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AESTRACT

Neutron cross section ‘measurements have keen Performed
by using thes neutron gehcrator TEXAS, model 9900 , of the Insti-

tute for iclear Physics and Engineering (INPE) , Bucharest, ROMaA -
NIz, |

The fission rates have been determined by means of the

absolutely calipbrategd fission chambers. The fission cross sections

235 239 232

of the reactions Pu(n,f), 238U(n,f),

237

U(n,f), Th(n,£),

Np(n,f) , related to the reference Cross section of 235

U(n,f)
have been measured for a neutron energy of 14,75 Mev,

The Ge-Li high~resolution gamma spectrometry has been usad
to get the activation rates, useg subsequently to obtain the
neutron actlvatlon cross sections for 197Au(n,Zn), 93Nb(n,2n),
llsIn(n,n “), 27 Al (n,X), 56 Fe(n,p). . reactions » by using the
same reference croés section;.'

The exposure device ang flux monitoring system are dzsscribe
in the report. The corrections applied to the measurag reaction

rates and the errors associated to the integral cross sections

are also given,
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Introduction

The measurements reported here have been performed under the IAEA
Technical Co-operation Interregional Project INT/1/018, regarding nuclear
data measurements with 14 MeV neutrons. They have been started in 1982,

after the receiving of the tritium targets supplied by the Agency.

A procedure to measure fission and activation integral cross sections
has been established. The cross sections primarily determined were those
recommended by the Nuclear Data Section to check the measuring

capabilities of the participants in the Interregional Project.

The neutron intensity of TEXAS source, model 9900, has been high
enough to satisfy the statistics limits suggested by the project/l/.
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Chapter 1 THE INTEGRAL FISSION CROSS SECTIONS

The experimental arrangemznt used to pérform the

~ exposures of fission chambers and activation foils to determine
the'14.75 MeV neutron cross sections is given in fig.1l, The
main opsration paramsters of TEXAS-INPE generators have been

as follows:

- high voltage 9o kV

- current | loo /pA

- intensity 5 x lo° neutron/s.

The Tritium targets are’of 45 mm diameter and 0.4 rm
thicknesses, with Tritium absorhred in Titanium and their acfti-
vity is about lo Ci. The target is water cooled, The target-
sample distance is equal to 13.4 mm , the samples being exposad
on the generator window sreén;~ B

The flux is monitored by means of three parallei—plate;

sealed fission chambers, Saclay—made/z/, 12 mm diarmeter,

containing:
Fc 6 15t monitor mow1) 238y 4+ 12 233y
rc 7 2™ ponitor (mew2) 238y 4+ 1% 237 pu
FC 18 3rd honitor (MON3) 238U + 200 ppm23SU

and set at 120° radially, around the generator tube, perpendicular
to the beam direction. The system allowzd to control the posi-
tioning of the d=suteron heam on the Tritium target. The run to

run monitor levels have been corralated by means of the indica-
&tions,of.the fission chambar-monitors, |

The Saclay fission chambers containing 233 U, 239pu,

238 237 232

U, Np, Th have been exposed on the generator window screen

to obtain the fission rates. They are plates, sealed, with outer

diameters of 20 mm and 12 mm . Their characteristics ars given
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in Table 1. These chambers have been absolutely calibrated in the

(]

frame of the international programs/4’5/. The accuracy of fissionable
deposit mass calibration is affected by an error between 1.6%
and 3.5 %,

The fission rates have been measuréd by Grundl mathod/B/,
the followihg corrections being applied:

- extrapolation to zero (ETZ)
- fissionable impﬁrities in deposit
- fission fragment absorbtion in deposit.

The figsion rates related to permanent fission chamber-moni-
tors indications are given in TABLE 2. Aé the generator bzam shifts
_during the operation thz detectors are seen under variable soligd
angle. To reduce the spot positioning uncertainties there are consi-
dered the ratios between the indications of the monitors 1 and 3,
and respectively 2 and 3 , given in ﬁhe same table. The ratio of
reaction rates given by the monitor 1/monitor 3 , calculated by
taking into account the deposit masses, is 1.525, The same ratio
for monitor 2/monitor 3 is 1.346. The deviation from these values
indicates quantitatively the spot shift by examining - the correspon-
ding experimental ratios for each measurenieant ,; one can see that
the maximum deviation for the ratio monitor l/monitor 3 is 2.5% (257),
while-that for ratio monitor 2/monitor 3 is 3.7% (267 . That corresponds
to a maximum shift of about 1 mm.

| N The indications of the main fission chamber as given in
column 3, have been related to the sum of the 3 monitors. The
statistical errors assigned to the fission rates are between 0.56% and
1.81%; for monitor indications, the errors are in the range 0,97%-
1.13%, The ETZ correction /6/ is giver in the last column of the
Table 2 for each deposit used, | .

