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Introduction :: GERDA (GERmanium Detector Array)

76Ge → 76Se + 2e-

HV Germanium Crystal:
• Coaxial cylinder
• Semiconductor detector

• Enriched with 76Ge
• source

2e- γ γ

Signal, E=2.039 MeV Typical background Segmented detector

0νββ :
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Introduction :: Neutron as background for GERDA 

Elastic scattering

Capture

Inelastic scattering
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Experimental setup
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GERDA Prototype Detector

Nucl. Instrum. Meth. A 577 (2007) 574 [nucl-ex/0701004]

Detector:

• Natural germanium
• n-type
• True coaxial
• Segmented: 3(z) x 6(φ )
• Resolution ~3keV@1.3MeV
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Cryostat and electronics

Nucl. Instrum. Meth. A 577 (2007) 574 [nucl-ex/0701004]
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Am-Be neutron source

~ 500 neutrons / second

γ from de-excitation of 12C*

n energy distribution
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Neutron interactions that can be identified
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Core energy spectra
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Peaks induced by AmBe neutron source

Cross section 
of the detector
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Interaction topologies of events in 595.7 keV peak from 74Ge(n,n’γ )
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Interactions as seen by core & segments
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Core

595.7 keV peak from 74Ge(n, n’γ )

609 keV γ, 214Bi (238U)583 keV γ, 208Tl (232Th)

595.7 keV, 74Ge(n, n’γ)
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Two more peaks from neutron inelastic scattering
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Recoil energy spectra
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Number of events belonging to different types

2e-
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Simulation
MaGe:

• a C++ simulation package 
developed by the MC groups 
of the Majorana and Gerda
collaborations

• based on Geant4

Geant4.8.2-patch01 
with G4NDL3.10

arXiv: nucl-ex/0802.0860
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Nuclear recoil is not simulated by Geant4

Bugzilla/Geant4 – Problem 675: No boost from CM->Lab for G4NeutronHPInelastic
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Other Geant4 bugs

• Meta stable states are missing          [will be fixed]
• Internal conversion is missing [no evaluated data]
• Energy of a photon from H(n,γ) is wrong      [fixed]
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Summary

• Neutron interactions are a potential background for GERDA

• Neutron experiment using GERDA prototype detector carried out

• Peaks due to neutron interactions identified

• Different topologies of neutron inelastic scatterings with the 
segmented germanium detector studied in great detail

– Segmented detector proved to be powerful to distinguish 
some neutron interactions from 0νββ signal.

– Recoil and gamma energy of neutron inelastic scattering can 
be disentangled from each other using segmented detector

• MC simulation verified. Several crucial problems found. Some 
fixed, some not.
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Simulation of Am-Be neutron source
4.4 MeV γ from the de-exitation
of 12C* is broadened according 
to the measurement
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Neutron Interactions with Nuclei
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Daniel Kollar, GSTR-05-018
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(~7 M Events)
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Simulated core energy spectrum
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Lorenz boost from CM. to lab. is missing

De-excitation of 12C*
In AmBe source

De-excitation of 12C*
in paraffin collimator
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Meta stable states are missing

n + 70Ge → 71mGe (196.4 keV γ )

n + 74Ge → 75mGe (139.4 keV γ )
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Energy of γ is wrong
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