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KERNTORSCHUNGSZENTRULN, KARLSRUHE (GERMANY),
INSTITUT FUR ANGEWANDTE KERNPHYSIK

3 MeV Van dé Graaff

High Resolution Resonance Spectroscopy
G, Rohr, J. Nebe

Total neutron cross sections with high resolution have been
made in the energy region of about 18 - 220 KeV using two
sorts of detectors together with a 1 ns pulsed Van de Graaff
generator and a thick 7Li target. For the lower energy
region up to 50 KeV the boron slab detector was used in

the following manner, Around the boron slab four well-
shielded NaI(Tl)-detectors were mounted perpendicular to

the neutron beam. Vith this arrangement the background is
not time correlated and can be measured in a very simple

and accurate manner. The instrumental time resolution for

“the four parallel connected NaI(Tl)-detectors was measured

as 2.8 ns with the 478 keV y-ray from the lithium target.

The overall time resolution of the spectrometer is influenced
by the above mentioned instrumental uncertainty, the channel
width, and the transit time spread of the detected neutroans
in the boron slab, Gaussian functions were assumed for the
shape of the two first uncertainties, the third depends

upon the detection efficiency which is an exponential
function of penetration, All three functions were folded
together to give the overall time resolution of the spectro-

meter.

Above 50 keV the proton recoil detector with two photomul-
tipliers in coincidence was used., The instrumental time
resolution was measured with the Compton spectrum of the
478 keVy -ray from the lithium target, but accepting pulses
equivalent to the neutron pulses, at which the highest
pulses correspond to pulses of known neutron energy. The
half width of time resolution changes from 4 to 2.9 ns with
neutron energy from 30 to 300 keV, The overall time reso-
lution of the spectrometer was determined in the same way
as for the boron slab. With the correct information for the

background and the energy resolution of the spectrometer a




new technique in determining the resonance parameters was
used. lMeasured cross scctions were compared with the cross
gsections of the R-matrix multilevel formuls taking into
account the finite energy resolution. In this manner one can
assign resonance parameters even for resonances which are
not completely resolved. ' B

The total neutron cross section with a resolution of 0.39 ns/m
(for 220 keV) was measured for the following materials:

Vanadium 18 = 220 keV
. Manganese " 50 - 260 keV
Iron 54 —~ 250 XkeV

Some of the results are giﬁen in figs. 1.7.-1.6., A few new
resonances in “"nadium and manganese were detected. Using the
new technique for analysing resonance parameters the spin of
more resonances than hitherto known could be determined.

The results for vanadium are given in table 1.1. The analysis

of the resonance parameters is in progress.




- 3 -
2

Table 1.71,: Resonance Parameters for Vanadium

E(keV) Fn(keV} 1 J
21.65 0.79 0 3
29,45 0.191 0 4
39,30 0.57 0 3
48,20 0.75 0 4
49.55 0.63% 0 3
52.0 0,115 0 4
53.0 0.98 0 G
62.9 3.8 0 3
68.1 4.7 0 4
83.0 1.2 0 y
87.8 7.2 0 4
110.8 0,25 - 0 3
113.5 0,11 0 4
114..8 0.08 0 3
116.6 2.4 0 4
118.7 0.115 0 3
118.7 20.5 0 4
134,77 3,3 0 4
141,20 5.8 | 0 3
145.7 1.5 0 3
1526 3,0 0 4

1.1.2. Measurement of Radiative Capture Cross Sections-

D. Kompe

The large liquid scintillator tank (800 1) for radiative
capture cross section measurements was completed and =
installed +ogether with shielding, collimator, sample

changer, and electrcnics at the 10 ns—flightépath bf'the>‘
3 MeV Van de Graaff. Some tests were made: We measured a

timing resolution cof 2.8 ns. Resolution for y-ray energy was
r 0.66 11eV (1)7Cs)
r 0.84 MeV (BAMn)
r 2.50 MeV (%%c0)

46 % £

o O O




Average capture cross.section measurements in the encrgy

range from 10 to 100 keV on Au, In, Ta, Ag, Mo, W, Nb are
planned for the beginning of the year 1966,

Fast Neutron Life Time Measurements

H. Miessner, B, Arai

Tast neutron life time measurements in the keV region were
carried out in order to measurc ("selfshielded") effective
neutron cross scciions, which are very important fcr fast
reactor design. A short burst (1-10 ns) of nearly monoenergeiic
neutrons is injected into assemblics of Pb and 238U, and the
decay of the neutron ficld in the block is measured., Due to
moderation effcects this decay is not exactly exponential

(fig. 1.7.), but by means of age theory one can calculate

a moderation corfection function P(+t), ‘which correccts the
measurced neutron density nobs(t) in the following way

nob3<t) / T(t)~ exp-qt.

M

The corrected neutron density decays cxactly exponentially
(fig. 1.7.) with a deccay constant a, which is given by

+ vBZ / BZ%ff +"CI;B4.

o eff
@ .i'v.Z a

t

o is measurcd as a function of the buokling B2 (fig. 1.8.)

and in this waJY‘eff nd‘“iff.are obtainedi(table 1.2.).

effective cross sections arc related to the "infinite dilution®

average values <o >zwu1<o > by selfshielding factors f an& g
t

iy

calculated by Abapgan (1) =

eff _ > eff ) >
o = fc°<oa o L = fi.< op
£ '
Teble 1.2. ohOwb(fOlf andcr%*f measured by this method in

comparlson hwth<a)a and <7 . >measurced by other methods and

the calculated f-factors,




Table 1.2.: Dffcetive cross gcotiong

y s Neutron } | _eff
Material Trorey (keV) <o > (b)| £, [|f 0> (D) o, (b)
Pb 30 + 6 ~ - - ~
238, 4
U 30 + 6 0.50(2) |0,90 | 0,45 D.44 + 0,03
238 | ' » y
U 7.5 + 0.8 0.64(2) 10,63 0.40 0.43 + 0,04
e e s Neutron eff
Material Fnorsy (koV) <0t>(b) ft ft‘<ot>(b) 04 (b)
Pb 30 + 6 10.0(3) | 1.00 | 10,0 9.6 + 0.5
238y 50 5 6 14.0(4) 0,97 | 13.6  f14.5 £ 0.5
238y 7.5 + 0.8 .|15.8(4) |0.73| 11.7 2.0 £ 0.8

(1) Abagjan, L.P. ot al.: TIDSYE 17(1964)

(2) Schmidt, J.J.: . KFPK 120 (1963)
(3) Hughes and Schwartz: BNL 325
(4) Allan: | EANDC-UK-35L( 1964 )

1,1.4. Measurcments of Activation Cross Sections
W, Ponltz

The aotlvatlon cross section of k97Au was measured at 30 and
64 keV neutron energy. Two differcnt methods Were_used,aﬁ
30 keVs ‘ |

T

7. The neutron source-strength of the 'Li(p,n )7Be reaction

was determined from the 7

(1__/8

Be activity. Botha —activities

Au from the gold probe and 7Be from the 7L1 target) were
measured using a 4 x 3 in NaI(Tl) crystal, The different

v - OfllClchlCS were corrected by theoretical calculations,

2. The neutron flux was measured by the manganese bath teohnlque°

198
The “au activity was detérmined using the ¢na_y_001n01dence
mgthod Many corrections were carried out. Thosaverago result is

o M (30ke¥) =5 M (30KeV) = (0,600 + 0.009) barn
act , Y




- is .shown in fig

G -

For 64 keV nevtron cnergy the result is

“oﬁgt (64 keV) = oﬁ?v (64 keV) = (0,361 + 0.008) barn.
The result at 30 keV was uscd to normalise.encrgy“depbndent
measurements of other experimentators (1 - 5). The result

g, 1.9, This cross scction was used to measure
some other activation cross scctions (fabel 1.3.) and isomeric
cross scction ratios. ITig, 1,10, shows the n,y-cross section
of indium wiich is a combination of the four partial activation
cross scctions,

The isomeric cross seotion‘ratios were used to-determine
p-wave- and spird dependent s-wave-strength functions.
The results arc ’

"m0 s(1) = (3.2 4 1.5) . 107%

191 s(1)

"m0 5(0,1)/8(0,0) = 5.0 4 1.5

2,0 . 107~

Il

o 5(0,5)/5(0.4) = 3.1 4 1.5

——

The isomeric cross section ratios R of Rh and Ag show a
behavior like a threshold detcector (see fig. 1.,11.).

Table 1.3.: Activation cross scetions

Activity | Half live | . . (7.8keV) | . (30keV) oact(64keV)i
(barn) (barn) (barn) |

E

110 pgm 250 4 0.05 0.04 0,06 |
. 1
LR 50 a 1.12 0.61 0.45 :
o m™ | 54 nin 1.19 0.640 | 0.383 |
22 50|  ega | o2 | 0.3 - 0.28
124 gp8 60 a 0.52 0.23 | o.1s i

(1) J.F. Barry, J. of Nucl. Inergy A/B, 18, 491 (1964).
(2) K.K. Harris et al., Nucl. Phys. §2, 37 (1965).

(3) T. Haddad o% -al., EANDC-33 "U" (1963),

(4) J.H, Gibbons et al., Phys. Rev. 122, 182 (1961).
(5) V.A. Konks ct al., Sov. Phys., JETP 19, 59 (1964).




1.1.5. Fission Cross Scctions
¥, Gilboy, G. Knoll

The absolute fission cross section of 235U is being measured
in the ncutron energy rahge 10 - 150 keV using the
7Li(p9n)7Be recaction. The neutron source intensity will be
established by reference to the induced 7Be activity. An
experiment to measure the fission cross sections of 239Pu,

260py . 241

4

Pu relative to 2jDU in the same energy range is due
to begin in Januvary 1966 when the first Pu-foils will be
delivered by CBITI, Geel, '

1.1.6., Operation of the Machine

H. Miessner, B, Reuter

The pulsed 3 eV Van de Graaff worked without any scrious
breakdovns since April, 1965, and only routine repairs were
necessary, The total weekly operation time of the machine is
about 100 hrs; 80 % of this timec is effcctively used as

measuring time.

1,2, (n,v)-Spectroscoony

w. Michaclis, C, Wcifkamps U. Fanger, G. Markus, H. Schmidt

In the period covered by this report (n,y)-rcactions on the
following target nuclei were investigated at the FR 2: 73Ges
’87Sr and 16§Dyc The subject of these experiments is the
investigation of quadrupole vibrational states with multiple
phonon charactcristics in the cese of 74Ge and 885r and the
examination of +the Nilsson theory and the supcrfluid model

in the casc of the deformed nuclcus 165Dy, Precision measurec-
ments of the capiture gamma ray spectrun have been performed
over the whole cnergy rangc by mecans of a 4 cm2 x 0,5 en
lithium-drified germanium detector. Considerable aid in
analysis of the level structurc is providced by double and
triple coincidence measurcments with 4"¢ x 5" WaI(7Tl) de-
tectors and a S5-crystal-pair specctrometer which is capaltle

of working in coincidcnce with a large singlc crystal spectro-
meter. Data weore processed using the Karlsruhe Muitiplc Input
Data’Acquisition System (MIDAS). |

/ 3 ‘ '
1.2.1.:1i§g: The target was Sge enriched to 86.1 %. 148 gamma

“transistions have hcen obscrved with the germaniuvm. detector,




1.2.2.

1.2.3.

~a window set at the bkinding energy of

beveral coincidcence relatlonuhlps could be cstablished. The
lovcl scheme obtained involves 38 exc1ted states in the
encrgy range from O to 4400 keV, The ncutron binding encrgy
of 7%Ge was dctermined to be (10202 + 10)keV,

38 o1 .
Sr: High rcsolution measurements revealed 146 gamma

~transitions from a natural strontium sample. Information on

high cnergy transitions which have to be attributed to 888r

was obtained from a triple sum coincidcence experiment with
88Sr. A major numbecr
of cascade relationships could be settled. 15 energy lcvels
were obscrved in the cnergy range from O to 5325 keV, The
binding cnergy was found to be (11110 +.4) keV, x

165 Dy: The sample was 164'.Dy enriched to 92,7 %. Along with

conventional coincidence experiments an attempt was made to
operate a lithium-drifted germanium diode in coincidence

with a 4"¢ x 5" ¥aI(TL) detecctor. The position of several
garme transitions in the level schome could be established,

As to the low-lying Nilsson orbitals 7/2%7 (633), 1/2 (521),
5/27 (512), and 5/27 (523) the results of previous investigat-
ions from curved crystal and (d,p)-mcasurements arc confirmed,
The Nilsson statec 3/2- (521) up to now tentatively assigned
to the level at 605 keV obviously occurs at 1108 keV. The

658 kcV state most probably has spin 5/27 and scems to be

collcetive in naturc. As to-levels at 1167 and 1590 keV +the
hitherto cxisting deta preclude a definite assignment, Further
analysis of the experimental data is in progress,

Detailed results of the (n,y)-cxperimcnts havé becn published
in refs. (1 - 6), ,

(1) C. Weitkamp, W, Michaclis, H. Schmidt, U, Fanger and G,
Markus, Proc. Int. Conf. on the Study of Nuclcar Structure
with Neutrons, Antwerp (1965)

(2) C. Veitkamp, W. Michaclis, H. Schmidt and U. Panger,

“submitted to Zeitschr. f. Physik

(3) H. Schmid%, V. Michaclis, G. Markus end C. Veitlkamp,
Procs Int. Conf. on the Study of Nuclecar qtructuro with
Neutrons, Antwerp (1965)

(4) H, Sclmidt, V., Michaclis, G, lMarkus ond C. Weitkamp,
submitted to Zcitochr. £, Physik




(5) G. Markus, W, Michaelis, H. Schmidt and C. Weitkamp,
Proc. Int. Conf. on 'the Study of Nuclcar Structure with
Weutrons, Antworp (1965)

(6) G. Markus, V., Michaelis, H. Schmidt and C, Woitkamp,
submitted to Zeitschr. f. Physik.

1.3, Slow Neutron Inclastic Scattering

1.3.1. Scattering TLaw Measurements
W, Gldscr, P, Carvalho, G. Ehrét, R. Merkel

'1;3;1;1; Tree. H,0 Molcculcs

Imnvovcd measuromonts of the double differential scattering

cross scction for xater vapour in a tenperature and density
range of 230 - 270° C and 8 - 15 mg/om have been completed

for secveral incident cnergies between 18 and 70 meV, The chergy
and momentum transfer range for which data have been processad
is now

0B 2 and 0.05-o< 6 (= 1 W/ kpTie =1 22 / an, k1),

Part of the derived scattering law values S (0 y8) arc repre-
sented in fig. 1,12, The curves are best fits to the experi-
mental data. Using Krieger-Nelkin theory these results can be
described only with an energy depcndent mass (Meff2:1.9 Mp).

1.3.1.2., Zirconium Hyvdride

- Zirconium hydride scattering runs with 1mproved c1grml to—
Jpackground ratio and with ineident encrgics of 18, 35, 64,

and 90 .2V have been made. The range of scattering angles

was between 30 and 150 degrces. A rough analysis of the optical
band yields a line width of 30 eV, indcpendent from scatter—
ing angle. The main effort of the data processing was still
on the acoustical modes.,

The reconstruction of the measured scattering law S (o,B),
sonctimes including modified line shapes for the high cnergy
node (1), by using IEAP-ADDELT calculations vielded no satis—
factory agrcemen’s. Effort is. made now. on. multiple scattering
corrcctions for the data.

(1) S.9, Par nnd P.J. Vebb, Nucl: Sci. Bag, 23, 194 (1965).

———

«2.7.53. Graphite

Douvdle differential scattering cross scctions of graphite hawve
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been measurecd at 260° C, Two types of graphite of different
origins and densities (p = 2,05 and 1.57, respectively) were
studicd. The incident emcrgies werec 18, 35, 72, and 95 necV,
the scattering angles covered the range from 22 to 150
dégrecs, The'rawAdata obtaincd is being processcd now.,

1.3.2,  Othor Experiments

7, Gldser, T, Carvalho, P. von Blankenhagen

1.3.2.1. Hy0 o
Experimental studies of small energy transfers in HQO (20° €)
covering a wide range of momcntum transfer down tox= 0.2 & ~
have been started (incident energy = 7.5'meV,-sma11est"
scattering angle = 5.5 degrees). Barlicr results on diffusive

motions in H,0 have becen verificd (2).

(2) K.E. Iarsson, Inelastic Scattering, Vol, II, P. 3, IAEA,
Vienna, 1965,

1.%3.2,2, fmonium Halides

Preliminary measurcments of the scattering propertics of some
amonium halides (NH4C, NH4Br, NHAJ) below and above the
highest phase transition in the solid have been done for a
reclative large range of the (x,w)-plane. It is intended to
extract from these data quantitative information on the
degree of freedom of the rotational motion of the NH4ion.

1.3.2.3. Vanadium o ,

- Considerable amount of double differential scattering data
has been colleccted for room temperature vanadium. An effort
is donc in the direction of corrccting for multiple scatter-
ing -cvents. Besides an analytical computation of elastic
double scattering corrcction factors for infinite plane
geometry, a Fortran program has been written also for
inelastic-clastic double scattering processes. Finally
‘measurecncnts were done with a samplc geomctry designecd to
give minimum multiple scattcring.

T4 New Developments in Instrumentation

1.4.1,  On-Tinc Computcrs
G, Kriiger et al.

140101, On=Iinc Computcr Facility at the FR 2 Recactor

The real-time data processing system MIDAS (1) (Muitipie
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Input Data Acquisition $§é£eﬁ) was in continuous operation
“until October, 1965. The facility has proven its performance
and reliability, After restart of the "R 2 with a new fuel
loading the neutron flux will incrcasc by a factor of 5 - 7,
As a consequence, the experiments will furnish much higher
data rates to the data handling system, Therefore, an cxtendcd
MID'8 was designed which is necarly completed now (fig, 1.13.),
This MIDAS 66 (2) consists of two computers, a CDC 160-A and
a CDC 8090,-both fully compatible with each othecr. Each
computer has its own private corc storage of 8 K - 12 hit
~words., They sharc an additional menory with a capacity of 16 K,
Some picees of peripheral CQuipmont were newly designeds

An EXchange'Unit chiiitatos cooperation of the two processors.
The Real-Time Clock (+timo- -of-the-day clock) is computer-
independent and provides an absolute time base for the comhuteru,
to control their rcal-time cnvironment. T

The Channcl Control enables or disables the different data
communlcatlon lines between the experiments and the compUuo“
input. ‘

The System Control monitors some basic clcctronic funcfions_of
the computérs'and the I/0 interface. It alarms the opcrator
when a scrious malfunction happens. |
The switchbox is a network which connects +the data channcl,

the drum control, and the display units, Onc of the activities
of the box is the generation of steady display pictures without
intorforing’with the computer opcrations. ‘ ‘

Lo conncct cxperiments from outside the reactor building a
fast (100 kHiz) data transmission system has beoh”impldmentéda

An IBM 1311 disc filc unit increascs the dl” ct access storage
considerably., A new softwarec procedurc allows on-line- accuni~
lation of 256 K channcls of one or more nuvltiparamcter expe-—
riments on the disc. Thereforc, the combination CDC 160-4/TBY
1311 will be uscd as a 256 K multichanncl mnwlyzer for counting
rates up to 2500 cvents/s, This procedure also has qdvqnt%ges
for the accunulation of the raw data stored cvent-by-cvent
onto magnectic tape., An Operating System for the symmetrical

double computer systeom is being developed,
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1.4.1.2, On-Line Computer CAE 510 at the Van de Graaff Accelerator
The CAE 510 is a microprogrammcd machine with an 8 K 18 bit

corc memory, The memory cvcle is 6/us. The computer-cxperiment
interface consists of a spccial data channel CAE 592, a 12

word decrandomizcr and buffer, and a tronsfer control unit,

A 1 nanoseccond time coder manufactured by Intertechnique,
Paris, is uscd as an imput decvice mainly for the mecasurement

of ncutron cross scctions by time-of-flight in the intermediate
energy rangce, The system was going in full opcration during

the reported period.

(1) G, Xriiger und G, Zipf: MESPRO 64 - das Betricbssystem fiir
die integricrte Computeranlage MIDAS, KFK 371 (1965),

(2) G. Kriiger, G, Dimmlcr, G. Zipf, H. Hanak und R. Mcrkel:
Ein Doppelcomputecrsystem zur intcgricrten Datenverarbeitung
am TR 2, Kerntechnik (in press).

Ted o2, The Neutron Flash Tube
A, Schmidt

The tube has been operated over cxtended periods with a

neutron output of approximately 5 x 108 n/pulse, the pulse

duration being Z/ns. The maximum pulse frequency is 5 00 s~1;
. Target life tests have boen performed wifh 1.2 mg/in2 titanium

targcets which gave o constant neutron output of the flash

tube in cxcess of 100 h using an avcrage 1oading of 0.5 mA/cm2

at the target sheath, TFurther development work at the ncutron

flash tube will be devoted to shorter ncutron pulscs.,

1.4.3, A High Resolution Time-of-Flight Spectromcter at the

Karisruhe Cyclotron

S. Cicrjacks ct al.

A neutron time-of-flight spectrometcr was constructed using
the isochronous cyclotron as a pulscd ncutron source of very
high intensity and extremly short pulsc length. Vith a speeial
type of a decflcction-bunching system (sce fig. 1.714.)
consisting of two pairs of electrostatic deflector plates

the natural pulse scquonce frequency of 33 MHz was reduccd

to 20 kHz, From this, however, follows a current reduction

of a factor of 30 only.’

The following performance data of the spectrometer have been

determinede
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Neutron pulsc length < 1.5 ns,
Neutron intensity (En3;2OO keV) at the detector station:
(5 + 2)107 n/cmzs using deutcrons (40 MeV< By <50 McV)
and a thick natural uranium target.

From the present length of the flight path of 57 n a
resolution of < 0,03 ns/m can be deduccd,
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Scattering Law of the H,0-Molecule

(Temperature 539°K,density 12mg/cm3,- best
fit to the experimental data)
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é -
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Fig.1.12.
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Fig.1.13. Symmetrical two-Computer System MIDAS 66
C1,C2 private memories of the processors (P1,P2) - C3 shared memory
B1,B2-buffered data channels of the computers,

B3 buffered data channel of the additional memory, the computers can

override the B3 channel control and use the peripheral equipment
connected with this channel.

N1,N2 unbuffered data channels used to exchange small amounts of infor-
mation. ‘

51,82 special input channels; S1 connects the command panels (remote
program selector boards) with the computer 1. -
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PHYS IK~DEPARTMENT DER TECHNISCHEN HOCHSCHULE MUNCHEN (GTRMANY )

Neutron Beam Expcriments

Absolute Determination of Coherent Cross Sections by the

Neutron Gravity Refractomector

L. Koester, N. Nicker, W. Triistedt

The coherent scattering length of mercury has becen determinecd

as a,.y, = +(12.69 1‘0.02);10"15 em (1), After the elimination

of thc low angle scattering in the neutron windows, reflectivity
measurcments on inorganic and organic liquids have shown that
the critical height of the total rcflcction may cvaluated from
the reflcetion curve with an accuracy of about 2.1077, Vith a
new watcr level all along the cxperimental facililty (ca. 110 m),
the diT¥ercnce in height between the entrance slit and the
reflcction mirror can be mecasurcd with an accuracy of approxi-
mately + 0,02 mm. The total crror of the scattering length may

be estimated to be smaller than 0.05 % in favorable cases,

Measurcments with organic compounds for the determination of
the scattering length of H and C, and on molten mctals arc in
progress.

(1) Koester L., 2. f. Physik, 182, 328 (1965).

Dotermination of Tacohercnt and ITrcc Cross Scctions

J.P. Niklaus, R. Simson, W. Triftshiuscr and W. Schmatz

With the previously (1,2) lescribed filter differcnce method

the frce cross scctions of lead and silicon have been decterminced
(average neutron wave length 0.09 R). To obtain from these
valucs the coherent scattering cross scctions of the same
elements the incoherent scattering cross scctions have been
measured by a scattering device. The results are given in

table 2.17. '

Table 2.71.: Cross scctions (barn)

SEi 1239 :
O eroc 2.022 + 0.0023 10.58 + 9503

ine (15 + 1.3) 10 <30 x 10 _3

or (15 + 15) 10
2 .
= A

Ooop = &7 acohéK 2.15§ + 0,005 10.65 + 0,05
+n(acoh,K+Zael) 2,173 + 0.005 10.93% + 0,05




aéoh,K is the scattering lcngth ofithe nuclgus, 2,1 the
scattering length of the clcetron (Foldy (3)). The results
will be published (4). nddjtlona11y<;.£é‘pf aluminium has
becen redetecrmined. Thc value is (10 + 1.7)mb in agreement
with (5). In the casc of natural copper we have found

0 ipe = (590 + 40)mb in agreemént with the result of Reating
et al (6).

(1) Progress Report on Nuclear Data Research in the Buratom
Community - EANDC (E) 57 "yv (1)65) . 21,

(2) w, Trlfushﬂuser, 7. Phy81k 186, 23 (1965).

(3) Toldy I.L., Rev, Mod. Phys. 30, 471 (1958).

1.3,

(4) J.2., Wiklrus, R, Simson, ¥, Triftshfuscr ~nd W, Schmatz,

to be published in Z, Physik (1966).

(5) R. Scherm and W, Schmatz, 7. Waturforschung 19a, 354 (1964),
(6) D.T. Renting, V.,J. Neidhardt and A,N. Goland, Phys. Rev.,
111, 261 (1958).

Fotal ¢ross gfcctions of Tr and Cu (at 300°K and 77°K)

K. Knorr

Using a mcchanical velocity selcctor, total cross sections

for subthoermal ncutrons (Ax5-20 2) arc being detormined. The
spceific energy of the necutror was found by comparison with
cross scctions of Au foils (147 extrapolation from 97.8 b for
25,3 meV); The measured values of Er with cstimated errors

arc given in table 2,2, and fig. 2.1. A metal foil of 220 mg/c:n2
with a specified purity of 99 % was uscd. The error of cross
scctions caused by the impurities of Gd, Sm, Fu, and Dy is

<1 % (cxamination by a y-spectrometer). The values of Cu

(metal Zfoil of 2.70 g/cm2 and a specified purity of 99, 98
are given in table 2.3, and fig. 2.2.

