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TEXONO-CDEX Collaboration

[ A “Zero-Background” Experiment !! |

{ZHOW O Taiwan EXperiment On NeutrinO  [since 1997] &

® Neutrino Physics at Kuo-Sheng Reactor Neutrino
Laboratory (KSNL)

» Taiwan (AS, NTHU, INER, KSNPS)
» Turkey (METU)
» India (BHU)

CDEX  China Dark Matter EXperiment — [5irsh 2009] ¢ CJPL %4

® Dark Matter Searches at China Jin-Ping
Underground Laboratory (CJPL)

» China (THU, CIAE, NKU, SCU,EHDC)
W Research Program: Low Energy Neutrino and Dark Matter Physics




.... paving the way for Taiwan’s participation in DayaBay

Daya Bay Taiwan Group
(NTU,NCTU,NUU; PI: B. Hsiung) |

Contributions:

2% All 8 inner (3m) acrylic vessels to contain the
“target”, GdLS, are built in Taiwan.

<< DAQ/Trigger and Control R&D

»< PMT gain calibration and monitoring

% Calibration Database update and validation

% Data Quality Check
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Kuo Sheng Reactor Neutrino Laboratory (KSNL)

Kuo-Sheng Nuclear Power Station : Reactor Building
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A Bridge Over Troubled Waters

\
Researchers from Taiwan and the mainland have hit scientific pay dirt with the first—
|and so far the only—collaboration between two institutions across the Taiwan Strait



| Neutrino Properties & Interactions at Reactor |
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Reactor Neutrino
@ KSNL : Summary
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FIG. 14 (color onling). Summary of the results in the searches
of neutrino magnetic moments with reactor neutrinos. Both the
limits and the detection thresholds of the various experiments are
shown.
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Current Research Theme:

“sub-keV"” Ge Detectors

8 Physics Goals for O[100 eV threhold &1 kg
mass @1 cpkkd] detector :

® vN 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



Neutrino-Nucleus Coherent Scattering :

i Standard Model allowed and predicted processes .
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Neutral current process (same for all v-flavor)
cxN?> @ E, <50 MeV
= “Coherent” [probe “sees” the whole nucleus]

\ 74

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

YV V.V VY




CJPL#=
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China Jinping Underground Laboratory

2400+ m rock overburden, drive-in road tunnel access
6X6X40 m cavern constructed [managed by THU & EHDC]
CDEX-TEXONO Dark Matter Program Started

Yunnan Province
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CJPL#=

FERREE L=
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China Jinping Underground Laboratory ﬁ\ "I N CJPL % flﬂjﬁ%}&?%iﬁﬁ
. - L n —_— ina Jinping Undergroun, ratory

PandaX

China, others dig more and
deeper underground labs

From tiny to gargantuan, experiments are in the works
to exploit the shielding from cosmic rays that being
deep underground offers.

PARTICLE PHYSICS:

Chinese Scientists Hope to Make Deepest, Darkest

Dreams Come True e Tt e [ Science 5 June 2005,
Wol. 324. no. 5932, pp. 1246 - 1247

Dennis Normile DOI 10.1126/science 3241246



http://www.physicstoday.org/�
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CJPL Hall A: 1 m thich

Commissioning 2010/9/27 PE House
Ventilation Completed 2012/1
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Cosmic Ray Telescope

First Triple Coincidence Event
. Date: 2010/12/02
Y Time: 04:49:19

= 8pso3s

L ~ 6 events / [ month - 1 m?]
(c.f. ~100 Hz / m? at sea-level )

% Consistent with expectations

+ Measurements of ambient radioactivity (y's,
neutrons, radon) underway



TEXONO-CDEX : ULEGe & PCGe @ KSNL & CJPL
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TEXONO-CDEX @ KSNL :
Threshold &

Efficiencies &

Background for 20g ULEGe

sub-keV Background :

* Not fully explained with
conventional background
modeling

% Intense work on hardware,
software and data taking at
new underground site
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Limits (PRDRCO9) & Projected

Sensitivities on Low Mass WIMPs
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Much has happened world-wide since .........
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Hints for light dark matter J. Kopp @ IDM12
On the Earth . .. ...and in the skies
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Sub-keV Ge Detector Techniques :

R&D Items

Quenching Factors -- nuclear recoils’ lonization
Yields : M for Ge

Energy Definition & Calibration:

Trigger Efficiencies near threshold:

