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Directors’ report

Successful Nuclear Commissioning of the FRM-II

Professor Heinz Maier-Leibnitz is
the founder of Neutron Physics in
Germany and Western Europe. He
had built the Atomic Egg and later
on the famous neutron research fa-
cility, the Institute Laue Langevin.
From now on the TU München
honors its famous physics teacher
by calling its new neutron source
"Forschungs-Neutronenquelle
Heinz Maier-Leibnitz". For a while
the well known shortcut FRM-II will
also stay in use.

The outstanding event of the past
year definitely was the success-

Figure 1: Insertion fo the first fuel element into the reactor

ful nuclear commissioning of the
FRM-II. On 2nd March 2004 at 2:01
pm the FRM-II produced its first
neutrons by a self-amplifying nu-
clear reaction. During the following
months the FRM-II ran on "cook-
ing power", i.e. with power lev-
els in the order of some 1 - 100
kWatt in order to measure its es-
sential nuclear parameters. On 20th

March a power level of 2 MWatt
was reached. The full power of
20 MWatt showed up on the power
meters on 24th August for the first
time. Finally on 21st October 2004

the equivalent of 52 full power days
was achieved and the nuclear com-
missioning was ended successfully
on 24th October with the visual in-
spection of the used fuel element.
Congratulation to both, the staffs
of Siemens/Framatome ANP and of
FRM-II, who have achieved this suc-
cess in close mutual collaboration.
Details of the nuclear commission-
ing are reported in section 1.1.

Most of the beam hole instru-
ments and all irradiation facilities
could align their components with
the first neutrons. Everywhere the
measured neutron fluxes coincided
with the calculated ones in remark-
able precision. To note some of
the most exciting results: the sup-
pression of the fast neutron flux in
the irradiation positions is in the
order of 104. The flux of thermal
positrons on the experimental plat-
form is in the order of 108 e+/(cm2s)
with a spot being 8 mm in diame-
ter, and there is hope for more in
the near future. The time-of-flight
spectrometer counts 1010 n/(cm2s)
at its sample position, of course all
choppers open. The Cold Neutron
Source achieves its promised 20 K
with a heat load of almost 5 kWatt
and the Hot Source is really hot,
namely 2090°C. Numerous details
are reported in the following contri-
butions.

According to a Bavarian tradition
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important achievements need to be
celebrated. On 9th July the Presi-
dent of the Technische Universität
Prof. Dr. Wolfgang Herrmann in-
vited Bavarian and German politi-
cians, international neutron scien-
tists and last but not least the col-
leagues from the Technische Uni-
versität München to officially in-
augurate the new German neutron
source. And thousand guests fol-
lowed the invitation on a white and
blue Bavarian summer day. "Neu-
trons are Light" was the welcome
address by Prof. Wolfgang Herr-
mann. The Bavarian Minister of
Science, Research and Culture Dr.
Thomas Goppel opened the cere-
mony by a review of the stony way to
accomplish the FRM-II. The Bavar-
ian Minister President Dr. Edmund
Stoiber emphasized the commit-
ment and continuity of the Bavar-
ian Government to invest in science.
The Federal Minister of the Interior
Dr. Otto Schily confirmed the firm
support of the Federal Government
for innovative research with neu-
trons and its importance in an Eu-
ropean context. Finally, the Arch-
bishop of Freising and München
Friedrich Wetter and the Regional
Bishop Mrs. Susanne Breit-Keßler,
both of them inaugurated the FRM-
II by blessing its staff and remind-
ing them of a responsible use of their
knowledge for the sake of humanity.

A few days before the artist Her-
mann Kleinknecht had finished his
light installation at the FRM-II. In-
terpreting our motto "Neutrons are
Light", Kleinknecht shows the visi-
tors the light which leads to the neu-
trons. Shiny LEDs decorate every
2nd pillar of the fence surrounding
the FRM II site. From the main en-
trance an avenue of cool blue light
pillars leads to a huge glass cube il-
luminated inside by blue and green
light bars.

The instrumentation and scien-
tific use of the FRM-II got a big boost
on 31st June. That day two im-
portant contracts were signed. The
commitment of the Federal Min-
istry for Science (BMBF) to support
the instrumentation of FRM-II by
31 Million € spread over the com-
ing ten years and the treaty between
the TUM and the Research Centre of
Jülich (FZ-Jülich) to open an outsta-
tion of the FZ-Jülich on the site of
the FRM-II. That outstation will op-
erate at least seven instruments, one
of them is currently under commis-
sioning and another six are going
to be newly constructed or moved
from the DIDO research reactor to
FRM-II. The other side of the coin
is the closure of the research reactor
DIDO at the FZ-Jülich by May 2006.
At an yet unprecedented speed the
TUM and the Bavarian Government
launched a new building east of
the reactor to house about 30 per-
sons from Jülich, their laboratories
and an experimental hall needed
for storage, assembling new instru-

Figure 2: Prof. Dr. Klaus Böning and Ministerialdirigent Jürgen Großkreutz

ments and later on for accommo-
dating new neutron guides coming
from the reactor. In the course
of time that outstation will change
to an outstation of the Helmholtz-
Gesellschaft that houses all activities
from National Laboratories.

Two individuals of outstanding
importance for the success of the
FRM-II retired on 31st July. Minis-
terialdirigent Jürgen Großkreutz has
passed his office to Ministerialrätin
Dr. Ulrike Kirste. He was awarded
with the Bavarian Order of Merit
for having navigated the FRM-II
through so many obstacles. On a
voluntary basis Prof. Dr. Klaus
Böning, the father of the compact
core, keeps on teaching and com-
municating his knowledge about re-
actor physics to young students.
Earlier on 31st March Dr. Wolf-
gang Waschkowski retired, very well
known for his presentations com-
mitted to explaining the use of neu-
trons to a broader public. Of
course he continues guiding visitors
through FRM-II.
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Obtaining a significant share of
industrial users certainly is an am-
bitious aim. A workshop organized
by one of the members of the Strate-
gierat, Prof. Dr. Heinz Voggenreiter,
and held on 23rd June in Garching
was aimed at researchers in the in-
dustry. The building of the Centre
for Industrial Applications located
on the premises of the FRM-II has
almost been finished. We expect it
to be handed over in spring 2005.

The construction of new instru-
ments and amelioration of existing
ones is never ending. Learning from
the first neutron fluxes the radio-
logical shieldings have been rein-
forced for the instruments in the
experimental hall and for all neu-
tron guides from the tunnel through
the casemate up to the instruments.
The new neutron guides for the
small angle camera SANS-1 and the

station for prompt gamma analysis
PGA have been fed through the wall
separating the neutron guide tun-
nel and the casemate. At an official
ceremony taking place in December
the instrument PUMA financed by
the BMBF was officially inaugurated
in the presence of both, the presi-
dent of the TUM, Prof. Dr. Wolfgang
A. Herrmann, and the president of
the University of Göttingen, Prof. Dr.
Horst Kern. As an early Christmas
gift the He-3 polarizing facility has
been successfully taken into opera-
tion on 22nd December.

In October 2004 FRM-II asked
the international user commu-
nity to submit proposals for a first
"friendly" use of our instruments.
14 beam hole instruments will re-
ceive their first users during the two
next fuel cycles. Altogether these
instruments have been overbooked

by a factor of two. The external sci-
entific committee allocated beam
time to user groups coming from
7 countries. Access for users from
EU, other than Germans, will be
supported within the EU framework
program 6.

And when does routine
operation start? Currently
Siemens/Framatome ANP and
FRM-II are preparing the FRM-II
for the routine operation. This in-
cludes the removal of test facilities of
the commissioning phase, exchange
of one of the plugs for the neutron
beam holes and last but not least a
lot of paper work which reports on
all the experience we have gained
during the start up of the FRM-II.
We are optimistic and hope for a
start of routine operation in April
2005.

Guido Engelke Winfried Petry Klaus Schreckenbach
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25.10.2004 Unloading of the first fuel element.
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The Year in Pictures

Inauguration of the FRM-II on 26.6.2004

26.6.2004 Edmund Stoiber, Bavarian Minister-President, and
his wife are welcomed by Prof. Dr. Wolfgang Herrmann on
the occasion of the inauguaration of FRM-II.

26.6.2004 Otto Schily (Federal Minister of the Interior)

26.6.2004 Cardinal F. Wetter, MDir. J. Großkreutz, Mrs. K.
Stoiber, Minister-President Dr. E. Stoiber and State Minis-
ter Dr. T. Goppel in the reactor hall.

26.6.2004 Minister-President Dr. E. Stoiber, State Minister
Dr. T. Goppel and Prof. Dr. W. Petry in the experimental
hall at the TRIPS instrument.
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30.6.2004 Signing the agreement to establish an outstation of
FZ Jülich at the FRM-II: Front row (from left): Fr. Dzwon-
nek, Vice Chairman of the Board of Directors of FZ Jülich,
Prof. Treusch, Chairman of the Board of Directors of FZ
Jülich, Hr. Eisenbeiß, represenative of the TUM, standing
(from left): MD Dr. Schunk, BMBF, Prof. Petry, scientific
director of FRM-II, MDgt. Großkreutz, BStMfWFK.

23.7.2004 RDin Claudia Mangels and MRin Dr. Ulrike Kirste
from the Bavarian State Ministry of Sciences, Research and
the Arts visit the reactor.

Minister-President Dr. E. Stoiber during the summer inter-
view produced by the german television ZDF.

17.08.04 Dr. Mohammad Al Ali Al Maadid (3rd from left),
Ahmed Abdulla Al Mazroei (right) and Prof. Kerstin Wessig
visit the FRM-II, accompanied by Prof. Dr. Gradinger(2nd
from left) and Dr. R. Burgkart from the Klinik für Or-
thopädie.

23.10.2004 Presentation of th radiation protection group at
the day of open doors

7.11.2004 Federal Chancellery Chief-of-Staff Frank Walter
Steinmeier visiting the FRM-II.
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1 Central services

1.1 FRM-II at Full Power

K. Schreckenbach 1, Chr. Morkel 1

1ZWE FRM-II, TU München

After a long period of delay dur-
ing 2001-2003 the Bavarian Regula-
tory Authority granted the third par-
tial licence in May 2003 and finally
permitted the nuclear start up of the
FRM II at February 13th , 2004. Then,
at March 2nd , 2004 the start up
team of Framatome-ANP and Tech-
nische Universität München (TUM)
reached the first criticality of the
reactor at 2:01 pm under the eyes
of the Regulatory Body and sev-
eral technical experts. Following
the event of the first criticality a se-
ries of low power tests at 200 kW
was performed till April 12th , 2004.
These careful checks included all
relevant safety installations, radio-
logical systems and a first power cal-
ibration. The phase of low power
tests was closed with a first neu-
tronic inspection of the yet fresh -or
nearly fresh- fuel element: In per-
fect accordance with prior MCNP-
calculations (Dr. Röhrmoser, Prof.
Böning) the anisotropy of the burn
up due to tank installations near
the reactor core (hot source, cold
source) could shown to be small
(Fig. 1.1).

At April 20th , 2004 the power tests
started at the level of 2 MW followed
by 5 steps - 6 MW, 10 MW, 14 MW, 18
MW and full power 20 MW - which
was reached at August 24th, 2004 for
the first time. As the nuclear start
up procedure took only about half of
the full reactor cycle (52 days at 20
MW), there were 28 days left for a
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Figure 1.1: Comparison of power densities at different heights after 2 days at
P ≈ 50kW, precalculated and by measuring fission product activities some days
after operation.
Densities are measured and calculated at an outer segment (thickness 13 mm)
as function of the azimuthal angle.
A dip in the power density (arrow) is clearly visible near to the azimuthal posi-
tion of the cold source (center at 98°).
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first permanent full power test op-
eration of the new reactor. During
this time, several experimental com-
ponents such as the hot source, the
cold source and some irradiation fa-
cilities were carefully tested and ad-
justed to full power conditions, in-
cluding the response of these com-
ponents to a reactor scram. Further-
more neutron scattering test exper-
iments and flux measurements in-
side the moderator tank were per-
formed. These gold foil activations
confirm a perturbed flux of 6.4 ×
1014n/cm2s at the thermal flux max-
imum in close agreement with ear-
lier calculations of 8 × 1014n/cm2s
for the unperturbed flux.

At October 21st , 2004 the max-
imum permitted burn up of 1040
MWd was reached successfully, and

the reactor was shut down according
to the authorized schedule. There
are promising indications, that there
is still some reactivity left in the fuel
element at the nominal end of cy-
cle, which would allow for an ad-
ditional operation of the fuel ele-
ment for about one week. It will be
checked crucially and would need
another permit of the Regulatory
Authority, whether a cycle of about
60 days is possible. A “problem” to
be solved in future. The nuclear start
up of FRM II being technically com-
pleted, it is time now to finish the in-
volvement of the general contractor
Framatome-ANP. Negotiations con-
cerning the transfer of the full re-
sponsibility for FRM II from FANP
to TUM have begun. Before starting
with further power operation, some

improvements at beam tubes and
neutron guides are foreseen and a
detailed report of the nuclear start
up has to be submitted to the au-
thority for approval. Then, after a
successful straight forward nuclear
start up procedure of only 8 month,
the final permit of the Bavarian State
Ministry of Environment (StMUGV)
to routine operation of FRM II is ex-
pected early in 2005.

1.2 Sample Environment

J. Peters 1, H. Kolb 1, A. Schmidt 1, A. Pscheidt 1, J. Wenzlaff 1

1ZWE FRM-II, TU München

2004 was dedicated to extensive
tests of our low and high tempera-
ture equipment.

Three sample tube cryostats
(CCR) were assembled and tested.
Additional three CCR’s are now in
production to complete the pool. In
early 2005, seven cryostats of this
type will be available at FRM-II.
Tests have been done on new sam-
ple sticks providing an exchange gas
sample chamber and allowing tem-
peratures from 3.5K up to 350K. First
tests of a 3He/4He dilution insert
have been successful (co-operation
with the Walther Meissner Institute,
Garching).

On the Triple Axis Neutron Reso-
nance Spinecho instrument, a CCR
stood the test over weeks in a first
user experiment.

Figure 1.2: Stack of Actuators
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A set of ultra small and compact
actuators for temperatures down
to the mK-range (developed by at-
tocube, Germany) are now available.

Different types of these elements
allow e.g. linear travel in the range
of millimeters with a resolution in
the range of nanometers depending
on temperature. A rotator element
provides endless rotation providing
nm-resolution and optical readout
of absolute position. The modular
design allows to form a goniometer
fitting in the sample tube of a CCR.
High vacuum conditions or mag-
netic fields up to 15 T are applicable.

For the polarised cold neutron
three axis spectrometer PANDA, a
compact dewar for a Beryllium filter

block has been designed and man-
ufactured, based on liquid nitrogen
cooling. The filter will suppress neu-
trons with energies higher than 5
meV.

Regarding our high temperature
equipment, tests have been done
on the new IR-radiation furnace for
small samples (3 x 5 mm). Heating
is done via four commercial avail-
able reflectors equipped with halo-
gen lamps. The main constraint re-
garding long term stability of the
furnace, overheating of the bulbs ,
has been overcome by design mod-
ifications.

Dedicated to the TOF-TOF
spectrometer an adopted high tem-
perature furnace was designed and

manufactured including adjust-
ment flanges. Based on melting
samples, a calibration procedure
has been tested to improve the re-
liability and reproducibility of the
temperature readout of our high
temperature furnace HTF.

1.3 Measurement of neutron flux and beam divergence at the neutron
guide system at FRM-II

A. Kastenmüller 1, A. Röhrmoser 1, C. Schanzer 2, K. Zeitelhack 1

1ZWE FRM-II, TU München
2Physikdepartment E21, TU München

Introduction

A proper performance of the neu-
tron guide system is of crucial im-
portance for the new neutron scat-
tering instruments installed at FRM-
II. During the commissioning of the
reactor we measured the integral
and differential neutron flux as well
as the distribution of beam diver-
gence at the exit of some repre-
sentative cold neutron guides. The
experimental results can be com-
pared to extensive simulation calcu-
lations based on MCNP and McStas.
The main objectives were a quality
verification of the present neutron
guides and reliable predictions for
new guides to be installed in the up-
grade or guides not accessible for
measurements.

Experimental setup

A versatile fully remote con-
trolled Time-of-Flight spectrometer
has been built for the intended
measurements. It consists of a
Gd-coated single disk chopper
(U = 4600 rpm), a flight path in air
with length L=1 m, and a square
shaped 3He-tube (efficiency ε= 0.66
at λ = 1.8 Å) for neutron detection.
The wavelength dependence of 3He-
efficiency and beam attenuation in
air and detector wall are taken into
account in the data analysis. The
wavelength resolution varies from
∆λ/λ ≈ 0,01 to ≈ 0.06 for λ = 10 Å
and λ= 1.8 Å respectively.

The angular resolution of ∆α ≈
0.1◦ is defined by the chopper en-
trance aperture (; = 1mm) and a
slit (1 × 100mm2 ) in front of the
3He-detector. Readout and data ac-
quisition were performed with the
FRM-II detector lab standard ToF-
electronics [1].

Due to radiation protection rea-
sons we had to restrict the investi-
gation to three representative guides
where existing monochromator or
chopper shieldings enabled access
during the commissioning of FRM-
II.

Characteristic parameters and
integrated neutron flux extrapo-
lated to the nominal reactor power
(20 MW) of these n-guides are listed
in Table 1.1.
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NL1 NL2b NL6a

cross section [mm2] 60×120 170×12 60×120
λcr i t [Å] 1,8 2,8 2,9
coating m=2/m=2,5 58Ni/m=2 58Ni/m=2/m=2,2

length [m] 32 54 49
specialty twisted

Φi nt [1/cm2/s] 9,8 ·109 1,8 ·109 4,9 ·109

Table 1.1: Characteristic parameters of the neutron guides investigated with the
ToF-spectrometer

Results

Fig. 1.3 shows the differential neu-
tron flux dΦ/dλ at the exit of neu-
tron guide NL1 measured with the
ToF-spectrometer at reactor power
9,5 MW. The resulting integral flux
Φi nt = 2,7 · 109n/cm2/s is consis-
tent with independent gold foil ac-
tivation measurements. During this
phase of the commissioning the
cold source was operated with only
10,6 l filling of liquid D2 deviat-
ing from nominal conditions (≈ 14 l
LD2). Taking into account real con-
ditions of the cold source simulation
calculations based on MCNP and
McStas show good agreement to the
data. Assuming the cold source be-
ing operated at nominal conditions
at reactor power 20 MW an integral
flux Φi nt = 9,8 · 109n/cm2/s is de-
duced from the simulation calcula-
tion.

Fig. 1.4 shows the vertical beam
divergence at the exit of 58Ni coated
neutron guide NL6a for different
wavelengths (∆λ/λ = ±5%) mea-
sured at reactor power 190 kW. The
widths of the distributions corre-
spond well to the critical angle
of reflection Θcr i t of 58Ni-coating.
The wavelength independent oscil-
latory structure observed is due to
a spacial inhomogeneity of the cold

source not being operated in nom-
inal conditions at reactor power
190 kW. Though not shown here the
results of simulation calculations
which take into account the spacial
inhomogeneity of the cold source
are in agreement with the measured
data.

The study of the twisted n-guide
NL2b was of special interest. Ac-
cording the measured data there is
evidence that the aimed 90°-turn in
the divergence phase space is feasi-
ble. However, it is difficult to draw fi-
nal conclusions from the data, as no
McStas calculations are available for
NL2b at present.
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Figure 1.3: Measured and calculated differential neutron flux at the exit of the cold
neutron guide NL1

Summary

The differential neutron flux and
beam divergence have been stud-
ied at representative cold neutron
guides. The measured distributions
can be well explained by simulation
calculations. This should allow reli-
able predictions for the cold guides
not accessible or yet to be installed.
In addition, the guides investigated
reveal good quality with respect to
reflective coating and installation.

[1] Zeitelhack, K., Kastenmüller, A.,
Maier, D., Panradl, M. FRM-II an-
nual report (2003).
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Figure 1.4: Vertical beam divergence at the exit of 58Ni-coated neutron guide NL6a

1.4 Progress Report on the Neutron Guides of FRM II

Ch. Breunig 1, E. Kahle 1, H. Hofmann 1, G. L. Borchert 1, D. Hohl 2, S. Semecky 3

1ZWE FRM-II, TU München
2Technische Dienstleistungen, München
3Kommunikationstechnik, München

In the course of 2004 the FRM
II delivered for the first time neu-
trons to the experiments beginning
with low intensities and gradually
increasing to the duty value. This
provided the opportunity especially
concerning the neutron guides (NG)
to gain experience, to check the per-
formance and to detect deficiencies.
As a consequence, the neutron op-
tics group was engaged in two major
projects:

Improvement in the shielding
of the NG

Systematic measurements of the
radiation around the NG showed
that the envisaged radiation level

of 3µSv/h was surpassed. The fol-
lowing deficiencies of the shielding
were revealed:

• Generally the NG’s lead
shielding of 7cm thickness in
the NG hall is not sufficient.

• The assumption, that the neu-
trons are completely absorbed
in the boron glass plates of
the NG is not correct. Due to
scattering an essential part of
the neutrons can leave the NG
producing a rather high back-
ground level.

