
Around the Laboratories 

The spin rotator team at DESY's HERA 
electron-proton collider. The special spin 
rotator magnets for the electron ring can be 
seen to the right. 

DESY 
Longitudinal electron 
polarization success 

On 4 May the 6.3 kilometre electron 
ring of the HERA electron-proton 
collider at DESY, Hamburg, held a 
longitudinally polarized electron 
beam, with the individual electrons, 
spinning like tiny tops, lined up 
parallel (or antiparallel) to their 
direction of motion. These longitudi
nally polarized electrons make the 
inherent left-right asymmetry of weak 
interactions easier to see and open 
the door to new precision measure
ments. 

This is the first time that such a high 
energy electron beam has been 
produced - normally electron beams 
are transversely polarized, with the 
spins pointing across their direction 
of motion. 

The spin manipulations are carried 

out using special spin rotator mag
nets, installed in the HERA ring last 
winter, and developed under the 
leadership of the late Klaus Steffen in 
collaboration with Jean Buon of 
Saclay. These magnets provide a 
series of horizontal and vertical kicks 
which flip the spins but together 
produce no net deflection of the 
electron orbit. 

Many sceptics had believed that 
such polarizations would be difficult if 
not impossible, because of the 
potential sensitivity of these delicate 
gymnastics to tiny beam distur
bances. The initial run produced a 
polarization level of 55%. 

The spin rotator magnets swing 
round the natural transverse (vertical) 
polarization of the electrons - the 
circulating particles, like compass 
needles, tend to line up with the 
magnetic field of the storage ring. 
However even this natural polariza
tion is at the mercy of depolarization 
resonances, which tend to push the 
spins out of line. 

The availability of longitudinally 
polarized electrons is a curtain raiser 
for the HERMES experiment (De
cember 1993, page 19) using an 
internal target in the HERA electron 
beam to study the quark spin compo
sition of nucleons. HERMES will 
begin taking data next year. 

Additional spin rotator magnets will 
be installed in the HERA electron 
beam so that the major ZEUS and 
H1 experiment can also benefit. 

MAGIC NUCLEI 
Tin-100 turns up 

In the same way as the Periodic 
Table of chemical elements reflects 
the successive filling of orbital elec
tron shells, in nuclear physics the so-
called 'magic' numbers correspond to 
closed shells of 2, 8, 20, 28, 50, 82, 
126,... neutrons and/or protons. More 
tightly bound than other nuclei, these 
are the nuclear analogues of the inert 
gases. 

'Doubly magic' nuclei have closed 
shells of both neutrons and protons. 
Examples in nature are helium-4 (2 
protons and 2 neutrons), oxygen-16 
(8 and 8), calcium-40 (20 and 20) 
and calcium-48 (20 and 28). Radio
active tin-132 (50+82) has been 
widely studied. 

'Wanted' nuclei on this list include 
oxygen 28 (8 and 20), nickel 78 (28 
and 50) and tin-100 (50 and 50). The 
latter has now been seen in heavy 
ion studies at the French GANIL 
Laboratory, Caen, and the German 
GSI Laboratory, Darmstadt. Although 
these sightings confirm the expected 
stability of tin-100, real physics has to 
await higher intensities. 

The production of exotic nuclei by 
projectile fragmentation of heavy ions 
was pioneered at relativistic energies 
at the Berkeley Bevalac and later 
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Above, at the French GANIL heavy ion 
Laboratory, the new St SSI secondary ion 
source at the exit of the second cyclotron 
increases the yield of interesting ions. 

Below, schematic of the FRS projectile-
fragment isotope separator at the GSI heavy-
ion synchrotron SIS at Darmstadt, Germany. 
Isotopic separation is achieved by a magnetic 
rigidity analysis of the fragments in the first 
and second half of the instrument together with 
a degrader inserted between the two sections. 
Fragments are identified with position, energy 
loss, and time-of-flight detectors installed after 
the first, second, and fourth dipole stage. 

successfully applied at intermediate 
energies at GANIL, at Michigan State 
superconducting cyclotron in the US, 
and at RIKEN in Japan. The GSI 
heavy ion synchrotron SIS extends 
this technique to the heaviest nuclei 
up to uranium. 

The GSI experiment was performed 
between March 10 and April 11, 
1994, by a Munich Technical Univer-
sity/GSI collaboration headed by 
Jurgen Friese of Munich TU, utilizing 
a 1 GeV/nucleon xenon-124 beam 
made from isotopically enriched gas. 

The key element in this experiment 
is GSI's FRS projectile-fragment 
separator, a four-section magnetic 
forward spectrometer used for spatial 

separation of the forward-emitted 
fragments from the primary beam 
and of selected isotopes from the 
mixture of other fragmentation 
products. To achieve this, a thick 
degrader is inserted in the central 
focal plane of the spectrometer that 
allows a separation according to the 
nuclear charge in addition to the 
magnetic-rigidity separation accord
ing to mass over (ionic) charge. Apart 
from the spatial separation, the 
background is further reduced by 
identifying each fragment event by 
event with respect to nuclear mass 
and charge by measuring the energy 
loss, the time of flight, and the 
magnetic rigidity of the fragments. 

The relativistic energies provided by 
the SIS synchrotron facilitate an in
flight identification without ambigui
ties due to different ionic charge 
states that pose problems at lower 
incident energies. 

