
CERN News Comparison of the performance of a LMN and 
a butanol target for elastic scattering of 
protons (pp -> pp at 1.22 GeV/c). The number 
of events is plotted vertically against the 
scattering angle. The advantage of the butanol 
compared to the LMN target is the reduction 
of the background by a factor of 2.5, if only 
very lose co-planarity requirements for the 
interaction are applied. 

Butanol targets 
Since it became technica l ly feasible f rom 
1962 to bui ld polar ized proton targets, 
they have been used in about f ifty exper i ­
ments at CERN and in a number of other 
Laborator ies. Up to now, these targets 
have been made of a complex substance 
(LMN) conta in ing a certa in propor t ion of 
' f ree' protons (nuclei of hydrogen atoms) 
whose spins become polar ized at very 
low temperature (around 1° K) under the 
comb ined inf luence of a high constant 
magnet ic f ie ld of about 20 kG and a 
weaker magnet ic f ie ld wi th a very high 
f requency, general ly around 70 000 MHz. 
(The ideas and techniques involved were 
descr ibed in CERN COURIER, vo l . 7, 
page 28.) 

Thus polar ized, these targets may be 
used in a wide variety of exper iments — 
to determine the spin or par i ty of st range 
par t ic les or resonances ; to study the role 
of sp in in the dynamics of the interact ion 
by measur ing polar izat ion parameters, 
sp in rotat ion, spin-spin corre la t ion, etc ; 
to check the invariance propert ies of 
s t rong or e lect romagnet ic interact ions ; to 

polar ize intense neutron beams by trans­
mission (thjs was done recently for 
example, w i th neutrons emit ted by an 
underground atomic explosion, by a Los 
Alamos group in Nevada). 

Until 1969, LMN (double nitrate of lan­
thanum and magnesium — La2Mg3 (NO ) i 2 
24H20) had been used exclusively. In spite 
of the high percentage polar izat ions 
obta ined, vary ing from 50 % to 70 % 
accord ing to Laboratory, this substance 
has the great drawback, as can be seen 
in the chemica l formula above, that it 
contains many complex nuclei , wh ich are 
not polar ized. Moreover, the percentage 
polar izat ion is very sensit ive to radiat ion 
damage f rom the beams : for example, 
polar izat ion is reduced to about half its 
init ial value after the target has been 
exposed to 2 X 10 1 2 min imum ionizing 
part ic les per square cm. 

In recent years, several Laborator ies 
have been carry ing out research into 
substances wh ich have a higher density 
of hydrogen nucle i and less heavy nuc le i 
and wh ich are more resistant to radiat ion 
than LMN. At CERN, this research began in 
1966, carr ied out by M. Borghin i , S. Man­

go and O. Runolfsson, and quick ly showed 
good results wi th ethyl a lcohol d i luted 
wi th a l i t t le water. Unfortunately, these 
results were somet imes di f f icul t to repro­
duce. (Nevertheless, these targets were 
used at the Cambr idge Electron Acce l ­
erator in 1968 to check t ime reversal in­
var iance of the e lect romagnet ic interaction.) 

A systemat ic study has been made of 
a lcohol mixtures, a lcohol and water mix­
tures and of the role of dissolved mole­
cular oxygen, wh ich led to the choice of 
a mixture of 95 % normal butanol 
(C4H9OH) and 5 % deoxygenated water 
conta in ing approximate ly 1 % free radical 
porphyrex ide (percentages by weight) . 
Reproducib le polar izat ions of the order of 
40 % can be obta ined in targets of vo­
lume 5 to 10 c m 3 . 

The f irst butanol polar ized target was 
used at CERN in March 1969 for the study 
of posi t ive kaon - proton and ant i -proton -
proton scat ter ing at several GeV by the 
CERN-Hol land group, and a second in 
May for the study of elast ic scat ter ing 
using proton, posit ive and negative pion, 
and posi t ive and negat ive kaon beams at 
over 5 GeV by the CERN-Orsay-Pisa 
group. A th i rd target of the same design 
const ruc ted at Lawrence Radiat ion Labo­
ratory, Berkeley, has been in use at the 
Stanford Linear Acce lera tor s ince Apr i l 
again check ing , w i th greater prec is ion, 
t ime reversal invar iance in the e lectro­
magnet ic interact ion, and it is now being 
used to measure the polar izat ion para­
meter in posi t ive p ion photo-product ion at 
high energies. For these latter exper iments 
it has been necessary to have beams of 
very h igh intensity, for example 10 1 1 e lec­
t rons per second : a lcohol targets are 
about 200 t imes more resistant to ra­
diat ion damage than LMN and can toler­
ate these condi t ions. 

