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TEXONO [since 1997] :

 Neutrino Physics at Kuo-Sheng Reactor Neutrino 

Laboratory (KSNL)

Taiwan (AS, INER, KSNPS)

 India (BHU) 

Turkey (METU,DEU)

CDEX [birth 2009] :

 Dark Matter Searches at China Jin-Ping 

Underground Laboratory (CJPL)

China (THU, CIAE, NKU, SCU,YLJHD)

Taiwan EXperiment On NeutrinO

China Dark Matter EXperiment

Research  Program:   Low Energy Neutrino and Dark Matter Physics
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• 28 m from core#1 @ 2.9 GW

• Shallow site : ~30 mwe overburden 

• ~10 m below ground level

• Neutrino flux 6.35x1012cm-2s-1



Configuration: Modest yet Unique

Flexible Design:  Allows different 

detectors conf.  for different physics

Inner Target Volume

Front View (cosmic vetoes,  
shielding, control room …..)



ULB-HPGe  [1 kg] CsI(Tl)  [200 kg]

Multi-Disks Array [~300 Tb]

Sub-keV Ge Detectors 

(20-1000 g)

Data 

Acquisition with 

FADC Readout 

& FPGA 

Capabilities



Schematic crystal configuration of the Ge detectors: (a) CoaxGe at 1 kg mass, 

(b) ULEGe at 5 g modular mass, (c) pPCGe at 500 g mass, and 

(d) nPCGe at 500 g mass.



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



massquality Detector requirements

Threshold ~ 
100 eV

Observable Spectra with Reactor Neutrino 

Magnetic Moments
[PRL03,PRD05,PRD07]   

 1 kg HPGe

SM & NSI/BSM 
n-e  Scattering  

[PRD10,PRD10,PRD12]

 200 kg CsI(Tl)

nN Coherent Scattering 

 sub-keV O(kg)  ULEGe / PCGe

 Dark Matter Searches @ KSNL [PRD09,PRL13,AP14]

 CDEX Program@CJPL [PRD13,PRD14,PRD14]

Neutrino Milli-charge [PRD14]   

 sub-keV  O(kg)  ULEGe / PCGe
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Verify SM Destructive Interference

ON-BKG
200 kg CsI(Tl)

 Constraints on Various Beyond SM Effects [PRD10; PRD12] 



Search of  mn at low energy with Reactor n-e scattering

 high signal rate & robustness:
 mn>>SM [ decouple irreducible bkg  unknown sources ]
 T << En  ds/dT depends on total fn flux but NOT 

spectral shape [ flux well known : ~6 fission-n  ~1.2 
238U capture-n per fission ]
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mn(ne) < 7.2 X 10-11 mB [PRL03; PRL07]

Same approach continuing in GEMMA (Kalinin, Russia) mn(ne) < 2.9 X 10-11 mB [2013]



 Cross-section enhanced at low energy 
transfer (“minimum ionizing”)

 Smoking-gun signatures for positive 
signals:  peaks at  known K/L binding 
energy at known ratios [different from 
cosmic-activation electron-capture 
background]

 Present Bound :   dQ < 10-12

 Future Sensitivity Goal (100 eVee 
threshold):  dQ ~ 10-14

Neutrino 

Electromagnetic 

Form Factors in CPT 

conserving theories

Atomic Ionization Differential Cross-Section
with full atomic physics many-body “MCRRPA-multiconfiguration 

relativistic random phase approximation” calculation [PL13] 

The standard QED matrices

The neutrino properties are 

parameterized by the neutrino 

fractional charge relative to the 

electron —commonly referred to 

as “Neutrino Millicharge”.

The F1 and F2 terms 

characterize neutrino 

interactions without and with 

a change of the helicity states.



Data ON/OFF ~ 130days/70days

Detector : n-PCGe, p-PCGe

Threshold ~ 0.3 keV, 0.5 keV.

μν < 1.7 ✕ 1010 μB
(at 90 % CL)

The peaks are from the L-shell x rays,

where the intensities can be

quantitatively accounted for with the

higher-energy K-shell peaks.

Data compared withνe-A(δQ) from MCRRPA. 

A limit of |δQ| < 2.1 × 10−12 at 90% CL is derived.