• The Gd layer of the polarizing
NG NL5 creates high energy
gamma radiation.

• A pronounced radiation level
was detected in the surround-

ings of the adjustment frames
of the NG and other construc-
tion units which caused a re-
duction of the lead shielding.

• In the casemate area the NG
are not provided with any
shielding. It turned out, that
the walls of the casemate are
not sufficient to reduce the ra-
diation level to the envisaged
value.

Consequently the following mea-
sures were taken:

• All NG except the twisted NG
NL 2b were equipped with
an improved shielding. The
glass bodies of the NG were
jacketed by 5mm thick boron
epoxy plates. They were
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enclosed in lead plates, the
thickness of which was tai-
lored according to the mea-
sured local radiation level, see
figure 1.5.

• This led for the polarizing NG
NL5 at its entrance to the
NG hall to a lead shielding of
about 15 cm thickness.

• The NG NL 2b was enwrapped
in 5mm thick borated foam
sheets and at the tube junc-
tions reinforced with lead
plates, see figure 1.6.

• In the casemate all NG, except
NL 2b and NL 5 have been
jacketed by 100 mm boron
PE and 50 mm lead, see fig-
ures 1.7 and 1.8. NL 5 has been
enclosed by 50 mm boron PE
and 100 mm lead, NL 2b is

Figure 1.5: View of the NG NL 5, NL
6a and NL 6b in the NG hall. After
having introduced the boron epoxy
layers directly around the glass ele-
ments, the lead shield of originally
7cm thickness has been reinforced by
several layers of lead plates, each 25
mm thick.

Figure 1.6: View of the NG NL 2a and NL
2b in the NG hall. The NG NL 2b (left)
is in the state of being enwrapped
with boron foam sheets. The NG NL
2a (right) is being equipped with ad-
ditional lead plates.

already equipped with a lead
shield.

Replacement of the NG 4

The old NG 4 was constructed to
take only a third of the available
neutron flux. Facing the request of
an efficient use of the neutron flux
and the necessity to host and serve
more instruments, it was decided to
rebuild the NG 4. The replacement
will consist of two separate NG: NL
4a and NL 4b, which will share the
complete available neutron flux. NL
4a will take the upper part of the
neutron beam. It is composed of
a novel vertical S-shaped structure
and a straight section separated by
a selector unit. It will serve a state-
of-the-art SANS facility SANS1. The
lower part of the neutron beam ex-
hibits a radius of curvature of 390
m and leads to a PGA station. As
the distance of the two new NG is
rather small in the tunnel area they
are housed there in a common vac-
uum tube, see figure 1.9. Close
to the tunnel wall the mutual dis-
tance of NL4a and NL 4b is large
enough so that they can be enclosed
in separate vacuum tubes. To avoid
an activation of Co, which is usu-
ally component of steel, the vacuum
tubes were made of aluminium. The
construction of NL 4a and NL 4b
has been completed up to the high
speed shutters close to the casemate
wall. It is planned to accomplish the
construction in the first half of 2005.

Figure 1.7: Looking at the shielding
structure of the NG in the casemate
during the assembling period. The
glass body of the NG is enclosed by
two layers of boron treated PE (blue).
They are covered with lead plates
(grey).

Figure 1.8: View of the NG NL 1, NL 2a
and NL 2b in the casemate after ac-
complishment of the rather massive
sandwich shielding.

Figure 1.9: View of the NG in the tunnel
area. The more bright colour of vac-
uum housing of NL 4a,b indicates the
aluminium material.
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1.5 HELIOS – a facility to produce a polarized 3He gas at FRM-II

S. Masalovich 1, G. Borchert 1, W. Petry 1,2, O. Lykhvar 1

1ZWE FRM-II, TU München
2E13, Physik-Department, TU München

The progress achieved in a pro-
duction of a dense spin-polarized
3He gas is of significant importance
for many research areas where a po-
larized gas is considered as a subject
or a tool for investigations. In partic-
ular, it makes a great impact on the
instrumentation for neutron polar-
ization and polarization analysis.

With the aim of large-scale pro-
duction of a polarized 3He gas
for neutron spin filters, the special
nonmagnetic (iron-free) laboratory
with the total area of about 60m2

was built at the FRM-II site. The
MEOP (Metastability Exchange Op-
tical Pumping) station was installed
in this laboratory (Fig. 1.10) and the
final check-up has been done in De-
cember 2004.

The station exhibits the following
features:

• Steady-state gas polarization:
78%

Figure 1.10: HELIOS at FRM-II

• Production rate: 27 bar·
litre/day (@ 72%)

• Maximum gas pressure in the
target cell: 5.3 bar

Polarized gas may be collected in
a detachable cell with the pressure
of a few bars and then transported
to a neutron instrument. Clearly,
for long-running neutron measure-
ments it is very desirable to have a
neutron spin filter that would be ca-
pable to keep a high gas polariza-
tion for a long time. For a given cell
this time depends on the parameter
called a 3He spin polarization relax-
ation time. The latter is mostly af-
fected by the purity of the walls and
the purity of the material the cell
is made of. Therefore a great care
has to be taken in order to get a cell
with a proper relaxation time. At the
FRM-II site a special laboratory was
built and equipped for cell prepara-
tion. Currently two quartz cells are

Figure 1.11: Quartz cell for polarized
3He gas

available. The cell is shaped as a
short cylinder (Fig. 1.11) with the
diameter 120mm and 80mm high
and may be filled with polarized gas
compressed up to 3 bars. The trans-
mission of the empty cell measured
with 1.5Å neutrons was found to be
0.84.

The quality of the neutron spin fil-
ter (@ 70% 3He polarization) based
on such cell may be derived from
Fig. 1.12 for desirable neutron wave-
length. In this figure the contour
map of the quality factor Q is plot-
ted as a function of the gas pres-
sure (p), the neutron path length in
the cell (L) and the neutron wave-
length (λ). The quality factor is de-
fined as Q = P · pT [1], where T is
the transmission of the neutron spin
filter and P the polarization of the
neutron beam after passing a spin
filter cell.

From Fig. 1.12 one can see, for
example, that for neutrons with the
wavelength 1.8Å and for the cell of
80mm high the maximum quality
factor may be obtained with the gas
pressure about 1.75 bar.

To bring the polarized gas to a
neutron experiment without losing
a polarization, a special transporta-
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Figure 1.12: Quality factor of a neutron spin filter with 70% gas polarization

tion box with homogeneous mag-
netic field has to be built. This box
has also to ensure a good shielding
against any external magnetic fields,
which may happen on the way to a
neutron instrument. Such a trans-
portation box suitable for our cells
has been designed and the compo-
nents have been ordered. The calcu-
lated homogeneity of the magnetic
field over the cell volume is better
than 10−3 1/cm and thus does not
limit the lifetime of the gas polariza-
tion in the cell. The test of this trans-
portation system will be done in Jan-
uary 2005.

We expect the first neutron spin
filters for neutron polarization at
FRM-II to be available in February -
March 2005.

[1] Tasset, F., Ressouche, E. NIM A, 359,
(1995), 537–541.

1.6 IT Services

Jörg Pulz 1, Jörn Beckmann 1, Joachim Dettbarn 1, Josef Ertl 1, Stefan Galinski 1, Hartmut Gilde 1,
Christoph Herbster 1, Jens Krüger 1, Jakob Mittermaier 1, Roman Müller 1, Sebastian Roth 1, Manuel Stowasser 1,
Harald Wenninger 1, Birgitta Wildmoser 1, Felix Zöbisch 1

1ZWE FRM-II, TU München

Overview

In 2004 the Network Group mainly
continued the work from the last
years, as reported in the 2002 and
2003 Annual report. Due to the re-
actor start-up and the regular op-
eration further instrument networks
had to be realized. To reduce the risk
of service outages, different possible
solutions were considered, tested
and integrated. Major efforts and
achievements of this year were:

• Extended redundancy for the
user account database and the
Windows Domain

• New mail server for increasing
requirements

• Synchronizing the FRM-II
computers clocks

• Instrument networks and in-
dependent servers

• Redundant DHCP service - an
attempt

• TACO-box enhancements
• NeXuS integration in NICOS

User account database and
Windows Domain

As mentioned in the 2003 Annual
report, the FRM-II User Manage-
ment system was completely mi-
grated to an LDAP based system.
The LDAP implementation of choice
was OpenLDAP [1].

To accomplish the highest avail-
ability of the LDAP system, we de-
cided to place an replication server
in nearly every building. Each repli-
cation server is additionally featured
with Samba [2]. Samba is configured
to work like a Windows Primary Do-
main Controller (PDC) on the LDAP
master server. All replication servers
are configured as Backup Domain
Controllers (BDC). Clients are con-
figured to use the nearest server
first. In case this server is not reach-
able the clients can use the other
servers too.

This way offers fast access and
equal availability of Unix and Win-
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dows based systems and reduces
service outages to a very minimum.

Improved mail handling

In 2003, a mail server with spam
detection and virus protection ca-
pabilities was introduced. To com-
ply with the FRM-II corporate iden-
tity regulations special mail ad-
dress rewrite rules had to be imple-
mented.

For every outgoing mail the sys-
tem has to check the sender address
against the LDAP user database. If
the address did not match the style
as laid down in the FRM-II regula-
tions, it has to be rewritten. Af-
ter detailed investigation and sev-
eral configuration attempts it has
resulted that the Postfix [3] mail
handler did not match our require-
ments. To remedy this deficiency,
the whole mail handling system was
rebuilt utilizing Sendmail [4] instead
of Postfix. Sendmail offers the abil-
ity of very fine grained configura-
tion using the m4 macro language.
Sending encrypted mail by means of
TLS and user authentication against
the LDAP system along with recip-
ient verification using LDAP is also
possible.

Precise time synchronization

At the FRM-II, the home directories
for all users are accessible by means
of NFS and Samba. Additionally, ac-
cess to measured data is provided by
the same mechanisms. To gain reli-
able concurrent access to the data,
all client workstations and servers
must have the same notion of time.
To accomplish this, the computers
clocks have to be synchronized.

We decided to use the official ref-
erence implementation of NTP [5]
for network based time synchro-
nization. The protocol versions

NTPv3 and NTPv4 (SNTP) are de-
scribed in RFC 1305 and RFC 2030.
Different types of hardware clocks
can be used as accurate time source
for NTP. We are using two hard-
ware clocks developed by Meinberg
Funkuhren [6]. The first clock is
DCF77 based and utilizes the trans-
mitted frequencies and signals de-
rived from the atomic clocks of
the Physikalisch-Technische Bunde-
sanstalt (PTB) [7] in Braunschweig.
The second hardware clock is based
on the public available Standard Po-
sitioning Service (SPS) provided by
the Global Positioning System (GPS)
satellites´ on-board atomic clocks.

All computers inside the FRM-
II network are able to access the
NTP servers to synchronize the lo-
cal clock. The use of these hardware
clocks together with NTP offers the
necessary accuracy for the reliable
use of network based filesystems.

Independent instrument
servers and networks

In 2003, two instrument network
installations at the instruments
PANDA and PUMA were put into
operation. Together with the use of
an independent instrument server
the concept has proved itself a suc-
cess. The idea behind instrument
networks and servers was already
described in the 2003 Annual report.

To realize independence for fur-
ther instruments, the structured
cabling for STRESS-SPEC, NEPO-
MUC, HEIDI, RESI and TOFTOF
has been done. Instrument servers
for STRESS-SPEC, HEIDI, MIRA and
MATSCI-R were installed and put
into operation. Preparations for the
remaining instruments were made
so that these can be finalized in early
2005.

Failover for the DHCP
service

For easy IP address assignment and
host configuration, we have config-
ured nearly all hosts to request this
type of information from a central
DHCP server.

The initial definition of the DHCP
protocol was designed for only one
server without failover mechanisms.
Later this definition has been ex-
tended to support redundant opera-
tion using two independent servers.
Current versions of the ISC-DHCP
server [8] support these techniques.
Additional patches provide the abil-
ity to store the host configuration in
an LDAP database.

To reduce the risk of DHCP ser-
vice outages extensive failover test-
ing was done. The testbed con-
sists of two DHCP servers in con-
junction with an LDAP backend for
the host configurations. Several
clients with different operating sys-
tems were tested. All tests turned
out that the DHCP failover mecha-
nisms work flawlessly and provide a
very reliable service operation. The
integration in the real FRM-II net-
work is planned for early 2005.

"TACO-Box"

The TACO-Box Linux distribution is
an operating system for embedded
system control devices. It was en-
tirely rebuilt from scratch. Unlike
the previous versions, the new sys-
tem is not based on an existing dis-
tribution, but resembles a “Linux
from scratch” system [9]. Therefore
TACO-Box is well adapted for the
small control devices used at FRM-
II.

The main goal was to create a
small and up to date Linux by us-
ing a 2.4.28 kernel, glibc 2.3.3 and
software designed for usage on em-
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bedded systems. Most tasks are
handled by BusyBox [10]. Busy-
Box combines tiny versions of many
common UNIX utilities into a sin-
gle small executable. Remote sys-
tem access is provided by the Drop-
bear SSH server [11]. The install sys-
tem fits on two floppy disks, the base
system’s size is about 4 MB.

TACO software can be installed
with the help of scripts. TACO is
then started automatically by an init
similar to SysV.

NeXuS in NICOS

The relevance of using the inter-
national standardized NeXuS for-
mat for the storage of the neutron
measurement data at FRM-II has
been decided years before. How-
ever, in the beginning of 2004 sup-
port for NeXuS[12] was quite scarce
and there was little more available
than the basic NeXuS class defini-
tions and the essential C API. As the
most popular language used by the
instrument responsible’s at FRM-II
is the powerful and yet easy-to-use
Python[13] language, the need of
making the NAPI available to Python
was one of our basic tasks.

A one-to-one correspondence
of the C NAPI functions and
the Python NAPI functions was
achieved by using SWIG[14] and
making extensive use of the SWIG
typemaps. This way no modifica-
tions to the original NAPI core li-
brary were necessary and the user
had not to be confronted with the
annoying and dangerous task of cre-
ating and handling opaque C point-
ers. In order to make life even more
simple, the idea of using the ob-
ject oriented features of Python and
providing an oo-like layer on top
of the Python SWIG layer to inter-
face the underlying NAPI was self-
evident. The context-dependent

state-machine of NeXuS inherited
from the underlying HDF had to
be wrapped into some kind of oo-
structure. Finally a package was im-
plemented that is closely related to
the principles of the XML DOM API
mechanisms featuring validation
against the basic NeXuS structure
and translation of XML-templates
into NeXuS-structures.

Consequently, the Python mod-
ules in the instrument specific
NICOS [15] environment used to
dynamically store the data in ASCII
format during a continuous scan
have been supplemented with an
additional module capable of con-
tinuously storing the data in NeXuS
format. Being able to write and read
NeXuS content from the program-
ming language wasn’t sufficient yet.

A means to get a quick and deep
view to the NeXuS file and being
able to visualize significant mea-
surement data by browsing the con-
tent and doing plots was essential
for the NeXuS format to be estab-
lished. As the few and very ba-
sic NeXuS viewers available at this
point of time didn’t suit our require-
ments, a NeXuS viewer was writ-
ten on the base of Qt and the mod-
ule management system OpenDaVE
formerly developed in our house.
The well-defined and modularized
plugin architecture of OpenDaVE
makes it possible to use the ready-
built modules either as plugins or
as standalone applications. The ex-
isting NeXuS structures and the ex-
isting basic modules of OpenDaVE
have been extended and, together
with a bunch of newly created mod-
ules, have been used to build a
stand-alone application capable of
visualizing nexus content in a tree-
view like manner and being able to
plot the NXdata using diverse plot-
ting packages (qwt[16], qwtplot3d
[17], gnuplot[18]).

[1] Zeilenga, K., Chu, H., Masarati,
P. OpenLDAP. http://www.
openldap.org/.

[2] Tridgell, A., et. al. The Samba
Project. http://www.samba.
org/.

[3] Venema, W. Postfix. http://www.
postfix.org/.

[4] Allman, E., et. al. Sendmail. http:
//www.sendmail.org/.

[5] Mills, D. L., et. al. The NTP Project.
http://www.ntp.org/.

[6] Meinberg Funkuhren. http://
www.meinberg.de/.

[7] Physikalisch-Technische Bunde-
sanstalt. http://www.ptb.de/.

[8] Consortium, I. S. Dynamic Host
Configuration Protocol Distribu-
tion. http://www.isc.org/sw/
dhcp/.

[9] Linux From Scratch. http://
www.linuxfromscratch.org/.

[10] BusyBox: The Swiss Army Knife of
Embedded Linux. http://www.
busybox.net/.

[11] Dropbear - SSH server and client.
http://matt.ucc.asn.au/
dropbear/dropbear.html.

[12] Neutron & X-ray Data Format.
http://www.nexus.anl.gov/.

[13] Python Programming Language.
http://www.python.org/.

[14] SWIG - Simplified Wrapper and
Interface Generator. http://
www.swig.org/.

[15] NICOS. http://nicos.sf.
net/.

[16] Qwt - Qt Widgets for Technical
Applications. http://qwt.sf.
net/.

[17] QwtPlot3D. http://qwtplot3d.
sf.net/.

[18] Gnuplot. http://www.gnuplot.
info/.
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1.7 User office at the FRM-II

J. Neuhaus 1, S. Galinski 1, J. Dettbarn 1
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The FRM-II as a user facility
for experiments with neutrons and
positrons will welcome a large num-
ber of external scientists each year.
Access to the instruments is pro-
vided via a proposal system where
scientist can apply for beam time
every 6 months. For the interac-
tion with the users and to organize
the scientific experiments a man-
agement software has been devel-
oped. An Internet browser has been
chosen as user front end to provide
easy access to the system from any
place in the world. Based on in
house experience a system using the
scripting language PHP has been de-
signed. In order not to start from
scratch a public available user portal
system was selected as backend. We
have chosen PHP-Nuke for reasons
of modularity, multi-lingual features
and good documentation. In view of
the expected international users the
supported languages were limited to
the most prominent European lan-
guages as English, Spanish, French
and Italian.

From the user point of view sev-
eral tasks can be organized that
way, using a personalized account
to the system. The scientific pro-
posal can be submitted in form of a

two page pdf-file accompanied with
additional informations on the pro-
posed experiment. The user can
keep track of all his proposals and
gets feedback from the allocation of
beam time and schedule of the ex-
periment. Furthermore he can orga-
nize the stay for the experiment via
the user office system. After comple-
tion of the experiment reports and
a list of publications can be submit-
ted.

On the other hand quite a num-
ber of special accounts exist in the
system having access to different
kind of informations and applica-
tions. Instrument scientists can
comment on technical feasibility of
the proposed experiments. Refer-
ees can view the submitted propos-
als and vote on the scientific merit.
The decision of the allocation of
beam time is fed into the system by
the scientific secretaries. The ex-
periments are approved by the se-
curity departments at the FRM-II
as radiation protection and work-
ing security. Instrument scientists or
group leaders organize the schedule
of the experiments including neces-
sary equipment like cryostats, fur-
naces or high field magnets. The vis-
itor service organizes the access to

the site and computing infrastruc-
ture at the FRM-II. Finally the sys-
tem provides informations on the
planed experiments for the scien-
tists (local contacts) on site.

In addition to the organization of
the experiments the user office pro-
vides statistical informations about
the use of instruments or equip-
ment. It distributes informations for
the users in form of announcements
and news letters.

A first call for proposals has been
managed successfully in November
2004 by the user office system. Addi-
tional modules for the organization
of the experiments are under devel-
opment.

Figure 1.13: Screenshot of the user of-
fice testing system.

1.8 New high density fuel for the FRM-II

A. Röhrmoser 1, W. Petry 1, K. Böning 1, N. Wieschalla 1

1ZWE FRM-II, TU München

In 1998 the new “red-green”-
Federal Government expressed its
wish to take the FRM-II into oper-
ation with a fuel element with re-

duced enrichment - so far the sci-
entific quality of the neutron source
is maintained. Hearings with ex-
perts about the feasibility of the con-

version have been organized by the
Federal Ministry of Science and Ed-
ucation. In October 2001 an “Agree-
ment between the Federal Repub-
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lic of Germany and the Free State of
Bavaria on the conversion of FRM-
II” has been written down and fi-
nally signed after granting the final
license in May 2003. The compro-
mise settled in this agreement has
become part of the final nuclear li-
cense,i.e. development of a new
medium enriched (MEU, with not
more than 50% U-235) fuel element
until the end of the year 2010.

It is understood that the conver-
sion should neither reduce the reac-
tor safety nor degrade the neutron
flux and reactor cycle time more
than marginally.

