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Thinking ahead in Europe 

At its 21 st Plenary Meet ing on 25 May, 
the European Commi t tee for Future 
Accelerators (ECFA) passed a recom­
mendat ion wh i ch essential ly p romotes 
a high energy e lect ron-posi t ron co l ­
l iding beam machine as the pr ime can­
didate for fur ther study as Europe's 
major high energy physics project for 
the 1980 ' s . This recommendat ion (the 
ful l text of w h i c h is reproduced below) 
was submi t ted to the CERN Scient i f ic 
Policy Commi t tee at its meet ing on 21 
June. It seems an appropr iate t ime to 
summar ize some of the opt ions wh ich 
have been under considerat ion as 
fu ture European research faci l i t ies for 
part icle physics and to indicate w h y 
ECFA is p romot ing the e lec t ron-
posi t ron machine. 

The te rm 'major project ' is an impor­
tant one because under th is heading 
do not come such sma l l /med ium scale 
projects wh ich may prove feasible as 
extensions of CERN's exist ing faci l i t ies. 
There are three contenders wh i ch can 
be so descr ibed — projects involv ing 
di f ferent use or revamping of the 
Intersect ing Storage Rings, the project 
to col l ide protons and ant ipro tons in 

i the SPS, the project to col l ide protons 
and electrons at the SPS. 

Possible projects which extend the 
physics potential of existing CERN 
facilities 

Contender number 1, involv ing an up­
graded ISR, w a s a subject of a t w o 
week Workshop in October of 1 9 7 6 
(see November issue of CERN 
COURIER). The physics interest of 
higher energy pro ton-pro ton col l id ing 
beams wou ld be to augment the 
knowledge gleaned main ly w i t h the 
exist ing ISR. This includes the in fo rma­
t ion on low and high transverse 
m o m e n t u m phenomena and on lepton 
and photon physics. 

There are several schemes to 
achieve the ISR upgrading. One 
scheme, known as SCISR (Supe rcon ­
duct ing ISR), proposes changing the 

convent ional magnet rings for super­
conduct ing rings. The exist ing ISR t u n ­
nel d imens ions and the locat ion of in ­
ject ion beam lines and exper imental 
areas dictate a peak energy of around 
100 GeV per beam (4.5 T f ie ld f rom the 
superconduct ing magnets w o u l d be 
equivalent to 108 GeV) w i t h four in ­
tersect ion regions. Inject ion at 2 5 GeV 
f rom the PS and phase d isp lacement 
accelerat ion could give 10 A per beam 
at top energy and a luminosi ty in the 
1 0 3 2 per c m 2 per s region. 

SCISR looks the most at tract ive of 
the upgraded ISR schemes, at the mo ­
ment , but there are other possibi l i t ies 
wh i ch a im to coll ide ISR protons w i t h 
SPS protons. The SPS pro tons wou ld 
have a peak energy of 2 7 0 GeV, since 
the power dissipat ion l imits the 
storage ring type operat ion of the SPS 
magnets to this level, and could col l ide 
w i t h ISR protons w i t h energy of 6 0 
GeV by str inging the t w o convent ional 
magnet rings into one ring (a scheme 
known as MISR-Moved ISR). Coll isions 
could take place at long straight sec­
t ion LSS5 of the SPS wh ich has been 
kept free. 

The second leg of the Workshop on 
the fu ture of the ISR wi l l be held later 
this year and preferences as to the 
fu ture of the ISR (or, o f course, as to 
the desirabi l i ty of giv ing preference to 
other projects) are likely to emerge at 
that t ime. 

Contender number t w o is the pro­
ject to col l ide protons and ant iprotons 
in the SPS. It has become th inkable 
fo l low ing the work on the new techn i ­
ques of electron cool ing at Novosibirsk 
and of stochastrc cool ing at CERN 
wh ich should make it possible to bui ld 
up and hold intense beams of an­
t iprotons. This wi l l then give lumi ­
nosit ies wh ich are adequate to do 
good physics. The techniques were 
covered in some detai l in the 
December 1 9 7 6 and March 1 9 7 7 is­
sues of the COURIER. 

The project has been pushed par­

t icular ly by Carlo Rubbia and studies 
on the project are being carried out u n ­
der S imon der Meer. The aim is to 
achieve a luminosi ty of 1 0 3 0 per c m 2 

per s in a low beta insert ion in LSS5 
(and possibly LSS4) of the SPS w i t h a 
col l is ion energy of 2 7 0 GeV per beam. 
It requires accumula t ing some 1 0 1 2 

ant ipro tons per day wh i ch could be 
done w i t h o u t interfer ing w i t h the 
physics p rogrammes wh ich run at pre­
sent ( though of course w h e n p ro ton -
ant ip ro ton exper iments are in act ion 
the rest of the SPS programme w o u l d 
stop). 

The great physics at t ract ion is that it 
may be the quickest and mos t econo­
mical w a y of reaching the energy 
region where the in termediate vector 
bosons, W and Z w i t h masses around 
7 0 GeV, and possibly Higgs bosons, 
are predicted to exist. The quark and 
ant iquark content of the proton and 
ant ipro ton w i l l a lmost certainly give a 
higher product ion rate for these par t i ­
cles than pro ton-pro ton col l isions. 

Unfor tunate ly , the hadronic nature 
of the interact ions are likely to involve 
a high background f rom wh ich the par­
t ic le signals w i l l have to be extracted. 
The Z and the W s h o u l d be observable 
and some of their propert ies could be 
decipherable. But to uncover detai led 
in format ion wi l l very probably require 
the advent of other machines. 

The scheme so far developed to 
produce the ant iproton beam involves 
eject ion at 2 6 GeV/c f rom the PS, an­
t ip ro ton product ion on a target off the 
beam line w h i c h leads to the ISR, injec­
t ion and storage of the ant iprotons at 
3.5 GeV/c in a 2 5 m radius shut t le r ing 
where stochast ic cool ing is appl ied, 
decelerat ion to about 0 .45 GeV/c and 
transfer to a cool ing ring (of the same 
average radius) where electron cool ing 
(more eff ic ient at this low energy) is 
appl ied, t ransfer back to the shutt le 
r ing w h e n an intensity of 1 0 1 2 is 
reached, accelerat ion to about 5 GeV/c 
or higher and, f inal ly, ant ic lockwise in ­
ject ion into the SPS taking the route of 
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the beam line which was used to con­
vey protons from the PS to the West 
Hall and doubling back down the SPS 
ejection beam line to the West Hall. 

Preliminary experiments on the two 
cooling techniques are being prepared 
under the acronym ICE (Initial Cooling 
Experiments). They will use the g-2 
magnet ring rebuilt in the former 
Gargamelle building with the neces­
sary insertions for the electron cooling 
and with the stochastic systems and 
lots of diagnostic equipment. It is 
hoped that experiments can start at 
the end of this year. 

It is worth recalling that the Fer-
milab is pursuing a similar scheme and 
hopes to start cooling experiments at 
about the same time. Given the para­
meters of the two existing acceleration 
systems it looks as if CERN potentially 
has an edge on antiproton yield per 
unit of time. 

The last of the three options is a 
scheme to add an electron ring at the 
SPS so as to achieve proton-electron 
collisions at high energies. This project 
has gathered the name CHEEP and has 
been promoted particularly by Bjorn 
Wiik. Kurt Hubner is heading a machine 
study. Electron-proton possibilities 
have also been considered at 
Berkeley/Stanford as a second phase 
of the PEP project, at Brookhaven as an 
option on Isabelle, at Fermilab where it 
was dropped to concentrate on the 
Doubler, and at CERN as an option on 
the LSR (see below). DESY have also 
planned a contribution to the neces­
sary techniques by adding a Van de 
Graaff proton injector so that electron-
proton beam-beam effects can be 
studied in DORIS. The CERN scheme 
achieves higher collision energy than 
other schemes under consideration at 
present. 

The attraction of CHEEP is that it 
gives such high interaction energy and 
high luminosity for modest investment 
(cheap) and can study the lepton-
parton interaction in a way which is not 

accessible at proton-proton or elec­
tron-positron rings. It can study the 
weak interaction at much higher 
energies than are presently available, 
covering the W and Z predicted mass 
range. It could add more on neutral 
currents and reveal new quarks and 
new leptons. It could give information 
to help select between gauge theory 
models of the strong interaction. 

The design has the electron magnet 
ring suspended from the roof above 
the proton magnet ring in the SPS tun­
nel with the beams brought into colli­
sion in LSS5 (and possibly also in 
LSS4). An intricate geometry at the in­
tersection point makes it possible to 
bring longitudinally polarized electrons 
into interaction, which has physics ad­
vantages. 

Both the electron beam and the 
proton beam have sixty bunches. With 
1.5 x 10 1 3 electrons and 2 x 10 1 3 

protons, the luminosity could reach 0.5 
x 10 3 2 per cm 2 per s at 270 GeV proton 
energy and 25 GeV electron energy. 
With some limitations the proton 
energy can span from 145 GeV to 400 
GeV (or higher) and the electron 
machine could give 30 GeV if more r.f. 
power is added. 

For the injection system it has been 
proposed to use a 5 GeV fast cycling 
synchrotron. Components of the NINA 
electron synchrotron which closed 
down at Daresbury at the beginning of 
April might be made available for the 
injector. (The late NINA is surely the 
most popular of accelerators — it has 
been incorporated in half a dozen other 
accelerator schemes up to now!) 

One final point on CHEEP. The 
electron ring would make a fine injec­
tor should high energy electron-
positron rings ever come to the CERN 
site. 

All these contenders for extensions 
of the research potential of the existing 
CERN machines remain under discus­
sion. By the end of this year, the sec­
ond leg of the ISR Workshop and 

a meeting on the electron-proton 
scheme (see page 200) will have taken 
place and experiments on the antipro­
ton cooling scheme will be ready to 
begin. From this melting pot it is hoped 
that priorities will emerge so that the 
necessary resources can be allocated 
by CERN. 

In these belt-tightening days, it is 
almost certain that such resources will 
have to be found within annual budgets 
levels approximately the same as 
those under which CERN is now oper­
ating. To buy some new physics, it will 
probably be necessary to sacrifice 
something which is under way at pre­
sent. 

Possible major projects for Europe in 
the future 

When thinking of the desirable 
facilities for high energy physics re­
search in Europe a decade or more 
ahead, there are three main chapter 
headings — a proton synchrotron 'fix­
ed target' machine in the thousands of 
GeV range (several TeV), a proton-
proton colliding beam machine in the 
range of hundreds of GeV per beam, an 
electron-positron colliding beam ma­
chine in the range around 100 GeV per 
beam. All three possibilities have been 
thought about and the last two have 
been studied in some detail. 

