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Beam cooling-
a new accelerator 
technique 

A new technique in the handl ing of 
h igh energy particle beams has come 
into prominence in recent months. It 
is k n o w n as beam 'coo l ing ' . It makes 
it possible to improve greatly the 
qual i ty of an accelerated beam, such 
as protons, ant iprotons or heavy ions, 
and holds out great potent ia l in the 
use of h igh energy beams. (Nature has 
k indly given high energy electron 
beams their coo l ing for free in the 
fo rm of synchrotron radiat ion.) 

The technique has been d e m o n ­
strated in t w o fo rms: 'e lectron coo l i ng ' 
w h i c h has given spectacular results at 
Novosibirsk and 'stochast ic coo l ing ' , 
w h i c h is being steadi ly improved 
at CERN. 

The mathematics beh ind the t w o 
coo l ing schemes are extremely c o m ­
pl icated but, w i t h a f e w general isa­
t ions, w e can at tempt to convey the 
ideas w h i c h they conta in . In th is 
imperfect wo r l d , the particles in an 
accelerated beam have a variety of 
velocit ies clustered around the desired 
veloci ty. We say that the beam has a 
momen tum (mass x ve loc i ty ) spread 
and, since it is the momen tum w h i c h 
determines the radius of curvature of 
a particle in a magnet ic f ie ld, th is 
spread results in particles travel l ing on 
s l ight ly dif ferent radii in a magnet 
r ing. It thus contr ibutes to the f in i te 
size of the particle beam orbi t ing the 
r ing. 

If it is possible to ' coo l ' the beam, 
so that its momen tum spread is 
reduced, the beam size shrinks and 
the particle density is increased. There 
are several consequences. First of 
al l , a beam of greater momen tum 
spread than cou ld be handled up to 
now, cou ld be accepted into the 
coo l ing unit of an accelerator and 
cooled for use in the rest of the 
machine. This means that higher 
intensit ies and higher beam densit ies 
become possible w i t h advantages for 
bo th convent ional accelerators and 
storage rings. In storage r ing co l l id ing 

beam systems, beam densi ty is a 
parameter cont r ibut ing to the l u m i ­
nosi ty ' w h i c h dictates the number of 
particle interactions the physicists can 
observe in a given t ime. The abi l i ty 
to cool beams could increase the 
attainable luminosi ty and, by avoid ing 
any increase in momen tum spread, 
sustain a high luminosi ty for longer 
periods. A lso a cooled, smaller d ia ­
meter beam can be handled in smaller 
aperture magnets and aperture costs 
money. (Aperture can, however, be 
required for other reasons such as the 
necessary beam manoeuvres for ejec­
t ion.) In general, a cooled beam is a 
better qual i ty beam w h i c h is easier to 
handle and w h i c h should give better 
results in many appl icat ions. 

Electron cooling 

The idea of electron coo l ing or ig inated 
w i t h Gersh Budke r i n 1967 and dur ing 
th is year, 1976, he and his col leagues 
at Novosibirsk have conf i rmed the 
techniques in practical tests. The 
method involves sending an electron 
beam along a sect ion of an accelera­
tor /s torage ring travel l ing at the same 
veloci ty as the beam of heavier par­
t icles w h i c h is to be cooled. The elec­
t ron beam travels near parallel a long 
the sect ion w i t h l ow momen tum 
spread. The heavier particle beam has 
momen tum spread and w h e n co l l i ­
sions occur w i th the electrons a rela­
t ively high amount of the momen tum 
dif ference (relative to the desired 
momen tum) of a heavy particle is 
conveyed to an electron. Over many 
turns around a ring in w h i c h there is a 
coo l ing sect ion of this nature, the 
momen tum spread of the heavier 
beam is considerably reduced. 

The test system at Novosibirsk i n ­
volves a ' r ing ' w h i c h is, in fact , more 
like a square in fo rm. Protons are 
injected and travel around the r ing 
w i t h an energy of 65 MeV. A large 
momen tum spread can be art i f icial ly 

in t roduced by g iv ing the protons a 
kick w i t h a magnet ic f ie ld. A long one 
side of the square a beam of electrons, 
w i t h an energy of 35 keV (g iv ing the 
l ighter electrons the same veloci ty as 
the 65 MeV protons, since th is 
maximises the probabi l i ty of the 
Cou lomb scattering tak ing p lace) , is 
fed in so that it travels w i t h the proton 
beam up to the end of the straight 
sect ion. Solenoid f ields take care of the 
in ject ion, gu id ing and eject ion of the 
electrons wh i l e having litt le effect on 
the heavier protons. The f ield direct ion 
runs a long the straight so that the 
electrons each execute t iny spirals 
around parallel f ie ld lines. The electron 
densi ty is around 0.25 A / c m 2 and 
qui te a modest electron gun is needed 
to supp ly the necessary currents. A lso 
the ejected electron beam is col lected 
and the current returned to the injec­
t ion system so that the power supply 
has very l itt le t o make up. 

W i t h this system, Novosibirsk has 
demonstrated that 100 \iA proton 
beams w i t h cent imetre cross sect ions 
can be shrunk to sub-mi l l imetre cross 
sect ions in 83 ms. It is this extremely 
rapid coo l ing rate that has stirred up 
so much interest in coo l ing techniques 
dur ing recent months. 

The equat ion g iv ing the coo l ing 
t ime conta ins many parameters — 
energy and mass of the heavy particle, 
electron current density, max imum and 
m in imum beam divergencies, . . . 
The Novosibirsk experiments have 
checked most of the relationships in 
agreement w i t h theory. The one 
myster ious, and agreeable, surprise is 
that the coo l ing rate is ten t imes faster 
than was predicted. One po in t wo r t h 
not ing is that the coo l ing rate depends 
upon the energy and is faster at lower 
energies. 

Stochastic cooling 

The idea of stochast ic coo l ing or ig i ­
nated w i t h S imon Van der Meer at 
CERN and was first tested on the ISR 
in 1975. The densi ty distr ibut ion of a 
cross sect ion of a beam is measured 
and its 'centre of gravi ty ' is calculated. 
This slice of the beam is then given a 
nudge by electric f ields further around 
the r ing (racing the particles around by 
tak ing signals straight across the arc 
of the machine) so as to move the 
'centre of gravi ty ' towards the desired 
orbi t . It is a statistical method in that 
any nudge w h i c h favourably affects 
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some particles has an unfavourable 
effect on others. But, by operat ing on 
the centre of gravi ty, the major i ty in 
that part icular slice are favourab ly 
affected and there is a progressive 
coo l ing of the beam. 

The 1975 tests became possible 
w i t h the deve lopment of suf f ic ient ly 
fast electronics (GHz range) . They 
concentrated on reducing the beam 
size in the vert ical d i rect ion and a 
coo l ing rate of 2 % per hour was 
achieved (see September issue 1975 
for a ful ler expos i t ion) . In 1976, w o r k 
has extended to coo l ing the m o m e n ­
t u m spread of the beam and thus 
reduc ing the hor izontal beam size. This 
was proposed by R. Palmer at Brook-
haven in connec t ion w i t h the ISA-
BELLE co l l id ing beam project and the 
theory was developed by Hugh Here-
ward at CERN. Other people at CERN 
w h o have played an impor tant part in 
the deve lopment and the th ink ing on 
stochast ic coo l ing are Leo Falt in, 
Dieter M o h l , Wo l f gang Schnel l and 
Lars Thorndah l . 

The results are in excel lent agree­
ment w i t h theory and stochast ic c o o l ­
ing is better unders tood than electron 
coo l ing . Its abil i t ies can be considered 
in t w o regimes — w i t h h igh intensi ty 
beams (tens of amperes) such as are 
normal ly handled in the ISR, and w i t h 
l o w intensi ty beams. This is because 
the coo l ing rate is inversely p ro­
port ional to the number of particles 
in the beam. 

W i t h h igh intensi ty beams there is a 
g o o d signal to noise ratio and fu l l cor­
rect ion of the 'error' in the beam is pos­
sible. The coo l ing t ime is comparat ive ly 
long. W i t h l ow intensi ty beams signal to 
noise is poor but coo l ing can beach iev -
ed w i t h a correct ion of on ly one part 
per thousand . ( In th is case, the beam 
does not need to be raced across an 
arc-observat ion and correct ion equ ip ­
ment can be located in the same straight 
sect ion.) So far the best coo l ing rates 
w i t h 5 m A beams have been a b o u t 1 0 % 
per hour and it is bel ieved that, w i t h the 
equ ipment avai lable, a fur ther factor of 
three improvement shou ld be achiev­
able. Better equ ipmen t fo r l ow intensi ty 
w o r k w i l l be instal led next Spr ing. It 
cou ld g ive another gain of a factor of 
ten . For h igh intensi ty wo rk , a 4 GHz 
pick up and kicker system is being 
instal led and cou ld prove useful for 
beams of up to about 10 A. 

The coo l ing rates attainable w i t h 
stochast ic coo l ing are obv ious ly orders 

of magn i tude away f rom w h a t has 
been achieved w i t h electron coo l ing . 
For microamp beams coo l ing t imes of 
a f e w minutes seem possible. A n 
impor tant di f ference be tween the t w o 
techn iques is that they scale di f ferent ly 
w i t h energy. Electron coo l ing is at its 
best at l o w energies and may there­
fore be used in in ject ion systems wh i l e 
stochast ic coo l ing cou ld take over at 
higher energies t o sustain w h a t has 
been achieved by the other techn ique. 

Possible applications 

The appl icat ion of coo l ing (p redomi ­
nant ly electron coo l ing ) w h i c h is 
under discussion in the h igh energy 
physics f ie ld is in the p roduc t ion of 
h igh intensi ty ant ip ro ton beams. There 
is much physics interest in co l l id ing 
protons and ant ipro tons since the 
very h igh energy quark ( in the pro ton) 
— ant iquark ( in the ant ip ro ton) inter­
act ions cou ld y ie ld for invest igat ion a 
w h o l e range of phenomena w h i c h are 
predicted on the basis of the k n o w l ­
edge about the behaviour of matter 
w h i c h w e have accumulated so far. 

A lso, protons and ant iprotons cou ld 
be accelerated, stored and co l l ided in 
a single r ing ( l ike the famil iar single 
r ing e lect ron-pos i t ron systems). It 
cou ld , therefore, be an inexpensive 
route to the invest igat ion of extremely 
h igh energy interact ions by conver t ing 
an exist ing pro ton r ing, such as the 
Fermilab machine or the SPS, to pro­
v ide for p ro ton -an t ip ro ton col l is ions. 

The prob lem w i t h such schemes up 
to n o w has been that the ant ip ro ton 
beam intensit ies w h i c h cou ld reason­
ably be achieved were far t oo l o w to 
give a usable interact ion rate. The 
coo l ing techn iques raise hopes again. 
Using electron coo l ing it w i l l be pos­
sible to accept a pulse of ant iprotons 
of w i d e m o m e n t u m spread f rom a 
target bombarded by a h igh energy 
pro ton beam. They can then be coo led 
and stacked in a modest storage r ing 
unt i l an acceptable beam intensi ty 
has been bui l t up. These possibi l i t ies 
have been looked at bo th at Fermilab 
and at CERN. 

It is t oo early to go into detai ls on 
possible schemes because they need 
input f r om experimental tests on c o o l ­
ing before they reach their f inal fo rm. 
The general ideas are to accelerate 
protons to say 100 GeV, use them on 
a target to g ive a h igh f lux of an t i ­
protons, col lect ant iprotons w i t h a 

fair ly w i d e m o m e n t u m spread around 
say 3 GeV, decelerate them to 200 MeV 
so as to be able to cool t hem by elec­
t ron coo l ing , accumulate many cooled 
pulses, inject the intense ant ipro ton 
beam into the big r ing, accelerate 
protons and ant iprotons together t o 
energies of over 100 GeV, col l ide the 
beams and col lect the Nobel prizes. 
On paper, luminosi t ies of 1 0 2 9 t o 1 0 3 0 

seem feasible and it is the abi l i ty to 
take a large m o m e n t u m spread of an t i ­
protons and then to produce and store 
a l ow m o m e n t u m spread beam that 
makes these luminosi t ies possible. 

Such a scheme has been put for ­
wa rd at Fermilab by D. Cline, P. M c -
Intyre, Fred Mi l ls and Carlo Rubbia. 
They suggested using the Booster for 
ant iprotons and add ing a 2 0 0 MeV 
'Freezer Ring ' . D. Berley and M . M o n t h 
discussed coo l ing ant iprotons by elec­
trons at the Fermilab Aspen Summer 
S tudy in Ju ly . A t the beg inn ing of 
November a research proposal was 
submi t ted to the Nat ional Science 
Foundat ion for the const ruc t ion of a 
200 M e V pro ton r ing to s tudy electron 
coo l ing . The r ing w o u l d probably be 
located at the end of the l inac (on the 
opposi te side to the Booster) . 

Similar schemes have been p romot ­
ed at CERN part icular ly by Carlo 
Rubbia. Groups under the Chai rman­
ship of Franco Bonaud i have looked 
at the physics and technical aspects of 
p ro ton-an t ip ro ton co l l id ing beams in 
the SPS. S imon Van der Meer is lead­
ing the technical w o r k w i t h a v i e w to 
reaching project stage by A u t u m n of 
next year. To invest igate coo l ing it is 
l ikely that the exist ing g - 2 r ing w i l l be 
used next year for exper iments on 
electron coo l ing ( led byGu idoPe t rucc i ) 
and on stochast ic coo l ing ( led by Lars 
Thorndah l ) . 

