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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. 

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. 

2 Slide by A. Guglielmelli 



Different libraries 

Erbium is used as burnable poison in some RBMK-1000 reactors: as 

an example, a number of 1500 FAs equipped with U-Er FAs were oper- 

ative in Leningrad, Kursk, and Smolensk NPPs in 2005 (Bystrikov, et al., 

2006).  

Erbium is also designed to be used as absorber 

in some PWRs; to give some examples U.S. 

Palo Verde NPP uses erbia as burnable absorber 

in their CE-16x16 Fuel Assembly (Palo Verde 

Nuclear Fuel Management Nuclear Analysis 

Group and Managing, 2008). Again, the 

Advanced Power Reactor (APR-1400) design 

based on the Korean Standard Nuclear Power 

(KSNP) foresees a core with erbium or 

gadolinium as burnable absorber (Kim, 1400).  

In the last decades, several research activities 

were also performed to test the reliability and 

effectiveness of erbium as a burnable absorber.  
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Accurate cross section data on erbium isotopes could be of interest for the study of the s-

process nucleosynthesis around the region of rare earth elements at A=160-170. For 

instance, the abundance of 166,167,168,170Er isotopes in presolar silicon carbide grains was 

recently measured by Yin  and collaborators. 

 The present overall disagreement between observed and calculated abundances clearly 

call for (n,γ) measurements of isotopes involved in this mass region 
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Motivation astrophysics 

https://iopscience.iop.org/article/10.1086/505188 

Slide by C. Massimi 

https://iopscience.iop.org/article/10.1086/505188
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Medicine motivation for Er-168 and Er-170 

Recent studies has show the future use of  

Er-169 in medicine, in particular there is 

recent paper with a Er-169 produced in ILL 

form Er-168 and measured at CERN-

MEDICIS. The samples of Er-169 are produced 

at the moment irradiating targets of Er-168, so 

better data of the capture cross section of this 

isotope can help this technology. 

https://doi.org/10.1016/j.nimb.2019.04.022 

 

Er-171 is also used in 

nuclear medicine, this 

isotope is also produced in 

nuclear reactors by capture in 

Er-170. There are also recent 

measurements of the half-life 

of this isotope 

https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf 

https://doi.org/10.1016/j.nimb.2019.04.022
https://doi.org/10.1016/j.nimb.2019.04.022
https://doi.org/10.1016/j.nimb.2019.04.022
https://doi.org/10.1016/j.nimb.2019.04.022
https://doi.org/10.1016/j.nimb.2019.04.022
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
https://link.springer.com/content/pdf/10.1007/s41365-018-0378-0.pdf
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• Erbia (Er2O3) can be considered as an excellent alternative to burnable absorber 

made of gadolinia (Gd2O3) 

 

• There is a new entry in the HPRL to measure the capture C.S. of Er-167 between 

0.01 and 100 eV with a 2% uncertainty. 

 

 

 

 

 

 

• It has been explored the criticality uncertainty contribute of erbium isotopes at energy 

major than 10 eV for several reactor configuration; 

– Er-SHB at EOC showed a criticality uncertainty contribute of 45 pcm. 

– ELSY (LFR system) showed an overall criticality uncertainty contribute of 75 pcm. 

 

• The capture cross section of 166,167,168,170Er are also important for astrophysics and 

some of these isotopes have also applications in medicine. 
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https://www.oecd-nea.org/dbdata/hprl/hprlview.pl?ID=539 https://doi.org/10.1016/j.anucene.2022.109337  

Summary 
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Previous measurements 

The previous measurements used for the evaluations and the recent 

measurements are: 
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Previous measurements 

The previous measurements used for the evaluations and the recent 

measurements are: 

Natural samples 

Enriched samples 
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Evaluations 

For 166,168,170Er the evaluations of JENDL-5, JEFF-3.3 and ENDF-VIII and the 

uncertainties are  between 7-15% in the RRR. 

The uncertainty for 167Er in the RRR is 2.3%, this value is questionable. 

https://doi.org/10.1016/j.anucene.2022.109337  13 
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Measurement of a Natural sample of Er in the range from 0.02 eV to 50 eV with an 

aimed accuracy of 2%. The idea is to use a very well characterized metallic sample 

of ~30 mg. Samples of higher mass would need considerable self-shielding and 

multiple scattering corrections 

 

• C6D6 detectors (εcas = ~7% ) and TAC (εcas = ~60% )  

 

• The work of I. Knapova et al, would be considered for the PSF, spin assignment 

and the 109 ns isomer.  

