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The polarized internal gas target of ANKE at COSY/Jülich requires a dedicated storage cell to increase the target density.
In the paper we present studies of the beam parameters at the ANKE target position. The optimization of the storage cell
support mechanism and the beam tube cross section is described as well.

1.

Introduction

Polarization data are necessary to remove ambiguities in
the interpretation of unpolarized data like differential
cross sections. Experiments with both beam and target
polarized are of importance to complete the data
obtained with single polarization of beam or target only.
Double-polarized experiments in storage rings request
beams of high intensity, high degree of polarization,
flexibility in changing the polarization parameters and
pure highly polarized targets of reasonably high areal
density.
Since 2005 the ANKE experiment at COSY/Jülich
is equipped with a Polarized Internal gas Target
(PIT) [1] (shown in Figure 1), which consists of an
Atomic Beam Source (ABS) [2] feeding a storage cell
(SC) and a Lamb-shift polarimeter (LSP) [3]. The
equipment is mounted on a special bridge located
between the beam bending magnet D1 and the
spectrometer magnet D2. The large-volume target
chamber is supporting the storage cell together with the
Silicon Tracking Telescopes (STT) [4]. The Lamb-shift
polarimeter, installed below the chamber, is used for
online tuning of the transition units of the ABS and is
capable to monitor the atomic polarization of the ABS
beam during experiments.
A key feature of the ongoing and planned
experiments at ANKE is the use of polarized beams and
targets which allow performing double-polarization
measurements [5]. First experiments at ANKE with
polarized hydrogen or deuterium targets are focus on
the measurements of the spin correlation parameters. It
is an important part of the experimental program at
ANKE [5, 6].

Figure 1. Photo of ANKE with the Polarized Internal Target (PIT)
installed between the beam bending magnet D1 and the spectrometer
dipole magnet D2. The main components of the PIT system are:
Atomic Beam Source (ABS), Lamb-shift Polarimeter (LSP), and the
target chamber supporting the Storage Cell (SC) together with Silicon
Tracking Telescope (STT) system. The COSY beam enters the setup
from the left.
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2.

The COSY beam parameters studies

The goal of the COSY beam parameters studies at the
ANKE target position was to measure the beam size at
injection energy and after acceleration to the energy of
the experiment. Prior to these tests, it was not precisely
known which size the COSY beam has. Based on these
findings the lateral cross section of the storage cell for
the polarized internal gas target was estimated [7].
Depending on the size of the cell and the luminosity
requirements for the beamtime one can calculate the
losses at injection and the necessity of a stacking
injection procedure at COSY.
2.1. Setup for the measurements
For the scraper measurements, a dedicated support
system has been constructed (Figure 2). It consists of
two three-axis XYZ manipulators, which support a
frame with a set of diaphragms. This setup must operate
in the stray field of the spectrometer magnet D2. Thus,
in order to avoid magnetic forces, the frame and the
diaphragms were made from aluminum. The large
diaphragm dimensions (25 ver 50 hor mm2) were chosen
to be substantially larger than the expected beam size at
injection. Several small diaphragms (10 ver 30 hor mm2)
with much smaller dimensions than the beam were
installed in the support frame. They were used to
estimate how many particles could remain in the beam
with a storage cell of this cross section.

frame could be moved by precise stepper motors with a
step size of 0.25 m. The stepper-motor system is
equipped with position sensors to control the accuracy
of the positions of the diaphragm.
2.2. Beam size and beam emittance measurements
Every new injection the large diaphragm was centered
on the beam. For the measurement process, it was
moved sideways in horizontal (or vertical) direction.
After each measurement, prior to the next injection,
the diaphragm was returned to the initial position.
The resulting beam intensity distributions (the
horizontal scan is shown in Figure 3) can be described
with a Gaussian function, using
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Figure 3. Number of stored particles at injection energy as function of
horizontal position at 45 MeV at the ANKE interaction point.

A careful analysis using the error matrix was
carried out. Within the derived uncertainties no change
of the beam parameters is observed with or without
ANKE cluster target. Therefore, using the known
functions (including an error of 10 %), the 2 -beam
emittance was determined. The results are listed in
Table 1.
Figure 2. ANKE target chamber with XYZ manipulators and frame
with diaphragms.