It is l ikely that bo th Laboratories 
w i l l be in a posi t ion to take a decis ion 
on p ro ton-an t ip ro ton co l l id ing beams 
by the end of next year. 

To conc lude this presentat ion of 
coo l ing techniques w e can ment ion 
another appl icat ion w h i c h cou ld prove 
extremely important , in the September 
issue, w e described the possibi l i ty of 
the rmonuc lear fus ion reactors in w h i c h 
deuter ium- t r i t ium pellets are bombard ­
ed by heavy ion beams. Tai lor ing the 
heavy ion beams to match the pellet 
d imensions seemed to be one of the 
more d i f f icu l t tasks in such a proposal . 
If the heavy ion beams are coo led , this 
d i f f icu l ty cou ld go away. 
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SRFs in USA 

/. Layout of the synchrotron radiation facility 
proposed at Brookhaven. The elements indicated 
are (1) the linacr (2) booster, (3) 700 MeV 
storage ring light source, (4) 2 GeV storage 
ring light source. The booster can feed either 
of the rings. 

The explo i tat ion of the synchrot ron 
radiat ion emanat ing f r om electron 
beams orb i t ing synchrot rons or storage 
r ings has mushroomed in recent years. 
There are major synchro t ron radiat ion 
faci l i t ies (SRFs) at Daresbury, DESY 
and ORSAY in Europe, and at S tan­
ford and Wiscons in in the USA. They 
are serving scientists in many d isc i ­
pl ines — physics, chemistry, b io logy, 
materials science and techno logy . 

Except at Wiscons in , the research 
has been parasitic on h igh energy 
physics uses of the machines but it 
has proved so f ru i t fu l that 'ded ica ted ' 
faci l i t ies, tai lored speci f ical ly for the 
needs of synchrot ron radiat ion re­
search and used exclusively for such 
research, are a logical next step. Such 
dedicated faci l i t ies based on electron 
storage rings are to be const ructed at 
Daresbury and at the M o s c o w Inst i ­
tu te for Physical Problems. There are 
also plans to bui ld a dedicated faci l i ty 
at Tokyo in Japan . 

Similar projects have been evo lv ing 
in the USA dur ing the past t w o years 
and, at the beg inn ing of 1976, the 
Sol id State Sciences Commi t tee in i ­
t iated a s tudy of the needs. A Panel, 
chaired by Robert Morse, was set up 
in Apr i l and has produced 'An Assess­
ment of the Nat ional Need for Facilit ies 
Dedicated to the Product ion of S y n ­
chrot ron Radiat ion ' . 

The Panel asserts tha t there is ' ou t ­
s tand ing scient i f ic and techno log ica l 
jus t i f icat ion for a great ly expanded 
synchrot ron radiat ion capabi l i ty ' in the 
USA. They give a conservat ive est imate 
of a requirement, by the m id -1980s , 
for 6 0 X- ray stat ions, p rov id ing radia­
t ion in the 1 to 5 0 keV (12 to 0.25 A) 
range, and 4 0 vacuum ul traviolet s ta ­
t ions, prov id ing radiat ion in the 0.01 
to 0.1 keV ( 1 2 0 0 to 12 A) range. 

Such a number of stat ions cou ld 
not be provided by improvement of 
exist ing faci l i t ies and the Panel re­
commends the const ruc t ion of new 
dedicated SRFs geographica l ly d is­

t r ibuted across the USA so as to ease 
the problems of use by experimental 
groups f rom across the cont inent . 
Each faci l i ty is seen as a nat ional 
faci l i ty. 

In his in t roduct ion to the Panel 
report, Robert Morse remarks that the 
need w o u l d be satisfied by three geo ­
graphical ly distr ibuted major faci l i t ies 
at least t w o of w h i c h w o u l d have 
X-ray capabi l i ty, all three having u l t ra­
v io let capabi l i ty. By co inc idence (of 
course) three SRF proposals meet ing 
these parameters are already on the 
table. 

Brookhaven Nat ional Laboratory, a 
newcomer in the synchro t ron radia­
t ion f ie ld, has put fo rward a proposal 
for the const ruct ion of a Nat ional 
Synchro t ron Light Source at a cost 
of around $22 mi l l ion and w i t h a target 
comple t ion date of 1981 (g iven a 
start at the end of 1978 ) . The design 
commi t tee was headed by Mar t in 
B lume w i t h the main cont r ibu t ions 

com ing f rom Rena Chasman and Ken 
Green. 

The design has been bui l t a round 
t w o themes. The first is that a s tudy 
of the opt ical requirements led to a 
concent ra t ion on achiev ing h igh source 
br ightness. The magnet latt ice makes 
it possible to focus small emit tance 
beams to a small cross sect ion w i t h 
small angular divergences. The second 
is that op t imis ing both X-ray and 
ul traviolet capabi l i t ies is not possible 
in the same r ing. For example, do ing 
lower wave leng th ultraviolet studies 
at a h igh energy r ing cou ld f lood the 
apparatus w i t h X-rad ia t ion. 

The project, therefore, contains t w o 
electron storage rings — a 700 M e V 
r ing w i t h 16 ports for research w i t h 
radiat ion in the ul traviolet range and a 
2 GeV r ing w i t h 4 0 ports for research 
w i t h radiat ion in the X- ray range. 
Stored beam intensit ies are set at up 
to 1 A. Superconduc t ing 'w igg le r ' 
insert ions are foreseen at several 
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2. Layout of the SPEAR storage ring at SLAC 
with the present facilities of the Stanford 
Synchrotron Radiation Project SSRP, indicated 
at the top around the northern arc of the ring. 
The proposed extensions would be around the 
southern arc where seven beam ports could be 
accommodated. 

insert ions in the 2 GeV r ing to take 
the wave leng th capabi l i t ies even lower. 

The Stanford Synchrot ron Radiat ion 
Project (SSRP) has been in operat ion 
at the 4 GeV SPEAR storage r ing at 
SLAC since M a y 1974. A t the end of 
J u n e this year, a second radiat ion 
beam- l ine was brought in to operat ion 
to feed four or more X-ray experiments 
doub l ing the number of available re­
search stat ions. SSRP, w h i c h is funded 
by the Nat ional Science Foundat ion, 
current ly serves about 150 scientists 
f rom 35 research centres and there is 
pressure for more faci l i t ies. 

SSRP runs parasit ical ly on the co l ­
l id ing beam high energy physics pro­
gramme w i t h SPEAR and a proposal 
has been submi t ted for the dedicated 
use of SPEAR for synchrot ron radia­
t ion research w h e n the emphasis of 
the co l l id ing beam w o r k moves to the 
15 GeV PEP storage r ing. Pief Panof-
sky. Director of SLAC, has already 
suggested that w h e n PEP becomes 

available for h igh energy physics for 
half of its operat ing t ime, then half 
the operat ing t ime of SPEAR cou ld 
be devoted to synchrot ron radiat ion 
research. Herman Winn ick f rom S tan­
ford Universi ty represented SSRP as 
a consul tant to the recent Panel. 

The proposal for extending SSRP 
involves the const ruct ion of a new 
experimental area around the southern 
arc of SPEAR, prov id ing seven more 
ports ( feeding up to four teen stat ions) 
and adding t w o w igg le r insert ions in 
the r ing. The electron energy cou ld 
be set between 1.3 and 4 GeV w i t h 
beam intensit ies vary ing f rom 1.3 A 
at the lower energy to 0.08 A at the 
top energy. A three year const ruct ion 
period is foreseen at a cost of around 
$7 mi l l ion. 

The Physical Sciences Laboratory 
at the Universi ty of Wiscons in was 
among the pioneers of synchrot ron 
radiat ion research. They have operated 
a 240 MeV storage r ing called Tan­

talus I for eight years. It has nine 
beam ports prov id ing w h a t is, at pre­
sent, the wor ld ' s f inest source of 
radiat ion in the ultraviolet region, for 
an extensive commun i t y of users. The 
Wiscons in team, led by Ed Rowe, has 
n o w proposed major extensions to 
their Synchrot ron Radiat ion Centre. 

Their 's is also a t w o r ing proposal 
w i t h emphasis on source br ightness. 
The smaller r ing, to cover the u l t ra­
v io let range, has an energy of 750 MeV 
and is fed by a 100 MeV microt ron. 
It has 24 ports. The larger r ing, t o 
cover the X-ray range, has an energy 
of 2.5 GeV and has 4 0 ports. There 
is provis ion for w igg le r insert ions but 
they do not receive as much emphasis 
as in the other projects since the 
Wiscons in experience points more to 
the longer wavelengths as the f ru i t fu l 
areas of physics for the coming years. 
Each r ing is designed to store 1 A of 
electrons. 

The Wiscons in rings have been 
given the names of A ladd in ( t rad i ­
t ional ly associated w i t h a magic lamp) 
and Tantalus 2.5. The est imated cost 
of the ful l faci l i ty is $22 mi l l ion over 
a construct ion t ime of about four years. 

The report of the USA Panel making 
recommendat ions relevant to these 
proposals also gives a very g o o d re­
v i ew of the research presently carried 
ou t at the SRFs and of the propert ies 
of the radiat ion associated w i t h d i f ­
ferent machine parameters. The report 
is available f rom the Sol id State 
Sciences Commit tee, Nat ional Re­
search Counc i l , 2101 Const i tu t ion 
Avenue, Wash ing ton DC 20418 . A n ­
other tho rough document on the pre­
sent state of the art w i t h SRFs is the 
Proceedings of the Quebec Summer 
Workshop on Synchrot ron Radiat ion 
Facilit ies held in June . It is available 
(pr ice $18) f rom the Centre for 
Chemical Physics, Universi ty of West ­
ern Ontar io, London , Canada. 

2. 
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Around the Laboratories 

The event recorded in a neutrino experiment 
at the Fermilab which looks like the first 
observation of the track of a charmed particle. 
The track was found in nuclear emulsion, the only 
detection technique capable of seeing, directly, 
the passage of a particle living as briefly as 
a few times 10~n seconds. 

FERMILAB 
A track of 
a charmed particle 
A B r u s s e l s / D u b l i n / C E R N / F e r m i l a b / 
Imperial Col lege London / Open U n i ­
versity / Mu lhouse / Rome / Stras­
bourg col laborat ion led by Eric Burhop 
( w h o proposed the exper iment) has 
seen a track in a h igh energy neutr ino 
event in nuclear emuls ion w h i c h has 
very probably resulted f rom the pro­
duc t ion of a charmed part icle. 

The col laborat ion had set up a 
hybr id detect ion system of emuls ion 
stacks f o l l owed by a w i d e gap spark 
chamber, a shower detector, a sc in t i l ­
lat ion counter hodoscope and a muon 
identif ier, located in the neutr ino beam 
some 3 0 m downs t ream of the 1 5 foo t 
bubble chamber. M o s t of the detec­
t ion system was developed at CERN 
and tested on the PS in 1 9 7 5 by the 
Rome/St rasbourg componen t of the 
col laborat ion. The purpose of the hybr id 
system is to ident i fy the po in t in the 
emuls ion where an event of interest 
occurred. This avoids the near i m ­
possible task of examin ing the w h o l e 
emuls ion vo lume in search of events. 

W i th a total of about 7 x 1 0 1 7 p ro­
tons of 4 0 0 GeV energy on target, 
about 2 5 0 candidates for neutr ino 
interact ions in the emuls ion have been 
picked out by the detect ion system. 
A b o u t a th i rd of these have been 
looked for and, so far, 1 6 interact ion 
vertices have been f o u n d . 

One of these has a track w h i c h has 
the characterist ics expected of a 
charmed particle. It travels a distance 
of 0 . 1 8 mm before decay ing to give 
three charged particles. It is here 
that the special detect ion abi l i ty of 
nuclear emuls ion comes in. Only w i t h 
emuls ion, w h i c h has been developed 
and studied under a microscope, cou ld 
such a short track length be observed 
and measured. It corresponds to a 
part icle l i fet ime of a round 5 x 1 0 ~ 1 3 s. 

The possibi l i ty that the track cou ld 
have been caused by a ' convent iona l ' 
part icle has obv ious ly been studied 
but none f i ts the observat ions of decay 
into three charged particles, as seen 
in the emuls ion, and a neutral part icle, 
needed for momen tum conservat ion 
reasons, after on ly 6 x 1 0 ~ 1 3 s. (A vertex 
f rom the decay of a neutral particle 
points back to the decay vertex of the 
probable charmed particle.) The obser­
vat ions do f i t the hypothesis that a 
charmed particle was produced and 
decayed — for example, the charmed 
meson D ( 1 . 8 7 GeV) decay ing into 
K°K+K-TT+ or the S C ( 2 . 4 8 GeV) decay­
ing into A ° K + K - 7 r + . 

LOS ALAMOS 
Happy time for LAMPF 
Louis Rosen, the Director of the Los 
A lamos Meson Physics Facil ity, 

opened his report to the 10th L A M P F 
Users Meet ing on 8 , 9 November w i t h 
the wo rds . T h i s is a happy t ime for 
L A M P F ' . The Meet ing b rought t o ­
gether 243 part ic ipants f rom research 
centres in the USA and abroad, m e m ­
bers of the Users Group w h i c h is a 
formal channel for exchange of in for­
mat ion be tween the scient i f ic c o m ­
mun i ty at large and the administ rat ion 
at Los A lamos. There are current ly 
1000 members f rom more than 3 0 0 
centres, such as Universit ies, hospitals 
and medical centres, plus industr ial 
and governmenta l Laboratories. 

