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A new experimental setup for light-ion physics located at the CELSIUS
storage ring of The Svedberg Laboratory in Uppsala is now in the commis-
sioning phase. It consists of an internal pellet target station and the WASA
detector covering a solid angle close to 47 steradians. Its central part is
optimized to measure energies of electrons and photons for energies up to
600 MeV. The setup and the initial physics programme is presented as well
as the status of the commissioning.
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1. Introduction

The CELSIUS/WASA, a facility for medium energy light-ion physics at
The Svedberg Laboratory in Uppsala, is now in the commissioning phase.
The experiment is designed to study some rare decays of eta such as n —
ete” and n — mete” with anticipated branching ratios ~10~°. In addition
a wide range of meson production reactions are accessible and can be studied
with high accuracy. The necessary high luminosity of around 1032 cm 25~ ! is
achieved by using a newly developed target system that provides small frozen
hydrogen spheres (pellets) as internal targets in the CELSIUS accelerator.
At present the maximum energy for protons is 1360 MeV and after a planned
upgrade the maximum energy will be increased to 1900 MeV. The main
parameters of the CELSIUS proton beams are listed in Table I.

TABLE 1
Some parameters of the CELSIUS storage ring.
Proton beam parameters: uncooled  cooled
Maximum kinetic energy 1360 MeV 550 MeV
Beam diameter 10 mm 1 mm
Relative momentum spread | 2 x 1073 2 x 107
Number of stored protons 5 x 1019 1 x 1010
Beam current 27 mA 4.5 mA
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Fig. 1. CELSIUS storage ring and the CELSIUS/WASA facility.
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2. Pellet target system

The pellet target system is presented schematically on the left side of
figure 2. A jet of liquid hydrogen is broken up into droplets by a vibrating
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Fig.2. Schematic view of the pellet target system.

of an injection nozzle. The droplets freeze by evaporation in the droplet
chamber and form pellets that are injected into vacuum. After collimation,
the pellets are directed through a thin long tube into the scattering chamber.
This arrangement provides the necessary space to put a 47 detection system
around the interaction region. The pellet target thickness of up to 5 x 10'°
atoms/cm? gives acceptable half-lives of the circulating ion beam as well
as acceptable vacuum conditions. Some parameters of the pellet target are
listed in Table II. The small size of the pellets ensures that the probability
of secondary interactions inside of the target is low. The pellet system was
developed in Uppsala [1] and has been successfully tested at CELSIUS with
hydrogen and deuterium pellets [2].

TABLE 11
Some parameters of the pellet target system.

Parameters of the pellet target:

Pellet diameter 35 um

Max pellet frequency 70 kHz

Pellet stream divergence 0.04°

Effective target thickness 10 — 10 atoms/cm?

Beam diameter 2-4 mm
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3. Overview of the WASA 4r detector

The detector consists of three main parts: a central detector, a forward
detector and a zero-degree spectrometer. A cross section of the central and
the forward part is presented in figure 3.
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Fig. 3. Cross section in the plane of the CELSIUS beam of the WASA 47 detector.

The forward detector covers scattering angles from 3° to 18°. Its purpose
is the measurement of charged target recoil particles and scattered projec-
tiles. The central part of the detector is optimized for meson decay products
like electrons, photons and charged pions. It consists of a cylindrical drift
chamber, placed inside of a superconducting solenoid, and of an electro-
magnetic calorimeter of Csl crystals. Fast signals for trigger purposes are
provided by a plastic scintillator barrel enclosing the drift chamber. The
zero-degree spectrometer is positioned in the accelerator quadrant down-
stream of the pellet target and used for measurement of deutrons, *He and
“He particles scattered at angles below 1° (Table III).

TABLE III

Parameters of the Zero-degree spectrometer.

Sensitive Material CsI and high purity germanium
Range of scattering angle 0°-0.85°

Rigidity range (Zp/pheam) | 0-3-0.95

Energy resolution for helium | 12 % /y/E[MeV] (FWHM)
(CsI variant)
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The forward detector, described in detail in [3], consists of several planes
of plastic scintillators. Four layers, 11cm thick each, are used to measure the
energy of charged particles. The other plastic detectors are used for trigger
and for particle identification. Charged particles tracking is provided by
several layers of thin walled straw tubes. The main parameters are listed in
Table TV.

TABLE 1V
Parameters and typical performance of the forward detector.

