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ABSTRACT 

To study magnetic after-effects in ferro- and superpara
magnetic materials within a range of about 100 ys - 10s 
a so- called dynamic neutron depolarization system has 
been developed that is currently installed at the polarized 
beam facility of the TRIGA Mark II reactor, Vienna. It 
allows to measure the time dependence of the polarization 
change of an initially fully polarized neutron beam on its 
transmission through a sample exposed to a pulsed magnetic 
field. A split-pair coil mounted directly on the nitrogen 
shield of a specially designed helium/nitrogen bath cryostat 
can be energized up to a maximal induction of 0.25T at a 

3 -1 slope of about 10 Ts . Sample temperatures in the ranges 
of 4.2-15K and 77-120K can be established. In order to 
minimize eddy currents the coil suspension as well as the 
sample holder are sliced radially. The maximal repetition 
frequency of the field pulses is 100 Hz which is the upper 
limit of the multiscaler system we use for a synchronized 
registration of the beam polarization. 
First measurements are dealing with the superparamagnetic 
system Cu-1%Co where single domain cobalt precipitations 
are expected to give rise to relaxation phenomena well 
observable with this method. 
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1. INTRODUCTION 

The neutron depolarization technique, making use of the 
occurence of Larmor precession induced changes of the 
effective beam polarization at the passage of polarized 
neutrons through nonuniformly magnetized materials, has 
been applied extensively during the last years to in
vestigate the properties of ferromagnetic domain structures 
/1-7/, the mixed state of type II superconductors /8/fand 
of the critical phenomena at magnetic phase transitions 
/9-14/. Introducing threedimensional polarized analysis 
Rekveldt /4,6/ thereby could extend the scope of this 
static depolarization method to allow for a detection of 
correlations between domain shape and magnetization direction 
as well as orientational correlations between neighbouring 
domains. Recently Van Schaik & Rekveldt /15/ have reported 
on a new time resolving depolarization technique they used to 
verify domain wall bowing within a FeSi picture frame single 
crystal exposed to a small (̂  2.5 G ) pulsed magnetic field. 

In this paper we propose in turn to apply time dependent 
neutron depolarization to obtain valuable information about 
the dynamics of so-called magnetic after-effects which 
manifest themselves macroscopically in a delayed response 
of sample magnetization to a change of the externally applied 
field. 

Such a "magnetic viscosity" can be observed principially in 
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any ferromagnetic material. Its size, however, may differ 
as many orders of magnitude don't only strongly depend 
on the temperature but also on various micromagnetic 
mechanisms, contribuing mainly to the reduction of Bloch 
wall mobility and to the magnetocrystalline properties 
(anisotropy, lattice imperfections, etc.) of the sample 
/16-21/. Recently, magnetic relaxation processes of single 
domain particles have attracted considerable interest. 
Their quasistatic behaviour is described by the super
paramagnetic theory /22/. Such particles are found for 
example in micropowdered samples and magnetic liquids /23/ 
but can also exist in bulk material in form of cluster
like magnetic precipitations within a nonmagnetic host 
crystal /24/. 
The development of this new dynamic depolarization facility, 
designed for the investigation of after-effects within a 
range of about 100 us - 10 s with pulsed fields of up to 
2.5 kG and sample temperatures around 4.2 K and 77 K, 
respectively, has been started about a year ago. Up to now 
its installation at the TRIGA MARK II reactor of our 
institute has been completed, thus allowing the performance 
of first test measurements . In the following we present the 
essential constructive details of our instrument and point 
out the main problems that have to be overcome for its 
proper operations. 
2. DESIGN OF THE INSTRUMENT 
We have made the dynamic depolarization equipment 
at the existing double axis spectrometer setup, partly 
described in /25/. A schematic sketch of the experimental 
arrangement is shown in Fig. 1. For the given non -
dispersive setting of the two saturation magnetized 
Fe o C o no single crystals acting as neutron polarizer 
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and analyzer, respectively the mean wavelength of the 
neutrons is 1.4 A at a spectral width of roughly 1.8% 
(divergency of the in-pile soller collimator 30*).At a 
stationary reactor power of 250 kW the neutron flux at 

