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Around the Laboratories 

Sketch of the Fusion Materials Irradiation 
Test (FMIT) project at Los Alamos. The 
idea is to accelerate an intense deuteron 
beam, subsequently stripped to obtain the 
same energy neutrons that emerge from 
fusion reactions. 

LOS ALAMOS 
Present projects 
in accelerator 
technology 
T h e f inancia l cons t ra in t s o f recen t 
years have dr iven all t he h igh ene rgy 
phys i cs Labora to r ies t o cu t back the 
resources t hey ass ign f o r acce le ra to r 
t e c h n o l o g y t o t h o s e d i rec t ly re la ted 
t o the needs o f the i r i m m e d i a t e p r o 
j e c t s . The f inancia l f lex ib i l i ty o f s o m e 
yea rs ago w h i c h a l l o w e d a m o d e s t 
a m o u n t o f ' pu re ' acce le ra to r re
search at m o s t Labora to r ies has 
g o n e . Th is s i tua t ion m a y s e e m ne
cessa ry at the m o m e n t bu t , long 
t e r m , cou ld jeopard ize the heal th o f 
h igh energy research . The dange r 
has been recogn ized , f o r examp le by 
the U S A C o m m i t t e e led by M a u r y 
T igne r (see A u g u s t 1 9 8 0 issue, page 
2 0 3 ) and ECFA also e x p r e s s e d i ts 
conce rn v ia the S e p t e m b e r Con fe r 
ence in O x f o r d on nove l acce le ra t ion 
t echn iques . 

One Labo ra to ry w h i c h has m a n 
aged t o reta in var ie ty and search f o r 
n o v e l t y in i ts acce lera tor p r o g r a m m e 
is t he Los A l a m o s Nat ional L a b o r a t o 
ry w h e r e a Div is ion (unti l recen t l y led 
by Ed Knapp w h o has n o w t a k e n up a 
sen ior pos i t i on in the Nat iona l 
Sc ience Foundat ion) w a s se t up f ou r 
years ago w i t h the t i t le ' A c c e l e r a t o r 
T e c h n o l o g y ' . The Div is ion is c o n t r i 
bu t ing t o severa l p ro jec ts ou t s i de 
h igh energy or nuclear phys i cs and 
has cons i s ten t l y l o o k e d f o r nove l 
w a y s o f ach iev ing requ i red mach ine 
p e r f o r m a n c e . 

Probab ly thei r m o s t f a m o u s c o n t r i 
bu t i on e m e r g e d f r o m the p r o g r a m m e 
k n o w n as PIGMI (Pion Genera to r f o r 
Med ica l I r radiat ions) search ing f o r a 
cheap source o f p ions f o r cancer 
t h e r a p y in hosp i ta ls . The p r o g r a m m e 
i tsel f is n o w in abeyance bu t a m o n g 
i ts techno log ica l d e v e l o p m e n t s w a s 
the d e m o n s t r a t i o n o f the abi l i t ies o f 

FMIT PROTOTYPE ACCELERATOR 

rad io - f requency quadrupo les , RFQs 
(see M a y 1 9 8 0 issue, page 108 ) . 
Based on a c o n c e p t init ial ly p r o 
p o s e d by I .M. Kapch insk i i and V . A . 
T e p l y a k o v , RFQs g ive b u n c h e d , l i -
nac-qua l i t y , b e a m s w i t h h igh e f f i 
c ienc ies and f r o m l o w energ ies . Th is 
d e v e l o p m e n t is be ing t aken up at 
m a n y Labora to r ies — B r o o k h a v e n , 
CERN, D a r m s t a d t , Fermi lab, e tc . . . . 
W e n o w tu rn t o s o m e o f the p resen t 
p ro jec ts o f the Acce le ra to r T e c h n o 
logy Div is ion t o indicate the t e c h n o 
logical cha l lenges n o w under inves t i 
ga t i on . 

Fusion Materials Irradiation Test 

One p ro jec t , w h i c h has endured 
m o r e than the usual share o f osc i l la 
t i ons in the U S A fund ing cyc les (the 
s lope n o w be ing pos i t i ve af ter pass 
ing t h r o u g h zero) is the Fusion M a t e 
rials I r radiat ion T e s t , FMIT. Emerg ing 
f r o m w o r k at B r o o k h a v e n , the a im is 

t o acce lera te an in tense b e a m o f 
d e u t e r o n s and s t r ip t h e m t o neu t rons 
w h i c h w i l l have the energy o f the 
neu t rons w h i c h emerge f r o m fus ion 
reac t ions . T h e neu t ron b e a m can 
t hen be used t o inves t iga te the be 
hav iour , under in tense f lux , o f m a t e 
rials w h i c h m i g h t be used in a fus ion 
reac to r . C o n s t r u c t i o n o f the mach ine 
has been ass igned t o the Han fo rd 
Engineer ing D e v e l o p m e n t Labo ra to 
ry w h o have needed t o lean on Los 
A l a m o s f o r acce le ra to r exper t i se . 
T h e mach ine spec i f i ca t ions are t o 
acce lera te 1 0 0 m A c .w . o f deu te 
rons t o 3 5 M e V and t o s t r ip in a ta r 
ge t o f f l o w i n g l i th ium t o y ie ld in tense 
f luxes o f neu t rons . 

T h e Los A l a m o s w o r k is at p resen t 
c o n c e n t r a t e d on a 5 M e V p r o t o t y p e 
t o handle 1 0 0 m A . It cons i s t s o f a 
RFQ sec t i on t a k i n g the b e a m up t o 2 
M e V ; th is is under cons t ruc t i on and 
shou ld be in ope ra t i on nex t Sp r ing . If 
f u r the r f und ing b e c o m e s avai lable a 
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dr i f t t ube linac sec t i on wi l l be a d d e d 
t o ex tend the energy t o 5 M e V by the 
fal l o f 1 9 8 4 . Han fo rd are bu i ld ing a 
p r o t o t y p e l i th ium ta rge t . T h e p resen t 
p ro jec t schedu le h o p e s f o r b e a m 
f r o m the c o m p l e t e d FMIT in 1 9 8 7 . 

Accelerator Inertia I Fusion 

A n o t h e r poss ib le app l i ca t ion o f 
acce le ra to rs in the f ie ld o f f us i on is t o 
ach ieve inert ial f us ion by b o m b a r d 
ing pel lets w i t h in tense b e a m s o f 
heavy ions . If inert ial f us i on is t o be a 
success fu l rou te , it n o w s e e m s m o r e 
and m o r e cer ta in t ha t ion b e a m s wi l l 
be used f o r pel let c o m p r e s s i o n ra th 
er t han lasers. H o w e v e r , even t o t e s t 
t he feas ib i l i ty o f a heavy ion f us i on 
reac to r w o u l d require h igh inves t 
m e n t in a p r o t o t y p e . D i f fe rent ap 
p roaches have been p r o p o s e d at 
Berke ley (using induc t ion l inacs) and 
A r g o n n e (using r.f. l inacs). Los A l a 
m o s has been des igna ted ' lead La
b o r a t o r y ' t o inves t iga te t he f ie ld and 
t o adv ise the f und ing agency o n the 
o p t i m u m pro jec t . Here again the re 
have been severe f inancia l res t ra in ts 
and the name o f the g a m e has been 
changed t o A c c e l e r a t o r Inert ial Fu
s i o n , A IF , rather than Heavy Ion Fu
s i o n , HIF, pe rhaps f o r psycho log i ca l 
r easons . Respons ib i l i t y f o r t he w o r k 
w i l l pass f r o m the De fense t o the 
Energy D e p a r t m e n t in 1 9 8 3 . 

W h i l e Berke ley con t i nues t o pur
sue the use o f i nduc t ion l inacs, A r 
g o n n e has had t o d r o p i ts p r o 
g r a m m e and the A c c e l e r a t o r T e c h 
n o l o g y Div is ion at Los A l a m o s is 
t he re fo re p ick ing up the fu r the r in
ves t i ga t i on o f r.f. l inacs. T h e a im is t o 
have a 'h igh t e m p e r a t u r e expe r i 
m e n t ' be fo re the end o f t he decade 
w i t h ion b e a m s o n t o a t a rge t t o heat 
m a t t e r t o 5 0 - 1 0 0 eV . T h e des ign o f 
t he ion acce lera tor shou ld ideal ly be 
in p lace be fo re the end o f 1 9 8 6 . 

T h e Los A l a m o s init ial c o n t r i b u t i o n 
is t o s t u d y the use o f RFQs in h igh 

The linac tank for the Los Alamos Fusion 
Materials Irradiation Test (FMIT) project. 

(Photo Los Alamos) 

cur rent des i gns , perhaps us ing o the r 
f o r m s rather than the f ou r - vane re
s o n a t o r s , the necessary funne l l ing 
techn iques w h e r e b y m a n y l inac 
b e a m s wi l l be b rough t t o g e t h e r , the 
b e a m d y n a m i c s (w i th an a t t e m p t at 
th ree d imens iona l s imu la t ion o f the 
in tense space charge e f fec ts ) , t he 
use o f h igher mu l t ipo les (rather t han 
the usual quadrupo les) in b e a m f o 
cus ing , and s o m e ideas on heavy ion 
s to rage r ings . 

Free Electron Laser 

W o r k on a Free Elect ron Laser , 
FEL, began t w o years ago and ve r y 
encourag ing resul ts have been o b 
ta ined us ing a 2 0 M e V e lec t ron l inac, 
a p e r m a n e n t m a g n e t w igg le r ar ray 
and a pu lsed ca rbon d iox ide laser. 
The t rans fe r o f 4 % o f the e lec t ron 
energy t o amp l i f y the laser b e a m w a s 
clear ly d e m o n s t r a t e d . Inverse o p e r a 
t i o n , acce lera t ing the e lec t rons by 

t rans fe r o f energy f r o m the laser 
l ight , w a s a lso seen . The nex t s tage 
wi l l be t o instal l m i r ro rs t o ach ieve 
ope ra t i on as an osc i l la tor . Later , re
c i rcu la t ion o f the used e lec t ron b e a m 
t o g ive ene rgy back t o the r.f. s y s t e m 
wi l l be t r i ed w i t h the a im o f reach ing 
overa l l e f f ic ienc ies in the reg ion o f 
3 0 % . 

T h e po ten t ia l abi l i t ies o f f ree e lec
t r o n lasers in e f f i c iency and in b e a m 
qual i ty w o u l d represent a t r e m e n 
d o u s b r e a k t h r o u g h in laser t e c h n o l 
o g y . 

Other projects 

T h e acce le ra to r t e c h n o l o g y d iv i 
s ion has ma jo r respons ib i l i t ies in the 
c o n s t r u c t i o n o f the p r o t o n s to rage 
r ing at L A M P F and in the p repa ra to ry 
t h ink ing f o r the ex tens ion o f the re
search abi l i t ies L A M P F II p ro jec t (see 
O c t o b e r issue, page 3 2 4 ) . There is 
a lso w o r k o n push ing the per fec t ion 
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Difference between energy spectra at two 
different scattering angles for the charge 
exchange reaction of 165 MeV negative 
pions on tin 120 at Los Alamos, showing 
the well known giant dipole resonance and 
the newly discovered isovector monopole 
state. 

o f acce le ra to rs t o reach u l t ima te per
f o r m a n c e l imi ts . Th is is t o see j us t 
h o w br igh t it is poss ib le t o m a k e an 
acce le ra ted b e a m . 

A heavi ly i n s t r umen ted acce le ra 
t o r t e s t s t and is be ing bui l t t o p r o 
duce high cur ren t , l o w e m i t t a n c e , 
nega t i ve h y d r o g e n ion b e a m s up t o 
5 M e V . A n RFQ s t ruc tu re is used and 
p e r m a n e n t m a g n e t f o c u s i n g ele
m e n t s are p rov ing amenab le t o ra th 
er s t ra igh t f o r w a r d m o d i f i c a t i o n s t o 
pe r fec t the i r p rope r t i es . 

Other smal l -sca le w o r k inc ludes a 
1 8 5 M e V racet rack m i c r o t r o n p r o 
j ec t in co l labora t ion w i t h the Nat iona l 
Bureau o f S tanda rds . Th is p r o t o t y p e 
w i l l be used t o j udge the a p p r o p r i a t e 
ness o f th is t y p e o f mach ine f o r a 1 t o 
2 GeV nuclear phys i cs fac i l i ty . 

R.f. ampl i f ie r s y s t e m s ( k l ys t rons 
and gy rocons ) are under s t u d y w i t h 
t he a im o f i m p r o v i n g e f f i c ienc ies . 
D i f fe rent r.f. s t ruc tu res have been 
t r i e d ; a s t r o n g favou r i t e f o r i m p r o v e d 

p e r f o r m a n c e — the 'd isk and w a s h 
er ' s t ruc tu re — has no t p r o v e d as 
success fu l as e x p e c t e d . Theore t i ca l 
w o r k has e x t e n d e d the abi l i ty t o ca l 
cu late b e a m behav iour in r.f. s t ruc 
tu res in a s imi lar w a y t o the c o m p u t e r 
s imu la t ions o f behav iour in m a g n e t 
s t ruc tu res . 

Nuclear monopole 
In 1 9 4 8 Go ldhaber and Tel ler de 
d u c e d f r o m the resonance behav iou r 
o f p h o t o a b s o r p t i o n c r o s s - s e c t i o n s 
tha t the nuc leus unde rgoes co l lec
t i ve d ipo le exc i ta t i ons . The m a g n i 
t u d e o f the o b s e r v e d c r o s s - s e c t i o n s 
s h o w e d t ha t a l m o s t all o f the p o s s i 
ble e lect r ic d ipo le t rans i t i on s t r e n g t h 
w a s c o n c e n t r a t e d in a s ingle reso 
nance. Th i s f undamen ta l m o d e o f 
nuclear exc i t a t i on , s ince cal led the 
g iant d ipo le resonance , occu rs in all 
nuclei hav ing m o r e than a f e w n u -
c leons . 

Ex tens ive w o r k us ing hadron ic and 
e l ec t r omagne t i c p r o b e s has s h o w n 
tha t t he nuc leus exh ib i ts add i t iona l 
g ian t r esonances . These exc i ta t i ons 
are charac te r i zed by i sosp in and a n 
gular m o m e n t u m q u a n t u m n u m b e r s . 
For i s o v e c t o r r esonances , such as 
the g iant d ipo le , the neu t rons and 
p r o t o n s m o v £ ou t o f phase , and f o r 
isosca lar resonances t hey m o v e in 
phase . Giant resonances w i t h angu 
lar m o m e n t u m greater than zero are 
pr imar i ly sur face exc i ta t ions in c o n 
t r as t t o m o n o p o l e (zero angular 
m o m e n t u m ) , m o d e s w h i c h invo lve 
dens i t y osc i l la t ions o f the nuclear in 
te r io r . T h u s the exc i ta t ion energy o f 
the i s o v e c t o r m o n o p o l e is sens i t i ve 
t o t he i s o v e c t o r compress ib i l i t y o f 
nuclear ma t te r . 

Be fo re an expe r imen t w a s car r ied 
ou t at L A M P F by a Los A l a m o s / Te l 
A v i v / TR IUMF co l l abo ra t i on , the re 
w a s no d i rec t ev idence f o r the ex is t 
ence o f t he i s o v e c t o r m o n o p o l e exc i 
t a t i o n . T h e absence o f th is s ta te p re 
sen ted p r o b l e m s f o r theor ies o f c o l 
lec t ive nuclear exc i ta t i on . In o rde r t o 
p r o d u c e an i s o v e c t o r exc i ta t ion w i t h 
a f avo rab le s i gna l - t o -backg round ra 
t i o , it is necessa ry t o have a p r o b e 
t h a t se lec t ive ly exc i tes e i ther p r o 
t o n s or neu t rons . In f i rs t o rde r the 
nega t i ve t o neutra l p ion charge ex
change reac t ion coup les on ly t o p r o 
t o n s and p r o d u c e s on ly i s o v e c t o r 
exc i t a t i ons . The in ter ior o f the nu 
c leus is b lack f o r resonan t p i ons , s o 
e l emen ta ry sca t te r ing t h e o r y p re 
d i c t s t ha t t he m a x i m u m o f the m o 
nopo le angular d i s t r ibu t ion occu rs in 
the f o r w a r d d i rec t i on . The re fo re the 
e x p e r i m e n t shou ld de tec t f o r w a r d 
sca t t e red p ions . T h e k inemat i cs o f 
t he neut ra l p ion t o t w o g a m m a decay 
are a t t rac t i ve exper imen ta l l y be 
cause d e c a y p h o t o n s can be d e 
t e c t e d ou t s i de the inc ident b e a m . 
T h e in tense m o n o c h r o m a t i c nega 
t i ve p ion b e a m s avai lable at the L o w 
Energy Pion Channel (LEP) coup led t o 
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Results from the European Muon 
Collaboration experiment at CERN, which 
uses high energy muon beams to probe 
the structure of nuclear targets. The F2 
structure function, which is a measure of 
the nucleon quark and antiquark content, 
has been measured using iron and deuterium 
targets, and the results show how the ratio 
of measured structure functions depends 
on x, the momentum fraction. This effect 
remains to be explained, even if it only 
turns out to be some systematic effect in 
the apparatus. 

t he neutra l p ion s p e c t r o m e t e r (see 
June 1 9 7 9 issue, page 156) are we l l 
su i ted t o de tec t the i s o v e c t o r m o n o -
po le resonance . 

A n expe r imen t t o search f o r t he 
i s o v e c t o r m o n o p o l e resonance w a s 
d o n e at L A M P F last s u m m e r . F luxes 
o f g rea ter than ten mi l l ion nega t i ve 
p ions per s in a o n e - M e V ene rgy 
in terva l are de l ivered at t he L o w En
e rgy Pion Channel . T h e b e a m ene rgy 
w a s set at the de l ta resonance t o 
max im ize a b s o r p t i o n . T h e spher ica l 
heavy nuclei t in 1 2 0 and z i r con ium 
9 0 w e r e se lec ted because t hese are 
we l l s tud ied by o the r reac t i ons . It is 
e x p e c t e d tha t the exc i ta t i on ene rgy 
and the w i d t h o f t he resonance 
shou ld decrease as the a t o m i c n u m 
ber o f the nucleus inc reases . 

