INOC (DENY 00 4

INDSWG-=19

PROGRESS RuPORTS FROM SW.;DEN AND DENMARK
(up to September 1963)
These progress foporﬁs are prepared for the information of the
January 1964 INDSHG meeting, on the initiative of Dr. O. Kofoed-Hansen.
Some of the items arc abstracts for’papers prescnted at méetings -

for simplicity these aré copied unchanged; in spite of the occurrance of
phrases like "will be presented" or "will be 'described".

TABIE OF CONTLNTS

page

SWEDEN - "A" Progress in Nuclear Data Measurements at
AB Atomenergi (Studsvik and Stockholm) 1-4 .

SWEDEN - "B" Progress in HNuclear DatalMeasure@ents at
Research Institute of National Defence

(Stockholm) : . . 4-8
DENMARK - I  Special Beam Facilities ' 9-11
II Investigations of He3 _ 11-12
III Investigations of Capture'Gamma:Rays | : 12-15
IV Solid StateIInvestigations with Neutrons 16-24
v The Neutron Half Life ' ' 24-217 '
VI Weutron Dosimetry 27-28

4 December‘1963






PROGR4SS REPORT FROM SWEDEN

A. PROGRESS IN SUC[bAR DATA MEZASUREMENTS AT AB ATOMENERGI
(STUDSVIK AND bTOCKHOLM) ' ' '

. a);.Scéftéfihgfof élow~neutrons:~ng'

l;ffoméébf—fiiéﬁt.meaéufémehts at the reaétor R 1 (Stockholm)

At tne slow neutron time-of-flight opoctrowcter at the reactor R 1

. in Stockholm the experiments on hydromonoao compounds have .been continued.

' The measureménts on water, glycerol, oleic acid znd pentane have been per-
formed in a wide temperature range thus including measurements both.in the
solid and the liquid phases. It has been concluded that the neutron in the
.scattering process has observed a more moveable entirety than the whole
molecule. For such motions of molecular subgroups activation energies and
,llfe tlmes have b en’ obtalnod° *or cxample thc llfC time of a hydrosen bond

.1n glyccrol at TOOM t@mnorature has been obtdlnod to be 9.10 -2 seconds,
A complete report of tho results will be published.

Also measurements on solid and liquié aluminium Jjust around the
melting point have been performed. The results seem to support Egelstaff's
1deas about coherent inelastic scaLtc“lng in polycrystals and 11qu1d%c

Reportss"ii) ”A study of the diffusive atomic motionsg in glycerol'fw*j'
"+ and of the vibratory motions in glycerol and light
and heavy water',; TANA Symposium on "Inelastic
Scattering of NMeutrons in Solids and quulds” Chalk
leer 1963, 317 340 ’

- 2) "Cold Neuuron Scatterlng and Diffusive motions in
hydrogen bonded liquids", Phys. Letters 3, 145 (1962).

(K.E. Larsson et al.)

2. Time-of-flight measurcments at the reactor.R. 2 (Studsvik)

_ The tlme of—flﬂghtlspoctrometor at +he oWOdlSh MTR—type reactor R 2
has been in ope ration since the bcglnnlng of this year. It is an improvement
over the convcntlonal type of ssoctromct :r in that the chopper is placed

‘before the sample where it serves the double purpose of giving a narrower
ingoing spectrum at the same time as it chops the beryllium-filtered beam.

A detailed description of the spectrometer is to be published soon.

As a first task we have undertaken a measurumcnt on water. Water was
chosen for two rcasonso_Plrstly because it has been studied several times
before and “the naln'ftatUImp of, oattoring are: thas well kno¥m. Tt would -
therefore serve as a test-of-the- eguipmenty Sccondly "because there 18 still
‘sone dlsagreement about the existence of poako close to the.ingoing energy.

This quéstion is more easily studied- with thlo set up than with a spectrometer

~-using:the full’ bcrylllum—fllterod spectrum as 'the energy width-of the latter

is several times the'energy changes heré in question:.The measurements do
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indicate the existence of low lying levels but they do not fully prove it.

The diffusion-broadening of the quasi-elastic peak has also been studied.

if the results are analysed using a Lorentzian broadening function they yield
a width which is somewhat larger than that earlier reported. It.might be

noted that the width of the ingoing spectrum is of prime importance also here..
The resilts of the water measurements are to be published. An investigation

of argon,; in the solid and liquid states, was started rccently. Argon is an
interesting substance to study as the forces actlng between the atoms are
supposcd to be known. Using calculated ‘dispersion curves “and frequency spectra
the experiment is hoped to give some insight into the problem of inelastic '
coherent scatterlng fromp"ycrystals and 11qu1as° The latter quostlon is a
pOSSlulC ‘subject for the future work with the spectrometer.

(K.E. Larsson et al.)

t

3. The three-axis crystal spectrometer at the reactor R 2 (StUdsvigl

The spectrometer has been operating since about the beginning of the
7zary, and has been used to determine relations between frequency and wave
~gctor for phonons in aluminium. Difficulties have been encountered, but we
igel that we now understand these, and can probably overcome them. They are
mainly associated with higher-order rof ections in the monochromator and
analyser crystals of -thc spcctrometer. Recent conversations with people
working in the same, field elscwhere have indicated that such difficulties are
of greatzsr pract10&1 olpnlflcanco than was at flrst oupPQde.

The results for alumlnlum at roém temperaturc should soon be'complete,
anrd we will then procecd to other tpmpcraturcs, in particular to lowecr _
temperaturss; probably to liguid hellum temperatures. A cryostat-is ready to
Le set up on the - pectronct(ru

{R. Stcdman)

k) Lglp)—reactions (Studsvik)

Cross scction measurements of the Fe__54(n,p)Mn54 reaction in the neutron.
energy range 2.3 — 3.8 MeV are procecding. Solid state detectors are used to
“rgcord the charged particles. Absolute cross scctions are obtalnbd by nor-

nallzlnﬂ the wcll known ncutron—proton scattering cross sbctlon, '

. Prelimihary results ares’ 208 mb (3. 82 MeV), and 26 mb
o BN ' (2 32 MeV).

(S. Malmskog, A. Ladbér)

_rc)” Experimental determination of the cffective threshold ecnergy

“_L~L£)— and h&GD Imactlons (Studsv1kl

per
C‘
c’;

Tho gffcctlvc threshold cnergy E has been determined for some threshold

eff
reuctlons _by a relat1VL method as well as the avcrago flsslon spectrum cross
sections & . The following results have ‘been obtaineds .