1 o ~OT
Table ?.2, tot of Iir
- P , error
(e (]) ] (b) (%) |- -
2,504 | 5.71| 513.97 2
1.3875 5461 577.5 F 2
1,434 ¢ T7.56 6573, 1 j 2
0,971 1 9.17( 1781.0 | 2
0,667 111,071 939.2 { 2
0,492 1 12,09/ 1090.8 | =2
0.243 1 15.44) 1325.0 | 4
S : | e A
+

provably with Bga"" scatitering




2.1.4,

Table 2.3%.: Otot of Cu
Baem)| () | (») (b) CTTOT.
2N 300°K 77°K (%)
2,064 6,30 —_— 13,53 1.5
1.828 6.69 ——— .35 1.5
1.618 7,711 15 68 15.31 1.5
1.405 7.6% — 16,34 1.5
21,184 8.31 —— 17 .84 1.5
0.958 9,24 20, 21 19,72 1.5
0.663 11.1 24,23 —_— 3
0.497 12.8 27.96 ——— 3
0.%48 15,3 .23 —_—— 3

Time Dependance of the R~Activity of the Total Thermal Iission

Products_of 2)BU', 235U, and;239?u
H. |

Soyfarth

In a mcthanc flow 4m-proportional counter the mean number of

 B-particles pcr sccond and fission was measured for times of

-2 ' ) ]
5.10 2 vee 3.6 107s after fission., Results showing the tinme

dependance and the mean total number of g —particles pcr fission
of 233U~and.235U.are published in Procecdings of the Symposium
on the Physics and Chemistry of IPigsion, Salzburg 1965, Paper

SM_60/61,

Resuvlts for 239Pu will Dbe published'in 1966, Therc also will

"~ be published some investigations concerning the number of

2.2.1.

conversion electrons emitted by the docay of isomeric states

~of* the fission products up to 3.6, 10‘r s after fission,

Fission Physics

With the fission particle mass spectrometer, constructed by
Ewald et al. (1), the following experiments have been done since

the last issue of this report:

(H. BEwald, E. Koncecny, H. Gunther, G, Slegert H. Gobel K. Hetwer,
K. Kirzinger, L. Winter).

Primary Distributions of Nuclear Charge for Tission Fragment
Mosses 130 to 137 from Thermal Fission of °°°U

The measurcments which were reported in this réport of Feb. 1965
and in (2) have been continued for the mass region from A = 130

to A =

137 with .improved cxperimental mcthods,




\N
N
1

The fission fragments impinge upon a S8-sensitive nuclear
ecnulsion in which the B-tracks from cach fission product are
rogistrated.vSinoe'thc stable end products of -the 1sob1r10

decay chains arc known, and since eanh B—track can bo correluted
to a partlcul r fission frqgmcnt track, it is possible to
determine not only the mean primary nuclear charge Z n? but also
the distribution of charge about +his mean value., o

The measurements yvield the following Zp values with an error
of 0.4 %
! ; '
A 130 1131 (132 133
p 150.1157.0150.0 151.6

136 1135 5136 137
2

The dlstrlbutlons of tneso Z:p valucs have a mean 1/c width
of 1.3 charge units. These measurements will be continued for
heavier massce, '

2.2.2, Dependence on Ixcitation Fnergy of Nuclear Charge Distribution

of Scparated Fission FPragmont llasses

Vith the experimental proccdure mentioned above, the fission
Particles with masscs 138 and 129 were investigated at different
kinetic cnerolec after prompt neutron emmission, Since the sum
of kinctic and excitation cnergy is almost constant, fission
partlclcs of Qlffcrpnt excitation cnergy havo boon caught in
B-sensitive emulsions., i

In mass no. 138, with increasing cxcitation énorvy, the FVHMI

of the distribution increascs and the ratio of even-cven to
odd-odd nuclei strongly dccreases. In mass no. 139, with oven-odd
and odd-cven nuclei, these effects are relativel ly small, The
measurcmenss will be done also in the Tegion of closcd nuclear
shells. The results of these eX“erlmen g arc to be published,

2.2,3%. Rcsponse of Scmiconductor Surface Barricr Deieotors to Pission

Prﬁgmonts

.

With the technique developed in (3) the pulse height defcet
and resolution for fission fragments and- thelr-vqwlatlon w1thﬁ" .
cnergy, mass, incident angle, and bias voltage for 7 dlfferelt

7

counters have been investigated., The results are published in
Nuel. Instr. and Meth., 36 (1965).




2.5,

2.3.7,

Scottering of Fission Pragmonts

The value of the scatvtering poramcter of Born is,incrcaccd

onc order of magnitude in the soatﬁéring of fission fragments
separated according to cncrgy and mass. .The theories of |

G, Molidre and Wigam Sundarcsam and Wu (ISW) yield different
distributions here. No dircet compnrison with the cxperimental
results is possible, bocause the fission particlecs are not
fully ionized, but some value between the ionic and the nuclecar
charge should be the cffective onc for scattering. 7ithin these
limits, only in the thcoric of lloliére is it possible to find
an cffective charge for which the theoretical and ox@orimental
curves have the same width. The distributions of the NSW thcorie
are always too small, ’

(1) E. Bwald, E. Korccny, H. Opower, H. Résler, 2. Naturforschg
19a (1964). | |
(2) E. Koneeny, H., Opower, H. Gunther, H. G6bcl,“ProCocdings‘?

of- the Symposium on the Physics and Chomistry“of‘Fiséibn> -
Salzburg 1965, papcr SM~-60/33.

(3) E. Konceny, H. Opower, G, Sicgert, Z. Naturforschg ggg_(1966)°

Mcasurcment of Internal Conversion Elcctrons Following Neutron

Cagturo

T. v. Bgidy, E. Bicber, Th, W, Tlze, H. Mahlein, W, Kaiser,

B. Dutta

The betaspectrometer is described in (1 - 4), By measurement
of the cnergy ~nd intensity of internal conversion clcctrons
following neutron oapturo,ohe gets much information on the
lcvel scheme, The spectra nre given on a punch tape and the
cnergy ond intensity ‘is determined by a computer, The best
resolution was 0,07 %, .

150S

337 K-conversion lines, 48 I-conversion lincs, 6 M-conversion

m (5)

lines and onc N-conversion line were found in the cncergy region
from 3 keV to 8 MeV, The multipolaritics of these lines were :

determined, ' i level scheme with the levels given in table

2.4.»was constructed.
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TqbleM2.4;: Levels of4j5QSm

Level Spin Level Spin
(keV) | Parity  (keV) Parity
333,95 2 1504 .7 2(%3,4)+
7406 O+ 1556,9 2+
173 .4 G+ 16427 3+
892,2 2+ 1672.3 3=
1046 ,3 2+ 18220 1- or 2,3+
1071.5 53— 1957.7 2y3=
1083.0 2— 2150 T+
1165,8 2+ 2268 2,3-
1170,3 (0-4)+ 2/.56 2,3+
1193.8 2+ 2497 243,40+
1256 .6 2,34+ 2507 1= 5=
1278.9 2,3+ 3051 1= or 2-5+
1357.8 3(4,5)- 7983 3y 4=
1549.3 S+
2.3.2, %y
About 100 lines betwecen 3 keV and 7 McV were found,
2.3.3. °0m,
22 line were measured and the multipolarities were determined.
The 63.69 keV line is a E2 transition, the 64.11 keV line is
a M1 tronsition and the 75.05 keV linc is a B1 transition.
2.3.4. H Copture Line and 284 1780 keV Line
- In the conversion clectron spectra of 15OSm, 198Au and 165Dy

’following neutron capture near the rcactor core, the H capture

28

linc and a linc of o1 in oxtern°1 conversion from the gamma

chkground ‘appeared. The encrgies were determined very exactly

“to (22244 x o 9) keV for the H capture linc and (1778.3 x 0.7)

28

keV for the Al Si line.

(1) T. v. Bgidy, Ann Physik (Lpz) 7.F., 9, 221 (1962)

(2) B. Bieber, T, v. Tgidy, 0.W B, Sohult Z. Physik 170, 465
<1962) : :

(3) . Nérenberg, Z,. dngew; Physik 17, 452 (1964).

(4) B. Bicber, 7%, Physik (1965-66),

(5) Th. W, Elze, to bec published (1966),
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2ohe Cross~Seetioanotgrminationswby~Acﬁivation Techniques

2.4.1, Measurement of some \verqged Cross Scctions for n,p— and n.r—
c“of¢ons

St

G. Rau

The cross scction averaged over the fission neutron spectrum
N (E) is definecd as

[es]

(1) <o>= _j (B) N(E) a8 / f TW(E) aE

o]
viith W(E) having the shape as given by Watt (1) or in a more
elaborate form by Cranberg (2), Because the fast neutron spectrum
above 1,5 MeV has about the same shape as N(E), that means

(2) o (E) = const.N(E),

ard-since for n,p- and n,p-reactions the influence of neutrons
below 1.5 MeV is negligible because of the Coulomb potential
bYarrier, we can write instead of (1):

) 0

(3)<o>= | o (E) ¢ '(E) B / const | NW(E) aB. ..

This way, for several isotopes the averaged cross section
has been measured,

The samples were irradiated under Cd shielding in order to
reduce interfering activities caused by thermal activation.

In some cases i% wos even necessary to use enriched isotopes
in order to ob'ain measurable effects.

e deterﬂlnutlon of the fast neutron flux has been done by

C-
the resetions. Wﬂ(n D) 58 Co, <o> = 95 mb (3) for irradiation
© times ‘below one day, or because of the "ot vurnup (4) with
O T NLBe
the meaction 4 Ti{n,p)" °Sc,<o>= 12.6 mb (5), for higher

irvadiation times.,

Shor® %ime irradiations from. 15 seconds up to one day were

verformed in the pneumatic rablbit system of the TRM, the

f—

D adiation_position being only 1.5 cm from the uranium zone;
for long time ir ”“dlﬂtl@ﬂs, 4 position within the core wae

Ao each reaction, five to ten sauples were irra-—

leasurenca’s of the induced activities were performed with a

N3t Taty (11 )-crystal, the total absorption peak efficiency

o vhielh had heon debtermined by means of several absolute




calibrated radioisotopes,

The results of the measurements are given in table 2.5.

Column 1 gives the reaction, column 2 the measured averaged
cross section, column 3 the Q-value of the reaction, column 4 °
the half life of the induced activity, column 5. the gamma
energy which has been used for determination of activity,
column 6 gives the corresponding gamma abundance, already
corrected for internal conversion, column 7 gives the reaction
used for determination of the fast neutron flux, and column 8
gives values of other authors for comparison (6 - 8),

Decay schemes, gamma abundances, and half lives were taken
from (9 - 11); the Q-values were either obtained from (12)
or calculated by the energy level schemes of the nuclei.

In the case of 53V, its half life given in literature with
2.0 resp. 1.7 minutes 4id not seem very credible, It was
remeasured and found to be (1.52 + 0.015)min,

Comparison of the measured cross sections with those of other
authors gave good agreement except for the case of

<0> . 4 (68Zn), where the discrepancy is about a factor of two.
In nine cases, no comparable data were found in literature.

For (n,p)reactions, plotting <o> against Qn,p in single
logarithmical display, one gets straight lines for constant Z,
the slope of which changes only slightly with different
Z-values, It is intended +to derive an empirical formula for
predicting roughly averaged cross sections by its Z and

o
Qn,p alone,

References

(1) Watt, B.E.: Phys. Rev. 87, 1037 (1952).

(2) Cranberg, L., et al: Phys. Rev. 103, 662 (1956).

(3) Hertlein, F: Ann. d. Phys. 12, 57 (1963).
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(5) Kdhler, W: to be published in Nukleonik.
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Washington D.C, :
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5.4.2. Determination of o (2200 m/s) for “USi (n,y) 2 Si

2oby3

v, Kohle , K. Knopf-

For the aalibration of counting systems for the reaction
31P(n,p)D"Si“the«re&cﬁion 50g 3 (n,y)313i ig used in some cases
(request 1list EANDC 43% "U"), By means of a rotating disc thin

gold and silicon oxyd layers have been activated in the water

(
reflector of the rcactor.. The. .9 Au activity has been counted
by R-y-coincidence tochniQue'(1), he )1b1 activity has been

det¢rminéd by 4wR-counting uvsing the efficiency tracing method (2).

If one assumes o = (98.8 + 0,3)b for gold one gets
o, = (103 = 3)mb. for 2051 (n,,))101._Tho older value in 11tcrqture
is o = (110 + 10)mb (%),

(1) W, Kéhler, Z. f. Naturforschg. 202, 1170 (1065)
(2) 7, Kéhler, K. Knopf, to bc published.
(3) BNL 325,

Dotermination of o(2200 n/s) for 2°C1(n,p)>s
W, Kdhler, XK. Knopf

Tn cénnection with +the scarch-for good reactions to measure the
fast flux density we examined the reaction )901(n,p)358 At the
time of writing this article. the neasurements are not yet
flnlshed but the thevmwl qctlvatLOL cross section has been
detormined . - ‘

Using the value of 0 _ = (37 4 +0,2)b for 59“0 (n,y) OCo
(anlnbroukx 1965), the cross section is o4 = (0.37 & 0.02)D,

This valuc does not agrec with the wvalues ia BNL 225,
c o = (0,19 + OAO4)b, nor with the wvalue of Scren, TPricdlandcer
and Turkel (1) but it lics within she limite of error of the

volues of

Gilbert, Roggen and Rogsel g, = (0.30 + 0,09)b (2) and

Mavrer 6. = (0,34 + 0.08)b (3) (if onme

uscs for 55Mn (n,y)BrMn | QZ = 1%,2 instcad of the:older wvaluc
17.2 b) |

(1) L. %bren, 1. brloolcnﬁel, S ,H. Turkel, Phys. Rev. 72, 888
(1947). : =

(2) A, Gilbers, ™. Roggen, J. Rosselg’Helv,”Phys. Acta 17, 97

’: 1944 ) ‘ : . .. _ '

(%) W. Maurer, %. f. Laturforschg. 4a, 150 (1959).




2.4.4. Resonance Activation Intesral Cross Scotions for the (n,y)
Reactions of 55Mn, 41K and 51V
H. Schmelz, 7, Kdhler

By simultaneous irradiations of the samples and thin gold
foils with Cd-covers of 1 mm thickness in the pneumatic
irradiations facility and by determining the activity after
the irradiation, the resonance nactivation integral cross
section Ires has becn determined., The lower limit of the
integral cross scction is the chdmium cut-off for the given
geometry, in our case 0,68 eV,

Uith the o -values given in table 2,6. the 14 -contribution
to the resonance activation integral has been calculated and
subtracted‘to obtain Ires'

Table 2.6.: Resonance integrals

Reaction O(barn) IreS(O.68)(barn) I s (barn)
2 (n,v)| 13.3 £ 0.2 | 12.6 + 0.5 7.55 + 0.6

“K ()| 1.2+ 0.1 ] 0.96 + 0.05 0.51 + 0.09
v (n,y) | 45 5005 | 2,17 + 0.1 0.46 + 0.3

reference values:

" hu(n,y) | 98.6 + 0.3 1543 + 20 1507 + 20

A determination by cadmium ratio measurements has been done, too,
In this method the standard deviations arc greater (two
irradiations instead of one for the single value), but the

mean values agree with the other values within the limits of
error,

The value of °2Mn agrees with the measurement of Dahlberg (1964)
I' = (8.16 + 0.6)b (1), but it does not agrce with that of
Vidal (1965) I' = (10.5 + 1.1)b (2),

(1) R. Dahlberg, K. Jirlow, E. Johannson, Reactor Sci. Techn.
14, 33 (1961),
(2) R. Vidal, CBEA internal report MIN 73 (1965).
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1. TNSTITUT PUR EXPTRIMENTAL-PHYSIK, UNIVERSITAT HAMBURG
(GERMANY )

Mcasurements of some I'ast Ncutron Cross Scctions with the
Activation Mcthod
1. Bormann, F, Dreyer and U, Ziclinski

The activation method was uscd for measuring the cross sections
of some neutron induced reactions like (n,p), (n,t), (n,a),

and (n,2n) at 14 MeV and in most cases also at several other
encrgics in the region 13 - 19 McV, A 150 keV Cockroft-Valton
generator and two Van de Graaff acceclerators with maximum

encrgy of 1 McV and 3 MeV, respectively, werc available for
producing fast neutrons by the reaction 3H(d,n)4He in titanium-
tritium targets. Gamma and positron activitics were detected by
means of a 3" x 2" NaI well-crystal or a yy-coincidence spectro-
mecter consisting of two 3" x 3" Nal-crystals. A pneumatic sample
transport system wasg used in those cascs where the activities
had short half lifes. The ncutron flux was measured by counting
the recoil protons in a stilbene crystal. The cross scctions
obtained arc given in table 3.1, and 3.2, The errors stated

do not include uncertainties in the dccay schemes.

Table 3.2.: Cross Scctions at 14,10 t 0,15 MeV

Reaction 0 (mb)
Pi(n,0)°% 0o Y| 532 1+ a4
281 (n,p)7% 008 227 & 51
5811 (n,n)°8 co 305+ 26
21 (n,)02 0o 8 14.7 + 2.2
650u(n, )02 0o 8 4.8 £ 1,4
O ps(n,p)? 6o O 20.3 + 1.6
75As(n,p)75 Ge B 1.7 + 2.2
75As(n,p)75 Ge ™ 18.6 + 1.5
75As(n, )72Ga 12,5 + 1.5
75As(n, )76As | 22.2 + 1.8
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Total Neutron Cross Section of Natural Lithium in the Energy
Range 4,2 — 6,1 McV
M. Bormann und H. Genz

The total neutron cross scction of natural lithium was measured
in the energy range 4.2 - 6.1 McV by means of the transmission
mftbod Honoenergetic neutrons were obtained via the reaction
H(d n) He using a gas target and the deuteron beam of a 3 MeV
Van de¢ Graaff, For necutron detecection a Stilbence recoil proton
spectrometer was uscd., Its gamma-scnsitivity was reduccd by
pulse-shape discrimination, The transmission data were corrected
for neutrons elastically scattered in forward direction. The
results arc given in table 3.3, The neutron encrgy resolution
was AE_ = 40 keV. The errors of the cross scctions amount to

AO’TI’ —

I
}‘i\o‘i

19
2

Table 3,3.: Total Cross Scection of Watural ILithium in the Bmergy
Ronge 4,2 - 6.1 MeV

5;(MOV) T(barn) En(MeV) T(barn)
4,17 2.45 5.08 2.43
4,21 2,44 5,13 2.35
4,25 2.41 5,18 2.17
4,29 2.49 5.2% 2.19
4 34 247 5.28 2.24
L.38 2.50 5.3% 2.24
4 A4 2.49 5.38 2.1
4,48 2.4% 5.43 2.20
4.53 2.48 5.48 2.18
457 2.35 5.54 2.18
4,62 2.4 5459 2,11
4,66 | 2.4 5.64 2,21
£J72 2.45 5.69 2.21
4,76 2.1 5.75 2.21
4,81 2.54 5.80 2.20
4,85 2,36 5.85 2.2%
4,90 2.48 5.90 2,10
4,95 2.6 5.95 2.2%
4,99 2.30 6.01 2,17
5.04 2.39 6,06 2,12
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LISTITUT FUR RETNE UND ANGEVWANDTE KERNPHYSIK, KIEL (GERMANY)

Fast Choppor

H.H., Jung, W, Biecl, V., Komenda

Total necutron cross section measurements on V, Ca, and As
have been made with the fast chopper facility at the
swimming pool typc reactor at Geesthacht (FRG-I). The dota

arc to be published in Atomkernenergie,

V@nadium
sample: solid metal

thickness: 0.13 atoms/barn
energy ranges 0.5 - 100 eV
resolution: 460 ns/m

Calcium

~samplc: CaO

thickness: 0,125 atoms/barn
encrgy range: 0,8 — 80 eV- : :
rcsolution: 370 ns/m

Arsecnio
somples As-powder

thickness: 0,0662 atoms/barn
energy range: 0,5 - 40 oV

resolution: 460 ns/m |
preliminary results arc expected early in 1966,

Measurcments on conpo” single crvstols have bocn porformed

in order to look for crystal cffects on total noutron Crogs
scctions in the cnergy range up to 1 koV. The QXPCTlﬂunt
shows that therc are crystal effccts as they have been
bredicted by DRITTLER (Iaturwisscnsch-ften 52, 205 (6)))

they are smaller than expected but well above the statistical
error, Data evaluation will be finished in spring 1966,

The design and construction of .a.now fast ohopper'chiljty; o

’(Te—“o Gor with U-core, 1 % resolution at 100 eV) h?ve becen

oomplﬁtod It will be installed at the FRG-I o%rly 1n 19”6
Mrst runs are expected in summer 1966

Total ncutron cross scction measurements on radloactlve

nuclides are plaunncd,
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Crystal Speotrometer

Total Necutron Cross Scction Measurement in Iiyjdrogencous.

Compounds

B. Brécker

Total ncutron cross scction measurcments of hydrogen have
been mnde in the following hydrogencous compounds: cyclo-
hexane; benzene, paraffin, hexane, glyzerin, mcthanol,
ammoniumchloride, ammoniumbromide, ammoniumiodide, zirconium-—
hydride and titaniumhydride. The encrgy range was 0.025 to
0.4 ¢V and the resolution between 0.5 and 1.5 %.

Organic Compounds

The cross scction is nenrly the same in all organic compounds,
Very big molecules and such compounds, which arc solid at room
temperature show a cross scetion about 4 b higher than that

of 1ittle molecules nnd liquids at the lowest cncrgies,

Above 0,1 ¢V difforoncé~completely disdppeares; Results

arc given in fig, 4.1, = 4.2,

Ammonium Salts

Results arc given in fig. 4.3, - 4.5. The arrows mark the
cnergy of hindered rotation of the WH, - ion. It is scen
o

as a soft dip in the total cross scetion.

Metal Hydrides
Zirconium and titanium hydrides show sharp resonancc dips

at multiples of the vibration cnergy of the hydrogen atom
in the crystal  (7.L, ‘Vhithemore and A.V. Mc Reynolds,
Phys. Rev. 113, 807 (1959)). The vibration cncrgy was

determined to be 0,133 eV for Zr i 63 and 0,14 ¢V for
- Ti H1'94. Results are given in fig., 4.6, - 4.7,

TFurther measurements arec plhnned to determine the dependence

of the vibration encrgy from temperature, hydrogen-concen-—
tration and dcuterium content.

Usc of Totally Dleflceted Cold Neutrons for'ﬂbasuremoﬁt of
the Temperature Dependence of the (n,p) Cross Section for

Chemically Bound :votons

U. Schmidt, II. Saad

A beam of cold ncutrons was producecd by total reflection

from iron plates of a spccinl constructed collimator, The




5%
reflected beam contains all energics up to a limiting

encrgy, which is detecrmined by angular position of the
collimator.

This method has been uscd to determine the total cross
sections of the =-» scattering in Cyclohexanc, Benzenec,
Diphenyl, o-Tcrphenyl and m-Terphenyl in the temperaturec
range between - 50 and + 180° C for n neutron beam with a
limiting encrgy of 1.8 . 10—3 eV, The cross scection increascs
slightly with temnpcraturc and shows a step at the melting
point. The rcsults arc shown in fig. 4.8,

The measurements arc to be published in Atomkerncnergie.

RGN Scattering Cross scction of Hvdrogen in Yater Dioxan Solutions

A, Suszkin

Scattering cross scctions of +the hydrogen in water-dioxon
solutions wecre calculated from obtaincd valucs of the
transmissions, which were mensurcd for 13 solutions with
varying watcer concentration for the neutron encrgics between
0.578 and 0,024 ¢V,

The measurements were conductcd with the following errors:
the error of the determination of the thickness of the
cuvette: + 3 %, the error of small-angle scattering: + 0.6 Dy
statistical error: + 0.6 %,and the total crror of the
measurements (without the crror of the cuvettes): + 3.1 %.

Le it can be seen from fig. 4.9. the scattering cross

scction of hydrogen varies for the encrgy range 0.578 -~ 0,024
¢V in the casc of dioxan between 23 and 61 barns and in

thc case of water between 22 and 52 barns. The obscervable
difference betwecen valucs of the scatiecring cross scctions
for water and dioxan appears at the encrgy value of 0.17 cV,
gr-ws up until encrgy valuce of 0.06 eV and rcmains further

ay roximately constant at the value of 9 barns.

