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Abstract. MAESTRO is an experimental program in support &f Finench nuclear industry recently carried out
in the MINERVE facility. MINERVE is a pool type zempower reactor (ZPR), well known for being equighpe
with an oscillating device that makes it possildenteasure small-sample reactivity with a very higécision

(< 0.1 pcm). MAESTRO is devoted to the improvemehheutron cross sections of elements such asareutr
absorbers, detection materials and reactor steichaterials widely used in Gen-1l and —Ill pressed water
reactors (PWRs). Neutron activation and pile-oatidh techniques are used together to provide camghtary
information on the capture and scattering crostiser through the measurement of isotopic captate and
global reactivity-worth for each material. Samptdéshigh elemental purity have been manufacturecetch a
target accuracy of <2 % @ on the measurement. This paper focuses on neatrtivation measurements
performed on several absorbing materials. The capaies of 16 isotopes were studied by gamma rspeetry

on their activation products: Eu-151, Eu-153, I13,1th-115, Ag-109, Cs-133, M0-98, M0-100, Sn-114,196,
Sn-122, V-51, Zn-64, Zn-68, Zr-94 and Zr-96. Cadmitatio measurements were also carried out on small
dosimeters of gold, silver, cesium and indium. 8igold is generally considered as a reference elemesults
are constructed as ratios of the capture ratesitefest to the gold capture rate. This proceduireirgtes
possible systematic errors and reduces uncertsirttaning from the detector calibration. The con®let
uncertainty analysis is presented and discussed) alith the experimental results.

1. Introduction

The MAESTRO experimental program is devoted to ithprovement of radiative capture
cross sections of elements such as neutron abspd®tection materials and reactor structure
materials widely used in Gen-1l and —Ill pressudizeater reactors (PWRs). The materials at
stake are involved in several applications fortliglater reactors:

- reactivity of structural materials and industritibgs;

- instrumentation for flux monitoring;

- reactivity control with innovative neutron absorijer

- burn-up credit.
Previous programs were devoted to the improvemdnfission products [1], neutron
absorbers [2] or actinides [3] nuclear data, cdraat in the MINERVE Zero Power Reactor
(ZPR) [4].
This paper is focused on neutron activation measen¢és performed in the framework of the
MAESTRO program held between 2013 and 2014. 9 plemmental samples were irradiated,
leading to the measurement of the radiative captate of 16 isotopes=Eu, **Eu, *°n,
90, P%Ag, %Cs, ®Mo, Mo, *%sn, H%sn, 12%3n, >y, ®zn, ®8zn, **zr and*®zr. The gold
capture cross section being considered as a sthrtlgold samples were used as references.
The first part of this paper describes the expentadesetup: reactor configuration, description
of the samples, the irradiation setup, the gammeatspmetry bench.
The second part describes the data processing lamdagsociated results. Activation
measurements results are presented as ratios tfreamtes to the gold capture rate of
4 reference samples.
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2. Experimental set up
2.1 Reactor configuration

MINERVE is a pool type reactor operated by CEA (&@adhe, France). Its core is divided
into two zones. An outer driver zone is loaded Wattge reflector graphite blocks and highly
enriched®®U fuel plates. An inner experimental lattice zolwaded in the 70x70 cm square
cavity at the center of the driver zone. It is 261cm square pitch lattice of approximately 800
UO, fuel pins at 3 % enrichment f*U (FIG 1).

WEST ©
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FIG 1: Schematic view of the MINERVE core.

Samples are put into an air-tight oscillating devid solid aluminum block is placed at the
center of the lattice. It is hollowed at its centeret past the oscillating device. A pilot rod
with cadmium sectors placed inside a reflector klamutside the driver zone, is used to
compensate for small reactivity variations.

During the design phase, effort has been madediacesexperimental uncertainties as low as
possible. The water gap between the oscillatingcéeand the aluminum block is 0.1 mm,
ensuring a precise radial positioning of the samplbe core. The oscillating device is water-
proof, meaning that there is only air around thenga or detector. This significantly
decreases the final uncertainty contribution duaéoclad diameter uncertainty.

