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76Ge as source of background

Luciano says: large background from n-capture on 76Ge

76 Ge(n,   ) 77Ge

1/2
+

γ

Ge77

Ge77

Ge77 As77 Se77

ββ

6072 keVn

~0.1eV

m 1/2−

7/2
+

β
Q   = 2703          690 keV

knowlegde: ⋆(⋆) wish : ⋆ ⋆ ⋆⋆
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decay of 77Ge, .....

n-capture on 76Ge: Q-value 6072 keV

meta-stable state @ 159 keV (T1/2=53 s)
groundstate (T1/2=11,2h)

β-decay to 77As: Q-value 2703 keV
following β-decay to 77Se: Q-value 690 keV

transition in 77As: 2037.76(5) keV

transition in 76Ge: 2040.70(25) keV (inel. scattering for En >4 MeV)

understand background sources
in order to reduce their influence

•• neutron reactions
•• auxiliary experiments
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some basics around 76Ge

enriched material: ∼86% in 76Ge

natural isotopic composition: 7.61(38)% (7.44% ?)

many experiments with natural Ge provide poor results for 76Ge

Q-value and nuclear structure ‘help to hide’

n-capture cross sections:
76Ge : σc=10 cold
76Ge : σ0=140(20)mb (with Westcottg=1.00)
76Gem : σ0=100(10)mb

(also 150/60 mb)

compare to:
natGe : σ0=2 300 mb
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cross section and rates

L.P.(GSTR-06-12) estimates for SS-cryostat:

neutron flux φ=7 n/m2/h=6,1 n/cm2/y → 426 n/kg/y

thermalisation after 20-30 collisions in hydrogen
finally: 39 n/kg/y with E < 1keV

density ρ=5,32 g/cm3
→ nGe=7,9×1024

rate: r = φ σ nGe = 1, 1 n-capture/kg/y

for estimate: used thermal cross sections

question: neutron spectrum within Ge ?
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known prompt γ-spectrum

159

0

224

421

491/504

760

1021

1047

1250

1358

1663

1883

1823

2816

884

618
629

2060

0

2063

393

20631903

1250

5912 5049

5444

4821

4193

4008

1000

2000

3000

6072 Sn = 6072 keV

start with Jπ = 1/2+

∑ I ∼ 36%

expect > 200%

77Ge ms 1/2− @ 159 keV

T1/2= 53 s→ 20% IT and 80% β−

77Ge gs 7/2+ T1/2= 11,3 h→ 100% β−
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schematic γ-spectrum
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2 γ rays per n-capture !!
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prompt γ-spectrum

natGe, cold neutrons Molnar etal., Budapest reactor

6  7  8  9  10  11  12

10
-5

10
-4

10
-3

10
-2

10
-1

10
-1

1

10

10
2

0  1  2  3  4  5  6

10
-5

10
-4

10
-3

10
-2

10
-2

10
-1

1

10

10
2

6
0

3
7

6
1

1
7

 ¤
 ¤

¤

6
3

9
0

 ¤  ¤

6
7

0
7

 ¤

 ¤
6

9
1

6

7
0

9
1 7
2

6
0

7
4

1
6

 ¤
¤

 ¤

 ¤
¤

 ¤
8

0
3

0

 ¤

8
4

9
8

 ¤
¤

8
7

3
2

 ¤

9
6

0
0

N

X 1
4

0
m

1
7
5
, 
1
7
5
m

2
5
3

2
9

7
3
2
6
, 
3
2
7

3
9

1
>

4
9
3
, 
5
0
0

5
7

5
5
9
6
, 
6
0
8

7
0
2
, 
7
0
8

8
0

8
2

  
  

  
8

3
1

8
6
8

9
3

9
9
6
1

1
0
0
0

  
  

 1
0

9
5

, 
1
1
0
1
,1

1
0
6

1
1

3
1

. 
1

1
3

9
1
2
0
4

1
2

5
1

1
2

9
9

1
3

7
9

1
4
7
2
,1

4
8

9
1

5
1

0

1
6

1
8 1
9

4
0

2
0

7
4

4
7

0
7

4
8

8
2

5
4

5
1

5
5

1
8

,¤

 ¤
¤

5
8

1
7

=

=

C
o

u
n

t/
M

a
s
s
/F

lu
e

n
c
e

 ×
1

0
6

Energy (MeV)

@

Sample: GeO
2
 (Ge)

Holder: Teflon bag

Mass: 1.23 g (0.85)

Live time: 58,165 s

Beam: cold

Flux: 5×10
7
 cm

-2
s

-1

Vacuum: no

Count rate: 3333 cps

Total counts: 193,869,754

32:Ge

background from 7xGe
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delayed γ-spectrum (Geel)

background from 75Ge M. Hult
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γ-spectrum in 77As

Qβ=2703 keV > Qββ; Io= 58 %
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Proposal at ILL

measure the prompt γ-spectrum

•• high thermal neutron flux at ILL reactor: 1.8·109 neutrons/(cm2s)
•• enriched target ( 86% 76GeO2)
•• also normal and/or depleted GeO2

•• employ Ge-diodes (normal !)
•• use coincidence technique
•• after ILL cacle: measure delayed gammas
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coincidence setup

E
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E1

E0
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summary

rate: 1,12 n-capture/kg/year

if prompt/delayed spectrum known:
prompt Eγ measured in Ge-diode shows time of capture
analyse within time window the next signal for

delayed γ

or β

independent of µ-veto

probability for Eγ= 2037 keV: 6,4×10−4

validity ?

measure neutron flux during GERDA operation:
parasitically inside Watertank
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