N
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i+

Ti46(n,p)Sc463 E ..=6.0

i+

Cu63(n;i)cﬁ6"
. . r . i ‘. . '
Fe54(n,p)Mn)4z T = 67 I 8my (preliminary valuc)

. Thc LflethC tnrvshold cnergies 3.2 and. 8.1 MceV of the reactions
'832( ,p)P ang, A127(n J)La , respcetively, havé been used as standards.
(R. Nilsson)

Q) ‘Fast Néutron_reactions (Studsvik)

L. Blastic and inelastic neutron scattering from copper

Some elastic and inclastic scattering experiments have been -performed
on natural copper in the ncutron energy range 0.7 - 3 MeV with our 5 5 MeV
van de Graaff accelerator dSLHg a t1mu -of-- fll”ht spectromutor,

Ngutron clastic scattering measurcments have been performcd at
1.0y 1.5, 2.0, 2.5 and 3.0 MeV. Angular dlstrlbatlon data have been collected
at nine annle“Afrom 307 up to 150 in the 1uboratory system. The experimental
~results are comparcd with theoretical calculations using the optical modcl
and the Hauser-Feshback theory of elastic neutron scattering.

Watur . 63 65 I

Natural copper consists of two isotopes, Cu and Cu ~. The levels
"*udlcd are at 668 961 and 1327 keV in vuoB and at 770 and 1114 keV in Cu65-
in the ncutron encrgy range 0.7 to 1.4 MeV. Since the isotopes constituting
natural coppcr have rather close-lying levels the inelastic scattering
measurgncents have been.donc with a technique differing in some respects from
the one usced in the clastic scattering cxperiment. .The 1nc1ast10 process has
been observed with a ”aI(ml) gscintillation spcqtromctgr by dctuctlng the gamma
rays following the neutron scattering instead of the inelastic neutrons. In
this way it has becn possible to obsarve the inel lastic process down from the
thresheld encrgies of the differeat—excitcd states.” Time=of-flight tuchnlquo
has still been used leading to a con51dcraol¢ background reduction as compared
to ordlnany me hodsu ' '

Thb pllmary neutrori filux was mbasurcd with a long—count r.as' a monltor

?;and all Tuns were normalized to squal number of monitor counts.-As refercnces

in these copper measuremcnts clastically and inelastically scattered neutron
cross—scctions from iron were used as well as the well known T(p,n)— and
(n,p)—cro"” sections. Neutroniexeitation functions have been obtained for
levels excited in Cu-63 and:.Ci-65. Thearetical curves caleulated using the
optical model and the Hauser-Feshbach thcory of inclastic ncutron scamtorlng
have bcan comparcd to the cxnerlmpntal results.

(B. Antolkovic, B. Holmgvist, T. Wiedling)
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2 _Scatterlng,of poldrlzed neutrons from carbon in the MeV—energy
range

4 series of experiments have been performed on carbon to verify the
predicted (1) rather large polarization acquired by elastically scattered
neutrons in the energy range between 2 and 3 MeV. The main reason for per-
forming these experiments is to check the possible use of carbon as a
polarization analyser in tnls energy  range, and also to verify previous phase

analyoes on the C 12 + n systema
(0. Aspelund)

3. Angular distributions of neutrono from (p,n)—reaotlons in some
mirror nuclel

The angular distributions of neutrons from the reactlons Be9(p,n)B9

11(p,n) ll; 13(p,n)N13, and Fl9(p,n)Ne19 have been measured, the Studsvik
5.5 MeV van de Graaff being used for the experiments. The neutrons were
detected w1th long-=counters and the measurements were carried out for

18 energ1e° for the Be9(p,n) reaotlon 16 energies for the B l(p,n) reaotlon,

3 energies ( just above the .threshold) for the 013(p,n) reaction, and for

7 energies for the F 9(p,n) reaction. Comparisons with the theory proposed
by Bloom; Glendenning and Moszkowsky have been performed.

(L.G. Stromberg, T. Wiedling)

B. PROGRISS IN NUaLuAR DATA MEASUREMENTS AT RhuJARCH INSTITUTB OF
.. ' NATIONAL DEFLNCE ( S”OCKHOLM)

lgrrAbsolute'meeSurement.of‘ﬁ'of e

"1, Asplund-Nilsson, H. Condé, N. Starfelt
The number of prompt neutrons per fission has been measured with a
large liquid oolnblllator as the fission neutron detector. The average number
of prompt neatrons emitted per Cf-252 fission was found to be 3. 799 0. 034
The measurenent has been publlbhed

I Asplund—Nllsson, H.  Condé and N. Starfelt, "iAn Absolute Measurement of??
' of Cf—232" Nucl. sCl, and ung, 16, 124 (1963)

(1) J.E. Wills, Jr., et al.,"Scattering of fast neutrons from
c1? ana F19”, Phys. Rev. 109, 891-897 (1958).




2. Relative ¥ measurements

H. Condé, N. Starfelt

oo s With the'-same type of fission neutron detector as .in the absolute
meas uremcnt offFof CE-252 the average number of prompt neutrons per fission
- has “been measured rel@tlve to. of Cf-252 for some different 1sotopes -and
different primary neutron. energlese Prellmﬂnary resulto ox1st for U--2359

U 238 and ThH-232.

Nﬁclide“ - Neutron &inergy = PromptNeutrons. - Standard -
Co - in MeV . . . vper Fission - Deviation

232 L. 3. 6f0.3  ewl . o040
. 1.430.05 | 12.99 006
14. 9 0.3 - . . . ..4.42 0.13
w235 oogto.or  eas2 . ook
‘ 7.43%0.05 348 o 0006

238 1.49t0°01 . ) . 29519 ' Sl 00059 \

2.40%0.01 . 2.649 0.051. - .
3.5050:02° 2.870 | - 0.0527
| 4.88%0.05 | 3.057 0.050" 7
“5.63t0, 15 3.160 . - 0.058
6.32500060 sl 30264 Q5061
6.83%0.06°. 7 03z T iglesy
T. 45—0 05;:-.41;-%n91' ﬂ133516p;“-”;;”ﬂﬁ?;ﬂswigo{d46 _
0'14.9-0,3. o 4176 S L gt e

- These resulto are ba ed on p’for spontnneous f1s31on.o: +252 of
3 799 The rebalte for opontaneous fission 1n U—238 and Pu—240 have been
publlshed : e , I -

I; Asplund—Nllsson, ﬁ;:yonde und N Starfelt '”Averave Numbe f'P}ompt .
.., ‘Neutrons Emitted in the Spontaneous Fission of U- 238 and Pu-240", ;
Nucl. Sci. and Bng. 15, 213 (1963)
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3. Distributions of fission neutron numbers

Ao Bergstrom, #. Condé, M. Holmberg

R With. the large liquid scintillator used in the relative ¥ -meéasure-
‘ments- the ‘distributions of fission neutron nunbers: are also measured. The
number-of néutrons féllowing.a fissicn is counted by .a fast beam sw1tch1ng
tube which can accumulate from Zero to nine pulsess’ : u :

The fission neutron number distributions are fitted to Gaus»ian
distributions with the help of a computer program (IBM 7090)'. The parammtors
are the standard deviation, the efficiency and: the mean walue of the?. i
diutributlon, Cﬂlculatlon rare 1n_progress Ior opontmneouo fwsslon of

4., Tission neutron spectrum’

H. Condé, G. During

A measuremnent of the -fission neutron spectrum from neutron induced
fission of U-238 is in progress using a time-of-flight technique. Measure-'
ments:will be made in the energy interval from 1.5 to 7 MeV .and around
14 MeV for the neutrons inducing fissions. A continuous neutron source
produces fission pulses with a rise time less than 5 ns in a Xenon—gas
scintillation chamber. These pulses start a time-to-pulse hight converter
while the stop pulses come from a neutron detector, & ligquid scintillator
1 litre in volume. The discriminator bias for the neutron.detector is set at
about O 5 MeV in neutron eneryy . Pr°1¢hlnary “esults ox1st at 14 HoV where

-
a fit of the measured values to a maxwelllln dlotrlbutlon N(D)ﬁsz /T

gives T = 1. 5820.10.