Louis Rosen ci ted a number of 
mi lestones that have recently been 
achieved at L A M P F — rout ine opera­
t ion w i t h 100 [JLA p roduct ion beam, 
successful test runs at 200 \iA t h rough 
all targets to the beam stop, the h igh 
resolut ion spectrometer (HRS) reach­
ing its goal of better than 100 keV 
resolut ion, and all secondary beams in 
operat ion for experiments (except the 
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Part of the audience at the opening session 
of the LAMPF Users Group Meeting held 
at Los Alamos on 8 November. Louis Rosen, 
LAMPF Director, is in the foreground, with 
Thomas Putman, LAMPF Assistant Leader for 
Safety, and James Kane (on the right), 
Director of the ERDA Division of Physical 
Research, behind. Seated in the third row is 
Herbert Anderson from the University of Chicago 
a past Chairman of the LAMPF Users Group. 

(Photo LASL) 

pulsed beam of the Weapons Neutron 
Research Faci l i ty). 

Plans for higher beam intensit ies in 
the future in tend to have the rout ine 
operat ing current raised f rom 100 to 
3 0 0 \iA in the fall of 1977 and to c o n ­
f ront the last step f rom 3 0 0 ptA to the 
design intensity of 1 m A in 1 9 7 9 -
80. 

Several organizat ional changes were 
announced, ref lect ing an increased 
emphasis on experimental areas, the 
research programme, and the practical 
appl icat ions programmes at L A M P F . 
The budget has g r o w n , almost in 
accordance w i t h init ial project ions, 
f rom three mi l l ion dollars in 1966 to 
twen t y mi l l ion dollars for 1977 opera­
t ions. However , Louis Rosen cau ­
t ioned that th is steep rise is over and 
an almost f lat budget is ant ic ipated 
for the years ahead. 

Don Hagerman, w h o heads L A M P F 
operat ions, reported in more detail on 
the recent operat ional success. Beam 
availabi l i ty has been consistent ly better 
than 8 0 % dur ing the past year. No 
decrease in reliabil i ty was experienced 
w h e n operat ion w i t h pro ton and H~ 
beams s imul taneously was started in 
Apr i l or w h e n the main current was 
raised to 100 fxA in August . Ac t iva t ion 
levels in the accelerator and radiat ion 
levels in the experimental areas are 
low. The beam swi tchyard is operat ing 
w i t h a beam halo spill of on ly a f e w 
parts per 10 0 0 0 and, based on the 
spi l l - free beam achieved at 200 [iA, 
L A M P F can plan to deliver 3 0 0 
w i t h conf idence. 

The experimental faci l i t ies w i l l be 
increased next Spr ing by the addi t ion 
of a polarized beam w h i c h w i l l be 
generated f rom an H~ Lamb shif t 
source and wi l l be delivered s imul ta­
neously w i t h the h igh intensity pro ton 
beam. Init ial ly it is expected to 
accelerate an intensity of 25 nA w i t h 
80 % polar izat ion. The user commun i t y 
is very enthusiast ic at the prospect of 
polarized beams being available for 

use on the external proton beam-l ine 
and w i t h the HRS. 

The high resolut ion spectrometer 
has met its design speci f icat ion and 
has completed its first cycle of opera­
t ion for physics. The spectrometer 's 
energy loss design concept permits 
use of the fu l l energy spread of several 
MeV in the L A M P F 8 0 0 MeV H -
beam, wh i le g iv ing the resolut ion of 
under 0.1 MeV w h i c h is required to 
see new features of nuclear structure. 
This design disperses the beam energy 
spread over the target and recombines, 
on a line in the spectrometer focal 
plane, all scattered particles having 
the same energy loss. Thus the event 
d is t r ibut ion across the focal plane 
gives a h igh resolut ion picture of the 
cross sect ion against energy loss to 
the recoi l ing target nucleus. 

The tr ick is to make the beam-l ine 
w o r k together w i t h the spectrometer 
in a fashion called 'dispersion ma tch ­
i ng ' w h i c h means that the spectro­
meter must exactly recombine the 
scattered particles f rom the dispersed 
beam on target. Once the spectro­
meter was fu l ly inst rumented, a c o n ­
centrated effort dur ing recent acce l ­
erator cycles resulted in a successful 
tune. The beam-l ine and spectrometer 
use magnets of a size normal ly asso­
ciated w i t h the mul t i -GeV range of 
accelerators. For example, the spectro­
meter d ipole pair and frame w e i g h 
about 330 tons and stand about 10 m 
h igh. Nonetheless, despite the size, 

the magnet engineer ing was su f f i ­
c ient ly precise that no t r imming coi ls 
were required to reach 100 keV 
resolut ion. 

Instrumentat ion includes a sc in t i l ­
lat ion counter t ime-o f - f l i gh t /pu lse 
height assembly and a w i re chamber 
array for event local izat ion and angle 
measurement. The on- l ine data system 
can correct energy loss for k inematic 
variat ion w i t h the f in i te acceptance of 
horizontal scattering angle. Al l th is 
machinery was turned loose for re­
search on Saturday 6 November and 
one week later a happy experimental 
team wrapped up the first HRS pro­
duc t ion run. 

Other subjects at the November 
Users meet ing were covered by James 
Kane (Director of the Divis ion of 
Physical Research of ERDA) w h o 
spoke on the fu ture role of basic 
research in ERDA, by J o h n Domingo 
and Mi lan Locher (Schweizer isches 
Insti tut fur Nuklearforschung, S IN ) 
w h o spoke on research at S IN , by Reg 
Richardson (unt i l recently Director of 
T R I U M F at Brit ish Columbia) w h o 
spoke on research at T R I U M F , by 
A lan Krisch (M ich igan) w h o spoke on 
high energy experiments w i t h a polar­
ized proton beam and target, and 
by T.D. Lee (Co lumbia) w h o spoke 
on non- topo log ica l sol i tons. The 
research at L A M P F was covered in 
several ta lks: particle physics by 
Richard Mischke ( L A S L ) , nuclear 
structure by Robert Eisenstein (Car-
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A view of the high resolution spectrometer HRS, 
which has begun operation at LAMPF 
achieving its design parameter of 100 keV 
resolution. The beam comes in from the left 
and enters the scattering chamber at the 
bottom of the vertical spectrometer magnets. 
Detectors are located on top. 

(Photo LASL) 

Part of the first spectrum obtained with the HRS 
showing that the 100 keV resolution has been 
bettered in observing the scattering of 
protons on bismuth 209. The total range on the 
focal plane corresponds to 6.7 MeV. 

neg ie -Me l l on ) , practical appl icat ions 
by Ed Knapp (LASL) and b iomedica l 
results by J o h n Dicel lo ( L A S L ) . 

The Board of Directors of the Users 
Group for 1977 was e lected; Chair­
man — Harvey Wi l lard, (Case Western 
Reserve), Chairman Elect — J o h n 
Al l red ( H o u s t o n ) , Past Chairman — 
David Lind (Co lo rado) , Members — 
Ralph Minehar t (V i rg in ia) , Barry Pree-
d o m (South Caro l ina) , Glen Rebka 
( W y o m i n g ) and Paul Todd (Pennsy l ­
vania State) . 

CERN 
does radiobiology 
at SIN 
Biological effects of radiat ion have 
been studied at CERN on a small scale 
over the past ten years using p ro ton , 
neut ron, and p ion beams f rom the 
6 0 0 MeV synchro -cyc lo t ron . The 
major interest has been to invest igate 
the bio logical effects of s t rong nuclear 
interact ions for w h i c h neutron and 
negative p ion beams are we l l su i ted. 
The invest igat ions were restr icted, 
because of the l o w intensit ies of these 
secondary beams, to determin ing the 
relative bio logical effect iveness (RBE) , 
using h ighly sensit ive b io logical sys­
tems. Recently, the interest in th is 
w o r k has been s t imulated w i t h the 
advent of much higher intensit ies at 
the 'meson factor ies ' and the promise 
of the therapeut ic power of their 
negat ive p ion beams. 

The CERN Radiob io logy Group is 
ex tend ing its programme by irradia­
t ions in the b iomedical p ion beam of 
the Swiss meson fac tory at S IN 
(Swiss Insti tute for Nuclear Research) 
Vi l l igen, in the Canton of Zur ich. The 
p ion beam, w i t h the accelerator ap­
proach ing 50 % of its design intensi ty, 
is more than 50 t imes as intense as 
that available at CERN. 

The interest in negat ive p ions 
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7. Dose depth distribution obtained with the 
negative pion beam used at the SIN cyclotron 
by the CERN Radiobiology Group for 
biological irradiations. Conditions corresponding 
to points A, B, C andD were used in 
irradiating bean roots (Vicia faba) to determine 
the relative biological effectiveness (RBE) of 
the negative pions. 

2. The effects on the growth of bean roots 
after irradiation at the four selected points on the 
dose depth distribution curve and with gamma 
rays from cobalt 60. The results for a 
50 % reduction in growth of the roots show 
an RBE of 1.6 on the plateau A, and an RBE 
of 2.7, 2.6 and 3.5 respectively for the points 
on the peak B, C and D. 

centres on the fact that the p ion is 
annihi lated w h e n it interacts w i t h a 
nucleus and a substant ial f ract ion of 
its rest mass energy appears as 
kinet ic energy of the charged nuclear 
f ragments emerging f rom the inter­
act ion. These f ragments in turn deposi t 
their energy in t issue w i t h a h igh 
specif ic ionisat ion. The pion inter­
act ions occur most ly w h e n the p ion 
is at the end of its range. In add i t ion , 
the s l ow ing d o w n of the p ion results 
in the usual Bragg ionisat ion peak at 
the end of its range. The total energy 
depos i t ion rate or dose rate in the p ion 
beam measured as a func t i on of depth 
in water is s h o w n in the Figure. As the 
propor t ion of dose f rom the ionisat ion 
and interact ion components changes 
w i t h dep th , i rradiat ions were made at 
a number of po ints a long the curve to 
f ind the var iat ion in RBE and, in 
part icular, to look for the max imum. 

The root t ips of g r o w i n g beans 
(Vicia faba) were irradiated and the 
resultant change in their g r o w t h rate 
was measured. In the peak region, the 
pions are nearly three t imes more 
effect ive than coba l t -60 gamma rays 
in p roduc ing a 5 0 % reduct ion in root 
g r o w t h after ten days. The max imum 
RBE (about 3.5) of p ions appears to 
be at a po int on the back edge of the 
absorbed dose peak as can be seen 
f rom the Figure. In the plateau region 
the radiat ion has on ly about half the 
effectiveness of the peak. 

The h igh b io logical effect iveness in 
the peak relative to the plateau region, 
coup led w i t h the shape of the depth 
dose curve, are the factors that make 
pions advantageous for radiotherapy 
since a tumour may be eff ic ient ly 
irradiated w i t h m in imum damage to 
sur rounding heal thy t issue. Another 
impor tant factor to invest igate is the 
dependence of the radiobio logical 
effect on the presence of oxygen , 
w h i c h w i l l indicate h o w eff ic ient ly 
anoxic cells are ki l led by the radiat ion. 
Experiments to determine this oxygen 
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effect in the plateau and peak region 
have started. 

Measurements in the p ion beam 
have also been made w i t h other b io ­
logical systems, inc lud ing spermato­
gon ia survival in mice testes and 
micro nuclei p roduct ion in the bean 
roots. Radiobio logical research at 
CERN has a lways been or ientated 
towards invest igat ing the bio logical 
effects of h igh energy part icles. It is 
hoped that the results obta ined w i l l 
help to clarify the physical and b io lo ­
gical advantages of negative p ions 
for radiotherapy. 

MICHIGAN 
Heavy ion project 
In September, the Cyc lo t ron Labora­
tory at M ich igan State Universi ty 
submi t ted a proposal to the US 
Nat ional Science Foundat ion request­
ing $ 13 mi l l ion for the const ruct ion of 

a Coupled Superconduct ing Cyc lo ­
t ron faci l i ty to be used for research 
w i t h heavy ions. By pair ing 5 0 0 MeV 
and 8 0 0 MeV cyclot rons, ion beams 
w i t h max imum energy ranging f rom 
20 MeV per nucleon for uran ium to 
200 MeV per nucleon for nuclei 
l i gh te r than calc ium cou ld be achieved. 
W i t h these high energies (above the 
constraints of Cou lomb repuls ion, 
surface interact ions and normal d e n ­
s i ty ) , new aspects of nuclei such as 
h igh density, supersonic and coherent 
mesic phenomena w i l l be open to 
invest igat ion. 

The t w o proposed cyc lo t rons w i l l 
be of similar const ruct ion. The design 
takes account of the large attract ive 
force (approximately 9 0 0 tons) be­
tween the upper and lower halves of 
the superconduct ing coi ls and of the 
need for good thermal insulat ion 
for the coi ls. A lso, a sharp magnet ic 
f ie ld edge is needed to ensure eff ic ient 
extract ion. The coi l design has a 

Intensity contours of the proposed heavy ion 
facility at Michigan plotted against energy 
per nucleon and mass number. The facility will 
have two linked superconducting cyclotrons. The 
relationship of the design performance with 
areas of interest in nuclear physics (such as 
compression waves starting around 20 MeV 
per nucleon and multiple meson production 
starting at around 140 MeV per nucleon) 
is illustrated. 

layered w i n d i n g t igh t ly packed ver­
t ical ly w i t h a picket fence latt ice be­
tween radial layers to a l l ow for the 
hel ium coo l ing . The coi l w i l l be 
di rect ly w o u n d on a large stainless 
steel spool w i t h a stainless steel outer 
cover we lded on , becoming the hel ium 
can for the cryostat. 

