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Protons accelerated 
in KEK synchrotron 

As w e reported brief ly In our March 
issue, protons were accelerated to 
8 GeV in the synchrot ron at the 
Japanese Nat ional Laboratory for 
H igh Energy Physics, KEK, on 4 March . 
This is the story of the last f e w months 
of the machine commiss ion ing . 

On 21 November, the f irst at tempt 
was made to inject protons in to the 
main r ing f rom the 500 MeV booster. 
Af ter an af ternoon spent t un ing the 
beam transport l ine be tween the t w o 
rings, in ject ion into a d.c. f ie ld to 
hold 500 MeV protons was tr ied in 
the early evening. A b o u t three hours 
were needed to adjust the in ject ion 
septums and the kicker and at 23 .00 h 
the f irst fu l l turn around the ring was 
observed. Work ing th rough the n ight 
achieved a fair ly stable beam w h i c h 
l ived for 10 ms. The booster was 
feeding in 2 x 1 0 1 1 protons per pulse 
and about 1 0 1 i were c i rculat ing after 
in ject ion. 

A t the beg inn ing of December, 
at tent ion concentrated on refined 
tun ing of the synchrot ron by mov ing 
around the tune diagram (adjust ing 
focus ing magnet sett ings) wh i le the 
bending magnet f ields were held 
constant. Eventually a beam l i fet ime 
of 250 ms was achieved (w i th v x = 
7.1 El — the design value is 7 .25) . 
Beam behaviour under the inf luence 
of various resonances was careful ly 
invest igated. 

The next commiss ion ing run began 
on 12 December w h e n t w o of the 
three r.f. cavit ies in the main ring 
were in act ion and it was possible to 
at tempt acceleration for the first t ime. 
There was no joy , possibly due to a 
mismatch between the magnet ic f ield 
and the r.f. f requency or to a t rack ing 
error between the bend ing and q u a -
drupole magnets. 

A week later another at tempt at 
accelerat ion was made and, after 
clearing some booster t roubles, a 
small f ract ion of the injected beam 
was manoeuvred to an energy of 

The main ring of the proton synchrotron at 
the Japanese National Laboratory for High 
Energy Physics, KEK. The synchrotron 
accelerated protons to 8 GeV in March. On the 
right can be seen several of the ring bending and 
focusing magnets. 

(Photo KEK) 

almost 2 GeV. Abou t midn ight on 
19 December, the beam was acceler­
ated to 4 GeV but it was not stable 
and the peak energy that cou ld be 
achieved varied f rom pulse to pulse. 

A frustrat ing couple of months 
f o l l owed dur ing w h i c h there were 
three machine runs w i t hou t s igni f icant 
improvement in performance. There 
was also a three week s h u t d o w n to 
sort out some magnet problems in the 
l o w energy beam transport system 
between the preinjector and the l inac. 

Mid-February the machine was in 
operat ion again and it became clear 
that beam control via the r.f. accelera­
t ion system was the crucial problem. 
The beam monitor, posi t ion feedback 
and phase lock systems were improved 
and at the end of February, the beam 
cou ld be accelerated up to transi t ion 
energy at 5.27 GeV. 

Success came a f e w days later. 
A machine run began on 3 March 
w h e n , up to m idn igh t most of the t ime 

was absorbed by tun ing the r.f. system. 
The magnet power supplies were set 
to take the f ie ld up beyond the level 
cor responding to transit ion energy to 
a peak corresponding to 8 GeV. The 
first at tempt at acceleration was at 
0 .30 h and at 3.00 h protons w e n t all 
the w a y to 8 GeV for pulse after pulse 
in a pretty stable beam. The acceler­
ated beam intensity was est imated 
at 2 x 1 0 1 0 protons per pulse. (v x was 
set at 7.14 and v z at 7.19; sextupole 
correct ion magnets were not sw i tched 
on.) On 19 March the magnet f ields 
were run higher and a 10 GeV beam 
was obta ined. 

The KEK machine is the first at tempt 
at proton synchrot ron construct ion in 
Japan . W e congratulate the Director 
of the Accelerator Department,T. N ish i -
kawa , and his team on their impressive 
achievement. We we lcome them to 
the h igh energy fo ld and w ish our 
Japanese col leagues many years of 
g o o d physics. 
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ECFA Meeting in March 

The European Commit tee for Future 
Accelerators met at CERN on 29 March . 
ECFA is the fo rum for all components 
of the European high energy physics 
commun i t y — the Universit ies, the 
Nat ional Laboratories and CERN. 
There was a c rowded agenda and 
w e wi l l briefly cover most of the topics 
w h i c h were discussed. 

The Chairman, Guy von Dardel, 
reported on recent ECFA activit ies. The 
main ones were — ECFA sponsorship 
of the meet ing at Frascati at the 
beg inn ing of March (reported in the 
March issue) where the experimental 
programme at the PETRA elect ron-
posi t ron storage r ing was d iscussed; 
further act ion on the Report of 
Work ing Group 3 w h i c h made re­
commendat ions on the relat ionships 
between the dif ferent parts of the h igh 
energy physics c o m m u n i t y ; s t rong 
ECFA support of budget f igures w h i c h 
w o u l d not damage the physics pro­
gramme dur ing the CERN budget 
discussions in December 1975, and 
ECFA's presence at the Serpukhov 
meet ing in May (of w h i c h more news 
in our next issue) w h e n von Dardel 
w i l l lead the delegat ion of the CERN 
Member States. Von Dardel conc luded 
by compar ing the w o r k of ECFA to 
the process of seeding c louds. If the 
w o r k bears f ru i t one never k n o w s 
whe ther the rain w o u l d have fal len in 
any case but the task of seeding the 
c louds certainly tries to ensure the 
rain. 

Marcel Vivargent f rom Annecy pre­
sented prel iminary in format ion f rom 
another Work ing Group w h i c h has 
been assembl ing in format ion on the 
suppor t g iven to scientists f rom the 
Member States w h e n they are w o r k i n g 
on experiments at CERN. There are 
big discrepancies between the a l low­
ances etc. w h i c h are al located by the 
dif ferent countr ies and, w h e n the 
survey is complete, act ion may be 
needed to at tempt to even ou t the 
suppor t for all the v is i t ing scientists. 

Herwig Schopper, Director of DESY, 
reported on the progress w i t h PETRA. 
Construct ion is proceeding very qu ick­
ly — a sect ion of tunnel is already 
complete, orders are placed for many 
components and the first r.f. k lystrons 
are scheduled to arrive m id -1977 . 
First in ject ion tests are scheduled for 
Spr ing of next year, the ful l r ing w i l l 
be assembled by the end of 1978 
( though all the klystrons w i l l not be 
in place by then) and exper iments are 
scheduled to start m i d - 1 9 7 9 . Four 
interact ion regions wi l l be equipped 
ini t ia l ly and decisions on the first 
exper iments w i l l be taken in the 
A u t u m n of this year. 

There was a long discussion on a 
paper ent i t led 'Guidel ines for the w o r k 
of ECFA' w h i c h at tempted to s u m ­
marize in a f lexible w a y the aims and 
procedures w h i c h have been the basis 
of ECFA's work . Some people were 
wor r ied about formal iz ing ECFA's 
operat ions too much in th is w a y since 
they had proved adequate and adap­
table in the past w i t h o u t such Guide­
lines. In particular, David Gray f rom 
Rutherford vo iced w h a t was sub­
sequent ly referred to as the Gray 
cri terion — 'If you doub t whether it is 
needed, leave it out ' . The Guide­
lines were accepted for use w i t h i n 
ECFA itself. A m o n g the innovat ions 
that they establish is the possibi l i ty to 
have 'observers'. For example, given 
ECFA's interest in the PETRA exper i ­
mental programme, the Director of 
DESY w i l l be invi ted to ECFA meet­
ings. Representatives f rom other n o n -
CERN Member countr ies cou ld also 
in pr inciple at tend. Ano ther i nnova­
t ion is that Plenary meet ings of ECFA 
wi l l be open to the publ ic. 

J o h n Mu lvey f rom CERN, w h o w i l l 
soon be returning to Oxford , made a 
spir i ted plea for ECFA to pick up 
again the responsibi l i ty w h i c h is 
indicated in its t i t le — to th ink 
seriously about ' future accelerators'. 
He rev iewed the plans in the USA 

and the USSR po in t ing ou t that both 
regions have projects at an advanced 
stage to meet physics needs w h i c h 
are n o w very obv ious by prov id ing 
the next generat ion of accelerators 
and storage rings. 

In the USA, the Berkeley/Stanford 
PEP 15 GeV e lect ron-pos i t ron storage 
r ing has the go ahead, the Brook-
haven ISABELLE 200 GeV p ro ton -
proton storage rings is a fu l ly de­
ve loped proposal w h i c h has more 
s tudy money this year, and there are 
a range of higher energy accelerator 
and storage r ing plans at Fermilab. 
In the Soviet Un ion there is a project 
for a 2 -5 TeV accelerator w h i c h 
appears to be taken very seriously. 
For example, Soviet accelerator spe­
cialists are in tend ing to visit CERN 
to learn f rom the experience in bu i l d ­
ing the 4 0 0 GeV proton synchro t ron, 
the SPS. Europe alone has no th ing in 
v iew, beyond the comple t ion of the 
SPS and PETRA. 

Mu lvey urged that ECFA should 
set up a Steering Group to examine 
the physics and technolog ica l pros­
pects for future accelerators in Europe. 
ECFA took up this suggest ion. Pro­
posals for the members of the Group 
w i l l be fo rwarded to von Dardel and 
the Group is expected to come into 
act ion qu ick ly so as to make a first 
report at an ECFA Meet ing in Novem­
ber. 

Sti l l on the top ic of fu ture accelera­
tors, the ECFA pol icy to be fo l l owed 
at the Serpukhov meet ing (concern­
ing the bu i ld ing of 'a very big accel ­
erator' as a wo r l d machine) was d is­
cussed. Von Dardel w i l l lead the Euro­
pean delegat ion appoin ted by the 
CERN Scient i f ic Pol icy Commit tee 
( the other f ive members being Ugo 
Ama ld i , Kjell Johnsen , Andre Rousset, 
David Thomas and someone f rom the 
Federal Republ ic of Germany) . The 
ECFA po l i cy documen t f inishes w i t h 
wo rds f rom the Helsinki Agreement 
on Secur i ty and Cooperat ion in Europe, 
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CESR-Cornell Electron 
Storage Ring 

w h i c h specif ical ly ment ions h igh 
energy physics as a f ie ld for coopera­
t ion — 'Scient i f ic and techno log ica l 
cooperat ion const i tutes an impor tant 
cont r ibu t ion to the s t rengthen ing of 
securi ty and c o o p e r a t i o n . . . in that 
it assists the effect ive so lu t ion of p rob ­
lems of c o m m o n interest and the 
improvements of the cond i t ions of 
human life'. ECFA considers that also 
in th is respect an internat ional h igh 
energy physics project on a very large 
scale w o u l d be a part icular ly impor ­
tant step. 

Leon Van Hove, Research Director 
General of CERN, rev iewed the act ions 
taken by CERN f o l l o w i n g the recom­
mendat ions of ECFA Work i ng Group 3 
ment ioned above. Some n e w pr in ­
ciples have been establ ished inside 
CERN to help smooth the w o r k i n g 
cond i t ions of v is i t ing teams. They 
concern part icularly the degree of 
technical suppor t suppl ied f rom w i t h i n 
CERN and its balance w i t h the t e c h ­
nical suppor t provided by home Labo­
ratories. Contacts w i t h Users are being 
expanded by improv ing the in fo rma­
t ion f l o w and by t ransforming an ad 
hoc 'Commiss ion of Associates ' to be 
more representative of the User c o m ­
muni ty . Finally the general quest ion 
of commun ica t ing h igh energy phys­
ics is being tackled by more effort 
on the 'publ ic in fo rmat ion ' f ront be­
g inn ing w i t h activit ies based on CERN 
itself. 

J o h n Mu lvey reported the recent 
decisions on future compu t i ng fac i l ­
ities at CERN (covered in the March 
issue) and Mervyn Hine of CERN 
descr ibed plans in Europe for tests of 
h igh speed data l inks using bo th 
g round links and satell i tes. In his 
usual provocat ive w a y he descr ibed 
th is as the so lut ion to the present 
prob lem of t ry ing to carry ou t a 
2 1 s t Century Science using a 1 9 t h 

Century commun ica t ions system. W e 
w i l l have an article on th is top ic in 
our next issue. 

A n e lect ron-posi t ron co l l id ing beam 
faci l i ty is being planned at the Wi lson 
Synchrot ron Laboratory, Cornell U n i ­
versity. The ^project calls for a r ing to 
be bui l t in the tunnel hous ing the 
12 GeV electron synchrot ron. The 
synchrot ron w i l l be used to inject 
bo th positrons and electrons into the 
storage r ing, w h i c h is designed for a 
luminos i ty of 1 0 3 2 per c m 2 per s at 
electron and posi tron beam energies 
of 8 GeV. Eventually, the energy range 
cou ld be extended to 10 GeV by 
increasing the r.f. power. 

The Cornel l faci l i ty is in tended to 
complement the DESY (PETRA) and 
Berkeley/Stanford (PEP) storage rings 
w h i c h w i l l operate at beam energies 
of 15 GeV and higher. These 
machines are designed for an op t i ­
m u m luminosi ty of 1 0 3 2 at 15 GeV 
beam energy and in the lower energy 
range of 4 to 10 GeV their luminosi ty 
is appreciably less. CESR is opt imized 
for just this energy region, intermediate 
be tween the presently operat ing 
S P E A R / D O R I S rings and the future 
PETRA/PEP rings. For beam energies 
up to 10 GeV, CESR w i l l have a 
luminos i ty several t imes greater than 
PEP and PETRA. 

One of the drawbacks of storage 
r ing operat ion is that all exper imental 
areas must run at the same energy at 
any one t ime. Also major co l l id ing 
beam experiments require many 
months to perform, even at h igh l um i ­
nosity. Thus CESR, operat ing at h igh 
luminosi ty and l o w overhead cost in 
the lowerenergy ranges, can investigate 
phenomena f rom 4 GeV to 10 GeV 
eff ic ient ly, wh i le PEP and PETRA 
press on w i t h explorat ion of the 
higher energy regions using their 
max imum luminosi ty. 