A factor, which is influencing the 
selection of projects, to a greater ex­
tent than it has done in the past, is the 
desirability of achieving a balanced ar­
ray of research facilities world-wide. 
This is one consequence of the large 
investments, in money and manpower, 
which are now needed to construct a 
major facility and a consequence of the 
close international collaboration in the 
field. It was agreed at the Study Group 
on future accelerators, which met in 
Serpukhov in May 1976 with repre­
sentatives from all the regions involved 
in high energy physics, that new 
regional facilities should be selected in 
close collaboration between the 
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regions to ensure coverage of the 
broadest possible programme of re­
search. The Study Group also recom­
mended joint utilization of such facili­
ties by scientists of different countries. 
(See June issue 1976 for more 
details.) 

The physics potential of a multi-TeV 
proton synchrotron was studied in the 
bourse of 1975 and the deliberations 
of the Study Group were published as a 
CERN Yellow Report 76-12 edited by 
L. Camilleri. Such a project has not 
been pursued further. In the USA a 1 
TeV machine is in prospect at the Fer-
milab (the Energy Doubler/Tevatron) 
and is currently in its research and 
development phase. In the Soviet 
Union a 2 to 5 TeV proton synchrotron 
(UNK) is under study — see Sep­
tember issue 1976. 

Proton-proton storage rings, with a 
peak energy of 400 GeV fed by the 
CERN SPS, have received quite de­
tailed study in a group led by Kjell 
Johnsen. Their physics potential was 
covered in the same report, 76-12, 
|nentioned above. Such rings would 
cover the W and Z predicted mass 
region (though with the complications 
of hadron-hadron interactions), prob­
ably answer the questions on the rate 
of rise of the total cross-section, add 
more on scaling which is already in 
trouble at the ISR, perhaps see also the 
strange hadronic events recently 
detected in cosmic ray research, add 
more on the high transverse momen­
tum / jet phenomena... 

The machine design has two rings of 
superconducting magnets (4 T fields) 
installed in an oval tunnel (5.8 km cir­
cumference, 1.45 km and 2 km 
'diameters'). Intensities are 7 A per 
beam and special attention has been 
given to the design of the intersection 
regions to cover the different classes of 
physics. A luminosity of 1.3 x 1 0 3 3 per 
cm 2 per s would be possible with 12 m 
free for detector installation in two low 

beta regions and the four other general 
purpose regions with 130 m free 
would have 6 x 10 3 1 or 10 3 1 (high beta 
regions for small angle investigations). 

An electron ring could be added to 
collide bunched electron beams at 20 
or 25 GeV against coasting protons 
with a luminosity of 10 3 2 in one or two 
intersection regions. Polarized elec­
trons would be feasible with the ability 
to rotate the polarization into the 
longitudinal plane. 

In the USA a proton-proton colliding 
beam project of 200 GeV, Isabelle, has 
been under preparation at Brookhaven 
for several years. There is now con­
siderable optimism that this project 
will soon get the go-ahead (see page 
200). The design team also considered 
a 400 GeV design with a 3.8 km cir­
cumference and 5 T magnets. 

Electron-positron storage rings of 
higher energy than the PETRA (DESY) 
and PEP (Berkeley/Stanford) machines 
which are now under construction, 
were investigated by Burt Richter dur­
ing a sabbatical year at CERN 1975-
76. The physics interest was the sub­
ject of another Study Group, chaired by 
Pierre Darriulat, whose deliberations 
were published as a CERN Yellow 
Report 76-18. There was also an ECFA 
Study at DESY in February of this year 
and preliminary looks at a possible 
design of such a machine have been 
under way mainly at CERN under 
Eberhard Keil. 

The machine would cover the 
predicted mass region of the W and Z 
particles (and perhaps the Higgs 
bosons) and would produce such parti­
cles in cleaner conditions than hadron 
collisions. (A high background problem 
may be encountered, however, due to 
the two-photon process.) It will pro­
bably be possible to determine many of 
the new particle properties. The 
machine will extend electron-positron 
cross-section measurements to higher 
energies with the implications of the 
possible existence of other heavier 

quarks. It covers the range where the 
weak and electromagnetic forces are 
predicted to become of comparable 
strength bringing a new regime of par­
ticle behaviour under investigation. It 
would probe down to dimensions of a 
hundredth of a fermi and other 
phenomena may well come to light 
when these smaller dimensions 
become accessible for the first time. 

A first look at a design for an 
electron-positron ring of 100 GeV 
energy per beam has set a luminosity 
aim of 1 0 3 2 per cm 2 per s. The other 
parameters are then largely fixed. For 
example, a ring of 50 km cir­
cumference would need over 100 MW 
of r.f. power requiring some 2.5 km of 
installed r.f. cavities. (If supercon­
ducting r.f. cavities operating in the 
relevant frequency range could be 
developed, the financial and physical 
relief to such a project could be con­
siderable.) 

Eight collision straight sections 
were included in the design. The injec­
tion field at 20 GeV is 109 G rising to 
544 G at top energy. The magnet 
design uses conductor to determine 
the field shape and avoids iron close to 
the beam because of permeability ef­
fects. The vacuum system is also af­
fected by the low fields — distributed 
sputter ion pumps would not be ade­
quate at the injection field. The beam 
currents were set at 15 mA in 32 
bunches per ring. Wiggler magnets 
would control the luminosity variations 
with energy. A version with, for exam­
ple, a peak energy of 70 GeV could be 
built initially by leaving out some of the 
r.f. system (a 'missing cavity' machine) 
saving about 20 % on the initial con­
struction costs. 

The 100 GeV machine first came 
into discussion with the acronym LEP, 
for Large Electron Project, and has 
since been called LEAP, for Large 
Electron Accelerator Project including 
the 70 GeV initial phase. It would cer­
tainly be a great LEAP for the high 
energy physics community. No other 
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Around 
the 
Laboratories 

region has such a project under s tudy 
at present. 

ECFA recommendation 

After del iberat ing on these var ious 
possibi l i t ies the European high energy 
physics commun i t y , via its ECFA re­
presentat ives, has emerged w i t h th is 
recommendat ion to the CERN Scien­
t i f ic Policy Commi t tee , wh ich w e re­
produce here in f u l l : 

T h e physics mot ivat ions are very 
st rong for a study of phenomena in 
e lectron-posi t ron col l isions in the 
range of 100 - 3 0 0 GeV centre of mass 
( cm. ) energies, where weak and 
e lectromagnet ic interact ions are ex­
pected to become of comparab le 
s t rength. A 2 0 0 GeV c m . energy e + e " 
r ing might have a radius of 7 k m , and 
possibi l i t ies for extension up to 3 0 0 
GeV c m . energy w i t h future technical 
deve lopment . This project w o u l d be 
complementary to planned and pres­
ent faci l i t ies elsewhere in the w o r l d . 

Rough est imates indicate tha t an 
e + e " machine of 2 0 0 GeV c m . energy 
is a project on a scale wh ich could be 
realized as a European project in the 
1980 ' s , and w o u l d not necessarily re­
quire the interregional col laborat ion 
considered for the Very Big Accelerator 
(VBA) Project. However, the extension 
to the range above 2 0 0 GeV c m . 
energy, wh ich w a s considered as one 
of the main opt ions for the VBA, may 
wel l require a more extended co l ­
laborat ion. 

W e recommend t h a t : 
(1) An e +e~ storage ring of about 2 0 0 
GeV c m . energy, possibly w i t h an in ­
itial phase of 1 4 0 GeV, be considered 
by the high energy physics commun i t y 
as the pr ime candidate for a major 
European project for the 1980 ' s . 
(2) As a f irst step a locat ion near the 
Meyr in site should be invest igated by 
CERN. 
(3) The technical , scient i f ic and f inan­
cial aspect of such a European project 
be fur ther studied to al low the high 

energy physics communi ty , via CERN 
and ECFA, to submi t a proposal for th is 
project to the CERN Scientif ic Policy 
Commi t tee . 
(4) Technical research and develop­
ment of impor tance for the project 
should be taken up or pursued at CERN 
and the Laboratories of the Member 
States, in part icular on supercon­
duct ing r.f. cavit ies, high power cou­
pl ing devices, etc. 
(5) Studies of the design of the 
machine and of its operat ion, on wh ich 
prel iminary results were reported at 
the ECFA study week at DESY, should 
be pursued w i t h high priority. 
(6) The interest in non-CERN Member 
States of jo in ing such a project should 
be actively explored.' 

The recommendat ion wi l l probably 
have the effect of concentrat ing efforts 
for possible future projects in Europe 
on the electron-posi t ron opt ion rather 
than having them spread over the dif­
ferent alternatives. It has a long way to 
go before it reaches the stage of being 
a project that can be seriously discus­
sed in te rms of t imescales and money. 

It is a suitably sobering thought that 
the SPS wh ich was inaugurated in 
May of this year was first recom­
mended by ECFA in 1963 . 

DESY 
Polarized beams for 
PETRA 

The polar izat ion of electron and posi ­
t ron beams in storage rings due to the 
emission of synchrot ron radiat ion was 
predicted theoret ical ly by A.A. Soko-
lov and I.M. Ternov in 1963 and con- ' 
f i rmed early in the 1970s by experi­
ments at Orsay on A C 0 and at 
Novosibirsk on VEPP-2. Also dur ing 
the early days of SPEAR operat ion at 
Stanford (beam energies around 
2GeV) analysis of the physics data 
showed that the beams were 
polarized. 

The usefulness of polarized beams 
for e lect ron-posi t ron physics increases 
at the higher energies and it was 
therefore a d isappoin tment to f ind that 
the polarizat ion in SPEAR disappeared 
after the machine was modi f ied for 
higher energies. 

There are several possible sources 
of depolar izat ion associated w i t h 
var ious types of spin resonances. 
These effects can be enhanced by the 
quan tum nature of the synchrotron 
radiat ion, especial ly at the higher 
energies, and the observat ions in 
SPEAR were at t r ibuted to one of these 
effects associated w i t h the vert ical 
d imensions of the beam. Extrapolat ion 
of th is explanat ion to PETRA and PEP 
energies in the 15 GeV range made it 
look unlikely that these machines 
wou ld have polarized beams. 

However , the explanation was not 
universally accepted and over the past 
six months there have been many 
an imated discussions about the rela­
tive impor tance of the various depola­
rizing mechanisms. A t DESY, where 
there is a st rong interest in having 
polarized electron and positron beams, 
a crit ical evaluat ion of depolarization 
effects in PETRA has been carried out 
using the extensive theoret ical wo rk on 
stochast ic depolarizat ion that has 
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The DESY site now that the PETRA tunnel is 
completed. 

(Photo DESY) 

been publ ished (main ly f r o m the 
Soviet Union) over the past f e w years. 

I A recent concur rence at CERN of Ya. 
S. Derbenev f r om Novosib i rsk, w h o 
has made major con t r ibu t ions to the 
subject , and J.D. Jackson f r o m Berke­
ley, led to an improved unders tand ing 
of these depolar iz ing p h e n o m e n a . This 
has been appl ied to PETRA by Bryan 
Mon tague , v is i t ing DESY f r om CERN 
for a f e w mon ths , and ind icates tha t 
there is good hope of ob ta in ing 
polar ized beams in PETRA. 

