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Retevences
() K aneko, Y . ©J. Nucl, SCi.TechnoL) $0F)4oo~uo07(1967).

@) \/o\nJGFMS,P. . Proc. S\/MP- Petten, Pec . /9 -/9
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Q) HKEF J. Nucl . Sci. Technol.
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Measured value @ %) Reflector
Core Pulsed neutron (2) Source Rod drop | Substitution (Grclphlfe rod )
configu- P ) B uultiglicaticn by fuel rods
ration XS RKS sJ i # gop worths ‘\
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(0.792) 28
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change due to insertions of detectors (7.3¢ at z=31cm) as well as ®
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i) Mathematical and Physical Interpretation of At-Power Reactor
Noise
- Mathematical analysis of reactor noise (e.g. non-linear,
non-stationary, non-Gaussian reactor noise processes, space
dependent reactor noise, etc...... ).
- Noise source modelling (e.g. thermo-hydraulic fluctuations,
mechanical vibrations, etc...... ).

- Dynamic models of power reactor-plant noise processes.

ii) Innovation of Analysis Methods and Instrumentation

-~ New methods of reactor noise measurement, analysis and
physical parameter estimation.

- New sensors and instruments for reactor noise measurement

and data processing.

iii) Safety Related Applications

- Meaning and criteria of diagnosis and prognosis via noise
analysis.

- Use of externally applied noise-like perturbations for
diagnostic purpose.

- Noise diagnostics applied to off-normal reactor-plant
situations and post-accident analysis.

- Automated surveillance and diagnostic systems applying

noise analysis methods.
iv) Efforts for Standardization of Noise Analysis Techniques

- Data-base problems relevant to practical application and

international collaboration.
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-~ Standardization of data presentation.

- Benchmark test of conventional and new methods of noise

analysis.
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Various methods and techniques of noise analysis ( analog

and digital, time-domain and frequency-domain, with and without

pre-processing, etc..... ) have been applied so far to reactor
noise. But because of this variety, there are sometimes the
cases where the same source data may be led to the results
which are more or less different quantitatively depending on
the methods and techniques used. The objective of the proposed
benchmark test , therefore, is to make some comparisons of
proper characteristics among various methods used for the
reactor noise analysis that will be reported at SMORN-III.
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A set of noise data artificially synthesized using noise
generators and a multi-input and multi-output system will be
prepared according to a specified procedure that will be given
later on. The parameter values for the benchmark test will be
kept unknown to the applicants until the meeting.

The test noise data recorded on a magnetic tape in either
digital or analog form will be sent to the applicants by five
months before the meeting. However, the types of magnetic tape
and recording will be limited to those most widely used by

reactor-noise-people.
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The applicants will be requested to make a short report
on the results of benchmark test according to a specified
format to facilitate comparison of the results obtained by
different methods. The report should be sent to the organizing
committee by four weeks before the meeting to make it possible

for a reporter to summarize the results of the benchmark test
at SMORN-III.
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About Ultracold Neutrons

Techn. Univ. Muenchen, Albert Steyerl “ﬂmﬁ%’:;;‘hj"f‘}kgﬁ;’@ﬂ’
pres.: Research Reactor , BS54 2- 18 Y FKIP 5B RES

Kyoto University

1. Introduction

The special properties and possible applications of neutrons with wavelengths in the
range from ~ 10 to 1000 g and energies well below 10_4 eV have been the subject of investi-
gations in a number of different laboratories during recent years [1l]. Such neutrons have
been termed "very cold neutrons" (VCN) or "ultracold neutrons" (UCN), where the designation
"ultracold" is specifically used for neutrons with energies of the order of 10-7 eV or be-
low. Such neutrons cannot penetrate matter but experience total reflection from walls made
of suitable substances, at any angle of incidence, even normal to the wall. This unique pro-
perty of UCN's makes them suitable for storage in closed cavities, the so-called "neutron
bottles". The neutrons are contained in such vessels travelling to and fro between the walls
from which they rebound many times, until loss processes due to imperfect reflection or the
lifetime for beta-decay become noticeable. Unfortunately, the intensity of neutrons of such
low energies is very small, even at a high-flux reactor, using a "cold source" of liquid
hydrogen or deuterium for cooling the thermal neutron spectrum, Recently, specific non-equi-
librium moderator systems, the so-called "super-thermal UCN sources" have been proposed for
more efficient UCN production [2,3]. At present it is not clear, however, whether the prin-
cipal advantages of such arrangements can be exploited in practice.

