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Tuebingen:  
 stage of the most famous 

absence from a meeting in 
History of Physics 

 Appears in 1st page of every 
neutrino physics text book 
Introduction of the idea of 
neutrinos to science by Pauli, 
1930. 



Kuo Sheng Reactor Neutrino Laboratory  (KSNL) 
TEXONO Collaboration (since 1997) [Taiwan, China, India, Turkey]    

28 m from core#1 @ 2.9 GW 
~30 mwe overburden 



p- PCGe 
[500g – 1 kg] 

p+ 

n+(~1mm Li diffused) 

n- PCGe 
[500 g] 

n+ 

p+(~0.5 μm Boron implanted) 500 g 

4x5g ULEGe Baseline Hardware Design 



Current Research Theme: 

“sub-keV” Ge Detectors 

 Physics Goals for O[100 eV threhold⊕1 kg 
mass⊕1 cpkkd]  detector : 
 νN coherent scattering , potential applications 

to reactor monitoring  
 Low-mass WIMP searches 
 neutrino magnetic moments 

 Open & Explore new detector window & 
detection channel & physics parameter space 



νN Coherent Scattering  
 sub-keV  O(kg)  Ge  
 Dark Matter Searches (PRDRC-09)   
 DM@CJPL 
 .. more twists & turns (the “Beyonds”)!? 

Neutrino Properties & Interactions at Reactor 
mass quality Detector requirements 

1 counts / 
kg-keV-day 

Threshold ~ 
100 eV 

Magnetic Moments 
(PRL03,PRD05,PRD07)    
 1 kg HPGe 

SM & NSI/BSM  νe  
Scattering   
(2 ⊗ PRD10,PRD12)   
 200 kg CsI(Tl) 

Observable Spectra with 
Reactor Neutrino “Beam” 
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Reactor Neutrino 
@ KSNL :  Summary 

1 kg ULB-HPGe 

INCCC
SM RRRR ×++= η

200 kg CsI(Tl) 



Neutrino-Nucleus Coherent Scattering : 

 Standard Model allowed and predicted processes :  

ν (χ) 

ν (χ) 

 Neutral current process   (same for all ν-flavor)  
 σ ∝ N2   @   Eν < 50 MeV  

⇒ “Coherent” [probe “sees”  the whole nucleus] 
 sensitive probe for BSM  ;  interest in reactor monitoring 
 important process in stellar collapse & supernova explosion 
 analogous interaction used in dark matter detection 
 Ge at KSNL @ QF~0.2 :  cut-off ~ 300 eV  ;   

              Rate ~10 kg-1 day-1 @ threshold~100 eV 



Wishes & Challenges 

 > keV :  O(1 cpkkd) achieved 
 Sub-keV Bkg goal  : O(10 cpkkd)O(1 cpkkd)  
 How? Understand background and detector response ; 

radiopure materials 
 Novel Ideas ??  Nuclear Vs Electron recoil differentiation ??  

 20 g target :  200-eV physics threshold achieved  
 Kg-target  Threshold  goal : ~500 eV  100 eV 
 How? Sub noise-edge analysis ; electronics JFET R&D  
 Novel Ideas ?? Signal Amplification ?? 

Reduce  Bkg 
 
 

Lower 
Threshold 

 
 

arXiv:1303.0925 

Typical Background 
Spectra 

Reduce Background 

Lower 
Threshold 

⇔ 

Reduce σ 

Lower mχ 



 look for specific +ve 
pulse fluctuations at 
specific & known timing 

6µs 

12µs 

Signal Noise 

PSD Selection to Suppress Electronic Noise 
E.g. 1  correlations in  two readout of different gains & shaping times 

ULEG
e 



50% @ 
320 eV 

Trigger : 

Phys-Vs-Noise Selection Efficiency 

ACV-Tagged 200-400 eV 

NaI-AC & Ge 
Coincidence 

Events  

E.g. 2  correlations between 
Max. Amp. & Energy  



Exciting (Worrying)  Development : 
CDMS Experiment exploiting 
“phonon amplification at high drift 
voltage” 



Public Conference Statements by CDMS  

ALSO [arXiv:1206.2644, PRL12] :  
LiqXe techniques may have 
achieved single-electron 
sensitivities or O(10 eV) 
threshold. 



Wish (Wishful Thinking) from Physicist Users: 

Climb Every Mountain …….. 
Innovations to do nuclear/electron 

differentiation, even down to 10-keVee ?? 
Innovations to do electron-hole 

amplifications ?? 



TEXONO@KSNL New Results [arXiv: 1 303. 0925] 

Configurations: 
＊39.5 kg-days of data @ KSNL 
＊Baseline design with NaI(Tl)  AC  & active CR vetos 
＊PPCGe , 840 g fiducial mass 
＊Analysis above electronic noise edge of 500-eV 

Basic (Previously Used) Selection Criteria: 
 Physics Vs Electronics Noise (PN) : 
 pedestal tails, microphonics, preamp-reset induced …… 
 Via pulse shape analysis & timing 
 WIMP-eff  ~ survival of doubly-tagged ACT+CRT events 

 Anti-Compton vetos (ACV) :  NaI(Tl) anti-coincidence 
 WIMP-eff ~ survival of random trigger (RT) events 

 Cosmic-Ray vetos (CRV) : 
 WIMP-eff ~ survival of RT  
 CR-rejection eff : survival of reference samples with 

NaI(Tl)>20 MeV 



Bulk Vs Surface (BS) Events Selection  &  Efficiencies 

“Calibration” ≡ measure energy-dependent  signal-retaining (εBS) 
& background-suppressing (λBS) efficiencies, such that  [B,S=real ; 
B’S’=measured]  

Approach:  Identify at least two calibration data where (B,S) 
are known & (B’,S’) measured ⊕solve coupled equation for 
(εBS, λBS)    correct  physics (B’S’) to get (B,S) 

Valid  scheme should 
produce physics rates 
insensitive to location 

B S log [Risetime] 



Three complementary [different depth distributions] calibration data: 
 Very Surface-rich  low-energy γ (241Am, 60 keV)  ;  B=simulation 
 Surface-rich high-energy γ (137Cs, 660 keV) ;  B=simulation 
 Bulk-rich cosmic-induced high energy neutrons by  ACV+CRT tagging ;  

B=same tag from NPCGe 



“Candidate Events”  =  ACV+CRV+B   
 ACV+CRV+B’ + (εBS, λBS)  correction 
 insensitive to exact BS-cut  location 
 Subtract flat γ background & L-X-ray  

 residual spectrum for placing WIMP constraints 
 ∃ not-yet-accounted-for  sub-keV events 



Prospects & Outlook 

 Interesting windows on neutrino and dark matter 
experiments are opened up with detectors having sub-
keV sensitivities. 

 Ge as ionization detectors has been and is a leading 
technology ; competitive results achieved. 

 Formidable (potentially game-changing) challenges 
arising from bolometric Ge and liquid xenon techniques. 

 In addition to incremental improvements, the users 
would love (need) to have quantum leaps through 
innovative techniques to maintain competitive edges  
[  ….  for brainstorming in this meeting] 
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