digi t iz ing systems; MUX 
expanders and DAC distr ibutors; simultaneous sample-
hold systems. 

Ask for deta i led i n f o r m a t i o n 

A u t o m a t i o n o f v a c u u m ? 

B A L Z E R S c o n t r o l s a n d 

r e g u l a t o r s a r e t h e a n s w e r ! 
K o n t r o n E l e c t r o n i c A G 
Bernerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 

Ask for literature giving details of full range and charging unit 

R . A . S T E P H E N & C O . L T D . 

MILES ROAD — M I T C H A M — ENGLAND C R 4 3 Y P 

Vacuum relays with one fixed or two variable switching 
points and automatic control valves meet the requirements 
of your automated process regarding accurate mainte
nance of a pressure or pressure range. The controlling 
or regulation instrument you need is included in the 
BALZERS programme. Reliability, quick response and 
reproducible setting of switch points are 
their main features. These BALZERS 
instrument are 1/4-19" rack 
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Il y a maintenant une alternative au Time-Sharing 
qui se rentabilise en quelques mois. 

Laquelle? Pour le savoir; remplissez I'encart ci-dessous. 
En investissant, une fois pour toutes, quelque fr. 30000.—, 

vous disposez de votre propre Modele 30, calculateur 
autonome et puissant, qui remplace avantageusement un 
terminal de timesharing. 

Le clavier, de type machine d ecrire,est totalement conver
sation nel; il permet d'acceder directement d la memoire utilisa-
teur interne,dune capacite maximale de 8Koctets,programmable 
en BASIC, et qui, par adjonction dune serie de blocs de fonction 
enfichables, peut atteindre 16K octets. Le calculateur peut en 
accepter simultanement 8; appeles par clavier, ils permettent de 
resoudre, par Taction d'une seule instruction, de nombreux pro-
blemes particulierement complexes, inversion de matrices et 
chaTnes de caracteres. 

Le Modele 30 permet egalement d'afficher jusqu'd 32 carac
teres alpha-numeriques, comprend une imprimante par page 
imprimant 80 caracteres par ligne d la vitesse de 250 lignes par 
minute, une memoire incorporee d cassette avec recherche bidirec-
tionnelle ultra-rapide sous systeme d'interruption et un lecteur de 
cartes automatique; enfin, il est connectable d tous les peripheri-
ques communs d la gamme des calculateurs Hewlett-Packard 
de la serie 9800. 

# Langage BASIC. Le langage BASIC, langage universel, 
simplifie la programmation. II existe une vaste serie de 
bibliotheques de programmes ecrits en BASIC, testes par les 
utilisateurs, allant des applications scientifiques, de genie civil et 

de statistiques, aux travaux commerciaux courants,tels que 
letablissement des feuilles de paie, la facturation ou la gestion 
des stocks. 

Ces caracteristiques, auxquelles viennent s'ajouter la puis
sance du calculateur et ses possibility de mise au point des 
programmes permettent au Modele 30 de resoudre rapidement 
des problemes extremement complexes. II peut done effectuer 
immediatement la plupart des tdches qui, sans lui, attendraient 
leur tour etre traitees par I'ordinateur central. Comme tous les 
autres produits Hewlett-Packard, le Modele 30 benefice d'un 
reseau de 172 points de vente dans 65 pays, qui assurent le 
service apres-vente. 

Pour recevoir une documentation complete sur ce nouveau 
venu dans la grande famille des calculateurs Hewlett-Packard, 
remplissez le coupon-reponse ci-dessous. 

