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keV-MeV scale dark matter deep underground 
– Izaguirre et al. PRD92, 095014 (2015)

Motivated by a proposal by Pospelov’s group.
- 100MeV 1MW electron accelerator coupled to large detector for dark photon 

search.
- What about going to a little lower version of this proposal ?

We should identify needs for new 
underground laboratory at Handuk
for future experiments.   
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Multi-purpose Large (~kT) Liquid Scintillator

1. Dark Photon Search
2. Precision PP neutrino detection
3. Double beta decay
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Precision pp neutrino detection

Bellini et al., PRD89, 112007 (2014)
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MSW effect
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Neutrinos from different reactions 
are produced in the Sun at different 
radii and the electron density in the 
Sun decreases with increasing radius. 
This means that P for a given 
neutrino energy is expected to 
depend on the neutrino species under 
consideration.
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Borexino detector
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Solar neutrinos and backgrounds

At low energy (E<200 keV), 14C completely dominates over solar neutrinos. 
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Borexino pp neutrino measurement
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If 14C is reduced by a factor of 100, pp neutrino is most 
frequent events for 180<E<230 keV. 
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All Borexino measurements
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Can we reduce 14C ?

For pp neutrinos with a few % measurement, we need to reduce 14C.

For dark photon measurement at underground less than 200 keV, need to reduce 14C. 
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Jinping Neutrino Experiment
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1. Germanium 76Ge
2. Low temperature crystal 100Mo, 130Te
3. Liquid scintillator doped 136Xe, 130Te
4. Tracking 82Se
5. Liquid TPC 136Xe
6. High Pressure Gas TPC 136Xe
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l 13ton Xe-LS, D=3.08m, 25micrometer thick nylon film.
l Xe-LS, 82% decane, 18% pseudocumene, 2.7g/liter PPO+2.52% xenon
l Light output of Xe-LS is 3% lower than LS. 
l 1kton OD, D=13m 
l 3.2kton water cherenkov veto.

l Vertex resolution 15cm/sqrt(E(MeV))
l 6.6%/sqrt(E(MeV)) @2.6MeV
l 4.21% @ 2.458MeV 

l 77.6 days, 129kg of 136Xe
l T(0nu)>5.7x1024 w/ 90% CL
l Background rate

= 10 events/50keV/129kg/77.6days
=0.0073 /keV/kg/year

KAMLand- Xen
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SNOàSNO+
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Improvements

1. Backgrounds : Need to estimate realistic  
2. Resolution : could reach 4 % FWHM
3. Multi ton of isotopes : 5 ton 130Te possible ?
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Summary

l Size :
1. Dark Photon Larger is better
2. Solar neutrino ~ 1 kton
3. Double beta : ~ 1 kton

l Resolution : 
1. Dark photon E>50 keV
2. Solar neutrino E>150 keV
3. Double beta 4% FWHM possible 

l Double beta : Multi ton of isotopes : 5 ton 130Te possible ?
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C-14 backgrounds for LS

For Borexino, the data throughput is dominated by 14C, the largest source of trigger rate; a 
concentration of about 3x10-18g/g corresponds to 250Bq in the active volume.
l (1x1015g/kg)/14*6e23*0.693/(5730*365days)=6*0.693/5730/365e8/kg/day=199/kg/day

=2.3Hz/ton
l Q=156.5 keV
l For JUNO, 200*20e6/86400=4.6e4/sec

1. 17O(n,a)14C,   0.038%
2. 14N(n,p)14C
3. 13C(n,g)14C,   1.11%
4. 11B(a,n)14C
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Fiducial Volume 

IV 278 ton
7Be rate measurement : 75 ton
7Be annual : 142 ton