The main reason for th is renewed 
o p t i m i s m is the n o w general agree­
men t tha t the var ious con t r ibu t ions to 
the vert ical beam size give rise to dif­
ferent s t rengths of depolar iz ing effect. 
The overal l ef fect ar is ing f r o m the ver­
t ical be ta t ron m o t i o n in PETRA can be 
made very m u c h smal ler than pre­
v iously supposed, by careful choice of 
the Q values (betat ron tunes) and by 
ad just ing the opera t ing energy to avoid 
the s t rong spin resonances. 

There remain , however , potent ia l 
depolar izat ion mechan isms w h i c h 
mus t be kept careful ly under cont ro l . 
A t PETRA energies, the mos t cr i t ical 
appear to be the one due to vert ical 
c losed-orb i t errors and the one arising 
f r om the stochast ic nature of the co l ­
l id ing beam-beam forces. The b e a m -
beam depolar izat ion can be kept to a 
suf f ic ient ly low level by opera t ing the 
mach ine s o m e w h a t be low the t rad i ­
t ional b e a m - b e a m l imi t at the expense 
of a s l ight reduct ion in luminos i ty . The 
c losed orb i t spin resonances are not so 
easily avoided and peak vert ical c losed 
orb i t dev ia t ions inPETRA mus t be kept 
be low 3 to 5 m m — a t igh t but feasible 
requ i rement . 

Vert ical c losed orbi t errors may l imi t 
the m a x i m u m energy for polar ized 
e lect ron and posi t ron beams in any 
mach ine to not m u c h more than 
3 0 G e V , even w i t h the mos t ref ined 
measuremen t and correct ion t echn i ­
ques. The impl ica t ions o f the ideas 

f r o m Novosib i rsk, see p a g e 1 9 0 , w i l l 
need deta i led s tudy to learn if they are 
appl icable in the tens of GeV range. In 
PETRA it may be necessary to apply 
special t r icks above about 15 GeV t o 
suppress certain harmonics and to 
have a rapid means o f polar izat ion 
measu remen t for check ing the i r ef fec­
t iveness. A laser back-scat ter ing po la -
r imeter is foreseen and the main re­
qu i remen ts and per fo rmance es­
t ima tes have been evaluated by R.H. 
M i lbu rn f r o m Tuf ts Universi ty dur ing a 
shor t v is i t to DESY. A simi lar device is 
under cons t ruc t ion for SPEAR. 

Thus, w i t h a l i t t le extra ef for t in the 
cons t ruc t i on , ins t rumenta t ion and 
opera t ion , e l ec t ron -pos i t r on storage 
r ings shou ld provide t ransversely 
polar ized beams up to around 3 0 G e V . 
Var ious me thods have been s tud ied for 
ro ta t ing the polar izat ion vector paral lel 
t o the b e a m di rect ion. The PETRA 
design al ready takes into account the 
insta l la t ion of such a faci l i ty by the 
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Portent of things to come — the four magnet 
string for the Fermilab Energy Douhler that 
recently completed successful magnet 
protection tests. Other magnets will be added 
to make a string of eight dipo/es, followed by 
installation of eight additional dipo/es between 
the legs of the support stands for a sixteen 
magnet test. 

(Photo Fermilab) 

choice of a beam height above the t u n ­
nel f loor suff icient to accommoda te 
the necessary vertical bending. The 
longitudinal polarization obtainable 
w i t h such a scheme wi l l provide a 
valuable addit ion to the physics po ten­
tial of PETRA. 

The usefulness of longi tudinal po la­
rization for physics is not conf ined to 
e lectron-posi t ron rings. It is of even 
greater importance in the proposed 
CERN electron-proton col l id ing beam 
projects like CHEEP and the LSR elec­
t ron-pro ton opt ion, where the beam 
polarization provides an effect ive way 
of dist inguishing between the effects 
of the weak and the e lect romagnet ic 
interact ions in the energy range where 
they become of comparable s t rength. 

FERMILAB 
Doubler str ing 
tested 

As we ment ioned briefly in our May 
issue, there were successful tests in 
Apri l on a str ing of four, t w e n t y - t w o 
foo t long, superconduct ing dipole 
magnets designed for the Energy 
Doubler at the Fermilab. This was the 
f irst large scale demonst ra t ion of 
magnet protect ion for a supercon­
duct ing magnet str ing and is an impor­
tant step on the way to const ruct ion of 
the Doubler. Physicists w h o par­
t ic ipated in th is work were Peter 
L imon, George Kalbfleisch, Rae St ien-
ing and Paul Brinkza. 

The str ing was powered to 4 .3 kA, 
giving f ields equivalent to an energy of 
1 0 5 0 G e V (1 .05TeV) in the Doubler, 
and the energy stored in the four 
dipoles reached approximately 2 M J . 
Quenches, t ransi t ions of the magnet 
coils f rom the superconduct ing to the 
normal state, were induced at this cur­
rent to investigate the character ist ics 
of the safety system. 

The tests have shown tha t — the 
exist ing pressure relief system is ade­

quate to prevent damage to the 
cryostats dur ing quenches; the stored 
energy of four dipoles can be dumped 
into an external resistor when a 
quench is init iated w i th safety leads 
provided at every quadrupole; the 
vol tages induced during quenches (up 
to 1.8 kV to ground) can be held safely 
by the coil insulation system; a quench 
does not propagate f rom the point 
where it originates to adjacent 
magnets ; and the magnets do not ex­
hibit any 'amnesia' . 

The stat ic heat load of the magnet 
cryostats in the operat ing str ing has 
been measured to be 8 W per magnet. 
Newer cryostats have demonstrated 
static heat leaks o f about 5 W per 
magnet. The temperature rise along 
the str ing is between 0.05 and 0.1 K. 
Vacuum observat ions in the cold bore 
have indicated that the hel ium leak is 
less than 1 0 " 1 1 torr l/s and that the 
hydrogen partial pressure at 4.5 K and 
1Q-10 t o r r j s s o f a r undetectable. 

In June the str ing was replaced by 
four new magnets. Fol lowing tests 
w i t h this assembly, four other magnets 
wi l l be added and subsequently the 
str ing wi l l be increased to sixteen, 
equivalent to half of an Energy Doubler 
cryogenic circuit. 

Research has cont inued on the per­
fo rmance characterist ics of the cryo­
genic and magnet systems under Dou­
bler operat ing condi t ions. These tests ! 
are also being used to develop hard­
ware and sof tware for moni tor ing 
Doubler operat ion using the present 
Fermilab accelerator control system. 

A t a Users Meet ing in May, the 
Laboratory Director Bob Wi lson , in ­
t roduced the words Teva t ron ' to 
describe the convent ional ring plus 
Doubler complex and also speculated 
as to the max imum energy proton 
machine wh ich could be incorporated 
on the existing Laboratory site — a 
2 .5TeV synchrotron dubbed the 
'Celestron' . 
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Graph of beam intensity in the four components 
of the KEK proton synchrotron during the past 
three years. The intensity is plotted as 
percentages of the design values. The main ring 
is designed to deliver 2 x 1012 protons per 
pulse. 

Meson Lab upgrade 

The Meson Area at Fermilab was 
commi t ted to const ruct ion wh i le the 
Fermilab machine was stil l a 2 0 0 G e V 
project. Since then the Meson Labora­
tory staff has exercised its ingenui ty 
and powers of persuasion to coax the 
swi tchyard line to 4 0 0 G e V and then 
'the M1 and M 2 charged beams along 
w i t h the M 3 , M 4 neutral beams to 
match the swi tchyard energy. Recently 
a major effort was launched to imple­
ment the design parameters of the M 2 
di f f racted proton beam wh ich called 
for target ing 1 0 1 0 protons per pulse in 
the Detector Bui lding. 

In Apri l the design intensi ty was 
reached dur ing the running of a d i -
muon exper iment carried out by 
Northeastern University. Radiation 
measurements around the shield in ­
dicate the beam can be routinely 
targeted at intensit ies up to 1 0 1 1 

protons per pulse. Proposals being 
submi t ted for the June Program A d ­
visory Commi t tee meet ing in Aspen 
are already reflecting the usefulness of 
th is new faci l i ty for exploring the cur­
rently popular high transverse m o m e n ­
tum regions. 

Further d o w n the line, the Meson 
Area target train is being revamped to 
provide greater f lexibi l i ty in target ing. 
A new target holder w i t h a greater 
choice of targets is being built. An in ­
genious system of magnets devised by 
John Elias and Alan W e h m a n n wi l l be 
added to the train upstream of the 
target. It makes it possible to vary the 
angle w i t h wh ich the proton beam 
strikes the target, w i thou t changing 
the posi t ion of the beam on the target, 
by turn ing a single knob. 

By steering the beam towards either 
the M 1 or M 6 beam line, exper imen­
ters in those beam lines may be able to 
obtain up to 1 0 9 pions per pulse. This 
wi l l make a new range of physics ac­

cessible in these beams. Al ternat ively, 
the protons may be steered away f rom 
M 1 or M 6 to increase the number of 
'minor i ty ' particles (kaons, an­
t iprotons) in the beam. W i t h these 
changes M 2 wi l l have gained several 
orders of magni tude in intensity, wh i le 
M 1 and M 6 wi l l have gained an order 
of magni tude and a new capabi l i ty for 
minor i ty part ic le physics. 

In the fu ture a Mark II target train 
wi l l be constructed w i t h compat ib i l i ty 
for 1 0 0 0 G e V target ing. This w i l l l n -
clude the opt ion of target ing at 0 ° in 
either M1 or M 6 . 

For the more distant future, the 
Meson Depar tment has ini t iated de­
ve lopment of a three-magnet super­
conduct ing beam line module. Using 
Energy Doubler dipoles and an exist ing 
Hel ium Liquefact ion Facility, the 
equ ipment and techniques are being 
developed to install and operate such 
magnets on a routine basis in experi­
menta l area beam lines. Several such 
modules wi l l eventual ly be instal led in 
M 6 . This wou ld raise the energy for M 6 
to about 6 0 0 G e V and result in a very 
large saving in power , since M 6 is a 
part icular ly complex beam. Instal lat ion 
of the superconduct ing version of M 6 
is planned for early 1 9 7 9 . 

KEK 
Synchrot ron 
per formance 

In March 1 9 7 6 , the proton synchrotron 
at the KEK Laboratory in Japan 
achieved the energy of 10.4 GeV beam 
and since then effort has concentrated 
on improv ing control of the main ring 
power supply and the r.f. system. 

W h e n 10 GeV was reached for the 
f i rst t ime , an analog control system 
was used to produce the pattern of the 
main ring magnet ic f ield. It was far 
f r om adequate and lost the f lat top at 
the end of the pulse because of too 
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Beam profile (radial direction) in the KEK 
synchrotron during the acceleration cycle. The 
signals are picked up every 5 ms. Injection, 
acceleration, flat top and the time for the fields 
to fall back to injection level each take 500ms. 

small a correct ion for magnet satura­
t ion at energies over 9 GeV. This 
analogue system was replaced by a 
digital control system, w i th a m in i ­
computer , wh ich worked successfully. 