Data w e r e t aken o v e r a range o f 
sca t te r i ng angle w i t h t w o se t t i ngs o f 
t he s p e c t r o m e t e r . T h e s e da ta w e r e 
s o r t e d in to angular b ins t o g ive six 
d i f ferent ia l c ross - sec t i on spec t r a as 
a f u n c t i o n o f d e t e c t e d p ion ene rgy . A 
fea tu re o f the da ta is t ha t t he re is a 
peak in the f o r w a r d - a n g l e s p e c t r a 
w h i c h van ishes at larger ang les . T h e 
s ignature f o r the resonance is seen 
by sub t rac t i ng an o b s e r v e d ene rgy 
s p e c t r u m f r o m the f o r w a r d spec 
t r u m . A t m o s t measu red k inet ic e n 
e rg ies , the d i f fe rence o f t he t w o 
measu red spec t ra is c o n s i s t e n t w i t h 
zero, w h i c h sugges t s t ha t the n o n r e -
s o n a n t b a c k g r o u n d is i so t rop i c . 
H o w e v e r t w o peaks are s e e n . One 
(negat ive) peak occu rs at t he ene rgy 
o f t he w e l l - k n o w n g iant d ipo le re
s o n a n c e , wh i le a pos i t i ve peak o c 
curs at the e x p e c t e d ene rgy o f the 
i s o v e c t o r m o n o p o l e . F r o m an ana ly
sis o f the o the r s p e c t r a , the angular 
d i s t r i bu t ion o f the pos i t i ve peak has a 
m a x i m u m in the f o r w a r d d i rec t i on as 
e x p e c t e d f o r a m o n o p o l e . T h e size o f 
t he c ross -sec t i on is c lose t o t he v a 
lue p red i c ted by the i s o v e c t o r m o n o -
po le s u m rule, ind ica t ing the co l lec
t i ve nature o f the s ta te . T h e exc i t a 

t i on energy f o r the m o n o p o l e peak in 
z i r con ium 9 0 is s l ight ly h igher than 
tha t f o r t in 1 2 0 , as p red ic ted by the 
h y d r o d y n a m i c m o d e l es t ima te o f the 
exc i ta t ion energy . 

Further s tud ies are p lanned f o r la
te r th is year t o de te rm ine the s y s t e 
mat ic behav iour o f the m o n o p o l e re
s o n a n c e , as we l l as o ther i s o v e c t o r 
resonances . The d i scove ry o f the 
m o n o p o l e resonance is a t r i u m p h f o r 
nuclear phys i c i s t s w o r k i n g at m e 
d i u m energy acce le ra to rs s ince the 
specia l p roper t i es o f the p ion are 
used t o e luc idate p rev ious ly u n 
k n o w n fea tu res o f nucle i . 

CERN 
Hints from high 
energy muons 
T h e t w o e x p e r i m e n t s us ing the h igh 
ene rgy m u o n b e a m f r o m the SPS 
4 0 0 GeV p r o t o n s y n c h r o t r o n have 
s o m e ind ica t ions o f in te res t ing n e w 
e f fec ts w h i c h cou ld have s ign i f icant 
imp l i ca t ions f o r our unde rs tand ing o f 
par t ic le in te rac t ions . 

U p s t r e a m in the b e a m is the Euro
pean M u o n Co l labora t ion s p e c t r o 
me te r . A s we l l as the m u o n s sca t 
t e r e d f r o m the ta rge t ( hyd rogen , d e u 
t e r i um or iron) the had rons p r o d u c e d 
are a lso measu red in the s p e c t r o m e t 
er w h i c h has recent ly been m o d i f i e d 
by i nco rpo ra t i ng a large aper tu re ver 
t ex m a g n e t and de tec to r (see J a n u a 

r y / F e b r u a r y issue, page 4 ) . 
F r o m m e a s u r e m e n t s m a d e w i t h 

th is appa ra tus , phys ic i s t s have o b 
ta ined the quark d i s t r i bu t ions (s t ruc
tu re func t i ons ) o f the d i f fe rent tar 
g e t s . Recent resu l ts s e e m t o ind icate 
t ha t the re is a s y s t e m a t i c d i f fe rence 
b e t w e e n the s t ruc tu re f unc t i ons 
m e a s u r e d in i ron and in deu te r i um. 
T h e qua rks in i ron d o no t behave like 
t h o s e in d e u t e r i u m . Initial e f f o r t s t o 
exp la in th is in t e r m s o f the no rma l 
in ternal m o t i o n o f the nuc leons 
(Fermi m o t i o n ) d o no t w o r k , in f ac t 
g o i n g in the o p p o s i t e d i rec t i on , and 
the e f fec t rema ins t o be exp la ined . 
Final c h e c k s pr ior t o pub l ica t ion o f 
t he resul t are n o w in p rog ress . 

W h i l e the ta rge t o f the European 
M u o n Co l labora t ion is on ly a f e w 
m e t r e s l o n g , the d o w n s t r e a m ex
pe r imen t o f t he N A 4 g roup (Bo logna 
/ CERN / Dubna / M u n i c h / 
Saclay) has a ca rbon ta rge t 4 0 m 
l o n g , s u r r o u n d e d by a to ro ida l 
s p e c t r o m e t e r w h i c h t raps the sca t 
t e r e d m u o n s . 

W i t h th is long t a rge t , the chances 
o f encoun te r i ng rare t y p e s o f co l l i 
s i ons b e t w e e n m u o n s and nuc leons 
are cons ide rab l y inc reased. T h e 
m u o n c a n n o t in terac t t h r o u g h the 
s t r o n g nuclear f o r c e , and the o b 
s e r v e d behav iou r is due main ly t o the 
e l ec t r omagne t i c f o r c e . (There is an 
add i t iona l con t r i bu t i on f r o m the 
w e a k f o r c e , see Janua ry /Feb rua ry 
issue, page 5.) 
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The HOBC holographic bubble chamber 
used at CERN. The visible volume, filled 
with freon, is a third of a litre. This is the 
first time that holographic techniques have 
been used to collect physics data. 

T h e conven t i ona l i n te rp re ta t i on o f 
co l l i s ions b e t w e e n m u o n s and nuclei 
is in t e r m s o f the i n te rac t i ons o f 
m u o n s w i t h indiv idual m o v i n g n u -
c leons . These nuc leons are t r a p p e d 
in nuclei and thei r pos i t i on is res 
t r i c t e d . The Uncer ta in t y Pr inciple 
says t hey the re fo re m u s t p o s s e s s a 
cer ta in a m o u n t o f m o m e n t u m . Pre
l iminary ind ica t ions f r o m the N A 4 
expe r imen t s h o w a h igher ra te o f 
larger nuc leon m o m e n t a t han w o u l d 
be e x p e c t e d on the bas is o f t h e s i m 
p les t theo r ies . H o w e v e r quan t i t a t i ve 
conc lus ions awa i t f u r the r da ta ana ly 
sis t o separa te any e f fec t f r o m 
po ten t ia l sou rces o f b a c k g r o u n d . 

W h a t e v e r the f inal exp lana t i ons o f 
t h e s e t w o e f f ec t s , t he resu l ts o b 
ta ined so far on ly he igh ten the cur
rent in teres t in e x p e r i m e n t s w h i c h 
p r o b e the nature o f nuc lear m a t t e r . 
In te res t ing resul ts have been o b 
ta ined ove r a w i d e range o f energ ies 
and exper imen ta l c o n d i t i o n s . 

40 000 holograms 
Holograph ic techn iques are a m o n g 
the n e w t o o l s be ing exp lo i ted in the 
con t inu ing s t u d y o f shor t - l i ved pa r t i 
c les. In S e p t e m b e r , the f i rs t ho lo 
graph ic bubb le chambe r expe r imen t 
t o o k phys i cs da ta . The N A 2 5 s t u d y 
(a Bari / Brusse ls / CERN / M o n s / 
Paris / S t r a s b o u r g / Un ivers i t y Co l 
lege L o n d o n / V ienna co l labora t ion) 
had a success fu l run at the SPS 4 0 0 
GeV p r o t o n s y n c h r o t r o n . A t o ta l o f 
4 0 0 0 0 h o l o g r a m s o f h igh ene rgy 
par t ic le in te rac t ions w e r e t a k e n . 
T h e s e wi l l be used t o s t u d y the p r o 
duc t i on o f c h a r m e d par t ic les in ha-
d ron ic in te rac t ions . 

Data w e r e t aken at 3 6 0 and 2 0 0 
GeV inc ident m o m e n t a . The a im o f 
the expe r imen t is t o de te rm ine the 
t o ta l c h a r m c ross -sec t i on at each e n 
e rgy , and consequen t l y i ts ene rgy 
d e p e n d e n c e . 

T h e great advan tage w i t h ho lo 

graph ic reco rd ing is the ve r y large 
d e p t h o f f ie ld . For a spat ia l reso lu t ion 
o f a b o u t 10 m i c r o n s , the d e p t h o f 
f ie ld w i t h c lassical op t i cs is a f r ac t i on 
o f a m i l l ime t re , wh i l e f o r ho l og raphy , 
e v e n t s in t he w h o l e bubb le c h a m b e r 
are co r rec t l y r e c o r d e d . W i t h c lass i 
cal o p t i c s t h ^ inc ident par t ic les all 
have t o lie ins ide a ve ry n a r r o w b a n d , 
wh i l e f o r ho log raphy t hey can be 
sp read in t he w h o l e chamber . Th i s 
m a k e s it poss ib le t o fil l the c h a m b e r 
w i t h m a n y m o r e par t ic les . 

Dur ing the last t w o years t e s t s 
w i t h h o l o g r a p h y have been m a d e in 
severa l smal l bubb le c h a m b e r s . T h e 
f i r s t ho log raph ic record ing o f bubb le 
c h a m b e r t r a c k s w a s in 1 9 8 0 at t he 

. SPS, us ing the BIBC chamber . A year 
later the N A 2 5 expe r imen t had a h o 
lograph ic t e s t run w i t h the HOBC 
c h a m b e r , du r ing w h i c h s o m e 12 0 0 0 
h o l o g r a m s w e r e accumu la ted . Of 
t hese on ly a smal l f rac t i on e m p l o y e d 
a m u o n t r i gge r and cou ld be used f o r 
t he s t u d y o f c h a r m e d part ic le p r o 
d u c t i o n . T e s t s o f a var ie ty o f d i f fer 
en t op t i ca l a r r angemen ts have been 
m a d e b o t h in HOBC and in the hy 
d r o g e n bubb le c h a m b e r HOLEBC 
(Exper iment N A 2 6 ) . 

HOBC (a smal l t w o - l i t r e chamber ) 
w a s spec ia l ly bui l t f o r in-l ine ho log ra 
p h y in t he N A 2 5 expe r imen t . It is a 
s e e - t h r o u g h c h a m b e r w i t h t w o high 
qua l i ty o p t i c s w i n d o w s . It w a s f i l led 
w i t h the heavy l iquid f r eon and w a s 
hea ted t o a t e m p e r a t u r e o f 5 3 ° C . 
T h e c h a m b e r w a s e x p a n d e d at a f r e 
q u e n c y o f 10 Hz ( l imi ted by the t i m e 
necessa ry t o d iss ipa te the heat due 
t o t he r e c o m p r e s s i o n o f the bubb les 
f r o m the p reced ing expans ion) t h u s 
p r o d u c i n g 2 6 expans ions per SPS 
cyc le . Dur ing the run the c h a m b e r 
w a s e x p a n d e d 2 mi l l ion t i m e s . 

T h e smal l d i m e n s i o n s o f the c h a m 
ber (the v is ib le v o l u m e is 5 x 6 x 11 
c m 3 ) and the c o m p a c t t he rma l 
sh ie ld ing resu l ted in a ve r y neat 
c h a m b e r w h i c h s impl i f ied the ins ta l -
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Scanning on holograms in situ. The event 
seen on the TV screen covers 1.4 mm in 
space. 

A blowup of an event contained in a 2 mm 
length. Bubble size is 10 microns and there 
are more than one hundred bubbles per 
centimetre. 

la t ion o f the opt ica l e l emen ts needed 
f o r an op t ima l record ing o f the ho lo 
g r a m s . I l luminat ion w a s p r o v i d e d by 
a t w o - s t a g e laser. T h e ho log raph ic 
a r rangemen t used w a s o f the in-l ine 
(or Gabor) t y p e us ing one laser b e a m 
t h r o u g h the chamber . Bubb les in the 
chamber caused s o m e o f t he l ight t o 
sca t te r , wh i le the ma jo r i t y w e n t 
s t ra igh t t h rough the c h a m b e r t o p r o 
v ide the reference b e a m . T h e sca t 
t e red l ight in ter fered w i t h th is t o p r o 
duce the h o l o g r a m . 

The qual i ty o f the h o l o g r a m de 
pends ve ry much on the d i s tance 
f r o m the bubb le c h a m b e r t o t he ho lo 
g r a m , especia l ly w h e n there is t u r b u 
lence in the l iquid. In o rde r t o ar t i f i 
cial ly reduce th is d i s tance s o m e 
lenses w e r e used t o p r o d u c e an 
image o f the bubb les at a d i s tance o f 
a round 5 c m f r o m the h o l o g r a m . Th is 
image rather than the t r a c k s t h e m 
se lves w a s then ho l og raphed . 

A m u o n t r igger w a s used t o enr ich 

the number o f even ts w i t h c h a r m 
par t ic les . Immed ia te ly d o w n s t r e a m 
o f the c h a m b e r a 1.8 m i ron d u m p 
w i t h a core o f t ungs ten w a s s i tua ted . 
Further d o w n s t r e a m w a s the m u o n 
de tec to r , c o m p o s e d o f layers o f i ron , 
sc in t i l la tors and p ropor t i ona l w i r e 
chambe rs o f the o ld N A 1 9 exper i 
men t . 

The b e a m in tens i ty w a s typ ica l l y 
8 0 par t ic les per bubb le c h a m b e r ex
pans ion . Part ic les arr iv ing be fo re and 
af ter the useful par t o f the bubb le 
chambe r sens i t ive t ime w e r e re
m o v e d f r o m the beam w i t h a k icker 
magne t in o rde r no t t o c lu t ter up the 
p ic ture unnecessar i ly . For specia l 
t e s t runs the number o f b e a m par t i 
c les per expans ion w a s as h igh as 
2 0 0 , but t o ob ta in ve ry g o o d p ic
t u res , the t ime b e t w e e n expans ions 
had t o be increased. The h o l o g r a m s 
taken w e r e usual ly o f ve ry high qua l 
i ty . The bubb le size w a s typ ica l ly 10 
m ic rons and the bubb le dens i t y w a s 

abou t 1 0 0 c m - 1 f o r the b e a m par t i 
c les. 

Film t e s t s t r ips w e r e rapid ly deve l 
o p e d and scanned at the expe r imen t 
in o rde r t o ge t f as t f eedback f o r t he 
p ic ture qual i ty . Dur ing the se t t i ng -up 

Holography 
A hologram contains the inter
ference pattern of two light 
waves — a plane wave that 
serves as reference and which 
does not contain any informa
tion, and a spherical wave (or a 
superposition of several spher
ical waves) caused by light 
scattered by an object. The in
formation about the object is 
stored in the hologram as inter
ference fringes. 

When a hologram is illumi
nated by a laser beam (a plane 
reference wave) then the ob
ject wave is reconstructed, giv
ing a real and a virtual image of 
the original object. The two 
images can be seen in three 
dimensions by an observer. 
Usually the real image is first 
magnified and then either re
corded photographically or 
projected on a screen or a TV 
camera. The image is scanned 
in depth by moving the record
ing plane. 
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* The LEAR ring had its first 
antiprotons on 11 October. 

A view of the experimental area for the 
new LEAR Low Energy Antiproton Ring at 
CERN. The available space will soon be 
filled by the 16 experiments in preparation. 

(Photo CERN 127.7.82) 

phase th is w a s one o f t he m o s t i m 
po r t an t ac t iv i t ies , bu t once t he p r o 
duc t i on w a s s ta r t ed the ma in a im 
w a s t o ver i fy tha t the s tab le runn ing 
cond i t i ons w e r e ma in ta ined . For th is 
f as t scann ing o f h o l o g r a m s , t he Bari 
scann ing tab le w a s used . Th i s c o m 
pac t dev ice is the on ly po r tab le ho lo 
graph ic scann ing tab le in t he co l l abo 
ra t ion (and p robab l y in t he w o r l d ! ) . 
A l s o the CERN scann ing and measu r 
ing mach ine HOLMES w a s used t o 
de te rm ine the op t ima l w o r k i n g c o n 
d i t i ons . 

Ho lograph ic reco rd ing o f t he b u b 
ble c h a m b e r p ic ture can easi ly pe rm i t 
8 0 t o 1 0 0 inc ident par t ic les per b u b 
ble c h a m b e r expans ion . Th i s d r a m a 
t ica l ly i m p r o v e s the poss ib i l i t y o f 
s t udy i ng even t con f i gu ra t i ons w i t h 
ve r y smal l p r o d u c t i o n c r o s s - s e c 
t i ons if t he bubb le c h a m b e r is c o m 
b ined w i t h a su i table enr ich ing t r i g 
ger . A t the s a m e t i m e a spat ia l r eso 
lu t ion o f a round 10 m i c r o n s is o b 
ta ined — ideal f o r c h a r m and m a y b e 
g o o d enough f o r beau ty . 

LEAR workshop* 
W i t h the c o m m i s s i o n i n g o f t he LEAR 
l o w energy an t i p ro ton r ing i m m i n e n t 
(see S e p t e m b e r issue, page 2 7 2 ) , 
a t t en t i on tu rns natura l ly t o t he range 
o f n e w phys ics w h i c h is o p e n e d up 
by th is un ique mach ine . 

Earlier th is year , a w o r k s h o p on 
LEAR phys i cs w a s held at t he E t to re 
Ma jo rana Cent re in Erice. W i t h 1 0 0 
par t i c ipan ts f r o m 4 5 ins t i t u tes in 
11 European coun t r ies p lus C a n a d a , 
t he U S A and the USSR, it re f l ec ted 
the in teres t in th is n e w sphere o f 
s t u d y . 

P resen ta t ions on the mach ine i t 
sel f se t the scene . T h e rema inde r o f 
t he p r o g r a m m e c o v e r e d the p h y s i c s , 
inc lud ing the theore t i ca l m o t i v a t i o n 
and p r o g r e s s repo r t s o n the 16 LEAR 
e x p e r i m e n t s in va ry i ng deg rees o f 
p repa ra t i on (see Ap r i l 1 9 8 1 i ssue , 
page 113 ) . 