The neutron spectrum at the irradiation positioveis/ close to a standard PWR spectrum. At
the center of the core inside the oscillation clenabout 15.5 % of the neutrons are in the
thermal energy domain (below 0.63 eV), 39 % inQ&S3 eV to 100 keV range, and 45.5 %
above 100 keV.
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2.2 Samples and detector s characteristics

During the MAESTRO program, 9 samples and 4 refegegold samples were irradiated
several times (up to 3 times). Their charactegstie given in Table I. Most of the samples
are inserted in an aluminum clad of 10 x 12 mmiangkter and 110 (inside) x 120 (outside)
mm long, with screwed-in end-plugs.

TABLE I: Samples characteristics.

Sample Element  Mass of element Type Height Diameter
M-Eu "Eu 0.048 g Solution 100 mm 8.35 mm
M-In-2 "In 0.275¢g Solution 100 mm 8.35 mm
M-Ag-2 "Ag 1.658¢g Solution 100 mm 8.35 mm
M-Cs-2 "Cs 0.917¢g Solution 100 mm 8.35 mm
M-Mo "“Mo 29.094 ¢ Rod 100 mm 6 mm
M-Sn "Sn 173.145¢g Rod 300 mm 10 mm
M-V nay 7.188¢g Powder mix 100 mm 10 mm
M-Zn "Zn 52.332¢g Rod 100 mm 10 mm
M-Zy4 "7Zr 152.156 g Rod 300 mm 10 mm
AlAu "Au 0.6311 mg Wires 100mm 3 x1.0mm
C-Au-10 "Au 1.513¢g Rod 100 mm 1.0 mm
C-Au-16 "Au 3.854¢ Rod 100 mm 1.6 mm
C-Au-20 "AU 6.013 g Rod 100 mm 2.0 mm

Samples design (size and type) has been optimiz&dregard to the neutronic effect of the
isotopes studied [6]. Their reactivity worth in tbere (proportional to their mass) is limited
by the linearity range of the pilot rod (£ 10 pcriip account for a small cross-section, the
sample mass has to be increased to obtain a fugmslal. Samples are usually made as rods
of the natural element to achieve the highest n@tdensity (FIG 2, left). The diameter is
limited by the aluminum clad inner diameter of 1min the case of nearly transparent
materials (Sn, Zy4), the sample length has beereased to 300 mm (aluminum clad
dimensions: 310 x 320 mm).

For the most reactive elements, the material @r@st can be diluted either into a liquid acid
matrix (HO + 5% HNQ) or into an alumina (AD3) powder matrix. Liquid samples are
sealed into a watertight Zircaloy-4 welded clad8@&5 x 9.56 mm in diameter and 100 x 108
mm in height, and then inserted into an aluminuad qFIG 2, right). It is a good way to
decrease the spatial self-shielding effect ancetbes increase the measurement sensitivity to
the radiative capture cross-section [6].

@ 10 cm
L 5
1 ] |

FIG 2: Tin rod sample (left) and liquid europium sample (right).

In reactor dosimetry measurement$Au is generally considered as reference nuclide. To
reduce uncertainties and to avoid as possible bégsilts are presented as ratios of capture
rates to the one of gold. Three of the referenogpses are pure gold rods of 1.0 mm, 1.6 mm
and 2.0 mm in diameter (respectively labelled C48y-C-Au-16 and C-Au-20). A fourth one
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is made of three aluminum-gold alloy wires of 1.0hnm diameter, with 0.1 % gold in mass.
The latter gives the gold reaction rate at infimiii@tion.

The choice of the radio-isotopes to be measurdsed on several conditions that must be
fulfilled. In a simple way, the measured count 1@tat energ)E can be expressed as:

C(E) x A-o.-1,(E) - BR (1)
where A is the decay constans; the radiative capture cross-sectidi{(E) the emission
intensity of the gamma ray at energyand BR the branching ratio toward the measured
nuclide. The product of those values must be highugh to get reliable and precise results.
Also, the nuclide half-life should be at least 3nntd be measurable and the energy of the
gamma rays must be within 100 keV — 1800 keV. Bamedhese criteria, the list of the
studied radio-isotopes is given in Table II.

An additional set of small detectors was used t@suee capture cross section cadmium
ratios. Silver, gold, indium and cesium were stddi@heir characteristics are given in
the Table Ill. Except for cesium, which is a liqusdmple, these detectors are small disks
(< 0.5 mm height) of pure natural material.

TAB II: Measured radio-isotopes by neutron activatexperiments.