The final run for the production of 
tin-100 lasted 277 hours during which 
seven events attributed to this 
isotope were observed. These event 
rates are comparable to those 
observed in the search for the heavi
est elements at GSI's UNILAC 
accelerator - in the 1988 run to 
confirm the discovery of element 109 
(meitnerium) two events were ob
served in 240 hours of beam time. 

In principle, the GSI secondary-
beam facility could open up more 
detailed spectroscopic studies of this 
and other exotic nuclei. However this 
requires much higher production 
rates which can only be provided 
when SIS can be filled to the space 
charge limit. For this purpose, a 
replacement of the old Wideroe pre-
stripper section of the UNILAC 
injector by a new high-intensity 
accelerator is currently under consid
eration. 

After a promising initial study last 
October at the French GANIL heavy 
ion Laboratory at Caen, the new 
SISSI (Source d'lons Secondaires a 
Solenoides Intense) device close to 
the exit of the second GANIL cyclo
tron, in conjunction with the Alpha 
and LISE3 spectrometers increased 
the transmission rate. 

A 63 MeV/nucleon beam of tin-112 
(46+) from the cyclotrons bombarded 
a nickel target in SISSI. The 
momenta of the emerging fragments 
were analysed in the two down
stream spectrometers, and results 
(time of flight, energy loss and total 
energy) recorded in a four-element 
silicon telescope at the final focus of 
LISE3. The SISSI emittance and 
Alpha acceptance were well 
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Fed by the Booster, the Brookhaven AGS 
Alternating Gradient Synchrotron is producing 
record intensities. The cycle plot shows how 
the intensity goes up in four steps as succes
sive Booster bunches are injected at 200 
millisecond intervals. As the intensity 
increases, losses also increase. Transition 
losses appear at 1.1 seconds. After accelera
tion to 24 GeVthe beam is extracted at a 
uniform rate for 1 second. 

matched. 11 events corresponding to 
tin-100 were seen in a 44-hour run. 
Other new neighbouring isotopes 
(palladium-92 and -93, indium-99, 
antimony-104) were also identified. 

The experiment involved physicists 
from Warsaw, JINR Dubna, Orsay, 
Bucharest, GSI Darmstadt, Gottingen 
and Leuven as well as GANIL. For 
future studies, the production rate will 
be boosted by increasing the primary 
beam intensity and the acceptance of 
the Alpha spectrometer. 

BROOKHAVEN 
AGS improvements 

The new Booster - AGS Alternating 
Gradient Synchrotron complex is 
providing beam while machine 
development to enhance perform
ance also progresses, so far on 
schedule. In 1991 the Booster 
turned on and performed as re
quested - attesting to a successful 
construction and quality control 
programme. 

In 1992 beam was provided to 
users while the Booster met most of 
its operational goals - falling slightly 
short of its proton intensity goal of 0.5 
x 10 1 3 protons per pulse (ppp). This 
would have been inconsequential 
except that the Booster intensity 
seemed to be hitting a fairly solid 
brick wall of undetermined origin. 
Since the goal for 1993 called for a 
doubling of the intensity, the situation 
seemed serious enough to schedule 
three months (February - April 1993) 
for Booster development. 

In 1993 all the Booster systems 
were scrubbed and polished until 
they gleamed. Each procedure was 
meticulously carried out, docu

mented, recorded, and cross
checked, and every known skill and 
art was applied. This resulted in a 
modest 25% gain, but the brick wall, 
while shifting a bit, remained. 

Meanwhile a small group continued 
to map the stopbands, a programme 
started one year earlier. A month of 
careful stopband measurement and 
correction produced another modest 
25% gain. 

Refusing to admit defeat, further 
stopband measurements revealed a 
surprise problem with skew sextupole 
fields. There are no skew sextupoles 
in the Booster and any skew 
sextupole errors were expected to be 
small and have no effect on the 
beam. 

The fields were small but turned out 
to have an unexpectedly large effect. 
The problem was corrected by 
winding four small skew sextupoles 
on existing correction magnets, 
giving a further gain of 25%. Overall 
the stopband corrections raised the 
Booster intensity from 0.65 x 10 1 3 to 
1 .0x10 1 3 protons per pulse, and the 
machine is performing just as the 
books say it should. 

With the Booster operating at this 
level (peak performance was 1.2 x 
10 1 3 ppp), it was possible to inject 

four Booster pulses into the AGS and 
accelerate an AGS record 2.5 x 10 1 3 

ppp to extraction, easily exceeding 
the goal for the year of 2.2 x 10 1 3 . 
(The previous AGS record had been 
1.9x 10 1 3 f rom 1986.) 
The AGS is limited to 2.5 x 10 1 3 

ppp by the available radiofrequency 
power. In a major upgrade, new 
power amplifiers are being installed 
for ten radiofrequency cavities which 
should more than triple the AGS 
capabilities. Another major new 
system to enable the AGS to jump 
rapidly through transition is also 
being installed. 

For the heavy ion programme the 
Tandem-Booster-AGS complex 
operates fairly straightforwardly. In 
1991 it accelerated silicon ions, and 
in 1992 increased the silicon intensity 
by a factor of ten to 9 x 10 1 0 ions per 
pulse (ipp), and accelerated gold 
ions. In 1993 it accelerated gold with 
a factor of ten gain in intensity to 3 x 
10 8 ipp. 

In sum the Booster-AGS complex 
met its goals for 1993. With the 
major upgrade of its radiofrequency 
system the AGS should meet its 
1994 intensity goals of 4 x 10 1 3 ppp 
using the Booster at its present 
intensity. Also scheduled for this year 
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