Actual Schedule

Already in November 2001 TUM had
established an international work-
ing group to study the possibility
of a new fuel with up to now not
qualified densities and reduced en-
richment. The group consisted of
representatives of the TUM (FRM-
II), the fuel element manufacturer
CERCA and the constructor of FRM-
II, Framatome-ANP. In its kick-off
meeting in July 2003 the group de-
clared to accept the technological
challenge of the development of a
fuel with densities in the order of
8 g/cm3 within the very short time
limit of 7 1

2 years.
The project was broken down into

three phases of 2 1
2 years duration

each:
1. search for the fuel type, test ir-

radiations
2. further test irradiations, final

decision on the fuel type and
design of the fuel element

3. fabrication of the fuel element
and licensing

MEU Conversion FRM-II,
Phase I

In program phase I the high den-
sity fuel shall be chosen or at least
done a preselection. This first 2 1

2
years phase spreads from 7.2003 till
12.2005 and the following tasks are
assigned to phase I:

1. calculations for the high den-
sity fuel(s) for FRM-II geome-
try

2. irradiations of MEU full size
fuel plates

3. participation in international
research programs

Calculations with UMo
dispersion fuel, first results

Any scenario to convert the FRM-II
has to keep the reactor power con-
stant at 20 MW. Without changing
the whole D2O moderator tank with
all its installations and its shutdown
rods the core geometry must remain
unchanged. This is necessary not
only to avoid a complete new li-
censing procedure but also a reactor
shutdown period of many years and
costs of more than 150 million Euros
as stated by a sharp estimation.

For an enrichment of 50% an ad-
vanced fuel with very high density
is required when maintaining the
dimensions of the HEU compact
core fuel element of the FRM-II. The
new uranium-molybdenum disper-
sion fuel (UMo-Al) presently under
research worldwide promises realis-
tic uranium densities of up to 8.0
g/cm3. TUM did actual neutron-
ics calculations for this fuel with
the same procedures that led to the
HEU design of FRM-II (criticality,
burn up . . . ). The result was now
that the density in the fuel must be
at least 7.75 g/cm3 with an enrich-
ment of 50% U-235. When taking
into account other aspects like the

less fortunate power density distri-
bution with UMo, the minium den-
sity can hardly be below 8.0 g/cm3.
The core contains then 10.8 kg U-
235 instead of 7.5 in the actual HEU
case. The total U mass is 22 kg in-
stead of 8 kg now. Necessary efforts
to flatten the power distribution will
reduce criticality.

One key point is the maximum
of the fission density (FD) in the
fuel plates. Because of the very
inhomogeneous power and fission
density in the plates maxima are
reached only in very small areas of
the plate. This is different from ir-
radiation tests where the plates are
much more homogeneously irradi-
ated. The relevant maximum val-
ues in FRM-II must be assigned to
the inner part of the plate and pos-
sibly to the plate ends. A result
of these preliminary calculations is
that the maximum of fission density
in the meat is up to 2.0·1021 cm−3

in a narrow area at the inner and
outer border of the high density re-
gion. Test irradiations have to show
whether the new fuel withstands the
mentioned fission densities under
full power conditions. Still the ther-
mal flux is depressed by about 8.0%
when compared to the actual HEU
fuel, i.e. the aim of only marginal
consequences for the scientific use
is not yet met.

Actual Irradiation Program

For Phase I it was decided to plan an
irradiation of four test plates of full
size: For this, six plates are already
produced by CERCA with UMo/Al
dispersion fuel (8% wt. Mo) and wait
to be irradiated.

The uranium densities are 8.0
g/cm3 for 4 plates and 7 .0 g/cm3

for the two other plates. Two of the
8.0 g/cm3 plates contain the addi-
tive of a possible considerable “dif-
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fusion blocker”. Those blockers are
presently object of research and de-
velopment worldwide. We used 2%
of silicon additive in the Al ma-
trix. Including a safety margin a
FD of 2.3·1021 cm−3 shall be reached

by the test irradiations. According
to calculations of CEA this will be
reached in a remarkable area of the
plates within four cycles of the MTR
reactor OSIRIS at CEA-Saclay.
In case any of the 8.0 g/cm3 plates

will fail during the irradiation, it can
be replaced by the two 7.0 g/cm3

plates in the test facility.

1.9 Cold Neutron Source

E. Gutsmiedl 1, D. Päthe 1, K. Zeitelhack 1, F. Grünauer 1, A. Schölderle 2

1ZWE FRM-II, TU München
2LINDE, Höllriegelskreuth

Commisioning of the Cold
Source at the FRM-II

Figure 1.14: In-Pool assembly of cold neutron source

During the year 2004 the new re-
search reactor FRM-II of the Tech-
nical University of Munich was suc-

cessfully tested in regards of cold
and hot commissioning.

One major FRM-II component for
producing cold neutrons for many
different experiments is the cold
neutron source (cns) [1].

The cns of the FRM-II is a liquid
deuterium source, which is favor-
able to feed many neutron guides
for cold neutron experiments. The
liquid deuterium (≈ 2.4 kg) is kept
on the boiling point at full reactor
power. Thermal neutrons are mod-
erated to lower energies by the cold
boiling liquid. In 2003 and early
2004 all auxiliary systems (cooling
machine, metal hydride deuterium
storage system, vacuum system)
have been tested successfully during
the cold commissioning phase.

From March 2004 to October
2004, the cns was tested together
with the FRM-II reactor at different
nuclear power steps (0 - 20 MW).

The control logic of the cooling
machine (max. cooling power 5 kW
at 25 K) was optimized to follow ev-
ery power transients of the FRM-
II reactor (power changes and fast
shut down).

In Autumn 2004 the cns perfor-
mance of producing cold neutrons
was determined by measuring the
spectral cold neutron flux of the cns
through the beam channel SR4. The
measured cold neutron flux of the
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cns agrees quite well with the results
of Monte Carlo calculations of the
cns.

[1] Gobrecht, K., Gutsmiedl, E.,
Scheuer, A. Physica B, 311, (2002),
148 – 151.

Figure 1.15: Setup of spectral cold neutron flux measurement

Figure 1.16: Spectral cold neutron flux; measurement and MCNP calculation
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1.10 Hot Neutron Source

E. Gutsmiedl 1, C. Müller 1, A. Scheuer 2

1ZWE FRM-II, TU München
2TÜV Rheinland, Köln

Commisioning of the Hot
Source at the FRM-II

During the year 2004 the new re-
search reactor FRM-II of the Tech-
nical University of Munich was suc-
cessfully tested in regards of cold an
hot commissioning.

One secondary neutron source at
the FRM-II for producing hot neu-
trons for the beam tube SR9 is the
hot neutron source (hns)[1].

The hot neutron source is
a graphite block, insulated by
graphite wool and protected by a
inertial gas (neon). The graphite
block is heated up over 2000 °C by
the gamma radiation of the FRM-II
reactor fuel element.

Figure 1.17: In-Pool assembly of the hot
neutron source

The thermal neutrons are acceler-
ated to energies between 0.1 eV an 1
eV by the hot graphite.

In 2003 and early 2004 all aux-
iliary systems (gas system, control
system, vacuum system)have been
tested successfully during the cold
commissioning phase.

From March 2004 to October
2004, the hot neutron source was
tested together with the FRM-II re-
actor at different nuclear power
steps (0 - 20 MWatt).

The temperature of the graphite
block was measured with a in situe
noise thermometer, which measure
the temperature via the electrical
thermal noise of a resistor.

The graphite temperature at full

Figure 1.18: Graphite temperature of hot neutron source, measured with a noise
thermometer

reactor power (20 MWatt) is over
2000 °C, which correspond to the-
oretical calculations of the temper-
ature profile in the hot neutron
source.

[1] Müller, C., Gutsmiedl, E. Jahres-
bericht FRM-II 2002.
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2 Diffractometers

2.1 STRESS-SPEC – Materials Science Diffractometer

M. Hofmann 1, G.A. Seidl 1, R. Schneider 2, J. Rebelo-Kornmeier 1, A. Mantwill 1

1ZWE FRM-II, TU München
2BENSC, Hahn-Meitner-Insitut, Berlin

Introduction

After last year’s extensive test phase
at the HMI [1] the Materials Sci-
ence diffractometer STRESS-SPEC
was moved back to the FRM-II in
January 2004. The instrument was
reinstalled at beamport SR3 (figure
2.1) and several test experiments
have been performed during the
first reactor cycle. In the next re-
actor cycle commissioning will con-
tinue and first user experiments can
be run.

New components

In course of the test phase some
parts of the equipment were mod-
ified due to the experience gained
using the diffractometer in real life
conditions. For instance new pri-
mary and secondary slit systems
have been installed with regard to
reproducibility of the geometrical
alignment and sturdiness. Both slit
systems are linked to the sample
table and the detector in such a
way that the center of the beam
remains the same under all condi-
tions. Therefore a new alignment
will not be necessary even in case
the wavelength or the slit to sample
position has been changed.

The new high capacity Eulerian
cradle has been delivered and tested
and is now available for routine op-
eration. It has a load capacity

Figure 2.1: The diffractometer STRESS-SPEC equipped with high capacity Eulerain
cradle

of about 50 kg and will allow to
measure all strain directions with-
out the need to remount the sam-
ple. Further main components
comprise a secondary shuttersys-
tem, new primary collimators with
iron foils (they will replace the orig-
inal primary collimators with high
performance thermoplastic foils at
the earliest possible date in 2005)
and shielding of the experimental
area including an interlock system
to restrict access while the neutron
beam is on.

First tests using neutrons

In course of the first reactor cycle we
started to commission the diffrac-
tometer. The tests included flux
measurements at the monochroma-
tor position using gold foils. The
measured flux was 1*1010 n/cm2/s
which agrees well with MC calcula-
tions.

The first experiments were all car-
ried out using the (511) reflection
of the Ge-monochromator. An iron
pin alignement sample was used to
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measure the resolution function of
the instrument (figure 2.2), which is
in excellent agreement with model
predictions. It was also shown
that the focussing option of the Ge-
monochromator works within spec-
ifications and the alignment pro-
cedures for setting up the gauge
volume defining slits can be per-
formed within reasonable time for
real stress measurements. A first
prelimanry user experiment was
carried out on a prototype rocket
nuzzle with the results being com-
parable to previous measurements
using other neutron strain scanners.

[1] Hofmann, M., Seidl, G., Schneider,
R. Ann. Report. Technical report,
FRM II (2003).
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Figure 2.2: Resolution function of STRESS-SPEC using different primary collima-
tion. Symbols are measured peak width and lines are calculated resolution func-
tions

2.2 MatSci-R – The Materials Science Neutron/X-Ray Reflectometer at
FRM-II

A. Rühm 1, U. Wildgruber 1, J. Franke 1, J. Major 1, H. Dosch 1

1Max-Planck-Institut für Metallforschung, Stuttgart

The Materials Science
Neutron/X-Ray Reflectometer
MatSci-R (Fig. 2.3) is built and
will be operated by the Max-
Planck-Institut für Metallforschung,
Stuttgart, as part of the joint MPG
initiative for research with neutrons
at the new research reactor FRM-
II. It is a monochromatic continu-
ous beam instrument at the neutron
guide NL-1 which utilizes neutrons
in the wavelength range 2-6 Å from
the cold source.

The MatSci-R instrument can be
operated as both a horizontal and
a vertical reflectometer. At the mo-
ment only the standard liquid mode
is being implemented in which a

Figure 2.3: The MatSci-R instrument in its current state. Shown is the sample table
with alignment laser mounted and two slit systems next to it. The neutron beam
is entering from the direction of the monochromator shielding on the left.
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portion of 6 cm (H) x 1 cm (V) of
the white beam is used. In this hor-
izontal mode, the monochromatic
beam can be tilted towards the floor
by moving the sample table down
and tilting the monochromator so
that free surfaces of liquid samples
can also be investigated. The range
of incidence angles in this mode is
0-5°, the range of exit angles 0-20°.
The instrument can also be used for
grazing incidence diffraction (GID).
In-plane scattering angles can then
exceed ±135° depending on the ex-
perimental configuration. For the
unpolarized monochromatic beam
we expect a neutron intensity of up
to 3·106cm−1s−1 (for 2% bandwidth)
at the sample position at the nomi-
nal reactor power of 20 MW. Further
instrument parameters are summa-
rized in Tab. 2.1.

In the final configuration, the in-
strument will encompass the follow-
ing components: HOPG monochro-
mator, cooled graphite or beryllium
filter, shutter, entrance slit sys-

Neutron wavelength range 2 - 6 Å
Neutron guide cross section 6 cm (horiz.) × 12 cm (vert.)
Beam cross section accepted
by the monochromator

6 cm (horiz.) × 1 cm (vert.)

Monochromator 11 × 3 HOPG crystals, horizontally focussing
(mosaicity 0.32° - 0.65°)

Energy resolution 2%
Max. incidence angle 5°
Max. exit angle 20°
Max. out-of-plane momen-
tum transfer (specular)

0.55 Å−1

Max. total momentum trans-
fer (within reflection plane)

1.35 Å−1

Max. in-plane momentum
transfer (grazing angle diffrac-
tion)

> 5.4 Å−1

Total neutron flux at
monochromator

4 ·109 neutrons cm−2 s−1

Peak neutron flux at
monochromator

4 ·108 neutrons cm−2 s−1 Å−1 (at 4 Å)

Monochromatic neutron flux
for reflectometery at sample

3 ·106 neutrons cm−2 s−1 (estimated)

Table 2.1: MatSci-R instrument parameters (for liquid mode).

tem 1, alternative beam condition-
ing components (multilayer polar-
izer, SERGIS coils), slit system 2,
sample, X-ray reflectometer, slit sys-
tem 3, alternative beam condition-
ing components (3He analyzer, SER-
GIS coils), slit system 4, detector.

Monochromator

The monochromator consists of 33
highly oriented pyrolitic graphite
(HOPG) crystals which are arranged
in eleven stacks of three crystals
each (Fig. 2.4). The monochromator
and the movable shield wall are de-
signed for the selection of neutrons
in the wavelength range from 2 to
6 Å out of the white beam. At the
moment we have eleven single crys-
tals mounted for first monochroma-
tor tests (Fig. 2.4).

Figure 2.4: The monochromator stage
for eleven stacks of three HOPG crys-
tals each, currently with eleven single
crystals mounted. The Al exit win-
dow of the neutron guide NL-1 is vis-
ible in the back.

SERGIS / NSE equipment

A spin-echo resolved grazing in-
cidence (SERGIS [1, 2]) setup is
currently being implemented and
tested at the EVA reflectometer at
ILL, Grenoble. In summer 2005 this
equipment will be transfered to and
become part of the MatSci-R instru-
ment.

Sample stage

The sample stage is designed to
support sample environments and
other equipment (like magnets) of
up to 400 kg. It encompasses an ac-
tive vibration damping (Halcyonics)
for the study of liquid surfaces. Sam-
ple ovens and cryostats as well as
magnets will be added subsequently
according to the users’ demands.
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Add-on X-ray reflectometer

The MatSci-R reflectometer is a
combined neutron/X-ray reflec-
tometer. The X-rays are provided
by a sealed tube source (at the
moment 3kW CuKα, 1.541 Å, op-
tions are MoKα, 0.709 Å, and CoKα,
1.789 Å) which is rotated around the
sample in a vertical plane together
with the X-ray detector. Neutron
and X-ray beams cross each other
at a 90° angle. Neutron and X-ray
experiments can be performed si-
multaneously or independently of
each other. The X-ray option en-
compasses two precisely controlled
linear motions for adjusting the in-
cidence angle, a multilayer mirror
which collimates the beam in the
vertical (acceptance angle 0.75°, rest
divergence 0.034°), and an optional
channel cut monochromator (rest
divergence 0.001°). The X-ray inci-
dence angle can be varied between
-1°and +11°. As an X-ray detector
we have a scintillator detector avail-
able. At a later stage it is planned
to also make a 1D position-sensitive
detector available for off-specular
measurements.

Detector

Currently we are testing a 2D posi-
tion sensitive He wire detector man-
ufactured at ESRF, Grenoble. Elec-
tonics and software were purchased
from GKSS, Geesthacht. The detec-
tor has an active area of 190 mm x
190 mm and will be mainly used for
the recording of off-specular scat-
tering intensities. As an alterna-
tive detector for extending the dy-

namic range of the neutron detec-
tion a standard 1" neutron detec-
tor tube (spatially integrating) will
be available.

Software

The MatSci-R instrument is con-
trolled by a custom-made software
(r contr ol ) based on LabView and
the LuaView scripting language. Ba-
sic operation of the instrument is al-
ready possible at the present stage of
the software development.

Status

In the course of the year 2004
the sample table with the vibra-
tion damping stage (Halcyonics)
was manufactured, installed and
tested. Three tilt sensors for vari-
able use at the instrument were
tested successfully. The basic as-
sembly of the instrument, includ-
ing monochromator stage, optical
benches, sample table and detector
tower, is finished. The assembly is
based on ITEM- and X95-profiles as
well as custom-made parts. Both
sample stage and detector tower can
be moved on airpads under com-
puter control. The monochroma-
tor stage has been carefully aligned
with a mechanical probe head in the
design position. Two of the three
slit systems are completely wired
and ready for use. The manufac-
turing of the boron-epoxy blades is
in progress (Lehrstuhl für Leicht-
bau, TUM) and a complete set of
blades willl be available in Febru-
ary 2005. The wiring of all mo-
tors, limit switches, position sensors

and encoders is practically com-
pleted. The support for all mo-
tor controllers (Monopack, Sixpack,
Bautz) is implemented in the con-
trol software. LuaView scripting ca-
pabilities (scans, macros) have also
been implemented in the control
software. Eleven HOPG crystals
are mounted on the monochroma-
tor stage and are ready for first tests
and alignment in the neutron beam.
The position sensitive neutron de-
tector is currently being tested in
connection with the readout elec-
tronics (N110, ESRF) and the con-
trol software (GKSS). A scintillator
detector for X-ray experiments has
been purchased and tested.

Currently we focus on finish-
ing the installation and test of all
components which are enclosed
in the monochromator shielding
hutch (beam stop, shielding, wiring,
beam shutter, laser target on the
exit window of the neutron guide,
web cam for remote monitoring).
This will allow us to close the
hutch, open the shutter and start
with the monochromator alignment
when the next reactor cycle starts in
early 2005.

[1] Felcher, G. P., te Velthuis, S. G. E.,
Major, J., Dosch, H., Anderson, C.,
Habicht, K., Keller, T. In Anderson,
I. S., Guérard, B., editors, Advances
in Neutron Scattering Instrumenta-
tion, Proceedings of SPIE, volume
4785, 164 (SPIE Optical Engineering
Press, Bellingham, WA, USA, 2002).

[2] Major, J. ., Dosch, H., Felcher, G. P.,
Habicht, K., Keller, T., te Velthuis, S.
G. E., Vorobiev, A., Wahl, M. Physica
B, 336, (2003), 8.
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2.3 MIRA – Very cold neutrons for new methods

R. Georgii 1, N. Arend 2, P. Böni 2, H. Fußsettter 1, D. Lamago 1, S. Mühlbauer 1, H. Wagensonner 1, C. Schanzer 2,
V.R. Shah 2, S. Mühlbauer 1, P. Böni 2, T. Keller 3

1ZWE FRM-II, TU München
2E21, Physik-Department, TU München
3Max-Planck-Institute for Solid State Research, Stuttgart

Introduction

The construction of MIRA in its ba-
sic configuration has been finished
early in the year. We also tested
the position sensitive detector, hav-
ing an active area of 18x18 cm2 with
a resolution of 1.5 to 1.8 mm, and
integrated it in the instrument suc-
cessfully. The instrument control
software was also brought to work-
ing level. Thus the instrument was
ready for neutrons:

On March, 2 2004 the FRM-II be-
came critical for the first time at a
thermal power of 1kW. On March, 8
the first neutrons have been mea-
sured at MIRA at a power of 50
kW and despite the low neutron

Figure 2.5: MIRA in the polarised reflectometer option equipped with a magnet
and a closed cycle cooling machine.

intensity first tests of the monochro-
mator were already possible.

In August the final power of
20MW was reached and then kept
constant for 4 weeks. This gave
us the possibility to perform several
demonstration experiments show-
ing the performance of MIRA, al-
ready using different options of the
instrument including different sam-
ple environments as low tempera-
ture and magnetic field (see Figure
2.5). Such the performance of the
whole instrument was successfully
tested under realistic conditions.

Current improvements of the in-
strument are setting up a neutron
spin-echo option (N. Arend, see
below) and building an improved

water-cooled electromagnet up to
0.25 T (S. Mühlbauer).

Experiments

In the following the demonstra-
tion experiments performed are de-
scribed.

The helical ferromagnet MnSi (D.
Lamago, see 6.2): A MnSi single crys-
tal at 10 K was measured in SANS ge-
ometry. Four scattering peaks were
found indicating with their relative
intensities the existence of the heli-
cal ferromagnetic phase.

The flux line lattice of Nb (S.
Mühlbauer, see 6.3): A Nb sample
cooled down to 6 K was measured
in SANS geometry. Around the cen-
tral beam a six-fold symmetry of the
scattered neutron intensity could be
observed. This is the footprint of
the flux line lattice in the Shubnikov-
phase of a type II superconductor.

Reflectivity measurements on a
magnetic multilayer (Ch. Schanzer,
see below): Unpolarisied neutron
reflectivity measurements on a
Ti/FeCoV/NiO/FeVoV/Ti magnetic
multilayer have been performed
partly in order to prepare later
planned magnetic experiments and
partly to improve the chemical lat-
eral structure determination of the
sample obtained with X-ray reflec-
tometry.

Multi-MIEZE and NRSE
options at MIRA

The instrument MIRA is currently
being equipped with a multi-MIEZE
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(Modulation of IntEnsity with Zero
Effort [1]) and NRSE (Neutron Res-
onance Spin Echo) option. A cru-
cial part of every NRSE based in-
strument are the NRSE coils. The
FRM-II hosts two other instruments
with Neutron Resonance Spin Echo
(NRSE) capabilities, NRSE-TAS and
RESEDA. Although not identical and
optimised for the respective wave
lengths, the NRSE coils installed at
both instruments share a common
basic design.