In i ts init ial f o r m , LEAR wi l l p rov i de 
l o w energy an t i p ro ton b e a m s t o 
f i xed t a rge t expe r imen ts . H o w e v e r 
fu tu re d e v e l o p m e n t s w e r e a lso a i red 
— co - ro ta t i ng an t i p ro ton and nega 
t i ve h y d r o g e n ions t o p roduce p r o -
t o n i u m a t o m s fo r p rec is ion s p e c t r o 
s c o p y ; an internal gas je t t a rge t f o r 
p rec is ion s c a t t e r i n g ; c o n t r a : r o t a t i n g 
p r o t o n and an t i p ro ton b e a m s f o r 
c h a r m o n i u m s p e c t r o s c o p y ; an add i 
t iona l smal ler r ing t o a t ta in energ ies 
d o w n t o 2 0 0 k e V , and l o t s , lo ts 
m o r e . 

T h e image o f the LEAR phys i cs 
p r o g r a m m e emerg ing f r o m the 
w o r k s h o p w a s a l ively one . The 
range o f s tud ies t o o is impress i ve — 
searches f o r gluebal l s t a t e s ; m e s o n 
and ba ryon s p e c t r o s c o p y ; searches 
f o r n e w quark s ta tes and f o r s t ruc 
tu res in the nuc leon-an t inuc leon s y s 
t e m ; s t u d y o f annih i la t ion d y n a m i c s ; 
p rec is ion m e a s u r e m e n t s o n p r o t o n -
i u m ; e last ic s c a t t e r i n g ; spec i f ic ann i 
h i lat ion channe ls w i t h a po lar ized tar 
g e t ; the poss ib i l i t y o f us ing a po lar 
ized a n t i p r o t o n b e a m ; p r o d u c t i o n o f 
a n t i b a r y o n s ; an t i p ro ton reac t ions 
w i t h nucle i . 

A s we l l as open ing up a n e w f ie ld 
o f s t u d y , t he c o m p a c t LEAR r ing 
s e e m s t o o f fe r excel lent research 
va lue f o r m o n e y in these c o s t - c o n 
sc ious t i m e s . 

(We thank Ugo Gastaldi for pro
viding us with this information.) 

School of Physics... 
T h e venerab le Un ivers i t y o f C a m 
br idge (UK) p r o v i d e d an in te res t ing 
and unusual se t t i ng f o r the 1 9 8 2 
CERN Schoo l o f Phys ics , held f r o m 
5 - 1 8 S e p t e m b e r , w i t h f inancia l s u p 
po r t f r o m the Ruther fo rd A p p l e t o n 
Labo ra to r y . T h e lec tures t o o k p lace 
in the D e p a r t m e n t o f A p p l i e d M a t h e 
ma t i c s and Theore t i ca l Phys ics wh i l e 
all pa r t i c ipan ts w e r e a c c o m m o d a t e d 
in P e m b r o k e Col lege, one o f the o l 
d e s t Co l leges ( founded 1 3 4 7 ) . 

T h e ma in lecture cou rses w e r e I n 
t r o d u c t i o n t o gauge t heo r i es ' by B. 
de W i t (NIKHEF-H, A m s t e r d a m ) ; 
' Fundamen ta l s o f Q C D ' by J . C. T a y 
lor , (Cambr i dge ) ; ' A p p l i c a t i o n s o f 
Q C D ' by P. V . Landsho f f , (Cam
b r i d g e ) ; 'Un i f i ca t ion and g rand uni f i 
c a t i o n ' by R. Peccei (MPI , Mun ich) 
and 'Exper imen ta l t e s t s o f gauge 
t h e o r i e s ' by G. Barbiel l ini ( INFN, Fras-
cat i and CERN). In add i t i on , C. M i 
chael (L iverpool ) s p o k e on 'La t t i ce 
gauge t h e o r i e s ' , H. G. Fischer (CERN) 
s p o k e o n 'Phys ics o f D e t e c t o r s ' and 
J . D. D o w e l l (B i rmingham) o n 'P ro -
t o n - a n t i p r o t o n p h y s i c s ' . 

In t he a f t e r n o o n s , t he p resence o f 
t en d i scuss ion leaders m a d e it p o s 
s ib le t o d iv ide the 7 0 s t u d e n t s in to 
severa l d i f fe ren t g r o u p s t o c lar i fy 
p o i n t s ar is ing o u t o f the lec tu res . 
Th i s fea tu re o f t he CERN S c h o o l s 
s e e m s t o p lay an increas ing ly i m 
p o r t a n t ro le . A n even ing p o s t e r ses -
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A student's view of the recent CERN School 
of Physics, held in Cambridge, UK, by Dario 
Menasce. 

s ion w a s a great success . 
T h e less f o r m a l par t o f t he p r o 

g r a m m e inc luded a lecture by a 
f o r m e r 'Brain o f Br i ta in ' , Henry But 
t o n , w h o s p o k e o n ' C a m b r i d g e , Past 
and Presen t ' , s t ress ing i ts f u n d a 
men ta l d i f fe rences w i t h i ts t rad i t i ona l 
r iva l , O x f o r d ; t o g e t h e r w i t h t a l ks o n 
' T h e H is to ry o f the A p p e a r a n c e o f 
Par t ic les ' by Sir Rudol f Peierls and o n 
' A s t r o p h y s i c s and par t ic le p h y s i c s ' 
by Mar t i n Rees. 

V is i t s w e r e m a d e t o t he N e w Cav
end ish Labo ra to r y , and t o t he Radio-
A s t r o n o m y Labo ra to r y at L o r d s 
Br idge , as we l l as t o K ings Col lege 
Chape l , Ely Cathedra l and the m e 
d iaeval v i l lage o f L a v e n h a m . 

M a n y s t u d e n t s f o u n d l iv ing in an 
o ld co l lege t o be a r e w a r d i n g exper 
ience a l though a f e w f o u n d t he c o n 
d i t i ons a l i t t le spa r tan . T h e f o o d w a s 
p lent i fu l and se rved at t he even ing 
f o r m a l d inner w i t h a s ta r t l i ng rap id i 
t y ! For the reco rd the 7 0 en thus ias t i c 

s t u d e n t s o f 18 d i f fe rent nat ional i t ies 
are w o r k i n g p resen t l y in nine CERN 
M e m b e r S ta tes and th ree n o n - M e m 
ber S ta tes . The D i rec tor o f t he 
Schoo l w a s Peter Landsho f f o f C a m 
b r idge , ass i s ted as Depu ty D i rec to r 
by J o h n Ellis o f CERN, wh i l e T o m 
W h i t e o f t he Cavend ish L a b o r a t o r y 
ve ry e f f ic ient ly o rgan ized the v is i t s 
and t o o k care o f m a n y m a t t e r s be 
h ind the scenes t o ensure the 
s m o o t h runn ing o f the S c h o o l . 

... and School of 
Computing 
T h e s e d a y s , c o m p u t i n g is an intr ins ic 
par t o f near ly eve ry aspec t o f h igh 
energy phys i cs . W i t h th is in m i n d , 
the a im o f the recent CERN Schoo l o f 
C o m p u t i n g , held in Z ina l , Sw i t ze r 
land , w a s t o m a k e y o u n g phys ic i s t s 
m o r e a w a r e o f c o m p u t i n g , and t o 
i n f o rm c o m p u t e r spec ia l is ts a b o u t 
recent advances in t echn iques . 

Th is S c h o o l w a s the seven th in a 
biennial ser ies , and w a s the f i rs t t i m e 
it had been held in Sw i t ze r l and . On 
th is o c c a s i o n , s o m e ve ry w e l c o m e 
f inancia l s u p p o r t w a s rece ived f r o m 
the S w i s s au thor i t ies . T h e schoo l 
w a s a t t e n d e d by abou t 5 0 s t u d e n t s , 
m o s t l y f r o m CERN M e m b e r S t a t e s , 
and s ta f f ed by i n t e rna t i ona l l y - known 
lec turers . 

T o ful f i l i ts ob jec t i ves , the Schoo l 
p r o g r a m m e inc luded b o t h su rvey 
cou rses o n t o p i c s o f w i d e s p r e a d use 
in the c o m m u n i t y , and sub jec ts o f 
m o r e recen t d e v e l o p m e n t . A n i m 
po r t an t aspec t o f the cho ice o f s u b 
j ec t s w a s t ha t there shou ld be an 
app rop r i a te ba lance b e t w e e n phy 
s ics and c o m p u t i n g . T h u s there w e r e 
cou rses o n t r i gger ing and f i l ter ing f o r 
col l ider e x p e r i m e n t s , on p r o g r a m 
mab le d ig i ta l m ic ro -c i r cu i t s , and o n 
bus s y s t e m s f o r d i s t r i bu ted c o m p u t 
ing . A l l t hese are o f in teres t no t on ly 
t o t h o s e i nvo l ved in the p resen t g e n -
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A scanning electron micrograph of a 
superconducting binary logic circuit based 
on the Josephson effect, one of the exciting 
new developments discussed at the recent 
CERN School of Computing. 

(Photo IBM) 

era t ion o f col l ider e x p e r i m e n t s , at 
CERN and e l sewhe re , bu t a lso t o all 
t h o s e n o w th ink ing a b o u t expe r i 
m e n t s at LEP. In a d d i t i o n , t he re w e r e 
cou rses o n c o m p u t e r g raph i cs , o n 
numer ica l and c o m p u t a t i o n a l as 
pec t s o f l inear equa t i ons and m a 
t r i ces , and on a l go r i t hms and da ta 
s t ruc tu res . P r o g r a m m i n g and c o m 
m a n d languages is a t o p i c o f g rea t 
i m p o r t a n c e at the m o m e n t in h igh 
ene rgy phys i cs , and th is w a s a lso 
inc luded in the cu r r i cu lum. T h e ques 
t i on o f the fu tu re o f F O R T R A N and o f 
A D A a roused par t icu lar in te res t . 

A n u m b e r o f sub jec t s w e r e d i s 
c u s s e d w h i c h w e r e n o t fami l ia r t o 
m o s t par t i c ipan ts in t he S c h o o l , bu t 
w h i c h cou ld be o f i m p o r t a n c e in t he 
fu tu re . A m o n g these w a s the q u e s 
t i on o f paral le l ism and ar ray p r o c e s s 
ing , and p r o g r a m va l i da t i on . A n o t h e r 
o f the t o p i c s w a s tha t o f r o b o t i c s in 
an industr ia l e n v i r o n m e n t . 

T h e Schoo l las ted f o r t w o w e e k s 

and the p r o g r a m m e w a s a ve r y ful l 
o n e , b o t h f r o m the s t a n d p o i n t o f f o r 
mal lec tures and o f the d i scuss ions 
w h i c h t o o k p lace. J u d g e d by any 
s t a n d a r d s , the Schoo l w a s h ighly 
success fu l , we l l a t t e n d e d , top ica l 
and usefu l . A m o n g s t u d e n t s and lec
tu re rs it w a s unan imous ly fe l t t ha t in 
v i e w o f the rapid pace o f d e v e l o p 
m e n t s in b o t h phys ics and in c o m 
p u t i n g , never w a s the need grea ter 
f o r a Schoo l o f th is t y p e , and t h e y 
h o p e d t ha t th is w o u l d no t be the 
last . 

CORNELL 
Studying upsilon 
decays 
T h e w i d e f o u r t h ups i lon s ta te d i s c o v 
ered at t he CESR e lec t ron -pos i t r on 
r ing at Cornel l decays in to beau 
t y m e s o n s , c o m p o s e d o f beau ty 
qua rks c o m b i n e d w i t h l ighter qua rks . 

Beau ty m e s o n s in tu rn decay t h r o u g h 
the w e a k decay o f the beau ty (b) 
quark . In t he s t a n d a r d , s i x -quark 
m o d e l o f t he w e a k decays o f q u a r k s , 
t he b qua rk decays in to t he m o r e 
c o m m o n ' c h a r m ' (c) a n d / o r ' u p ' (u) 
qua rks . Th i s m o d e l d o e s no t spec i f y 
the re lat ive p r o p o r t i o n s o f b c and 
b u d e c a y s ; th is rat io has t o be 
d e t e r m i n e d by expe r imen t . 

T h e l ep ton s p e c t r u m in semi lep -
t on i c B m e s o n decay is an exce l lent 
sou rce o f i n f o rma t i on on the (b —* u) / 
(b c) ra t io . The m o m e n t u m d is t r i 
bu t i on o f the p r o d u c e d lep ton w i l l 
d e p e n d o n the m a s s o f t he a c c o m 
pany ing had rons . W h e n b decays t o 
c, t hese had rons wi l l con ta in a c 
qua rk , s o the hadron ic m a s s wi l l be 
at least as large as the D (charmed) 
m e s o n m a s s . On the o the r h a n d , 
w h e n b d e c a y s t o u, the hadron ic 
m a s s can in pr inc ip le be as smal l as 
the p ion m a s s . S ince the t o ta l ene rgy 
o f t he B m e s o n is abou t 5 .3 G e V , t he 
1.9 GeV m a s s o f t he D m e s o n g rea t l y 
l imi ts t he m a x i m u m poss ib le ene rgy 
avai lable f o r l ep tons assoc ia ted w i t h 
b c decay . T h e o b s e r v a t i o n o f lep
t o n s w i t h h igher energy w o u l d be 
ev idence f o r the decay b - > u. 

T h e CUSB (Columbia / S t o n y 
B r o o k / Lou is iana Sta te / M P I - M u -
nich) co l l abo ra t i on has measu red the 
e lec t ron ene rgy s p e c t r u m f o r B 
m e s o n d e c a y s us ing the g o o d e lec
t r o m a g n e t i c ca lo r ime t ry o f the i r s o 
d i u m i od i de / l ead g lass de tec to r . T h e 
CLEO (Cornel l / Harvard / I thaca Co l 
lege / M I T / Oh io S ta te / Roches te r / 
Rutgers / Sy racuse / Vanderb i l t ) 
g r o u p has m e a s u r e d b o t h t he e lec
t r o n and m u o n spec t ra in the i r dr i f t 
c h a m b e r . In the CLEO expe r imen t , 
e l ec t rons w e r e ident i f ied in ion iza
t i on c h a m b e r s and e lec t romagne t i c 
s h o w e r c o u n t e r s , and m u o n s w e r e 
ident i f ied in dr i f t c h a m b e r s p laced 
ou t s i de o f i ron abso rbe rs . 

T h e CUSB energy s p e c t r u m o f 
e lec t rons f r o m B m e s o n decay fa l ls 
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George A. Key worth, Science Adviser to 
President Reagan and Director of the 
President's Office of Science and 
Technology Policy, speaking at the SLAC 
anniversary — 'a deep personal pleasure 
to pay tribute to the powerful impact this 
excellent laboratory has had on the world's 
science'. 

ve ry m u c h on t o p o f t he p red i c t i on 
f o r b c, and an upper l imi t o f 9 per 
cen t is ob ta ined f o r t he rat io b - > u / b 
- > c. By s tudy ing h o w the resu l ts 
d e p e n d on the m a s s o f the u quark 
h a d r o n s , t he CLEO g r o u p f i nds t ha t 
t he resu l ts are insens i t ive t o m a s s e s 
b e l o w a b o u t 1 GeV. U p p e r l imi ts f o r 
t he rat io o f b ranch ing ra t ios o f 9 per 
cen t are ob ta ined by the CLEO g r o u p 
f r o m b o t h thei r m u o n and the i r e lec
t r o n spec t r a . 

These th ree m e a s u r e m e n t s e s t a b 
lish tha t the b quark decays p r e d o 
mina te ly in to c q u a r k s , ra ther t han u 
qua rks . Th is resu l ts in a s ign i f i can t 
i m p r o v e m e n t o f our k n o w l e d g e o f 
t he pa rame te rs o f t he s i x -quark m o d 
el . W i t h the larger da ta s a m p l e s t ha t 
w i l l b e c o m e avai lab le , is shou ld be 
poss ib le t o measure the b u f rac 
t i on f r o m the lep ton s p e c t r u m . 

STANFORD 
Anniversary time 
Five phys ic i s ts w h o s e w o r k s p a n s 
f i f t y years o f expe r imen ta l and t h e o 
ret ical s t u d y in par t ic le phys i cs 
s p o k e at the recent mu l t ip le ann iver 
sary ce lebra t ion o f t he S t a n f o r d L i 
near Acce le ra to r Center . 

Th is mul t ip le ann ive rsary m a r k e d 
3 5 years o f e lec t ron l inacs, 2 5 yea rs 
s ince the launching o f t he p r o p o s a l 
f o r the S L A C l inac, 2 0 years s ince the 
beg inn ing o f the l inac c o n s t r u c t i o n , 
15 years s ince the l inac ach ieved i ts 
des ign energy , 10 years o f SPEAR 
o p e r a t i o n , and 5 years s ince the be 
g inn ing o f PEP c o n s t r u c t i o n . 

E d w a r d Ginz ton t r a c e d t h e beg in 
n ings o f t he l inear acce le ra to r w o r k 
at S t a n f o r d f r o m ideas o f y o u n g s t u 
d e n t s w i t h $ 1 0 0 t o s p e n d o n m a t e 
r ials, t o the f a m o u s k l y s t r o n t u b e s 
w h i c h have f o u n d grea t use in radar 
and o the r m i c r o w a v e w o r k , t o a sec 
t i on o f acce le ra to r w h i c h c o u l d be 
car r ied o n a m a n ' s shou lde r , t o t he 
M a r k 3 Linac at S t a n f o r d used by 

Rober t Ho f s tad te r in his Nobe l pr ize 
w i n n i n g s t u d y o f the s t ruc tu re o f the 
p r o t o n , and f inal ly t o the beg inn ings 
o f the T w o Mi le Linac w i t h t he an 
n o u n c e m e n t o f s u p p o r t f o r the p r o 
jec t by Pres ident E i senhower in 
1 9 5 7 . 

S L A C Di rec to r Pief Pano fsky c o n 
t i nued the s t o r y t h r o u g h the years o f 
c o n s t r u c t i o n o f the e n o r m o u s p r o 
jec t w h i c h w a s 3 0 t i m e s larger t han 
ex is t ing mach ines o f the k i nd . M a n y 
p r o b l e m s b r o k e n e w g r o u n d in areas 
requi r ing the coope ra t i on o f the un i 
ve rs i t y s ta f f w i t h indus t ry . N e w 
w a y s o f manag ing the p o w e r f u l 
b e a m s o f up t o one m e g a w a t t w e r e 
n e e d e d . 

J a m e s B jo rken , n o w at Fermi lab , 
r e v i e w e d the theore t i ca l and exper 
imenta l w o r k w h i c h has resu l ted 
f r o m these in tense e lec t ron b e a m s . 
A ser ies o f theor ies w e r e used t o 
u n d e r s t a n d the w a y s in w h i c h elec
t r o n and p h o t o n b e a m s actua l ly 
p r o b e the s t ruc tu re o f ma t te r . M u c h 
o f th is cu lm ina ted in the u n d e r s t a n d 
ing o f t he unexpec ted resu l ts o b 
ta ined w i t h S L A C ' s g iant s p e c t r o 
m e t e r s in e lec t ron sca t te r ing o n hy
d r o g e n . Th i s led t o the pa r ton p ic ture 
o f po in t l i ke cons t i t uen t s in t he p r o 
t o n and neu t ron . 

