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Cover photograph: A peacock's tail of electronics form an end section of 
half a cylindrical drift chamber which will be installed as the central detec
tor at intersection 8 of the CERN Intersecting Storage Rings. The experi
ment (by a Brookhaven/CERN'/Copenhagen/Lund/Rutherford/TelAviv 
collaboration) will study deep inelastic proton-proton collisions. It will also 
be able to look at similar phenomena when antiprotons are injected into 
the ISR, as described in our main article this month. (Photo CERN 370.1.80) 
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Proton-antiproton colliding 
beams coming nearer 

On 1 6 J u n e the CERN SPS wi l l s tar t 
i ts 'b ig s h u t d o w n ' , w i t h no opera t ion 
fo r a lmos t a year wh i l e the mach ine 
and exper iments are prepared fo r 
p ro ton -an t i p ro ton col l id ing beams. 
Such a major sacr i f ice o f p r ime 
research t ime has never been seen 
before and is as sure a po in ter as any 
to the impor tance of the ex tens ion 
in CERN's research potent ia l w h i c h 
the p ro ton -an t i p ro ton col l ider w i l l 
br ing. 

This art ic le recalls the ma jor 
fea tu res of the CERN scheme, and of 
the pro ject at Fermi lab, and d e 
scr ibes the preparat ions n o w under 
w a y or i m m i n e n t at CERN for the 
exper iments and for the mach ines . 

The CERN scheme 

T h e f i r s t CERN plans, o rches t ra ted 
par t icu lar ly by Carlo Rubbia , 
e m e r g e d in 1 9 7 6 f o l l ow ing crucia l 
advances in acce lerator phys ics — 
the demons t ra t i on at Novos ib i rsk of 
Gersh Budker 's idea of e lec t ron 
coo l ing , and at CERN of S i m o n van 
der Meer ' s proposal fo r s tochas t i c 
coo l ing . These b e a m coo l ing t e c h n i 
ques enable intense beams of s table 
par t ic les to be bui l t up, and thus 
make it feasible to do phys ics w i t h 
co l l id ing beams of an t ip ro tons . 

The sys tem w h i c h is n o w under 
cons t ruc t ion at CERN wi l l take 1 0 1 3 

pro tons , at 2 6 GeV and c o n c e n 
t ra ted in f ive bunches, every 2 .4 s 
f r o m the PS to y ie ld 2.5 x 1 0 7 an t i -
p ro tons at 3.5 GeV f r o m a ta rge t fo r 
subsequen t in ject ion in to the A n t i -
p ro ton A c c u m u l a t o r r ing (AA) . 

In the A A r ing a fas t p recoo l ing 
(about a fac to r of ten in the beam 
spread over 2 s) w i l l be carr ied out . 
The new ly in jected pulse w i l l t hen be 

The components of the CERN proton-
antiproton colliding beam scheme. A ntiproton 
beams will be cooled and stored in the 
Accumulator and sent via the PS, for 
experiments in the SPS and the ISR. 

Work well under way for one of the 
experimental areas at the CERN proton-
antiproton collider. The apparatus for the 
UA1 experiment will be assembled in the 
cylindrical shaft seen in the picture, and 
then rolled into position in a second shaft, 
to be excavated around the SPS tunnel. 

(Photo CERN 104.2.80) 
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m o v e d in to the s to rage reg ion of the 
w i d e aper ture of the A A v a c u u m 
c h a m b e r by l ower ing a shut ter . In 
the s torage region, s tochas t ic coo l 
ing wi l l achieve a fu r the r f ac to r of 
1 0 8 in coo l ing to bui ld up an in tense 
b e a m of an t ip ro tons . Pulses of 
6 x 1 0 1 1 an t ip ro tons w i l l be d r a w n 
f r o m the A A r ing every 2 4 hours. 

The 3.5 GeV an t ip ro ton beam wi l l 
be sent to the PS fo r acce lera t ion to 
2 6 GeV before be ing t rans fe r red to 
the SPS, d is t r ibu ted in six bunches. 
Pro ton in ject ion into the SPS wi l l 
t hen take place and the t w o beams 
w i l l be acce lera ted s imu l taneous ly 
t o the energy se lected fo r the exper
iments . In the s tored beam mode 
th is cou ld be up to 3 0 0 GeV, once 
t rans fo rmers in the p o w e r suppl ies 
are changed. The ant ic ipa ted l u m i 
nos i ty is 1 0 3 0 per c m 2 per s. T w o 
long s t ra ight sect ions wi l l be m o d i 
f ied for the insta l la t ion of de tec to rs 
fo r exper iments w i t h the co l l id ing 
beams. 

Provis ion is also be ing made to 
send an t ip ro tons to the In tersec t ing 
S to rage Rings, w h e r e the present 
de tec t i on sys tems can then s tudy 
p ro ton -an t i p ro ton col l is ions at up to 
2 6 GeV. Because of l ower energy 
phys ics interests, the PS w i l l also be 
used to decelerate the an t ip ro ton 
beam f r o m 3.5 GeV to 0.6 GeV for 
in ject ion into an addi t iona l smal l 
L o w Energy A n t i p r o t o n Ring (LEAR) 
in the Sou th Hall at the PS. LEAR 

cou ld serve as a s t r e t c h e r / s t o r a g e 
r ing, p rov id ing a m u c h higher i n ten 
s i ty of an t ip ro tons in th is energy 
range than has ever been avai lable 
before (see Sep tember 1 9 7 9 issue, 
page 2 6 0 ) . 

The Fermilab scheme 

The possib i l i ty of col l id ing p r o t o n -
an t i p ro ton beams at Fermi lab w a s 
f i rs t ind icated in a H a r v a r d / W i s c o n 
sin proposal in 1 9 7 6 , w i t h Dave 
Cline as spokesman . The latest plans 
w e r e assembled in ' The Fermi lab 
High In tens i ty An t i p ro ton Source 
des ign repor t ' , presented in Oc tober 
1 9 7 9 by a group w i t h par t ic ipants 
f r o m A rgonne , Berkeley, Fermi lab, 
Novos ib i rsk and Wiscons in . Given 
the d i f fe rent mach ine conf igura t ions 
and energies, etc., the Fermi lab 
scheme has taken a cons iderab ly 
d i f fe rent f o r m f r o m tha t at CERN. 

The overal l a im is t o achieve 
p ro ton -an t i p ro ton col l is ions at a 
luminos i t y of 1 0 3 0 per c m 2 per s, and 
to have col l is ion energies as h igh as 
1 0 0 0 GeV per beam in the super 
conduc t i ng magne t r ing of the Teva -
t ron . 

Preparat ions at Fermi lab are by no 
means as far advanced as those at 
CERN, e i ther in exper imen ta t ion in 
coo l ing techn iques or in mach ine 
cons t ruc t i on . Never the less use of 
the Teva t ron cou ld f o l l ow on very 
logical ly f r o m CERN's f i rs t years of 

A plan of the Fermilab proton-antiproton 
colliding beam project. Two cooling rings 
are involved in producing a high intensity 
antiproton beam — the Precoo/er (using 
stochastic cooling) and the Electron Cooling 
Ring. With the superconducting Tevatron 
ring, collision energies of 1000 GeV per 
beam should ultimately be available. 

exper ience in col l id ing p ro ton and 
an t ip ro ton beams , and a l l ow col l i 
s ion energ ies to be increased up to 
2 0 0 0 GeV in the centre of mass. 

The an t ip ro ton beams wi l l be 
p roduced t h rough an int r icate se
quence. A b o u t 2 x 1 0 1 3 p ro tons per 
pulse w i l l be acce lera ted in the Ma in 
Ring and e jec ted at 8 0 GeV t o w a r d s 
an an t ip ro ton p roduc t ion target . The 
an t ip ro tons w i l l be co l lec ted at 
4 .5 GeV in a large aperture r ing, 
cal led the Precooler, about the size 
of the present 8 GeV Booster. Here 
s tochas t ic coo l ing wi l l be used in 
several s teps in terspersed w i t h de 
ce lerat ion d o w n to 2 0 0 MeV, a 
process requi r ing several seconds. 
(S tochas t ic coo l ing w a s achieved at 
the Laboratory for the f i rst t ime in 
February w i t h the co l laborat ion of 
mach ine phys ic is ts f r o m Berkeley.) 

The 2 0 0 M e V beam wi l l then be 
t rans fe r red to an Electron Cool ing 
Ring w h e r e coo l ing wi l l be carr ied 
ou t wh i l e an t ip ro tons are added and 
s to red . W h e n s o m e 1 0 1 1 an t ip ro tons 
have been ob ta ined (a process 
w h i c h is expec ted to take about f ive 
hours) , t hey w i l l be t ransfer red back 
to the Precooler, reaccelerated to 
8 GeV and in jected into the Ma in 
Ring — in the oppos i te d i rec t ion, of 
course, t o the pro tons. 

Further acce lera t ion w i l l be carr ied 
ou t before t rans fer to the supercon 
duc t i ng r ing. S o m e 1 0 1 2 p ro tons w i l l 
t hen be acce lera ted and fed to the 
supe rconduc t i ng r ing, and bo th 
beams cou ld t hen be raised in energy 
s imu l taneous ly and col l ided. 

The s c h e m e thus makes use of 
bo th types of coo l ing techn ique in 
s i tua t ions w h e r e the i r appl icat ion is 
appropr ia te . S tochas t i c coo l ing is 
m o s t e f fec t ive for h igh energy 
b e a m s w i t h large m o m e n t u m 
spread, wh i l e e lec t ron cool ing is 
be t te r su i ted to l ow energy beams 
w i t h compara t i ve l y smal l spread in 
m o m e n t u m . 
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The Antiproton Accumulator ring (AA) 
approaching completion. The ring as been 
designed and built very rapidly to accomplish 
the most complex and crucial stage of the 
antiproton scheme at CERN. 

(Photo CERN 258.4.80) 

Preparations at the CERN SPS 

The SPS has had to endure ma jor 
civi l eng ineer ing w o r k at t w o 
s t ra igh t sect ions, w h i c h are be ing 
en larged to become col l id ing b e a m 
exper imenta l halls, plus the c o n 
s t ruc t ion of the n e w T T 7 0 b e a m 
t rans fer tunne l . It also has to 
con f ron t m a n y mach ine phys ics re f i 
n e m e n t s in order t o ach ieve the 
des ign luminos i ty . The v a c u u m w i l l 
be improved f r o m 8 x 1 0 " 9 t o 2 x 1 0 " 9 

by the 'b ru te fo rce ' add i t ion of more 
pumps . A special l o w - b e t a inser t ion 
has been des igned to concen t ra te 
the beams in the col l is ion region. The 
r.f. cav i t ies wi l l be appl ied t w o per 
b e a m ; there may be a need t o 
increase the r.f. vo l tage and the 
possib le advantages of us ing s t a n d 
ing w a v e cavi t ies are under s tudy. 

Mach ine physics s tud ies have 
been carr ied ou t us ing the present 
p ro ton beams in jected at 10 GeV 

w i t h 2.5 x 1 0 1 0 p ro tons per bunch , 
and s to red at 2 7 0 GeV. These 
f igures w i l l change to 2 6 GeV and 
1 0 1 1 per bunch for p ro ton -an t i p ro 
ton opera t ion . Stud ies have been 
carr ied ou t on beam-gas in terac
t ions, on possible resonances, on 
instabi l i t ies, on s imu la t ion of the 
l o w - b e t a inser t ions and on r.f. noise. 
It w a s r.f. noise w h i c h init ial ly looked 
like be ing a major p rob lem, l im i t ing 
beam l i fe t ime to m inu tes in the f i rs t 
mach ine physics exper iments . This 
is be ing ove rcome by reduced b a n d 
w i d t h and f requency spread w h i c h 
gives shor te r bunches requi r ing 
higher r.f. vo l tage (hence the in terest 
in s tand ing w a v e cavi t ies). By now, 
p ro ton b e a m s have been held fo r 
1 8 hours. 

The possib le d is turbance to the 
s tored b e a m s by b e a m - b e a m inter
ac t ions is also being cons idered. 
S o m e pract ica l exper ience can be 
ga ined by having a non- l inear lens 

instal led in the SPS to s imu la te one 
bunch of par t ic les passing t h rough 
another . In add i t ion , c o m p u t e r s i m u 
lat ion can be t r ied , but is very heavy 
on c o m p u t e r t ime . The large Cray 
c o m p u t e r at the Daresbury Labora
to ry is be ing used init ial ly w i t h data 
f r o m the PETRA storage r ing at 
DESY. 

A lot o f t h o u g h t has gone into 
b e a m mon i t o r i ng sys tems and three 
techn iques w i l l be used. Synch ro 
t ron l ight f r o m the beams as they 
pass t h r o u g h d iscont inu i t ies in the 
magne t i c f ie ld is one novel m e t h o d 
(see J a n u a r y / F e b r u a r y issue, page 
4 4 6 ) . H o w e v e r it is l imi ted at 
present to h igh energies (over 2 5 0 
GeV) and requires a fair ly in tense 
beam. For the in ject ion energy 
reg ion, a rapid w i re scanner wi l l be 
opera ted ( 5 0 | im bery l l ium w i re 
pass ing across the beam) . In add i 
t ion the S c h o t t k y scan techn ique , 
deve loped at the ISR, wi l l be used. 
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Assembly of the 800 ton magnet for the 
UA1 experiment at the CERN proton-
antiproton collider. 

(Photo CERN 173.4.80) 

The experiments at the SPS 

The c i rcu la t ing p ro ton and an t i -
p ro ton beams in the CERN SPS wi l l 
be b rough t t oge the r at t w o in tersec
t ion regions, s i tua ted in long s t ra igh t 
sec t ions LSS4 and LSS5. 

A t LSS5, the SPS tunne l is at its 
sha l l owes t po in t b e l o w g round and 
the exper imenta l area is be ing 
excavated f r o m the sur face. It w i l l 
cons is t of t w o cyl indr ical shaf ts , 
2 0 m in d iamete r and roo fed over, 
w i t h a connec t ing chamber . 

LSS5 wi l l be the h o m e of the U A 1 
exper iment , an Aachen / A n n e c y / 
B i r m i n g h a m / CERN / London 
(Queen Mary College) / Paris (Col 
lege de France) / Riverside / Rome 
/ Ruther fo rd / Saclay / V ienna 
co l labora t ion . The large de tec tor , 
w e i g h i n g we l l over 2 0 0 0 tons , w i l l 
be assembled on rails in the 'garage ' 
shaft . W h e n comp le te it w i l l be rol led 
in to place in the second shaf t and the 

v a c u u m chamber in tegra ted into the 
SPS ring. The basic appara tus w a s 
descr ibed in the Sep tember 1 9 7 8 
issue, page 2 9 2 . 

A l o n g w i t h U A 1 , an A n n e c y / 
CERN t e a m wi l l be look ing for s igns 
of magne t i c monopo les in a passive 
exper iment , codenamed U A 3 , us ing 
plast ic de tec to r mater ia l w r a p p e d 
inside and outs ide the beam pipe 
inside the UA1 apparatus. The 
kap ton plast ic w i l l w i t h s t a n d the 
high v a c u u m bakeout . 

The c o m p o n e n t s of the main U A 1 
de tec to r are gradual ly tak ing shape, 
and shou ld be comp le te ly a s s e m 
bled in the 'garage ' by the end of the 
year. The forwafrd de tec to rs w i l l t hen 
be instal led a long the SPS b e a m 
pipe, and f inal ly the ou ter m u o n 
de tec to r w i l l be comp le ted early next 
year. 

The cent ra l d ipole magne t , i tself 
w e i g h i n g over 8 0 0 tons , w a s the 
f i rs t i tem of equ ipmen t t o be ordered. 

It is n o w be ing assembled in the old 
2 m bubble chambe r hall at CERN 
and shou ld soon undergo its f i rst 
tes ts . Inside th is magne t and sur
round ing the b e a m in tersect ion w i l l 
be the cent ra l por t ion of the detec tor , 
cons is t ing of six shel ls of dr i f t c h a m 
bers w i t h image readout . One of 
these shel ls is comp le te and the rest 
w i l l soon fo l l ow . To min imize s h o w e r 
p roduc t ion in th is region of the 
detec tor , a l ight h o n e y c o m b sup 
por t ing s t ruc tu re is used, suppl ied 
by Concorde manu fac tu re rs A e r o 
spat ia le. 

Su r round ing the centra l de tec to r 
w i l l be the pho ton and e lec t ron 
detec tor , cons is t ing of 4 8 'gondo las ' 
of lead-sc in t i l la tor sandw ich . Ha rd 
w a r e is be ing cons t ruc ted at Saclay 
wh i l e V ienna takes responsib i l i ty for 
the e lect ron ics. This part of the 
de tec to r w i l l be c losed by t w o ' b o u -
chons ' w h i c h are be ing bui l t at 
Annecy . These use peta l -shaped 
c o m p o n e n t s rather t han the ar
r angemen t of concent r ic circ les 
or ig inal ly p lanned. 