From fig. 4.10. can be concluded that the scattering cross
sectlon in the water-dioxan solubtions diminishes almost

lincar with increasing concentration for each value of

neutron energy.
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INSTITUT FUR KFRNPHYSIK DER UNIVERSITAT FRAWKFURT,
TRANKPURT _ (GERMANY )

Fast ncutron excitation functions by activation technigucs

R. Bass, P. Haug, K. Kriliger, B. Staginnus

The reactions “F(n, )190, 19F(nﬁa)16m, 23Nn(n,p)25No,
7 p ] -
ZBNa(nﬂx)ZOF, Z‘Al(n,p)27Mg9 £8Si(n,p)28A19 and31P(n,a)28A1

were investigated in the neutron encrgy rcgion from about 5

up to 9 MeV, Excitation functions were measurcd with an cnergy
resolution of 25 - 30 keV, Fast ncutrons werec produced with
deuterium gas targets via the veaction 2H(d,n)BHo. The samplcs
were transferred nneumatically after irradiation to a shielled
counter and the y-radiation cmitted in the decay of the final
nuclei wag detected. Absclute cross scciions were obtained
cither by 4m—=B-comnting in activated scintillation crystals

NS T
va

5 NaJ) or by absolute calibration of the y -detector )
with B- ycoincidence techniques. The resulting cross sScevicie
have typical unccritaintics of about + 10 ~ 15 % for the

absolute values and about + 5 - 70 % for the rclative valucs.
The cxcitation functions exhibit characterietic structure and

are shown in fig., 5.1. - 5.0,

. 2 3
Fast neutron sross sections of 21 by_spcctroscopy of

o o

-rays

e

c
prompt charged particles in Nad and coincidcen
R. Bass, Patma Saleh, B. Staginnus

Protons and o -particles werc produccd by ncutron irradiation
of Wad-crystals and deteccted using pulse shape discrimimnation.
Tn some cases differecnt exciled sintes of the finnl nuclel

were identificed by obscrvation of coincident y-racdiaticn,

The results include excitnticn furnctions for the grouwns P, .
and pq at neutron encrgices up to & MeV (fig. 5.7.) and croas

scctions for a number of individual final states at the two .
neutron encrgics 8.0 and 8.8 McV (fable 5.7.).
The latter data supcrscde vreliminnry values given in a

previous report (BANDC(E)ST7"CH) .,

. A0
Tast neutrorn crogss scctions of "“Ca

R. Bags, Fatma Salch

40

M™e (n,nt), (n,p) and (n,0) rcactions of Ca were studied

further using the following meiholss o) Detection of charged




~

3

¢
LI
,
1

particles in CaFZ(Eu)'scintillation crystals; b) Speciroscopy

of y-radiation in coincidencc with charged particles; c¢) Straigh
Y-ray measurements in ring gecometry, The previous encrgy range
(3.7 = 7.5 McV) was cxtended down +o 2.0.Moy using tritium

gas targets and the scurce reaction 3H(p,n)JHo, The data
analysis has now bcen complcted and a major portion of the
results is shown in fig. 5.8., which superscdcs the
corrcsponding figures in a previous. report (EANDC(E)57nUn) .
Typical uncertainties of the cross sccetions range from + 10

to + 25 %, depending on particle group and incident encrgy.,

Inclastic scattering of ncutrons from lithivn

R. Bass, G, Presser

The crose scetion for cxcitation of the 0.48 MeV state in 7Li

was mcasurcd by y-detcction in ring gcomectry for neutron

encrgics from 1T MceV up to 9 McV., The incident energy rcesolution

~was 50 keV below 4 McV and 100 keV above 4 MeV., The excitation

)

function shows a brond maximum centered at 3.9 MeV with a

width of about 1 MeV, Preliminary results have been presented

2t the Antwerp confercnce. Later additional measurcements were
made in the upper part of the cnergy range, but have not been
cvaluated yet. Recently an investigation of inclastic scaticring
to the 3.56 McV state in 6Li has been started using a scatherer

. . S . e o
highly enriched in “Idi. A preliminary analysis indicates a

cross scction of the order of 20 mb at En = 5 MeV,

Jo

U




~ Table 5.1.: Cross sections for the reactions

23Na(n;p)23Ne and 23Na(n; )2OF

Group |EBxcitation eﬁergy Cross scction (md)
of final state at E, = 8.0 MeV | at B = 8.8 MeV
(11eV)
Py 0 15 + 2 12 -+ 2
Py 1.02 5.4 + 1 5.4 3 1
Py 1.70 : 5.75 + 1.5 12.6 + 2 !
P 1.83 5.0 + 1.5 6.0 + 1°5
b, 2.%1 | £.0 + 2.5 |
D 2.52 4.5 4 1.5 )
@ 0 5 + 2 12+ 5
v, | 0.66 9.0 «+ 2 19.2 + 3
o 0.85 3.4 & 1 7.2 % 2
oz 0.99 2,55 & 0.6 425 &
o, 1,06 1.3 & 0.3 £.5 + 1
o g C 1,31 , 1,35 + 0.3 3,6 + 0,8
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REACTOR CENTRUIL WEDERLAND , DPETTEN (NETHERIANDS ),
PHYSICS DEPARTHMENT

Gamma-gamma angular correlation measurcmnents in (n, ) reactions

sl

v. ven lMiddelkoop, P, Spilling, H. CGruppclaar and A,M.T. op
den Kamp. o . 4

The y— ycoincidence and angular corrclation spectrometcr at

the Dutch High Flux Reactor in. Petten was used for studying

the 35Cl(n,y)%(}]_ and,BQS(n,y)BBS reactions, while measurements
in,the.24’25Mg(n,v)25’2 Mg reactions are started, using
natural magnesium and enriched isotopes,

The spectromecter, which was completed in 1963, is briefly
described in ref. (1), where results of measurements in the
31P(ngy)32P reaction are reported. Only a few essential points
of the equipment are presented here,

A thermal neutron beam from a horizontal radial beam hole of
this reactor is obtained by removing the fast neutrons and
radiation from the beam by single crystals of quartz and
bismuth, Since this vear, the filtcr is at liquid nitrogen
temperature. The flux obtained is 8X1O6om”28—1. Two gain-
stabilized 12.7 cm x 12.7 em NoT(Tl) scintillation spectrometers
deteet the capture veradiation. Onc of those detectors can be
rotated in a vertical planc around the target. Both -ordinary
coincidence and sum—coincidence techniques nre applied
(resolving time 27T = 30 ns). The equipment is fully automatized,

“the data are punched on naper tapec.

The results from measurcments in the 35Cl(n,y)36Cl rcaction
are reported briefly in ref, (2) and in morec detail in ref, (3).
The JZS(n,y)BBS reaction is discussed in ref, (4).

This investigation is a vart of the programme of the Dutch
Toundation for Fundamental Rescarch on Matter (Stichting voor
Fundamentcel Onderzock der Materie, F.0.M,).

References

(1) G, van Middelkoop and P. Spilling, Nuclear Physics 72, 1
(1965).

(2) G, van Middelkoop and P. Spilling, Int. Conf, on the Study
of Nuclear Structure with Neutrons, Antwerp, 1965,
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(3) G. van Middelkoop and P. Spilling, to be published in
Nuclear Physics.

(4) G. van Middelkoop ~nd H, Gruppclaar, to be published in
Wuclear Physics.

6.2, Nuclear oricntation expcrimbntS'With reactor neutrons
H., Postma, II.R. Recddingius and J.P,M. Potters.

A nuclear oricntation faéility'haS’beeh constructed at the
Dutch High TMlux Reactor of the Reactor Centre Netherlands
(R.G.N.). This project has been vndertaken by the Kamerlingh
Onnes Iaboratory of the Leyden University and is financed
by the foundntion for Pundamental Research on Matter (r.o.M.).
- With this facility it is possible to do the following type of
xperiments:
a) transmission of polarized necutrons through targets of
polarizecd nuclel;
b) the study of anisotropy of capturc-gamma-ray emission from -
,allgnod nuclecis;
o) cxperiments on beta- and gqmm%«rqy emission from short -

living nuclcl,Aproduood by neutron capturc.

The current effort coneerns mainly the sccond type of cxperiments.
Preliminary cxperiments on some rarc-carth isotopcs have tecn
‘donc, while rather detailcd experiments arc carried ous with
aligned ncodynium isotopes. Some spin assignments of levels

of 144Nd have becen obtained., The high-cncrgy capture gamma

rays arc detccted with a threce-crystal pair-spcctrometer.

Somec low-cnergy lincs arc deteccted by a Ge-Li-drifted detcctor.
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TABORATORIO DATI B CALCOLI NUCLEARI, CENTRO DI CAICOLO
DEL C . N.E.N, , BOZOGIA (ITALY)

During 1965 the following thooretical works have been
develeped at the Computation Ccntre of C¢.¥.E,N, (Located

in Bologna, I%aly), or by nersonnel of the Centre.

Effoots of Nonlocality in 0ff-Dingonal Potentials

The cffects of nonlocality in the off-diagonal parts of
the optical potental have been studicd in distorted-wave
Born approximatioﬁ by using o local cnergy approximati an,
The cffeects were found to be very small in the case of
inclastic sc attering to low lying collcciive states because
of the small Q valuc and the approximatc ccuality usually

assumed for the distorting polentianls in the initiel and final

channels, For (p,n) “01ﬂt10n0 to isobaric analog states,

‘“becausce of the largo @ value and the differcnces between

distorting potentinls, “he effects were found to be aporc-

ciable but mostly change the magnitude of the cross scz2vion.

For dotL71U9 sce Ref. (1).

\

+ : NPT .
2 _TLevel Excitation in Neutron- 126 mastic Seatiering
12

'J‘q

The né C clastic scattering bolow 4 MeV has been analyzcil

first by a singlc-particlc model and subscauentiy by a channel

ooupling model which takes into accouni the virtual excitati
of{tho,2_ target level. The spherical potential is able to
reproduco the behaviour of the non-resonant nhasc shifts
and the broad singlce-particle resonances. By introducing a
deformed potential the obscrved epncctruvm is reproduced nnd

a snTL f&CuOTV ag cement with the experimeatal vhase shifts

is ob- u& incd.

Tor details, scc Ref, (2),

Combound Nuclcus Radiative Co nture Cross Scection in the

eV Encrqv Ranﬁo and_Nuclcar Level Density

ihc neuwtron radiative cross scctions in the McV region for
nuclei with 1 won numver ”0-/ T .90 have been cramined

on the pasgis of the statisticnl model. An cncrgv nononqoncv
of the ioVel dereity like o (b)fv(A(U't\ oxn (Q(WL)* was

m,oumcd The a-values oatw¢ ¢l from the analysis were

ion
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comparcd-with those given by the analysis of the level
density at binding cxeitation- cnergy.

For dectails, scc Ref. (3).

Effcet of Wuclcon Number Parity on the Magnitudc of

Radiantive Capturc Cross Scctions

The capture cross scctions of even-odd and odd-cven nucleil
at 25 keV neutfdn‘enorgy have been analyzed in order to
investigate the parity effcects. It docs not scem that therc
is any dcfinitec indication.that even-odd cross scctions arc
systematically higher than neighbouring odd-even values,

as suggested by Belanova and Kazachkovskii,

For details, scc Ref. (4).

A Rotational Optical Model Analysis of Fast Neutron
232
_Z_Th Nucleus

Scattering by

In ordcr to sce the effects of the nuclear deformation, some
calculations have been performed by means of a rotational
optical medel which was used successfully in the analysis

238

of fast ncutron scattering by U. A very good agrcement

was found for angular distribution betwcen 0.57 MeV and

15 MeV as well as for the total scattering cross scction.
This scems to support the faxt that, for strongly deformed
nuolei, the dircct obuplihg between the incident particle
motion and the nuclear surfacc rotation cannot be neglected
in the analysis of the expcrimcntal data,

Tor dctails, sce Ref. (5).

Scattering of Neutrons by Nonspherical Nuclei

It is well known that the Spherical optical model has been
found quite innppropriate to the analysis of strongly dcfor-
mated nucleci., On the other hand, rccent calculations have

~ been successful in predicting the obscerved angular distri-

butions for necutron scattering by deformed cven-even nuclei,

assuming a nonspherical potential,

However, to develop such an assumption for odd A as well as

- for cven A nuclei is, in gencral, very difficult. The

problem is grently simplified if the so-called "adiabatic
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_approximation” can he considcred_a sqtlsfactory one, Using
this approximation some calculations werc: acvcloped for

81Tﬂ and 165ho. A good agreement was found with the results
obtained by Barret on the basis of an exact solution of the

bchrddinger equation.
For details, see Ref. (6).

References

(1) P.G. Perey and A.M. Saruis - Nuclear Physics, 70, 225 (1965),
(2) G, Pisent and A.M. Saruis - Work partially carried out under
Contract Euratom-CNEN-INFN (INFN/BE-65/8 - 1965).

(3) V. Benzi and M.V. Bortolani - T1 Nuovo Clmento, Serle X,

38 216-233 (1965). ) . LB .

(4) Journal of Nuclear Encrgy, P arts A/B, ag, 364367 (1965).
(5) D. Baldoni and V, Benzi - Paper prescnted at International
Conference on the Study of Wuclear Structure with Neutrons
(Antwerp, Belgium, July 19 to 23, 1965).

(6) M. Jancva and L, Zuffi - Paper presented at International
Confercnce on the Study of Nuclear Structure with Neutrons
(Antwerp, Belgium, July 19 to 2%, 1965),




- B0 .

IABORATORIO DI PISICA NUCLEARE APTLICATA , CENTRO DI STUDT
NUCLEARI DEL C,N.E.N. , CASACCTA (ROMA) (ITALY)

- In the,last year the Nudlé§r Physics group of "Centro di Studi

Nuclecari della Casaccia", has been employed in the following
activities: ‘ S

1) Resonant scattering of y -rays produced by (n,y) reactions.
2) Flastic and inelastic cross scctions for neutrons.

3) Statistical calculations of E1 radiative widths.

4) Studics on odd-o0dd dcformed nuclei.

Tet us now shortly describe the progress made in the year,

Resonant scattering of y-rays producecd by (n,,) reactions

The aim-of this experimental work is the dctermination of .
radiative widths for single nuclear levels lying near the
treshold for particle emission. Monochromatic beams of y-rays
produccd by radiative capturce of thermal neutrons have been
employcd, The dcscription of the experimental arrangement and
of the first rcsults obtained by us has been published in two

previous papers (1);

Tn the published works we hove determinced resonnnt scattering
and resonant absorption cross scctions by mcans of separate
measurenents., We would like to point out that the "scattering-
absorption method" employed for the absorption cross sections
introduced large statistical errors. The measurements carricd
out in the present year are groundel on the determination

of "the scattering vield" as a function of the thickness of
the scattering target. The experimental data have been
analyzcd by means of a computer IBM 7040.

Further we have also studied in all cases the angular distri-
bution of scattered y-rays in order to determine the angular
momenta of the resonant levels. These data and the energies
of anelastic y-rays allowed us in somc cases to rccognize the
resonant isotopes in the natural targets. The preliminary
results of analyvsis are shown in table 8.1,

Tet us finally point out an intercsting fecature of resonant

scattering. The cnergy of neutrons capture y-lines can be
changed to some extent (1 = 2 keV) by means of resonant

-




The first measurcment has been pcrformed on

o G e

ocqtterlng prooosses. After a resonant process the ‘energy of

the y- rays is lowered of the nuclenr recoil energy dependlng

on the scattering nngle. Therefore collimated beams of scattered
y-rays can be employed as very narrow monochromatlc sources of
variablec cnergics in order to find new resonances. Our expe—
rlnontatod nrr%ngoment has bcen modificd in order to apply this
tochnlvue.

Flastic and inclastic cross scections for neutrons

In ordcr to satisfy the réquests which appeared in some EAINDC
compilations we have sct up an %ppar%tus for measurement of
cross sections in the ennrﬂy range 2.7 = 3 4 11eV (2). The
neutron. ‘source was a Van dc Grﬂaff %ccolerﬂtor. In the
measurcnents spherical scatterers were employcd. The scattercd
neutrons were dcteccted by an ORTEC Neutron Sandwich Spectromcter.

24, 28

Mg and 91 with

the following preliminary results:

o1 | in
Mg 1.67

0.5
ffsl ©2.14 £ 0.70 7 0.458 £ 0.020

0.18

i+
kO

4 + 0,064

U'I

Statistical calculations of E1 radiative widths

Following a rccent suggestion by Axel we have applied the
principle of detailed balance to the study of radintive widths
of nuclear lecvels in the range 5 2 9 MeV, Ve have thus been

able to conncect the probabilitics for y —dccay to the ground
state with the E1 absorption cross scctions, which are described
by the well known "giant recsonance for mula"

It is also possible to cvaluate total radiative widths by
introducing statisticnl hypothesis for the level density. We
have analysed different coxperimental rcsults arising both from
(n,y) and (y,y) reacvions, Our approach reproduces the average
of experimental data over intervals of 1 & 2 MceV. The existence
of an average theorctical curve allowed a morec precisec
discussion of the fluctuations reccently found by Axel (3);

In fig. 8,1. our stntistical calculations are ecompared with
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~the clastic scattering cross scctions of | rays on Sn

natural targcts.

Studics on odd-odd deformed nuclei

1 .
82Ta is now over

([l‘).

Our data have beecn analysed together with already cxisting

The cxperimental investigation of

oncs, with the aim of obtaining a complctc scheme of the low
lying levels (fig. .8.2. - 8.3,). The data have been comparcd -
with thce predictions of a theoretical model previously

developed by us (5)

, The ceffcets of the rcesidual n,p
interaction have been calculatcd by means of Nilsson wave
functions, A complete analysis of all data available on

odd-odd déformed nuclei is now in progress,
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ISTITUTO NAZIONALE DI RPISICA NUCLEARE ,  GRUPPO ACCELERATORE
DELLA SEZIONE7DI TORINO, TORINO(ITALY) '

Scattering o10 1%.2 McV neutrons on light and medium nuclei

. The scattering of neutrons with encrgy of 14.2 MeV on light

and medium nuclei, has been continued in 1965, The adopted
technique is that of time of flight with alpha particle associated.

-The time resolution of the spectrometer is 1,6 nsec (F W H M),

corresponding to an energy resolution of 4% for neutrons of
14,2 MeV and with a flight lengéh of 4 m.

First of all the scattering on 2Tp1 has been examined, Angular
distritutions of the neutrons scatbered elastically and inelas-
tically from the levels at 0.84 MeV; 1.01 MeV; 2,21 MeV; 2.73 MeV;
3,00 MeV ; 4.5 MeV, have been measured. Measurementsrhave been made
for angles between 25° and 90° at intervals of about 10°,

Neutron peaks due to the levels at 0.84 MeV and 1.01 MeV in the
spectra obtained, are not resolved. It is also difficult to

ascribe the peak at 4.5 MeV to some known levels of the 27A1

Measurcd cross sections have been normalized to the known’cross

.vseotlons of C. Datﬁ have qot beep corrected Por mnltlple scatter-

ing ard anngar rosolutlon Ro ults are given in table 9.1.

‘ Table 9 _; Cross scctions of 2'7A1

(c M) w/dn do/dO do/a0 do/dQ - |dg/dQ dg/d0

| (mb/sr)|. (mb/sr) (mb/sT) (mb/sr) (mb/sr) (mb/s1)
Q=0 0=-0.84 - Q=-2.,21 MeV| Q=-2,73 [Q=-3.00 MeV|Q=-4,5 IicV
1 -1,01 MeV fL MeV - -

26°

39° .
47°

57°
68°

76°301 | 2544 | 1.4%0.5
89°30' | 1542 | 1.940.7

290429 | 4.441.%
18+2 . 4.8+0,3
3143 3.120.5
63+1 3.9+0.8
40+2 - 2.2+0.7

N
I+ I+

ol
I+ 1+ I+
O

2.7+0.7
1.8+0.4
2.7+0.5
1.6+0,
1,340,
1.6+0
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The nucleus'ng has been also examined. In order to overcome the
difficulties due to the particular nature of this nucleus, a

target of Teflon (qu'Cﬁ) has becn used., The measureménts have
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~been made - altornatlvoly on a- target of Teflon and on -a target
of Carbon in ordcr to subtract the contribution due to-the
Carbon. Targets mentioned have been used in order to have the
same number of redtrons scattercd by g,

lleasurcments havc becen ncrformed for anglecs between 30°,and 140°
at intervals of about 10°, The spoctrum of 19? shows inclastic
neutron peaks at energies of 1.5 MeV, 2.8 MeV, 4.7 MeV and 5.5

eV, Among these pcaks, only that at 2.8 MeV is due %o the ex-
citation of an unlquo 1evel of the 19? wherecas the others are
due %o many known levels of the 19?

The eclastic cross scction, too, is contamined by the contrlbutlon
of the two first levels at 0.11 MeV and 0,198 MeV, It is -
'impossiblc to resolve this cohtribution with the.present
experimental techniques.

Measurcd cross scctions have becn normalized to the known crocs
scetions on H; the data . have not been corrcctced for multiple

- secattering and angular rcsolution.,

“Noasured cross_sectlon% are given in table 9.2.

Table 9.2.: Cross scctions of 9F

(¢c.1) | ag/an da/an do/dQ ' do /a0 do/d0
(mb/or) (mb/sr) (mb/sr) | (mb/sr (mb/sr)

) | Q=-1.5 McV | 'Q==-2.8 MoV |-Q=—4,T m@v 1 Q==535 MeV. . .

27° 21oi23[_ 14.0+1.5 | 3.9+0.4 £.042.8 | 10.642.5

40° . | 7043 | 12.3+0.9 - | 3.64£0.9 7 06422 10,1422

51°30' | 53#2 | 9.0:£0.6 ) 3.540.6 4o2+1.1 | 10.6x2.7
630 7042 | 10.2+0.8 | 2.5£0.5 5413 8.7+1.9

73° 7142 9.0£1.2 | 2.720.8 5.641.4 10,042.2

830 52:2 | 5.6£0.9 | 2.840 5 2,9+0.6 7.1+2.0.

92° 3043 .4£0.8 | 2.120 4 0.64+0.7 C7.6+1.9

101°30" | 1843.6 - ' -

110°30' | 15+1.5 | 4. 4 0.8 | 1.2+0.6 3,047 4.,0+1.5

126° 740.8 | 7.0+0.8 o 6.7+1.9 7.0+1.7

136° | 12:0.7 | 4.3:1.6 | 1.2£1.0 4.9+1.5 U 7.741.3 _

Measuremcnts on C1L (natural 1sotop1 composition) arec Qn the

wav. The experiment is performed in thc same way as for 9W

using a target of CCl4f Precliminary ‘data arc under examination,
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CENTRO DT TNFORMAZTIONT STUDT ESPERIENZE (CISEL

SEGRATE (NILANO) (ITALY)

25

5
Measurements of (d,p) and (d,n) reactions on 2101 and. e

These measurements are performed at deuteron cncrgies between
1.5 and 3 MeV at intcrvals of 10 keV with an energy resolution
of 3 keV, Protons and alpha particles, in correspondence of

- some well identified levels of the final nucleon, are detected,

10.2.

Measurements arc performed at scveral angles between 0° and

180°,

As 1t is W“ll known, cross soctlon% corresponding to the
dlffcrent lincs of cmission exhibit strong fluctuations. The
analysis of these fluotuations gives information on the propcr-
tics of the compound nuclcus. In particular, the average lives
of the excited nuclel can be studiced in this way.

Aalysis of the parametcrs of the nuclear level densitics

A large analysis of the statistical parameters of the nuclear
levels densitics is on the way. Th esc parametcrs arc obtainced
from the analysis of thc emission spectra, fission of nuclei in
the region Bi-Cf as well as from the analysis of the widths

of compound nucleus.

In 1966 a table containing the parameters obtained, will be
completed. It is well knovm that the density of the nuclear
levels is very important in the calculation of statistiecal

rcactions cross scections.
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CENTRO SICILIANO DI FISICA WUCLBA‘ _ISTITUTO UAZIONALE
DI PISICA WUCLETARE , SDZION“ SICILI&NA - IS”ITUTO DT
IISTICA DELL'UNIVERST A,  CATAN If(ITALV)

Experimental research work on nuclcar structurc and recactions

» Nuclcar Fission

Vie arc studying by mecans of nuclcar cmulsion, the angular
distributions of fission fragmonts of Th produccd by
monocnergetic neutrons in the energy range 1.8 < 5.2 MeV

Preliminary rcsults show that the cxperimental angular

distributions are forward peaked and can be fitted by
polynomials like N (o) = 5 A cos 2 v, The anisotropy varies
with neutron enevgg and. sﬁow@ a maximum (R = 1,5 + 0.02)

at En ~ 2,4 MOV

(n,q) Reactions

To study (n,a) reactions with ncgative Q valucs by detcr-
mining the spectra and angular distributions of cmitted
particles,a counter teléscope was rcalized, It was'madc up
by a silicon junction dectcctor and a gas scintillation
counter, Pr o“lmlnary measurements of the o-particle spcctra

from the 40Ca(n o) 7A and 9ﬂ\n o) 6h rcactions gave

satisfactory results ‘<7,

Mngular Corrclations of the 19F(d,my)20F Reaction (3)

Angular correlation measurcments arc in progress. on the

\

first excited level of the 20F trough the rcaction 19? (a,v)
20y with a deuteron encrgy Ey = 1.6 McV, The coincidences
between the protons and the related y-rays arc measured by
a fast-slow coincidence circuit with r = 35 ns. The protons
are dctcctcd by a solid state counter and +the y-rayvs by

a NaI(Tl)vsointillation counter 7.5 cm x 7.5 cm,

The data collccted i1l now give the correlation function
D,y) on the reaction nlane for a proton emission angle
= 45°, Turther measurcments will be donc on the planes

ortogonal to the reactiorn nlanc and for other proton cmission

angles,
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encrgy higher than 2 McV
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'Resonant Absorption.ofwy ~Rays

'Prcllmlnarv cxperlmonts were porformed on recsonant

abuorntlop of ~ y-rays produccd in (p,yo) rcactions. The
experimental arr angomont gave a geometrical resolution

" width of 400 ¢V for the  y- rays of 10.786 MeV from the

31P(P,vo)328 reaction, Thc Llrst results.concern the: ’

transmission curve of an “S.sample,v37 cm thick, for
these v-rays.

Ti+d Reactions ,
An cxtensive study was performed on the 7Li+dﬁreactions at
E. =0.8 and 1 McV. The spcetra and angular distribution
of the ncutrons from 7L1( n)8Bc reaction and -of the
a—partlcleb from the 7Li(d,q)5He reaction werc mcasurcd,
Furthermore the angular correlation betwecen the q--partvicles

and the bidimensional q-spectra . werc investigased,

The cxperimental rcsults on the angular correliation are well
fitted assuming M(9) ~ 1+(3+0.3) sin®6 for the c-particlcs

distribution around the BHC momcntum in-thc7systom in which

this nucleus is at rest. The bidimensional o-spectra do

not give cevidence of ‘threce oody breakup. The *ransiiions

“to the ground statc of the ’He nuclcus scem to coniribute

for about 60% to the spec?rd gf the o - partloles with
455

2

Theoretical rcscarch work on nusclcar structure and rcactions

A method has been propesed for the determination of the
cffective neutron-proton interaction from angular digtri--
butions of (n,p) reactions on closcd shell nuclei, usin
the D¥ Born approximation (6’7). '

(8) -

An cxtension of the shell model has beon studied 7,

allowing the trecatment of clas flc dnd inelastic scattering
amplitudes and taking into account particle-hole residual
interactions. The effcets of the cxtension on: the encrgy

“spectrum of 'particle-holc cxcitations have been found to be

reasonably small. Calculations arc in progress 5o doterminaie
the elcctromagnetic form factors and the neutron s and p

wave sisrear . functions.




A new approach has been proposcd to the problem of taking
into account nucleon correlations in the ground state of
closcd shell nuclei, both in spectroscopic calculations
and in the evaluation of transition amplitudCS»(.g)°
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GRUPPO DI RICERCA DEL CONTRATTO: EURATOM«CNBH-IWFN DELL

research has been centered on (n, d)leok up reactions and

UNIVERSITA',  MILANO (ITALY)

The EuratommCNEﬁgINFN grbup ofxthe'UniversityIOf 1Milan has

pursucd a rescarch program in the interaction of fast
neutrons with several nuclei. The 14 lMcV neutron sourcc in
dotation to the group has bcen usecd for +hls work, The

-

(n,p). reactlono on nuclei in the 2 p 3/2 Uroton ohClj‘

The (n,d) recaction on 630u and 650u

The (n,d) pick-up rcaction may give interesting information

‘about the level structurc ané single- particle strengta of
the rcsidual nuclel levels. Dho samec 1nformatjon can be

obtalned through the study of other plok—up reactlorﬁrsuch
as (d,3He)(1 5

interpretation is a 1little more complcex boqauoe'of the abso~

but in the latter case the theoretical

lutc norma alization ”actor Qhriving from the internal wave
function of chn -

Recently COﬂold“T&blC theoretical interest is being dirccted

40 the ©3cu(4-6) ang 023 (7,8)

be described in scrms of a core.excitation model in which

~isotopes. Theee nuclei can

- the first four cxcited states in 3Cu are the result of the

coupling of a provon in a Dw, P = 5 [0 or f3/2 state to the

onc-phonon ot oxcited ut&to of Mi, Also the many-particle
shell model ie in come casges uscd for the interpretation of
experimental rcsults involving these nuclel (9).

