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TEXONO-CDEX  Collaboration 

研究主軸:   低能區微中子與暗物質物理

TEXONO
台灣國聖核電廠微中子實驗室(KSNL)

台灣 (中研院,清大,核能所,核二廠)

土耳其 (METU,KTU)
印度 (Banaras Hindu U) 

CDEX 
中國錦屏地下實驗室(CJPL)

中國 (清大,原子能院,南開大,川大,二灘水利)

Taiwan EXperiment On NeutrinO [since 1997]

China Dark Matter EXperiment [birth 2009]



~1990: 台灣中研院高能組(李世昌)與北京高能所
(鄭志鵬)啟動交流、互訪

1996/4: 探討合作策略架構 [Who,Where,What] 
(張仲澐、李世昌、鄭志鵬、李金)

1997/1: 王子敬加入、與李金共同推動、內容與細
節[How’s] 定案、組織兩岸團隊

歷史與里程

李世昌2010張仲澐 2010李金 1990’s鄭志鵬 1989





創新精神 (時、空、人、事):   

 國聖實驗(KSNL): 首次於台灣本土執行的大型粒子物理實驗

 錦屏地下實驗室(CJPL): 中國首個、世界最深的地下實驗室

 TEXONO-CDEX 團隊: 台灣與中國大陸重點科研單位首次合作



 Need neutrino source to do neutrino physics : reactor 
is a high-flux, understood and controlled source ⇒
AND free as well !! 

 oscillation expts. ⇒ mν≠0 ⇒ anomalous ν properties & 
interactions

 Experimental neutrino physics has been full of surprise

 Worth exploring any experimentally accessible 
parameter space 

 May place constraints to interpretation of precision 
oscillation data

 Explore  new neutrino sources & detection channels for 
future studies

Neutrino Physics at (L~0) Reactor ?? 
Rationale :



NPS-IV

Science Magazine 2003年專文報導

國聖微中子實驗室

＊ 距離爐心 28 m

＊ 微中子通量 ~1013 cm-2 s-1

(比太陽微中子高)



實驗室外觀 (宇宙線探測器、
屏蔽體、控制室…..)

屏蔽體內



FADC Readout
[16 ch., 20 MHz, 8 bit]

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

Multi-Disks Array [600 Gb]

KS Laboratory : Detectors
ULE-ULB-HPGe  
Prototype [20 g]



νN Coherent Scattering 

Dark Matter Searches 
(PRD-RC09)

Neutrino Properties & Interactions at Reactor
massquality Detector requirements

1 counts / 
kg-keV-day

Threshold ~ 
100 eV

Magnetic Moments 
(PRL03,PRD07)

Standard Model   
νe  Scattering  
(2 ⊗ PRD10)



重點研究成果 : 於低能區開啟觀察視窗

 微中子與光子可能交互作用的研究
[Phys.Rev.Lett. 2003 ; Phys.Rev.D 2007]   

靈敏度世界水平前沿

高純鍺 1 kg (HPGe)



 微中子與電子交互作用的研究
[2 ⊗ Phys. Rev. D 2010 ]

於新能區證明標準模型有效、限制新物理

CsI(Tl) 閃爍晶體 200 kg



 找尋暗物質 [Phys.Rev.D (RC)  2009]
微中子探測器之開發

開啟低質量暗物質視窗
靈敏度世界前沿
迅速有效開展CJPL研究的重要基礎

超低能高純鍺 20 g(ULEGe)

χ

χ

(暗物質)

正負電荷

熱量
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Current Research Theme:

“sub-keV” Ge Detectors
 Physics Goals for O[100 eV threhold⊕1 kg 

mass⊕1 cpkkd] detector :
 νN coherent scattering  
 Low-mass WIMP searches
 Improve sensitivities on neutrino magnetic 

moments
 Implications on reactor operation 

monitoring 
 Open new detector window & detection 

channel available for surprises 



 a fundamental neutrino interaction never been experimentally-
observed

 s∝~N2 applicable at En<50 MeV where q2r2<1 

 a sensitive test to Stardard Model
 important interaction/energy loss channel in astrophysics

media

 a promising new detection channel for neutrinos; relative 
compact detectors possible (implications to reactor monitoring); 
& the channel for WIMP direct detection !

 Typical Rates for Ge at KSNL : 

~10 kg-1 day-1 @ threshold~100 eV & QF~0.2

Standard Model 
Cross-Sections:

Neutrino-Nucleus Coherent Scattering :



4X5g ULEGe

TEXONO-CDEX : ULEGe & PCGe @ KSNL & CJPL

500g PCGe

900g PCGe



Threshold & Efficiencies & 
Background  for 20g 
ULEGe (2007)

Dark Matter 
Searches 
Analysis

sub-keV Background :
＊ Not fully explained with 

conventional background 
modeling

＊ Intense work on hardware, 
software and data taking at 
new underground site

ULEGe ( 5 g × 4)
@ KS

CRESST-I
@ GS
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HPGe-1 kg
@ KS 

CoGeNT
(2008)

50% @ 
220 eV



Limits on Low Mass WIMPs : 
Spin-Dependent & Independent 

Couplings (PRDRC09)
CoGeNT(2008)

Latest :  New CoGeNT 2010  Results (limits & allowed region) ;  
intense theoretical interest and speculations on low-mass WIMPS



 Merits: 2500+ m rock overburden ; drive-in road tunnel 
access ; superb supporting infrastructures

 6X6X40 m cavern construction completed [THU & EHDC] 

DUSEL 4850

DUSEL 7400

CJPL



~2400 m

~9000 m

Physics Today September 20106 m (H) X 6 m (W) X 40 m (L)

CDEX-
TEXONO PandaX

http://www.physicstoday.org/�
http://www.physicstoday.org/�


Good Supporting Infrastructures

Campsite #1
Campsite #2

Road from Xichang (西昌)

Tunnel Entrance



THU-EHDC MoU 2009/5/8

CJPL Excavation 
2009/7— 2010/4

Inauguration Ceremony  2010/12/11



CJPL Hall A: 
Basic Infrastructures Completed 
& Research Started Sept 27, 2010.

Inside with shielding structure

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



Status and Plans 

 Competitive limits at WIMP- mass < 1 0 GeV obtained 
with sub-keV Ge prototype at a shallow depth reactor 
laboratory KSNL, for both spin-independent and spin-
dependent couplings

 Studies on background understanding at sub- keV range 
 Data taking as KSNL with 500g/900g Point-Contact Ge
 Evolving to dedicated dark matter searches at new 

deep underground laboratory at Sichuan CJPL 2010.
 Prepare towards detectors at 10-kg range
 Goals : open new detection channel and detector 

window for neutrino and dark matter physics ; available 
for surprises



願景

更上層樓:
 KSNL 與 CJPL 實驗計畫，繼續全

速發展 [繼往]
 探討 CJPL 新研究方向 [開來]

“The Rest will be History …..”
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