Sample Isotope Radio-isotope Halflife ~ umber of
gamma-rays
1sigy SEu 135y 10
M-Eu ) = 9.3h 1
155, 154, 86y 3
I 4N 495d 2
M-In-2 L 116m 54.3 min c
M-Ag-2 Ag T0TAg 2498 d 3
TN g 2on .
13
M-Cs-2 Cs NS 2en L
*Mo *Mo 2.7d 2
M-Mo 100\ 100 14.6 min 2
“sn s 115.1d 1
M-Sn 1i€gn umngpy 136 d 1
”“sn '2%"Sn 40.1 min 1
M-V Y >V 3.7 min 1
M-Zn “Zn *"Zn 13.8h 1
*zn 5Zn 224.0 d 1
9 95
Zr Zr 64.0d 2
AlAu
C-Au-10 107 198
C-Au-16 Au Au 2.7d 1
C-Au-20

" min = minute, h = hour, d = day, y = year

TAB lll: Cadmium ratio detectors characteristics.

Detector Element Type Height Diameter Isotope Rdsbtope
Gold "AU Disk 50 pm 8 mm AU AU
Indium "N Disk 250 um 8 mm n 1o
Silver "Ag Disk 100 pm 8 mm 1%aAg HoMAg
Zy4 clad: Zy4 clad:
Cesium  ™Cs  Solution  30.6 x 38.6 8.35 x 9.56 %%Cs BrCs

mm mm
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2.3 Gamma spectrometry bench

After a sample has been irradiated, gamma emissp@attrum is measured by gamma
spectrometry. The detector is a high-purity german{HPGe) planar crystal of 40 &nwith

a resolution about 1 keV at low energies. It haanbsalibrated using standard gamma sources
on the 50 - 1850 keV energy range.

Samples are held at a distance of 18.5 cm fromd#tector (19 cm from the germanium
crystal) by a holder that rotates the sample abtsutaxis to account for any radial
heterogeneity in the capture rate (FIG 3). Theadis® has been chosen to optimize against
coincidence summing and to increase count rate.dBector is shielded with a 5-cm thick
tungsten block. The width of the lead + tungsteltimator has been determined so that the
measured activity is independent on the samplethefi® or 30 cm). This way, the measured
count rate is directly linked to a reaction rate yaume unit of the central part of the sample.

Sample
Lead collimator

Sample holder

Tungsten shielding
Rotative wheels

o .p'
FIG 3: Picture of the gamma spectrometry bench.

s

The absolute efficiency of the detector was meabwi¢h standard gamma sourcé84m,
199¢cd, *'Co, 1*ce, >'Cr, ®sr, *'Cs, **M, #Y, %Zn and®°Co) acting as point sources. Those
measurements were carried out at a source-detgistance of 24.5 cm (25 cm from the Ge
crystal). The resulting calibration curve gives ttedation between the point source total
activity and its measured count rate in the detefdo a gamma peak at ener§y This
experimental curve is fitted using an APOLOG mddel:

log(RP(E)) = X, a; (log(E))! @3
with R°(E) beingthe detector efficiency at ener@y In this study, the polynomial order was
set to 6 N = 5). The resulting calibration curve and its desils are shown FIG 4.

-3

10
257

— o
T T T
I

Efficiency

=
[

T
L

(=]

1 Il Il 1 1 Il
0 200 400 800 500 1000 1200 1400 1600 1800 2000
Energy (ke¥)

F)

1E)-RTyR"

[=]
o
[zl

1
1 i

Maormalized residuals {f{E)-R
o
o
o L)
T T T
i
]
M
M
).._l

_U " 1 L L 1 1 L 1 1 L
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Energy (ke'}

FIG 4: Experimental calibration curve (top) and normalized residuals (bottom).
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To adjust the calibration curve at the sample measent distance of 18.5 cm, a correction
factor has been calculated using an MCNP5 [8] miodebf the gamma spectrometry bench
(FIG 5). This correction factor loosely dependgha energy (1 % change between low and
high energies), and its uncertainty is negligible.

