Measurement of the Ta(n,y)
cross-section at EAR1

V. Alcaynel, D. Cano-Ott!, E. Gonzéalez-Romero?, T. Martinez!, E. Mendoza?, A. Sanchez-
Caballero?!, J. Balibrea-Correa?, F. Calvifio®, R. Capote*, A. Casanovas3, C. Domingo-Pardo?
and J. Lerendegui-Marco?.

1- Centro de Investigaciones Energéticas Medioambientales y Tecnoldgicas (CIEMAT), Spain.
2- Instituto de Fisica Corpuscular, CSIC - Universidad de Valencia, Spain.

3- Universitat Politecnica de Catalunya, Spain.

4- International Atomic Energy Agency, Vienna-A-1400, PO Box 100, Austria.

TR

R‘{(L

P
P22 {
# el ¥ GOBIERNO MINISTERIO C. Centro de Investigaciones M\\ ‘J
b \ DE ESPANA DE CIENCIA 'emo Energéticas, Medioambientales 2L
a

= EINNOVACION y Tecnoldgicas CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS 1A E

>



Outline of the presentation

 |[ntroduction and motivation
e Previous measurements and evaluations of Ta
« Tameasurement at n_TOF EAR1

« Beam time request
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The absence of hydrocarbon power sources in space and the limitations of
batteries have led to the development of photovoltaic and nuclear devices.

For space missions to Jupiter
and beyond and surface
missions on Mars nuclear
devices are the most suitable
option.  When  spacecrafts

S w S * require more than 100 kW for
. s T | power, nuclear reactors are
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nance map.! SMD is the NASA Science Mission Directorate; STMD is the NASA Space Technology Mission Directorate.

" , The Krusty experiment
4 has already test a 1kW
fission power system on
earth.

>\_.A;\ - .

Fig. 9. LANL and NASA engineers lowering the top of the vacuum chamber over the Stirling
engines.
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Refractory metals and critical experiments

Refractory metals are needed for the space nuclear reactors that operate
at high temperatures. The available materials are Mo, W, Rh, and Ta.

Critical experiments in refractory
materials were done as part of the

Prometheus Project.

Uncertainty Energy spectrum in the experiment Mass differences
<0.625 eV ‘ 0.625 eV-100 keV ‘ <100 keV § in percentage
Ta-2.5W-1 0.0% 14.0% 86.0% 0.17
Ta-2.5W-2 0.0% 20.7% 79.3% 9.25
Ta-2.5W-3 0.0% 31.1% 68.9% 7.67
Ta-2.5W-4 3. 7% 43 4% 52.9% 7.48
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Considerable differences
for experiments with Ta in
the keV region.

There are also differences
in the experiments with
moderators.



TEX is a project to perform critical experiments that span a wide range of
fission energy. The 23°Pu experiments of TEX were performed with Ta as

a diluent.
Preliminary results with ZPPR

Adding tantalum worsened the
calculated results, with intermediate -
and fast systems calculating
approximately 0.5-1.5% differences 3...
pointing to issues with the tantalum ¢ 3
cross sections. i "
%“'99 10
< i _ ENDF/B 7.1 o ENDF/B 8.0
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Median Fission Energy (MFE), MeV

Fig. 2. Plutonium TEX Calculational over Experimental (C/E) Results
(colored markers), Overlaid with Plutonium Benchmark
Configurations (gray markers) as a Function of Medium Fission
Energy.
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Tantalum is considered one of the high-priority elements for which well-qualified
evaluated data sets are required for the ITER and IFMIF fusion projects.

Test Blanket Module (TBM) includes
Eurofer, that contains Tantalum.

Ta is also present in the super-
conducting magnets of the reactor.

Previous works claim an uncertainty
lower than 10% is needed in the Ta

The ITER reactor

|\\

hield modules: 1

. S
capture cross section from thermal

SS-316/H,0

to 1keV. This energy region is

Vacuum vessel: SS-

Important due to the activation of Ta s16e/ss30467/H,0

by thermalized neutrons.