The fo l lowing table is a compar ison of 
some of the character is t ics of the two 
substances at a f ie ld of 25 kG and a 
temperature of 1° K. 

Max imum polar izat ion 
Hydrogen density 

(g /cm 3 ) 
Bound/Free protons 
Acceptab le number of 

min imum ionizing 
par t i c les /cm 2 

LMN 
7 0 % 

0.06 
15 

Butanol 
4 0 % 

0.12 
3.2 

2 X 10 1 2 4 X 10 1 4 
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Filling the large container with frozen butanol 
spheres at 77° K. The cryostat was pre-cooled and 
covered with plastic to avoid water 
condensation. The photograph was taken in 
the polarized target laboratory at CERN where 
target materials are developed and tested 
before use in an experiment. 

As can be seen, the percentage of po­
larized hydrogen nuclei is h igher in LMN 
than in butanol , wh ich is an advantage of 
LMN for certain exper iments, for example 
the polar izat ion of neutron beams by trans­
mission. However, butanol contains tw ice 
the amount of polar ized hydrogen and 2.5 
t imes less protons or neutrons bound in 
complex nuclei per unit vo lume. These 
two factors are impor tant : they determine 
the number of useful events produced on 
polar ized hydrogen and the number of 
background events p roduced on bound 
non-polar ized protons or neutrons wh ich 
must be el iminated f rom the exper imental 
data when it is analysed. The advantage 
that butanol has over LMN is the ease 
wi th wh ich it e l iminates background 
though this depends on the nature of 
each exper iment. 

For exper iments such as elast ic scatter­
ing of protons, pions or kaons on pola­
rized protons, wh ich give rise to two 
charged part ic les of a relat ively low ener­
gy, it is possible to d ist inguish between 
useful and background events using an 
LMN target and there is therefore no 
great cal l for butanol targets. This is not 
the case if the cross-sect ions are low 
and if the interact ions under study are 
part ly masked by other interact ions pro­
duced simultaneously. 

For other exper iments, such as the 
study of charge exchange react ions 
j t ~ p - > j t ° n and j t " p vf n wh ich have 
already been studied wi th LMN at CERN 
and K~ p - > K c n at Argonne, the number 
of useful events wou ld be increased by 
a factor of the order of 5 to 10 if it was 
not necessary to observe the neutron. 
Polar ized butanol targets are then a 
cons iderable improvement on LMN. Pro­
posals for exper iments of this type have 
recent ly been put forward at CERN. 

One other advantage of butanol pola­
rized targets wh ich has already been 
ment ioned is their resistance to radia­
t ion. This is only a minor advantage for 
the intensit ies of ord inary par t ic le beams 
used for exper iments at CERN. However, 
for the low cross-sect ion interact ions, such 
as high energy wide-angle proton - proton 
scat ter ing, elast ic or inelast ic e lectron 
scat ter ing and photo-product ion it wou ld 
be impossib le to use LMN. The develop-
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ment of butanol targets is therefore of 
cruc ia l importance. 

Polar ized proton targets have aroused 
great interest at CERN and other Labo­
ratories, and efforts are being made to 
improve them. Work is going on in three 
d i rect ions : 

1) searching for new substances ; 
2) lower ing the operat ing temperature 

to 0.5° K for instance; 
3) increasing the magnet ic f ie ld to 50 

kG and the f requency of the al ternat ing 
f ie ld to 140 000 MHz. 

The most recent progress made on sub­
stances is the product ion of st rong pola­
r izations ( 5 0 % at 1° K) wi th ethyl g lycol 
C2H4(OH)2 containing a chrome complex 
by H. Glatt l i et al. at Saclay. A l though the 
glycol contains less hydrogen and more 
complex nuclei than butanol , it is inter­
est ing because of its higher polar izat ion. 

