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Heavy ion route to fusion 

Since the beg inn ing of the year there 
has been an exponent ia l rise of 
interest in the possibi l i ty of us ing 
beams of heavy ions to achieve fus ion 
in deuter ium- t r i t ium pellets. Up to 
n o w this interest has been c o n c e n 
trated in the USA and , dur ing the last 
t w o weeks of Ju ly , the Energy Re
search and Deve lopment Admin is t ra 
t ion cal led a 'Summer S tudy of Heavy 
Ions for Inertial Fus ion ' (held at the 
Claremont Hotel in Berkeley) to help 
assess the pract ical i ty of the heavy 
ion ideas and judge where research 
and development effort is needed to 
test the pr inciples invo lved. A b o u t 
s ixty people, f rom f i f teen inst i tu t ions 
in fus ion physics, nuclear physics and 
accelerator physics discip l ines, a t t end 
ed the Study fu l l t ime. 

For some 25 years, physicists have 
been at tempt ing to tame fus ion as a 
practical source of energy. Of the t w o 
mechanisms to extract power f rom 
the nucleus, fus ion ( the un i t ing of 
l ight nuclei) is much more attract ive 
than f ission ( the breaking up of heavy 
nuc le i ) . It is potent ia l ly a more power 
product ive process. It uses a fuel 
(hydrogen or, more precisely, its iso
topes deuter ium and t r i t ium) w h i c h is 
in v i r tual ly l imitless supply , whereas f is 
s ion draws on l imi ted resources of 
uran ium. It is env i ronmenta l ly a cleaner 
process (probably) w i t h less problems 
of safety and radioact ive waste d is
posal. 

The nuclei of e lements near the 
centre of the chemical per iodic table 
are more t igh t ly b o u n d together than 
their l ighter or heavier brethren. To 
produce the l ighter or heavier f rom 
the t igh t ly b o u n d , energy has to be 
supp l ied . Conversely, if w e break up 
the heavier or uni te the l ighter, energy 
is l iberated. Fission of heavy nuclei 
has proved a manageable process and 
is the source of energy in present 
nuclear reactors. Contro l led fus ion of 
l ight nuclei has, so far, proved to be 
an unmanageable process ( leaving 

aside the use in nuclear weapons ) . 
It requires condi t ions of h igh t e m 
perature and h igh nuclear density, 
w h i c h it has not been possible to 
sustain s imul taneously for a suf f ic ient
ly long t ime to result in a net energy 
gain. 

T w o major routes to achiev ing 
thermonuclear fus ion reactors are 
being pursued. The first involves 
magnet ic conf inement systems — 
magnet f ie ld conf igurat ions ( toroidal 
and mirror) a t tempt ing to ho ld a 
dense hot plasma for an adequate 
t ime. The most promis ing versions 
are the Tokomak machines ini t iated 
in the Soviet Un ion but n o w being 
pursued w o r l d - w i d e . The latest exam
ples are the TFTR (Tokomak Fusion 
Test Reactor) under const ruct ion at 
Princeton USA, the J - T 60 project in 
Japan , the T -20 in the USSR, and 
the J ET project (Jo in t European Torus) 
for w h i c h a site in Europe has not 
yet been decided. 

The second, more recent, route to 
a fus ion reactor at tempts to use the 
h igh power densit ies avai lable f rom 
lasers to cause implos ion of a deute
r ium- t r i t ium (DT) pellet. Laser beams 
bombard ing the pellet f rom all sides 
cou ld produce the cond i t ions w i t h i n 
the pellet to sustain thermonuclear 
burn. The most power fu l laser system 
is the Argus n o w being commiss ioned 
at the Lawrence Livermore Laboratory 
to deliver 1 terawat t ( T W ) . 

Related to the laser ideas, and 
po in t ing the w a y to the use of heavy 
ions, is the electron beam fus ion t e c h 
nique. A t Sandia Laboratories in the 
USA they operated a proto type, Proto 
1 , in 1975 and showed that w i t h t w o 
electron beams it is already possible 
to c r o w d 2 T W into a 24 ns pulse. 
Experiments w i t h pellets are n o w be
g inn ing and Proto II is scheduled for 
operat ion at the end of the year to 
give higher power by a factor of four. 
M o n e y for an Electron Beam Fusion 
Accelerator (EBFA) has been re

quested for Fiscal Year 1977. A t the 
Kurchatov Inst i tute in the Soviet 
Un ion a 1 T W system called A N G A R A 
1 is being tested and a 5 M J acceler
ator is p lanned for comple t ion in f ive 
years. 

The magnet ic conf inement systems 
have been mov ing progressively t o 
wards achiev ing the necessary t e m 
pera ture /dens i ty / t ime parameters but 
have some w a y to go. The laser 
systems are stil l we l l d o w n on the 
necessary power densit ies and have 
repet i t ion rate problems. It is these 
latter considerat ions that led a f e w 
hardy souls in the h igh energy 
accelerator commun i t y to take a look 
at the possibi l i ty of heavy ion beams 
do ing the j ob that lasers and electrons 
are t ry ing to do w i t h DT pellets. 

In 1975 , M . Clauser of Sandia d id 
some calculat ions on the use of proton 
beams on pellets. He emerged w i t h 
'b reak-even ' f igures (the s i tuat ion 
where as much energy cou ld be 
extracted f rom the system as is fed 
in to ini t iate the fus ion) of 60 T W 
of 10 MeV protons incident on a 
10 [ig pellet. The ign i t ion t ime was 
6 ns w h i c h impl ies an inc ident energy 
of 3 6 0 k J . The pellets were treated 
as DT in a go ld shell 0.22 mm th ick. 
The protons w o u l d penetrate on ly 
0.17 m m into the go ld so that a 
remain ing th in shell w o u l d push i n 
wards on the DT. (Of the inc ident 
energy, on ly about 8 kJ w o u l d 
actual ly be needed to establish the 
necessary fus ion condi t ions.) 

These f igures indicate the 'ba l l 
park' in w h i c h inertial fus ion schemes 
need to be si tuated — they need 
beam energies around 1 M J in a pulse 
length of less than 10 ns. To modern 
accelerator specialists these f igures 
are not very f r ighten ing. The CERN 
Intersect ing Storage Rings, for exam
ple, ho ld about 2 M J in each r ing 
(4 x 1 0 1 4 protons at about 30 GeV) . 
The protons, however, are not c o n 
centrated in a bunch less than 10 ns 
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Richard Arnold (left) and Ron Martin atArgonne 
survey a model of their high energy heavy ion 
scheme to achieve fusion in deuterium-tritium 
pellets. Beam lines point the ions at the pellets 
from all directions and the irreverent caption 
for this picture reads 'All that spaghetti and 
only one meat ball'. 

(Photo Argonne) 

l ong ! To get megajoule energies c o n 
centrated in a f e w nanoseconds, 
several h igh energy heavy ion schemes 
have emerged. 

The main ones have come f rom 
A .W. Maschke of Brookhaven w h o 
has been w o r k i n g w i t h people f rom 
the Lawrence Livermore Laboratory, 
f rom R. Mar t in and R.C. A rno ld of 
A rgonne , and f rom D. Keefe of the 
Lawrence Berkeley Laboratory w h o 
has spent some t ime at the Pr inceton 
Plasma Physics Laboratory. A l M a s c h 
ke has considered uranium ion acce l 
erators of 100 GeV, bo th synchrot ron 
and l inac conf igurat ions. Ron Mar t in 
and Richard A rno ld have considered 
a hydrogen- iod ide ion accelerator/ 
storage r ing of 4 0 GeV. Dennis Keefe 
has considered a uranium ion linear 
induc t ion accelerator of 25 GeV 
(d raw ing on the Berkeley experience 
w i t h such very h igh current machines 
dur ing the Electron Ring Accelerator 
p rogramme) . 

A l t h o u g h these schemes have been 
wo rked ou t in some detai l there is not 
much point in ful ler descr ipt ion here 
since a lot of w o r k w i l l need to be 
done before any preference among 
them becomes clear. It is impor tant 
to say, however , that much of the 
accelerator techno logy invo lved is a l 
ready mastered. Ion sources to give 
adequate currents sti l l require some 
w o r k bu t they w i l l probably be 
developed w i t h o u t great problems — 
for example. Oak Ridge already has 
a 1 A uranium ion source and, in Ju ly , 
Berkeley achieved 10 A f rom a xenon 
ion source. The synchrotrons, storage 
rings and beam transfer systems are 
no td ramat ica l l yd i f fe ren t f romourex is t -
ing machines. Beam emit tances, space 
charge l imits, beam instabi l i t ies, mu l t i -
turn in jec t ion, bunch ing requirements 
and mu l t i -beam transport seem man 
ageable. 

But there are some vi tal quest ions 
to be answered regarding the acceler
ator systems. The major ones concern 

the cross sect ions for charge exchange 
be tween the ions in the intense beams 
and be tween the ions and residual 
gas molecules in the machine vacuum. 
The proposed schemes at tempt to 
ho ld , for example, t r ip ly charged 
uranium or s ingly charged hydro 
gen iodide ions. If charge exchange 
occurs, the ions involved w o u l d be 
lost f rom the beam. 

If the cross sect ions for charge 
exchange interact ions in the beams 
are large, they w o u l d l imit the t ime 
for w h i c h it w o u l d be possible to hold 
h igh intensit ies. This w o u l d dictate 
the cho ice of fast accelerat ion and 
storage schemes rather than s lower 
versions. A lso h igh in t ra-beam cross 
sect ions w o u l d suggest go ing to the 
mul t ip ly charged ion schemes (for 
w h i c h these cross sect ions w o u l d be 
less) prov ided the space charge forces 
do not get too h igh. If the cross 
sect ions for charge exchange inter
act ions w i t h the residual gas are large. 

they w o u l d dictate str ingent vacuum 
requirements ( t hough w i t h the ISR 
behind us this is not a major concern) . 
It w i l l not be easy to s imulate the 
necessary cond i t ions in order to 
answer these quest ions, t hough some 
extrapolat ion may be possible f rom 
w o r k on machines such as the Berkeley 
Bevalac and Darmstadt Uni lac. 

A lot of deve lopment remains to 
be done on target pellet and reactor 
design — no -one has yet demonstrat 
ed an eff ic ient fus ion implos ion. One 
of the problems, w h i c h has wor r ied 
the people a t tempt ing inertial fus ion 
using lasers, is the preheat ing of the 
deuter ium- t r i t ium. Unless the laser l ight 
pulse gives 9 0 % of its energy in the 
last 1 0 % of the pulse, too much energy 
w o u l d reach the DT in advance of the 
major shock wave . The heat ing that 
this w o u l d cause w o u l d create c o n d i 
t ions making the DT resistant to 
implos ion. The same wor ry applies 
also to heavy ion bombardment . 
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Around the Laboratories 

Target special ists, however , have 
h igh conf idence that appropr iate pellet 
designs can be produced. M u c h of 
the th ink ing on such designs has 
come f rom the laser w o r k , part icular ly 
at the Lawrence Livermore Laboratory. 

Some ways need to be f o u n d to 
carry out 'proof of pr inc ip le ' exper i 
ments on the concepts of h igh energy, 
heavy ion induced fus ion at a reason
able cost. One s t rong sent iment at 
the Summer Study was that , if the 
outs tand ing quest ions are answered 
posi t ively, then the accelerator c o m 
mun i ty w o u l d come in w i t h a system 
w h i c h w o u l d work , accompan ied by 
reliable cost estimates. Probably more 
than any other profession they have 
proved that they are masters of their 
t echno logy and can accurately predict 
the costs invo lved. 

Before then a t remendous amount 
of detai led w o r k w o u l d be required. 
It is far t oo early to ta lk money but it 
is w o r t h emphasiz ing already that it 
is unl ikely that energy f rom h igh 
energy, heavy ion induced fus ion 
w o u l d be cheaper than is avai lable, 
at present, f rom other sources. Perhaps 
a fus ion power plant w i t h several 
reactors fed by a s ingle accelerator 
system w o u l d cost a round $ 1 0 0 0 m i l 
l ion. But contro l led thermonuclear 
fus ion has the advantages that w e 
ci ted at the beg inn ing of the art icle 
and , long term, is man's greatest hope 
as a source of energy. 

It is surpr is ing that in a matter of 
a f e w months so much interest and 
enthusiasm has been generated on 
the top ic of heavy ions for fus ion . It 
is even more surpr is ing that the ideas 
have survived a t w o week invest iga
t ion by experts f rom the fus ion and 
accelerator f ields and have emerged 
stronger than w h e n the s tudy began. 
There is considerable op t im ism that 
the concepts are correct and that the 
necessary techno logy is feasible. The 
subject is so impor tant that it has to 
be pursued. 

SERPUKHOV 
Future Soviet 
h.e.p. facilities 
The part icle physics commun i t y in the 
Soviet Un ion is evolv ing plans for the 
const ruc t ion of a major complex of 
higher energy machines at the Inst i tute 
for H igh Energy Physics ( IHEP) , 
Serpukhov. The first stage of th is 
complex is seen as a 2 0 0 0 GeV (2 TeV) 
pro ton synchrot ron and a 20 GeV 
electron synchrot ron w i t h the abi l i ty 
to col l ide the proton and electron 
beams. As a second stage p ro ton -
proton co l l id ing beams w i t h energies 
up to 2 TeV are envisaged. The w h o l e 
complex is k n o w n under the name 
of UNK. 

The 2 TeV proton machine w o u l d 
have superconduct ing magnets w i t h 
f ields up to 4.5 to 5 T. They w o u l d 
use n iob ium- t i tan ium superconductor 
and the later appl icat ion of super
conduc to r such as n iob ium- t i n is seen 
as the route to higher energies (up to 
5 TeV) . The exist ing 76 GeV synchro
t ron at I HEP w o u l d be the proton 
in jector and a 1.5 GeV fast cyc l ing 
(20 Hz) booster is being added to the 
76 GeV machine so as to increase 
the beam intensity to 5 x 1 0 1 3 protons 
per pulse. The booster is scheduled 
for operat ion in 1978 -79 . 

The 2 TeV synchrot ron, w h i c h 
w o u l d probably be housed in a tunne l 
18 km in c i rcumference, w o u l d take 
ten 70 GeV pulses in mul t i turn in jec
t ion dur ing 54 s. The subsequent 
accelerat ion t ime to 2 TeV w o u l d be 
15 s ( lessening the superconduc t ing 
magnet problems w h i c h accompany 
fast risetimes) and 5 x 1 0 1 4 protons 
w o u l d then be available for e ject ion, 
using fast or s l o w eject ion systems, 
dur ing a f la t - top as long as 3 0 s. 
A d d i n g the t ime for the magnet f ields 
to return to in ject ion level, gives a 
to ta l cycle t ime of 114 s. 

Ano ther version of the accelerator 

comp lex to reach 2 TeV foresees 
accelerat ion in a smaller synchrot ron 
r ing to 4 0 0 GeV w i t h a 6 cm magnet 
aperture using convent ional magnets 
and fur ther accelerat ion to 2 TeV in 
a second r ing w i t h a 4 cm magnet 
aperture, using superconduct ing m a g 
nets. This version cou ld double the 
average intensi ty by a l l ow ing faster 
cycle t imes and cou ld also make 
p ro ton -p ro ton co l l id ing beams pos
sible. The magnet f ields in the first of 
the n e w rings w o u l d be capable of 
ho ld ing protons of up to 8 0 0 GeV 
w i t h magnet f ields of 1.8 T w h e n 
operated as a storage ring so that 
protons of 8 0 0 GeV cou ld be col l ided 
w i t h protons of up to 2 TeV. Super-
periods of the t w o rings w o u l d be 
inter laced in the vert ical plane g iv ing 
intersect ion regions at the straight 
sect ions. A max imum luminosi ty of 
1 0 3 3 per c m 2 per s is considered feasible 
w i t h some beam shaping in the inter
sect ions. 

Both n e w rings w o u l d be bui l t in 
a tunne l some tens of metres be low 
g round . T w o ejected beam lines to 
br ing particles to large experimental 
halls on the surface and four co l l id ing 
beam exper imental halls at tunne l 
level w o u l d be bui l t . The tunne l w o u l d 
also have room for a 20 GeV electron 
synchrot ron (against its outer wa l l so 
that the proton rings w o u l d not be 
in the synchrot ron radiat ion zone) . 
The electron beam intensity is seen 
as 5 x 1 0 1 3 particles per pulse w i t h 
in ject ion at 2 GeV and a total accelera
t ion t ime of 3 s. 

