
Measurement of the Ta(n,γ) 

cross-section at EAR1 

V. Alcayne1, D. Cano-Ott1, E. González-Romero1, T. Martínez1, E. Mendoza1, A. Sánchez-

Caballero1, J. Balibrea-Correa2, F. Calviño3, R. Capote4, A. Casanovas3, C. Domingo-Pardo2 

and J. Lerendegui-Marco2. 

 

1- Centro de Investigaciones Energéticas Medioambientales y Tecnológicas (CIEMAT), Spain. 

2- Instituto de Fı
́
sica Corpuscular, CSIC - Universidad de Valencia, Spain. 

3- Universitat Politècnica de Catalunya, Spain. 

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



Outline of the presentation 

• Introduction and motivation 

 

• Previous measurements and evaluations of Ta 

 

• Ta measurement at n_TOF EAR1 

 

• Beam time request 

 

 

 

1 



The absence of hydrocarbon power sources in space and the limitations of 

batteries have led to the development of photovoltaic and nuclear devices. 

Reactors for space 

For space missions to Jupiter 

and beyond and surface 

missions on Mars nuclear 

devices are the most suitable 

option. When spacecrafts 

require more than 100 kW for 

power, nuclear reactors are 

much more cost-effective than 

RPS. 
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The Prometheus project 

The NASA projects 

The  Krusty experiment 

has already test a 1kW 

fission power system on 

earth. 

The Kilopower project 
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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. 

Considerable differences 

for experiments with Ta in 

the keV region.  

There are also differences 

in the experiments with 

moderators. 
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Thermal Epithermal eXperiments (TEX) 

TEX is a project to perform critical experiments that span a wide range of 

fission energy. The 239Pu 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 

pointing to issues with the tantalum 

cross sections. 
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Tantalum CS for fusion and ADS 

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. 

The ITER reactor 
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 

capture cross section from thermal 

to 1keV. This energy region is 

important due to the activation of Ta 

by thermalized neutrons. 

 

Tantalum have been also considered 

as the target for producing neutrons in 

Accelerator Driven Systems (ADS). 
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Previous measurements 

The previous measurements used for the evaluations and the recent 

measurements are: 

   Type Range 

Harvey (1953) Transmission 1-700 eV 

Belanova (1973) Transmission 2-70 eV 

Mughabghab (1975) Compilation 4-200 eV 

Yamamuro (1980) Capture 3-100 keV 

Mackin (1984) Capture 2.6-1900 keV 

Tsubone (1987) Transmission 100-4000 eV 

Meaze (2005) Transmission 1-100 eV 

McDermott (2017) Capture 0.1 eV-1 MeV 

Brown (2018) Cap/Trans 0.3-500 keV 
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Limitations of previous measurements 
Meaze reports very different RP. The 

Γγ parameters are four times larger 

The RP or the yield of 

the McDemortt 

measurement are not 

available. 

The Brown and McDemortt measurement have 

considerable limitations: 

• All the detectors are at the same angle. 

• The samples have more than 1 mm thickness, so 

considerable multiple scattering and photon 

attenuation corrections are needed (>30%). 

• 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 

   Based in Range RP 

ENDF/B-VIII.0 Mughabghab and Macklin 4-300 eV 

JENDL-3.3 
Mughabghab, Macklin, Tsubone and 

Yamamuro 
4-2400 eV 

JENDL-5.0 

Mughabghab, Macklin, Tsubone, 

Yamamuro and Endo (new 

measurement at J-PARC not 

published yet between 1 and 200 eV) 

4-2400 eV 
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Differences between evaluations 

At energies below 4 eV ENDF/B-VIII.0 is ~5% higher than JENDL-5 
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Differences between evaluations 

Differences in the RRR between ENDF-8, JENDL-3.3 and JENDL-5 
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Differences between evaluations 
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Differences between evaluations 
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Differences between evaluations 

Differences in the URR are as high as 10% between ENDF-8 and JENDL-5  
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The n_TOF measurement at EAR1 

Two samples of Ta (99.99% of 181Ta and 1.2·10 −4 180mTa) in the range from 0.1 eV 

to 500 keV with an aimed accuracy of 5%: 

 

• 3 carbon fibre C6D6 detectors (εcas = ~2) at 125º 

 

• 5 sTED at various angles (εcas = ~0.2) for the possible anisotropies  

 

• The total efficiency is ~7%  

 

• Sn (
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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The measurement with the Thick sample (0.1 mm) 

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. 

  

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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The counting rates estimations 

Two samples to measure two different energy regions, the counts estimates 

with 7x1017 protons. 

~3% statistical 

uncertainty  in 

the URR 100 

bins decade 

At least 2000 

counts per 

resonance to 

fit the RP 
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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 γ-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 EAR1 

with various C6D6 detectors at different angles with an estimated 

uncertainty of 5%.  

 

• Two metallic samples would be used to 

     cover all the energy range. 

 

• The requested number of protons are 2x1018.  

 

 

Measurement   Protons (1017) 

Thick sample(0.1 mm) 7 

Thin sample (0.01 mm) 7 

Backgrounds and 

normalization 
6 

Total 20 



Back-up slides 
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CS Ta-181 
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CS Ta-181 
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Capture C.S. of 181 and 180m 
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Capture C.S. 
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SPIN 
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JENDL-5 
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The LSDS experiment 

http://homepages.rpi.edu/~danony/Papers/2016/AccApp15/Thompson.pdf 