Since the cryostat cuts off most 
median plane access, the natural main 
access to the centre of the cyc lo t ron is 
axial ly f r om the t op and the upper part 
o f the yoke w i l l be mounted on a 
jack ing system to raise the upper yoke 
precisely in push -bu t ton fashion. This 
f o l l ows the design of a similar system 
in use on the T R I U M F cyc lo t ron. 

The 5 0 0 MeV cyc lo t ron w i l l use a 
p ro to type superconduc t ing magnet 
n o w under const ruct ion at M S U . It is 
made f rom cast 1020 steel, the yoke is 
10 f t in diameter and we ighs approx i ­
mately 90 tons ( total for f ive p ieces) . 
Magne t i c tests of samples f rom the 
cast ings indicate excel lent magnet ic 
un i fo rmi ty and ultrasonic tests indicate 
that the cast ings are free f rom voids. 
Coi l w i n d i n g has begun and the f irst 
powe r i ng is scheduled for Feb­
ruary 1 9 7 7 . Af ter magnet tes t ing, the 
cons t ruc t ion of other components w i l l 
begin to complete the 5 0 0 M e V 
cyc lo t ron . 

A n impor tant ion source feature in 
the 500 M e V design is the use of au to ­
mat ical ly removable 7 inch diameter 
p lugs in bo th the top and bo t tom of 
the magnet . Ion sources w i l l be bui l t in 
to one or bo th p lugs and w i l l be easily 
removable w i t h o u t d is turb ing the 
vacuum or w a r m i n g up the cryopanels. 

The source w i l l be of the Phil l ips 
Ionizat ion Gauge (PIG) type. There 
have recent ly been several impor tant 
improvements in PIG sources, the 
most s igni f icant being the deve lop­
ment of the 'back bombardment 
sput ter ing process', a techn ique w h i c h 
has broadened the appl icat ion of th is 
type of source to all elements. In th is 
process, a convent ional arc is ma in -
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Perspective drawing of one of the super­
conducting magnets for the Michigan heavy 
ion facility. The pole face structure can be seen. 
Below is the magnet and cryostat for the 
500 MeV cyclotron during assembly. It is 
scheduled to be powered early next year. 

ta ined using a heavy gas such as 
krypton or xenon . L o w charge state 
ions emit ted late in the accelerat ion 
cycle move too s low ly to cross the r.f. 
gap before the cycle is comple ted and 
decelerate in the reverse half of the 
cycle, eventual ly returning to the 
source in the plasma chamber. These 
energetic ions hit and sputter any 
material inserted in w h a t is cal led the 
'charge material pocket ' at the rear of 
the source. The sputtered ions di f fuse 
to the f ront of the source and are 
extracted. Relatively intense beams 
( in the microamp range) can be pro­
duced w i t h th is technique. Ano ther 
new source feature is the const ruct ion 
of the cathode f rom a long tanta lum 
rod w h i c h can be remotely removed 
axially. By s imply back ing the cathode 
out a f e w mil l imeters, it w i l l be pos­
sible, w i t h o u t removing the source, 
to break any short c i rcui t caused by 
sputtered material. 

In bo th cyc lot rons, the accelerat ion 
system is a dee- in-va l ley design w i t h 
three dees mounted on quarter wave 
stems w h i c h extend up and d o w n . 
Tun ing of the dees is by a hydraul ical ly 
c lamped sl id ing short on the main 
stems w i t h a capacit ive electrode for 
f ine tun ing . Both cyc lot rons w i l l 
operate over the same tun ing range 
(27 to 8 4 M H z ) and w i l l be dr iven 
f rom a single master oscil lator. The 
injector cyc lo t ron w i l l operate at the 
3rd or 9 th harmonic of the r.f. f re­
quency (depend ing on the Q / A of the 
ion) and the three dees therefore 
operate in phase and can be mecha­
nical ly jo ined at the centre. The 
part icle orbi t coup l ing of the t w o 
cyc lot rons assumes a th ree- fo ld i n ­
crease in the orbital f requency at the 
t ransi t ion f rom the 500 MeV to the 
8 0 0 MeV cyc lo t ron and operat ion in 
the second cyc lo t ron is then on the 
first or th i rd harmonic. 

The extract ion system for bo th new 
cyc lo t rons w i l l f o l l o w conceptual 
gu ide- l ines used on the present M S U 
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The bubble chamber film measurement system at 
the Centro Nazionale Analisi Fotogrammi. 
The Hough Powell Device, HPD, operates 
linked to a special hardware processor, SHP. 
The TP premeasurements involve position 
measurements of at least the vertex plus one 
track point per track and per view. The TP 
gate has an on-line program in an IBM 360144 
which drives the HPD and stores the data. 

1. Display of the reduced digitization of a BEBC 
picture by the HPD. 

2. The filtered output of the same picture 
produced by the film measurement system. 

cyc lo t ron . Principal features inc lude 
use of the integer resonance to bu i ld 
a coherent ampl i tude in the focus ing 
osci l la t ion ( this ampl i tude alternately 
adds to or subtracts f rom the natural 
tu rn separat ion depend ing on the 
phase of the precession and gives a 
comfor tab le turn separat ion of about 
5 m m at the def lec tor ) , three electr ic 
def lectors (operat ing at 140 k V / c m ) 
to br ing the beam across the magnet ic 
f ie ld edge as qu ick ly as possible, and 
three sets of iron focus ing bars a long 
the extract ion path to offset the natural 
de focus ing of the f r inge f ie ld. 

The experimental area, presently 
11 0 0 0 f t 2 , w i l l be more than doub led , 
and of f ice and lab space, presently 
3 0 0 0 0 f t 2 , increased by approx imate ly 
5 0 % . To staff the proposed fac i l i ty 
appropr iate ly, the operat ing staff of the 
Cyc lo t ron Laboratory shou ld approx i ­
mately doub le dur ing 1 9 7 7 - 7 8 f rom 
its present level of 26. The proposed 
Coup led Superconduc t ing Cyc lot ron 
w i l l prov ide a f ron t - l ine faci l i ty for 
heavy ion research in the 1980 's . User 
access w i l l be based on scient i f ic merit 
w i t h o u t regard to inst i tut ional af f i l ia­
t i on . 

(We are grateful to Ju l ie Eastman 
for the in format ion f rom w h i c h th is 
art icle is taken.) 

Centro Nazionale 
Analisi Fotogrammi 
A t the Centro Nazionale Anal is i Fo to­
grammi of INFN at Bo logna used by 
Italian bubb le chamber physicists, t w o 
HPDs have been runn ing for many 
years, us ing road gu idance and m i n ­
imum gu idance modes, measur ing 
pictures f rom the CERN 2 m bubb le 
chamber. A system has n o w been 
deve loped to process pictures f rom 
the BEBC bubble chamber in the po in t 
gu idance mode using the same HPDs. 

The n e w system a l lows human 
intervent ion dur ing the automat ic 
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The experimental arrangement for polarized 
proton beam experiments at the Argonne ZGS. 
After extraction, the polarized beam is split into 
various beam-lines and sent to the experiments 
designated by numbers in the figure. 

analysis, wh i le the one used up to n o w 
for previous bubble chamber f i lm 
does not. As a result the rejection rate 
on BEBC f i lm is very l o w (less than 
5 to 10 % ) . The system uses a hard­
ware processor on- l ine w i t h the HPD, 
w h i c h a l lows data reduct ion of HPD 
digi ts rough ly by a factor of ten. The 
dig i t iz ing rate for a BEBC picture 
(normal and abnormal scan) is nearly 
10 000 wo rds (track segments) , an 
amount that can be qui te easily pro­
cessed by a med ium size on- l ine 
computer , wh i l e the HPD itself gives 
about 100 0 0 0 words per frame. 

The performances achieved are as 
f o l l ows : (1) Normal and abnormal 
scans can be performed to f o l l o w 
spiral l ing tracks. (2 ) The f i l tered data 
can appear on the display screen 
together w i t h the track segments of 
the w h o l e picture and also the pre-
measurement points. A n y small region 
of the picture can be magni f ied at sof t ­
ware level. A t the end of the f i l ter 
step, on ly the f i l ter ou tpu t can be seen. 
(3 ) For d i f f icul t events, t w o kinds of 
help are provided — first ly, more track 
points can be added th rough the 
display t o see h o w the f i l ter f o l l ows 
the track and secondly, in the event 
of data leak, the HPD discr iminat ing 
level or hardware processor para­
meters can be changed and the system 
can ask for a new scan and fi l ter 
process. 

The system can, therefore, be 
managed in t w o di f ferent ways . It can 

f o l l ow a process w i t h o u t help, after 
w h i c h help can be prov ided for the re­
jected events. (For th is second step a 
decis ion has to be made whether it is 
necessary t o scan the f i lm again w i t h 
the HPD or not.) Al ternat ively, it can 
f o l l o w a process a lways w i t h human 
intervent ion cal l ing for help every t ime 
a reject ion is detected on the f i lm 
plane. 

A t present the Centro Nazionale 
Anal is i Fotogrammi is processing 
negat ive p ion -p ro ton events col lected 
at 22 GeV/c in BEBC w i t h the f o l l o w ­
ing per formance: A b o u t 35 f iducia ls 
per v iew are measured w i t h a precision 
of about 10~ 6 c m 2 and, w i t h g o o d pre-* 
measurements (main ly related to the 
ver tex) , the reject ion rate is less than 
10 % w i t h help f rom the operator. The 
overall speed depends upon many 
parameters. In g o o d cond i t ions w i t h 
human help on- l ine , the rate is nearly 
25 events /hour (for events previ ­
ously scanned and premeasured). 

ARGONNE 
Polarized proton 
research programme 
In the period of s l ight ly over three 
years s ince polarized proton beams 
were f irst accelerated in to the GeV 
energy range by the ZGS, a l ively p ro ­
gramme of research on spin effects in 
elementary particle interact ions has 

developed at Argonne. Apar t f rom one 
3 0 0 0 0 0 picture exposure of the 
12 foo t bubble chamber, all o f the 
experiments w i t h the polarized beam 
have used electronic detect ion 
methods and have been arranged 
a long one of the t w o extracted beam-
lines. 

This extracted beam is spl i t after 
it leaves the ZGS, a por t ion go ing into 
the Beam I area where the f irst 
polarized beam exper iments were per­
fo rmed in late 1973. Experiments in 
th is area have been carried out largely 
by a M i ch igan /A rgonne /S t . Louis 
g roup using a polarized target w i t h 
an N- type (vert ical) polarizat ion d i rec­
t ion . Beam intensit ies are typ ica l ly 
1 0 1 0 protons per pulse. Differential 
cross sect ions for p ro ton -p ro ton elastic 
scatter ing in pure transverse spin 
states have been measured at 6 GeV/c 
and are in progress at 12 GeV/c (see 
M a y issue 1976 ) . A set of 3-sp in 
cross sect ions has been measured at 
6 GeV/c to test P and T invariance at 
large momen tum transfer, using a 
recoil p ro ton polarimeter, and fur ther 
measurements at 12 GeV/c are an t i ­
c ipated. 

Measurements of the total cross 
sect ion dif ferences in pure transverse 
spin states have recently been made at 
momenta between 1.2 and 3 GeV/c by 
a Rice g roup and large dif ferences (no t 
yet we l l understood theoret ical ly) 
were observed. A lso in the Beam 1 
area is a polarimeter, using a l iqu id 
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The 3.66 m telescope of the European Southern 
Observatory is now in action on La Silla mountain 
in Chile. The first photographs were taken on 
9 November and were found to be of excep­
tionally good quality. Not only do they record 
very faint celestial objects but they are also 
giving images of a sharpness and roundness 
that indicate that the telescope is optically and 
mechanically near perfect. CERN has helped 
ESQ in the construction of the telescope. 

Part of a picture of the sky in the Southern 
hemisphere obtained with the new ESO 
telescope on 17 November. It shows a particularly 
rich area for investigation in the Western part 
of the large Magellanic cloud. The larger 
agglomerations of stars are globular clusters 
in the cloud and some gaseus nebula are seen. 
The exposure time was 30 minutes and the 
picture records a total of about 50 000 stars. 

hydrogen target, where the polar iza­
t ion of the extracted beam is meas­
ured; it is typ ica l ly 7 0 % at 6 GeV/c 
and 6 0 % at 12 GeV/c . 

Next a long the extracted beam- l ine 
is the Beam 5 area where a h igh resolu­
t i on , large acceptance beam- l ine, o r i ­
g inal ly designed to t ransport secondary 
particles f rom a p roduc t ion target, has 
been used as a magnet ic spect ro­
meter. Particles created in inelastic 
col l is ions in a hydrogen target located 
in the extracted beam are m o m e n t u m 
analyzed and ident i f ied by the beam-
line and Cherenkov counters. Studies 
of posi t ive p ion inclusive p roduc t ion 
at 6 and 12 GeV/c by a M i n n e s o t a / 
A rgonne / Rice g roup s h o w e d u n ­
expectedly large sp in -dependent 
effects. The depolar izat ion parameter 
in pp ->pN* was also measured, using 
a second scatter ing of the produced 
pro ton. This past Summer, a U C L A / 
Minnesota / A rgonne / Texas g roup 
obta ined very accurate data on the 
angular d is t r ibut ion and polar izat ion 
in p - H e 4 elastic scatter ing f rom 1.2 to 
3 GeV/c and a sharp angular structure 
w i t h a rapid energy dependence was 
observed. 