The DC coils are wound of an
8 mm by 0.5 mm aluminum band,
coated with an Al2O3 layer to en-
sure electrical insulation. This coat-
ing is known to have two proper-
ties not ideal for application in neu-
tron science (e.g. Small Angle Neu-
tron Scattering (SANS)), especially
with cold neutrons being utilised:
The insulation layer is grown using
a electro-chemical technique (ano-
dising) and therefore features ho-
mogenously distributed pikes on its
surface, forming a scattering grid-
like structure. Furthermore it con-
tains significant amounts of crystal
water, which is intrinsic to the man-
ufacturing process. The aluminum
band must be specially treated be-
fore using it for coil winding, namely
exposition to a D2O atmosphere at
high temperature (> 120°C) in or-
der to exchange H20 by D20, which
has a significantly lower scattering
cross section. Furthermore, since
the winding density is relatively low,
high currents (≈ 100 A) must be used
to achieve the nominal DC field of
0.03 T.

The decision to develop a new
NRSE coil design for MIRA was
driven by the following goals:

• improvement of the neutron
scattering/absorption proper-
ties at long neutron wave
lengths

• since the construction of the

RESEDA/NRSE-TAS coils re-
quires some technical expe-
rience (especially with the
winding process), a simpler
and better reproducible de-
sign was desired, using stan-
dardised industrial materials
and production engineering.

• decrease the required current
to achieve the same nominal
field strength

Fig. 2.7 and 2.8 show the current de-
sign, it is based on both an approach
developed at the Max-Planck-
Institute for Metal Research in
Stuttgart [2] and the RESEDA/NRSE-
TAS layout [3].

The idea is to form the DC coil by
stacking single windings (Fig. 2.7)
made out of 2 mm aluminum sheets.
The contacting is done by point-
wise welding and each layer is iso-
lated against the next. The body of
the DC coil, formed by the single Al
sheets, does contain water cooling
channels that will also serve as an
alignment aid during assembly. Fig.
2.8 depicts a sketch of a partially as-
sembled MIRA NRSE coil, including
the radio frequency coils, whose lay-
out is an enhanced version of the
RESEDA coils.

The window, where neutrons will
penetrate the coil, is indicated in the
center. Fig. 2.6 shows a test assem-
bly of the DC coil, on which inves-
tigations of electrical and thermal
properties can be performed.

Figure 2.6: DC coil test assembly.

Figure 2.7: Winding geometry of the
MIRA DC coils.

Figure 2.8: Assembled MIRA NRSE coil.

First neutron reflectometry
results from the new
instrument MIRA at FRM-II

Neutron reflectometry is a power-
ful tool to probe the depth profile
of thin films and multilayers. In
additon, using polarised neutrons
the magnetic depth profile of ferro-
magnetic nanostructures can be un-
raveled. Here, we report the first
reflectivity experiments performed
at the new instrument MIRA at the
new high flux neutron source FRM-
II. MIRA is designed as a versatile in-
strument to provide various options
for different types of experiments.
One option of MIRA is as a reflec-
tometer using a monochromatic
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Figure 2.9: Neutron reflectivity of Ni single film (tNi = 52.55 nm). The symbols
represent the experimental data whereas the solid line shows the computed re-
flectivity.

beam from a mica crystal. At
present, MIRA is ready for unpo-
larised neutron reflectivity measure-
ments, which is used the first time
to measure reflectivity on a Ni sin-
gle film and on FeCoV (20 nm)/NiO
(tNiO)/FeCoV (20 nm) trilayers in or-
der to test the structural layer model
as obtained from X-ray reflectivity
(XRR).

Prior to the reflectivity experi-
ments the instrument including the
sample stage was aligned. In partic-
ular, the design of the sample stage
allows to change samples without
the necessity of a new alignment.
From neutron reflectivity on a Ni
single film (fig. 2.9) we obtained the
characteristics of the neutron beam:
λ = 0.98 nm, ∆λ = 0.02 nm, ∆θ =
0.06°.

Fig. 2.10 shows the neutron re-
flectivities of FeCoV/NiO/FeCoV tri-
layers. The agreement of experi-
mental and computed reflectivities
is satisfactory. Some discrepan-
cies are remaining as the model re-
flectivities include only a contribu-
tion from an average magnetisation
of the ferromagnetic FeCoV layers.
This may not be completely real

Figure 2.10: Neutron reflectivity of FeCoV (20 nm)/NiO (tNiO)/FeCoV (20 nm) tri-
layers. The structural parameters, as obtained from the refinement of the X-ray
reflectivity, are directly used to calculate the nuclear SLD profile of the trilayers
for neutrons. From the combination of nuclear and magnetic contributions to
the scattering length the model reflectivities are calculated.

since the magnetic field environ-
ment was not ready at the time of
the experiments and therefore the
magnetic state of the samples could
not be defined absolutely. Never-
theless these first results obtained
from MIRA confirm our structural
layer model, which is the basis for
the analysis of polarised neutron re-
flectivity measurements performed
at the AMOR reflectometer at PSI [4,
5]. In addition to the successful test
of the layer profile of our samples
we could establish the reflectome-
try option of MIRA. It is a promis-
ing instrument especially once po-
larised neutrons are available allow-
ing to investigate magnetic struc-
tures in detail.
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2.4 Status of the Horizontal Reflectometer REFSANS at FRM-II
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The horizontal reflectometer
REFSANS is dedicated to the com-
prehensive analysis of the air/water
interface by means of specular

Figure 2.11: View of neutron optics,
master chopper (MC) and slave
chopper (SC) without disks in the
chopper chamber (NL-2b: end of
neutron guide NL-2b at the entrance
of the chopper housing; NG-1, NG-2,
NG-3, and NG-4: neutron guide
elements.

and off-specular reflectivity as well
as GISANS measurements [1, 2, 3].
In parts, novel components con-
cerning the chopper system, the
neutron optics, the detector and the
data acquisition system have been
developed to meet the requirements
of the different operation modi. An
overview of the status of REFSANS
as achieved in 2004 is presented in
this report.

In the chopper chamber the slave
chopper (SC) can be positioned in
neutron guide gaps at distances be-
tween ≈ 5 cm and 2.1 m from the
master chopper (MC) for setting the
wavelength resolution in the broad
range of 0.25% < ∆λ/λ < 15%
(Fig. 2.11). Double disc choppers al-
low adjusting the transmission win-
dow between 0°and 120°(Fig. 2.11
and 2.12) in accordance with the
wavelength resolution.

GISANS geometry is achieved by
means of collimating the beam hor-
izontally and vertically. In this ge-
ometry the intensity is increased by
more than one order of magnitude
by means of focussing 13 partial
beams in the detector plane at a dis-
tance of ∼ 10 m from the sample.
The latter is performed by means
of pre-collimating the beams in

Figure 2.12: Master chopper with one
disc and neutron guide elements
NG-1 and NG-2 mounted in the
chopper chamber.

Figure 2.13: View of neutron guide
element 3 with its upper channel
used for continuing NL-2b (height:
12 mm; width: 170 mm) and its lower
channel designed as a radial pre-
collimator.

radially collimating neutron guide
channels in the chopper chamber
(Fig. 2.13) and by comb-like aper-
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tures in the beam guide chamber
(between neutron optical bodies;
Fig. 2.14) preventing mixing of neu-
trons in different partial beams [1, 3,
4].

The sample environment
(Fig. 2.15) is designed for exper-
iments at the air/water interface
as well as at the air/solid and liq-
uid/solid interface. In all cases one
can make use of a microscope in up-
right or inverted position either for
preparation purposes or as a com-
plementary measuring option (e.g.
fluorescence techniques). The fur-
ther equipment consists of a damp-
ing table, a temperature controlled
film balance and a set of transla-
tional tables (x, y, z) together with a
three-axis goniometer (χ,φ,Ω).

Figure 2.14: View of a neutron opti-
cal body of the beam guide cham-
ber with the mechanics for vertically
aligning a NGE. The NGE consists
of an upper channel (uc) for contin-
uing NL-2b (height: 12 mm; width:
170 mm) and a lower channel (lc) de-
signed for vertically collimating and
keeping the large horizontal beam
divergence.

Figure 2.15: Setup for air-water experi-
ments including damping table (DT),
film balance (FB) and fluorescence
microscope (FM). The path of the
neutron beam is indicated by the ar-
rows.

In the scattering tube the 2D-
detector with an active area of
500 mm × 500 mm (Fig. 2.16) and
a position resolution of ≈ 2 mm ×
3 mm can be positioned at distances
between ≈ 2 m and ≈ 12 m from the
sample. With its high quantum ef-
ficiency for neutrons (≈ 80 % for λ∼
0.8 nm) (Fig. 2.17) and a very low one
for gammas (< 10−6 for E ∼ 660 keV)
the detector meets all requirements
for measuring low reflectivity and
weak GISANS contributions [5].

Figure 2.16: REFSANS detector
mounted on the 12 m long transla-
tion table in the scattering tube.

The main components of REF-
SANS (chopper system, neutron
optics, sample environment, 2D-
detector, shielding, scattering tube
with lifting system and data acquisi-
tion system) have successfully been
tested and are being put into op-
eration. First measurements will
be performed at REFSANS early in
2005.
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2.5 RESI – The Single Crystal Diffractometer
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During the last year the commis-
sioning of the thermal single diffrac-
tometer RESI has been started. Fol-
lowing the startup of the reactor in
May we were able to use the first
neutrons to start the adjustment
of the focusing Cu-422 monochro-
mator and the focusing Ge-511
monochromator. During the first
full power time in October, the Cu-
422 monochromator has been fine-
tuned and and detailed tests of the
instrument have been carried out.
These included assessment of the
properties of the image plate sys-
tem, the software and the hardware.

Figure 2.18: Images of the monochromatic beam: left) prior to focusing, right) fo-
cused beam (Cu-422 monochromator, λ= 1.0Å)
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Results

The highly sophisticated monochro-
mator mechanics, which allows ad-
justment of the individual crystals in
three degrees of freedom has proven
to be very useful. Using the image
plate as a “camera” for neutrons, we
were able to focus the monochro-
matic beam on an area of about
20×30 mm, thereby increasing the
flux density on the sample position
by approx. a factor of 5.

Different test crystals were used
to align the goniometer and to test
the integration of Bragg intensi-
ties. A typical diffraction image of a
sodium gallium phosphate is shown
in Figure 2.19.

Figure 2.19: Diffraction image (sodium gallium phosphate, 2 × 3 × 1.5 mm3,
1500sec/degree, sample-detector distance 250mm). Some powder rings from
the Al sample holder can be seen.

Due to the limited beam time, we
did not collect complete datasets, so
refinement results are not yet avail-
able.

The gamma sensitivity of the
imaging plate, which has been a ma-
jor concern during the design phase,
has proven to be neglegible. This
can be attributed to the very low
background at the detector posi-
tion due to highly effective shield-
ing of the neutron guide and the
monochromator. With closed sec-
ondary shutter, we observe almost
no increase of the radiation level
above the values recorded before re-
actor startup.

Further tests were carried out to
assess the ability to collect diffuse

Figure 2.20: Diffraction image (AlNiCo
quasi crystal). Both Bragg and diffuse
scattering can be seen.

scattering data. Here, we used a
rather large AlNiCo quasicrystal. As
shown in figure 2.20, diffuse scat-
tering can be observed up to high
diffraction angles, even in the pres-
ence of strong Bragg reflections.
Here the large dynamic range of the
imaging plate system proves to be a
significant advantage.

These tests also indicated some
possible improvements of the beam
shaping. A boron carbide nozzle
(10mm diameter) directly in front of
the sample has been designed to re-
duce the background due to air scat-
tering.

Outlook

The next steps in the commission-
ing of the instrument will comprise
the setup of the heavy goniometer
with tilting option or Eulerian cradle
and the analyzer option. Parallel to
this work, instrument RESI is avail-
able for first user experiments. 52
days of the cycles 2 and 3 have been
assigned to external users.
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2.6 First test measurements at the new structure powder diffractometer
(SPODI) at the FRM-II
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Figure 2.21: Set-up of the Structure Powder Diffractometer SPODI at the FRM-II.

Introduction

The design and status of the new
Structure POwder DIffractometer
(SPODI) (figure 2.21) is reviewed. To
solve complicated structures reli-
ably by powder diffraction, not only
high resolution and intensity are es-
sential, but, in particular, also good
peak profiles that can be described
as perfect as possible. For strongly
overlapping reflections, uncertain-
ties in the exact shape can lead to
a wrong distribution of the inten-
sities. Moreover, such knowledge
virtually increases the resolution
of the instrument far beyond that
given by the widths of the peaks.
Similar arguments hold for a good
peak to background ratio which can

be achieved not only by a low back-
ground, but also by narrow tails of
the peaks. Finally, such good peak
shapes should be maintained up to
large scattering angles 2θ. Based
on these considerations, computer
simulations have been used to op-
timize both the single components
and their interaction along the in-
strument. The resulting concept
together with test measurements
of single components at neutron
sources have been described in ref-
erence [1, 2, 3, 4, 5, 6]. The high flux
at the sample position with neu-
trons of very low vertical divergence
because of the 5m distance to the
monochromator allows the unique
possibility to integrate a small-angle
scattering apparatus in the whole
system [7].

Results and Discussion

Using the first adjustment of the
focusing monochromator the beam
was deposed to the sample position
on which a corundum sample was
mounted. As one of the first patterns
figure 2.22 shows the diffraction pat-
tern of a measurement without sam-
ple collimator and preliminary ad-
justment of the detector electronics.
Rietveld fitting procedure results in
identification of the expected peaks
with broad FWHM’s. The pattern
includes no correction of the um-
brella effect which means the inten-
sity was added up in vertical direc-
tion not using the position sensitiv-
ity. A single peak analysis of the
{116} reflection with different inte-
gration of detector height displays
the shifts of the determined position
of the peak (∆2θ up to 0.11°) and
increasing asymmetry in the peak
profiles for higher detector heights
(figure 2.23). The fitting parame-
ter ηwhich describes the Lorentzian
contribution in the Voigt function
(the value η = 0 stands for Gaussian
function and η = 1 for Lorentzian
function, respectively) resulted in
values η= 0.1 for the different detec-
tor heights and confirmed the nearly
perfect Gaussian profile.

This effect of peak shift and peak
asymmetry will increase dramati-
cally with decreasing scattering an-
gle towards 2θ = 0° or with increas-
ing scattering angle towards 2θ =
180°. The peak profile will not be
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Figure 2.22: Diffraction pattern of corundum measured at SPODI
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Figure 2.23: Corundum diffraction pattern with evaluation of different detector
heights displaying the position shift of peaks and asymmetry of the profiles.

constant over the whole range of 2θ.
The reason will be clear by remem-
bering the Debye-Scherrer diffrac-
tion geometry: The powder sample
is centered at the intersection point
of primary beam and cylinder axis,
which are perpendicular. The sam-
ple position is the starting point of

the Laue cones. The cone axes co-
incide with the primary beam and
are perpendicular to the cylinder
axis. The Debye-Scherrer rings resp.
ring sectors are intersection lines of
the cylindrical detector and these
cones. The two-dimensional detec-
tor matrix has to be transformed to

an one-dimensional diffraction pat-
tern for further processing by Ri-
etveld programs. The only way to
avoid peak shift and peak asymme-
try and to conserve all information
inherent in the diffraction experi-
ment is to integrate along Debye-
Scherrer rings. The detector ma-
trix can be interpreted as rectangu-
lar grid, whereas theoretical Debye-
Scherrer rings form a curvilinear
grid. In general, these two grids
do not coincide. Therefore it is
necessary to calculate the inten-
sity at points of the Debye-Scherrer
grid due to surrounding matrix grid
points. This is performed by bilinear
(horizontal and vertical) interpola-
tion in dependency on distance. At
last the intensities have to be nor-
malized in relation to the arc length
of the lines recorded by the detec-
tor. The result of this computer time
consuming procedure is shown as
solid line in figure 2.24. In compar-
ison to the integration of a detec-
tor tube there are now no peak po-
sition shifts, no asymmetrie of the
peak profile shape and, more impor-
tant, the FWHM is reduced and the
resolution is enhanced. This simu-
lation does not include the smearing
caused by neutron optics and sam-
ple dimensions.

Conclusion

First measurements at the new
structure powder diffractometer
SPODI have shown the great po-
tentials of the instrument. It was the
first instrument at FRM-II to lead a
monochromatic beam on a sample
for a diffraction pattern.

The first alignment of the
monochromator under the help of
McStas simulations for the choice
of tilting angle and focusing ge-
ometry revealed high intensity at
the sample position. The quasi
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Figure 2.24: Comparison of transformation methods: vertical summation (dotted)
and summation along Debye-Scherrer rings (solid)

two-dimensional detector allows
enhancements in the resolution and
more accurately determination of
peak position as arised in the corun-
dum measurement.
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2.7 HEiDi – Single Crystal Diffractometer with Hot Neutrons
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Figure 2.25: Detector unit at the
Θmono = 20o position

Scientific design

HEiDi is a project of the RWTH
Aachen and the TU München. The
instrument was build up in front
of beam tube SR-9B to use the hot
source of the FRM-II. At the hot
source the spectrum of the ther-
mal neutron flux becomes shifted
to shorter wavelengths. Therefore,
following Braggs Law 2d sinΘ = λ

HEiDi can observe a very large range
– defined as |~Q| = sinΘmax /λ – of
the reciprocal space. This favorizes
the instrument for crystallographic
studies on single crystal samples for

which details of the atomic or mag-
netic structure are of special inter-
est. Examples are investigations
of mean square displacements near
structural phase transitions (obser-
vation of anharmonicities), of disor-
der in molecular crystals, of hydro-
gen bonds and of magnetic order-
ing. Other applications are structure
analyses on rare earth (e.g. Gd, Sm)
compounds. They can only be stud-
ied by neutron diffraction at short
wavelengths because at larger wave-
lengths their absorption cross sec-
tion becomes too big.

In 2004 the instrument was com-
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pleted in order to begin the first
tests and adjustments of HEiDi with
neutrons together with the nuclear
commissioning of the FRM-II. De-
tails of the instrument and its ap-
plications were presented at the
ECM22 in Budapest and at the
DNS2004 in Dresden. In the follow-
ing the actual status of HEiDi and
the results from the tests of some of
HEiDis components during the first
reactor period are presented:

Current status

Biological Shielding

The efficiency of the biological
shielding in front of the instrument
and its two experiment shutters (in
front and behind the monochroma-
tor unit) were tested at the maxi-
mum thermal power of 20 MW of
the reactor. In the accessible area
around the instrument not more
than about 1 µSv/h at any position
was detected if the beam exit to the
diffractometer unit was closed.

A beam stop and a second biolog-
ical shielding were mounted to ab-
sorb radiation from the monochro-
matized primary beam and scat-
tered neutrons from the sample
environment behind the instru-
ment. Both perform very well which
means that there is no significant
increase of gamma or neutron radi-
ation during operation of the instru-
ment outside this second barrier.

Collimators

Three collimators with Gd coated
metal foils were manufactured at
the HMI in Berlin and mounted
into the main beam shutter of SR-9.
Homogenity and transmission were
tested in 2002/2003 at the SV28 neu-
tron diffractometer at the FZ Jülich
yielding completely satisfying re-

sults with an intensity ratio of 1:2:4
for the 15’, 30’ and 60’ collimator of
SR-9B. Gold foil activation analysis
of the white beam at the monochro-
mator position and measurements
at 20MW with monochromatized
beams of 0.87 Å and 0.55 Å at the
monitor position near the sample
yield an intensity ratio of 1:2.0:3.2
for the 15’, 30’ and 60’ collimators.
While the agreement with the theory
is perfect for the 15’ and 30’ collima-
tor there is a surprising loss of inten-
sity for the 60’ collimator. An ex-
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Figure 2.27: Resolution function

planation for this result has not been
found yet; a significant missalign-
ment of the 60’ collimator is very un-
likely.

Monochromator Unit

There are four axes/directions
to define the orientation of the
monochromator unit with respect
to the ”white” beam from the re-
actor and the outgoing channel
to the experiment. These are the
Θmono-axis, an x-table and a tilting
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goniometer moving perpendicular
to ΘMonochr omator and a selector-
axis to switch between different
available monochromator crystals.
All axes where optimized for the
Θmono = 200 exit using the Cu-(220)
and the Cu-(420) monochromator
crystal and a Si cube of about 5 mm
length per edge as sample. The ratio
between the flux at 0.87 Å and the
flux at 0.55 Å was found to be 3:1.
This is in good agreement with for-
mer Monte-Carlo (MC) calculations
of the flux distribution performed at
the FRM-II.

To increase the neutron flux at the
sample position all monochromator
crystals can be focussed vertically.
MC simulations of the beam path
yield a gain factor of 2.5. The ex-
perimental results were found to be
in very close agreement to this with
a gain factor of 2.4 for both wave-
lengths.