On 2 3 December 1976 , KEK suc­
ceeded in accelerat ing protons up to 
11.8 GeV. The max imum beam in ten­
sities achieved so far f rom the main 
ring are 2 x 1 0 1 1 protons per pulse 
w h e n a single pulse f rom the booster is 
injected and 8.2 x 1 0 1 1 ppp when nine 
pulses are injected. 

The construct ion of a new 5 0 0 MeV 
beam line started in August of last year 
to enable the booster beam to be used 
for research in various fields such as 
neutron dif fract ion experiments, pion 
and muon physics and cancer therapy. 
The booster is operated at a repet i t ion 
rate of 2 0 Hz .while the main r ing, 
whose d iameter is nine t imes that of 
the booster, is operated at a repeti t ion 
rate of 0.5 Hz. The main ring can ac­
cept only nine pulses every t w o sec­
onds out of for ty booster pulses. 
Therefore about thir ty pulses every 
t w o seconds (1.2 uA on average) are 
available for other research by eject ion 
d o w n the new beam line. 

The machine was shut down f rom 
August to October of last year to al low 
the construct ion of this new beam line. 
It is now almost complete and a 
budget for neutron dif fract ion experi­
ments has been approved. 

FRASCATI 
New vector meson 

The three detect ion systems in opera­
t ion on the electron-posi tron storage 
r ing, Adone, at Frascati have seen a 
resonant structure at an energy of 
1 8 2 0 MeV w i t h a w id th of about 
4 0 MeV. 

The detect ion systems are in many 
respects complementary and consist 
of a w ide solid angle detector w i t h high 

eff iciency for gamma detect ion (called 
g a m m a - g a m m a 2), a solenoidal m a g ­
netic spect rometer w i th w ide gap 
spark chambers and shower detectors 
(MEA) and a system of co-axial hodo-
scopes of scint i l lators covering a w ide 
solid angle (baryon-ant ibaryon). 

The new resonance has been 
detected dur ing a survey of narrow 
structures in the electron-posi t ron 
cross-sect ion wh i ch has been under 1 

way at Adone since last year. The 
1 7 0 0 to 1 9 5 0 M e V centre of mass 
region has been explored in the periods 
of September-October 1976 and 
February-March 1977 . The three 
systems have col lected a luminosi ty of 
2 3 6 nb" 1 in this region and detected a 
tota l of 1 4 2 5 events w i th not less than 
three charged particles (and a gamma) 
in the f inal state. 

The observed structure is a can­
didate for one of the vector meson 
recurrences wh ich should be located in 
the energy interval explored at Adone. 
Further analysis on the data are being 
per formed, in order to identify the 
nature of this new vector meson. The 
groups involved belong to the Labora-
tori Nazionali di Frascati and the INFIVj 
Sect ions at the Universit ies of Naples, 
Padua, Pisa and Rome and of the 
Ist i tuto Superiore di Sanita. 

NOVOSIBIRSK 
Polarization studies 
and exper iments 
on VEPP-2M 

Invest igat ion of the polarization o1 
electrons and positrons in storage 
rings began at Novosibirsk in 1965 . 
The mechanism of radiative polariza­
t ion , discovered earlier for homoge­
neous f ields w a s studied theoretically 
in detai l and it was shown that the in­
teract ion of the part icle spin w i th 
radiat ion is not essentially affected 



The new 500MeV beam line at the KEK 
synchrotron looking upstream. The beam line 
will take protons from the booster, which are 
not needed for injection into the main ring, and 
will use them in neutron and meson physics and 
for cancer therapy. 

(Photo KEK) 

One of the signals gathered on the Adone 
electron-positron storage ring at Frascati 
indicating a new vector meson at 1820MeV. 
The three detection systems at the storage ring 
have all seen similar signals. 

w h e n the f ie lds are inhomogeneous , as 
they are in storage rings. However , a 
depolar iz ing effect appears due to the 
s tochast ic orbi tal mot ion of the par t i ­
cles caused by quan tum f luc tuat ions of 
the synchro t ron radiat ion. 

A second series of papers, f r om 
1 9 6 9 , w a s devoted to the contro l of 
the polar izat ion, especial ly w i t h a v iew 
to ob ta in ing longi tudinal polar izat ion 
of co l l id ing beams. In 1 9 7 0 a theory of 
spin mo t i on w a s developed for f ie lds 
w h i c h are arbitrari ly chang ing their 
d i rect ion and value along the beam or­
bit. It w a s s h o w n that , by sw i tch ing 
special f ie lds in the straight sect ions, it 
is possible t o obta in the necessary 
polar izat ion di rect ion at the interact ion 
point , in just as stable a w a y as 
t ransverse polar izat ion in the usual 
s torage r ing vert ical f ie ld. Specif ic ex­
amples to obta in longi tudinal ly polar­
ized beams have been considered, in ­
c luding col l id ing beams w i t h ei ther the 
same or oppos i te helicit ies. 

The s tudy o f spin dynamics in c o m ­
pl icated magnet ic f ie lds opens a new 
approach to the prob lem of polar iza­
t ion conservat ion dur ing accelerat ion. 
This is especial ly topical for high 
energy polar ized protons. It tu rned out 
tha t by sw i t ch ing suff ic ient ly s t rong 
longi tud inal f ie lds or special t ransverse 
f ie lds in the stra ight sect ions, the 
depolar izat ion connected w i t h cross­
ing spin resonances can be comple te ly 
e l im ina ted . 

The deve lopment of a spin di f fusion 
theory in the resonance region, as we l l 
as invest igat ion of polar izat ion stabi l i ty 
for co l l id ing beams, could prove very 
impor tan t for subsequent appl icat ions. 

Recently, the stabi l i ty o f radiat ive 
polar izat ion at very high energies has 
been cons idered, tak ing account of 
speci f ic i ty of part icle mot ion in a 
s torage r ing and of radiat ive effects. As 
a result, it seems possible tha t exper i ­
ments w i t h polarized e lect ron-pos i t ron 
col l id ing beams could be per formed at 
energies up to hundreds of GeV w i t h 
op t ima l luminosi ty . 
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Experiments which proved radiative 
polarization of beams started in 
Novosibirsk in 1970, first on VEPP-2 
and later at VEPP-2M. The degree of 
polarization was measured by a new 
method suggested in the Institute con­
sisting of detecting elastic scattering 
of the particles inside a bunch. 

A jump in the counting rate is 
observed after rapid beam depolariza­
tion, using a noise-modulated high fre­
quency longitudinal magnetic field re­
sonant with a spin precession fre­
quency. The limiting value of the pola­
rization measured by this method was 
close to the theoretical value of 92%. 
This indicates how small the depolar­
izing factors outside the spin reso­
nances are. It was later shown that a 
number of resonances with betatron 
oscillations of first and second order 
could be crossed without destroying 
the polarization. 

The proposal to use a longitudinal 
magnetic field for resonance stabiliza­
tion has been studied on VEPP-2M 
near an integer resonance, when a fre­
quency of anomalous spin precession 
equals a resolution frequency. Measu­
rements showed that this method 
eliminates the depolarizing effect of a 
strong resonance even if it is crossed 
slowly. 

By the technique of detecting elas-
tically scattered electrons and posi­
trons from inside bunches, it was 
shown that the polarization of colliding 
beams does not differ from that of a 
single beam in the usual range of cur­
rents. The achieved luminosity of po­
larized beams was 2 x 10 2 9 per cm 2 

per s. In 1975-76, two experiments 
with polarized electrons and positrons 
were performed to study anisotropy of 
muon and kaon production. 

Observation of rapid resonance de­
polarization of the beam makes it pos­
sible to measure the spin precession 
frequency of a particle which, for a 
relativistic particle, is proportional to 
its energy. This fact may be used for 
precise absolute calibration of the 

average energy of the particles in a 
storage ring. At VEPP-2M such cali­
bration was used for very accurate 
measurements on the phi mass, on the 
sum of the kaon masses and for a com­
parison of electron and positron ano­
malous magnetic moments as 
described below. 

Physics results from VEPP-2M 

Experiments on VEPP-2M started early 
in 1975. VEPP-2 is used as a booster 
to inject electrons and positrons at the 
energy required for the experiment. 
Additional filling takes place every 10 
to 15 minutes providing continuous 
runs with an average luminosity close 
to the maximum. VEPP-2M has 
three low beta straight sections. 
Luminosities at different energies are 
— 0.02 x 10 3 0 per cm 2 per s at 200 
MeV per beam, 0.25 x 10 3 0 at 380 
MeV, 1.3 x 10 3 0 at 500 MeV, 1.5 x 10 3 0 

at 620 MeV and 1 x 1 0 3 0 at 670 MeV. 
In autumn 1 974 the first detection 

system — OLYA — was installed. It 
consists of four identical quadrants 
surrounding the interaction region and 
covering a solid angle of 0.64 of 4 n. 
Each quadrant has four 2-coordinate 
wire chambers with core memory and 
eight scintillation counters, four of 
which are used for triggering (the 
energy threshold for pions is 45 MeV), 
while the other four form a scintillation 
sandwich with lead, to distinguish 
between electrons and mesons. Time-
of-flight between counters of opposite 
quadrants is used to suppress cosmic 
ray background. 

The first experiment with OLYA was 
a search for narrow resonances. The 
energy interval from 760 to 1340 MeV 
was scanned in 0.5 to 1.0 MeV steps. 
The integrated luminosity per point 
was 200 to 300 per microbarn. No 
narrow resonances were found, in the 
two pion plus neutrals' system, larger 
than 100 eV. 

From 900 to 1340 MeV events with 
two and four pions were studied. Max­

imum deviation of the experimental 
values of the pion form factor from the 
Gounaris-Sakurai curve was observed 
at 1200 MeV close to the predicted 
rho prime (1260 MeV) meson. How­
ever it is considered premature to in­
terpret these results as observation of 
rho prime production. Analysis of the 
elastic channel of electron-positron 
annihilation must also take into ac­
count the inelastic channels whose' 
contribution to the pion form factor 
may be of the order of the observed ef­
fect. 

The OLYA detector was also used to 
measure the excitation curves of the 
phi meson in the two kaon and three 
pion channels with an integrated lu­
minosity of 40 per nanobarn. After 
data processing, 2732 events of K §K L 

and 949 of three pions have been 
selected. For precise determination of 
the phi mass an absolute calibration of 
beam energy was performed using 
resonance depolarization as men­
tioned above. The calibration accuracy 
was 10" 4 and this set the phi mass at 
1019.50 ± 0.13 MeV. 