Design of the ' convent iona l ' parts 
of U N K inc lud ing the 4 0 0 GeV c o n 
vent ional magnet stage of the proton 
accelerator, is receiving detai led a t ten
t i on . The superconduct ing stage re
quires fur ther input f rom research and 
deve lopment programmes before it is 
des igned in detai l and , in the mean
t ime, some t hough t has been given 
to the possibi l i ty of doub l ing the role 
of the electron synchrot ron to serve 
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A plan view of the Charged and Neutral Spectro
meter (CNS) at the Argonne ZGS which has 
been used in a careful search for 'lost' mesons 
(particles predicted by the quark model but 
not yet found). The spark chambers which 
measure the direction of the negative pion 
beam are not shown. GHF, GHR are scintillator 
hodoscopes used for triggering on gammas. 

(Photo Argonne) 

as a pro ton storage r ing. It seems that 
this w o u l d be feasible for a moderate 
addi t ional cost. Various other energy 
variants for the convent iona l magnet 
stage remain under considerat ion. 

ARGONNE 
Spectrometer searches 
for lost mesons 
A power fu l spectrometer at the ZGS 
has recently comple ted a first round 
of experiments. It is designed for 
meson spectroscopy studies and is 
cal led the Charged and Neutral Spec
trometer (CNS) since it can measure 
both charged particles and gamma 
rays result ing f rom the decay of 
mesons. Reactions p roduc ing many 
neutral part icles, some of w h i c h were 
not previously accessible to s tudy in 
h igh statist ics counter exper iments. 

may be detected in th is apparatus. 
The CNS was bui l t by a USA/Canada 
col laborat ion invo lv ing groups f rom 
the Universit ies of Ohio State, M i c h i 
gan State, Carleton and Toronto , w h o 
were subsequent ly jo ined by a g roup 
f rom McG i l l . 

The recent d iscovery of massive 
n e w part icles w h i c h are interpreted 
as bound states of heavy new quarks, 
has renewed interest in charmless 
meson spect roscopy as a prov ing 
g round for the quark model of ele
mentary particles. The most recent 
exper iment at the CNS was a search 
for lost mesons — those predicted by 
the model but not so far conf i rmed 
exper imental ly. 

The pr ime quarry was the elusive 
neutral Ai meson whose absence has 
been an embarrassment to the quark 
model for several years. If th is part ic le 
does not exist, the model has some 
to r tuous expla in ing to do. However , 
the A i , l ike other predicted but as yet 

unseen mesons, is expected to s h o w 
a preference for decay ing into both 
charged and neutral p ions ( the Ai is 
supposed to decay cop ious ly into 7 r + 
7 1 - TU°) w h i c h makes their detect ion 
di f f icu l t . M u c h of the exist ing data on 
these missing particles has come f rom 
l imited statistics bubble chamber ex
per iments w h i c h may not have been 
sensit ive enough to see the lost 
mesons if their p roduct ion cross 
sect ions are smal l . The CNS exper i 
ment is able to obta in data on such 
reactions as TZ- p-+ TT+ TU- TZ°X\ and 
re- p ^ 7T+ 7T- 7]n w i t h o u t the necessity 
of observ ing the recoil neutron. 

The CNS is const ructed around a 
large bend ing magnet w i t h an aperture 
1 m h igh , 2 m w i d e and 0.8 m along 
the beam di rect ion. Large area m a g -
netostr ict ive w i re spark chambers are 
located on both sides of the magnet , 
to measure the momen tum of charged 
particles produced in a hydrogen or 
deuter ium target. Jus t downs t ream is 
a sheet of lead to convert gamma rays 
to e lec t ron-pos i t ron pairs, f o l l owed 
by several more w i re spark chambers 
to locate the convers ion points. Finally, 
a 56 element 1.5 m x 1.5 m array of 
lead glass Cherenkov counters meas
ures the energies of the electro
magnet ic showers. Events w i t h gamma 
ray mul t ip l ic i t ies as h igh as four have 
proved to be qui te easy to analyse. 
Sc int i l la t ion counter hodoscopes be
fore and after the lead converter a l low 
the system to be t r iggered on events 
w i t h the desired charged part icle and 
shower mult ip l ic i t ies. Scint i l la tor-
lead sandw ich counter arrays sur
round ing the target can be used to 
reject most events w i t h recoil particles 
other than a single neutron. A n on- l ine 
computer records the data and re
constructs about 30 % of the events 
be tween beam pulses. Typical beam 
intensi ty is 1 0 5 negat ive pions at 
8.5 GeV/c . 

A prel iminary TT+ n- n° mass spectrum 
f rom the lost meson exper iment (based 
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Lowell Bollinger (left) and Ken She par d nurse a 
superconducting split-ring resonator such as 
will be used in a linac to accelerate heavy ions 
at Argonne. The resonators have been success
fully tested at accelerating gradients of 
3 MV/m. 

(Photo Argonne) 

on 45 % of the data analysed to date) 
conta ins an average of 9 0 0 events per 
10 M e V / c 2 mass b in , already an order 
of magni tude improvement over pre
v ious experiments. The k n o w n reso
nances 7], co, A° , and to (1675) are 
clearly seen but there is no evidence 
for the A i . A f inal l imit on its presence 
w i l l not be certain unt i l a more 
sophist icated th ree-p ion phase shi f t 
analysis is performed on the ful l data 
sample. The mass spect rum of the 
7T+ 7T- 7] system (where the 7) is observed 
via its decay to t w o gammas) shows 
clear peaks for the 7)' ( 960 ) and D 
(1285 ) mesons, but no evidence for 
the E (1420 ) . The decay D (1285 ) -> 
§ (980) 7T is clearly seen. Finally, 
examinat ion of the f ina l states TU+ TZ~ 
3 y and TC+ n- 4 y shows clear ev idence 
for the radiative decays co -> 7) y and 
7)' (960) —> co y, as we l l as for the 
neutral B meson via its decay B° - * 
CO 7 T ° . 

Earlier exper iments w i t h the CNS 
inc lude a h igh statist ics s tudy of eta 
and omega product ion and of omega-
rho interference in n± N -> n+ n° N. 
Some of th is data has already been 
publ ished. Future plans inc lude i m 
prov ing the gamma detect ion e f f i 
c iency to provide higher sensi t iv i ty 
for such mul t igamma f inal states as 
7) 7T0, 7] 7] and 7]' ( 960 ) TT° as we l l as 
those already ment ioned. A lso p lanned 
are searches for charged mesons in 
7T- p -> TC+ TC- TC- (n y ) p , where the 
meson decays are in such channels 
as co 7C-, 7]' (960) 7ir, and A£ TC-. 

Construction of 
superconducting 
accelerator 
Const ruct ion is beg inn ing at A rgonne 
of a l inac w h i c h w i l l increase the 
energy of heavy ions w h i c h have gone 
th rough a first accelerat ion stage in 
a tandem Van de Graaff. The l inac 

w i l l use superconduct ing ' sp l i t - r ing ' 
resonators w h i c h w i l l reduce the 
capital cost by about 3 0 % and the 
necessary operat ing power to one 
tenth . 

The idea for the superconduct ing 
sp l i t - r ing type resonators was pro
moted by Ken Shepard and his c o l 
leagues at Cal. Tech. in 1974 w h o 
started w i t h leadplated copper ver
sions. Shepard moved to the A rgonne 
Physics Divis ion and wo rked on the 
superconduct ing l inac w i t h Lowel l 
Bol l inger ( w h o n o w leads the l inac 
pro ject ) . The resonators are n o w made 
of n iob ium and conclus ive tests were 
carried out at the end of Apr i l of th is 
year. Accelerat ing gradients of 3 M V / m 
were achieved w i t h the resonators at 
4.2 K and operat ing at 97 M H z . 

S 2 mi l l ion have been assigned to 
the l inac project w h i c h involves bo th 
the Chemistry and Physics Divis ions 
at A rgonne . The linac w i l l be 10 m 
long hous ing 18 resonators each of 

w h i c h w i l l consume about 1 W of 
power . It w i l l receive heavy ions at 
about 60 MeV f rom the tandem 
(10 M V terminal vol tage) and accel 
erate them to about 4 0 0 MeV before 
send ing them to a new target area 
( w h i c h has been under const ruct ion 
for several months) for nuclear physics 
exper iments. The l inac is scheduled 
for comp le t ion in the first half of 1978 . 

BROOKHAVEN 
Protons in medicine 
The Brookhaven Medica l Proton Faci l 
i ty has been prepared for commiss ion 
ing n o w that the A G S is back in act ion 
since the end of August . The project 
br ings physics and medic ine together 
in a j o in t effort of the Med ica l , App l ied 
Science and Accelerator Departments 
to deve lop pro ton radiat ion therapy. 
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As at several other accelerator cen 
tres, the goal is to use charged par
t ic les (p ions, protons or heavy ions) 
for dest roy ing cancer cells. W h e n 
such particles are s topped in body 
t issue, they deposi t the bulk of their 
energy in a small vo lume at the end 
of their range and can thus at tack a 
cancerous region w i t h less harm to 
sur round ing heal thy cells. Compar ing 
2 0 0 M e V protons f rom the Brook-
haven l inac w i t h gamma radiat ion 
f rom a coba l t - 60 source s h o w e d that 
the dose received by healthy cells was 
reduced by a factor be tween 2 and 5. 

To deliver the dose to the cancerous 
region requires accurate know ledge 
of the t issue (part icular ly its densi ty) 
traversed by the beam. A techn ique 
under deve lopment at Brookhaven is 
to mon i to r radionucl ides produced in 
the t issue by protons and to set the 
beam penetrat ion depth hav ing meas
ured th is induced act iv i ty. O x y g e n -
15 and carbon-11 are produced in 
measurable quant i t ies using doses 
w h i c h are smal l compared to the 
therapeut ic dose needed in the same 
vo lume. Mon i to r i ng 1 5 0 and 1 1 C dur ing 
a l o w level i rradiat ion cou ld be used 
to set the cond i t ions for the thera
peut ic i rradiat ion by in t roduc ing a 
shaped plastic absorber in the path 
of the incoming beam. 

The radioact ive oxygen (half l ife 
2 minutes) and carbon (half l i fe 
20 minutes) emit posi t rons w h i c h 
comb ine w i t h electrons to give a pair 
of gammas emerg ing in oppos i te 
d i rect ions w i t h an energy of 511 keV. 
W i t h a we l l def ined beam into the 
irradiated vo lume and detectors on 
each side, the locat ion of the posi t ron 
annih i la t ions can be f o u n d . The aim 
is a spatial resolut ion of 1 cm w i t h a 
dose of less than 50 rads. 

The Brookhaven l inac can del iver 
1 0 6 rads per pulse ten t imes per second 
wh i l e on ly about 2 rads per pulse are 
needed for the local izat ion measure
ments. Col l imators in the beam trans

port system cut the intensi ty by a 
factor of 250 and scatter ing and 
co l l imat ion separated by a 30 m drif t 
space comple te the reduct ion g iv ing 
a we l l de f ined, h igh ly un i form beam. 
Experiments so far have sat isfactori ly 
checked the effect on the resolut ion 
of such parameters as dose, energy 
spread and scatter ing. Beam contro l 
techn iques and the magn i tude of 
compe t ing background reactions have 
also been s tud ied. 

A phenomenon w h i c h cou ld c o n 
fuse the results is that the radionucl ides 
can move f rom the posi t ion where 
they are produced by the incoming 
protons before they give off their 
pos i t ron. This b io log ica l t ransport was 
invest igated by i rradiat ing rats and it 
was f o u n d that about 3 0 % of the 
radionucl ides were qui te mobi le . This 
was ident i f ied w i t h the extracellular 
f lu id w h i c h needs on ly travel some 
50 [iir\ to a capi l lary and then enter 
the c i rculatory system. 

Fortunately, w i t h such a short di f 
fus ion path, the phenomenon does 
not mask the desired measurements 
other than to add a near un i fo rm back
g round of magn i tude about 2 %. Mos t 
of the observed radiat ion is ident i f ied 
w i t h the intracel lular f l u id w h i c h is 
a lmost immobi le . The techn ique is 
complementary to that of in ject ing 
radioact ive substances into the body 
(where ini t ia l ly the radioact iv i ty is 
extracel lular) and cou ld give new 
insights into molecular t r a n s p o r t in 
b io log ica l systems. 

LOS ALAMOS 
Optimizing clinical 
accelerators 
The Mach ine Physics Div is ion at the 
Los A lamos Scient i f ic Laboratory has 
recent ly been awarded a three year 
grant f rom the Nat ional Cancer Inst i 
tu te ( N C I ) , Div is ion of Cancer Re

sources and Centers, to s tudy linear 
accelerator opt imizat ion for p ion gener
ators to be used in cancer therapy in 
hospitals. 

Los A lamos is heavi ly involved in 
a programme to invest igate the use of 
p ions in cancer therapy — the 8 0 0 MeV 
proton linear accelerator, L A M P F , has 
a dedicated p ion channel and cl inical 
faci l i ty. This faci l i ty was bui l t by a 
col laborat ion be tween E R D A a n d NCI 
w h o cont inue to suppor t its exper i 
mental programme. The experience 
gained in this w o r k and the accelerator 
experience at Los A lamos w i l l be 
comb ined to produce prototype accel 
erator sect ions whose propert ies are 
opt imized for use in the special cir
cumstances expected in a hospital 
env i ronment . Edward Knapp is the 
pr incipal invest igator w i t h Dona ld 
Swenson as deputy. 

Several accelerator parameters w i l l 
be s igni f icant ly dif ferent in a c l in ical ly 
based faci l i ty compared to a physics 
faci l i ty. In the design of L A M P F , du ty 
factor played a central role but in a 
cl inical faci l i ty it is a minor importance. 
Overall length on the other hand is a 
major considerat ion w h e n th ink ing of 
s i t ing it at hospitals. Rel iabi l i ty and 
cost are also of major impor tance and 
it has to be remembered that in a 
hospital the maintenance and operat
ing staff w o u l d probably be smaller 
and less technica l ly sophist icated than 
at a large physics Laboratory. 

The Los A lamos programme w i l l 
tackle the design of pro ton l inacs to 
generate pions w i t h the f o l l o w i n g goals 
in mind — (1) to raise the f requency 
of the dri f t tube l inac f rom the s tand
ard 2 0 0 M H z to 4 5 0 M H z ; (2) to 
achieve the use of permanent magnet 
focus ing in dr i f t tube l inacs; (3) to 
extend the radial focus ing properties 
of al ternat ing phase systems so as to 
reduce the in ject ion vo l tage into the 
machine substant ia l ly ; (4) to devise 
a mani fo ld ing system w h i c h w i l l 
s impl i fy accelerator tun ing and adjust -

296 



Diagram of the RCVD, Rapid Cycling Vertex 
Detector, which has had its first tests at the 
Rutherford Laboratory. The bubble chamber is 
30 cm in diameter and 20 cm high and will 
operate at up to 60 expansions per second. The 
expansion system and optical system (for which 
light paths are drawn in) are located below 
the chamber. 

The RCVD will be used initially in conjunction 
with four cylindrical spark chambers and the 
picture shows how such a hybrid system will 
record multiparticle events, firing the RCVD flash 
when five or more particles are detected. 
The interaction vertex can then be examined 
in detail on the bubble chamber photographs. 

ment and a l l ow klystron fai lure w i t h o u t 
machine s h u t d o w n ; (5) to increase 
the max imum gradient achievable in 
dri f t tube l inac structures and in s ide-
coup led structures by proper surface 
preparat ion. 

A t the present t ime a short sect ion 
of dr i f t tube l inac is be ing fabr icated 
and a 4 5 0 M H z klystron system is 
be ing assembled. M o d e l tanks for 
bead perturbat ion measurements of 
the f ie ld d is t r ibut ions in the al ternat ing 
per iodic system are p lanned this fal l 
and prototype permanent magnet 
quadrupoles have been assembled 
and tested. By the end of the three 
year per iod of the grant, a l o w energy 
(about 10 MeV) pro to type w i l l be 
comple ted and extensive beam tests 
w i l l have been accompl ished. 

RUTHERFORD 
RCVD coming 
into action 
The Rutherford Laboratory 's Rapid 
Cyc l ing Vertex Detector (RCVD) w a s 
sensit ive for the first t ime on 18 Ju ly . 
The RCVD is a smal l rapid cyc l ing 
bubb le chamber designed speci f ical ly 
t o operate w i t h external counter 
systems in a hybr id mode. The hybr id 
ph i losophy, w h i c h retains the merits 
of the bubb le chamber at the inter
act ion vertex in comb ina t ion w i t h the 
merits of counter techn iques to analyse 
the particles leaving the chamber, has 
already been used very successful ly 
at Stanford w i t h 15 inch and the 
4 0 inch bubble chambers. It is also 
the basis for the European Hybr id 
Spectrometer proposed for the Nor th 
Area of the 4 0 0 GeV SPS at CERN 
and its counterpart us ing the 30 inch 
chamber at Fermilab. 