In May 1975, the Laboratory sub ­
mi t ted a proposal to the US Nat ional 
Science Foundat ion (NSF) for c o n ­
st ruct ion of CESR beginn ing in 1976. 
A l t h o u g h this proposal was st rongly 
suppor ted by the NSF, it d id not 

appear in the President's budget for 
Fiscal Year 1977. A new proposal of 
reduced scope was submi t ted to the 
NSF invo lv ing conversion to co l l id ing 
beam operat ion using 'operat ing funds ' 
augmented by less than t w o mi l l ion 
dol lars per year for three years. This 
proposal is current ly being considered 
by the NSF. By direct ing nearly all 
the resources and efforts of the Labo­
ratory towards this programme, beam 
cou ld be injected into the storage r ing 
dur ing the summer of 1979. By that 
date, const ruc t ion of a large magnet ic 
detector for co l l id ing beam exper i ­
ments can also be completed and 

Design luminosity as a function of beam 
energy for the electron-positron storage rings 
SPEAR, CESR and PEP IPETRA (PEP and 
PETRA being very similar). By increasing the r.f. 
power for CESR from 2 MW to 4 MW, operation 
can be extended to 10 GeV as shown. The high 
energy limit for PEP is shown for 9 MW of r.f. 
power with a total accelerating structure 
length of 76 m. 

1 2 9 



the exper imental programme cou ld 
get off to a f ly ing start. 

The NSF has recently approved the 
expendi ture of S450 0 0 0 dur ing 1976 
for the deve lopment of f inal designs 
and prototype components . This w o r k 
is proceeding at a fast pace w i t h 
everyone p i tch ing in wh i l e carrying 
on w i t h synchrot ron experiments. 
An imated discussions are held in all 
corners of the Laboratory on the design 
of the magnet ic detector. Physicists 
f rom Harvard, Rochester, Syracuse 
and other research centres in the 
northeastern Uni ted States are en thu ­
siastically tak ing part in the p lann ing 
for th is experimental faci l i ty. Proto­
type deve lopment of l iquid argon 
shower detectors and large cyl indr ical 
drif t chambers is already under way . 
J u d g i n g f rom the enthusiast ic re­
sponse f rom Cornel l 's 'ne ighbours ' 
w h e n the project was proposed, it is 
expected that more physicists w i l l 
appear (w i t h sleeves rol led up) to 
start w o r k i n g happi ly beside those 
already invo lved. 

The electron linac f rom the Cam­
bridge Electron Accelerator has been 
moved to Cornel l and w o r k is pro­
ceeding on the modu la t ion of the l inac 
beam and on the product ion of h igh 
intensit ies required for posi t ron injec­
t ion into the storage r ing. 

General description of the storage ring 

The synchrot ron and the 'separated 

f unc t i on ' storage r ing w i l l bo th run 
th rough the South Experimental Hall 
where , at the storage r ing intersect ion 
point , the separation between the t w o 
w i l l be increased to 5.3 m. The nominal 
separat ion between the orbits in the 
tunne l is about 1.6 m. The 'bu lge ' in 
the storage r ing is achieved by in t ro­
duc ing long dri f t spaces and a f e w 
magnets of higher than average f ie ld. 
The t w o long dri f t spaces w i l l be 
occup ied by r.f. accelerat ing cavit ies. 
For instal l ing the detect ion systems, 
the interact ion region has a free length 
of 7 m between quadrupoles and a 
pit depth of 3.8 m be low the beam 
line w i t h a pit area of 8 m x 8 m. 

The Nor th intersect ion region lies 
underground, at a depth of about 
15 m under the surface of a sports 
f ield on the Cornel l Universi ty campus. 
Due to ant ic ipated budget l imi tat ions, 
the present proposal does not inc lude 
a major experimental area at th is inter­
act ion point . (Earlier plans cal led for 
excavat ion of a n e w experimental hal l , 
inc lud ing a three-story underground 
bu i ld ing for associated faci l i t ies.) 
However , special ized smaller exper i ­
ments may be moun ted in th is area, 
where the total available space is 12 m 
long by 9 m w ide , w i t h an arched roof 
4.5 m h igh ( f loor to ce i l ing) . If neces­
sary, a pit may be excavated, to a l low 
a depth of 3 m be low the beam line. 
The free length for instal l ing detect ion 
systems in th is interact ion straight 
sect ion is 5 m between quadrupoles. 

The bending magnets and quad ru ­
poles are designed for a peak operat ing 
energy of 10 GeV and the r.f. system 
is designed for init ial operat ion at 
8 GeV (2 M W ) . Add i t iona l power 
w o u l d give eventual operat ion at 
10 GeV. The vacuum chamber is of 
extruded a lumin ium, similar to the 
SPEAR design, w i t h a bu i l t - in water 
channel to absorb the heat deposi ted 
in the wa l l by the intense synchrot ron 
radiat ion. Distr ibuted sput ter - ion 
pumps w i l l be instal led w i t h i n the 
chamber in the bend ing magnets, to 
cope w i t h the desorpt ion of gas by 
synchrot ron radiat ion. A n average 
pressure of about 2 x 10~ 8 torr w i l l be 
mainta ined w i t h bo th beams ci rculat­
ing , g iv ing a beam l i fet ime of about 
12 hours. 

A synchrot ron radiat ion faci l i ty w i l l 
be available to make use of the 
intense, co l l imated beam of X rays 
available f rom the storage r ing. 

Injection and stacking of beams 

In order to achieve adequate average 
luminosi ty , it is crucial that in ject ion 
of electrons and posi trons be accom­
pl ished in a t ime w h i c h is short c o m ­
pared to the useful ' luminos i ty l i fe­
t ime' . The storage ring is designed for 
single bunch operat ion. The relatively 
long damp ing t imes w o u l d require too 
long a wa i t be tween successive 
's tack ing ' of s ingle synchrot ron beam 
bunches into a single bunch c i rculat-

1 3 0 



Floor plan of the South intersection area 
of CESR, in the main experimental hall. 
The synchrotron and storage ring are 5.3 m apart 
at the interaction point while in the common 
underground tunnel the separation is about 
1.6 m. 

ing in the storage r ing. A n ingenious 
'vernier phase-space compress ion ' 
techn ique proposed by Maury Tigner 
w i l l be used to overcome this d i f f icul ty. 
It uses mult ip le bunch accelerat ion in 
the synchrot ron for f i l l ing a single r.f. 
bucket in the storage r ing. A t 8 GeV 
the posi t ron f i l l ing t ime w i l l then be 
2.4 minutes wh i le the higher electron 
ou tpu t of the l inac gives an electron 
f i l l ing t ime of one minute. 

The in ject ion for posi t rons proceeds 
as fo l lows. Sixty evenly spaced b u n ­
ches are injected f rom the linac into 
the synchrot ron and accelerated to 
8 GeV. These bunches are all extracted 
f rom the synchrot ron in a single turn 
and injected into the storage r ing, 
where the betatron osci l lat ions are 
a l lowed to die d o w n wh i l e the syn ­
chrot ron receives and accelerates a n ­
other burst of 60 bunches f rom the 
l inac. These are then stacked on top 
of the bunches already c i rculat ing in 
the storage r ing. The w h o l e process is 
repeated at 60 Hz, unt i l the total re­
quired charge has been accumulated 
in the 60 bunches in the storage r ing. 

The vernier scheme is used to 
coalesce these bunches into one 
bunch . The c i rcumference of the 
storage r ing is larger than that of the 
synchrot ron by one bunch spacing (L ) 
and this provides the vernier phase 
di f ference between the synchrot ron 
and the storage r ing. There is thus an 
extra space, L, be tween the first and 
last bunches between the 'head ' and 
the ' ta i l ' of the 60 bunch train in the 
r ing. 

The first bunch at the head is 
extracted f rom the storage r ing us ing 
a fast extract ion scheme and reinjected 
on to the equi l ibr ium orbi t o f the 
synchrot ron at the peak of its cycle. 
The bunch travels around the synchro­
t ron (advancing in phase w i t h respect 
to its compan ions sti l l in the storage 
r ing) unt i l it reaches the extract ion 
kicker, where it is extracted and re­
in jected into the storage r ing. This 

bunch has n o w advanced in phase 
as compared w i t h its init ial posi t ion. 
On the next synchrotron cycle, bunch 
number 2 is wh isked f rom the storage 
r ing and sent into the synchrot ron for 
an extra turn past the extract ion point 
to gain a ful l bunch-spac ing L on 
bunch number 1 , so that w h e n re­
in jected into the storage r ing it 
co incides in phase w i t h bunch n u m ­
ber 1 . Then bunch number 3 gets the 
same treatment, except that three 
revolut ions in the synchrot ron are 
a l lowed before reinsert ion into the 
storage r ing, where it coincides in 
phase w i t h bunches 1 and 2. 

This rout ine is repeated 60 t imes 
in al l , the last bunch mak ing 60 cir­
cui ts of the synchrot ron to catch up 
w i t h the first bunch . In order to a l low 
tho rough damping of the betatron 
osci l lat ion between bunch manipu la­
t ions, the cycle rate is kept at 30 Hz 
w h i c h gives a total t ime of 2 seconds 
for ' bunch compression ' . 

Various stages in the positron'bunch compression' 
scheme for CESR. The top line shows part of the 
train of 60 bunches in the storage ring after 
repeated 'stacking' cycles. The second fine 
shows the situation after bunch number 1 has 
been extracted from the storage ring, sent once 
around the synchrotron and reinjected into the 
storage ring. Bunch number 2 is then extracted, 
sent around for two revolutions and reinjected into 
the storage ring, coinciding in phase with bunch 
number 1, giving the situation in the third line. 
Bunch number 3 has three revolutions around 
the synchrotron to give the result shown in 
the forth line. The process continues until all 
bunches are compressed into one r.f. bucket. 

Magnetic detector 

To examine as w i d e a range of pheno­
mena as possible w i t h l imited re­
sources, effort is concentrated on 
prov id ing a single large, versati le 
detect ion system to be instal led in 
the South interact ion region. Various 
schemes are being considered for the 
ideal magnet — ' t h in ' superconduct ing 
so leno id , convent ional so lenoid, other 
more open geometr ies a l low ing access 
to the inner detectors, etc. No decis ion 
has yet been made, but partisans of 
each scheme are preparing their cases 
for the f inal select ion. Prototype w o r k 
on var ious particle detectors is pro­
ceeding and the detector is expected 
to be ready w h e n the first stored 
beams are available in 1979. Further 
detai ls of the chosen magnet , etc., 
w i l l be presented as the design w o r k 
progresses. 
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Particle physics in education 
The Open University approach 

Particle physics research has added a 
great deal of n e w informat ion to our 
know ledge of Nature. This in format ion 
is f i nd ing its w a y into human cul ture 
and one of the main channels is that 
of formal educat ion . The n e w f ind ings 
of particle physics are obv ious ly pro­
jected in standard physics courses but 
the speed at w h i c h this comes about 
and the w a y in w h i c h it comes about 
varies f rom count ry to count ry and 
depends upon the level in the educa­
t ional system at w h i c h it is in t roduced. 

In the November issue of 1975, w e 
described h o w pro ton-p ro ton inter­
act ions recorded on bubb le chamber 
f i lm are being used at h igh school 
level in France to convey physics 
concepts such as the necessity and 
val id i ty of quan tum mechanics and 
the energy-mat ter relat ionship. This 
month w e describe the w a y in w h i c h 
the Open Universi ty in the UK ap­
proaches particle physics at University 
level. The in format ion comes f rom 
F.R. Stannard of the Faculty of Science 
at the Open Universi ty and some of 
it can be found in greater detail in the 
Proceedings of the 2nd A i x - e n - P r o -
vence Internat ional Conference on 
Elementary Particles. 

Al l science students at the Open 
Universi ty take a foundat ion course in 
science in their first year and the 
course is also open to non-sc ience 
students. It has to be geared, there­
fore, to a broad audience and cannot 
presume previous science knowledge. 
Particle physics was brought into the 
founda t ion course w i t h some t rep ida­
t i on , since 85 % of the students w o u l d 
not regard physics as thei r part icular 
interest, but , so we l l d id the Faculty 
of Science succeed in demyst i fy ing 
the subject , that a survey of 15 000 
students w h o had taken the f o u n d a ­
t ion course revealed that the I n t r o ­
duc t ion to Elementary Particles' was 
considered the most interest ing and 
s t imulat ing feature of their entire first 
year studies. 

The Open Universi ty is a magn i f i ­
cent n e w experiment in educat ion 
where students s tudy part t ime in their 
homes. Mos t of them are over 21 and 
in ful l t ime employment . The main 
channel for the teach ing is by cor­
respondence, part icular ly a series of 
special books wr i t ten by the Universi ty 
staff. This is integrated w i t h television 
and radio broadcasts put out by the 
BBC. Science students are prov ided 
w i t h kits of equ ipment for per forming 
exper iments and there are intensive 
periods of Laboratory w o r k at summer 
schools. They have some face- to- face 
tu i t ion at local s tudy centres. The 
student popu la t ion is n o w 55 0 0 0 and 
15 000 have already graduated. The 
intake for 1976 w i l l be 17 000 students 
and there have been 53 0 0 0 appl icants. 

The ' In t roduc t ion to Elementary 
Particles' begins via wr i t ten text ex­
pla in ing that in order to s tudy particles 
they have first to be created. Through 
Einstein's equat ion, E = mc 2 , it be­
comes clear that a source of h igh 
energy particles is needed. The s im­
plest procedure for accelerat ing par­
t icles is to use a h igh vo l tage drop but 
th is meets the problem of insulat ion 
b reakdown. The use of cavit ies in a 
linear accelerator gets round that 
problem but comes up against a 
f inancial one — ' H o w many miles of 
accelerator can w e buy? ' This is 
countered in its turn by the synchro­
t ron pr inciple whereby the same 
cavit ies are used many t imes. But 
eventual ly the f inancial problem hits 
a second t ime in terms of the max imum 
diameter of the synchrot ron r ing that 
can be af forded. ' H o w much money 
is it reasonable to spend on an 
accelerator?' is not an academic ques­
t ion since the students are taxpayers 
and this quest ion is b rought up again 
later in the course. The new ly created 
particles are separated by electric and 
magnet ic f ields and then comes the 
problem of detect ing them w h i c h leads 
to a descr ipt ion of the bubb le chamber. 