The Br i t ish con t ingen t of the U A 1 
co l labora t ion has a large i nves tmen t 
in the hadron ca lo r imeter w h i c h 
w i l l be insta l led in the re turn yoke of 
the magne t . End-caps wi l l c lose the 
ef fect ive vo lume . Soph is t i ca ted 
e lec t ron ic t r igger logic fo r U A 1 is 
be ing deve loped at Ruther ford . 

M u o n s t ravers ing all th is appara 
tus wi l l be p icked up by an outer layer 
of dr i f t tubes , w h i c h are the respon
sibi l i ty of A a c h e n . Assemb led by 
Dorn ier in Germany , the to ta l length 
of ex t ruded a l um in ium for these 
tubes is longer than the v a c u u m 
c h a m b e r p lanned for the 3 0 k m 
c i r cumfe rence LEP r ing. 

A lot o f hadron energy wi l l be 
re leased in na r row f o r w a r d cones 
a round the b e a m pipe, and th is is 
covered by f o r w a r d detec tors , sup 
pl ied by Col lege de France, and 
magne ts , supp l ied by CERN, to 
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Assembly of one of the large streamer 
chambers for experiment UA5 at the 
proton-antiproton collider at the CERN SPS. 
The completed chamber has recorded stray 
muon tracks 6 m long — j t h e longest particle 
tracks ever seen. 

(Photo CERN 213.2.80) 

c o m p e n s a t e for the d ipole f ie ld in the 
cent ra l de tec to r w h e r e the in terac
t ions occur. These wi l l be instal led 
a round the SPS beam pipe on e i ther 
side of the main U A 1 apparatus . 
M o r e f o r w a r d energy w i l l be p icked 
up by ' very f o r w a r d ' de tec to rs 
supp l ied by INFN Rome, p laced 
fu r the r a long the beam pipe. 

Beyond these t w i n f o r w a r d and 
very f o r w a r d de tec to rs wi l l be the 
SPS l ow beta quadrupo les to 
squeeze the beams toge the r in the 
in tersect ion region. Even fu r the r out , 
s o m e 2 3 m on ei ther side of the main 
de tec tor , w i l l be fu r the r U A 1 de tec 
tors , suppl ied by CERN and River
side, to mon i to r b e a m luminos i ty . 

The c o m p l e t e d U A 1 de tec to r w i l l 
have essent ia l ly a comp le te angular 
coverage for ca lo r imet ry — d o w n to 
an angle of 1 0 mrad w i t h the beams 
— and good m u o n de tec t i on capab i l 
ity. A n u m b e r of novel fea tu res have 
been used in the deve lopmen t wo rk , 
fo r example the image readout elec
t ron ics of the centra l w i r e chamber , 
and a n e w cheap sc int i l la tor (see 
Oc tober 1 9 7 9 issue, page 3 1 5) . 

The cent ra l part of the U A 1 a p p a 
ratus w i l l be assemb led in the 
'garage ' early next year. W h e n 
every th ing is ready, the U A 1 v a c u u m 
pipe w i l l be baked ou t and c losed off 
ready fo r pos i t ion ing in the SPS r ing. 
In th is w a y a m i n i m u m of h igh 
v a c u u m bakeout w i l l be necessary at 
t he last minu te . The U A 1 t e a m is 
op t im is t i c tha t good phys ics w i l l 
f o l l o w soon af ter the f i rs t SPS 
p ro ton -an t i p ro ton col l is ions. 

The second collision area 

The LSS4 in tersect ion occurs at 
one of the deepest parts of the SPS, 
w h e r e the mach ine is 6 3 m b e l o w 
g round . A vast unde rg round ' ca the 
dra l ' is be ing excavated to house the 
exper imen ts (see cover p ic ture of 
Apr i l issue). 

The f i rs t exper iment p roposed for 
th is in tersect ion w a s tha t of the U A 2 
group, a Berne / CERN / Copen 
hagen / Orsay / Pavia / Sac lay 
co l labora t ion . The hunt fo r i n t e rme
diate vec to r bosons f igures high on 
the U A 2 agenda, but the appara tus 
is also des igned w i t h a v i e w to 
s tudy ing part ic le p roduc t ion at large 
angles and events w i t h high t rans 
verse m o m e n t u m . A descr ip t ion of 
the appara tus w a s g iven in the 
Ma rch 1 9 7 9 issue, page 1 6. 

The appara tus of the U A 4 A m s t e r 
d a m / CERN / Genova / Naples / 
Pisa co l labora t ion , w h i c h w i l l meas 
ure p ro ton -an t i p ro ton elast ic sca t 
te r ing and to ta l c ross-sect ions, is 
c lassi f ied as a separate exper iment , 
bu t w i l l use the inner U A 2 de tec to r 
t oge the r w i t h addi t ional e q u i p m e n t 
housed in the t w o na r row f o r w a r d 
cones of the U A 2 apparatus. Mo re 
ob t rus ive in the LSS4 underg round 
exper imenta l area wi l l be the U A 5 

v isual de tec to r (Bonn / Brussels / 
Cambr idge / S tockho lm) , us ing a 
s t reamer c h a m b e r t o hun t for exot ic 
events . 

The idea is t o have one of the t w o 
big exper imen ts tak ing data in the 
col l id ing beams wh i l e the second is 
w i t h d r a w n into a shie lded garage. 
S w i t c h i n g round the U A 2 and U A 5 
exper imen ts in the LSS4 pit deep 
unde rg round wi l l be a t r icky bus i 
ness. The U A 5 appara tus wi l l have 
to be l i f ted up and tu rned round 
wh i l e U A 2 is s l ipped undernea th on 
air cush ions. 

The appara tus for U A 2 is g rad 
ual ly tak ing shape at the par t ic ipa t 
ing Laborator ies, and shou ld go 
underg round in the f i rst f e w m o n t h s 
of 1 9 8 1 , leaving s o m e three m o n t h s 
fo r assemb ly wo rk . 

W i t h U A 2 , the emphas is is on 
e lec t ron de tec t i on and measure 
ment . The inner ver tex de tec to r is 
be ing cons t ruc ted at Orsay, and uses 
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cyl indr ical p ropor t iona l chambers 
w i t h ca thode str ip readout , a la 
CELLO, in ter leaved w i t h dr i f t c h a m 
bers. W o r k on th is cent ra l par t of the 
appara tus is progress ing rapidly, and 
assemb ly on the sur face w i l l beg in at 
the end of the year. 

The centra l ca lo r imeter su r round 
ing the ver tex de tec to r is des igned to 
achieve accurate energy measu re 
men ts of bo th e lec t romagne t i c and 
hadron ic s h o w e r s and to prov ide 
good e lec t ron ident i f ica t ion, despi te 
the absence of a magne t i c f ie ld. It 
w i l l be c o m p o s e d of 2 4 'o range 
sl ices' , us ing iron suppl ied by a 
Danish sh ipyard for the hadron ic 
part, and lead-sc in t i l la tor s a n d 
w i c h e s manu fac tu red in the CERN 
centra l w o r k s h o p for the e lec t ron -
pho ton part. 

For the f i rs t exper iments , a w e d g e 
wi l l be left in the centra l ca lo r imeter 
t o a c c o m m o d a t e a magne t i c spec
t romete r . The magne t shou ld arr ive 
by October , and the i ns t rumen ta t i on 
fo r th is w e d g e already exists. 

The f o r w a r d and b a c k w a r d de tec 
to rs wi l l look for possible e lec t ron -
pos i t ron asymmet r i es . The to ro ida l 
magne ts for these shou ld arr ive later 
th is year. Dri f t chambers for th is part 
of the de tec to r are be ing bui l t by 
Pavia and Copenhagen. The or ig inal 
des ign has been ex tended by the 
add i t ion of p ropor t iona l t ube c h a m 
bers, suppl ied by Berne, fo r insta l la
t ion beh ind these dr i f t chambers 
w i t h the a im of improv ing e lec t ron 
local izat ion. Ca lor imeters wi l l p ro 
v ide accurate energy m e a s u r e m e n t s 
of e lec t romagne t i c showers . They 
are be ing cons t ruc ted at Sac lay and 
a f e w sectors have al ready arr ived at 
CERN. The suppor ts are be ing bui l t 
in Aus t r ia , and because of the i r size, 
del ivery t o CERN wi l l tes t the capa 
bi l i t ies of European road and w a t e r 
t ranspor t . 

The m e a s u r e m e n t of the rise in the 
p ro ton -p ro ton to ta l c ross-sec t ion at 

h igher energ ies w a s one of the f i rst 
and m o s t impor tan t physics resul ts 
t o emerge f r o m the ISR. Laboratory 
energ ies avai lable so far have been 
insuf f ic ient fo r us to see any s imi lar 
rise in the to ta l p ro ton -an t ip ro ton 
c ross-sec t ion . 

S igns of an increasing p r o t o n -
an t ip ro ton cross-sect ion could be 
seen ear ly on in ISR an t ip ro ton 
exper imen ts w h i c h w o u l d paral lel 
the early w o r k w i t h pro tons. H o w 
ever w i t h col l id ing p ro ton and an t i -
p ro ton beams at the SPS, the ener
gies wi l l cover the region in w h i c h 
the p ro ton -an t i p ro ton to ta l c ross-
sect ion is expected to rise cons ider
ably. 

M e a s u r e m e n t s of to ta l c ross-
sec t ions at the col l ider require sepa 
rate de te rm ina t i ons of elast ic and 
inelast ic event rates. The idea of the 
U A 4 exper iment is to use a t e c h n i 
que w h i c h w a s very successfu l at 
the ISR. In add i t ion , it w i l l exploi t the 
capabi l i t ies of the inner de tec to r of 
the U A 2 apparatus. 

To measure elast ic scat te r ing , dr i f t 
c h a m b e r te lescopes wi l l be m o u n t e d 
inside ' R o m a n pots ' — sect ions of 
the v a c u u m chamber w h i c h can be 
m o v e d ver t ica l ly t o w a r d s the beam. 
These pots wi l l have steel ' w i n d o w s ' 
0.1 m m th ick. Four pots are to be 
insta l led on ei ther side of the inter
sec t ion region, t w o enter ing the 
b e a m region f r o m above, and t w o 
f r o m be low. 

The s teep angular dependence of 
elast ic sca t te r ing requires de tec to rs 
w i t h very good angular reso lut ion. 
The prec is ion of the U A 4 dr i f t c h a m 
bers wi l l a l l ow a measu remen t of the 
sca t te r ing angle t o w i t h i n 0 . 0 1 5 
mrad , comparab le to the angular 
spread of the beams. 

To measure the to ta l inelast ic 
react ion rate, the inner de tec to r of 
U A 2 wi l l be c o m p l e m e n t e d by 
U A 4 ' s dr i f t chambers and sc in t i l la 
tors , m o u n t e d in the t w o f o r w a r d 

cones so as t o max imize angular 
coverage. 

A s we l l as immed ia te l y add ing to 
our k n o w l e d g e of hadrons, the 
m e a s u r e m e n t of p ro ton -an t i p ro ton 
c ross-sec t ions at the SPS col l ider 
energ ies w o u l d also c o m p l e m e n t 
p r o t o n - p r o t o n data w h i c h wi l l even 
tua l ly emerge f r o m the ISABELLE 
pro ject at B rookhaven . 

The visual detector 

The U A 5 detec tor , w h i c h wi l l 
share the L S S 4 exper imenta l area 
w i t h U A 2 , uses t w o g iant s t reamer 
chambers , each 7.5 m long, w h i c h 
w i l l be m o u n t e d immed ia te l y above 
and b e l o w the beam pipe. It w i l l be 
t r iggered by big external sc int i l la tor 
hodoscopes . 

This un ique de tec to r w i l l prov ide 
the f i rs t d i rec t v isual records of the 
in terac t ions at an energy range far 
beyond any th ing ever reached be
fore in a Laboratory , and hopes to 
see ev idence of the s t range mu l t i 
p l ic i ty pa t te rns repor ted by h igh 
energy cosmic ray exper iments (see 
June 1 9 7 9 issue, page 1 5 5 ) . 

One of the U A 5 s t reamer c h a m 
bers is a l ready comp le te and has 
recorded s t ray m u o n t racks 6 m long 
— the longest part ic le t racks ever 
seen. It w i l l soon be instal led for 
extens ive tes t ing in In tersect ion 7 at 
the ISR w h e r e its external sc int i l la tor 
de tec to rs are al ready wa i t i ng . 

Later th is year the second 
s t reamer c h a m b e r wi l l be ready and 
the ful l appara tus wi l l take some 
pho tog raphs of p ro ton -p ro ton inter
ac t ions in the ISR. The de tec to r 
shou ld also be in pos i t ion to record 
the f i rs t p ro ton -an t i p ro ton in terac
t ions in the ISR early next year. 

Subsequent l y , t he appara tus w i l l 
be t rans fe r red to its home at the S PS 
and m o u n t e d on its 10 m high 
suppor t s t ruc tu re . A s luminos i ty is 
no t impo r tan t fo r a f i rs t general 
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Jacques Haffner making a 'Roman Pot' for 
an experiment at the CERN /SR. Using such 
precision-made components, the first /SR 
experiments some ten years ago gave fresh 
information on the behaviour of the proton. 
The plan is to use Roman pots in the first 
antiproton runs in the /SR. 

(Photo CERN 24.5.80) 

search, U A 5 wi l l be p laced in pos i 
t ion in the SPS r ing ready for the f i rst 
tes ts w i t h col l id ing p ro ton and an t i -
p ro ton beams. 

The appara tus w i l l be beh ind 5 m 
of removab le concre te sh ie ld ing, 
w i t h exposed f i lm be ing ex t rac ted 
t h r o u g h 2 5 m of spec ia l l y -con
s t ruc ted ducts . Outs ide, the exper i 
men te rs wi l l be eager ly a w a i t i n g the 
resul ts of these f i rs t in teract ions. 

Init ial ly, the t r igger ing sys tem wi l l 
no t be select ive, and a hi t in any of 
the 1 2 8 external hodoscope m o 
dules wi l l p roduce a pho tog raph . In 
th is w a y U A 5 cou ld tel l us w h a t is 
go ing on in th is n e w energy range 
even before phys ics runs begin in 
earnest . 

A t the end of the an t ip ro ton 
mach ine deve lopmen t run, U A 5 wi l l 
b e t a k e n out of the SPS and U A 2 wi l l 
take its place, ready fo r the f i rst 
schedu led run for col l ider physics. 

A l t h o u g h hav ing to con tend w i t h a 
c r o w d e d schedule of ins ta l la t ion and 
tes t ing , the U A 5 t e a m has the p r o m 
ise of a quick re turn on i nves tmen t 
fo r an t ip ro ton phys ics bo th at the 
ISR and the SPS. 

Preparations at the ISR 

T w o init ial op t ions w e r e open at 
the In tersect ing S to rage Rings — 
ei ther t o take 3.5 GeV an t ip ro tons 
d i rect f r o m the A c c u m u l a t o r and 
accelerate t h e m in the ISR, or to 
s tore 2 6 GeV an t ip ro tons prev ious ly 
acce lera ted in the PS. The second 
op t ion w a s chosen as it explo i ts to 
the ful l the ISR's unr iva l led s to rage 
capabi l i t ies, and p romises h igher 
luminos i t ies . In fac t an an t ip ro ton 
luminos i t y of nearly 1 0 3 0 per c m 2 per 
s cou ld be ach ieved us ing a super 
conduc t i ng h igh luminos i t y inser t ion 
t o compress the beams. This f igure is 
comparab le t o the or ig inal des ign 
luminos i ty fo r p r o t o n s ! 

The dec is ion to feed the ISR w i t h 

2 6 GeV ant ip ro tons required the 
cons t ruc t i on of the n e w TT6 t ransfer 
tunne l t o take an t ip ro tons f r o m the 
PS to the ISR. This w o r k is subs tan 
t ia l ly comp le te (see Ma rch issue, 
page 1 7) . 

Opera t ion w i t h 2 6 GeV an t ip ro 
tons in one r ing and p ro tons in the 
o ther w i l l be essent ia l ly the same as 
for co l l id ing p ro ton beams, except 
t ha t an t ip ro ton pulses w o u l d be 
received abou t once per day, rather 
t han every f e w seconds. A f te r a c c u 
mu la t i ng about f ive an t ip ro ton 
pulses, the ISR w o u l d con t inue 
runn ing for as long as w o u l d be 
useful . 

S o m e s l im dipoles, w i t h aper tures 
larger than thei r core lengths, have 
been des igned for s teer ing the 
beams. The mon i to r ing and cont ro l 
s ys tems for the an t ip ro tons in Ring 2 
are be ing mod i f ied to handle the 
l ow- in tens i t y pulses. 

S tochas t i c coo l ing sys tems are 

be ing insta l led to p ro tec t the beams 
against the o the rw ise inevi table 
g r o w t h in size due to in t ra -beam and 
gas sca t te r ing and consequen t l u m i 
nos i ty loss. 

