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A zero-degree spectrometer in CELSIUS and
the d(d,2?r)4He reaction

Abstract

For the realization of near threshold studies a small-size spec-
trometer has been developed by the Nuclear Physics Division at
Stockholm University in conjunction with Institut fur Kernphysik
in Jiilich. A particle telescope is mounted inside the CELSIUS vac-
uum chamber in the bend following the cluster-jet target. It is
possible to vary the measuring position within the dipole field to
cover different magnetic rigidities which makes it a versatile tool for
studies of threshold reactions.

The first aim has been to study two-pion production and the
present paper is a report on the experimental set-up and data anal-
ysis of measurements of the reaction d + d —» 4He + J£. Detection
of the 4He-particle yields information about the missing mass, i.e.
the remainder of the reaction products. Preliminary results are pre-
sented.



1 Introduction

The search for resonance-like two-pion states has been going on for
more than three decades. Still remains to be clarified, both ex-
perimentally and theoretically, the origin of the enhancement in the
cross section for meson production in the isospin zero channel, the so
called ABC effect, named after its discoverers, Abashian, Booth and
Crowe [1,2]. Their measurements of the reaction p + d -> 3He + X
showed deviations from a pure phase space behaviour in the spec-
trum of the 3He momentum. On the other hand, the measured cross
section for the reaction p + d —»• 3H + X agreed satisfactorily with
the predicted spectrum and the conclusion was that the anomaly
was seen only in the isospin zero channel. The explanation at the
time was that it was due to a strongly attractive -K - ir interaction
at low energy [3, 4, 5].

Among other reactions with light nuclei where the effect has been
reproduced is N + N -> d + X. In this case the model with two
intermediate A resonances decaying back to back, or both parallell,
in the centre of mass, reproduces the observed peaks at maximum
and minimum missing mass, respectively, at 0° in the laboratory,
but fails at larger angles [6, 7, 8].

One more recently proposed mechanism is the excitation of two-
gluon condensates. Support is given to a lowest scalar glueball of a
mass less than 700 MeV/c2, and width less than 60 MeV/c2 [9].

It has been suggested that one possible way to settle this issue is
to measure the invariant mass spectrum from the inclusive reaction
d + d —• 4He + X at different beam energies [10]. It offers a
clean test since both the deuteron and 4He have isospin zero and
consequently the two pions are created in a pure isospiii zero state.
In 1976 Banaigs et al. [11] reported on extensive measurements of
this reaction at kinetic energies ranging from 0.8 to 2.4 GeV, showing
that the production of 4He was dominated by the ABC peak for
kinetic energies up to 1.94 GeV. At higher energies the effect started
to disappear. Curves representing the cross section obtained from
phase space showed no resemblance with the experimental results,
cf. Fig. 1 taken from Ref. [11].

We have done a series of experiments concerning the same re-
action at a beam energy of 570 MeV, corresponding to 29 MeV
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Figure I: Momentum spectrum of 4He-particles from the inclusive reaction
d + d —> 4He + X, measured by Banaigs et al. at Saturne. The kinetic energy
of the incoming deuteron is 1.25 GeV. The dotted curves represent what is
expected from phase space for 4He + 2TT and 4He + 3?r respectively, arbitrarily
normalized.

above the production threshold for two neutral pions in the centre
of mass system. So far there have been three experiments carried
through, one in June 1992, one in December the same year and the
last one was done in April 1995. The first run had the character
of an exploratory measurement. Due to the low intensity of the
beam at that time, resulting in an integrated luminosity of only
8.8-1033 cm"2, combined with background problems in CELSIUS,
only ten of the 4He-particles detected were accepted as events from
the present reaction. These are not included in the analysis in this
report.

The integrated luminosity in the December experiment amounted



to 4.2-1034 cm 2, too low for any conclusions to be drawn about
possible ABC effects. However, the background conditions in CEL-
SIUS were much improved during these measurements. The to-
tal cross section obtained for the d(d, 2?r)4He reaction was approxi-
mately 40 nb with an uncertainty of 50%, assuming isotropy in the
centre-of-mass system.

For the entire series of experiments the total integrated lumi-
nosity now amounts to at least 2-1035 cm"2, including the latest
data from the experiment done in 1995 . These new data are being
analyzed at present.

If not explicitly stated otherwise, the text refers to the experiment
done in December 1992.