Concern ing the inf luence of tempera­
ture on po'ar izat ion ; measurements taken 
at 0.5° K by A. Masaiké et al. at Saclay 
and R. Hil l et al. at Argonne have given 
polar izat ions of 82 % in ethyl g lyco l and 
67 % in butanol respectively using smal l 
samples of 10 to 100 m m 3 . 

Finally, superconduct ing coi ls, wh ich 
enable f ields of 50 kG to be obta ined, 
have now been constructed or are under 
const ruct ion at Argonne, Saclay and CERN 
and new results may be expected soon. 

PS Shutdown 
The annual shutdown of the PS began on 
13 October, to last until 26 November. It 
is being used for the usual overhaul and 
maintenance work and for a large number 
of modi f icat ions to a variety of compo­
nents. Most of these modi f icat ions are 

relat ively minor, and it wou ld take up too 
much space to give a detai led list here. 
Only the more important ones wi l l there­
fore be ment ioned. 

Linac 

A lot of work wi l l be done on the Linac 
in the context of the PS improvement pro­
gramme. The pulse repet i t ion f requency is 
to be doub led (from 1 to 2 per second) 
and the pulse length is to be increased 
f ivefold (from 20 to 100 fis). Points wor thy 
of special ment ion inc lude: 
a) instal lat ion of opt ical l inks wi th the ion 
source contro l p lat form (five infra-red 
channels such as were descr ibed in CERN 
COURIER vo l . 9, page 104); 
b) instal lat ion of new dig i t ized servo-con­
t ro l led tun ing systems based on the use 
of a s tepping-motor (200 steps per revo­
lution) wh ich wi l l a l low certain changes in 
the accelerat ing f ie ld in the l inac tanks to 
be computer -p rogrammed; 

c) modi f icat ion of the power div iders and 
dephasers of the cavity ampl i f iers, wh ich 
wi l l be f i t ted at the inputs to the CFTH 
ampl i f iers ; 
d) modi f icat ion of the two modulators in 
the r.f. c i rcu i t (Siemens and dr iv ing modu­
lators) to a l low power pulse lengths to be 
increased f rom 200 to 300 [ is; 
e) an increase in the coo l ing capaci ty of 
the pulsed quadrupoles of cavity No. 1. 

The impor tance of th is work on the 
Linac is expla ined by the fact that th is PS 
shutdown is the last before connect ion is 
made between the Linac and the Booster 
at the end of 1970. 

Synchrotron ring 

The main work to be done on the PS 
includes the instal lat ion of the fast e jec-
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The 2 metre hydrogen bubble chamber minus its 
magnet. The chamber is undergoing a series of 
modifications during the PS shutdown and for 
this the two halves of the magnet which normally 
hide the chamber, safety tanks, cooling pipes etc. 
are rolled back. 

The chamber joined the select band of 10 million 
picture takers on 6 September. This figure has 
been reached in five years of operation. 
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t ion system for the Intersect ing Storage 

Rings in straight sect ion 16 and the sett ing 

up of the beam-l ine to the ISR for the 

f irst f i f ty metres f rom the PS. This repre­

sents a considerable volume of work and 

wi l l involve almost all the PS groups, the 

ISR Division and the Technica l Services 

and Bui ld ings Division. The major part of 

the work wi l l be done dur ing the shutdown, 

but the rest wi l l cont inue into February or 

March 1970. An enlarged vacuum chamber 

wi l l be instal led in four magnets, two 

downst ream and two upstream of stra ight 

sect ion 16. 

It wi l l also be necessary to turn two 

magnets around in this region to have the 

aperture opening towards the outs ide of 

the r ing so that the e jected beam can 

emerge. In fact two magnets wi l l be chan­

ged wi th two others in the r ing wh ich 

have the r ight conf igurat ion. Shims have 

to be f i t ted to correct stray f ie lds ; new 

vacuum tanks wi l l be instal led to take 

septum magnets; almost all straight sec­

t ions have to be modi f ied for the 

instal lat ion of d ipoles for beam orbi t 

deformat ion ; beam transport magnets, 

a beam dump and beam observat ion 

systems have to be instal led. 