To account for samples geometry an efficiency fearfctor is needed that corrects for the
self-attenuation of the gamma rays inside the sajid inside the surroundings materials
(mainly the collimator). This factor is given by:

= 1)
T(E) =55 3)

where 5(E) the deposited energy in the detector for the seymuhd#o(E) the deposited
energy in the detector for a point source. To datew,, the capture rate distribution in the
sample volume is fed to the MCNP bench simulation.

| — L

Lead
collimator
7 Tungsten

collimator

Tungsten
shielding

Germanium
crystal

2 B

FIG 5: MCNP model of the gamma spectrometry bench with a 10-cm long sample.
3. Experimental results and uncertainty analysis
3.1 Irradiation setup

Samples are irradiated inside the oscillating deviwhen the reactor power is stable, the
oscillating device is quickly inserted in the iri@tbn channel (sample at the mid-core plane).
The power is maintained constant thanks to thenaaiic piloting system. At the end of the
irradiation, the control rods are dropped to staw immediately the reactor power.

For the cadmium ratios measurements, dosimeter;seeied inside a 20-mm long and 9-
mm diameter aluminum container, and then put insidealuminum clad. For the second
irradiation, the container is wrapped with a 1-madmium foil.

The reactor power was set to 80 W for all irradiasi, except for the gold dosimeter (10 W).
The duration was adjusted depending on the samlletradiations are monitored with a
miniature fission chamber (MFC) [9]. The MFC is &ed outside the driver zone in the
graphite reflector. All measurements are normalieds count rate (related uncertainty is
negligible).

After a suitable cooling time — from a few ten etends to an hour — samples are measured
on the spectrometry bench. The acquisition sequ@hgation and number of measurements)
depends on the half-life of the activation prodiodbe measured.
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3.2 Data processing and uncertainties

The integral capture rate of a sample is givereyfollowing relationship:

_ Ngq¢(E,d)
2P = 1,(E)RP (E,d)T(E,d,do) (4)

where Ns(E,d) is the saturation count rate of the gamma peatnatgyE and distance,
l,(E) is the emission intensity of the gamma iBY(E.d) is the detector efficiency at enerfy
and distanced, and T(E,d,dy) the calculated efficiency transfer, including tbetance
correction. From the measurement, saturation caiets given by:

N(E,d)
Nsat(E:d)z tm CoCqec (5)

whereN(E,d) is the peak net area at enefgynd distance, t,, is the active measurement
time, Cy the dead-time correction factor a@de. the decay correction factor. This factor
corrects the radioactive decay of the nuclide (Withs decay constant) during irradiation,
cooling and real measurement times (respectiyely andt,):

Caec = Aom (6)

e~Ato(1-e~Ati)(1-e~Atr)
If a sample is measured after a second irradiaforesidual activity coming from the first
irradiation has to be taken into account:
N(E,d) Nyes(E,d) _
Nsat(Ev d) = ( tm CG - S A&CG,res) Cdec (7)

myres

where the subscripes refers to the residual measurement, done befersdgbond irradiation.
ot is the time between residual and post-irradiatimeasurements. The peak net area is
obtained by a Gaussian fit of the gamma peak.
Each measurement is normalized to each one ofdldergference sample:
2c®P|sample _ Ngat(E,d)|sample IV(E)|gold T(E,d,do)lgotd RP(E‘d)Igold Cmonlgotd (8)
Zc®Plgold Nsat(E, Dl gota Iy (E)| T(E,d,do)lsampte RP (D01, Cmonlsampte
whereCnon is the monitor count rate.
Detector efficiencies for both samples are coreelatough the calibration curve. The ratio of
the efficiencies and its uncertainties are direatlymputed to take into account this
correlation. This uncertainty ranges from less tBat?o (for gamma peaks very close in
energy to the 411.8 keV gold gamma ray) to 0.9%. th¢ other terms are considered
uncorrelated. Uncertainty of the efficiency tramgfemes from the numerical convergence of
the Monte Carlo calculation; it varies between 0.a%d 0.5%. The uncertainty on the
saturation activity is linked to the count ratetistacs and the decay constant uncertainty and
lies between 0.1 % and 3 %.
Cadmium ratios are relative measurements as welktMf the terms required for absolute
capture rate measurements are cancelled. The fansthe following:

sample

Nsat Cmon,cdMdet,cd (9)
CmonMdet Nsat,ca

where mye IS the mass of the detector. The subsddgtrefers to the irradiation with the
cadmium shielding.

All nuclear data (half-life and gamma-ray emissiatiensities) used in the analysis come from
LNHB [11], except for>*"Sn [12] and’'Zr [13].