A shift of the resonance peak in the 
three pion channel allowed a deter-| 
mination of the relative phase of the 
omega-phi interference which is sen­
sitive to a model of SU(3) violation. The 
data confirms the Orsay results giving 
evidence for opposite signs of the 
omega and phi corresponding to the 
mass mixing model. 

Another experimental straight sec­
tion of VEPP-2M was used to measure 
the average mass of the two charged 
kaons. It was performed at the phi 
meson energy. As the kaon kinetic 
energy constitutes only 1.5% of the 
total energy, photo-emulsions can be 
used to provide high accuracy mass 
determination. The beam energy was 
calibrated to 2 x 10" 5 and analysing 
about 300 events gave the following 
result: mass of the K + plus the mass o1 
the K" is twice 493.670 ± 0.029 MeV. 

The observation of resonance de­
polarization, mentioned at the begin-
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ning of th is art ic le, has also a l lowed a 
precise compar ison of the anomalous 
magnet ic momen ts ( A M M ) of the 
electron and the posi t ron in VEPP-2M. 

In the absence of t ransverse electr ic 
f ields in a storage r ing, e lectrons and 
posi t rons have a c o m m o n equi l ibr ium 
orbi t and str ict ly equal average ener­
gies. Electron and posi t ron spins then 
move in the same average magnet ic 

If ield and any di f ference in their A M M 
w o u l d result in a di f ference in the f re­
quencies of their spin precession. Fre­
quencies were measured at the m o ­
ment of each beam depolar izat ion by a 
j u m p in the count ing rate of counters 
w h i c h detected elastic scat ter ing in ­
side each bunch. 

The accuracy to w h i c h a di f ference 
in f requencies of the electron and 
posi t ron depolar izat ion could be deter­
mined w a s l imi ted by the reproduc ib i ­
lity of the magnet ic f ie ld as wel l as by 
the w i d t h of the f requency spec t rum of 
the spin mot ion . Both beams were 
seen to be depolarized s imul taneous ly 
and any possible di f ference in 
depolar izat ion f requencies is less than 
1 0 " 5 conf i rming the equal i ty of A M M 

ip f e lectron and posi t ron w i t h the same 
accuracy. This result is t w o orders of 
magn i tude bet ter than previously 
achieved. 

ARGONNE 
Record beam polar iza­
t ion and intensi ty 

Polarizat ion of the 1 1 . 7 5 G e V / c pro­
ton beam in the Argonne Zero Gradient 
Synchrot ron (ZGS) has now reached 
nearly 7 0 %, fo l l ow ing careful , 
systemat ic studies dur ing the Apr i l -
May operat ing per iod. Only about 5 % 
depolar izat ion now occurs dur ing ac­
celerat ion f rom inject ion all the w a y to 
the ful l ZGS energy. A record polar­
ized beam intensi ty of 4 .2 x 1 0 1 0 

protons per pulse w a s also achieved. 

The VEPP-2M electron-positron storage ring at 
Novosibirsk which has been used for some 
novel work on beam polarization and for some 
refined physics experiments. 

(Photo Novosibirsk) 

The increase in the intensity of the beam in the 
Argonne Zero Gradient Synchrotron during the 
months for which the machine has been 
operated for polarized protons. The growth of 
intensity has been roughly exponential, 
although there seems to be a break in the curve. 
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A dimuon event recorded in the large detection 
system of the CERN / Dortmund / Heidelberg / 
Sac/ay collaboration set up in the neutrino 
beam from the SPS. 
1. The event seen from the direction of the 
neutrino beam end-on to the detector. The drift 
chamber readings are picked out as crosses and 
show one muon, after passing through several 
chambers, exiting from the detector on the left, 
while the other curls round in the magnetic 
fields and passes all along the detector. 
2. The same event as viewed from the side of 
the detector. The same information on the 
trajectories of the two muons can be seen. 

7 0 % polar izat ion was achieved at 
6GeV/c dur ing 1 9 7 4 but, dur ing the 
f irst 1 1.75 GeV/c operat ion in February 
1 9 7 6 , there was a 2 5 % depolar izat ion 
in going to the ful l ZGS energy. In the 
recent machine studies, the main 
cause of depolar izat ion be tween 6 and 
1 1.75GeV/c was found to be imper­
fect ion depolarizing resonances, wh i ch 
are caused by horizontal f ields due to 
misa l ignments or imperfect ions of the 
synchrot ron magnets. Wh i le these 
resonances were known to be very 
serious in a strong focus ing syn­
chrot ron, they were expected to be in ­
signif icant in the weak focus ing ZGS. 
However, wh i le each resonance t yp i ­
cally causes only a 1 % depolar izat ion, 
t w e n t y - t w o are passed in accelerat­
ing to 11 .75 GeV/c g iv ing a large 
depolar izat ion. 

These resonances can be corrected 
by applying a small pulsed horizontal 
f ield of a f ew Gauss wh ich exact ly 
cancels the effect of the imper fect ion 
f ields. These f ields are so smal l tha t 
only the beam polarization itself is sen­
sit ive enough to measure t hem. 
Moreover, since each resonance 
causes only a 1 % polar izat ion loss, 
w h i c h is di f f icul t to measure precisely, 
it is hard to determine the exact correc­
t ion f ield wh i ch removes all depolar iza­
t ion. 

These correct ions were f inal ly made 
using a depolar izat ion enhancement 
technique developed by an A rgonne / 
CERN/Michigan accelerator research 
t eam whi le they were s imulat ing 

s t rong focusing depolarizat ion effects 
at the ZGS dur ing the Summer of 
1 9 7 6 . The depolar izat ion is enhanced 
by s lowing down the accelerat ion cy­
cle near the resonance. Using this 
technique, 19 of the 22 imperfect ion 
resonances were carefully corrected 
permi t t ing the polarization to reach 
7 0 % . 

The remaining depolarizat ion of 
about 5 % may be due to the intr insic 
depolarizing resonances. These very 
s t rong resonances, wh ich can tota l ly 
destroy the polar izat ion, are passed by 
quickly shi f t ing the ZGS tune using 
pulsed quadrupoles w i t h a very fast 
rise t ime. It has been shown , both ex­
per imental ly and theoret ical ly, that 
decreasing th is rise t ime reduces the 
remaining -depolarization. However, 
these pulsed quadrupoles are now 
operat ing at their l imit. Plans are under 
way to upgrade t hem, wh ich may in ­
crease the polarization fur ther to 
a lmost the 7 5 % wh ich is present at in ­
jec t ion. This may also improve the 
polarizat ion stabi l i ty wh ich somet imes 
becomes a little strained dur ing 
Midwes te rn thunderstorms. 

The polarized beam intensity in ­
crease was most ly due to improve­
ments in the polarized ion source and 
the low energy beam transport line. 
The stabi l i ty and reliabil i ty of the 
source has also improved and on many 
days the 2 4 hour average intensity was 
3 x 1 0 1 0 per pulse. The Apr i l -May run 
is the eleventh consecut ive polarized 
beam operat ing period dur ing wh ich a 

new intensi ty record has been es­
tabl ished. 

CERN 
More on muons 

In recent mon ths w e have carried t w o 
impor tan t muon stories — the d i s J 

covery of t r imuon events at Fermilab 
and the measurement of the muon 
magnet ic m o m e n t at CERN to a new 
level of accuracy. W e can add more to 
both stories. 

Wor l d stat ist ics on muon product ion 
in high energy neutr ino-nucleon in ­
teract ions received a t remendous 
boost w h e n the CERN / Dor tmund / 
Heidelberg / Saclay col laborat ion at 
the SPS, led by Jack Steinberger, an ­
nounced its f i rst batch of results. 

In 5 5 0 0 0 examples of muon 
product ion using neutr inos, 2 5 6 
events we re seen w i t h t w o muons of 
opposi te s ign, 4 3 w i t h t w o muons of 
the same sign, and just 2 w i th three 
muons. The corresponding f igures in 
12 0 0 0 examples of muon product ion 
by ant ineutr inos were 4 0 , 6 and 1 
(al though the group has reservations 
about th is last observat ion and prefers 
to call it a 'hal f -event ' ) . 

The d imuon stat ist ics show a 
marked asymmet ry — one muon nor­
mal ly being much more energetic than 
the other. A lso, the higher the energy 
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The wealth of data on dimuon events collected 
in the neutrino experiment, is evident in this 
graph. It plots the angle between the two 
muons, in the plane perpendicular to the 
incident neutrino or antineutrino, as a function 
of the energy of one of the muons. The higher 
the muon energy, the higher the angle is likely 
to be. This muon is correlated with the hadron 
shower coming from the interaction at 180° 
and seems to be clearly of hadronic origin 
(probably the decay of a charmed particle). The 
other muon is probably produced leptonically 
by a 'conventional' interaction. 

of one m u o n , the greater the angle 
be tween it and the second. This, 
together w i t h the l imi ted amoun t of 
observed transverse m o m e n t u m , 
po ints t o an explanat ion whe re one 
muon is produced leptonical ly wh i le 
the other is the result of the decay of a 
charmed hadron. 

The results are in broad agreement 
w i t h w h a t w o u l d be expected on the 

I basis of a charm q u a r k / par ton model . 
The charmed quark c o m p o n e n t of the 
produced hadron arises part ia l ly ( to ta l ­
ly in the ant ineut r ino case) f r om the 
quark-ant iquark 'sea' of the target 
nucleon and one interest ing pred ic t ion 
to emerge f r om the exper iment is tha t 
there must be about 3 0 t imes as many 
valence quarks as there are 'sea' 
quarks at any t ime. 

D imuon events of like s ign are con ­
s istent w i t h a background at t r ibutab le 
to concurrent decays of p ions and 
kaons, a l though a f e w of these events 
could be unaccounted for. 

The t w o t r imuon events seen in 
neutr ino in teract ions have very dif­
ferent character ist ics, wh i l e in the 
single event 'seen' w i t h ant ineut r inos, 

p n e of the muons only had t ime to 
cross t w o dri f t chambers before escap­
ing. In general , bona f ide muons have 
to cross four dr i f t chambers to qual i fy 
for inclusion in the stat is t ics. 

As wel l as measur ing the a n o m a ­
lous magnet ic m o m e n t of the m u o n 
very accurately (see M a y issue, page 
148 ) , exper iments at the CERN m u o n 
storage ring have c o m e up w i t h the 
most precise de te rmina t ion so far of 
the l i fe t ime of the negat ive m u o n and 
have con f i rmed tha t relat iv ist ic t ime 
di lat ion is exact. 

Because of special re lat iv i ty, a fast -
mov ing m u o n appears to live much 
longer than a stat ionary one. In the 
CERN exper iments , the speed of the 
muons is such tha t they live for more 
than 6 0 us. Know ing the muon speed, 
the special relat iv i ty f o rmu la can 
be appl ied to give the corre­

spond ing l i fet ime at rest — a mere 
2 . 1 9 4 8 microseconds for the nega­
t ive m u o n . 