5. Llastic scattering xnpular dlsUrlbutlon at 14 MeV

B. Lundberg, S. Scnwarz9 N. Starfelt, H-0. get@ep trom

' The meaouremonts for oxygen have been completed and measurements
on’ nltro”on are in progress. ' :

6;““Eiéé%ic“SCatteriﬁg“éﬁgdidf'&isfribﬁfiéﬁé"ihwfﬁé”IOO'KéV”regiéﬁ"-”“m

S:. Schiwarz, L-G. Stromberg

ﬂéing time- of—flivhf techniques and a Li6—loaded glass scintiliator\

as a ncutron detector measurements 2t neutron cnergies around 100 keV are in
pror“ref'".forU_-—238° The neasurements will be'.extended to other elements:

T Fast neutron capture y-rays

I. Ber gqv1st 'B. Lundberg, N. Starfelt

The following\papers have been pubhlisheds

I. Ber;qvist and N. Starfelt, "Gamma Rays from the
Capture of Fast Neutrons in Ta, W, Au, Hg and Pb",
Nucl, Ph},rs., 395 3 (1962)




T. Bergqvist and N. Starfelt, "Gamma Rays- from the
'Caotare of Fast Neutrons in Ag, Sn, I and Cs”, Nucla

'PEVSc 4 (1962) et

I. Bergqvlqt and’ N Ebt@rfclt '”Gamma—ray Dpectra from
the.capture of fast. nyutrons in hl and- Cu'ly Arklv for

-._gy31k 23, 40 (1962)

o Byrgqv1sb uammw rbe frO” the capture of fast
ncutrons in U= 238” CArkiv for FYDIK 23, 38 (1962)

T &
-1 n

Measurenents_at neutron energles up to 2 MeV- aro in nrogreso for
several elements.:A nethod of calculating neutron capture Z'rdy spectra
taking into account dipole giant resonance offects on the reduced y-ray
w1dth has beon deva]opcd - o

N otarfelt, "The Inllucnco of an. Ml Giant Resonance’ on L
Ncutron Capture Gamma- ray Spectra”7 FOA 4, A 4274-411
(January 1963) : Lo

8. Neutron.capture cross section

"I, Berggvist

A paper with fhe following title has becn published:
. I. Bergqvist, "Fast neutron radiative capture cross
sections in &g, Ta, W; Au, Hg, and U", Arkiv for Tysik

23, 139 (1962)

9. Mcaourcnent Wluh organlo sc1nt1]]dtors of contlnuous nbutron

spectra in tHe O 5 to 15 McV Rangg SR
B. Brunfelterg J Kookun, H-O0. thtcrstrom -

A new reductlon program has bcen wrlttbn for the IBM 7090 computer.
The first part of the program computes a responsc natrix by 1ntorpolat10n
from oxpcrlmontally mcasurcd response functions. This matrix is used in an
iteration process,; where the result-from therold differentiation program is
used as input data. .The iteration is stepped when the computed pulse lreight
spectrum lo wwthln the ot’tlSthdl uncertalntlbs of the medsured spectrum

IS

10. . Noutron spectrsa from (p,n)-reaotlons in Ta and. Au

B Br@nf@ltergslf,Kockum -

Moa%uremgnts of neutron spectra from the (p9 —reaction in gold
and tantalum have been made at thé tandem van de Graaff, UITF Ri:s0, Donmark
using a tllbcne s01nt111at10n spectrometer.: Thb'mC@surpmunts cover a ncutron
energy from 1 to about 6 leV and the proton c¢nergy was kept between 6 and
8 MOV The rusults are conblotont with a =pcctrum of the form P(E)AE =

L/_~ 181

const B e , dE with a nucleart temp.T = 0.55 for W and T = 0.61 for Hg197°
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11, Absolute meaouremenc of ngutron flux ana tqe L16_(n;d")T cross saction

Nq btarfelt

"H. Condé,

In connect10n.u1thuthy measurenents: of V.of Cf 252 the neutron
detection effic¢iency of a large liquid- smn’ullu,to,L ‘was doternlned ‘An attempt
to. use this detaotov in an absolute measurement: of neutron Tlux. has been nade.

As a. sacond ry -stapdard fh__i;_ ectlon of the Li’ (n,Ci)T reactlon will be

measured with- the ‘us e of a w_aQ”g ass s01qt111Ltor,

12g5

co ' B N .
Me Lsu?ement 01 tb energy gependoncezof theng'(n,GL)Tgcrossfsectlon

i

S» Schware . e L
Ugin@ the facu that the emission of neutrons from the L17(p,n)Be
regction is- 1uot”oplc.1n t e ccnt r of mass system at proton energies close

to the nuufrcn th“e%hold the cros scctlon for :the L1 (n,ﬁi)T reaction has

been studied from 5 to 150 KeV. A-Li6—loaded glass scintillator was used
as ngutron detector. s : S .

13. Van de Graaff avcelertor

L. BeCfman Bo:uundbﬂrb

The | tcrnlnal pu1s1ng sySU em is in opcr1+1on w1+h pulsc lengths
dovm to 5 nsi The-installation of the Nobloy ‘bunching %yotcm is in progress.
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PRCGRESS REPORT FROM DENMARK

I. SPiCIAL BEaAM ;¢CILI”I‘.

I,1. The Performance of Reflecting Multi-channel Collimators as a Neutron

Beam Mlter and Polarizer ¥k

H.B. ﬂ%llo- L. P ssell * and P. Stecher-Rasmussen,
: - . /
Research listablishment Risp, Roskilde, Denmark

Neutrons reflected from the walls of multi-channel collimators can
contribute appreciably to the total transmission particularly when the angular
divergence of the collimator channels is of the same order as the critical
angle for total reflection. '

. i

If two multi- chanﬁ el collimators are placed at an angle large enough
so -that they can transmit neutrons only by reflection, the transmission of
low—c¢nergy neutrons will be rwl¢t1vcly unaffected while the transmission of
hi gh--encrgy ncutrons'w171 bc_s‘Tonglv suppressed. Such-an arrangement will
act as a neutroen filter; morcover a filier whose transmission can be varied
within limits by thc choice of the anglc between the collimators and the
angular divergence of the chunnclsa :

In addition, if the walls of the collimator arc madc of a magnetic
material which is mzvnvblzeg to saturation, the transmitted beam will be
poiarized. I ' ' :

In order to obtain 1nfornut10n about thc uc+u11 pcrform;nco of anglcd
collimators as a polarized thermal neutron source and ag a’neutron 111tor,'
a pair of collimators with magnetized iron plates were constructed.