The RCVD bubb le chamber is 
cyl indr ical (30 cm diameter, 20 cm 
deep) w i t h the beam di rect ion across 
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a diameter. To d raw max imum ad 
vantage f rom the fast data tak ing 
abil i t ies of the associated counters, 
the chamber shou ld be able to take 
pictures many t imes per second. It is 
designed to cycle at 60 Hz — hence 
the wo rds Vapid cyc l i ng ' in its t i t le. 
Ano ther essential feature is that par
t icles shou ld have a h igh probabi l i ty 
of escaping f rom the chamber and to 
achieve this bo th the opt ics and the 
electromagnet ic expansion system are 
pos i t ioned at the base of the chamber 
w h i c h has a wa l l th ickness of on ly 
3 mm of a lumin ium (chamber body 
and vacuum tank ) . The main w i n d o w 
also serves as a p iston and the 
i l luminat ion is br ight f ie ld retro-
direct ive using a concave mirror as 
the t op of the chamber. 

Dur ing the test per iod of about one 
week before N I M R O D was shut d o w n 
for its Summer break, the chamber 
was cycled in bursts of up to 0.5 s 
synchronised w i t h the N I M R O D flat 
top . A t f requencies up to 20 Hz (ten 
expansions in 0.5 s) the chamber 
operated we l l and g o o d tracks were 
sti l l ob ta ined on the 9 th and 10th 
expansions dur ing the burst. For these 
tests N I M R O D was adjusted to give 
a series of fast spil ls on demand f rom 
the bubble chamber. Operat ion at 
4 0 Hz was at tempted dur ing the last 
f e w hours of machine t ime and there 
were di f f icul t ies. The higher f requen
cies have yet to be properly explored 
because of necessary adjustments to 
the refr igerat ion and expansion sys
tems. The chamber const ruc t ion team 
feels very encouraged by th is f irst 
operat ion and expects to achieve the 
fu l l design performance fair ly soon . 

The RCVD physics programme at 
N I M R O D is to make a h igh statist ics 
s tudy of the S = - 2 baryon states 
( S * s) . The chamber f lash w i l l be 
t r iggered w h e n the counters register 
a mul t ip l ic i ty of secondary particles 
emerg ing f rom the interact ion. It is 
hoped to have a sensit iv i ty of 4 0 0 to 

5 0 0 events per microbarn for the 
wan ted events. The S = - 2 states are 
typ ica l ly mul t ivertex events, t o p o 
l o g i c a l ^ we l l sui ted to invest igat ion 
using the bubble chamber techn ique, 
w i t h cross sect ions of a f e w mic ro-
barns for the interest ing resonance 
states. 

W h e n the charged decay modes of 
the strange particles occur, they 
general ly lead to a mul t ip l ic i ty of six 
emerg ing particles of w h i c h at least 
f ive must be detected by the counters 
to give a f lash tr igger. The incoming 
beam w i l l be negat ive kaons of 
m o m e n t u m 2.8 GeV/c g i v ing sensit iv
i ty to H* states w i t h mass over about 
2.0 GeV/c 2 . Four cyl indr ical capaci ty 
read ou t spark chambers, concentr ic 
w i t h the bubb le chamber, are read 
ou t dur ing the bubb le g r o w t h t ime of 
1 to 2 ms. These spark chambers are 
themselves t r iggered by the pre-
tr igger scint i l lators using a looser logic 
(a part icle mul t ip l ic i ty of three or over) . 

The exper iment w i l l be carried out 
by a co l laborat ion invo lv ing physicists 
f rom Saclay, Col lege de France, U n i 
versi ty of Rome, Universi ty of Oxford 
and the Rutherford Laboratory. The 
experience ga ined w i t h the RCVD 
w i l l be extremely valuable in the design 
and const ruc t ion of the larger rapid 
cyc l ing chamber to be bui l t by the 
Rutherford team in co l laborat ion w i t h 
CERN for the European Hybr id Spec
trometer. 

Polarised 
deuteron target 
A n e w target des igned to produce 
polarised deuterons using he l ium-3 
con t inuous cycle refr igerat ion has 
recent ly been comple ted at Ruther
fo rd . In one of the init ial runs, 
polar isat ions of more than 28 per cent 
were reached. The target w i l l soon be 
used in a t w o year data tak ing p ro 
gramme in kaon beams on N I M R O D . 

Using 50 cc of deuterated propane

diol beads as target material, the target 
w i l l be used to s tudy asymmetries in 
K + n and K~ n t w o - b o d y processes in 
the resonance region. It is therefore 
the neutrons a l igned w i t h i n the polar
ised deuterons w h i c h are of interest. 
As is of ten the case, a major problem 
is to deal w i t h background events, 
in th is case arising f rom the neutrons 
in the carbon and oxygen nuclei in 
propanedio l and in the nuclei w i t h i n 
the material of the cryostat. Arrays of 
propor t ional and spark chambers, as 
we l l as neutron counters, sur round 
the target to give precise in format ion 
to help in the task of separat ing out 
the g o o d events. A lot of t ime w i l l be 
spent in s tudy ing this background 
using ordinary propanedio l as target 
material. Here the deuterons are re
placed by protons so that the dif
ference shows the neutron con t r i bu 
t ion . 

The expensive target material there
fore has to be changed rather f re
quent ly and much effort has c o n 
centrated on mak ing th is operat ion 
go smooth ly . The target itself is re
moved f rom the cryostat a long a set 
of rails in to a g love box in w h i c h the 
cavi ty con ta in ing the target material 
can be easily exchanged w i t h o u t all 
the usual problems of f ros t ing, etc. 

Because the target has qui te a large 
vo lume, it is impor tant to have a good 
est imate of the w a y the polar isat ion 
is d ist r ibuted since th is enters into 
the f inal measured asymmetry. Four 
small coi ls are moun ted in the propa
nediol beads to measure the polar isa
t ion of the f e w remaining free protons 
in the deuterated material, wh i l e one 
larger coi l measures the deuteron 
polar isat ion over the bu lk of the target.. 
The magnet prov id ing a un i form f ie ld 
for the target is iron cored and has 
already been used for several polarised 
target exper iments over the past ten 
years, the last one being an exper iment 
on the CERN proton synchrot ron. For 
each n e w exper iment the magnet has 
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View of the electron-positron storage rings, 
DCI, at Orsay. One of the two rings is now in 
operation for high energy physics and synchro
tron radiation experiments. The second ring will 
be commissioned at the end of this year. 

(Photo Bar anger) 

been modi f ied and for its present 
appl icat ion a hole has been made in 
the vert ical return yoke to a l l ow beam 
to enter the target wh i l e leaving max i 
m u m aperture avai lable for detectors. 

Baryon Conference 
The first internat ional conference de 
vo ted to baryon spect roscopy since 
the Purdue Conference three years 
ago was held at St Catherine's Col lege, 
Ox ford , f rom 5-9 Ju ly . The T o p i c a l 
Conference on Baryon Resonances' , 
organised by the Rutherford Labo
ratory, enabled over a hundred phys i 
cists f rom f i f teen countr ies to discuss 
n e w data, analyses and theories. 

As we l l as being encouraged by 
the physics, part ic ipants en joyed the 
gracious hospi ta l i ty of St Catherine's 
Col lege, especial ly the excel lence of 
the w i n e w h i c h lubr icated the C o n 
ference Dinner. M a n y people — par
t icu lar ly the UK delegates — were 
surprised by the subt rop ica l weather 
w h i c h prevailed t h roughou t the week 
p rompt ing one commenta to r to s u g 
gest renaming the event as the T r o 
pical Conference on Baryon Reson
ances'. 

H igh precision data were presented 
on ^ p elastic di f ferent ial cross sec
t ions at 51 momenta be tween 0.4 and 
2.15 GeV/c by the B r i s to l /Sou thamp
ton /Ru the r fo rd co l laborat ion and on 
polar isat ion and dif ferent ial cross sec
t ion measurements for the react ion 
T u - p - > T c ° n at 22 momenta (0 .62 to 
2.73 GeV/c ) by a Rutherford group. 
N e w TTN partial w a v e analyses were 
presented by E.U. Pietarinen ( H e l 
s ink i ) , A. Hendry ( Ind iana) and the 
Ca rneg ie -Me l l on /LBL group. A l l of 
these analyses use theoret ical inpu t 
f rom dispersion relat ions to l imit the 
h igh energy behaviour so that even 
M and N waves were presented. 
(This raised a point of convent ion 
concern ing label l ing of partial waves , 
and a reference to the bible of A t o m i c 

Spectroscopists, Condon and Short ley 
( 1 9 3 5 ) , established that the symbol J 
is to be omi t ted f rom the par t ia l -wave 
sequence S P D F G H I K L M N O Q R T U . . . ) . 

Barrelet zero cri t iques of partial 
wave analysis were presented by 
D.M. Chew (LBL) and E. Barrelet 
(Ecole Polytechnique) and an an imat
ed discussion on the merits of the 
var ious techniques ensued. The c o n 
t i n u u m ambigu i ty was discussed by 
D. A tk inson (Gron ingen) . Exper imen
tal ists were relieved to see that the 
con t i nuum of solut ions cannot erase 
the more prominent features of A rgand 
diagrams, t hough small resonance 
loops are of ten in grave doubt . 

M a n y results and analyses were 
presented on hyperon resonances. In 
add i t ion to convent ional h igh statist ics 
K"p data f rom the Ruther ford/ Imper ia l 
Col lege col laborat ion, there were n e w 
pure l-spin data f rom K~d ( C E R N / 
Heidelberg / M u n i c h , B i rmingham and 
CERN/Caen) and K°L p ( B o l o g n a / 
Edinburgh / G lasgow / Pisa / Ruther
ford and Bi rmingham/Par is) exper i 
ments. These data constrain partial 
wave analyses, and much discussion 
was provoked by a s igni f icant d is
agreement in the KN -> STT (I = 1) 
cross sect ion obta ined by the t w o 
techniques. The Y a l e / B N L tota l cross 
sect ion measurement reported several 
nar row structures in the l -spin separ
ated KN cross sections between 1530 
and 1830 MeV. N e w data bearing on 
the 2 (1660) resonances and dramat ic

al ly increasing the wo r l d supply of 
E* and Q.~ events were presented by 
the Amsterdam / CERN / Ni jmegen / 
Oxford K"p 4.2 GeV/c experiment. 
Hopes of bu i ld ing an n~ beam were 
dealt a heavy b l o w by their l i fet ime 
measurement ; they reported a value 
of (0 .75 ± 0.15) 10~ 1 0 s based on 
32 events compared to the previous 
w o r l d average w h i c h was almost 
doub le that value. 

Final ly there were several talks on 
models to explain the observed baryon 
spect rum (and predict new states!). 
Perhaps the least famil iar of these is 
the Bag Mode l presented w i t h en thu 
siasm and clari ty by R. Jaf fe ( M I T ) . 

In his summary of the Conference, 
R. Tr ipp of Berkeley pointed out the 
progress that had been made in the 
past four years in the systematic s tudy 
of one of the most fundamenta l inter
act ions of physics and urged that 
efforts be con t inued and renewed to 
prov ide bo th better and more varied 
data in the resonance energy region. 

ORSAY 
Progress at DCI—J/Psi 
also observed 
T h e J u l y / A u g u s t 1 9 7 5 C O U R I E R ( p a g e 
228 ) reported the in ject ion of a f irst 
e lectron beam in DCI . Since then , the 
main a im has been the commiss ion ing 
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The Jlpsi particle spotted with the detector on 
DCI used in the M3N experiment. The curve 
shows the rise in cross section as the colliding 
electron and positron energies total the particle 
mass of just over 3.1 GeV. The photograph shows 
the tracks left in the detector. 

of the f irst of the t w o e+ e~ r ings, for 
h igh energy physics and for the use 
of synchro t ron radiat ion by LURE 
(Laboratoire pour I 'Ut i l isat ion du 
Rayonnement Synchro t ron ) . The c o n 
st ruct ion of the second r ing is mean
wh i l e being con t inued . The second 
beam transport system became opera
t iona l at the end of December 1975 , 
and the linear accelerator is n o w 
regular ly prov id ing a 1 GeV posi t ron 
beam of 5 x 1 0 s particles per pulse, 
20 ns w i d e , and a ten fo ld more intense 
electron beam. The pulsed units 
operat ing at 12.5 Hz make it possible 
to inject posi t ron beams at an average 
rate of 1 A / h o u r (max imum 1.8 A / 
hour ) . It shou ld be possible to doub le 
th is f igure w i t h in ject ion at 1.2 GeV, 
w h i c h can be done w i t h the ex is t ing 
system. 

The r.f. accelerat ing cavi ty suppl ied 
by a 100 k W power supp ly operates 
at 325 kV and has made it possible 
to g ive the beams a power of 15 k W 
w i t h a power loss in the cavi ty itself 
of 20 kW. These values are p ro
v is ional since so far no l imit has been 
observed in pract ice. The main p rob 
lem encountered here has been caused 
by a parasitic mode of the cavi ty , 
w h i c h , outs ide a nar row regulat ion 
range, induces phase osci l lat ions in 
the stored beams. The vacuum pressure 
cont inues to improve w i t h the p ro
gressive outgassing of the wa l ls by 
the synchro t ron radiat ion. Dur ing 
storage tests in a s ingle beam and a 
s ingle bunch , the intensi ty reached 
185 m A of posi t rons and 250 m A of 
electrons, once the hor izontal and 
vert ical chromat ic i t ies of the machine 
had been made posi t ive. 

The max imum energy of the beams 
w i t h electrostat ical ly separated orbi ts 
is 1.56 GeV w h i c h requires the exci t 
ing currents of the horizontal magnets 
and the r ing quadrupoles to be h igh ly 
accurately p rogrammed. Finally, the 
orbi ta l measurements made by t w e n t y 
stat ions d is t r ibuted a long the machine 

gave a relative precis ion better than 
0.1 mm. Work is n o w be ing done on 
op t im iz ing the luminos i ty for var ious 
w o r k i n g energies: 0.8, 0.92, 1.0 and 
1.56 GeV, and respective values of 
0.7, 1.3, 1.9 and 1.1 x 1 0 2 9 c m - V 1 

have been at ta ined. The machine was 
adjusted at l o w energy so as to obta in 
the max imum beam cross sect ion 
(v x = 3.72, v z = 1.72), wh i l e , at h igh 
energy, the luminos i ty obta ined was 
produced on ly w i t h f lat beams. 

High energy physics and synchrotron 
radiation 

The M 3 N exper iment instal led in the 
exper imental sect ion of DCI is par
t icu lar ly sui table for detect ing meson 
neutral modes. It consists of a number 
of w i re propor t ional chambers and 
opt ica l spark chambers separated by 
layers of scint i l lators and lead radiators 
(half a radiat ion wave leng th th ick) 
and an iron absorber mak ing it possible 
to detect muons over a f ract ion of 
the sol id angle. 

Af ter a h igh ly select ive detector 
t r igger ing device had been regulated, 
an energy sweep between 3 0 7 0 and 
3 1 3 0 MeV has started qu i te recently, 
w i t h the energy cal ibrat ion of DCI 
k n o w n a prior i on ly to w i t h i n 1 %. 
The sweep p i tch was 4 MeV w i t h a 
durat ion of ten minutes per energy. A t 
3106 M e V (the J / p s i par t ic le) , a s ignal 
tw i ce as s t rong as the background 
w a s measured. Visual observat ion of 
the spark chamber tracks immediate ly 
conf i rmed that every other exposure 
s h o w e d a mul t i - t rack event w h i c h 
dif fered considerably f rom the back
g round noise photographs, in w h i c h 
there were hardly any sparks. A f irst 
exci tat ion curve, obta ined w i t h i n less 
than t w o hours, gave a w i d t h of 
3.3 MeV ( F W H M ) , w h i c h agreed w i t h 
the energy spread of the t w o beams 
in DCI . 

The f irst LURE-DCI l ine was opened 
in M a y 1976. It uses synchrot ron 

radiat ion w i t h an energy above 3.5 keV 
and comprises f ive w i n d o w s so that 
f ive exper iments may be conduc ted 
s imul taneously. Beams w i t h an init ial 
intensi ty of 90 m A were stored at an 
energy of 1.56 GeV for the first 
exper iments. The tota l radiated power 
was then 15 k W and the life of the 
beams was four hours. 

T w o w i n d o w s are f i t ted w i t h a 
curved crystal monochromator focus 
ing the monochromat ized beam at 1 
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The superconducting post accelerator section 
installed in a beam line at the Heidelberg tandem. 
The superconducting section was built at 
Karlsruhe and has had a successful first series 
of tests. 

(Photo Karlsruhe) 

or 2 m and prov id ing a cho ice of 
wave leng th . A smal l -angle X-ray d i f 
fus ion exper iment is n o w being set 
up behind one of these m o n o c h r o -
mators. The second is f o l l o w e d by an 
X-ray di f f ract ion apparatus in tended 
for b io log ica l structure invest igat ions. 
A first exposure obta ined on a crystal 
of phycocyanine s h o w s t h a t w i t h a 
three t imes shorter exposure, the 
resolut ion is greater than that o b 
ta ined beh ind a rotat ing an t i - ca thode 
tube . 