In Section 2 there is a description of the experiment, Section 3
contains the data reduction procedure and finally in Section 4 the
preliminary results are briefly summarized.



2 Experiment

2.1 Site of Experiment

The CELSIUS synchrotron and storage ring [14] at The Svedberg
Laboratory is well suited for near threshold experiments in the en-
ergy range of light meson production. This is due to the possibility
of obtaining high precision in energy without losing in luminosity
by using a thin internal target and a cooled circulating beam.

Various beams are available. The maximum energy is 1.36 GeV
for protons, but can be raised to 1.75 GeV with new power supplies.
Light ion beams are produced by the cold-cathode-type ion-source,
while heavy ions are obtained from an ECR (Electron Cyclotron
Resonance) source.

The ions are accelerated to their injection energy in the Gustaf
Werner-cyclotron and enter the ring at one of the four straight sec-
tions cf. Fig. 1 in Ref. [15]. Opposite to the injection straight
section the electron cooling system is situated. The target facilities
are a cluster-jet and a recently installed pellet target at the two
remaining straight sections.

In the fourth quadrant, following the cluster-jet target, a solid-
state telescope has been installed inside the vacuum chamber, cf.
Fig. 1 in Ref. [16].

Two measuring positions for the solid-state telescope, inside the
second and third dipole magnets, have so far been used for different
experiments, 6.1 m and 7.0 m from the target along the beamline.
At these locations particles with magnetic rigidities between 0.35-
0.75 and 0.70-0.92 respectively, are detectable. For the d{d, 27r)4He
reaction the position within the second dipole magnet was used.

The deuteron beam energy was 570 MeV in the present experi-
ment, which corresponds to 29 MeV above threshold in the cm. for
the reaction d + d - • 4He + 2ir°, and 19 MeV above threshold
for obtaining 4He + ir+ + ir~ in the final state.

The walls of the scattering chamber at the cluster-jet target are
made of 0.7 mm stainless steel. It is shaped as a cylinder with
a cone in the forward beam direction. Attached to the opening
of the cone is a half-spherical aluminium window, 0.8 mm thick. A
variety of targets are obtainable, most frequently used are deuterium



and hydrogen. The gas is pressed through a chilled nozzle. The
clustering appears at a specific pressure and temperature, 50 K for
deuterium and somewhat higher for noble gases [17].

A recycling system for the target gases has been installed, which
has considerably reduced the cost for these, since only 1 % of the
gas flow makes up the actual target.

The luminosity in the December 1992 run was 4 • 1029 cm~2s~1.
The number of particles stored per cycle in the experiment done in
the spring of 1995 was between 109 and 1010 deuterons. After good
injections the beam current was about 4-5 mA, which combined
with the thickness of the deuterium target provided by the cluster-
jet, 1014 atoms/cm2, yielded a luminosity of 1030 cm~2s~1.

2.2 The Solid-State Telescope

2.2.1 Detectors

The telescope consisted of one position-sensitive A£?-detector and
one .E-detector, both made of high-purity germanium. They were
transmission detectors, i.e. the energy losses in the contacts of both
the entrance and exit windows were negligible, the dead layers of
the implanted contacts being in the order of 0.5 /zm [18].

There are in principle two ways that spatial information can be
obtained by the use of semiconductor detectors. One is where the
electrodes are made of a resistive material, and hence the position of
the detected particle is given by resistive charge division. The other
is the possibility of employing devices where individual electrode
strips are placed on the same base material. This procedure requires
discrete read-out, i.e. the position and energy information is given
by separate amplifiers, one for each strip. The spatial resolution is
in this case restricted to the element width. A compromise between
these two methods, which is the one adopted in the present case,
is to connect resistor dividers externally through bondings to the
individual elements. A review of the properties of position-sensitive
detectors is given in [21].

The thickness of the orthogonal-strip A£-detector was 1.4 mm.
The side determining the horizontal position of the incoming parti-
cle, henceforth called the x-side, carried electrodes made by boron



implantation, a p+ material. The y-side, which determined the ver-
tical position, had n+ electrodes made by phosphorus implantation.
This means, since the material was p-type, that depletion started at
the y-side. The operation bias, applied on the x-side, was -300 V,
though full depletion was reached already between -50 and -60 V.
On the rc-side there were 66 strips, 1 mm wide, the y-side had 18
strips, 2 mm wide. Each strip had a bonding connecting it to the
charge-splitting network that was read out at both ends.