De+aiT° of our rcsu]t' obtained. untll thp_sorlng of 1663 havé been
npresented olsewhere.** The filter transmits approximately 6 pct of the flux
transmitted through the -collimators when alligned in parallel.- Comparisons
with quartz filters have been made and the degree of polarization has been
measured.

“I,2,  Continued work on wn@lad uoller collinmators

E. Va rming naE, 'echer Rasmuosen
, ihe per ‘ormance of the reflebting multichannel collimators as a neutron
- bean - fllter is belng anaiyzed with a slow chopper and time- of—fllght
analyzing cqu;pmenta

The chopper, which has linear channels, gives bursts of neutrons of
about 20 usec duration Jnd the flight path from the chopper to the neutron
.detector (w BF. counte r) is JvoOm, The flight times are converted into pulse-
heights by meaRs of a linear ramp generator triggered from the chopper rotor
and gated from the counter. The pulses are anslyzed in & 512 channel pulse
height analyzer.

- ° AN

*% A nmore detailed account is given in .Reactor Scienceé‘'and Technology 1963,
Vol.1l7, p.227
Present address: Brookhaven Nat.Lab. Upton L.I., NY, USA
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The flux distribution of the neutron beams emerging from the
collimators has been analyzed for various angles between the collimators.
When the collimators are aligned the tronsmitted beam consists of a
distribution..correspanding to a Maxwellian at 350°k (neutrons_passing
dlrwctly through the collimators) superposed a distribution (not Saxwellian),
which has a maximum at 12 meV (neutrons transmitted by reflection in the walls
of the colllﬂato“ channels). As the angle between the collimators increases,
the ratio between the directly transmitted beam and the reflected beam
decreases, until the collimators are completely closed. It is scen from the
spectra; that no direct transmission is permitted for angles greater than
32.7 min. At that angle the flux distribution of the transmitted beam’ has
a maximum at 10 meV (i 0,5 meV). Bach collimator has an angular divergence of
10 min, and the collimators should therefore be closed at 20 min. This discre-
pancy in angle must pe due to deviation from the expected geometry caused by
the grinding of the collimator plates. In addition, the plates are nct ground

uniformly, so that there are small variations in the geometry of the channels

from one channel to another, which means that all the channcls are not closed
at the same angle.

)

This may explain why the meéasured overall polarization (measured at -
24,5 min) is lower (57%) than the expected (84%).

The ability of the system for suppressing second order neutrons has
been computed from the measured spectra, and it has been found that

T(E)/D(4E)>10 for neutrons having there encrgics in the range 5,4-35meV

(3 9A-1, 5A) The first order transmission in the same energy range varies
from O, 68 -.0,025 or 0,34 ~ 0,005 dupendlnf orn the angle between the
colllma+ors

It'ls-possible to gain in first order transmission on the expense of
E)/T 4%) and v.v. by adjusting the angle between the collimators.,

I,3. Characteristics of Quartz and Bismuth Single Crystal \

Plters for RQactor Beanms . ¥

B.M. Rustad, Columbia University; and J. Als-Nielsen, A. Bahnsen, A. Nielsen,
and C.J. ChrlstonM n, AWK Reésearch Lstaollshﬂont Eisg, Denmark.

The use of single crystal quartz and bismuth filters to obtain intonsec

" beams of subthermel c¢nergy neutrons from reactors has been reported by

Brockhouse** and by Dyer and Low***., Such filters prefecrentially transmit low -
egnergy ncutrons and strongly discriminate against fast neutrons and gamma-rayss;
however, detailed characteristics suitablc for design purpvoses have not been

' reportod The total cross sections of representative samples of quartz and

bismuth singlc crystals have been measured at room and liquid nitrogen
temperatures over the cnergy range from 0.0008 eV to 2.0 eV to obtain data for
optimizing filter design to meet particular experimental requircments.

* Work supported by the U.S. Atomic LEnergy Comml ssion and thc DquSh
- Atomic Energy Commission _ .

%% B,N. Brockhouse; Rev. Sci. Instr. 30, 136 (1959)

*#% R, I'. Dyer and G.G.E. Low, ALRL - R3494 (unpubllshod)

Ve
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The cross mctlons for both erystals at liquid nitrogen. tecmperaturé descend
from above 9b..2t 1.0 ¢V to less . .than 0.5b. near 0.006 cV. Bismuth has. the
advantage of a large gamma-ray attentation coefficient, but'many small Bragg
" peaks wers observed above 0.003 ¢V,.which were not-found with quartz. Neutron
and ‘gamma-ray tranSmissior curVAs*uscful for designing filters for special
beam requireéments will be proscnteds and the performance of the filter in the
“high intensity, oub+ncrm°1 boa fLClllty at tho D@nlsh DR3 Luactor will be
déscribed., '

II INVESTIGATIONS or Heén

Ir,1. A Thormal Neutron Countor of Well Known Dotection ufflcluncy**

by J. Als-Nielsen and 4. Blhnocn*_.

A proporticnal counter has been developed utilizing the T{o3(n,p)H3
rgaction.(Q 764 LCV) 101 measuring neutron dcn sity in a tncrm 1 beain.

Thb counter has a roctangulal cross section, and the 3nodc wire is
Perpendicular to the beam, which can then travérse either the short (3 cm)
or the lonf (5 cm) dlnun51on of the counting chamber.

" In both cases, the maximum cnergy ‘loss:from ionization tracks,
shortened at the walls, will be 3/4 Q - reaction partlcl »s being c¢xpelled in
opposite. directions. All (n,p) rcactions will therefore be counted with a
discriminator level below 1/ Q.

Detailed calculations of the wall-effoct spcecetrum’ exnlblt a step at
1/4. @, and this is clearly dcmonstrated by the mcasurements; which also. show
“that it is possible: to discriminate uffectlv‘ly against background. Spectra,
rgcorded at 1 and 2 atm.. of Zas pressure, grcc very well with the calculated,
and the diffcrence -between the spectra. for thd’ two counter longths is vory
close to .that. expected from a wall-less: counter, 1ndlcat1nn thqt condltlono
in the counter are closc to 1dc@1° :

.- T he ratio between the countlng rates of tng 1ong and tbc short
dimpnulon of the¢ couﬂt T, was compared - te-the ratio. between the. phy51ca1
lengths, and gcod ugrvumcnt found.

_ It is ‘concluded that detecction efficiency, i.c. the ratio bectween
number of counti ind riumber. of (n,p) rcactions, is equal to 1. OOO -with an
unccrtalnty of - 0. 4%, for both counter orientations.