T w o other w i n d o w s are f i t ted w i t h 
channe l -cu t monochromators w i t h cut 
german ium or s i l icon crystals, isolat ing 
a pass band of about 1.5 eV in to a 
quasi-paral le l beam about 4 cm w i d e 
and a f e w mil l imetres h igh . The energy 
can be con t inuous ly swept , mak ing it 
possible to perform exper iments not 
feasible w i t h ordinary pho ton sources. 
One of these monochromators is used 
for f ine absorpt ion structure measure
ments (EXAFS) in the f ie ld of sol id 
state physics and b io logy . Init ial 
measurements have already been made 
th is J u l y on the K threshold of ch ro 
m i u m and t i tan ium in Ti02. The other 
monochromato r is at present be ing 
used to measure X- ray f luorescence 
in atomic physics. The f i f th channel 
uses wh i t e radiat ion for topograph ica l 
exper iments. Tests on the t ransmi t ted 
images obta ined s h o w that it is n o w 
possible to produce images of a qua l i ty 
comparable to those obta ined w i t h 
the usual topograph ica l apparatus in 
t imes w h i c h are 100 to 1000 t imes 
shorter; the present beam d imensions 
and stabi l i ty already g ive g o o d reso lu
t i on . 

Af ter a t w o - m o n t h s h u t d o w n dur ing 
w h i c h the instal led power at the labo
ratory w i l l be increased to 14 M V A , 
the co l lec t ion of data for the M 3 N 
exper iment w i l l begin again next 
October, together w i t h further design 
studies on the beams and the use of 
the synchrot ron radiat ion beams by 
LURE. It is in tended to commiss ion 

the second ring of DCI by the end 
of 1976. 

KARLSRUHE 
Post accelerator tested 
at Heidelberg 
Fo l low ing on the news about super
conduc t i ng linear accelerator systems 
f rom Argonne is related news f rom 
Karlsruhe. On 26 June , tests were 

started at the 13 M V tandem acceler
ator of the Max Planck Inst i tut f i i r 
Kernphysik at Heidelberg on a super
conduc t i ng heavy ion post accelerator 
sect ion bui l t at IEKP Karlsruhe. The 
short accelerator l ine consists of t w o 
helix resonators made f rom n iob ium 
together w i t h the necessary cryogenic 
and r.f. cont ro l systems. 

In the first run an accelerat ing 
vo l tage of 0.5 M V was achieved w i t h 
bo th resonators phase synchronised 
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in c.w. operat ion. The measured 
energy gain for su lphur 14 ions at 
120 MeV was 7.12 MeV. The design 
f ie ld levels of 2.3 M V / m axial f ie ld 
and 1 M V average f ie ld per resonator 
length are conservat ive values, for 
w h i c h good rel iabi l i ty and repro
duc ib i l i ty over long periods of t ime 
are expected w i t h present techno logy . 
Further tests conf i rmed that the usable 
ve loc i ty range of the short helix reso
nators was for particles w i t h a & (rat io 
of part icle ve loc i ty to the ve loc i ty of 
l ight) be tween 0.06 and 0 . 1 . Calcula
t ion shows that ident ical resonators 
of this type are suitable for any stage 
of a 10 M V post accelerator for ions 
w i t h i n the range f rom carbon to 
bromine. 

The corresponding r.f. power loss 
was less than 1 W per resonator and 
this power was supp l ied , together 
w i t h the r.f. power required for 
f requency cont ro l , by a 100 W t ran 
sistor ampli f ier. The tota l coo l ing 
power required, inc lud ing cryostat and 
transfer losses, was 9 W at 4.2 K. It 
was prov ided by sh ipp ing about 
1000 I of l iqu id hel ium per week f rom 
Karlsruhe to Heidelberg. 

Considerable reduct ions in c o n 
st ruct ion and operat ion costs w i t h 
respect to earlier superconduc t ing 
devices are achieved by three meas
ures: (1) argon arc we ld i ng of n io 
b ium instead of electron beam w e l d 
i n g ; (2) forced f l o w coo l ing w i t h 
4.2 K hel ium instead of 1.8 K bath 
coo l ing (this coo l ing concept , f irst 
used for r.f. superconduct iv i ty , reaches 
a h igh coo l ing capaci ty for the helix 
and cuts the cost of the coo l ing 
system to a ha l f ) ; (3) an improved 
r.f. system w i t h modular const ruc t ion 
adapted to computer cont ro l . 

Operat ion of the system w i t h var ious 
ions dur ing th is au tumn shou ld y ie ld 
in format ion on rel iabi l i ty and ease of 
operat ion, on possible deter iorat ion 
of the superconduc t ing surfaces after 
exposure to var ious types of ions, and 

on long term averages of power and 
hel ium consumpt ion . These points are 
of part icular impor tance because they 
w i l l permit a direct compar ison w i t h 
the normal spiral resonators already 
in operat ion at Heidelberg. 

BERKELEY 
ESCAR progress 
The Lawrence Berkeley Laboratory is 
const ruc t ing a small p ro ton synchro 
t ron /s torage r ing (a f e w GeV peak 
energy) to check ou t the use of super
conduc t i ng magnets in a true acce l 
erator env i ronment . It is a 'research 
and deve lopment ' project, k n o w n as 
ESCAR (Experimental Supe r -Con 
duc t ing Accelerator R ing) , w h i c h w i l l 
feed in format ion into the large scale 
projects w h i c h incorporate super
conduc t i ng magnets. 

The present programme aims to 
have t w o quadrants of the r ing ready 
for tests in the Summer of 1977 . The 
quadrants w i l l be v i r tual ly complete 
w i t h magnets, refr igerat ion, vacuum 
and controls. These tests cou ld dictate 
fur ther changes in comple t ing the 
r ing. It is above all in prov id ing 
experience of a total system that 
ESCAR hopes to make its cont r ibu t ion 
rather than in the perfect ion of the 
superconduc t ing magnets themselves. 
In add i t ion , the comple ted r ing may 
f ind appl icat ion in invest igat ing acce l 
erator techniques such as proton 
coo l ing . 

The f irst p roduct ion d ipo le is being 
tested and three of t hem have been 
w o u n d . The last of their predecessor 
model magnets (1 m long) was 
powered in February of th is year 
achiev ing 3.7 T central f ie ld on a 6 s 
pulse cycle. The f ie ld qua l i ty was very 
g o o d and the heat losses as expected. 
The produc t ion magnets have extra 
turns to reach a peak f ie ld of 4.6 T. 
W i n d i n g of the first quadrupoles w i l l 
start soon . 

DESY 
PETRA experimental 
programme discussions 

Dur ing the last week of Augus t , the 
internat ional PETRA Research C o m 
mittee discussed first proposals for 
PETRA experiments and the DESY 
Scient i f ic Counc i l , n o w extended to 
inc lude scientists f rom other c o u n 
tries — J.C. Kendrew ( E M B L ) , J . M a -
nelli (P isa) , J . Perez-y-Jorba (Paris) , 
E. Picasso (CERN) , B. Richter ( S L A C ) , 
and G.H. Staf ford (Ruther ford) — 
jo ined physicists f rom several c o u n 
tries to l isten to the open presenta
t ions. PETRA is the large e lect ron-
posi t ron storage ring being bui l t on 
the DESY site in Hamburg . 

Experimental setups have become 
larger and new techniques have been 
developed as small cross sect ions 
make it necessary to accept large 
sol id angles. A l l experimental groups 
w a n t to be ready w i t h n e w detectors 
m i d - 1 9 7 9 w h e n electrons and pos i 
t rons are expected to col l ide in 
PETRA. The internat ional co l labora
t ions are therefore pressing for early 
decisions on the first generat ion of 
experiments. 

A t its first session in June , the 
PETRA Research Commit tee (PRC) 
f ixed 31 J u l y as the deadl ine for a 
f irst round of proposals w h i c h w o u l d 
be discussed dur ing a s tudy week f rom 
3 0 Augus t to 3 September. The 
impor tance w h i c h high energy phys i 
cists are g iv ing to the coming PETRA 
faci l i t ies has already been d e m o n 
strated by the number of proposals 
reaching the PRC. Seven b ig detectors 
were presented dur ing the first t w o 
days of the s tudy week and , accord ing 
to the speakers, each of them cou ld 
be ready for the PETRA start up. 

Surpr is ingly most of these detectors 
are based on a so lenoid p roduc ing a 
magnet ic f ie ld parallel to the beam 
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Professor Helwig Schopper, Director of DESY, 
addresses the meeting held at the end of August 
when the proposals for experiments at the 
PETRA electron-positron storage ring being 
built at DESY were discussed. 

(Photo DESY) 

l ine near the interact ion point . The 
talks however s h o w e d that this is not 
due to lack of imaginat ion but a result 
of careful th ink ing about all types of 
spectrometers. The solenoids varied 
f rom large radi i , t o g ive g o o d t ime of 
f l igh t resolut ion, and small ones w i t h 
the possibi l i ty of g o o d lepton ident i f i 
ca t ion. Both superconduc t ing and 
normal coi ls for the magnets have 
been proposed. The detectors cover 
the fu l l spectrum f rom we l l establ ished 
to very new technolog ies (such as 
shower counters, h igh pressure jet, 
dr i f t chambers, lead glass b locks, 
l iqu id argon c a l o r i m e t e r s , . . . ) and 
consequent ly a w i d e range of physics 
w i l l be covered. 

This rush of proposals and the fact 
that up to four interact ion regions are 
t o be available at the beg inn ing of 
PETRA operat ion ( t w o more w i l l come 
in to use at a later date) make it 
impossible to fu l f i l l all w ishes of the 
experimenters. One a im of the s tudy 

week was therefore to br ing together 
di f ferent col laborat ions w i t h similar 
interests w i t h the hope that they might 
jo in forces. Some success a long these 
lines was reported to the PRC. A n 
other possibi l i ty, to be discussed, is 
to place t w o detectors at the same 
exper imental area so that the th i rd 
possibi l i ty — to refuse one or more 
proposals — might be avoided. 

Ano ther meet ing w i l l take place on 
28 September w i t h an open session 
to present further proposals w h i c h 
arrived after the J u l y deadl ine. The 
PRC is p lanning to take decis ions at 
its meet ing on 19, 20 October. 

In the last three days of the s tudy 
week , physicists t ook the oppor tun i t y 
to discuss technical detai ls w i t h DESY 
staff members and f inancia l and c o 
operat ion problems w i t h the DESY 
Directorate. The internat ional character 
of PETRA experiments is demonstrated 
by the fact that cont r ibut ions to p ro
posals came f rom Great Br i ta in, France, 

Italy, Nether lands, Israel, Japan and , 
last but not least, the Uni ted States. 

DESY also calls in internat ional 
experience on the storage rings t h e m 
selves. A PETRA Mach ine Adv isory 
Commi t tee has been created under 
the chai rmanship of David Gray of 
the Rutherford Laboratory. Its f irst 
meet ing on 1 6 , 1 7 Augus t started w i t h 
a status report of the PETRA group. 
Then the commi t tee split up into six 
groups and discussed, together w i t h 
members of DESY, special top ics such 
as beam opt ics, magnets and tunne l 
instal lat ions, r.f. system, parasitic mode 
losses, vacuum system, in ject ion and 
cont ro l system. The results of these 
discussions were presented in a p le
nary session and the meet ing ended 
w i t h summaries by David Gray and 
Gus Voss, leader of the PETRA project, 
bo th po in t ing out that these d iscus
sions were very important for the 
PETRA team w h i c h w i l l make ful l use 
of the n e w input in the coming weeks. 
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Conf idence in the start ing date for 
exper iments in 1979 is based on the 
fact that the PETRA const ruc t ion is 
thus far on schedule. Design, order ing 
and del ivery of all components are on 
t ime. The r ing tunne l is three quarters 
comple te ; t w o exper imental halls and 
the north r.f. hall are already roofed 
and three more exper imental halls are 
under const ruc t ion . 

TRIUMF 
Now ready for 
higher intensities 
The T R I U M F Laboratory received 
author izat ion f rom the Canadian 
government in Augus t to take their 
cyc lo t ron intensi ty to 100 [iA. A 
l icence was necessary because of 
radiat ion regulat ions w h i c h had pre
v ious ly required the intensi ty to be 
held to 1 fxA. No great problems are 
ant ic ipated in susta in ing an average 
current of 10 \iA; brief tests had 
earlier realized 5 ^A extracted f rom 
the machine and all the systems 
already look capable of handl ing 
much higher currents. In fact, there 
is conf idence that in 1977 , w h e n the 
necessary money for extra sh ie ld ing 
etc. is released, the design f igure of 
100 \iA w i l l be achieved. 

Dur ing the past year the Laboratory 
has establ ished itself on the nuclear 
physics scene in a very impressive 
way . The accelerator has been per
fo rm ing rel iably and is prov id ing 
several un ique research possibi l i t ies 
in its energy range (polar ized beams, 
con t inuous ly variable energy of the 
extracted beams over several hundred 
MeV, independent energy and in ten
sity operat ion of t w o exper imental 
areas). The physics programme has 
go t in to its str ide using p ro ton , 
polar ized p ro ton , p ion and muon 
beams. For a four -Un ivers i ty c o l 
laborat ion to have mastered the bu i l d 
ing and operat ion of such a complex 

machine — the first large cyc lo t ron 
to use negat ive hydrogen ion acce l 
erat ion — and to have moun ted a 
l ively exper imental programme so 
qu ick ly is a considerable achievement. 

The accelerator sett led d o w n to 
reliable (85 %) operat ion in the Spr ing 
of this year w i t h a schedule in t w o 
week cycles of 12 days on and 2 days 
maintenance. Dur ing the Winter , there 
had been t rouble due to some myste
rious local heat ing of the r.f. resonators 
w h i c h was power fu l enough to melt 
the a lumin ium resonators. The effect 
set in above a threshold vol tage of 
about 75 kV and possibly or ig inated 
in t rapped charge osci l la t ing around 
equipotent ia ls. The problem was e l im
inated by runn ing be low the thresh
o ld vo l tage and , dur ing a J u n e shut 
d o w n , some resonators were changed 
for copper versions of di f ferent 
shape. W h e n operat ion began again 
there was no s ign of the effect even 
at h igh vol tages. 

Beams are prov ided s imul taneously 
to t w o exper imental areas w i t h the 
ratio of their intensit ies selected 
typ ica l ly to g ive 10 n A of protons 
in to the Proton Area for nuc leon -
nuc leon exper iments and 1 [iA of 
protons into the Meson Area to pro
duce p ion and muon beams. The 
intensi ty ratios can be adjusted as 
h igh as 5 0 0 0 to 1 (us ing a carbon 
w i re of 25 [xm d iameter to g ive the 
l o w intensi ty beam) w h i c h is much 
higher than the design aim of 2 0 0 0 
to 1 . Polarized beams of energy 
be tween 180 and 515 M e V are avai l 
able rel iably over long operat ing 
periods w i t h polar izat ion of the ex
tracted beam around 7 0 % . The in ten
sity of the polarized beam is 3 0 nA 
and 100 nA is probably attainable. 

W h e n higher intensi ty beams are 
avai lable, a second meson target w i l l 
be b rought in to operat ion and the 
beam d u m p (probably a water coo led 
lead-b ismuth target) at the end of 
the beam line w i l l be used as a source 

of thermal neutrons. The addi t ional 
faci l i t ies w i l l inc lude four neutron lines, 
a h igh f lux muon channel , and a 
channel for p roduc ing radio- isotopes 
( in i t ia l ly for a series of exper iments 
rather than product ion of radio
pharmaceut icals for use in hospi ta ls) . 

W e have already reported on some 
of the features of the exper imental 
programme inc lud ing the use of t w o 
large sod ium iodide crystals by a 
Brit ish Co lumb ia /Mon t rea l team for 
s tudy ing interact ions p roduc ing g a m 
mas f rom neutral p ion decays. This 
spectrometer has already improved 
on previous measurements by almost 
a factor of ten. 

M u o n beams are being used by a 
Tokyo /Br i t i sh Columbia team to s tudy 
spin rotat ion in sol ids. They have 
observed spin precession of posit ive 
muons in an iron crystal d o w n to a 
temperature of 23 K, much lower than 
has been seen before. It gives new 
in format ion on the detai led behaviour 
of the local magnet ic f ields w i t h i n 
the latt ice of the ferromagnet ic. Other 
measurements have been carried out 
on gado l in ium and cobal t . A Brit ish 
Co lumbia /Berke ley team are also using 
the muon beam for a programme of 
m u o n i u m chemistry. The first tests on 
a spectrometer system invo lv ing gas 
jets bombarded by the 5 0 0 M e V pro
ton beam for nuclear spectroscopy 
exper iments have been successful . 
Proton induced f ission of uranium 
nuclei and spal lat ion of iodine nuclei 
have been used to produce neutron 
rich and neutron def ic ient isotopes 
for study. 