The explanat ions of accelerat ion, 
beam design, and detect ion are kept 
as clear and s imple as possible but 
students are not a l lowed to fo rm the 
not ion that the techno logy involved 
in h igh energy physics is tr ivial. The 
wr i t ten text is complemented by a 
television programme in w h i c h M.J . 
Pentz and F.R. Stannard tour the PS 
accelerator and the 2 m bubble c h a m ­
ber at CERN. Start ing f rom the proton 
source they trace the steps involved 
in the accelerat ion, p roduct ion and 
separation of the particles. The design 
of the accelerator and bubble chamber 
are fur ther explained by the use of 
models and , hopefu l ly , the students 
gain a proper respect for the techno l ­
ogy involved, w i t h o u t being over­
whe lmed by its complex i ty . 

The course then turns to particle 
behaviour and propert ies in a rather 
novel way . Each student is suppl ied 
w i t h a stereoviewer and a reel of three-
d imensional bubb le chamber pho to ­
graphs. A large part of the wr i t ten text 
is then in the fo rm of a commentary 
on wha t students see in the v iewer as 
they w o r k their w a y th rough the pho to ­
graphs. 

The first picture is of a spiral l ing 
electron w h i c h serves to in t roduce the 
idea of magnet ic curvature and ioniza­
t ion loss. Subsequent pictures are 
progressively more compl icated and 
the series culminates w i t h examples 
of associated product ion and inter­
act ion of strange particles. The idea 
of strangeness is in t roduced in order 
to explain the non-ex is tence of certain 
reactions. The students are presented 
w i t h lists of reactions, some invo lv ing 
particles new to them and, using wha t 
they have already learned f rom the 
photographs, they have to make 
baryon number and strangeness as­
s ignments for these n e w particles and 
make predict ions concern ing their 
interact ions. Through these simple 
exercises, the students learn that 
strangeness is no more mysterious 
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The materials produced by the Open 
University are available for purchase 
as complete courses or as separate 
items. Free catalogues and brochures 
may be obtained from The Marketing 
Director, Open University, Walton Hall, 
Milton Keyes, Bucks., England. 

than the more famil iar electr ic charge 
— wh i le it is true that in a sense w e 
do not 'unders tand ' either, both may 
be used as tools for order ing our 
observat ions. 

The main exper iment that is carried 
ou t in the student 's home consists of 
a measurement of the mass of the 
m u o n . The students receive bubble 
chamber prints of p i -mu-e lec t ron de­
cays at rest and a set of curvature 
templates. They measure the average 
projected momen tum of the decay 
electron and, th rough a geometr ical 
correct ion, the average m o m e n t u m in 
space. It is a good enough approx ima­
t ion to assume that the electrons on 
average receive a th i rd of the energy 
associated w i t h the rest mass of the 
muon and the students can therefore 
arrive at a value for the muon mass. 
This s t ra ight forward exper iment was 
remarkably popular — students l iked 
the idea of actual ly measur ing the 
mass of one of these t iny particles for 
themselves. 

The w o r k on elementary particles 
ends w i t h a broad in t roduct ion to the 
idea of the SU3 classif icat ion scheme. 
Presented w i t h the general layout of 
an SU3 decuplet , the students are 
g iven the propert ies o f nine particles 
and are to ld to predict the propert ies 
of the tenth — the omega minus. 

A radio programme is devoted to 
the discovery of this part icle. M. Gel l -
M a n n and Y. Ne 'eman discuss h o w 
they came to propose the S U3 scheme, 
N. Samios describes the exci tement 
he and his col leagues experienced 
w h e n the first omega minus was 
discovered and, f inal ly, R. Feynman is 
let loose on one of his in imi table 
inspirat ional pieces on h o w great it 
is to be a physicist at t imes such as 
these! A compar ison is d rawn between 
the SU3 classif icat ion scheme and 
Mendeleef 's Periodic Table. The latter 
po in ted the w a y to the quan tum 
theory of atomic s t ructure; w i l l S U 3 
lead to quarks? 

Having got the student under the 
skin of the high energy physicist and 
having got h im interested in k n o w i n g 
w h a t the structure of the proton might 
be, the problem of f inance is brought 
back. Wha t is it wo r th to k n o w the 
answers to quest ions such as these? 
H o w can one possibly decide whether 
or not one should bui ld a 400 GeV 
accelerator? In the week f o l l ow ing 
their s tudy of elementary particles, the 
students have to we igh up the pros 
and cons of a decision to bui ld an 
accelerator. For this purpose they are 
suppl ied w i t h a 'dec is ion-mak ing kit ' . 
This consists of recommendat ions 
f rom scient i f ic advisory commit tees, a 
minor i ty dissentient report, conf l i c t ing 
letters to the journal 'Nature ' , extracts 
f rom governmenta l statements in Par­
l iament, etc. The students are not asked 
to decide whether the government 's 
decision to support the bu i ld ing of 
the CERN SPS was the r ight one but 
they are expected to appreciate the 
var ious factors that must be taken into 
account in making such a decis ion. 

The Faculty of Science is n o w pre­
paring another course cal led 'Under ­
s tanding Space and Time'. The main 
theme w i l l be the physicist 's use of 
invariance principles — invariance 
under translat ions in t ime and space 
and under rotat ions in space leading 
to the conservat ion laws of energy, 
momen tum and angular momen tum. 
Invariance of physical laws f rom one 
inertial observer to another w i l l lead 
to special relativity and between 
observers in gravitat ional f ields and 
those undergo ing acceleration w i l l 
lead to general relativity. 

Invariance under C, P and T w i l l 
l ink again w i t h particle physics. These 
w i l l not be easy concepts to put 
across because a student cannot be 
expected to share a physicist 's surprise 
at v io lat ions of parity or t ime reversal. 
'Everybody ' can tell left f rom right by 
check ing where the heart is and cannot 
contemplate t ime reversal in the u n ­

scrambl ing of an egg. The course 
shou ld be an exci t ing one, embrac ing 
part icle physics at one end and cosmo­
logy at the other. It is hoped that it 
w i l l be ready in 1978 or 1979. 

Stannard maintains that those w h o 
at tempt to popularize h igh energy 
physics cou ld learn f rom the expe­
rience and the general ph i losophy 
adopted at the Open University. The 
ph i losophy is to take the 'myst ique ' 
ou t of the h igh energy physicist. Too 
of ten he is portrayed as some remote 
scientist th ink ing abstract t hough t , 
ta lk ing a language of his o w n , de ­
mand ing vast sums of money for 
reasons that are too di f f icul t to expla in. 

Help ing the students to learn 
th rough their o w n experience, and 
th rough mak ing their o w n deduct ions, 
goes some w a y towards breaking 
d o w n the psychological barrier be­
tween them and the professional h igh 
energy physicist. Like the physicist , 
they too have been able to measure 
the mass of a part icle, to make strange­
ness assignments, to make predict ions. 
They too have come to realize that 
there is no easy formula for dec id ing 
at w h a t level to support b ig science. 
This ph i losophy of get t ing the students 
to ident i fy w i t h the high energy phys i ­
cist and his problems is one ingredient 
for success. 

Ano ther ingredient is the general 
attract ive appearance of Open Un i ­
versity teach ing materials — the text 
pr inted in t w o colours and wr i t ten in 
a f r iendly informal style, the beaut i fu l 
three-d imensional bubble chamber 
photographs, the impressive v iews of 
CERN in the TV programme, and the 
sheer enthusiasm of the h igh energy 
physicist manifest in the radio p ro ­
gramme. High energy physics can be 
a very visual and evocative subject. 
It can and should be made accessible 
to a w ider publ ic . 
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Around the Laboratories 

CERN 
Protons at the door 
of the SPS 
On 5 Apr i l the beam transfer channel 
to convey protons f rom the proton 
synchrot ron, PS, to the super proton 
synchrot ron, SPS, was tested for the 
first t ime. A round 16.30 h the PS was 
ready to send protons at an energy of 
10 GeV towards the SPS. They were 
spil led out over ten turns, using the 
cont inuous transfer technique, and 
pointed along transfer line TT2 towards 
the ISR. A sw i tch ing magnet was 
then powered in TT2 to bend them 
underground along TT10 to the SPS. 

There were a f e w nai l -b i t ing minutes 
br inging this magnet on . A t 16.35 h 
the very first pulse that the magnet 
operated, protons thumped into the 
beam stop temporar i ly posi t ioned at 
the entrance to the SPS ring about 
800 m d o w n TT10. The protons were 
on ly 15 mm away their in tended pos i ­
t ion horizontal ly and exact ly at their 
intended posi t ion vert ically. 

The new beam transport system 
involves t w o horizontal bends and a 
'goose neck' vert ical bend. It c o m ­
prises a match ing sect ion at the be­
g inn ing to ensure the PS to SPS 
transit ion for the beam, fo l l owed by a 
score of quadrupoles w h i c h mimic 
the magnet latt ice in the SPS itself. 
The system is wel l provided w i t h 
moni tor ing devices w h i c h were put 

to good use in an evening of beam 
studies. 

Careful tun ing of t r im magnets, 
each w i t h its o w n moni tor feeding 
posi t ion in format ion to better than a 
mil l imeter, was carried out. Taking 
beam profi les in three places w i t h 
SEM grids (secondary emission mon i ­
tors) showed that the beam emit tance 
agreed to w i th in 1 0 % w i t h that 
measured at the ou tpu t of the PS. 
Col l imator tests proved that the beam 
diameter was w i th in the expected 
2 cm. Power ing a skew quadrupole 
sw i tched the horizontal and vertical 
phase space of the beam and emi t -
tances changed accord ingly show ing 
that the beam properties cou ld be 
turned 90° if this aids in ject ion. 

Al l in all, a series of tests were 
completed in one evening w h i c h 
t radi t ional ly might have absorbed a 
couple of weeks. This was a result of 
the beauti ful performance of the c o n ­
trol system — the computers, the beam 

Protons reached the SPS on 5 April The photo­
graph below shows the beam lighting up the 
last screen at the end of TT10 close to a 
temporarily installed beam stop. On the right 
are beam intensity measurements (a) inside 
the PS (b) ejected from the PS (c) at the 
beginning of TT10 and (d) close to the beam 
dump at the end of TT10. Beam intensities 
were around 3.5 x 10n protons per pulse and 
the overall transmission efficiency was over 
90 %. 

moni tor ing systems and the sof tware. 
It was most impressive to be able to 
call up beam properties w i t h such 
ease, to make changes by feeding the 
computers simple instruct ions and to 
have required informat ion elegantly 
displayed on the TV screens in a w a y 
w h i c h was readily absorbed. 

The SPS team have many more 
(and more di f f icu l t ) j umps to clear 
before the experimenters get their 
higher energy particles but they have 
taken this first j u m p in such c o n ­
v inc ing style that it augurs we l l for 
the coming months. The first tests to 
inject and circulate the proton beam 
in the SPS ring are scheduled for the 
beginning of May. 

PS and ISR have 
high energy deuterons 
On 20 March , the CERN Proton 
Synchrot ron accelerated deuterons to 
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An 18 MeV betatron from the Hopital Cantonal 
de Geneve in use at CERN providing particles 
for tests at the 3.7 m European bubble chamber, 
BEBC. Gammas emerge from the small window 
which is towards the bottom of the betatron 
in the picture. When tests are in progress the 
machine is swung around to point the gammas 
at BEBC which is behind the wall in the back­
ground. 

an energy of 26 GeV and passed them 
to the Intersect ing Storage Rings 
where they were stacked and stored. 
Physicists were able to look at h igh 
energy deuteron-deuteron col l is ions. 
In the same run, the PS also acceler­
ated hel ium ions (alphas) to 4 0 GeV. 
This is the first t ime ever that deute-
rons and alphas have been accelerated 
to such high energies. 

The w o r k t ook place dur ing a 
Mach ine Development run and these 
achievements came w i t h o u t any u n ­
foreseen problems arising. The l inac 
and PS ring were per forming we l l 
w i t h i n hours of start ing the tests and 
the ISR stacked deuterons at the very 
f irst at tempt and stored beams for 
4 0 hours. The smoothness of these 
operat ions hides, of course, the fact 
that a number of machine specialists 
had been spending a f ract ion of their 
t ime preparing for these tests for 
several months. 

They required considerable mod i f i ­

cat ions to l inac sett ings (since the 
p ro ton-neut ron combina t ion in the 
deuteron is accelerated at on ly half 
the rate of a p ro ton ) , to the magnet ic 
f ie ld cycle and to the r.f. cycle in the 
PS ring (where tw ice the f requency 
sw ing for protons is needed) . The ISR 
also had to reset the del icate r.f. 
s tack ing f ields to cope w i t h the new 
particles. 

The l inac provided 10 m A of deute­
rons per pulse and the ISR stacked 
1.9 A in one r ing and 2.2 A in the 
other. Whi le the ISR were busy c o l ­
l id ing deuterons on deuterons the PS 
ion source changed its deuter ium 
bott le for a hel ium bott le. 1.2 m A of 
alphas were accelerated th rough the 
l inac and 2 x 1 0 1 0 alphas per pulse 
th rough the PS. (There were some 
di f f icul t ies w i t h feedback systems be­
cause of the comparat ively l ow in ten­
sity of the alpha beam.) A second run 
at the end of the month pushed the 
deuteron f igures higher. The PS 

accelerated 5 x 1 0 1 1 dpp and the ISR 
had c i rculat ing currents of 4.3 and 
4.5 A g iv ing a luminosi ty of about 
3.5 x 1 0 2 9 per c m 2 per s. 