The .E-detector for stopping the 4He-particles was 14.9 mm thick
and the diameter was 60 mm. The net charge carrier concentra-
tion was less than 1010 donors/cm3. It is favourable to use n-type
germanium in the case of transmission detectors since the boron
p+-contact tolerates a higher electric field than the phosphorus n+-
contact does. The semiconductor junction is then formed at the
p+-contact. The phosphorus replaces the Li-contact traditionally
used in stopping detectors. Also, considering that radiation damage
creates mainly hole-trapping centers, i.e. the detector turns more
and more p-type, a net donor impurity is preferred, possibly even a
little greater than was the case here [19].

The measured resolution for the summed energy is 400 keV for
80 MeV protons. The angular resolution varies slowly with the
relative rigidity of the particles detected, and is in the range 0.4 to
0.5 always better than 2 mrad, according to ray-trace calculations.
The acceptance in the laboratory system is ± 10 mrad at a relative
rigidity of 0.5.

2.2.2 The Mounting of the Telescope

In 1390 the Nuclear Physics Division of Stockholm University made
the first investigations of the possibilities to insert a particle tele-
scope into the CELSIUS ring. It was found that during flat top
(at constant magnetic field), i.e. after injection, acceleration and
cooling of the beam, conditions were acceptable for a solid-state
telescope to be placed in the vacuum chamber. The electron cooling
not only diminishes the energy spread of the beam, but also lessens
its diameter by a factor of ten, to the order of one mm. It was
apparent that, while injecting, cooling and dumping the ions, the
detectors had to be withdrawn from the vicinity of the beam, in



order not to get damaged by particle showers [15].
The device to make these movements of the telescope possible

was designed and built by the workshop at the Physics Department
of Stockholm University. The set-up is attached to one of the valves
of the vacuum chamber, through which an arm passes, holding the
detector mounting.

The charge-sensitive preamplifiers were placed outside the vac-
uum, biit as close to the detector as possible, 30 cm away, inside
a tube which moved with the detector when it was inserted and
withdrawn from the measuring position. This proved to be an area
fairly free from the interference of stray fields in CELSIUS.

A 5-phase stepping motor with a holding brake and position mon-
itoring as added features, propels the screw moving the telescope.
As a safety measure, the holding brake is activated when the current
is switched off. The step angle is 0.72°/0.36° and the resolution is
500/1000 steps per revolution for full/half step. The speed is 20
mm/s, acceleration and deceleration takes 1 s each.

The motor is controlled by the control computer of CELSIUS. All
the movements of the detector during runs are done automatically in
phase with the CELSIUS cycle. In the December 1992 experiment
with a cycle length of 300 s this meant that after injecting the ions
at t=2-8 s, acceleration starting at t=8 s and electron cooling at
t=31 s, the detector started to move to the measuring position at
t=40 s. Measurements were done during flat top between t=53 s
and t=255 s at a distance from the beam to the middle of detector
of the 175 mm. Withdrawal of the detector to a 'parking position'
approximately 300 mm away from the nominal beam center took
place at t=256 s. The possibility of prolonging the cycle to 900 s by
'stopping the clock', an option in the control program, was used in
the second half of the run. Under stable conditions and good quality
injections and cooling this operation increases the data taking time.
Essentially no degradation of the beam intensity occurred during
flat top.

The cooling of the detectors was done with circulating liquid
nitrogen. The detector was mounted on a cold head, inside which
there was a thermoelement that was monitored continuously. A
dewar containing 100 1 liquid nitrogen lasted approximately 24 h.



2.3 Performance of the Solid-State Telescope

Germanium detectors are more advantageous for charged particle
detection in the intermediate-energy range than their silicon coun-
terparts, because of their greater stopping power. One obvious in-
convenience is that they have to be operated at near liquid nitrogen-
temperature, due to the small band-gap (0.7 eV compared to 1.1 eV
for silicon, at room temperature). Another drawback is the damage
incurred in the crystal when exposed to radiation. However, the
susceptibility to radiation depends on the stopping power, and a sil-
icon detector comparable in this respect would be affected in much
the same way. The remedy for radiation damage is annealing, which
can be done over and over again without deterioration of the prop-
erties of the detector [19]. When required, annealing is done in site
without dismounting the detector or breaking the vacuum, which
saves time during runs. The method in use has been to start by
warming the cold head to about 0° C by circulating dry air through
the nitrogen tubes, and then heating the detector up to 100-150° C
by circulating hot air from a blower. Electric heating has also been
implemented which can be controlled from the counting room.