* Prescnt addresss The Unlvoralty of ROChCSbur, Rochcstcr, N Yo,-
U, S A, ' : :

A dOt&llbd acdotnt of this work is given in Rlsd Roport No 60 (1963)
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II,2. Slow nuutron u¢OSS bﬂctlon for Hc

'by J. Als —chls;n and O chtrlch

- ~The- Ho3 neutron cross SpCthn has bﬁbn MG surpd for noutron eNnergias
from 0.0003 eV.to ‘10- eV. -In-this c¢nergy region no-deviation from -the . l/v
S law can be - found; from: the data. Tho cross section. at 2200 m/soc Has been!
_found to-bé: G(He3)— 5328 +% barns. .As an instrumental check the cross scdétions
of natural boron and of gold have also been méasured and the results.agree
 with the most accurate cxisting data. The absorption cross sections at

2200 m/sec were found to be 7, (B) = 757. 12,2 barns and C"(Au) 98 61 0. 18
barns. - B

B and Au

an det 11cd rcport has bven issued as JANDC (OR) 7

'II;3,Q Dlrcct measurcment of the He (n,D) Cross scctlon -

_.;_V° TarnoV; J. Als-Hielscn.

'By using two He3 proportioral counters with well known detection
ffflClany* it is possible to agtornlne ercctly the (n,p) .cross.section
. from the ratlo of thu t WO count rates

€. . 1 - exp (- alcr)

Q
0|

1 —exp (—ae)

where aq and A, aTe determined by the resp. He3 prcssures and the counter-

JengthsL

_ At prcgbnt it nds buvn verificd cxpcrlnunfllly, that the discriminator—
Jlevel can.be cho_ 'n so that thu dctection eff1c1pncy is 1. OOO w1tn1n-npprox.
022_% chn for a ”thlck” countgr (a__fV O 5) . :

ITI. INVLSTIGATIONS OF CE““*RL GAliMA RaYS

TII1,1. “Relative Intensities of Ganma Transitions in 4 182 and W _183**

Oq‘w’.,B° Schult and U. Gruber, Labor _,.chhna Phys -T.H. Munchen"

. The’ rulwtlvc Gamma .ray’ 1ntpn01tlps in W 182 and W 183 wore dctcrmlnod
.w1th ;n accuracy..of a fow percent, u51ng curved. crystal: spuetrometer,
before it was instalicd for the measureme nt of low encrgy neutron capturc.
Gamma rays at the DR-3 rcactor 2t Rlud in Denmark. Thce valuss obtained for

* Sce Risg Report No. 60. This ruport d :als only with a ”th;n counter
: (a =1 " . T e . o

*%  Research ounportpd by the Bunapsmlnlstbrlum Bonn and by the Atomlc
hnorgy Commission Dgnmark: and performed -at the Research Lstgbllshmcnt"
Ris - ' '


http://98.6l-O.l8

the transitions in W 182 ¥y uelo] ﬁyce1lentlv-with'thosc,'found by Edwards
The rcla tlvb 1ntcﬂ ity ratios for several Gamma llnrs emitted by W 183

in extremely good agresmdnt with the ratios calculatod Dy-Kerman? on the basis
of a rot tion:particle coupling. The relative intensity for- the 245,2 keV
tran tlon differs however by a-factor 6,5 fréom the calculated value.

III;2¢ LOW'uncr Ty Fputron Clpturu Gmmml Rays from Rh 104 *

. Grubcr, O W. B ‘Sch wult and B.P° Maicr, Labor f. Techn.
Ph s° T"H= ¥anchen

Aftgr the be nt'cnystal SpU ‘tromctcr wag sc¢t up at the DR-3 reactor
at'nlsd Dénmark, the .noutron c capture Gamma ray spectrum of Rh 104 was
roughly sc,nng-,do 170 tr@nsi%iona weére found botween 30 and 790 keV. The
abscncc of =z sufficiently intense.line with an cnergy up to 1,2-Me¢V confirms
clearly, tnlt thp strong 180,8 keV. transition directly lcads to the ground
state, such zs proposcd by Buschhorn3, whose results agree nicely with our
measurencnt. ' :

TIT,3. Low inergy Ncutron Ca pturf Gamﬂ” Ray Spectrum from U 239 **

"B.?P., Maicr, 0.d.B. Schult and U, Gruber, Labor f. Tuchn.
Phys. T.H. ¥inchen ' |

£ Tho ncutron capture Camma spectrum of U 239 reveals 21 lines with
energies from 133 to 630 keV. & part of the transitions at approximatcly
550 keV scerm -to correspond to the octopole transitions; as suggested by

- A

Fiebige 40 The .very high convcrsion cocfficients for low cnergy M1 and K2
transitions imply, that tho onsitions within the ground state band could
not be secn., Thig complica tub tﬂb interpretation OI tho rusults, The very
strong 12 keV 1line can only be nl or B2, As Bl is an unlike 1nd1cat10n, one -
musticonclude, that the deczy of U239 cannot ocoure exclusively across ‘the

T4 keV- trﬁn31t10n in Pp 239 theo total ‘intensity of - which could otherwise be
taken as 1004, ' S ' o C

* Research ~supported by the Bundesministerium Bonn and by the Atomic
-Bnergy Commission, Denmark and carried out at the Rescearch Establishment
Risd. ' :

**  Work.supportcd by the Bundesministorium Bonn and the Atomic unvrgy
’ Commission, Dunmark, and qCCOlelSﬂud at the DR—} at mlsd

1 . . ’
F. Zdwards, Thesis €al. Inst. Tochnology, “asqugn; Caly 1960 .

\

2 AK. Kerman, Mﬁtonysg ukdd Dan. Vid. 3elsk. 30; No. 15 (1956)__
3. G. Buschhom Z. Naturforschung 17 a, 241, (1962)
4

NE-F1L01gLr prlv tvzcomwunlcﬁtlon
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I1I,4. Ncutron capturc Gamma rays from Dysprosium and dccay of Dy 165 ¥

B. Schult, B.P. Maiern and. U. .Grubcr, Labor f. Techn.
VS, Tpr Mincho n W e -

30 n-capturs

4 nes were measurcd at Dy 162. The strongos
1 1ong ﬁbuurVCd

o thosc within thb ground stwto rotntlonal'

d X WO WpQSLP el 1+ D& lug,:whvrv thc ur1n51t10ns
in the gro;«nd bond ars rela wnuk due to the largs SDll’l differonce
between thesc ;-7" d ths cs iCo. A1 Dy 164 only 46 transitions
could ba clearly it “th s 6 groundrstate band,” the

2+ CGamma vi f wivs -Tound 31-76158'k@V-1n excelleont agrecment with
the value of Yoshizawal. Tho very complex spoctrumiof Dy 165 reveéaled 22
lincs. The cnergy of the iscmeric transition was mea su“ 'd to be 108 160 =

0,003 keV. The Gamma Lﬂnou'plvutod by “Ho 165, after the §-docay 'of Dy 165
could be d“t fqlnod_ accurs ' sucv as to dcilng thc energy . of geveral

P
3
"S
U)