Further modi f icat ion involves the repla­

cement of the vacuum chamber elastomer 

gaskets by metal ones over one-tenth of 

the c i rcumference (sector No. II) where 

turbomolecu lar vacuum pumps and ion 

pumps wi l l be instal led to give a better 

vacuum than the oi l -di f fusion pumps pre­

viously in use. The supply lines to these 

ion pumps wi l l be posi t ioned in an exten­

sion to the centra l ring bui ld ing. 

Preparatory work wi l l also be done for 

the f i t t ing of a second kicker magnet in 

straight sect ion 13 in the Spring of 1970. 

This magnet, wh ich wi l l be ident ical to the 

k icker magnet in straight sect ion 97, wi l l 

re inforce the perturbat ions induced in the 

orbi t by the e ject ion magnet to provide 

greater f lex ib i l i ty in beam shar ing. 

Some work wi l l be done in preparat ion 

for the Booster, especia l ly : 

a) enlarg ing the aperture through wh ich 

the Linac-Booster in ject ion line passes; 

b) instal l ing a heat dissipat ion system in 

that part of the Booster in ject ion tunnel 

ad jacent to the PS; 

c) p ierc ing an aperture for the connect ion 

of the Booster to the PS and bui ld ing 

shie ld ing around this aper ture; 

d) instal l ing cabinets in the main control 

room for the Booster contro ls. 

In readiness for the increase in intensity 

of the proton beam, the shie ld ing of the 

PS ring wi l l be re inforced. Almost half the 

r ing (between the East and South Halls 

on the Salève side) wi l l be covered wi th a 

further layer of earth a metre th ick. This 

wi l l prov ide the max imum thickness wh ich 

the r ing structure wi l l safely carry. The 

other half wi l l be covered when work on 

the Booster is comple ted . 

External Beams 

A large number of al terat ions are also 

being made in the exper imental hal ls: 

South Hall 

— modi f icat ion of the beam feeding the 

81 cm hydrogen bubble chamber (beam 

k13 wi l l replace k10); 

— changing the separators of beam m7 

f rom internal target 1 ; 

— instal lat ion of a separator in beam q8 

f rom internal target 8 (q8 becomes m8). 

East Hall 

— replacement of the pion beam p3 by a 

proton spectrometer (p3 becomes s5); 

— f i t t ing of a he l ium-cooled hydrogen 

target in the East target zone to feed s5. 

Work on the bubble chambers 

The PS shutdown also al lows work to be 

carr ied out on the three bubble chambers 

in serv ice at CERN, wh ich have operated 

very sat isfactor i ly over the past year. The 

2 m hydrogen chamber has taken more 

than 3.8 mi l l ion photographs dur ing the 

operat ing per iod f rom November 1968 to 

October 1969. On 6 September it reached 

the total of ten mi l l ion photographs, taken 

s ince it came into operat ion less than five 

years ago. The 81 cm hydrogen chamber 

took 1.9 mi l l ion photographs in the same 

per iod (br inging its total c lose to 13 mi l l ion 

s ince 1961). The 1.2 m propane chamber 

had taken 1.6 mi l l ion (br inging its total to 

7.5 mi l l ion s ince 1960). 

No major modi f icat ions are to be made 

to the propane and 81 cm chambers but 

some improvements wi l l be made to the 
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A further stage in the assembly of the new heavy 
liquid bubble chamber, Gargamelle. The pipes 
which convey pressure changes to the diaphragms 
of the expansion system are manoeuvred into 
place at the end of September. The large magnet 
of the chamber is on the right. The seven 
nitrogen tanks of the expansion system are also 
installed in the assembly hall and tests of the 
system will be carried out using two large tanks 
to simulate the chamber body itself which will 
not arrive until early 1970. 

2 m chamber. The main one involves the 
replacement of the glass w indows (17 cm 
thick) wh ich form the two side wal ls of 
the chamber, by w indows which have f idu­
cial marks better sui ted for automat ic 
measurement. The new windows are, in 
fact, the spares already in existence and 
the two windows wh ich are being removed 
wi l l , in turn, be re-engraved and put into 
store as spares. 