Natural ly, the physicists at the ISR 
cou ld not resist sneaking in on the 
Mach ine Development run and para-
si t ical ly tak ing the first ever h igh 
energy data on d -d col l isions. Teams 
were in act ion at intersection regions 
I-2 and I-4. As people returned to 
w o r k at CERN on M o n d a y 21 March 
they were greeted w i t h a prel iminary 
note headed 'Observat ion of small 
angle secondary deuterons produced 
in deuteron-deuteron col l is ions at the 
CERN/ ISR ' . In most col l is ions, the 
deuteron breaks up into its cons t i ­
tuents ( the proton and the neutron) 
but in almost a th i rd of them it hangs 
together. There is more interest in 
in format ion w h i c h can be extracted 
f rom pro ton-deuteron col l is ions and , 
dur ing the second run, after eight and 
a half hours one of the deuteron beams 
w a s dumped and 11 A of protons 
w a s fed into that r ing g iv ing a l um i ­
nosi ty of about 1.5 x 1 0 3 0 per c m 2 

per s for ten hours. Data on p-d 
col l is ions is n o w being analysed. 

The PS and ISR have demonstrated 
their l ight ion abil it ies in a very 
impressive way . It w i l l n o w depend 
on the degree of physics- interest in 
dec id ing h o w far these abil it ies shou ld 
be pushed. 

BEBC prepares for 
4 0 0 GeV 
Since the end of January, tests have 
been under w a y to prepare the 3.7 m 
European Bubble Chamber, BEBC, 
for operat ion in con junc t ion w i t h the 
4 0 0 GeV proton synchrot ron (SPS) . 
For these tests a beam is fed to the 
chamber by a 18 MeV betatron f rom 
the Hopi ta l Cantonal de Geneve since 
the beam line f rom the 28 GeV (PS) 
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Side (above) and bird's-eye (below) 
schematic views of the External Muon Identifier, 
EMI, to be installed at the 3.7 m bubble 
chamber, BEBC. An array of wire chambers 
are to be located outside the BEBC iron 
magnetic shield arranged to completely cover 
a wide solid angle. 

synchrot ron has been d ismant led to 
make room for the instal lat ion of the 
SPS beam lines in the West Hall. 

The tests are also designed to 
improve the qual i ty of the pho to ­
graphs. The degree of precision w i t h 
w h i c h the tracks were recorded on 
photographs dur ing 1975 was already 
h igh , but measurement of the tracks 
by means of the automat ic scanning 
machines has been hampered by a 
r ing of bubbles around the piston and 
by dust w h i c h tends to accumulate 
on the p iston. This prob lem has been 
solved by insert ing a 2.2 m diameter 
mov ing disc at a distance of 50 cm 
f rom the piston w h i c h masks these 
bubbles and dust particles. 

The SPS w i l l have a relatively s low 
repet i t ion rate at max imum energy 
(once every 6 s rather than once every 
2 to 2.6 s w i t h the PS). To get max i ­
m u m physics ou t of BEBC, one pho to ­
graph w i l l be taken w i t h hadron 
beams, produced by 200 GeV protons, 
and a second photograph w i t h neu ­
t r inos, p roduced by 4 0 0 GeV protons, 
in the same SPS cycle. To do th is, 
BEBC has to doub le pulse every 6 s 
w i t h i n a t ime interval of 0.7 s. It has 
proved possible to take a second 
photograph w h i c h is as precise as the 
first one w i t h an even shorter t ime 
interval (0.5 s) be tween pulses. Tests 
have also been made at the max imum 
operat ing f requency of the chamber 
w i t h doub le expansions every 3.6 s 
and a t ime interval of 0.4 s. A t th is 
h igh repet i t ion rate there is some 
turbu lence but it can probably be 
overcome. 

Other tests concern the use of 
neon /hyd rogen mixtures and a track 
sensit ive target f i l led w i t h hydrogen 
(see February issue, page 4 8 ) . W h e n 
hydrogen is used in BEBC, the 
operat ing temperature is of the order 
of 26 K; w h e n mixtures are used, the 
temperature w i l l be about 28.5 to 
29.5 K. The di f ference does not seem 
great but it reduces the bubble f o rma-
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One of the 3 m x 1m wire chambers built for 
the EMI using special construction techniques. 
Test installation of the first chambers at 
BEBC took place at the beginning of April. 

t ion t ime by a factor of 3.5. Finer 
tracks w i l l therefore be obta ined, and 
contrast w i l l be reduced. 

Photographs have been taken in 
hydrogen at 28 and 29 K to check 
the behaviour of the chamber at these 
' h i g h ' temperatures and to look at the 
result ing tracks. No technica l problems 
were encountered and tests w i t h 
mixtures can safely be envisaged. In 
Apr i l , the internal target was instal led 
in the chamber to be tested ini t ial ly 
w i t h hydrogen inside and outs ide the 
target and then w i t h a neon-hyd rogen 
mixture. The amount of l iquid neon 
in storage by the end of Apr i l w i l l be 
close on 20 t and regular deliveries 
are be ing made at the rate of 1.5 t 
per mon th unt i l a tota l of 60 t has 
been accumulated. 

External Muon Identifier 
EMI for BEBC 
Spot t ing muons can be of crucial 
impor tance in sor t ing ou t w h a t is 
happening in a part icle interact ion. 
It is especially true w h e n neutr inos 
are invo lved, as any invest igator of 
the neutral current type of weak inter­
act ion or any searcher for charmed 
particles w i l l readily test i fy. This is 
w h y an External M u o n Identi f ier, or 
E M I , is being bui l t for use in associa­
t ion w i t h the 3.7 m European bubb le 
chamber, BEBC, w h e n it comes into 
act ion towards the end of this year 
receiving beams (main ly neutr inos) 
produced by the 4 0 0 GeV pro ton 
synchrot ron. 

The first problem is that the s imple 
absorpt ion method of d is t ingu ish ing 
a muon cannot be appl ied. A muon 
passes th rough matter much more 
readily than other part icles, w i t h the 
except ion of the neutr ino itself, and 
it can be ident i f ied w i t h a h igh degree 
of conf idence by pu t t ing enough 
matter in f ront of a part icle. If it gets 
t h rough , it is a muon . This is a feasible 

method of detect ion at modest ener­
gies (see for example the descr ipt ion 
of the PLUTO spectrometer at DESY, 
page 139) but w h e n there are other 
particles at h igh energies and w h e n 
neutr ino beams are b e i n g . used, a 
variant of the simple techn ique is 
needed. BEBC is already surrounded 
by an iron shield and more iron is 
being added. M u o n s still have a h igh 
probabi l i ty of get t ing th rough th is 
amount of matter w i t h very l itt le 
scat ter ing; other high energy particles 
f rom the neutr ino interact ions in the 
chamber, however , might also get 
t h rough . Even more t roublesome is 
the h igh background f rom muons 
produced elsewhere and f rom neutr ino 
interact ions in the iron. 

The techn ique is to use the fact 
that other particles are either absorbed 
or very l ikely to be st rongly scattered 
in the iron and that neutr ino inter­
act ions in the downst ream iron leave 
no tracks in the bubble chamber. If it 
is possible to reconstruct the trajec­
tories of the particles, using the pho to ­
graphs of BEBC together w i t h posi t ion 
signals f rom the EMI , it can be wo rked 
ou t whether the EMI is spot t ing a 
muon f rom a neutr ino interact ion in 
the chamber or a particle f rom some 
other source. The EMI has therefore 
to give reasonable ( f rom 0.5 to 3 cm) 
in format ion on particle posi t ion. This 
techn ique has already been used in 
the EMI at the 15 foo t Fermilab 
chamber. 

A second problem also concerns 
the h igh background. The EMI has 
to be sw i t ched on to catch muons all 
the t ime that BEBC is sensit ive ( for 
the 2 ms pulse length dur ing w h i c h 
tracks can be formed in the BEBC 
l iqu id ) . A neutr ino interact ion is l ikely 
t o occur in the l iquid about once 
every four pulses and it is on ly then 
tha t the muon needs to be seen. 
However , in the course of seeing th is 
one muon f rom a neutr ino interact ion, 
the EMI w i l l unavoidably record many 
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hundreds of other charged particles 
( f rom interact ions in the sh ie ld ing, 
cosmic rays, e tc . . . ) . Al l this in fo rma­
t ion has to be stored so that the m u o n 
can be dug out later w h e n s tudy ing 
the bubb le chamber pictures. 

There is in fact too much data 
coming f rom the EMI dur ing the 2 ms 
pulse for it to be fed direct ly on to 
magnet ic tape. A 'buf fer ' is being 
interposed to col lect the data at the 
necessary fast rate dur ing a pulse and 
to spil l it more s low ly on to tape 
be tween pulses. M u c h of th is back­
g round in format ion cou ld be cut ou t 
if there was some w a y of p inpo in t ing 
the t ime w i t h i n the pulse at w h i c h 
the interest ing interact ion occurs. 
There are some ideas n o w being tr ied 
w h i c h migh t help but none of t hem 
are adequately tested up to now . 

The th i rd prob lem is that the EMI 
detectors are some distance f rom the 
interact ion region in the bubble c h a m ­
ber. Obstruct ions make it necessary 
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'Transition section' between two pieces of 
vacuum chamber for the PETRA electron-
positron storage ring. The aluminium chambers 
are welded to stainless steel bellows using a new 
welding technique, known as DEPI, developed 
at DESY. 

The first successful application of the DEPI 
aluminium- to-stainless steel welds has been 
in the fabrication of the prototype r.f. cavity 
sections for PETRA. 

(Photos DESY) 

t o install t hem outs ide the iron shield 
and, in order to complete ly cover a 
big open ing angle f rom the inter­
act ion region, the detectors have to 
cover a very large area. The chambers 
also have to con fo rm to hydrogen 
safety rules. 

The w a y in w h i c h these problems 
are conf ron ted in the EMI is by bu i l d ­
ing a wa l l of propor t ional w i re c h a m ­
bers 6 x 25 m 2 . The wa l l is made of 
t w o rows of chambers, one on top of 
the other, each 3 * 1 m 2 arranged 
w i t h the chambers s l ight ly over lapping 
(6 cm) so that there are no holes for 
particles to sl ip th rough undetected. 
This concern to avoid holes also 
d ictated a special chamber const ruc­
t ion techn ique, w h i c h avoids the use 
of large frames or suppor t lines ( to 
hold the wires in posi t ion very pre­
cisely) by using a honeycomb struc­
ture be tween the planes. It proved 
possible to produce and hold w i re 
planes accurate to 0.1 mm w i t h o u t 
large frames and since these success­
fu l tests, the use of honeycomb struc­
ture for wi re chambers has g r o w n 
rapidly in popular i ty. A l together the 
EMI has 75 000 wires and 10 000 
cathode strips. To reduce cost and 
complex i ty , wi res are l inked in groups 
to a single electronic channel de­
pend ing on the space resolut ion re­
quirements in dif ferent parts of the 
detector. A r / C 0 2 gas mixtures are used 
in the chambers since they are cheap, 
easy to use and, above al l , safe. 

Signals are col lected via 20 000 
channels. If the buffer had to record 
signals f rom every channel each t ime 
a charged part icle caused a hit, it 
w o u l d have to be very large and 
expensive. A t w o stage idea avoids 
th is and greatly reduces the cost of 
the electronics. Each chamber is l inked 
to a smal t buffer (40 b i t / channe l ) 
w h i c h reads the chamber wires w h e n 
a hit occurs in that chamber. The main 
buffer ( 1024 b i t / channe l ) then needs 
to k n o w on ly that a chamber has been 
hit rather than a w i re and can inter­
rogate the buffer of the chamber to 
ident i fy the wi re . 

A test instal lat ion of t w o of the wi re 
chambers was made beh ind BEBC at 
the beg inn ing of Apr i l and they are 
being left in place for the next t ech ­
nical run of the bubble chamber to 
ensure that there are no problems due 
to v ibrat ion. Some of the extra iron 
absorber is instal led. The wi re c h a m ­
bers are being produced at a fast rate 
(up to one a week ) and it is hoped 
to begin their def in i t ive instal lat ion in 
September and to have the fu l l wa l l 
in place by the end of the year. 

DESY 

AijieTaAAiKii 
'EniKdAAriaiq 
Since last summer, w o r k has been in 
progress at DESY at tacking the p rob­

lems of ul t rahigh vacuum transi t ion 
sect ions between a lumin ium al loy and 
stainless steel. These sect ions are 
needed for the vacuum system of the 
e lect ron-posi t ron storage r ing, PETRA, 
w h i c h is essentially composed of 
extruded a lumin ium chambers and 
stainless steel be l lows, f langes and 
feedthroughs. Approx imate ly 1300 
transi t ion sect ions w i t h diameters 
ranging f rom 20 to 200 mm are re­
quired to jo in the stainless steel c o m ­
ponents to the chamber. 

The c o m m o n l y used explosion 
bonded a lumin ium-sta in less steel p la­
tes are expensive and l imit f reedom 
in designing the vacuum chambers. 
To overcome these disadvantages, a 
novel techn ique has been developed 
at DESY to obta in a bakable, u l t ra­
h igh vacuum jo in t by argon-arc 
we ld i ng a lumin ium al loys to s ta in­
less steel. The techn ique has been 
named DEPI ( f rom the Greek) 

AtfjisTaAAiKT) 'E7UK6AAY]CJU; 

meaning bimetal l ic we ld ing or brazing. 
For th is jo in ing method , the stainless 
steel components have to be pre-
plated in the w e l d area w i t h dif ferent 
metal l ic th in coats to avoid the fo rma­
t ion of britt le a lumin ium compounds 
dur ing the we ld i ng process. The 
necessary adherence of these coats 
to the steel matrix is obta ined by heat-
t reat ing in vacuum and also in an 
inert gas atmosphere. The treated 
stainless steel components can then 
be jo ined to a lumin ium alloys by 
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Mounting cylindrical wire chambers for the 
PLUTO spectrometer. Close examination of the 
cylinders reveals the different orientations of 
the detecting strips enabling all the desired 
coordinates of the charged particles traversing 
the cylinders to be picked off from the different 
planes. 

using the normal a.c.- inert gas we ld i ng 
techn ique for a lumin ium. 

The cost of DEPI we lds is on ly 
s l ight ly higher than for comparable 
a lumin ium we lds and substant ia l ly 
lower than for the explos ion bonded 
techn ique (by a factor of 2 t o 7 
depend ing on the d iameter ) . The main 
technical advantage is the greater 
f reedom in the design of the vacuum 
components . The length of the typ ica l 
t ransi t ion sect ion for the PETRA 
vacuum chambers, inc lud ing the be l ­
lows , has been reduced to 110 m m 
thanks to using this me thod . 