 Physics Goals for O[100 eV threhold1 kg 

mass1 cpkkd] detector :

 nN coherent scattering  

 Low-mass WIMP searches

 Improve sensitivities on neutrino 

electromagnetic properties 

 Implications on reactor operation 

monitoring 

 Open new detector window & detection 

channel available for surprises 

 HPGe detector with Internal amplification



 Standard Model allowed and predicted processes : 

n (c)

n (c)

 Neutral current process   (same for all n-flavor) 

 s  N2 @   En < 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



[ with Quenching Function for Ge for nuclear recoils ]

Needs Background < 10 cpkkd, 

Target 1 cpkkd

Needs Threshold  < 200 eVee, 
Target  100 eVee
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Dark Matter rediscovered

In 1970’s Vera Rubin found that the rotation curves of galaxies ARE FLAT!

Dark Matter dominates in galaxies e.g. in NGC3198

We are going to concentrate on the DM in the Dark Halo of our own 
galaxy

Origin of  the Dark Matter Concept
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• Dark matter has already been 

discovered through 

• Galaxy clusters

• Galactic rotation curves

• Weak lensing

• Strong lensing

• Hot gas in clusters

• Bullet Cluster

• Supernovae

• CMB

• We have entered in the regime

of dark matter identification

CMB Fluctuation

Astrophysical Evidences

http://esamultimedia.esa.int/images/Science/1e0657_H1.jpg
http://esamultimedia.esa.int/images/Science/1e0657_H1.jpg
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Milky Way’s Dark Halo
Fig. from L.Baudis; Klypin, Zhao and Somerville 2002

1010 (GeV/mc) WIMP’s passing through us per cm2 per second !

Cold dark matter is present 

at all scales including 

galactic halos (rotation 

curves), including ours 

(revolution speed of  

Magellanic Clouds, etc.)

If  dark matter particles do 

not have weak

interaction, no hope to 

detect them, if  they

do are called WIMPs 

NB. Not necessarily only 

one type
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Universe Energy Budget



What we know about DM? 
Know something ! 

 All we know is that dark matter reacts to gravitation 

but not to electromagnetism since it does not emit 

any light i.e. electric charge =0 and colourless

 It should be massive

 Very long lived or absolutely Stable

 Very Weak in nature

 Hot or warm or cold, 

prefer cold dark matter

Mass, spin NOT known

 May be it interacts with 

ordinary matter through the 

weak nuclear force, the one 

responsible for radioactive 

decays. 

 Dark matter would then be 

made of  weakly interacting 

particles.
Nothing about 

Dark Energy !!!
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Standard Model of Particles
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DM Candidates in Particle Physics

Phys. Rev. D 75, 052004 (2007) 
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Non-WIMP Dark Matter



Dark Matter Searches



Dark Matter Searches



The World Wide WIMP Search

Kuo 

Sheng

TEXONO

INO

DINO

Many experiments are collecting 

more data and new ones are 

being built. With theorists and 

experimentalists being hard at 

work, hopefully there will soon be 

a breakthrough.



Measurable recoil spectra for WIMP-Ge interactions at a cross-section of 10-40 cm2, 

at various values of cm. The lower bounds of cm as a function of physics threshold is 

also shown, assuming 1 kg-yr of data and a background level of 1 kg-1keVee
-1 day-1. 

Quenching effects of nuclear recoils are taken into account. 

Sensitivity reach of the same configuration at different detector threshold, showing 

the relative improvement in cross-section as a function of cm.



Typical SA6 pulse at 6 ms shaping time. The various key parameters for analysis and 

calibration purposes are shown.

Reset 

Preamp
PCGe 

SA: Shaping time 0.5 ms to fit in one 

frame ; Typical operation in 6-12 ms









The ULEGe is an n-type detector 

and with thin surface layer. It is 

also equipped with a thin cryostat 

window which allows detection of 
external X-rays lines.

Typical  ULEGe, pPCGe and nPCGe spectra showing X-ray peaks and noise-edge. The lines in 

all cases are used in energy calibration. The peaks are due to electron capture of 

cosmogenic activated isotopes producing X-rays inside the detectors. The noise-edge is 

defined as the energy when physics events would take over from the self-trigger 

electronic noise spectra.





 500 eV threshold; FM 0.84 kg; DS 
39.5 kg-days

 devised schemes for B/S separation 
& efficiencies

 probed and excluded some light 
WIMP allowed regions

 Indicated: leakage of “Surface” 
background to “Bulk” samples can 
give false positive signals.

