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Neutron energy range : 0.4 MeV to 14.8 MeV



Muon-generated so-called spallation neutrons, (o,n) neutrons
and neutrons from spontaneous fission are a source of background in rare
event searches, even If the associated experiments are mounted deep
underground In mines

The spallation neutron energy spectrum extends up to a few GeV,
but only low-energy neutrons up to ~20 MeV are of concern

The (a,n) neutron energy spectrum extends only up to 10 MeV

The spontaneous fission neutrons, basically from 238U, are mainly below 3 MeV



Neutron Source Reactions

3H(p,n)3He 0.4 - 3.6 MeV
‘Li(p,n)’Be  0.58 MeV
’H(d,n)3He 4.2 - 7.6 MeV

3H(d,n)*He 14.8 MeV
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. “9Ar(n,y)*Ar and 4°Ar(n,p)3°Ar

1. GERDA: Ovpf decay search of °Ge @ LNGS

2. DUNE: Deep Underground Neutrino Experiment @ SURF
(former Homestake gold mine in SD)
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Indium and gold monitor foils for neutron flux determination

Activation formula
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40Ar(n,p)*°CI
Q=-6.7 MeV
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11. "475Ge(n,y)™>""Ge, °Ge(n,2n)>Ge, °Ge(n,p)’°Ga and
7476Ge(n,n’y)476Ge

1. GERDA 0vj3p of "5Ge
Q=2039 keV
2. MAJORANA 0vpBp of 75Ge

86% °Ge and 14% *Ge
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’5Ge(n,p)’°Ga
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More important: 2037.5 keV vy-ray; origin not clear yet, Crider et al.: 3147.4 keV to 1108.4 keV (2039 .0 keV)

NNDC: 3577.0 keV to 1539.5 keV (2037.5 keV)

In addition:2037.9 keV y-ray from 7Ge(n,y)’’Ge capture



I“ 128,130Te(n,y)129,131-|—e and 128,130Te(n’2n)127,129-|—e

1. CUORE: Cryogenic Underground Observatory for Rare Events @ LNGS
2. SNO+: Sudbury Neutrino Observatory @ Creighton mine in Sudbury, Ontario, Canada

OvBp of 1%8Te and 139Te Q=867 keV and 2528 keV

Using Tellurium of natural abundance: 31.7% %8Te and 34.1% 3°Te
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V. 130Xe(n,y)3" Xe, 13%Xe(n,2n)13*Xe and 13 Xe(n,n’y)3Xe

1. EXO-200: Enriched Xenon Observatory

2. KamLAND-Zen: Kamioka Liquid scintillator AntiNeutrino Detector-Zero neutrino

OvpBp of 1¥Xe  Q=2458 keV

EXO-200: 80.6% enriched in 136Xe
KamLAND-Zen: 91.0% enriched in 136Xe
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4OAr
40Ar(n,p)*°Cl from 9 to 12 MeV

4Ar(n,y)**Ar form 0.4 to 14.8 MeV

76Ge
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M. Bhike, B. Fallin,and W. Tornow, Phys. Letts. B 736, 361 (2014)

W. Tornow. M. Bhike, B. Fallin, and Krishichayan, PRC 93, 014614 (2016)
M. Bhike, B. Fallin, Krishichayan,and W. Tornow, PLB 741, 150 (2015)
M. Bhike, Krishichayan,and W. Tornow, submitted to PRC
Analysis almost completed

Completed, ready for publication
Analysis almost completed
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Work ongoing



Future Experiments

134Xe(n,y)*>Xe
134Xe(n,2n)t33Xe
134X e(n,n’y)3*Xe (just starting)

128,13o-|-e(n’ n’y)128'130Te

63.65Cu(n,y)84665Cu (halfway done done)
6365Cu(n,2n)%%%4Cu (halfway done done)



Thank you very much
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