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The 2011 measurement period of COMPASS began with a fresh ammonia (NH3) target. The material was prepared in
collaboration between the polarized target group in Bochum and in Bonn, in which the necessary paramagnetic centers
for the dynamic nuclear polarization effect (DNP) were produced by irradiation. In this publication, the production
routine of the target material as well as a comparison with the 15 years old material will be shown, which was initially
produced for the Spin Muon Collaboration (SMC). In spite of the unexpected behavior of the new material, first
polarization data at COMPASS shows an improvement compared to the run in 2010.

1.

Introduction

To solve the question of the spins nature, scattering
experiments with a known configuration, in respect to
their spin orientation, are necessary. At CERN, the
COMPASS experiment [1] combines a polarized muon
beam with a polarized target, whose orientation of the
polarization can be change easily. The target system
consists of a dilution refrigerator, which can achieve a
minimum temperature of ~ 50 mK, two magnets, a
solenoid and a dipole with 2.5 T and 0.63 T,
respectively, the 120 cm target holder with 3 cells
(upstream, central, downstream) and two 70 GHz
microwave systems, whose one source feeds the central
cell and the other source powers the up- and
downstream cell together. Therefore the up- and
downstream has the same sign of polarization anytime.
The orientation of the dipole's field is perpendicular to
the field of the solenoid; this allows to rotate the
polarization by 180° in the opposite direction or to
switch into the transverse mode, in respect to the beam
direction.
The new material replaces the 15 years old
ammonia, which was already used in the SMC
experiment in 1996 [2] and also produced in Bonn. A
proton polarization of about 90 % was achieved in due
time. Besides, this target material was also used in the
COMPASS experiment in 2007 and 2010, recently. In
2007, a proton polarization of 80-90 % was achieved
during the peroid of data-taking; it took 50-60 h to hit a
feasible maximum [3]. In 2010, only around 80 % were
obtained with a similar build-up time. To estimate the

suitability of a material as a polarized target, a factor
called figure of merit (FOM) is used. However, the
FOM is inversely proportional to an estimation of the
running time of the target to get a chosen accuracy.
running time for

1

a chosen accuracy

f 2 PT2

,

(1)

figure of merit

where
is the packing factor, - the density of the
material, f - the dilution factor a and PT the polarization
of the target. The quadratic dependence of the
polarization gives us the motivation to produce a new
target material and to improve the FOM compared to the
2010 period.
2.

Production

2.1. Ammonia
Ammonia NH3 is a colorless gas with a strong pungent
scent. In addition, it is highly toxic and the handling
with protective equipment only is recommended.
Besides, the advantages are the relatively high boiling
and melting points, with -33 °C and -78 °C,
respectively. Those temperatures can be easily achieved
with liquid nitrogen and a buffer medium.
2.2. Preparation
The set-up of the solidification device basically is that
one in Ref. [2], to freeze the ammonia slowly. A covered
glass vessel is embedded in an ethanol bath and filled
a
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The ratio of polarizable nuclei to the sum of all nuclei
in the target.

with ammonia gas. Cold nitrogen gas passes through
tubes, which are in the bath, and cools the ethanol on
this way. The flow of the nitrogen gas is regulated by
temperature-controlled valves.
First, the ammonia has to be liquefied by reducing
the temperature of the ethanol below the boiling point.
After enough ammonia was liquefied, a further
reduction of the temperature leads to freeze the
ammonia. Due to the pressure reduction in the vessel, a
compensation gas  here argon  has to be filled in to
avoid the triple point of ammonia.
After the ammonia is totally frozen, liquid nitrogen
is poured into the vessel and the ammonia is cracked
with a pick. Afterwards, the ammonia pieces were
sieved to the desired size of 2-3 mm. Little white
transparent beads were the result and the whole procedure took about 6-8 hours to produce approximately 70
ml of solid ammonia. The next step is to create the
necessary paramagnetic centers by irradiation.
2.3. Irradiation
The solid ammonia had to be moved to the ELSA b
facility in Bonn. The injector unit LINAC1 was used to
irradiate the ammonia by shooting 20 MeV electrons
onto it.
A special apparatus [2] kept the ammonia under
liquid argon at -186 °C (87 K) all the time; this argon is
a part of a closed circuit in which the liquefaction is
triggered by its pressure. At high pressure, liquid
nitrogen is automatically filled in a containment where
the heat exchanger is located. Is the pressure below the
threshold, the filling stops and therefore the
liquefaction. This regulation keeps the level of the
liquid argon constant.
Due to homogeneity reasons, the sample container
was rotating all the time and the electron beam moved
up and down. The motivation of this sweeping is the
size of the beam spot; the diameter was too small to
cover the full vertical range.
Some characteristic of the beam are a 50 Hz
repetition rate and 200-300 nC per bunch. An
irradiation period took usually 9-14 h to get a total
charge of 0.5 C, depending on the charge per bunch.
This is the reference value of the 1995 irradiation
session. All in all approximately 1.5 l of irradiated
ammonia were produced. A visual feedback, that the
material was irradiated  at least recently  is the lilac
color change of the material.