Burt Richter d i scussed the i nven 
t i on o f s t o rage r ings w i t h i ts beg in 
n ings as the P r ince ton -S tan fo rd e lec
t r o n r ings o n the c a m p u s . T h e t e c h 
n ique o f co l l id ing b e a m s has p r o v e n 

e n o r m o u s l y usefu l t o par t ic le p h y 
s ics and has s p a w n e d near ly 2 0 m a 
ch ines o f increas ing size. T h e m o s t 
pro l i f ic has been SPEAR, a r ing bui l t 
at S L A C in 1 9 7 2 . Richter shared the 
Nobe l pr ize o f 1 9 7 6 f o r his w o r k in 
t he d i s c o v e r y o f t he c h a r m e d quark 
and the d e v e l o p m e n t o f th is n e w 
techn ique . A n e w k ind o f mach ine 
us ing the co l l id ing b e a m idea is n o w 
be ing p lanned at S L A C so th is s t u d y 
can con t i nue pas t the p resen t p rac t i 
cal l im i ts . 

S idney Drel l p res ided ove r th is 
s y m p o s i u m on e lec t ron phys i cs . 
Theo re t i ca l w o r k by Drell has been 
v e r y i m p o r t a n t b o t h in the exp lo i t a 
t i on o f s e c o n d a r y part ic le b e a m s as 
we l l as in unde rs tand ing m a n y o f t he 
expe r imen ta l resu l ts . A s Depu ty D i 
rec to r o f S L A C he heads the t h e o r e 
t ica l s e c t i o n , w h i c h has s t u d e n t s and 
researchers f r o m a round the w o r l d . 

Accelerator Summer 
School 
A p p r o x i m a t e l y 1 5 0 phys ic i s t s and 
eng ineers f r o m the Un i ted S t a t e s , 
Canada , Europe and A s i a spen t t w o 
w e e k s at S L A C in the S e c o n d S u m 
m e r S c h o o l o n High Energy Part ic le 
A c c e l e r a t o r s . The schoo l w a s s p o n 
s o r e d jo in t l y by t he US D e p a r t m e n t 
o f Energy (DOE), the US Nat iona l 
Sc ience F o u n d a t i o n , and S L A C . M . 
M o n t h o f DOE w a s Cha i rman o f t he 
Organ iz ing C o m m i t t e e and G. L o e w 
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Physicists who spoke at the recent multiple 
anniversary ceremony at SLAC, left to right, 
Edward Gintzon, Sidney Drell, James 
Bjorken, Burt Richter, 'Pief Panofsky. 

(Photos Stanford News and Publications 
Service) 

o f S L A C w a s the s c h o o l ' s d i rec to r . 
The schoo l w a s d iv ided in to 12 

morn ing lectures and 7 a f t e r n o o n 
seminars w i t h t ime ou t in t he ear ly 
a f t e rnoon fo r s t u d y and in fo rma l 
d i scuss ion . The lectures c o v e r e d the 
pr inc ip les o f l inacs and s y n c h r o 
t r o n s , lat t ice and m a g n e t d e s i g n , 
b e a m ins t rumen ta t i on , n e w m e t h 
o d s o f acce lerat ion and n e w acceler
a to r t e c h n o l o g y , t he b e a m - b e a m 
in terac t ion and cohe ren t b e a m 
p h e n o m e n a , and c o m p u t e r t e c h 
n iques in acce lera tor des ign . T h e af
t e r n o o n ta lks c o v e r e d the app l i ca 
t i on o f these t oo l s and pr inc ip les t o 
cur rent and p lanned mach ines in 
c lud ing co l l iders , had ron and l e p t o n , 
l inear and circular. 

M . V e l t m a n su rveyed the t h e o r e t i 
cal landscape f o r po in t s o f re fe rence 
t o mach ine bui lders. He conc luded 
tha t w e are fac ing an energy cur ta in 
w h i c h has been ra ised b e y o n d the 
f i rs t t w o fami l ies o f qua rks and lep-

t o n s and a lmos t pas t the th i rd . The 
t o p quark and the W , Z b o s o n fami l y 
is sti l l beh ind . Detai led s t u d y o f the Z 
shou ld be poss ib le in 5 t o 7 years in 
the US and Europe. A t tha t po in t 
expe r imen t has caught up w i t h t h e o 
ry. T h e nex t ques t ions p robe the d o 
main o f i gno rance : h o w m a n y f a m i 
lies o f quarks and lep tons are the re , 
and w h i c h o f the several m e c h a 
n i sms o f H iggs par t ic les , techn ipa r t i -
c les and so o n , if any , are respons ib le 
f o r cur ing the unacceptab le h igh e n 
e rgy behav iour o f the pos tu la ted 
v e c t o r b o s o n s ? There is m u c h ta lk o f 
the ' dese r t ' in w h i c h there is l i t t le 
happen ing b e y o n d the Z and W unti l 
ex t raord inar i l y h igh energ ies. Ve l t 
man n o t e d tha t th is is ano ther name 
f o r lack o f k n o w l e d g e and imag ina
t i on and said w e m u s t exp lo re the 
part ic le s p e c t r u m above 1 0 0 GeV up 
t o 1 T e V . Th is requires e lec t ron -
pos i t ron co l l is ions o f 1 T e V and p ro -
t o n - a n t i p r o t o n at 10 T e V . 

Pief Pano fsky p resen ted his per
spec t i ves on acce lera tors at the 
open ing o f the con fe rence . He c o n 
c luded tha t the cand ida tes f o r the 
c o m i n g genera t ion o f ve ry large cir
cular p r o t o n - a n t i p r o t o n co l l iders , 
and ve r y large r.f. supp l ied linear c o l 
l iders f o r severa l part ic le c o m b i n a 
t i ons look b o t h pract ica l and ex
t r eme ly p rom is i ng . The genera t ion 
af ter nex t l o o k s ve ry d i f f icu l t , and the 
ta len ts o f the acce lera tor phys ic i s ts 
are needed m o r e than ever t o enr ich 
the t e c h n o l o g y , t o keep the enter 
pr ise g o i n g , and t o make the great 
i nven t ions . 

Bob W i l s o n desc r ibed th ink ing t o 
w a r d s a 2 0 T e V s y n c h r o t r o n . The 
concep tua l s t u d y fo resees ' super fe r -
r ic ' m a g n e t s us ing supe rconduc t i ng 
coi ls w i t h i n an i ron y o k e . Th is w a s 
desc r ibed at the recent A m e r i c a n 
Physical S o c i e t y ' s mee t ing at A s p e n 
(see O c t o b e r issue, page 3 3 2 ) . T h e 
radius o f such a mach ine w o u l d be 
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Bob Wilson at the recent SLAC Accelerator 
Summer School — 'when we 're ready for 
a 20 TeV accelerator, yes we can build it'. 

(Photo SLAC) 

2 5 mi les (!) and m a g n e t s w o u l d have 
t o b e e x t r u d e d l ike t o o t h p a s t e . In 
charac ter is t i c i ndomi tab le m o o d . 
B o b W i l s o n said ' w h e n w e ' r e ready 
f o r a 2 0 T e V acce le ra to r , y e s w e can 
bui ld i t ' . He also v o i c e d the op in i on 
t ha t the s t u d e n t s at t he s c h o o l w o u l d 
bui ld a 1 0 0 T e V mach ine and ge t 
resu l ts , bu t no t us ing any o f t he t e c h 
n iques be ing desc r i bed at t he S L A C 
s c h o o l . 

One o f t he a f t e r n o o n s t u d y pe r i ods 
w a s en l ivened by a f i lm s h o w i n g the 
c o m p u t e r s imu la t ion o f w a k e f ie ld 
pa t t e rns w i t h e lectr ic f ie ld l ines s n a p 
p ing a long d iscon t inu i t i es in severa l 
b e a m s t ruc tu res . T h e f i lm w a s 
c rea ted by T o m W e i l a n d a b o u t t w o 
years ago wh i le at Los A l a m o s . It 
w a s cal led back f o r severa l e n 
co res . 

SLUO anniversary 
In add i t i on t o the m a n y o t h e r S t a n 
f o r d based ann iversar ies th i s year , 
the SLAC-LBL Users Organ iza t ion 
(wh ich su f fe rs the abb rev ia t i on 
SLUO) is a lso ce lebra t ing t en yea rs 
ex i s tence s ince it w a s in i t ia ted by 
R .Lauder in 1 9 7 2 . It n o w g r o u p s 
th i r t y - f i ve un ivers i t ies and ins t i t u tes 
( inc luding S tan fo rd and Berke ley) 
w i t h abou t 5 0 0 phys i c i s t s . SLUO is a 
channe l o f user c o m m u n i c a t i o n t o 
t he m a n a g e m e n t s o f t he t w o L a b o 
ra to r ies , eases the i n v o l v e m e n t o f 
un ivers i t y sc ien t i s ts in p ro j ec t s at t he 
Labora to r ies and he lps the f l o w o f 
i n f o rma t i on f r o m the Labs t o t he us 
ers . 

SLUO is no t a ' c rea tu re ' o f t he Lab
o ra to r ies as m a n y user g r o u p s are , 
bu t is f u n d e d by the par t i c ipa t ing Un i 
vers i t ies and Ins t i tu tes . A W o r k i n g 
C o m m i t t e e w i t h rep resen ta t i ves 
f r o m all t he par t i c ipa t ing ins t i t u tes 
m e e t s a b o u t f i ve t i m e s a year . T h e 
Cha i rman , at the t i m e o f w r i t i n g is 
Dav id Pel lett and Bruce Barne t t is t he 
Secre ta ry and Treasure r . A t p resen t 
the re are s u b c o m m i t t e e s , w i t h T o b y 

Burnet t as coo rd i na to r , c o n c e r n e d 
w i t h PEP, Sc ience and g o v e r n m e n t 
po l i cy , and Faci l i t ies at the S t a n f o r d 
Linear Col l ider. 

I nvo l vemen t in the dec i s i on -mak 
ing p r o c e s s g o e s on at d i f fe ren t 
levels and va r ious s tages . Norma l l y , 
t he W o r k i n g C o m m i t t e e inv i tes t he 
d i rec to rs o f S L A C t o sit in on po r 
t i ons o f m e e t i n g s w h e r e i n f o rma t i on 
and op in i ons can be f ree ly ex
c h a n g e d . O f t e n , the issues and c o n 
cerns t o t he user c o m m u n i t y w h i c h 
are b r o u g h t up and d i scussed o n 
t hese occas ions are reso lved dur ing 
t hese d i scuss ions . Other i t ems o f 
conce rn are c o m m u n i c a t e d d i rec t ly 
t o the app rop r i a te peop le in the La 
b o r a t o r y . In add i t i on , the cha i rman of 
SLUO o f t en p resen ts user po i n t s of 
v i e w t o t he var ious adv i so ry c o m m i t 
t ees o f S L A C inc luding the Sc ient i f ic 
Pol icy C o m m i t t e e . SLUO has been 
ac t ive ly i nvo l ved in m a n y o f the po l i 
cy dec i s ions at S t a n f o r d . 

BROOKHAVEN 
Preparing for polarized 
protons 
T h e p ro jec t t o acce lera te po lar ized 
p r o t o n s in t he B r o o k h a v e n A l t e r n a t 
ing Grad ien t s y n c h r o t r o n is we l l a d 
v a n c e d and a # ca l l f o r p roposa l s t o 
use th is un ique fac i l i ty has been is
s u e d . ( In te res ted expe r imen te r s 
shou ld m a k e c o n t a c t w i t h Derek 
L o w e n s t e i n at B rookhaven . ) 

T h e ma jo r i t ems o f the s c h e m e are 
the po lar ized sou rce , a rad io - f requen
cy quad rupo le (RFQ) pre- in jec to r , p o -
la r imeters and quadrupo les t o j u m p 
depo la r iz ing resonances . These are 
be ing p repa red in co l l abo ra t ions in 
v o l v i n g A r g o n n e / B r o o k h a v e n / M i 
ch igan / Los A l a m o s / Rice / Ya le . 

T h e po lar ized sou rce is be ing de 
v e l o p e d t o p rov i de negat ive h y d r o 
gen ions at 2 0 k e V v ia the in te rac t ion 
o f caes ium ions w i t h po lar ized neu 
t ra l h y d r o g e n a t o m s . The A G S has 
been c o n v e r t e d f o r negat ive ion in 
j ec t i on and the p r o t o n sou rce has 
been t a k e n ou t . Th is wi l l g ive a 
b r igh te r b e a m and poss ib l y h igher 
in tens i t y f o r no rma l p r o t o n b e a m 
o p e r a t i o n . W i t h the po lar ized b e a m it 
is h o p e d t o reach a round 1 0 J J A f r o m 
the sou rce in 5 0 0 ns pu lses w h i c h is 
t he m a x i m u m pulse tha t the l inac can 
t a k e . T h e use o f an RFQ pre in jec to r , 
ra ther t han the conven t i ona l C o c k -
c r o f t - W a l t o n , avo ids the c o m p l e x 
sou rce be ing up at h igh vo l t age . T h e 
a im is t o have the RFQ ready f o r M a y 
1 9 8 3 . By t hen a po la r imete r w i l l be 
insta l led at t he end o f the 2 0 0 M e V 
linac t o a l l o w con t i nuous m o n i t o r i n g 
o f t he po lar ized b e a m . 

In t he A G S the b e a m has t o be 
m a n o e u v r e d t h r o u g h e ight int r ins ic 
r esonances and m a n y impe r fec t i on 
resonances (due t o m a g n e t m isa l ign 
m e n t s e tc . ) . T h e lat ter can be deal t 
w i t h by ex is t ing d ipo les ( though the 
p r o c e s s m a y init ial ly be rather t e -
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The Michigan pulsed quadrupole for the 
Brookhaven AGS polarized beam. The 
hyperbolic ferrite poles and coils form a 
very symmetric pattern. The AGS polarized 
protons will pass through 12 of these quads 
in order to 'jump' the depolarized resonances. 

(Photo Brookhaven) 

dious) bu t the int r ins ic r esonances 
need t w e l v e add i t iona l spec ia l q u a -
d rupo les insta l led in t he A G S r ing t o 
p rov ide Q j u m p s . T h e q u a d r u p o l e s 
t h e m s e l v e s have been bui l t . T h e y re
qui re rather unconven t i ona l p o w e r 
supp l ies a l l ow ing t h e m t o be t u r n e d 
o n in less than 2 j i s and the i r cu r ren ts 
t hen t o be sus ta ined f o r s o m e 3 m s . 
Th i s invo lves a c o m b i n a t i o n o f t h y r a -
t r o n s f o r f as t t u rn o n and large ign i -
t r o n s t o t ake ove r t he long cur ren t 
pu lse. P roduc t ion o f t hese supp l ies 
w i l l s ta r t in January o f nex t year f o r 
ins ta l la t ion in the a u t u m n . T h e q u a 
d rupo les t h e m s e l v e s , p lus a lum in -
ized ceramic v a c u u m c h a m b e r s are 
be ing insta l led n o w . 

A n internal po la r ime te r w i l l be in 
s ta l led in the A G S at t he end o f th is 
year and an ex terna l po la r ime te r w i t h 
t w o large s p e c t r o m e t e r a r m s wi l l 
p rov i de an abso lu te m e a s u r e m e n t 
w h i c h w i l l a lso se rve f o r ca l ib ra t ion 
o f the o the r t w o po la r ime te rs . T h e 

research p r o g r a m m e w i t h po lar ized 
p r o t o n s is schedu led t o s ta r t in 
1 9 8 4 . 

GOESGEN 
Looking for neutrino 
oscillations 
A t e a m f r o m Ca l tech , SIN and M u 
nich Techn ica l Un ivers i t y has recen t 
ly p r o d u c e d n e w resul ts o n the m u c h 
d i scussed sub jec t o f neut r ino osc i l la 
t i o n s . (There are severa l t y p e s o f 
neu t r i nos , once t h o u g h t t o be i m m u 
tab le . H o w e v e r there is a poss ib i l i t y 
t ha t t hese d i f fe ren t t y p e s o f neu t r i 
nos cou ld in te rchange ro les , a lbei t at 
a ve r y l o w rate.) Ind ica t ions o f such 
osc i l la t ions c a m e f r o m earl ier w o r k 
at the Savannah River reac to r and 
f r o m the con t inu ing m e a s u r e m e n t s 
o f the so lar neut r ino f lux in the H o m e -
s take M ine expe r imen t . 

T h e m e a s u r e m e n t w a s o f the rate 

at w h i c h the e lec t ron an t ineu t r ino in 
t e r a c t s w i t h a p r o t o n t o g ive a p o s i 
t r o n and a neu t ron . It w a s essent ia l ly 
an e x t e n s i o n , w i t h an i m p r o v e d d e 
t e c t o r and w i t h be t te r s ta t i s t i cs , o f a 
p rev ious e x p e r i m e n t carr ied o u t at 
the Ins t i tu t Laue-Langev in , Grenob le . 
T h e neu t r i nos c a m e f r o m be ta d e 
cays o f f i ss ion p r o d u c t s f r o m the 
S w i s s Goesgen l ight w a t e r reac to r . 
T h e p r o t o n s w e r e con ta ined in 
3 7 7 l i t res o f l iquid sc in t i l la tor , w h i c h 
a lso d e t e c t e d the p o s i t r o n s and 
m o d e r a t e d the neu t rons . 

Neut r ino p r o d u c t i o n in the reac to r 
is we l l u n d e r s t o o d and the abso lu te 
ene rgy s p e c t r u m o f the e m e r g i n g 
neu t r i nos is k n o w n t o an accuracy o f 
a f e w pe rcen t . T h e c ross - sec t i on f o r 
t he reac t ion can be f o u n d f r o m w e a k 
in te rac t ion t h e o r y and hence the de 
p e n d e n c e o f t he rate o f the reac t ion 
o n the d i s tance f r o m the reac to r co re 
can be p red i c t ed . If the neu t r inos 
osc i l la te or d i sappear in any w a y at 
al l , t he o b s e r v e d and p red i c ted ra tes 
w i l l d i f fer . 