2.3. Results of the COSY beam studies

The setup was mounted on a rectangular flange of
the ANKE target chamber (see Figure 2). The support

During the measurements with the small diaphragm,
single injections showed that not more than 10% of the
initial beam intensity could be stored, and after
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Table 1. The COSY beam size and emittances at injection energy
45 MeV and after acceleration to 2.65 GeV

x
y

At injection 45 MeV
emittance
,
(2 )2/ ,
mm
mm mrad
7.58 ± 0.12
85.12 ± 8.93
3.67 ± 0.06
19.24 ± 2.02

After acceleration 2.65 GeV
emittance
,
(2 )2/ ,
mm
mm mrad
1.19 ± 0.02
2.19 ± 0.23
1.72 ± 0.05
3.82 ± 0.43

3.2. Beam intensity at COSY

acceleration the beam was completely lost. Apparently,
the orbit motion in the machine during acceleration
requires
the
vertical
dimension
of
the
fixed storage cell tube to be larger than 15 mm [7].
Thus, for experiments at ANKE, the beam tube cross
section should be 15 ver 20 hor mm2, where the
horizontal cell size of 20 mm is chosen to ensure
high intensity at injection (see Table 1).
3.

of the storage cell with various unpolarized gases
(hydrogen, nitrogen, etc.) with calibrated flux.

To compensate beam losses on the storage-cell walls
and increase the beam intensities, all available COSYtechniques like electron cooling, stacking injection and
stochastic cooling, can be used. In addition to these
methods, the scraping of the accelerated beam before
data taking minimizes the background coming from
interactions of the beam halo with the cell wall.

From a fixed to an openable storage cell

3.1. Fixed storage cell
After the COSY beam studies were finished the frame
with diaphragms, storage cell and its moving
mechanism were upgraded. The storage cell body was
produced from a 25 m thick aluminum foil, with an
inner surface covered by ~ 5 m Teflon. With one
XYZ manipulator and a new support holder (shown in
Figure 4), the setup become more flexible and requires
less space in the target chamber. The parking position of
the fixed storage cell allows removing it completely
from the beam. Thus, other experiments could operate
without breaking of the vacuum and dismounting the
target chamber flange with the storage cell.

Figure 5. The number of stored protons in the ring during stacking
injection through the storage cell followed by 10 s of electron cooling
and accelerating to the flat top energy.

After optimization of the acceleration procedure
almost 99 % of the particles could be accelerated
to the flat top energy. Switching off the feeding of the
storage cell during cooler-stacking and electron cooling
prior to the injection increases the COSY beam intensity
and requires less stacking injections. In January 2007,
during one of the experiments with polarized hydrogen
gas target, after stacking injection 7 · 109 polarized
deuterons were accelerated to 1.2 GeV through the fixed
storage cell with a rectangular beam-tube dimensions of
15 ver × 20 hor 390 long mm3 and 150 mm long feeding
tube with diameter of 15 mm using (see Figure 5). The
value of the polarized target thickness of 1.34 · 1013cm-2
led to a luminosity of L ~ 1.0 · 1029 cm-2s-1.
3.3. The openable storage cell

Figure 4. Supporting mechanism for the fixed ANKE storage cell.

The supporting mechanism allows installation of
the silicon tracking telescopes 10 mm behind the cell
walls. An additional tube on the support allows feeding
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After several experiments with the fixed storage cell
were successfully completed it becomes clear: future
experiments will require an upgrade of the luminosity.
A storage cell of smaller cross section can partly solve

this problem without big investment into the COSY
machine. It can only be done if the cell will be opened
during injection and acceleration procedures. The
experiments will have some more advantages:
No losses on the cell walls during injection.

The mechanism to open and close the storage cell
was designed to allow installation of 4 silicon tracking
telescopes around the cell (see Figure 6). The space
limitation leaves almost no freedom for the
construction. The opening of the cell was done in
vertical direction.

No need to use stacking injection.
Increasing of the target density by minimizing the
cross section of the storage cell beam tube.
All these improvements will lead to shorter dead
time during the cycles, increased luminosity and clean
data at the same time.
Using the MAFIA code of the ANKE ABS, all
possible configurations of the feeding and the beam
tubes of the storage cell were simulated. Results are
presented in the Table 2. The optimal openable storage
cell should have a round feeding tube of 11 mm
diameter and length of 140 mm. The rectangular shape
beam tube of 11 x 11 mm2 should have round corners
with bending radius of 2 mm. Compared to the fixed
storage cell a factor 3 in the polarized hydrogen target
density can easily be achieved.

4.

The fixed storage cell for the ANKE experiment was
commissioned with polarized hydrogen target density,
obtained in several beam times, was 1.34 · 1013 at/cm2.
A first prototype of the openable storage cell was
installed at ANKE in spring 2011. Unfortunately, after
several operating cycles it stopped to close tightly
because the mechanism was damaged during
installation. The configuration of the openable cell
will allow to increase the polarized target density
up to 4.7 · 1013 at/cm2.
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