The dcuterons emitted by +the intceraction of 14.08 MeV
neutrons on “the target nuclei were detected by mcars of a
4L/dx and E counter telcscope. The dE/dx and § counters werc
two solid state silicon detectors respecetively 80pnm and
1800 ym thick, Additional coincidences with pronomt"ona_ £a.s
counters were required to lower the background. The O’Ou
and 050y target were 15.65 and 10.56 mg/em® thick; their
thickness cetermines +the overall energy rasolution of the

system, which is however acequase to re esolve the ground

and first cxcitcd state of residval nucﬂele The angular

acceptance of the counter varics between 11° ard 14° TFWHEI

(full wid+th half maximum) .




The angular diétribution of the deuterons to the ground and

62

the 2% first cxcited state in Ni arc shown in fig. 12.1,

and 12.2, The.angular‘distribution to the ground state has

N : - (
been analyscd in terms of DWBA‘1O)

assumning a svnh~e .particie
pick-up mcchanism and has been fitted, as seen from fig. 12,1.,
with an 1 = 1 momentum transfer. The optical model para-
meters uscd are given in table 12.1. This fit is in agreencnt
with the core cxcitation model which predicts that the
transition is a »nurc p3/2 pick-up. If the 62 “Ni nucleus could
be described in terms of a closcd f3/2 proton shell, one

would have from the same nodel that the f component (in _

this case f3/2) in the transition to the first excited state
of 2w ig negligible. The model also predicts that the ratio
of the intensity of the first excited state to that of +ihe
ground state snould be qbout 0.11. ;

In fig. 12.2. the angular dis trl)utlon to the 1. 179 McT

first excited level of 62

Ni is compared with two DWBA curves:
the full curve corresponds to a 1 = 1 over 1 = 3 ratio given
by the core cxcitation model, the dashed onc to a ratio sct
cqual to 0.5. Although the prescnt data do not permit to
assess precisely the mount of 1 = 3 present, it scems clear
that in ordcr to obtaln a nlt to the angular distribution a
larger amount than predicted is requirecd.. The ratio of the
cross section of this trans;tlon to that of the ground state
is about 0,26, This ratio and the strohg 1 = 3 component. in
the transition to the 1.172 McV cxcited state can be explained
with the hypothesis by Blair (9) that the _3/q proton sthT
is partially cmptv in thb‘6“W1 nuclcus. Also cther possible

. . . - . 11)
ways to explain this disagrecement ox1°t (3, ’,

From our analysis in torms of DVBA it is pos olOlO to obtain
some information on the 81nvle particle otrongths in tvhe

62 .-

i levels. Since the p1 Dtrengrn is in our case negligible,
we can attribute all the 1 = 1 component to p7/2 plCi-Up.
Although the amount of 1 = 3 present in the first cxeited

state cannot be asscssed p“”ClSO Ly on the basis of oux
experimcntal data, as said bsfo.v, a calculation gheve  that
the ensuing crror on the distribution of the p3/2 gingle-

particle streagth is negligible. On this basis we obtain




12,2,

that the p3/2 single-particle strengthﬁip:the first excitcd
state is 0.40 + 0.05 of that present in the ground state
instead of the predicted value of 0.17. If the calculated
single-particle strengths are taken into account, that is
if we consider that a part of the p3/2 strength is found

in the first excited level, the absolute value of the DVBA
should be multiplied by a factor of about 1.4 to obtain an
agrecment with the cxperimental data. Of coursc this number
depends very much on the optical model parameters used. It
should be noted that we have ncglccted any p3/2 strength in
higher excited states which, however, secems to be rather
small (3).

The angular distribution of the deuterons from the reaction
650u(n,a)%%11 to the ground state of Wi (fig. 12.3.) is
very similar to that to the ground statc of 62Ni. The reduccd
width is, within 10 %, the samc as in 63Cu, indicating thaﬁ
630u and 650u have similar ground-state wave functions; |

64
63

T™e (n,d) reaction on 7Zn

~
The rcaction Zn°4(n,d)0u

involves, as rcsidual, the same
6 . . . -
nuclcus, 3Cu, as in the previous measurcment. In fig. 12.4..

the dcuteron spectra taken at 9° and integrated between 6°

" and 48° arec shown. It can be scen that no other levels arc

strongly excited besides the ground state and therefore one
can deduce that the 1 = 1 single particle strength corres-
ponding to the pick-up of one of thg two p3/2 protons is
concentrated mostly in it.

In fig. 12.5. is shown the angular distribution of the
decuterons to the ground state of 6BCu. No pronounced minimum
is prescnts its absence cannot be justified by the presence
of an 1 = 3 component of reasonable intensity using Saxon-Wood
volume interaction. A calculation of the compound nucleus
evaporation cross scction for this case has been done, but it
results of too low magnitude to explain the abscnce of the
minimum., Also possible interferencc cffects betwoen'the
evaporatcd and the direct part have becn considcred but

again their effects should be of low magnitude. Somec efforts
have then becen donc to explain the possibility of fivting

the experimental angular distribution by a suitable choice
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9(’/’ -

of the optical model weil For the decutcron interaction both
a volume and a surfacc 1nteraetloﬂ give 31m111r results, In
the neutron case different curves arc obtained varying the
shape of the well. Using a volume interaction (which glves
good results for .the eélastic scattering) for the deutcrons
and a surfacc interaction of the gaussian type for the
neutrons a curve calculated for 1 = 1 gives a good fit, to
the angular distribution, as shown in fig. 12.5,

The optical wells required to fit deuteronranguler distributions
on several nuclei measured by other quthors and in the present
cxperiments arc glvcn in table 12 1. No unlque choicc scems
possible and furthermore parametero found satlsfactory for
clastic scattering scem to fail in the casc of reactions,

This may bec due, as qTready noted in proton inelastic scatte-
ring (12), to the fact that in the casc of deformed nuclei

1t is nccessary to usce deformed wells and channel coupling

~in order that a surface - and a volume - absorbing potential,
"~ which gives similar clastic scattering, should also give good

recaction angular distributions.

The (n,p) reaction on Zn isotopes -

‘64Zn, 66

In flg. 12.6. are given the (n,p) spectra from the isotopcs

7n, 67Zn in log scalc. The (n, np) thresholds' for the
different isotopcs are indicated. The evaporatlon model analysis
gives values for the paramcters s which are in agrecement with
those calculated from other analysis.,
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Figure Captldns

_7 F1g.A1 - Angular distribution of the dcuterono to the ground

state of 62N1. Tho full curve is the result of DWBA with 1 = 1
'and is. smoarcd out %coordlng to angular acceptance.

v-Flg. 2va Angular dlstrlbutlon of tho doutorons to the 1172 McV
2+,ex01ted state of 62N1» The full curve is the rosult OL DWBA
‘with a mixture of 1 = 1 and 1 = 3 in thc ratio given by the
runified model. Dashed curve is thc‘samé for a ratio 1 ; 1 to

= 3 equal to 0.5, - . ‘

"Fig}'Bi— Angular distribution of- the deuterons to. the ground
 state of 1\Ti64° The full curve is the result of DWBA with 1 = 1
and is smeared out according to angular-acceptance. -

L
I'ig. 4 - Energy spcctra of. the doutorons from the reactlon dn6

i

(n d) Cu63 %t go ahd 1nteyr%tod Hotweon 6° and 48°,

- Pig. 5 = Angulqr dlstrloutlon of the deutcrons to the grourd

- .state of Cu 3 - The thcoretlcal curves, shown aro 011cu1ﬂtou wi.th

thc_parametcrs indicated.

Fig. 6 - Proton spcectra from Zn isotopes against'the-squafe
root of the cxcitation cncrgy.

Table.12.1,: Optical paramcter used in the analysis of (n,d)

reactions,
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13.

13.1,

13,2,

13,3,

SOTTOSEZIONE DI FIRENZE DELL'ISTITUTO NAZIONALE DI FISTCA
NUCLEARE — TSTITUTO DI FISICA DELL' UNIVERSITA', FIRENZE (ITALY)

2BSingp) and ZBSiLy)a) reactions

Since the last rcport, the Florence Group has completed the
discussion of results on 2081 (y,p) and 28Si(y9a) reactions,
Regults are published in Nuclear Physics L . In connecction
with this. work two morc studies have bcen concluded and
published: onc of technical nature, about the pulse height
defect of 27A1 and 24Mg ions in a silicon detector 2) and a
theoretical study of the effect of the isospin sclection rule

on the corrclation width of Ericson's fluctuations (3).

20Ne(n,a)170 reactions

2OI\Te(n,o,)wO reactions with 14

In the coursc of the study of
YeV neutron a relatively high number of threce prong events

have becen found, Work is in a progress for interprcting these
events. The reactioa 2ONo(n,E’g) 13C scems to fit most of the

cascs.,

B8 and v —spectroscopy

The B8 and vy -spectroscopy grou% has complected the construction

of a wversatile vacuum chamber 4) with facilities for coincidence
work in wvarious gecometrical arrangements and with the possi-
bility of introducing samples without breaking the vacuum,

The effecet of backscattering on the efficicncy of silicon detec-
tors for R-lines has becen studied for the gecometries allowed

by the above mentioned vacuum chamber and the results are
surmarized in an INI'N internal report (5);

133

In studying the decay of Ba, a Ge detector has been used

to deternine with better aocurao¥ v-transition energies in
133 . . . . .
3)Cs and tc give an estimate (6) of the rclative intensity
of the 54 keV transition on which contradictory measurements

werc reported in the literature. York is in progress to clarify

, . \ 17"7
completely the deecay scheme of '““Ba, and +the study of deccay

A3 1
1 }3q 164-HO

schemes and produccion cross scections of m and

obtaincd by (n,21) processcs has been siarted.
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1401,

14,2,

14,3,

GQUTPO DI ISPRA PTR ILE MISURE DI SEZIONT D! URTO DEL C. N E.N”

and transmission spcctra have been obtained for

et —

TEPRA (v *31:' 1'-\ (ImIXLY) ‘ -

ﬁFast»chonpera

S*udf of leW'novtron rcson%ncos 1n Dallqdlumi i

 An1lvs1s of uhC data obtained m1ta natural S%mplos bas been
~complcted, Parameters of the rcsonances have been determined

up to 63 eV; the spins have been assigned up %o 152 eV, A
paper onLthis‘wprk.has becn published in Phyeics Letters 16,
159 (1965).

Samplecs of OPTlChOd isotones have been rcececived from OQK Rldge

108p4

and. . Preliminary data on the analysis of these samples

have been given at the Antwerp Conference (paper n. 72)..

Shape -analysis for ncutron resonances.

A program for the shape analysis of low energy neutron
transmission spectra in time-of-flight cxperiments has been

. written for:the TBM 7090 computer. The experimental transmissicn

is fitted with Breit-Wigner formulae, with interference tern
between resonant and potential scattering, taking also into
account both Doppler and resolution broadenings., New features
of this program arec:

a) Wo analytical approximation of the resolution function is

made, but its detailed shape is used in order to improve tne

precision at low cnergyv and cxtend the range of applicability
of the shape analysis to higher cnergics,

b) The Doppler broadening is made indcpendent of the usual
approximation (i.c. to be in the ncighbourhood of an isolatcd
resonance) and is applied all over the analysed speetrum,

L CNEN technical report on this work is being published with
the titlc: "Shape analysis program for ncutron time-of-flight
speqtra".

. . . . 14
Intecrfeorence in the radiative capture in r9Sm

The rclative vield of the 7.21 MeV primary gomma transition

. .. 14°¢ . -
following ncutron capture in 4"Sm iz measured versus




_neutrpp;energy in the range 0.09-2 ¢V, The partial widths
relative to this transition arc found to differ strongly

for the two lowest résonances at O. 097 and 0.873 eV, Construc-
tive interference is observed between thcse two resonances,
both with sp%ﬁfJ 4, However, owing to the very weak intensity
of the transition, in these prollmlnqry measurements no

quantitative check could be made on the consistency of the
results with the hypothesis that the (n,yi) reaction may be
formally treated as a one-channel process,
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15, “ISTITUTO DI FISICA DELL'UNIVERSITA', TRIESTE (ITALY)

Neutrdn'SpCCtrum of a ?41Am Q'Bé_soﬁrce o

~lMeasurcments of the neutron spectrum from a'24 Am - Be source

have been undertaken. The neutron source is a-500 mc source,
o A6 .
emitting 1.2 x 107 .neutrons Dpecr scc, obtained -from the

- Radiochemical. Center, Amersham. -

Two experimental methods have been employed, 1) the activation
of threshold detectors and 2) the double'crystal-br'time—of—
flight method. In method 1) thrce recactions have been utilized,
i.e., S(n,p), AL (n,p), A1 (n,0), and the activation data
handled with the known cross section cxpansion method. Method
2) is sketched in fig. 15.1. Neutrons arc elastically scattered
by a NE-113 scintillator, mounted on a 56AVP p.m., and the

ne utrons scattered at 45° arc dctected by a NE-102 scintillator.
mounted on 58AVP p.m., placed at a known distance fron the
scattercr. So the t.0.f. of ncutrons can bc measured, The time

60

resolution of the device for the Co gamma radiation turned

out to he 1.3 nscc.

Preliminary results of the ncutron spectrum measurcment
performed with the above methods arc showvn in fig. 15.2.
(activation method), and in fig. 15.3. (double crystal method).

Turther refining work is in progress,
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16. GRUPPO DI RICERCA DEL CONTRATTO EURATOM—-CNEN-INFN —
TSTITUTC DI FISICA DELL'UNIVERSITA', PADOVA (ITALY)

16.1. Total neutron cross section of Na, Al, Si, §, and P from
4,5 to 8.5 MeV

The total neutron cross scetion of natural sodium (2), ‘
aluminium, silicon (1), and sulfur has been measured by transmis-—
sion method for ncutron cncrgics from 4.5 to 8.5 MeV. The
measurcmnent on phosphorus is in progress. The enecrgy dependence
of the total neutron cross scction, in this energy range, is
interesting in order to observe cffeccts of intermediate
structure,

The neutron resolution was from about 30 to 50 keV, Timc-of-
flight technique was uscd in order to discriminate against
background., The aluminium data comparc well with previous
recsults of Carlson and Barschall.

For details, scec Ref, (1), (2), .

16.2, Flastic and inelastic scattering of ncutrons from silicon
between 2.3 and 3,8 MeV

A natural silicon samplc was bombarded with necutrons the cner-
gy of which ranged from 2.3 up to 3.8 McV. Excitation curves
were measured of the elastic and first inelastic neutron group
at 50° in the laboratory system, which corrcspond to 51,5° in
the centre-of-mass system. The time-of-flight technique was
uscd, The neutrons were produced by means of the 7Li(p,ﬂ)7Be

reaction, The 7Li02 target was about 100 keV thick,

The absolute value of the differcntial cross section was eva-
luated by comparison With the ntp cross scction measured on

a policthylene sample, Corrcctions were applicd for the flux
atienuation in the scattercr, and for the multiple scattering
using the mecthod of Cranberg and Ievin (2). The reliability
of the method was checked by repe ating the measurements on
various policthylcence samples with diffcrent shape.

For dctails, see Ref. (3), (4).




16.3. The Bl(BHe n)8B recaction

Tho ©
of-f1light tcchnique in the cnergy range of He partlcles,

Ll(BHO n)SB rcaction was studicd by mcans of the time-

between 3.4 and 5.5 MeV, The analysis of ncutron spectra
ohtaincd at various angles between 4.5 and 5.3 MeV showed the
cxistence of onme lovel in the OB nuclide with (0.67 + 0.,0012)
MeV cxcitation cnergy, and Q =-(2.743 + 0.012) MeV. No other
level was observed at excitation energy lower than 1 MeV,

The excitation curve measurcd between 3.4 and 5.5 MeV increases
monotonloﬂllv, No structurcs are observed, Three angular
distributions taken at 4.3, 5.0, 5.4 MeV, respcctively, show

" that the reaction goes mainly through compound,nupleué.

For details, see Ref. (5), (6).

+ - . . . 1 . .
. 16,4, 2 _ievel excitation in neubron- 20 clastic scattering

See:Activity Report of "Laboratorio Dati e¢ Calcoli Nucleari-
Centro di Calcolo del C.N.E.,N., - Bologna,
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17,1,

~_ possible transitions Bo the i¢¢sﬂ excited levels 1n 3l\h.

17.2.

- employing a-solid state counun uo;ebcope° mrlton spectrum

‘The agreement is rather satisfactory in the lower-encrgy region

_4in the mucleus; whilc the calculation predicts two very strong

_shows a large contrlbut*on duu to The roqctlon 6Li(y,3H0)

R RIS

GRUPPO DI RICERCA DEI, CONTRATTO EURATOM- CNEN- INFN -

L;ght Nuclel Photo Dis 1nteg“ ion

Photoprotons from Mg.

Photoprotons from Mg at maximua premsstrahlung encrgy 31 MeV
have becen meﬁcuro& and The\lCnUltg have been comparcd with
partlole—holc calcuiﬂtlo,gg‘

of the spoctrum where the structurcs predicted at Ep .

4.53 5.55 6.%; 8.7 MeV are observed in the experiment, but

the oscillator strengths appear differently distridbuted between
the resonant levels, than predicted by theory.

Therce is however no clear cvidence of a strong qbsorptlon above
proton cnergy 8 HcV, i,c. -about 20 McV of cxcitation cnergy

peaks in this interval oi,onérgy due to absorption in the

k = 1 shell. - |

The disagreccment between thc cxperimental and calcu]atﬂd
strengths could be partly oxulmlned ﬂklnﬂ into account the

Charged phoboparticies Fecw 2

L

The photodisintegratiorn of "Ll has been studicd using the 31
MeV bremsstrahlung y-vays beam of our Betatron, The cnérgy
spectra-or protons, deutorong %nﬂ trLtons has been measured

3H (42% of the toftal number of measurcd. triton events).

From the data the 6Li(y$3He) 4 cross section, that shows a

maximum of 0.5 mb in the encrgy range between 23 and 26 MeV, -
has been evaluated,

This valuc is in disagreccment with a peripherical (o ,4) model

for 6Li. Also the expecrimental dcuteron spectrum scems to

disagrece with the theoretical spectrum calculated by the
periferical model.

These results scem to suggest that a corrcct calculation

should take properly into account appreciable final state

intcractions between the emitted particles,
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{

Charged photoparticles from natural lithium

The charged photoparticles from natural lithium were mecasurcd
uSihg a solid state counter telescope and the bremsstrahlung
beam of a 31 MeV Betatron. The 7Li ‘v, t) cross section was

- been dircetly obtained from the triton spcetra,

The most interesting featurc of this cross section is the

- cvidence of a large number of sharp resonances corresponding

to the 7LI excited levels, A comparison between present results
and previously reported measurcments exhibits a good agrecment.
Also the proton spectrum exhibits a complex structure possibly

due to "Ii (v, p) ®He anda "4 (v, p) ®He reactions,

Therc is cvidence of an high probability of a two-body break

-~ up of T14 also via the reaction 'Td (v, d) 5He;

17,4

The 1?0 (y,n) 110 crdss scection above giant resonance

The 149G (y,n) Mo oross section has been measured up to 70
MeV of bremsstrahlung energy. The experiment has been performed

. revealing in coincidence the R—activity of a liquid scintil-

lator previously cxposed to the(3+—ray beam of the Synchro-
tron of the University of Torino.

The Penfold and Teiss analysis of'thc obtained‘yields gives a
value of the integrated cross scetion up to 70 MeV of 88+7 mb

‘MeV in agreement with the classical dipole sum rule; the

17.5.

contribution between 37 and 70 McV is about 30 mb MeV,,i;o;
about 34% of the measurcd integrated (y,n) cross scction.
Atwidc resonance at about 35 McV mainly corrcsponding to

18"% -1 p% 1T particle - 1 hole calculated transition has been
obscrved; the strength evaluated as the integrated cross
scction between 33 and 36 MeV is about 4,1+71 mb MeV in
agreement with (p,y,) oxpcriments, well belove the theorctical
predictions, Therc is also some cvidence of a wide resonance
at 53 McV, ‘

Behaviour or #ositronium in helium

To better understand the bchaviour of the positronium formation

we sclected a vory simple material such as helium, Ve studied
the orto-positronium mean 1life in liquid helium as a function

of the density and temperaturec.
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The results are cxplainablce using a model in which we suppo-
sc the formntion of a2 bubblc around the p081tron1um atom (1) (2).

The samc model accounts also for the results in helium gas
given by ovthers authors (3).

lMeasurcments in gascous neon and argon arc now in progressto
confirm the nypothesis of bubble formation.

Other meosurcements were also done to °+udy the enhancemcnt of
positronium formation in llquld helium due to an ﬁpplled
electric ficld (4).

The results shows that the lower limit of the Ore's gap in
liquid helium is the same as in gaseous helium.,

FlnalWV we measurcd the orto-positronivm mean life in solid
helium at different densities finding a continuous change of
the mean life when going from liquid to solid helium (5). -
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Neutron Total Cross>Soctions between 1 and 6 1TeV
G, Deconninck, M. De Vroey

Total cross sections were measured between 1 and 6 MceV nouiron

energy, using time-of-flight techniques, Typical resolutions

'_fanged'from'fo'kév'(betweén 1 and 2.5 McV) tb‘100 keV (between

18,2,

2.5 and 6 McV). The elcments studied were Na, K and Ca. Other

measurcments are underway to search for "doorwayfstates"
by means of neutron elastic scattering.

Pulsed Neutron Research in non-Multiplying Mecdia
G. Deconninck, P. d'Oultremont, M, Stievenart

;An prerimental and +theoretical study of non-multiplying

media has been performed; the neutron source was a pulsed
Van de¢ Graaff accclerator. The results were presented in:
G, Deconninck, P. dfOultremont, M. Stievenart, IAEA Symposium

‘on Pulscd Neutron Research, Karlsruhe, May 10-13, 1965,

P. d'Oultremont, Thesis, Université de Touvain (1965).

It is planned to pursue this research activity.
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19, LABORATOIRE VAN DE GRAAFF, UNIVERSITE DE LIEGE (BELGIUM)

The esscntial results obtained in 1965 are_found in two
contributions to the Internatlonal Conference on the Study
of Nuclear Structure with Neut¢ons, An+werp, July 1965 -

»The abstracts of those contributions are given below,

19.1;»heqsurcmcnt‘01'tho Angular Distribution of Tritons from
Ll(n t)4ho for Neutron Encrgics in the Range of the 258 keV
- Resonance : -
G. Robaye, L. Winand and J.M. Delbrouck-Habaru (paper no. 18).

As a contribution to the measufement of the angular distri-
bution of the tritons from 6Li(n t)4He reaction at various -
necutron enorﬁles, we report on the rosulto at E = 250'ch
390 keV and 600 kcV, Tritons have been detected Wlth a solid-
~state dotoctor. The distributions arc fitted wlth a power
'series of cos @ in thé ceﬁtre-ofmmaés syqtem’ ‘

19,2, Analysis of the - Ll(n,BH) "He Reaction in the Prame of the
Complex Eigenvaluc Theory

C.. Mahaux and &, Robaye (paper no. 15).

The integrated and diffcrential cross scctions of the
6Li(n,3H)4He reaction are analyscd in the frame of the
complex cigenvalue theory of nuclear recactions 1 , for
neutron energies less than 600 keV, The cross sections are
normalized according to the rccent data of Schwarz et al.(zz

The cxperimental results can be satisfactorily accounted for,

using a onec-level approximation for the 5/2° channel contri-

bution and a constant background approximation in the 1/2+

and 3/2+ channels., There is no neecd to include the contribution .
of a virtual 1/2+ state, whose existence was recently suggested

by Weidenmiiller (3 . however, the prescncc of a virtual 1/2+

state cannot be excluded by the present analysis, owing to

the experimental uncertaintics.

Refercnces

(1) J. Humble®: and L. Rosenfeld, Nuclear Physics 26, 528 (1961).
(2) S. Schwarz, L.G. Stromberg and A. Bergstrom, Nuclear
Physics 63, 593 (1965).

(3) H.A., Weidenmiiller, Nuclecar Physics (1965) (in press).
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20. CENTRE D'ETUDE DE L'ENERGIE NUCLEAIRE (CEN-SCK), MOL (BELGIUM)

20.1, Slow Meutron Resonances

F, Poortmans, H. Ceulecmans

20.1.1, Spin measurements of resonances in stable isotopes

Using the BR2 crystal speotrometer,‘further measurements of
the spin of slow ncutron recsonances were made by means of
the resonant scattering method. By further reduction of the
background in the scattering counters, the cnergy range has
been extended to approximately 20 ¢V, The results obtained
are summarized in table 20.,1. Most of them have been commu-
nicated at “he International Conference on the Study of
Nuclecar Structurc with Neutrons, Antwerp, July 1965,
contribution 94,

Table 20,1.: Spin determination

ODIN ]
Isotoggé Resonance Fnergy(eV) Mol _} therjgggﬁ;
Wisn | 18.3 1 4 -
4%,  0.0976 I 4(a)
1570q 17.1 o -
8l | 24,1 | 3 -
19Ty . 0.654 2. 1 235%3
' 9.07 (2) 2) "~/
1951y 9.07 (5) o (a®)

(a) H. Marshak, H, Posima, V. Sailor ct al,, Phys. Rev, 128,
1287 (1962),
('b) A.. S"GO].OVY, BQ-A-'sP CSO 109 pn 17 (1965)°

[

20.1.2. Resonance scattering measurements in fissile isotopes

A soaftcring chamber has been constructed for a two-inch dia-
meter, 50 om'actch'length °He counter, with f£illing pressurec

of 10 atm, Comparcd with the EFg scattering chamber, the
efficicency is the same bub the total background is approximately
10 timcs lower and is now 40 counts'por hour. Moreover this
counter offers the possibility of pulse;height discriminaticn

between the low energy scattered neutrons and the fission
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neutron.

Measurements are underway in the 8.8 eV resonance of 255U

(1, /T = 1072,

16

Thermal neutron actlvatlon cross. section of Cd
P. Decat and P. del Marmol
As isomeric cross section ratio o /o = 0.54 + 0.10 for the

formation of the 2.4 h 1170a8 and tho 3.4 n 117cql by the

116Cd (ngé,y) reaction was measured by milking of the

1.92 h Inm and 39 min 117Ing daughters.
An activation cross section of (50 + 8)mb was obtained for . .
the 1160& (nth’ ) 117Cdg reaction. This result is in complete

disagreement with the previous value of 1.4 b quoted by
L. Seren et al. (Phys. Rev. 72, 888 (1947)).

A detailed account of this work will be publlshed in
Radiochimica. Acta.

Fission Physics

25

Variation of the binary-to-ternary fission ratio for 5U

in the *T~rmal neutron energy region
A.J. Deruytter

A paper ‘on this subject was presented at the IAEA Symposium
on the Phy81cs and Chemistry of Fission, Saluburg 22-26 March
1965, and appeared in the Proceedings of this Conference
(Vol. II, pg. 429).