This agrees w i t h previous measure­
men ts on stat ic muons to w i t h i n 0.2 %, 
and provides the most accurate test so 
far of the val id i ty of the special 
relat iv i ty t ime di lat ion equat ion. It had 
been suggested by some people tha t 
special relat iv i ty m igh t run into t rouble 
at very smal l d is tances but the CERN 
exper iments show that , if th is is so. 

then these distances must be less than 
a hundred th of a f e r m i ! 

The l i fe t imes at rest of posi t ive and 
negat ive m u o n s are found to agree to 
w i t h i n 0 . 2 % , effect ively con f i rm ing 
tha t CPT is hold ing good for weak in ­
teract ions. 
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Physics monitor 

Jet set 

Proton-pro ton scat ter ing exper iments 
at the CERN ISR and at Fermilab n o w 
show all the signs of highly inelastic 
col l is ions between smal l , hard objects 
hidden deep inside the protons. This is 
analogous to the classic exper iment of 
Rutherford wh ich showed for the f i rst 
t ime that the nucleus is a smal l object 
h idden deep inside the a tom. 

If a target appears uni form to a 
beam of part ic les being t h r o w n at it, 
the result ing scatter ing wi l l look very 
much like a di f f ract ion pat tern w i t h a 
central max imum and w i th an intensi ty 
dropp ing off sharply at w ider and w ide r 
scat ter ing angles. However if the 
target has some small impenetrable 
po ints buried in it, occasional ly one of 
the part icles f rom the beam wi l l hit one 
of these points head-on and wi l l 
bounce off at a very w ide angle, pos­
sibly even backwards. Such w ide angle 
scat ter ings are not to be expected f rom 
a 'grey' target of even densi ty and are 
immedia te ly indicative of some deep 
inner structure. 

In the same way, if a proton presents 
a un i form target to an incoming beam, 
it should show a di f f ract ion- l ike pat­
tern of elastic scatter ing w h i c h w o u l d 
be a measure of the overall extent of 
the pro ton. This is indeed the dominan t 
phenomenon at the ISR and in 1 9 7 2 a 
di f f ract ive m i n i m u m was observed for 
the f irst t ime in pro ton-pro ton scat ter­
ing. 

The existence of a substructure 
w i t h i n the proton was f irst not iced on 
the electron linear accelerator at S tan ­
ford in high energy e lect ron-proton ex­
per iments and was conf i rmed later at 
CERN in neutr ino exper iments using 
Gargamel le. These invest igat ions gave 
the f irst in format ion on the st ructure 
inside the pro ton, proposed by 
Feynman and others as being due to 
point l ike const i tuents called 'par tons ' . 

The idea of parton const i tuents has 
more than a passing resemblance to 

the quark model and the neutr ino 
measurements made using Gargamel ­
le enabled these t w o pictures of proton 
structure to be reconci led. Whi le the 
quark model gives the intrinsic proper­
t ies of the proton const i tuents (spin, 
charge, etc.), the study of deep in ­
elastic scat ter ing gives the m o m e n t u m 
distr ibut ion of the const i tuents — 
someth ing wh ich the quark model is 
unable to predict. 

So, when probed in deep inelastic 
electron as at Stanford or in neutr ino 
scatter ing exper iments at proton La­
borator ies, the proton no longer beha­
ves (under the inf luence of the electro­
magnet ic force or of the weak force) as 
a sol id part icle w i th d imensions of the 
order of 1 fermi but as a col lect ion of 
smal l , sol id, quark-l ike objects. 

But wha t happens in strong interac­
t ions ? In 1 9 7 2 , exper iments at the ISR 
s h o w e d that they too can produce 
energet ic part icles at w ide angles to 
the original beam, show ing that the 
proton has a grainy inner structure for 
s t rong as wel l as e lectromagnet ic and 
weak interact ions. W h e n these grains 
hit each other and interact as in the 
ISR, then the sparks really f ly ! Actual ly 
the grains must somet imes hit each 
other at lower energies, but it is only at 
higher energies that the interact ion 
really becomes noticeable. 

The big quest ion is whe ther these 
strong interact ion effects are produced 
by the same quark / parton c o n ­
st i tuents as are responsible for the 
high m o m e n t u m transfer phenomena 
seen in lepton-proton scatter ing ? This 
is proving dif f icult to answer, part ly 
because of the dif f iculty of sort ing the 
grain interact ions f rom the rest of the 
hadronic debris. 

If noth ing else were happening, the 
results of a deep scatter ing be tween 
t w o inner pro ton const i tuents should 
result in t w o coplanar ' jets' of second­
ary part icles shot out at large angles to 
the incident beam direct ion and fair ly 
wel l co l l imated along their direct ions 
of mo t ion . These 'jets' need not neces­

sarily be opposi te each other, IT tney 
are the result of incoherent scat ter ing 
of p ro ton const i tuents , they wi l l be op ­
posite only in the centre-of -mass 
f rame of the const i tuents, wh ich is not 
necessari ly the same as the p ro ton -
proton cent re-of -mass system. 

In pract ice the s i tuat ion is blurred by 
the more usual types of strong interac­
t ions and early exper iments at the ISR 
such as those of the Pisa / Stony Brook * 
and Aachen / CERN / Heidelberg / 
Mun ich col laborat ions found it di f f icult 
to d ist inguish be tween w ide angle 
scat ter ing and everything else w h i c h 
w a s going on. Then exper iments using 
double arm spect rometers , such as 
those of the CERN / Columbia / 
Rockefeller / Saclay col laborat ion, d is­
covered that the observat ion of one 
secondary part ic le w i t h large t rans­
verse angular m o m e n t u m made it 
much more likely tha t other large 
transverse angular m o m e n t u m par t i ­
cles wou ld be picked up, both in the 
di rect ion of the tr igger particle and in 
the opposi te d i rect ion. 

Pioneer w o r k by these col laborat ions 
together w i t h observat ions by the 
CERN / Columbia / Rockefeller /Saclay/^ 
Strasbourg and Brit ish / Scandinavian 
groups paved the w a y for the f irst 
reports of evidence for def ini te jet 
s t ructure by a CERN group using the 
Split Field Magne t at the ISR. Sup­
por t ing evidence is now coming f rom 
the CERN / College de France / 
Heidelberg / Karlsruhe and British / 
French / Scandinavian col laborat ions. 

The componen ts of the jets are con ­
f ined not so much in angle but more in 
m o m e n t u m . The observed part icle 
momen ta perpendicular to the jet axis 
is l imi ted but is fair ly independent of 
the jet momen ta . This means that par­
t ic les w i t h only a small component of 
m o m e n t u m along the jet axis can stil l 
move off at a large angle to the axis. To 
take this into account , and to get over 
the di f f icul ty of the jets not necessari ly 
being back- to-back, exper iments have 
to t ry to measure momen ta over as 
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/. The theoretical picture of meson-baryon 
scattering as it was seen in the mid '60s. Both 
diagrams had to be included in any calculation, 
although the resonance was supposed to be a 
good low energy approximation and the 
exchange was good for high energy reactions. 

wide a solid angle as possible. This has 
only lately been achievable at the ISR 
w i t h the help of special i ns t rumenta ­
t ion like the Spl i t Field Magnet . 

This technique together w i t h the use 
of high m o m e n t u m t r iggers has n o w 
enabled ISR teams to isolate the w ide 
angle scat ter ing products . Further 
progress wi l l be made by using higher 
m o m e n t u m part ic les as t r iggers, 
e l iminat ing as much as possible of the 
unwan ted hadronic background, and 
by de termin ing as much as possible 
about as many secondary part ic les as 
possible. 

It is too early to say w h e t h e r these 
const i tuents wh i ch cause the jets are 
def ini te ly the same quark / par tons 
seen in lepton-nucleon scat ter ing and 
wh ich also characterise hadron f o r m a ­
t ion in high energy e lec t ron-pos i t ron 
col l is ions. The fo rm of the interact ion 
be tween the const i tuents is also not 
k n o w n , a l though theor is ts make sure 
that there is no shortage of candidate 
mechan isms, many of w h i c h account 
for di f ferent aspects of the observed 
behaviour. The rich s t ructure seen in 
ISR exper iments has stil l to be ful ly ex-
iplored. 

Complementary exper iments at Fer­
mi lab capital ise on the di f ferent ex­
per imenta l techniques avai lable there 
and shed addi t ional l ight on the 
prob lem. In part icular, the intense inc i ­
dent beams enable higher m o m e n t u m 
transfers to be mon i to red . The results 
show a strong excess of posi t ively-
charged secondary part ic les, w h i c h is 
just w h a t wou ld be expected f r om the 
quark const i tuents of the pro ton ( two 
posit ively charged quarks and only one 
negatively charged). 

Fermilab exper iments also use pion 
beams to s tudy large m o m e n t u m 
transfers, and it is found tha t p ions are 
more adept than protons at produc ing 
w ide angle scat ter ing. This could be 
because the pions, w i t h only t w o quark 
componen ts instead of three, are able 
to produce const i tuent -const i tuent in ­
teract ions where a larger f ract ion of 

1. 

the m o m e n t u m is available. 
A part icle w i t h high transverse 

m o m e n t u m can be produced in a 
number of ways . Either it is one of 
several coming f rom a jet w i t h very 
high transverse m o m e n t u m indeed, or 
it can be the lead part icle in a jet where 
most of the transverse m o m e n t u m has 
been given to one part icle. 

If, as at the ISR, the w ide ang lesca t -
ter ings are moni tored by looking for 
ou tgo ing single part icle t r iggers w i t h 
large transverse m o m e n t u m , then the 
second mechanism is detected in 
preference to the first. This means that 
much valuable in format ion is being 
lost and is known in the trade as ' t r ig ­
ger bias'. To overcome this p rob lem, 
exper iments at Fermilab have co l ­
lected all the energy coming off in a 
def in i te solid angle and have been able 
to t r igger on a who le jet , as opposed to 
a single part icle. This has boosted the 
observed transverse m o m e n t u m yield 
by a factor of about 1 0 0 . 

Rutherford's epic exper iments w i t h 
alpha part icles wh ich gave us the f irst 
indicat ion of the nuclear a tom marked 
only the beginning of a long road of in ­
vest igat ion into nuclear structure. If 
the inner structure of the proton proves 
as di f f icul t to unravel, many models 
wi l l come and go and many more ex­
per iments wi l l have to be done before 
w e begin to understand wha t is going 
on. 

Just a f ew years ago, physicists 
though t that very h igh energies could 
bring s impl ic i ty to st rong interact ions. 
This could still be possible, but it looks 
as t hough it is the logar i thm of the 
energy, and not the energy itself, 
wh i ch needs to be large ! However , if 
the detect ion techniques can be made 
sophist icated enough, then looking at 
large m o m e n t u m transfers m igh t be 
the place where hadron physics starts 
to become simple, w i t h the exchange 
of g luons be tween quarks provid ing 
the basic interact ion. We have t rave l ­
led very deep into the proton since 
Rutherford showed us the way. 