The ex is t ing exper imenta l m i c ro 
w a v e s tochas t ic coo l ing sys tem in 
Ring 2 is be ing t ransfer red to Ring 1 
to handle p ro ton stacks, wh i l e a 
s imp ler sys tem, opera t ing at l ower 
f requenc ies , is be ing instal led in Ring 
2 fo r the an t ip ro tons . 

Because the accumu la t i on of an t i 
p ro tons w i l l be a s l ow process, long 
phys ics runs of up to ten days are 
be ing cons idered, and it is here tha t 
the coo l ing sys tems wi l l b e c o m e 
specia l ly impor tan t . Cool ing may 
also compress the beams to give a 
useful l um inos i t y bonus. 

The scarc i ty of an t ip ro tons also 
makes the no rma l m e t h o d of ISR 
in ject ion op t im iza t ion imprac t ica l . 
Th is p rob lem wi l l be par t ly o v e r c o m e 
by an act ive feedback sys tem w h i c h 
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One of the bending magnets of the AA ring. 
Note the very large aperture where the 
intense beam of antiprotons will be 
accumulated and stochastically cooled. 

(Photo CERN 49.3.80) 

wi l l d a m p the beam osci l la t ions af ter 
in ject ion wh i le they remain coher 
ent. 

Add i t i ona l w o r k is also requi red on 
the exist ing detec tors . The v a c u u m 
c h a m b e r of the large Spl i t Field 
M a g n e t at In tersect ion 4 , fo r e x a m 
ple, is be ing mod i f ied to take the n e w 
col l id ing beam prof i le. In th is w a y , 
ex is t ing de tec to rs wi l l be able to 
mon i t o r the p ro ton -an t i p ro ton co l l i 
s ions. 

In add i t ion , ' n e w ' exper imen ts are 
be ing prepared for In tersec t ion 2 t o 
measure the p ro ton -an t i p ro ton to ta l 
c ross-sec t ion . One of these w i l l use a 
su i tab ly mod i f ied sys tem of the 
' R o m a n po ts ' w h i c h gave f resh infor
ma t i on on p ro ton s t ruc tu re in a n e w 
energy range in the f i rst exper imen ts 
at the ISR, nearly ten years ago. 
Roman pots are also to be used in 
one of the an t ip ro ton exper imen ts at 
the SPS. 

ISR an t ip ro ton data shou ld be 
avai lable soon af ter t he f i rs t runs 
next year of the mach ine in its n e w 
role. The init ial compar i son of p ro 
t o n - p r o t o n and p ro ton -an t i p ro ton 
da ta at these high col l is ion energ ies 
w i l l be eager ly awa i ted . 

Preparations at the PS 

The preparat ions for an t i p ro ton 
beams ' in and a round ' the PS can be 
d iv ided into three parts — the role of 
the PS itself, the A n t i p r o t o n A c c u 
mu la to r r ing, and the LEAR r ing. 

The PS has a dual role t o play. First 
it has to provide appropr ia te b e a m s 
fo r an t ip ro ton p roduc t ion . Th is 
involves ver t ica l comb ina t i on of 
bunches of p ro tons f r o m t w o r ings of 
the Booster (g iv ing t en bunches 
c i rcu la t ing in the PS) f o l l o w e d by r.f. 
gymnas t i cs to comb ine bunches 
long i tud ina l ly so as to send f ive 
bunches to the A A ring. The second 
role is the acce lera t ion of these an t i 
p ro tons f r o m the A A ring f r o m 3.5 t o 

2 6 GeV before sending t h e m to the 
SPS (and the ISR). This again 
involves s o m e del icate manoeuve r -
ing of the r.f. to conver t the long 
bunches f r o m the A A r ing to f i t in to 
the shor t r.f. ' bucke ts ' in the SPS. 

The add i t ion of the PS in th is 
second role is a comp l i ca t ion be 
cause it adds a fu r ther mach ine to 
the an t ip ro ton accelerat ion cycle. 
H o w e v e r it does great ly ease in jec
t ion p rob lems into the SPS, makes it 
m u c h easier to have intense beams 
in the ISR at high energies, and also 
makes it possible t o have LEAR. 

The A A r ing is the crucial e lemen t 
of the w h o l e CERN scheme. It is one 
of the m o s t comp l i ca ted mach ines 
ever t o be buil t , and yet is be ing put 
t oge the r on schedule in less t han 
t w o years. Au thor i za t ion for its 
cons t ruc t i on in the contex t of the 
p ro ton -an t i p ro ton pro ject c a m e in 
June 1 9 7 8 , f o l l ow ing the spec tacu 
larly successfu l coo l ing exper iments 

in the ICE r ing (see for example 
J a n u a r y / F e b r u a r y issue 1 9 7 8 , page 
12) . The A A ring is schedu led for 
comp le t i on by Ju ly of th is year. A t 
t ha t t i m e w e wi l l be cover ing in s o m e 
detai l its m o s t unusual r ing con f i gu 
rat ion and sequence o f opera t ion . 

The present A A schedule a ims t o 
s tar t c o m m i s s i o n i n g w i t h p ro tons 
f r o m the PS in Ju l y and A u g u s t — 
car ry ing ou t ta rge t heat ing tes ts , 
check ing the opera t ion of the r ing 
sys tems and beg inn ing to master the 
mach ine pe r fo rmance . By the end of 
the year, the f i rs t coo l ing tes ts w i t h 
an t ip ro tons w i l l have been c o n 
duc ted . From early next year, beam 
s tack ing and t ransfer w i l l beg in . 
W i t h luck, an t i p ro ton beams w i l l be 
in the ISR in M a r c h and the SPS in 
June . 

On 8 May , the CERN Execut ive 
Board approved the f inanc ing of the 
LEAR r ing to prov ide fo r exper iments 
w i t h in tense b e a m s of l ow energy 
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an t i p ro tons . The in te res t in th is 
d e v e l o p m e n t w a s h igh l i gh ted at a 
1 9 7 9 Kar ls ruhe W o r k s h o p on 
Phys ics w i t h Coo led L o w Energy 
A n t i p r o t o n s ( repo r ted in t he J u n e 
1 9 7 9 issue, page 1 4 8 ) , w h e r e as 
m a n y as 7 6 papers on t h e phys ics 
and techn i ca l aspec ts o f LEAR w e r e 
p resen ted . 

In c o n t r a s t t o t he w e a l t h o f da ta 
avai lab le on l o w ene rgy n u c l e o n -
nuc leon in te rac t ions , i n f o r m a t i o n on 
l o w energy n u c l e o n - a n t i n u c l e o n 
behav iou r is st i l l s ke tchy . In add i t i on , 
t he ann ih i la t ions poss ib le w h e n par 
t ic les and an t ipa r t i c les pass c lose t o 
each o the r w o u l d p rov ide a g o o d 
p robe o f the inner nuc l eon s t r u c 
tu re . 

The l o w energy n u c l e o n - a n t i n u 
c leon s y s t e m is a lso a un ique l ink 
b e t w e e n t w o t y p e s o f phys i cs no t 
n o r m a l l y cons ide red t o g e t h e r — the 
(usual ly) non- re la t i v i s t i c p i c tu re o f 
nuc lear behav iou r and t h e desc r i p 

t i on o f t he nuc leon in t e r m s o f i ts 
quark cons t i t uen t s . N e w exper i 
m e n t s w o u l d also be poss ib le w i t h 
exo t ic a t o m s in f l igh t . 

B e y o n d t he i m m e d i a t e goa l o f 
f i xed t a r g e t expe r imen ts , co l l i s ion o f 
l o w ene rgy p ro ton and a n t i p r o t o n 
b e a m s in LEAR w o u l d open a n e w 
d o o r in par t ic le spec t roscopy . In al l , 
LEAR p r o m i s e s a f ru i t f u l p r o g r a m m e 
o f phys i cs in an as ye t re la t ive ly 
unexp lo red area. 

LEAR w i l l be bui l t in t he S o u t h 
Expe r imen ta l Hal l at t he PS, rece iv 
ing a n t i p r o t o n b e a m s dece le ra ted t o 
0 .6 G e V v ia a beam l i ne pass ing 
t h r o u g h t he o ld l inac bu i ld ing . A l ink 
w i t h t h e l inac w o u l d also a l l o w 
p r o t o n and nega t i ve h y d r o g e n ion 
in jec t ion qu i te separa te f r o m a n t i 
p r o t o n ope ra t i on or even n o r m a l PS 
o p e r a t i o n . The ' r i ng ' w i l l be square in 
f o r m , w i t h an r.f. s y s t e m w h i c h can 
acce le ra te or dece le ra te t h e s t o red 
b e a m over the range 0 . 1 t o 2 GeV. 

The s ign i f i can t c o n t r i b u t i o n of LEAR 
is t h a t it w i l l p rov ide a n t i p r o t o n 
b e a m s o f a pur i ty , in tens i ty , d u t y 
cyc le and m o m e n t u m de f in i t i on fa r 
be t t e r t h a n a n y t h i n g w h i c h has been 
ava i lab le be fo re . Expe r imen ts on 
t he m a c h i n e are l ikely t o i m p r o v e 
p resen t l y ava i lab le e x p e r i m e n t a l 
s ta t i s t i cs by f ac to r s o f a t h o u s a n d t o 
a mi l l i on . 

In t he f i r s t hal f o f the 1 9 8 0 s , 
Europe 's par t i c le phys ic i s ts are l ikely 
t o be lean ing hard on t he un ique 
research poss ib i l i t ies o p e n e d up by 
h igh i n tens i t y a n t i p r o t o n b e a m s at 
C E R N . The p r o d u c t i o n of such 
b e a m s in i tse l f w i l l be a remarkab le 
a c h i e v e m e n t of m a c h i n e phys ics 
w h i c h w o u l d have been un th inkab le 
on l y a f e w years ago. F rom the po in t 
o f v i e w of t h e par t ic le phys ics and o f 
t h e m a c h i n e s , t he p ro jec t shou ld 
ensure p l en t y o f e x c i t e m e n t f o r 
severa l yea rs t o c o m e . 

Around the Laboratories 

CORNELL 
CESR crosses the 
threshold 

The t w o e x p e r i m e n t s at t h e n e w 
Cornel l E lec t ron S t o r a g e Ring 
(CESR) have ev idence fo r a n e w 
ups i lon resonance in e l e c t r o n - p o s i 
t r o n ann ih i l a t i ons w h o s e re la t ive ly 
large w i d t h ind ica tes t h a t it can 
decay in n e w w a y s — p robab l y in to 
t w o m e s o n s ca r ry ing equa l and 
oppos i t e ' beau ty ' . 

The ups i lon resonances , d i scov 
ered at Fermi lab in 1 9 7 7 , are in ter 

p re ted as b o u n d s ta tes o f t h e f i f t h 
(beau ty ) quark and its an t iquark , and 
so have ' h i d d e n beau ty ' . H o w e v e r 
t he qua rk b ind ing energ ies p rec lude 
the f i r s t ups i lons f r o m d e c a y i n g in to 
m e s o n s ca r ry ing ' n a k e d ' beau ty . 

The f i rs t ups i lons can o f cou rse 
decay in o the r w a y s , b u t are re luc
t a n t t o do so s ince th is m e a n s 
g e t t i n g r id of the i r beau t y qua rks by 
ann ih i l a t i on . They appear t he re fo re 
as excep t iona l l y s tab le par t ic les w i t h 
n a r r o w resonance w i d t h s . 

In add i t i on t o these s tab le ups i 
lons, t he re shou ld be a w h o l e spec 
t r o s c o p y o f par t ic les m a d e up of 
b e a u t y quarks and an t iquarks , and at 
s o m e exc i ta t i on ene rgy the ups i lons 

shou ld be able t o s ta r t d e c a y i n g 
easi ly in to m e s o n pairs ca r r y ing 
equa l and o p p o s i t e beau ty . 

(A s im i la r p h e n o m e n o n happens 
w i t h t h e ps ions , w h i c h are m a d e of 
c h a r m e d qua rks and an t iquarks . The 
J / p s i a n d o t h e r l ight ps ions c a n n o t 
decay d i rec t l y in to c h a r m e d m e s o n 
pai rs and are m u c h m o r e s tab le t h a n 
t he heav ie r ps ions w h i c h can decay 
in th is way . ) 

Du r i ng runs in N o v e m b e r and 
D e c e m b e r o f last year (see M a r c h 
issue, page 3) t he CLEO e x p e r i m e n t 
(Corne l l / Harva rd / Roches te r / 
Ru tge rs / Sy racuse / Vanderb i l t ) 
a n d C U S B (Co lumb ia / S t o n y 
Brook) o b s e r v e d the f i rs t t w o ups i -
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Measurements of the total hadronic 
cross-section from the CLEO experiment at 
the Cornell Electron Storage Ring, CESR, 
showing the fourth upsilon resonance. The 
dashed curve corresponds to CESR's energy 
resolution. The relatively large width of this 
upsilon indicates that the resonance probably 
lies above the threshold for production of 
beauty mesons. 

Ions — the upsi lon and upsi lon 
pr ime, f i rst seen at Fermi lab and later 
con f i rmed at DORIS . A lso at CESR, 
the th i rd upsi lon, the doub le p r ime, 
w a s seen fo r the f i rs t t i m e in e lec
t ron -pos i t ron annih i la t ions. 

The upsi lon mass sp l i t t ings and 
relat ive rates for decays in to lepton ic 
f inal s ta tes agreed w i t h ca lcu la t ions 
for beauty quarks bound by a s imp le 
potent ia l . The w i d t h s of these f i rst 
upsi lon resonances w e r e cons is ten t 
w i t h CESR's energy reso lu t ion, ind i 
ca t ing tha t the real w i d t h s w e r e even 
smal ler , co r respond ing to very s tab le 
part ic les. 

The estab l ished paramete rs f r o m 
these ca lcu la t ions p red ic ted the next 
upsi lon to be very c lose to the 
expec ted th resho ld w h e r e decay 
in to pairs of beauty mesons be 
c o m e s possible. The w i d t h of th is 
upsi lon depends crucia l ly on 
w h e t h e r it is above or b e l o w th is 
th resho ld . 

Dur ing the December run, the t w o 
expe r imen ts d id a pre l iminary scan 
of the 10 .6 GeV region w h e r e the 
next ups i lon w a s expec ted , and had 
ind icat ions tha t s o m e t h i n g w a s hap
pen ing in the to ta l c ross-sect ion . 

A f te r a s h u t d o w n in Janua ry in 
w h i c h var ious i m p r o v e m e n t s w e r e 
made to the mach ine, inc lud ing the 
add i t ion of e lect rostat ic separator 
p lates to improve the e lect ron injec
t ion rate, the search fo r the next 
upsi lon con t inued. Dur ing the next 
six w e e k s the mach ine ran very we l l , 
w i t h in tegra ted luminos i t ies of over 
5 0 nb~ 1 per day. 

Bo th exper iments con f i rmed a 
n e w s ta te 1 1 1 2 M e V above the f i rs t 
upsi lon ( 9 4 6 0 MeV) . This mass spl i t 
and the rat io of the decay rates in to 
e lec t ron-pos i t ron pairs w e r e cons is 
ten t w i t h the predic t ions of the quark 
potent ia l mode l . 

Bo th g roups f o u n d the n e w e s t 
upsi lon to have a w i d t h near 

10 M e V , wh i l e the energy resolut ion 
o f CESR at th is energy is 4.7 MeV. 
This ind icates tha t the th resho ld fo r 
decay into pairs of beauty mesons 
has been c rossed, so tha t the n e w 
upsi lon is m u c h more unstable t han 
its l ighter predecessors. 

Fixing the th resho ld for p roduc t ion 
of pairs of beau ty mesons b e t w e e n 
the th i rd and fou r th upsi lons gives an 
ind icat ion of the mass of the l ightest 
beau ty meson . Dur ing the next 
CESR run, the hunt w i l l be on for 
beau ty mesons . 

First ev idence for beau ty mesons 
c a m e last year f r o m a C E N - S a c l a y / 
Imper ia l Col lege L o n d o n / I n d i a n a / 
S o u t h a m p t o n g roup w o r k i n g at the 
SPS, w h o s a w a resonance near 
5.3 GeV in the mass spect ra of pa r t i 
cles p roduced by high energy p ion 
b e a m s (see S e p t e m b e r 1 9 7 9 issue, 
page 2 4 9 ) . 

DESY 
Two-photon physics 
Af te r the in terest ing results on 
th ree- je t events observed in e lec
t ron -pos i t ron annih i la t ion w h i c h 
prov ided f i rs t ev idence fo r g l uon -
b remss t rah lung (see N o v e m b e r 
1 9 7 9 issue, page 3 5 8 ) , n o w p h o t o n -
p h o t o n in te rac t ions have been s t u d 
ied us ing h igh energy data f r o m 
PETRA. They take place w h e n the 
col l id ing par t ic les are s l ight ly de 
v ia ted (em i t t i ng a v i r tua l pho ton 
each) bu t do not annihi late. Data 
co l lec ted by the PLUTO, T A S S O , 
J A D E and M A R K - J col laborat ions on 
this topic w e r e discussed in a w o r k 
shop organ ized by the Univers i ty of 
A m i e n s (France) f r o m 8 - 1 2 Apr i l . 