HEWLETT jj^ PACKARD 

Hewlett-Packard (Schweiz) A G , Zurcherstrasse 20,8952 Schlieren 
Tel. 01 9818 21 

I t e l . 
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•NET 
Un groupe de niveau europeen 
dans 
la prestation de services 
N e t t o y a g e indust r ie l 
N e t t o y a g e d 'ate l iers, bu reaux , labora to i res , c l i n i ques 

H y g i e n e , d i s i n f e c t i o n , des insec t i sa t i on , dera t i sa t ion 

Pres ta t ions de ma in -d 'oeuv re 
M a n u t e n t i o n s 

Office nouveau du nettoyage ONET 
1 3 0 0 8 - M A R S E I L L E 12 b is , bou leva rd Pebre te l . (91) 7 3 2 8 5 0 
7 5 - P A R I S 4 et 6 , rue d u B u i s s o n - S a i n t - L o u i s - X e t e l . (1) 2 0 8 1 5 5 7 
GENEVE 5 5 / 5 7 , rue P r e v o s t - M a r t i n te l . 2 5 7 8 8 8 
7 4 - A N N E C Y 6, avenue de M a n d a l l a z te l . ( 5 0 ) 4 5 4 6 4 1 
0 1 - S A I N T - G E N I S R o u t e de Geneve te l . ( 5 0 ) 4 1 1 2 0 7 

Fourn isseur d u C E R N a Geneve , d u CEA a M a r c o u l e , Pierre lat te, La H a g u e , 
d u C E N a G r e n o b l e , de I ' O M S et de I 'ONU a Geneve . 
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Key features Equivalent circuit 

Output current in excess of 1 Amp 
No external components 
Internal thermal overload protection 
Internal short circuit current limitting 
Output transistor safe-area compensation 
Available in the TO-220 and 
the TO-3 package 
Delivery from stock 
Low cost 

Exclusive representative: 

W M O O R A C 
MOOR HALBLEITER-PROGRAMM 

Berating • Engineering-Service 

Halbleiter/Elektronikbauteile/Starkstromzubehor/Metaile 
W.Moor AG Elektro-lndustriebedart Bahnstrasse 58 8105 Regensdorf Tel. 01/71 6644 
W. MoorSA Materiel electrique et electronique 3, Avenue des Cerisiers 1023 Crissier/Lausanne Tel. 021/35 54 44 

94 



FIVES LILLE -CAIL 
Groupe Babcock Fives 

Mecanique et chaudronnerie lourdes 
Masses polaires en acier moule 
Tuyauteries en aciers allies et inox 
Portes, dalles et bouchons 
Compresseurs d'air et de gaz 
Turbines, groupes turbo-alternateurs 
Traitement des minerais d'uranium 
(broyeurs, centrifuges de fi ltration, etc) 
Appareils de levage et manutention, 
ponts roulants 
Pieces sur plans 

Heavy mechanical engineering and 
platework 
Cast steel magnets 
Alloy and stainless steel tubing 
Air tight doors, plugs 
Air and gas compressors 
Turbines, turbo-generators 
Uranium ore processing 
(grinding mills, centrifuges, etc) 
Hoisting and handling equipment, 
overhead travelling cranes 
Job-engineered parts 

7, rue Montalivet - PARIS 8 e 

a 265.22.01 et 742.21.19 - Telex : FIVCAIL 65328 

Code postal : 75383 PARIS CEDEX 08 

Telegr. : FIVCAIL-PARIS 

For years a useful help at CERN 
Multi-Purpose Machine Tool 

UW1 
for turning milling drilling slotting 

Centre lathe UW 1 

Vertical 
milling machine 
UW 1 

^ Maschinenfabrik 

Meyer & Burger AG 
CH-3613 Steffisburg-Station Tel. 033 / 37 21 21 

Telex 33 233 
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ATELIERS DE CONSTRUCTIONS 
ELECTRIQUES DE METZ 
Societe A n o n y m e au capital de 2 4 0 0 0 0 0 francs 

Siege soc ia l : 

7 -11 , rue Clo t i lde-Auber t in 
5 7 - M E T Z 
Service commerc ia l : 

Voie romaine - Pont -de-Semecour t 
57 - M A I Z I E R E S - L E S - M E T Z 

Transformateurs de puissance 
a refroidissement a air, a I 'huile, au pyralene 
jusqu'a 110 000 vol ts 

U s i n e d e M e t z : 