Dur ing a six m o n t h p e r i o d , the ex
pe r imen te r s w e r e able t o r eco rd 
s o m e 11 0 0 0 neut r ino even ts w i t h 
t he appa ra tus set up at a d i s tance o f 
3 7 . 9 m f r o m the reac to r co re . T h e 
ra t io o f t he o b s e r v e d t o the p red i c ted 
even t rate w a s 1.05 ± 0 . 0 2 (s ta t is 
t ical) ± 0 . 0 5 (sys temat i c ) . Hence t he 
resul t is c o n s i s t e n t w i t h there be ing 
no neu t r ino osc i l l a t ions , and se t s 
n e w l imi ts o n the re levant osc i l la t ion 
p a r a m e t e r s . T h e m e a s u r e m e n t is be 
ing c o n t i n u e d at a d is tance o f 4 6 m 
t o i m p r o v e the sens i t i v i t y . 

T h e resu l ts o f t hese searches have 
w i d e imp l i ca t i ons , ex tend ing f r o m 
par t ic le phys i cs t o theor ies o f so lar 
evo lu t i on and b e y o n d t o ques t i ons 
o n the poss ib le g rav i ta t iona l c losure 
o f t he ent i re un iverse . Th is is an i m 
p ress ive con t r i bu t i on f r o m a m o d e s t 
e x p e r i m e n t at a p o w e r s ta t i on in a 
smal l c o u n t r y o n a m ino r p lanet o f a 
t yp ica l s ta r in an average ga laxy ! 
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RUTHERFORD 
Neutron source 
components 
The Spal lat ion Neut ron Source (SNS) 
n o w being cons t ruc ted a ims t o p ro 
v ide 8 0 0 M e V p r o t o n s in pu lses o f 
2 .5 x 1 0 1 3 part ic les at a repet i t ion 
rate o f 5 3 Hz. Fired in to a heavy 
meta l ta rge t , these par t ic les wi l l p ro 
duce neut rons fo r a w i d e range o f 
research appl icat ions (see J u l y / A u 
gus t issue, page 2 3 2 ) . 

In the SNS the m a x i m u m in tens i ty 
achievable wi l l p robab ly be deter 
m ined by coherent beam instabi l i 
t ies . Longi tudinal and t ransverse 
m o t i o n s o f the p ro ton beam circulat
ing w i th in the synch ro t ron v a c u u m 
chamber induce image cur ren ts in 
the s t ruc tures sur round ing the b e a m . 
These currents p roduce electr ic and 
magnet ic f ie lds and f o r ces w h i c h act 
back on the circulat ing b e a m . If the 
in teract ion enhances an or ig inal per
tu rba t ion (for example caused by a 
s l ight cons t ruc t ion error or o the r d is 
cont inu i ty ) , then unstab le co l lec t ive 
longi tudinal and t ransverse osc i l la
t i ons o f the beam can occur , w i t h 
subsequen t beam loss . For the SNS, 
the f requenc ies o f such unstab le o s 
ci l lat ions range f r o m 1 0 0 kHz up
w a r d s . The fo rces and their e f fec t on 
the beam depend on the b e a m ener
gy , beam d is t r ibu t ions and b e a m in
tens i t y and also on the s t reng th o f 
the coupl ing b e t w e e n the b e a m and 
the sur round ing s t ruc tu re . T o max 
imize the in tens i ty in the s y n c h r o t r o n 
it is necessary t o min imize the beam 
coup l ing impedances . 

The fas t cyc l ing (50 Hz) m a g n e t s 
o f the SNS synch ro t ron are lami 
na ted in a d i rect ion t ransverse t o the 
d i rec t ion o f m o t i o n o f the c i rcu lat ing 
beam and the induced image cur
rents . These laminated s t ruc tu res 
sur round ing the beam there fo re have 
ve ry high resist ive and react ive impe

dance c o m p o n e n t s and it is neces
sary t o in terpose rad io- f requency 
shields b e t w e e n the beam and the 
magne ts t o screen the beam f r o m 
the laminated magne t s t ruc tures and 
reduce the beam coupl ing i m p e d 
ances t o acceptab le values. T o be 
ful ly e f fec t ive the shields have t o be 
pos i t i oned accurate ly in the ceramic 
vacuum vesse ls and have t o f o l l o w , 
as c losely as poss ib le , the c i rculat ing 
beam prof i le . 

The first quadrupole shield for the 
Rutherford Appleton Laboratory's Spallation 
Neutron Source fitted into its ceramic 
vacuum chamber. This is a tricky job, and 
having mastered the technique for straight 
sections, the next task is to deal with the 
more difficult curved dipoles. 

(Photo Rutherford) 

The des ign and cons t ruc t ion o f the 
shie lds have p resen ted many p r o b 
lems — sol id meta l p lates can on ly be 
used in a f e w places because o f eddy 
cu r ren ts , s u p p o r t s have t o be made 
o f ceramics t o w i t h s t a n d rad ia t ion, 
the shield has t o be accurate ly al ign
ed and s u p p o r t e d f r o m the inside o f 
the ceramic v a c u u m vesse l . The 
s t ruc tu re , handl ing and cons t ruc t ion 
techn iques have t o c o n f o r m t o u l t ra
high v a c u u m requ i rements . 
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The Plastic Ball/Plastic Wall detector at 
the Berkeley Bevalac — an example of the 
growing interest in nuclear reactions using 
beams of heavy ions. 

BERKELEY 
VENUS rising 
F r o m 1 5 — 1 8 S e p t e m b e r a W o r k 
s h o p w a s held at the L a w r e n c e Ber
ke ley Labo ra to r y t o d i scuss t he p r o 
posa l w h i c h it is i n tended t o p resen t 
by the end o f th is year c o n c e r n i n g the 
acce le ra to r c o m p l e x , k n o w n as V E 
N U S , f o r phys ics w i t h heavy ion 
b e a m s . T h e p ro jec t , as t h e n c o n 
c e i v e d , w a s desc r i bed in t he D e c e m 
ber 1 9 7 9 issue, page 4 0 6 . T h e u l t i 
m a t e a im is t o have mu l t i -GeV per 
nuc leon co l l id ing b e a m s bu t t he f i 
nancial resources t o reach th is a im 
are no t w i t h i n reach at t he m o m e n t . 
M u c h cou ld be d o n e , h o w e v e r , t o 
e x t e n d the research p r o g r a m m e by 
bu i ld ing jus t the in jec t ion s t a g e s o f 
the ful l VENUS pro jec t . 

The in teres t in nuc lear phys i cs 
w i t h heavy ion b e a m s has g r o w n in 
t he pas t decade w i t h t he use o f t he 

Bevalac (the ex -Beva t ron c o n s t a n t 
g rad ien t s y n c h r o t r o n f e d by the Su -
pe rH ILAC heavy ion l inear acce le ra 
t o r ) . It n o w s u p p o r t s a c o m m u n i t y o f 
s o m e 2 0 0 phys i cs users and in add i 
t i on has a th r i v ing b iomed ica l re
search p r o g r a m m e (wh ich w e re turn 
t o as a separa te i t em at the end o f 
th is ar t ic le) . Th is year the abi l i t ies o f 
the acce le ra to r have been inc reased 
v ia a n e w ion source (ABLE) o n the 
l inac, t o m a k e g o o d b e a m s o f ions up 
t o u ran ium avai lab le, and v ia t he in 
s ta l la t ion o f a n e w v a c u u m liner in the 
s y n c h r o t r o n t o ach ieve a l o w e n o u g h 
p ressure f o r the heavier ion b e a m s t o 
be t r a n s m i t t e d dur ing the i r acce l 
e ra t ion . T h e s e i m p r o v e m e n t s have 
w o r k e d ve r y we l l and usable b e a m s 
o f u ran ium ions at 1 GeV per nuc leon 
can n o w be p r o v i d e d t o the expe r i 
m e n t e r s . 

J u s t as i m p o r t a n t , in t e r m s o f pu l l 
ing ou t s ign i f icant resu l ts , is t he c o m 
ing in to ac t i on o f m o r e soph i s t i ca ted 

d e t e c t o r s . The re has been d i f f i cu l ty 
in ex t rac t i ng the phys i cs f r o m the 
c o m p l e x heavy ion co l l i s ions (as w a s 
c o m m e n t e d u p o n by the DOE nuclear 
sc ience r e v i e w c o m m i t t e e , cha i red 
by Erich V o g t , w h i c h r epo r t ed o n 
ex is t ing research faci l i t ies in June o f 
th is year ) . T h e n e w d e t e c t o r s are a 
heavy ion s u p e r c o n d u c t i n g spec 
t r o m e t e r , HISS, and the 'Plast ic Bal l ' 
desc r i bed in our N o v e m b e r 1 9 8 1 is
sue , page 3 9 3 . The re are p ro jec t s t o 
a d d the l a m p s h a d e m a g n e t a n d , l on 
ger t e r m , a heavy ion T i m e Pro jec t ion 
Chamber . T h e i m p r o v e d d e t e c t i o n 
abi l i t ies shou ld help t o c lar i fy the in 
f o r m a t i o n w h i c h has c o m e f r o m the 
f i r s t su r vey o f co l l is ions b e t w e e n 
h igh ene rgy nucle i . 

T h e V E N U S pro jec t in i ts p resen t 
f o r m requ i res rebui ld ing the p res t r i p -
per o n the SuperH ILAC t o increase 
in jec ted ion b e a m in tens i t ies by a 
f a c t o r o f t e n . T w o r ings w o u l d t hen 
rece ive the b e a m s . A s u p e r c o n d u c t 
ing b o o s t e r r ing o f 3 0 m radius w o u l d 
acce lera te u ran ium ions t o 7 GeV 
per nuc leon . T h e s e c o n d d.c . super 
c o n d u c t i n g s t re tche r r ing , p robab l y 
s t a c k e d o n t o p o f the f i rs t r ing (bo th 
o f t h e m be ing insta l led in t he Beva -
t r o n hal l) , w i l l s t o re ions and a l l o w 
1 0 0 % d u t y f a c t o r w i t h the b e a m s 
e jec ted t o ex terna l t a rge t s . A va r ie ty 
o f m o d e s o f ope ra t i on w i t h in terp lay 
b e t w e e n the t w o r ings w o u l d be 
poss ib le . In par t icu lar b e a m s f r o m 
th is s e c o n d r ing cou ld be re in jec ted 
in to t he f i r s t r ing af ter s t r i pp ing s o as 
t o be acce le ra ted t o h igher energ ies 
( 1 0 GeV per nuc leon w h i c h is t en 
t i m e s the ene rgy avai lable f r o m the 
p resen t Bevalac) . S tochas t i c coo l i ng 
in t he s t o r a g e r ing m a y a lso be used 
t o p r o d u c e b e a m s w i t h m u c h l o w e r 
ene rgy s p r e a d , 1 0 ~ 5 , t han is p o s 
s ib le n o w . A t a later da te , t w o large 
s u p e r c o n d u c t i n g r ings each t o g ive 
co l l id ing b e a m energ ies o f 2 0 GeV 
per nuc leon cou ld be bui l t t o t a k e 
V E N U S pa rame te r s t o the ve r y h igh 
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Graph of the energies and ion species which 
could be covered by the VENUS project at 
Berkeley. Other existing and planned 
machines are also indicated. On the right 
is a list of the fields of physics which could 
be studied by the machine in its various 
operating modes. 

cen t re o f m a s s energ ies init ial ly p r o 
j e c t e d . 

High f ie lds f r o m the s u p e r c o n d u c t 
ing m a g n e t s are an t i c ipa ted f o r all 
t he s to rage r ings — f o r e x a m p l e 6 T 
in the d ipo les o f the b o o s t e r r ing . 
Th i s is in line w i t h a p r o g r a m m e o f 
w o r k on high f ie ld s u p e r c o n d u c t i n g 
m a g n e t s at Berke ley in i t ia ted severa l 
yea rs ago w i t h the ma jo r a im o f d e 
ve lop ing m a g n e t s su i tab le f o r the 
nex t genera t ion o f h igh ene rgy p r o 
t o n s y n c h r o t r o n s ( 2 0 T e V and 
above ) . T h e goal o f t he d e v e l o p m e n t 
p r o g r a m m e is t o p r o d u c e m a g n e t s 
capab le o f 10 T in a 4 c m b o r e . En 
r o u t e , the t e a m d id bui ld an ' a l te rna 
t i ve ISABELLE m a g n e t ' a n d , w i t h a 
fou r - layer coi l s t r uc tu re , ach ieved 
7 .6 T in he l ium-2 at 1.8 K w i t h l i t t le 
t ra in ing . 

T w o des igns are be ing pu rsued at 
Berke ley t o ach ieve h igh cu r ren t d e n 
s i t y in the s u p e r c o n d u c t o r w i t h m in i 
m u m c o p p e r stabi l izer. One i nvo l ves 
a four - layer coi l s t ruc tu re l ike the a l 
t e rna t i ve ISABELLE m a g n e t ; t he o t h 
er i nvo lves the use o f n iob ium- t i n 
c o n d u c t o r in rec tangu lar cab le — the 
so-ca l led ' b l o c k ' des ign — ope ra t i ng 
at 4 . 2 K. N iob ium- t i t an ium and n io 
b i um t in are poss ib i l i t ies f o r t he s u 
p e r c o n d u c t o r . ( A n o t h e r a p p r o a c h , 
i nvo lv ing Fermi lab and KEK, is t o use 
a n i ob ium- t i t an ium- tan ta lum a l loy in 
a f o u r layer magne t . KEK are a lso t r y 
ing n iob ium- t in and n i o b i u m - t i t a n 
ium.) It is h o p e d t o have a f i r s t n io 
b ium- t i t an ium p r o t o t y p e t e s t e d be 
f o r e the end o f the year . 

Plans for a 'medical accelerator' 

T h e success o f t he b i omed i ca l p r o 
g r a m m e o n the Bevalac has led t o t he 
Nat iona l Ins t i tu te o f Heal th f u n d i n g a 
s t u d y at Berke ley t o des ign a heavy 
ion acce lera tor app rop r i a te f o r use in 
a hosp i ta l e n v i r o n m e n t . For t h e t r ea t 
m e n t o f cancer by b o m b a r d m e n t 
w i t h par t ic le b e a m s , heavy ions 

s e e m t o be emerg ing as the s t r o n g 
cand ida te . The use o f neu t rons is 
a lso con t inu ing bu t p ion b e a m s are 
n o w no t in f avou r . The p ion fac i l i ty at 
L A M P F has been c losed d o w n and 
the PIGMI p ro jec t at Los A l a m o s t o 
d e v e l o p a p ion acce lera tor f o r h o s p i 
ta ls is no longer ac t ive ( though it d id 
y ie ld s o m e superb acce le ra to r t e c h 
no logy ) . T h e p roduc t i on o f s e c o n d a 
ry b e a m s o f p ions is harder t han 
us ing p r imary b e a m s and b io log ica l ly 
the i r e f fec t is no t as usefu l as heavy 
ions . 

T h e p resen t des ign f o r a 'med ica l 
acce le ra to r ' a ims t o ach ieve b e a m s 
o f s i l icon ions (wh ich are p re fe r red in 
o rde r t o l imi t spa l la t ion f r o m the i r ra
d ia ted vo lume) at an ene rgy o f 8 0 0 
M e V per nuc leon us ing a s y n c h r o 
t r o n . L o w e r m a s s ions cou ld a lso be 
acce le ra ted and pe rhaps a rgon 
ions . 

Great emphas i s is pu t on o p e r a 
t iona l s imp l i c i t y and rel iabi l i ty s ince 

the acce le ra to r w i l l have t o run in an 
e n v i r o n m e n t w h e r e l i t t le acce le ra to r 
exper t i se w i l l be avai lable; The d e 
s ign wi l l i nco rpo ra te a rad io - f requen
cy quad rupo le t o avo id a h igh v o l t a g e 
C o c k c r o f t - W a l t o n . The Berke ley 
t e a m f e d in t he idea o f r ings in t he 
RFQ s t ruc tu re t o help in ba lanc ing the 
s t ruc tu re . In add i t i on t o the s y n c h r o 
t r o n des ign the re is a lso w o r k on the 
s y s t e m t o de l iver b e a m t o the pa t ien t 
so as t o i r radiate the requ i red v o l u m e 
in t he m o s t e f fec t i ve w a y . 

W i t h th is med ica l acce le ra to r it is 
h o p e d t h a t an ex tens ive p r o g r a m m e 
o f heavy ion t h e r a p y can be car r ied 
ou t t o ensure a ve ry t h o r o u g h eva lu 
a t ion o f e f f ec t i veness and a p p r o 
p r ia teness f o r d i f fe ren t t y p e s o f c a n 
cer . 
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Ten years on the IUPAP Commission 
on Particles and Fields 
by Edwin Goldwasser 

M y par t ic ipat ion w i t h the IUPAP 
C o m m i s s i o n on Part ic les and Fields 
s ta r ted in 1 9 7 0 w h e n Bob W i l s o n 
and I ( then Fermi lab D i rec tor and De
pu ty Di rector respect ive ly ) p r o p o s e d 
t o hos t the X V I t h In ternat iona l C o n 
fe rence on High Energy Phys ics at 
Fermi lab in 1 9 7 2 . The Confe rence 
w a s eventual ly held in the Fermi lab 
aud i to r i um, then sti l l under cons t r uc 
t i on (Parke Rohrer, Manage r o f the 
Labo ra to r y ' s a rch i tec t -eng ineer ing 
f i r m , spen t the n ight be fo re the C o n 
fe rence caulk ing the aud i to r i um roo f 
t o s t o p the leaks). Dur ing the f o l l o w 
ing year I w a s e lec ted t o serve a th ree 
year t e r m as one o f the t w o US repre
sen ta t i ves on the C o m m i s s i o n . Frank 
Y a n g (USA) w a s then Cha i rman and 
w h e n he w a s succeeded by Bernard 
Gregory (France). I w a s e lec ted 
Secre tary . On the t rag ic and un 
expec ted death o f Bernard Grego ry , I 
w a s asked t o act in his p lace as 
Cha i rman. 

Six years is the norma l l imit in 
t e r m s o f serv ice on the C o m m i s s i o n , 
bu t in 1 9 7 8 a number o f i m p o r t a n t 
p rob l ems w e r e un reso lved and the 
o ther m e m b e r s reques ted the Gene
ral A s s e m b l y o f IUPAP tha t I be 
e lec ted f o r one m o r e t e r m . The re
ques t w a s accep ted and m y th i rd 
t e r m w a s c o m p l e t e d last year . 

One o f the no tab le fea tu res o f the 
decade w a s a t rans i t ion f r o m an age 
o f p lenty t o an age o f scarc i t y f o r 
research in genera l , and f o r h igh 
energy phys ics in part icular . The i m 
pact o f the change in the w o r l d e c o n 
o m y w a s fel t m o r e acute ly in the 
arena o f in ternat ional sc ient i f ic c o o 
pera t ion than in o the r sc ient i f ic ac t iv 
i t ies. 