The PLUTO group (PLUTO has 
n o w been rep laced by CELLO at 
PETRA) put f r o m the beg inn ing of 
the i r m e a s u r e m e n t s at PETRA a 
s t rong emphas is on the s tudy of 
t w o - p h o t o n react ions. In fact , t hey 
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The f° meson created in photon-photon 
collisions decays into two pions which are 
observed in the detector while the electron 
and positron generating the reaction escape 
through the beam-pipe at angles smaller 
than about 1 °. The f°-signal is observed in 
the plot of the invariant mass of the two 
observed particles (assumed to be pions) 
and is shown after subtracting the smooth 
background of two-prong events arising 
from electromagnetic processes. 

Three projections of a two-jet event produced 
in a photon-photon interaction observed in 
the PLUTO detector. 

presented at A m i e n s an in terest ing 
set of results on several d i f fe rent 
aspects of th is p romis ing f ie ld of 
h igh energy physics. First they 
measured the c ross-sec t ion fo r the 
f o r m a t i o n of the f 0 ( 1 2 7 0 ) m e s o n in 
p h o t o n - p h o t o n col l is ions. 

Obvious ly all resonances decay ing 
in to t w o pho tons can also be 
p roduced by the inverse m e c h a n i s m 
in the col l is ion of t w o pho tons and 
the probabi l i ty fo r such a process is 
t hen expressed by its ' rad ia t ive 
w i d t h ' . A t l owe r energ ies and us ing 
the same procedure, the radiat ive 
w i d t h of the eta p r ime ( 9 5 8 ) meson 
w a s de te rm ined last year by the 
M A R K - l l co l labora t ion at SLAC. The 
PLUTO group presented the f i rst 
eva luat ion of the radiat ive w i d t h of 
the f ° ( 1 2 7 0 ) meson . The value 
ob ta ined is 2.3 ± 0.5 keV. 

Data on the p roduc t ion of e lec
t rons and m u o n s via t w o pho tons 
w e r e also presented. The resul ts are 

in excel lent ag reemen t w i t h q u a n 
t u m e lec t rodynamics ca lcu lat ions. 
These fac ts , as we l l as the obse rva 
t ion of the f ° -meson , have prov ided 
the necessary conf idence in the 
m e t h o d s used for the analysis of 
p h o t o n - p h o t o n in teract ions. The 
ma in interest is n o w concen t ra ted 
on the analysis of in teract ions y ie ld 
ing several hadrons. The to ta l c ross-
sec t ion fo r hadron p roduc t ion has 
been de te rm ined earl ier in the 
energy region f r o m 1 to 8 GeV by the 
PLUTO group and is n o w also 
prov ided by T A S S O . A t the h igher 
energies it has a fair ly cons tan t value 
of abou t 3 0 0 nb and can be under
s tood w i t h usual Regge pole models . 
A t the l owes t energies there is an 
excess of events w h i c h m u s t be 
expla ined by some o ther m e c h a n 
ism. 

A n exc i t ing result p resented at 
A m i e n s w a s the ev idence f r o m 
PETRA exper iments for t w o - j e t ev

ents genera ted by the t w o - p h o t o n 
m e c h a n i s m . As it shou ld be in the 
col l is ion of t w o pho tons of d i f ferent 
energy (bo th nearly paral lel t o the 
beam) , the t w o je ts are cop lanar bu t 
no t col l inear. The fea tures of these 
je ts are very s imi lar to those 
observed in norma l e lec t ron -pos i 
t r on ann ih i la t ion at l ower cent re of 
mass energies. The hypothes is tha t 
these je ts are the f r agmen ta t i on 
p roduc ts of quark -an t iquark pairs is 
s t rong ly suppo r ted by the d is t r i 
bu t ion of t ransverse m o m e n t a of the 
single f inal decay part ic les. It p re
sents a long tai l w h i c h may be due t o 
t he quark -an t iquark events. The c o n 
c lus ion is there fore t ha t t w o pho tons 
can 'ann ih i la te ' in to t w o quarks, 
es tab l ish ing the fac t t ha t pho tons do 
no t on ly in teract like rho mesons as 
descr ibed by the vec to r meson 
d o m i n a n c e mode l , bu t also have 
point l ike part ic le proper t ies. 

M e a n w h i l e e f fec ts due t o p h o t o n -
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1,2- Photographs of 5 \im fibres in two 
different planes, extracted from a hologram 
taken by the Rutherford /C^GB collaboration 
studying the application of holography in 
bubble chambers. 

p h o t o n in te rac t ions have been seen 
in p r o t o n - p r o t o n co l l is ions at t he 
CERN ISR. A CERN / Harva rd / 
L A P P / M I T / N a p l e s / Pisa co l l abo 
ra t ion , s t udy ing t he p r o d u c t i o n o f 
heavy m u o n pairs in assoc ia t ion w i t h 
hadrons , has p icked up abou t 1 0 0 
d i m u o n even ts w h e r e no add i t i ona l 
had rons are p roduced . The co r res 
p o n d i n g c ross -sec t ion agrees w i t h 
w h a t is expec ted f r o m p h o t o n -
p h o t o n in te rac t ions . This is t he f i rs t 
t i m e t h a t ev idence fo r p h o t o n -
p h o t o n e f fec ts has been seen in 
hadron ic expe r imen ts . A s t he t w o -
p h o t o n process b e c o m e s m o r e i m 
po r t an t at h igher energ ies , th is i nd i 
ca tes t h a t t w o - p h o t o n p rocesses 
cou ld be s tud ied at h igh ene rgy 
p r o t o n - a n t i p r o t o n col l iders. 

C E R N / 
RUTHERFORD 
Holography for 
bubble chambers 
One of t he l im i ta t i ons in bubb le 
c h a m b e r phys ics has been t o ob ta in 
g o o d spat ia l reso lu t ion of t he bubb le 
(and hence par t ic le t rack) pos i t i on 
w h i l e a lso re ta in ing g o o d d e p t h o f 
f ie ld fo r the pho tog raphs , so t h a t 
t r acks cou ld be accura te l y l oca ted 
over m o s t of the v o l u m e of t he 
bubb le c h a m b e r l iquid. A poss ib le 
so lu t i on t o th is p r o b l e m is t o use t he 
t e c h n i q u e o f ho lography . 

Ho lography , f i rs t conce i ved by 
Denis Gabor in 1 9 4 8 , records all t he 
l ight c o m i n g f r o m a scene and t h u s 
cap tu res on f i lm more i n f o r m a t i o n 
t h a n the h u m a n eye can no rma l l y 
ex t rac t f r o m the scene. A s o p p o s e d 
t o no rma l pho tog raphy , th i s i n f o r m a 
t i on is t h ree -d imens iona l . H o l o 
g r a m s b e c a m e feas ib le w h e n lasers 
w e r e inven ted , p rov id ing usable 
in tens i t ies of l ight o f a s ing le w a v e 
leng th . H o l o g r a m s us ing n o r m a l 

w h i t e l ight are b lur red because of t he 
m u l t i - w a v e l e n g t h nature o f t he 
l ight. 

The f i rs t person to expound the 
po ten t ia l o f ho log raphy in bubb le 
c h a m b e r phys ics, t o the best of our 
k n o w l e d g e , w a s the w e l l - k n o w n 
op t i cs spec ia l is t W a l t e r W e l f o r d 
f r o m Imper ia l Col lege London w h o 
w r o t e a paper on the sub jec t in 1 9 6 5 
( w h i c h appeared in 'App l i ed Op t i cs ' 
M a y 1 9 6 6 ) . A t t h a t t ime , howeve r , 
bubb le c h a m b e r s w e r e esca la t ing in 
size to con ta in l iquid v o l u m e s of 
m a n y cub ic met res . H o l o g r a m s of 
such v o l u m e s w e r e too techn ica l l y 
d i f f i cu l t t o c o n t e m p l a t e . 

T w o fac to r s have s w u n g a t t en t i on 
back o n t o th is sub jec t in recent 
m o n t h s . The f i rs t is t he fash ion 
change in bubb le c h a m b e r phys ics 
t o w a r d s sma l l rapid cyc l ing c h a m 
bers used as ver tex de tec to r s in 
hybr id s y s t e m s w i t h e lec t ron ic de 
tec to rs . The second is a phys ics 
in teres t w h i c h can be m e t by h igher 
reso lu t ion . The c h a r m e d mesons , 
such as t he D mesons , have l i fe t imes 
in the range of 1 0 ~ 1 2 t o 1 0 ~ 1 3 s w h i c h 
is j us t tan ta l i z ing ly beyond w h a t can 
be seen w i t h the reso lu t ion avai lab le 
in conven t i ona l bubb le c h a m b e r 
op t i cs . If reso lu t ion cou ld be i m 
p roved by s o m e t w o orders of 
m a g n i t u d e the specia l abi l i t ies o f 
bubb le c h a m b e r phys ics cou ld be 
b r o u g h t t o bear on the par t ic les 
c o m p o s e d of c h a r m e d and b o t t o m 
quarks . 

A n o t h e r a t t rac t i on of ho log raphy 
fo r bubb le c h a m b e r s is t ha t a ho lo 
g r a m can s to re m a n y t h o u s a n d s o f 
t i m e s m o r e i n fo rma t i on t h a n a 
conven t i ona l pho tog raph . It w o u l d 
be poss ib le t o spread i n c o m i n g pa r t i 
c les over severa l p lanes separa ted 
by a f e w mi l l ime t res (enough t o 
avo id t racks f r o m in te rac t ions 
c r o w d i n g on t op o f one another ) and 
t h u s m a k e use of the w h o l e c h a m b e r 
v o l u m e . Th is w o u l d increase the 

2. 

even t rate and a l l ow the rarer in ter 
ac t i ons t o be s tud ied . 

Du r ing t he course of last year, in 
t he U S A , Fred Eisler w r o t e a ( ra ther 
op t im is t i c ) paper in Nuc lear I ns t ru 
m e n t s and M e t h o d s abou t t he 
po ten t ia l uses o f ho log raphy in 
bubb le c h a m b e r s and at Fermi lab 
W a l t e r W e l f o r d he lped deve lop 
ideas w i t h W e s S m a r t and Lou 
V o y v o d i c abou t possib le app l i ca 
t i ons in t he 1 5 - f o o t chamber . In 
Europe, p rac t i ca l w o r k s ta r ted at 
Ru the r fo rd , p r o m p t e d by Col in 
Fisher and Peter S m i t h , and at CERN 
by M a l c o l m Dykes and Paul Lecoq 
w i t h Derek French. 

In the Ru the r f o rd and CERN w o r k 
t he i m m e d i a t e a im is to ach ieve a 
spat ia l reso lu t ion of a f e w m ic rons 
w h i l e re ta in ing a d e p t h of f ie ld of 
s o m e tens o f cen t ime t res . Such a 
s y s t e m m i g h t we l l be i m m e d i a t e l y 
app l icab le in t he n e w genera t ion o f 
sma l l bubb le c h a m b e r s such as 
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3 - A line of wires photographed from a 
hologram taken at CERN. The smallest 
which is still clearly distinguishable, is only 
2 ( i m in diameter. 

4 - Also from the CERN work — a line of 
10 (am data simulating a bubble chamber 
track. Such tracks can be identified with 
such clarity over a depth of field of up to 
16 cm. On this scale, a BEBC bubble would 
show up the size of an orange. 

BIBC and LEBC (see Apr i l issue, 
page 58 ) . For compar i son , in the 
3.7 m Big European Bubble C h a m 
ber, BEBC, the bubb le size is s o m e 
5 0 0 mic rons w i t h a dep th of f ie ld of 
several met res . 

Ruther fo rd Laboratory ho log rams 
have been taken of arrays of 5 j i m 
glass f ibres immersed in a l iquid 
w h o s e refract ive index w a s d i f ferent 
f r o m glass by a fac to r of 1 .1 . This 
s imu la ted the opt ica l proper t ies of 
gas bubbles in l iquid hydrogen . The 
locat ion of the 5 | i m f ibres cou ld be 
very clearly recons t ruc ted f r o m the 
ho log ram. 

This w o r k w a s done in co l labora
t ion w i t h CEGB ( M a r c h w o o d ) using 
a c.w. argon laser and an of f -axis 
reference beam. Exper iments are 
p lanned at Ruther fo rd i tself using 
larger scale t rack s imu la t ions (up to 
2 0 cm) . The exper imen ts w i l l look at 
such ef fects as tu rbu lence in the 
l iquid and h o w to op t im ize the o p t i 

ca l -sys tem to ove rcome the ef fects. 
They w i l l also s tudy var ious poss ib i l 
i t ies for repro ject ing and scann ing 
the th ree d imens iona l image. 

A t CERN clear resolut ion d o w n to 
2 | im has already been d e m o n 
s t ra ted over dep ths of f ie ld up to 
1 6 c m and a f ie ld of 7 c m . Planes of 
w i res , cen t imet res apart , can be 
easi ly p icked ou t w h e n scann ing the 
ho log rams th rough a mic roscope 
coup led w i t h a TV sys tem. Fo l low ing 
such encourag ing resul ts, it is hoped 
to carry out a pre l iminary tes t of the 
techn ique on BIBC before the big 
SPS s h u t d o w n , in co l laborat ion w i t h 
Berne and the Inst i tu t Sa in t -Lou is 
(Mu lhouse) . 

Before mov ing to t rue operat iona l 
sys tems , more deve lopmen t w o r k 
needs to be done. It w i l l be necessary 
t o use a pulsed laser (some 2 0 ns 
pulse length) rather than the c.w. 
l ase r t o f igh t the p rob lem of v ib ra t ion 
and to ' f reeze' the rapidly g r o w i n g 
bubb le wh i le it is sti l l smal l . For tu 
nate ly sui table lasers, w i t h repet i t ion 
rates of 2 0 to 5 0 Hz, are already 
avai lable commerc ia l l y . 

ARGONNE 
Ultracold neutrons 
a tZ ING-P ' 
Physic ists f r o m an A rgonne / Ch i 
cago / Mary land / Missour i co l labo
rat ion have opera ted a n e w source of 
u l t raco ld neut rons us ing the A r 
gonne Z I N G - P ' pulsed neu t ron spa l 
lat ion source. 

There has been cons iderable 
in terest in u l t racold neu t rons (w i t h 
ve loc i t ies less than 7 m / s and 
w a v e l e n g h t h s of abou t 1 0 0 0 a n g 
s t roms) due t o the possib i l i ty of 
con ta in ing t h e m for long per iods in 
mater ia l 'bo t t les ' . 

These s tored neut rons can be 
used t o pe r fo rm such f u n d a m e n t a l 
exper imen ts as the search fo r the 

The Doppler-shifting rotor which was used 
in producing ultracold neutrons at Argonne. The 
rotor arm, with a crystal package mounted 
on the end, is 1.2 m in radius and operates 
inside a vacuum box. The shutter mechanism 
that closes the bottle entrance between 
pulses consists of a polished disc with a 
slot cut in it, rotating ^synchronously with 
the rotor. 

(Photo Argonne) 

neu t ron e lectr ic dipol.e m o m e n t (see 
fo r examp le N o v e m b e r issue 1 9 7 9 , 
page 3 6 4 ) . 

The n e w u l t raco ld neu t ron source 
explo i ts t he pu lsed nature of the 
neu t ron b e a m f r o m Z ING-P ' . N e u 
t rons in the inc ident pulse w i t h ve lo 
ci t ies near 4 0 0 m / s (wave leng th 
1 0 angs t roms) are Bragg- re f lec ted 
of f a crysta l mov ing at a ve loc i ty near 
2 0 0 m / s and in the process are 
Dopp le r -sh i f ted in to the u l t raco ld 
ve loc i ty range. 

The crysta l cons is ts of a package 
of syn the t i c m ica slabs separa ted by 
th in a l u m i n i u m w e d g e s w h i c h ar t i f i 
cial ly increase the mosa ic w i d t h s of 
the package and a l l ow a larger ve lo 
c i ty spread t o be ref lected. 

The syn the t i c mica w a s chosen fo r 
its h igh neu t ron ref lect iv i ty and large 
interst i t ia l spac ing (about 1 0 a n g 
s t roms) . The package is m o u n t e d on 
the end o f a 1.2 m radius ro tor ro ta t 
ing in the d i rec t ion of the inc ident 
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neu t rons and synchron ized t o t he 
3 0 Hz pulse rate o f t he Z I N G - P ' 
b e a m . 

The re f lec ted neu t rons en ter a 
con ta ine r thrnuqh an open ing t h a t is 
c losed b e t w e e n pulses t o p reven t 
neu t rons escap ing. Th is pe rm i t s t he 
bo t t l e t o be f i l led over a n u m b e r o f 
pu lses t o an a s y m p t o t i c dens i t y 
w h i c h equals t ha t in t he inc ident 
pulse, so t h a t t h e dens i t y is de te r 
m i n e d by the peak f lux in t he inc ident 
b e a m . The u l t raco ld neu t ron dens i t y 
at Z I N G - P ' has been measu red t o be 
0 . 1 2 per c m 3 , w h i c h is t h e s a m e 
order o f m a g n i t u d e as the dens i t ies 
recorded at s teady -s ta te reactors . 