-2 -1 detector position is 45 + 3 ncm s for an empty beam 
2 

path. The effective polarization product DP P =;DP 
(P- polarization efficiency of polarizer and analyzer, p, a 
D depolarization coefficient of the apparatus) is as high 
as 0.96 + 0.01, provided that an adiabatic magnetic 
guide field along the beam trajectory between both crystals 
keeps nonadiabatic depolarizing effects small, i.e. D>0.98. 
The essential part of the new instrument is a nitrogen/helium 
bath-cryostat to which a split pair solenoid system is 
detatched. to apply a pulsed magnetic field to the sample. 
A cross-section view of this cryostat is given in Fig.2. 
Two cylindrical coils each of which made of 184 windings 
of enamelled copper (2 mm $) are arranged symmetrically 
above and below the beam propagation plane at a total 
spacing of 10mm. The aluminium solenoid frame essentially 
has the shape of two concentric hollow cylinders sealed 
at top and bottom by means of disk covers. Since in this 
way a nearly perfect circular conductor is established 
within which any time variation of the magnetic field 
generated by the coils would cause enormous eddy currents 
to flow, a 1 mm vertical slit (filled with insulating 
material for safety reasons) from the outer to the inner 
diameter of the solenoid frame interrupts this current 
'.oops, at least to first order. A further horizontal boring 
of 10 mm diameter with cadmium diaphragms at both ends pro
vides for the passage of the neutron beam. 

Cooling of the coils is achieved by fitting the aluminium 
solenoid tubus in place of the original nitrogen temperature 
shield directly to the liquid nitrogen reservoir of the 
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cryostat. To improve the heat transfer conditions 
each layer of the copper coil windings was coated with 
silicon grease before bringing up the next one. To 
avoid excessive heating of the solenoid system its 
temperature is monitored by means of a copper-constantan 
thermocouple mounted at the bottom of the tubus near 
the inner cylinder where the thermal resistance with 
respect to the nitrogen reservoir reaches approximate
ly its maximum. For both coils connected in series the 
measured total inductance is 3.3mH. The ohmic resistance 
without external leads (MOm^) is found as 643 mft at 
room temperature and 156 mQ, at 115 K v/hich is in excel--1 lent agreement with the expected 0.41 % K decay for 
copper in this temperature range. At a solenoid tempera
ture of 82 K that was achieved after a cooling period 
of 1 hour with liquid nitrogen /filled within the outer 
shielding reservoir as well as the main sample bath volume, 
the resistance is 108mfi. 
The sample is introduced into the central field region 
by means of a vertical copper rod of 10 mm reaching on 
top into the main liquid helium/nitrogen bath at a length 
of 20mm. Radial slits of 0.3 mm width,cut in by means 
of a spark erosion technique,subdivide its lower part at 
a length of 55 mm into six sectors in order to suppress 
eddy currents as far as possible, maintaining, however, 
high thermal conductivity. At the bottom end one of the 
slits is enlarged to about 1 mm to support an aluminium 
sheet whose size and aperture can be matched to the dimensions 
of the sample (max. 20 x 20 x 5 mm). Sample, temperature 
sensors (thermocouple, gallium-arsenide diode) and a resis
tive heating element for temperature variation are glued 
to this sheet with low temperature adhesive. Power is 
supplied to the solenoid via a vacuum feed-through at the 
bottom of the outer cryostat shell. 
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As mentioned at the beginning the magnetic field between 
polarizer and analyzer should be adiabatic, i.e. any 
spatial variation of the field should occur at a distance 
largelycompared to that corresponding to one Larmor-period 
of the neutrons, in order to avoid depolarization effects 
other than those induced by the sample. Without special 
precautions this condition is certainly not fulfilled 
at the field nodes appearing somewhere at the crossover-
region from the outside return field to the center of the 
solenoid. The most elegant way of cancelling the field 
nodes along the beam line certainly is to introduce 
a crucial asymmetric shaping of the split coil pair /26/. 
For the purpose of demonstrating dynamical depolarization 
the first time we have chosen, however, the coil pair 
to be symmetric because of its very simple construction, 
though in the future an asymmetric design might prove • to 
be indispensable. By placing the whole in-beam part of 
the cryostat within an electromagnetic guide field of 
about 2.5mT, consisting essentially of a large (50 x20 x20 cm) 
rectangular coil whose windings are bent off the beam direc
tion at the neutron entrance and exit faces, we were only 
partly successful in avoiding depolarization as the 
cryostat solenoid field was switched on. It is ,: however, 
likely , that the presently utilized improved version of 
this guide field will overcome such troubles. On the other 
hand, with the dynamic depolarization method in practice 
one still obtains sufficient information when starting the 
polarization registration immediately after the sample 
magnetizing field has been switched off rapidly. 