In 1 9 7 2 there w a s an ins is tent call 
f o r a pro l i ferat ion o f in ternat iona l 
con fe rences on high energy phys ics . 
N e w d e v e l o p m e n t s s e e m e d t o be 
t o o rapid f o r the journa ls t o r e s p o n d . 
The pr incipal means o f c o m m u n i c a 
t i on w a s becom ing p repr in ts or sho r t 

' l e t te rs ' . Such c o m m u n i c a t i o n s 
alone w e r e no t comp le te l y sa t is fac
t o r y and phys ic is ts w e r e f ind ing tha t 
a valuable m e d i u m w a s p resen ta t ion 
at a con fe rence w h e r e act ive phys i 
c is ts cou ld compa re n o t e s , cr i t ic ize 
in te rp re ta t ions , deve lop n e w ideas, 
and even arrange n e w co l labora 
t i ons . 

W i t h the increasing size and c o m 
plex i ty o f faci l i t ies, exper imenta l 
g roups had increased in size. Fur
t h e r m o r e , w i t h the increasing c o s t o f 
such fac i l i t ies, there w a s pressure t o 
avo id dup l i ca t ion . Large faci l i t ies f i rs t 
i nvo lved the jo in t e f fo r t o f a number 
o f sc ien t is ts at a single ins t i tu t ion . 
Then c a m e in ter- inst i tu t ional c o 
ope ra t i on . Finally, in ternat ional 
t e a m s have b e c o m e c o m m o n . T h a t 
last s tep requires a sui table f o r u m 
w h e r e peop le can meet t o d iscuss 
thei r in teres ts and ideas. 

It has a lways been m y bel ief t ha t 
such con fe rences also serve an al
m o s t independent pu rpose in the 
sphere o f in ternat ional re la t ions. If 
w e are t o deve lop a be t te r under
s tand ing a m o n g na t ions , no th ing is 
m o r e impo r tan t than improv ing c o m 
mun ica t i on . IUPAP sponso rsh ip has 
been impo r tan t in the d e v e l o p m e n t 
o f ful ler par t ic ipat ion in in ternat ional 
con fe rences . Such sponso rsh ip is re
cogn ized in many nat ions as an ind i 
ca t ion o f the value and approp r ia te 
ness o f a con fe rence . 

W i t h the t igh ten ing o f research 
budge t s dur ing the past decade , the 
a t m o s p h e r e sur round ing the pre
v ious pro l i ferat ion o f con fe rences 
gradual ly changed . The cho ice 
w h e t h e r t o invest f unds in fo re ign 
t rave l o r in research equ ipmen t and 
opera t i ons became more di f f icul t . 
Sponso r i ng agencies in a number o f 
count r ies es tab l ished t igh te r c o n 
t ro l s ove r fo re ign t rave l . Valuable as 
in ternat ional con fe rences m a y be , it 
is unders tandab le t o look at t h e m as 
per ipheral t o the ' rea l ' c o n d u c t o f 

Edwin L. Goldwasser, now Vice-Chancellor 
for Academic Affairs of the University of 
Illinois at Urbana-Champaign. 

research . I bel ieve th is jeopard izes 
the e f fec t i veness o f research in our 
era. It a lso poses a real th reat t o one 
o f the f ragi le th reads o f in ternat ional 
c o o p e r a t i o n . 

A s fund ing dec reased , t hose au 
thor i t ies and agencies w h o screen or 
s p o n s o r fo re ign t rave l leaned m o r e 
heavi ly on the s y m b o l o f lUPAP 's 
s p o n s o r s h i p as an ind icator o f the 
impo r tance o f con fe rences in high 
energy phys ics . Th is respons ib i l i t y 
has b e c o m e increasingly ev ident and 
the C o m m i s s i o n is mo re se lect ive in 
i ts s p o n s o r s h i p , tend ing t o l imit it t o 
t h o s e con fe rences w h i c h are v i ta l t o 
the v igou r o f the scient i f ic enterpr ise 
and t o the heal th o f in ternat ional c o 
ope ra t i on . The C o m m i s s i o n has fe l t 
t ha t the s y m b o l o f IUPAP s p o n s o r 
sh ip m u s t be p ro tec ted in o rder t o 
main ta in i ts value as an ' imp r ima tu r ' , 
a ccep ted by m a n y nat ional au thor i 
t ies as an ind icator tha t v isas shou ld 
be issued and t rave l s u p p o r t e d . 

CERN Courier, November 1982 3 7 5 



T o d a y , the C o m m i s s i o n rese rves 
i ts s p o n s o r s h i p , in t he m a i n , f o r th ree 
ser ies . One is t he biennia l Inter
nat iona l Con fe rence in High Energy 
Phys ics (the 'Roches te r Con fe r 
ence ' ) . A n o t h e r is t he biennial Inter
nat iona l S y m p o s i u m o n L e p t o n s and 
P h o t o n s at High Energ ies , he ld in 
a l te rnate years t o the Roches te r C o n 
fe rence . Finally the re is t he Inter
nat iona l Con fe rence o n High Energy 
A c c e l e r a t o r s w h o s e f r e q u e n c y has 
dec reased t o once eve ry th ree yea rs 
s ince acce lera tor d e v e l o p m e n t s 
have s l o w e d . 

Each o f t hese ser ies fa l ls w i t h i n t he 
sp i r i t o f t he genera l IUPAP gu ide 
l ines, and g ives g o o d c o v e r a g e t o t he 
f ie ld w i t h a t ime f r e q u e n c y m a t c h e d 
t o t he rate o f d e v e l o p m e n t s . T h e y d o 
n o t g ive as m u c h in -dep th c o v e r a g e 
as can be real ized t h r o u g h smal l t o p i 
cal con fe rences , bu t t hese are sti l l 
he ld on an ad hoc bas i s , usual ly w i t h 
o u t IUPAP s p o n s o r s h i p . 

A t t e n d a n c e at IUPAP c o n f e r e n c e s 
has a l w a y s been a sens i t i ve issue. 
The i r impo r t ance is w i d e l y r e c o g 
nized and leading sc ien t i s t s usual ly 
a t t e n d . Because o f the w o r k i n g 
nature o f the con fe rences and be 
cause o f the unique f o r u m t h e y p re 
sen t , ac t ive phys i c i s t s fee l t h e y 
' m u s t ' be there . Un fo r t una te l y , be 
cause the i r e f fec t i veness s e e m s t o 
m a n y t o h inge u p o n a l im i ta t ion o n 
t he n u m b e r o f pa r t i c i pan ts , a t t e n 
dance has t rad i t iona l ly been b y inv i 
t a t i o n . Th i s has m a d e it poss ib le t o 
ma in ta in app rop r ia te in te rna t iona l 
rep resen ta t i on . 

It has been t rad i t iona l t o g ive the 
organ izer the b r o a d e s t poss ib le au 
t o n o m y in ar rang ing the c o n f e r e n c e . 
H o w e v e r dur ing the pas t d e c a d e it 
b e c a m e clear, in par t icu lar w i t h t he 
Roches te r ser ies , t ha t t he in te res ts 
o f in ternat iona l pa r t i c ipa t ion w o u l d 
be fu r the red if t he C o m m i s s i o n t o o k 
respons ib i l i t y f o r t he nat iona l q u o 
t a s . On severa l o c c a s i o n s , an 

organ iz ing c o m m i t t e e arb i t rar i ly re
d u c e d the t rad i t iona l rep resen ta t i on 
o f s o m e o the r na t ion . On one o c c a 
s ion dur ing Bernard G r e g o r y ' s chair
m a n s h i p , one organiz ing c o m m i t t e e 
arb i t rar i ly ha lved the C o m m i s s i o n -
es tab l i shed q u o t a f o r ano the r na t i on . 
A f t e r o the r appea ls had been inef fec
t i ve , G rego ry and I had t o ind icate 
t ha t IUPAP s p o n s o r s h i p w o u l d be 
w i t h d r a w n unless the p r o b l e m w a s 
rect i f ied and the q u o t a w a s r e s t o r e d . 
T h e C o m m i s s i o n has the re fo re 
es tab l i shed deta i led quo tas w h i c h 
are t r a n s m i t t e d t o the con fe rence 
hos t . 

The re has been an increas ing s e n 
t i m e n t in t he U S A aga ins t t he exc lu 
s iv i ty imp l ied by the prac t ice o f par
t i c ipa t ion by inv i ta t ion on ly . IUPAP 
rep resen ta t i ves f r o m e l sewhere sti l l 
t e n d e d t o bel ieve tha t pract ica l c o n 
s ide ra t ions l imit a t t endance . T h e 
1 9 8 0 Roches te r Con fe rence w a s 
schedu led t o be held in the Un i ted 
S ta tes , and there w e r e t w o p r o p o 
sals . T h e f i r s t c a m e f r o m the Univer 
s i t y o f W i s c o n s i n o n cond i t i on t ha t 
t h e y cou ld expe r imen t w i t h an ' o p e n 
c o n f e r e n c e ' f o r m a t . A Cal i forn ia 
g r o u p s u b m i t t e d a s e c o n d p r o p o s a l 
t o hos t the con fe rence on an inv i ta 
t iona l bas is . T h e C o m m i s s i o n f inal ly 
dec ided f o r M a d i s o n , under t he c o n 
d i t ion tha t p rov i s i on w o u l d neve r the 
less have t o be m a d e fo r the e s t a b 
l ished in ternat iona l q u o t a s . T h e W i s 
cons in g r o u p , in consu l ta t i on w i t h 
t he C o m m i s s i o n , dev i sed p r o c e 
dures w h i c h m a d e it poss ib le b o t h t o 
main ta in nat iona l q u o t a s and t o 
m a k e t he con fe rence e f fec t i ve ly 
o p e n t o al l . The C o m m i s s i o n w a s 
p leased w i t h the resul t and n o w e n 
cou rages such o p e n con fe rences . 

A n o t h e r ma jo r d e v e l o p m e n t in t he 
ac t iv i t ies o f the C o m m i s s i o n has 
been the dec is ion t o s p o n s o r a n e w 
c o m m i t t e e w h i c h conce rns i tsel f 
w i t h the long range fu tu re . Th i s Inter
nat ional C o m m i t t e e on Future A c c e l 

e ra to rs (ICFA) has i ts r o o t s in a ser ies 
o f m e e t i n g s o f l abo ra to ry d i r ec to r s , 
phys i c i s t s , and o f f ic ia ls , cu lm ina t ing 
in a m e e t i n g in N e w Or leans in 1 9 7 5 . 
T h e sub jec t w a s 'Pe rspec t i ves in 
High Energy Phys i cs ' . Dur ing t ha t 
m e e t i n g it w a s n o t e d tha t the p r o 
g ress o f h igh ene rgy phys i cs , in the 
nex t d e c a d e , w o u l d a l m o s t cer ta in ly 
requi re an acce le ra to r and exper i 
men ta l fac i l i t ies so large tha t t h e y 
cou ld n o t be bui l t by an ind i v idua l , 
na t ion or reg ion . It w a s recogn ized 
a lso t ha t t he techn ica l , o rgan iza 
t i ona l , e c o n o m i c and pol i t ica l p r o b 
l ems c o n n e c t e d w i t h the f o r m a t i o n 
o f a ' w o r l d ' l abo ra to ry w o u l d be fo r 
m idab le . It w a s s u g g e s t e d tha t a s t u 
d y be s t a r t e d t o cons ide r the nex t 
large h igh ene rgy phys i cs d e v e l o p 
m e n t , t h e n seen abou t a decade in 
t he fu tu re . T h e fac i l i ty w a s n a m e d 
the V e r y Big A c c e l e r a t o r ( V B A ) . 

A f t e r s o m e pre l iminary m e e t i n g s , 
t he in fo rma l s t u d y g r o u p es tab l i shed 
at t he N e w Or leans mee t i ng ap 
p r o a c h e d t he C o m m i s s i o n reques t 
ing s p o n s o r s h i p f o r the f o r m a t i o n o f 
ICFA. In 1 9 7 6 the C o m m i s s i o n 
ag reed and it w a s dec ided tha t ICFA 
shou ld have th ree m e m b e r s f r o m 
CERN M e m b e r S ta tes , th ree f r o m the 
Sov ie t U n i o n , th ree f r o m the U S A , 
one f r o m J a p a n , and one f r o m Dubna 
M e m b e r S ta tes (other t han the 
Sov ie t Un ion) . T h e Cha i rman o f t he 
l U P A P - C o m m i s s i o n w a s des igna ted 
t o be a t w e l f t h m e m b e r , ex o f f i c io . 
T h e C o m m i s s i o n de f ined ICFA res
pons ib i l i t ies ' t o organize w o r k s h o p s 
f o r t he s t u d y o f p r o b l e m s re la ted t o 
an in te rnat iona l super h igh ene rgy 
acce le ra to r c o m p l e x (VBA) and t o 
e labora te t he f r a m e w o r k o f i ts c o n 
s t r uc t i on and u s e ; t o organize m e e t 
ings f o r t he exchange o f i n f o rma t i on 
o n fu tu re p lans o f regional fac i l i t ies 
and f o r t he f o r m u l a t i o n o f adv ice o n 
j o in t s tud ies and uses . ' ICFA e lec ts 
i ts o w n cha i rman . Before he d i e d , 
Bernard G rego ry had been c h o s e n t o 
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The University of Wisconsin-Madison, 
scene of the 1980 'Rochester' Conference, 
which dispensed with the traditional rule 
of participation by invitation only. 

(Photo University News Service) 

be the f i rs t . J o h n A d a m s w a s e lec ted 
t o replace h im . 

In i ts f i rs t f i ve years ICFA has 
o rgan ized m o r e t han a half a dozen 
mee t i ngs and w o r k s h o p s t o c o n 
s ider the phys ics m o t i v a t i o n f o r t he 
c o n s t r u c t i o n o f a V B A , poss ib le de 
s igns and l im i ta t ions , and d e v e l o p 
m e n t s in d e t e c t o r s , m a g n e t s , and 
i ns t rumen ta t i on . It has a lso been 
agreed tha t there shou ld be a m e e t 
ing on s o m e o f t he po l i t i ca l , e c o n 
o m i c and organ iza t iona l p r o b l e m s 
assoc ia ted w i t h the e s t a b l i s h m e n t o f 
an in ternat iona l l abo ra to ry . ICFA has 
been success fu l in s t imu la t i ng the 
k ind o f d i scuss ion w h i c h m u s t occu r 
pr ior t o any ser ious p lann ing f o r t he 
V B A . On the o the r h a n d , t he w o r l d 
e c o n o m y has fa l te red and the 
or ig inal lead t ime o f one d e c a d e f r o m 
1 9 7 5 w a s clear ly t o o s h o r t . 

A n o t h e r d e v e l o p m e n t du r ing the 
pas t decade is the rees tab l i shmen t 
o f c o m m u n i c a t i o n s w i t h t he Peop le ' s 

Republ ic o f China. China ind ica ted an 
in teres t in high energy phys i cs and 
the C o m m i s s i o n r e s p o n d e d i m m e 
d ia te ly w i t h an inv i ta t ion t o j o i n . A l 
t h o u g h there has been m u c h f r iend ly 
c o n v e r s a t i o n , the Chinese have n o t 
ye t e n g a g e d in the ac t iv i t ies o f t he 
C o m m i s s i o n . T h e y are re luc tant be 
cause IUPAP recogn izes T a i w a n as 
an ac t ive par t ic ipant in i ts a f fa i rs . 
Sporad ic d i scuss ions are sti l l in p r o 
g ress , and it is h o p e d tha t China w i l l 
en ter in to the act iv i t ies o f IUPAP and 
ICFA in t he near fu tu re . 

Dur ing m y decade on the C o m m i s 
s i on , t he m o s t t r o u b l e s o m e p r o b l e m 
has been the inabi l i ty o f con fe rence 
organ izers t o ar range f o r the par t i c i 
pa t ion o f s o m e o f the o u t s t a n d i n g 
phys i c i s t s f r o m the USSR. A t en year 
su rvey s h o w e d tha t w h e r e a s 9 5 per 
cen t o f speake rs inv i ted f r o m o the r 
na t ions had accep ted inv i ta t ions t o 
speak at l U P A P - s p o n s o r e d con fe r 
ences , less than 3 0 per cen t o f t h o s e 

inv i ted f r o m the USSR had s imi lar ly 
been able t o accep t and a t t end the 
c o n f e r e n c e s . In r esponse t o a ser ies 
o f p r o b l e m s f a c e d by con fe rence 
organ izers and in response t o t he 
resu l ts o f i ts t en year su r vey , t he 
C o m m i s s i o n , at i ts 1 9 7 8 m e e t i n g in 
T o k y o , t he re fo re passed the f o l l o w 
ing r e s o l u t i o n : 

' A t all con fe rences s p o n s o r e d by 
the IUPAP C o m m i s s i o n on Part ic les 
and Fields eve ry endeavou r m u s t be 
m a d e t o ensure tha t the bes t qua l 
i f ied sc ien t i s t s f r o m all reg ions are 
able t o a t t e n d . T h e f o u n d a t i o n o f t he 
C o m m i s s i o n ' s p r o g r a m m e o f ma jo r 
m e e t i n g s has , in the pas t , been a re
gular r o ta t i on o f the venue a m o n g 
t h o s e reg ions ac t ive ly e n g a g e d in 
h igh ene rgy phys ics research . T h e 
pr inc ip le o f a par i ty o f ro ta t i on is on ly 
mean ing fu l if t he re is a c o r r e s p o n d 
ing par i t y in the par t i c ipa t ion at t he 
c o n f e r e n c e s by sc ien t i s ts w h o are 
m o s t ac t i ve ly engaged in the re
search t o be d i s cussed . T h e C o m 
m i s s i o n ' s es tab l i shed po l i cy m u s t 
necessar i l y be p laced in j e o p a r d y if 
any na t ion or reg ion is j u d g e d by the 
C o m m i s s i o n no t t o be con t r i bu t i ng 
i ts fa i r share t o the sc ient i f ic ex
change . T h e C o m m i s s i o n wi l l no t 
no rma l l y c h o o s e such a na t ion or 
reg ion as a s i te f o r any con fe r 
e n c e s . ' 

S ince th is reso lu t ion w a s passed 
the re have been th ree ma jo r con fe r 
ences s p o n s o r e d by the C o m m i s 
s i on . In each case , the con fe rence 
o rgan izers w e r e unable t o ge t the 
s a m e k ind o f par t i c ipa t ion f r o m 
inv i ted Sov ie t sc ien t i s ts as is t r a d i 
t iona l f r o m sc ien t i s ts o f o the r 
na t i ons . 