A n elegant exper iment on polarized 
proton scatter ing has conf i rmed pre
d ic t ions that the spin and orbi t para
meters of the target nuc leon w i l l affect 
the quasi- f ree knock -ou t cross sec
t ion . A n Alberta team used a 200 MeV 
polarized proton beam inc ident on 
oxygen nuclei and, by separating 
events accord ing to the b ind ing energy 
of a knocked -ou t p ro ton , effect ively 
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Irwin Gaines presenting the results of the 
Columbia/Fermilab/Ha waiI Illinois experiment 
at the Fermilab which has strong evidence for 
the existence of a charmed baryon at a mass of 
2.26 GeV. 

(Photo Fermilab) 

selected the target protons w i t h a 
part icular orbital angular m o m e n t u m . 
These target protons cou ld then have 
their spins parallel or antiparal lel to 
the orbi tal angular m o m e n t u m and 
the scatter ing cross sect ion cou ld be 
expected to s h o w asymmetr ies of o p 
posite sign depend ing on whe ther the 
scatter ing took place f rom a nuc leon 
w i t h spin parallel or ant iparal lel . 
Such asymmetries were clearly seen. 

A very t ho rough s tudy of the 
nuc leon-nuc leon interact ion at inter
mediate energies is be ing carried ou t 
by the BASQUE col laborat ion ( B e d 
fo rd / AERE Harwel l / Surrey / Queen 
Mary /Univers i t ies of B.C. and V ic to 
r ia). Over a range of energies f rom 
2 0 0 to 5 0 0 MeV they are measur ing 
all the interact ion parameters. Pro ton-
pro ton data using the polar ized pro ton 
beam is n o w being analysed at the 
Rutherford Laboratory and data c o l 
lect ion on polarized neu t ron-p ro ton 
scat ter ing is n o w under way . 

Some experiments where intensi ty 
is at a premium are at the T R I U M F 
medical faci l i ty where negat ive p ion 
beams are to be used for radiotherapy. 
K n o w n as the Batho Biomedica l 
Facil i ty ( in memory of Harold Batho, 
the physicist f rom the Brit ish Columbia 
Cancer Inst i tute w h o ini t iated the 
deve lopment of the fac i l i ty before he 

f ed in 1974 ) , it is suppor ted by the 
rit ish Columbia Cancer Foundat ion , 

the Health Resources Fund and the Na
t ional Cancer Inst i tute of Canada. Tests 
of the p ion beam line began in J u n e 
1975 and in March of th is year the 
f irst i rradiat ion exper iments (us ing a 
techn ique of suspend ing cells in gel 
w h i c h cou ld then be sl iced to examine 
cell survival at di f ferent depths) were 
carried out . 

The beam line is kept very short 
(7 .2 m) to minimise p ion decay. It 
consists of a series of n ine magnets 
compute r cont ro l led t o t ransmit p ions 
of up to 2 0 0 M e V / c (a range of 
29 cm in water ) w i t h a m o m e n t u m 

resolut ion of 1.5 %. The pions can be 
del ivered over an area variable f rom 
3 x 3 c m 2 to 10 x 1 0 c m 2 or to 
4 x 1 5 c m 2 . The excel lent qual i ty of 
the beam has already been explo i ted 
by a Brit ish Columbia team in a 
posi t ive p ion elastic scatter ing exper i 
ment on carbon at 29 MeV. 

The higher intensit ies w h i c h are 
becoming available w i t h the increase 
of the cyc lo t ron current to 10 \iA w i l l 
a l l ow animal irradiations to begin. 
Treatment of patients, f rom a cancer 
hospi ta l about 10 km away w h i c h 
serves a popu la t ion of some 2 mi l l ion 
people, is l ikely to begin w i t h i n t w o 
years w h e n the cyc lo t ron current is 
at its design value o f 100 fxA and 
after considerable experience w i t h the 
animal irradiations. 

The Biomedical Facil i ty is being 
g iven considerable pr ior i ty in the 
exper imental programme at T R I U M F . 
It is in tended to establ ish one of the 
f inest such faci l i t ies in the w o r l d . 

FERMILAB 
And now a 
charmed baryon 
M o n t h by mon th w e seem to be chalk
ing up fresh pieces of evidence sup 
por t ing the hypothesis that a four th 
type of quark, the charm quark, exists. 
The latest p ro -charm news comes 
f rom a Co lumb ia /Fe rm i l ab /Hawa i i / 
I l l inois exper iment at Fermilab w h i c h 
seems to have ident i f ied a charmed 
baryon. 

W i t h our three famil iar quarks w e 
can bu i ld our famil iar particles (p ro 
tons, neutrons, p ions, kaons, e t c . ) . 
If there is another quark then w e 
shou ld have many more particles by 
bu i ld ing them exact ly as w e have 
done before but th is t ime subst i tu t ing 
the charm quark for one of the others. 

The new l y discovered J / ^ , of mass 
3.1 GeV, and its sur round ing fami ly 
of part icles, f i t the hypothesis of a 
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Charming people on the West coast had long 
discussions on the new particles during the 
1976 SLAC Summer Institute on Particle 
Physics. Left to right, Wonyong Lee (Columbia), 
Sheldon Glashow (Harvard) and Gerson 
Goldhaber (Berkeley) in consultation during 
the meeting. Theoretician Glashow was kept 
busy checking his predictions each time 
experimental evidence for new charmed particle 
states was presented. 

(Photo J. Faust) 

charm quark - charm ant iquark c o m 
binat ion in var ious energy states. This 
fami ly has 'h idden charm ' since the 
quark-ant iquark combina t ion cancels 
ou t the charm and pecul iar propert ies 
related to its presence are not appa
rent. Earlier th is year examples were 
f o u n d of charmed mesons ( t w o quark 
combinat ions l ike the p ion where on ly 
one quark has charm) — data f rom the 
SPEAR storage r ing at Stanford p i n 
ned d o w n a neutral part icle of mass 
1.86 GeV and , later, t w o charged 
particles of mass 2.02 and 2.12 GeV. 
These particles v io late a rule, w h i c h 
wo rks for our famil iar particles, in 
exact ly the w a y that charmed particles 
are expected to do. (They also decayed 
to g ive strange particles w h i c h is 
another characterist ic expected of 
charmed particles.) 

The rule in quest ion says that w h e n 
a hadron (a s t rongly interact ing par
t ic le) decays, its p roduct hadrons 
w i l l have a change of strangeness 

quan tum number equal to the change 
in total charge (AS = A Q rule) . The 
charm picture suggests that w h e n 
charmed hadrons decay then a AS 
= — A Q rule w o u l d apply. 

The data f r om the Fermilab exper i 
ment gives the first detai led in fo rma
t ion on a possible charmed baryon 
(a three quark comb ina t ion l ike the 
pro ton where one of the quarks has 
charm) . The n e w part icle v iolates the 
rule jus t as the charmed mesons do. 

The Fermilab team hit a bery l l ium 
target w i t h a beam of pho tons f i l tered 
th rough 30 m of l iqu id deuter ium. 
From an accumula t ion of f i f teen m i l 
l ion events, their detect ion system saw 
over f i f ty examples of an event in 
w h i c h f ive particles emerged. Three 
pions (one posi t ive, t w o negat ive) 
came f rom the target and the remain
ing t w o (ant ip ro ton, posit ive p ion) 
came f rom the decay of an ant i lambda 
part icle w h i c h had travel led about a 
metre before breaking up. 

In th is interact ion a strange part icle, 
the ant i lambda, is produced as expect 
ed f rom a charmed part icle decay and 
also the produc t ion of the ant i lambda 
means a change in strangeness of 
+ 1 , w h i l e the tota l charge changes by 
— 1 (i.e. AS = — A Q ) . These t w o 
signatures of a charmed part icle look 
conv inc ing . The product ion of an 
ant i lambda w h i c h is a three quark 
comb ina t ion impl ies that the charmed 
part icle was a baryon. A single event 
spot ted over a year ago in a picture 
f rom the Brookhaven 7 foo t bubb le 
chamber also had charmed baryon 
characterist ics and was in the same 
mass region. The Fermilab result has 
the data of f i f ty events beh ind it. 

The exper imental team was B. 
Knapp, W o n y o n g Lee — exper iment 
spokesperson, P.S.P. Leung, S.D. 
Smi th and A. W i jangco (Co lumb ia ) , 
M.E. Binkley, I. Gaines, M.F. Gormley 
and J . Peoples (Fermi lab) , J.P. Knauer, 
D.E. Youn t ( H a w a i i ) , J . Bronste in, 
R. Co leman, G.E. G ladd ing , M.C. 
Goodman , T. O'Hal loran and A. W a t -
tenberg ( I l l ino is) . 

SIN 
Precision experiments 
The higher part icle f luxes obta inable 
at the n e w 'meson factor ies ' were 
expected to y ie ld more precise meas
urements of some part icle propert ies 
than was possible before. Some of the 
exper iments on the f loor at the 
S IN 5 9 0 MeV cyc lo t ron are con f i rm
ing th is — prov id ing prel iminary data 
comparable w i t h , or better than , 
achieved so far. A n example is the 
exper iment of the ETHZ/Ma inz /Zu r i ch 
g roup ( M . Camani , F.N. Gygax, 
E. Klempt, P.D. Patterson, W. Regg, 
A. Schenck and R. Schu lze) , to 
determine the magnet ic moment of 
the posi t ive m u o n by means of a 
s t roboscopic method to an accuracy 
better than one part per mi l l ion . 
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A graphical presentation of the improvement in 
performance at the SiN cyclotrons during the 
past two years. The histogram records the 
beam production rate, with 590 MeV protons 
onto a target, measured in \±Ah each week. 

Representation of the last few turns in the ring 
cyclotron showing the current recorded on a 
secondary emission probe located in front of the 
extraction magnet. Inducing a small coherent 
amplitude at injection causes the last two turns 
to cluster together and increases the separation 
at the extraction septum (giving a dip in the 
current density). This technique has given 
extraction efficiencies over 99 % with 30 \±A 
currents. 

A prel iminary result, after on ly a f e w 
days runn ing in Ju l y w i t h the super
conduc t i ng muon channel and a 
l iqu id bromine target, is ^ / ^ p = 
3 .1833545 (112) w h i c h is an accu 
racy of 3.5 ppm. The quo ted u n 
certainty includes the stat ist ical u n 
certainty (1.8 p p m ) , systematic 
uncertaint ies, the precision in deter
m in ing the proton resonance f re
quency and an uncer ta inty for 
chemical shif t effects (0.7 p p m ) . The 
value itself contains a correct ion of 
—0.7 ppm for chemical effects. 

The result agrees w i t h , and is of 
similar precision to , the best d i rect 
measurement f rom Berkeley (2.6 ppm) 
but is in s igni f icant d isagreement 
w i t h the most precise value deter
mined indirect ly by the Hugues g roup 
(Yale 1975) f rom the m u o n i u m hyper-
f ine spl i t t ing f requency, invo lv ing 
Q E D correct ions. The g roup at S IN 
w i l l n o w cont inue t o improve their 
measurements and increase their pre
cis ion to (hopefu l ly ) b e l o w the 1 ppm 
level dur ing the au tumn . 

Another precision exper iment is the 
measurement of the m u o n m o m e n t u m 
in s topped p ion decay by the S IN 
g roup ( M . Daum, G.H. Eaton, 
R. Frosch, J . M c C u l l o c h , R.C. M i n e -
hart, E. Steiner) . Posit ive p ions f rom 
the TUEI h igh intensi ty channel are 
s topped in a small sc int i l lator inside a 
magnet w h i c h is used to analyse the 
m o m e n t u m of the decay muons 
(detected in a surface barrier detector ) . 

A prel iminary value of the muon m o 
mentum is 29.7889 ± 0.0021 M e V / c 
where the statistical uncerta inty is 
0 .0017 M e V / c and the total systematic 
uncerta inty is 0.0013 M e V / c . This is 
nearly an order of magni tude more 
precise than previously avai lable. 

Assuming the posi t ive p ion mass is 
equal to the negative p ion mass, as 
determined f rom pionic X rays, the 
result gives a value of the squared 
muon neutr ino mass of (—0.10 ± 0.19) 
M e V 2 / c 4 . Al ternat ively, assuming f rom 
cosmolog ica l arguments, that all neu 
tral lepton masses are small (less than 
about 10 e V / c 2 ) , the posi t ive p ion 
mass can be derived as 139.5673 ± 
0 .0028 M e V / c 2 , w h i c h is in g o o d 
agreement w i t h , and of similar prec i 
s ion to , the best negat ive p ion mass 
measurements f rom p ion ic a tom 
studies. 

A fur ther exper iment ach iev ing h igh 
precision is by the ETHZ/Fr ibourg 
bent crystal spectrometer g roup 
(B . Aas, W. Beer, I. Bel trami, J.C.L. 
Dousse, P. Ebersold, R. Eichler, J . Kern, 
T. v o n Ledebur, H.J. Leisi, W. Sapp 
and W. Schw i t z ) , s tudy ing muon ic 
X rays w i t h internal targets moun ted 
in the superconduct ing muon channel . 
The g roup have carried ou t mul t ip le 
measurements of the 3 d 5 / 2 — 2 PA/2 

t ransi t ions in 2 8 S i , 2 4 M g and 3 1 P . 
Measurements were con t inued after 
the s h u t d o w n to improve the stat is
t ical precis ion. (The group also meas
ures the 4 f - 3 d transi t ions in order to 

reduce certain systematic uncer ta in
ties.) A n appreciable f ract ion of the 
data for s i l icon has n o w been analyzed, 
and the experimental g roup have 
obta ined the value 1 6 . 1 8 3 3 9 ± 
0 . 0 0 0 5 0 pm. 

Accelerator operation 
After the s h u t d o w n unt i l 1 March , the 
accelerator has been operated on a 
n e w schedule — four weeks of h igh 
energy operat ion fo l l owed by one or 
t w o weeks of l o w (variable) energy 
beam produc t ion . There has been a 
substant ia l increase in ef f ic iency and 
in the number of \iAh del ivered to the 
p ion produc t ion targets each week. 
Extracted proton beam intensit ies are 
main ly in the range 2 0 - 2 5 iiA w i t h 
several up to 3 0 - 4 0 ( j A The emphasis 
has been more on stable beam than 
on h igh intensit ies. 

A pro ton beam for p ion product ion 
was prov ided for 1 5 0 0 hours up to 
1 A u g u s t ou t of 1 7 6 5 scheduled 
hours. In th is 1 5 0 0 hours an integrated 
current of 2 8 0 0 0 jxAh was del ivered 
to the external targets. A lso, the 
injector cyc lo t ron provided l o w energy 
beam for 4 2 0 hours ( f rom 4 9 7 sched
uled) for the nuclear research pro
gramme, main ly w i t h alpha particles, 
polar ized and unpolar ized protons, 
and deuterons. The regular week ly 
isotope produc t ion programme (of 
1 2 3 l by the Swiss Federal Reactor 
Ins t i tu te) , using 3 - 4 hours of 7 2 MeV 
protons f rom the injector, has c o n -
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People and things 

t inued w i t h increasing ef f ic iency and 
over 1000 mCi /per week are produced. 

Up to 1 A u g u s t the fai lure rate of 
about 1 5 % of scheduled beam t ime 
has been lower by almost a factor of 
t w o compared w i t h the average for 
1975. The main problems were repairs 
of the extract ion system of the injector 
( insulator and coo l ing) and d rop-ou ts 
of the r ing cavi ty vol tages. 

A s igni f icant improvement can be 
seen in the ratio of integrated beam 
current b rought to the p ion product ion 
target compared w i t h the integrated 
beam loss at the most sensit ive loca
t ion — the septum of the injector. 
Presently, this ratio is about 4 .5 -5 , 
w h i c h is a factor of 2 better than in 
1975. The improvements and m o d i 
f icat ions to the injector r.f. and centre 
region dur ing the s h u t d o w n , plus the 
improved inter lock system and steady 
improvements of beam transmission 
are pay ing off. 

On the beam deve lopment side 
efforts have concentrated on improv
ing beam qual i ty and reduc ing losses, 
rather than on increasing intensity. In 
the injector cyc lo t ron vert ical co l l i 
mators were instal led in the centre, 
w h i c h boosted the extract ion e f f i 
c iency f rom 75 % to 85 % but restricted 
the extracted currents to 5 0 - 6 0 \LA. 
The average intensi ty for exper iments 
was thus increased wh i l e keeping the 
radiat ion level as before. There w i l l be 
no at tempt to raise the record of 
62 \iA on target unt i l spare elements 
for all extract ion devices in the in jector 
are available. 

The improved beam qual i ty f rom the 
injector was also appreciated by the 
r ing cyc lo t ron . Even at the extract ion 
radius of the r ing, the turns are almost 
separated, and by using some small 
coherent radial osci l lat ions in the 
in ject ion process, the current densi ty 
at the extract ion septum can be kept 
very l ow . Extract ion eff ic iencies of 
over 99 % have been observed w i t h 
9 7 - 9 8 % as rout ine values. 