 

 

The measurement at EAR1 with natural Er 
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https://dspace.cuni.cz/bitstream/handle/20.500.11956/177739/140104891.pdf?sequence=1
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Measurement of a Natural sample of Er in the range from 0.02 eV to 50 eV with an 

aimed accuracy of 2%. The idea is to use a very well characterized metallic sample 

of ~30 mg. Samples of higher mass would need considerable self-shielding and 

multiple scattering corrections. It is not possible to obtain precisely the RP for 167Er 

at energies higher than 50 eV. 

 

 

The measurement at EAR1 with natural Er 
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1.5e18  protons 

1.0e18  protons 



The cross sections of 166,167,168,170Er  

would be measured with enriched 

samples of ~200 mg using 3 L6D6 and 

5 sTED at different angles. The 

detectors at different angles are to 

observe the possible angle effects in 

the p-waves and s-waves of Er. 

 

 

The measurement at EAR1 with enriched Er 
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The measurement at EAR1 with enriched Er 

The cross sections of 166,167,168,170Er  would be measured with enriched samples 

of ~200 mg using 3 L6D6 and 5 sTED at different angles.  
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The measurement at EAR1 with enriched Er 

The cross sections of 166,167,168,170Er  would be measured with enriched samples 

of ~200 mg using 3 L6D6 and 5 sTED at different angles.  
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Summary, conclusions and requested protons 

 

• Erbium has been proposed to be used as burnable absorber in commercial 

nuclear reactors, instead of gadolinium. 

 

• The uncertainty CS of 167Er in the RRR in ENDF-VIII is ~2.3%, it has been 

shown that this value is underestimate. There is a new entrance in the 

HPRL of NEA for new measurements with uncertainties close to 2%. 

 

• The cross sections of 166,168,170Er also play a important role for reactors and 

the uncertainties are from 7 to 15% in the RRR. New precise measurements 

are needed 

 

• A measurement with a natural Er sample using the C6D6 and the TAC is 

proposed to fulfill the HPRL requirements between 0.01 and 50 eV. 

 

• . • Four measurements with ~200 

mg enriched samples of 
166,167,168,170Er with C6D6 are 

also proposed.  
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Extra slides 
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Estimated total yields 
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Capture C.S. 
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Capture C.S. 
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Capture C.S. 
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Capture C.S. 
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Capture C.S. 

Different colors for 

the isotopes 
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Capture C.S. 

Different colors for 

the isotopes 
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Capture/elastic C.S. 166 
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Capture/elastic C.S. 167 
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Capture/elastic C.S. 168 



33 

Capture/elastic C.S. 170 



Different libraries 



Different libraries 

Erbium is used as burnable poison in some RBMK-1000 reactors: as 

an example, a number of 1500 FAs equipped with U-Er FAs were oper- 

ative in Leningrad, Kursk, and Smolensk NPPs in 2005 (Bystrikov, et al., 

2006).  

Erbium is also designed to be used as absorber 

in some PWRs; to give some examples U.S. 

Palo Verde NPP uses erbia as burnable absorber 

in their CE-16x16 Fuel Assembly (Palo Verde 

Nuclear Fuel Management Nuclear Analysis 

Group and Managing, 2008). Again, the 

Advanced Power Reactor (APR-1400) design 

based on the Korean Standard Nuclear Power 

(KSNP) foresees a core with erbium or 

gadolinium as burnable absorber (Kim, 1400).  

In the last decades, several research activities 

were also performed to test the reliability and 

effectiveness of erbium as a burnable absorber.  
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The cost of the samples are 3400$ without taxes for (Er-167-168-170) and 5250$ if 

we also want to include the sample of Er-170. 

The company sells powder so we would need to put it on pellets. 

 

 

The isoflex proposal 
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C6D6   162 164 166 167 168 170 

Cost 

per 

mg 

Er-166 0,002 0,02 98,1 1,33 0,45 0,1 4,8$ 

Er-167 <0,01 <0,01 0,96 96,3 2,6 0,2 5,6$ 

Er-168 0,002 0,022 0,433 1,12 97,243 1,17 5,3$ 

Er-170 <0,01 <0,01 0.74 0.55 1.01 97.70 9,0$ 

Total cost 5000$ 


