
compatible with the predicted limit at 
the injection energy. 

This success was the result of a 
painstaking search for the optimum 
parameter set, the commissioning 
crew being acutely aware that bring
ing such a large machine on line was 
a major experiment in its own right. 

The 3.3 GeV/c COSY machine 
belongs to the new class of hadron 
storage and cooler synchrotrons 
which started with CERN's LEAR low 
energy antiproton ring. COSY will 
'sharpen' its beams to a narrow 
momentum spread using both elec
tron and stochastic cooling to control 
the circulating particles. In addition it 
will provide space for internal experi
ments. Both features will allow for 
novel experimental approaches, and 
more than 100 physicists are eagerly 
waiting for the first proton reactions in 
their detectors. 

One of the machine's two 40m 
straight sections houses the electron 
cooler, the other contains target 
areas. These sections consist of 
16 quadrupoles giving the experi

ments considerable freedom in 
shaping their beams. At the same 
time the straight section optics can 
be kept nearly transparent for the 
circulating beam. 

Complexity was the price for such 
flexibility, putting enormous demands 
on the control system. Especially 
during commissioning, the vast 
parameter range that had to be 
explored increased the effort needed 
to master the system. Fifteen princi
pal magnetic ramps and the 
radiofrequency and amplitude had to 
be precision matched. 

VIP tour following the official inauguration of 
the COSY cooler synchrotron at the 
KFA Forschungszentrum, Julieh, on 1 April. 
Left to right, Rolf Theenhaus of KFA's Board of 
Directors; German Minister for Science and 
Technology Matthias Wissmann; German 
President Richard von Weizàcker; Regional 
Minister for Science and Technology Anke 
Brunn; and Joachim Treusch, Chairman of the 
KFA Board of Directors. 

Although all magnetic components 
had been precisely measured in 
bench tests, it was apparent from the 
beginning that the close mounting 
inside the ring would effect their 
magnetic properties. This, and the 
large number of elements involved, 
made the commissioning process 
tough. 

The milestones reached so far 
prove that the ring is working 
according to its design - a major step 
en route to COSY becoming a viable 
source for high precision beams in 
the medium energy range. 

TRIUMF 
Secrets of the red giant 
Results from the first nuclear 
astrophysics experiment with the 
TISOL on-line isotope separator at 
the Canadian TRIUMF Laboratory for 
the first time allow accurate esti
mates to be made of the production 
of oxygen-16 in massive stars, and 
hence of heavier elements in super
nova explosions. 

Since its commissioning TISOL has 
been used to study properties of 
nuclides far from stability, similar to 
studies at CERN's ISOLDE. These 
new astrophysical results have shed 
light on a long-standing problem in 
the helium burning of massive stars 
and their subsequent demise by 
supernova explosions. Indeed, 
this problem has occupied many 
experimental and theoretical astro
physicists for the better part of the 
last two decades. 

A key reaction in helium burning, an 
important stage in the nucleo-synthe-
sis of the elements, is the interaction 
of an alpha particle with a carbon-12 
nucleus, producing oxygen-16 (and a 
photon). In particular the ratio of its 
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Improved knowledge from precision measure
ments of nuclear reactions makes 
astrophysical calculations more reliable. 
This shows the beta-delayed alpha-spectrum 
of nitrogen-16 measured by the Red Giant 
group at TRIUMF (a), simultaneous fit of this 

spectrum with data of other groups for the 
interaction of an alpha particle with a carbon-
12 nucleus, producing oxygen-16 together with 
a photon (b), and the extrapolation of the 
S-factor (cross section) to the astrophysically 
important energy of 0.3 MeV. 

rate to that of the formation of 
carbon-12 from three alphas is of 
great interest. This ratio determines 
the ratio of carbon-12 to oxygen-16 
at the end of helium burning. In later 
burning stages of the star, these 
nuclei are the basis for all subse

quent heavy-element nucleo
synthesis. 

The rate at which carbon-12 con
verted to oxygen-16 during helium 
burning in the cores of red giant stars 
cannot be well determined by 
radiative capture experiments since 

the capture is dominated by the tail of 
a sub-threshold state seen only 
through interference with a broad 
unbound state. The reaction rate 
(cross-section) at energies appropri
ate to helium burning (0.3 MeV) is 
very small and extrapolation of data 
to this low cross-section region is 
very uncertain. 