M a n y DEPI we lds w i t h diameters 
up to 200 m m have been intensively 
tested and have s h o w n excel lent per­
fo rmance. The samples were subjected 
to for ty heat cycles up to 350°C. 
Dur ing the cycles the we lds were 
thermal ly shocked w i t h co ld wate r 
wh i l e the samples were at temperatures 
of 150 and 350°C, respectively. Other 
samples were subjected to thermal 
shock f rom 200°C to l iqu id n i t rogen 
temperatures and s h o w e d no damage. 
Mass spectrometr ic measurements re­
vealed no changes and the we lds 
remained leak- t ight t o better than 
10~ 1 0 torr l/s. The desorpt ion rate of 
the we lds is also very l o w and is 
determined predominant ly by the de ­
sorpt ion rate of the stainless steel 
surfaces. 

Mechanica l tests on the we lds have 
s h o w n that the jo in ts have rupture 
strengths of up to 120 N / m m 2 , w h i c h 
is s l ight ly lower than the strength of 
the normal a lum in ium-a lum in ium 
we lds . The first successful appl icat ion 
has been in the fabr icat ion of the 
PETRA prototype r.f. cavit ies. 

Ano ther bond ing me thod , k n o w n 
as f r i c t i on -bond ing , was also improved 
at DESY by using the same coat ing 
techn ique (cal led REPI f rom the 
German 'Re ibschweissen ' ) . The b o n d ­
ing strength approaches the strength 
of the a lumin ium alloy. Due to inherent 
fabr icat ion l imitat ions in the geometry 

and conf igurat ion of the parts to be 
jo ined , the REPI we lds w i l l on ly be 
used in the PETRA vacuum system for 
jo in ts carrying high mechanical loads. 

In general it seems feasible that 
jo in ts of other pairs of material can 
be realized by using the DEPI method 
if more w o r k is put into the deve lop­
ment of the technique. 

PLUTO spectrometer 
The DORIS e lect ron-posi t ron storage 
rings at the DESY Laboratory, together 
w i t h SPEAR at Stanford, have been 
major sources of in format ion on the 
heavy stable particles at 3.1 GeV and 
3.7 GeV and their relatives. A t DORIS 
there are t w o beam col l is ion regions — 
one occup ied by the DASP detect ion 
system (see December issue, 1974) 
and the other by the PLUTO spectro­
meter. 

PLUTO surrounds the interact ion 
po in t w i t h cyl indr ical detectors, leav­

ing on ly the beam pipe free where the 
posi trons and electrons col l ide in u l t ra­
h igh vacuum at the centre of the 
detect ion system. A magnet ic f ie ld , 
parallel to the cyl inder axis, is p ro­
duced by a superconduct ing solenoid 
coi l of 1.6 m diameter. The coi l is 
enclosed in a cryostat suppl ied w i t h 
l iquid he l ium via a ch imney on top . 
The current in the coi l can be raised 
to 1260 A to give a f ield of 2 T, c o n ­
centrated in a vo lume of 1.4 m d ia ­
meter and 1 m length inside the 
cryostat and shaped to g ive o p t i m u m 
homogene i ty by an iron yoke, w h i c h 
also carries the magnet ic return f lux. 
The f ie ld on the beam axis causes 
serious disturbance to the orb i t ing 
beams and this has to be countered 
by superconduc t ing compensat ing 
coi ls p roduc ing an equal but oppos i te 
f ie ld on the axis. 

Hav ing the large vo lume magnet ic 
f ie ld makes it possible to measure the 
momenta of the charged particles 
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The PLUTO spectrometer on the DORIS storage 
ring at DESY. The two halves of the magnet 
yoke are drawn back revealing the cylindrical 
cryostat containing the superconducting coil 
cooled with liquid helium via the chimney 
above. 

(Photos DESY) 

emerging f rom the interact ions. The 
inner vo lume of the cryostat is f i l led 
w i t h a system of thir teen cyl indr ical 
detect ion chambers on increasing 
radii. Some of the cyl inders are made 
w i t h copper foi l cut into stripes at 45° 
or 90° w i t h respect to the axis to give 
independent coordinates of particle 
posi t ions. Other cyl inders have 30 |xm 
diameter tungsten wires runn ing paral­
lel to the axis. 

Such a large system of cyl indr ical 
mul t iw i re proport ional chambers has 
special problems. The mechanical 
accuracy required in all d imensions 
is 0.2 m m , w h i c h is a relative precision 
of 3 x 1 0 ~ 4 for the largest chamber in 
PLUTO. The w h o l e system has 7600 
wires and 2 7 6 0 stripes. The chambers 
are f i l led w i t h a gas mixture of argon, 
propane, and methylal and w o r k w i t h 
a negative vol tage appl ied to the stripe 
surfaces, the wi res being at g round 
potent ia l . The passage o f a charged 
particle init iates a t iny charge deposi t 

on the nearest w i re and stripe on the 
cyl inders causing an electric signal in 
one member of each coordinate 
system. These signals are ampl i f ied 
and their coordinate numbers, f rom 
all chambers, are transferred to a 
computer , w h i c h can analyse and re­
construct the track of the particle. A 
picture can be displayed on a screen 
immediately after the event has been 
taken. 

Events f rom electron-posi t ron c o l ­
l isions have a large f ract ion of neutral 
particles w h i c h mainly decay into 
photons. To detect these, t w o lead 
cyl inders are inserted in the sequence 
of chambers, one at a med ium radius 
w i t h 2 mm thickness and another in 
f ront of the outer t w o chambers w i t h 
9 mm thickness. In the lead, photons 
are converted into an e lect ron-posi t ron 
pair w h i c h can be detected. By scat­
ter ing and shower product ion in the 
lead, bo th cyl inders are also very 
effect ive in helping to d ist inguish 

electrons f rom pions and heavier par­
t icles. The lead cyl inders cover 56 % 
and 6 5 % , respectively, of the fu l l sol id 
angle 4 n for the detect ion of neutral 
particles. For charged particles, h o w ­
ever, PLUTO is a 4 IT spectrometer in 
a very close approx imat ion because 
the chambers cover 93.5 % of the ful l 
sphere around the interact ion region. 

M u o n s can travel w i t h o u t inter­
act ion th rough th ick layers of material 
such as the iron yoke of PLUTO, w h i c h 
has a th ickness of 50 cm of i ron. 
Thus, for ident i fy ing these particles, 
the outside surface of PLUTO is 
covered w i t h 50 m 2 of f lat proport ional 
tube chambers, cover ing 50 % of 4 TT. 
A track detected in the cyl indr ical 
detector inside the yoke is extrapolated 
th rough the iron to the outer detector 
to see if there is a signal f rom a 
penetrat ing muon . 

Al together , the detect ion system 
has 14 8 6 0 signal channels organized 
in ampli f ier cards of 30 channels each. 
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The high energy end of the 800 MeV proton 
linear accelerator, LAMPF, at Los Alamos. The 
full experimental programme at the accelerator 
has opened up again, after 'the great shutdown', 
with beams in the meson area. The side-
coupled cavities seen in the photograph are now 
in widespread use in clinical applications. The 
sales of such machines exceed the cost of 
LAMPF itself. 

(Photo Los Alamos) 

A n event is t r iggered by an electronic 
logic, w h i c h combines the wires of 
cyl indr ical chambers in a scheme of 
fast co inc idence and thus recognizes 
track segments. The event pattern is 
preanalysed w i t h i n 3 0 \is and criteria 
can be appl ied to reject tracks coming 
f rom someo f the beam-gas interact ions 
or f rom cosmic rays. On ly those events 
w h i c h ful f i l l the criteria are transferred 
to the on- l ine computer . Af ter a more 
refined analysis in the on- l ine c o m ­
puter, accepted events are sent to the 
central computer of DESY, w h i c h 
generates event displays, statistics and 
analyses of the detector funct ions. 
Finally the events are stored on m a g ­
netic tape and analysed for tracks. 
A l l this takes on ly 1 /100 of a second 
for each event. But the t ime needed 
to squeeze out new physics f rom the 
data is a f e w orders o f magni tude 
larger! 

The interact ion region at DORIS, 
where PLUTO is reinstal led, was 
occup ied unti l the end of 1975 by the 
Heidelberg-DESY exper iment, w h i c h 
discovered the X ( 2 8 7 5 ) state by 
observ ing its t w o pho ton decay w i t h 
a non-magnet ic detector. PLUTO wi l l 
n o w investigate the higher energy 
region between 3.9 and 4.4 GeV in 
the centre of mass, part icular ly look ing 
for e lec t ron-muon pairs f rom possible 
charmed states or heavy leptons. Af ter 
a f e w test shifts, DORIS coped wel l 
again w i t h the PLUTO f ield distur­
bance at the higher energies. 

LOS ALAMOS 
Protons in meson area 
again 
On 17 March , the 8 0 0 MeV proton 
linear accelerator, L A M P F , at the Los 
A lamos Scient i f ic Laboratory moved 
closer to resuming ful l operat ion after 
' the great s h u t d o w n ' . Protons were 

taken again into the main experimental 
hal l , the meson area, and tests began 
on the meson beams. 

Dur ing the great s h u t d o w n , w h i c h 
occup ied most of last year, the 
accelerator had a major wash and 
brush up in an at tempt to clear the 
problems w h i c h were l imi t ing peak 
performance (see October issue 1974 ) . 
LAMPF 's most except ional design 
parameter is the ou tpu t beam intensity 
of 1 m A consist ing of 900 ^ A of pro­
tons and 100 fxA of negative hydrogen 
ions. This f igure is ten thousand t imes 
higher than had been obta ined at 
L A M P F energies f rom the preceding 
generat ion of cyclotrons. However , to 
approach this level of operat ion w i l l 
be a long struggle in mastering beam 
behaviour so as to hold radiat ion 
levels d o w n . 

Since the great s h u t d o w n , it has 
been possible to accelerate 100 jxA 
w i t h less stray radiation than had 
previously been experienced w i t h an 
intensity of 10 (xA. In fact peak currents 
of 200 fxA have been accelerated but 
under condi t ions w h i c h were u n ­
acceptable f rom the point of v i ew of 
radiat ion. 

In the March tests protons were 
taken into the meson area for the first 
t ime for over a year (apart f rom a short 
checkout in February) and the ful l 
research programme is open ing up 
again. It is hoped dur ing the next six 
months to increase the standard 
operat ing current f rom 10 to 100 (xA. 

Accelerator performance has been 
steadily improved since it came back 
on the air last Augus t after the shut ­
d o w n . Reliabil i ty is much better and 
dual beam operat ion (acceleration of 
protons and negative ions s imul ta­
neously) has been achieved. Some 
research has been under w a y since 
October but experiments have been 
l imited to the neutron and proton 
areas wh i le preparations for higher 
intensity beams were completed in 
the meson area. 

Technology Liaison 
Office 
A Techno logy Liaison Office has been 
establ ished at Los A lamos w i t h Gene 
Stark as head. The Office w i l l be 
act ively involved in the business of 
' techno logy transfer' — t ry ing to get 
the techniques w h i c h are evolved in 
the course of scienti f ic research k n o w n 
to industry where they may have 
appl icat ions. 

A t nat ional level, ERDA has several 
posts w h i c h are concerned w i t h t ech ­
no logy transfer. One is the Director 
of the Off ice of Industry, State and 
Local Relations (Farewell S m i t h ) ; 
another is the Assistant Director for 
Technical Informat ion (Ed Stoke ly ) . 
The Los A lamos move reflects the 
same concern at Laboratory level. 
Other Laboratories have had similar 
posts for some t ime, for example 
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Brookhaven set up an Off ice of 
Techno logy Transfer (under Wi l l iam 
Graves) in 1974. 

Los A lamos has a lot of techno logy 
to transfer; several developments in 
recent years are major commerc ia l 
successes. One of t hem arose in 
des ign ing L A M P F . The higher energy 
end of the machine is bui l t of s ide-
coup led cavit ies w h i c h were developed 
by Ed Knapp, Darragh Nagle, Bruce 
Knapp and J i m Potter. They are a l ­
ready in w idespread use in cl inical 
X- ray and radiography equipment . 
More than 3 5 0 such machines have 
been bui l t (at a cost of $150 000 or 
more) invo lv ing sales w h i c h have 
exceeded the cost of the L A M P F 
accelerator. 

Ano ther w inne r is a heat pipe 
techn ique invented by George Grover 
t o transfer heat in satell ites. By vary ing 
the f lu id in the pipes they can cope 
w i t h temperature ranges f rom 0 to 
2000° C. The idea is already used in 
recover ing heat f rom furnace f lue 
gases. It w i l l be used to prevent 
temperature rises on the Alaska oil 
pipel ine and even threatens to be 
used to convey heat to the centre of 
roast beef to reduce cook ing t ime in 
domest ic cook ing appl iances (an 
example of the misuse of t echno logy 
to commi t a cul inary cr ime) . 

Los A lamos is also heavi ly engaged 
in energy programmes. There is w o r k 
on the appl icat ions of superconduc­
t iv i ty. A t L A M P F , medical appl icat ions 

include isotope product ion and cancer 
t reatment w i t h negat ive pions. The 
Techno logy Liaison Off ice is l ikely to 
be a busy place. 

BROOKHAVEN 
BLIP and CLIF and MEIN 
The 200 MeV linac at the Brookhaven 
33 GeV Al ternat ing Gradient Synchro ­
t ron has a superf lu i ty of protons c o m ­
pared w i t h w h a t is needed for the 
A G S itself. It can accelerate 10 pulses/s 
w i t h 50 m A per pulse and 200 ^s 
pulse lengths wh i le the A G S needs 
on ly one of these every 2 s. Bui l t into 
the l inac design was the in tent ion to 
make use of the extra protons. The 
proton beam parameters (energy, i n ­
tensi ty and pulse length) are variable. 

For several years n o w , the Brook-
haven Linac Isotope Producer, BLIP, 
has taken some of the protons and 
used them to produce large quant i t ies 
of radionucl ides for appl icat ions in 
b io logical research and nuclear med i ­
cine. The protons can also be deviated 
to a Chemistry Linac Irradiation Faci l­
i ty, CLIF where th in targets are 
irradiated and taken pneumat ica l ly to 
a laboratory for chemical separation 
and spectroscopy on the products. 