In spite of their low intensity, a number of attractive applications of UCN's have been
demonstrated or proposed. These applications take advantage of the long observation times
due to the possibility of storage, or of their low energy and long wavelength., UCN contain-
ment is utilized in experiments investigating properties of the neutron itself, like its
electric dipole moment or lifetime for radioactive decay. The low energy of these neutrons
seems to make them suitable for very-high-resolution spectroscopy of low-energy excitations
in condensed matter. A third branch of attractive physics with ultracold neutrons seems to
be neutron optics, and some aspects of the optics of neutrons of very long wavelengths will

be the subject of the present paper.

2, Peculiarities of UCN Optics

Dealing with neutrons of extremely low energy we must take into account a number of
interactions which are usually negligible in thermal or fast neutron research because of

their weakness, but play an important role at very low energies. These interactions include

-7 eV per m of height), the interaction of the neutron

8

the gravitational potential (mg Y 10
magnetic dipole moment ; with a magnetic field E (p ¥ 6 x 10"~ eV/tesla), and the interac-

tion with the "scattering potential" U which arises as an effect of multiple coherent scat-
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tering in forward direction and gives rise to refraction and total reflection, as in light

7

optics. For most substances, U is of the order of 10"’ eV. These various interactions may be

incorporated in a spatially variable index of refraction,

n(r) = [1 - (V(r) F pB(r) + mgz)/E}%/2,
The sign of the magnetic term FpB is negative for neutron spin g antiparallel to g and posi-
tive for ?llﬁ. (The magnetic interaction can be included in this simple form whenever the
"adiabatic condition" is satisfied, i.e., changes of magnetic field direction "sensed" by
the neutron along its trajectory occur slowly compared with the frequency of Larmor preces-
sion in the local magnetic field.)

As a consequence of the gravitational interaction even empty space in the absence of
magnetic’ fields may be considered as a refracting medium with a spatially variable index of
refraction. Therefore, the optics of ultracold neutrons deals with curvilinear rays, and
this introduces some new features into the usual framework of optics,

All of the above interactions, the scattering potential, magnetic dipole force and gra-
vity, may be utilized for neutron containment. A Russian group obtained confinement life-
times of up to 600 s for flat, bowl-like traps with freshly evaporated surface materials,
where gravity takes care of the upper 1id [4]. The longest lifetime reported so far, how-
ever, was achieved by a group of the University of Bonn who used magnetic confinement in a
"magnetic storage ring" [5]. They reached the limit of the lifetime for beta-decay and hope

to be able to improve on its value with a modified version of magnetic trap.

3. Focusing of Ultracold Neutron Beams

3.1 Focusing in two dimensions

Specific propérties of the flight pa-
rabola described by particles in the gra-

vitational field have been utilized for &l /5

/

N,

s N
e

¥

spatial UCN beam focusing in two dimen-

] _KEUTRON
[~ GUIDE TUBE

\ SPECIMEN

sions (line-to-line focusing). Fig. 1 o Mireor

shows the scheme of the "gravity diffrac-
tometer" installed at the Research Reactor,

Munich. In this instrument the narrow en-
Fig. 1l: Scheme of the "gravity diffracto-

trance slit is imaged onto the exit slit. meter" at Garching. The entrance

This allows a precise definition and anal- slit is imaged onto the exit slit.
sis of the vertical component of neutron

momentum as a function of fall height from the slits. Rather wide ranges are admitted for
the horizontal momentum components. Therefore, this instrument is well suited for measure-

ments requiring a high resolution only in one direction, like the reflection from flat mir-

28 — 35



rors (arranged horizontally) or the diffraction from a ruled grating (arranged vertically).
The instrument admits of a resolution of 2 neV for the energy corresponding to the vertical
neutron motion.