Baryonium expla ined? 

The appearance at CERN of t w o 
nar row pro ton-ant ip ro ton resonances 
is g iv ing addit ional inspirat ion to 
theoret ic ians w h o have long been 
wor ry ing about their p icture of 
baryon-ant ibaryon interact ions. 

Ten years ago, people used to th ink 
of meson-nuc leon interact ions as 
either the result of an in termediate 
nucleon resonance decaying back into 
a nucleon and a meson, or as the result 
of the exchange of some meson 
be tween the t w o particles. 

Then D. Horn, C. Schmid , G. 
Veneziano and others s h o w e d that 
these t w o mechanisms are really dif­
ferent disguises of the same basic in ­
teract ion. This 'dual ' p icture of the 
meson-nuc leon interact ion can be re­
presented by 'dual i ty d iagrams' where 
some of the part ic ipat ing quarks go 
st ra ight th rough whi le others are ex­
changed. This w a y baryon resonances 
and exchanged mesons occur s imu l ­
taneously. 

A l though f ine for the meson-meson 
and meson-nuc leon interact ions, th is 
at t ract ive picture breaks d o w n for the 
baryon-ant ibaryon case. Duali ty d ia ­
g rams here have to include in te rme­
diate states or exchanged mesons con ­
ta in ing t w o quarks and t w o ant iquarks. 
Unti l recent ly, these 'exotic' quark con ­
f igurat ions did not correspond to 
anyth ing tha t had been d iscovered. 
App l ica t ion of duality ideas to baryon-
ant ibaryon interact ions was , therefore, 
f requent ly referred to by ominous 
names like the 'Rosner Paradox' or the 
'Dual i ty Catastrophe' . 

Since then , theoret ic ians have been 
hoping tha t the exper iments wou ld 
come up w i t h someth ing , and have in 
the mean t ime been pol ishing up their 
models of baryon-ant ibaryon interac­
t ions. 

W h e n the dual i ty model w a s f irst 
p roposed, people were not too con ­
cerned about quark 'colours' (of wh ich 
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2. Duality diagram for meson-baryon 
scattering when the quark composition is 
invoked. An exchanged meson and an 
intermediate baryon resonance occur 
simultaneously. 

3. Duality diagram for baryon-antibaryon 
scattering. Although an exchanged meson 
occurs as for the meson-baryon case, the other 
intermediate state (seemingly a four quark 

system which is indicated by a question mark} 
is worrying. 

4. Extended duality diagram for baryon-
antibaryon interactions, showing the direction 
of colour flow (dotted lines). The first case 
(scattering) has exotic single particle 
intermediate states, while the second 
(annihilation) has mu/timeson intermediate 
states. 

w e believe there are three variet ies) 
and concentrated only on the i r f lavours 
(of wh i ch w e know four variet ies — 
up, d o w n , strange and charmed). As a 
result, their dual i ty d iagrams did not 
show whether the t w o part icles s imply 
scattered off each other or whe the r 
they annihi lated into mesons. 

W h e n colour is brought into the pic­
ture, the dif ference between the t w o 
cases soon becomes clear. The dual i ty 
d iagram has to be extended by giv ing 
each baryon a colour- type degree of 
f reedom. This brings a very di f ferent 
meaning into the d iagrams in spite of 
the identical f lavour structure. The f irst 
one (scattering) has exotic single par t i ­
cle in termediate states, wh i le the sec­
ond (annihi lat ion) has just mu l t i -
meson intermediate states. 

However the original prob lem still 
rema ins : where are all the 'exotic ' 
mesons? Peaks, wh i ch migh t be the 
answer, are seen in pro ton-ant ip ro ton 
exper iments but these phenomena are 
usually very broad, typical ly extending 
over some 2 0 0 MeV. The f irst really 
nar row resonance in the p ro ton -
ant iproton system was invest igated in 
a bubble chamber exper iment by the 
CERN / Liverpool / Mons / Padua / 
Rome / Trieste col laborat ion. There 
had been signs of it at Brookhaven 
even before this. It has a mass of 
1 9 3 6 MeV and a w id th of just 9 MeV. 

N o w a CERN / College de France / 
Ecole Polytechnique / Orsay co l labora­
t ion work ing w i t h the Omega spect ro­
meter has made a thorough invest iga­
t ion of the interact ion of a negative 
pion w i t h a proton w h i c h gives a fast 
p ro ton, p R shoot ing fo rwards . Iden­
t i fy ing this fast particle on- l ine pro­
vides a very selective tr igger for the 
spectrometer . 

A m o n g many other channels, the 
col laborat ion has studied the react ion 
r rp - > p F rrpp. In the f inal state p ro ton -
ant iproton sys tem, t w o narrow reso­
nances have been found, bo th w i t h 
w id ths of the order of 2 0 M e V and ap­
pearing at both 9 and 12GeV/c pion 
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beam m o m e n t u m . Moreover the re­
sonances, occurr ing at 2 0 2 0 ± 3 M e V 
and 2 2 0 4 ± 5 M e V , are seen main ly in 
associat ion w i t h A° ( 1232) and N ° 
(1520 ) product ion in the p F n system, 
w i t h the A° and N° coming off 
fo rwards and the pro ton-ant ip ro ton 
resonances coming out backwards. 

The theor ists are predict ing the ex­
istence of many such states w i th nar­
row w id ths , high spin values (higher 
than S = 3 ) and a tendency to decay 
into a baryon-ant ibaryon pair plus 
mesons. In analogy w i t h the e lect ron-
posi t ron system called pos i t ron ium 
and w i t h the now famif iar charmon ium 
picture of the J/psi fami ly , these new 
states are called baryonium. 

They are also predict ing that the 
quan tum numbers of baryonium states 
can be exotic, and could show up in 
fur ther exper iments using deuter ium 
targets. In a picture where mesons and 
baryons are made up of quarks t ied up 
w i t h str ings, baryonium can be made 

up of higher order d iagrams w i th three 
str ings jo in ing together. 

Do quark stars exist? 

These days theor ists are giving a lot of 
a t tent ion to the problem of the non ­
appearance of isolated quarks. Even 
though the quark picture explains 
many di f ferent aspects of part icle 
behaviour, nobody has convinc ing 
evidence for a free quark and much 
theoret ical work , involving such exotic 
th ings as bags, str ings, sol i tons, etc... 
has a t tempted to explain why (see for 
example the December issue 1975) . 

One answer migh t be that quarks, at 
least under normal laboratory cond i ­
t ions, can' t exist in a free state and 
have to be permanent ly conf ined in ­
side nuclear matter . Perhaps the at­
t ract ive force be tween the quarks 
grows dramatically as the quarks move 
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5. Quark/string structures for meson (a), 
baryons (b) and 'Baryonium' (c) where baryon 
and antibaryon are in combination. 

a w a y f r o m one another . H o w e v e r at 
very h igh densi t ies w i t h quarks packed 
c losely toge the r , such mechan i sms , 
w h i c h conf ine quarks and make sure 
tha t nobody sees t h e m , m i g h t no 
longer d o m i n a t e and ma t te r cou ld 
behave like a gas of f ree quarks . The 
t rans i t ion po in t at w h i c h quarks are 
f reed mus t occur at dens i t ies h igher 
than those normal ly encoun te red w i t h 
baryon states under labora tory c o n d i ­
t ions. 

Neu t ron stars or s table co ld stars 
cou ld prov ide densi t ies h igh enough 
for f ree quarks to exist, bu t ini t ia l 
ca lcu la t ions us ing the 'quark bag ' p ic­
ture s h o w e d tha t ne i ther o f these al ter­
nat ives w e r e probable . N e w ca lcu la ­
t ions by George Chapl ine and Michae l 
Nauenberg using no t ions of q u a n t u m 
c h r o m o d y n a m i c s and general re lat iv i ty 
suggest tha t a n e w reg ime of co ld stars 
— possib ly f o r m e d as a resul t of the 
col lapse of neu t ron stars — cou ld exist 
and cons is t main ly of f ree quarks . 

The mode l , in pr inc ip le , a l l ows f ree 
quarks to exist bo th in neu t ron stars 
and in o ther bod ies w h e r e ma t t e r has 
been compressed to h igher dens i t ies 
than exist in neu t ron stars, so tha t 
there w o u l d be a s m o o t h t rans i t ion of 
quark ma t te r f r o m neut ron stars to 
h igher dens i ty stars. 

Chapl ine and Nauenberg po in t ou t 
tha t the paramete rs requi red to enable 
f ree quarks to exist inside neu t ron stars 
do no t look phys ica l , and p ropose i n ­
s tead tha t f ree quarks can exist in a 
n e w type of cold star, w h e r e ma t te r 
has been compressed even more than 
in neu t ron stars. A n d if such quark 
stars do exist, h o w on ear th ( l i teral ly) 
w i l l w e observe I h e m ? 

A r c h i m e d e s Effect ' in honour of the 
Anc ien t Greek w h o loved to ponder on 
ma t te rs o f t he m o m e n t w h i l e sup­
po r ted in par t by the mass of w a t e r he 
d isp laced. 

Jus t as A r c h i m e d e s w a s l ighter and 
f reer ins ide his ba th than ou ts ide it, so 
Pati and Sa lam surmise tha t quarks 
and g luons , mass ive and elusive to f ind 
as iso la ted par t ic les, are re lat ively l ight 
and f ree inside hadrons. This 
hypo thes is of part ia l con f i nemen t , 
w h i c h is also part of the SLAC bag 
theo ry of quark c o n t a i n m e n t , is 
no th i ng n e w in physics. Apa r t f r o m 
A r c h i m e d e s , o ther examples of bod ies 
behav ing ef fect ive ly as f ree par t ic les 
bu t w i t h ef fect ive masses d i f fe rent to 
the i r phys ica l masses occur in the 
theo ry of me ta ls and in mode l s of 
nuc lear shel ls. 

Pati and Sa lam admi t , howeve r , tha t 
the m a t h e m a t i c a l t r e a t m e n t of part ia l 
c o n f i n e m e n t fo r quarks p romises to be 
more d i f f i cu l t t han tha t fo r A r c h i m e d e s 
h imsel f . 

St i l l on quarks , here is an enter ­
ta in ing t h o u g h t f r o m Jogesh Pati and 
A b d u s Sa lam. They suggest tha t one of 
the f i rs t peop le to hit on a possib le 
so lu t ion to the p rob lem of the n o n ­
appearance of quarks w a s A r c h i ­
medes . Thei r mode l o f part ia l quark 
c o n f i n e m e n t is there fo re d u b b e d 'The 
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People and things 

Project authorizations 

The Aladdin project, for a 750MeV 
electron storage ring devoted to 
synchrotron radiation research, 
promoted by the Physical Sciences 
Laboratory at the University of 
Wisconsin, received final approval 
from the National Science Board on 20 
May. Wisconsin has been a pioneer of 
this research with nine years of 
operation of a 240MeV ring, 
Tantalus 1. The new ring will 
considerably extend the research 
potential. 