Beam 5 has recent ly been modi f ied 
to spl i t of f and t ransport a por t ion of 
the extracted proton beam. A n exper i ­
ment by the M inneso ta /A rgonne /R i ce 
g roup to measure p ro ton -p ro ton and 
p ro ton-neu t ron elastic scatter ing 
polarizat ions f rom 2 to 8 GeV/c near 
90° in the centre of mass is in progress. 
Comprehensive measurements of 
inclusive particle p roduc t ion by 6 and 
12 GeV/c polarized pro tons by an 
Indiana g roup w i l l begin in the Spr ing. 

M o v i n g downs t ream, the next area 
is Beam 2, w h i c h has been used by a 
Los A lamos /Ch icago / I l l i no i s g roup to 
search for evidence of par i ty v io la t ing 
weak nuclear forces. These h igh pre­
c is ion experiments measure the effect 
of long i tud ina l beam polar izat ion on 
absorpt ion in th ick nuclear targets. The 
f irst run gave evidence for an effect at 
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X ray imaging using a multiwire proportional 
chamber system developed at the Rutherford 
Laboratory. 
1. The test pattern made from 0.8 mm lead foil 
glued onto an aluminium sheet. 
2. The image of the test pattern obtained on 
a Tx 611 display unit when the pattern is 
irradiated by a gadolinium X ray source and 
the display is triggered by the 'escape peak' 
in the pulse height spectrum. 
3. As with (2) but with the display triggered 
by the 'full energy peak' of the pulse height 
spectrum. 

1. 
the level of several parts in 1 0 6 but it 
was soon realized that this cou ld 
result f r om the parity v io la t ing decays 
of produced hyperons. A second run 
w i t h a modi f ied apparatus is under 
analysis. A decis ion whe ther to press 
on to a level of 10~ 7 w i l l probably be 
made in the coming months. 

The four th exper imental area in use 
for polarized beam experiments is the 
Effective Mass Spectrometer ( E M S ) . 
In this area, as we l l as in the Beam 22 
area descr ibed be low, beam intensit ies 
are l imi ted to about 1 0 6 protons per 
pulse by radiat ion safety considera­
t ions as we l l as by the nature of the 
apparatus. Early experiments at the 
EMS inc luded studies of inclusive 
lambda p roduc t ion , by an Ohio Sta te / 
A rgonne /Ch i cago group, and studies 
of exclusive inelastic f inal states by the 
A rgonne EMS group. Measurements 
of small angle p ro ton -p ro ton and 
p ro ton-neu t ron elastic scat ter ing, also 
made by the A rgonne group, s h o w e d 
surpr is ingly large dif ferences in the 
polar izat ion between the t w o systems, 
a phenomenon not yet fu l ly under­
s tood. 

These early exper iments were l im­
i ted to 6 GeV/c inc ident beams by 
v i r tue of the beam- l ine arrangements. 
In February 1976 , a 12 GeV/c super­
conduc t i ng beam- l ine (Beam 21S) 
w a s brought in to operat ion to serve 
the EMS (see the March issue) so 
that these studies cou ld be extended to 
the fu l l machine energy. The 12 GeV/c 

2. 

measurements are in progress, and it is 
p lanned to cont inue the inelastic 
studies dur ing 1977 w i t h long i tud i ­
nally polarized protons. 

The last of the experimental areas 
used for polarized proton beam w o r k 
is Beam 22 , w h i c h is used pr imari ly to 
serve a second polarized proton target, 
a l though the beam can be sent instead 
to the 1.5 m streamer chamber, where 
a test run of a Strasbourg group 's 
exper iment to s tudy polarized proton 
di f f ract ion dissociat ion by hel ium n u ­
clei has been comple ted . 

The polarized target w o r k in Beam 
22 is being carried out by an A r g o n n e / 
Nor thwestern group. The present goal 
is to determine the p ro ton -p ro ton 
elastic scatter ing ampl i tudes at 
6 GeV/c in the d i f f ract ion peak region. 
For th is purpose, the or ientat ion of 
target and beam polar izat ion direct ions 
a long all three coord inate axes must be 
possible. Early experiments used 
N- type beams and N- type targets. 
Next, a ' sp in - t i pp ing ' supe rconduc t i ng 
solenoid magnet was in t roduced to 
rotate the beam polarizat ion by 90° 
around its d i rect ion of mot ion , thus 
produc ing an S- type polarized beam 
(see the October issue). W i t h the 
proper arrangement of bend ing mag ­
nets in the beam, the S- type polar iza­
t ion can be conver ted into L-type 
( long i tud ina l ) polar izat ion. This Spr ing 
a superconduct ing 'R and A ' polarized 
target magnet was brought into opera­
t ion (also reported in the October 

3. 
issue) to provide S and L-type target 
polarizations. One of the f irst measure­
ments made w i t h the 'R and A ' target 
w a s of p ro ton -p ro ton total cross sec­
t ion dif ferences in pure longi tud inal 
spin states be tween 1.2 and 3 GeV/c . 
Large structure was f o u n d in the 1.5 to 
2 GeV/c region, whose theoret ical 
explanat ion is sti l l unclear. 

It is bel ieved that an init ial set of 
measurements, suf f ic ient in pr inciple 
to determine the p ro ton -p ro ton scat­
ter ing ampl i tudes at 6 GeV/c , w i l l be 
in hand w i t h i n the next six months. 
Future w o r k may we l l inc lude repeat­
ing these measurements using a 
polarized neutron target current ly u n ­
der development , or else mov ing on to 
12 GeV/c to learn about the energy 
dependence of the ampl i tudes. 

In summary, the past three years of 
w o r k at the ZGS have opened a new 
chapter in particle physics — the 
precision s tudy of the role of spin in 
hadron interact ions. M a n y unexpected 
effects have been f o u n d and much 
impor tant physics remains to be done. 

RUTHERFORD 
Detectors 
in biomedicine 
Several Laboratories have been i n ­
vest igat ing the appl icat ion of new 
particle detectors, developed for h igh 
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When the 'mass' image of the target object 
is calculated, the pictures emerging from the 
detection system are much clearer. 
1. Conventional X ray image. 
2. 'Mass' image produced using the system's 
computing power. 

1. 
energy physics research, in medic ine. 
In particular, mu l t iw i re proport ional 
chambers ( M W P C s ) and dri f t c h a m ­
bers, w h i c h emerged f rom the w o r k at 
CERN in the late 1960s, offer several 
advantages compared w i t h conven ­
t ional techniques. Recent invest iga­
t ions at the Rutherford Laboratory 
have suggested new appl icat ions of 
M W P C s in b iomedical studies. 

A xenon f i l led M W P C X ray imaging 
detector has been developed w i t h 
computer contro l led data acquis i t ion 
and image display. The device is 
in tended for use in f ields in w h i c h 
numerical data and subsequent c o m ­
putat ion are an essential feature — 
bone mineral est imat ion and lateral 
sect ion tomography are typical app l i ­
cat ions. First tests w i t h the device 
have concentrated on bone mineral 
est imat ion and have been performed 
in col laborat ion w i t h the M R C Mineral 
Metabo l ism Uni t at Leeds General 
Infirmary. 

Theoret ical w o r k at Rutherford i n ­
dicated that the main systematic error 
af fect ing a bone mass measurement, 
using the X ray absorpt ion techn ique, 
arises f rom the spatial resolut ion of 
the X ray detector. To achieve the 
required accuracy, a spatial resolut ion 
of about 1 mm is demanded of the 
detector at an X ray energy h igh 
enough to penetrate the por t ion of the 
anatomy studied (usual ly the fore­
a rm) . Further theoret ical studies i n ­
dicated that such requirements can be 

2. 

met w h e n a monod iomat ic X ray 
beam of about 42 keV is used w i t h a 
xenon f i l led M W P C and pulse selec­
t ion is imposed on the ou tpu t pulses 
so as to select the so-cal led 'escape 
peak'. Experimental invest igat ion 
showed clearly that unambiguous 
energy measurement (us ing the fu l l 
energy peak) is qui te incompat ib le 
w i t h good spatial resolut ion (as can 
be seen in the Figures). 

The performance of the imag ing 
system is further enhanced by the 
compu t i ng power of the associated 
electronics. Normal isat ion of the X ray 
image of a target object is calculated 
f rom data runs stored on disc in the 
computer and an image of the mass 
d is t r ibut ion in the object can be 
displayed. This procedure not on ly 
displays the parameter of cl inical 
interest (such as the bone mass) 
direct ly but it also el iminates systema­
tic errors arising f rom the chamber and 
beam non-uni formi t ies . The advan­
tages of th is processing can be seen 
in the Figures. 

The M W P C performance achieved 
in the present w o r k is expected to 
lead to a precision of about 1 % for 
' in v i vo ' measurements of bone mineral 
mass w h i c h is a very considerable 
advance over current techniques. A p ­
pl icat ion to spinal bone mass measure­
ment and lateral sect ion tomography 
also appear promis ing. X ray t o m o ­
graphy, the s tudy of sect ions th rough 
bio logical structures, has been g iven 

a boost by the deve lopment of 
sophist icated equ ipment by EMI Ltd 
for axial sect ions. The M W P C equ ip ­
ment for lateral w o r k might prove 
considerably less expensive. 

DESY 
Builders treat 
at PETRA 
On 2 December, the const ruct ion fo re ­
man symbol ica l ly smashed his glass 
on the last rafter w h i c h had just been 
put up on the SE hall of the 19 GeV 
e lect ron-pos i t ron storage r ing PETRA. 
Only a f e w metres of the 2.3 km of 
the PETRA tunnel remained to be 
comple ted and the occasion was 
celebrated by a visit of the site. 
Dr. Dieter Bialas, senator of Hamburg , 
and several other guests together w i t h 
more than 200 builders took the 
oppor tun i t y to look th rough the r ing 
tunne l to see w h a t the DESY team 
are do ing in those sect ions w h i c h 
have already been turned over to t hem. 
From outs ide, three quarters of the 
f inal tunne l system is no longer vis ible 
f rom above. One part is covered by 
a 3 m layer of earth, sur rounding the 
DESY Laboratory like a c i ty wa l l , wh i l e 
in other underground segments the 
on ly evidence is a track of fresh ye l l ow 
sand. 

W h e n the visi tors reached the c o m ­
pleted experimental hall NW, they 
en joyed a meal ornamented by talks 
and toasts of pol i t ic ians, bui lders and 
physicists. Herw ig Schopper, Chair­
man of the DESY Directorate, m e n ­
t ioned in his ta lk that particles are 
already wa i t i ng for their in ject ion in to 
PETRA. A n e w chopper system has 
been instal led in L INAC II and, us ing 
th is system, th i r ty equidistant electron 
bunches were stored in DORIS at a 
rate cor responding to a PETRA f i l l ing 
t ime of several minutes. In January 
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Plan of the PETRA electron-positron storage ring 
under construction at DESY. Construction of 
the tunnel is virtually completed and at the top 
of the ring the progress with the installation 
of services (cooling, bus bar supports, magnet 
installation settings) is indicated. The NW, NE, 
SW and SE straight sections are the four which 
will initially be used for experiments. The 
experimental programme was described in our 
November issue. 

A view inside the PETRA tunnel showing the 
installation presently in progress. 

1977, the eject ion f rom the DESY 
synchrot ron w i l l be ready and instal la­
t ion of the 7 GeV beam transfer 
channels f rom DESY to PETRA wi l l 
start. It is expected that in M a y the 
in ject ion system plus one octant of 
the r ing w i l l be completed and the 
f irst particles w i l l travel in to the new 
machine. 

In recent weeks holes have been 
dri l led in to the f loor of the tunnel 
ready for the magnet suppor t instal la­
t ion . Four bend ing magnet prototypes 
have been bui l t to check const ruct ion 
techniques, establish the f inal pole 
contour and the we ld ing procedure. 
In November the laminat ions for the 
f irst series product ion magnet were 
s tamped and they are n o w being 
assembled. The product ion rate for 
the addi t ional 231 dipoles is p lanned 
to be one per day, start ing in February 
1977. The f irst series product ion 
quadrupoles are expected this m o n t h ; 
3 0 4 of them w i l l be produced at a 
rate of 20 per mon th . W h e n they arrive 
at DESY, the magnets w i l l be measured 
and it w i l l be possible to check one 
d ipole and about three mul t ipo les per 
day. 