3. ELECTRONIC EQUIPMENT 
To produce a pulsed field of variable, but well-defined 
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magnitude, duration and repetition rate the solenoid 
is connected to a power pulse-generator whose electrical 
circuit diagram is shown schematically in Fig. 3. The 
solenoid current supplied by a 28 V/30 A DC-source via 
a series regulating circuit is chopped by means of a 
high voltage transistor switch S which in turn is con
trolled by a digital timing unit. The regulator is fed 
from the current proportional voltage difference sensed 
across a 10mft manganin resistor R . It stabilizes the 
peak current independently of the duty cycle to a value 
between 0.5 and 26 A that can be preset by an external 
potentiometer and corresponds to a magnetic field at the 
center of the solenoid of 5 to 250 mT. 

Instead of speeding up the switching times of the field 
pulses by means of a large, excessively power dissipating 
series resistor we have implemented a more economic tyristor 
tor controlled capacitor charge and discharge system. 
During the pause between two successive pulses a capacitor 
C is charged via the resistor R and the thyristor switch 
S up to a voltage U that can be varied between 0-450V. a c 
As a pulse is to be shot the capacitor is discharged into 
the magnet coil by means of thyristor S,. At the end of the 
field pulse the (rapid) exponential decay of the current is 
somewhat linearized .und thus the effective fall-time further 
decreased by shunting the discharged capacitor via thyristor 
S, to the switching-off transistor S . In this way we obtain 
for a 150mT peak field a rise-time of 100 ys and a fall-time 
of 80 ys. V symbolizes a clamping network that prevents 
transistor damage from excessive voltage ratings. 
The timing unit housedwithin a standard NIM-module is designed 
in positive TTL logic. It provides for all control sequences 
and trigger signals necessary for a correct operation of the 
power switching unit. Derived from a 1 MHz quartz oscillator 
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time increments between 1 ys and 1 s are available. Two 
digital 4-decade preset-: switches allow to vary both the 
repetition time and the duration of the field pulses in 
units this time base. The shortest meaningful pulse is 
about 100 ys , the maximum repetition rate is limited 
to 100 Hz as the upper frequency accepted by the ORTEC 6240 
multiscaler system we use for data registration. 

A block diagram of the complete electronic equipment of the 
dynamic neutron depolarization facility is shown in Fig. 4. 