The process of obtaining 
authorization for Isabelle, the 200 GeV 
proton-proton storage rings proposed 
by the Brookhaven National 
Laboratory, has begun in the United 
States Congress. Though money for 
the project did not appear in the initial 
budget, the House Science and 
Technology Committee on 11 May 
introduced legislation for a partial 
authorization of $ 10.5 million for 
Fiscal Year 1978 (beginning on 1 
October 1977) to be included in the 
ERDA budget. Several further steps are 
needed prior to the passage of the 
necessary bill by the House and Senate 
but the process of obtaining approval 
has begun. 

ECFA ep Study Week 

A Study Week, covering both the ac­
celerator technology and the physics 
potential of large electron-proton col­
liding rings, is being organized by the 
European Committee for Future Ac­
celerators with the support of the 
Rutherford Laboratory. It will be held 
from 10-15 October at a residential 
College located near Rutherford and 
the format of the meeting will be 
similar to that on electron-positron col­
liding rings organized by ECFA at 
DESY, which proved very successful. 
There will be a mix of general talks and 

detailed work on various topics by 
smaller working groups. A total of 
seventy can be accommodated at the 
College and physicists interested in 
participating should contact John 
Thresher at the Rutherford Laboratory 
(Chilton, Didcot, Oxfordshire 0X11 
OQX) not later than 1 August. 

Photographing the heart 

Techniques used in the data collection 
system for the CERN Omega 
spectrometer have been applied in an 
instrument to study the behaviour of 
the heart. The instrument was 
developed by the Rutherford 
Laboratory and the Oxford Department 
of Engineering Science and has been 
described in the 'Journal of 
Physiology'. It involves a high 
definition TV camera and associated 
fast electronics. The behaviour of 
isolated heart muscle specimens under 
various conditions, such as response to 
cardiac drugs, can be measured more 
accurately than before by monitoring 
displacement of two small (20 \xm) 
pins inserted in a uniform undamaged 
part of the muscle. 

A 'radiation camera' to take three 
dimensional pictures of the heart is 
under development at the Lawrence 
Berkeley Laboratory under Steve 
Derenzo with Haim Zakland as 
engineer and Tom Budinger as 
research physician. It has a detection 
system consisting of a ring of 280 
crystals, which surround the patient, 
able to record positron emissions from 
the rubidium-82 isotope (specially 
developed at LBL by Yokio Yano for 
heart imaging). 9000 measurements 
from a 30 cm diameter area can be 
taken and, via computer processing, a 
sequence of slices through the heart 
region can be monitored (tomoscanner 
technique — see March issue page 
65) to build up three dimensional 
images. Labelling amino acids may 

also make the brain accessible to the 
same technique. The camera is 
expected to be operational by October 
when all the components of the 
system will be assembled together. 

EPICS joins HRS 

A second large, high precision magnet­
ic spectrometer has been installed at 
the 800MeV proton linear accelera­
tor, LAMPF, at Los Alamos. The 
installation of the first one, the High 
Resolution Spectrometer (HRS), was 
reported in the May issue 1976. The 
new one, known as EPICS for 
Energetic Pion Channel and Spectro­
meters, will be used in experiments on 
pion scattering on nuclei and is 
designed to give very accurate 
measurements (energies to better than 
50keV and angles to better than 
Wmrad) on the pions in the energy 
range from 100 to 500MeV It has a 
total weight of about 300 tons 
including two 90 ton dipoles. Tests of 
the system are now under way and 
experiments are due to start in the 
Autumn. 

On people 

On 4 May, V.F. Weisskopf from MIT, 
Director General of CERN from 1961 
to 1965 and one of its main sources of 
inspiration, received the Ludwig 
Boltzmann Prize (the first to be 
awarded) which was instituted in 
1976 on the occasion of the 15th 
anniversary of the Ludwig Boltzmann 
Society. This highest science award of 
the Austrian State is intended to 
honour contributions to Austrian 
research and research policy. In 
presenting the prize, Hertha Firnberg, 
Austria's Minister of Science and 
Research, praised Vicky Weisskopf 
('this eminent Austrian and citizen of 
the world') as a scientist helping to 
solve the human and social problems 
of our time. 
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1" Vicky Weisskopf
2. Leon Van Have
3. Georges Charpak
4. Betsy Ancker-Johnson

With the experience of two large
superconducting magnets for bubble
chambers (the Argonne 12 foot and
Fermilab 15 foot) behind them, an
Argonne team has successfully tested
the world's first large superconducting

MHD magnet at Argonne

TASSO,one of the new detectors be­
ing built "for the PETRA electron­
positron storage ring at DESY,will be
equipped with two hadron arms each
containing a three-layer Cherenkov
detector. The innermost layer (to
separate protons, pions and kaons of
momenta above 1.5GeVic) will con­
sist of aerogel with arefractive index of
1.02 or less.About 2m3 of aerogel is
needed and a special laboratory has
been built to produce it. Detailed
studies of production methods are un­
der way; many samples of various
sizes and refractive indices have been
made. Their light transmission was
tested with a laser beam and with
Cherenkov radiation from an electron
beam. Several pieces, 5cm diameter
and3 to 6ern long, haveextremely low
indices between 1.007 and 1.008.
Transparency and homogeneity are
very good.

Aerogel at DESY

Boyce McDaniel, Director of the
Laboratory of Nuclear Studies at
Cornellwhich carriesout researchwith
the lOGe Velectron synchrotron of the
Wilson Synchrotron Laboratory, has
been appointed Floyd R. Newman
Professor of Nuclear Studies at
Cornell.

The 1977 OppenheimerMemorial
Prize, awarded by the Center of
TheoreticalStudies at the University of
Miami, has gone to Feza Gursey and
Sheldon Glashow for their
contributions to elementary particle
physics theory.

Betsy Ancker-Johnson has been
appointed Associate Laboratory
Director for Physical Research at
Argonne. Doctor Ancker-Johnson has
had a distinguished career in industry,
education andgovernment serviceand
moved to Argonne in May from the
position of Assistant Secretary for
Science and Technology in the
Department of Commerce.

On 1 July Robert Sachs, Director of
Argonne National Laboratory, takes
over as Chairman of the Physics
Section of the National Academy of
Sciencesfor a three year term of office.
TheAcademy advises the USA
Government on science and
technology.

T. Nishikawa has succeeded S. Suwa
as Director of the KEK Laboratory in
Japan. Dr. Suwa led the Laboratory for
the past six years (the maximum
allowed - the office can be held for
three years,renewable once) and now
moves to head the Physics
Department. Dr. Nishikawa's place as
head of the Accelerator Department is
takenby T. Kamei (previously leader of
the Control Group). K. Kikuchi, who
was in charge of administration in the
Accelerator Department becomes
Director of the Scientific and Technical
ServicesDepartment.A reorganization
in April has created a new Department
grouping technicians and some
engineers under the leadership of K.
Kikuchi. A Programme Coordinator's
Office was started at the same time
under A. Kusumegi.

Degrees of Doctor Honoris Causa have
been conferred on two CERN scientists
in recent weeks. On 27 May, Leon Van
Hove, theoretician of high repute and
now ResearchDirector General of
CERN,received the degree at the
University of Helsinki. On 3 June,
Georges Charpak, renown for his
development of new particle detection
techniques, received the degreeat the
University of Geneva.



Construction of the Mark II detector at SLAC to 
be used initially on the SPEAR electron-
positron storage ring and then on its more 
energetic successor, PEP. The photo was taken 
during the stringing of the sense wires, about 
40 \im in diameter, between the field shaping 
wires of a drift chamber. 

(Photo Joe Faust) 

magnet for use in a magnetohydrody-
namic (MHD) generator. Such genera­
tors, which use a stream of high 
velocity hot conductive gas rather than 
the armature of a conventional 
generator, may improve the efficiency 
of conversion into electrical power by 
as much as 20 %. The Argonne magnet 
weighs 45 tons and is about 4 m long 
and 2 m in diameter. It reached its 
design field of 5T in May. 

HEP information 

The Milan journal le Scienze', the 
Italian edition of 'Scientific American', 
has just published a volume entitled 'II 
Mondo Subnucleare — La Fisica delle 
Particelle' (The Subnuclear World — 
Particle Physics). Its twenty papers, 
introduced by P. Caldirola and E. 
Fiorini, cover two decades of research 
and discovery, from the collapse of 
parity conservation to the finding of 

the J/psis. A paper by V.F. Weisskopf 
(Le Scienze, 1968) on the three 
spectroscopies lays the foundation of 
this survey together with three classic 
contributions to 'Scientific American' 
(1959-1965) from G. Chew, M. Gell-
Mann, A.H. Rosenfeld, S.B. Treiman 
and E.P. Wigner. The other papers 
have appeared in 'Le Scienze' between 
1970 and 1977. The volume 
represents the most up-to-date 
collection of articles in the field 
published in Italian. (Le Scienze, S.p.A., 
Milan, 231 pages, A4, 5600 fires.) 

The French Institut National de 
Physique Nucleaire et de Physique des 
Particules (IN2P3) has published a 
'Textbook on Elementary Particle 
Physics' — the first of a series which 
under preparation. It is entitled 'Weak 
Interactions' and is edited by M.K. 
Gaillard and M. Nikolic. It evolved from 
lectures given at the International 
School of Elementary Particle Physics 

(Basko Polje). Copies are available 
from Service des Relations Exterieures, 
IN2P3, 11 rue Pierre et Marie Curie, 
75231 Parix Cedex 05. 3 74 pages. 40 
FF to individuals, 60 FF to libraries plus 
10 FF postage. 

All fives at the Booster 

The CERN PS Booster has reached the 
5th Anniversary of first acceleration to 
800 MeV design energy on 16 June 
19 72. This has provoked reflections on 
the theme of five. There are five 
bunches per Booster ring; the machine 
is nursed by five sections (magnets, 
power supplies, r.f. and kickers, 
electronics, controls); it has achieved 
several five-fold increases between the 
first and fifth years of operation (in 
operating hours, in PS intensity, in 
vertical and horizontal phase space 
density) and a five-fold decrease in 
unscheduled downtime. Moving to five 
squared — this is the Booster radius in 
metres and is the number of children 
born to Booster staff since the start of 
construction (a somewhat mysterious 
relationship). Moving to root five — j 
this is the planned increase in 
repetition rate and other Booster 
parameters which will keep people 
busy in the immediate future. 

Polarized ions from LAMPF 

A polarized ion beam has been 
accelerated to 800 MeV for the first 
time in the linear accelerator, LAMPF, 
at Los Alamos. Polarized negative 
hydrogen ions are drawn from a Lamb-
shift type of source (built by E.P. 
Chamberlin). The peak current 
achieved in the first tests was 0.2 nA 
with a polarization of 76 %. The source 
will ultimately yield 0.5 \xA of polarized 
ions. 
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