Tantalum have been also considered
as the target for producing neutrons in
Accelerator Driven Systems (ADS).
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Divertor plate:
W, Cu /Cu alloy

TBM support/
shield plug:
S$S-316/H,0

TBM: Be, Li,SiO,/Pb-
17Li, Eurofer, He
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Previous measurements

The previous measurements used for the evaluations and the recent
measurements are:

I S
Transmission 1-700 eV
Transmission 2-70 eV
Compilation 4-200 eV
Capture 3-100 keV
Capture 2.6-1900 keV
Transmission 100-4000 eV
Transmission 1-100 eV
Capture 0.1 6V-1 MeV
Cap/Trans 0.3-500 keV
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Meaze reports very different RP. The
[, parameters are four times larger

| | Type | Range g ST T ‘ ’
p EREVAEEER) B Transmission 1-700 eV % -+ Harvey 1955_,,, T g
=EELENEETA) B Transmission 2-70 eV _&“2'5; * Belanova 1973 7
@ [ +» Meaze 2006 ]
Compilation  4-200 eV 2 of I . .
Capture 3-100 keV . F z I s ] ]
Capture  2.6-1900 keV ~ 1.5} ] . ! -
I L EELT M Transmission  100-4000 eV, o tLa i{; ! }%l | ]
Meaze (2005) Transmission 1-100 eV - s, 3 ¥ ! * ?
R EHPIE  Capture  0.1eV-1Me 0.5 = ° W . -
Brown (2. *8) Capture 0.3-500 keV % | | | . | .

% 20 40 60 80 100
E, (eV)

The Brown and McDemortt measurement have
considerable limitations:
- All the detectors are at the same angle. The RP or the yield of
« The samples have more than 1 mm thickness, so the McDemortt
considerable multiple scattering and photon measurement are not
attenuation corrections are needed (>30%). available.
 The measurements of Macklin, Tsobune and
Yamamuro also use samples thicker than 1 mm.
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Evaluations

The JENDL-4 and JEFF-3.3 libraries take the values from JENDL-3.3

| Basedin ______|RangeRP

ENDF/B-VIII.O Mughabghab and Macklin 4-300 eV

JENDL-3.3 Mughabghab, Macklin, Tsubone and 4-2400 eV
Yamamuro

Mughabghab, Macklin, Tsubone,
Yamamuro and Endo (new

SRR measurement at J-PARC not

published yet between 1 and 200 eV)

4-2400 eV
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At energies below 4 eV ENDF/B-VIIIL.0 is ~5% higher than JENDL-5
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Differences in the RRR between ENDF-8, JENDL-3.3 and JENDL-5
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Differences between evaluations
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Cross section (b)
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Differences in the URR are as high as 10% between ENDF-8 and JENDL-5

T ENDF-8/JENDL-3.3
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The n TOF measurement at EAR1

Two samples of Ta (99.99% of 181Ta and 1.2-10 ~* 189™Ta) in the range from 0.1 eV
to 500 keV with an aimed accuracy of 5%:

3 carbon fibre C,D4 detectors (g, = ~2) at 125°

« 5 sTED at various angles (g.,. = ~0.2) for the possible anisotropies

WAL,

 The total efficiency is ~7%

. S, (182Ta) = 6.062 MeV

« TED and PHWT (~2% uncer.) /

« Two metallic samples
available at GoodFellow
with purities higher than
99.999% would be used

« The measurement would be self-normalized with the saturated resonances of
Ta and also a gold sample would be measured to check the normalization
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A Thick sample of 0.1 mm would be measured, this samples is thinner than the
ones used in previous measurements, so no strong shelf-shielding, photon
attenuation or multiple corrections would be needed.

ield
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TIT
Neutron energy (eV)

The yield for the Thick sample at energies below 200 is close to 1, in

order to avoid the considerable corrections a Thin sample of 0.01
mm would be used.
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Two samples to measure two different energy regions, the counts estimates
with 7x107 protons.

c T T T T T < 105:
9 10 —Ta-181 —Ta-180m o ;
S 106f —Sum EmptyBKG o E
g 5 10} At least 2000
- S -
3 10* S ok counts per

° E resonance to

2 .
0 10 fit the RP
10" 1 10 10° 10° 10° 100 10° 100
Neutron energy (eV) Neutron energy (eV)

(a) Thin sample (0.01 mm), 100 bins per decade (b) Thin sample (0.01 mm), 1000 bins per decade
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(¢) Thick sample (0.1 mm), 100 bins per decade (d) Thick sample (0.1 mm), 10000 bins per decade
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Summary, conclusions and requested protons

The capture cross section of Ta is important for nuclear reactors in space
and fusion reactors.

Recent critical experiments show discrepancies, that may indicate issues
with the cross section of Ta.