Abstract: The slow.chopper installed at BR1 was used o make
an accurate determination of the blnary to- -ternary fission
ratio for 55U in the neutron energy-range from 0.005 eV to
0.2 eV. Large gold-silicon surface-barrier detectors are

used for the consecutive measurenent of long-range a-particles
(absorber in) and f1881on fragments (absorber out). The time
analysis is done with s 1OO channel time-of-flight analys»r.

L one-meter fllght—path and a rotor speed of 50 rev/s is used.

The B/T ratio was also measured with a high statistical
accuracy (about 1 %) in intense beams with well-defined
- neutron spectravi.e. a-'"cold-neutron" beam, a beam extracted
from a thermal column and beams of 0.066 eV and of 0.137 eV




20.3.2.

20.3.3.

i
AN
N

N

I

neutrons produced by crystal diffraction.

The B/T ratio exhibite a small and smooth variation in the
energy range considered, This effect scems to be .correlated
with measurements of some other fission parameters in the same
neutron energy range.

Energv balance for spontancous fission of 240 Pu and fission
239

of (%77Pa + Ny )

Aod, Deruytter

Experlmentqlly a small difference 4 Ek = (2.2 + 0.3)MeV was

found in the sum of the kinetic energices of both fission

fragments for the spontaneous fission of 240 Pu and the thermal-
neutron induced fission of 229py (Cfr, EANDC (E) 57 "un),

We plan now 4 more accurate measurcment of the mass distribution
of the fission fragments in both fissioning systems to sece
whether this change in kinetic cnergy can be attributed to a
change in. the mass distributions.

For this experiment a two-parameter system was composed,

consisting of a double ADC (1024 x 1024 channels) gated by a
fast coincidence circuit..Because of the low counting rate a
fast papcr-tape punch can be used for direct read-out without
the usce of a buffer memory. The system is now under test with

_235U thermal fissions,

TPissioning isomor in °42am

~ A.J. Deruytter and C, Wagemons

An experiment is under'wqy to sce whéther the 13 ms isomer

4
in 2 2Am decaying by fission, can be formed by neutron irradiat-

ion of an 241Am—tnrget in o beam extracted from the tangential
beam-hole T7 of BR2.

In this experiment anl241Am—target (1.5 cmg,‘1OO/ug/om2)

placed on the edge of a fast ro atlng disk passes flrst in a
collimated thermal_neutron beam from 7 and afterwards in front

~of two detectors locdted at m from each other with respect

- to the axis of rotation 6f the target. The revolution speed of
the target is such that there is an elapse of time of 13 msg
between the passoge of the irradiated target before detectors
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‘ 85As or

.Uroduct pcrmlts to derive a maximum half-life for 87\“ of ~
The uppor 11m1t one can.sct to the contribution of 1.9 s

1 and 2, So the nct counting rates for fission fragments
of dctectors 1 and 2 should differ by a factor of 2,

In a first run two large gold-silicon surface barrier detectors

werc used but the a-pile-up from the target was troublesome,
So we chwnged to so0lid statc track detectors (muscovite mica)
where a perfect dlSCTlmlnLt]Oﬁ was reachea between fission .

. fragments and g-particles.

Several experiments to detcct eventual background were’
performed and the final experiments are under way.

Delayed neutron vrecursors in antimony and arsenic fission

product
P. éel Marmol and A. Speecke

-~ Preliminary results were published in "Physics and Chemistry

of Fission", I.A,F.A., Vienna, 1965, vol. II, pg. 225,

“Antimeny and arsenic fission, products were isolated by a

fast radiochemical procedurc and their activities measured by
ncutron counting. The wWhole process was pcrformed automatically
and the time between end of irradia tlon and beginning of counting
was varied between 2 s and 7‘s. _

A (2,15 % 0,15)s half life was obscrved and attributed to

86 As. This ncutron act1v1ty contributes to about
1.25 % of known delayved ncutron cmitters, the yields being
measvred by comparison with the woll known 55 s .activity of’

255

a sourcc irradiatecd and counted undcr the same conditions.

The absence of neutron activity from a 7Br gr%ndd%ughtcr
ijmb
would be 0,3 % of the total delayed ncutron emitters.

A 10 s half-lifc neutron activity is observed in addition to
the 2.2 s act1v1ty and is being investigated. It was provod
th%t it aid not belong to £s

The Mol results essentially’ agrec with those obtained inde~-
pendently by Tomlinson (Chem., Dwv., Ha"woll) and preuented at

the: same TIAEA Salzburg: Conforcnoen
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Holf-1ifc of 2%y

: A;'Fabry; J.P. Deworm = -
Our previous value of (302 + 6)d reported in EANDC(E) 57ry"
- must be modificd to T, ,, (PNm) = (308 & 5)d. The 835 keV

gamma ray pecak of our initial pure 54Mn source has now

been followed for decay during more than 760 4 (from

october 1963 to cnd 1965) on our calibrated crystal.
The new figure results from a least squarc analysis of
all our measurements. The points available at time of
EANDC(E) 57"U" have been analyzed again and a numerical
crror has been found, the corrceted result being also

Average fission spectrum cross scctions for threshold

recactions

A, Fabry, J.P. Deworm

TheAmeasuremcnfs of average fission spectrum cross

sections for threshold renctions of interecst in fast
neutron dosimetry have becen continued (cfr. EANDC(E) 57"U").,

. Some new results arc given in table 20.2.

A1l thcsé cross sections are relative to 63 mb for
32S(n,p)BZP and 0.63 mb for 27Al(n,a)24Na, which are
the main basic reactions used for the calibrqtion of the

 CEN standard fission spectrum facilities (ofr. A. Fabry,

EAES symposiuwn on in-pile flux monitors Grenoble,

15-17 Novcmbéf, 1965) into which all the samples were
irradiated, with exception of copper. For this last
reaction, the determination was done in the intense
fission speetrum of BR2 fuel elements'relativoly to the
54Fb(n,p)54Mn and 46Ti(h,p)46Sc reactions already studied
(cfr. BANDC(E) s57nun),

6 56 . e v ik .
The 5 Te(n,p)” ln reaction, which was previously considercd

- as a basis for the calibration of fission specctrum faci-

litics, has been studied again. The absolute activation
rates have been deduced following different methods .

The weighted mean result for the average fission spectrum
cross scction oFf 56Fc(n,p)56Mn is (0.98 + 0.04)mb and

this includes a comparative determination relatively to

the well-known 2200 m/s capturc cross section of 55Mn.
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TABIE 20,2.: Average cross sections
: © Half 1ife of DRI PR
. . ©  Mecthod for determination:
Reaction -rg?ggtgg : of ab591uﬁ? activity - (mb)
T (n,p)%Me  9.47 min®/) g y (fr.Jacquemin, CEN, = 3.53
é : : absolute measurement group)
Lcalibrated NaI(Tl) well | 3.42
S crystal® x) § .
- calibrated QV3" WaI&;l) . 3.56
,§FVllndrlCﬂl crystal® ' :
'%mean result :3Q5i0;17§
920 (n,p) %M . 10.15 a ~icalibrated 3"x3" NaI(Tl) 16,1+0,3
T terystal (0.930 MeVy-ray) = ..
§ 64Zn(n,p)640u 12,84 h - relatively to a 224a stan= " 27.7
: ' idard sourcec by y~Y~QOJnCl~§.’-
- dence counting of B -anni-:
- hilation y-rays :
calibrated 3"x3" NaI(TL) | 28.0
ccrystal (511 keV annihi-
lation peak alfter strip-
ping of 597 F ‘
?wo+ghted mean yalue L E2.8_.01;!-_1,55
63cu(n,q)6000 5.27y . on 2.5 MeV sum peak in a E0;52_4;0:04-2
. §Well,gryst37 relatively i et
‘to a OCo standard source.
;suupllod by CBNM

.............

%) Checked by following +thce deosy for more than 40 mln ﬂnd
substracting the 27A1(n,0)2 iigs) oontrwbutlon;

¥x) Usc has been madc of “he 0,834 and 1.015 UV y~rﬂys of
27Mg;togother; id this way, the crror duc to the: great

differences in level salicmes (Zor cxample Nuclear Data
Sheets or CIVFFOLOTTI, Nucl. Phys. 5 252 (1962)) is
reduccd.to a minimum (~1 B |
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- CENTRATL-BUREAU FOR ITUCLEAR IEASUREMENTS, EURATOM,

3 eV Van dc Granff Accelerator

Actlvatlon cross SO“thHS

H. Liskicn, A, Paulsen -

' MeaSurement of ncutron fluxes and angular distributions

Using a T(d,n) neutron sourcc ot Ey = 0.5 MGV neutron
fluxcs measured with a rroton rccoil tclescope or
obtaincd by the associatc particle method proved an a-
greement within 1.4 %. The counter has used down to

0.8 McV ncutron encrgy by rcplacing the Cs I-detector
by a large arca semi-conductor detector and using layers
of tristearin as radiators. The neutron flux determi-
nation with the teloscope counter can now be considered
to be accurate within 3 % down to 1 MeV,

At’Ep = 3 MeV the T(p,n) angular distribution was
measured in the range from O to 105°, This first

recoil proton telescope measurement is in good agreement
with two of the threc earlicr long counter measurc-
ments. Two angular distributions of 9Be(a,n)noutrons
werc taken at B = (2.50 + 0.18) McV and B = (2.65 +

0,27) eV in the rangc from O to 130°, corrosponding

to the irradintion conditions mentioned in chapter
21.1.7.2., and showed rcasonablc agrecement with the
earlicr work of Risser ct al.

Cross scction determinations

Yith_T(d,n) neutrons: ibsolute cxcitation functions
have becen determined for ncutron cnergics between

9]
12 6 t0 19.6 lieV for the renctions “Mie(n,p) 4Wa and

Al(n )24a. The results were published togethor

“with thosc for the reactions 55Mn(n 2n)54Mn and 59Co

(n, 2n)5 Co (measured in 1964) (1).

Vith T(p,n) neutrons: Absolute cxcitation functions

“for the reactions 58 Nl(n,p)SSCo and 64Zn(n,p)640u and
‘relative excitation functions for the reactions

3jP(n,p)an and 32S(n,p)32P have been measured in the

neutron encrgy range from 1.0 to 2,2 MeV, Normalization

to absolute values will be done in the near future




- beon determined for the reactions

'}-,
- L2~

fofﬁtheélatteflreacti@ns.-For-comparison-caleulations
of the corresponding thcoretical cross sections

following the formalism of Hauser and Feshbach have

been prepared, ' S

With_%Be(q,n) neutrons: In the neutron cnergy range
from about 6 to 8.2 MeV absolute cross sections have
24Mg( n, P)° 4N39
27“l(n,(x)zﬂrl\h, 56Fe(n,p)56Mn, 59Co(n,a)56Mn,
6:N1(n,p)6OCo,mnd 3Cu( ,a)6OCo. The thresholds of
-all these reactions are well ‘above the energy of the
sccond neutron group resulting from the reaction
IBo(q,n) 14C%,

)6000 and -

r7630u(n,a) Co give a first rough iden of the excitation

The rouults for the reqctlonsA6 Mi(n,r

function (fig, 21.1. and 21.2.). Average cross scctions
for fissioh‘noutron'Spectra were calculated with
errors direcctly decduced from choosen "maximum" and
"minimum" curves, The rcsulting rcgions betwecen the
cerror limits arc considecrably smaller than thc sprcads
.of the available experimental rcsults obtained with
fission neutron spectra. A paper has becn submitted
for publication(2).

Statistical model calculations of (n,2n) excitation
functions were carried out for comparison with six

measurements on nuclei around Z = 28 (3).
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Scattering cross sections
M, Coppola, H. Knitter

Measuremcnts on natural silicon

Scven angular distributions of clastically scattered
neutrons were measurcd at primary neutron cnergies

of 2.28, 1.94, 1,74, 1.47, 1.00, 0,85, and 0.57 MeV,
respectively, Differential eclastic scattering cross
scctions were extracted from the experimental results
and best fits were obtained with Legendre polynomial
expansions, Corrections for beam attenuation werec
performed using the Cranberg method. Two papers on
these measurements have been written (1,2), the
results are given in fig. 21.3. and 21.4. In the
meantime, more accurate flux attenuation calculations
and shapec corrcctions were started with a Monte

Carlo program as well as calculations of neutron
clastic scattering cross sections in the ncighborhood
of resonances using the nuclear thecory of Blatt and
Bicdenharn (seec 21.3.2,).

Mcasurements on 7Li

Mngular distributions of elastically scattered neutrons
and inclastically scattered neutrons leaving the

7Li nucleus in the first excited 1/27 level were
measured at 7 primary ncutron cnergies between 1.10 and
2.28 MeV, Uncorrected cross section data are available,
final results will be published.

Further scattering cxperiments

6 239Pu

The results of earlier measurements on elastic and

Further nuclides to be investigated are “Ii and

inclastic scattering cross secctions for natural iron
have been published (3,4).

Refecrences

(1) COPPOLA, 1., KNITTER, H.: llecasurements of absolute
neutron scattering cross sections of natural Si,
contribution no. 146 to the Antwerp Conference on
Nuclear Structure, 1965,

(2) COPPOLA, M,, KNITTTR, H.: Elastic scattering of
neutrons from natural silicon, to be published as
EUR report,
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(3) JACQUOT, A., ROUSSEAU, C.: Diffusion clastique et
inelastiquc des neutrons par lec fer dans la region du
MeV, Internal Report Geel-7 (1965).

(4) JACQUOT, A., ROUSSEAU, C,: Past neutron scattering
on iron, submitted to Nucl., Phys.

60 MeV ILinear Accclerator

Accelerator and ncutron targets
C. AMlard, J.lI. Salomé

The adjusting of the accelerator has becen completed and
the tests in  view of the preliminary acceptance have
becen carricd out successfully in August, 1965, The
specifications obtaincd as comparcd with thosc quaranteecd
arc listed in table 21,1, They corrcspond to maximal

12 MV peak and 8 kW average klystron power (4.2 XV

beam power)., For 1966 a stepwisc incrcasc is schedulcd

up to 25-3%0 MW pecak and 16-20 kW average klystron

power (15 kV beam power).

After acceptance, endurance tests under various speci-
fications and preliminary neutron measurcements have
been performed yielding a total of 386 klystron and

344 beam hours, respectivelly, till the end of the year.

The first neutrons werc obtained from several water
cooled lead targets dissipating beam powers up to
2.5 k7. A natural uranium 4 kV target is ready for use.

The beam deflecction device as well as the target 1ift
and the target carringe and storage device are being
installcd.,

Neutron flight paths
K,H, Boéckhoff, K. Gubcrnator, H. Morct

Tince flight “ubes (nominal lengths 30 to 400 m), 16
detector stations, cight beam catchers, and cabling
work along the flight paths have been completed. Angles
and distances between check points at the target bunker
and in the detcctor stations have been preciscly

determined,
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21,243,

Total cross:scctions
K.H. Bockhoff, ¢, Cardinaecl®, A. Dc Keyscr, V. Kolar,
H. Martin ‘

The gross equipmeat for total cross scction measurements .
ﬂ.240

o) Pu has been mountcd and aligned at 50 and 100 m

stations. It consists of four collimators, an automatic .
remote-Controlled 4~poéitidh éamplo changer, a heavy

Y—shiold, and a lead shiclded detcctor (1OB slab viewed by

NaT crystals). The clcctronic cquipment for the time-of-

flight measurcments has been oomplefed and tested. For
photoniultiplicr gain stabilisatioﬁ,‘spccial units

have becen developed using gnllium phosphide diodes as

refercnce light sourcces.

The Linac has bcen opcrated for tosting the total
experimental scet up including the 4096 Chanhcl time-
of-flight analyscr, and for obtaining prelimihary
information on background under diffcrent fioquoncy and
overlap .filter conditions._With a typical collimator and
detector arrangement and ncgligible overlap ncutron
intensity, the following background valucs ?oro obtained
with the black recsonance technique (dotoctof‘dt 100 m):
7 % ot 35 koV; 8 % nt 132 oV 22 % nt 4.9 oV

A transmission measurcment has been porforméd’on carbon,
Ivaluation of the resulte via the ¥nown carbon crcss
section confirmed within the statistical crror the back-
ground values obtained by the black resonance technique
down to 132 eV,

The fast neutrons from a bare lead target have been
time-analysed with a plastic scintillator (thickness

1 em) at the cnd of the 400 m flight path. Linac

burst width and analyscr channcl width were 10 ns,
scveral thin aluminium windows were inscrted in the beam.,
The resulting time-of-flight spcctrum is shown in

fig, 21.5.

% Now at Louvain University
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21.2.4.1.

21.2.4.2,

- _Lbd .

FPission cross sections

PMission ncutron detcctor
E. Migneco, J. Theobald

A liquid scintillator fission neutron detector has

becen tested during preliminary Linac operation. It
consists of four individual liquid scintillator chambers
forming a hollow cylinder around the samplec which is
shielded towards the liquid by means of a 6Li cylinder,
Each of the chambers is vicwed by a 58 AVP photomul-
tiplicr. 6 coincidence units link, rcspectively, 2
combinations of the 4 P.', outputs. Bach P.lM. output

is equiped with a pulsc shape discrimination unit.

Time-of-flight measurcments on preliminary 235U samples
have been carricd out at 100 recsp. 60 m in the primary
neutron cnergy range between 4 ¢V and 30 ¢V, In a run
of about 40 hours thce number of fission cvents has
been time-analysed with a preliminary time resolution
of about 20 ns/m and low counting statistics (about
2500 counts in the 19 ¢V resonance),

During this run threce different time-of-flight spcctra
have becen reccorded, Twh werce obtained by coincidences
between the two opposite chambers of the tank, respec-
tively, the other one by coincidcnces betwecen all 6 com-
binations of the four chambers. There are no significant
differences between the three spectra. The comparison

_of spectra from opposite and necighbouring detector

chambers showed that the fast neutron background is
lcss than 10 % of the count rate in the rcsonance
valleys.

Thin plastic foil dctcctor
X.H. Bdckhoff, E. llignecco, J. Theobald

This dctector consists of 2 very thin plastic scin-
tillator foils (25ym thick, 16 cm x 16 cm large)
viewed by 2 photomultiplicrs via thin light guides.
The seintillatow foils sandwida o thin 22U layer
(4OO/ug/cm2)f The signnls from the two PL.IM,'s fced a

sum coincidencc unit. Measurcments with this detector
have been performed at the 30 m station of flightpath
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no. 16 simultancously with the fission neutron
detection studies described before. The energy range
extended from 6 to 300 eV, In the comparable energy
range (4 to 30 eV) the timc-of-flight spectra of
fragment and ncutron detection show the same shape
(sce fig., 21.6.).

The cfficiency for fission cvent detection was deter-
mined by comparison with a BP; counter using known
cross scction dota of the 1OB(n,a) and 235U(n,f)
processes., It turncd out to be about 50 %. A mapping
of this cfficiency over the scnsitive area of the

detecetor is performed.

21.2.4.3. Ionisation chamber
E. Migneco, J. Theobald, J. Winter

A large arca multiplate ionisation chamber (8 partial
chambers) has becen constructed and studicd with an
241Am-a and a 252Cf fission source, Morecover its
behaviour in the " -flash of the ILinac has been
investigated., The chamber will be used for cross

. 2
section measurcments on 35U.

21.2,4.4, Spark chamber
E. Migneco, J. Theobald

This detector is being studied and developed for fission
cross scction measurcments on highly « -active

nuclides, A test chamber has been constructed which
allows casy variation of esscntial paramcters (gas
pressure, humidity, elcctrode shape, geometry) in

ordcer to dctermine optimum operation conditions,

The rcasons for fluctuations and non-reproducibility

of count rates are not yct understood.

21.2.4.5, Surface barricr detectors

H. Meyer

Fast amplifiers with a risctime of T(0-63%) = 0.5 ns

werc developed for usc with Si surface barrier detectors.
The charge collection time in self-produced detectors

of 250 0 em to 10 k Q cm resistivity was measurecd vs.
bias voltage for g-particles and fission fragments (1),

Comparison of cxperimental results with calculations
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21.3.

21.3.1.
21.3.1.1.

21030102,

showed the importont influence of the carricr density
in ionization tracks on the charge collection time.
Refercnce ' i

(1) MEYER, H,: Sfudies of the rcsponsc spced of
silicon surfacc barrier_doteCtors, when irradiated
with different particles, Proccedings of the TOth

Scintillator and Semiconductor Counter Symposium,
Washington, March 1966, in press.,

Capturc cross scections

G. Carraro, H. Weigmann

A first spccimen of an improved version of the Moxon-Rae
detcetor, consisting of six shects of plastic scintil-
lator alternatively connceted to- two photomultiplicrs
operating in coincidence, has bcen constructed and
tested With"respoct to its efficicney as a function

of . ~ray ecnergy.

Data Hoandling and Evaluation

Dato handling cquipment’

Tcle-processing couipment

A. De Keyser, H. Horstmann

The tele-processing machines IBM 1050 and IBM 7702 have
been installed in March, 1965. The IBII 7702 magnetic
tape transmission terminal has"boéh'bbérating sntis-
factorily, whereas the TBM 1050 datn communicatdion
system showed a very low cfficicney. Duc to this fact

~and many .other drawbacks the present data handling

system turned out to be very slow., An improved system
has bcen studicd, |

Improvement of data acquisition

A, De Keyser, H, Horstmanh

Elcctronic work is being done to rcecord the data of
simultancously opcrating multi-channel analysers on
magnetic tape in order to.spced up the output rate of

‘the data acquisition system as well as the input rate

for the data handling cquipment. Scveral code and data
format problems have been solved in order to improve the
compntibility between data acquisition and data

handling equipment.
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NManosccond time coder

H. lleycr, H. Verclst

The first final version of o onc-nanosccond digital

time coder (1) has been put into operation, Also o
channel width equalizing system has bcen developed

(2,3) to reduce the differential‘nonlinearity‘down

to 1 ns channcl width from 10 % to< 0.3 %. A second
final version is under dcvelopment. Maximum analysis
range ~ J ms; maximum channel numbcr'TS0.000;'chanﬁei
width 1 ns to 256 ns in digital steps; more than one
measurcment per analysis cyclec; minimum distance between

two measuroments 256 ns.

ROfC“OnOCS

- (1) MEYER, H., VEREIST, H,: Test cquipment for accurate

determination of time rolatlons’and its usec for the
measurcment of the timing accuracy and the calibration
of Tast photomultiplicrs, BUR.2247.,c (1965).

(2) STUBIR, V,: Subtractor. 01rcu1t w1th 1ntograted logic

clements, Mucl, Tnstr, and Heth., in press,

(3) 1EYER, H,: A.simplo_oqualizing systcm for“émall
differcential nonlinearity with a one nanosccond digital
time codcr, Nucl. Instr. ~nd Illcth., in prcss,.

Ddta storage systems
T, Colling, B. Idzcrda, W, Stiber

Data from coders with up to 17 bit word lcngth can be

‘stored on a 1" magnectic tape. The stored information

“can be rcad out for sclective sorting and integration

into a 12 bit address corc memory or a computer. The
system includes a 10 word / 20 bit buffer store (reso-
lution T/us), a pro rwmmlng unlt and mﬂgnoflc t%po
device. Data rates may range from 0.3 words/s to 3000
words/s. N |

A buffer store with a capacity of 16 words/20 bits or

8 words/40 bits, respectively, is under development.

Maximum word donsity on continuously running magnetic

“tape is now 500 words/inch nnd for stcpwise rccording
250 words/inch, for data zates from almost 0 to 7500
words/s .
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A storage display system with a storage tube has been
developed. The ecquivalent word capncity will be finally
about 500.000.

Computer programming and data analysis
.G, Cao, H, Horstmann, H. Schmid

The following computer programs have becen written:

A Monte Carlo program for calculating cnergy, time, and

‘spacc dependence of neutron capture in homogeneous
- B,C and hcterogencous B4C'and CH2 slabs or cylinders,

Impurity effcets are considcred for all paramecters.,

Calculations of pulsc shapc discrimination have been
done with two programs, the first one performing

the selcction of the number of RC blocks and RC valucs
providing the optimum figurec of merit, the sccond one
computing the stotistical fluctuation offect on the
Zoro—ordssing timec ~nd on the figure of merit.

IBII 7090 program for Racah, Clebsoh Gordﬁn and Z coef-
ficients (1),

A least squares fit program with the general formula

of Blatt and Bicdenharn for the differentinl elastic

neutron cross soctlon°

An IBM 7090 program for the klnomatlc pnrnmeters of

»non—rolat1v1stlc particles for two-body recactions.

An IBM 7090 program for the kinematic parqmeters of
the 9Bc(n 2n) 8Be reaction.

An IBM 7090 program tabulates klnematlc parﬂmeters
for (p,n),(d,n), and (a,n) roactlons. Relqt1v1stlc
effects are considecred. ' '

In ooopcrafion with CETIS, Ispra, and the ENEA Computer
Programme Library, the Stretch version of the Monte
Carlo program MAGGIE (Aldermnston) has been corrected
énd nodified for the IBH 7090 computcr.vThé program

hos been usod o cnleulate flux attenuntion factors

and multinle ﬁc%ttorlng cnrrcctlons for angular distri-

butlons of ol%stlc neutron SC“ttOTlnﬂ crosq sectlons
of Si and Fe.
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A program for the intecrpretation of activation cross
scction measurcments calculates cross scctions for
two-particle emission ~ccording to the statistical
theory.‘

The Calcomp: plouter subroutlne pnckage of CETIS has

‘been adepted to the CBNM Calcomp plotter model 506/570.

An TBII 7090 program proccsscs. and reduccs the raw data
of total cross scction exvpcriments. The program includes
routines - -for dead-time and background corrcctions, data

~smoothing and plotting.

Programs for necutron flux corrcctions, dccay time

. corrcctions, Hauser-Feshbach calculations, and for the

analysis of Van de Graaff total cross scction data,

Refercnce-

(1) CAO, M.G.: Calcul des codfficients”de Racah,

Clcbsch-Gordan ¢t 2, EUR 2639.f (1965).