Changes in CERN 
Experiments Committees 

The Experiments Commit tees at CERN 
review the research programmes at the 
accelerators and make recommenda
t ions on proposals for exper iments to 
the Research Board ( w h i c h is chaired 
by Research Director General, Leon 
Van Hove) . The Commit tees are 
a lways chaired by physicists f rom 
outs ide CERN. In J u l y t w o of them, 
the Electronic Experiments Commit tee 
and the Track Chamber Commit tee, 
w h i c h covered the programme at the 
28 GeV proton synchrot ron were 
amalgamated to fo rm the Proton 
Synchro t ron Commi t tee under the 
Chairmanship of A lan As tbury f rom 
Ruther ford. In September the Chair
mansh ip of t w o others changed 
hands — J . Perez-y-Jorba f rom Orsay 
succeeded He lw ig Schopper f rom 
DESY in the Intersect ing Storage 
Rings Commi t tee and Ian But te rwor th 

f rom Imperial Col lege London suc
ceeded Eric Lohrmann f rom DESY in 
the Super Proton Synchrot ron C o m 
mittee. One Commi t tee emerges u n 
scathed — the Synchro -cyc lo t ron 
Commi t tee under the Chairmanship of 
V. Soergel f rom Heidelberg. 

What value science education? 

The Careers Organisation Bulletin in 
the UK recently carried an advertise
ment for a 'man to work on nuclear 
fissionable isotope molecular reactive 
counters and three phase cyclotronic 
uranium photosynthesisers. No 
experience necessary'. 

On 8 September the CERN Scientific Policy 
Committee toured the Intersecting Storage Rings. 
The Chairman, Professor Paul (back to camera), 
said a few words of tribute to Werner Heisenberg 
(1901-1976) in the Control Room where a 
commemorative plaque has recently been 
installed. Professor Heisenberg inaugurated the 
ISR on 16 October 1971. 

CERN 59.9.76 
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G.A. Korolev from the Leningrad Nuclear 
Physics Institute at Gatchina assembling the 
ionization chamber which has arrived at CERN 
from Leningrad for a high precision study 
of elastic scattering by a CERN/Clermont-
Ferrand/ Leningrad/ Lyon/ Uppsala collaboration. 
The novel type of detector will be used at the 
higher energies available at the 400 GeV SPS 
after performing well at the 76 GeV 
accelerator in Serpukhov. About eight visitors 
from the Soviet Union will participate in the 
experiment. 

CERN 6.8.75 

On people 

Marcel Anthonioz, Deputy Mayor of 
Divonne and Vice-President of the 
French National Assembly died on 
31 August. He had done much to 
promote CERN's interests in the 
surrounding region of France. He 
became involved in CERN affairs 
particularly from the time of the 
extension of the site for the 
construction of the Intersecting 
Storage Rings and played a major 
role in the negotiations concerning 
the installation of the 400 GeV 
project mainly in France. 

Among the recipients of the 1976 
University of Chicago awards for 
Distinguished Performance are Tat 
Khoe, Everette Parker and Lazarus 
Ratner from the Argonne Accelerator 
Research Facilities Division for their 
role in achieving high energy 
polarized proton beams from the 
ZGS. Their's was a joint award with 
Ron Martin, the Director of the 
Division who was also cited for 
'his many outstanding contributions 
to the development of the ZGS'. 

Ernest Courant, the well known 
accelerator physicist from Brook
haven who was a co-discoverer of 
the alternating gradient focusing 
principle used in synchrotrons, has 
been elected to the USA National 
Academy of Sciences. The Academy 
is dedicated to the furtherance of 
science and its use for general 
welfare. Election to its ranks is one 
of the highest honours in USA 
science. 

Argonne Universities Association 
has selected Malcolm Macfarlane, 
from the Physics Division at Argonne, 
and Alfred Schild, from the Uni
versity of Texas as 'Distinguished 
Appointees' for 1976. Dr. Macfarlane 
is spending a year doing nuclear 

physics experiments at the new 
200 MeV machine at Indiana 
University and Dr. Schild is spending 
a year in the Argonne High Energy 
Physics Division working on relativity 
theory. 

Moved across the Atlantic from 
Rutherford is accelerator physicist 
Martin Donald, who has joined the 
PEP storage ring project in California. 
Multi-disciplinary Bob Sheldon, 
ex-Rutherford I Fermilab/CERN has 
joined the TFTR (Tokomak Fusion 
Test Reactor) project led by Paul 
Reardon at Princeton. 

Dennis Theriot became head of the 
Neutrino Department at Fermilab on 
1 September in succession to Dick 
Lundy. He arrived at Fermilab from 
LAMPF in 1969 and since then he 
has worked in the Radiation Physics 
Group and was in charge of the 
Neutrino Mechanical Support Group. 

'Adventures ' covers new particles 

A n y o n e w h o w o u l d like to relive that 
wonde r fu l t ime at the end of 1974 , 
w h e n the J /ps i particle was f ound and 
the w h o l e w o r l d of h igh energy 
physics burst in to f lame, shou ld get 
their hands on the latest issue (vo lume 
5) of 'Adventures in Experimental 
Physics' . Sam T ing , Gerson Goldhaber 
and Burt Richter give their personal 
accounts of the discovery. The same 
issue also carries Bogdan Mag l ich 's 
story of the discovery of the f irst 
neutral vector meson. 'Adventures ' 
cont inues to be a very readable and 
very human approach to the fasc ina
t ions of physics. 

We all do research in a yellow 
submarine 

From 6-19 September a Workshop 
was held at Honolulu, Hawaii under 
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John Mulvey, seen here in action at the June 
Council Meeting, returned in September to his 
post as Professor at Oxford University after 
several years in senior positions at CERN. He had 
particular responsibilities for the experimental 
programmes and computer facilities and 
brought to them an enormous appetite for work 
and a thoroughness of approach which were 
a very valuable help in the recent years of 
retrenchment. 

CERN 323.6.76 

the title 'DUMAND — Deep Under
water Muon and Neutrino Detection'. 
It considered the physics interest 
and technical feasibility of particle 
detection systems some kilometres 
below sea level. At this depth cosmic 
ray events would be almost entirely 
filtered out leaving the penetrating 
neutrinos and muons. As an example, 
M. Blood and collaborators at 
Fermilab have considered looking 
at the intense neutrino bursts 
(perhaps 1051 neutrinos emitted in 
milliseconds) from the collapse and 
vibrations of neutron stars. Anti-
neutrinos from such events could 
interact with protons in sea water 
and the light from the resulting 
positrons could be spotted by photo-
multipliers. The bursts could give 
705 antineutrinos at the earth surface 
and to spot just ten of them would 
probably require thousands of 
detector modules each enclosing 
20 m* of water. 

Network extensions 

The computer ne twork centred on 
the Daresbury Laboratory 's large 
I B M 3 7 0 / 1 6 5 has, for some t ime, 
inc luded l inks (us ing Post Off ice 
te lephone lines) to w o r k stat ions at 
Universit ies, at CERN and at the 
Inst i tute of Oceanographic Studies 
at B idston. A special l ink using 
packet sw i t ch ing techno logy has 
recently been commiss ioned to the 
Rutherford Laboratory w h i c h itself 
has a similar ne twork centred on an 
I B M 3 6 0 / 9 5 . A C A M A C - b a s e d 
sw i t ch ing node computer acts as a 
ga teway enabl ing w o r k stat ions to 
access either of the I B M machines. 
The ul t imate aim is to enable any 
w o r k stat ion to reach any dest inat ion 
on the networks . 

From a not iceboard in Berkeley 

THE SIX PROJECT STAGES 
Wi ld enthusiasm 
Total con fus ion 
Dis i l lus ionment 

Search for the gu i l ty 
Punishment of the innocent 

Promot ion of the non-par t ic ipants 

Meetings 

A 'Workshop on Future ISR Physics' 
has been organized at CERN for 
4-75 October 1976 to review the 
physics programme which can be 
foreseen for the ISR from about 
1980 after the present generation of 
experiments is concluded. A second 
session will be held in 1977. 
B.G. Pope is Secretary of the 
Organizing Committee. 

The 'Ninth Annual Synchrotron 
Radiation Users Group Meeting' will 
be held at the Physical Sciences 
Laboratory Wisconsin on 25-
27 October 1976. It will be 

immediately followed (28-
30 October) by the 'Stanford 
Synchrotron Radiation Project Users 
Group Meeting' which will be held 
at Stanford University. 

The '2nd International Conference 
on the Nucleon-Nucleon Interaction' 
will be held at the University of 
British Columbia, Vancouver, Canada 
from 27-30 June 1977. Nuclear 
and particle physics aspects will be 
included. Further information from 
D.F. Measday, Physics Department, 
University of British Columbia, 
Vancouver, B.C. Canada V6T 1W5. 

The '7th International Conference 
on High Energy and Nuclear 
Structure' will be held at Zurich 
from 29 August-2 September 1977. 
Further information from 
Mrs E. Huber, SIN, CH-5234 
Villigen, Switzerland. 

ISABELLE magnet high 

The Mkll superconducting pulsed di-
pole built as a model for the magnets 
of the ISABELLE 200 GeV proton 
storage ring project at Brookhaven 
has climbed to a peak field of 4.9 T. 
The magnet trained to this level when 
the temperature was taken down to 
4.1 K. The magnet is using forced 
cooling with high pressure gaseous 
helium. 

SPS s low eject ion 

First tests of the s l o w eject ion system 
at the CERN 4 0 0 GeV proton 
synchrot ron took place on 2 Sep
tember. Spil ls of about 6 5 0 ms were 
achieved and t h o u g h precise 
measurements on ef f ic iency were 
not possible it already, w i t h o u t 
opt imizat ion , looks g o o d w i t h 
acceptable losses. W i th the r.f. off 
the eject ion system performs exact ly 
as predicted. 
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Come to Britain at CERN '76 
The British Measurement, Control and Automation Conference 

in co-operation wi th 

The British Overseas Trade Board 
and 

The British Consulate General in Geneva 

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

CERN Administration Centre 
October 11-15 

Daily 10.00 - 17.30 hours (Friday 12.00 noon) 

World renowned source 
of special glass: 

• blocks for cerenkov counters 
• slabs for anti-radiation 

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

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

For information please call: 

SOVIREL 
Departement Optique 
90, rue Baudin - 92390 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 

for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 § 

CERN ACADEMIC TRAINING PROGRAMME 
(1976-1977) 

This Programme of lecture series is organized each year by 
the Academic Training Committee. 

1st Term: 
September 16,17,21 
and 23 

The quark bag model of hadrons, by 
J . Kuti (Central Research Institute for 
Physics, Budapest) 

Relationship between the structure 
of materials and their properties, by 
M.B. Waldron (University of Surrey) 

Reinforcement of brittle matrices 
(Composi te materials), by A. Kelly 
(Universi ty of Surrey) 

Statistical analysis and representa
t ion of counted data, by J .H . Fried
man (University of Stanford & CERN) 

Comparison of deep inelastic scat
tering of [xr e and v's, by E. Gabathuler 
(Rutherford Laboratory & CERN) 

Structure of the hadrons, by J . Weyers 
(University of Louvain) 

New particle physics in a gauge 
theory for strong interactions, by 
R. Barbieri (University of Pisa & 
CERN) 

The lectures are given at 11 h. 00. 

The programmes for the 2nd and 3rd Terms w i l l be published in 
the December and March issues of the CERN COURIER. 

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

October 21 and 22 

October 28 and 29 

November 2, 3, 4 and 5 

November 16,17,18 
and 19 

November 30, 
December 1, 2, and 3 
December 7, 8, and 9 
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When you need 
a photomultiplier to measure 

fast nuclear events, 
EMI has more ways to 

match your application 
The EMI range of fast photomul t ip l iers has 

n o w been extended to include 1 9 mm, 75 mm 
and 130 mm diameters. The major i ty of these 
tubes is available w i t h borosi l icate or quartz 
end w i n d o w and B19A uncapped or B20 
capped base, prov id ing unrival led f lexibi l i ty in 
tube select ion. 

Computer designed dynode geometry and 
other improvements ensure the reliabil i ty and 
performance you w o u l d expect f rom the leaders 
in tubes for scint i l lat ion count ing . 

So if your appl icat ion calls for fast rise 
t imes, high sensit ivi ty and l ow dark current, 
don ' t compromise in tube se lec t ion ; choose 
f rom the most comprehensive range available. 

BASIC SPECTRAL NO. OF DIA. 
TYPE RESPONSE DYNODES M M 

9 8 1 0 B 
9811 B 
9 8 1 2 B 
9 8 1 3 B 
9 8 1 4 B 
9 8 1 5 B 
981 6B 
9 8 1 7 B 
9 8 1 8 B 
9 8 2 6 B 
9821 B 
9 8 2 3 B 

S-11 
S-11 
S-11 
Bialkal i 
Bialkal i 
Bialkal i 
S -20 
S-20 
S-20 
Bialkal i 
Bialkal i 
Bialkal i 

14 
1 2 
10 
14 
12 
10 
14 
12 
10 
12 
12 
14 

50 
50 
50 
50 
50 
50 
50 
50 
50 
19 
75 
130 

REMARKS 

General purpose h igh gain pa ren t t ype 
M e d i u m gain vers ion of 981 0B 
Lower gain version of 981 0B for h igher l ight levels 
High g a m , l ow dark current , h igh " b l u e " response 
M e d i u m gam vers ion of 981 3B 
Lower gam version of 981 3B for higher l ight levels 
High gam, spectral response extends to IR 
M e d i u m gam vers ion of 981 0B 
Lower gam version of 981 6B , for higher l ight levels 
High g a m , h igh " b l u e " response, l o w dark current 
H igh g a m , h igh " b l u e " response, for Cerenkov c o u n t i n g 
Version of 9821 B for large area counters 

EMI ELECTRONICS LTD. 
Electron Tube Division, 243 Blyth Road, Hayes, Middlesex, England. 
Telephone: 01-573 3888. Telex:935261. Cables: EMITUBE Hayes. 

STAND No. 1 CERN Measurement Control & Automation Equipment Exhibition Oct 11-15 
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The high-reliability, low-cost electron multipliers feature a particularly favorable signal-to-noise (S/N) 
ratio. Designed for particle detection and counting (electrons, ions, X-rays, near ultraviolet radiations, etc.), 
they find numerous applications in the different fields of modern physics. 
The large choice available in the number of dynodes, the dimensions and the structures of these devices 
allow the user to select, for each of his applications, the combination best meeting his needs. 
These electron multipliers can tolerate air exposure, operation at pressures of 1CT5 to 1CT6 torr for 
extended periods, and are easily rejuvenated after contamination. 
On order, they can be delivered equipped with their resistive bridge. 

The DuMont photomultiplier range includes tubes whose 
diameter ranges from 1/2" to 22", with both venetian-blind and 
box-and-grid structures available. 
Among the extremely varied applications of these PM's, one 
can cite scintillations and Cerenkov counters, spectroscopy, 
particle detection, data processing and flying-spot analysis. 
DuMont can also provide, on order, power supplies and compact 
mountig kits for these tubes. 
All DuMont products are sold by the Electron Tube Division of THOMSON-CSF 
and it marketing subsidiaries. 

THOMSON-CSF 
THOMSON-CSF DIVISION TUBES ELECTRONIQUES / 38 RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL : (1) 604 81.75 

Germany - THOMSON-CSF Elektronenrohren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN 1 / Tel. : (0611) 71.72.81 
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 /1 - 00136 ROMA / Tel. : (6) 638 14.58 

Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / T 102 / Tel . : (03) 264 6341 
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226 76.09 
Sweden - THOMSON-CSF Elektronrdr AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 22 58 15 

United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel. : (0256) 29155 / Telex : 858865 
U.S.A. - DUMONT ELECTRON TUBES & DEVICES / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. : (201) 773 20000 
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Precision castings in 'Transpalite' can offer the perfect solution to many problems 
in nuclear research and processing. 
'Transpalite' seamless castings combine strength with extreme clarity. There are 
virtually no limits to size, shape of complexity. Custom made castings can be 
produced in any quantity from singles upwards. They are ideal for prototypes or 
experimental models. 
'Transpalite' can be turned, milled, drilled, tapped and polished. The manufacturers, 
Stanley Plastics Limited, have supplied castings to atomic energy establishments 
and university research centres throughout the world. 

s- — x 

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

Above: Massive castings prior to machining. A — 914mm OD X 508mm ID X 
762mm thick. Weight 453 kg. B - 1016mm OD X 762mm ID X 660mm thick. 
Weight 317 kg. C - 1270mm OD X 914mm ID X 381mm thick. Weight 317 kg. 
D - 1371mm dia. X 508mm thick. Weight 1134 kg. 