The velocity spectrum of reflected neutrons 
at Argonne's ZING-P', measured by a 
time-of-flight method. Only one velocity 
component is shown, so only 70 per cent 
of the neutrons below 7 m/s are ultracold. 
The dashed curve is a computer simulation 
of the Doppler-shifter. The detector was 
insensitive to neutrons below 3 m/s because 
the aluminium window over the counter 
reflected lower velocity neutrons. 

One a d v a n t a g e of hav ing an u l t ra -
co ld neu t ron source at the pu lsed 
neu t ron fac i l i ty is t ha t h igher s to red 
dens i t ies shou ld be avai lable in t he 
near f u t u r e w h e n m o r e in tense 
pu lsed fac i l i t ies b e c o m e opera t iona l . 
It is doub t f u l t ha t m u c h h igher 
t h e r m a l f luxes w i l l be possib le f r o m 
s teady -s ta te reactors due t o heat 
t rans fe r l im i ts and cons t ruc t i on and 
ope ra t i ng costs . A n o t h e r advan tage 
is the l o w e r backg round level. 

In add i t i on , heat load and rad ia t ion 
d a m a g e is smal le r t han in reac tors 
w h i c h sugges ts t ha t be t te r co ld 
m o d e r a t o r s m a y be possib le. This 
cou ld resul t in an increase in the f lux 
a t t he long w a v e l e n g t h s needed fo r 
t he Doppler -sh i f te r . 

The In tense Pulsed Neu t ron 
Source is under cons t ruc t i on a t 
A r g o n n e and shou ld prov ide a h igher 
f lux o f neu t rons t han cur ren t ly ava i l 
able a t Z I N G - P ' . A n expe r imen t is 
be ing p repared t o search fo r t he 

neu t ron e lect r ic d ipo le m o m e n t t h a t 
w i l l t ake advan tage o f th i s h igher 
in tens i ty source w h e n it b e c o m e s 
opera t iona l in 1 9 8 1 . 

BROOKHAVEN 
Search for violation 
of t ime symmetry 
The v io la t ion o f charge-par i t y (CP) 
s y m m e t r y is st i l l no t comp le te l y 
unde rs tood desp i te the passage of 
years s ince its d iscovery at B rook -
haven in t he decay of t he long- l i ved 
neut ra l kaon . W i t h the apparen t 
success o f gauge theor ies in un i fy ing 
the e lec t romagne t i c , w e a k and pos 
sib ly t he s t r ong in terac t ions, there is 
s o m e o p t i m i s m tha t CP v io la t ion can 
be inc luded natura l ly in such a 
f r a m e w o r k . 

A l t h o u g h gauge theor ies o f CP 
v io la t ion have been f o r m u l a t e d , a 
ques t i on w h i c h is no t ye t se t t led 
expe r imen ta l l y is w h e t h e r CP v io la 
t i on is ' s u p e r w e a k ' or 'm i l l iweak ' in 
character . S u p e r w e a k mode ls p re 
d i c t t h a t all CP v io la t ing e f fec ts are 
con f i ned t o the neut ra l kaon s y s t e m . 
M i l l iweak mode l s pred ic t dev ia t ions 
f r o m the s u p e r w e a k pred ic t ions in 
t he neut ra l kaon sys tem and smal l 
(abou t 10~ 3 ) CP or t i m e s y m m e t r y 
(T) v io la t ing e f fec ts ou ts ide t he 
neut ra l kaon s y s t e m . 

Phys ic is ts f r o m Yale and Brook -
haven have p e r f o r m e d a sens i t ive 
search fo r a m i l l iweak v io la t ion of 
t i m e reversal invar iance by measu r 
ing m u o n po lar iza t ion in t he l o n g -
l ived neut ra l kaon decay in to a n e g a 
t i ve p ion, a pos i t ive m u o n and a 
neut r ino . The po lar izat ion is de te r 
m i n e d by de tec t i ng the pos i t ron 
m o m e n t u m f r o m the subsequen t 
decay o f t he m u o n . 

The T v io la t ing cor re la t ion of in ter
est is t he c o m p o n e n t of m u o n po lar 
izat ion n o r m a l t o t he decay plane in 
the kaon rest f r ame . Th is resul ts 
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The detection system of the Yale/Brookhaven 
experiment which has*carried out a refined 
search for time symmetry violation in neutral 
kaon decays. 

f r o m the c o m p l e x in te r fe rence o f the 
t w o a m p l i t u d e s desc r ib ing t he decay 
of t he kaon. A va lue fo r t he in ter fer 
ence phase o f a b o u t 2 x 1 0 ~ 3 is 
expec ted f r o m m i l l iweak mode ls . In 
the long- l i ved neut ra l kaon decay 
th is phase is equa l t o t he ra t io o f the 
T v io la t i ng and T conse rv i ng t r a n s 
verse po lar iza t ion c o m p o n e n t s of 
the m u o n . 

The expe r imen t w a s c o n d u c t e d at 
t he B rookhaven A G S in a 6 ° neut ra l 
b e a m w h i c h t rave l led t h r o u g h a 
cy l indr ica l ly s y m m e t r i c de tec to r . Po
s i t ive m u o n s occu r r i ng in t he 5 m 
dr i f t space u p s t r e a m o f t he d e t e c t o r 
w e r e f o c u s e d by a s tee l to ro ida l 
m a g n e t and b r o u g h t t o rest in an 
a l u m i n i u m po la r imete r . The pa th of 
t he m u o n s w a s d e t e r m i n e d f r o m the 
co inc idence o f sc in t i l l a t ion coun te r 
pulses f r o m hodoscopes . Field Pro
g r a m m a b l e Logic A r r a y s d e t e r m i n e d 
the az imu tha l pos i t i on of s t o p p i n g 
m u o n s and abo r t ed any t r i gge rs fo r 
w h i c h one u n a m b i g u o u s m u o n s top 
w a s no t f o u n d . Event se lec t ion w a s 
a c c o m p l i s h e d by fas t ECL t r igger 
logic w h i c h requ i red obse rva t i on of a 
p ion in co inc idence w i t h t h e m u o n . 

A f t e r c o m i n g t o rest in the a l u m i n 
i u m , m u o n sp ins p recessed w i t h 
per iod o f 1.2 JIS in an axial m a g n e t i c 
f ie ld . The pos i t ron f r o m the m u o n 
decay w a s d e t e c t e d by one of t w o 
coun te r s f l ank ing the m u o n s top 
pos i t ion . Each o f t hese c o u n t e r s w a s 
assoc ia ted w i t h a ' c lock ' w h i c h w a s 
s w i t c h e d on by the fas t t r igger . 
De tec t i on o f t he pos i t r on t hus 
reco rded the t i m e and d i rec t i on of 
t he m u o n decay. 

The g e o m e t r y o f t he po la r ime te r 
and the app l ied m a g n e t i c f ie ld 
a l l o w e d a m e a s u r e m e n t o f t w o 
c o m p o n e n t s of t he m u o n po la r iza
t ion . For t he e n s e m b l e o f m u o n s 
( 1 2 mi l l ion even ts co l lec ted) the 
po lar iza t ion w a s d e t e r m i n e d f r o m 
the a s y m m e t r y in t he n u m b e r of 
pos i t rons d e t e c t e d t o t he r igh t or the 

left o f the m u o n s t o p pos i t ion . 
Revers ing the d i rec t ion of t he p re 
cess ion f ie ld be fore each b e a m pulse 
a l l o w e d an i ndependen t d e t e r m i n a 
t ion o f t h e po lar iza t ion c o m p o n e n t s . 
The resul ts give a T conse rv ing 
po lar iza t ion o f 0 . 4 0 ± 0 . 0 6 , w h i c h is 
cons i s ten t w i t h M o n t e Car lo expec
ta t i ons and serves t o ca l ib ra te the 
de tec to r . For the T v io la t ing da ta the 
f i t imp l ies a va lue fo r the po lar iza t ion 
w h i c h is cons i s ten t w i t h zero, so t ha t 
t i m e reversal invar iance is imp l ied . 

Th is c o m p l e t e d expe r imen t is the 
f i rs t o f a p r o g r a m m e t o de tec t m i l l i 
w e a k CP v io la t ion in kaon decays 
and t he expe r imen ta l cond i t i ons 
at B r o o k h a v e n are we l l - su i t ed fo r 
such prec is ion m e a s u r e m e n t s . Th is 
spr ing t h e Ya le / B rookhaven co l l a 
bo ra t i on began co l lec t ing da ta on 
m u o n po lar iza t ion in t he decay o f the 
pos i t i ve kaon in to a neut ra l p ion , a 
m u o n and a neut r ino . The use o f a 
4 GeV m o n o c h r o m a t i c pos i t i ve 

kaon b e a m and t h e de tec t i on o f the 
g a m m a rays f r o m the neut ra l p ion 
decay in a lead glass ar ray w i l l g ive 
reduced b a c k g r o u n d and increased 
sens i t i v i ty . A p r o t o t y p e o f t he B rook 
haven f a s t - b u s s y s t e m (deve loped in 
co l l abo ra t i on w i t h D. M a k o w i e c k i ) 
w i l l be used fo r da ta acqu is i t i on . It is 
expec ted t h a t even ts w i l l be co l 
lec ted at t en t i m e s t he rate (abou t 
1 5 0 pulse) of t he neut ra l kaon 
e x p e r i m e n t so t h a t 1 5 0 mi l l ion ev 
en ts are expec ted , p rov id ing an 
exac t i ng tes t of T v io la t ion . 

FRASCATI 
Wiggler magnet 
experiments 
Exper imen ts t o s t u d y the cha rac te r 
is t ics o f t he rad ia t ion p r o d u c e d by a 
' w i g g l e r m a g n e t ' are beg inn ing on 
t h e A D O N E 1.5 G e V e l ec t r on -pos i 
t r o n s to rage r ing at the Frascat i 
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The 'wiggler magnet' installed on the ADONE 
storage ring at the Frascati Laboratory. The 
magnet has performed as expected and a 
study is beginning of the emerging radiation. 
The magnet in the centre of the picture is 
flanked by ADONE quadrupoles and bending 
magnets. 

(Photo Frascati) 

vis ib le l ight region is s t r ik ing. In a set 
of m e a s u r e m e n t s at l ow mach ine 
energ ies and l ow f ields one can 
observe the f i rs t and the second 
ha rmon ic of the coherent radiat ion 
ob ta ined at 0 . 5 3 6 GeV. The b e a m -
line to take the radiat ion f r o m the 
w igg le r to exper iments is ready. The 
radiat ion w i l l be ex t rac ted th rough a 
3 8 0 | im th ick bery l l ium w i n d o w . 

Daresbury Laboratory is par t i c i 
pa t ing in the commiss i on i ng exper i 
m e n t s on the A D O N E w igg le r so as 
t o gain exper ience in readiness fo r 
the opera t ion of the i r Synch ro t ron 
Radiat ion Source. The SRS is sched 
uled fo r f i rs t opera t ion at the end of 
J u n e and its 2 GeV e lect ron s torage 
r ing w i l l have a 5 T superconduc t ing 
w igg le r be ing prepared at the 
Ruther fo rd Laboratory. The coi ls 
have been tes ted and the des ign 
f ie lds ach ieved. 

Laboratory. Such magne ts are c o m 
parat ive n e w c o m e r s to the research 
scene (the f i rst opera t ing w igg le r in 
the SPEAR s torage ring da tes f r o m 
February 1 9 7 9 ) . They enable the 
s p e c t r u m of rad iat ion emerg ing f r o m 
e lec t ron rings to be ex tended to 
h igher f requenc ies . The magne ts do 
th is by in t roduc ing higher f ie lds in 
the r ing to bend the b e a m more so 
tha t the synchro t ron radiat ion spec
t r u m is ex tended. The m a g n e t s t hen 
w igg le the beam back to con t inue its 
w a y around the r ing. 

The Frascati magne t w a s instal led 
in A D O N E in Sep tember of last year. 
It is 2 m long w i t h conven t iona l 
( rather than superconduc t ing) coi ls 
t o p roduce f ie lds up to 1.9 T w i t h six 
poles. 

Commiss ion ing on the mach ine 
has been ex t remely s m o o t h and all 
ma jor e f fects on the mach ine op t i cs 
w e r e as pred ic ted, t o the requi red 
accuracy. It ex tends the per for 

mance of the exist ing synchro t ron 
l ight fac i l i ty we l l into the sof t X- ray 
region to a cr i t ical wave leng th of 4 . 4 
angs t roms w i t h high in tens i ty w h e n 
the r ing runs at its top energy of 
1.5 GeV. 

W h e n the w igg le r magne t is oper 
a ted at ful l f ie ld at the l ow end of the 
mach ine energy range, the pe r tu rba 
t ion to the r ing opt ics in the ver t ica l 
p lane is large and a special mach ine 
con f igu ra t ion , hav ing a l ow beta 
va lue in the w igg le r s t ra ight sec t ion , 
has to be set up. To test th is m o d e of 
opera t ion , the mach ine has been run 
at 0.5 GeV w i t h the w igg le r f ie ld set 
at 1.8 T. The ef fects on the beam 
w e r e in ag reemen t w i t h the c o m 
pu ted va lues ; the a m o u n t of energy 
rad ia ted in the w igg le r magne t alone 
w a s 1.4 t i m e s tha t radiated in all the 
r ing bend ing magnets . 

A l t h o u g h the magnet ic f ie ld in t ro 
duces only three ful l osc i l la t ions in to 
the b e a m , coherent emiss ion in the 

* Late news: Electron and positron 
beams have been collided in the 
Berkeley/Stanford PEP storage 
ring at S LAC. We hope to have the 
story of the first operation of the 
machine in our next issue. 
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Physics monitor 

Charm from hadrons 

So far, m o s t of t he resul ts on 
c h a r m e d part ic le p roduc t i on have 
c o m e ei ther f r o m e lec t ron-pos i t ron 
col l id ing beams, or f r o m neut r ino 
exper iments . S o m e in fo rma t i on also 
exists on cha rm p roduc t ion by ha 
drons (see, for example, S e p t e m b e r 
1 9 7 9 issue, page 2 4 7 ) . 

N d w more data is avai lable thanks 
t o exper iments on c h a r m hadrop ro -
duc t i on at Fermi lab us ing a s t reamer 
chamber , and at CERN us ing a 
specia l ly -bui l t h igh reso lu t ion hy
d rogen bubble chamber . 

In t he Fermi lab exper iment , a h igh 
reso lu t ion s t reamer c h a m b e r w a s 
used t o look at part ic le p roduc t ion by 
3 5 0 GeV pro tons. A s c h a r m e d par t i 
c les make up only a very smal l f rac 
t ion of t he to ta l event rate, t he appa 
ratus uses a fas t t r igger t o sif t ou t 
cand ida te cha rm events and is 
des igned to record the shor t decay 
lengths of c h a r m e d part ic les. 

The t r igger se lec ted in terac t ions 
p roduc ing s ingle m u o n s w h i c h pene
t ra ted a steel hadron f i l ter. Each 
in teract ion w a s measured w i t h a 
space reso lu t ion of 4 0 j i m , and 
events se lec ted w h e r e one or more 
t racks d id not appear t o or ig inate 
f r o m the p r imary p roduc t i on vertex. 

A f t e r analys ing the ou tgo ing 
t racks , a samp le of s o m e 1 0 0 0 
m u o n t r iggers gave 1 0 cand ida te 
c h a r m events , a f e w of w h i c h had t o 
be a t t r ibu ted t o o ther sources, such 
as the decay of s t range part ic les. 

The rema in ing shor t - l i ved par t i 
cles p roduced in assoc ia t ion w i t h 
m u o n s are ca lcu la ted t o have an 
average l i fe t ime b e t w e e n 1 0 ~ 1 3 and 
2 x 1 0 ~ 1 2 seconds, in ag reemen t 
w i t h the Fermi lab neut r ino exper i 
m e n t us ing an emu ls ion hybr id spec
t r o m e t e r (see M a r c h issue, 
page 1 5). 

Data on cha rm p roduc t ion by 
hadrons is also avai lable thanks to 
t he Brussels / CERN / Oxford / 
Padova / Rome / Ruther fo rd / 
Tr ieste co l laborat ion us ing the 
2 0 c m d iamete r LEBC high reso lu
t ion bubble chamber (see S e p t e m 
ber 1 9 7 9 issue, page 2 5 8 ) . Filled 
w i t h l iquid hydrogen, th is min i de tec 
tor, exposed t o a 3 4 0 GeV negat ive 
p ion b e a m f r o m the SPS, has 
prov ided valuable ind icat ions of 
c h a r m produc t ion levels f r o m a 
samp le of 4 8 0 0 0 events . 