Until now the "gravity diffractometer" has been used in simple neutron optical experi-
ments [6], studying the diffraction of neutrons with wavelengths of about 1000 g by a re-
flection grating, the interference pattern arising in reflection from thin films of homoge-
neous thickness, and the surface quality of glass mirrors. The latter experiment provided an
indication of an unexpectedly high concentration of hydrogenous compounds on glass, which
could explain the relatively short confinement lifetimes observed in all UCN bottle experi-
ments and considered as a puzzle for a long time. Further experiments with multilayered
structures [7] showed the sharp reflection and transmission resonances due to quasi-bound
states, which are characteristic of the Fabry-Perot interferometer in light optics.

Another property of the flight parabola is utilized for two-dimensional beam focusing
in another instrument being set up in Garching, which we call a "neutron gravity spectrome-
ter" (NESSIE, for "NEutronen-Schwerkraft-SpektrometrIE") [8]. In this instrument we exploit
the property of the flight parabola that its reach is stationary at its maximum value, which
is achieved for a launching angle of 45°. This means that a small change of the angle about
45° results only in a second-order change of the reach. This allows neutrons of given energy

to be focused at a certain distance from the

Monochromator

source. It turns out that the energy resolu-

tion of a spectrometer using this principle Movable

Monochremator
for beam monochromatization and analysis Mirror <
8 ,"’ - —Vacuum
should be of the order of 10 eV, exceeding e Vessel

that of the back-scattering spectrometer by Cylindrical

Mirrors

4.85m

one order of magnitude. This resolution as

well as the possible ranges and resolution in. Mirrors

From Neutron

. -

| \
: . Turbine Neutron Sample
momentum transfer seem to make such an instru- Guide :
. N N7 e
ment suitable for high-resolution studies of 670 m
quasi-elastic scattering due to the slow dy-
namics of macromolecules, or the investigation Fig. 2: Design of the "gravity spec-

. " -
of small hyperfine splittings by inelastic trometer” NESSIE. Reach focus-

: ing is used for monochromati-
nuclear-spin-flip scattering, or for studies zation and energy'analysis.

of critical magnetic scattering. The scheme of
the design in Garching is shown in Fig. 2.

3.2 Focusing in three dimensions

As a last example of optics with ultracold neutrons I should like to deal, in somewhat

greater detail, with the possibility of three-dimensional (i.e., point-to-point) image for-
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mation. Here again we have to face the problem of gravitation, and so we are dealing with

the optics of curvilinear beams. One consequence of this is that a concave mirror, which is

completely achromatic in light optics, shows strong chromatic aberration with UCN's since

neutrons of different wavelength experience a different curvature of their flight path.

One way of coping with this problem consists in "crossing" a concave mirror with a

Fresnel-zone plate to obtain a "zone mirror"

[9]. The underlying idea is that a conventional

zone plate in light optics, used as an imaging system, shows chromatic aberration, and it is

possible to compensate the chromatic aberration of the mirror due to gravity, by the aberra-

|
Opi{c al axis

Schematic drawing of the
for achro-

Fig. 3:
"zone mirror"

matic imaging with UCN's

Vacuum Vessel
(p2103mmHaq)

Optical
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N Exit
\ Slit

Detector

Zone
Mirror 4

Entrance
Slit

Neutron
Guide

Nickel
Mirrors

?ig. 4: Arrangement used for
scanning the image of
a slit produced by a

zone mirror

tion of the zone plate.

Such a hybrid between a concave mirror and a diffract-

ing zone plate was produced in the form of a pyramid-like

nickel structure galvanically deposited on a concave glass

substrate, as shown in Fig. 3. This structure constitutes

a reflecting zone plate with a ring profile chosen in such

a way as to concentrate the diffracted intensity into one
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Fig. 5: Images of a 2 mm wide entrance slit meas-
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order of diffraction. For properly chosen ring dimensions and substrate curvature this sSys-
tem should be able to produce achromatic real images not only in the symmetrical case indi-
cated, where the magnification equals one, but also within a fairly wide range of magnifi-
cation,

The zone mirror wasvtested at the High-Flux Reactor, Grenoble, using the setup shown in
Fig. 4. The real image of a 2 mm wide entrance slit could be scanned by a slit of the same

width. The results of such scans [10] are shown in Fig. 5 for magnifications 1, 3, and 6.