Radionuolides

Standardization of sourcos9 development of counting

methods
V. Banbynek, A Spernél, W. van der Eijk, R. Vaninbroukx

. . 4
Standard sourccs of 22Na, 24Na, er6Sc, 51Cr, 5fMn,
61in, 2800, ®0co, ©5zn, 37cw, 24 25201 nave

been- prepared with accuracies of generally a few

Mn, Am, and

32 31as
tenths of a pcrcent. Extended sources of P and Si
have been calibrated with good proolslon using a
bremsctr%hlung mcthod

Older investigations onihigh prccision alpha counting
with solid angle deviccs (1) have been cxtended to

‘FX—rﬁys with onorglcs of 4 - 20 keV, 1 % accuracy has

been roached using Xe- filled proportlon°1 countcrs:

| with thin windows of Be or plastic (2). The results

Qf our ,Y—spectromoter measurements Qf the last 5 years
have been collected in a report (3). The previously
?eported (4) investigntions on high precision liquid
scintillation counting hmVo bcen cxtended to other
nuclides (especially U) and to low encrgies. The thin

foil pB-absorption investigations in 4m—geonetry (5)
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have been continued using the snndwich method. The
comparison with the backing method used previously (5)

allowed to confirm that +the 11neﬂr extrapolation used

is corrcot

Detorminatinn of nuclear constants

/. Bambynek, H. Hansen; A. Spernol, R. Vaninbroukx

The fluorescence yield of Cr has been determined with
1.5 % precision to 0.277 (6), which is not at all in

agreement with the presently accepted value of 0,229.
The thermal cross section of B?Cp has been‘deféémined

to (37.4 + 0.3) barns (7). The intensities of some

. : . 241
conversion clectrons after g

Am decay have becen
determined and the decay scheme of this nuclide has

becen reexamined (8). The .-bTLHChln°‘ln the decay scheme
of 65Zn has becen determined to (50.9 + O, 3)%, New meo-
Suremenus on this nuclide which are under evaluation
will dellver all branching ratios in the 65Zn decay
with O 1 % accuracy. The -branching in the SKr

dec%J has been determlned to 0.438 % by gws— and

v ~counting with 1 % accquny.

References
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“Nucl. Instr. Methods, 39, 104 (1966).

(3) VANINBROUKX, R., GROSSE, G.: The use of a calibrated

y-Spectrometer for precise activity measurements of

Hy—emitters and EC-nuclides and for purity_qqd'sorptiqgm“

tests ofISQlutions of radibnucliﬂos, I.J.ARLI, 17, 41,

(1966
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21.5. Isotopic Standards of Stable ond Fissile Nuclides

21.5,1, _ Boron : _
P, De Bievre, G.II. Debus

Instrumental development led to a considerable increase
of prccision by a factor of four on isotope ratio
measurements of boron. 10B/”B ratios are now measured
with a precision of 0.1% or bettcr. The CBNM boron
standard has been rccalibrated, using the new tandem
mass spectrometer. Measurements were also performed
at the National Bureau of Standards (Washington) and
©New Brunswick Inboratory (U.S.,). As shown in table
21.2., all figures agree and confirm the earlier

measurements of OBNM (19.81 4 19B),

TABIE 21,2.: The CBNM Boron Standard

Laboratory Atomic concen—|.

and ~_ ltration of 9B ~ Remark
llass spectromcter (%)
~CBNIL - 19,80 | Corrected for bias by means of
Tandem . : - {CBMIM synthetic mixtures; the
statistical error will be improv-
: ‘ ‘ ed by further measuréments. .
.LNBS. . v 19.82 . | Corrccted for bias by means of
v ‘ american synthetic mixtures,
NBL h 19,82 Corrccted for bias by means
. of CBMM mixtures. , '
CBNM 19.82 Mean of a very 1grge‘number of
MeS5 - ’ | uncalibrated measurements
(no bias correction).
CBIIM 19.82 Mean of A very large number of
¢.E,C.21-702 uncnlibrated measurements ;
| (no bias correction). é
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21,5 .4,

Lithium
P. De Biévre, G.H. Debus

A 1ithiﬁm étandard p}ogramme Startéd and is expeccted

to be completed by the end of 1967, The isotopic
quality of the enriched and depleted materials needed
have been computed (99,9 % 714 and 99 % 6Li) and
necessary blending precisions determined ( 0,015 %).

Deuterium

T, Babeliowsky, G.H. Debus

In the framework of the heavy water standard programme,
normalization of 18O in D,0, investigation of the
decomposition of D20 in connection to D/H analysis
(precision 0.003 mol % D20), and density measurements
of D,0 with the float method (standard deviation

0,02 mol % DZO) have been performed,

Eight institutes are participating in a programme on
absolute determination of heavy water isotopic con-
centration, A sample of 200 ml D2O was sent to each
of the laboratories,

Tissile nuclides
P. De Biévre, G.H. Debus

Some papers and reports on isotope dilution and iso-

" topic standards were presented or appearcd in the open
" literature (1-4),

References

(1) DE BIEVRE, P.J., DEBUS, G.H.: Precision and accu-
racy in quantitative determinations of U and Pu by
mass spectrometric isotope,dilution -~ 2 issues - ENDC
working paper, »

(2) DE BIEVRE, P.J., DEBUS, G.H.: Optimal conditions
for mass spectrometric quantitative determinations by
isotope dilution, EUR 2219.,e (1965),

(3) DE BIEVRE, P.J., DEBUS, G.H.: Precision mass

spectrometric isotope dilution analysis, Nucl, Instr,
Method, 32, 224 (1965),

(4) DE BIRVRE, P.J., SPAEPEN, J.: Isotopic standards
and refercncc substances for nuclear measurements -
working paper for EANDC subcommittee on standards.
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Sample Preparation and Assaying :
¢,H. Debus, H.L. Eschbach, K.I'. Iauer, H. Moret, G.

Mischenborn, J. Van Audenhove, V . Verdingh

A totnl of 129 different applications (covering 2506

samplés) was carried out in 1965 which is an increase

of 46.5% with respeét to 1964. The majority of these
demands stem from Euratom institutes and national nuclear
energy laboratories of the Community, but substantial
help was also provided to universities in Belgium,
Gérmany, Italy, and fhe Netherlands. A limited support

was given to laboratories outside the Community.

" During fabrication and assaying of samples the main

effort consists in studying the new problem nnd setting
up the experiment. The additional effort to make a large
sericg of samples is often less important.

2251 gamples of 34 different metals and alloys have been
prepared by metallurgical methods such as melting (by
induction, lecvitation, resistance, electron bombardn nt
heating), rolling, punching, machining, powder metallurgy,

and celectrolyses (1-3).

129 samplecs were prepared by chemical methods, mostly by
clectrospraying tcchniques (4,5). 126 somples were
preparcd by cvaporation techniques, cach requiring a
special study about adhcrence, layer thickncess, uniformity
ctc.

Most of the samples have been precisely defined with
respect to their isotopic and chemicdl composition and
their physical properties as mass, .homogencity, thickness,

" and size, In connection hercwith, several existing tech-
" niques could be considerably improved and new methods have

>

been developed, e.g. a mechanical-capacitive layer thick-~

. mness meter providing an accuracy of + 0.1/um, an o -ab-

sorption and an X-ray absorption device.

Preparation of very precise B and U rcference samples

for ncutron measurcments by means of ultra-high vacuum

evaporation tcchnicdues is being further refincd.




- Zefercnces

"7(3) VAN AUDENHOVE, J.: Vacuum cvaporation of metals by

(1) VAN AUDENHOVE, J,, JOYEUX, J.: The preparation by
levitation melting in argon of homovonooué aluminium
alloys for ncutron moqsuroments, Journﬂl of Fuclear =
Materials, in press,

(2) VAN AUDINIIOVE, J., GEORIS, J.P.: The preparation

of purc and ductile manganecse foils by clecctrodeposition,
technical note to be submitted to Nuclear Instruments

and Methods. |

high frequency levitation heating, Rev. 301. Instr.
36, 383 (1965). ’

(4) VERDINGH, V., LAUER, K.F.: Equipment for elcctro-
spraying, Nucl. Instr. Meth., 31, 355 (1964).
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Isotoplc Tﬁrgots and F01ls, Harwell, May, 1965,

AERE report in press.
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22, DEPARTEMENT DE RECHERCHE PHYSIQUE., SECTION DES MESURES
NEUTRONIQUES FONDAMENTALES, C,E.A, SACLAY (FRANCE)
R. Joly

22.1. Groupe des neutrons themmlques

H. Nifenecker .

Ces cxpériences ont été effectudes auprds de la pile
EL-3 de Saclay par A, Audias, P. Carlos, H. Nifemecker,
R. Samama et C. Signarbieux.

22.1.1. EBtude des rayonnements v émis aprés capture des neutrons
thermigques

22.1.1,1, Appareillage

L'installation a été améliorée sur les points suivants:
Un ensemble comportant un cristal central Na I et un
anneau anticompton a été installé.

Le bruit de fond a été réduit (gain d'un facteur 3)

en entourant la cible d'un cylindre de 6Li (fabriqué
par le BCMN-GEEL) destiné & capturer les neutrons
diffusés par la cible.

La géométrie de 1l'expérience de corrélation angmlaire
et son monitorage ont été améliorés de telle sorte que
les enregistrements aux différents angles soient en
valeur relative, précis & 1 %.

22,1.1.2, Mesures de corrélation angulaire

Une premiére mesure sur la corrélation angulaire des
cascades du 22V (51V + n) a été effectude & 1l'aide d'un
ensemble multiparamétrique, permettant 1'enregistrement
simultané sur bande magnétique des deux énergies, de
leur somme (la non lindarité des convertisseurs ana-
logiques digitaux empéche de faire valablement une
somme digitale) et d'un spectre de temps obtenu en
appliquant les impulsions des deux photomultiplicateurs
& un convertisseur temps-amplitude. Cette dernidre
technique présente de grands avantages sur celle plus
courante des coincidences rapides.,

Une expirience préliminaire a donné les résultats suivants:
W(e) =1+ (0,085 + 0.047) P, (cos 6) pour la cascade
6.485 MeV - 0.820 MeV,
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Wle) = 1+ (0.058 £ 0.049) P, (cos 8 ) pour les
cascades 5.75 eV - 1,55 MeV et 5,15 MeV - 2.15 MeV,

‘Une mesure d'une précision bien meilleure est en

cours. L'étude du Tvuqne est envisagée,

Nouveaux détecteurs

En liaison avec le Service d'Electronique Physique,
la fabrication de diodes n-i~p au Germanium a ét+é
entreprise, Un détooteux de 1 cm3 fonctionne depuis
6 mois, On essaye actuellement de déterminer les
parametres permettant d'entreprendre la. fabrication

de diodes de plus grand volume,

Btudes sur 1o fiss ion

Etude de la distribution des masses des fragments

apres émission neutronique prompte

Une communication sur ce sujet a été faite au
Collogue sur la fission de Salzbourg (1),

Etude du mode symctquue dans 1e cas de la fission
tﬂe“quue ' '

L'étude de la fission sym"trlque par des moyens

physiques (mesure simultande des deux énergies ou
des. deux vitesses)restvrendue difficile par la pré-
sence d'évenements aberrants. Nous essayons actuelle-
ment de surmonter cette difficulté par la mesure
simultanée des deux énergics ¢t de la différence de
temps de vol des deux fragments. La mesurc de ces
trois quantitdés permet en principe de définir un
critdre de cohérence que sculs les évdnements non
aberrants pouvent remplir

Mesure 81mu1tan°e Ge l“' asse et de'id.dharge des

fragments-

Les rayons X associds aux déséxcitations des fragments

rar conversion intorno permettent~do mesurer leur

charge. D'auuro part 1l'énergie 1ibéréc esous forme
d'énergic cindétigue dans le pﬂenomene de fission
est donnde pars By = K(01g ))/D

ou D est la dietance des eontroo de.charges au moment

de la scission si 1t'on admeth gue.l'énergie cindtique
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dé translation &4 ce moment est négligeable. La mesure

simultanée de Q1, By, E2 permet donc en principe

d'étudier le processus de fission en fonction du para-

métre D. Nous avons tentd cettc dtude sur la fission -
par neutrons thermiques de 235U Dans 1'état actuel

des choses le bruit de fond de notre installation .
est tfop important pour nous permettre d'obtenir des

résultats valables.

“Mesurcs de temps de vie

Une expéricncé visant & mesurcr lec temps de vie du
niveau intermdédiaire dans unc cascade d!'électrons de
conversion par la méthode du ohamp hyperfréquence est
en cours de montage, - ’

Dépouillement des mesurcs de scctions efficaces de

fission (10)

- I1 semble qu'on ait réussi & rendro compte de 1l'effet :
‘de non détection de résonance sur la dlstrlbutlon des

espacements observée, Si q(D) est la proonblllt d!obser-
ver un espaccement D D(D) 1la probabilité théorique d'exis-

‘:vtenoe d'un tel cspacement E(U) 1'eff10301tv de détection

d'une résonance située & 1la distance D d'un niveau
déjd observé, on aurait:

a(D) = rncm' 2 r p(D) +{ p(d') (1 - E@*) E (D - D)) 4D

D DD
+>O p(D1) (1 - BV B0 =) | p(0M) (15100

| E(D~D'~D")] p (D-D'-D") dD 1 + cbCurrann.

Nous cherchons actucllemeat & remplacer cette formule
par une formule plus oomnﬁote;

D'autre part nous avons 81mvlc 11 oourbe de section

efflcﬂoe de fission de 35U par une mctboce de Monte-
Carlo en utilisant dos formuleu a un n;veuu. I1 apparait
guton perd environ 50 % de niveaux et que la loi de
distribution des espncements obscrvée correspond bien &

celle observée sur la courbe de section cfficace expéri-
U et correcspond & un rapport des populations

mentale de l'233
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des-deux familles dc résonances ‘d'environ 1.
IL'impossibilité dans laquelle nous avions été jusqu'ici
de rendre compte avec un tel rapport de population de
la distribution des espacerients observés provenait

d'une mauvaise méthode de correction pour les niveaux

non .détectés.

Groupe des neutrons intermédiaires

A, Michaudon

Cesexpériences ont été effectudes aupres de 1'Accdlé-

rateur Linéaire de Saclay par MM. R. Bayer (stagiaire

du Centre d'Etudes Nucléaires de Prague), J. Blons,

B. Cauvin, H, Derrien, C, Eggermann, A, Lottin (ac-
tuellement détaché & Oak Ridge Nat. Lab., USA),

D. Paya, P, Ribon, Melle M. Sanéhe; MM, E. Silver
(détaché & Saclay par ORNL, USA),. J. ‘Trochon; A,
Michaudon (det%chc & MTT Jusqu' & Aollt 1965). .

En 1965, 1 accelernteur a été utlllse pendant 25
semaines pour ces expériences qui ont &té effectudes
sur 3 bases de vols |

1 Lrose de longueur maximum 200 metres, affectée aux
mesures de transm1381on,

"1 base de longueur mnx1mum 190 metres, affectée aux

mesures de flSSlon,
1 base de 1ongueur m“X1mum 14 metreu, affectée aux

‘mesures de dlffuulon.

Apparecillage

Implantation

TLes améliorations suivantes ont été apportées:

'Ob%Urqtion des bascs de vol par bouohons d'eau dans le

ma081* de protection.

uompllssago d’Hellum pour .la base transmission et rem-
Dlacomonf des parois d'Alumlnlum par des parois minces
en mylar.

Electronicue

ous avens actuellement & notre disposition:
5 codeurs de tenps de vol Intertechnique HC 25, de
largeur minimum de canal 50 ne ayant 65,536 canaux, et
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4 blocs mémoires BM 96

s "}i):'.‘; -

dont il est possiblc de changer la largeur de canal

en cours de cycle por programmation.

1 codeur de temps de vol Intertcchnique HC 50 de carao-
téristiques voisines du HC 25 mais dont la largeur de
canal minimum cst de 10 ns.

4 4096 canaux.

2 apparcils & bande magnétique dc 1" & 16 pistes; 3
chacun de ces apparcils est affectéc une unité de lecture
permettant dc dépouiller les résultats enrcgistrés.

Calculateur électronique et programme

Un calculateur électronique CAE 510, ayant une capa-
cité de mémoire de 24000 mots vient d'é&tre installé.

.Un programme d'acquisition en ligne sur ce calculateur

a été écrit ct des essais en vraie grandeur sont en
cours,

Expériences effcctuées

Mesures de sections efficaces totales

Pluton1um-239

o e e e e et o o o 2 e

La mesure a été effcctuée Jusqu'a 1200 eV et d%ns des
conditions cxpérimentales que résume lc tableau 22.1,.
ct la fig. 22.1. Pour;mieuxiconnaitrc,lq valeur de
1'cffet Doppler & 77°K, qui. dépend beaucoup de la
température de Debye, une mesure spdéciale a été faite

~ pour des résonancces donf le rapport A/T cst le plus

grand & la températurc ambiante ct & 77°K. Par une
analyse .de forme dec ces résonances & deux températures
différentcs, on peut en déduire une valeur de- Aégale 2
0.0126 E(eV)’ un peu plus elcvee que celle-de

10,0121 ¥ E( V) qui nous avait servi precedemment (2)(3)
ZL'lmDOTthCO de 1'effet Doppler 1llu°tre sur la flg.

22,2, ou un groupe de résonances est bien résolu &
77°K, mais il nec le serait pa.s & la températurc ambiante,

ni en trqnsm1881on ni en fission.

240

Les résonances n%ras1tos du Pu vont &tre éliminées

par une mesure de la transmission d'un echnntlllon de

240

Pu contenant 10 % environ dec Pu.

Tode

Unc mesure & hqute énergic (jusqu'a 400 keV) a été

entreprlse en vue de déterminer O'p SO’ S1.
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Cette mesurc est en cours: la fig., 22.3, présente
‘ un ‘résultat préliminairc dont nous indiquons lecs
. conditions afin de situer les possibilités d'un
Accélérateur Tindaire pour des mesures de transmission
. sur de petits dchantillons (isotopes sépdrés);
Longueur ¢ VOL vuvesosenoss oo 1647 m
Accélérateur +..vvvecocnssncesss £ =500 Hz, t = 60 ns
BELeCteUT covenciooroosacnsnoash t = 50 ns
Co11limation seiseeoesovasesecoass = 26 mm
Quantité de Neptunium ..eoeees.. 25 gr sous forme de Lp0,
Durée d'accumulation .veeveeewss T h 10 min
Taux de comptage par heure et par
canal de 50 NS civoescnessens 1100 coups & 40 eV,

22,2.2,2, lMesures de scctions cfficaces de fission

Plutonium--239

. Unc mesure complémentaire de fission du 239Pu, en
dessous de 200 eV a été faite, avec le méme scintillateur
gazcux (4)(5) mais on utilisant comme goz scintillant
un mélange argon-azote & 1o pression de 300~g/cm2;

‘ceci afin d'évaluer avee précision les scintillations
parasites dans lcs résonances du Xénon qui avaient
été obscrvées dans les mesurcs précédentes (4)(5),

Cette mesure va 8tre reprisb dans de meilleures

conditions.

Neptunium-237
Un scintillate ur gazeux & 12 cellules a été construit
g o ‘pour la mesure de la section efficace de fission du
237Np_en dessous du seuil pour des neutrons de réso-
- nances, Nous présentons sur les fig. 22.4. et 22.5,
~un ecssai préliminaire avec un nombre limité de cellules,
& une distance de vol de 16 et 7 m. Iic gaz scintillant
est du Xénon, utilisé au début des mesures pour ses

qualités de scintillation, mais qui scra remplacé ulté-
par un autre gaz scintillant.

N

ricurcment

AMutres études

1
o e e e s e S £ 2 o

Une chambre & étincelles a été essayée pour la mesure
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de fission de noyaux a forte radloactlv1te o comme
2 1
4_nm Un tel détecteur fonctionne bien en labora-
toire, mais 11 est nécessaire d'eliminer lecs dérives

et le manque de réproductibilité dans les résultats,

avant de l'employer dans des mesures par temps de

vol.

Mesures de diffusion

‘Aprés des essais préliminaires & 7 métres, sur llargent,

ccs mesures ont été poursuivies a8 unc distance de
vol de 14 métres sur 1l'or, lc Rhodium et reccmment
sur le Xenon et le quollnlum.u

Lc détecteur consiste en unc couronne de 16 oomptcur PR
BF3 & faible "jitter". Il est %ctuellelent én

cours de modification pour doubler le nombre de

compteurs et done accroitre l'cfficacité de détection.,

Parallélement & ccs travaux, 4! qutres detccteurs sont
étudiés en laborat01“o ' ‘ ‘| : . .

An%lyso deq re ultats cxnerlmcntaux

Plutonium—239' quelques données ont aéja été publlees
(2)(3) mais 1'onalysec des résultats sc poursuit N
encorecs 1! qnqlvsc des résonances 1n61v1duelles pqr%1t  , J
possible JuSOU'“ 200 ¢V pour 1la flSSlon ct 400 eV h
pour la transmission, D'une fagon générale, la-
réévaluantion de 1'cffet Doppler e1gnqleo plus hqut i
conduit & unc 1légérc réduction de 13;1argeur‘naturelle,
des résonances, Dec cette anaiyse,_qui pour le moment
reste cncore assez partielle, il résulte que:

Les cffets expérimentaux onﬁ'peu d'effet sur la_perte
des niveaux jusqu'd 200 eV'(fig. 22.6.). ) |

La loi de éiétributiOn'des esp-comentS‘ﬂ+-celle'déé
largecurs noutron*ques réduites sont en bon qcoord avec
les loi théoriques (fig. 22. 7. et 22.8.) ce qul scmble
montrer que.la perte de potlts espncements et de petlto

. . 2
niveaux est beaucoup nlus faible gue dans 1! 35U

La fonction densité, mcsurée cntre O ct 200 eV est des
4 _

So = (1.3 + 0.2).107"
Elle cest plus élevée que celle déduite de O & 50 ¢V
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(S0 = 1.107%) ou de 100 & 200 oV (So = 1.107%),

L'histogramme I Eano pour les résonances situédes

& une énergic plus basse que E, en fonction de E
suggeére une variation de la valeur locale dé 1a
fonction densité So (fig. 22.9.).

la distribution des largeurs de fissionT , (fig. 22.10.)
est incompatible avec unc famille unique., Au contraire
elle suggére 1l'ecxistence de deux familles ayant des
valeurs moyennes trds différentes (< Tf >= 45 MeV et

< T'p > =750 MeV). Un classcment des résonances suivant
leur largeur de fission serait en treés bon accord

avec les mesures de spiné faites & Livermore et la

distribution cn masse des produits de fission dans

les résonances étudides & Tos Alamos. Ces tr01s
mesures Justifient la théorie de Bohr, dans le sens
quc lcs résonances de spin O sont larges ot de fission
plus symétrique quc les résonances de spin 1 qui sont
plus étroites,

Determlnﬂtlon du spin des résonances du 1OBRh et de
119 (6)(7)

Par la mesure de diffusion, on mesure la surface A
en dessous du pic de résonance pour plusicurs épais-
scurs d'échantillons ct on en 4déduit la surface Ao

- extrapolée a 1'épaisseur nulle des échantillons,

soit graphiquement, soit par un prOgramme de correction
de la diffusion multiple.

Pour l'or et le Rhodlum los resultats obtenus sont
oonolgnes dans le tablecau 22,2,

Il semble que les. fonctions densitéS'So soicnt diffé-
rentes pour les doux états de spin du ‘OBRh;

Bo = (0.6 + 0, 27)10 nour les résonances de spin 1 et

So = (0,22 + 0.20)10™" pour les résonances de spin 0,
Lo probabilité qu'elles scient dgales cst de 11 %
soulemont La fonctlon densité moyennc pour 1'ensemble
des résonances est:

= (0.52.+ 0.18).107%

La détermination du spin des résonnnces de 1’197Au

(de spin 3/2) bien que plus difficile & cause de 1la
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- valeur plws élevée du spin du noyau cible, est en
- accord avec d'autres mesurcs publiées récemment.

22,2.%.3. Weptunium-237

Unc analyse dc 1o scction cfficace totale cst en cours. ;

2202 9304 ° ThOI‘iUm—ZBQ

Les résultats sont présentés dans la référenco (8).
Tes principaux résultats sont les suivonts: |
265 niveaux ont été identifiés avec certitude au-dessous
de 3 KeV (ﬁ = 11,3 c¢V) mais il semblevquo beaucoup de
niveaux nc sont pﬁs détectés, |
En séparant les ondes "s" et "p" par oomparalson de la
distribution cxpérimentale des T n® %vec'une loi de
‘Porter—Thomas 3 un degré do 71borte, on trouve:s

= (0.90 + 0.08),107%
S1 = (3.8 + 1.5).10_4
IF'yva été obtenu pour 14 niveaux conduisant a<Ty> =
21.9 MeV.

22,3, -~ Groupe des hcutrons'rhpidCé‘w

J.L. Leroy

Ces expéricnces ont été effectuées aupres du Van de
Graaff 5 MeV par D;'Abramson, Ao Arnaud, J.C. Bluct,
. Tort, J. Gentil, D. Hebert, C. Le Rigoleur, J.I.
_Leroy, I. 5z zobo.

22.3.1., Mesure absoluc de flux de ncutrons rapides par la méthode

de la particulc associée

Le principe de cette méthode a déja ét¢ déerit
(PAIDC(E)33). Bn utilisnnt le faisceau pulsé, la
particulc BHG agssociée aux neutrons dans 14" réaction
(p,t) & pu &trc séparée des protons et des tritons -
parasites, De cette fagon une mesure préliminaire de
1'efficacité du scintillateur détcctant les neutrons par

1o réaction 6Li(n,q)T a été faite pour unc éncrgic de
250 keV, Toutefois les reéglages a faire ‘sont extrémement
délicats et on cst obligé de limiter séverement 1l'inten-

- sité du faiscecau pour éviter les cmpilements des parti-

culcs parasites, Pour rendre la méthode tout & fait

opérationnelle, on envisage maintenant de construire
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un analyseur ¢lectro-statique rudimentaire qui
permettrait de séparcr les particuIOS'BHe du bruit
de fond constitué par les protons ct les tritons.

Section efficace d'activation du Rhodium

La section efficace d'excitation du Rhodium par diffu~
sion inélastique d'un état isomérique produisant un
rayon X de 20 keV, a ét4 mesuréec pour lcs énergics

de neutrons suivantes: 125 keV, 250 keV, 500 keV,

105 MeV et 2 MeV., Le flux ncutronique a été ddéterminé
pendant 1l'irradiation de 1'échantillon de Rhodium,

au moyen d'un scintillatcur de verre au Lithium.

La mesure absolue de 1l'activité prise par 1'échantillon
a été faite par MM. Campan ct Despretz du S.E.C.N.R,:
les résultats sont en cours d'analysec.