Profiles of Bragg reflections taken
from the sample show only a minor
broadening between no focussing
and full focussing for the Cu-(220)
monochromator with a rocking scan
width of ∆ω ≈ 0.90 (FWHM). For
the Cu-(420) monochromator we
got another picture. In the non fo-
cussing mode the FWHMs of the
reflections correspond to the re-
sults of the Cu-(220) monochroma-
tor. An increase of the focussing
angle yields a peak broadening of
the width ending up with a double
peak structure and a doubling of the
FWHMs at the maximum focussing
position. The small width of the
double peak still allows an accurate
measurement of integrated intensi-
ties. Nevertheless we will perform a
2D image of the monochromatized
outgoing beam in order to identify
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and correct one or more missaligned
Cu-(420) crystals as soon as there
are neutrons available again.

Filter Unit

For λ = 0.87 Å(Cu-(220)) and λ =
0.55 Å(Cu-(420)) there exists the
problem of the so called λ/2 con-
tamination. If there is a given crys-
tal lattice and a given Bragg angle
due to Braggs Law not only neu-
trons of a certain wavelength λ but
also those of higher order like λ/2,
λ/3 and so on can pass. Reflectiv-
ity drops significantly with shorter
wavelengths. Therefore, only the
λ/2 radiation has to be taken care
of to get a really monochromatized
beam. To avoid λ/2 contamina-
tions, filters can be used which con-
sist of thin foils of elements which
have a resonance (and therefore
strong absorption cross section) at
or near to λ/2. Measurements of al-
lowed and forbidden Si reflections
at 0.87 Å showed a λ/2 contamina-
tion of 17.4%, see figure 2.26. This

is much higher than a tolerable ratio
of less than 1% which is suitable for
structure analyses using Bragg data
of integrated intensities. From these
results and the neutron flux distri-
bution at the exit of SR-9 the thick-
nesses of all necessary filters (about
six for three differentΘmono and two
different Cu monochromators) were
derived in order to get suitable foils
for the filter unit.

Resolution function

The resolution function of HEiDi
wsa determined with a Si sample
crystal. The mosaicity of this per-
fect crystal is well below those of the
monochromator crystals. Therefore
the FWHMs of the Bragg peaks of
the Si sample give directly the in-
strumental resolution for different
|~Q| values (|~Q| = sinΘ/λ). The re-
sults for 0.87 Å using three differ-
ent collimations (15’, 30’, 60’) and
focussing and non-focussing modes
are shown in figure 2.27.

Reflection profiles are well de-
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fined for all three collimations. If the
Bragg angle Θ gets close to Θmono

the FWHMs become very narrow
with values below 0.10. It is obvious
that the divergence ratio of four be-
tween the 15’ and the 60’ collimator
does not yield a corresponding in-
crease of FWHMs or integrated in-
tensities, see fig. 2.28. Only a fac-
tor of two was found for the ratio of
integrated intensities over the com-
plete Q range. This makes it very
likely that the integrated reflection
intensities are limited by the small
mosaicities of the monochromator
crystals. Furthermore, it was found
that there is no significant difference
between the focussing and the non
focussing mode exept of the gain
factor of 2.4, see fig. 2.27.

Software

The measurement program for this
instrument was written originally
for an x-ray diffractometer at the
RWTH Aachen using ANSI-C. Only
minor changes were necessary to
control HEiDi with this software
using hardware specific drivers
(e.g. Taco) to support the differ-
ent components. The software con-
trols all relevant components of
the instrument and collects data
of Bragg reflections using crystal-
lographic informations about the
sample. Though all basic functions
of the instrument work, full hard-
ware support by the drivers has not
been reached yet, e.g. synchronous
movements of all axes. This will be
one of the major tasks in the near
future to increase the efficiency of
the instrument significantly.

An interesting feature of this pro-
gram is its capability to be con-
trolled remotely. That means that
the user can not only observe the
progress of the data collection from

his office but also perform modifica-
tions to the running measurement.

Outlook

Instrumental Design

The first tests on HEiDi have proven
its capability to collect Bragg data
sets. The next steps are:

The issues found during the first
reactor period have to be corrected.
The adjustment of the instrument
will be continued for the untested
wavelengths using the Θmono = 10o

and theΘmono = 25o positions.
At the beginning of 2005 two ad-

ditional components will be deliv-
ered. One component is the Ge-
(311) monochromator crystal. It will
be checked and adjusted in its fo-
cussing unit as a sample mounted
on the diffractometer during the
next reactor period. After this, it will
be mounted on the free place of the
selector in the monochromator unit.
The other component is the small
(200*200mm2) 2D 3He detector for
which the electronical part has al-
ready been assembled.
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Figure 2.29: Cell optimization

Polarized Neutrons

On Juli 2004 the Institut für Kristal-
lographie at the RWTH Aachen was
granted financial support from the
BMBF for the project ”Polarisierte
Neutronen für die Spindichtebes-
timmung an magnetischen Struk-
turen”. On December 2004 Dr.
Vladimir Hutanu became the re-
sponsible scientist for this project
and started his work doing some cal-
culations to find a suitable size and
design for the 3He spin filter cells
and suitable magnetic cavities.

The efficiency of 3He NSF (Neu-
tron Spin Filter) used as a polariser
or analyser is usually described with
quality factor Q, Q = P 2

nTn where
Tn transmission and Pn polarisa-
tion are depending in a different way
from the cell’s ”opacity” which is
the effective absorption coefficient
of polarised 3He and neutrons with
antiparallel oriented spin. In fig.
2.29 are presented neutron’s polari-
sation, transmission and quality fac-
tor Q of 10 and 15 cm long cells filled
with 3 bars of 3He polarised at 70%
as function of the neutron wave-
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lengths accessible at HEIDI. Opti-
mising the cell parameters for the
wavelength of 0.68 Å and 0.87 Å the
first NSF cells specifications were
elaborated. Cells with 13 cm length,
6 cm in diameter and working pres-
sure up to 3 bar seems to be op-

timal for our application. Not the
last role in the practical application
play also relaxation characteristics
of the polarised 3He containers. The
values of 200 hours for character-
istic relaxation T 1 at 1 bar would
be preferable, but 100 hours as a

lower threshold is reasonably desir-
able. Next steps will be the final def-
inition and construction of the spin
filter cells as well as the magnetic
environment and the construction
of an amagnetic base for the diffrac-
tometer.
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3 Spectrometers

3.1 PANDA – The cold neutron three-axes spectrometer

P. Link 1, D. Etzdorf 1, A. Schneiderwind 2, R. Schedler 2, R. Sprungk 2, E. Kaiser 2, C. Wetzig 2, M. Dörr 2,
S. Sahling 2, M. Loewenhaupt 2

1ZWE FRM II, TU München
2Inst. f. Festkörperphysikphysik, TU Dresden

Personal

Early 2004 Dr. M. Rotter left the
PANDA project and the TU Dres-
den for a position at TU Vienna in
Austria. Since 1st of November Dr.
Astrid Schneidewind has joined the
team as instrument co-responsible.

Project status and progress

The year 2004 has been governed by
two aspects, on one hand the com-
pletion and assembly of instrument
components and on the other hand
the installation of peripheral equip-
ment.

Following the neutron flight path
we start with the new optional sap-
phire filter component in the neu-
tron guide channel, which has been
added in November. The remote
controlled unit drives a 70mm thick
sapphire single crystal into the white
beam. We expect that this filter re-
duces thermal and epithermal back-
ground considerably.

The primary spectrometer has
been completed including the
secondary shutter inside the
monochromator shielding. A first
test has been performed with neu-
trons. It showed that the primary
shielding needs only minor im-
provement. We used the opportu-
nity also to measure the white beam
neutron flux at the monochromator

Figure 3.1: The experimental area of PANDA

position. The result 3.5·109 n/cm2/s
corresponds to the expected value
from Monte-Carlo simulation. We
note both PG002 and Heusler al-
loy crystals mounted on the cor-
responding monochromator and
analyser mechanics ready to use.

Concerning the secondary
spectrometer we finally have all
components assembled and wiring
for all electro-mechanics has been
completed. The components are
now integrated into the remote con-
trol software and ready to use.

The experimental area has been
surrounded by shielding elements
made of PE, lead, and stainless steel
for radiation protection. This spe-
cial design has been preferred be-
cause of space and weight limita-
tions at the PANDA site. On top
of the monochromator shielding we
mounted a platform, which allows
us there to install sample environ-
ment equipment in a comfortable
way and moreover without restrict-
ing spectrometer movements on the
ground. This will be most important
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for the use of the 15T cryo-magnet
system.

Outlook

During the year 2005, all neutron
optical alignment should be done
and PANDA may enter routine oper-
ation for first user experiments.

Figure 3.2: View inside the monochro-
mator shielding with the remote con-
trolled crystal changer

3.2 PUMA – The Thermal Three Axes Spektrometer at SR7

K. Hradil 2, H. Schneider 2, G. Eckold 2, P. Link 1, J. Neuhaus 1

1ZWE FRM-II, TU München
2Institute of Pysical Chemistry, University of Göttingen

The three axes spectrometer
PUMA is situated at the thermal
beam tube SR7 within the experi-
mental hall of FRM-II. It is built up
and operated within a cooperation

Figure 3.3: View on the instrument PUMA

of the Institute of Physical Chem-
istry (University of Göttingen) and
the Department of Physics E13 (TU
München). Its main characteris-
tics have been described within the

report 2003 and can be found at
http://www.frm2.tum.de/puma.

Fig. 3.3 shows a view of the instru-
ment PUMA in its actual state. Con-
cerning the single detector option
of PUMA all necessary components
for the commissioning phase of the
instrument are in place and opera-
tional. The main activities during
2004 were performing tests of the
components within the interaction
of the whole spectrometer and the
continuously improvement of the
control program.

Problems with the absolute
encoders of the main axes de-
manded a complete exchange of
the devices including those of
the monochromator-unit. Conse-
quently, a complete realignment of
all spectrometer components was
necessary.

First measurements testing the
primary shielding of PUMA with
neutrons showed that a consider-
able flux of epithermal neutrons
outside the monochromator drum
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and, hence, major improvements
of the shielding became necessary.
Presently, construction and fabrica-
tion of additional parts are under
way. An efficient shielding of the ex-
perimental area made from a com-
posite structure of iron, B4C in vul-
canized rubber, PE and lead allows
for a sufficient radioprotection of
the surrounding accessible area.

The doubly focusing PG(002)-
monochromator device has been
tested mechanically in Göttingen
yielding an excellent mechanical ac-
curacy that allows a very precise
adjustment of vertical and hori-
zontal curvature. Meanwhile, the
PG(002) monochromator was trans-
ferred to FRM-II and installed within
the monochomator change unit
(Fig. 3.4). First provisional tests
with neutrons showed that the flux
at the sample position agrees well
with the results of McStas simula-
tions. In particular, on optimal fo-
cusing gain factor in intensity of 9
(flat/focussed) was determined just
as expected from the simulations.

The bent mechanics of the Si(311)
monochromator as provided by
Swiss Neutronics had to be im-
proved due to mechanical inaccu-
racies. These problems have now
been solved so that the device will

be installed in the monochromator
changer in the near future.

The mechanical design of the
multianalyser component was en-
hanced during the year and a first
test unit could be placed on the
analyser table. After some improve-
ments of details the unit of 11 anal-
yser blades will be manufactured
and mechanically tested. The de-
sign concept for the two detector
options is finished. We will use an
array of 11 individual detectors for
the dispersive arrangement, each
corresponding to one of the anal-
yser blades, and 7 position depen-
dent detector tubes for the focus-
ing arrangement. Both units will be
built during 2005.The detector elec-
tronics is available. Due to the to-
tal number of 18 detectors we de-
cided to use the compact system of
Mesytec company providing a cen-
tral unit and compact units for the
preamplifiers which can be placed
within the shielding of the detectors
thus allowing for short distances of
wiring . At the moment in coopera-
tion with Mesytec a control program
is developed to implement it within
the TACO control system of FRM-II.

First tests of devices of the in-
strument sample environment were
performed. The closed cycle cryo-

stat was successful tested within a
temperature range from 3.5 K to 300
K. A second close cycle cryostat with
a high temperature option ( up to
800 K) is delivered. Moreover, the
furnace for the Eulerian cradle (up
to 1000 °C) is already available.

Even if adjustment and charac-
terization of the individual compo-
nents of the spectrometer still needs
some beam time, PUMA is princi-
pally ready for operation in its basic
version. Hence, it was already con-
sidered in the first proposal round
for "friendly users".

Figure 3.4: Bent mechanics of the
monochromator with 117 PG(0 0 2)
crystals

3.3 RESEDA - the Neutron Resonance Spin Echo Spectrometer

W. Häußler 1, P. Boeni 1, B. Gohla-Neudecker 1, Heinz Wagensonner 2

1E21, Physik-Department, TU München
2ZWE FRM-II, TU München

RESEDA, the quasielastic Neu-
tron Resonance Spin Echo (NRSE)-
spectrometer at the FRM-II is lo-
cated in the neutron guide hall. The
neutron guide NL 5b leading to the
instrument is bended, in order to
provide a sufficient number of re-
flections, and to prevent direct sight

to the neutron source. Thanks to
its length (65 m), the bending radius
of NL 5b can be relatively large (r =
1640 m), providing a broad neutron
wavelength band (λ = 2.5 − 15 Å)
with polarization being presumably
better than 96%.

One part of the activities in 2004

at RESEDA was concentrated on the
radiation shielding of NL 5b. Due
to the results of first measurements
of the radiation background per-
formed just after the reactor start in
May 2004, both guide and shield-
ing were changed. The first part
of the polarizing guide (8 m) was
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Figure 3.5: The velocity selector and the neutron guide leading towards RESEDA.

moved into the casemate, the lead
shielding along the other part of
the guide was doubled and a neu-
tron shielding was mounted. New
magnetic components needed for
the polarizing guide, were installed,
and the magnetic field was properly
adjusted along the whole neutron
guide.

Another major part of the activ-
ities was concentrated on the con-
struction of the selector housing (s.
Fig. 3.5). Base plate, aluminum
support, rotary table and neutron
shielding were built. The hous-
ing was modified in order to close
openings in the shielding, and cable
channels were added. At the same
time, the beam shutter in front of
the selector was planned and con-

structed. In order to have enough
space for the shutter, the neutron
guide between selector housing and
RESEDA was moved by 10 cm. The
magnetic guide field inside the se-
lector housing was modeled, and
the components needed therefore
were produced. The selector vac-
uum system was purchased and in-
stalled. In December, all compo-
nents of the selector were mounted
and tested. Finally, the three-
dimensional model of the selector
housing and all installations was
actualized, because in the previ-
ous model, both several dimensions
were wrong, and main components
were missing.

At RESEDA, several mechanical
parts were reengineered. For ex-

ample, the drive mechanics was
modified, because the long (4 m)
and heavy secondary spectrometer
arms did not move. Both motors
and encoders were substituted by
a friction wheel drive and an abso-
lute encoder. From the extensive
work on the electronics, we mention
only the most important part: the
RF-circuits were put into operation.
Both the existing RF coils were mod-
ified, in order to eliminate short cir-
cuits, and new RF coils were con-
structed. For the first time, the RF
coils were connected to the ampli-
fiers by RF transformers. The cir-
cuits were tested, the resonance fre-
quencies, resistances and currents
were determined. The RF trans-
formers were adapted to the mea-
sured resistances. Bugs in the ca-
pacitor switches were eliminated.
Two complete sets of coils and elec-
tronic components were chosen,
which have identical resonance fre-
quencies. Finally, due to problems
with the RF amplifier supplier, new
amplifiers were ordered from a dif-
ferent company.

Another major part of the activ-
ities was concentrated on the de-
velopment of a new instrument-
control-program. It was decided to
skip the non-functioning fragments
of the existing code, and to start the
development of TACO servers be-
ing the FRM-II standard, also for
RESEDA. These activities are still go-
ing on and will hopefully be finished
before the first measurements.
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3.4 RSSM - The Backscattering Spectrometer

P. Rottländer 1, W. Bünten 1, T. Kozielewski 1, M. Prager 1, D. Richter 1

1Institut für Festkörperforschung, Forschungszentrum Jülich

The backscattering spectrometer
RSSM is situated at the end position
of neutron guide 6a. It is designed
to optimize neutron flux while re-
taining the high energy resolution of
backscattering spectrometers. Also,
it offers a high degree of flexibility
by providing different sets of crystals
and a diffractometer option.

In 2004, most major components
were finished and assembly of ev-
erything has begun. A neutron ve-
locity selector filters neutrons which
have no chance to be used by the in-
strument. It was ordered last year,
and has been tested and delivered in
august.

The phase-space transformation
chopper is one of the most ad-

Figure 3.6: The central disc is used to
align the main components of the in-
strument with high precision

Figure 3.7: Installing the large-angle re-
flectors

vanced parts of the instrument’s de-
sign. It transforms a parallel neutron
beam into one which is much bet-
ter monochromatized but more di-
verging. This is achieved by means
of graphite crystals moving at a
speed of 300 m/s. Therefore, it
has high requirements to the mate-
rials and technology. To avoid regu-
lar unmounting and rebalancing of
the wheel, it was decided to use
a maintenance-free magnetic bear-
ing. But it proved to be a very hard
task to find a working point for the
magnetic bearing. When trying to
find a working point for the bear-
ing, several technical problems oc-
cured, the major of which was the
breakdown of the motors, probably
due to manufacturing faults. Due
to the continuing problems, we de-
cided not only to go on with the

Φ ×
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Φ
λ

λ

Figure 3.8: Measured neutron spectrum at the end of the primary neutron guide

present design but also to develop a
conventional drive based on hybrid
bearings. We expect the drive with
magnetic bearings to be ready for
a long-term test in march, the one
with hybrid bearings to be finished
in may. In order to make best use
of the time, we decided to conduct
some more calculations and mate-
rial tests in order to ensure safe op-
eration of the chopper wheel.

The final monochromatisation
is performed by crystals where a
perpendicular neutron incidence
assures a high energy resolution.
To achieve an energy variation,
the monochromator crystals are
mounted on a support which per-
forms an oscillatory movement. The
drive was developed and delivered
in the previous years by Aerolas. In
2004, it was subject to a six-week test
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run where several minor problems
have been found and fixed.

The remaining polished Si(111)
crystals have been glued to their
analyser shells, and also the mount-
ing of the Si(311) crystals to the anal-
yser shells and rings is nearly com-
pleted.

To reduce neutron loss and exper-
imental noise, the instrument is sit-
uated in a chamber which can be
filled with argon as a protective gas.
The gas-tight instrument chamber
was assembled in february and sub-
sequently leak tested. It proved to be
necessary to carefully seal the screed
floor to avoid having argon leak
through it. By now, we have reached
a leak rate well below the one that
was specified (2−3 l/min). As a pro-
tection against neutrons entering or
leaving the chamber, the walls were
fitted with a layer of polyethylene

as moderator and cadmium foil as
neutron absorber.

In summer, the last of the super-
mirrors of the neutron guide were
fabricated and tested by S-DH and
subsequently the neutron guide was
installed in the neutron guide hall in
Garching and optically aligned.

In order to adjust the instrument
to different monochromator crys-
tals, the instrument has to be ro-
tated around the base point of the
PST chopper. Therefore, a ro-
tating frame has been installed in
the instrument chamber, and the
Doppler, and the unpolished Si(111)
analysers were mounted to it. In the
meantime, also the installation of
supplies for argon and pressurised
air has begun. Fig. 3.7 shows the
present view of the interior of the in-
strument chamber.

The detector bank now has been

assembled and wired, and some
tests will be made early 2005. At
the same time, the read-out elec-
tronics of the Doppler drive position
and speed has been assembled and
tested by the electronics institute in
Jülich (ZEL), and is now being in-
tegrated with the detector electron-
ics. The electronics racks for the me-
chanical degrees of freedom and the
TACO servers will also be finished
early next year.

As a first measurement to char-
acterise the instrument, the neu-
tron flux at the end of the facility-
supplied neutron guide has been
determined by K. Zeitelhack and
others. The measurement is shown
in Fig. 3.8 and shows a good agree-
ment with the simulations; the in-
tensity compares quite well to ear-
lier simulations.

3.5 First commissioning steps at the time–of–flight spectrometer
TOFTOF at FRM–II

T. Unruh 1, J. Ringe 1, A. Gaspar 1, J. Neuhaus 1, W. Petry 1,2

1ZWE FRM-II, TU München
2Physik Department E13, TU München

On 9th of march 2004, already
7 days after the startup of the
FRM-II reactor, some of the basic
functional elements of the time–of–
flight spectrometer TOFTOF could
be tested at a reactor power of 15 kW.
With these first neutrons we could
demonstrate that the efficiency of
the shielding of the spectrometer is
in full agreement with our expec-
tations. All of the 605 detectors
counted for the first time neutrons
generated by the reactor.

Some more beam time was nec-
essary to adjust and optimize the
hard– and software of the chopper
system; but finally the neutrons
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Figure 3.9: Differential neutron flux at sample position of the TOFTOF spectro-
meter (beam cross section: 23 mm × 46 mm, integrated flux: 1 · 1010 n/cm2/s)
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found their way through the nu-
merous slits of the 7 chopper discs,
and the start signal for the time–of–
flight electronics is now reliably gen-
erated. For the first commissioning
steps roughly 4 days at 15 kW, 2 days
at 200 kW, 0.5 days at 300 kW, 2 days
at 19 MW and 17 days at (full) 20 MW
reactor power could be used.

