
Institute of Nuclear and Particle Physics (IKTP)

TU Dresden

Investigation of neutron-induced 𝛾 rays from 

Ge-nuclides in the region of interest of GERDA/LEGEND



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ located at LNGS (Laboratori Nazionali del Gran Sasso), 1400 m underground
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GERDA & LEGEND

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ quasi background-free experiments

→ precise understanding of background is crucial
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Phys. Rev. Lett. 125, 252502 (2020)

GERDA Phase II (exposure of 103.7 kg yr)
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Neutron induced γ-ray lines in the ROI?
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▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

Eγ = 2040.7keV



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

T½ = 8.12min 



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

T½ = 8.12min 



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

T½ = 8.12min 

Eγ = 2036.2keV



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

T½ = 8.12min 

Eγ = 2036.2keV

Camp, Fielder & Foster (1971) [2] 

Taylor et al. (1975) [3] 



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Neutron induced γ-ray lines in the ROI?

3

Eγ = 2040.7keV

T½ = 32.6s 

▪ searching for 0νββ decay of 76Ge (Q = 2039keV)

▪ previous work (Camp & Foster, 1971) indicates γ-ray line at Eγ = 2040.7keV from decay of 
76Ga into excited 76Ge states [1]

T½ = 8.12min 

Eγ = 2036.2keV

Camp, Fielder & Foster (1971) [2] 

Taylor et al. (1975) [3] 

Camp & Foster 

(1971) [1] 



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta

Experimental setup

4

DT generator

Irradiation 

position

Control room

Detector exit

▪ transportation of samples by pneumatic tube system
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Experimental setup

4

DT generator

Irradiation 

position

Control room

Detector exit

▪ transportation of samples by pneumatic tube system

▪ DT generator

produces

14.1MeV quasi-

monoenergetic

neutrons

▪ enriched Ge-sample 

(≈ 89.5% of 76Ge)

▪ natural Ge-sample

(7.4% of 76Ge)

▪ HPGe detector (relative 

efficiency 110%)

▪ BGO (active Compton 

suppression shield)
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Extended detection setup

• implementation of second HPGe for coincidence measurement

• investigation of the origin of 2033keV γ-ray line in the level 

schema of 76Ge 76Ge
0 keV

3141 keV

1108 keV

562 keV

2033 keV

1108 keV

545 keV

562 keV
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Summary

• existence of γ-ray line at Eγ = (2040.23 ± 0.16)keV from 76Ga confirmed

→
76Ge itself can contribute to potential background for 76Ge ββ decay experiments

• found new γ-ray line at Eγ = (2033.2 ± 0.3)keV from 76Ga 

• publication in progress

• determination of emission probabilities of 76Ga and 74Ga γ-ray lines

• coincidence measurement to investigate origin of 2033 keV line in the level schema of 76Ge
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Outlook
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Thanks for your attention!
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How dangerous is the 2040 keV γ-ray line?

• cosmic muons induce several processes of 

neutron production

→ high energetic neutrons can enter setup

• Cherenkov detector and LAr cryostat reduces

prompt muon-induced background with

“only” 99.2% efficiency [4] 

• production of 2040keV γ-ray due to (n,p) and 

(n,n’) reactions on 76Ge

→ probability strongly depends on σ, νγ and 

neutron flux

Neutron Background Studies for the CRESST Dark Matter Experiment, H.

Wulandari , J. Jochum, W. Rau, F.  von Feilitzsch, 2004

spectra of muon-induced neutrons
entering the Gran Sasso hall
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Neutron cross-sections of 76Ge
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Possible reactions with 14 MeV neutrons
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Possible γ-ray structures within the fit range of 1980-2070 keV
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Previous experiment by Camp & Foster (1971)
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Experimental setup

1.+ 2.  End piece of the

tube system

3.        Lead shielding

(3 mm)

4.        Aluminium

shielding (5 mm)

5.        Sample container

6.        Sample

7.+ 8.  HPGe detectors

9.        BGO    

10.      Lead collimator



Investigation of neutron-induced 𝛾 rays from Ge-nuclides in the region of interest of GERDA/LEGEND

Marie Pichotta


	Standardabschnitt
	Folie 1
	Folie 2: GERDA & LEGEND
	Folie 3: GERDA & LEGEND
	Folie 4: Neutron induced γ-ray lines in the ROI?
	Folie 5: Neutron induced γ-ray lines in the ROI?
	Folie 6: Neutron induced γ-ray lines in the ROI?
	Folie 7: Neutron induced γ-ray lines in the ROI?
	Folie 8: Neutron induced γ-ray lines in the ROI?
	Folie 9: Neutron induced γ-ray lines in the ROI?
	Folie 10: Neutron induced γ-ray lines in the ROI?
	Folie 11: Neutron induced γ-ray lines in the ROI?
	Folie 12: Neutron induced γ-ray lines in the ROI?
	Folie 13: Neutron induced γ-ray lines in the ROI?
	Folie 14: Neutron induced γ-ray lines in the ROI?
	Folie 15: Experimental setup
	Folie 16: Experimental setup
	Folie 17: Experimental setup
	Folie 18: Experimental setup
	Folie 19: Summed spectra around Q = 2039 keV
	Folie 20: Summed spectra around Q = 2039 keV
	Folie 21: Summed spectra around Q = 2039 keV
	Folie 22: Summed spectra around Q = 2039 keV
	Folie 23: Summed spectra around Q = 2039 keV
	Folie 24: Summed spectra around Q = 2039 keV
	Folie 25: Summed spectra around Q = 2039 keV
	Folie 26: Summed spectra around Q = 2039 keV
	Folie 27: Summed spectra around Q = 2039 keV
	Folie 28: Extended detection setup
	Folie 29: Summary
	Folie 30: Literature
	Folie 31: Thanks for your attention!
	Folie 32: How dangerous is the 2040 keV γ-ray line? 
	Folie 33: Neutron cross-sections of 76Ge
	Folie 34: Possible reactions with 14 MeV neutrons
	Folie 36: Possible γ-ray structures within the fit range of 1980-2070 keV
	Folie 37: Previous experiment by Camp & Foster (1971)
	Folie 38: Experimental setup
	Folie 39