Increasing leakage current is a sign of deterioration of the detec-
tor, and in conjunction with reduced resolution one can conclude
that radiation damage has occurred. Before the experiment the
leakage current of the .E-detector was not measurable at the op-
erational bias 2.2 kV, but with beam on and when moved in the
magnetic field of the dipole magnets, the detector exhibited a min-
imum leakage current of the order of 2 /xA, at times amounting to
more than 5 x̂A towards the middle of the experiment. This made
the bias decrease so much that the detector no longer was fully de-
pleted. This could be observed by a shift downwards in energy of
the peaks corresponding to particles passing through the detectors.
In the data analysis some cycles had to be removed due to degraded
resolution, whereas some data files with moderately shifted spectra
were divided into small parts, which were checked and calibrated
separately. Three hours of annealing at a temperature of 120° C
was enough to restore the thick detector to an acceptable condi-
tion. For the remaining part of the data taking the leakage current
remained at the level 2-3 ^A, and the depletion depth was stable.



It is uncertain whether the crystal really was radiation damaged,
since the annealing time was so much shorter than what has been
reported previously [19]. Possibly there could have been a deposition
on the detector surface that evaporated during the heating.

The AS-element was in good condition throughout the experi-
ment, but part of the resistor network had short-circuited after the
annealing. One of the two signals on the y-side for determination of
the vertical position was lost for the second half of the run.

2.4 Ray-Trace Calculations

Figure 2: Position spectra for the AjS-detector obtained from 90 MeV d + p
breakup reactions gated in narrow intervals in momentum, 0.2 % relative to
the beam momentum. The expected distribution from ray trace calculations for
protons of the same rigidity emitted within ± 10 mrad is indicated above each
spectrum, (a) Protons with relative rigidity 54.75 %. (b) Protons with rigidity
51.95 %, a few percent away from the focus as can be seen by the broader
distribution. The background distributed evenly over the entire detector is due
to scattering off the walls in the vacuum chamber.



Using 90 MeV deuterons on a hydrogen target and a measuring po-
sition 178 mm from the nominal beam center, ray trace calculations
were verified. Protons from break-up reactions cover a wide range
of momenta and were gated in 0.2 % narrow bins of rigidity relative
to the beam, in the range 50 - 58 %. The focussing properties of the
quadrupole and dipole magnets are reflected in the variation of the
width of the distribution with the relative rigidity of the particles.

In Fig. 2 are shown two position spectra gated with two different
intervals, each compared to the expected distribution of the protons
with 98% probability.
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Figure 3: The distance from the nominal beam center to the z-strip hit by the
incoming proton is plotted versus the rigidity relative to that of the circulating
beam. The full drawn line represents the result of a ray-trace calculation for 0°
scattering.

The deviation from ray-trace calculations of the position at the
plane of the detector of the incoming particles scattered at 0° was
found to be systematically around 1 mm, cf. Fig. 3. This could be
due to an uncertainty in the energy calibration or to the circulating
beam not being in its nominal position.
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Figure 4: The stars are the experimental values of the FWHM of the position
distributions. The full drawn line is the theoretical calculation. The dip is where
the horizontal focus occurs.

Experimentally, the focus in the horizontal plane, was found to
be p/Zrei ~0.544(2), to be compared with the focus obtained theo-
retically at 0.542, cf. Fig. 4.

2.5 Position of the Telescope

To confirm the placement of the telescope with respect to the beam,
the two reactions

d + d-> 3He + n (1)

d + d-+ 3He + N + 7T (2)

were used. In the June 1992 run measurements were done at two
positions with the detector centre 136 and 176 mm away from the
nominal beam. At the inner position the 3He-particles from the first
reaction could reach the detector. The relative rigidity, p/Zrei, (3He)
is 0.58 when the 3He-particles are scattered at zero degrees. The po-
sition coordinates of the delected 3He-particles, in comparison with
ray-trace calculations yielded the calibrated distance to the beam.

11



Thus the relative rigidity of the 3 He-ions reaching the detector from
the second reaction could be estimated, and it was found to be in
accordance with a quasi-free reaction: d + p/n —> 3He + TT. This
provided a new calibration point at p/%-ei(

3He) « 0.514 to be used
in the December 1992 experiment. This was advantegeous since we
then, to spare the detectors, could avoid getting as close to the beam
as in the previous run.