Top left: Seamless flanged pipe assembly 304mm OD X 254mm ID with tapering 
section leading to 203mm OD X 152mm ID. For use as visibility section in pipe 
line. Working pressure 800 kg/sq.m. 

Left: 2133mm high manifold manufactured from 355mm dia. X 25mm wall 
seamless tube with 152mm OD X 25mm thick exit ports. Tolerance ± .50mm. 

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

Telephone: WEST ASHLING (024 358) 551-2 

Worldwide exports. 25 years devoted solely to the manufacture and machining of acrylic materials 
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Announcing HP 9825-and seven entirely new standards of 
performance for desk-top calculators. 

1. "Live" keyboard. While a program is 
running, you can interact with it and 
calculate. 
2. Priority interrupt. Easy to program. 
Two-level interupt gives you superior 
control over instruments and peripherals. 
3. Speed. HP-designed N.MOS 
processor for internal speed: 0.8u-secs 
cycle.I/O speed up to 400K 16-bit words 
on direct memory access. 
4. Data cartridge. Bi-directional search, 
high-speed, high performance. 250K 
bytes for data and program storage. 

5. Multi-dimensional. Up to 26 multi
dimensional arrays-increasing facilities 
for handling large amounts of data. 
6. Advanced Language. HPL (Hewlett-
Packard Language) offers FORTRAN-
like power and ease of BASIC. 
7. New display. Upper and lower case 
read-out on 32 character display. 
And many other important features: 
Power. 8K to 32K byte user memory 
and slots for 4 ROMS. 
Interfacing. I/O channels control all 
major interfacing systems, including 

HP-IB (IEEE 488-1975). Most existing 
9800 series peripherals simply plug in. 
Vast Program Library. Access to over 
1,000 proven programs through the 
HP Calculator Users Club. 

F O R F U U D E T A U S C O N T A C T Y O I I R N E A R E S T H E W L E T T - P A C K A R D O F F I C E : 

AUSTRIA Hewlett-Packard Ges.m.b.H., Handelskai 52/3, P.O. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S. A./N. V., Avenue du 
Col-Vert, l(Groenkraaglaan),B-1170 Brussels. DENMARK Hewlett-Packard A/S, Datavej 52, DK-3460 Birkerod. FINLAND Hewlett-Packard OY, 
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France, Quartier de Courtaboeuf,Boite postale No. 6, F-91401 Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140,D-6000 Frankfurt 56,ITALY Hewlett-Packard 
Italiana S.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134Amstelveen.NORWAYHewlett-PackardNorgeA/S,Nesveienl3,Box 149,N-1344 Haslum. SPAIN Hewlett-Packard Espanola S.A., 
Jerez No. 3, E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB, Enighetsvagen 1-3, Fack, S-16120 Bromma 20. SWITZERLAND Hewlett-Packard 
(Schweiz) AG, Ziircherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Zurich. UNITED KINGDOM Hewlett-Packard Ltd.,King StreetLane,Winnersh, 
Wokingham, Berkshire RG115AR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Geneve. 
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LAIR LIQUIDE 

L E A D I N G E U R O P E A N M A N U F A C T U R E R 
O F C R Y O G E N I C E Q U I P M E N T 
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divi/ion materiel cryogenique 
5"7, av Carrot .34500 Champigny/M . France 
Tel: SBO.80 .80 _ Telex: AL CH A 2 3 0 B B 4 F 



Whiz switch. 

EEV CX1535 
m e t a l e n v e l o p e t h y r a t r o n 

PRF 100kHz 

H e a t i n g fac to r 500 x 1 0 9 

Peak v o l t a g e 25kV 

Peak c u r r e n t 1000A 

This new metal envelope 
thyratron from E E V can produce 
more pulses per second than any 
other type. 

Most other thyratrons are over the top 
after 10kHz. 

EEV's new CX1535 can operate up to 
100 kHz. And without even breaking into a 

sweat, because of its very high heating factor. 
Made to measure for copper vapour 

iodine laser and similar applications, this 
high speed thyratron is one of a wide range of 
advanced metal envelope types pioneered 
by EEV. 

Get full data fast. Contact us now at 
Chelmsford, England. 

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

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM 1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford. I 
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v a l l o r b e 

When We Say PHOTON-BY-PHOTON, We Mean It! These 
RF Shielded housings provide mult ip le features for one 
low pr ice. Model PR-1400 RF accepts 2 " & IV2" dia. 
PMTs; PR-1401 RF houses Vk" dia. & smaller tubes. 
Both models are tested with broadband high-gain Photon 
Counting systems and provide: Electrostat ic Shielding 
at cathode potent ia l ; Magnet ic Shielding (0.040" th ick 
high permeabil i ty Co-Netic AA material) extending 1/2 
cathode dia. in front of photocathode; Photocathode 
concentr ic i ty maintained wi th opaque insulating r ing; 
Removable Universal Front Mount ing Flange (inter
changeable wi th most PAR, PPI and GENCOM housings). 
Also — Model PR-1402 RF for Side-Window tubes. For 
Performance and Prices Call (617) 774-3250 or Wri te: 

VALLORBE 

Products for Research, Inc. 
78 Holten Street • Danvers, Mass. 01923 
CABLE: PHOTOCOOL TELEX: 94-0287 

Manufacturing line 

Precision f i les 
M a c h i n i s t f i l es 
Cha in saw fi les 
D i a m o n d f i les 
Saws f o r meta l 
Band saws fo r meta l 
Rotary f i les 
Shell mills 
End mills 
Engravers ' gravers 
Gravers 
Genera l too ls 

A f te r 5 years o f constant research, w e 
o f fe r the hardest f i les known 
(hardness : 1100 HV). 

W i t h VALTITAN f i les it becomes possible 
(w i thout b reak ing teeth) to w o r k on 
mater ia ls h i ther to considered unmana
geab le , stainless steel, re f rac to ry steel, 
nickel and a l loys , plastics, re in fo rced 
plastics, castings, mo lybdenum and a l loys , 
t i tan ium and a l loys , g raph i te , as we l l as 
al l l ight a l loys. 

USINES METALLURGIQUES DE VALLORBE 

1337 V A L L O R B E / S W I T Z E R L A N D Tel . (021) 8321 21 

NOUVEAU! 
METRAVO®D464 

( E m i t J m l i i t H f l 

La qualite au prix modique de Fr. 745.— 
• 28 gammes 

0 . . . 200 mV a 650 V r v , 
0 . . . 200 l l A a 10 A ^ ; 
0 . . . 200 Q a 20 MQ 

• depassement 50 % 
• echelle 10 
• affichage L E D 11 mm 
• protection incorporee 

contre la surcharge 
^ conforme aux prescriptions 

A S E , V D E et I E C 

• alimentation secteur, accus 
Ni-Cd ou piles (bloc 
secteur incorpore 

• reglage automatique 
a zero 

• affichage automatique 
de polarite 

• nombreux accessoires 
disponibles 

• maintenance facile 
Demandez la liste L 2-6 

AG FUR MESSAPPARATE 
3013 B e r n • Schlaf l is trasse 17 • Te l . 031 - 4215 0 6 
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PFEIFFER-TURBO 
the optimized programme to produce hydro-carbon free 

high and ultra-high vacuum. 
Turbo-molecular pumps, to make 
vacuum production a mere trifle. 
High compression ratio for hydrogen 
and other light gases • constant 
pumping speed over a large working 
range • low vibration and noise level 
• high performance/weight ratio • 
easy installation due to horizontal or 
vertical connection • low operating 
costs • sturdy and reliable • easy 
handling • simple maintenance. 

PFEIFFER TURBO for cleanest vacuum 
in:particle accelerators, their beam 
guide systems and target chambers 
• neutron generators • UF 6-techno-
logy • plasma physics • mass spectro
metry and gas analysis • electron 

TPU 200 on heavy ions accelerator of the 
Gesellschaft fur Schwerionenforschung (GSI) 
(Society for Heavy Ions Research), Darmstadt. 

microscopy and micro probes • vacu
um coating and sputtering • optics 
• semi-conductor production • manu
facture of high-frequency quartz 
crystals • manufacture of incandes
cent bulbs and tubes • space simula
tion • calibration systems • metal
lurgy • production of hydrocarbon 
free «fore-vacuum» for other HV and 
UHV pumps, e.g. ion cjetter, sorption 
and cryo pumps. 

PFEIFFER TURBO available for pump
ing speeds between 100 and 6500 l/s. 

o 
CN 
O 
l \ 

Z 
a 

BALZERS HOCHVAKUUM A G 
Stampfenbachstrasse 48 

Postfachl86 
CH-8035 Zurich 

Tel. (01) 60 32 66 Telex 52 278 

o o o 
0 0 PFEIFFER TURBO: advanced vacuum technology 
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TANDBERG 
D A T A P R O D U C T S 

Digital Cartridge Recorder TDC3000 
• Data medium: DC 300 A Data Cartridge • Comply with ANSI / 
ECMA/ISO-Standards • Cartridge easy to insert, yet very 
positive locking in place • Automatic Load Point search 
• Controlled cartr idge ejection by electrical signal • Speed-
independent formatting by measurement of capstan encoder 
displacement • No programming ^ 
restrictions on motor or servo ^ 
• Tape speed: 10-30 ips 
(read/write) • Packing 
density: 1600 bpi 
(Phase Encoded) 
• Read-after-write 
• Capacity up to 2.5| 
million characters 
• Interfaces: V 2 4 / 
current loop 
DEC: PDP-11 
Alpha LSI 

T H E H A N D S O F F P R E S S U R E / F L O W 

C O N T R O L L E R Y O U C A N S E T A N D F O R G E T 

If you face the challenge of pro
ducing better products at lower 
cost by a process that requires 
control of gas pressure or flow, 
here are ways a GP automatic 
pressure/f low controller can 
help you. 
* Automated gas admission pro
duces controlled pressure or 
flow. A GP Controller works 
faster than any operator and al
ways remembers the pressure or 
flow you want when you want it 
on every production run. 
• Low overall cost The Control
ler operates around the clock on 
pennies per day including depre
ciation , If you' re co ntro 111 ng p res-
sure or flow manually, you're 
probably wasting time and 
money. 

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

GRANVILLE-PHILLIPS COMPANY 
5675 EAST ABAPAHOE AVENUE 

BQULDEB, COLORADO 80303, U.S.A. 
TELEPHONE 303/443-7660 * TELEX 45-791 

The defenc gainst allergy 
d the smoke killer 

V E N T R O N I C - B R A U N 

A I R - C O N T R O L 

P R O D U C E S C L E A N , 

C L E A R A I R . 

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

The Ventronic-
Braun 
Air-Control. 
B R E A T H E M O R E 

H E A L T H I L Y 

O N C E A G A I N . 

Suisse - Switzerland 

VENTRONIC AG 

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

Autriche-Austria 

VENTRONIC 
Ges.m.b.H. 

Rechte Wienzeile 5 
A-1043 Wien IV 
Telefon 0222/56 36 81-85 
Telex 01/2771 vent a 

Allemagne - Germany 

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

H A Y F E V E R A S T H M A 

A N D B R O N C H I T I S . 

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

sorbing the smallest dangerous f 
microbes. It alleviates allergies 
and gives relief. S ^ 

England + Export World wide 

VENTRONIC UK Ltd. 
Essex/England 

305 Mile End Road 
GB-Colchester C04 5EA . 
Telephone 0206/63544 A 
Telex 987754 vent gb W 47 ^ 
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P U T O N 

V D D 2 0 8 1 
V I D E O D ISPLAY DRIVER 

A 
V I D E O 

C A M A C €1 

j 

J Q T F a s t access t ime of 5 0 0 n s , i . e . f a s t e r than the 
C A M A C c y c l e , t h e r e f o r e no Q r e s p o n s e t e s t i n g 
o r L A M h a n d l i n g r e q u i r e m e n t s . 

W o r d / b y t e s e l e c t i o n f o r easy DMA t r a n s f e r s . 

J^i Data f o rma t f i t s a l l common s c r e e n s i z e s , and 
p r o v i d e s 24 l i nes of 48 o r 80 c h a r a c t e r s . 

J^i Da ta is d i r e c t l y c o m p u t e r - c o m p a t i b l e t h r o u g h a 
7 - b i t A S C II code . 

V i d e o f o r m a t output is a compos i te s i gna l to the 
C C I R R 308. 2 n o r m . . 

C h a r a c t e r se t s a r e 64 upper case A S C II a l p h a -
n u m e r i c s , and 16 p r o g r a m m a b l e u s e r ' s c h a r a c t 
e r s ( 32 on r eques t ) w h i c h can be d e d i c a t e d to 
g r a p h i c , s t a t i s t i c o r f l o w c h a r t use . 

t h e v i d e o d i s p l a y 
d r i v e r w i t h a l l t h e 

r i g h t f u n c t i o n s 
S E N E L E C T R O I M I Q U E Case Postale 39 CH 1211 Gencwc 13 tel(022)442340 tlx23359ch 

Z U R I C H Im Zentrum 18 CH 8604 Volketswil tel(01) IS5103 tlx58257ch 

H A M B U R G Postfach 223 D 2000 Wedel tel 04103 6212 tlx2189 548d 



You t o o should make use of our 
Know-How in the field of 

Light Structures Technology! 
Our experience for decades: 

•structures made of fibre reinforced synthetic materials 
• fibre reinforced synthetic foams 

•bonding technique •sandwich plates ^structures 

Contact: C o n t r a v e s A G , Schaffhauserstr. 580 , CH-8052 Zurich 

Add to your nuclear instrumentation 
with the following which 

provide im 
on the 

PEN DOSIMETERS 
SEQ5 
Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm 2 , due to photons of 50 keV or above and electrons 
of any enegy. 

C f\ Measures the absorbed dose in soft tissues 
I" I 1 |1 at a depth of 300 mg/cm 2 , due to photons of 

w %A w 10 keV or above and electrons of any energy. 

SEQ 7 

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

i 1 *J BALISE 224 
7 mg/cm 2 (skin dose). 

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

Good internal insulation, daily leakage less than 0.5%. Manu
factured in accordance w i th French standards — DIN or 
British standards on request. CEA-LCA system. 

LA PHYSIOTECHNIE 
34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL-FRANCE TEL:735.1610 + 
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Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

type 1100 livrables ex stock Zurich 

Vannes 
a pointeau 
en acier inox 
au chrome 4421 
et chrome-nickel-molybdene 4436 

Armatures Phonix 
vannes d'arret et de reglage 

Hofer 
technique a haute pression 

Demandez la documentation aupres de 
Oerlikonerstrasse 88 
tel. 01/46 4 0 4 0 

vorm. WISMER AG 8057 Zurich 

Tl 9 9 0 / 4 
The complete Microcomputer on a s ingle 
pr inted c i rcui t board using the TMS 9900 as 
its central processor. 
Tl 9 9 0 Prototyping System 
A system especia l ly ta i lored from 9 9 0 / 4 
hardware and software components for the 
development of appl icat ion-programs 
for the 9 9 0 / 4 Microcomputer and for the 
TMS 9900 Microprocessor . 
Tl 9 9 0 / 1 0 
The most powerful member of the 990 family. 
A T T L implementat ion of the 9 9 0 / 4 arch i 
tecture, providing the h igh-performance 
speeds demanded in many appl icat ions. 

Your expert in micro and mini-computer, 
hard and software systems 

ERNI+Co. Elekt ro- lndustr ie 
CH-8306 Brutt isel len (Zurich) 
Telefon 0 1 / 8 3 3 3 3 3 3 Telex 5 3 6 9 9 

Pewmalt 

ESTOKES 
[ H I G H V A C U U M e q u i p m e n t s a n d c o m p o n e n t s 

Mechanical single stage 

I mmediate delivery 

Compact and complete 

Reliable and economical 

Operation quiet and vibration free 

Vacuum blank-off: 10 micron or less 

Automatic lubrication 

Capacity: 7 models from 50 to 1250 m 3 /h 

M I C R O V A C 

Vacuum pumps 
Exclusive two year guarantee 

94, rue d'Estienne-d'Orves, 92502 RUEIL- MALMAISON 
B.P.11 . Tel . 977.34.09. Telex : 692181 F Pennwlt 

Agent exclusif pour la Suisse: 
U. GRAEZER V A K U U M TECHNIK 
8001 ZURICH - Neumuhlequai 6 
Telephone 01 471588 Telex 58933 
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Degussa 

Temperature Measurement Resistors 
We can supply any type or model you need from stock 

T o D I N 4 3 7 6 0 . For t empera tu res f r o m - 2 6 8 ° t o 
+ 8 5 0 ° C . To le rances 1 / 1 , 1 / 2 , 1 /3 , 1 /4 , a n d 1 /5 D I N . 
D iamete r 1.9 t o 5 m m . L e n g t h 8 t o 6 0 m m . 
Po t ted in hard resin or s in te red i n to Degussi t® ceramic . 