However the most uncertain part of 
the reaction can be studied in the 
reverse direction by observing the 
alpha-decay of the oxygen-16 states 
in question after they are populated 
in the beta-decay of nitrogen-16. 
Since the beta-branching to the lower 
energy state is about 5000 times that 
of the higher energy state, the 
contribution of the lower state is 
much enhanced over its contribution 
in the capture reaction. The interfer
ence between the states is seen in 
the form of a small peak (approx 
0.2%), on the lower energy side of 
the dominant alpha-decay peak. 

The Red Giant group at TRIUMF (a 
collaboration of the Universities of 
Toronto, Simon Fraser and Alberta, 
with TRIUMF and Caltech) used 
TISOL, coupled with an ECR ion 
source, to produce an intense beam 
of nitrogen-16 nuclei and collected 
more than 1 million alpha/carbon-12 
coincidences. 

Coincidence was used to obtain an 
alpha-spectrum void of carbon-12 
events, background or tails due to 
the detector response function. The 
resulting alpha-spectrum clearly 
showed an interference minimum 
and the expected low energy 
anomaly (see figure). To extrapolate 
the cross-section of the carbon-12/ 
oxygen-16 conversion a simultane
ous fit was made with the data for the 
direct measurement of this reaction. 

In astrophysics, cross-sections are 
normally displayed in a way which 
has the steep Coulomb (electromag
netic) barrier effect removed, called 
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the S-factor. The lower part of the 
figure shows the S-factor data of 
other groups together with the 
simultaneous fit to the nitrogen-16 
data. This fit has sharply reduced the 
uncertainty in the reaction rate in 
carbon-12/oxygen-16 conversion in 
the 0.3 MeV region. An experiment 
has also been carried out at the Yale 
tandem, using different production 
and detection techniques. 

This improved knowledge will allow 
theorists to predict more precisely the 
ultimate fates of massive stars 
(e.g. likelihood of black holes) and 
the production of the medium-heavy 
elements (A=20-40). 

Future plans for TISOL call for an 
upgrade to allow the use of proton 
beam intensities up to lOmicroamps 
with thick targets. Remote target 
handling systems are now being 
designed for this upgrade. 

DUBNA/SERPUKHOV 
Pionium 

Electromagnetically bound 'atoms' of 
oppositely charged pions (pionium) 
have been seen by physicists from 
the Joint Institute for Nuclear 
Research, Dubna, and from Moscow 
State University, working at the 
Serpukhov proton synchrotron near 
Moscow. 

When two pions thus orbit round 
each other in Bohr 'orbits' they can 
interact strongly at very low momen
tum. The pionium lifetime is governed 
by these interactions and its meas
urement gives information on strong 
interactions inaccessible by other 
methods. 

The measurements were carried 
out with the same apparatus used to 

study electromagnetic effects be
tween pions (October 1991, page 8), 
giving good resolution on pion 
relative momentum. Pionium atoms 
were produced by a 70 GeV internal 
proton beam hitting an 8 micron 
tantalum foil. 

In the target the resultant pionia can 
annihilate due to strong interactions 
into two neutral pions, while there is 
also a 40 per cent probability that 
they will ionize (break up) on hitting 
target atoms, producing charged pion 
pairs with low relative momentum. 

The pionia were seen as excess 
charged pion pairs around 2 MeV 
relative momentum. 272 ± 49 
pionium atoms were produced with 

Pionium - atomic bound states of oppositely 
charged pions seen by a Moscow/Dubna 
collaboration. The top spectrum shows the 
distribution of pion pairs produced in an 
8 micron foil target, relative to the distribution 
of free pion pairs, with a clear excess at low 
relative momentum (Q). For a thinner 
(1.4 micron) target (below) the pionium does 
not have time to ionize and no significant 
signal is seen. 

momenta from 1.6-4.8 GeV, with a 
lifetime lower limit of 3 x 10 1 6 s . 

For a 1.4 micron target the probabil
ity of pionium ionization is smaller 
and no excess signal is seen. 
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