A very careful check wi l l be made on 
all the seals to reduce leakage to a min i ­
mum. It is intended to use deuter ium 
rather than hydrogen for several months 
in 1970 and deuter ium is about two hun­
dred t imes more expensive than hydrogen. 
The storage capaci ty for deuter ium wi l l be 
increased. 

Three of the four large motor generators 
wh ich supply power to the 2 m chamber 
are being returned to the manufacturer for 
general overhaul (which is done every two 
or three years). The compressor control 
room wi l l be integrated with the main 
bubble chamber contro l room. 

Modi f icat ions wi l l be made to a sect ion 
of the outlet l ine connect ing the vacuum 
tank of the chamber to the safety sphere 
to a l low magnets to be f i t ted very c lose to 
the chamber for low energy beams. Finally, 
the expansion system, the vacuum and the 
cool ing systems wi l l be complete ly over­
hauled. 

During the shutdown the magnet ic f ie ld 
in the chamber wi l l be mapped for a care­
ful check with the previous map. Measure­
ments wi l l be made at about 1000 points 
in the chamber (three measurements at 
each point) ; the density of the points being 
greater in the areas where the f ie ld is 
least uni form. The results wi l l be pr inted 
on tape. In addi t ion, a computer wi l l be 
used by way of exper iment to make sever­
al measurements at each point and to 
ca lcu late the mean value and the standard 
deviat ion. 

CAMAC Developments 
To meet the ever increasing e lect ronics 
needs of research centres and industry, 
26 nuclear research organizat ions in Eu­
rope, members of the ESONE (European 
Standard for Nuclear Electronics) Com­
mittee began work in 1966 to establ ish 
standards for the const ruct ion of e lect ro-
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nic p lug- in modules and their crates. 
These modules had to be special ly desi ­
gned in view of the increasing use of 
computers, the aim being to make it 
easier to use automatic data acquis i t ion 
and processing devices. 

In May 1968 at the ESONE conference 
held in Rome, the pr inc ip le of these stan­
dards was approved and was cal led 
CAMAC. At the same conference, the f irst 
part of the standards, cover ing the me­
chanics and logic of the interconnect ions 
of modules on the same crate, was adopted 
(CERN COURIER, vol. 8, page 314). 

The second part of the standards, con­
cern ing the use and contro l of CAMAC 
crates (crate to crate l inks, crate to contro l 
system links, crate to adapters for com­
puters, etc.) and of the nature and level 
of the various signals used for this pur­
pose, had sti l l to be def ined. 

This second set of standards, wh ich has 
been studied by several Work ing Groups, 
was adopted at the ESONE Conference 
held at the end of September this year 
at Petten (Netherlands). It inc ludes the 
fo l lowing points : 

1. the method of synchroniz ing external 
signals to the crates (this is the ca l l -
response-st imulus type) ; 

2. the transfer system for these signals 
(this is the asymetr ical- twisted-pairs 
type) ; 

3. the method of processing requests 
f rom the modules. The system chosen 
uses data t ransmission lines and offers 
a range of possibi l i t ies of d i rect ing 
requests because of the (optional) use 
of a rear connector wh ich permits a 
possible l ink wi th an addi t ional re­
quest processing unit ; 

4. crate contro l ler : this is a l ink unit 
wh ich is p laced on each crate (taking 
the p lace of two or three modules) 
and interconnects wi th the main sys­
tem. At the command of external s i ­
gnals, it addresses the required mo­
dule or modules. It also generates the 
basic CAMAC cyc le and var ies the 
signals accord ing to their dest inat ion ; 

5. nature and level of the signals, syn­
chronizat ion of commands and data 
t ransmiss ion. These signals are of the 
'c lassic micro logy ' type. Loads are 
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An unusual view into the 1.2 m heavy liquid 
bubble chamber which is also having a wash 
and brush up while it is out of action during 
the PS shutdown. 
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designed for a maximum of 8 crates ; 
6. the type of main (frontal) connector 

for the crate control ler wh ich is res­
ponsib le for crate-to-exter ior l inks. 

