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Neutron sources (at FZD Rossendorf) 

ELBE: 40 MeV electron Linac 

14 MeV DT –Generator 
up to 1012 n/sec!  



Photoneutron sources 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Measured neutron 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+ 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Accelerator: 300 kV, 10 mA 

Opera-on modes:  
‐ cw 
‐ pulsed: 30 ns and 10‐100 us         

Targets:   

Tri-um  3, 30, 250 Ci 
Deuterium 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Neutron activation 

Reactions possible with 14 MeV neutrons


Neutrons
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Cosmogenic activation 

€ 

R(day) = Natom ×Φ(E) ×σ (E) × t

1 cm-2s-1
 10-23 cm-2s-1
 105sday-1
1026 atoms


Production rates of roughly 108 atoms/day are feasible


?


Radioisotope production due to cosmic rays


Minor: In situ production, but as background gets lower and lower ...
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Radioisotopes in Ge 

Abundances of 5 natural 
isotopes:

Ge-70:  20,5%

Ge-72:  27,4%

Ge-73:  7,8%

Ge-74:  36,5%

Ge-76:  7,8%


Not all can be explored at TU Dresden, needs higher energy beams
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68Ge background 
Collection of statements from GERDA-Proposals:
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Ex.: 68Ge production 

Production: 70Ge(n,3n)68Ge

                   70Ge(p,3n)68As68Ge 
                   70Ge(γ,2n)68Ge


Real danger is 68Ga decay (betas up to 2.9 MeV)


Direct Production: 70Ge(n,nd)68Ga

                             70Ge(γ,np)68Ga
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Ga68 

GERDA Proposal




Padova, 12.3.2009
Kai Zuber 

68Ge production 

Measurement with protons, Horiguchi 1983


Plots by S. Cebrian, ILIAS


Problem with neutrons: Precise knowledge of neutron flux


Examples:
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Ge activation 

Activation for 8 min, 500 μA current, measuring time: 5511 s
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Ge-activation 

Analysis ongoing
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Some cross sections on 76Ge 
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Ar activation? 
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Inelastic x-sections 

Example: Inelastic scattering on Fe  
(Courtesy A. Junghans, FZD Rossendorf)
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Summary 

Various intense neutron sources are at hand to measure  
radioisotope production in materials


In combination with Felsenkeller Underground Laboratory a rather

unique facility


Radioisotope production by cosmic rays lack reliable cross section 

measurements, essential input to estimate background contribution


Higher energy beams necessary (talk L. Bezrukov)


Systematic study of Ge-system ongoing


First activation on various samples done -> see talk by A. Domula


General option for NAA of GERDA samples/materials