Etudes de distributions angulaircs de neutrons diffusés

On a terminé le dépouillement des clichés de la chambre
& brouillard concernant la distribution angulaire

des neutrons de 1 MeV sur 1'hydrogdne. Cette cxpérience
avait pour but dec contrdlecr 1la technique de mesure

sur une distribution perfaitcment isotrope., On a

trouvé un résultat isotrope, & 1'errcur statistique
pres lorsque cos X est compris entre 0.2 ot ~ 1

(x angle de diffﬁsion dans le systeéme du centre de
masse). Lorsquec cosx est plus grand que 0.2, les

traces deviennent peu visibles c¢t nc sont pas toutecs
mesurées., La méthode semble donc correccte pour les
grands angles,

La distribution angulairc des neutrons de 14 MeV par
4He, mesurée au moyen de cette technique (fig. 22.11,)

-n*est pas en bon accord avec lc résultat obtenu

précédemment par Scagrave (Phys. Rev. 92, 1222, 1953),
L'cnsemble des résultats obtenus sera publid prochai-
nement,

Pulsation du faisceau du Van de Graaff

La pulsation de la sourcc d'ions fonetionne de facon
satisfaisante, Un dispositif de regroupement magnétique
permettant de comprimer les bouffées adlivrées par la

sourcec jusqu'a 1,5 ns est en cours de mise au voint




~ 180 -

ct devrait pouvoir &tre utilisé dés Mars 1966,

Mesure du temps de ralentissement des neutrons rapides

dans une plague de matidre hydrogénée

Cette mesure a été conduite par le "Groupe des neu-
trons intermédiaircs" (R, Bayer) afin de vérifier les
calculs, effectuds par unc méthode de Monte-Carlo,

sur lé temps de ralentissement des ncutrons dans le
modérateur entourant la cible de 1'Accélérateur Linéairc
d'élcetrons. Ta mesure consiste 2 injccter, dans une
plaque de modérateur, un faisceau pulsé (10 ns) de

‘neutrons monodénergétiques. Sur la face opposée, un

corps présentant unc importante résonance de capture

3 basse énergic permet, par détection des vy de capture,
ltanalyse dc la distribution en temps des neutrons
sortant ayant 1'énergic de la résonance. Des résultats

W

préliminaires ont été obtenus.
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Energte (eV)

P %

TRANSMISSICN LU Pu-239

Coui.citions Expdrniment

alos

<«

Gamine d'énerjie (ci. o)),

de 4_d 80 ‘we 70 a <00 ae 1o0 a 1,200
Longueur de vol (en metres; SJ‘,/ 53,7 ' 09,7
Accélérateur : f = 500c/s
Lo g 'At(/u'sec) 0,11.0u0,2 0,065 cu 0,1 0,065
Largjeur de 'car;;al du »
sélecteur o ;.emps de variable -ue
vol A t\/usec) v 0,ia0,8 0 ,09 ) 0,05

Résolution (compte tenu

du temps ae ralentissement)

4,3 ns/r 50 eV

. ’

J,e'ns, moe 100 oV

.

Taux de comptaye par canal

et par heute

500 par it
O,I/ua e 20 eV

'99 par ¢ anal oo

U,0. us o .00 Y

a 500 eV

Température Jde l'échantilion

T=17"°K

Tableau 22.1.

T -77°K

T=77°K

0,/8 ns/ri e 500 eV

110 par canal ce 0,‘0'; us
/




-163-

OwN_

8052 * WG NOUMOSRY
© elL *°d 30 SNOTUNWHIS S30 RAUVEAL
8 /0¢ ¢ oo 0

P

gc2"d N0 TIVIOL SV NOULZS

L]

08c|

=]
X

ERgRss s 8

1’22 by




0S

,,‘._.Sn.»

t:"d NG NOKSSI4 .
"sy . suioq §,

o
L & M 1

AS UD 3 kA4

(X006 ~3)
Yoo v ¥

-164-

19,00~ )
Moo v ¥ —

..u.......”ﬂ..”."..u.., .

. .-..Uc..m =l

sz"d N0 NOISSIWGNVYL

G702

¥,00€ = L
42" NG NOISSI f s

86b

LA gy 4

we"d NO NOISSLISNVEL




-165-

A% NOUYTWNIOV Sl

“gZ :  SNOULMEN 30 VIV MO IU1IW0

e sarmgbuny ¢ 0692 WESSNG  NOTLINVHO
™0S™: A 30 Sl 30 HLITTIS N VNYD 30 IO
=@Tw %005 ¥:  wnauvynIw

w /' ¢ 0A 30 MUNONDY

(sedN N0 NOSSWENVML




-166 -

— e e - ‘6z’ b14
TN Y TN [ , i B :_
, < d_ 1] ’ _ (_ \ ﬂ s ‘ _ —
. 9% _ _ ) ;
—nm ~_ . . __ Fo02
< _ , ,
\ |
so¢ 2he . Ny oo
viy
r 009
>~8—
e
000t
- énN 30 3NN !
nec Y€1 - NOLLV NNV 0 3N0 .QEG..Zy
wyg - VA 30 ONVISD
2™ O NaISsI3 vz2 B4
. 0
¥ i N
_ v . Y]
08%6Y '
W_.
OW 3p _
: ‘upJI3 unp OW 3P 06
0v0€ n_xml A3GH D S3Y uDJI2 UNp
\|veLy A° €€L D'S3Y
. 622 :ON 3P 241JUDND St 961,
'Y/l :UOIDINWNIID P 33J4nQ !
‘W gl :|0A-3p 3JUDJSIQ cdnos 2 ..hoop
: —— 29
pL'6€ hnmaz np uolss! 4




‘822613
<wiSg> -
w X" ¢ . Z . L 0
\ .
r ¢
) .
[
© S
i
Ol
0¢
0¢
| SYWOHL® HILH0d #97 @) mm

Aewauiade vnnqusig (1)

usb2 S3LINQ3Y SINOINOYLNIN
© SHN39YV $30 NOILLNERILSIO

122614

<d> m N P O
a
€ 3a 163 xnV3IAIN
30 $3L1SN3I0 30 LHOdAVY 37
LNOG Y3N9IM 30 SIN3WIIVIS3Q \
S101 xn3a 30 3IVI0LVITY FONVIIW /
N _ _\
II\_rL
XAVLNIWIE3dNI 6LVIING3Y
YIWIAN N NBON

ssef'd N0 SIINVNOS I

X]¢] ESEQTS TI0 RONTTAYIG

oL




- -168-

ool

»oc

1814

‘62z b1y

r0S

9

oSt

OOZ Ad vd 91baau3

Olgne U6z2

€

gc2"d NG 3LISN30  NOILINOJ

oreze by

_ 08 o 09 05 o 05 ® o
~>3EM>. | H ﬁ

N

| =@ daae
SVWOHL 7 Y3140d % 9
s3p quos @ ._o@ $3QJn0d 37

® 1@ # swwg @
Mg/ = ) xneamugz (9

ww Gy = 3 meanugg ()
yeuswnadxa uonngstg ()

t NOISSI4 30 SHN394V1 S30 NOILNERISIO

3833




-169-

| .AN;o.z. paints

. Courbe o)

(1

o

\Dictribution fan‘igl//é/‘lfe. niHe.ng)n
L Mev)

[ 1 +105R+107B - 45}

E (143 /1)

i

Nom‘ré de
traces . par
case

Fig.22.11.




: 0,35 s $
3,8+ ¢ 3 H : : ‘
: 13 7 : 3 : 29,7+ 8,8
: 96 - 1700 : 80 : 640 : 213
. 156 : 130 : 25 : 322 ¢ 107 6 0
t%2 . : 70 . : 20 :.190 ': -63 1 ¥
:81,6 . :170 : 25 : 574 i 19% 10
c+208,7 - i 24 : 3 : 65 ¢ 22 i1
3 . 36,8 . :314 : 35 11040 : 347 4
e BRI : 1,5 : 24 : 8 )@
1388 - :780 :100  :2090 : 697 11
50 W : 204 : 60 : 516 : 172 11
287 : 63 o+ 20 : 203 : 68 s 1
i:gg ‘ non résolu;és : : %
H : : H H H 4 1
fia : e=0,05mm : Ao : aire b/eV  :aire b/e t .
A il . AN 102 : i I=1 . I=2
H H ] H ! H H :
t 60,25 t 504 : 840 : 1420 ¢ 850 $2
: 78,4 : 27 -+ 33 : 33 : 20 s 1
¢+ 151,2 : 46,7 ¢ 87 : 97,3 H 58,2 1 2
: 162,9 s 132 : 162 : 126 : 76 1
: 190 : 85 : 104 ¢ 108 : 65 : 1
: 240,3 : 215 T 272 : 520 : 310 t 2 .
i : ; : : :
Tableau 222,
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DEPARTEITNT DE PHYSTQUE NUCLEAIRE, SERVICE DE PHYSTOUE
NUGLEATRE A BASSE ENERGTE , CFA, SACLAY (FRANCE)

" E. Cotton

2%,1.1.

23

.1.2;

Les expéricnces déerites ici ont été effcctudes aupres -
de. l'Accélérateur Linéaire de 45 MeV par Mme S. de Baros
mi, P, Chevillon, V.D. Huynh, J, Julien, G, Le Poitevin,
Je Morgenstern, F. Netter, et C. Samour.

Les résultats obtenus proviennent de trois'types.'
d'expéricecnces; transmission, capture totale, capture
paftielle. Les expériences de capture totale étant
associées aux mesures de transm1ss1on pour la determlna—

tion du spin ne seront pas dccr:tes.,,

Expéricence de transmission -

Trois longueurs de base de temps de vol sont utilisdes-
suivant lc domaine d'énergic étudié (53, 103 et 200 metres).,
Les résolutions sont de 1'ordrc de 0.3 ns/m. Des expé-
ricnces, avec l'excellente résolution de 0.1 ns/m, ont &té
réalisées pour étudicr la structure de cortalns éléments

(A< 60) dans un domaine d'energle 100 - 400 keV Les

résultats obtenus peuvent se classer ainsic:

Varlatlon de la fonctlon den31te S des neutrons "s" en
fonction du nombrc dec massc A ct plus partlcullerement
au voisinage des valecurs A~55, A~95, A 140, A 180.
La table 23.1, donne les valoﬁrs"SO et la valecur de R!
calculées & partir des paramdtres des résonances indivi-

“duelles, Les fig., 22.1. et 23.2. représentent les valeurs

cxpérimentales comparées aux prédictions théoriques des
différents moddles, A ces valours s'ajoutcront les analyses
des résultats (celles des éléments suivants: Al, K, C1,

Va, Cr, Ni, Sr, Mo, I, Sb, Ia, G, Tb, Tm). Les donndes
cxpérimentales paraissent en accord avec les predlctlons
théoriques . du moddle déformé. .

Détermination de la fonetion densité "pm 31 déduite &

partir des paramdtres des résonsnces 1nd1v1duelles. La
maniere d'identifier les résonances "p"~et'"s" a ‘déja

été déerite (1), Tes noyaux étudids ont &+6 Sr, Y, Wb,

Zr, Mo. Ia table 23,2, doane lcs valours dos paramdtres

des résonances pour Nb.
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25+, 3 Dependance de la fonotlon densité en fonctlon du spln.
Cet effet déja mis en évidence (2 3 4, 5) a ete systéma—
tiquement étudié pour dtautres noyaux de spln I = 3/2 (6)
tels que C1, K, Cu, Ro, Be, Gd, Tb. Les tables 29 3
et 2%.4. donnent les resultats des narametres non encore

" publiéds pour Cu ct Ba. Ia table 25.5. résume les résultats

connus. Il serait intéressant que les équipes réalisant
des expéricnces de diffusion déterminent les spins des
résonancecs dans le domaine. dc. faible énergic de noyaux
tels que Ir, To, Gd., Les méthodes de capturc totale ne
permettant pas toujours, quand g Pn est faible, de trouver
la valeur correcte du spin J. Pour les noyaux cibles
étudids avee I = 1/2, on ne constatc aucune dépendance
(Y, T, Ppt, 3wy (7,8).

22.1.4. Etude des fluctuations de la fonction dehSifé“S;‘éh_fonction
de 1'énergie des neutronsobUne telle flﬁctuation, explicable
peut-&tre en termes de structure intermédiaire, a été

"misc en évidence pour le cobalt_déns le domaine 0 & 80 keV.
Ia table 23.6. Conne les paramdtres des réSOnancés de Co
et sur la fig. 23.3. (10) est tracée la quantitésT g en
fonction de 1'énercic des neutrons pour lcs deux états de
spin. On trbuvera9 dans la référence (9), des valeurs

‘de paramdétres de noyaux situés dans la méme région de nombre

~de masse,:

De nouvellecs expériences avec une base de temps de vol de
'1ongueur 200 metres, des 1mpu151ons de neutrons de 20 ns
ot des canaux de temps de 10 ns ont ete reaL¢ueeu pour
préciser de telles fluctuations sur un plus drand,domalne
d'énoréio (30 & 400 keV). Pour les éléments de nombre ce
“masse A < 70, lcs effebs de structure sont étudids A partir
des réSonances'individuelleo ct, pour les éléments plus
1ourds A >:100, ces cffets 301u étudiés cn fonctlon des
'vcleurs de la secction efficace totalc <0 4>

23,1.,5, Les différents types d’experlonces réalisé s, ass001es
3 des mﬁthodes d'qnalyoe treés sen51blos, pcrmOUtent de ’
determlner 1a valeur du gpwn pour un grand nombre de
résonances ct de n!' omott of¢ qu unc tres 1a1blc quantlte de

niveaux.,
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Il cst donc possible de comparer le rapport du nombre

‘de niveaux de'spin I + 1/2 ¢t I ~ 1/2., Pour des noyaux-—

cibles I = 1/2 (195Pt 183W, Tm, Ag) la valeur du spin
a été trouvée pour 120 résonances., Les résultats trouvés
sont cn accord avec la loi 1/(2J3 + 1). On a vériftid
aussi un tel accord pour les noyaux I = 3/2 et I = 5/2.
Deux noyaux de spin I = 9/2 ont été étudids (In ot Bi)
pour détermincr L'importance du terme exponchntiel, mais
nos résultats ne sont pas crncorc définitifs pour &tre
publiés ici.,

Le faible nombre de résonances omiscs permct de tracer
des courbes d'espacement de niveaux a4 pcu prés corrcctes
¢t de pouvoir les comparcr aux prédictions théoriques,
Aussi, 1l¢ manque de faibles ecspacements signalé par
1'équipe de Columbia n' apparait pas pour lcs noyaux
étudiés ici avec une ox ccellente résolution. ILa fig. 23.4,
represente une tellce distribution pour lc thulium. 90
resonances ont été observics Pour cc noyau entrec 2 et

800 eV ¢t 10 nombre de re°onarceo omises cst évalud a

2 ou 3 %, Un tel effect avait été trouvd pour 1l'or (5).
Pour un noyau fcl que Pr, nous trouvons dans le domaine
d'éncrgie 500-4000 eV 17 résonances de plus que 1'équip¢
dc Columbia pour un espaccment moyen D~ 70 ¢V, Ia dis-
trlbutlon cst naturellement fort dlfferenue. Un papicr
sur l'ensomble des résultats obtenus dans ce domaine
sera prochainement publié.

Variétioh de la largeur radiative totale en fonction du
n0mbrc-de masse~A On trou“e“a ces resultats dans la
référeﬁce (11). D'autres noyﬂut tels que Pd, In, I Sb,
Gd, Sm, Tb ... ont étdé Studids pour obtenir un +race plus
continu de la ccurbe (fig., 23.5.) (13).

Expériencos de capﬁurc radiative

Ces expéricnces sont réalisdes -soit avec deés détceteurs

conventionnels (cristaux NaZ(Tl)), goit avec des diodes

de germanium,

Un détccteur a état solide (Jonctloﬂ au gormwnlum) de

zZ
~volume gcnsible 7 cm) fait & Argonne National Lnboratory,

cst-utilisé conjolntemCﬂ, par notre Q“oupo ot E. Jackson
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(ANL) cn visite pour unc durée d'un an & Saclay. Ia
premiére expéricnce consiste & étudicr la distribution
des lwrgeuru'radlﬁtlveu partielles pour une vingtaine

de résonances dc 195Pt La fig, 2%3.6. représente la courbe
de temps de vol de capturc, la résolution étant de

10 ns/m 34 100 eV, Tes fig. z:.7. ct 29.8 représentent
respectivement les spectres le gamma de capturc pbur la
résonancec 12 eV de¢ 195Pt (J = 1) et la.rdsonance 96 eV

¢ 1984 (7 = 1/2).

Expériences de multiplicité V (nombre de rayons gamma
émis par capturc) pour déterminer la valeur du spin quand
les méthodes classiques apparaissent insuffisantes. In,
Ba, Sm ont été en particulicr étudiés. Ia variation de V
en fonction du nombre de massc est entreprlse ainsi que
1'obtent10n de quelques valeurs absolues,

Un cffet de capturc dirccte a été trouvé en étudiant 1le
speotre de la résonance 4.8 ¢V de 1l'or,., Les détails sont
déerits dans les références (12) et (13), Ia fig. 23.9.

| représente 1l'effet obtenu. Une valeur de la section efficace

potentielle de capture inférieure 3 0.23 mb est obtenue

. .de cctte mesure,

23.2.4.

Les spectres de nombreuscs résonances d%ns 95Pt ont été

L étudiés. Adnsi, il apparait que le degré de 11borte des

23.2.5,

23,247

distributions des 1argeurs radiatives pqrtlelles scralt

plus prés de la valcur 2 que 1 (14, 13).

Effets de corrélations ou non dans la dlstrlbutlon des .
largecurs radiatives partielles de 183y ct 238U (15, 13)

Ces cxpériences scront repriscs avee la jonction au
. germanium,

23.2.6.

Tt'étude du spectre de nombreuscs résonances dans'Hg, on ct
Wb a été faite pour‘essayéf d'expliqucr les fluctuations
de la largcur r%dlatlve totalc dec résonance a résonance

ou en fonction du moment orbital du ncutron, Il a été
nontré que des translulonu dipolaires élcctriques favori-
sées pouvaient parfois expliquer ces fluctuations mais non
systématiquement (13)

L'etudo dos upecuros Ces rayons gamma de falblo energlo a

xeto faitc pour 1! attrioutlon des isotopes responsables des

résonances trouvées dans les expéricnces de transmission,
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Citons les plus notables : Ag, In, Nd, Gd, Pt.

Conclusion

TLes expéricnces de capture mettent en ocuvre un apparcillage
asscz délicat. Un analyscur multidimensionnel ayant unec
capacité de 28 digits cst utilisé darns ces cexpériences de
capturc, ainsi quc divers circuits de stabilisation.

L'analyse des données expérimentales cst un probléme Aiffi-
cile & résoudre. Pour les cxpéricnccs de transmission,
outre les programmes déja déerits dans les précédents
rapports E,A.N.D.C,, un programme écrit par G, Bianchi et
C, Corge nous permet de *raiter les résonances de haute

\

- énergie & 1l'aide du formalisme de la matrice R, Ia référence

(16) cxposc les méthodes utilisdes pour 1l'analyse des
expériences de capture. On peut trouver des compldéments
plus détaillés dans les références (13, 17 ot 18).
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riences de capturc avec unc dicde au germanium,
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Spectre de rayonnement de capturc de la réso- -
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24, . SERVICT DE PHYSIQUE EXPERIMENTALE DU COMMISSARIAT A
' ENERG IR ATOMIQUE (FRANCE)
M. J. Jaoquesson

2r .1, _ Courbe d'excitation de 1a réaction (n,?n) sur le 630u
. de 16L59 McV & 17,71 MeV |
G. B olle, J. Cqbe M . Lqur%t
Ta cnoflon ef” ce (n on). du 6-DCu a 3té meourde en

vnleur relqtlve pour des noutrons d'énergic comprise
entre 16,59 et 17,71 MeV avee des intervalles de 25 keV
environ. Los neutrons étaient obvenus par la réaction
T(d,n)4 He, les deutérons étant accélérés nar un Van de
Graaff 2 eV, |

La mecsure a été faite par unc méthode d'ac*1thlon, le flux
de ncutrons éta ant me"ure par un specc“omeure ) protons de
recul, ot l'ﬂct1v1fb C de 1'échantillon nar 1la détection

‘en coincidence des deux'v Q'&PHthl%thH aue’t,

L'erreuw sur la vqleu“ relative de 1a scetion cfficace
. cst 1ﬂ¢orweure 4 2.5 %, La courbc obtenuc (fig, 2 ,14)
montre 1'existence -d'unc structurc-drassez faiblc amplitude
ct d'une largeur dec 1l'ordre de 50 keV, La-mcsure de la
courbe at A01uut10n de la reactloa 3Cu (n, p\6’W1 esd
entreprisc dans la méme gamme d'énergic, les protons
étant détectds par un télescope constitud de detooteurs
(dE/ax, E),

24,2, Réaction D + n—p +n+n d 13, 9 MeV
"D, Didicw, G. Mouilheyrat, T. Perrault, P. Thouvenln

24,2,1, Btude du spectre en énergie des protonS»dejla réaction
D(n,p) 2n

Ce spectre a €té mesurd & 1l'aide d'un télescope a détecteurs

semiconducteurs refroidis (J. de Phys. 26, 494, 1965),

On analyse d'une »art, 1l'énergic totale des particules

et d'tavitre part 1l'énergie aqu'elles ont ne“due'danc-les-
détecteurs A L/ AX, Ceci permet de séparer protons et
deutérong ¢t de trﬂco* les hccar0° des prouonu d'énergie
'supovloire a 4 eV (iwg 24;2,>a Le pic situé au voisinage
de 11 McV gur la fig., 24.2, lntGTpPDwO cemme traduisant
$tat finnl dans” lequel TCS deux ncutrons ont un moment

’ o 4

re latis faible ct sont projetds sensitlencn dang la méme




24 ,2,2,

24,2.3,

24 .3,

24.%.1,
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Griice & 1a bonne vésolution du télescope (2.8% & 14 MeV)

on peut penser que 1l'analyse thforlque,'en coursyﬂfour-
nira des résultats précis sur 1l'interaction n-n. -
Unc étude du sncctre des protons emlo & 50° dans le labo-

rat01re est en cours.,

Etude des réactions JBe (BHe,q) 836 ot 1OBe(d,or,) 8e

L'étude de cecs réactions a été ooursu1v1e, 3 1 5 MeV
pour 3He et & 1,5 MceV et 9 MeV pour le deuterlum, par 1a
technique des deux déteccteurs en coincidence. ILes
résultats obtenus montrent que nous avons affaire & des
réactions séquentielles., Une interprétation des spectres
obtenus est en cours & 1l'aide du moddle des agrégats,

Spectrométric des neutrons par temps de vol

Ua nouveau spcctrométre & faible seuil a été mis au point,
Le détecteur de neutrons cst un ucintillqtéur liquide wvu
par deux photomultipli icateurs 56 AVP, I1 cst destiné aux
mesures de temps de vol des neutroms rapldes

Mesure de la diffusion élas%ique et 1nelast1que des protons
par lc 'Ii entre 0.9 ot 2 McV

- G, Bardolle, J. Cabc, J,F, Chrétien, If. Laurat

Tes sections efficaces différentielles de diffusion
élastique et indlastique des protons de 0.9 & 2 MeV par

le 7Li ont été mesurées au cours d'une méme série d'expé-
riences. Les protons étaient accélérds par un Van de Graaff
2 MeV, Le faisceau_d‘uneﬂdispérsion en énergie de 1 keV ’
était collecté dahé une cage de Far@dq? pour la mésure

du courant. Les protons diffusés dStaicnt détectds par des
diodes RCA du type A 4 75 0,2 auxquelles étaient associées
des chainecs de spectrométriec ORTEC, Les cibles édtaient
constituées dtun dépdt métallique de 10 & QO/ug/cm2 de

114 (enrichi & ©9,3%) sur un supvnort de carhone.

Diffusion élastiaue

On a tracé les distributions angulaires entre 0,950 et
1.975 eV, et les fonctions d'excitation pour des angles
de 135°, 150° ot 165° dans le syshime du loboratoire de
50 ¥eV en 50 keV (fig. 2.3, & 2..,5,), Les scctions
cfficaces ont été obtenucs en valeur absolue avec @ne




o4 ,3,2,

2.4,
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crreur inférieure & 5 %, Les résultats montrent une forte
interférence entre les diffusions potentielle et coulom-

~bienne, l'existence d'un niveau de spin 17 & 1.050 MeV,

et la présence d'une diminution de la section efficace au

voisinnge du seuil de 1n réaction 'Ti(p,n)TBe & 1,881 MeV,

Diffusion inélastique

On a étudié les mémes distributions angulaires et tracé
~les mémes courbes d'excitation que pour la diffusion dlas-

tique (fig. 24.7. et 24.8,). Les rdsultats indiquent
une dlmlnutlon de la section efficacec au voilsinage du
seuil de la rdéaction 7L1(p,a) Be. L'errcur commise sur
la valeur absoluc dec la scction efficacc varie de 6 &
13%, 1'erreur sur la valeur relative pour les courbes
dtexcitations dtant inféricure & 5%.

Mesurc de la diffusion élastique des pfotons de 1 MeV &
10 McV par le °Id |

G. Bardolle, J, Cabe, J.,F, Chrétien, M. Laura

Pour mesurer la scction cfficace différenticlle de diffusion
des protons par le 6Li; les protons étaient accélérés sui-~
vant 1'énergie, soit par un Van de CGraaff 2 MeV, soit par

un Van de Graaff Tandem.12 MeVs le faisceau était colleetd
dans une cage de¢ Faraday pour la mesure du courant. Les
protons étaient détectés par des diodes au Solicium du

type D-4.75 0;2 auxquelles Staicnt assocides des chaines de
spectrométrie ORTEC, TLes cibles ét alent constituées d'un

-Aépdt métallique de 10 & 4O/ug/cm de 6Li enrichi & 99%

sur support de carbone.

'Ro sultats

on a tracé les distributions angulaires (fig. 24.10. 3
24.12,) de 1 & 10 McV pour des angles variant entre 45°
et 170° et une courbe d'excitation (fig. 24.,9,) corres-

\

pondant & l'angle de 135° dans le systéeme du laboratoire.

Les résultats obtenus font apparaitre l'existence d‘'un

~niveau de spin 5/2 (-) au voisinage de 1.780 MeV, ainsi

~

qu'un large maxinum attribué & un niveau troés large du

»7Be aux cnvirons de 4.6 MceV, dont le spin n'a pu 8tre déter-

miné d'une fagon précise, Ces résultats sont en trés bon

accord avec ceux chtenus par J.A. Mc Cra (jusqu'a 2.8 MeV)
_ y \J




- i_;‘:;({:‘_x -~

. ainsi que ceux de W,D. Harrison et A.B, Whitchcad (de
244 MeV & 12 MeV). Ce travail secra complété par 1'étude

24,5,

24,5,1.

2 ,5,2.

