
Members of the CERN/KfK Karlsruhe colla
boration pose with the electron cooling sys
tem installed on the LEAR storage ring. 

With early installation in LEP in 
mind, four similar cavities and 
cryostats are under construct ion, 
t w o at CERN and t w o in industry. 

Electron cooling 
in LEAR 
At the end of October, a 
CERN/Kernforschungzentrum Karls
ruhe collaboration, led by H. Hase-
roth and H. Poth, harvested the 
fruit of several years of work on 
the development of an electron 
cooling system for CERN's LEAR 
Low Energy Ant iproton Ring. 

Electron cooling has been in the 
shadow of the spectacular success 
of stochastic cooling but was in 
fact the first beam cooling tech
nique to operate. The idea of using 
a well-defined electron beam to 
tame a less well behaved beam 
was invented at the Soviet Novosi
birsk Laboratory and was demon
strated in the NAP-M ring in 1974. 

The first proposed implementa
tion in the West (to cool antiproton 
beams for CERN's Intersecting 
Storage Rings) fo l lowed a visit of 
P. Strohlin to Novosibirsk. To test 

Beam cooling at work. Electron cooling tests 
in CERN's LEAR Low Energy Antiproton Ring 
cut an energy spread of 2.4x1 Ct3 to 
19x10'5 in a few seconds. 

the idea at CERN, the ring used for 
measuring the anomalous magnetic 
moment of the muon was con
verted and rechristened ICE (for Ini
tial Cooling Experiment). Success 
came in 1980, under F. Krienen 
and H. Herr, but in the meantime 
electron cooling had been overtak
en by CERN's stochastic method 
better adapted to high energy 
beams. 

A Fermilab team demonstrated 
electron cooling in 1 9 8 1 , while 
working on their antiproton source, 
and retain interest in the technique, 
both for the source and for cooling 
stored beams in the Tevatron. 

Throughout the wor ld , some ten 
low energy ion storage rings are 
constructing, or have proposed, el
ectron cooling systems to improve 
the quality of their beams. This ef
fort has been considerably st imu
lated by the decision to go ahead 
wi th electron cooling in LEAR. 

A t LEAR the aim is to comple
ment the stochastic cooling already 
installed. While the stochastic 
method works best on high energy 
('hot') beams, since it needs to de
tect deviations f rom desired values, 
the electron method works best on 
low energy ('cold') beams since the 
interaction between the beam parti
cles and the electrons increases as 
the t w o velocities approach. 

Though it remains to be convinc
ingly demonstrated, electron cool
ing should cope better wi th higher 
intensity beams since the cooling 
rate is less dependent on the num
ber of particles to be cooled. 

Several experiments, accepted 
and proposed, for LEAR require 
very cold beams in the ring. For ex
traction to external experiments the 
beam momentum spread has to be 
increased, diminishing what has 
been achieved by cooling, though 
the cooling still provides slimmer 
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Merci chef! Enfin, nous sommes deli-
vres de nos soucis. Grace au nouveau 
concept pour le controle de I'electri-
cite statique de 3M 

3M vous propose un sys
teme complet pour le con
trole de I'electricite statique. 
Un systeme concu sur mesure pour chaque client, 
individuellement, et qui debute par une analyse 
sans engagement des points faibles. Ce qui signifie: 
3M engage son temps et se rend chez vous. ^ / 

Nous vous soumettons une proposition detaillee, 

Vous I'approuvez et nous donnez votre OK: 
3M s'occupe done de ['installation. Les produits que 
nous utilisons sont fabriques par 3M. Ce qui signifie: 
vous avez la garantie que tous les elements 
composant le systeme sont idealement adaptes les 
uns aux autres. 

3M s'occupe aussi pour vous de la formation des col-
laborateurs. Votre systeme de securite sera done 
exploite de facon optimale et tous vos collaborateurs 
maTtriseront ses fonctions. 

Mais ce n'est pas tout: 3M vous fournit encore une 
prestation complementaire, le controle annuel. 

Qui d'autre que 3M serait en mesure de vous propo
ser un service aussi complet? 

Appelez-nous. 