CLIF has been used main ly for the 
s tudy of neutron rich nuclei in the 
hafn ium region. The incoming proton 
dis lodges t w o protons f rom the nucleus 

leaving a nucleus behind w i t h an 
excess of neutrons compared to the 
target nuclei . These invest igat ions are 
somet imes blurred because neutrons 
can also be d is lodged f rom the nucleus 
and irradiations f rom the t w o types of 
isotope can interfere. A w a y around 
this is to irradiate the target w i t h 
neutrons rather than protons. 

This led to the set t ing up of a 
M e d i u m Energy Intense Neutron fac i l ­
ity, M E I N . Here the ful l intensity pro­
ton beam is f i red into a wa te r -coo led 
copper beam stop to yield a neutron 
beam. A f lux of neutrons of over 
1 0 1 1 neutrons per c m 2 per s emerges 
in the energy range 25 to 200 MeV 
(the spectrum is almost constant 
between 30 and 160 M e V ) . It has 
been used to produce neutron rich 
isotopes w h i c h can then be studied 
under more favourable experimental 
condi t ions. 

One of the early successes was the 
product ion and s tudy of a n e w iron 
isotope, 6 2 Fe w i t h a 68 s hal f - l i fe, 
f rom the neutron irradiat ion of a nickel 
fo i l . A t the Wash ing ton Meet ing of 
the Amer ican Physical Society, 2 2 -
29 Apr i l , the ident i f icat ion and s tudy 
of several other isotopes are being 
announced. They are the tungsten 
isotope, 1 9 0 W w i t h a 35 min half l ife, 
an osmium isotope, 1 9 6 0 s w i t h a 35 min 
half l ife, and a radium isotope, 2 3 0 R a 
w i t h a 93 min half life. These are the 
most neutron rich isotopes of these 
elements yet produced. 
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The first 22 foot magnet to be made on the 
new production line for the Fermilab Energy 
Doubler. It achieved almost 4 T in its tests 
and the addition of an iron yoke should give 
the 4.5 T required for 1000 GeV operation. Eight 
hundred of these magnets will be needed to 
complete the Doubler ring. 

A full-scale model of the Main Ring tunnel at 
Fermilab showing the newly decided location of 
the Energy Doubler magnets threaded 
through the stands of the existing magnets. 
The closer proximity of the rings will ease the 
problems of colliding the two beams. 

(Photos Fermilab) 

The research has been carried out 
by P.E, Haustein, S. Katcoff, E.M. Franz 
and J . Gil iat of Brookhaven, T.F. Ward 
and H.A. Smi th of Indiana Universi ty, 
N.A. Marcos of Squ ibb Inc., J .C. Hill 
of Iowa State Universi ty and R.F. Petry 
of the Universi ty of Ok lahoma. 

FERMILAB 
22 foot Doubler 
magnet operates 
On 12 March , the first 22 foo t bend ing 
magnet f rom the n e w product ion line 
tu rn ing out magnets for the Fermilab 
Energy Doubler /Saver reached 4.4 kA 
on the first quench and by the th i r ­
teenth quench was prov id ing a f ield 
of 3.95 T, 97 % of short sample. The 
test was carried ou t in a slanted 
cryostat w i t h boi l ing he l iumfo r coolant . 
The magnet is of banded const ruct ion 
and did not have an iron yoke for this 
test. Add i t i on of the yoke w i l l raise 
the f ield to 4.5 T w h i c h corresponds 
to Doubler operat ion at 1000 GeV. 

The Doubler p roduc t ion factory 
came into act ion on 20 January and 
the first magnet came of f the l ine in 
early March . The l ine is n o w pro­
duc ing magnets at the rate of one a 
mon th and this rate w i l l be increased 
steadi ly as magnets are instal led in 
the r ing. 

Future doubler magnets w i l l be 
'co l lared ' rather than banded. The 
collar, a j i gsaw assembly of t w o s ta in­
less steel laminates, provides much 
greater strength than the band ing . 
Studies w i t h strain gauges on banded 
models s h o w that the t ra in ing pheno­
menon is associated w i t h permanent 
deformat ions of the magnet . The collar 
w i l l substant ial ly reduce these defor­
mat ions and, at the same t ime, it w i l l 
a l l ow the magnet aperture to be 
increased. A 1 foo t col lared version 
has been bui l t and tested. 

The locat ion of the Doubler in the 

main r ing tunnel has been changed. 
It has moved be low the present m a g ­
nets so that the t w o beams are n o w 
on ly 18 inches apart vert ical ly and 
al igned horizontal ly. The Doubler w i l l 
thus thread between the exist ing 
magnet stands. This new arrangement 
puts the beam in the Doubler sub­
stant ial ly closer to the present acceler­
ator beam. It w i l l make beam man i ­
pulat ion much easier if col l is ions 
between the t w o beams are called for 
at some t ime in the future. 

RUTHERFORD 
Compumag Highlight 
High l ight of the recent Compumag 
Conference on the Computa t ion of 
Magnet ic Fields, organised at Oxford 
Universi ty by the Rutherford Labora­
tory, was a special ly se t -up magnet 
design w o r k stat ion. Based on a GEC 

4 0 8 0 computer l inked to the Ruther­
ford Laboratory's main I B M 3 6 0 / 1 9 5 
machine, the w o r k stat ion enabled 
delegates to use Rutherford's G F U N 
magnet design sof tware runn ing on 
the I B M computer together w i t h 
addi t ional computer -a ided design pro­
grams runn ing on the GEC machine. 
Teams f rom CERN, Imperial Col lege 
London , and Rutherford demonstrated 
the capabi l i t ies of the magnet design 
systems. 

Magne t design wo rk began at 
Rutherford as part of the h igh energy 
physics programme but its potent ia l 
for appl icat ions in other f ields w a s 
soon realised and the GFUN sof tware 
has n o w been used by a number of 
other organisat ions and research cen ­
tres for appl icat ions in such f ields as 
magnet ic levi tat ion and Tokamak m a g ­
nets for fus ion experiments. 

The abi l i ty of the GFUN program 
to predict magnet ic f ields to 1 part in 
1 0 \ conf i rmed by measurements of 
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People 
and 
things 

the prototype magnet for the EPIC 
p ro jec t demonstrates the usefulness 
of the sof tware in the design of h igh 
precision magnets for HEP exper i ­
ments. A version of G F U N is used at 
CERN where it has assisted in the 
design of bubble chamber magnets 
and of quadrupoles for the ISR. 

The Conference attracted 210 dele­
gates f rom 15 countr ies and brought 
together experts f rom industry and 
universit ies as we l l as other research 
centres. Topics covered inc luded m a g -
netostat ics, magnet ic materials, steady 
state and transient eddy currents and 
computer aided design, wh i l e app l ica­
t ions described inc luded h igh energy 
physics, fus ion studies, electrical m a ­
chines and magnet ic levi tat ion. 

The Compumag internat ional steer­
ing commi t tee is to meet in the near 
future to decide on the locat ion of 
the next Conference, scheduled for 
1978. 

ARGONNE 
Pellet fusion with 
heavy ion beams 
A n e w concept in fus ion , w h i c h cou ld 
result in an accelerator-based the rmo­
nuclear energy source, has been 
advanced by Richard A rno ld and 
Ronald Mar t in of A rgonne in a paper 
submi t ted for publ icat ion in the journal 
Nuclear Fusion. 

Generat ion o f energy f rom the 
thermonuclear fus ion react ions cou ld 
be accompl ished in a pellet of deute­
r ium- t r i t ium mixture w h i c h is c o m ­
pressed and heated by a suf f ic ient ly 
power fu l external source of energy. 
A rno ld and Mar t in have calculated 
that the necessary power levels can 
be obta ined if storage rings conta in ing 
mu l t i -GeV ci rculat ing beams of heavy 
ions are used. The ion beams w o u l d 
be stored over a period of a second, 
then extracted and focused on a 1 m m 

diameter pellet in a f e w nanoseconds. 
The use of relativistic heavy ions is 

part icular ly attract ive, in compar ison 
to other proposed fus ion technolog ies , 
s ince a research and deve lopment 
programme of on ly a modest scale 
and of l imited scope seems to be 
required before design and const ruc­
t ion of a major fac i l i ty cou ld be 
envisaged. The goals of such a pellet 
fus ion storage r ing faci l i ty w o u l d be 
to demonstrate 'breakeven' ( w h e n the 
fus ion energy release is equal to the 
ion beam energy in the storage r i ng ) , 
and to test h igh-ga in pellet designs 
w h i c h cou ld y ie ld substant ial net 
energy p roduc t ion . 

The ion beam energy necessary for 
breakeven using 10 MeV protons has 
been est imated by M.J . Clauser in 
Physical Review Letters 35 , 8 4 8 
( 1 9 7 5 ) . The f igures can be appl ied to 
heavy ion beams of the same range. 
Iodine ions, w h i c h are suggested as 
an appropr iate species, have a sui table 
range (0.2 mm in a metal shell) w i t h 
an energy of 8 GeV. This f igure has 
been used in the fus ion faci l i ty c o n ­
ceptual design, w h i c h consists of a 
convent iona l rapid cyc l ing synchro­
t ron , a storage r ing to ho ld 16 A of 
8 GeV iodine ions f i l led in 0.5 s and 
a hundred beam transport channels 
w h i c h focus 8 ns pulses of extracted 
ions f rom each channel s imul taneously 
on a 1 m m pellet. Extraction w o u l d be 
accompl ished th rough the use of 
str ipper foi ls. 

Some specif ic quest ions, for exam­
ple concern ing achievable vacuums 
and ion - ion col l is ion cross sect ions, 
must be sett led before engineer ing 
design can proceed. However , these 
quest ions can probably be resolved 
in t w o or three years, if suf f ic ient effort 
is appl ied. Construct ion of a fus ion 
faci l i ty w o u l d be comparable to that 
of a major h igh energy accelerator, 
and might take f ive to six years. 

FRS for Gerry Pickavance 

It was announced in March that 
Dr. Thomas Gerald Pickavance, 
C.B.E., has been elected a Fellow 
of the Royal Society — one of the 
highest science honours in the UK. 
The citation reads, 'Distinguished for 
contributions to the design and 
construction of accelerators for high 
energy physics and for his excep­
tionally effective direction of the 
Rutherford High Energy Laboratory'. 
Gerry Pickavance was the first 
Director of Rutherford during the 
years when the Nimrod proton 
synchrotron was built. He did much 
to develop the relationships with the 
physicists in the Universities and to 
establish the mechanisms for them 
to use a national research facility 
efficiently. He contributed greatly 
also to the European scene and was 
Chairman of the European Committee 
for Future Accelerators, ECFA. He 
suffered a severe stroke in 1971 
which caused his withdrawal from 
active work but by now he has 
picked up most of the threads of a 
normal life again. His many friends 
will be delighted at this additional 
tribute to his contributions to high 
energy physics. 

Polarization at KEK 

A t the Nat ional Laboratory for High 
Energy Physics, KEK, in Japan , they 
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Below: Aligning a liquid hydrogen target in the 
Rutherford Multiparticle Spectrometer (RMS). 
The big magnet was previously used in the 
Rutherford 1.5 m bubble chamber and is 
equipped with capacitative readout spark 
chambers and mu/tiwire proportional chambers. 
A high pressure Cherenkov, designed at 
Daresbury and completed at Rutherford, will 
distinguish between pions and kaons above 
1.35 GeV/c. The RMS will first study 
TZ+P —• K+ S+ in the resonance region using the 
hydrogen target. A frozen spin target is being 
developed based on a design by T. Niinikowski 
used at CERN. This should be capable of proton 
polarisation of more than 90 %. 

Al Lisin has succeeded John Voss as head of 
the SLAC Mechanical Engineering Department. 
Al is pictured here examining the tuning end 
of a SLED unit. He has worked on the 
superconducting accelerator design study, 
PEGGY, SLED and PEP. John who spent 
some time at CERN on the ISR vacuum 
system, was project engineer on SPEAR. 
He has now moved to Varian. 

(Photo Joe Faust) 

have been deve lop ing polarized tar­
gets w h i c h w i l l be prov ided as s tand­
ard experimental faci l i t ies to the 
experimenters. One a im is to bu i ld a 
frozen target (where the target is 
polarized in a s t rong magnet ic f ie ld 
and then moved , w i t h the spins 
' f rozen' , to another magnet ic f ie ld 
w h i c h has a w ider aperture for the 
emerging particles to escape to detec­
to rs ) . A hel ium 3 — hel ium 4 d i lu t ion 
system is used for refr igerat ion. Deute-
ron polarizations as h igh as 1 8 % have 
so far been achieved, not far short of 
the theoret ical value o f 25 %. 

100 mA of negative hydrogen ions 

Tests of a negative hydrogen ion 
source for use at the Fermi lab 400 GeV 
proton synchrotron have been com­
pleted at Brookhaven. The source will 
be installed at Fermilab with the 
intention of increasing the beam 
intensity in the 8 GeV booster by 
means of change exchange injection. 
A current of 100 mA of negative ions 
was achieved from a magnetron type 
source. Krsto Prelec and Theo Sluyters 
are leading the Brookhaven work and 
were assisted by Cyril Curtis and 
Charles Schmidt from Fermilab. Prelec 
and Sluyters are now interested pri­
marily in producing several amperes 
of negative deuteron ions for use in 
neutral beam injectors of fusion de­
vices. 

Conferences 

The 1976 Summer School in Health 
Physics (Radiation Protection) will 
be held at Imperial College London 
from 21 June to 2 July. It is aimed 
particularly at graduates in science, 
engineering or medicine who need 
a broad basic knowledge of the 
subject of radiation protection. 
Further information from Dr. H.D. 
Evans, Senior Lecturer in Health 

Physics, Imperial College, London 
SW7 2AZ. 

The 1976 PEP Conference will be 
held at SLAC from 23 June to 
25 June to review the development 
of detectors and experiments for 
the PEP electron-positron storage 
ring. Further information from PEP 
Conference Secretary, Bui/ding 47, 
Lawrence Berkeley Laboratory, 
University of California, Berkeley 
CA 94720. 

ISABELLE for neutrinos also? 