G, Bruno, J. Decharge, Ae_Perrin,AG;_Sﬁfgof, C. Thibault

en cours-de la diffusion inélastique des protons sur le
611 (nivgaux de 2,184 MeV- et de- 3,560 MeV),

Etude des interactisns des deutérons avee les éléments

légere

‘Dans le cadre dcs recherches entreprises sur les inter-

actions produites par lecs deutérons sur lcs dléments légers,
nos travaux ont porté sur lcs points suivantss

Etude de la diffusion dlastique des dcutérons par le
Lithium, le carbone, l'oxygene pour des énergice comprises
entre 4 McV et 7 MeV, - Lo ,

Etude dc réaction (d,0 ) sur lc Lithium et sur 1'oxygenec
pour des éncrgiecs comprises entre 1 et 2 MeV ct entre

3 ot 7 MeV, ' o o

Etude de réaction (d,p) pour divers nivcaux'du,nbyau“f
résiduel sur le Tithium, lc darbonc, 1'oxygéic pour des
éncrgics compriscs entre 1 ot 2 McV et entre 3 ct 7 MeV,
Ces résultate feront 1l'objet de publications,

Diffusinon indélasticue des deutérons

Les deutérons acclélérés par un Van.de Grhaff tandem de
12 MeV arrivent sur un diffuscur constitué par une cible
autoportéc de 120,&0-25 a SO/ug/cm2 sur laquellec..on a -

fait un dépdt de Lithium par dévaporation sous vide. Les -

détecteurs sont des jonctions diffusées. Pour la diffusion
6. ' o p
sur lc "Li unc coincidence entre lc deutéron et le noyau

de 6Li de rccul permet d'élimincr ltinflucnce des réactions
parasitcs. Les fonctions d'excitation ont été nesurées’ .
aux angles 115° ¢t 120° (systéhe du laboratoirc): & titre
dtexcmple, la fig. 2,17, présente nos résultats pour le .
earbonc, - ' ' ' '

Réactions (d,o)

Pour lc Lithium, l'utilisation intcnsive d'un Van de Graaff
de- 2 eV nous a permis dlcbtenir des résultats assez com-
plets dans la gamme d!'dénergic comprisc cntre 1 ct 2 MeV,

noug donnons cn particulicr leg scctions cfiicaces de pro-

. - p . O
duction é'a (rdaction Lo+ d __ 20)-en valecur absolue,

Wos distributions angulaircs comprenncnt toutes la valeur 0°




24,5,3,

24,6,

2% ,6.1.

2‘%";6c2o
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et s'étendent jusqu'a 170° (Laboratoire). Ia fig., 24,14,
compare mos valcurs des cocfficicnts A2 et A4 avee les
valecurs publides par ailleurs. Po» le 7Li, les études en
cours sont axées sur la réaction 'Ti + dso g+ 5He.412 + n

-qui nous permet dtatteindre lc 5He. Pour 1l'oxygéne nos

résultats sont treés frogmentaires et sont limitdés pour
ltinstant & la valcur dec la scetion efficace en fonction
de 1'éncrgic Otano = 120° et Ed compris entre 3.5 MeV cf
4,5 MeV et entre 5.7 MeV ot 7.5 McV,

Réaction (d,p)

Ici cncore, nos rnsultats sur lec Lithium sont assez complets
entre 1 ot 2 MoV ot portent sur lec fondamental ot leo pre-
micr niveau ecxcité du noyau re81duel (7L1, 0,478 keV). Les
distributions angulairecs s'étendent de 0° 3 170° (Labvo).,

Pour lc carbone ot l'oxygenc, les résultats oncore fragmen-
taires s'étendent de 4 & T McV, pour des valeurs angulaires

de 115° ¢t 120° Iabo., Ils portent sur 10u 4 premiers niveaux

de 17C ot sur les .2 premiers niveaux de (0.

ude des probabllltes d'em1831on de neutrons prompts lors

de 11 Ffigsion spontﬁnno du 2b201_ -
E. Baron,. J. Prehqut T, Ouvry, M. Soleilhac

Notro_mesurevutilise les techniques du seintillateur liquide
associé _a un détecteur de frogments de fission., -

Principe

Nous onroglutrons lc nombre d'pvenemcnts (neutrons plus

brult de fond) vus par lcs 12 bhOuomultlpllcateur° du scin-
tillateur liquide (Nuclear EnterprlsO) dans les 50 micro-
sccondes qui suivent 1'instant dc fission,. Wovﬂ avons vérifié,
en mesurant la probablllte de capture d'un ncutron cn
fonction du temps aprss l'lnstﬁnt de f1931on, gu'un ncutron
s'il cst détcetd Y 99.28 chﬂncos sur 100 d'étre enrcgistrd
dans lcs 50 microsccondes qul suivent son émission. 200 micro-
sccondes aprés unc fis ssion, nous cnrcgistrons le bruit de
fond ddétecté pendant 50 microsccondes.

Résultats

—————a o oA

Les résultats expdérimentaux doivent étrec corrigés pour tenir

compte de trois phénomines:




- 188 -

Tc bruit de fond (mesurd).

- I'empilement de 2 neutrons en une seule impulsion produit

par le temps mort imposé de 1t!'élcctronique (110 nanosccondes).
Nous avons vérifié quc la corrcction d'empilement d'ordre
multiple détait supecrfluc tant que lc temps mort était
inféricur a4 200 nanosccondcs.

La corrcction d'efficacitdé, obtcnuc en prenant comme valeur
de réfédonce au T du 22°CE : 3.784 + 0.020,

Pour déterminecr la précision dcs mesures de P(n) nous

tenons compte de 3 types d'ecrrcurs

a) L'errecur duec & l'incertitude sur le temps mort ct sur
1t'intégrale de la probabilité de capture d'un neutron
en fonction du tenps. v

b) L'errcur due & 1'imprécision sur la valeur de référence
du V. |

c) Les fluctuations statistiques sur lc nombre d!évenements
onregistrés'pour chaque probabilité.

TLes résultats portant sur 1,700,000 fissions sont rassem-
blés dans le tableau 241, Ia premiére colonne donne les
~P(n), les trois suivantes les 3 types d*crrcurs; a), b), ¢),
la quatriéme~lferreur_globale obtenuec en faisant la moyenne
Quadfatiquo des 3 précédentes, la cinquiéme colonne donne
cette méme erreur en % du P(n) corrcspondant.

Les paramétres de la distribution des P(n) sont lcs suivants:
1n variance:

> -v 2 21,61778 |

Tt'écart quadratique moyen de la distribution continue:
s = Do 1/12 = 1.23873 |

reliant les points cxpérimentauxs

D=<\)

Te factour ‘
L 5= (<v2> - 9) / 52 = 0,84871

 Bfficacité du svintillateur liquide:

. 0.0022" fad
e = 0.8819 + f0.0047 ) casfb)
L0.0029 e)
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TABLEAU 24,1,:2 Probabilitds d'émission de neutrons

prompts lors de la fission spontandée
252

du Cr.
- errour § A

N | P(n) | a) | D) | c)  globale %
0 0.00217 0.00005 0.00013  0.,00009 0,00016 7.4
n 1 0.02454 10.00027  0,00116 | 0.00029 0,00123 5.0
2 0,122517 0,00027 0.00300 A 0,00065 0,00308 2,5
3 1 0.27135  0,00040 = 0.00215 : 0,00090 | 0.00237 0,87
4 0.30504 0.00062  0,00150 . 0.00085 = 0.00183 0,60
5 0.,18726 0,00001  0.00277 . 0.00080  0.00288  1.54
6 0.06883 0.00021  0.00161 0,00065 : 0,00175 2,54
7 0.01559 | 0,00018 | 0,00048 0.00036 @ 0,00063 4.02
8 0.00236 0,00004 = 0.00008 & 0.00026 = 0,00027 & 11.44
24.6.3. Conclusion

Tecs

des P(n) est 1légdrement différente d'une courbe de Gauss

résultats permettent d'affirmer que la distribution

aurait méme variance.
L'errcur la plus importante cst constituée par 1l'erreur
apportée par le § de référence.

Des mesurce analogucs ont été faites pour les fissions

240

spontandes du Pu, cllcs nc sont pas cntiércment cxploi-

tées & ce jour,

Des cssais cn fissions provoquées par des ncutrons de

’ ’ TR 2 .
3 MeV, ont ¢té faits sur le 239Pu et 1! 35U. La faible
statistique fission obtenue dans les cssais préliminaires

t simplcment dec constater la concordance de nos
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25,1.1.

25.1.1.1.

25.1.142,
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SERVICE DES EXPERIFNCES NEUTRONIQUES, CEA (FRANCE)
D, Breson

Physigue cxperimentale des reacteurs

Réseauvzr moldrdés 3 1l'eau lourde

Tes études décrites sous 25.1.1.1./2./3. sont effec-
tuées dans le cadre dec programme de mesures sur -
AQUILON IT

Etudes systématiques sur des barreaux cylindrigues

d'uranivm naturel ou d'alliage U-Pu

Ces études sur des barrcaux métalliques de diametre
2.92 cm ont été poursuivies avec un nouvel alliage
uranium-plutonitm obtenu par adj~nction de 0.047 %
environ de Pu & de lturanium naturel (composition
en noyaux du Pu :

240py s 239, - 24.55%
242

2Mpy /7 3%y = 3,300

9 -

Pu / “2%u = 0.39% ).

Les mesures -laplaciens par méthode dec substitution
et indices de spectre (Pu/U, Lu/Mn, In/lin)- ont été
effectuées & température ambiante sur des rdseaux a
pas carré variant de 120 & 210 mm,

Mesures fines et hyperfines sur des éléments
WA

combustibles FT4

Des mesurcs de distribution fine de flux (rapport de
flux entre crayons -~ effet de bout - effet des
structurcs) ont été entreprises ou reprises sur des
cartouches EL4 3 gainage acier de divers enrichis-
sements (U naturel - U ecnrichi & 1,35 et & 1,65%)
dans un canal recconstitué (+Hube de force - isolement
thermique - tube de guidoge). Quelques mesures de
distribution hyperfinc de flux (creusement de flux
dans lez crayons) ont été égaloment réalisées,

Etude de réscavxz BLA

Bsscenticilcuzal des mesures de laplacion par substi-
tuticn do 32 ¢lémente (empoisonnds au Cu) & 4 car-
touches ILIL4 A (enrichissement 1,65%) dans ‘es réseaux

& pas carré de 270, 220 et 250 mm.
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25.1.1.4, Mesures sous contras o e e

by

Une semaine a été consacrée & des mesures hyperfines

dans un élément combustible & carbure d'uranium

25.1.1.5.

25.1.2.

25.1.3.
25.1.3.1,

'(Euratom, projéet Essor).

Expérience critiocue TOLE

L'expérience critique EOIE a divergd le 2.12.65 au
Centre d'Etudes Nucléaires de CADARACHE. EOILE est

~destiné & des mesures sur des répeaux & eau lourde

et permettra de compléter les connaissances acquises
& SACLAY sur AQUIION.

Réseaux modérdés 3 1l'eau légere

ATIZE est en cours do transformation en vue d!'études
pour le réacteur franco-allemand & haut flux,

Réseaux modérés au_graphite
CESAR |

Les essais d'ensemble ont montré que 1'homogénéitd de
la répartition'éééwféhﬁéraﬁures et la stabilité . -
thermique étaient excellentes jusqu!d 1la température
maximale (450°C graphite).

Te réseau de référence (uranium de diamdtre 35 mm) a
été ¢tudié par cartes de flux aux paliers 20°C, 200°C’
et 300°C, avec mesurc du cocfficicnt de température
différentiel & chacun de ces paliers. Des combustibles
classiques (barreaux et tubes) ont été étudids par
substitution avx trois tempdératures. Un seccond réseau
de référence, F 35 ddgavé 1/3, a été& étudid & 20°C.-
La zone de substitution a été.successivemcnt chargde
en graphite, réalisant ainsi une colonne thermique
interne utilisée pour 1'étalonnase Ces couples de
détecteurs d'indice de spectre, et en réseaux IEDF2
(gavés, dégavés 1/3 ot 1/12). Dans ces réseaux ont 444
menés des étalonnages d'absorbants, des mesures de
structures fines etAd'indice‘de spectre, des Studes
d'hétdérogénéitds cntraindes par la présence de divers

types de combustibles annulaires de grandes dimensions.




25.,1.3.2.

MARTUS

_Cette exporlenoe crlthue a eto tr%nsféree de MARCOULE

34 CADARACHE ol elle a divergé le 17 mai 1965, Apreés

ﬂl'etudc du réseau de référence (pas 224 mm, canal

¢ 110 mm, uranium g 31 mm), des substitutions accom- )
pagnées de structures fines ont été mendes sur quelques

_types: de combustible; en particulicr on a étudid .

1teffet de gaines d'épaisseur var’able,

‘Une campagne d'oscillation de combustible a étd

“réaliséé ensuite : &tude de combustible synthétique

@ 29,2 mm & diverses teheurs er1235U’ et plutonium,
ce plutonium pouvant avoir lui-méme des tencurs. iso-

.»topiqueo différentes, par compﬂrqison a des combus-

tlbles en urwnlum naturel addltlonnc de bore et &

‘des combustibles en uranlum 1egérement enrichi ou

appauvri; étude de combustlbles drradids ﬁ 28 mm par
la méme méthode, Les irradiations des cartouches - -

,_sfétalaient entre 700 et 4000 MWJ/T.

25,1.3.3.

‘Mesures physiques sur lcs réactelwrs' de puissance

" Le Service des Expdéricnces Neutronlques ; developpé

la technique des neutrons pulsés pour ‘mesurer quelc s
antirdactivités caractéristiques sur de gros réacteurs.

- La mise au point de sources de forte intensité a &té

25.1.4.

poursuivie, et une méthode de dépouillement utilisée
pour extraire les diffdérents modes harmoniques de la
répartition du flux neutronique dans les grands milieux.

Ta détection du flux neﬁffonique 3 bas niveau par
semiconducteurs a &té syétématiquemcnt utilisée auw
démarrage des réacteurs é'gf%phite;}Cetté technique
permet moyennant une adnptntlon pnrtlcullere des cir-
cults électroniques ass001es a la dlode detectrlce, de
mesurer des flux de fngon contlnue, en ﬁugmcntant

~1a codence des releves dqns une tres forte proportlon.

Piles & ncutrons rapldes

- Les spéeifications du coeur de démarrage de MASURCA

ont été retenues (volume: de 1'ordre de 2001 ; compo~
sition: alliage U-Pu-Fe et graphite).

La préparation de 1l'expérimentation est actuellement




25.2.

25;3;

25.3.1.

24

UL
had L

P

-

en cours . Les experﬂcnﬂos pﬂrtcrort entre autres sur 1la

mesure du flux, des ’leCGS de spectre, de la réactivité
et de 1'offet Doppler,

Etude du armphlte par. la technlque de la source pulsde
de neutIOqs

____ —

L’etude du graphite plein a &¢t¢é terminde en 1965, les
résultats en ont été.présentés au Colloque de Karlsruhe
(r rapport SI 62/80). 53 massifs de graphite ont &t¢&

_etudles, dans la ganﬂe de 1ap1%01ens 5.6 m -2 a 156 m—z,

ot les vwleurs obtenues, ramendédes & un graphite de
den31te 1.6, sont 1es uulvuntes,

libre parcours de transport: ) t = (2 606 + 0.01) cm -
coefficient de refroidisSement:s (ﬂ1 + 3) 105 cm4 s"1
WQontvoplc X ”/XL = 1,014 + 0,004

.Un progrnmme d'étude de 1¥anlsotfop10 de réscaux de

canaux vides, au nas de 20 cm, dans le graphite, a
Comrenoc au Uccond semestre ¢t se terminera en 1966,
Les dinmdtres des canaux utilisds sont 30, 50, 70, 90,
110 ot 140 mm, |

- Mesurc des scetions efficaces nar la methode d’osolllatlor

Mesure des sections efflc%ces effectlves d'eohantlllons

fissiles

Ce travail ecst effecctud dansile'cddre du‘contrat EURATOM
"Iecyclage du Plutonium" n°.-002 - 64 -~ 9 TRUP (RD).

Les mesures & MINERVE oﬂthpdité éur des échantillons
constitués par des alliagéq'd’ur;nium naturel ou lége-
rement appauvri (0,65%) contcnﬂnt environ 0.05 ct
0.075% de plutonlum avec des teneurs 1sotop1ques en
Pude 1,.3, 6,-8 et 20% et quelqucs alliages d'ura-
nivm treés appauvri (0,229 et 0.,45%) contenant 0,253

10,30 et 0.,30% de Pu & 8 % ot 20 % de 240y, -

Ces dchantillons sont des cyling-es nétalliques de 29,2 mm
de diam&tre,
L'ensemble de ces »désu 1tats, qui sont en coury de dé-

pouillement, per mCUtmﬂ de dotermlne~ les sections effi-
caces effectives d'ﬂoscr tﬂon ct de fission du plutonium

de différentes comprosiiion aussi que len de ces combus-—
tlb.n.eu °




25.3.2,

25.3,3,
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Les résultats sont obtenus avec une précision”sur

-les scetions efficaces de + 1% ¢t sur len de

1'allinge de + 200 pem,

Un goin particulier doit &tre apporté aux fabrications

des échantillons, en pawrticulier sur leur géomdétrie

¢t sur l'analyse de la teneur en plutonium,

~Parallelement & ces mesurcs, des dtudes ont &té
‘effectuées pour interpréter les perturbations_locales
de flux et en particulier les effets de répartition

- radiale des absorbeurs, des matériaux'fissiles et

aussi des corps résonnants.,

Mesure des intégrales de resonqnce sur MINPRVD

Les resultats d‘une nouvelle série dec mesures portent
sur des echantlllons mct%lllques de matériaux peu
capturants et trés dlffu51nts qui ont cte publle

dans le rapport CEA n® R 2840: R, VIDAL ct E. MARTINHO
"Mlesure des- 1ntegrqles de rcsonqnce d'absorptlon

(Mn, Pe, Ni, Cu, Zr, Mo)".

Les résultats obtenus pour 1l'intégrale de résonance

N

~auv-dessus de la partic 1/v correspondant & 1a dilution -

infinie sont les sulvnnt3° -

1

quganese'}.10 5 £ b
Fer : 1.1 ¥ 0.3 b
Cobdlt 1 50.5 +£4 0
Nickel ¢ 1.0 £ 0.4 b
" Cuivre 4 2.2 403 b
Molybiine ¢ 22,7 + 1 b
Zirconium : 1,06 + 0,14 b

’.Mosafc»des sections effioacés thermigues sur. ZOB

De nouvellcs mesures des scctions efficaces de capiure
thermique ont été reprisecs par la méthode dloscillation
de phasezsur‘ZOE. Les rdésultats provisoires sont les
suivantss . -

Zirconium = 182 + 2 mb
Cobalt ~ 2 = 38,0 0.3 b
Molybdene = 2,60 # 0,05 D
NWiclel . s = 4.35 £ 0.05 D
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.Des dtudes sont actuellement en cours pour mesurer et

””Qaloulérflesucoefficicnts'd*autoabsorptioh”ét de

dépression de flux & adopter dans le cas des mesures
sur des échantillons sous forme de plaques et de

cylindres placiés dans diffdérents moddrateurs.

Mesures sur des combustibles irradidés

Deux méthodes de mesures sont actuellement en cours de
mise au point., L'unc porte sur la mesure du nombre de
fissions par spectrométrie y en analysant les . pics

du 144Pr et du 13705; 1'autre sur la teneur en 240Pu
par comptage des neutrons produits bpar les fissions

spontandes,

Ces études se font directement sur des cartouches

“d'uranium naturel irradiées dans les réacteurs de
puissance.
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26,1,
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LABORATOIRE DE PHYS IQUE NUCLEAIRE, CENTRE D'ETUDES NU-
GIEATRES DD GRENOBLE — COMMISSARIAT A L'ENERGIE ATOMIQUE -
T UWIVEQSITE DE GREVOBﬂE (FR \NCE) o

R. Bouohez e

COlllSlon des neutrons rapides de 1ﬂ MoV sur noyaux legers

ngn,n P

Seotloﬂs efficaces totales calculdecs

S e o e Gt s e e S G A D ' e e D oy W e B B S S S S S o — G — o

Q= 0, o = (850 + 90) ub

Q = -2,18 MeV, 0 = (100 + 25) mb

S2.18

Publications

T'. Merchez, Iguyen Van Sen, V., Regis, R. Bouchez,
Excitation des premiers niveanux du 6Li par des ncutrons de
14 eV, C.R. Acad. Sc., Paris, 770, 3922-2925 (1965).
Communication au Colloque sur les Noyaux Légers, Lyon,
26-28,1,1966,

Résumé

On a mis en évidence par diffusion 6Li(n,n'), outre le
premier niveau de 2,18 MeV, 1l'ecxcitation des niveaux

T+ (3,56 MeV) et 2 + (4.52 MeV), & 1'aide d'un spectro-
metre par temps-de-vol (résolution totale: 1.3 ns & 1 métre).
Les sections efficaces différenticlles, &lastique et pour
le premier niveau (2.18 MeV), ont été mesurdes de 15° 3

150°(L) et corrigdes de la diffusion multiple.

Pieg, 26,1,

Section efficace diffdérentielle (centre de masse, corrigde
de 1la diffusion multiple) de 10° & 150° de la diffusion
dlastique 6Li(n,n’) avec des neutrons de 14 MeV;

Section efficace différentiellec (centre de masse, corrigée
de la diffusion multiple) de 20° & 150° de la diffusion

indlastique 6Li(n,n')641l (2.18 MeV), B E = 14 MV,

7Li n,n')

uch¢ons efficacece totales calculdes

(1100 + 100)mb
(1020 + 100)mb™®
(150 + 20)mb

“(n,n!) €140.48 MeV =
o .
(n,n')ecl
“ (n,n')4.63 MeV (3)
. . , 5 (¢
Fn adoptant poquT(n’n,)Oa48 ey 1o valeur de (80+10)mb* ~7.

]
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Publications

V. Reﬁls, Nguyen Van Sen, A, F iore, Pham Dinh Llen,
R, Bouohez

Excitation du niveau 5 7 MeV du 7L1 par diffusion (n,n')
a 14 MeV, Communlcatlon & Colloque sur les Noyaux Légers,
iVOﬂ, 26~ 28 1,1966 (J. Phys. & paraittre).

Résumé

La diffusion des neutrons rﬂbldes de 14 eV sur le 7Li a
¢té dtudide par une mdéthode de tempo-de-vol avec une
résolution de 1.2 ns. Le niveau de 0,48 NMeV n'ag pas ote
sépardé du pic de diffusion élastique; des niveaux st ve-
rieurs, seul ie 4,63 McV apparalt excité. Les distributions
angulaires ont été faites de 15° & 130° pour 7Ll(n n' )

(Q =0+ Q=-0.48 MeV) ¢t Q = -4,63 eV,

Les sections efflcﬂocs<r (n n')el+0,48 MeV otzj(n nt )4 6% MeV
ont ét¢ calculdes et sont en accord avec celles trouvees

par \hwerson ot a1(1) ot Armstronﬁ et al(z)

Rcfe“onccs

e s ——

(1) Wong, Anderson and McClure, Nuclear Physics,.33, 680 (1962),

(2) Armstrong, Gammel, Rosen, Nuclear Physics, 52 505 (1964).

(3) Benveniste, Mitchell, Schrader and Zenger, Nuclear
Physics, 38, 300 (1962).

Pig, 26.2.

Section efficace diffdérentielle moyenne sur l'état fondamentwl

Q=0 ¢t sur le premier niveau excitdé 0,478 MeV

Scetion efficace différentielle de la diffusion 1nelast1que
sur le deuxiéme niveau de 4, 63 McV, ‘ '

;Eeigiéal

Scetions efficaces

B e e G i G et Bt B 0% (2 4 e S e S o S

Q
t
]
—
Ul
-
o’

va]¢oatlown

. — -t o> 5

R, Bouches, J.C, Gondrand, P, Perrin, C, Perrin, A, Giorni,
P. Quivy, II. Dubus, Misc en 4vidence d'états excités dau 9Be

et du 830 dans la réaction 9Be(n 2n) avee des neutrons de
14 eV, C.R. Acad. Sc., Poris, 2)9, 3501-3503, (1964).

- -




26.4.

- 2O

R. Bouchez, C. Pcrrin, iA. Giorni, R. Darves-Blanc;'Evidénce
d'interactions & deux corps dans 1o réaction 9Be(n,2n)'é

14 eV, C.R, Acad. Sc., Paris, 261, 1269-1272, (1965),

C, Perrin, Interaction & dcux corps dans la rénction
gBo(n;uxnn) 3 14 MoV - I. Misc on évidence des ¢tats réson— |

‘nants., Thésc 3° cycle,. Grenoble., 1965, n°® 570,

A, Giorni, Intecraction & deux corps dans la réaction
9Be(n¢uvnn) & 14 McV, II, Mesurc des scctions offlcacos,
These 3° cycle, Grenoble 1965, n° 571,

A 1'aide d'un spectrometre & double temps- -de-vol, on a obscrvé
que la réaction 9Bc(n 2n) sc produit principalement avec
formation d'états rdésonnants du 9Bca€ (6.76 MeV; 7,94 eV ,..)
¢t a lieu faiblement par lc processus direct 8Bc(O) + Ng o+ N,
corrospond%nt & 1'éjection par un neutron incident de )
14,5 MeV éu neutron pcrlphe rique pecu 1ié (1 66 MeV) dans le
9Be. Tes mesures effcctucoo aux angles ¢4 = -6, = 30°, 60°,

80° et o4 = 15° 0, = =30° ont montré une anisotropie de la
réaction n,2n avec prédominance vers les angles avant, ™~

Pig, 26.3,

chqr,‘(*eﬂ des evenements pour B = (7, 35+O 75)I0V corres~—~
pondant & la ddésexcitation du niveau de.6. 76 MceV du 9Be,
montrant la formation 4'états rosonnﬁnts.

Pig, 26.4,

’Repﬁr+1t10n dos ovenement° dahsblw bahdé 8Bo(O) corrigde du

bruit- de fond et de 1'effice 01to

JBo(nzn )

—.-—.——_.—-..—.—_-.—_.———.-——-———._——_.——.—.-.—_—-—.——.a—

N =0 9o = 948+45 mb
Q = -2.4% 0 = 150430 mb
Publications

e e L R g ———

R, Darves-Blanc, Interaction d dcux corps dans: 1c rcactlon
9Be(n an)oa & 14 MeV - part. III: niveaux du 9Bo. Thesc 3°

cvclo (u naraltre)

Resumc'

— . o 2 o

e T v .0
On a mesuré par diffusion"dés ncutrons de 14 MeV sur -Be,




les scetions cfficacces diffdérenticlles dlastiques de 10°
& 140° ct indélastique sur le niveau de 2,43 eV de 20°
& 140° corrigées dec la diffusion multiple.

Tig, 26,5,

Scetions efficaccs diffdérenticlles de la diffusion

, élastique de 10° & 140° (centrc de massc) corrigdes de
la diffusion multiple.,

Mg, 26,6,

Scctions efficaces différenticlles de 1lo diffusion inélas-
tique dec 20° a4 140° (centre de mosse) dgalement corrigde

de la diffusion multiple,
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Fig.26.3.
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