A s imp le t r igger w a s used to 
select those events su i table fo r 
pho tograph ing . No magne t i c f ie ld 
w a s appl ied, so tha t on ly t opog raph i 
cal analysis of the t racks w a s poss i 
ble. Cha rm cand idates w e r e se lec ted 
on the basis of a de tec tab le t rans 
verse decay length co r respond ing to 
the expec ted cha rm l i fe t ime ( 1 0 ~ 1 2 

t o 1 0 ~ l 3 s ) . 
In the analysis of events w h e r e a 

pair of shor t - l i ved part ic les is seen, 
12 events canno t be a t t r ibu ted to 
backg round ef fects like s t range par
t ic le decays, and so are in terpre ted 
as c h a r m e d part ic le pairs. The c ross-
sec t ion for th is p roduc t ion is es t i 
m a t e d at s o m e 4 0 j ib, and is re la
t ive ly insensi t ive to possible var ia 
t ions in l i fe t ime b e t w e e n d i f ferent 
t ypes of cha rmed part ic le (see 
Ma rch issue, page 1 5), or t o the 
exact nature of the p roduc t ion 
mechan i sm. 

A s ign i f icant number of decays 
p roduc ing th ree charged par t ic les 
are seen. Of the e ight events f ound , 
only t w o can be expla ined as back
g round . This gives a c ross-sec t ion of 
about 3 5 (ib fo r the p roduc t ion of 
charged cha rmed (D) mesons. 

This init ial w o r k w i t h LEBC has 
s h o w n h o w useful such a h igh reso
lu t ion bubble chambe r is fo r cha rm 
physics. H o w e v e r fo r more deta i led 
in fo rmat ion , addi t ional part ic le de 
tec t i on capabi l i t ies are requi red to 

c o m p l e m e n t the bubb le chamber 
pho tographs . 

This has been ach ieved in a n e w 
exper imen t by us ing LEBC as the 
v isual de tec to r in the appara tus 
be ing prepared for the European 
Hybr id Spec t r ome te r (EHS) at 
CERN. A l t h o u g h not ye t comple te , 
the EHS appara tus already avai lable 
prov ides precise m o m e n t u m analy
sis fo r charged part ic les and fo r 
pho tons , wh i l e a vers ion of the 
Oxford ISIS de tec to r (see M a y 1 9 7 8 
issue, page 1 6 0 ) , prov ides s o m e 
part ic le ident i f ica t ion. A b o u t half 
a mi l l ion pho tog raphs have already 
been taken , and the run is c o n t i n u 
ing. 
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People and things 
Herwig Schopper (right) talks with Jean 
Teillac, President of CERN Council, at a 
special Council meeting in April. At this 
meeting. Professor Schopper was 
unanimously appointed as the next CERN 
Director General, to take up office on 
1 January 1981. 

(Photo CERN 208.4.80) 

Herwig Schopper 
CERN's next Director General 

On 25th Apri/f at a specially con
vened session of the CERN Council 
delegates of the twelve CERN Mem
ber States unanimously appointed 
Professor Herwig Schopper as 
Director General of CERN for the 
five years 1981-85. He will suc
ceed John Adams, Executive Direc
tor General, and Leon Van Hove, 
Research Director General, on 
1 January 1981. 

Herwig Schopper will move to 
CERN from his present position as 
Chairman of the Board of Directors 
at the DESY Laboratory, a position 
he assumed in 1973. Under his 
leadership, DESY has enhanced still 
further its reputation as a leading 
high energy physics Laboratory — 
the physics programme on the 
DORIS electron-positron storage 
rings has been amongst the most 
fruitful in the world, and the rapid 
construction of the large PETRA 
ring has been one of the major feats 
of accelerator building. Professor 
Schopper has guided DESY through 
this period with total commitment 
to its physics aims and skilful judge
ment as to how these aims could 
be achieved. 

He is no stranger to CERN. In 
1970 he became Head of the Nu
clear Physics Division and, before 
he returned to the Federal Republic 
of Germany in 1973, he was mem
ber of the CERN Directorate for the 
Experimental Programme. 

He returns to lead the Laboratory 
when it is hoped that the world's 
largest machine will be under con
struction — the electron-positron 
storage ring LEP. Schopper's knowl
edge and experience in particle phy
sics and in the management of large 
machine projects should prove a 
valuable asset to CERN during this 
challenging time. 

On people 

A t the recent annual meeting of 
the American Physical Society in 
Chicago, Herman Feshbach of MIT 
began his term as APS President. 
Maurice Goldhaber, Distinguished 
Scientist at Brookhaven, was named 
vice-president elect. Arthur Schaw-
low of Stanford became this year's 
vice-president. 

Norman Ramsey, Higgins Professor 
of Physics at Harvard University, 
has been elected Chairman of the 
Governing Board of the American 
Institute of Physics. Norman Ram
sey is a well-known personality on 
the US high energy physics scene. 
He was among those who esta
blished the Brookhaven Laboratory 
and has also been closely asso
ciated with Fermilab, where he is 
President of the Universities' Re-

i 
search Association which operates 
the Laboratory. 

Ron Russell retired from the Ruther
ford Laboratory at the end of 
March. Ron had participated signif
icantly in the construction and oper
ation of the Nimrod proton syn
chrotron, becoming Head of the 
Nimrod Division. In recent years he 
has headed the Division building 
the Spallation Neutron Source, and 
was Chief Engineer at Rutherford. 

Royal visitor at TR/UMF 

On 1 April, His Royal Highness 
Prince Charles went on a short tour 
of the TR/UMF site during a visit 
to Vancouver. This included an in
spection of the operation of the 
accelerator itself, a typical experi
ment in the basic physics pro
gramme, the biomedical facilities 
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Prince Charles has the muon to electron 
conversion experiment at the TRIUMF 
cyclotron explained by Doug Bryman (left) 
and the Laboratory Director, Jack Sample 
(right). 

(Photo TRIUMF) 

of the British Columbia Cancer 
Foundation and their programme 
of cancer therapy, and finally the 
radiochemical facilities installed in 
the chemistry annexe by Atomic 
Energy of Canada Ltd. for commer
cial production of radioisotopes. 
While inspecting the AECL hotcells. 
Prince Charles used the master-
slave manipulators to turn a stop
cock and thereby symbolically inau
gurate the chemical processing of 
irradiated targets. 

Jacques Prentki, leader of CEHN's 
Theory Division, celebrated his 
60th birthday on 17 April. To mark 
the occasion, some close friends 
reminisced on different periods in 
his career: Ph. Meyer spoke on 
'good times in Paris', Bernard d'Es-
pagnat on 'the pioneering years at 
CERN', Dan/e/e Amati on 'the 
Golden age', Tatiana Faberge on 
'theory division through the years' 
and Paul Musset on 'the theorist in 
interaction'. This was followed by 
a short concert of chamber music. 

History of particle physics 

An International Symposium on the 
History of Particle Physics was 
held at Fermilab from 28-31 May. 
It concentrated on the origins of 
particle physics back in the 1930s 
and 40s before the advent of the 
big particle accelerators. The im
pressive list of main speakers in
cluded Paul Dirac, Gilberto Bernar-
dini, Viki Weisskopf, Carl Anderson, 
Satio Hayakawa, Robert Serber, 
Bruno Rossi, Willis Lamb, Julian 
Schwinger and Murray Gell-Mann. 

Seen here together with Jacques Prentki 
(left) at the celebrations at CERN to mark 
his 60th birthday are Tatiana Faberge of 
Theory Division Secretariat and Daniele 
Amati. 

(Photo CERN 120.4.80) 
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One of the 4000 horsepower compressors 
used by the Fermilab Central Helium 
Liquefier. 

(Photo Fermilab) 

SCIPP at Santa Cruz 

The Regents of the University of 
California have approved the forma
tion of a new Institute for Particle 
Physics on its Santa Cruz Campus. 
Acronymed SCIPP (the Santa Cruz 
Institute for Particle Physics I it 
builds on the strength of existing 
groups of theoretical and experi
mental particle physicists. Benefit
ting from its close proximity to 
SLAC, the experimental group 
(started in 1970) has carried out 
programmes on inelastic muon-
nucleon scattering, early charm 
searches in pion-nuc/eon scattering 
and dimuon production, all in colla
boration with SLAC Group D. In 
addition, a tagged photon scattering 
experiment has been performed at 
Fermilab. The principal new enter
prise of SCIPP is co-responsibility, 
again with SLAC Group D (plus 
groups from the Universities of Illi
nois and Washington) for the next-
generation SPEAR detector, called 
MARK III. 

Senior fellows at SCIPP are theo
rists Richard Brower, Michael 
Nauenberg, and Joel Primack; ex
perimentalists David Dorfan, visitor 
Hartmut Sadrozinski, Terry Schalk, 
Abe Seiden, and Dennis Smith. 
Clemens Heusch is Acting Director. 
Serving on its Advisory Committee 
are Geoffrey Chew, George Trilling, 
Sidney Drell, Frederick Reines and 
Donald Oster brock. 

Helium starts to flow at Fermilab 

On 18 April, Fermilab brought into 
operation the world's largest helium 
liquefier plant. The liquefier, con
verted from an oxygen/nitrogen 
plant previously used in the US 
space programme, is destined to 
supply the cooling for the supercon
ducting magnets of the 1000 GeV 

tevatron proton synchrotron. Initial 
operation provided liquid helium at 
the rate of 2000 litres per hour, 
which is just below half the maxi
mum capacity. The helium will even
tually be distributed via satellite 
plants to the one thousand super
conducting magnets of the Tevatron. 

PETRA improving 

During a few shifts devoted to ma
chine developments on 20 April, 
the stored beam of PETRA reached 
the design energy of 19 GeV. Within 
the next weeks the conditions for 
production runs at energies near 
to 19 GeV will be worked out by 
the machine group. Major progress 
has also been achieved in the beam 
currents which can be stored in 
PETRA. The reason for the earlier 
'current limit' at the 7 GeV injection 
energy seems to be understood and 
the machine can now be tuned in 

such a way that this limit has com
pletely disappeared. Under the new 
conditions no difficulty was found 
in storing up to 18 mA in a single 
bunch, Such currents were already 
stored in PETRA when only 4 r.f. 
cavities were installed but could 
not be reproduced once the 60 cavi
ties needed for higher energies 
were built in. 

Chinese meeting 

Earlier this year, a high energy phy
sics meeting, organized by the 
Academia Sinica, was held in the 
pleasant winter climate of Guang
zhou, Canton. This was one of the 
first major scientific meetings to 
be held in China in recent years. It 
attracted some 100 physicists from 
within China, together with some 
50 researchers of Chinese origin 
working in other countries, and the 
physics was of a high standard. 
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A recent display of fifth century BC Greek 
vases has been exhibited at Fermilab using 
an interesting background of magnet 
laminations. 

(Photo Fermilab) 

The meeting was conducted in Chi
nese, but it is planned to publish 
the proceedings in English. After
wards, all participants joined in an 
extensive tour of the country, visit
ing Beijing, Shanghai and Hang-
chow. 

From 10-30 August the 21st Scot
tish Universities' Summer School 
in Physics (a NATO Advanced Study 
Institute) on Gauge Theories and 
Experiments at High Energies will 
be held at the University of St. An
drews. Further information from 
A. Walker, Department of Physics, 
University of Edinburgh, Edinburgh 
EH9 3JZ, Scotland. 

Profession of faith 
in fundamental research 

At a Physics Congress in Ulm the 
Chancellor of the Federal Republic 
of Germany, Helmut Schmidt, 

voiced his unambiguous support for 
fundamental research. Here are a 
few excerpts from his statement: 
'...pure research provides the nour
ishment for future development. 
Non-applied research, such as parti
cle physics or astrophysics, is done 
because it springs from an inborn 
human curiosity to find the truth. 
A culture conscious of its own value 
must interest itself in fundamental 
knowledge concerning the nature 
of matter, the universe and life 
itself.' 
The Chancellor expressed his satis
faction at the recent, widely ac
claimed results from the PETRA 
machine at DESY. 'The indirect 
evidence for the existence of gluons 
appears to be an important break
through in the understanding of one 
of the fundamental forces of Natu
re. ' He concluded by saying that 
'Scientists are responsible for consi
dering any undesirable conse-

The inscription reads 'The 1980 Guangzhou 
Conference on Theoretical Particle Physics'. 
The meeting was one of the first major 
scientific meetings to be held in China in 
recent years. 

m — 

fa fit 

*• 

if. 
quences of their research. Those 
who dispose of knowledge have a 
special responsibility which must 
find expression in practical action. 
In particular, scientists must try to 
make their knowledge comprehen
sible to the public and to politicians. 
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A complete ^ 
range of fast 2" PMTs 

Type cathode tr 
(ns) 

tw 
(ns) 

CTt 
(ns) 

a c e 
(ns) 

replaces 

XP2020 bialkali 1,5 2,4 0,25 0,25 56AVP, 56DVP 
XP2230B bialkali 1,6 2,7 0,35 0,60 56AVP, 56DVP 
XP2232B bialkali 2,0 3,2 0,50 0,70 56AVP, 56DVP 

XP2020Q bialkali 
on quartz 1,5 2,4 0,25 0,25 56DUVP 

XP2233B trialkali 2,0 3,2 0,50 0,70 56TVP 

PM2254B trialkali 
on quartz 1,5 2,4 0,25 0,25 56TUVP 

ANODE PULSE LINEARITY 250-280 mA 

tr = anode pulse rise 
time for a delta 
light pulse 

t w = anode pulse 
duration FWHM for 
a delta light pulse 

J t = transit time spread 
for single electron 
mode 

Jce = transit time difference 
centre- edge 

• Large Cerenkov detectors: 
PM2312 (3") and XP2041 (5") 
• Fast positron scanners, hodoscopes: 
XP1910(3/4") and PM1982 (1") 

>dbooW Philips Industries, Electronic 
Components and Materials Division, 
Eindhoven, The Netherlands 

It's no coincidence: we've set the standard for over 20 years 

PHILIPS Electronic 
Components 
and Materials 

PHILIPS 



Spectral Response 
(Ish) 

SILICON PHOTODIODES 
1.0 1 : 1 1 1 1 

1 G q A s P P H O T O D I O D E S 
a 10

 i 1 r 

q 

Wavelength (nm) 

Gd AsP Photodiodes 
have no long red tail. 

The sharp cut off under 700nm eliminates filter leak 
wavelengths. You get low noise, a wide dynamic range, 
higher shunt resistance and lower junction capaci
tance. Ideal for photographic applications, certain spec
trophotometers and other applications in the visible 
range. Write for catalog. 

HAMAMATSU 
H A M A M A T S U C O R P O R A T I O N • 4 2 0 S O U T H A V E N U E • M I D D L E S E X , NJ 0 8 8 4 6 • 2 0 1 / 4 6 9 - 6 6 4 0 

International Offices in Major Countries of Europe and Asia. 
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New Gas Analysis System MSQ 200 from LEYBOLD-HERAEUS: 

Continuous Monitoring of Gos Composition 

Optimal gas analysis is increasingly 
gaining significance for industry and 
environmental protection. 

To meet this requirement LEYBOLD-
HERAEUS have developed an analysis 
system which is versatile and economical 
and atthe same time ensures very high 
consistency of test results. 

This new gas analysis system is 
preferably used for continuous 
monitoring of gas atmospheres of 
basically know composition. It detects 
and records deviations from desired 
concentration values of components 
in gas mixtures as well as contamination 
by additional components. 

Typical applications include: 

• Monitoring of protective gas 
atmospheres 

• Monitoring of gas extraction 
and gas recovery systems 

• Control of atmosphere in anneal
ing and sintering furnaces 

• Exhaust gas monitoring 
• Environmental pollution control 
• Process gas analysis 

Many of these are recurrent routine 
tests, such as fast and reliable analysis 
in process or quality control. 

The MSQ 200 Mass Spectrometer 
Analysis System is available as a 
complete mobile unit or as a set of 

modules for assembly. Suitable 
extension modules are available 
to adapt this system to any existing gas 
analysis and control problem. 

We shall be pleased to forward 
detailed information. 

Q LEYBOLD-HERAEUS 
Postfach 510760 D 5000 Köln 51 
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RESEARCH 
SCIENTIST 

A research sc ient is t pos i t ion is avai lable at 
T R I U M F in the area of i n te rmed ia te energy p ro 
t on induced react ions. A n exper imenta l is t , hav ing 
a number of years of pos tdoc to ra l exper ience, is 
sough t to take a ma jor responsib i l i ty fo r the p ro 
g ram of the Univers i ty of A lbe r ta group. S o m e 
addi t ional dut ies in the area of fac i l i ty deve lop
m e n t may be an t ic ipa ted . The successfu l cand i 
da te w i l l be el igible fo r pro ject tenure af ter a p ro
bat ionary per iod, and addi t ional benef i ts s imi lar 
t o those fo r Univers i ty Facul ty a p p o i n t m e n t s are 
appl icable. Salary w i l l be c o m m e n s u r a t e w i t h 
exper ience bu t shou ld be in the range of 2 0 , 0 0 0 
t o 3 0 , 0 0 0 $C. 