Transformateurs de 2500 a 100 0 0 0 KVA 

Te lephone : 68 6 0 8 0 et 6 8 9 0 8 0 
Te legramme: ELECTRICMETZ 
Te lex : 86237 F ACEMETZ 

U s i n e d e M a i z i e r e s - L e s - M e t z ( 5 7 ) : 
Transformateurs de 25 a 2000 KVA 

Te lephone : 60 2611 
Te lex : 86418 F A C E M A I Z I 

The tapered s l abb ing a n d reaming dr i l l is 
e c o n o m i c a l a n d ve ry use fu l 

DRILLFILE 
s p e c i a l d r i l l 

for the economica l moun t i ng of car aerials and car 
radios, car cal l ing units as we l l as te lecommunica t ion 
devices DRILLFILE is recommended by leading f i rms 
all over the w o r l d . In its measurements DRILLFILE 
accommodates all requirements. 

TIPSWITOOL 
1564 DOMDIDIER/Switzerland 



Frightened away by the high cost 
of starting a CAMAC system? 
Used to be, the most basic CAMAC system re
quired an investment of $10,000 to $12,000. 
This amount wou ld cover the crate, power sup
ply, terminator module, cable, Type A-1 crate 
control ler, and branch driver. The last item 
alone accounted for the l ion's share of the c o s t 

While the branch dr iver is unquest ionably 
the most pract ical and versati le computer inter
face for large and complex CAMAC systems, 
we have blazed trai ls to develop a less cost ly 
alternative that wou ld satisfy the needs of 
70-80% of ail CAMAC users. 

Frankly, the result exceeded our expecta
t ions. 

You can see it in the extreme r ight-hand 
station of the CAMAC crate in the photo. This 
module, cal led the DC-011, is dedicated to 
performing the dual role of control ler and com
puter interface. You can use several of them in 
mult i-crate systems. The DC-011 has a number 
of funct ional advantages—fast data transfer, 
f lexible interrupt structure, software options for 

point address increment ing, etc .—but none are 
as l ikely to impress you as its low pr ice. 

Thanks to this breakthrough, we can now 
supply a complete basic CAMAC system l ike 
the one shown here—powered crate, cable, 
and DC-011 (everything you need except the 
PDP-11 computer)—for less than half of what 
you'd pay for a comparable system using a 
branch driver and Type A-1 crate control ler. 

For ful l detai ls, contact your nearby Ortec 
representative or EG&G/Or tec High Energy 
Physics Products, 500 Midland Road, Oak 
Ridge, Tenn. 37830. Phone (615) 482-4411. In 
Europe: Ortec Ltd., Dal iow Road, Luton, Bed
fordshire. Phone LUton 27557. Ortec GmbH, 8 
Munchen 13, Frankfurter Ring 8 1 , West Ger
many, Phone (0811) 359-1001. 

A E G s G / O R T E C 
HIGH ENERGY PHYSICS 



INI SPECTRUM ANALYSER 

A CAMAC SYSTEM FOR PULSE HEIGHT ANALYSIS 
This system was developed in CAMAC in order to achieve the versati l i ty required to fulfi l 
the varying needs of the nuclear physicist. The basic system may be expanded to perform 
any specif ic tasks covered by the current range of CAMAC modules* . Addi t ional computer 
peripherals may be used to increase the power of the system. Included in the basic 
system is a dual cassette recorder to faci l i tate fast data handl ing and program loading. 
The computer memory is expandable to 64K, but only 8K is required for use wi th the 
standard system programs. 

16K of system software is currently available. This includes programs for acquisi t ion and 
analysis of spectrums up to 4096 channels and a Basic enabl ing the computer to be 
used as a powerful desk calculator. All programs include a facil i ty for fully automatic 
operat ion by means of a macro-programming technique. 

* The current range of SEN CAMAC consists of 37 different modules. 