/7/

The procedure given in the reference " has besen used to




calculatz the energy and
emitted by generator, by
90 keV deuteron incident
borresponds to the‘angle

the detector, The values

the energetical dispzrsion of the neutrons
congidering the inelastic scattering of a

on the target. The energetical dispersion
under which the emission point source sees

of calculation , for an accelerating voltage

of 90 kV and a 00 emission angle, are given in Table 3, the energy

of emitted neutrons being 14,75835 MeV, The dispersion is calculated

for 2 exposure positions

and 20 mm,

and for detector diameters between 6 mm

The fission cross sections calculated from the measured

fission rates are given in Table 4. The values of the applied

correctiond and the uncertainties in cross sections are given

in Table 5. The total error in determining fission rates lays in

the range 2,13% - 4.,13%,

The absolute
235

cross sections have been obtained for a

Uin,f) reference cross sections of 2.2l barns. The fission

cross sections sp determined are given in Table 4 together with

their associated errors (betwz2en 3.0l%-abd 4.65%). The ratio

@ measured/ 0’ calculated indicates a maximum deviation of 4.65%,




Chapter 2 THE ACTIVATION CROSS SECTIONS

The activation foils have been directly sxposed on tha ge-
nerator window screen together with the fission chamber No.23, contai-

2330 . The phyéical characteristics of the pure metal activa-

niné
tion foils are given in Table 6. The detector diamatefsare in the.
range 12.7-20 mm and their thicknessss in the rangs 0,127 - 1 mm .,
The iﬁpurity contents (cf. supplierts maierial data sheets) are given
in the same table, |

The gamma activities havs been mesasured hy msans of 1loo cm3

/8.3/

Ge-Li crystal, calibrated in abolute efficiency . The measurements
have been performed Ly NUCLEAR DATA 4420 analyzer (4096 channels)
eguipped with loo MHz ADC, the distance source-crystal being 5 cm.

Ths crystal resolution is 2.89 keV for 1332.5 kev ©%Co radiation and
calibration factor being of 0,356 keV/channel, The gamma spacCtra

have been processed by means of thes SAMPO codé/lo/, on a PDP 15 compu-

42r, to get the absolute amission intensitias, The rsaction ratss

as given in Table 7 have been calculated by using the nuclear constants

from reference/ll/,
For calculating the activation rates we determina2d ths
average flux for each irradiation by ﬁsing the indications onBSU

fission chamber N023, exposed both with the foil and without,
Th; calues of the neutron flux %. given in Table 8 _.'are obtained by
averaging the two indications related to the‘levels supplied by the
permanent monitors. In the first ' column of the Table 8 there are .
given the ﬁertinent reactions ‘znd in the second column the measured
noncorrected activation cross seétions. The integral activation

cross sections are found by appliying the corrections for gamma

selfabsorption and impurities, given in the same table. As a reference




cross section is also taken that of 235U(n,f) reaction, The integral
cross sections are compared to the ENDL calculated onés. The largest
discrepancies correspond to the reactions:

3 b (n, 2n) +23%

11510 (n,n") - -21.6%

The errors associated to the absolute activation Cross
sections arise from:

- .statistics ' 0.63%

- 1.6%
- calibration in absolute efficiency '1.55% - 2.17%
- backgréund. subtraction 0.50% = 1,2%
- absolufe fldx determination | '2;13%5 - 2,50%,
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TABLE 3: The energetical dispersion at the TEXAS
neutron source

'.'Q'.."Q."'.'...'..".Q'Cl!....QQOQO'.'.‘."..0.0"O.l'...!...'

- Detector diameter Energetical dispersion (KeV)
15t position o1d position
','QOOOQ"QQOQQ00001000‘000‘0!00.;..0.00.\tho.;antvo'ootooovovno'

6 , lg.1 5,41

g - - - 27,83 9,35

12 58,1 20,88

15 - 84,69 31,78

20 131,78 53,54

0'00'0'0'0"0OOO'OQl0'OQOO"Q'C!'t'o'c‘o!"'|o'o‘o‘o"'looqotonc'n

. 15t position - source-detector distance is 13.4cm
N
2“a position - source-detector distance is 23.4cm
High yoltage = 90 Xy

E 14,75835 MeV

neutron 0° °©
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TABLE 5: Correrctions and incertitudes in fission
cross sections

090""0'000000000.0""'00000-0'0"tiv"oootvoooo'io.n0000'000000‘

Source of correction

; i by ion - Uncertaint
and/or uncertainty Correction y
000'00'000""000000'090‘0000000009"'..'..".....""..'.."'..".
- Coun‘ting statistics - :-0.55 - 1,81%
- Dead-time losses no _

~ Undetected fission
fragments
* extrapolation to zero 1,014 - 1,052 S 10.u%
ETZ

v absortion in deposit 0.66 - 0,69 - ¥0,35%
(for 100 Fg/cmz)

- Fission of impurity . 1.000 - 0,998  +0,2%
isotope

= Flux level (run-to-run - 40,97 - 1,13%
monitoring)

- Deposit mass calibration - 31,6 - 3,5%

AN
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