Please send a resume and three let ters of refer
ence t o : 

Research Scientist Search Committee 
Nuclear Research Centre 
University of Alberta 
Edmonton, Alberta T6G 2N5 

t o arr ive no t later t han S e p t e m b e r 1 5, 1 9 8 0 . 

Would you like to 
acquire a heavy 
ion linear accelerator? 

After some 16 years of successful operation, 

the physics department of Manchester University 

wish to dispose of their 10 MeV/nucleon heavy 

ion Linac. 

It was operated with a beam pulse of 2.8 ms 

at 16 p. p. s for different ions including those 

with a charge/mass ratio of V10. The main 

items are two copper - clad steel 

alvarez tanks complete with drift tubes 

tuners, vacuum systems and power supplies. 

Offers in excess of £ 50.000 are invited. 

Enquiries to: Mr. R. King 

Linear Accelerator Laboratories 

The University 

Manchester M13 9 ILU.K. 

NATIONAL SUPERCONDUCTING 
CYCLOTRON LABORATORY 

MICHIGAN STATE UNIVERSITY 

Professorship (1 year v is i t ing appo in tmen t ) t o 
prov ide leadership in an area of accelerator des ign 
re lated to the supe rconduc t i ng cyc lo t ron p ro 
g ram. Cand idates shou ld have at least 12 years 
of pos t doc to ra te acce lera tor exper ience and 
impo r t an t con t r i bu t i ons t o the techn ica l l i terature 
in the area of acce lera tor des ign. 

App l i ca t ions shou ld be sent , before Ju ly 1 , 1 9 8 0 , 
t o : 

B. W a l d m a n , Assoc ia te Di rec tor 
Cyclotron Laboratory 
Michigan State University 
East Lansing, M i ch igan 4 8 8 2 4 USA. 

Michigan State University is an Equal Oppor tun i t y / 
A f f i rma t i ve A c t i o n Employer . 

The Laboratory of Nuc lear Stud ies at Cornel l 
Un ivers i ty has an open ing fo r a 

PHYSICIST-RESEARCH 
ASSOCIATE 

t o par t ic ipate in M I C R O W A V E S U P E R C O N D U C 
T IV ITY R / D d i rec ted at app l ica t ion to H igh 
Energy Electron Acce le ra to rs . 

S o m e exper ience in l o w tempera tu re and m i c r o 
w a v e w o r k h ighly desirable. T w o y e a r appo in t 
m e n t w i t h renewa l possibi l i t ies. A p p l y by let ter t o : 

M. TIGNER 
W i l s o n Laboratory , Cornel l Un ivers i ty 
I thaca, N e w York , 1 4 8 5 3 U.S.A. 

Cornel l is an equal oppo r t un i t y employer . 
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M A X W E L L 
is participating 
in the fusion power 
reality... 
Fusion p o w e r will be the a n s w e r to t o m o r r o w ' s energy n e e d s . . . a n d exper imen ta l 
p r o g r a m s like these will turn fus ion p o w e r theory into fus ion p o w e r reality. For h igh 
vo l tage s y s t e m s a n d c o m p o n e n t s for your con t ro l led fus ion p rog ram. . . ca l l Maxwe l l . 

S H I V A / N O V A 
W e p e r f o r m e d t h e b a s e l i n e e n e r g y 
s t o r a g e m o d u l e d e s i g n s t u d y — p i o 
n e e r e d h i g h e n e r g y d e n s i t y c a p a c i t o r 
d e s i g n s — m a n u f a c t u r e d m o r e t h a n 
ha l f o f t h e r e l i a b l e d i s c h a r g e c a p a c 
i t o r s u s e d in p o w e r i n g s y s t e m f l a s h -
l a m p s a n d r o t a t o r s . T h e r e s u l t s a r e 
n o w r e f l e c t e d in o u r s t a n d a r d h i g h 
e n e r g y d e n s i t y c a p a c i t o r d e s i g n s . 

W e a r e d e s i g n i n g a n d m a n u f a c t u r i n g 
s y s t e m s f o r s i m u t a n e o u s l y t r i g g e r i n g 
m u l t i m a r x a n d h i g h v o l t a g e t r i g a t i o n 
s w i t c h e s f o r PBFA w i t h v e r y l o w j i t te r . 
O u r c a t a l o g P o r t a m a r x g e n e r a t o r s , 
t r i g g e r g e n e r a t o r s , d e l a y g e n e r a t o r s 
a n d e n e r g y d i s c h a r g e c a p a c i t o r s p l a y 
a m a j o r r o l e in t h i s s y t e m . 

W e a r e d e s i g n i n g a n d m a n u f a c t u r i n g 
M a r x m o d u l e s p o w e r i n g A n t a r e s 
l a s e r f ina l a m p l i f i e r s . O u r e x p e r t i s e 
w i l l p r o v i d e h i g h p e r f o r m a n c e d e 
s i g n s f o r A n t a r e s a n d c a n a l s o m e e t 
y o u r n e e d s f o r c u s t o m o r s t a n d a r d 
g e n e r a t o r s . 

W e a r e d e s i g n i n g a n d m a n u f a c t u r i n g 
t r a n s i e n t s u p p r e s s i o n c a p a c i t o r 
b a n k s f o r c o n t r o l o f h i g h v o l t a g e 
m o d u l a t o r s u r g e s . U n i q u e f a i l u r e 
p r o o f c o n f i g u r a t i o n s p e r m i t u n i n t e r 
r u p t e d o p e r a t i o n e v e n in e v e n t o f a 
c a p a c i t o r f a i lu re . Y o u t o o c a n b e n e f i t 
f r o m t h i s c a p a c i t o r b a n k e x p e r i e n c e . 

L E A D E R I N 
P U L S E D P O W E R S Y S T E M S 

^MAXWEU! 
MAXWELL LABORATORIES, INC. 
8 8 3 5 Balboa A v e n u e , San Diego, C A 9 2 1 2 3 
Phone (714) 2 7 9 - 5 1 0 0 T W X 9 1 0 - 3 3 5 - 2 0 6 3 
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L A M B D A 
Alimentations stabilisees 

Semi-conducteurs de regulation 
d e l i m i t a t i o n m o n d i a l e 

A L A M B D A 1 e r Constructeur mondial d'alimentations stabilisees 

E L E C T R O N I Q U B B.P. 77 - 91403 Orsay Cedex Tel . 012.14.87 - Telex 691 617 F. Veeclam 



New for 1980 B-Range 
New range ofLEMO miniaturi
zed connectors with single 
key or twin polarisations keys. 
Solder or crimped contacts. 
This new range of connectors 
has from 2 to 80 contacts 
suitable for screened or un
screened cables between 1,5 
and 25mm overall diameter. 

A A A 

When you're hot and under 
pressure feed through 

with Ferranti 
Ferranti supply ceramic to metal seals forall kinds of 

situations where a leak tight insulated connection is needed intohigh 
pressure or high vacuum systems, especially where high temperature 
is involved. 

We have been making ceramic to metal seals for many years 
for use in the nuclear power, aircraftand communication industries, 
and for lots of other special applications. 

Forfurther information and literature, contact 
Ferranti Electronics Limited, Fields New Road, Chadderton, Oldham, 
Lanes. 0L98NP 

S S B "2 1 5 4 249 FERRANTI 
Ceramic to metal seals 
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h i g h qua l i t y 

R F - G E N E R A T O R S 
f o r a l l a p p l i c a t i o n s o f 

INDUCTION HEATING 
a wide range of frequencies 6kHz-50MHz and power 
1-300 kW 
available for 
melting 
We build the generator 
you need. 
For more information 
please write or phone to 

evaporation epitaxy 
crystal growing RF-Sputtering 

FRITZ HUTTINGER GmbH 
Po. Box 727, D 7800 FREIBURG 
W. GERMANY 
Tel. (0761) 8 2 0 5 1 , Tlx0772 862 

P r e c i s i o n -
P o w e r -
S u p p l i e s 
Stability up to 10"6/8h 
upto150kV, upto20000A,upto600kW 

u p e r - f l a l -
primary switched 

SI V O U S P E N S E Z A L ' A C H A T D f U N N O U -
V E A U C O N T R O L E U R U N I V E R S E L , I L S ' A G I T 

D E F A I R E L E B O N C H O I X . A P R E S T O U T , V O T R E 
D E C I S I O N V O U S F I X E R A P E N D A N T Q U E L Q U E S A N -

N E E S . VOS C R I T E R E S D E S E L E C T I O N P O R T E R O N T 
SUR L A Q U A L I T E , L A C L A S -
SE D E P R E C I S I O N . . . . 

. . . . E T L E M A N I E M E N T 
D E L f I N S T R U M E N T . 

L E T Y P E D ' A F F I C H A -
G E , L A S E C U R I T E , 
L E S C A L I B R E S E T -
B I E N E N T E N D U - L E 
R A P P O R T P R I X / P E R 
F O R M A N C E . 

U N E F O I S A R R I V E A 
C E P O I N T , L E MO
M E N T E S T V E N U : D E -
M A N D E Z L A D O C U 
M E N T A T I O N C H A U V I N 
A R N O U X . L A G A M M E E S T 

I M P O R T A N T E . P O U R Q U E 
V O U S P U I S S I E Z F A I R E 

L E B O N C H O I X . 

M U L T I M E T R E S 

Societe anonyme 

Rue de I'Hopital 12 - 2501 Bienne 
Tel. 032 223 223 Telex 34222 preci ch 

Exemples du programme: 
CONPA(haut, a gauche): multimetre de precision, 
affichage LCD ( - 1 9 9 9 ) hauteur des signes 17 mm; 
24 calibres; un seulcommutateur; adaptateurs tem
perature, lux, frequence; protection par fusibles 
HPC; grande autonomie sur pile. DIGIC0NTR0LE (haut, a droite): multimetre de 
precision, affichage L E D ( ± 1 9 9 9 9 ) , hauteur des 
signes 11mm; 24 cal ibres , un seul commutateur; 
fonctionnement sur a c c u s ou reseau. 
M0N0C(bas, a gauche): multimetre c lass ique pour 
le praticien; 19 calibres; fiabilite et robustesse 
exceptionnelles; maniement avec une seule main. Type 771: multimetre c lass ique avec 35 cal ibres; 
applications nombreuses; prix economique. 
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Haefely Today 

Particle Accelerators 
High-Voltage DC Power Supplies 
Irradiation Systems 

for Research, Radiotherapy and Industry 

Thirty years ago, Haefely built the first ion and elec
tron accelerators for high and ultra-high voltages 
although requirements at that time were extremely 
sophisticated. 
Today, Haefely is working on ever more ambitious 
projects and has become a reliable partner with ex
perience in a wide field of activities: • DC acceler
ators for ions and electrons up to 4 MeV • High-
power electron accelerators for industrial radiation 
processing, design of complete irradiation systems 
• Electron accelerators with ultra-high stability of 
the accelerating voltage for high-voltage electron 
microscopy • Neutron generators for cancer therapy 
and industrial applications • High-voltage dc gener
ators with high outpout power • High-voltage dc 
power supplies for pulsed load or with high out put 
voltage stability • Modular high-voltage dc gener
ators 
Send for our brochure entitled: "Haefely Today" 

@ 60 k W electron accelerator 
in a paint curing facility 

(§) Cancer therapy system with 
fast neutrons 

© 850 k V injector power 
supply 

® 4 5 0 k V / 3 . 5 mA modular 
high voltage DC power 
supply 

EMILE HAEFELY & CO LTD BASEL 
P.O.Box 
C H - 4 0 2 8 Basel/Switzerland 
Telephone 061 /41 18 17 
Telex 62 469 ehb ch 

HAEFELY 

chocs - vibrations - temperature • 
agents corrosifs 
lis resistent a ces agressions pour una 
bonne commutation 
Homologues air 8459 
Nombreuses adaptations specifiques 

C R O U Z E T A G 
Case postale 3051 - Flurstrasse 74 * CH 8048 ZURICH 

Te l . : (01) 5?.4t20 * Te lex: 57568 

les f ra is d e t r a d u c t i o n s o n t f a c t u r e s a par t . 
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(page) 
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(page) 
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insertion 
5 

insertions 
10 

insertions 

1 8 4 x 2 6 7 1 3 0 0 1 2 0 0 1 1 0 0 

1 8 4 x 1 3 0 
8 8 x 2 6 7 7 0 0 6 5 0 6 0 0 

7< 8 8 x 1 3 0 3 8 0 3 5 0 3 2 0 
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VARIAN p r e s e n t s 

the new 936-40 Porta-testtm. 
The only helium mass spectrometer leak detector 

not requiring liquid nitrogen... 

The VARIAN 936-40 Porta-test 
is the smallest and handiest 
helium mass spectrometer 
leak detector ever devised, 
wi th a sensitivity up to 
1 0 1 0 atm cc/sec. Thanks to the 
VARIAN Contra-F low t m 

principle, the 936-40 works 
without l iquid nitrogen, even 
in the most crit ical working 
condit ions. And, it is able 
to detect gross leaks in the 
range of 1 atm cc/sec 
without requiring a thrott le 
valve. 

.and weighing less 
than 30 kg 

The 936-40 is compact 
(50 x 35 x 21 cm) and l ightweight 

(less than 30 kilograms). 
This means easy leak detection, 

even in inaccessible areas. 
And, with its handy size, 

it is simple to transport. 

The 936-40 Porta-test 
from VARIAN. 
Made in Italy 

Varian spa 
Via Varian 54 
10040 Leini (Torino) 
Tel. 011/9968086 

v a r i a n 

F L O W M E T E R S 

Calibrated and _ 
non-calibrated instruments 3 
for liquids and gas 

Available from our stock 
in Zurich 

Heraeus 
WITTMANN 

Heat ing bands 

Hea t ing cables 

Heat ing tubes 

Power and tens ion 
regu la tors 

Ask for further information 

t y p e 1 1 0 0 

form. Wismer AG 

Oer l ikoners t rasse 8 8 
Tel . ( 0 1 ) 3 1 1 4 0 4 0 
8 0 5 7 Zur ich 

Advertisements in CERN COURIER 
Al 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 Eng l ish a n d French 
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 ext ra 
c h a r g e . 
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Airco's new superconductor plant. 
For people who can't get enough of a good thing. 

We've opened a new 10,000-m 2 integrated 
superconductor manufactur ing plant. The 
world's largest. The most advanced. Why? 

Because we think that high energy physics, 
fusion research and advanced energy conver
sion systems are too important to ignore'their 
needs: Economies of scale, advanced manufac
turing and-quality assurance methods, major 
magnet-fabrication capability, and integrated 
systems development. 

We also have raw materials supply sources 
to match our plant's capaci ty to produce NbaSn, 
NbTi and S/sGa superconductors, In any length 
or quantity. On schedule. On spec. 

Now we're ready to match our new capaci ty 
quality assurance and product ion techniques 
against any amount of superconductors you 
need. So if you're having problems getting good 
superconductors, we have a 10,000-m 2 good 
solution. 

Phone Dr. Erik Adam at the new plant today 
(201) 541-1300. Ask him for our 20-page four-
color capabil i ty brochure. Discuss your super
conductor or magnet problems with him. 

Or simply give us an order. You'll soon see 
how fast we can fill it. Airco Superconductors, 
600 Milik Street, Carteret. New Jersey A mrn 
07008. U.S.A. TWX 7 1 0 9 9 8 0492. / \ i H U U 

Superconductors 



High-power triodes and tetrodes 
for scientific applications 

• CW output power up to 1000 kW 
• Peak output power up to 5 MW 
• Operating frequencies up to 400 MHz 
• Incorporating the latest advances in power-grid 

tube technology: Pyrobloc® pyro ly t ic -graphi te 
grids and Hypervapotron® anode cool ing 

• Widely used in France as well as elsewhere 
in Europe, in the United States and in Japan 

• the right tube for your particular application 
Contact your national THOMSON-CSF Electron Tube 
Division representative for full details. 