Req =

3.3 Activation measur ementsresults

For some radio-isotopes, it was possible to compaselts from different gamma rays. Each
time, a good agreement was obtained, and resutts eamsistent with regard to uncertainties.
Results are given on FIG 6 to FIG 8. For examle, 0 studied gamma rays'6fEu are in
fairly good agreement, with uncertainties lyingvoeeén 1 % and 2 % (FIG 6, left).



IGORR Conference 2014

Eventually, all gamma-ray results are combinedplitain a global value for the isotope
capture rate. The overall experimental resultshef @ctivation measurements are given in
Table IV. Measurements for In, Cs and Ag liquid péaa were made several months after the
other samples. At this time, only two of the godderence samples were also irradiated to
normalize the measurements: C-Au-10 and C-Au-16.

1.24E+0 1.32E-1 3.30E-2 1.10E-1
WEu-152 [ mmo101
1.22E+0 - b 1.30E-1 I 1.08E-1
3 > * Eu-154 32562 A > Mb55
<& 1.20E+0 1.28E-1 :. b 1.06E-1
o ~ 3.20E-2 |
b 1.04E-
S 1.18E+0 - L126e1 {% 1.04E-1
[ -
o c F 1.02E-1
© 1.16E+0 + + 1.24E-1 O 3.15E-2
e €
& ] b 1.00E-1
1.14E+0 L2E1 € 5005 ]
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FIG 6: Left: results for **?Eu (left-hand axis) and ***Eu (right-hand axis). Right: results for ***Mo (left-
hand axis) and Mo (right-hand axis) (10).
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FIG 7: Left: results for **Cs. Right: resultsfor ®Zr (left-hand axis) and ¥'Zr (right-hand axis) (10).

5.35E-2 2.55E-03 - - 6.00E-1
5506 # Ag-110m 2.50E-03 - Win-114m | —
= — 2.45E-03 - #In-116m
S 5.25€-2 =]
< <& 2.40E-03 | 5.60E-1
@ 5.20E-2 S 2.356-03
B B b 5.40E-1
§ 51562 § 2.30E-03 -
€ 2.25E-03 - I 5.20E-1
® 5.10E-2 g }
I3 & 2.20E-03 -
2 4  5.00E-1
2:058:2 2.15E-03 -
5.00E-2 - : - . 2.10E-03 - . . : . . . + 4.80E-1
600 700 800 900 1000 0 250 500 750 1000 1250 1500 1750
Energy (keV) Energy (keV)

FIG 8: Left: results for “*"Ag. Right: results for **"In (left-hand axis) and "*°"In (right-hand axis)
(10).
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TAB IV: Experimental results of activation measusats (b).

Measured X/AlAu X/C-Au-10 X/C-Au-16 X/C-Au-20

isotope Ratio o (%) Ratio o (%) Ratio a (%) Ratio a (%)
By 7.03E+2 0.6% 1.18E+0 05%  5.43E-1 0.5% 3.87E-1.6%0
1B2ngy 3.72E+2 22% 6.14E-1 2.0% 2.83E-1 2.0% 2.02E-1.2%2
ey 764E+1 13% 1.27E-1 11% 5.86E-2 1.1% 4.15E-2.3%1
Mo 1.87E+1 1.6% 3.13E-2 1.4% 1.44E-2 1.4%  1.02E-2 .5%l
“Mo 6.21E+1 1.1% 1.03E-1 1.0% 4.77E-2 1.0% 3.37E-2 .1%l
Hign 5.15E+1 1.4% 8.63E-2 1.3% 3.99E-2 1.3% 2.80E-2.3%1
1rgn 4.47E+1 15% 7.49E-2 1.5% 3.46E-2 15%  2.43E-2.5%1
123G 1.66E+1 1.5% 2.77E-2 1.5% 1.28E-2 15%  8.98E-3.5%1
%2y 5.14E+2 1.4% 856E-1 1.2%  3.95E-1 1.2% 2.79E-1 4%l.
Zn 2.66E+2 2.0% 4.42E-1 13%  2.04E-1 1.3% 1.44E-1.09%2
87N 1.05E+1 1.3% 1.76E-2 0.9%  8.09E-3 0.9% 5.71E-3.2%1
%zr 2.38E+1 1.7% 3.94E-2 1.0%  181E-2 1.0% 1.29E-2 .7%l