01/72493 61 
1/ 

- J 

3M (Schweiz) AG J 

Static Control Systems 
8803 Ruschlikon 

PEARSON 
Wide Band, Precision 

CURRENT MONITOR 
With a Pearson current monitor and an oscilloscope you can 
make precise amplitude and waveshape measurement of ac 
and pulse currents from milliamperes to kiloamperes. 
Currents can be measured in any cpnductor or beam of 
charged particles, including those at very high voltage levels. 

A typical model gives an amplitude accuracy of +1 %, - 0%, 
20 nanosecond rise time, droop of 0.5% per millisecond, and 
a 3 db bandwidth of 1 Hz to 35 MHz. Other models feature 2 
nanosecond rise time, or a droop as low as 1 % per second. 

Contact us and we will send you engineering data. 

PEARSON ELECTRONICS,INC. 
1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 Telex 171-412 

B u r s t i n g d i s c s 
1 • DN3upto DN 3000 • 

^ 0,05 bar up to 5000 bar -
^^^^ • leakage tight -

- no maintenance -
- corrosion resistant • 

The economic safety-concept 
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Spectrum of coincident pairs of X-rays from 
proton-antiproton atoms. Selecting a transi
tion to the first atomic excited state (L line) 
enables the first ground state transition (K-
alpha line) to be unravelled from the other 
K lines. 

beams, and can help the experi
ments wanting decelerated parti
cles. 

The electron gun f rom the ICE 
ring was converted for LEAR. The 
cooling had to be achieved along a 
shorter interaction length, a 1.5 m 
straight where the electron beam 
overlaps wi th the orbiting particles, 
compared to 3 m in ICE, and the 
problem of firing an intense elec
tron beam into the very high vacu
um of LEAR (2.5 A into 1 0 " 1 1 torr) 
had to be confronted. Special diag
nostics had to be developed, in
cluding scattering of laser light on 
the electron beam, observing the 
microwave radiation f rom the spi
ralling of the electrons in the mag
netic f ield, and observation of the 
X-rays caused by stray electrons. 

In the October tests cooling was 
observed f rom the very first injec
tion of a proton beam into LEAR 
using Schottky scans and the de
tection of neutral hydrogen. This 
latter technique can only be applied 
while working on proton beams -
neutral hydrogen atoms emerge 
f rom the straight section unde-
viated by the magnetic fields of the 
ring or of the electron cooling sys
tem. This is a useful tuning aid, 
since hydrogen production in
creases as the t w o beam velocities 
approach (the ideal condition for 
cooling). Production rates of a few 
thousand hydrogen atoms per se
cond were observed and the meth
od still worked wi th low proton in
tensities, about 1 0 6 , when Schott
ky scans were no longer sensitive. 

Major achievements included 
slimming the proton beam from a 
few centimetres across to a few 
millimetres in seconds, while the 
energy spread was pared f rom sev
eral parts per thousand to better 
than one part in ten thousand. The 
short t ime available for the tests 
saw a number of beam physics ex

periments. The cooling of a 
bunched beam was demonstrated 
and very short bunches were 
achieved. The electron energy was 
moved off the opt imum value and 
the proton energy was seen to fol
low. Too much cooling induced 
beam instabilities. The equilibrium 
between the stochastically intro
duced heating of the proton beam 
for beam extraction and the elec
tron cooling gave a measure of the 
cooling power. 

Further tests wi th antiproton 
beams are eagerly awaited, when 
the cooling rates can be compared 
wi th those of protons. Experiments 
at Novosibirsk indicate that over a 
range of parameters electron cool
ing works more than twice as fast 
for negatively charged beams (like 
antiprotons). 

Much work remains to convert 

the system used for these experi
ments into a reliable system for 
regular operation of LEAR, how
ever the tests have shown convinc
ingly that electron cooling adds 
another effective weapon for tam
ing beams of antiprotons and other 
ions. 

Ground state 
of protonium 
'Exotic atoms' - where everyday 
orbital electrons are replaced by 
other negatively charged particles 
(muons, pions, kaons, antiprotons) 
provide physicists wi th another 
w indow on the strong nuclear for
ce to supplement what is learned 
f rom scattering experiments. 

These synthetic atoms have long 
been a speciality of CERN research, 
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