Physics Vs Noise Pulse-Shape Selection --

algorithms & efficiencies %
Bulk Vs Surface Events Selection — algorithms &

efficiencies % % %

@ @ @ @D

@D




PSD for Surface Vs Bulk Events @ PCGe

> n+ "inactive layer” is not totally dead: signals finite but
slower rise time +

: +
>  ACV+CRT events (neutron rich) samples do not show .
surface band 1 s g
> Intense efforts to devise schemes to measure reition regon - pared
efficiencies/leakages ...
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TEXONO-CDEX @ CJPL

[112012+: Repeat PRD-09 measurement with 20-g
ULEGe & 1-kg PCGe

[12012-15: 10-kg range PCGe array , with Liquid
Argon Anti-Compton ; Acquisition of Ge and LAr
detector technology

12015 & Beyond: Towards 1-ton scale experiment,
include Double Beta Decay to Physics program,
within international context

[112010+: characterize background at CJPL ; set up
low background material screening facilities

New Ideas Welcomed !!



Data Taking @ e N
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Ge Processing & Assembly Facility @ THU

+ Clean room ~~ Vacuum Coating ™
g Machine

qqqq

Magnetron —
Sputtering
Device

-1 Processing of raw Ge crystal
-1 Application-specific optimized assembly
-1 R&D on JFETs & Preamps

-1 Possible Future Commercial Marketing (THU)

A
T, > =

Processing & Assembling | Detector & Cryogenics



Design of CDEX-10 : with LAr Anti-Compton

CDEX-10
(2013+)

1 PCGe in Arrays & Strings

o LigAr as both cryogenics &
active anti-Compton

-1 ~30-40 cm 4~ shielding range

-7 Prototype 2" half of 2012

-1 Baseline Design for Future
O(1 ton) Experiment

"f‘N‘\\\I —== — —
- : | -

CDEX-O(1 ton)
Artist’s Conception




Status and Plans and Prospects

T
i St et
ST

> CJPL: deepest operating underground laboratory in the
world. CDEX & PandaX are the 15t Generation Expts.

> CDEX-TEXONO @ CJPL focuses on sub-keV Ge
detectors and low-mass WIMP region.

> Focuses at KSNL: sub-keV Ge to support dark matter
program AND towards v-N coherent scattering

> Intense efforts on Ge & LAr Detector R&D +
Background Understanding @ sub-keV.

> Goals : open new detection channel and detector
window for neutrino and dark matter physics ;. available
platform for /nnovations & surprises




Supplementary : Highlights on Light WIMPs

Hints for light dark matter

On the Earth ... ...and in the skies
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Physics Case -- Recall discovery of neutrino oscillations :
small Vs large mixing angles
atmospheric neutrinos being irreducible background to
proton decay.
Y Moral: Study new parameter space carefully wherever
experimentally possible

“Some” Low-Mass Dark Matter Models:

Generic SUSY Framework ; Light SUSY [PRD 72, 083521(2005)..]
Composite DM ; Q-Balls [PRL 89, 101302(2002)..]

WIMPless DM [PLB 670, 37 (2008)..]

Mirror DM [PRD 80, 091701(2009)..]

Asymmetric DM [PRD 79, 115016(2009)..]

Singlet Fermion DM [JHEP 0905, 036(2009)..]

MeV DM [PRD 77, 087302(2008)..]

Leptophilic DM [PRD 80, 083502 (2009)..]

Axion-Like Particles

©.8,6,8,6,68, 6,6, 6, 6

(e.g. solar system bound) [PRL 81, 5726(1998)..]
Many other theory work ........

&

OR ... Alternative Astrophysics DM p-v modeling may favor lower recoil energy




CoGeNT @ US 2007: Demonstrate use of “Point-Contact Ge Detector’

2010 (PRL11: limits & allowed region) / 2011 (PRL11: 2.8c annual
modulation) [ 2012 (Long Paper)
= intense theoretical interest and speculations on low-mass WIMPS

Sub-keV Excess
not explained by
conventional
background
modeling
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CoGeNT energy window (black dots) compared to the MI-
NOS radon data at SUL (dashed), averaged over the period
2007-2011, exhibiting a peak on August 28th [38, 39]. The
solid curve represents a sinusoidal fit to CoGeNT data.




CDMS & XENON10/100 (+ SIMPLE, Edelweiss ...) extended design
range, performed Low-Energy Analysis and probed/excluded
CoGeNT Allowed Region

CoGeNT’s response/critique : uncertainties in energy scale
calibrations, ionization and scintillation yields, backgrounds,
noise fluctuations at/below threshold

Controversial : Different Detector Technologies & Background
Sensitivities ; Low Energy / Insufficient statistics ; Steep
Dependence between Physics & Experimental Parameters

WIMP-nucleon cross section og [cm %]
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