In Figure 3.9 the spectrum of the
white neutron flux at the sample po-
sition of the TOFTOF spectrometer
is illustrated. The measurement
was performed using the TOFTOF
primary spectrometer. Each wave-
length was selected using the chop-
per system. The maximum peak
flux, measured with a calibrated
monitor (fission chamber) was used
to calculate the distinct data points.
The integrated flux (with respect to
the neutron energy) agrees well with
the results of gold foil activation
measurements, which yielded 1.16 ·
1010 n/cm2/s. The activation mea-
surements were performed at the
sample position at 300 kW reactor
power and linearly extrapolated to
a reactor power of 20 MW. Accord-
ing to the good alignment of the
whole neutron guide not only the

high neutron flux but also a very ho-
mogeneous beam profile could be
achieved as it is displayed in Fig-
ure 3.10.

The sample chamber has been
prepared to integrate standard sam-
ple environments as e.g. a cryo-
stat and an oven. An xyz-table in
combination with horizontal rota-
tion and two partial Euler cradles
are available to position miscella-
neous sample environments in the
beam. This sample goniometer was
used in conjunction with a laser dis-
tometer to determine the sample–
detector distances for each detec-
tor, which is necessary for the fi-
nal alignment of the detectors. This
distance measurement is fully auto-
mated and integrated into the over-
all TOFTOF instrument control sys-
tem NICOS. Also most of the com-
ponents of the spectrometer are
now integrated into this software in-
cluding the chopper system, safety
system (shutter control), complete
detector electronics and all motor
drives.

Before the comissioning of the
spectrometer can be continued in
2005, some of the Cd–shieldings be-

tween the detectors and the large
Al–foil of the flight chamber must be
installed. Subsequently all compo-
nents of the spectrometer are ready
for use and first measurements with
the completed instrument will be
performed.
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3.6 First Results from the TRISP Spectrometer -
Magnon Linewidths in MnF2

S. Bayrakci 1, K. Buchner 1,2, K. Habicht 3, T. Keller 1,2, B. Keimer 1, M. Ohl 1

1Max-Planck-Institute for Solid State Research, Stuttgart, Germany
2ZWE FRM-II, TU München, Germany
3BENSC, Hahn-Meitner-Institute, Berlin, Germany

Figure 3.11: The TRISP spectrometer [1] at the FRM-II is operational. In a first
study, of magnon linewidths in the antiferromagnet MnF2, an energy resolution
as low as 1µeV was obtained. The polarized neutron flux of 4×107cm−2s−1 at
the sample (at ki = 3Å−1) is competitive with the best polarized TAS instruments
[2]. The background is very low (1 count per 10 min).

An extensive theoretical literature
developed over several decades [3]
treats the energy renormalization
and lifetime of spin waves in Heisen-
berg antiferromagnets. However,
outside narrow regions of temper-
ature and wavevector, such results
have remained untestable by any
technique. In the case of conven-
tional inelastic neutron scattering
(INS) experiments, the restriction
results from limitations of the in-
strumental resolution.

In MnF2, one of the most in-
tensively studied antiferromagnets,
the magnon linewidth Γ has been
investigated in the critical region:
therein is the linewidth sufficiently
broad that INS measurements are

not resolution-limited. An INS study
[4] of the low-temperature damping
in the nearly isotropic antiferromag-
net RbMnF3 found partial agree-
ment with theory [3]. However, the
extracted linewidths were in many
cases significantly smaller than the
instrumental resolution.

In this experiment, we used the
NRSE-TAS technique to measure
the magnon linewidth in MnF2

over a broad range of temperatures.
The TRIPS spectrometer incorpo-
rates both the triple-axis (TAS) and
the neutron resonance spin echo
(NRSE) components. The associ-
ated method of spin echo phonon fo-
cusing [5] exploits the excellent res-
olution of the spin echo technique
over the entire Brillouin zone, thus

permitting accurate measurement
of the linewidths of narrow disper-
sive excitations. NRSE-TAS instru-
ments are uniquely suited to such
investigations.

During the construction phase of
the FRM-II, a first experiment was
conducted using the NRSE option
on the TAS V2 at the HMI, Berlin.
As this spectrometer is located on a
cold neutron guide, the experiment
was limited to small magnon ener-
gies and wavevectors (q ≤ 0.2 r.l.u.).
After the startup of the FRM-II, we
repeated the experiment on TRISP,
using the same crystal and a compa-
rable spectrometer configuration.

Our sample was a half-cylindrical
crystal 8.5cm3 in volume, mounted
in the ac-plane. We investigated
magnons with

∣∣q∣∣ ranging from 0−
0.5 r.l.u., at temperatures between 4
and 60K (0.06−0.9TN ). We focused
on magnons propagating along qc

in the antiferromagnetic Brillouin
zone centered at (100), as no losses
of beam polarisation due to spin-flip
processes during scattering occur in
this configuration.

Precise measurements of the
magnon dispersion are needed in
order to set the tilt angles and the
frequencies of the radio-frequency
(RF) coils in the NRSE spectro-
meter arms for proper focusing of
the magnon. The magnon energies
could be measured conveniently
during the experiment, as the TRIPS
instrument can also be used in TAS
mode while the NRSE portion of the
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Figure 3.12: Magnon dispersion in
MnF2 along (00l ) at 3K and 30K ,
measured at (100). Data from both
TRISP (solid circles) and V2-NRSE
(open circles) is shown. The solid
lines are fits of the TRISP data to the
spin-wave theory cited in the text.
The V2 data is limited to q ≤ 0.2 r.l.u.

spectrometer is in place, with the RF
coils switched off. Magnon disper-
sion data taken on TRISP is shown
in Fig. 3.12. Counting times were as
low as 17 seconds per point in the
triple-axis scans, for k f = 1.7Å−1.
For comparison, dispersion data
taken on V2-NRSE is also shown;
there is good agreement between
the two data sets. The data was fit-
ted to an analytical expression for
the dispersion from spin-wave the-
ory [6]. Since this expression fits
the data well, the slope of the dis-
persion at a given point could be
calculated analytically. The corre-
sponding coil tilt angles in the first
and second spectrometer arms

Figure 3.13: Raw polarization data taken
on TRISP with q = 0.3r.l.u., at T = 3K
(blue) and 15K (red), as a function
of the spin-echo time τ. The cor-
responding difference in linewidth is
9µeV .

were as large as (θ1 = −29.3°, θ2 =
+9.85°, for qc = 0.2r.l.u.).

In the NRSE-TAS technique, the
polarization of the scattered neu-
trons is measured as a function of
the spin-echo time τ [7]. This po-
larization is the Fourier transform
of the spectral lineshape. The ob-
served polarizations decay as P (τ) =
exp(−Γ · τ), which corresponds to a
Lorentzian lineshape. From a fit to
such a polarization, we obtain the
linewidth Γ. Sample data taken at
TRISP is shown in Fig. 3.13.

Selected raw linewidth data is
shown in Fig. 3.14. For a given value
of q , the data exhibits an mono-
tonic increase in linewidth with in-
creasing temperature. Also included
in the Figure is earlier data taken
on the V2-NRSE. Agreement be-
tween corresponding points in the
two data sets is good. At low
temperature and small q , we ob-
serve instrumental broadening of
the linewidths, which arises from
the curvature of the dispersion and
the finite momentum resolution.
These instrumental effects were cor-
rected using an analytical resolution
function [8]. The corrected TRISP
data are shown in Fig. 3.15. A con-
tinuation experiment is planned for
the purpose of detailed comparison
of a denser data set with available
theoretical results.

Figure 3.14: Experimentally determined
magnon linewidths in MnF2 along
(00l ) at various values of q , as a func-
tion of temperature. Raw data from
both TRISP (solid circles) and V2-
NRSE (open circles) are shown.

Figure 3.15: Magnon linewidths along
(00l ) in MnF2 as a function of q , at
various temperatures. The data have
been corrected for the instrumental
resolution. All of the data were taken
on TRISP.
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4.1 MAFF — Munich Accelerator for Fission Fragments
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The Munich Accelerator for Fission
Fragments (MAFF) is a reactor-
based Radioactive Ion Beam (RIB)
facility which is being planned and
set-up at the FRM-II mainly by
the group for experimental nu-
clear physics (Prof. Habs, LMU) and
the physics department E12 (Prof.
Krücken, TUM).

The goal of this installation is the
production of very intense beams
of neutron-rich isotopes that will
be available for a broad range of
nuclear physics experiments as
well as applied physics and nuclear
medicine [1, 2, 3]. In a first step the
beam will have an energy of 30 keV
(low-energy beam). In a second step
also a high-energy beamline will
be set up where the ions are post-
accelerated to energies adjustable
in the range 3.7–5.9 MeV/u.

Authorisation procedure

A first tender has been filed by the
TÜV Süd for the MAFF authorisa-
tion procedure that required further
negotiations which are finally com-
ing to an end now. A crucial issue
concerning the cost of this proce-
dure and of the MAFF system is the
distribution of radioactivity within

the system which has therefore been
evaluated by two different methods:

Distribution of radioactivity
in the MAFF system

Time-independent method

The target/ion source unit of MAFF
releases the great majority (98 %)
of radioactive nuclides in a non-
ionised state. About 30 % are emit-
ted in gaseous form (mostly noble
gases) the rest non-gaseous. The
gas particles undergoing multiple
reflections from the beamline walls,
have an opportunity to spread along
the MAFF beamline much further
than the others which will usually
stick to the beamline surface at a
point where they make first con-
tact after having been emitted. The
distribution of the non-ionised ra-
dioactivity along the beamline is im-
portant from both experimental and
radiation safety points of view. In
order to get a good estimate, Monte
Carlo computer simulations were
performed with the help of the com-
mercial code MOVAK3D[4]. The
calculated fraction of non-ionised
gaseous radioactivity close to the ex-
perimental area is at the level of ∼
10−7 of the activity produced in the

target. The non-gaseous activity re-
mains within the reactor beamtube.

Time-dependent radioactivity
distribution

Also for the time-dependent calcu-
lation a Monte-Carlo approach is
used to predict the surface coating
of the beam line for all radionu-
clides. Here the surface areas are
used as measure for the probabil-
ity that they are hit by a particle.
The program is completely time-
dependent to implement radioac-
tive decay. As a result the surface
coating for all radionuclides within
the beamline is obtained.

For a test geometry without time-
evolution both codes produced the
same results within a factor of two.

Ions are transported electrostat-
ically towards the mass-separator,
with a complex slit system in the fo-
cal plane. All unwanted ions are
stopped at the slits, resulting in a
high level of radioactive contami-
nation. Material corrosion caused
by sputtering will release previously
implanted radionuclides. To reduce
this effect, the slit geometry can be
modified. So far a flat structure has
been compared to a wedge shaped
structure, both of them enclosed in
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a box with a small opening to reduce
the solid angle. The wedge structure
leads to a 14 % reduction in sputter
yield resulting in a total sputter yield
of 0.1 for beam particles.

The vacuum system of
MAFF

The vacuum system encloses the
extremely radioactive target/ion
source with a fission product ac-
tivity of several 1014 Bq after one
reactor cycle of 52 days. Approxi-
mately 20 % of the load of 1 g highly
enriched 235U are burnt in one cycle.
If all emitted fission products were
solid material, about 35 g would be
deposited on all walls of the vacuum
system during the design lifetime of
30 years. This will not pose a storage
problem to the high-vacuum sys-
tem, and since the vapour pressure
of solid material is too low to trans-
port the solid fission products into
the vacuum pumps, they will re-
main at the walls of first deposition
if the vacuum is better than 10−3 Pa.
Even volatile elements like iodine
or bromine would be trapped in
the condensed film due to chemo-
sorption because a fission product
is always a single ion or an atom.

18 refrigerator cryopumps will be
installed as high-vacuum pumps,
only 9 of them required, the sec-
ond set is for redundancy. They are
a slightly modified model COOLVAC
800 (CF) from Leybold. As all-
metal gate valves and metal seals
will be used, the radiation hardness
of 107 Gy is not spoiled by destruc-
tion of elastomeric sealings and no
leakage due to age-hardening of the
gaskets may occur.

About 30 % of the created fission
products are noble gases. If they
were stable and would not decay
to low-vapour pressure elements af-
ter short half-lives, about 4500 Pa·l

gas must be pumped mainly by the
two cryopanels. A smaller amount
and the rest of the released gas from
the cryopanels during their regener-
ation is pumped by the refrigerator
cryopumps. The part of gases which
did not decay is then transported
into decay tanks during warm-up
and regeneration of the cryopumps.

15 dry roughing pumps (some for
redundancy) are applied for rough-
ing and regeneration purposes. The
ACP 28 from adixen (Alcatel sub-
sidiary) has been chosen due to its
small leak rate of 5·10−5 Pa·l·s−1 and
the capability to work below atmo-
spheric pressure. This is a must to
prevent radioactivity from escaping
into the experimental hall in case of
leaks.

The radioactive gases from the
decay tanks can be released into the
FRM-II exhaust gas system, but even
small amounts of aerosols must be
avoided. Therefore the gases from
the decay tank will be transferred
into a second tank via a slow diffu-
sion filter which is under develop-
ment. Aerosols should not pass this
type of filter.

It would be very expensive to de-
sign all components of the vacuum
system for over-pressure situations
which might occur if one of the cry-
opanels or a cold finger from a cry-
opump leaks. Therefore the vol-
ume of the beam tube unit will be
enlarged by adding a 1000 l ballast
tank.

Development of components

The in-pile ion source

A prototype of the in-pile ion source
of MAFF is currently developed and
constructed (see fig. 4.1). An ion
source for surface ionisation mode
is designed and being built. The sur-
face ionisation source provides ion-

Figure 4.1: Construction of the MAFF
target/ion source.

isation efficiencies of nearly 100 %
for alkaline metals. This proto-
type will consist of reactor suit-
able materials. The MAFF tar-
get/ion source has to withstand a
maximum thermal neutron flux of
1.5 · 1014 n/(cm2 s) and is located
at ∼ 50 cm distance to the reac-
tor core inside the through-going
zircaloy beam tube. The ion ex-
traction system has been redesigned
with the computer code IGUN us-
ing one electrode formed by the heat
shield. The first prototype of the tar-
get/ion source [5] has used a two-
electrode extraction system. That
prototype has shown that a new
construction is required in order to
protect the ceramic insulators from
metal and carbon vapour from the
target and the heat shields.

Much effort was spent on the de-
velopment of appropriate UCx tar-
gets. The target will be exter-
nally heated with a tungsten fila-
ment by electron bombardment and
thus kept at a temperature of about
2400◦ C, which provides rapid effu-
sion of the fission products into the
target channel. The target is veiled
with a cylinder of vitreous carbon
and a protecting rhenium container
at which outlet the surface ionisa-
tion takes place. Re has been cho-
sen because it is most inert against
C and U at high temperatures, has
a high melting point (3180◦ C) and



4 Fundamental Physics 51

can best withstand the high neutron
flux.

Several heat shields are supposed
to confine the high temperature in
the center of the source. Although
Re has the disadvantage of a rather
high neutron capture cross section
it will be used for the two inner-
most heat shields due to its thermal
strength and short half-life of acti-
vation. The other heat shields and
the screws will consist of Mo while
the ceramic insulators will be made
of BeO, which can withstand higher
temperatures than Al2O3. All parts
of the ion source have been ordered
and the assembly and operation of
the source on the test bench is fore-
seen in 2005.

Lens trolley prototype
development

The design of the lens trolley and the
support structure has progressed
and construction of the prototype
has started. It will consist of the
source trolley’s main body, the ad-
justment mechanics, drives and the
support frame. During design and
construction common TÜV require-
ments were kept in mind so that
some parts of the prototype might
be used also for MAFF.

The aim of the prototype is test-

Figure 4.2: The lens trolley test setup.

ing of certain crucial issues like the
adjustment and movement of the
trolley and the functionality of the
drives.

Commissioning of the cryopanel
prototype

Close to the fission source on ei-
ther side of the MAFF beamtube, a
cryopanel will prevent the migration
and spreading of unwanted volatile
radioactivity in the beamline system
by localising gaseous radioactivity
on surfaces cooled down to about
12 K. Being the central element of
the radioprotection and safety sys-
tem for MAFF, an extensive test pro-
gramme is needed to verify the de-
sign specifications and to charac-
terise the performance of the cry-
opanel. Therefore a prototype has
been built, consisting of a double-
walled tube where cold Helium gas
(inlet temperature 12 K) will flow
through. It has been mounted in
the MAFF test beamline at the MLL
which reflects the exact geometrical
properties of the innermost part of
the MAFF beamtube at the FRM-II.

The cryopanel was connected to
a helium refrigerator with a cooling
power of 150 W at 4 K, which for the
cryopanel tests will be operated at
a temperature of 12 K. Therefore a

10 m long vacuum-isolated transfer
line for in- and outlet of the cold gas
was installed between the refrigera-
tor and the test beamline.

In a first commissioning test
the cryopanel was cooled down to
12 K. Successful operation could be
demonstrated by the improvement
of the vacuum pressure from ini-
tially 4 ·10−7 mbar to 2 ·10−8 mbar in
cold state.

The next step will be the installa-
tion of temperature sensors to study
the thermal profile along the cry-
opanel as well as measurements of
the pumping capacity and retention
capabilities for gaseous elements.

MLL-Trap

A Penning trap system similar to
REXTRAP at ISOLDE (CERN) or
JYFLTRAP at Jyväskylä is being set
up at the MLL to measure nu-
clear masses with high precision
and/or to do nuclear spectroscopy
at trapped ions. The superconduct-
ing magnet has been delivered and
shimmed to an inhomogeneity of
∆B/B ≤ 0.3 ppm. The trap system
will first be used at the MLL and can
later be moved to MAFF.
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4.2 The Positron Beam Facility NEPOMUC and its Instrumentation
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In summer 2004 the in-pile
positron source NEPOMUC of the
new Munich research reactor FRM II
was set into operation at the nom-
inal reactor power of 20 MW. The
largest section of the positron beam
facility was completed and extended
by an additional beam switch in or-
der to connect two spectrometers
for positron experiments: positron
annihilation induced Auger electron
spectroscopy (PAES) [1] and coin-
cident Doppler-broadening spec-
troscopy (CDB) [2].

NEPOMUC – Neutron
Induced Positron Source
Munich and the beam facility

The moderated positrons are accel-
erated to an energy between a few
eV and 1 keV by electrical lenses. In
the beam tube SR 11 the positron
beam is magnetically guided in a
solenoid field of typically 7 mT to the
experimental platform. An overview
of the positron beam facility is
given in figure 4.3. The beam line
consists of stainless steel vacuum
tubes, computer controlled valves
and pumping units as well as mag-
netic field coils. Straight sections
are µ-metal shielded and correction
coils are mounted at the bent parts
of the beam line in order to adjust
the positron beam and to minimize
transport loss.

NEPOMUC’s
Instrumentation

In the present arrangement of
NEPOMUC’s instrumentation the
monoenergetic positron beam is

magnetically guided to a CDB facil-
ity and to a PAES analysis chamber.
These facilities were constructed in
the lab of E21 and transferred to the
reactor in 2004. It is planned to use
an additional open beam port for
fundamental research with the high
intense positron beam. In 2005 it
is planned to install an apparatus
for the production of the negatively
charged positronium (Ps−), which
is presently operated at the Max-
Planck-Institute for nuclear physics
[3]. Two positron lifetime exper-
iments (PLEPS and SPM) will be
transferred from the Universität der
Bundeswehr to the reactor in the
beginning of 2005 [4].

Figure 4.3: Overview of the positron beam facility NEPOMUC. First installed exper-
iments are a CDB spectrometer and a PAES analysis chamber, which are built
and operated by E21/TUM. The positron lifetime experiments PLEPS and SPM
(Universität der Bundeswehr, München) as well as the (Ps−)-apparatus (MPI for
nuclear physics, Heidelberg) will be transferred to the reactor in 2005

First Positrons at
NEPOMUC !

The intense positron source NEPO-
MUC is based on absorption of
high-energy prompt γ-rays from
thermal neutron capture in 113Cd
[4]. For this purpose, a cadmium
cap is placed inside the tip of the
inclined beam tube SR 11 in the
heavy water moderator tank (see
figure 4.4). Inside the cadmium
cap a structure of platinum foils
is mounted in order to convert
the high-energy γ-radiation into
positron-electron pairs. Due to
the negative positron work function,
moderation in annealed platinum
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Figure 4.4: Cross sectional view of the inclined beamtube SR 11: The in-pile
positron source is mounted inside the tip. After acceleration the positron beam
is magnetically guided to the platform outside the biological shield of the reac-
tor.

leads to emission of monoenergetic
positrons.

After acceleration to an energy
between a few eV and 1 keV by elec-
trical lenses the positron beam is
magnetically guided in a solenoid
field of typically 7 mT. The beam
passes three bents in the biological
shield of the reactor in order to elim-
inate background of fast neutrons
and γ-radiation.

Beam Diagnostic Instruments

Intensity and positron beam pro-
file measurements were performed
at the first accessible position out-
side the biological shield. A movable
aluminium plate and an aperture
were mounted inside the vacuum
beamline in order to vary the beam
profile. NaI-scintillators were po-
sitioned perpendicular to the mov-
able Al-plate. Hence, the beam in-
tensity could be determined by the
detection of the 511 keV γ-radiation
of positrons that annihilate at the

aluminium plate, which acts as
positron target when it is positioned
in the beam line.