To meet the special requirements 
for a ' smoo th ' vacuum chamber w i t h 
l o w r.f. parasitic mode energy losses 
(see the piece on PEP in the October 
issue, page 3 4 8 ) , several new tech ­
niques have been successful ly de­
ve loped at DESY. The standard PETRA 
chambers w i l l be made f rom an 
extruded a lumin ium prof i le w i t h four 
channels ho ld ing , respectively, the 
beam, the integrated sput ter - ion 
pumps, the water coo l ing and the 
bake-out elements. The first e ighty 
a lumin ium chambers have been re­
ceived. A spark erosion techn ique wi l l 
be used for p roduc ing about 1000 slots 
per chamber in the wa l l separating 
the p u m p channel f rom the beam 
channel . N e w we ld ing techniques 
(see the Apr i l issue, page 138) give 
greater f lex ib i l i ty in vacuum system 

P E T R A 

pipes for 
cooling water 
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People 
and 
things 

design and s igni f icant ly reduce the 
chamber p roduct ion costs. A standard 
vacuum chamber pro to type w i l l be 
comple ted at the end of December 
and series p roduc t ion w i l l start in 
February. 

Prototypes of integrated sput ter - ion 
pumps w i t h t w o di f ferent cell d ia ­
meters (32 and 17 m m ) have been 
tested. Series p roduc t ion of the pumps 
has started in the w o r k s h o p of the 
Technical Universi ty Aachen and de­
l ivery of the f irst e lements begins this 
mon th . A new method of degassing 
vacuum chambers w a s successful ly 
tested in w h i c h the anodes of the 
pumps are used to sustain a g l o w 
discharge in an argon atmosphere. 
This method of c leaning in situ wo rks 
very sat isfactori ly and seems to be far 
superior to thermal outgass ing. 

Inside the tunne l , the outer wa l l is 
covered w i t h several combl ike sup ­
ports that are wa i t i ng for some 6 0 km 
of a lumin ium busbars — the current 
leads for quadrupoles and sextupoles. 
(The d ipole current w i l l be direct ly 
carried f rom one magnet t o the next.) 
Near the tunne l f loor, t w o a lumin ium 
pipes supp ly the coo l ing water for 
magnets and vacuum chambers. 

In the northern and southern straight 
sect ions, the r ing tunne l w idens to 
g ive room for 32 cavit ies each, w h i c h 
w i l l supp ly the energy for accelerat ion 
and to compensate for loss by synchro­
t ron radiat ion. A t least 16 cavit ies w i l l 
be instal led by 1978 a l l ow ing a par­
t ic le energy of 15 GeV for machine 
tests. A t the beg inn ing of 1979 , 
32 cavit ies w i l l a l l ow an energy of 
17.5 GeV and, f inal ly, 64 cavit ies for 
19 GeV w i l l comple te instal lat ion of 
the f irst stage of PETRA. Prototypes 
of these f ive-cel l cavit ies have been 
tested c.w. up to a power dissipat ion 
of 150 kW and no thermal instabi l i ty 
has been seen. A lso, no mul t ipactor ing 
was observed and t i tan ium coat ing is 
not necessary. Delivery of cavit ies w i l l 
start in January 1977. Coup l ing 

w i n d o w s and tun ing plungers are n o w s m a g n e t s 

being produced at DESY and the 
wavegu ide t ransmission-system and All four superconducting dipoles, 
eight klystrons of 500 k W each have scheduled for the high energy un-
been ordered. separated beam-line from the Brook-

Progress on the project in general haven AGS to the MultiParticle Spec-
is on schedule and f ingers are crossed trometer, have been installed after 
that the w o r k w h i c h needs to be done successful tests. The magnets are each 
in the coming years w i l l go as smooth ly 2.5 m long with a 20 cm bore and 
as it has in the course of 1976. Eyes give a 4 T bending field. Their design 
are already being raised to the fu ture is similar to that proposed for use in 
and the greatest hope seems to lie in the 200 GeV proton storage rings, 
the deve lopment of superconduc t ing ISABELLE, and the successful opera-
r.f. cavit ies such as are under attack tion of these magnets has given added 
at Karlsruhe. These cavit ies cou ld make confidence to the ISABELLE team. 
it possible to give more energy to the 
beam w i t h o u t prohibi t ive power costs. 
The PETRA magnet system wi l l be Future physics 
capable of ho ld ing particles of energy 
up to 4 0 GeV and a fur ther stage of In the course of 1976 three S tudy 
the PETRA project w o u l d become Groups at CERN have produced re-
technica l ly feasible if superconduc t ing v iews of possible physics at fu ture 
r.f. cavit ies are mastered. accelerators. The reviews are n o w 

available as ' y e " o w reports'. Report 
CERN 7 6 - 1 2 edited by L. Camilleri 
covers w o r k on physics at a mul t i -TeV 
pro ton synchrot ron and at 400 + 
4 0 0 GeV proton storage rings (LSR-
Large Storage Rings) . Report CERN 
7 6 - 1 8 covers w o r k on physics at an 
e lec t ron-pos i t ron storage ring of 
energy up to 100 + 100 GeV (LEP -
Large Elect ron-Posi t ron) . The g roup 
look ing at the potent ial of LEP w a s 
chaired by Pierre Darriulat. Both re­
ports are available f rom the CERN 
Scient i f ic Informat ion Service, CERN, 
1211 Geneva 23, Swi tzer land. 

Event recorded in the Omega spectrometer of 
CERN during tests of the electron beam 
generated by SPS protons on 12 November. 
This is CERN's first ever high energy electron 
beam and the physicists were very happy 
to see such events appear without any tuning of 
the beam or of their detectors. 
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Super magnets 

All four superconducting dipoles, 
scheduled for the high energy un-
separated beam-line from the Brook-
haven AGS to the MultiParticle Spec­
trometer, have been installed after 
successful tests. The magnets are each 
2.5 m long with a 20 cm bore and 
give a 4 T bending field. Their design 
is similar to that proposed for use in 
the 200 GeV proton storage rings, 
ISABELLE, and the successful opera­
tion of these magnets has given added 
confidence to the ISABELLE team. 

Future physics 

In the course of 1976 three S tudy 
Groups at CERN have produced re­
v iews of possible physics at fu ture 
accelerators. The reviews are n o w 
available as ' ye l l ow reports'. Report 
CERN 7 6 - 1 2 edited by L. Camilleri 
covers w o r k on physics at a mul t i -TeV 
pro ton synchrot ron and at 400 + 
4 0 0 GeV proton storage rings (LSR-
Large Storage Rings) . Report CERN 
7 6 - 1 8 covers w o r k on physics at an 
e lec t ron-pos i t ron storage ring of 
energy up to 100 + 100 GeV (LEP -
Large Elect ron-Posi t ron) . The g roup 
look ing at the potent ial of LEP w a s 
chaired by Pierre Darriulat. Both re­
ports are available f rom the CERN 
Scient i f ic Informat ion Service, CERN, 
1211 Geneva 23, Swi tzer land. 



What not to do w i t h accelerated 
particles 

Flutter in the dovecots of the precious 
stone trade in Geneva on 11 N o v e m ­
ber. A large d iamond , expected to 
attract around 3 mi l l ion Swiss Francs 
at a Christie's auc t ion , was w i t h ­
d rawn under suspic ion that its ye l low 
t in t was not natural but had been 
obta ined by irradiat ion w i t h a beam 
f rom a cyc lo t ron. Such irradiat ions, 
by af fect ing the crystal structure, 
can change the l ight t ransmission 
propert ies of a d iamond . A d iamond 
art i f icial ly t in ted in this w a y p lunges 
in value by a factor of ten (for some 
obscure reason). 

50 microamp at TRIUMF 

Since September, the TRIUMF cyclo­
tron has been running 1 to 2 \iA beams 
with 10 \LA scheduled for one shift 
each week. Quite apart from the lack 
of shielding, it is still necessary to 
limit the average current to avoid 
irradiating the machine too severely. 
With the delivery of more concrete 
blocks, a 20 \iA test was scheduled 
for 23 November. 20 microamp was 
achieved on the target by midnight 
and the current was gradually in­
creased to a maximum of 50 \LA, the 
limit being set by the cooling capacity 
of the temporary beam dump. The 
permanent dump (which is also a 
neutron source) will be installed next 
Summer in preparation for the first 
100 yA runs by the end of the year. 

Power from accelerators 

The fertile mind of Bob Wilson, 
Director of Fermi lab, has looked 
again at the possibility of accelerators 
becoming energy producers, via the 
nuclear fission route, in the light of 
the reduced power requirements for 
accelerator operation using super-

1. Andre Klein 

2. Wim Klein 

Opposite page: 

The prototype superconducting quadrupole 
which has worked so well in tests at the CERN 
ISR Division 

conducting magnets. Construction 
of the Fermilab superconducting 
Energy Doubler is the obvious source 
of this rethink. The necessary 
sequence would be to use high 
energy protons to generate neutrons 
which would be absorbed in uranium 
or thorium yielding fissionable 
material, like plutonium, to burn in 
a reactor. Some collections of acceler­
ator parameters (energies, intensities, 
etc.) could make this sequence 
productive by generating more power 
than is used to accelerate the pro­
tons. Professor Wilson accepts that 
there are better ways of producing 
plutonium but points out that the 
necessary proton beam intensities in 
any device such as he outlined 
would make a truly magnificent 
neutrino source. 

On people 

By coincidence, CERN is bidding 
farewell at the same time to two 
prominent staff members bearing 
the name Klein. Andre Klein has 
returned to the upper echelons of 
French administration after five years 
at CERN during which time his main 
task was as head of administration 
at the SPS project. In that role he 
did a great deal to smooth relations 
with the two host countries, France 
and Switzerland, during the com­
plicated negotiations involved in the 
major extension of the CERN site. 
Wim Klein, the human computer, 
has retired after eighteen years in 
the Theory Division. His phenomenal 
abilities at mental arithmetic are 
legendary — there cannot be many 
people around who could even 
understand the complication of 
mentally extracting the 37th root of 
a 220 digit number in a few minutes! 
His departure was marked with a 
'Farewell Show' in the CERN Audi­
torium on 10 December when his 
prowess was obviously undimmed. 
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Frank Cole of Fermilab has joined 
John Blewett of Brookhaven as co-
editor of the journal 'Particle 
Accelerators' published by Gordon 
and Breach. John, who has edited 
the journal since it was started, 
intends to retire as editor in July of 
next year. 

New appointments at Fermilab: 
Drasko Javanovic becomes Associate 
Head of the Research Division. Line 
Read becomes Head of Research 
Services. Dennis Theriot and Dick 
Lundy swop places becoming Head 
and Associate Head of the Neutrino 
Department. 

On the occasion of their 30th Anni­
versary, the Associated Universities 
Inc. which operate the Brookhaven 
Laboratory, honoured I.I. Rabi and 
Franklin A. Long with commemorative 
plaques for many years of distin­
guished service on behalf of Brook­
haven and the National Radio 
Astronomy Observatory. 

The Program Advisory Committee at 
SLAC has five new members for a 
term extending to 1978. They are 
Joe Ballam (SLAC), Robert Cahn 
(Michigan), John Kadyk (LBL), 
James Pilcher (Erico Fermi Institute) 
and Stanley Wojcicki (Stanford). 
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A Point 
of View 

Superconducting quadrupole of ISR 
quality 

A prototype superconducting quadru­
pole such as could be used in a high 
luminosity insertion at the CERN 
Intersecting Storage Rings has emer­
ged with flying colours from a series 
of tests and magnetic measurements 
in its own horizontal cryostat. (The 
first tests in a vertical cryostat were 
reported in May, page 185.) Very 
stringent tolerances on field gradient 
allow a maximum error of only 2 parts 
per thousand over the beam aperture 
of the magnet and this has been 
achieved at the design peak field 
gradient of 40 T/m with a maximum 
field of 5.1 T in the superconducting 
magnet windings. The magnet is of 
such a quality that its installation in 
the ISR could be envisaged with con­
fidence—there is no higher criterion 
in the accelerator world. 

COURIER progress 

W i th this December issue w e c o m ­
plete the first vo lume of CERN 
COURIER in w h i c h w e have 
at tempted to extend our in format ion 
coverage to be more representative 
of the w o r l d - w i d e commun i t y of 
h igh energy physics. Thanks to the 
splendid col laborat ion of the 
correspondents based in the Labo­
ratories (see the list inside the f ron t 
cover) our aims have been largely 
achieved. There remains, however . 

CERN 222.11.76 

a great deal that can be done and, 
in the coming year, w e hope to be 
able to invest more effort at the 
editorial end so as to realise more 
of the potent ial of the c o m m u n i c a ­
t ions system that has been estab­
l ished in the course of th is f irst year. 

A w o r d of thanks shou ld also go 
to those w h o take such g o o d care 
of the d ist r ibut ion of the journal in 
several of the larger countr ies. Af ter 
a f e w teeth ing t roubles, the new 
dist r ibut ion chains seem to be 
operat ing eff ic ient ly ( though w e have 
stil l to establish the d is t r ibut ion 
system in France). Finally in our list 
of appreciat ions, w e shou ld like to 
thank Presses Centrales Lausanne 
w h o have pr inted CERN COURIER 
for the past four years. Their h igh 
competence and enthusiasm eased 
the task of the Editor considerably. 

The COURIER wi l l move to a new 
printer at the beginn ing of 1 9 7 7 and 
it has been decided to open the year 
w i t h a combined January /February 
issue. This w i l l avoid the problems 
of p roduc ing an issue in the first 
days of January (problems w h i c h 
mainly stem f rom postal delays 
immediate ly after the turn of year 
fest iv i t ies) . The issue w i l l appear 
mid-February and, g iven the c o n ­
t inued excellent co-opera t ion that 
w e receive f rom so many people, 
w e hope to serve the h igh energy 
physics commun i t y better in the 
course of 1977. 