4. PRELIMINARY TESTS 

Since at the very.beginning the first priority is to bring 
the new instrument generally into operation we tried to 
avoid complications as far as possible at this preliminary 
stage and have therefore not done any measurement at helium 
temperatures. With the cryostat, filled with liquid nitrogen 
first of all the influence of thermal power dissipation in 
the solenoid on the temperature of the sample was investigated. 
The cryostat was cooled down during one hour without supply 
of electric power. After this the temperature at the 
aluminium sheet of the sample holder was measured as 77 +'2 K, 
the solenoid tubus thermocouple indicated a temperature 
of 82 + 3K. Then a current of 5 A,switched on and off every 
200 ms,was fed into the magnet coil. After another hour 
the temperatures were checked again and no change of sample 
temperature was found whereas the reading of the solenoid 
thermocouple did raise to 84 + 3 K. After increasing the 
current amplitude to 10 A and waiting again one hour the 
indicated temperatures were 97 + 4 K and 78 + 3 K, respective
ly. Proceeding in the same way with a current of 15 A^which 
corresponds to an induction of 145 mT,the temperatures were 
increased to respective values of 130 + 5 K and 80 + 3 K. 
At this high solenoid temperature, however, the nitrogen 
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consumption - though not determined explicitely -
was apparently too large to be tolerable for a long-
term measurement. As a further current step there
fore seemed not to be feasible, we cooled to base 
temperature again and repeated the 5 A measurement 
with the same duty cycle of 0.5 but the pulse repetition 
time with 20 ms by an order of magnitude larger than 
before. In this way the relative contribution of the 
eddy currents to dissipated power is 10 times larger, 
too , manifesting itself in an increase of solenoid 
temperature to 96 + 4 K which is to be compared with the 
82 K measured previously. The temperature of the sample 
holder remained unchanged again, however. Since for a 
real experiment it is not absolutely necessary to have 
the magnetic field switched on during half of the 
measuring time, the conclusion can be drawn from the 
above cooling tests that at least for nitrogen but very 
probably also for helium temperatures proper performance 
of the cryostat is achievable in the whole range of field 
strength. 
As a first example of dynamic depolarization we measured 
the time dependence of the polarization on transmission 
of the beam through a Cu - 1%Co single crystal. In this 
sample coherent ferromagnetic precipitations are embedded 
into the non-magnetic Cu-matrix which at a mean radius of 
approximately 150 A are not completely rotational symmetric 
but are elongated by about 3% into the [100] crystal 
directions. Annealing of the crystal above 1270 K within 
a strong magnetic field directed into one of these 
directions transforms the precipitaions to rotational 
ellipsoids with corresponding uniaxial anisotropy /24/. 
As no magnetic long range interaction exists between 
these single domain particles their quasistaic behaviour 

5-63 



is usually referred to as "superparamagnetic". When placing 
it into the cryostat from our slab-shaped sample we only knew 
the [Oil] orientation of the crystal surface that was 
placed normal to the beam. A static depolarization measure
ment without the so'lenoid field switched, on yielded depolari
zation coefficients of the sample of 0.83 + 0.02 at room 
temperature (296 K) and 0.80 + 0.02 at nitrogen (77 K) tempera
ture. Fig. 5 shows the result of the dynamical measurements 
performed with field pulses of 100 mT amplitude whose duration 
and repetition rate were x = 10 ms and = 25 Hz, respectively. 
The registration of polarization was started when the 
solenoid current was switched off. The effect of neutron 
time-of-flight between sample and detector is indicated,too. 
Since all depolarizing eddy effects with a pure copper 
measurement, performed under identical conditions, vanished 
within about 1 ms, the observed oscillations of the effective 
polarization are most probably due to reorientation effects of the 
Co-cluster magnetizations. From such a preliminary test measure
ment, which suffers furthermore from the fact that due to the 
earlier mentioned field-node depolarization effects.arise, hardly 
any information can be obtained about the sample behavior as 
long as the field is switched on. It is not possible to find 
out the exact physical mechanisms behind them. For this purpose 
a lot of thorough and intensive investigations will still be 
necessary. 

It shall finally be mentioned that beside our immediate aim 
to improve the performance of the instrument either by 
redesigning the magnetic guide fields or by introducing an 
asymmetric split-pair coil system we also plan to include 
three-dimensional polarization analysis in the dynamic neutron 
polarization method. In this case, however, it is analogous 
to the static technique a priori not possible to have the 
sample exposed to a magnetic field during the registration 
of polarization . 
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LIST OF FIGURES 

Fig. 1: Sketch of the experimental setup. 
Fig. 2: Cross-sectional view of the in-beam part 

of the cryostat. 
Fig. 3: Schematic electrical circuit of the power 

pulse- generator. 
Fig. 4: Block diagram of the complete electronic 

equipment of the dynamic depolarization 
instrument. 

Fig. 5: Effective beam polarization at transmission 
through a Cu - 1 % Co sample as function of 
time after switching off the solenoid current. 
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