The beam profile is determined
with a micro channel plate (MCP)
detector and a CCD-camera. Elec-

Figure 4.5: Detection of positrons: Photopeak and Compton events due to the
511 keV annihilation radiation.

trons were repelled by a negative
voltage at the MCP-entrance in or-
der to obtain an almost background
free signal of positrons hitting the
MCP-detector.

Positron Intensity and Beam
Profile Measurements

In April 2004 first positrons were de-
tected at low reactor power of 15 kW.
Hence, beam parameters such as
magnetic solenoid and correction
fields as well as acceleration volt-
ages could be optimized. Figure 4.5
shows the raw data of the detected
γ-radiation. The photopeak and
Compton events due to the 511 keV
annihilation radiation are clearly
visible. The background accords
to a measurement without magnetic
guiding field, which was expected
to be very low due to the massive
heavy concrete shield around the
beam tube.

In summer 2004 intensity mea-
surements were performed at the
nominal reactor power of 20 MW.
Due to limitations of the ap-
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Figure 4.6: Intensity profile of the mo-
noenergetic positron beam at 1 keV
and a longitudinal magnetic field of
6 mT. The beam diameter amounts to
about 7 mm.

plied voltage the maximum pri-
mary beam energy was set to 1 keV,
which perfectly fits the Coincident
Doppler broadening experiment
(see [2]). The highest measured in-
tensity was about 108 moderated
positrons per second.

The intensity profile of the mo-
noenergetic positron beam at 1 keV
was recorded in a longitudinal mag-
netic field of 6 mT with the MCP-
detector. The beam shows a slightly
elliptical contour with an estimated
diameter of about 6-8 mm (see fig-
ure 4.6).

In another experiment the
positron beam was extracted at
much lower energy of 30 eV in order
to accomplish the requirements of
the PAES (Positron annihilation in-
duced Auger-electron spectroscopy)
facility [5]. For both energies, 30 eV
as well as 1 keV, the positron beam
was guided to the instruments on
the experimental platform.
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4.3 Development of a Coincident Doppler Spectrometer with Spacial
Resolution at the Intense Positron Source NEPOMUC
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A CDB-spectrometer was devel-
oped in order to enable elemen-
tal specific defect spectroscopy by
positron annihilation in matter. If a
positron is implanted into a metal-
lic sample it thermalizes within pi-
coseconds. After diffusion through
hundreds of lattice constants, it an-
nihilates with an electron in the
sample into 2 γ-Quanta with ener-
gies of 511 keV. Due to the electron
momenta the emitted γ-radiation is
Doppler shifted. The Doppler shift
decreases, if the positron is trapped
at a defect due to the lower annihila-
tion probability with core electrons
which have high momenta. Hence
defects can be studied by measur-
ing the Doppler-broadened 511 keV

annihilation line [1]. Moreover,
the accurate measurement of high
Doppler shifts, i.e. high electron
momenta, reveals chemical info at
the annihilation site [2]. Our new
Doppler spectrometer with two fac-
ing germanium detectors allows to
focus the positron beam NEPOMUC
and to position the sample in vac-
uum in order to measure Doppler
spectra with spacial resolution of
about 2 mm.

Experimental Setup

The positron beam is guided in an
evacuated tube along a longitudinal
magnetic guiding field. The inten-
sity as well as the diameter of the

beam is determined by a 2 mm aper-
ture. In order to vary the penetra-
tion depth of the positrons, the sam-
ple potential can be chosen between
0 and -20 kV. Consequently there
exists an electric field in the vac-
uum chamber which would disturb
magnetic focussing. For this rea-
son the magnetic field of the beam
tube is screened by µ-metal and the
positrons are nonadiabatically re-
leased from the guiding field by a
magnetic field terminator. An elec-
tric focussing unit consisting of an
Einzel lens forms the positron beam
and reduces it to a diameter of about
2 mm.

The spacial resolution is achieved
by positioning the sample in the
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Figure 4.7: Scheme of the CDB experi-
ment.

vacuum chamber perpendicular to
the beam direction. The transla-
tion of the sample holder is accom-
plished with a stepper motor con-
trolled positioning unit. Figure 4.7
shows a cross sectional view of the
sample chamber.

First Measurements

In order to measure the diame-
ter of the positron beam, a sam-
ple was prepared which consists
of tungsten stripes glued on alu-
minium. Since the electron mo-
menta of aluminium and tungsten
are different, the shape of the an-
nihilation line of both materials is
unequal. Hence, the varying broad-
ness of the annihilation line re-
veals the beam structure, when the
sample position is varied and the

positron beam crosses the border
between aluminium and tungsten.
These measurements show, that the
beam consists of an intense centre
of about 2 mm diameter which is
surrounded by a bigger halo, what
was ascertained by the comparison
with a theoretically supposed ho-
mogeneous beam.

The next measurement was per-
formed with a thermally treated
brass sample. It was heated on
one end to about 800 K and cooled
on the other side. The achieved
spectra of four different positions
on the sample were normalized to
annealed zinc and compared with
pure copper. As figure 4.8 shows,
the curves of copper and zinc dif-
fer strongly in the region of high
Doppler shift, i.e. E > 513 keV,
as a consequence of the different
electron momentum distribution in
both materials. The four curves
of the brass sample are approach-
ing the copper curve as the posi-
tion of the positron beam reaches
the heated side of the sample.

Curves 1-4

1 Brass at T

2 Brass at T

3 Brass at T

4 Brass at T

With T >...> T

1

2

3

4

1 4

Figure 4.8: Annihilation spectra of pure copper, zinc and thermally treated brass.

One possible reason for this be-
haviour is the decrease of the zinc
concentration in heated brass due
to the low vapour pressure of zinc.
In addition the observed behaviour
may also be a consequence of a par-
tially annealing during the heating
process which would lead to differ-
ent defect densities.

Further measurements will be
performed in order to investigate
the contribution of varying defect
concentrations.
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A strong source for ultracold neu-
trons (UCN) [1] shall be built for
the research reactor FRM-II. This
source, called Mini-D2, will be in-
stalled at the beam tube SR4, that
is horizontally pointing directly to
the already existing cold neutron
source. For converting cold neu-
trons to UCN a solid D2 converter
with 200 cm3 volume at a tempera-
ture of 5K is frozen out at the begin-
ning of this beam tube, near to the
cold source. The inner part of the
beam tube (diameter 6 cm, length
8 m) is cooled to 30K and covered
with beryllium in order to store and
accumulate UCN and to bring them
to different experiments. Simula-
tions indicate, that with this setup
UCN densities up to 104 cm−3 can
be reached. For a test of this con-
version mechanism, a smaller setup
has been build and is currently op-
erated at the pulsed TRIGA reac-
tor in Mainz. This test setup con-
tains all essential parts that will

Figure 4.9: Solid Deuterium UCN Source at the beam channel C of the TRIGA re-
actor Mainz

later be used for the FRM-II UCN-
source, such as the converter, the
storage tube, the D2-gas system and
the SPC-system.

The solid Deuterium UCN
Source(SDUCNS) was installed at
the TRIGA Mainz in late autumn
2004. First cool down tests (freez-
ing out the deuterium gas at 5-8 K)
were done successfully in December
2004.

A first measurement with neu-
trons from the TRIGA reactor in the
pulse mode [2] was also performed
in December 2004. This measure-
ment indicated some problems with
the UCN Silicon detectors, which
are covered with a converter foil
(Ti foil with 6Li/62Ni-multilayer) [3],
and the data acquisition electronics.

After the disassembling of the
cryostat, the UCN detector system
was checked. It turned out, that
the converter foil of the Si detector
was broken. Also the data acquisi-
tion electronics was checked with a

Si-detector and a alpha-source, and
has been re-adjusted.

A new bigger UCN detector will be
supplied with a new converter alu-
minium foil, which is covered with
a pure Li6 layer. This detector will
be installed outside of the cryostat,
connected with a UCN guide (1.5 m
– 2 m away from the cryostat), in or-
der to reduce the thermal and ep-
ithermal neutron background.

[1] Paul, S., et al. In 3rd UCN Work-
shop, Pushkin, St. Petersburg, Rus-
sia (2000).

[2] Eberhardt, K., Kronenberg, A. Ap-
plied Science and Education, Kern-
technik.

[3] Petzold, G., et al. 3rd UCN Work-
shop, Pushkin, St. Petersburg, Rus-
sia, 65(5-6), (2000), 269–274.
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5 Radiography and Irradiation

5.1 Coded masks in neutron radiography

F. Grünauer 1

1E21, Physik-Department TU München

Nearly all neutron radiography fa-
cilities use a setup similar to a sin-
gle pinhole camera. With such facili-
ties a compromise between high flux
at the detector plane and high spa-
tial resolution has to be made: High
resolution can be obtained with a

Figure 5.1: Multiple pinhole aperture

Figure 5.2: Setup at the powder diffrac-
tometer SPODI

Figure 5.3: Schematic overview of the
setup

small aperture diameter D and a
large distance L between aperture
and object. As flux at the ob-
ject plane is proportional to (D/L)2,
high resolution needs a long expo-
sure time and yields a poor signal
to noise ratio. Low L/D ratios pro-
vide a low noise level but the result-
ing image is blurred. Investigations
were carried out by Monte Carlo
simulations whether other config-
urations can overcome the single
pinhole dilemma. In X-ray astron-
omy ring shaped masks, random ar-
ray masks, uniformly redundant ar-
ray (URA) masks, etc. are used to
overcome the problem. The sim-
ulations show, that these types of
apertures are less advantageous in
neutron radiography, where large
and structured objects are in the fo-
cus of interest. However it could
be shown, that a multiple pinhole
mask with minimized autocorrela-
tion (Fig. 5.1; non redundant array)
together with an improved recon-
struction algorithm, provide signif-
icant better results. This new ap-
proach with regard to neutron ra-
diography was introduced at FRM-
II. The following example shows a
radiography of an arrangement of
Ge-crystals (Fig 5.4). The setup is
used as monochromator at the pow-
der diffractometer SPODI.

The example shows, that the sig-
nal to noise ratio of a neutron ra-
diography can be increased without

Figure 5.4: Left hand side: Projection
of the monochromator crystals using
a single hole aperture (hole diame-
ter=0.5mm). Right hand side: Recon-
struction of the projection obtained
by the coded 10 hole aperture (hole
diameter=0.5mm). In both cases the
exposure time was 8280 s.

major loss of resolution (Fig. 4). This
can be useful for several applica-
tions in neutron radiography, e.g. in
phase contrast radiography, where
the necessity of a very small aper-
ture limits intensity, or in dynamic
radiography, where exposure time is
limited by the observed process.
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5.2 Non-destructive testing with phase contrast radiography at ANTARES

Eberhard Lehmann 2, Klaus Lorenz 1, Erich Steichele 1, Peter Vontobel 2

1E21, Physik-Departmentm TU München
2Paul-Scherrer-Institut, Villigen, Switzerland

The refractive index n = 1−δ− iβ
of a material consists in general of
a real and an imaginary part. The
imaginary part causes the attenua-
tion of the neutron beam, what is
used in conventional radiographies
to visualize the structure of an ob-
ject. The real part leads to a phase
shift ϕ of the neutron with regard to
propagation in free space. At edges
and interfaces this leads to great de-
viations of the wavefronts of an in-
coming wave. If the detector has a
certain distance from the object (in
the near field region), an increase in
the contrast at edges and interfaces
occurs [1]. This interference effect is
the so called phase contrast.

Experimental setup

To get phase contrast, the radiogra-
phy setup has to fulfill two basic re-
quirements:

1. High transversal spatial co-
herence
This can be realized easily
with a pinhole and a large
distance between the pinhole
and the object.

2. Detector plane in the near
field region
The distance between sample
and detector must not be to

Figure 5.5: Implementation of the aper-
ture wheel in ANTARES.

small (else you get only ab-
sorption contrast) and it must
not be too large (else you
come in the fresnel region).

At ANTARES the high lateral co-
herence is achieved by inserting an
aperture with a very small pinhole
in the neutron beam. If the diame-
ter of the pinhole is D and the dis-
tance between pinhole and sample
is L, the lateral coherence length
is lcoh = (L/D)λ, where λ is the
wavelength of the neutrons. To be
able to vary this parameter easily,
an aperture wheel was constructed
for the ANTARES facility (see fig.
5.5). With this revolver-like device,
eight different apertures can be po-
sitioned quickly and precisely in the
neutron beam. Besides the sin-
gle pinholes with different diame-
ters, coded apertures are used in the
aperture wheel. With the help of
these multi-hole apertures, the ex-
posure time for phase contrast ra-
diographies can be reduced.

Applications of phase
contrast imaging

The enhanced contrast at edges and
interfaces in phase contrast images
can be very useful for the non-
destructive testing of objects, espe-
cially for materials with low attenu-
ation coefficients like aluminium.

The additional contrast at edges
is only one feature of this non-
interferometric technique. It also al-
lows the measurement of the phase
shift ϕ the neutrons experienced

Figure 5.6: Comparison of a conven-
tional radiography (left) and a phase
contrast radiography (right) of a cast
aluminum sample.

on their way through the sample.
The technique to do this phase re-
trieval is based on the transport-of-
intensity-equation (TIE) [2]. There-
fore at least two phase contrast
radiographies in different sample-
to-detector-distances z have to be
done. Out of these intensity distri-
butions Iz (X ,Y ) in the different de-
tector planes, the phase shift is cal-
culated with the TIE [3]. For this
phase retrieval, the neutrons do not
have to be monochromatic [4]. With
this technique it becomes possible
to get contrast even between mate-
rials with a similar attenuation coef-
ficient (see fig. 5.7).

[1] Cowley. Diffraction Physics (Oxford
University Press, 1975).

[2] Teague, M. R. J. Opt. Soc. Am., 73,
(1983), 1434–1441.

[3] Allman, B. E., McMahon, P. J., Nu-
gent, K. A., Paganin, D., Jacobson,
D. L., Arif, M., Werner, S. A. Nature,
408, (2000), 158–159.

[4] McMahon, P. J., Allman, B. E., Ja-
cobson, D. L., Arif, M., Werner, S. A.,
Nugent, K. A. Phys. Rev. Lett., 91.
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Figure 5.7: An example for the application of quantitative phase contrast imaging.

5.3 NECTAR – Neutron Computer Tomography And Radiography

T. Bücherl 1, Ch. Lierse von Gostomski 1, E. Calzada 2

1Institut für Radiochemie, TU München
2ZWE FRM-II, TU München

General

The NEutron Computer Tomogra-
phy And Radiography (NECTAR) fa-
cility using fission neutrons is set up
at the converter facility in the exper-
imental hall (beam tube SR 10). It
has to share the available beam time
with the facility for medical applica-
tion, also located at SR 10.

Activities

In 2004, only very few measuring
time was available, basically used
for radiation protection measure-
ments, i.e. the determination of
the gamma and neutron dose rates
at the outer walls of the shielding
bunker. Based on these results and
the requirement that the combined
gamma and neutron dose rate must
be less than 5 µSv/h at the outer side
of the bunker walls the beam stop
was designed and is actually under
construction. A control cabin hous-
ing the control unit, detector elec-

tronics and a working place was pro-
visionally placed on the back wall
of the bunker. The overhead trav-
elling crane capable of handling up
to 1000 kg was installed end of 2004.
For this, the detector manipulator
and storage system and parts of the
object manipulator had to be re-
moved.

First results

During the radiation protection
measurements it was possible to
record some first radiographs. The
first object, a step wedge of 10 cm
height made of polyethylene, alu-
minium, iron and lead with steps of
0.5 cm depth each, was placed di-
rectly in front of the detector (a scin-
tillator screen in combination with a
nitrogen cooled CCD camera). The
measurement time was 1 minute per
frame, 10 frames in total were mea-
sured. The resulting radiograph af-
ter normalisation and data process-
ing is shown in figure 5.8. Figure 5.9

shows the resulting radiograph
(without normalisation) of a motor.

Figure 5.8: Normalized radiograph of a
step wedge made of lead, iron, alu-
minium and polyethylene (from left
to right). The height of the step
wedge is 10 cm, the depth of each
step 0.5 cm. The two wedges on the
left and right of the image are caused
by a shifted boron carbide plate that
was placed in front of the scintilla-
tor screen to suppress thermal neu-
trons due to moderation in the mate-
rial of the step wedge (basically in the
polyethylene).
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The measuring parameters were the
same as for the step wedge.

Outlook

The rebuilding and precise adjust-
ment of all components of the facil-
ity will be performed together with
the final positioning of the control
cabin. With availability of beam
time the performance of the fa-
cility for fission neutron radiogra-
phy and tomography will be deter-
mined. This includes the deter-
mination of the influence of beam
hardening, scattering and other ef-
fects on the measuring results for
different materials. Based on these
results an optimisation and further
improvement will be performed.

Figure 5.9: Radiograph of a motor of about 9 cm diameter and 18 cm height.

5.4 Fission Neutron Source (Converter facility)

F. M. Wagner 1, W. Waschkowski 1

1ZWE FRM II, TU München

The thermal-to-fast neutron con-
verter consists of two uranium
plates mounted in about 1 m dis-
tance from the reactor core. The
same type of fuel is used as in the
reactor fuel element, i.e., 93 % en-
riched U-235 as uranium silicide
aluminium dispersion, cladded with
aluminium. The total uranium
mass is 540 g. The thermal neu-
trons from the core induce fission
processes. The generated fission
neutrons reach the irradiation site
without being moderated. The con-
verter plates can be removed from
the moderator tank in order to pre-

serve the uranium (see Fig. 5.10) in
case the facility is not in use.

In 2004, during several months,
the facility has been put into op-
eration together with the step-
wise increase of the reactor
power. A large number of checks
have been performed, partly to-
gether with the representatives of
Siemens/Framatome, and with ex-
perts from TÜV-Süd. The most im-
portant functions and parameters
were the thermal power of the con-
verter and the related thermo hy-
draulic properties, the influence on
the reactivity of the reactor core,
the neutron and gamma dose rates

in the beam, the homogeneity of
the beam, and radiation protection
measurements within and around
the irradiation rooms.

The maximum thermal power of
the converter was about 83 kW. At
this power, the cooling water is
heated by 2.0 K only. The reac-
tivity of the reactor is measurably
changed during the movement of
the converter plates, but the control
rod of the reactor quickly compen-
sates the change so that other exper-
iments are not disturbed.

The results of the first beam mea-
surements show that the converter
facility according to the design. The
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40-leaf-collimator could not yet be
tested in full extent. Currently we
are qualifying the facility according
to German legisalation for medical
apparatuses. Only after the decla-
ration of conformity and a further
special permission, the converter fa-
cility as a whole is ready for the
medical application to patients with
near-surface tumours. The current
status allows to start with physi-
cal irradiations and measurements,
e.g., radiography and dosimetry.

In December, a diploma student
has started to develop a further fil-
ter and to evaluate the beam qual-
ity with scientific methods cover-
ing also the medical requirements
(spectral analysis and phantom
measurements). This will give the
radiological basis for the treatment
of patients.

Figure 5.10: Schematic view of the converter
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5.5 Irradiation Facilities

H. Gerstenberg 1, X. Li 1, G. Langenstück 1, M. Oberndorfer 1

1ZWE FRM-II, TU München

During the year 2004 the irradia-
tion facilities being part of the ini-
tial equipment of the FRM-II reactor
underwent their nuclear start-up. In
particular these facilities are

• the pneumatic rabbit system
RPA,

• the capsule irradiation facility
KBA,

• the test rig of the silicon dop-
ing facility SDA,

• the transport rabbit system
serving as quick connection
between FRM-II and the in-
stitute for radiochemistry
(RCM).

Altogether the nuclear taking into
operation of these facilities com-
prises 17 various checks most of
which had to be carried out at differ-
ent levels of reactor power.

In addition in the very beginning
of reactor operation neutron flux
measurements were carried out in
the framework of the calibration of
the reactor power. Thus the very first
experiment at the FRM-II was the
irradiation of Al:Au and Al:Co wires
acting as neutron flux monitors on
March 3, i.e. only one day after the
date of the first criticality.

Pneumatic Rabbit System
RPA

The pneumatic rabbit system con-
sists of six independent irradia-
tion channels, which are suited to
be loaded by identical polyethylene
capsules. Due to their different po-
sitions within the heavy water mod-
erator tank these irradiation chan-
nels offer thermal neutron flux den-
sities between 5.1 × 1012 cm−2s−1

Channel Φth Φepi Φ f (uni t : cm−2s−1)

RPA-1 3.5×1013 9.6×1009 2.0×1009

RPA-2 1.5×1013 4.8×1009 4.3×1008

RPA-3 5.1×1012 1.4×1009 7.2×1007

RPA-4 6.8×1013 3.3×1011 4.3×1010

RPA-5 3.9×1013 1.4×1010 5.2×1009

RPA-6 7.0×1012 1.8×1009 1.5×1008

Table 5.1: Flux data for the RPA systems

and 6.8× 1013 cm−2s−1 at full reac-
tor power of 20 MW. The ratio be-
tween thermal and fast neutron flux
densities is À 1000 for all of the ir-
radiation channels. The detailed re-
sults of the neutron flux measure-
ments are shown in table 5.1.