\

tStatoh ‘within o precisior "3 %1 5 to 1 3 x lo 4= ihe 1ntons1tles of_tho
‘transitions agrec with thd'datb OOtuldld bJ Porsson o
X .
7. Yoshizawa et al., privatc communication
2 . 3 R U, "
L. Porsson.et nl.,.Arkiv. Fysik 23,.1; (1962) -
*  Rgsocarch supported by Bundesministerium Bonn nd by the “tomlc Encrgy
‘Conmission, Dcnmalk and poerformed dt the DR-3;. Ris d
III;SQ:.Wbutqu ump*urv Gamma Ray “rom Lu, Re 186 and Ho 166, *

"B }=.W31 Ty OuL,B Schuit, U. Gruber and R. Koch
Labor . Thcnne ‘Phys. T.H. Hunchen

. Ik ( wore he Tow energy part of the Lu 175
;(h9:gj Lu 176 spectrum. 250 sitions werc observed during the -
irradiation of Lu 176. Ths' strongess T thess transitions occur between the
ates (up Eu,l7/2>-01 tho (49,,,'(' 4) and (402) rotational bands, the level
cf which could be very accurately do ﬁrmfnbd. ‘Those reésults are in full:
agreement with thoe data o*tﬂlqu by Nielsenl. about 140 linos of the Re 186
spectrun wore measured. The irradiation of Ho 165 with thermal neutrons

o
produces 2 spoctrum contairing some 300 low ¢ncrgy Gamma transitions.

+Houghly 70 1
17

0.B. Nielsun, privatc communication

% . Hescarch supported by the Bundesministerium Boon and by
the Atomic Energy Commission Denmark - )

n, ¥ ) Polarization E;p riment

K. ubrﬂhQVO** L. mssell% snd F. Stcchoer-Rasmussen

The ﬂvuourbﬂvnfs of the polarization of. the beam omerging from the
polarizing collimators sct at 24.5 min anglec has beoen repeated with a magnotic
guiac ficld installed between “the end window of the exterior:icollimator and
the polarization analyzer (2 97% Co - 7% Fe singlc crystal magnetized to
saturation). The effoct of the guide field was to increase the polarization
by about JO/oc ' '

*® Prescnt ﬂddrgs*z Brookhaven, Nzt. Lab. Upton L.I., NY, USA .
W ?r scnt address: Kjeller, Norway

[



The overall polarization’computed: from .the flux distribution and the
curve showing polarization versus vncrgy gave 57% for the beam as a whole.
The expected valuc is about 84%g and this discrepancy is believed to be duc
partly- 46 -nom-vni-f Ormhcollim&tor-chﬁnnels-(flux distribution measurcments
show that the angle 24.5 min sSome neutrons are dircctly transmitted) and
partly to non-saturation of the iron plates making up the channél walls.

It is desirable to measurc the overall polarization by means of a

mignculz :d Co - Te mirror (polariz ’on measurements with Co - Fe crystal
are inconvenicent at low en=rblcs bocause QI higher order conta wlnntlon)
A miTror has been sst to rofléct 2 50 meV beam from 2 Co — Fe crystal, and
the reflectivity of the mirror has been found to 85%. When the pprformlncc
of the mirror has becn analyzed, it will be uscd for mcasuring the overall
“polarization. '

An improved version of the prcsvnt collimators has becen build, and
is-installcd in DR2.

The colllmmtor plates are mlgnotlzmd by a coil, instead of permancnt

nagnets as in the first collimator sct: this has the 1dVﬂntage that onc can

bu surc of having sa uv%tuﬂ the plates completely by increasing the current
through the coil.
The new colllmLtor sot is provided with tapered channels, so that the
beam is focussed. Thc incoming 3.5 cm broad beam is focusscd down to a ca.
8 mm broad beam at 3.5 m distancc from thc end of'tho.oxtorior collimator.

The co1¢1ﬂmtorv are in the procsss of bvlnb analyzed with respect to
their performancec as a neutron ba polarizer. When, the measurements are
finished the collimators will be transferred to DR3; where they will be uscd
as a source of polarized neutrons for the (n, y ) polarizatioh experimeht.

an

On the basis of the in Srmation obizinéd from collimator set number
two, o third version of the collimators with tapcred channcls will be con-
$tructed using the 11.5 cm broad beam from the DR3 bcamtube. The collimator
parametors will be optimigaed with resﬁgct:to (1ntbn 1ty) (polarization)2,

& beam plug with a watcer vcwtquor has.boen;construdt@d for'this
experiment and is inscrtcd in tho reactor..The gomma analyzing ecquipment is
under constructior 2t Kjcller, Institutt for Atomonc rgi, Norway. The magnotic
guide figld (a spin-turning guidc field and a "field flloppr”) has béen con-
structed at: Kgbllur.unu has betn scnt to Ris

The oxperiment is scheduled-to -start October first.



page 16

IV. B3CLID STATE- IVVLSmI ATI”NS HWITH NoUTRONS

IVyl. Critical Magnetic Seatterihg of Neutrons .in Iron for Temperatures

L

above the Curie~DPoint. N

L. Paosell* (. Blinowski, T. Brun and P. Wielsen

Tl A S

Mcasurements have: been perforﬂed on tne critical magnetlc scatterrng
of neutrons on iron. Spln—eorrelatlon—ranges and- relaxatlon—tlme constants
have been determined for the magnetic fluctuations in iron at temperatures
above the Curie-point. DR

vy
[T

The experlmeat was oarrﬂea out to furnish further 1nformat10n about the
thermodynamical mechanism of the magnetic second order transition in ferro-
magneis,

According to L. van Hove's theory (Phys. Rev. 95,1374 (1954)), based on
the concept of spin-cerrelation-functions, the magnetic fluctuations around
the Curie- p01nt give rise to a very stronfr scatterlng of neuurons at small

\lnbleo a.

The cross—section for this kind of scatterln (valid for temperatures
JOvathe Curie~ p01nt and uma11 scatterlng angles) 15 ' '

) ] . " : . 2 B 2
| o L L '\41«\_. |
(1) - const. ¥ = X j ()T x ,1 -
S S k_ 2,2 ,§2 2
o Foo Ty (¥~ + /(, -
where - oo L : RV ) -
ko "is the wave vector of the incident neutronsg
i '10 the wave vector of the scattered neutrons,
X - % —k. L
L2, 2. 2
T =k (, ° ~ k%) /2m,

f (K).is. the magnetic form factor,

T is a parametér with the dimension of a length; it is
related to the strength of the correlatlon,

i<, is a range parameter for the magnetic correlatlon (the a
correlation decrease with a factor exp (- Krﬂ/r with dlstance),
f\{ is-a‘relaxation time~-constant (the tine:decay of the.
correlation i1s given by exp( Ak t))
The parameiers r19;{1 and ﬁl are all temperatﬁre dependent. They can

o determined by studying the scattered intensity at various angles. The
sxperiment has been performed with the use of the triple-axis-spectrometer
1netallea on one of the eight horizontal bcan channels of the DR 3 reactor

A L HJ_ 3>)~

Present address: Brookhaven Nat. Lab. Upton L.I., NY, USA
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Determination of. £/

By performing the integration over the wave vectors of all scattered
neutrons the cross section (1) for the critical magnetic scattering takes
the form ' =~ . . T ' - : ‘

\ - constant x L X - SR G(e, x jé..ﬂf%.-jn
'.“}' crit. = st 2 2 2 2 T By fhqy
i . - r, ko 0° + X

‘where the ”conﬁtdnt” is independent of temperature.