THOMSON-CSF 
T H O M S O N - C S F DIV IS ION T U B E S E L E C T R O N I Q U E S 

38 , RUE VAUTHIER / 92100 B O U L O G N E - B I L L A N C O U R T / F R A N C E / T E L . : (33.1) 6 0 4 81 75 

BRAZIL - THOMSON-CSF COMPONENTES DO BRASIL LTDA. SPAIN - THOMSON-CSF COMPONENTES Y TUBOS S.A. 
CP. : 4854 / BROOKLIN / SAO-PAULO / TEL. : (55.11) 61 64 83 CALLE ALMAGRO 3 / MADRID 4 / TEL. : (34.1) 419 88 42 
GERMANY - THOMSON-CSF GmbH BEREICH ELEKTRONENROHREN SWEDEN - THOMSON-CSF KOMPONENTER & ELEKTRONROR AB 
FALLSTRASSE 42 / 8000 MUNCHEN 70 / TEL. : (089) 76 75 1 BOX 27080 / S 10251 STOCKHOLM 27 / TEL. : (46.8) 225815 
ITALY - THOMSON-CSF TUBI ELETTRONICI SRL UNITED KINGDOM - THOMSON-CSF COMPONENTS AND MATERIALS LTD 
VIALE DEGLI AMMIRAGLI 71 /1 - 00136 ROMA RINGWAY HOUSE / BELL ROAD / BASINGSTOKE RG24 OQG 
TEL. : (39.6) 638 14 58 TEL. : (44.256) 29155 
JAPAN - THOMSON-CSF JAPAN K.K. / TBR BUILDING USA - THOMSON-CSF ELECTRON TUBES 
KOJIMACHI 5-7 / CHIYODA-KU / TOKYO / T 102 750 BLOOMFIELD AVENUE / CLIFTON NJ 07015 
TEL. : (81.3) 264 63 41 TEL. : (1.201) 779 10 04 
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donn^e 

CO' 

Centrale d e mesure « low O U . 
specialement concue pour enregls 
trements sur le terrain [batteries 
rechargeables Incorporees). 
Systeme O E M iQtegre represen 
le cceur des loggers 3 5 et 3 5 1 5 
C o m p r e n d convert isseur A / D , 
mul t ip lexeur et cond i t ionnement 
des entrees. 

SchW 

NEW model 550L RF 

Applications: 
Consider model 550L fo r applications in high energy physic 

POWER AMPLIFIER 
1 - 5 - 4 0 0 M H z , 50 w a t t s 
o v e r 100 w a t t s t o 220 M H z 
This latest amplifier f rom ENI offers 50 dB gain within 
plus or minus 1.5 dB f rom 1.5 to 4 0 0 MHz. All har
monics are at least 25 dB below fundamental at full 
output power and lower at reduced power. The ampli
fier is unconditionally stable and wil l not oscillate or 
suffer damage for any combination of source or load 
impedance. The model 550L is sufficiently linear to 
faithfully reproduce complex waveforms including 
pulse signals from a standard laboratory generator or 
sweeper. 

including its use as a linear accelerator driver. 

For more data contact your local Representative or direct to ENI. 

gjtwmm power 

C m mm systems, ltd. 
3 0 0 0 W I N T O N R O A D S O U T H 2 3 O L D P A R K R O A D , H I T C H I N , H E R T F O R D S H I R E 

R O C H E S T E R , N E W Y O R K 1 4 6 2 3 S G 5 2 J S E N G L A N D 
T e l . : 7 1 6 - 4 7 3 - 7 3 3 0 ; T e l e x 9 7 - 8 2 8 3 E N I R O C T e l . : ( 0 4 6 2 ) 5 1 7 1 1 ; T e l e x : 8 2 5 1 5 3 EN I U K G 
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Introducing the next stage 
of the most powerful 
CAMAC Controller System 
ACC2103/CCA2 2089 

CAMAC 

ACC 2103 Auxiliary Crate Controller 
- 16 bit Texas T M 9900 microcomputer 

- 16 K 16 bit RAM directly addressable f rom CAMAC at 1^s /Word 

- up to 8 K EPROM for permanent programs 

- TTY and RS 232 C interfaces 

- built in L A M Grader 

- C A M A C module addressed as memory posit ions for s imple sof tware 

- programming in assembly language or high level language 

- C A M A C Read/Wri te cycle less than 10 ^ s in autonomous mode 

- also compat ib le w i t h SCC-L2 and Nord 10-PIO Controllers 

CCA2 2089 A2 Parallel Crate Controller 
- ful ly conforms to the new EUR 6500 specs 

- single board construct ion 

SYSTEM OPERATION 
The A2 Crate Controller is a parallel Crate Controller and includes all the same func
t ions plus new control logic for local data handling using a microprocessor module 
(as ex. ACC 2103). The A2 provides access to the N and L lines via a rear panel 
connector for the Auxiliary Crate Controller placed in any normal stat ion. It also 
handles the remote/ local access request conf l icts. Front-end data processing is 
governed by the ACC 2103 just as long as the man computer does not require 
access to this particular crate: However , w h e n this occurs, the local processor is 
released, its status saved and the Branch Demand processed. Once the Branch 
Demand has been fi l led, control returns to the ACC 2103. 

Brief configuration guide 
- For sys tems not requiring permanent ly available high-level languages the 

ACC 2099 (single width) is normally suff ic ient. 

- to improve input /output and intersystem communicat ion , the SEN CI 2092 
communicat ions interface (high speed, mult i -channel, buf fered, micro-processor 
control led) may be added. 

- for ful ly au tonomous systems, a version combining the features of the 
ACC 2103 and of a Crate Controller wi l l be available short ly (Type STACC 2107 -
Stand Alone C A M A C Computer) . 

France: ORTEC Sari ; 7, rue des Solets; Tel. (1) 687 2571 - Tlx 202553F, F-94 RUNGIS - Germany I SEN ELEKTRONIK 
G m b H ; Brandstiicken 11 ; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital S y s t e m ; Radspielstrasse 8 
Tel. 089 9167 10 - Tlx 529167d - D-8000 MUNCHEN 81 - Switzerland: SEN ELECTRONIQUE SA; CP 39 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK A G ; Austrasse 4 ; Tel. (01) 9455103 
Tlx 58257ch - CH-8604 VOLKETSWIL - United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328.66744 - GB - KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

Headquarters: 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 



POUR TOUS VOS PROBLEMES 
DES DISJONCTEURS 
ET DES POSTES PENSEZ A 
MAGRINI GALILEO Via L. Mag r i n i , 7 - 24100 B E R G A M O (ITALIA) 
T e l e f o n o / P h o n e : (035)235.444 - T e l e g r a m m i / C a b / e : MAGRIN I GAL ILEO B E R G A M O - Te lex : 301535 M A G G A L I 

mnGRin i 
GALILEO 

CAMERA HEAD 

I N F O R M A T I O N S A B O U T O U R C A M E R A 

N A M E 

TITLE 

C O M P A N Y 

A D D R E S S _ 

CITY 

^1 £ 

C O U N T R Y 

CAMERA CRATE 

RADIATION RESISTANT VIDEO CAMERA 
REF. CERN (CH), SACLAY (FR), ORSAY (FR) 

C O N S T R U C T I O N S 
E L E C T R O N I Q U E S ET M E C A N I Q U E S 
D U L E M A N - C.E.M.E.L. 
Rue Leone de Jo inv i l l e 
0 1 1 7 0 GEX FRANCE 
Tel . ( 50 ) 4 1 5 0 0 7 
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POLYRADIAMETER 
MIP10 

^ \ 5 9 FE / 

99 Tc QO 1 

/ j / p 203 

25 

Hg 

• 4 RANGES : 10,100,1 ooo, ioooocs - 1 

• 5 PROBES: 
• S M I B M : S o f t p f r o m 3 0 K e V 
• S M I B G : p f r o m 2 5 0 K e V 

V f r o m 10 K e V 
• S M I G f r o m 3 0 K e V 
• S M I X : X f r o m 5 K e V 
. • S M I A ^ e f f i c i e n c y 4 0 % ( 2 3 9 P u ) 

• B a t t e r y l i fe : 4 0 h w i t h bat ter ies o r 
• a c c u m u l a t o r set 
• l ight : 2,1 kg 
• o u t p u t s : scaler 
• p r i n t e r 

MEASURER 
MCB1 

• 3 RANGES : oto 1 ooocs"1 

• B a t t e r y c o n t r o l 
• P t h r e s h o l d ~ 3 0 K e V 
• B a t t e r y l i fe : 100 h 
• l ight : 0 ,320 kg 

«^ nardeux C o m m e r c i a l o f f i c e : 
17, rue Paul Bert 
9 2 1 2 0 M O N T R O U G E ( F R A N C E ) 
T e l . . 6 5 5 . 2 4 . 2 9 

Head o f f i c e : 
Z l La Val lee d u Pare 
3 7 6 0 0 L O C H E S ( F R A N C E ) 
T e l . : (47) 5 9 . 3 2 . 3 2 . - Te lex : 750 8 0 8 F 
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renforce le système 
d'ordinateurs décentralisé 

Un système informatique décentralisé pour Norsk Data est 
fondé sur une relation homme-machine, dont l'axiome de 
base est que tout besoin de capacité de calcul est local. Nos 
systèmes d'ordinateurs sont ainsi adaptés aux besoins locaux 
comme support et outil dans la production, la recherche et 
l'administration. 

La possibilité de connecter plusieurs systèmes locaux indé
pendamment de leur emplacement permet la communication 
entre systèmes et la création de puissants réseaux d'ordina
teurs. 

Les systèmes NORD sont entièrement modulaires. Chaque 
matériel ou logiciel peut être développé et adapté aux besoins 
qui évoluent sans que des unités coûteuses deviennent super
flues. Nos systèmes s'étendent du mini-ordinateur 16 bits aux 
complexe d'ordinateurs 32 bits avec une capacité de mémoire 
virtuelle de 4,3 G-octets pour les données comme pour les 
instructions. 

Nos dépliants d'information sur le NORD 100, NORD 500, et 
sur le traitement décentralisé des données en relèvent les pos
sibilités et les avantages. 

Les ordinateurs NORD - élément fondamental d'un traite
ment efficace des données. 

NORD - Une alternative à étudier 

Norsk Data sari,» Le Brévent », Avenue de Jura, 01210 
Ferney-Voltaire 

Oui, je veux en savoir plus sur le système Nord, 
de traitement « élargi » des données. 

I 

Nom_ 

Entreprise_ 

Adresse_ 

Téléphone_ 
I 

Siège 

Paris : 

••••••• •••••••• 
••••••••• •••••••• 

Norsk Data 
« Le Brévent », Avenue du Jura, 01210 Ferney-Voltaire 
Tél. : (50)408576 
120 Bureaux de la Colline, 92213 Saint-Cloud 
Tél. : (1)6023366 
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Photo: The «Red Tower» central time source 
in the City of Solothurn, Switzerland. 
Completed in 1411. 

DATE 

Over 500 years of Swiss 
time-keeping know-how 

— now available in Camac format! 

The single Camac w i d t h Clock and Calendar module Type 1413 contains 
a battery-buffered crystal-controlled autonomous clock and electronic 
calendar offering total immunity to power loss conditions. Time and 
date can be read via the Camac dataway and visually at the front panel. 

This new-generat ion t ime keeper enables you to : 

• Label your system records w i t h the current day, month , 
year and t ime accurate to V10 second 

• Log power failures and alarms 

• Measure the duration of power failures 

• Power -down your system w i t h o u t losing your absolute 
t ime reference 

Save all that sof tware overhead 
normally associated w i t h the 
real t ime clock in your computer. 

borer 
Borer Electronics AG 

POSTFACH, C H - 4 5 0 1 SOLOTHURN/SWITZERLAND TEL: 0 6 5 • 3111 31, TELEX: 3 4 2 2 8 

CONTROLE NON DESTRUCTIF 
garantie de securite et de fiabilite 
• Contrdle d'etancheite 

(Helium, Ammoniac, Freon, Hexafluorure de soufre) 
• Radiographie X et gamma 
• Ultra-sons 
• Magnetoscopie 
• Ressuages liquides penetrants 
• Courants de Foucault (mono et multi-frequences) 
% Etudes, Essais, Assistance Technique, Formation 

• Montage, Contrdles dimensionnels 
• Essais d'installation. Reception, Inspection 
• Etablissement de cahiers des charges 
• Recette en usine 
• Travaux de laboratoire : (Metallographie, 

Essais chimie, Contrdles non destructifs) 
• Contrdles des matiSres premieres 

HOTCHKISS-BRAIMDT 
SOGEME g r o u p e T H O M S O N - B R A N D T 

25, rue de CHONY 26500 BOURG-LES-VALENCE - BP434 26004 VALENCE - Tel. (75) 42.91,42 
239, Boulevard ANATOLE FRANCE 93200 SAINT - DENIS - Tel. (1) 243.32.62 -

TELEX 345741 BRGLV. 
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S I L E N A 

The world's fastest Wilkinson type ADC. 
The most compact 4096 channels NIM MCA. 

The most versatile Charge, Amplitude 
and Time Converter. 

1024, 2048, 4096 channels NIM MCA's 
1 0 6 - 1 counts per channel 
X-axis expansion 
Roll 
Character generator 
Selection of any number of ROI's 
Spectra overlap 
ROI integration with or without background subtraction 
Wide range of interfaces for I/O peripheral devices and computers 
Internal t iming 
Automatic cycles 

2048 channels Charge, 
Amplitude and Time 
converter 
0,125 picocoulombs/ 
channel; 

•50 picoseconds/channel 

8192 channels 
ADC, 400 MHZ 
CLOCK RATE 
0 , 3 % di f feren
tial non linearity 
0 ,025% integral 
non linearity 

8192 channels ADC, 
100 MHz clock rate 

S I L E N A 
SILENA S.P.A. 
SOCIETA PER L'ELETTRONICA AVANZATA 
20133 Milano 
uff ic i : Via Negroli, 10 /A 
laboratorio: Via Negroli, 6 
Tel. (02) 7490565 - 713871 

Sales agents in Benelux, Canada, France, Germany and Great Britain. 



Stesalit resolves your 
individual problems 
in fiberglass and carbon fiber 
construction 
— for science 
and advanced technic. 

Frames fo r 
p ropor t iona l c h a m b e r s 
spark c h a m b e r s 
dr i f t c h a m b e r s 
coas t ing boxes f o r Cerenkov counters . 
Parts and prof i le mater ia l 
of all t ypes , also in c o m b i n a t i o n 
w i t h ca rbon f iber . 
U p o n request parts 
can also be l a m i n a t e d 
w i t h copper or a l u m i n i u m f o i l . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 0 3 . 0 0 3 

Integrated 

AMPLIFIER/ 
DISCRIMINATOR 
Tube Socket Assembly 

• TTL COMPATIBLE 
OUTPUT 

• COMPATIBLE WITH ALL 
PFR PMT CHAMBERS 

• TWO VERSIONS: 
ADS-001: 100 KHZ 

maximum count rate 
ADS-120: 12 MHZ 

maximum count rate 

ADS-001 is 
compatible with the 
Products for Research 
Model CT-100 Digital Counter-Timer. 

Call or write for complete engineering and 
performance information plus price and delivery. 

PRODUCTS FOR RESEARCH, INC. 
88 HOLTEN STREET 
DAN VERS, MA 01923 • (617) 774-3250 

FAST SENSITIVE 

STABLE COMPACT 

CONOMICAL LOW POWER 

ERSATILE 

NOW... 
A C U S T O M C H I P 

F O R W I R E C H A M B E R S ^ 

LeCroy announces the new state-of-the-art for drift 
chamber and MWPC amplifier/discriminators. The MVL100 
is a single chip containing a wideband amplifier, a 
discriminator, a monostable, an ECL line driver, and a 50 
linear driver. Each section of the device has been designed 
without compromising performance. As a result, the 
MVL100 specifications are unexcelled: 
Sensitivity: ±200 [N typical. Output Jitter <0.1%. 
Slewing: 1.5 nsec typical (2X Input: Differential; double 
to 20X). diode protected. 
Output Width: 10 nsec and up. Power Dissipation: Vz watt. 

All th is performance is available now. 
Contact your LeCroy representative for 
complete data on the MVL100. Also 
available: the Model MVL100-TB Test 
Board as well as the 7790 Sixteen-
Channel Chamber Card. 

LsCroy 
RESEARCH SYSTEMS + 

Headquarters: 700 S. Main St., Spring Valley, N.Y. 10977. 
Phone: (914) 425-2000. Offices in: Geneva, Switzerland, 
Heidelberg, W. Germany; Paris, France; Oxford, England. 
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August 5,1978 

Ox EIMAC 8973 tetrode^ > 
helped bring fusion p 
a step closer at Princeton. 
Project PLT—a significant 
achievement 

On August 5 ,1978 scientists at Princeton 
University Plasma Physics Laboratory succeeded 
in heating a form of hydrogen to more than 60 
million degrees Celsius and produced the high
est temperature ever achieved in a T O K A M A K 
device—four times the temperature of the in
terior of the sun, thus bringing fusion power a 
step closer for mankind. 

EIMAC tetrodes for switching 
and regulating. 

Four EIMAC super-power 8973 
(X-2170) tetrodes were used to con
trol and protect the four sensitive 
neutral beam sources in this scien 
tific achievement. The next 
experiment in this series 
(PDX) will also utilize 
EIMAC 8973 tetrodes to 
control the neutral beam 
sources. The EIMAC 
8973 is also being used 
at Oak Ridge National 
Laboratory, another 

major research facility involved in the Depart
ment of Energy's program to develop practical 
fusion power. The 8973 is a regular production 
tube designed for high power switching and 
control by EIMAC division of Varian. 

For information 
Contact Varian, EIMAC Division, 301 

Industrial Way, San Carlos, California 94070. 
Telephone (415) 592-1221. Or any of the more 
than 30 Varian Electron Device Group Sales 
Offices throughout the world. 