For further information contact: 

e l e c t r o n i q u e 3 1 , av. Ernest -P ic te t - 1 2 1 1 GENEVA 13 - SWITZERLAND - Te l . (022) 44 29 40 

BENELUX^ : S E N E l e k t r o n i k " Haidbrook 23 - Postfach 223 - D-2 Wedel/Hmb. 

REPRESENTATIVES ! 
Denmark: J . FJERBAEK i/s, Ingenior, M. AF I 

Hoeghsmindevej 23, 2820 Gentofte/Copenhagen 
France: ORTEC SARL, 2, Quai du Pare, F-94 Saint-Maur 
Italy: ORTEC-ltal ia S.p.A., Via Monte Suello 9, 1-20133 Milano 
South Africa: DENBIGH SMITH & PHILLIPS LTD., 

Honiton Road 33, Plumstead, Cape 

Sweden: 
U K : 

USA & 
Canada: 

POLYAMP AB - Fack - S - 1 6 3 04 Spanga 
ORTEC LTD. - Dalroad Industrial Estate - Dallow Road 
Luton Lu11su/Beds 

EG & G / O R T E C - 100 Midland Road - OAK Ridge, Tenn. 37830 

98 



The new standards in discriminators 

M o d e l 6 2 1 L Q u a d V a r i a b l e T h r e s h o l d 
D i s c r i m i n a t o r i s an e x t r e m e l y versa t i l e 
i n s t r u m e n t w i th p e r f o r m a n c e c h a r a c t e r 
is t ics espec ia l l y c h o s e n fo r l a rge -sca le 
g e n e r a l - p u r p o s e use. 

:•: C o n t i n u o u s l y v a r i a b l e t h r e s h o l d f r o m 
—30 mV to —600 mV. L o w m i n i m u m 
t h r e s h o l d pe rm i t s p r o p e r b a c k - t e r m i 
na t ion o f p h o t o t u b e s or a l l ows use o f 
sma l l p h o t o m u l t i p l i e r s w i t h o u t the ne 
cess i t y for a sepa ra te amp l i f i e r . 

F i d d l e - f r e e t h r e s h o l d a n d w i d t h c o n 
t r o l s a re s c r e w d r i v e r - a d j u s t a b l e . Re
c e s s e d b e h i n d the f ron t pane l , t hey 
c a n n o t be c h a n g e d i nadve r ten t l y du r 
ing t he cou rse o f an e x p e r i m e n t . 

:•: C o n t i n u o u s l y v a r i a b l e o u t p u t w i d t h 
c o n t r o l s f r o m 5 ns to 1 /xs is the w i d 
est c o n t i n u o u s range o f f e red by any 
d i s c r i m i n a t o r in its c lass . 

100 M H z o p e r a t i o n : T h e d o u b l e - p u l s e 
r e s o l u t i o n o f 8 n s p r o v i d e s a m p l e 
s p e e d for mos t l a rge -sca le g e n e r a l -
p u r p o s e a p p l i c a t i o n s . 

:•: H i g h f a n - o u t : Each c h a n n e l o f fe rs s ix 
N I M ou tpu t s (5 n o r m a l ; 1 c o m p l e m e n t ) . 

:•: N o m u l t i p l e - p u l s i n g : O n e , a n d o n l y 
o n e , o u t p u t p u l s e i s p r o d u c e d r e 
ga rd l ess o f i npu t d u r a t i o n o r a m p l i 
t u d e . 

:•: L o w t i m e s l e w i n g : < 1 ns . 

:!: D e a d t i m e l e s s o p e r a t i o n u p d a t e s the 
o u t p u t pu lse to re f lec t t he mos t re
cen t inpu t s i g n a l . 

:•: F r o n t - p a n e l m o n i t o r p o i n t a l l ows d i r ec t 
ca l i b ra t i on o f t h r e s h o l d w i t h o u t r emov 
ing inpu t cab les . 

