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Usage of gadolinium

• Highest neutron capture (NC) cross section of all 

(stable) natural occuring elements!

• 8 MeV gamma cascade easy detectable

J. Dumazert et al. “Gadolinium for neutron detection in current nuclear instrumentation research: A review”. doi: https://doi.org/10.1016/j.nima.2017.11.032.

https://www.sciencedirect.com/science/article/abs/pii/S0168900217312421


Usage of gadolinium

• Neutron tagger for LEGEND-

1000 (and other low background

experiments)

• Requires exact simulations to

estimate the performance and 

optimize the setup

• Cherenkov-Veto!

-> Exact Gamma lines & 

Energy required



Geant4 Status 2015

Final state model

• Sample uncorrelated gammas from the

individual gamma spectrum

• Respects gamma line intensity

Photon evaporation model

• Conserves Q-value

• Does not respect gamma line intensity

and multiplicites

• Does not conserve Q-value

1)

1) Y. Chen, Gadolinium neutron-capture gammas in Geant4, AARM Workshop 2015, Syracuse, Italia 2015

We need realistic gamma line cascades conserving the Q-value! 



Gamma cascade modeling by Peter Grabmayr

Peter Grabmayr used MAURINA to calculate the cross sections and gamma lines

according to the Hauser-Feshbash model

• Published by the

EPJC 

Peter Grabmayr. “Gamma Cascades in 

Gadolinium Isotopes”. In: Eur. Phys. J. C 

(2023) 83:444 

doi: 10.1140/ epjc/s10052-023-11602-y.

1)

1) Physikalisches Institut, Eberhard Karls Universität Tübingen, Auf der Morgenstelle 14, 72076 Tübingen, Germany.

2) Fortran-IV based code written by Mario Uhl in the Nineties as expansion of the Hauser-Feshbach code STAPRE. Updated 2022 by Peter Grabmayr

2)

• Gd published, Ge 

submitted

https://doi.org/10.1140/epjc/s10052-023-11602-y


Gamma cascade modeling by Peter Grabmayr

• Files are publicly available to manually 

include into the Geant4 simulation!

https://doi.org/10.5281/zenodo.7458654

• Read in during run-time and either use as

generator or manipulate events during tracking!

https://doi.org/10.5281/zenodo.7458654


Investigate Geant4s behaviour

Geant4v11.0.3 “Shielding“

Bachelor Student Loris Steinhart investigated:

Grabmayr
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Investigate Geant4s behaviour

Geant4 Grabmayr
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Illustration from J. Dumazert et al. doi: 

https://doi.org/10.1016/j.nima.2017.11.032.

https://www.sciencedirect.com/science/article/abs/pii/S0168900217312421


Investigate Geant4s behaviour
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Geant4v11.0.3 “Shielding“



Investigate Geant4s behaviour

Q-Values are not conserved!

Average Q-Value lower?

GrabmayrGeant4v11.0.3



Investigate Geant4s behaviour

Multiplicities:



Investigate Geant4s behaviour

Cherenkov yield:

~ 13% more Cherenkov photons from Geant4

GrabmayrGeant4v11.0.3 “Shielding“



Conclusion

• Geant4 mean value deviates ~10% from the calculated

mean values and prefers lower multiplicites

• Geant4 individual values: 68% outside ±10% of the

calculated values

• Geant4 does not conserve energy, therefore we use the

Grabmayr version for LEGEND!
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Gamma cascades by IAEA
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