The previous data are discrepant and affected by important
experimental corrections like the self-shielding or angular correlations
between y-rays. There are considerable difference between the recent
evaluations.

We propose to measure the capture C.S. from 0.1 eV to 500 keV at EARL1
with various CyDg detectors at different angles with an estimated

uncertainty of 5%.
y 0 Measurement Protons (1077)

Two metallic samples would be used to Thick sample(0.1 mm) 7
cover all the energy range.

Thinsample (0.01 mm) 7

The requested number of protons are 2x108 EEEC VRN 5
normalization
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Incident neutron data / JENDL-4.0 / Tal8l1 / / Cross section

MT=102: (z,y]
. MT=4: (2,1']
—_— MT=2: [z elastic)

Cross-section (b)

1E-& 1E-5 1E-4 0.001 0.01 01 1

Incident energy (MeV)
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Incident neutron data / JENDL-4.0 / TalB8l1 / / Cross section
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Capture C.S. of 181 and 180m

Incident neutron data / JEFF-3.3 / / / Cross section

y Tecnologicas
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Capture C.S.

Cross-section (b)

Incident neutron data / /f Tal8l1 / / Cross section
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JENDL-5

History

14-11 Evaluated with CCONE code by K.Shibata (JAEA) /1/

18-07 Activation cross sections and MF=3,6/MT=600-849 added.
20-10 Energies of discrete primary photons were corrected.
21-10 Resolved resonance parameters were replaced by N.Iwamoto.
21-11 above 20 MeV, JENDL-4.0/HE merged by 0.Iwamoto

21-11 (MF6/MT5) recoil spectrum added by 0.Iwamoto

MF= 2 Resonance parameters 7328 1451 23
MT=151 Resolved and unresolved resonance parameters 7328 1451 24
Resolved resonance region: 1.0e-5 eV - 2.4 keV 7328 1451 25
e Parameters were taken from Refs./2,3,4/ for positive 7328 1451 26
References . s resonances, and ENDF/B-IV for a negative resonance. 7328 1451 27
1) K.Shibata, J. Nucl. Sci. Technol., 53, 957 (2016). 1321
2) S.F. Mughabghab and D.I. Gardner, BNL-325, 3rd ed. (1973). 73X These parameters remain unchanged from JENDL-4.0. 7328 1451 28
3) R.L. Macklin, Nucl. Sci. Eng., 86, 362 (1984). 3 The latest data obtained by Meaze et al./5/ were not 7328 1451 29
2; :KT:W::T”E‘{ ::queJHe::?Jsc:mrz:;hg:;s 2;1;_5,3?38,(1221). ::i: adopted, since the radiation widths at many resonances 7328 1451 30
(20086). 32 were extremely large. 7328 1451 31
6) S.Endo et al., J. Nucl. Sci. Technol., in press (2022). B The parameters of 4.27,10.3,13.8,20.2,22.7,23.9,30.0, 7328 1451 32
7) 0.Iwamoto, J. MWucl. Sci. Technol., 44, 687 (2007). 7321
8) S.F. Mughabghab, Atlas of Neutron Resonances (2006). 7321 34.2,35.1,35.9,39.1,49.1,63.0,76.8,78.8,82.8,89.5,91.3, 7328 1451 33
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The LSDS experiment

PROGRESS ON USING A LEAD SLOWING-DOWN SPECTROMETER
TO MEASURE NEUTRON CAPTURE CROSS SECTIONS

N.W. Thompson, A. Lewis, J. Thai, A. Daskalakis, E. Blain, and Y. Danon
Gaerttner Linear Accelerator Center,
110 8" Street
Rensselaer Polytechnic Institute, Troy, NY, 12180, USA
thompn4 @rpi.edu; danony@rpi.edu

BSTRACT

uclear data is required for simulations of nuclear reactors and other nuclear applications. The accuracy
_this data is crucial, and is increasing becoming a limiting factor on the accuracy of nuclear simulations.

1e progress of further developing the method of using a Lead Slowing-Down
10° - — - . -
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As can be seen in Figure 2, the simulation and experimental results for natural tantalum (which is almost
103 10 Mil Ta Sample entirely "¥!Ta) match very well from 0.1 eV to 300 eV, but above this point there are differences. This is
e s particularly interesting as the unresolved resonance region in tantalum begins above 330 keV. The
. | ‘ . . o s . .- . s . .
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Figure 2: Measurements of Tantalum and Sil
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