2.6 Luminosity Monitors

A monitor telescope consisting of one BGO detector (Bi4GesOi2)
and two AE plastic scintillators was placed at a position 1000 mm
from the target at 50° relative to the beam. The cross section of
elastic ally scattered deuterons was used as a measure of the luminos-
ity. Another estimate was obtained from the 3He-particles detected
in the germanium telescope emanating from reaction (2) mentioned
above.

2.7 Electronics and Data Acquisition

The data acquisition system used has been developed in collabora-
tion with the Instrumentation and System Physics Group at Stock-
holm University. It consists of a PC system con' roller, a SCSI-bus
data acquisition module and an EXA-byte tape station. Informa-
tion from a maximum of fifteen 12-bit NIM-standard spectroscopy
ADCs can be stored. On-line analysis is enabled by a monitor pro-
gram running on the PC [20].

The following parameters were stored on tape: The four signals
from the AE-detector yielding the position information plus the
energy deposited which was given by the summed signals from the
y-side. Also recorded were the two TAC pulse heights plus the
energy signals from the ^-detector, the BGO, and one of the plastic
scintillators.

Furthermore, information from two bit registers were stored. One
recorded the time in the cycle for each event, the other recorded flags
concerning flat top and if the detector was in its measuring position.

12



E-det

dE-det
x1 x2

amp

amp

amp

amp

amp
amp

tfa — cfd

t faHcfd
iac

ade

ade

adc

adc
adc

ade

sea

mon-dE 1

mon-dE 2

mon-E
amp
amp

cfd

cfd
tac

adc

adc

Figure 5: The main parts of the electronics scheme

The master condition to record an event required that there was
a coincidence either in the solid-state telescope or in the monitor:
[TAC(E - A£] or [TAC(BGO-AE2 and TAC(AE2 - AEi)]. Every
cycle start was also recorded.

An outline of the electronics logic scheme is shown in Fig.5.
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3 Data Analysis

3.1 Calibration of Detectors

3.1.1 Position Calibration

5.48 MeV a-particles from a 241Am source, were used for the cali-
bration of the AÆ-detector. The detector could be withdrawn from
the measuring chamber to be calibrated repeatedly throughout the

1K

300 400 500 chan.

Figure 6: Singles spectra for the strip detector for 5.48 MeV a-particles from a
241Am-source . (a) z-spectrum with 66 strips, (b) y-spectrum with 18 strips.
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The two external resistor chains connected to the position sen-
sitive element yielded four signals. Due to the non-linear charac-
teristics of these pulses no straightforward relationship between the
pulse height and the strip being hit could be obtained. An additional
complication was that the spectrum defining the horizontal position
was not fully resolved, in contrast to the peaks of the spectrum
determining the vertical position that were very well separated, cf.
Fig. 6.

Figure 7: Quotient matrix obtained by using a 241Am-source.

In order to obtain a two-dimensional representation of the posi-
tion sensitive detector, it proved to be useful to let the difference of
the two z(j/)-signals, divided by their sum for normalization, deter-
mine the x(j/)-coordinate :

xquotient =
x1-x2

X\ + X2
1- (3)

where x\ and xi are the pulse heights, corrected for zero-shifts, from
the two ends of the resistor chain. Determination of the vertical
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position was done by an analogous formula for y\ and 3/2- The
constants c\ and ci are for centering and scaling the matrix.

As can be seen in the quotient matrix in Fig. 7 there are still
non-linearities present and part of the identification of the different
pixels had to be done individually. This was done the first time the
position sensitive detector was in use. At that time a 24 MeV beam
of deuterons was used for calibration along with the 241Am source.

At later occasions we assumed a relationship between old and
new coordinates. The y-strips were easily identified anew. For each
y-coordinate a polynomial fit was made of the new xquotients as a
function of the former ones.

To determine what pixel had been hit, an algorithm for finding
the most nearby pixel in the quotient matrix created in this manner,
was incorporated into the analysis program.

3.1.2 Energy calibration

V *
V

Figure 8: A AE — E plot of the data from the experiment done in the spring
of 1995. Except for the ridges from stopped particles, there is a peak from
the reaction d(d, N7r)3He. These 3He-ions pass through the detectors. Nuclear
reactions in the £-detector are seen as horizontal ridges.
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The energy calibration of the AE element had to be done for each
pixel separately. The amplitudes of the two signals from each side
were summed in the software. The mean value was used to give the
factor corresponding to each pixel.