No rma l p rocedu re d i c ta ted tha t a 
s i te f o r the 1 9 8 4 Roches te r Con fe r 
ence shou ld be chosen at the 1 9 8 1 
m e e t i n g o f the C o m m i s s i o n in B o n n . 
In a c c o r d a n c e w i t h the usual r o ta t i on 
a m o n g the th ree ma jo r reg ions , t he 
1 9 8 4 Con fe rence norma l l y w o u l d 
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People 
and things 

have been schedu led f o r the USSR. 
H o w e v e r there w a s subs tan t ia l sup 
po r t o f the T o k y o reso lu t ion by h igh 
energy phys ic is ts in the Un i ted 
S ta tes and in Europe. 

A t the Bonn m e e t i n g , a t en ta t i ve 
inv i ta t ion w a s s u b m i t t e d by East 
Ge rmany , p ropos ing tha t the 1 9 8 4 
Confe rence be held in Leipz ig. T h e 
C o m m i s s i o n accep ted tha t inv i ta t ion 
on a prov is iona l bas is , pend ing a 
sa t i s fac to ry response t o t he usual 
ques t i ons w h i c h w e r e a n s w e r e d at 
the C o m m i s s i o n mee t i ng in con junc 
t i on w i t h the 1 9 8 2 Roches te r C o n 
fe rence in Paris. Jus t be fo re ret i r ing 
as Cha i rman, I w r o t e t o A n a t o l y A l -
e x a n d r o v . Pres ident o f the A c a d e m y 
o f Sc iences o f the USSR, and t o A n 
drei Pe t rosyan ts , Cha i rman o f the 
USSR Sta te C o m m i t t e e f o r Ut i l izat ion 
o f A t o m i c Energy. In t ha t le t ter I ind i 
ca ted m y o w n t h o u g h t s as f o l l o w s : 

'I w o u l d no t be c o m p l e t e l y hones t 
if I d id no t i n fo rm y o u abou t m y o w n 
ideas abou t the f u tu re , recogn iz ing , 
o f cou rse , tha t m y off ic ia l r espons i 
bi l i ty f o r these m a t t e r s is n o w c o m 
ing t o an end . Of course I jo in all o f m y 
co l leagues in hop ing tha t USSR par
t i c ipa t ion in in ternat iona l con fe r 
ences wi l l s o o n b e c o m e ind is t in 
guishable f r o m the par t i c ipa t ion o f 
o the r IUPAP m e m b e r s . . . Y o u have 
m y ve ry bes t w i s h e s f o r success in 
y o u r con t inued e f fo r t s t o fu r the r the 
goa ls o f sc ience in the USSR. T h e 
potent ia l f o r ma jo r con t r i bu t i ons in 
h igh energy phys ics f r o m the Sov ie t 
Un ion is g reat , and the po ten t ia l f o r 
ach ievemen t by the gradual ly deve l 
op ing in ternat ional c o m m u n i t y o f 
sc ien t is ts is greater ye t . T h e p o t e n 
t ial o f each o f us can be magn i f i ed 
m a n y f o l d if w e jo in hands in a c o m 
m o n e f fo r t . But such an e f fo r t re
qui res the ful l and f ree par t i c ipa t ion 
o f the bes t sc ien t i s ts , no m a t t e r f r o m 
w h e r e t hey c o m e . No t on ly d o e s 
such a coope ra t i ve e f fo r t enhance 
the p rog ress o f sc ience , bu t it a lso 

con t r i by tes s igni f icant ly t o the p res 
t ige o f t h o s e nat ions w h o s e sc ien
t i s t s are able t o push the f ron t ie rs o f 
k n o w l e d g e sti l l fu r ther ahead. On the 
o the r hand , any nat ion w h i c h f r us 
t ra tes the e f fo r t s o f i ts sc ien t is ts and 
hand icaps t h e m in thei r act iv i t ies no t 
on ly se ts back the p rog ress o f 
sc ience, in genera l , but a lso deals 
i tsel f a cos t l y b l o w in w o r l d p res t ige , 
in i ts abi l i ty t o con t r ibu te t o the 
a d v a n c e m e n t o f sc ience, and in i ts 
abi l i ty t o exp lo i t the ful l po ten t ia l o f 
i ts o w n sc ient i f ic t a l e n t / 

Dame Margaret Weston, Director of the 
Science Museum in London, gives the 
opening address at the inauguration of a 
CERN exhibition at the Museum, open until 
the end of November. Left is William 
Shelton, Under Secretary of State at the 
UK Department of Education and Science, 
who formally inaugurated the exhibition, 
and right is CERN Director General Herwig 
Schopper. 

(Photo 531.9.82) 

On people 

Paul Reardon, at present heading 
construction of the Tokamak Fu
sion Test Reactor (TFTR) project 
at the Princeton Plasma Physics 
Laboratory, is to move to Brook
haven where amongst his respon
sibilities will bp leadership of the 
ISABELLE project (now, in view 
of its likely reformulation — see 
October issue, page 318 — usually 
referred to as the Colliding Beam 
Accelerator, CBA). He has exten
sive previous experience at Prince
ton, MIT (where he headed the 
team that built the electron linac) 
and Fermi lab (where he headed 
Booster construction and was later 
Technical Director). 

Meetings 

The 11th International Symposium 
on Lepton-Photon Interactions at 
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The Nobel Prize for Physics 
goes this year to Cornell 
theorist Kenneth Wilson. 

Paul Reardon. 

High Energies will be held at Cor
nell University, Ithaca, New York, 
from 4—9 August 1983. Atten
dance is by invitation only. Re
quests for invitations should be 
addressed to the Conference Se
cretary, Newman Laboratory, Cor
nell University, Ithaca, New York 
14853, USA. Persons in the USA 
may correspond directly with Prof. 
F. J. Sciulli, Nevis Laboratory, PO 
Box 137, Irvington-on-Hudson, 
New York 10533, and in Europe 
with Prof. E. Lohrmann, DESY, 
Notkestrasse 85, D-2000 Hamburg 
52, Federal Republic of Germany. 

Glueballs 

According to our present under
standing of the quark forces acting 
deep inside strongly interacting 
particles (hadrons), these forces 
are communicated by the exchange 
of gluons. These new force carriers 

Among the visitors to CERN in September 
was Belgian Secretary of State for Energy 
Etienne Knoops, seen here (right) receiving 
animated explanation about the LEP project 
from CERN's Energy Coordinator Oscar 
Barbalat. 

(Photo CERN 35.9.1982) 

thus appear high up on experi
menters' want lists. But as well 
as carrying the inter-quark force, 
gluons should also be able to stick 
together to form new particles, 
called variously 'gluonia' or 'glue-
bails'. 

At each major physics conference 
these days, a number of glueball 
candidates are proposed, and the 
list is steadily increasing. Although 
no definite claim can be made, 
confidence in glueballs is increas
ing. One such candidate is the E 
(1425) meson, recently studied at 
SLAC in the radiative decays of 
J/psis. 

However this particle is no new
comer to the physics scene. Glue
balls could have been seen no less 
than 19 years ago by a CERN/Col
lege de France team in the analysis 
of proton-antiproton annihilations 
at rest, observed in a hydrogen 
bubble chamber. 

Reorganization at SLAC 

With the retirements of Dick Neal 
and Joe Ballam at SLAC, more 
details of Laboratory reorganization 
have been announced (see also 
September issue, page 285, which 
reported the appointment of Burt 
Richter as Laboratory Technical 
Director, and Associate Director 
in charge of an expanded Technical 
Division). While Joe Ballam initially 
remained in charge of Research 
Division, this responsibility was 
assumed on 1 November by Ri
chard Taylor. 

In Technical Division, Ewan Pat
terson becomes Head of the new 
Operations Department, with res
ponsibility for the existing acceler
ators. Matt Allen becomes Head 
of Accelerator Physics Department. 
Klystron Department and the PEP 
Vacuum Group are combined into 
a new Klystron-Vacuum Depart-
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Prominent faces from the reorganization at 
SLAC: top, Burt Richter, who becomes 
Technical Director and Associate Director 
in charge of an expanded Technical Division; 
centre, Richard Taylor, new Associate 
Director in charge of Research Division; 
below, John Rees, Project Director of the 
SLAC Linear Collider (SLC). 

merit, headed by Gerry Konrad 
with Norm Dean deputizing. As 
already announced, Lew Keller's 
Experimental Facilities Department 
is transferred to Research Division. 

The SLAC Linear Collider Project 
(SLC), under Project Director John 
Rees is now a formal part of the 
SLAC management structure and 
specific responsibilities have been 
assigned. David Leith will oversee 
the optimization of the SLC for 
physics experiments and will pro
mote user involvement. 

Muon lifetime 

The contest to measure the lifetime 
of the positive muon to high accu
racy has a new entry. A group 
from the College of William and 
Mary in Virginia, using a muon 
beam at the TRIUMF cyclotron in 
Vancouver has recently measured 
the positive muon lifetime to one 

part in 36 000. The new value is 
2.19695 ± .00006 microsec, 
which differs slightly from the cur
rent world average while increasing 
its precision. Indeed, the relative 
precision with which the positive 
muon lifetime is known is better 
than that for any other radioactive 
decay, thanks to the convenient 
timescale involved. This scale lies 
comfortably within the reach of 
digital clocking techniques and is 
yet brief enough to minimize cos
mic ray background. 

By following the theoretical 
methods of A. Sirlin for calculating 
radiative contributions to the decay 
rate, the above value can be con
verted into a weak coupling con
stant for muon decay. This con
stant is, for non-strange weak 
interactions, analogous to the fine 
structure constant for electromag
netic interactions. In dimensional 
form, as is necessary until the ex
perimental weak boson mass is 
known, the muon decay coupling 
deduced from the new muon life
time measurement is (1.16637 ± 
0.00002) x 1a5 GeV2. 

More synchrotron light at Brook
haven 

Early in September, first circulating 
beam was achieved in the X-ray 
ring of the US National Synchrotron 
Light Source at Brookhaven, just 

over a year after the first beams 
were obtained in the vacuum ultra
violet ring. Full experimental use 
of the VUV ring has been under 
way since early August. The X-ray 
ring should be available to experi
menters this year. 

This 1951 photograph by C.F. Powell, 
passed to us by John E. Hooper, illustrates 
the risks of particle physics research. The 
launching of a hydrogen-filled balloon to 
register cosmic rays did not quite go as 
planned. The unfortunate victims were, left 
to right, John Mulvey, the late Max Roberts, 
Owen Lock and John Hooper. 

3 8 0 CERN Courier, November 1982 



CERN Courier, November 1982 3 8 1 



INCAA announces the CAPRO 68K 
The most powerfull CAMAC-CRATE PROCESSOR ever built. 

H A R D W A R E F E A T U R E S : 

CAPRO 68K is an autonomous CAMAC 
processor/controller, housed in a 3 wide 
module and based on a 68000 8 Mkz bit 
micro-processor. 
FRONT PANEL two RS232 asyn/synchr 
ports, 14 status indicators, 
"sense'Vbaudrate switch, and a 64 pole 
bus extention connector. 
CPU workspace, executive 16K EPROM, 
3 timers, high speed Memory 
Management Unit (30 nsec) with write 
protection supervisor/user and stack 
overflow warning. The MMU is able to 
handle 16 tasks and administrate data 
and program address space. 
CAMAC INTERFACE 16/24 bit transfers, 
1 uS camac cycle. Direct Memory 
Access between the CAMAC interface 
and the internal dual port memory. On 
average the DMA will be able to 
transfer 2 Mega bytes/sec. The 
available models are: address scan, q-
stop, q-repeat, list mode, vectorized 
interrupt system, individual vectors for 
each LAM. 
MEMORY 256K or 512K standard built-
in BYTE, dual port, parity per byte, 
dynamic RAM type, total access time 
including arbitration 200 nS. 
GENERAL, the CAPRO 68K may be 
used in multi-micro processor 
configurations because a bus 
arbitration mechanisme is provided. 
The CAPRO 68K may also be used as 
an auxiliary controller. 

S Y S T E M M O D U L E S 

O P E R A T I N G S Y S T E M 
S O F T W A R E / F I R M W A R E 
P A C K A G E S : 

EXECUTIVE The CAPRO 68K is 
standard equipped (firmware) with a 
mult i tasking executive, specially 
designed to run Real Time Applications. 
Features: interrupt handling, task 
scheduling: Start stop, suspend, 
resume tasks. Drivers to both serial I/O 
ports on the front panel, floppy disk 
driver. Loading and dumping of tasks 
via serial port, floppy disk and hard 
disk. Debugging, trace and memory 
access facility. 
ASSEMBLER/EDITOR for 68000 
statements, 8 character labels and 
variables, format independent, block 
structure, recognition of local and 
global variables, definit ion of variables 
based on address registers, 
comfortable support by mix 8/16/32 bit 
variables. Editor, line oriented, 
comments include: Append, Bottom, 
Change, Delete, Find, Insert, List, 
Overlay, Search, Top, Append File. 
Assembler, and Editor operate 
interactively. 
UNIX V7. The basic package consists of 
a kernel with 40 util it ies, CAMAC library 
and C-compilier. Real t ime programs 
developed under UNIX may be written 
in C, PASCAL or FORTRAN. The target 
programs may run directly under the 
executive (real time) however if UNIX is 
extended with the CAMAC library, the 
target programs may RUN under UNIX 
for test purposes. 

DEBUGGALYZER, hard and 
software test and debugging 
tool for CAPRO 68K based 
systems. 
Features 
- display and update of 68,000 

data and address register, 
program counter and stack 
pointers. 

- display and update of 
memory. 

- bus driving. 
- stepping the 68,000: single 

bus cycle or instruction step 
with display of bus status and 
registers. 

- mult iple breakpoint sett ing 
- combinat ion includes boolean 

and simple arithmatic 
expressions. 

DUAL ASYNCHRONOUS 
TRANSMITTER/RECEIVER 
Full duplex RS232 compatible 
interfaces Opto-isolated 20mA 
current loops. Half duplex mode 
and internal current generation 
possible. For multi-user 
conf igurat ions. 

FLOPPY DISK CONTROL UNIT 
has a Shugart/BASF compatible 
interface based on IBM 3740 
format. The control unit has an 
"on-board" microprocessor, 
memory and LSI disk driver. The 
buffers allow a maximum data 
transfer rate and prevent t ime 
critical si tuations in the host 
computer. 

WINCHESTER DISK DRIVE, 80 
M byte Formatted in 19" 
mountable rack including power 
supply, ventilation SMD 
interface including A-B interface 
cables, 3mtr. With CAMAC 
compatible interface controller 
optionally 20M bytes cartridge 
streamer built-in. 

ilK»A 
INCAA B.V., P.O. Box 211, 7300 AE Apeldoorn, Holland. Tel. 055-551262 
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Gould 
Simflex 

La nouvelle 
generat ion 

d'alimentations 
fiables 

Tres haute fiabilite. 
Tension d'isolement selon 
VDE 0730. 
Rendement eleve grace au 
decoupage primaire. 
max. 3 tensions de sortie. 
Regulation de toutes les sorties. 
3 differentes classes de 
puissance. 

• > G O U L D 
Gould Elektronik AG 
G r u b e n s t r a s s e 5 6 • 8 0 4 5 Z u r i c h 
Tel. 0 1 / 3 5 2 7 6 6 
Te lex 813 6 0 7 

FLOWMETERS 

Cal ib ra ted a n d n o n -
ca l i b ra ted i n s t r u m e n t s f o r 
l iqu ids and gas 

Ava i l ab le f r o m ou r s t o c k 
in Zu r i ch 

H e r a e u s 
Q u a r t z g l a s s 

type 1100 

l e n s e s , m i r r o r s , 

c u v e t t e s , h a t c h e s , 

d i s k s , p r i s m s , 

r o d s , t u b e s 

Triple prism in isotopic and homogeneous 
SUPRASIL quality^ deposited on the moon in 
a retro-reflector-system as part of the 
Apollo program. 

A s k f o r f u r t h e r i n f o r m a t i o n 

C I M Modules 
A + D PRODUCTS manufactures currently CERN 

Instruments Modules (CIM) and compatible 
POWERSUPPLIES for use wi th the CERN chassis 

system 8905 
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The Bismuth Germanate Scintillator. 
This special high-Z crystal has the highest 

stopping power and lowest afterglow of any 
commercially produced scintillator. 

Non-hygroscopic Harshaw BGO simplifies 
handling and equipment. It eliminates the complexities 
and size increases of hermetically sealed housing 
required in Nal (Tl) scintillators. 

Low afterglow performance, high-Z, and ease 
of handling make B G O ideal for industrial density 
gauging applications. The afterglow of a BGO 
scintillator is typically + .005% within 3 ms. 

BGO is suitable for pulse counting applications 
because of its high photopeak efficiency, excellent 

Photopeak Efficiency peak-to-Compton ratio and 
acceptable pulse-height 
resolution. For instance, it takes 
8.5 cm. of BGO compared to 
13.4 cm. Nal (Tl) to attenuate 
99% of incident 511 KeV 

CHANNEL NUMBER gamma ray 
For performance specifications on 

efficient, rugged Harshaw BGO, call or write us. 
We re The Harshaw Chemical Company, Crystal &. 
Electronic Products, International Operations, 
1945 East 97th Street, Cleveland, Ohio 44106 U.S.A. 
(216) 721-8300. Telex: 98-5457. Cable: 
Harshaw — Cleveland. 

Photon energy curve reprinted from "Gamma-Ray Response of a 38-mm Bis
muth Germanate Scintillator", paper No. 2C-2, 1979 IEEE Nuclear Science 
Symposium, by Albert E. Evans, Jr. 
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Corps de chauffe 
. . . ou soumettez-nous votre 

probleme. Vous verrez que nous 
conduirons la chaleur la ou 

vous la faut . 

pour I'industrie 
desmatieres 
plastiques. 
Qu'i l s'agisse de corps de 
chauffe pour cylindres ou 
injecteurs, de corps de 
chauffe plats, de car
touches chauffantes, 
de barres chauffantes 
rondes ou plates, 
vous trouverez chez 
nous la solut ion qu' i l vous 
faut . Qu'i l s'agisse d 'une 
piece ou d'une serie, vous 
serez servi avec le meme 
soin proverbial. Demandez 
la documentat ion detail lee. 
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NEW TECHNOLOGY 
REDUCES PRICES 33% 
ON STREAK CAMERAS 

N o w i n d u s t r i a l a n d u n i v e r s i t y l a b o r a t o r i e s 
c a n a f f o r d H a m a m a t s u c a m e r a s f o r t i m e 
r e s o l v e d s p e c t r o s c o p y a n d o t h e r f a s t 
k i n e t i c s r e s e a r c h . 