The triangular intensity distribution observed for magnification 1 is expected for the con-
volution of the two identical rectangular resolution curves for the entrance and exit slits.
The trapezoidal distributions for magnifications 3 and 6 also correspond to the expectation
for unbroadened images. This indicates that, within the resolution of about 0.1 mm, no image
blurring due to diffuse scattering obcurred.
Of course, the step from this modest beginning to, perhaps, a neutron microscope will

be very difficult in view of the intensity problem. Nevertheless, the remote possibility of
imaging with a resolution of several hundred angstroems and a contrast quite different from

that produced by electrons in an electron microscope, might justify the efforts necessary.
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National Nuclear Data Center (516) 345\
Bldg. 197D TS 666° 2901.2902

BROOKHAVEN NATIONAL LABORATORY
ASSOCIATED UNIVERSITIES, INC.

Upton, New York 11973

October 25, 1979

Atomic Energy Society of Japan

c/o Japan Atomic Energy Research Institute
No. 1-13

Shimbashi l-chome

Minato-ku, Tokyo, Japan

Dear Sirs:

The National Nuclear Data Center distributes the Evaluated Nuclear Data
Files (ENDF/B) which is produced by the Cross Section Evaluation Working Group
(CSEWG). CSEWG believes that the international use and referencing of the
ENDF/B necessitates some standard form of referencing. A recommendation con-
cerning the referencing of ENDF/B produced by CSEWG hag been adopted.

Measurers of nuclear data often reference ENDF/B for comparison purposes.
Reactor physicists use the files or group constants derived from it for reference
design calculation. Finally, other nuclear data evaluators often compare their

results with ENDF/B.

I urge you to consider adopting the attached guidelines for use by
authors who publish in your journal and reference ENDF/B.

Sincerely yours,

(Yt ZFfrd

Charles L. Dunford

CLD:mr
Attachment
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REFERENCE GUIDELINES FOR ENDF/B

Case I: Use of ENDF/B evaluations in a secondary manner, where many
elements are used together, or other cases where NO CONCLUSIONS
ARE DRAWN CONCERNING QUALITY OF EVALUATIONS. In this case
we propose the following form for ENDF/B-V.

"ENDF/B Summary Documentation, BNL-NCS-17541 (ENDF-201),
3rd Edition (ENDF/B-V), edited by R. Kinsey, available
from the National Nuclear Data Center, Brookhaven National
Laboratory, Upton, N.Y. (July 1979)."

Case II: Use of ENDF/B evaluations in a direct manner, for example
comparing measured results with evaluated results, or ANY
CASE WHERE CONCLUSIONS ARE DRAWN ABOUT AN EVALUATION FOR A
PARTICULAR MATERIAL. We propose, for 12¢ from ENDF/B-V as
an example:

“ENDF/B data file for 126 (vaT 1306,M0D 1), evaluation by
C.Y. Fu and F.G. Perey (ORNL), BNL-NCS-17541 (ENDF-201),
3rd Edition (ENDF/B-V), edited by R. Kinsey, available
from the Brookhaven National Laboratory, Upton, N.Y.
(July 1979)."

Case III: Use of ENDF/B evaluations to generate a multigroup library.
In this case we propose that the report describing the library
contain a table which includes the following information for
each evaluation:

Material MAT ,MOD Authors Institution

This table may contain in addition other useful information
concerning the multigroup library. Finally, a general
reference should be given of the type described in Case I.

As shown in Cases II and III, a correct reference would contain the material
name, MAT number, author list and institution(s), along with a reference

to the Summary Documentation. In addition, for ENDF/B-Version V, updates
will be allowed to the evaluations prior to the release of ENDF/B-VI. Thus,
references to ENDF/B-V evaluations should also contain the appropriate MOD
number, which serves to define the current status of an evaluation. All,

of this information is readily available in File 1 of each evaluation. The
only exception to the above cases would be where a published document, pre-
pared by the authors of the evaluation, is available. This document should
then be referenced directly. :
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