Besides the measurement of the
neutron flux densities the suitabil-
ity of the shielding in the decay
and handling positions for irradi-
ated samples, the maximum heating
of samples during irradiation and
the contamination status of the tube
system was checked during the nu-
clear start-up phase. It is a peculiar-
ity of the the RPA that before irradi-
ation the air contained in the irradi-
ation capsules is exchanged by CO2

in order to avoid an increased dose
rate due to the production of Ar-41.
The effectivity of this exchange pro-
cess was determined by the irradia-
tion of an empty capsule and sub-
sequent gamma spectrometric anal-
ysis to be better than 95%. Finally
by means of the irradiation of a Cd-
lined capsule the maximum influ-
ence of a RPA sample on the reac-
tivity of the reactor was established
to be as small as 2 pcm. From this
experiment it turned out that RPA
capsules can be loaded into and un-
loaded from the irradiation position

during reactor operation no matter
what kind of sample is contained in
the capsule.

Capsule Irradiation Facility
KBA

The capsule irradiation facility is a
pool water driven rabbit device to
be used for long term irradiations.
It exhibits two irradiation positions
both of which can be loaded by up
to five Al irradiation capsules. This
facility had to undergo a taking into
operation program similar to the
one of the pneumatic rabbit device.
In order to keep the very tight time
limits during the nuclear start-up of
the FRM-II the neutron flux densi-
ties were so far only measured in the
two lowest positions of each irradia-
tion channel. The results are shown
in table 5.2.

In further steps it was established
similar to the procedures described
above for the RPA facility that the
heating of the water cooled KBA
capsules during irradiation is far be-
low critical values and that the in-
fluence of the loading and unload-
ing of capsules on the reactivity of
the reactor is 7 pcm in maximum
and therefore small enough to allow
these procedures at reactor opera-
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Channel Φth Φepi Φ f (uni t : cm−2s−1)

KBA1-1 1.3×1014 2.6×1011 3.9×1011

KBA1-2 9.3×1013 9.9×1010 2.0×1011

KBA2-1 1.1×1014 7.5×1010 2.1×1011

KBA2-2 7.7×1013 3.9×1010 1.0×1011

Table 5.2: Flux data for the KBA systems

tion for all kinds of sample materi-
als.

In the KBA facility the decay of
the freshly irradiated samples takes
place within the storage pool of the
FRM-II in a distance of approxi-
mately 4 m below the surface of the
pool. It showed up that the shielding
of this position is sufficient to guar-
antee the very strict dose rate limits
of maximally 10 µSv/h for the work-
ing area above the decay positions.

Summary

In 2004 a total of 114 irradiations
were carried out at the FRM-II.
About 40 of which were part of the
nuclear start-up procedure of the re-
actor. It was established that gen-
erally speaking the irradiation facil-
ities work properly and that these
facilities are prepared to enter into
routine operation.

After completion of the nuclear
start-up procedures the FRM-II was
operated several weeks at nominal
power of 20 MW. Already during this
period the first irradiations for sci-
entific purposes were carried out.
The users of the irradiation service
were not only scientists working at
the FRM-II but also external cus-
tomers like the Institute for Radio-
chemistry of the Technische Univer-
sität München (RCM) or the geolog-
ical institute of the Universität Bre-
men.

Silicon doping Facility SDA

The silicon doping facility (SDA)
will serve for neutron transmuta-
tion doping of the semiconductor Si.
During the nuclear start-up phase
of the reactor, the following checks
were carried out on this facility at
different levels of reactor power by
using a simplified test rig:

• Determination of neutron flux
at the irradiation position (200
kW, 2 MW, 20 MW),

• Measurement of temperature
within the ingots (10 MW, 20
MW),

• Influence on the reactor re-
activity (200 kW, 10 MW, 20
MW).

The neutron flux distribution in the
Si ingots was determined experi-
mentally. Flux monitors (Al:Au, Zr)
were placed at different positions
within two test Si ingots which were
rotated on their own axis with 5-6
rotations per minute during the ir-
radiation. The test ingots had a di-
ameter of 15 cm and a total length of
50 cm. Fig. 5.11 shows the positions
of the flux monitors in the test in-
gots. Al:Au standard wires with high
concentration of 0.2% Au were used
at the low levels of reactor power
and the irradiation time was also in-
creased to 2 hours accordingly, so
that we could get suitable condi-
tions in the γ-counting. In the other
start-up steps the Au-concentration
was reduced to 0.1% and the irra-

Figure 5.11: Positions of flux monitors in
the test ingots.

diation time to 40 minutes. The γ-
countings of the monitors were per-
formed in the institute for radio-
chemistry (RCM) and the calcula-
tion method of MULTIFLUX [1] was
used to determine the absolute val-



64 5 Radiography and Irradiation

Figure 5.12: Profile of neutron flux in the SDA.

ues of thermal and epithermal neu-
tron flux densities. An extrapolation
of the measuremed valuess shows a
maximal thermal neutron flux den-
sity of 1.7×1013 cm−2s−1 in the mid-
dle of the doping position at 20 MW.

The inhomogeneity of neutron
flux within the test ingots was deter-
mined by comparing the specific ac-
tivity of the Au-standards mounted
at different positions. The axial dif-
ference between the middle level
and the both edges of the test in-
gots was about 12%. The radial dif-
ference was smaller than 3% within
the 6"-ingots. Based on the values of
the flux profile (fig. 5.12), the shape
of the Ni-absorber which should re-
duce the inhomogeneity of the neu-
tron flux below 5% was calculated
by means of a Monte-Carlo calcula-
tion. The Ni-layer will be spread on
the Al-liner. A prototype of such an
absorber has the simplified shape of
a trapezium (fig. 5.13) and will be
made by the company Leistner. Be-
cause the maximal wall thickness of

the Ni-layer is 1 mm and the liner
will be exposed in a high neutron
field for a long time, the quality con-
trol of the fabrication will be strictly
arranged. The first test liner will be

Figure 5.13: The first test liner with Ni-layer.

mounted on the outside of the irra-
diation container of the SDA-test rig
and will be tested in the next reac-
tor cycle. The final Si doping facility
offering a semi automatic operation
will be completed in the second half
of 2005 after the liner is optimized.
The documents of the construction
must be verified by the TÜV at first.

The irradiation position of the in-
gots is exposed to a very strong γ-
field in the moderator tank. There-
fore the local temperature in the
Si ingots increases due to the γ-
heating from the close surrounding.
The temperature was measured by
using special thermal melt crayons.
Small crayon samples with differ-
ent melting points were packed in
quartz ampoules and placed within
the ingots at different positions like
the flux monitors. The measure-
ment results show a maximal tem-
perature of ca. 110°C in the middle
of the ingots at 19,5 MW. An effective
cooling system will be built in the fi-
nal Si doping facility for long time
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irradiations in routine operation.
Already in the first step of the re-

actor start-up the influence of the
Si-ingots on the reactor reactivity
was investigated during the drive-in
and drive-out of the test ingots in
the moderator tank. The change of
the reactivity was very small because
of the relative far distance of 100 cm
from the middle of the doping facil-
ity to the reactor core. The maximal
change of ±10 pcm was measured at
19,5 MW. That means that the han-
dling of the doping facility does not
bring any risk for the reactor secu-
rity.

[1] Lin, X., Baumgärtner, F., Li, X. J.
Radioanal. Nucl. Chem. Art., 215,
(1996), 179.

Figure 5.14: View of the RPA control room.
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6.1 Effects of high-pressure hydrogen charging on the structure and
lattice dynamics of austenitic stainless steels

M. Hoelzel 1,2, V. Rajevac 1, S.A. Danilkin 3, H. Ehrenberg 1, D.M. Toebbens 3, T.J. Udovic 4, H. Fuess 1, H. Wipf 5

1Material- und Geowissenschaften,TU Darmstadt
2ZWE FRM-II, TU München
3SF2, Hahn-Meitner-Institut, Berlin
4NIST Center for Neutron Research, National Institute of Standards and Technology, Gaithersburg, MD
5Institut für Festkörperphysik, TU Darmstadt

Austenitic stainless steels are very
widely applied due to their high
corrosion resistance and good me-
chanical properties. Their applica-
tions reach from sets of cutlery to
pressure vessels, marine screw pro-
pellers and turbines. The degrada-
tion of mechanical properties due to
the uptake of hydrogen from the en-
vironment is a severe problem for a
lot of applications. Among the pos-
tulated mechanisms of hydrogen
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Figure 6.1: Measured (circles) and calculated (lines) neutron diffraction patterns
for 310 stainless steel (Fe/Cr25/Ni20) charged with different hydrogen (deu-
terium) contents.

embrittlement in austenitic stain-
less steels, the hydrogen-induced
formation of brittle hydride and
martensite phases is under discus-
sion.

In this work, steel samples have
been studied, which were hydro-
genated under high pressures in or-
der to investigate the phase transfor-
mation behaviour due to hydrogen
chargings. The results were com-
pared with literature data based on

electrolytically hydrogenated sam-
ples [1, 2, 3, 4, 5, 6]. High-pressure
hydrogenations lead to quite ho-
mogeneous hydrogen distributions
in the bulk, while electrolytical hy-
drogen chargings result in a hy-
drogen deposition on the surface
with strong gradients in the hy-
drogen concentration. The ef-
fects of hydrogen on the structure
and lattice dynamics in austenitic
stainless steels Fe/Cr18/Ni10 and
Fe/Cr25/Ni20 have been investi-
gated by elastic and inelastic neu-
tron scattering as well as by X-ray
diffraction. Inelastic neutron scat-
tering is a very sensitive technique
to study hydrogen, giving informa-
tion on the formation of hydrides
which are complementary to the re-
sults obtained by diffraction.

It was found that hydrogen and
deuterium atoms occupy exclusively
the octahedral interstitial sites in
both steels. In the frame of accuracy,
no hydrogen-induced phase trans-
formations have been observed in
steel Fe/Cr25/Ni20 for the whole
range of hydrogen concentrations
up to H/Me = 1. In case of
Fe/Cr18/Ni10, the formation of ε-
martensite occurred due to hydro-
genations at 3.0 GPa and 7.0 GPa,
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Figure 6.2: Inelastic neutron scattering spectra for 310 stainless steel
(Fe/Cr25/Ni20) charged with different hydrogen (deuterium) contents, af-
ter background subraction.

corresponding to hydrogen con-
tents of H/Me = 0.56 and H/Me =
1.03, respectively [7]. Additionally,
the formation of ε-martensite was
observed in Fe/Cr18/Ni10 after sub-
jection to 4.0 GPa without the pres-
ence of hydrogen.

Neither the elastic, nor the inelas-
tic neutron scattering experiments
gave indications for hydrides. In
the vibrational spectra a continuous
decrease of the vibrational energies
of the optical modes has been ob-
served for increasing Me - H inter-
atomic distances. In both steels, the
optical modes in the samples with
highest hydrogen contents showed
a splitting into a two-component
profile, which could be explained
by longitudinal and transverse op-
tical branches. In all samples, the
peaks corresponding to the optical
modes showed a significant broad-

ening compared to the instrumental
resolution. Supposedly, this broad-
ening was mainly determined by the
modification of the vibrational ener-
gies due to different configurations
of metal atoms around hydrogen
atoms [8, 9].

Even at maximum hydrogen con-
tents, the high-pressure charged
samples revealed a lower tendency
for the formation of ε-martensite
compared to electrolytically hydro-
genation. The results indicate, that
the formation of ε-martensite is less
determined by the absolute hydro-
gen concentration rather than the
stress states resulting from the par-
ticular hydrogen distributions.

In this work, several results have
been achieved which contradict the
postulated hydrogen-induced for-
mation of hydride and martensite
phases in austenitic stainless steels:

At first, no hydrides have been de-
tected in both Fe/Cr25/Ni20 and
Fe/Cr18/Ni10 steels. Secondly, no
phase transformations have been
found at all in steel Fe/Cr25/Ni20
for the whole range of hydrogen
concentrations up to H/Me = 1.
Moreover, in steel Fe/Cr18/Ni10
martensitic transformations could
be achieved by high pressures even
in the absence of hydrogen.
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6.2 Reinvestigation of magnetic critical phenomena in MnSi

D. Lamago 2,1, R. Georgii 2,1, P. Böni 1, O. Okorokov 3, Yu.O. Chetverikov 3, H. Eckerlebe 4, P. K. Pranzas 4

1E21, Physik-Departmentm TU München
2ZWE FRM-II, TU München
3Petersburg Nuclear Physics Institute, Gatchina, Russia
4GKSS-Forschungszentrum, Geesthacht

The predictions of Kawamura [1]
on the existence of new universal-
ity classes for magnetic systems with
chiral symmetry motivated several
theoretical and experimental inves-
tigations of critical phenomena in
helical magnets. In spite of some
experimental validation of the hy-
pothesis of new chiral universal-
ity classes, the Kawamuras predic-
tions are still subject of controversy.
Azaria et al. [2] suggest that the
lack of universality of experimen-
tal results on Ho, Dy and Tb can
be understood as the consequence
of a tricritical mean-field behavior
for the Heisenberg-like spin-order.
Experimental and theoretical inves-
tigations of the magnetic critical
behavior in the intermetallic com-
pound MnSi could help to explain
the phase transitions in helimagnets
since MnSi is known as a typical chi-
ral magnet and exhibits a complex
magnetic transition at 29 K. Here we
report on critical small angle po-

Figure 6.3: SANS scattering patterns ob-
served in MnSi at zero field for T =
17 K.

larized neutron scattering measure-
ments of a single crystal of MnSi. A
precise alignment of the single crys-
tal allows to study the critical behav-
ior of each magnetic satellite sepa-
rately and thus to evaluate with high
accuracy the critical exponents of
the phase transition. The measure-
ments were performed at the GKSS
research center (SANS-2) and at the
FRM-II (MIRA).

The high quality single crystal was
oriented in such a way that two
axes [111] were set in a plane per-
pendicular to the incident beam.
The possibility to rotate the sam-
ple was given by a low tempera-
ture piezo-rotator of Attocube Sys-
tems [3]. The sample could be ro-
tated only around the vertical axis,
it was not possible to tilt the sam-
ple. This set-up allowed us to se-
lect a magnetic satellite of interest
and then to perform a field and/or
a temperature scan. In our previous
experiment it was quite difficult to
satisfactorily align the crystal since
there were no goniometer available.

Fig. 6.3 displays a typical diffrac-
tion pattern of a helical magnet at
zero field for T = 17 K. We denote the
appearance of four magnetic peaks
due to the reflection of the chiral
vectors collinear to the two [111]
axes. There are no additional peaks
as in our previous measurements,
which indicates a better crystal ori-
entation. First measurements on the
Instrument MIRA at the FRM-2 dis-
play a similar scattering pattern (see
Fig. 6.4).

Figure 6.4: Scattering patterns observed
in MnSi on the instrument MIRA at
zero field for T = 27 K.

The sample was then rotated in
such a way that only the magnetic
satellites along one of the [111] di-
rection were visible (not shown). It
should be noticed that the other
peaks were not dissolved completely
since it was not possible to tilt the
sample. In this geometry we used
polarised neutrons and changed the
magnetic field from H = 0 to 600 mT.
As soon as a magnetic field is ap-
plied, the selected satellites move
towards the direction of the field so
that at Hc = 350 mT the peaks col-
lapses to the direction of the mag-
netic field and only one satellite is
visible as shown in Fig.6.5 (case with
flipper on). The intensity of this
peak begin to decrease with further
increase of the magnetic field and
finally vanished, i.e. no scattering
is observed anymore. From the de-
pendence of the scattering intensity
with the reduced magnetic field I ∝
(H −HC )β, we find the critical expo-
nent β = 0.23 ± 0.013 of the phase
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Figure 6.5: SANS scattering patterns at
H = 350 mT for T = 17 K.

transition due to the wave-vector ro-
tation towards the [111] direction.
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6.3 Polarized SANS measurements of the flux line lattice in Niobium
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Intention

Magnetic structures of supercon-
ductors have great importance in
helping to understand the mech-
anism of superconductivity, espe-
cially of the modern cuprate su-
perconductors like YBaCuO. These
superconductors belong to the so
called type II superconductors,
which are penetrated by external
fields in the region of Hc1 < H < Hc2

in form of flux or vortex lines. The
ideal flux line lattice (FLL) is de-
scribed by a hexagonal symmetry
that may be disturbed owing to e.
g. the crystal lattice of the bulk su-
perconductor, possible crystal de-
fects, lattice distortions or the sur-
face roughness of the material. As
the critical field or current density is
lowered near to such crystal anoma-
lies, they act as pinning centres for
flux lines.[1]

Experiments

The flux line lattice (FLL) of a super-
conducting niobium single crystal
has been measured in SANS (small
angle neutron scattering) geometry
on the instrument MIRA at the FRM
II. With SANS, especially using long
wavelengths, it is possible to gain di-
rect information about the magnetic
structure of the sample.

Experimental setup

To provide a suitable sample en-
vironment for the FLL measure-
ments, a pair of Helmholtz coils with
current supply and a closed cycle
cryostat with temperature controller
were adapted to MIRA. The temper-
ature can be driven from 3.5 K to
ambient temperature (stability be-
low 0.02 K), and a magnetic field up
to 0.15 T can be applied parallel and
vertical to the neutron beam (see
Fig. 6.6).

Results

With a two dimensional position
sensitive detector, the scattered in-
tensity was recorded. In order to
put the sample in the Shubnikov-
phase, a external magnetic field, ori-
ented parallel to the incident neu-
tron beam, was applied.

Figure 6.6: The closed cycle cryo-
stat mounted together with the small
Helmholtz coil system on the sample
table on MIRA
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The field strength was varied from
zero to 0.15 Tesla, the temperature
range was 3.5 K to 9.5 K. For a in-
cident wavelength of 10 Å the ob-
served magnetic peaks show a six-
fold symmetry (separated by 60◦),
corresponding to |Q| ≈ 0.01 Å at
6.5 K and 0.15 T (see Fig. 6.7.

Outlook

In addition to the conducted SANS
experiments in 2004, it is planned
to do polarized SANS on the sam-
ple in order to get a deeper insight
in the chirality of the FLL. It is also
planned to investigate the vortex be-
havior near to the critical field Hc2.
The latter experiment shall add in-
formation whether a melting transi-
tion of the FLL takes place at Hc2 [2].
Niobium was chosen because of its
well known behaviour, to get used to
the instrument´s capabilities for fu-
ture measurements on high Tc su-
perconductors.

[1] Buckel, W. Supraleitung (VCH).

[2] Lynn, J. W., et al. Phys. Rev. Lett., 72,
(1994), 3413.

Figure 6.7: SANS picture of the FLL of niobium on MIRA. The sixfold symmetry is
observed. The first order peaks are centered around the direct beam, second or-
der peaks are visible, but of low scattering intensity. The lined structure results
from the anode wires of the detector.
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7 People, Facts and Figures

7.1 Facts and figures

J. Neuhaus 1

1ZWE FRM-II, TU München

User office

The first call for proposals was pub-
lished in October 2004. It covered
14 instruments for neutron exper-
iments and 3 instruments using a
positron beam. At the deadline of
1r st of November we received 119
proposals demanding 1089 days of
beam time. The first call for pro-
posals covered the cycles no. 2 and
3 and explicitly asked for friendly
users to test and optimize the instru-
ments. In view of the ongoing com-
mitioning and the different progress
on the instruments we had to limit
the number of days per instrument
between 35 and 52 to be allocated
to external users. The selection of
the proposals was done by external
referees (member list see 7.2). In
view of the large number of propos-
als we had to split the referees into
two groups. For the future selection
committees these groups will be di-
vided more specifically to scientific
areas. Altogether 688 days could be
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Figure 7.1: Number of proposals per in-
strument in round 1.

allocated.
The FRM-II participates in the

Framework 6 programme (FP6) of
the European Community in the
Neutron Myon Integrated Infrastruc-
ture Initiative (NMI3). Main part
is the programme to grant access
for European (non German) user
groups to perform experiments at
our institute. We received 19 pro-
posals out of which 13 were ap-
proved by the referees. Here we
could allocate 88 days of beam time.

Visits and events

In the year 2004 we organized as
every year, together with other in-
stitutes from the campus in Garch-
ing an open house day on October,
23rd. This day 419 visitors were
guided through the experimental
halls and were informed about the
use of the FRM-II during lectures
in the physics department. All to-
gether we welcomed 3463 visitors

during the year 2004 . This still
large number presents a more than
20reduction compared to the pre-
ceding year, which reflects the ac-
cess restrictions during the startup
of the reactor. Noteworthy is the
large portion of students (705) and
pupils (417) on the total amount of
visitors in 2004.

Figure 7.2: Number of visitors in 2004

For the public relation of the
FRM-II the most important event
clearly has been the official inau-
guration on June 9th. Here about
1000 guests joined the ceremony
at the campus in Garching. Fur-
ther prominent visits were the sum-
mer interview of Minister-President
Dr. Edmund Stoiber taken partly at
the experimental hall of the FRM-
II and broadcasted on the German
television channel ZDF August 5th.
During the second half of 2004 the
Bavarian television has recorded a
30 minute television film about the
FRM-II which was broadcasted in
February 2005.
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