@ is the scattering angle and

. .G(g’.ko3’ki’-/%1) is a correction factor eqﬁal to 1 for }11 0.

fl'has been determined by measuring thc integrated scattered intensity

as a function of O for small values of ©.

The experimental oet—uﬁ is shown in fig i. Tor a given value of ©
the Zn-crystal was rbnuvod and the BF —coun+or was placed so that the counter
was aining at the sample. The wave lﬂngth o1 the incident neutrons was 4.3 A,

Fig. 2 shows"integrated" intensities measured as a function of
temperature for different scattezring angles. :

By subtraction of the back ground for the measured intensities one

obtains the crltlcal scattered 1ntonb1ty I rit.'.In fig. 3 l/Icrit. is,

plotted versus Q for different tempordturcg, and from the.straight lines

X§'2 is determined.
c(e, ko’}il’ i ) is assumed equal to one in fig. 3.

In fig. 4 the measured values of  -the correlation range 1/}?1 are

»

shown as a function of temperat ture. The heavy line is for g = o,'the déshed
line is obtained when corrections corresponding to 2m Al/f?= 7.5 are intro-
duced. . .
A

Determination df_'.fﬁlo

j& 1 can be determined by measuring the shape of the scattsred spectrum

for a given temperature and a given scattering angle.
One can measure the incident spectrum and calculate the theoretically
expected shape of the scattered beam by means of the cross section (1) for
given value of } .. By comparison of the theoretical and the measured
scattered spectra one is able to determine a value of jﬂl.. -
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A

PYreliminary results of this experiment show that'&nﬁh/ﬁ “1s-about -
. o] . . - e | . g '
T at 2°C dvove the Curie temperaturec'
HMore precise determination of th parameter ig planned for the
immediate Tuture. : '

The oven.

The iron sample was heated up in a vacuum-oven (qaé fig. 5),and the
temperaturz of the samplé was kept constant by an dutomatic con trol The
magni tude of the tem Pnra+u:o—;Luntuat ons w
temperatu gr dient across the sample

re
close to the Curie-point.

ag of the oraer of O. 1 C, and the
less tqmq 0. 5 C for the temperature



IV,2. Temperature

for Al

.. Ole. Bent . Rasmussen,

it the T Smeosiln (
solids and liquidas, ¥ T

dependence of the Debye temperature

Ove Dietrich and Jens

Als-Nielsen

.on inelastic scattering of neutrons in

jalter Marshall (43 Harwell) pointed out that the
temperature dependence of the De Q/G tomnﬂratur &, could be deducecd from
the temnerature dependence of thé ‘eldstic’ conﬂ+apt C41 ‘and from the thermal
gxpansion coefficient through
Ind =1 4 @&
dm - = =M iIn C +
c d ik 4 4 6
This is of importance in calculation of cross scctions at high
temperatures, where only very few direct measurements.exists. The temperature
i Sy o f

dependonce given above has
Report no.67) to be valid for ;5—bra
big discrepancy for.il.

e

3 the intention in
with neutrons. The
- Waller factor,
energetic, dircet beam will be
.prescent the oven.is
“experimont is just ready to

spectrometer at DR 3.

It 1

"dependence
to the Debys

Nag -
1Tom a

the necar future
monoohromatic,intens
ingle Al crystal
meas urcd as function of the
ust finished and the Al crys
start and. . will b

been confirmed by ZXray technique (unlpmannu MRL
and lead, but Chipmann found a rather

~ '

to measure the temporature
ity, which 1s ‘proportional
nlaced in the poly-
temperature. At
so the
ngle

tal delivered,

performed on the axcs

V. . THE I\‘ THON HALR LIFE
4ixel Bahnsen*; Wilbur kg Brown, C.J. Christensen,
Arne Niwlsen, Brice M. 3tad**, ’
In this experiment ths halflife of the neutron is dotermined by
counting the number of ducay-clectrons per ssc. from a fixed number of

neutrons.

The exﬁnriment is D

.r,_‘f.x .
L O

rmed:at.DR3 wnich

1

has & thermal flux of -+

/ €cCo cm . & neutron scattéreriis placed in a horizontal tangential

Vu.tuov. The scattercr is an aluminium box with 0.5 mm wall thlcknosoc
It contains a layer of water of ‘thickncss. 2 fm. This scatbérer “is-thick
against thormal neutrons but thin against ga mnas and fast neutrons. In the
following .table sthis' thin scatterer is compared with'a thick scatterer.
(g -
“outof 110k thin o . . "Thin
o + R K Ratio ==—
beamtube d tc or scatterer : Thick .
A 9 9 .. '
Fthermal - - 5.2x107 ¢ 3.3x107 7 63%
-‘?-z‘fism'on 2,0%107 0 15x107 T,5% :
_ si ,0x 0. 10. 35%
4, 0x107 3y 6x10 0,97
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As a further purification the team passes a 32 cm long single-crystal
Pi -block cooled down by liguid nitrogen. This allows 10-1 of the thermal

<

=3 S . - - S
neutrons, 10 of the fission nsutrons and 10 5 of the ganmas. to pass,
~

) . e N -
The net result 1s a 5 cm beam of composition:

”
cthermal 6 x 10" n /on.scc :
£ e ' 3 / o € )
fission 10 n /em.sec

25 mr/H '

\

¥ Present address! University of Rochester, Rochester, NY, USA . .

Ats

*¥* DPresent address: Brookhaven Nat. Lab., Upton L.I., NY, USA -

VyI. The collimator

: .The outer kralf of the collimator wall consists of a mixture of epoxy
resin and lead shots. The inner half is lead and stainless steel.

rom the inner collimator
is covércd with

In order to get rid of ncutron capture gammas f
wall it is sawtooth shaped, and the front of the testh
.6 . L . i
Li —-carbonate cast as rings ¢of appropriatd size to prevent thermal neutrons
from hitting anything but Li°-carbonate. Because of the 950 barns (n ,p)
. : P

L . Lo .0 . . A .
cross gcction almost without gamma cmission, Li~ is very well suited. for this

purpose. The estimated effect 1is that 10 4 of the nsutrons hitting the
Li-aperture gives riss to gamma cmission.

The countor s"stem'consists of two NE-~102 plastic scintillators
5x10 cm?2 placed at a distance of 20 cm. The beam is passing in the median
region. To cach scintillator is attached two 1 m long lightguides and an M
phototube. The pulses from the four phototubes are added, and after shaping
and amplification, they ars 1¢d into a 256 channel analyzer.