746 Sw Fr per c h a n n e l in un i t q u a n 
t i t ies . 

I f you h a v e des igned fast logic sys tems, you h a v e seen opt i 

m u m system designs s c r a p p e d because o f i n a d e q u a t e dis

c r i m i n a t o r fan-out . E i t he r you ' ve h a d t o c o m p r o m i s e the 

over-al l logic design to a c c o m m o d a t e the fan-ou t l imi ta t ions , 

o r y o u h a v e h a d to increase a n d u n b a l a n c e the logic de lays 

t h r o u g h inser t ion of fan-ou t m o d u l e s in the sys tem. 

We do no t th ink this is h o w it shou ld be . . . a n d we h a v e 

d o n e some th ing a b o u t it. T w o n e w L R S d i sc r imina to r s a t t ack 

the fan-ou t p r o b l e m direct ly . T h e M o d e l 6 2 0 L , the m o s t 

c o m p a c t and e c o n o m i c a l d i s c r im ina to r ava i lab le , offers th ree 

i n d e p e n d e n t ou tpu t s p e r c h a n n e l . T h e n e w M o d e l 6 2 1 L , 

based u p o n the p r o v e n des ign of the wor ld ' s m o s t widely used 

d i sc r imina to r , the L R S M o d e l 3 2 I B / 5 0 , p rov ides six o u t p u t s 

p e r channe l , 2 dua l b r idged N I M ou tpu t s , one 16 mA n o r m a l , 

a n d one 1 6 m A c o m p l e m e n t . T h i s r a t h e r p h e n o m e n a l fan-ou t 

capabi l i ty of L R S d i sc r imina to r s is ach ieved t h r o u g h a s imple 

S A L E S O F F I C E S T H R O U G H O U T T H E FREE W O R L D 

M o d e l 6 2 0 L 8 - C h a n n e l D i s c r i m i n a t o r 
c o n t a i n s e igh t i den t i ca l pu lse a m p l i t u d e 
d i s c r i m i n a t o r s d e s i g n e d f o r use w i t h 
h o d o s c o p e a n d s im i l a r l a rge -sca le a p p l i 
ca t i ons w h e r e o n l y m o d e r a t e f lex ib i l i t y i s 
r e q u i r e d . 

:•: L o w i n p u t t h r e s h o l d o f —30 mV p ro 
v i d e s c o m p a t i b i l i t y w i t h l o w e r g a i n 
h o d o s c o p e c o u n t e r s o r w i t h s igna ls 
w h i c h may have been d e g r a d e d by 
long c a b l e de lays . 

:•: E x c e l l e n t t h r e s h o l d s t a b i l i t y o f < 5 0 
fjN/°C p rese rves t h r e s h o l d va lue ove r 
va r y i ng o p e r a t i n g e n v i r o n m e n t . 

:•; C o m m o n t h r e s h o l d c o n t r o l ad jus ts all 
t h r e s h o l d s s i m u l t a n e o u s l y f r o m —30 
mV to —1 vo l t . 

:•: H i g h f a n - o u t o f t h ree - 8 0 0 mV s igna ls 

:•: O u t p u t w i d t h is v a r i a b l e f r o m 5 to 30 
ns a n d is i n d e p e n d e n t o f input d u r a 
t i on , a m p l i t u d e , a n d ra te ; no need for 
width cables. 

:•: L o w t i m e s l e w i n g p r o v i d e s a c c u r a t e 
t i m i n g s igna l s rega rd less o f the d i s 
t r i bu t i on o f i npu t a m p l i t u d e s . 

:•: S h o r t 8 ns i n p u t - o u t p u t d e l a y m i n i 
m i z e s n e e d f o r l o n g c o m p e n s a t i n g 
de lay cab les a n d p rov i des p r o m p t sys 
t e m o u t p u t s . 

:•: F r o n t - p a n e l m o n i t o r p o i n t a l l o w s d i rec t 
ca l i b ra t i on o f t h r e s h o l d w i t hou t remov
ing inpu t cab les . 

:•: 472 Sw Fr per c h a n n e l in uni t q u a n 
t i t ies . 

new o u t p u t s tage design wh ich min imizes m o d u l e p o w e r dis

s ipat ion. 