3.

3.1. Spin densities
The responsible paramagnetic centers for the DNPprocess were identified as the NH 2 radical by Dostert
et al. [4]. To measure the density of such centers in the
material, EPRc measurements were performed. The
average spin density was measured to (4.24 ± 0.23)·1019
spins/g over all 9 irradiation runs, from january to
march 2011. The measured value for the 15 years old
material is (3.9 ± 0.6)·1019 spins/g [5], which is
continuously stored since 1995 in liquid nitrogen and
the lilac color has vanished completely from it. Beside
the color, there is no big difference between those.
3.2. Relaxation times
To verify the polarizability of the fresh ammonia,
measurements at 2.5 T and ~ 1 K were done. The first
results looked a bit disappointing at the very moment.
Only 5-6 % of proton polarization could be achieved,
with a very short relaxation time of about 1 minute.
Table 1. Relaxation time of the new material after different time spans

ELektronen-Stretcher-Anlage.

time after

Temperature,

relaxation time,

irradiation

mK

s

4 days

977

59 ± 2

2 weeks

1040

80 ± 2

~ 2 month

1030

77 ± 2

~ 6 month

1030

107 ± 6

~ 8 month

1070

135 ± 5

The old material at nearly the same external
conditions had a relaxation time of 40 minutes. Later
measurements of the new material shows an extension
of the relaxation time as expected, because the
irradiation products are more or less stable at 77 K d, see
Table 1.
The low polarization is a consequence of the fast
relaxation of the protons, but at lower temperatures the
fast relaxation is irrelevant in the so called frozen spin
mode at < 0.1 K; our experience with the frozen spin
mode predicts a relaxation time of > 1000 h. Table 2
shows the sensitivity of the relaxation time due to the
change in the temperature for the old material.

c
b

Measurements

d
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Electron Paramagnetic Resonance.
Temperature of liquid nitrogen in the storage dewar.

Figure 1. X-band EPR spectra of ammonia, measured in 2011. a) spectrum of the 15 years old ammonia; b) spectrum of the new produced
ammonia.

Table 2. Relaxation times of the old material
temperature, mk

relaxation time, min

1170

17.3 ± 0.4

940

39.2 ± 0.3

910

48.6 ± 0.3

870

52.0 ± 0.4

Along with the fast relaxation comes also a fast
build-up of the polarization. Under our conditions we
got times of about 10 minutes and less, and the fast
build-up is also a benefit for the COMPASS
experiment.
Concerning the relaxation times, there is a big
difference between the new and the old material.
Another interesting point is the EPR line shape.
3.3. EPR line shape
In Figure 1, the shapes of the EPR lines  measured in
2011  are presented and there are significantly
different from each other. Although the peaks are
recognizable as the typical hyper fine structure of the
NH 2 radical in both figures, but some peaks of the
new material are more prominent compared to the older
material. It seems that an additional structure is
overlaying that one of the NH 2 radical. In Ref. [4], the
EPR spectra of ammonia, shortly after the irradiation,
are similarly to the newer material as to the old one. So
this additional structure has vanished in 15 years of
storing in liquid nitrogen.

Figure 2. Preliminary results of the proton polarization for the period
P3 2011.

3.4. The fresh target at COMPASS
At the end of may 2011, the new target was loaded and
the first polarization tests were done. In Figure 2, the
preliminary proton polarization data for the SPS e,
period P3 is shown. An average polarization of about
90 % could be achieved over a feasible data-taking time.
In addition, the build-up time is shorter compared to the
times in 2007 and 2010; only around 30 h are necessary
to get the desired polarization value, see Figure 3. The
external conditions during data taking are a 2.5 T
magnetic field and a temperature of ~ 60 mK. First
calculations gave a relaxation time of ~ 9000 h and
~ 4000 h at 2.5 T and 1 T, respectively.
e
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Super Proton Synchrotron the beam source for the
COMPASS experiment.

polarization of ~ 10 % - see Eq. (1) - the necessary
beam time for a chosen accuracy was reduced in order
to make even more interesting physics.
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