Learn & Establish Techniques

Catalyze CDEX-1 @ CJPL 

Produce Physics Results !

TEXONO@KSNL [PRL13,AP14]  :



L. Baudis, arXiv:1408.4371 

Limits are getting better and better ….

So be positive and wait for positive claim….



 2400+ m rock overburden, drive-in road tunnel access 
 ~6 muon/m2-month  (cf sea-level 100 Hz/m2)

 6X6X40 m cavern constructed [managed by THU & YLJHDC] 

 CDEX-1 Dark Matter Program

Sanford 4850

CJPL



~2400 m
~9000 m

Physics Today September 2010

6 m (H) X 6 m (W) X 40 m (L)

CDEX-1
PandaX



1 m thick 
PE House

Internal space: 
8mX4.5mX4m(H)

m-rate ~ 6 per m2 per month

20cm
20cm

20cm
20cm Copper

CDEX-1 @ CJPL : 

 Adopt KSNL Baseline Design

 Engineering Run  2011  

 Physics Run June 2012

 First Results 2013



 All events quantitatively accounted for ; No Residual Excesses at sub-keV
 Exclude CoGeNT-2013 excess as WIMP-induced, independent of interaction channels



Ge + JFET Ge Array in String
 PCGe in Arrays & Strings
 LiqN (LiqAr) as both cryogenics 

(& active anti-Compton) 
 ~30-40 cm 4 shielding range
 Prototype 2014
 Baseline Design for Future O(1 

ton) Expt for DM+0nbb
CDEX-10 
(2015+) CDEX-(1 ton)

Artist’s Conception



Water 

Tunnel

 Four 14m*14m*130m Lab Halls 

[30> CJPL-I]

 Construction Started end 2014

Science V346, Nov 2014

CJPL-I

(~500 m)

1# Auxiliary 

Tunnel

Drainage

Tunnel2# Auxiliary 

Tunnel

Traffic 

Tunnel

2014.11.25





 Improved sensitive bounds on low energy neutrino 
parameters.

 Competitive results on light WIMPs with sub-keV 
Ge, even at a surface TEXONO@KSNL; further 
improved with underground CDEX-1@CJPL

 Surface leakage to Bulk samples is important to 
PPCGe at low energy, origin of earlier “WIMP
signal”. 

 CJPL-2: 30 times more space, being built
 Ge R&D + technology acquisition  next generation 

DM (+DBD) experiment @CJPL
 KSNL: more matured to return to original goal 
 nN coherent scattering

Thank you !!



Back Up 
Technical Materials



Direct Detection



Comparison of averaged pulse shaped from timing amplifier (TA) and shaping 

amplifier SA6 for events due to random-trigger, self-trigger pedestal electronic 

noise, test-pulser and physics interaction. The selected events except those of random-

trigger are of effective energy near noise-edge ( 300eVee). Their amplitude is normalized to 

unity in the display, except for the random-trigger whose normalization follows that of the 

self-trigger. The physics samples are from bulk events tagged with “AC+CR+" and 

after basic criteria. The trigger instants defined by Ge-SA6 signals are shown.



Energy response near threshold with the test-pulser which provides precise and 

linear input signals.

Superimposed are the nominal specification, as well as the settings corresponding to 

the electronic noise-edges of the pPCGe and nPCGe.



Amax  in sA unit, showing non-linear 

behaviour as energy approaches zero

Deviations in eVee unit from linearity

FWHM resolution also in eVee unit

Response of the pPCGe and nPCGe detectors versus energy when the test-pulser amplitude 

(displayed in sA unit) is comparable to pedestal noise fluctuations. 

It can be seen that the detectors are well-behaved in the physics regions of interest.



J. Kopp @ IDM12



 Growth & Processing of raw Ge crystal 
 Application-specific optimized assembly
 R&D on JFETs &  Preamps & ASICs

Processing & Assembling Detector & CryogenicsCrystal



Valid  scheme should 
produce physics rates 
insensitive to location

BS

log [Risetime]

PSD for Surface Vs Bulk Events @ PCGe [AP14]
 n+ “inactive layer” is not totally dead; signals finite but slower rise time
 ACV+CRT tag (cosmic-induced high energy neutrons)  no surface band
 n-type PCGe  no surface band 



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

6ms

12ms

SignalNoise

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 