%zr 2.83E+1 1.0% 4.76E-2 0.8%  2.20E-2 0.8% 154E-2 1.0%

4 - - 2.44E-3  1.8% 1.12E-3  1.8% - -

116mp - - 531E-1 1.4%  2.43E-1 1.4% - -
13cs - - 472E-1 0.6%  2.16E-1 0.6% - -
134rcs - - 437E-2 35%  2.00E-2 3.5% - -
HOMAq - - 520E-2 09% 2.38E-2 0.9% - -

To compare results for the different reference dampghe self-shielding factor of the gold
samples were obtained with a Monte Carlo calcutat{@able V). The ratios of the
macroscopic cross sections to gold at infinitetailu are given for each capturing nuclide in
Table VI. When necessary, those results are caémilasing the branching ratio of the
measured nuclide. Branching ratios values come ftigth A constant 0.5 % uncertainty has
been added to take into account for potential mogdeind calculation uncertainties.

TAB V: Gold samples self-shielding factors.

Sample Reaction rate s Self-shielding factor
AlAu 2.3104E-08 1.0
C-Au-10 1.3762E-05 595.7
C-Au-16 3.0119E-05 1303.6
C-Au-20 4.3213E-05 1870.4

TAB VI: Ratios of the macroscopic capture crosgieado gold at infinite dilution (&).
Macroscopic cross sections

Isotope Ratio & (%)
BlEy 1.08E+03 1.0%
5Ey 7.76E+01 1.3%
%Mo 6.22E+01 1.6%
%Mo 1.88E+01 1.2%
Higp 7.13E+01 1.4%
g 1.10E+03 1.6%
125 1.68E+01 1.6%

Sy 5.14E+02 1.4%
%7Zn 5.51E+02 1.8%
zZn 5.55E+01 1.2%
%7y 2.36E+01 1.5%
%zr 2.85E+01 1.1%
Mn 2.50E+00 1.9%
n 8.90E+02 1.5%
13¢cs 3.07E+02 0.8%

1ag 6.74E+02 1.0%
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3.4 Cadmium ratio measur ementsresults

For the indium dosimeter, 5 gamma rays were medsiResults are consistent within their
statistical uncertainty range (Table VIII).

TAB VIII: Experimental™*®"In cadmium ratios (d).

Energy (keV) Cadmium ratio Statistical uncertainty
416.86 2.822 0.13%
818.7 2.833 0.25%
1097.3 2.835 0.15%
1293.54 2.829 0.14%
1507.4 2.833 0.34%

Because it has the highest radiative capture csesfion in the thermal and epithermal
domain, the'*In has the highest cadmium ratio (Table IX and F The final total
uncertainty takes into account contributions linkied the gamma measurement process
(positioning and measurement reproducibility).

TAB IX: Cadmium ratio measurements results)(1

Dosimeter Isotope Cadmium ratio Total uncertainty
Au BAu 1.93 0.7%
Ag %ag 1.80 1.1%
In M0 2.83 0.7%
Cs 1¥Cs 1.89 0.7%
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FIG 9: Radiative capture cross section of '®Ag, **’Au, *°In, **Cs and **Cd.

4. Conclusion

Oscillation and activation measurements carriedrotite MINERVE reactor are designed to
obtain reliable and precise information on thegnaé cross section of isotopes or materials, in
a well characterized neutron field. The MAESTROgpeon was devoted to the improvement
of neutron cross sections of elements such as arewtbsorbers, detection materials and
reactor structure materials used in Gen-ll and PWRs. The neutron spectrum achieved in

the center of the MINERVE core is representativeadfpical PWR spectrum loaded with
UO, fuel pins.
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During the activation phase of the program, 9 sammf natural elements were studied,
corresponding to the measurement of 16 radio-igstdpy gamma spectrometry. Although
measurements were carried out during a large pefidine, results show good consistency
against the various reference samples.

The re-assessment of the radiative capture cras®sdor the mentioned isotopes should be
completed with oscillation measurements also peréatr during this experimental program.
Future work on the data collected during this expental program could include the re-
assessment of the half-life of a few nuclides, fothe gamma ray emission intensity (In, Cs,
Ag, Eu), by combining neutron activation and ostitin measurements. Integral information
about several branching ratios in a typical PWRcspen could also be obtained through
those measurements.
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