Interest from Industry 

Many European manufacturers of e lect ro­
nics equipment are interested in the 
CAMAC standards and several of them 
(five in France, two in Italy, four in the 
Federal Republ ic of Germany, eight in the 
United K ingdom, one in Sweden and two 
in Switzer land) have already put power 
suppl ies and CAMAC crates and modules 
on the market. It is interest ing to note 
that this interest in CAMAC is not l imi ted 
to the f ie ld of nuclear e lectronics, but 
extends to other sectors of data handl ing, 
such as e lectronics in medic ine, servo-
contro ls in industry, automat ic units, etc. 

Al l Laborator ies belonging to ESONE 
are work ing on the manufacture of 
CAMAC systems. At CERN, three systems 
are being built , two of wh ich wi l l be used 
in nuclear physics exper iments. Al l three 
conform to CAMAC standards in d imen­
sions and inter-module connect ions and 
they are equipped wi th an external logic 

system wh ich , a l though, it was designed 
before the second stage of the CAMAC 
standards was adopted, differs l i t t le f rom 
the CAMAC standards. 

Information on the first part of the 
standards is already avai lable (Euratom 
report EUR 4100). The second part wi l l be 
publ ished as a prepr int at the end of the 
year and wi l l be avai lable from ESONE 
members. 

CODD in action 
The CODD (Closed Orbit Digital Display) 
system, wh ich enables the t ra jectory of a 
s ingle proton bunch to be measured as it 
goes round one turn of the machine, has 
been l inked to the IBM 1800 computer in 
the contro l room since the end of August. 
The PS is the only accelerator wi th a 
system of c losed orbit measurement of 
this type. CODD (descr ibed in CERN 
COURIER, vo l . 8, page 177) uses 20 
beam observat ion stat ions of a new design 
from wh ich numerical signals are t rans­
mit ted to the computer. It has three func­
t ions : 

1. to present numer ical results on a 
screen, before processing ; 

2. to punch cards recording these s ig­
nals for later p rocess ing; 

3. to process signals giv ing the beam 
posi t ion of a s ingle bunch at the 20 
observat ion stat ions. 

The results may be pr inted out or pre­
sented in analogue form on an osc i l lo­
scope screen. Sine© May 1969, the measu­
rement system has been in operat ion and 
a series of tests were carr ied out in pre­
parat ion for a d i rect l ink wi th the IBM 
1800. 

CODD makes it possible to measure 
the t ra jectory of a bunch to be e jected 
by the fast e ject ion system. A series of 
tests has therefore just been carr ied out 
to compare signals f rom CODD wi th the 
known osci l la t ions produced by the fast 
k icker magnet. This served to check the 
funct ion ing of the CODD system. 

Unti l 13 October, the beginning of the 
annual PS shutdown, CODD was used for 
the automat ic register ing on punched 
cards of the character is t ics of a large 
number of c losed orbi ts at 10 GeV. This 
has given important stat ist ics on the 
behaviour of the machine and informat ion 
funct ion ing of the CODD system. 

At the moment only the 20 new obser­
vat ion stat ions are in use. These have 
the advantage over the o ld ones of being 
able to take measurements over a wide 
range of beam intensit ies. Nevertheless, 
because of the increased possibi l i t ies if 
there were double the number of measu­
rement points, it is p lanned to l ink the 
20 o ld stat ions, wh ich are compat ib le wi th 
the new ones, to the system at the be­
g inn ing of 1970. 

Among the improvements to be carr ied 
out on CODD (in addi t ion to br inging in 
the 20 addi t ional stations) are modi f ica­
t ions to the synchronizat ion system and 
the instal lat ion of a semi-automat ic ca l i ­
brat ion system. Art i f ic ia l cal ibrat ion signals 
wh ich simulate a known beam posi t ion 
wi l l be t ransmit ted to a detect ion stat ion. 
By observing the results at the end of 
the measur ing sequence any error in­
t roduced by the e lect ronics can be deter­
mined and the computer can automat ical ly 
make any necessary correct ions when 
receiving signals f rom the proton beam. 
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