Leon Van Hove, Research Director 
General at CERN, gave the closing 
lecture at an International School 
of Particle Accelerators held in Erice 
from 10 to 22 November. The title 
of the talk was 'What do physicists 
expect from higher energies?' Giving 
his personal evaluation of the high 
energy physics outlook, Professor 
Van Hove concluded with the 
following comments about the need 
for a strategy concerning the selec­
tion and exploitation of future large 
accelerators. 

The recent developments have made 
it ove rwhe lm ing ly clear that much n e w 
know ledge can be expected f rom 
higher energy machines. The interest 
of the phenomena to be invest igated 
and the advances being made t owa rd 
uni f ied theories leave litt le doub t about 
the scient i f ic val id i ty and vi tal i ty of 
h igh energy physics. One can there­
fore hardly see any reason w h y a 
reasonably st rong level of suppor t 
w o u l d not be cont inued for this branch 
of physics, w h i c h is obv ious ly qui te 
fundamenta l and in a state of constant 
progress. The problem is not so much 
whe ther n e w high energy accelerators 
w i l l be bui l t in the future. Right n o w 
in fact , n e w e lect ron-posi t ron storage 
r ing faci l i t ies are under const ruct ion 
at DESY and SLAC, and Fermilab is 
bu i ld ing an energy doubler to acceler­
ate protons to 1000 GeV (1 TeV) . 

The prob lem is rather to ensure, 
t h rough a proper strategy for fu ture 
accelerators, that the w o r l d resources 
al located to h igh energy physics be 
spent for the greatest overall benef i t 
and advancement of science. T w o 
c i rcumstances play here a dominan t 
role, f i rst ly the evidence that the pro­
gress of physics demands var ious 
complementary types of machine, 
secondly the fact that the cost of each 
of t hem is l ikely to saturate the f inancial 
possibi l i t ies of a w h o l e cont inent for 
many years. 
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Leon Van Hove, 
CERN Research Director General 

It is therefore of great s igni f icance 
to adopt a new, more systematic 
approach t owa rd a w o r l d - w i d e co ­
ord inat ion of fu ture large accelerator 
projects, somewha t analogous to w h a t 
was done in Western Europe in the 
early 60 's w i t h the creat ion of the 
European Commit tee for Future A c ­
celerators, ECFA. Fo l low ing a recom­
mendat ion of an interregional s tudy 
group concerned w i t h the possibi l i ty 
of a 'Very Big Accelerator ' on a w o r l d ­
w i d e scale, the Commiss ion for Par­
t icles and Fields of the International 
Un ion for Pure and App l ied Physics 
decided in Ju l y 1976 to create an 
Interregional Commi t tee for Future 
Accelerators, ICFA. It shou ld sponsor 
discussions and studies on future 
large-scale efforts be tween the various 
regions of the w o r l d engaged in high 
energy physics research. The con t r ibu ­
t ion w h i c h ICFA cou ld make is very 
great indeed, just as ECFA played a 
crucial role for the successful deve lop­

ment of European high energy physics. 
Look ing more concretely at the 

s i tuat ion in the three main regions of 
the wo r l d operat ing large accelerators, 
the f o l l ow ing picture seems to emerge. 
The USSR high energy physicists, 
w h o are mainly using the 70 GeV 
proton synchrot ron at Serpukhov, are 
making plans for a n e w machine of 
the same type in the energy range 2 
to 5 TeV. It is hoped that the new 
synchrot ron w i l l be bui l t in the 80 's 
and w i l l be supplemented by an elec­
t ron r ing for the s tudy of e lect ron-
proton col l is ions. 

In the USA, the 4 0 0 GeV proton 
synchrot ron at Fermilab is exploi ted 
for physics since 1972 and a 1 TeV 
energy doubler is under const ruc t ion, 
w h i c h is in tended to be used also in 
a p ro ton -p ro ton co l l id ing beam mode 
w i t h the r ing of the exist ing acceler­
a t o r * ) . The e lect ron-posi t ron storage 
r ing PEP is being bui l t at SLAC, and 
t w o possible projects of very h igh 

energy p ro ton -p ro ton r ings, ISABELLE 
and POPAE, are under study. 

In Western Europe, CERN is c o m ­
plet ing the const ruc t ion of its 4 0 0 GeV 
pro ton synchro t ron , and w o r k has 
started on the e lect ron-pos i t ron stor­
age r ing PETRA at DESY. Prel iminary 
studies are carried ou t on var ious 
storage r ing projects, each one having 
its proponents * ) . A m o n g the possible 
opt ions , a number of physicists s h o w 
part icular interest in the choice of a 
very h igh energy e lect ron-pos i t ron 
faci l i ty as a fu ture large European 
enterprise. 

If each of the t rends ment ioned 
above w o u l d materialize, one w o u l d 
have an example of a reasonable 
shar ing of w o r k be tween the var ious 
regions of the w o r l d for the h igh 
energy physics accelerators of the 
coming decades. Wh i le other forms 
of shar ing are of course possible, it 
shou ld be borne in mind that dup l i ca ­
t ion of one of the very large projects 
contempla ted may mean that another 
of the desirable machines w o u l d not 
be bui l t , at least for a very long t ime. 

But intercont inental co l laborat ion 
in high energy physics has developed 
rapidly in recent years, in part icular 
w i t h the explo i ta t ion of the ISR at 
CERN and the large pro ton synchro­
t rons at Serpukhov, Fermilab and 
CERN. It may, therefore, not be too 
opt imist ic to hope that a reasonable 
co-ord ina t ion of regional plans w i l l 
be achieved, a iming at an eff ic ient 
use of necessarily l imi ted resources 
for the fur ther progress of h igh energy 
physics, and paving the w a y to a more 
integrated w o r l d - w i d e co l laborat ion in 
one of the most fundamenta l branches 
of science. 

*) Both Fermilab and CERN also 
study the possible utilization of their 
existing accelerators for proton-
antiproton colliding beam experi­
ments. 
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NIM TIMING MODULES 
NE4670 
TIME 
AMPLITUDE 
CONVERTER 

•Valid start stop 
outputs 

• Timing intervals from 
nanosecond to 
microsecond 0.05 to 
10us (X1 or X10) 

• Time jitter 10ps 

•Storage mode 1us to 
1000us 

• Differential 
nonlinearity ±1% 

•Temperature stability 
$0.01%/deg C 

NE4676 
ARC TIMING 
ANALYSER 

• Two units in one 
(Timing Disc and Energy 
Analyser) 

• For use with Ge(Li) and 
Si(Li) surface barrier, 
organic and inorganic 
scintillators, photomulti-
pliers and electron 
multipliers. 

• Fast timing output 

• In-built amplifier 

• Modes: amplitude and 
risetime compensated or 
leading edge 

• Dynamic range 100:1 

• Input: positive or 
negative, dc or ac. 

for full details contact 

NUCLEAR ENTERPRISES S A 
25 Chemin Franqois-Lehmann 1218 Grand Saconnex, Geneve Tel (022) 9816 61 62 Telex 289066 

Nuclear Enterprises Limited, Sighthill, Edinburgh, EH11 4EY. Or phone 031-443 4060. 

IHMBHI Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 Munchen 2, Germany, Tel: 53-62-23 Telex 529938 
LiMttJI Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070Tel: 415 593 1455, Telex 348371 
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CERN ACADEMIC TRAINING PROGRAMME 
(1976-1977) 

T h i s P r o g r a m m e o f l e c t u r e se r ies is o r g a n i z e d e a c h y e a r b y 
t h e A c a d e m i c T r a i n i n g C o m m i t t e e . 

2nd Term: 

F e b r u a r y 2 , 3 , 4 a n d 8 T h e n e w p a r t i c l e s a n d t h e i r s p e c t r o ­

s c o p y , b y J . D. J a c k s o n ( U n i v e r s i t y 

o f C a l i f o r n i a , B e r k e l e y ) 

F e b r u a r y 2 3 , 2 4 a n d 2 5 P r o p e r t i e s o f m a t e r i a l s a n d c o m p o ­
n e n t s a t c r y o g e n i c t e m p e r a t u r e s , b y 
M . V a n d e V o o r d e ( E u r a t o m & C E R N ) 

M a r c h 2, 3 , 4 , 8 a n d 9 

M a r c h 2 9 , 3 0 a n d 3 1 

P o l a r i z a t i o n a n a l y s i s in h i g h - e n e r g y 
e x p e r i m e n t s , b y L M i c h e l ( I n s t i t u t 
d e s H a u t e s E t u d e s S c i e n t i f i q u e s , 
B u r e s - s u r - Y v e t t e ) 

T r a n s i t i o n r a d i a t i o n a n d t o t a l a b s o r b -
t i o n d e t e c t o r s , b y W . W i l l i s ( C E R N ) 

T h e l e c t u r e s are g i v e n a t 11 h . 0 0 . 

T h e p r o g r a m m e f o r t h e 3 r d T e r m w i l l b e p u b l i s h e d i n t h e 

M a r c h i ssue o f t h e C E R N C O U R I E R . 

Training & Education Service 
CERN, 1211 Geneva 23 
Telephone: 022/41 9811 , Extension 2844 

Advertisements in CERN COURIER 
A l l a d v e r t i s e m e n t s are p u b l i s h e d in b o t h E n g l i s h a n d F r e n c h 
e d i t i o n s . S e c o n d l a n g u a g e v e r s i o n s a c c e p t e d w i t h o u t e x t r a 
c h a r g e . 

Space 
(page) 

7i 

7« 

Actual size (mm) 
width by height 

1 8 4 x 2 6 7 

1 8 4 x 130 
8 8 x 2 6 7 

8 8 x 1 3 0 

Cost per insertion (Swiss Francs) 

1 
insertion 

1 3 0 0 

7 0 0 

3 8 0 

insertions 

1 2 0 0 

6 5 0 

3 5 0 

10 
insertions 

1 1 0 0 

6 0 0 

3 2 0 

S u p p l e m e n t f o r 
o n e c o l o u r 
f o u r c o l o u r s 
C o v e r s : 
C o v e r 3 ( o n e c o l o u r ) 
C o v e r 4 » » 
P u b l i c a t i o n d a t e 
C l o s i n g d a t e f o r 
p o s i t i v e f i l m s a n d c o p y 

9 5 0 S w F 
3 8 0 0 S w F 

1 4 5 0 S w F 
1 7 8 0 S w F 
E n d o f m o n t h o f c o v e r d a t e 

1s t o f m o n t h o f c o v e r d a t e 
T h e c o s t o f m a k i n g f i l m s a n d o f t r a n s ­
l a t i o n f o r a d v e r t i s e m e n t s a re c h a r g e d 
in a d d i t i o n 

S c r e e n ( o f f s e t ) 6 0 o r 5 4 S w i s s ( 1 5 0 E n g l i s h ) 
A d v e r t i s e m e n t s c a n c e l l e d a f te r 1s t 
o f m o n t h o f c o v e r d a t e w i l l b e i n v o i c e d 

A d v e r t i s i n g s p a c e is l i m i t e d t o 5 0 % o f c o n t e n t s a n d i n s e r t i o n s 
are s e l e c t e d o n a s t r i c t f i r s t - c o m e f i r s t - s e r v e d bas i s . 

A l l e n q u i r i e s t o : 

Micheline FALCIOLA / CERN COURIER - CERN 
1211 - GENEVA 23 Switzerland 
Tel. (022) 41 9811 Ext. 4103 Telex 2 36 98 

Stesalit resolves your 
individual problems 
in fiberglass 
construction 
- for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 

Stesalit AG 
Kunststof fwerk 
C H - 4 2 4 9 Zul lwi l SO 
Telefon 061 8 0 0 6 0 1 
Telex 63182 
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camac 

JCC 20 
A CRATE 
INTERFACE FOR POP 11 
• Equivalent to the module JCC 11 

but MULTIWIRE TECHNOLOGY 
for the printed board. 

• GAIN OF 2 CAMAC STATIONS 
the unibus terminator module is replaced 
by two terminator plugs. 

• EASE OF MAINTENANCE 

• COST REDUCTION : 6200 F HT 

• SOFTWARE AVAILABLE 

FOR MORE INFORMATION PLEASE CONTACT : 
Departement Nucleaire COMPTEURS SCHLUMBERGER 
BP 47 - 92222 Bagneux (France) 
Tel. : (1) 655.22.11 - Telex : SAIPEX 25075 F 
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N E 4 6 7 0 

T I M E 

A M P L I T U D E 

C O N V E R T E R 

•Val id start stop 
outputs 

• Timing intervals from 
nanosecond to 
microsecond 0.05 to 
10us (x1 or x10) 

• Time jitter 10ps 

•Storage mode 1us to 
1000us 

• Differential 
nonlinearity ±1% 

•Temperature stability 
$0.01%/deg C 

N E 4 6 7 6 

A R C T I M I N G 

A N A L Y S E R 

• Two units in one 
(Timing Disc and Energy 
Analyser) 

• For use with Ge(Li) and 
Si(Li) surface barrier, 
organic and inorganic 
scintillators, photomulti-
pliers and electron 
multipliers. 

• Fast timing output 

• In-built amplifier 

• Modes: amplitude and 
risetime compensated or 
leading edge 

• Dynamic range 100:1 

• Input: positive or 
negative, dc or ac. 