At a beam energy of 300 MeV the 3He ions emanating from reac-
tion (1), mentioned in the previous section are fully stopped in the
I?-detector and can thereby be used for calibration.

Particles with different charge-to-mass ratio are well separated
in AE — E plots. In Fig. 8 the ridges represent in turn protons,
deuterons, 3He- and 4He-particles. These ridges are, except for the
collection of 4He-particles, background originating from scattering in
the vacuum chamber. They can however be exploited for calibration
and/or monitoring of the effective thicknesses of the detectors (i.e.
depletion depths).

By calculating the stopping power by means of the relativistic
Bethe-Bloch formula and integrating over the detector thicknesses,
one obtains a theoretical AE - E relation for the specific ion. From
the simple assumption that the energy deposited in the detector is
inversely proportional to the velocity of the ion detected, the con-
stants a and b were fitted according to the relation A E = a + -7=.
The turning point of the characteristic curve appears when the ki-
netic energy of the impinging particle becomes too large for it to be
stopped in the second detector. It then deposits less and less energy
in both detectors and the curve turns backwards in the AE — E
plot.

By comparing experimentally and theoretically the end points of
the curved shapes characteristic for each ion one gets a good idea of
the validity of the calibration. Inversely one can estimate the active
thicknesses of the detectors from the maximum energy deposited in
the detectors.

3.2 Selection of 4He-particles and Experimental Method

A code was written, EDE-CHOICE, for particle identification. ''He-
particles were selected within a range of 3.5 MeV along the curve of
4He in the AE - E plot.

Relative rigidities between 0.45 and 0.50 were accepted as coming
from target. The restrictiveness in not accepting rigidities from 0.42,

17



which corresponds to the 4He-particles scattered at 180°, was due
to background problems.

The summed energy of a detected 4He-particle and its position co-
ordinates in the detector in combination with results from ray-trace
calculations yielded the angle of emission 6 at the target according
to:

e = jel + o* (4)

where 6X and 9y are the projections of the emission angle (small angle
approximation) in the horizontal and vertical planes, respectively,
at the target.

Events corresponding to a larger angle of emission than ± 10
mrad which was the limiting angle for particles coming from target,
were removed.

By detecting one charged particle, information can be obtained
about the remaining reaction products. The angular and energy
information allows the missing mass to be calculated according to
the formula:

Ml = Elt + m2
a- 2BtotEa -p2

d + 2PdPa • cos6 (5)

Any resonance, particle or enhancement of the cross section due
to the production mechanism or medium effects, would show up as
a peak in the momentum spectrum of the 4He, as well as in the
missing mass spectrum. Minimum missing mass corresponds to the
lowest and the highest momenta. The maximun missing mass is
situated in the middle of the 4He momentum spectrum.

18
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acceptance of the detector. The solid line represents a calculation including
effects of phase space and final-state interactions between the two pions

The missing-mass spectrum based on the limited data set from
December 1992 shown in Fig. 9 is taken from Ref. [22].
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4 Summary

The first experiments using a zero-degree spectrometer operated in-
side the CELSIUS ring, have been carried through. The use of
germanium detectors under these special circumstances has been
proved feasible, and techniques of annealing-in-site have been devel-
oped.

It was concluded that the background subtraction had to be fa-
cilitated. By implementing one more A£-detector, which was done
in the April 1995 experiment, the signal-to-noise ratio can be much
improved. With two A.E-detectors we can obtain two conditions for
the particle selection procedure which is an efficient way to discard
events emanating from nuclear reactions in the detector material.

One additional improvement of the charged-particle telescope
that was considered needed, was to simplify the read-out of the
position information. This could be achieved by having individual
read-out of the strips in contrast to the method of resistive charge
division which was the one applied in the experiment described in
this report.

The behaviour of the leakage currents when the detectors are
moved in the magnetic field of the dipole magnets remains to be
understood.

The first result of the measurements of the reaction
d + d —> 4He + 2TT, at an energy of 29 MeV above the 2ir° pro-
duction threshold in the centre-of-mass system, is an estimate of
the total cross section to 40 nb, with an uncertainty of about 50 %.

An account of the data reduction procedure and a preliminary
missing mass spectrum have been presented.
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