John Humphrey at Brookhaven, 
prompted by Barry Barish, has looked 
at the possibility of storing muons in 
one of the ISABELLE rings. The 
experimental interest stems from the 
possibility of doing polarized muon-
polarized target scattering and of using 
the muon decays in the ring as a 
source of electron-type neutrinos. 
The sequence would be to accelerate 
protons to 200 GeV in one ring, use 
them to produce pions on a target, 
take the pions into the other ring and 
hold on to the muons from their decay. 
It is estimated that about 3 * 109 

muons (beam intensity of about 101 

per s) could be held for a mean life­
time of 2 ms. Polarized targets could 
be introduced into the orbiting beam. 
A straight section (100 m long) could 
be used as a neutrino source and the 
muon decay rate would give about 
10* neutrinos (beam intensity of about 
3 x 10s per s). The neutrino beam 
would have attractive properties com­
pared to those from conventional 
sources. 

Uranium at Darmstadt 

On 29 March uranium ions were 
accelerated in the heavy ion linear 
accelerator, U N I L A C , at GSI (Gesel l -
schaft fur Schwer ionenforschung) 
Darmstadt. The ion energy at the 



ou tpu t end of the machine was 
5.9 MeV per nuc leon. On 1 Apr i l 
four addi t ional single gap cavit ies 
were in act ion and the ou tpu t energy 
was increased to 6.6 MeV per 
nuc leon. In ject ion into U N I L A C was 
w i t h uranium ions of charge 10. 
They were fur ther str ipped to charge 
41 in a carbon foi l at an energy of 
1.4 MeV per nuc leon. Accelerated 
uranium ions has been one of the 
main ambi t ions at Darmstadt. 

The full size prototype of a quadrupole for the 
200 GeV storage ring project ISABELLE, 
at Brookhaven. The magnet has operated 
successfully. 

(Photo Brookhaven) 

ISABELLE quadrupole successful ly 
tested 

A ful l size proto type of the quadru -
poles for the 200 GeV proton storage 
rings p ro jec t ISABELLE, has been 
tested recently. It achieved a gradient 
equal to the design value of 0.5 T / c m 
on the first energizing. Af ter a f e w 
quenches, a gradient of 0.65 T / c m 
was achieved at 4.2 kA. The magnet 
is 1.5 m long and has an aperture 
of 12 cm. The method of const ruc­
t ion is identical to that used for the 
d ipole magnets and the coi ls were 
fo rmed in the same mold ing f ixture. 
A braided conduc to r identical to that 
of the dipole was used to w i n d the 

coils. Detai led measurements of the 
magnet ic f ield d is t r ibut ion are n o w 
being made. The quadrupole w i l l 
then be used in the ' ISABELLE Cel l ' 
w h i c h is current ly under const ruct ion. 

Fred Mills to CTR 

Dr. Frederick Mills has been appointed 
Associate Director of the CTR pro­
gram at Argonne. Fred Mills is among 
the best known of accelerator physi­
cists since his years with MURA 
1956-1967. He has since been at 
Brookhaven as Chairman of the 
Accelerator Department (1970-
1973) and, more recently, at Fermi­
lab. 
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EEVs steel-jacketed, water-cooled BK 
496 is one of the world's largest ignitrons, 
capable of handling large pulses up to 
400As. 

Made to the highest standards, BK 496 
incorporates a unique feature which ensures 
long-life operation in peak condition. 

The tube contains a getter which can be 
activated by the user in order to re-condition 
the ignitron should it become gassy due to 
misuse. The getter can be reactivated several 
times if necessary. 

A copper water pipe coil gives improved 
graded cooling with most cooling at the 
cathode end Coil cooling also ensures 
freedom from sludge, water blockage or 
corrosion. 

EEVs BK 496 is designed for plasma 
containment systems, high duty crowbars 
and any applications outside the capabilities 
of smaller ignitrons and other tubes. 

For trouble-free long-term operation, 
specify EEVs big E-the BK 496. Write or call 
Chelmsford for data 

EEVand M-OV know how. 
E N G L I S H ELECTRIC VALVE CO LTD, Che lmsford , Essex, England CM1 2QU.Tel : 0245 61777.Telex: 99103 . Grams: Ene lec t ico Che lmsfo rd . &GC I 

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

Space 
(page) 

7« 

7« 

Actual size (mm) 
width by height 

1 8 4 x 2 6 7 

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

8 8 x 1 3 0 

Cost per insertion (Swiss Francs) 

insertion 

1 3 0 0 

7 0 0 

3 8 0 

insertions 

1 2 0 0 

6 5 0 

3 5 0 

11 
insertions 

1 1 0 0 

6 0 0 

3 2 0 

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

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

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

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

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

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

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

M i c h e l i n e F A L C I O L A / C E R N C O U R I E R - C E R N 
1 2 1 1 - G E N E V A 2 3 S w i t z e r l a n d 
T e l . ( 0 2 2 ) 4 1 9 8 1 1 E x t . 4 1 0 3 T e l e x 2 3 6 9 8 

See more and better. 
Reduce costs. 

With Wild Stereomicroscopes-
T h e t r e n d t o m i n i a t u r i s a t i o n is c o n t i n u i n g i n y o u r f i e l d o f 
a c t i v i t y as w e l l , a n d b o t h i n s p e c t i o n a n d q u a l i t y c o n t r o l a r e 
o f e v e r - i n c r e a s i n g i m p o r t a n c e . B u t y o u c a n o n l y see s m a l l 
t h i n g s i n t h r e e d i m e n s i o n s i f y o u u s e a s t e r e o m i c r o s c o p e . 
W i l d H e e r b r u g g h a v e t h e r i g h t s t e r e o m i c r o s c o p e c o m b i ­
n a t i o n f o r y o u . In t h e w o r l d - f a m o u s m a n u f a c t u r i n g p r o ­
g r a m m e y o u w i l l f i n d t h e f u l l r a n g e o f p o s s i b i l i t i e s w h i c h 
m o d e r n s t e r e o m i c r o s c o p y o f f e r s , n a v e a l o o k . I t ' s a l l o u t ­
l i n e d i n o u r l e a f l e t M 1 1 8 3 . 

W i l d H e e r b r u g g L t d . 
C H - 9 4 3 5 H e e r b r u g g / S w i t z e r l a n d H E E R B R U G G 
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FOR MULTIWIRE PROPORTIONAL CHAMBERS 
the answer from industry to your read-out problems, 

an 8-channel monolithic integrated circuit 
(amplification, discrimination, fast or, delay, strobe, memory, memory or, read-out gate) 

• M O S t e c h n o l o g y • 4 0 P in D I L c e r a m i c p a c k a g e • T h r e s h o l d v o l t a g e : 3 m V • S t r o b e p u l s e w i d t h : 9 0 ns • P o w e r d i s s i p a t i o n : 
2 0 0 m W / c h a n n e l • R a d i a t i o n p r o o f u p t o 2 .10 1 0 oc ( 6 4 5 M e V ) / c m 2 o r 2 . 1 0 1 3 p (1 G e V ) / c m 2 

REFERENCES 
• CEN-SACLAY • CERN • SIN-VILLIGEN • OSAKA UNIVERSITY 
u s e d o n l a rge M W P C s p e c t r o m e t e r 

NOW ! 
We propose: a fast, compact and powerful CAMAC read out system too! 

We quote: Mass production prices that save you the pain of designing your electronic system. 
A 35% decrease on our prices! 

High volume prices 
less than 20 F.F. per channel for the I.C. 
less than 32 F.F. per channel for the on-chamber module 
less than 40 F.F. per channel for the system 

Do consult us for data sheets, application reports, delivery time, prices or any information you 
may need for your particular application, experiment: 

Write or call 

E.F.C.I.S. 
BP. 85, Centre de Tr i 38041 GRENOBLE CEDEX (FRANCE) 
Tel.: (76) 97 4111 — Telex: ENERGAT GRENO 32323F 
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Safe viewing with SCHOTT 
In a t o m i c e n e r g y resea rch y o u c a n n o t 
d e p e n d o n g u e s s w o r k . Especia l ly no t in 
the des ign o f Radiat ion Sh ie ld ing W i n ­
d o w s . Sa fe ty m u s t be ca l cu la ted in a d - J E N A E 

vance , so t ha t v i ew ing rema ins f ree f r o m 
risk. SCHOTT's yea rs o f e x p e r i e n c e g u a r a n ­
tee th is . A t o m i c e n e r g y resea rch in all par ts 
o f t h e w o r l d rel ies o n SCHOTT. 

SCHOTT c o n s t r u c t s all t y p e s o f Radia­
t i on Sh ie ld ing W i n d o w s , inc lud ing d ry 
w i n d o w s . Ou r e x p e r i e n c e d pe rsonne l 

GLAS a re at y o u r d isposa l at all t i m e s t o help 
so lve y o u r p r o b l e m s . Ou r pub l i ca t ion No. 
3201 wi l l s u p p l y y o u w i t h init ial i n fo rmat ion 
a b o u t t echn i ca l deta i ls , poss ib le uses and 
cons t ruc t i on e x a m p l e s . 

SCHOTT JENAER GLASWERK SCHOTT & GEN., MAINZ 
(West Germany) 
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SUPERCONDUCTING MAGNETS 
Proven Full Range Capability 

"We could not find any customer of yours 
who was not completely satisfied/' We 
appreciate this comment f rom a prospective 
customer, and assure you of the same 
friendly service. 

American Magnetics offers complete turnkey 
systems or any component part. We offer 
our years of design and experience to 
complement your research program. 

We have constructed magnets for every 
application listed on this page. And we 
supply more superconducting magnets than 
any other U.S. manufacturer. 

In this year we have, on two occasions, 
broken the state-of-the-art curve for large 
high current density magnets. 

What can we do for you? 

C O M P L E T E 

1 0 0 K I L O G A U S S S Y S T E M 

This system includes — 
Superconducting magnet rated 100 KG 
at 2 ° K o r 80 KG at 4.2° K. 

Helium cryostat wi th vertical room 
temperature 25 mm bore. 

Power Supply/Programmer 

Persistent Switch 

Vacuum Pump 

Liquid Helium Level Meter 

Less than $12,500 

SMALL MAGNETS 
AND SYSTEMS 

for 
NMR 

Mdssbauer 
Solid State 

Magnetization 
Magneto-optical 

Superconductivity 
Spin Flip Polarization 

Nuclear Demagnetization 

LARGE MAGNETS AND SYSTEMS 

Superconducting Motors 
Plasma Physics + Fusion 
Faraday Rotators 
Bubble Chambers 
Energy Storage 
Beam Flip 

AMERICAN M\GNETICS, INC. 
481 Laboratory Road, P. 0 . Box R 
Oak Ridge, Tenn. 37830 
Tel. 615-482-1056 
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Announcing HP 9825-and seven entirely new standards of 
performance for desktop calculators. 

1. "Live" keyboard. Whi l e a p rogram is 
runn ing , you can interact with it and 
calculate. 
2 . Priority interrupt. Easy to program. 
Two-level in terupt gives y o u superior 
control over ins t ruments a n d peripherals . 
3. Speed. HP-des igned N . M O S 
processor for internal speed: 0.8]i-secs 
cycle . I /O speed up to 400K 16-bit words 
o n direct m e m o r y access . 
4 . Data cartridge. Bi-directional search , 
h igh-speed, high pe r fo rmance . 250K 
bytes for data and p rog ram storage. 

5. Multi-dimensional. U p to 26 mult i ­
d imens iona l arrays-increasing facilities 
for handl ing large a m o u n t s of data. 
6. Advanced Language. H P L (Hewlett-
Packard Language) offers F O R T R A N -
like power and ease of B A S I C . 
7. New display. U p p e r and lower case 
read-out o n 32 character display. 
And many other important features: 
Power.8K to 32K byte user m e m o r y 
and slots for 4 R O M S . 
Interfacing. I / O channels control all 
major interfacing sys tems, including 

HP-IB ( I E E E 488-1975). Mos t existing 
9800 series peripherals simply plug in. 
Vast Program Library. Access to over 
1,000 p roven programs th rough the 
H P Calculator Users Club. 

F o r f u l l d e t a i l 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 postaleNo. 6,F-91401 Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140, D-6000 Frankfurt 56, ITALY Hewlett-Packard 
Italiana S.pA., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N. V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134Amstelveen. NORWAY Hewlett-Packard Norge A/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, Zurcherstrasse 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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camac 

J CAM 10* 

a microprocessor 
that makes camac 
suited to your 
application 
• SPEED : Test and Read/write cycles (24 bit data) are faster than 

with conventional hardware : 17 / i s . 
• PROGRAMMING EASE AND FLEXIBILITY 
• OPTIMISING LAM'S HANDLING : 18 Lam's on 4 levels 
• MEMORY EXTENSION FACILITY 1 by means of 12 K bytes 

memory extension module 
• POWER : up to 23 CAMAC modules to be connected (distributed in 

two crates) 
• PRICE : Data processing costs reduced by as much as half. 

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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THIS IS 100 TIMES THICKER 
THAN SOME OF OUR METAL FOILS 

Goodfel low Metals are we l l - known for supp l y ing 
sc ient is ts t h r o u g h o u t the wor ld w i th foi ls, wi res, 
tubes and powders . Over 70 d i f ferent meta ls and 
al loys up to 99.999% pur i ty are ava i l ab le f rom stock in 
smal l quant i t ies: normal despa tch 2/3 days, rush 24 
hours. Please send for f u r t he r in format ion to 
Goodfel low Metals Ltd, Cambr idge Sc ience Park, 
Mi l ton Road, Cambr i dge CB4 4DJ, England. Tel : 
Cambr idge (0223) 69671 Telex: 81683 

GOODFELLOW METALS 
FOR RESEARCH 

UNIFORM FIELD LABORATORY MAGNET 

F E A T U R E S : 
Pole Gap 
Pole Diameter 
Maximum Field 
Power at maximum field 

Water cooling 
Mass 

ANAC Model 3475A 

B i g W o r k i n g V o l u m e 

Shaped pole surfaces 
on the Model 3475A 
provide a large (305 
mm diameter x 305 mm 
height) uniform field 
region (field deviation 
less than ±7%). 