NUCLEAR ENTERPRISES S.A. 
25 Chemin Franqois-Lehmann 1218 Grand Saconnex, Genfeve Tel (022) 9816 61 62 Telex 289066 

Nuclear Enterprises Limited, Sighthil l , Edinburgh, EH11 4EY. Or phone 031-443 4060. 
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Muclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070Tel: 415 593 1455, Telex 348371 



The remarkably inexpensive Type 341 
Multi-sealer offers: 

# 12 independent 7-deeade Scalers 

• 100 MHz input resolution 

# One pre-settafole counter 

• Simultaneous live display on a 
T V screen 

• Parallel printer Output 

# System-independent 
(double NIM-module) 

Motoreducteurs 

Bien des fois imites, jamais egales, ni en 
qualite ni en precision... 

...parce que mis au point dans le cadre de 
plus de 60 annees de specialisation dans la 
construction de reducteurs a vis sans fin. 

Demandez la documentation ou la consul­
tation d'un de nos techniciens. 

Designed to wash away damaging contaminants. 

I ns ta l l H a w s e m e r g e n c y e y e / f a c e - w a s h f o u n t a i n s n e a r 

e v e r y h a z a r d . P u s h o f t h e v a l v e h a n d l e p r o v i d e s i n s t a n t , 

g e n t l e , p r e s s u r e - c o n t r o l l e d w a t e r t o f l o a t a w a y 

c o n t a m i n a n t s w i t h o u t d a m a g i n g d e l i c a t e t i s s u e s . 

T h i s e q u i p m e n t c a n h e l p t o e l i m i n a t e p o t e n t i a l p e r m a n e n t 

i n j u r i e s . W r i t e f o r f r e e i n f o r m a t i o n a n d c a t a l o g . 

H a w s I n t e r n a t i o n a l , 1 4 3 9 F o u r t h St . , 

B e r k e l e y , C a l i f o r n i a 9 4 7 1 0 , U .S .A . 

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

Haws Emergency Safety 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stations • 
Laboratory Units • Freeze-
Proof Units 
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• N E T 

U n g r o u p e d e n i v e a u e u r o p e e n 
d a n s 
a p r e s t a t i o n d e s e r v i c e s 

Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pebre tel. (91) 732850 
4 et 6, rue du Buisson - Saint- Louis - X e tel. (1) 20815 57 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'OMS, de I'ONU et de I'UIT a Geneve. 

The defenc gainst allergy 
d the smoke killer 

Ventronic-Braun 
Air-Control 
produces clean, 
clear air. 
Tobacco smoke laden air 
which you can cut with a 
knife - watering eyes -
a heavy head - is that 
healthy? No, and certainly 
no joke for non-smokers. 
Now, however, you can 
do something about it, by 
simply pressing a button. 

The Ventronic-
Braun 
Air-Control. 
Breathe more 
healthily 
once again. 

Hay fever asthma 
and bronchitis. 
The Ventronic-Braun 
Air-Control filters the air, 
before you inhale. This 
appliance has been 
techniclly tested in clinics 
in Europe and is 
capable of ab- f 

sorbing the smallest dangerous f 
microbes. It alleviates allergies J? 
and gives relief. A 

Suisse - Switzerland 

VENTRONIC AG 

Langstrasse 14 
Postfach 
CH-8026 Zurich 
Telefon 01/39 79 30 
Telex 53163 vent ch 

Autriche- Austria 

VENTRONIC 
Ges.m.b.H. 
Rechte Wienzeile 5 
A-1043 Wien IV 
Telefon 0222/56 36 81-85 
Telex 01/2771 vent a 

Allemagne - Germany 

VENTRONIC 
Handelsgesellschaft fur Luft-
und Klimatechnik m.b.H. 
Westfalendamm 96 
D-46 Dortmund 
Telefon 0231/57 40 26 
Telex 822 825 ventd 

England + Export World wide 

VENTRONIC UK Ltd. 
Essex/England 

305 Mile End Road 
GB-ColchesterC04 5EA . 
Telephone 0206/63544 A 
Telex 987754 vent gb W 
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LAIR LIQUIDE 

OF C R Y O G E N I C E Q U I P M E N T 

divi / ion materiel cryogenique 
5~7, av Cannot. 94500 Champigny/M . France 
Tel: BBO-aO-BO _ Telex: AL CH A230B8-4 F 
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SOCIETE TECHNIQUE DE 
REALISATIONS INDUSTRIELLES 

125 bis, rue Gall ieni 9 2 5 0 0 R U E I L - M A L M A I S O N - FRANCE Te l . : 977 03-93 

CHAMBRE 
A 

ETINCELLES 

CERENKOV 

HODOSCOPE 

Etude et realisation d'appareillages de physique 

Usinage, polissage, habillage de conduits de lumiere et scintillateurs 

E. LOTTI S.A 
PLUS DE 
5000 PRODUITS 
EN STOCK 
Reactifs MERCK 
Scintillateurs CIBA-GEIGY 

Prod u its 
• de recherches VENTRON-ALFA 
• pour purification des eaux 

(NaBFU) VENTRON 
• pour recherche electronique 

et nucleaire ESPI 
• biologiques GIBCO 
• chimiques purs 

R e s p o n s a b l e : M . F. R I O N D E L , i n g e n i e u r c h i m i s t e 

8, RUE BAYLON, 1227 CAROUGE 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. CH. 

Deb i tme t res 
G EC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

t y p e 1 1 0 0 

livrables ex stock Zurich 

Heraeus 
WITTMANN 

Rubans chauffants 

Cables chauffants 

Tuyaux chauffants 

Selecteur de puissance 
et de tension 
Demandez la documentation aupres de 

Oerlikonerstrasse 88 
tel. 01/46 4040 

vorm. WISMER AG 8057 Zurich 
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RTC 2078 

T H E N E W G E N E R A L P U R P O S E C A M A C R E A L T I M E C L O C K F R O M S E N 

T y p i c a l P r o c e s s C o n t r o l / P h y s i c A p p l i c a t i o n s i nc lude : 

# T I M E R 
* C L O C K G E N E R A T O R 
* E L A P S E D T I M E M E T E R 
• C O M P L E X T I M E M E A S U R E M E N T 

T h e R T C 2078 in b r i e f : 
- i n t e r n a l c r y s t a l o s c i l l a t o r , 10MHz 
- p r e s e t t i m e / c l o c k g e n e r a t o r r ange : f r o m 1 0 0 nanoseconds to 30 h o u r s 
- p r e s e t count r a n g e : f r o m 1 count to 2 3 2 c o u n t s 
- s t a r t / s t o p commands by da taway o r f r o n t panel i npu ts ( N I M ) 
- s i n g l e w i d t h Camac un i t c o n f o r m i n g to the la tes t E U R document . 

S E N E L E C T R D N I Q U E Case Postale 39 CH 1211 Geneue 13 

Z U R I C H Im Zentrum 18 CH 8604 Uolketswil 

H A M B U R G Postfach 223 D 2000 Iflfedel 

M U N I C H Radspielerstr. 8 D 8000 Munchen 81 

tel (022) 44 29 40 tin 23359 ch 

tel (01) 86 51 03 tlx58257 ch 

tel 04103 6282 tlx 2189 548d 

tel 089 916710 tlx 529167d E L E C T R D N I Q U E 

N E W , R E S I L I E N T 

A L L - M E T A L S E A L . . 

METAL-C-RING 
T h i s n e w a l l - m e t a l s e a l i s a n e x t r e m e e n v i r o n m e n t , 
r e s i l i e n t g a s k e t t h a t p e r f o r m s w e l l i n i n t e r n a l o r e x t e r ­
n a l p r e s s u r e , o r a x i a l a p p l i c a t i o n s . 

T h e M - C - R is a v a i l a b l e i n t h e b r o a d e s t r a n g e o f s i z e s 
— d i a m e t e r a n d c r o s s - s e c t i o n - o f a n y m e t a l s e a l , a n d 
c a n b e m a d e i n c i r c u l a r a n d n o n - c i r c u l a r s h a p e s . 

— E f f e c t i v e f r o m — 1 8 5 ° C t o 6 0 0 ° C 
— P r e s s u r e r a n g e - f r o m 1 0 ' 1 0 t o r r t o 5 0 , 0 0 0 p s i 
— M a t e r i a l s c o m m o n l y e m p l o y e d a r e I n c o n e l X - 7 5 0 a n d 

7 1 8 
— M a y b e p l a t e d o r c o a t e d 

— 3 2 r m s m a t i n g s u r f a c e f i n i s h c o m m o n l y u s e d . 

WRITE FOR METAL-C-RING DATA BULLETIN 

ADVANCED PRODUCTS N.V. 
Pierstraat 5, B 2630 Aartselaar, Belgium 
Tel.: 031/88.49.46 - telex : 32238 
Technical representation in all European countries. 

World renowned source 
of special glass: 
• blocks for cerenkov counters 
• slabs for anti-radiation 

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

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

For information please call: 

SOVIREL 
Depar tement Op t i que 
90, rue Baudin - 9 2 3 9 0 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 

for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 
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If you face the challenge of pro­
ducing better products at lower 
cost by a process that requires 
control of gas pressure or flow, 
here are ways a GP automatic 
pressure/ f low controller can 
help you, 
f Automated gas admission pro­
duces controlled pressure or 
flow. A GP Controller works 
faster than any operator and al­
ways remembers the pressure or 
flow you want when you want it 
on every production run. 
• Low overall cost. The Control­
ler operates around the clock on 
pennies per day including depre­
ciation. If you're controlling pres­
sure or flow manually, you're 
probably wasting time and 
money. 

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

GRANVILLE-PHtLUPS COMPANY 
5$75 EAST ARAPAHOE ASfEHUE 

BOULDER, COLORADO B0BQ3, U.S.A. 
TELEPHONE $03(443-7660 * TELEX 45-791 

THE SHAW HYGROMETER 

Reads moisture from less than one part in a mill ion to 
100°C dewpoint. 

WORLD'S LARGEST SALES 
25 YEARS EXPERIENCE 

As Electronic Hygrometer Makers! 

Humidity in dry air or gas causes instrument damage 
and faulty products. Read about our early warning 
system. 

Phone or write 

Hygrometry Guide to Moisture and Humidity Problems and Solutions. 

SHAW MOISTURE METERS 
Rawson Road, Westgate, Bradford, England. 

Telephone: 0274 33582 Telex: 51598 

4 5 2 



A line of television cameras for use in 
radioactive environments and especially adapted for: 
Control • Surveillance • Intervention 

Television equipment to 
investigate at the 
core of nuclear reactors. 
Environment: 
• Temperature: 225 °C (437 °F) 
• Pressure: 45 bars 
• Radiation: (Combined dosages) 
Gamma Rays: 5.108 R 
Thermal Neutrons: 3.1014 

Fast Neutrons: 3.1015 

4 5 3 

DEPARTEMENT THOMSON-CSF AUDIOVISUEL. 
55, RUE EDGAR QUINET/ 92240 MALAKOFF/ FRANCE 
TEL.: (1) 65711.10 

00 



Add to your nuclear instrumentation 
wi th the f 

provide im 
on the 

PEN DOSIMETERS 
Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm 2 , due to photons of 50 keV or above and electrons 
of any enegy. 
g\ ^ g% Measures the absorbed dose in soft tissues 
^••11 n at a depth of 300 mg/cm 2 , due to photons of 

ing w h i c h 
f o r m a t i o n 
dose 

DASAL 

10 keV or above and electrons of any energy. 

SEQ 7 7 mg/cm 2 (skin dose). 

Personal detector with an adjustable alarm level. Audible 
warning with three levels. 

BALISE 224 
A wall-mounted or portable instrument for monitoring 
the level of radioactivity. Visible or audible warning. 
Remote control for outdoor operation. 

G o o d i n t e r n a l i n s u l a t i o n , da i ly leakage less t h a n 0 .5%. M a n u ­
f a c t u r e d in a c c o r d a n c e w i t h French s t a n d a r d s — DIN o r 
B r i t i s h s t a n d a r d s o n request . CEA-LCA s y s t e m . 

34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL-FRANCE TEL:735.16.10 + 

W e ' v e m a d e a n 
i m p o r t a n t m o v e 

t o h e l p y o u . 
Please note our new address: 

James Girdler & Company Limited, 
Upper Ordnance Wharf, 458 Rotherhithe Street, 

London SE16. Telephone 01-237 0048 

As you would expect of one of the world's 
leading specialist producers of protective 
leadwork - for hospitals, universities, research 
laboratories and industry - we go to great 
lengths to meet our customers' needs. 

Our recent move to new premises has given 

us more production space and better facilities 
all round to help us provide an even better 
service for the supply of leadwork of all kinds. 

If you have not yet received our latest 
literature or details of 'how to reach us' at our 
new address just drop us a line. 

Member of the B i l l i t on G r o u p 
James G i rd le r <Sl C o . L td . , Uppe r Ordnance W h a r f , 458 Rotherh i the Street, 
L o n d o n S E 1 6 , Te lephone : 0 1 - 2 3 7 0048 

454 ^ 472 P031 



Get high power RF generation, 
switch and regulator tubes 
for tomorrows accelerators 

and fusion machines 
from EIMAC today. 

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

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

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

EXCITER 
EIMAC 

4CW50,000E 
AND CAVITY 

EIMAC 
X-2170 

AND CAVITY 
EXCITER r 

EIMAC 
4CW50,000E 
AND CAVITY f 

EIMAC 
X-2170 

AND CAVITY f 
500 kW 

at 
55 MHz 

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

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

Electron Device Group Sales Offices 
throughout the world. 

wonon 
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