Vy3. Production of "a fixcd nunber of neutrons'

. Therce. are itwo problems, 1) determiration of the ncutron-density and
2) definition of the volumc.

1) For this purpose is uscd a proportional counter of the type des—
cribed by J. als-Nielson and A, Bahnsen (Ris¢ Report No. 60). To the counter

3

gas is added a small well-determined amount of-He”. The-cross: secctions of-

v

He_3 — which recently has -beon redetermined by J. 4ls-Nielsen - 'is very. .
acecurately proportional -to-1l and -thus the countcr dircctly measurecs-the -
density of the béam, or rather the number per cm.
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_ 2) The two plastic scintillators are placed in ajhomogeneous magnetic
field in such' & way that the scintillators and the direction of the ficld
lines define a parallellepiped. An electron from a neutron degay;ng'ir-the
magnetic field will follow a helical vath with its axis in the field:
direction. If the decay occurs inside the parallellepiped the electron will
hit a scintillator. If the clectron is backscattered it will - go to the other
scintillator. If the decay occurs outside the parallollupiﬁed the Fisld will
prevent the electron from hitting a scintillator. Thc length of the scintil-
lator is then equal to. the length of that part of the beam, which is seen by'
tho detoctbro AT e SRR - S ; =

o The strength of the magnetic ¢1el is 8000 gauss and thc max. value
of Hp is 4000 gauss.C.im. Thus the max. radius in the aforementioned
helical paths is 0.5 cm. At the bYorders of the region this fact gives rise
to some deviations from the picture given above, where it was tacitly assumed
that the radii were zero. Perpendicularly to the beam the scintillator
dimension is 5 cm, which is more than the dimension of the beam + 2'x 0.5 cm,
there arc therefore no troublcs Keére. In the other direction the scintillator
is 10 cm long.and the end effect is therefore only a small fraction of the
total numbur'of counts. The effect ¢an be studies oxpor1monta11 by moving
a point- source dlong ‘the” bcampath and plottlng countlatp vcrsus pooltlon,

~ IS . B N
.

4. Measuring techniquce.

The expected countrate of decay electréns is 5 Pre

The background from the beam facility (mainly capturé. gammas) is
cstimatcd to Dbe l_c/seca The background coming from outside our facility is
arou;d 20 C/uPCo "This external backgroumd can be measured by closing the beam.
To this ¢nd.a series of shuttors'is’ bu17t in the bcampath:s Two thin aluminium

 n19tcu -can be oup 1n.front of the s01nt111adors, thus stopping tno olectronsq
/ ..

A Li° hu'tor stops the thermal neutrons W1thout 1nf1uen01ng anythlng elsec.
A Boral-Jabroc shutter stops thermal and fast necutrons without. rcducing the
‘gamna’ flux very much. & 1 m long wat shutter stopo ‘cverything. It is hoped =+
that difforent comb1nat1dns of. th sc shuttcrs will give information about

the beam—badkgroundu - :

AftO“ ubtraotlon of tho background tno pulsc height distriButibn
glvos ‘the. decay spectrum plus small pulses from 1ntcrna1 bdck round plus
'*n01so spectrum. Discrimination at 100 ch shuts off” tne'clctronlc noise.

. To comparz the cxperimental spcctrum with the theoretical one, this
must be c¢orrocted Eor ‘the finite resolution of the apparatus. 4 source - of

BiZOY'with a conversion line of 974 keV placed in the center of the cnantlng
system shows a rosolution of 40%. Furthcrmore there is another cause for bad
resolution which in our present appa*atu is-even more important. sdlhen the
Bi-source is moved in the direction of the beam the pulsbhulaht near: the .
cdges of the sc¢intillator is only half of that 1n the centoer pos1t10n°,

When this effcecct has bcc taken into considceration 1t has becn poss1blo
to get a reasonable fit with the thuorotlcal snoctrumo



‘ o page 32

In the nosr future the chi¢iéncy will be chccked by standardized
32 198. B D

sources of P~7 and Auw

Vi MNAUTRON DO STMITRY

-

VI 1. Cadm;um Corrpntlouv for Manganese, Cobalt, Indium and Gold

J. Olsen )

.
7

Re]atlvn measurements of the epithermal activity as function of the
thickness of the cadmium cover-has been compared w1uh calculated valueo for
manganesen cobalt, 1nd1bn and . gold.

. s ) . -
IrOﬂ the caqula tions it was noticed that the varlaulon for a 1/V~n
'absorbtr was even zreater than the variation for indium.’ : '

4 good agreement between the measurements and the calculations is§
obtained for manganese and cobalt when. the res onance selishleldlng due to ;
resonance scattering lb taken into consideration. - :

'

VI,2. Material containing Cadmium for Cd-Ratio Measurement .

at High Temperatures. *

J.. Thomas and N. Hansen

NormaLIy Cd—qatlo measurerent is carried out with the detector fdils
OMbeddel in boxes of metalic cadmium. This method, however, is limited to be
used only at places where the temperature in the cadmlam box does not- excecd
321°¢C whlch is tue m91‘1ng 001nL of cadmium. )

:in-odeL to'medbure ud—hltio or. to shield fast neutron detectors
from the thermal - flux in high flux positions (e.g. ¢ enter of. core DR3)
material containing cadmium has been developed. It consists of a powder:
of a ceramic cadmium compound kept together by a metal (e.g. C40 + £1) vhere
the melting point is now determined by the metal. In the case of €CdO + Al
the melting point will be raised to 660 C. The material is easily machined
-since cadmium oxide itself is a soft material (i.e. it does not .have the same
grinding properties as @.g. boron carblde) :

" In addition other materials such as Samarium or Gadolinium with
ope01f1u neutron cross scction can be added or used solely in order to obtain

‘other nvquon %hlcld g offects.

The n;terlal can of course b used in control rods-and for other
sh1e7a1n purposes,” ’ ’ '

* Pdtent applied.-for.
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High-Lutetium Foils for Heutron Spectrum Measurement *

by Per Knudsen

Foils containing lutetium are frequently used in the determination
of neutron cnergy spectra. If purc lutetium was to be usedy, the foils would
have to be extremcly thin becausce of the self-shielding properties of lutetium.
Thus, a certain dilution of the eclement is necessary in order to obtain foils
which are thick enough to be handled without difficulty. The diluting material
must of course have suitable nuclear propcrties, and the amount must be
limited so that minimum intcrference with the induced lutetium activity
is ensured.

Lutetium—-aluminium alloys are useful in this respect to a certain
degree only, since the requirement of formability sets an undesirably low
limit on the lutetium content. '

To circumvent this problem,; a novel material consisting of a mizture
of lutctium oxide and aluminium has been devcloped. By hot-pressing and
rolling a powder-mix of tho materials mentioned, foils have been manufacturcd
with a thickness of approximately 0.15 mm (0.006 inch) containing 16 mg Lu/cm2°

Similarly, foils. having a high contcnt of europium or indium can bc

mnade by incorporating the oxide of the ncutron absorber in a matrix of
aluminium. '

*  Patent applicd for.