New manufacturing technology and increased produc
tion volume has permitted a 33% price reduction on 
fast and slow Temporaldisperser® Streak Cameras. 
These are the same precise, dependable cameras 
that have been consistently chosen over the competi
tion in comparative performance tests. 

Each Hamamatsu streak camera features a streak 
tube with a built-in microchannel plate for weak signal 

amplification of greater than 3 X 103. Since no external 
image intensifier is needed, the camera is depend
able, compact and easy to use. Precise shot-to-shot 
reproducibility is better than 95%. 

Your industrial or university R & D laboratory now can 
afford a streak camera, or an entire system, for fast 
kinetics research. With the entire Temporaldisperser® 
System, you'll be able to see results as they happen 
in the 3 dimensions of intensity vs. time vs. position. 

For immediate information about these versatile 
and affordable streak cameras and systems, call for a 
demonstration in our Fast Kinetics Applications Lab
oratory. Or write for our new brochure and price lists. 

C A L L O R W R I T E F O R N E W B R O C H U R E 

HAMAMATSU 
H A M A M A T S U CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 
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A unique advertising medium for 
scientific and technical equipment 

CERN C O U R I E R is t he in te rna t iona l l y recogn ized 
n e w s magaz ine o f h igh ene rgy phys ics . D i s t r i bu ted 
t o all t he ma jo r Labora to r ies of t h e w o r l d ac t i ve 
in th is d y n a m i c f ie ld o f f u n d a m e n t a l research , it is 
c o m p u l s i v e read ing fo r sc ien t i s t s , eng ineers , a d 
min is t ra tors , i n fo rmat ion med ia and buyers. W r i t t e n 
in s imp le l anguage and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e the na tu ra l 
c o m m u n i c a t i o n m e d i u m fo r par t i c le phys ic i s t s in 
Europe, t h e U S A , t h e S o v i e t U n i o n , J a p a n — eve ry 
w h e r e w h e r e t h e f u n d a m e n t a l na tu re of m a t t e r is 
s tud ied . 

Pub l ished f r o m C E R N , S w i t z e r l a n d , it a lso has 
c o r r e s p o n d e n t s in t h e Labora to r ies of A r g o n n e , 
Berke ley , B r o o k h a v e n , Corne l l , Fermi , Los A l a m o s 
and S t a n f o r d in t h e U S A , D a r m s t a d t , DESY and 
Kar ls ruhe in G e r m a n y , Orsay and Sac lay in France, 
Frascat i in I ta ly, D a r e s b u r y and R u t h e r f o r d in t he 
U.K. , S I N in S w i t z e r l a n d , D u b n a and Novos ib i r sk 
i n t h e U S S R , K E K i n J a p a n , T R I U M F in Canada and 
Pek ing in Ch ina . 

T h e annual expend i t u re o n h igh energy phys i cs 
in Europe is a b o u t 1 0 0 0 mi l l ion S w i s s f r ancs . 
T h e expend i tu re in t he U S A is abou t $ 4 0 0 mi l l ion . 
The re is s imi lar expend i tu re in t he Sov ie t Un ion . 

CERN C O U R I E R is t h e w a y in to all h igh ene rgy 
phys ics research Labora to r ies . If y o u have a 
m a r k e t in th i s f ie ld , t he re is no sure r w a y t o m a k e 
y o u r p r o d u c t s k n o w n t h a n by adve r t i s i ng in CERN 
C O U R I E R . 

All enquiries to : 
Advert ising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022)83 4 1 0 3 
Telex 236 98 
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CAMAC/NIM 
S E N P R E S E N T S T H E N E W M O D U L A R 

MOTOR DRIVER SYSTEM 

T H E S Y S T E M C O N S I S T S O F : 

• AUTOMATIC P O S I T I O N I N G OF 4 STEPPER M O T O R S 

( 3 or 4 p h a s e ) O R 4 DC MOTORS. 

• P R E C I S I O N : UP TO 2 4 - B I T R E S O L U T I O N 

FOR T H E MOTOR P O S I T I O N I N G . 

• C O M P A T I B L E W I T H 3 T Y P E S OF P O S I T I O N 

E N C O D E R S . 

• B U I L T IN j j P R O C E S S O R . 

• S T A N D A R D S O F T W A R E P A K . 

• M A N U A L C O N T R O L T H R O U G H T E R M I N A L OR 

M I C R O T E R M I N A L . 

• REMOTE C O N T R O L OF MOTORS W I T H 

O P T I O N A L H A N D S E T M O D U L E 

( H S 2 8 7 o r HS 2 8 3 ) 

• 4 - C H A N N E L MOTOR DRIVER ( C A M A C C O M M A N D M O D U L E ) : 4 M D - 2 0 9 8 / A 

• P O S I T I O N E N C O D E R - D E C O D E R ( N I M ) : EN 2 8 4 / A 

• DC or STEPPER M O T O R D R I V E R S ( N I M ) : M D 2 8 3 A or S M D 2 8 7 / A 

• H A N D S E T FOR M A N U A L P O S I T I O N I N G : HS 2 8 3 o r H S 2 8 7 ( O P T I O N A L ) 

F r a n c e : ORTEC Sari; 7, rue des Solets; Tel. (1) 6872571 - Tlx 202553F, F-94 R U N G I S - G e r m a n y : SEN ELEKTRONIK 
G m b H ; Brandstucken 1 1 ; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 5 3 - D I D A S Digital System; Radspielstrasse 8 
Tel. 089 916710 - Tlx 529167d - D-8000 MUNCHEN 81 - Sw i t ze r l and" . SEN ELECTRONIQUE SA; CP 39 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4 ; Tel. (01) 9455103 
Tlx 58257ch - CH-8604 VOLKETSWIL - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328.66744 - GB - KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 
H e a d q u a r t e r s : 
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 



PROGRAMMABLE 
MICROPOWER -
OPERATIONAL AMPLIFIER 
SINGLE OR DUAL SUPPLY 

PROGRAMMABLE SUPPLY CURRENT 
1 yA to 400 pA 

SINGLE SUPPLY OPERATION 
+ 3 V to + 30 V 

DUAL SUPPLY OPERATION 
±1,5 V t o + 1 5 V 

LOW INPUT OFFSET VOLTAGE 100 pV 

LOW INPUT OFFSET VOLTAGE DRIFT 
0,75 uV/°C 

HIGH COMMON-MODE INPUT RANGE 
V - t o V + (-1,5 V) 

HIGH CMRR AND PSRR 115 dB 

HIGH OPEN-LOOP GAIN 1800 V / mV 

INPUT OVERVOLTAGE PROTECTION 
± 3 0 V 

PLEASE CONTACT YOUR BOURNS 
REPRESENTATIVE FOR DATA SHEET 
AND APPLICATION INFORMATION. 

S3> PRECISION MONOLITHICS INC. 
Santa Clara, California, USA 

® A Subsidiary of Bourns Inc. 

Bourns (Schweiz) AG 
Tel. 042 / 33 33 33 

6340 Baar 
Telex 868 722 

ORGANISATION EUR0PEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. {Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed to : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 

160 kV insulator for UKAEA, Culham Laboratory. 

Please contact: The Marketing Manager 
International Research & Development Co Ltd 
Fossway Newcastle upon Tyne NE6 2YD 
England Telephone (0)632 650451 
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TRY US 
FOR RESEARCH MEWS 

FOIISWIRE5ROD5- FDWDER?TUBE5QDMPOUAfnS' LUMB-
MICKDFOIL5-5PUTTEKINJ<3TAl̂ ET$-6W$5yAUiDy^ 

AW NOW FOR: 
R3LYME^C0MPQ^nB-H0NE/COMI55CRYSTAl5 CERAMIC 

PLOSMNSTRUMEKIS 
MICROMANIPULATORS- FIPRE OPTIC U6ttTS • MICROD1CER5 

VIPF05CDPE5- HI6H PERFORMANCE COMPUTER INTERFACES 
AND PERIPHERALS 

w a , WRiiemusp/RBcrm 
^SPECIFIC PRODUCT DETAILS, OR 

f £KF READER SERVICE CARD 
I FOR GENERAL/MFORMfWON 

Goodfellow Metals Ltd 
Cambridge Science Park Milton Road 

H W * m Cambridge CB4 4DJ England 
& f/ Telephone Cambridge (0223) 69671 

^ | / Telex 81683 Goodmt G 

UGoodfelloui 

Micropositioning 
with linear and rotary 
posit ioners. Available 
with micrometer or no 
backlash worm gear 
drives. Suitable for hor i 
zontal or vertical mount
ing. These modular 
units can be combined 

Piezoelectric translators 
for generation and mea
surement of distance 
variations to below 
0,01 pm. Stepping motor 
drives with resolution 
up to 4000 steps/revo
lution, controls with 
EC-Bus interface, pro
grammable. 

DC Motor drives for microposit ioners; motorized micro
meter drives; DC power supplies. 

Bleichistrasse 8 
CH-6300 ZUG 
Tel. 0 4 2 / 2 2 1 5 3 3 © P o l l / s c i e n c e AG 

5 0 - O H M 

C O N N E C T O R S 

HIGH TEMPERATURE 
ULTRA HIGH VACUUM 

• VSWR less than 1.5 up to 6 GHz 
• -50° C to +400° C* 
• Pressure ratings 10"3 to 10"10 torr 

or 1 atm. to 750 psig @ 20° C 
• Operating voltage 500 volts peak 
• Ceramic-metal bonded 

*with plug disconnected 
above 200° C 

REQUEST CATALOG 

Ceramasealjnc. 
A S U B S I D I A R Y OF ITERPACE 

NEW LEBANON CENTER, NEW YORK 12126 (518) 794-7800 TELEX 14-5442 
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Publicite dans le COURRIER CERN 
Format A4 Publication mensuelle 
Les annonces paraissent simultanement dans chacune des deux 
editions anglaise et francaise. Les insertions dans la deuxieme 
langue sont publiees sans supplement. 

Espace 
(page) 

Vi 

7 4 

Surface utile (mm) 
largeurx hauteur 

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

9 0 x 2 6 5 
90 x 130 

Prix par insertion (en francs suisses) 

insertion 

1550 

8 5 0 

4 8 0 

1500 

8 2 0 

4 5 0 

1450 

8 0 0 

4 3 0 

10 
insertions 

1350 

750 

4 1 0 

Supplement: 
— pour une couleur 1450Fr . s. 
— pages de couverture: 
Couverture 3 (1 couleur) 1750Fr . s. 
Couverture 4 ( 1 couleur) 2 2 5 0 Fr.s. 
Date de publication 1 e r d u m o i s 
Delai de reception des 
fi lms positifs et textes 1 e r du mois qui precede 

Les frais de fabrication des fi lms et 
de traduction des annonces sont 
factures a part. 

Trame offset 60 ou 54 S A i i s s e (150 anglaise et 
francaise) 
Les annulations parvenues apres le 
1 e r du mois precedent ne sont pas 
prises en consideration. 

La publicite est limitee a 5 0 % du volume de la publication. 
Les commandes seront satisfaites dans I'ordre strict de leur 
reception. 
Ces tarifs sont valables pour I'annee 1982. 
Pour toute demande de renseignements, s'adresser a: 
Micheline FALCIOLA / COURRIER CERN - CERN 
CH-1211 GENEVE 23 SUISSE 
Tel. (022) 83 41 03 Telex 2 36 98 

Pour vos imprimes 
consultez 

les 

PRESSES CENTRALES 
LAUSANNE S A 

7, rue de Geneve Telephone 021 205901 
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ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

VOUS DEMENAGEZ? 
Veuillez nous en avertir en 
temps utile. Toutes les 
notifications de changement 
d'adresse doivent mentionner 
I'ancienne et la nouvelle 
adresse. (Inclure 
I'etiquette figurant sur 
la bande cT expedition de 
la revue) 

Pour t o u s r e n s e i g n e m e n t s sur les 
a b o n n e m e n t s , e c r i r e a : 

Monika W I L S O N 
COURRIER CERN/CERN 
1211 Geneve 23 , Suisse 

NMR 
Magnetometer 
f o r t h e p r e c i s e m e a s u r e m e n t 

o f m a g n e t i c f i e l d s . 

An economical and easy to use 
NMR Magnetometer for the accurate 
measurement of magnetic fields. 
With the Model 1000 you get these features: 
• 1 to 68 kGauss field range 
• 7 digits display in Gauss 
• 0.01 Gauss resolution 
• ± 1 0 5 absolute accuracy, ± 5 x 10 - 7 relativ 
• Automatic field tracking 
• Error voltage output for feedback control 
• Packaged in double-width NIM Module 
• BCD output 

Accessories available include Probes, Multiplexer, 
CAMAC Interface and NIM Module Display 
Oscil loscope. 

Please call or write for literature and pricing. 

SENTEC S.A. 
13, Avenue Ste-Clotilde, CH-1205 Geneva 
Tel.: (022) 28 87 19 / Telex: 421 254 anec 
In the USA and Canada: 
ANAC Inc. 
3200, Scott Blvd., Santa Clara, CA 95051 
Tel: (408) 727-5221 / Telex: 172 108 anac snta 

In Japan: 
DAIEI MUSEN DENKI Co. Ltd. 
10-10, 3 Chome, Soto Kanda, Chigoda-Ku, Tokyo 
Tel: Tokyo 03-255-0931 / Telex: J 23923 daiei 
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Analyseur logique IMAT 
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The hardware, the know-how and 
the experience in communications. 

Datanet Interface 

Public networks: 
. - X 2 5 in te r face t o C a m a c 

- X 2 5 in te r face t o E therne t® 

~- X 2 5 gene ra l p u r p o s e i n te r f ace 
w i t h V24 use r p o r t 

Local networks: 
- In te r face b e t w e e n L A N ' s a n d C a m a c 

- T e r m i n a l i n te r face t o Ethernet® 

~~ Ethernet® cab le d r i v e r s a n d 
i n t e r c o n n e c t i o n a s s e m b l i e s 

Borer Electronics AG 
CH-4501 SOLOTHURN/SWtTZERLAND 
Tel, 065 - 311131 Telex 34228 

V X 6 0 0 
Datanet 

Processor 
M o d e m 

V X 6 0 0 
Datanet 

Processor 
M o d e m 

V X 6 0 0 
Datanet 

Processor 

V X 6 0 0 
Datanet 

Processor 

X 2 5 - E t h e r n e t 
Gateway M o d e m X 2 5 - E t h e r n e t 
Gateway M o d e m X 2 5 - E t h e r n e t 
Gateway 

X 2 5 - E t h e r n e t 
Gateway 

H O T C H K I S S - B R A N D T 
S O G E M E groupe THOMSON-BRANI • MmW W W W t l W mmm groupe THOMSON-BRANDT 

25 me de CHONY - 26500 BOURG LES VALENCE • BP 434 - 26004 VALENCE - Til. (75) 42.91.42. - TELEX 345741 BRGLV I 
239 Boulevard ANA TOLE FRANCE - 93200 SAINT-DENIS • Tel. (1) 243.32.62. J 

^Controle d'Etancheite : J2 
\ Helium - Ammoniac - Freon - Hexafluore de soufre £$\Z 
Xourants de Foucault (mono et multifrequence 3F) 
i Radiographic X et GammaVrVQVW^Q8^1^ ^ 
^Ultra-sons tftf^ IMOIM I 

Magnetoscopie r U K U r f ^ ^ I C T I C Q 
^ Inspection par camera^ tQJ i^^ 1 • I f ^ w < 
^ Ressuages: l i qu io^sp^ne^ 

Etudes - Essais - Assistance T e c n n i c1"etnF^ mmM^H^^^^^ 
.Montage -Controles dimensionnelsr^Qh^rV^K | i iNJIM^^^5^3: 
Essais d'installation - Reception - I n s p e c t i o n O J J U r r ^ ^^Trtyak 

^ Etablissement de cahiers jjj^j^^ ^j-

Metallographie - Essais chimie - Controles desmHRUsM| 
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M o d u l a r Tr igger Processing 
• Used for Trigger Processors, Complex 

Fast Triggers, and Synchronous 
Applications 

• Programmable D imens iona l i t y -
selects input and output word sizes 

• High Multipl icity—up to 16 inputs 
• Strobed Input Operation—simplifies 

signal t iming 

The ECLine MLU is more than just another 
logic module. It is the fundamental building 
block of a Trigger Processor and is useful to 
generate complex Fast Triggers in both 
beam-on-target and synchronous colliding 
beam "gate-clear-gate" applications. 

As a memory-based logic unit, it can be 
CAMAC loaded to define its logic character
istics. The Model 2372 allows triggers more 
complex than can be achieved with conven
tional trigger logic. 

The MLU may also be treated like an ele
ment of a computer program. By applying 
data words to its input instead of conven
tional trigger logic signals, the MLU re
sponds as if it is a subroutine call. The 
Model 2372 can help put physical param
eters like energy, momentum, mass or rap
idity into your trigger. 

For more information contact your local 
LeCroy representative. 

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Palo Alto, California, (415) 856-1800; 
Geneva, Switzerland, (022) 98 97 97; Heidelberg, West Germany, (06221) 28192; Les Ulis, France 
(6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75. Representatives throughout the world. LeCroy 



Gaz techniques 
Gaz purs 
Gaz ultra-purs 
Gaz speciaux 
Melanges de gaz 

A I ( C 5 H 5 ) 3 C 3 H 6 Kr 
A r C 3 H 8 N H 3 

A s H 3 C 4 H 6 N O 
B C I 3 C 4 H 8 N 0 2 

B F 3 C 4 H 1 0 N 2 

B 2 H 6 C 4 H 1 4 N 2 0 
C F 4 C 4 H 1 6 N 2 0 4 

C H 4 C 5 H 1 2 Ne 
( C N ) 2 C 6 H 1 4 o 2 

C O C 7 H 1 6 P F 5 

C O C I 2 C I F 3 P H 3 

C O S C l 2 S F 6 

C 0 2 D 2 S 0 2 

C2H2 G e H 4 S e H 2 

C 2 H 4 HBr S i H 2 C I 2 

C 2 H 4 0 HCI S i H 4 

C 2 H 6 H 2 X e 
C 3 H 4 H 2 S Z n ( C 2 H 5 ) 

He e t c . 

Technical Gases 
High Purity Gases 
Ultra High Purity Gases 
Special Gases 
Gas mixtures 

Technische Gase 
Reine Gase 
Hochreine Gase 
Spezialgase 
Gasgemische 
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