W i t h s ing le , d o u b l e or t r ip le measu r i ng co i l . For 2 , 3 
or 4 - w i r e c o n n e c t i o n . Flat t y p e w i t h f l a t - g r o u n d 
measu r i ng sur face . G r o o v e d m e a s u r e m e n t resistors. 
For de ta i l ed spec i f i ca t i ons a n d pr ice l ists, p lease app l y t o 

Degussa (Schweiz) AG 
Postfach 2 0 5 0 • 8 0 4 0 Zurich • Tel. 01-54 39 00 • Telex 57946 

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

Office nouveau du nettoyage ONET 
tel. (91) 732850 
tel. (1) 20815 57 
tel. (022) 20 6848 
tel. (50) 51 4641 
tel. (50) 41 1207 

13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson-Saint-Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

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

JCC20 
A CRATE 
INTERFACE FOR POP 11 
• Equivalent to the module JCC 11 

but MULTIWIRE TECHNOLOGY 
for the printed board. 

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

• EASE OF MAINTENANCE 

• COST REDUCTION : 6200 F HT 

• SOFTWARE AVAILABLE 

CAMAC PC* IN'tflhAEf 

0 JCC20 0 
8 I B 

ooo 

$ 6 

5 0 

C O M P T E U R S 

Schlumberger 
FOR MORE INFORMATION PLEASE CONTACT : 
Departement Nucleaire COMPTEURS SCHLUMBERGER 
BP 47 -92222 Bagneux (France) 
Tel. : (1) 655.22.11 - Telex : SAIPEX 25075 F 
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MAGNETIC MEASUREMENT 
New 
Broad Range 
Gaussmeters 
The new Walker/Magnemetrics line of Hall Effect 
Gaussmeters has been designed to measure 
both AC and DC magnetic fields for laboratory 
and production applications. 
The Model MG-2A has 8 full scale ranges from 10 
to 30,000 gauss displayed on a 1 % Taut-Band 
Mirror Scale analog meter, with an AC response 
to 4,000 Hz. In the MG-3 Series, the optionally 
portable MG-3A is an analog display instrument 
with 11 full scale ranges from 1 to 100,000 gauss. 
The MG-3D displays digitally, with 5 full scale 

ranges from 10 to 100,000 gauss, and can be 
provided with an isolated BCD output for 
computer analyzers. 
Both MG-3 instruments offer system accuracy of 
0.5% or better, with the MG-2A rated at 1 % 
accuracy. Write for complete details. 

WALKER 
SCIENTIFIC INC. 
ROCKDALE ST. / WORCESTER, MASS. 01606 U.S.A. 
Telex No. 920489 / Telephone (617) 852-3674 

Model MG-2A 
(and MG-3 Series) 

Power supplies 
Farnell, series H 

For constant voltage and current operation 
With external programming facility 
M o d e l O u t p u t 

H 6 0 / 2 5 0 - 6 0 V 0 - 2 5 A 
H 6 0 / 5 0 0 - 6 0 V 0 - 5 0 A 
H 3 0 / 1 0 0 0 - 3 0 V 0 - 1 0 0 A 

T w o u n i t s m a y be c o n n e c t e d in ser ies o r i n pa ra l l e l o n 
t h e " m a s t e r - s l a v e " s y s t e m f o r h i g h e r p o w e r s . 

• M a i n s c o n n e c t i o n : 3 8 0 or 2 2 0 V ± 7 . 5 % , s i n g l e p h a s e 

• C o a r s e a n d f i n e v o l t a g e a n d c u r r e n t a d j u s t m e n t 

• T h y r i s t o r i s e d c o a r s e a d j u s t m e n t , t r a n s i s t o r i s e d f i n e 
a d j u s t m e n t 

• F a n - c o o l e d 

• S t a b i l i t y : A U m a i n s + 7 . 5 % \ n n i 0 / , o o n x / 

A I l o a d 0 — 1 0 0 % } 0 . 0 1 % + 2 0 0 

• R e s i d u a l r i p p l e 1 mVrms 

• H e i g h t o f f r o n t p a n e l 1" o r 1 0 % ' ' 

uMEMil 

les variateurs mecaniques 
jusqu'a 40 Nm 

Representation generale: 

Th. Ziirrer + Cie. 

Birmensdorferstrasse 470, 8055 Zurich (Suisse) 
Telephone (01) 352555, Telex 54506 

Dr. K. Witmer Elektronik AG 
S e e s t r a s s e 141 8 7 0 3 E r l e n b a c h Z H T e l . 01 / 9 0 8 5 9 5 

B u r e a u d e v e n t e S u i s s e R o m a n d e 

G e r a r d K u f f e r , G e n e v e T e l . 0 2 2 / 5 2 3 3 6 3 i 

3 2 6 



BORER AUTONOMOUS CAMAC 

Ingeneous up-to-the-minute technology, but only 
the first step to autonomy.,. 

that's a micro-processor 

Already better - but even after all the essential 
extra components have been added.., 

thaf s only a micro-computer 
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NowoneProcjri 
handles 80different 
With more on the way. 
N e w persona l i ty m o d u l e s m a k e 
Ser ies 9 0 P R O M P r o g r a m e r 
m o r e v e r s a t i l e t h a n ever . 

T h e Ser ies 9 0 — a s imple, st ra ight
f o r w a r d m e t h o d of p r o g r a m i n g , d u p 
l i ca t ing o r v e r i f y i n g M O S or b i p o l a r 
P R O M s . P lug- in persona l i ty m o d u l e s 
a r e c u r r e n t l y a v a i l a b l e fo r a l l t h e 
P R O M s shown below. 

Gives eng ineers design 
f lexibi l i ty. M a k e s prototyping 
a snap. 

Y o u p r o g r a m f r o m a h e x a d e c i m a l 
keyboard . Add resses and data appear 
on a hexadec ima l d isplay wh ich you can 
use to ver i fy you r en t r y prior to p ro
graming. 

Wide range of interface options 
available for use 

with the Series 90 
Teletype Control 

Paper Tape Reader 
Parallel Input/Output 

RS232 

Field-proven rel iabi l i ty. 
W e ' v e been produc ing P R O M pro

g r a m e d since 1973. W e have more than 
1,000 current ly in the f ield. 

Rugged and fully por tab le for 
f ie ld use . 

It we ighs less than 18 pounds a n d 
c o m e s in an at tache case. A n opt iona l 
bench- top mode l is avai lable. 

AMD Fairchild Harris Intel Intersil MM1 NSC SIG Tl 

1702A 93416/ 1024 1702A 5600/ 5300/5301 1702A 82S114 74S188/ 
1702/ 93426 7602/ 1702 5610 5305/5306 4204 82S115 74S288 
9702 93417/ 7603 2704 5603A/ 5330/5331 5202/ 8223 74S287/ 

93427 7610/ 2708 5623A 5335 5203 82S23/ 74S387 
93436/ 7611 3601/ 5604/ 5340 5203A 82S123 74S470/ 

93446 7620/ 3621 5624 6335/6301 5204 82S126/ 74S471 
93438/ 7621 3602/ 5605/ 6305/6306 82S129 74S472/ 

93448 7640/ 3622 5625 6330/6331 82S130/ 74S473 
7641 3604/ 

3624 
6335 
6340 

82S131 74S474/ 
74S473 

74188A 

L o w - p r i c e d . 
The M-900 Master Con t ro l Unit cos ts 

sFr. 5 0 4 0 . - . Personal i ty m o d u l e s range 
f r o m sFr. 1000 - to sFr. 1540 . - . 

N e w Ser ies 9 2 Per ipheral 
Programer and Dupl icator c o m e s 
w i t h te le type in ter face s tandard . 

It g ives you low cos t per iphera l p ro 
g ram ing and of f - l ine dup l i ca t ing capa 
bi l i ty. The Ser ies 9 2 uses the same per
sona l i ty modu l es as the Ser ies 90 . An 
RS232 in te r face is op t i ona l . The M-920 
Master Contro l Unit costs only sFr. 2790 . - . 

W e h a v e o ther i n s t r u m e n t s , 
m i c r o p r o c e s s o r s u b s y s t e m s , 
and e d u c a t i o n , too . 

4 - a n d 8-bit m i c rop rocesso r s y s t e m 
ana l yze rs ; 4 - and 8-bit m i c rop rocesso r 
s u b s y s t e m s ; a h a l f - d a y e c o n o m i c s 
s e m i n a r fo r d e c i s i o n m a k e r s ; a n d a 
th ree -day hands -on des ign c o u r s e for 
eng inee rs . 

f r o m 

PRO-LOG 
Laser- & Electronic-Equipment 
A. Schurmann 

8 0 5 3 Z u r i c h 
Eierbrechtstr . 47 
Tel. 01 55 3 3 3 0 
Telex 5 2 1 2 4 

1205 G e n e v e 
8, Rue Saint-Leger 
Tel. 0 2 2 2 9 1010 
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VACUUMSCHMELZE 

you should know more about VACRYFLUX 

For your special magnet problem up to 10 T we 
deliver Nb-Ti based superconductors in s ingle 
core- and f i lament fo rm with rectangular and round 
cross sect ion with opt imized current densit ies. 

For special magnet designs we produce conduc
tors with current capaci ty of more than 10 4A. 

For magnets of more than 10T we supply Nb 3 Sn 
based f i lament conductors . 

For data sheet and 
further information apply to 

V A C U U M S C H M E L Z E G M B H 
6450 H A N A U 
W.-Germany • POB109 

Germanium or * \ 
''Carbon Glass Sensor?" 

Hie Choice 
is Yours 

only from 
LAKE SHORE [RYOTROHKS 

Series GR-200A Uniquely 
Constructed Germanium Sensor 

The GR-200A is the latest advance in 
germanium thermometry and features: 
• Lower parasitic resistance 
• Reduced strain effects & improved shock 

resistance • Reduced self-heating 
• Improved thermal time response 

Series CGR-1 Carbon Glass Sensor 
The CGR-1 is the latest development in 
CRYOGENIC thermometry and features: 
• Very low magnetic field induced error 
• Monotonic R vs. T and dR/dT curves 
• RANGE — 0.3K to 100K (300K) 
The best choice will depend on your 
particular needs. For more details on our 
improved Germanium and new Carbon 
Glass resistors and the solution to your 
particular thermometry and instrumenta
tion needs, write or call Lake Shore 
Cryotronics TODAY! 

LRKE SHORE 
[RVOTRonns.ini 

96310 S a n d r o c k R d . E d e n , N Y 1 4 0 5 7 ( 7 1 6 ) 9 9 2 - 3 4 1 1 

Developers & manufacturers of the most 
complete line of Cryogenic Thermometry 

& Instrumentation in the world! 
• Cryogenic Digital Thermometers 

• Temperature & Liquid Level Controllers 
• Accessories • Engineered Systems 
• Calibration Services 30mK to 400 K 

Overseas Representatives 
WEST GERMANY 
EAST GERMANY, & AUSTRIA 
CRYOPHYSICS G M B H 
Butzbacher Str. 6 
61 Darmstad t , W . G e r m a n y 
(6151)76051 Te lex :419594 

UNITED KINGDOM 
CRYOGENIC C A L I B R A T I O N S 
P i t chco t t Nr. Ay lesbury 
B u c k i n g h a m s h i r e , Eng land 
029-664-259(Whi tchurch 259) 

IRELAND & HOLLAND 
CRYOPHYSICS LTD. 
Thor Works Hen ley Road 
B e r i n s f i e l d , O x o n . Eng land 
(865) 340, 257 Telex: 83474 
FRANCE, BELGIUM, 
& SCANDINAVIA 
CRYOPHYSICS SA 
3, rue A n t o i n e Coype l 
78 Versa i l l es , France 
(1)950, 65, 78 or 951 , 03, 71 
Te lex: 691096 

SWITZERLAND, ITALY, 
EASTERN EUROPE 
OTHER THAN E.GERMANY, 
ISRAEL AND THE MIDDLE 
EAST, N.AFRICA, 
SPAIN, PORTUGAL, 
GREECE AND TURKEY 
CRYOPHYSICS SA 
39 rue Ro thsch i ld 
1202 Geneva, 
Swi tzer land 
(22) 32, 95, 20 
Telex: 23484 
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TUfiBIW 
SYSTEM SCHATZ 

L a b o r -
Schutte lmischer 

• f r e i e W a h l der M i s c h b e h a l t e r 
v o n F inge rhu tg rosse bis 2L i te rgefass 

•s te r i l e r , s taubf re ier , s c h o n e n d e r 
M i s c h v o r g a n g 

• H o m o g e n i t a t in kurzer Ze i t e r re ichbar 
• bevo rzug t fur Fes ts to f fgemische 

SEIT 1933 

Willy A. Bachofen 
Maschinenfabrik 

U t e n g a s s e 15/17, C H - 4 0 0 5 B a s e l / S c h w e i z 
Te le fon (061) 3 3 5 5 55 , Telex 6 2 5 6 4 

mm 
$8§B 
m 
§ 

a 

H O W , P R E S S U R E , O R C O M P U T A T I O N P R O B L E M S ? I 

FIND T H E A N S W E R A M O N G R I S T R A N S M I T T E R S . 

— H 

S C - 1 3 2 0 H i g h / L o w 
S i g n a l S e l e c t o r 
S C - 1 3 3 0 S q u a r e 
R o o t E x t r a c t o r 

C . S C - 1 3 5 0 F r e q u e n c y 
T r a n s m i t t e r 

D . S C - 1 3 5 2 M u l t i p l i e r / D i v i d e r 
E . S C - 1 3 5 4 A d d e r / S u b t r a c t e r 
F. S C - 1 3 5 6 L i n e a r I n t e g r a t o r 
G . S C - 1 3 5 8 S q u a r e 

R o o t I n t e g r a t o r 
S C - 1 3 9 0 S t r a i n 
G a u g e T r a n s m i t t e r 
A l l o f t h e a b o v e 

• B 

C 

I 
f 

I 

IS ill 

PMI REF-01 
MONOLITHIC 
10 V PRECISION 
VOLTAGE REFERENCE 
R e f e r e n c e s t o t h e e n e r g y b a n d -
g a p e o f s i l i c o n , t h u s n o w a r m - u p 
o r a g e i n g is n e c e s s a r y . 
A s t a b l e r e f e r e n c e v o l t a g e is 
a c h i e v e d w i t h i n m i c r o s e c o n d s . 
A d j u s t a b l e w i t h i n ± 3 % w i t h n e 
g l i g i b l e e f f e c t o n t h e t e m p e r a t u r e 
d r i f t . 

B O U R N S ( S c h w e i z ) A G 6 3 0 1 Z u g 
T e l e p h o n 0 4 2 2 3 2 2 4 2 T e l e x 7 8 7 2 2 

3 3 0 



H o t Ce l l s in t h e K a r l s r u h e A t o m i c E n e r g y R e s e a r c h E s t a b l i s h m e n t 

Safe viewing with SCHOTT 
In atomic energy research you cannot 
depend on guesswork. Especially not in 
the design of Radiation Shielding Win
dows. Safety must be calculated in ad- J E N A E R 
vance, so that viewing remains free from 
risk. SCHOTT's years of experience guaran
tee this. Atomic energy research in all parts 
of the world relies on SCHOTT. 

SCHOTT constructs all types of Radia
tion Shielding Windows, including dry 
windows. Our experienced personnel 

G L A S are at your disposal at all times to help 
solve your problems. Our publication No. 
3201 will supply you with initial information 
about technical details, possible uses and 
construction examples. 

S C H O T T JENAER GLASWERK SCHOTT & GEN., MAINZ 
(West Germany) 
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Multidac 
9085 

12 programmed outputs 

Preselectable: 0 to +1OV, -5V to +5V, 
or 0 to-10V. 

12 bit resolution 

Simple to program—overwrite and read via 
12 sub-addresses. 

Each output initialised until data register 
overwritten. 

Individual output state indication 
(L.E.D. illuminates for valid data) 

Rapid output update 

10 milliamps output current capability 

The 9085 provides the equivalent of twelve 
off, twelve bit digital to analogue converters 
within onesinglewidth module. Itisso 
organised as to provide a cost effective 
multiple D.A.C. facility.Modules can be 
supplied to different drift specifications 
according to system requirements. 

Full details on request. 

NUCLEAR 
ENTERPRISES 
S.A. 
25 Chemin Francois-Lehmann, 1218 Grand 
Saconnex, Geneve. Tel (022) 98 16 61 62 
Telex 289066. 
Nuclear Enterprises Limited 
Bath Road, Beenham, Reading RG7 5PR, England. 
Tel: 07-3521 2121. Cables: Devisotope, 
Woolhampton. Telex: 848475. 
Nuclear Enterprises GmbH, 
Schwanthalerstrasse 74, 8 Munchen 2, Germany 
Tel: 53-62-28 Telex: 529938. 
Nuclear Enterprises Inc, 935 Terminal Way, 
San Carlos, California 94070. Tel: 415 593 1455 
Telex: 348371. 
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