Wi th the M o d e l 6 2 0 L for y o u r h o d o s c o p e coun te r s a n d 

the M o d e l 6 2 1 L for fast t r igger logic a n d genera l -purpose 

use , you will en joy: 

• L o w e r s y s t e m cos t 

& S m a l l e r s y s t e m size 

• S h o r t e r , u n i f o r m d e l a y s 

• S i m p l e r s y s t e m d e s i g n a n d s e t u p 

• H i g h e r r e l i a b i l i t y f r o m l o w - d i s s i p a t i o n 

c i r c u i t s t h a t r u n c o o l . 

F o r fur ther in format ion , call or wr i te Raymond Chevalley, 
Technica l Di rec to r , L e C r o y Resea rch Sys tems SA, o r your 

local L R S Sales Office. 

L e C r o y R e s e a r c h S y s t e m s S A 
8 1 , A v e n u e Lou is Casa i 

Phone : (022) 34 39 23 

L e C r o y R e s e a r c h S y s t e m s C o r p . 
126 N O R T H R O U T E 303 W E S T N Y A C K , N. Y . 10994 

P h o n e : 9 1 4 / 3 5 8 - 7 9 0 0 • T W X : 710-575-2629 • C a b l e : L E R E S C O 

S W I T Z E R L A N D 

LeCroy Research Systems S.A. 
81, Avenue Louis-Casaï 

1216 Cointr in-Geneva 
Switzerland 

S A L E S R E P R E S E N T A T I V E S I N : 

G E R M A N Y 

Nucletron Vertriebs - GMBH 
Gârtnerstrasse 60 

8 Munchen 50 
West Germany 

U N I T E D K I N G D O M 

A.E.P. International Ltd. 
Victor House, Norris Road 

Staines, Middlesex 
England 
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WHAT'S 

DOING IN 
FLORIDA? 

The University of Florida at 
Gainesville is one of a growing 
number of universities and re
search centers that have opted for 
an in-house capability to produce 
liquid helium. 

Florida's Department of Physics 
and Astronomy, for example, has 
extensive research projects both 
in s o l i d - s t a t e a n d in l o w -
temperature physics, some involv
ing high-field superconducting 
solenoids, requiring steady sup
plies of the " l i feblood" fluid of 
low-temperature research. 

These projects include NMR 
and NQR studies of phase trans
formations, lattice dynamics, and 

structure of solids; thermal expan
sion and isothermal compressi
bility of solids at low temperatures 
and high pressures; nuclear spin 
ordering in solid 3He in high mag
netic fields and in zero fields; 
ultralow-temperature properties of 
liquid 3He; mixtures of 3He and 

4He; dispersion curve of liquid 
4He; ion mobility in superfluid 
helium films; and creation proc
ess, structure, and dynamics of 
quantized vortex excitations in 
superfluid helium. 

A reliable supply of liquid 
helium for these and other pro
grams at Florida is provided by a 
CTi Model 1400 Helium Liquefier. 

The Model 1400 was designed 
both for the laboratory requiring a 

regular supply of liquid helium 
and for the research center need
ing a continuous source of cold 
for, say, superconducting devices 
and systems. The Model 1400 
can be operated periodically, or it 
will run for months at a time be
tween routine maintenance peri
ods. It can produce from 5 to 40 
liters per hour of liquid helium; 20 
to 100 watts of refrigeration at 
4.5°K; 100 to 300 watts of cooling 
at 20°K, and can be modified for 
hydrogen or neon liquefaction. 

Write or call CTi today for full 
details on the versatile and relia
ble Model 1400 Helium Liquefac
tion/Refrigeration Systems. 

The growing Company that makes COLD as simple as heat. 

En C R Y O G E N I C S A G 
CH-8052 Zurich • Glattalstra/3e 18 • Telefon 48 4680 • Telex 53899 

Subsidiary of CRYOGENIC TECHNOLOGY inc. 
Kelvin Park, Waltham, Massachusetts 02154 
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