Scattering angle resolution < 0.2° (FWHM)
Energy resolution AE/FE 3 % (FWHM)
Thickness 1Xo ~ 50 g/cm?
Maximum kinetic energy for stopping

charged pions 170 MeV

protons 300 MeV

deuterons 400 MeV

alpha particles 900 MeV

In the central detector, charged particles tracks are measured by the 17
layers of individual thin drift tubes (1738 in total). The central drift cham-
ber covers scattering angles between 24° to 159°. The momentum resolu-
tion with magnetic field of 1 Tesla for different particles is given in Table 5.
The superconducting solenoid has to have walls as thin as possible in order
to minimize disturbance on the particle energy determination in the elec-
tromagnetic calorimeter. The wall thickness corresponds to 0.18 radiation
lengths only, a record for this kind of magnets. The plastic scintillator barrel
provides AFE information for charged particle identification.

TABLE V
Parameters and typical performance of the central detector.

Maximum kinetic energy for stopping:
charged pion 190 MeV
proton 400 MeV
deuteron 450 MeV
Energy resolution for:
100 MeV photon 10 % (FWHM)
stopped charged particles 3 % (FWHM)
Momentum resolution for:
electrons (20 — 600 MeV/c) 1 % (FWHM)
7+ and g (100 — 600 MeV /c) 4 % (FWHM)
protons (200 — 800 MeV /c) 5 % (FWHM)
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The electromagnetic calorimeter covers scattering angles from 20° to 169°
(96% of 47 steradians). Its primary purpose is to detect and measure pho-
tons, electrons and positrons with energies up to 600 MeV. The calorimeter
consists of 1012 sodium-doped Csl scintillating crystals. The crystals are
shaped as truncated pyramids and supported on the back end only. They
are placed in 24 layers along the beam. A layer in the central part consists
of 48 identical crystals. The length of the crystals vary from 30 cm (16.2
Xj) in the central part to 25 cm in the forward and 20 c¢m in the backward
part. Each crystal is optically coupled by light guides to the photomultiplier
placed outside of the iron yoke and supplied with an optical fiber providing
light pulser signals for monitoring and calibration purposes. The use of pho-
tomultipliers provides a clear advantage in terms of energy resolution and
timing.

4. Physics programme

The forward detector and 112 crystals of the calorimeter were previously
used for six years in experiments at the cluster-jet target. Studies of near
threshold 7° and 1 meson production in nucleon—nucleon collisions as well as
7T~ pair production were made. Some of the reaction channels were mea-
sured for the first time [4-9]. Other items of interest were bremsstrahlung,
deuteron break-up mechanism, and searches for dibaryon states.

The studies of light mesons production from pp and pd interactions will
be continued with high acceptance conditions what will allow for efficient
identification of mesons production events over a large kinematical range.
The possibility to identify some heavier mesons using different decay modes
will help to control systematic errors. For example the 1 meson could be
identified by its decay into two photons as well as by its decay into three
neutral pions.

Figure 4 shows some mesonic final states that could be studied at CEL-
SIUS in pp, pd and dd interactions. The solid horizontal line represent the
present momentum limit of CELSIUS and the dashed line the limit after the
planned upgrade. The upgrade will open new physics possibilities, like 7’
and ¢ meson production studies.

The collaboration has an extended programme of studies of rare decays
of the n meson. This will allow to search for violations of fundamental sym-
metries and to provide crucial tests of Chiral Perturbation Theory. The most
important production reactions of the eta meson for the decay programme
are summarized in Table VI. Eta mesons for the precise measurements of
the not so rare n — 37 or n — 7%y decays can be produced in pd —3 Hen
reaction close to the threshold where 3He is measured in the zero-degree
spectrometer. For the very rare decays with branching ratios of 1078 the
reaction pp — ppn at 1360 MeV must be used.
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Fig. 4. Particles that can be studied at CELSIUS/WASA.
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TABLE VI
Production reactions for the n decay programme. Rates are estimated for a lumi-
nosity of 1032 cm 2571,
Reaction pp — PPN pd — *Hen
Tp[MeV] 1360 1500 895
Cross section 5 ub 25 ub 0.5ub
Useful rate (ns/day) 2x107  1x10%® | 2x10°

Tagging resolution (FWHM) | 5 MeV 10 MeV | <1 MeV

5. Status of the commissioning

The main parts of the detector have been installed at CELSIUS. The pel-
let system is being tuned for proper performance with the CELSIUS beam.
Tests of the individual detector elements were done during the installation
phase. Now readout electronics is being installed and the different detector
systems are tuned in regular runs. In 1999, runs were carried through with
most of the plastic scintillators and an increasing number of Csl crystals
connected (now all crystals are connected). The forward detector with its
drift chambers were verified to work properly. The basic performance of the
central drift chambers were studied and a few layers were tested. The data
acquisition system and digitizing electronics for the large amount of channels
and the anticipated high luminosity runs are being developed. The goal is
to be able to start regular meson production runs in the fall using most of
the detector.
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