: 305 mm 
: 530 mm 
: .33 Tesla 
: 60V, 183A (series) 

30V, 365A (parallel) 
: 6i/min (a 40 psid 
: 2780 kg 

Call or write for complete technical specifications and 
pricing -

AUCKLAND NUCLEAR ACCESSORY COMPANY LTD 
P.O. Box 16066, Auckland 3, New Zealand 
Tel 861-985. Cables: ADVANCED 

AD-13-CC 
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SOCIETE TECHNIQUE DE 
REALISATIONS INDUSTRIELLES 

125 bis, rue Gall ieni 9 2 5 0 0 R U E I L - M A L M A I S O N - FRANCE T e l . : 9 7 7 0 3 - 9 3 

CHAMBRE 

A 

ETINCELLES 

CERENKOV 

HODOSCOPE 

Etude et realisation d'appareillages de physique 

Usinage, polissage, habillage de conduits de lumiere et scintillateurs 

Miniatures 
et universels: 

scric U/2X 
Valorisation par 
les boutons-poussoir 
lumineux EAO -
une formule connuc au 
mondc entier pour des 
solutions fonction-
nelles et esthetiques 
de tous vos besoins 
de eommande! 
Offrez-vous Tassu-
rance d'avoir choisi 
«ce qui se fait de 
mieux»... appareils de 
eommande et de 
signalisation EAO. 

Fonctions maintenue ou momenta-
nee, elements a rupture brusque 
meeanique, low level ou electron!-
ques pour toutes les exigences; 
voyants, boutons-poussoir... 
Dimensions reduites, signalisation 
par LED ou lampe a incandescence 
Bi-Pin T1 longue duree, positionne-
ment optique en fonction enclenchee, 
pouvoir de coupure jusqu'a 5 A/250 V, 
montage par 1'arriere, percages 12 resp. 
8 mm, approbations Internationales (ASE, 
CSA^L^EMKCOVE.LloydsInternational) , . . 

Nous at tendons avec plaisir voire demande de documentation. 

T a n n w a l d s t r a s s e 88 , C H - 4 6 0 0 O l t e n , t e l e p h o n e 0 6 2 / 2 1 1 9 6 1 , t e l e x 6 8 4 0 2 
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Labor-
Schuttelmischer 

•freie Wahl der Mischbehalter 
von Fingerhutgrosse bis 2Litergefass 

•steriler, staubfreier, schonender 
Mischvorgang 

• Homogenitat in kurzer Zeit erreichbar 
• bevorzugt fur Feststoffgemische 

W i l l y A . B a c h o f e n 
M a s c h i n e n f a b r i k 

Utengasse 15/17, CH-4005 Basel/Schweiz 
Telefon (061) 33 55 55, Telex 62564 
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ONLY FROM LND 

• S E C O N D A R Y E M I S S I O N M O N I T O R S 

• S E G M E N T E D W I R E ION C H A M B E R S 

• P O S I T I O N S E N S I T I V E P R O P O R T I O N A L 
C O U N T E R S A N D M E A S U R I N G S Y S T E M S 

LND THE W O R L D ' S ONLY M A N U F A C T U R E R OF A 

COMPLETE FAMILY OF G A S T U B E D E T E C T O R S . 

GM C O U N T E R S 

B F 3 H E 3 C O U N T E R S 

IONIZATION C H A M B E R S 

P R O P O R T I O N A L C O U N T E R S 

F I S S I O N C H A M B E R S 

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

G A S S A M P L I N G D E T E C T O R S 

L O W B A C K G R O U N D sSvM C O U N T E R S 

G A S S C I N T I L L A T O R S 

LND'S MODERN FACILITIES, FULLY S T A F F E D FOR 

R E S E A R C H , DESIGN A N D M A N U F A C T U R I N G , INSURE 

O U T S T A N D I N G C H A R A C T E R I S T I C S , P R O M P T 

DELIVERY AND COMPETITIVE P R I C E S . 

L N D , I N C . 
3230 LAWSON BLVD. 
OCEANSIDE, NEW YORK 1 1572 

W E I G H A I R B O R N E 

P A R T I C L E S . . . Q U I C K L Y ! 

T S I ' s Pa r t i c l e M a s s M o n i t o r c o m b i n e s a n e l e c t r o s t a t i c s a m p l e r 
w i t h a q u a r t z c r ys ta l m i c r o b a l a n c e t o g i v e y o u 

• =b 0 . 0 0 6 m i c r o g r a m r e s o l u t i o n . 
• 1 s e c o n d t i m e r e s p o n s e . 

• T r u e m a s s m e a s u r e m e n t . 
• 1 t o 2 0 0 , 0 0 0 m i c r o g r a m / c u b i c m e t e r . 

Free b u l l e t i n d e s c r i b e s T S I ' s i n s t r u m e n t s w h i c h g e n e r a t e , s a m ­
p l e , w e i g h & s ize a e r o s o l s . 

Brindi A G 
Postfach 230 
4 0 0 2 Basel 
Tel. 061 7 4 2 7 9 55 

516—OR 8-6141 • TELEX NO. 14-4563 

World renowned source 
of special glass: 

• b l o c k s f o r c e r e n k o v c o u n t e r s 

• s l a b s f o r a n t i - r a d i a t i o n 

i n a d d i t i o n t o a fu l l r a n g e o f 

m a t e r i a l s f o r o p t i c a l s y s t e m s . 

T h e a b o v e g l a s s e s a r e r e s e a r c h e d , 

d e v e l o p e d a n d m a n u f a c t u r e d i n 

F r a n c e f o r t h e w o r l d ' s n u c l e a r a n d 

a p p l i e d p h y s i c s i n d u s t r i e s . 

F o r i n f o r m a t i o n p l e a s e c a l l : 

SOVIREL 
D e p a r t e m e n t O p t i q u e 
90, rue Baudin - 9 2 3 9 0 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 

for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y 14830 / Phone (607) 974.90.00 
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to drive our new 
remote controlled delay 
with your camac system 

hard 
to believe how little 

it costs 
give us a call and find out more about 

the FE 292 and its CAMAC controller 

S E N E L E C T R O N I Q U E Case Postale 39 

Z U R I C H lm Zentrum 18 

H A M B U R G Postfach 223 

M U N I C H Radspielerstr. 8 

CH 1211 Geneve 13 

CH 8604 Volketswil 

D 2000 lAfedel 

D 8000 Munchen 81 

tel (022) 44 29 40 tlx 23359 ch 

tel(OI) 86 51 03 11x58257 ch 

tel 04103 6282 tlx 2189 548d 

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

N U C L E A R 
E N T E R P R I S E S 
L I M I T E D 

B a t h R o a d , B e e n h a m , R e a d i n g R G 7 5 P R , E n g l a n d . T e l : 0 7 3 - 5 2 1 2 1 2 1 . T e l e x : 8 4 8 4 7 5 . C a b l e s : D e v i s o t o p e , W o o l h a m p t o n . 
A l s o a t : N u c l e a r En te rp r i ses G m b H , S c h w a n t h a l e r s t r a s s e 7 4 , 8 M u n c h e n 2 , G e r m a n y . T e l e p h o n e : 5 3 - 6 2 - 2 3 T e l e x : 5 2 9 9 3 8 

U . S . A . : N u c l e a r E n t e r p r i s e s I n c , 9 3 5 T e r m i n a l W a y , S a n C a r l o s , C a l i f o r n i a 9 4 0 7 0 T e l e p h o n e : 4 1 5 - 5 9 3 - 1 4 5 5 T e l e x : 3 4 8 3 7 1 . 
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Plus de securite avec 
les colliers Stauff 

Conduite de tuyau propre et bien 
visible, elements de fixation du tuyau 
amortissant le bruit et faciles a entre-
tenir. Montage aise, programme 
etendu. 
Livrables immediatement du stock. 

Rautistrasse 58, 8048 Zurich 
Telefon 01 - 52 25 50, Telex 54 455 

Un groupe de niveau europeen 
dans 
a prestation de services 

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

Office nouveau du nettoyage ONET 
13008-MARSEILLE 12 bis, boulevard Pebre tel. (91) 732850 
75-PARIS 4 et 6, rue du Buisson-Saint-Louis-X e tel. (1) 2081557 
GENEVE 55/57, rue Prevost-Martin tel. (022) 206848 
74-ANNECY 6, avenue de Mandallaz tel. (50) 514641 
01 -SAINT-GENIS Route de Gex - zi BP 25 tel. (50) 41 1207 

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

des faibles puissances: 

Avez-vous des problemes 
d'entrainement ? 

Cherchez-vous des motoreducteurs 
de haute precision, silencieux, avec 
une tongue duree de vie? 

Choisissez du programme 

les motoreducteurs a vis 
sans fin jusqu'a 1300 Nm 

d>unkermotoren les plus petitS 
jusqu'a 1000 Ncm 

les variateurs 
mecaniques jusqu'a 
40 Nm 

Visitez-nous a la FOIRE DE HANOVRE 1976 Halle 17, Stand 815 

Th.Ziirrer+Cie. 
Birmensdorferstrasse 470, CH-8055 Zurich 
Telefon 01 35 25 55, Telex 54506 

low level 
Electro-Appareils Olten SA 

appareils de commande et de signalisation 
transformateurs, convertisseurs 

commandes 

Tannwaldstrasse 88, CH-4600 Olten, telephone 062/21 1961 

Add to your nuclear instrumentation 
with the f 

provide im 
on the 

PEN DOSIMETERS § « 

ing which 
formation 

d dose 
DASAL 

SEQ5 a. 
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. 

Measures the absorbed dose in soft tissues 
at a depth of 300 mg/cm 2 , due to photons of 
10 keV or above and electrons of any energy. 

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

SEQ6 
SEQ7 

I 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 with French standards — DIN or 
British standards on request. C E A - L C A system. 

LA PHYSIOTECHNIE 
34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL-FRANCE TEL:735.1610 + 
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Unt i l recen t l y , if y o u w a n t e d 
broadband RF power, you had to 
settle for bulky tube-type power 
amplifiers. No more. Starting at 
the top, we developed a full line 
of all-solid-state Class A power 
amp l i f i e r s , cove r i ng the f r e ­
quency spectrum of 10 kHz to 
1 GHz, with power outputs rang­
ing from 300 mill iwatts to over 
4000 w a t t s . A n d w e ' r e s t i l l 
climbincj. 

Driven by any signal generator, 
frequency synthesizer or sweeper, 
these compact, portable ampl i ­
f ie rs are versat i le sou rces of 
power fo r genera l l abo ra to r y 
work, RFI/EMI testing, signal 
d i s t r i b u t i o n , RF t r a n s m i s s i o n , 
laser modulat ion, data transmis­
sion, NMR, ENDOR, ultrasonics 
and more. 

Completely broadband and un­

tuned, our highly linear units will 
amplify inputs of AM, FM, SSB, 
TV and pulse modulations with 
minimum distort ion. Al though all 
power amplifiers deliver their 
rated power output to a matched 
load, only ENI power amplif iers 
will deliver their rated power to 
any load regardless of match. 

We also designed our ampl i ­
fiers to be uncondit ional ly stable 
and failsafe—you need never fear 
damage or oscillation due to 
severe load condit ions (including 
open or short circuit loads). 

ENI instrumentation amplifiers 
come complete with an integra 
AC power supply and an RF out­

put meter. Ruggedized amplifiers 
capable of operating under se­
vere environmental condit ions 
are available. 

To find out more about our RF 
power amplifiers, write: ENI 
Power Systems, Ltd., 23 Old Park 
Road, Hitchin, Hertfordshire SG5 
2JS England, call Hitchin 51711. 
TELEX 825153 ENI HITCHIN. 

R F Amplifiers. 
We started at the top. 

Then worked our way up. 

World's Leader 
in Power Amplifiers 

ENI products also available as follows: AUSTRALIA: Elmeasco Instruments Pty. Ltd. , 7 Chard Road, Brookvale, N.S.W. Austral ia, Tel: 939-7944 
BENELUX COUNTRIES: Co imex, Hat tem, Ho l land, Tel: 05206-1214 DENMARK: Tage Olsen A /S , 2100 Kobenhavn 0, Denmark, Te l : (01) 294800 
FRANCE: Comsatec, 92300 LaVallois-Perret, France, Tel : 270.87.01 GERMANY, AUSTRIA, L IECHTENSTEIN: Wacker G m b H , 6000 Frankfur t /Main, 
West Germany, Tel : SNr.0611-725045 ITALY: Romagnol i Elet t ronica, 57100 Livorno, Italy, Te l : (0586) 407.301 JAPAN: Astech Corporat ion, 
Sh in juku-ku, Tokyo 160, Japan, Tel : Tokyo 343-0601 NORWAY: Solberg & Andersen A /S , Brynsveien 5, Oslo 6, Norway, Tel : 47 2 19 1000 SOUTH 
AFRICA: Associated Electronics (Pty.), Ltd., Johannesburg , South Afr ica, Te l : 724-5396 SPAIN: Aupoca S.A., Madr id 16, Spain, Tel: 457-53-12 
SWEDEN: Saven AB, S-185 00 Vaxho lm, Tel : 07641315 80 SWITZERLAND: Kont ron Electronic L imi ted, 8048 Zur i ch , Swi tzer land, Tel : 01 62 82 82 

UNITED K INGDOM: Dale Electronics, Ltd., Frimley Green, Camber ley, Surrey, England, Tel : Deepcut (02516) 5094 

163 



Nos photomultiplicateurs s'adaptent a votre probleme particulier. 

Mn champion 
de grande 
envergure 

X P 2230 
bruit < 600 c.s" 1, 

ecart type de la 
distribution 

du temps de transit : 
0,35 ns , % 

Les photomultiplicateurs X P 2230 de R.T.C. permettent la detection 

en photoelectron unique, en lumiere Cerenkov, en carbotrimetrie. 

Les X P 2230 de R.T.C. disposent du meilleur rapport rapidite/bruit et 

peuvent etre utilises avec des scintillateurs rapides. 

Ainsi la detection en ph/sique nucleaire 

progresse avec R.T.C. 

I f f W 

R.T.C. cestaussi Toptronique. 
o 
<• 
o 

R.T.C. LA RADIOTECHNiOUE - COMPELEC -130 av. Ledru-Roll in 
75540- PARIS CEDEX 11, tel. 355.44.99. 
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