Neutrino & Dark Matter Physics with
sub-keV Germanium Detectors

Overview (Collaboration; Laboratory. Program)
Highlights of Reactor Neutrino Program

Neutrinos & Dark Matiter with sub-keV Ge
Detectors

Status & Plans
Henry T. Wong /2 + #x

Academia Sinica /7 ¥ P 3 %
March 2011 ©




TEXONO-CDEX Collaboration
3 A gh Fi@%ﬂéﬁgﬁﬂ”'?%ﬂ

TEXONO  Taiwan EXperiment On NeutrinO  [since 1997]

© cBREFET R + 7% F (KSNL)

> e (ﬂpf’b,lﬁ , FE e 97, 152 R
>+ 3 H (METU,KTU)

> &° B (Banaras Hindu U)
CDEX China Dark Matter EXperiment [6irth 2009]

©F W B3 T 3 5% 3 (CPL) CJPL#A

>R R (GFEX,RFAR, BT A gk )



Brg2a g

»~1990: s A FrRd it e(F3H )8 R B i oT
(RE g m ~ I3

> 1996/4: :}ﬁl"‘-‘—}b T’F’{il* f#. [Who,Where,What]
(5'E /T} = ﬁK %’k‘ ﬁ)

»>1997/1: T3¢t B Z EERFHREFE-P Z B W
& [How’'s] =% ~ %g_?ﬁkﬁ = 1

AL m@ 1989
WCAN U1 IV

se@iE 2010 . %4 a2010

—-—RALL T ELIe HIH.IIIHI'HI. i
Mt % =

ARdP: T

RIS AN LA i = ._.::.:;_ I / s bl y fu—
AT "] B 2 I E L \ ]

% 4& 1990's

‘"'l'_u- =
T




RIATHEA. (FF~32 ~ XA ~F):
P REFHENL): #3022 RiFcht eI FuP 5%
¥ HEHTR%HECIPL): Y AF B & A BRI TRHE

v

‘¥ TEXONO-CDEX MiF¢: oY MApegpmi g g it

|1s5 MAY 2003 VOL300 SCIENCE w.«n.«-w.s.cien-:emag.mg|

Taiwan-China Collaboration

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

Tokvo—A hot campaign issue in Tatwan’s  the mainland but 15 now a US. citizen. It
presidential election in March 1996 was  was his idea to get Taiwanese scientists to-
whether the island should drop its long-held  gether with researchers at the Chinese
objective of reuniting with the mainland and — Academy of Sciences” Institute of High En-
frrmally Adaclara ate indenandanca. Az o aronr DHhaeioe (THEDRY That maonth  tha b



Neutrino Physics at (L~0) Reactor ??

Rationale :

> Need neutrino source to do neutrino physics : reactor

is a high-flux, understood and controlled source =
AND free as well |l

> oscillation expts. = m#0 = anomalous v 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
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Powerful collaboration. Scientists from Taiwan and mainland
China are studying neutrino emissions from this nuclear power
plant cutside Taipei.
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KS Laboratory : Detectors

ULE-ULB-HPGe
Prototype [20 ¢

i
Multi-Disks Array [600 GDb] 5

s

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



| Neutrino Properties & Interactions at Reactor |
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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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FIG. 1: Interactions of . with electron via the SM-allowed r
charged current (CC) and neutral current (NC) channels. - TEXONO
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FIG. 17 (color online). Best-fit results in (g, g4) space and in
the sin’fy, axis from this experiment on #, — e and the LSND
experiment on v, — e. The allowed regions are defined by their
corresponding statistical uncertainties.
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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 :
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> a fundamental neutrino interaction never been experimentally-
observed

» soc~N2 applicable at E,<50 MeV where q2r2<1
> a sensitive fest fo Stardard Mode/

> 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-! day-! @ threshold~100 eV & QF~0.2
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TEXONO-CDEX : ULEGe & PCGe @ KSNL & CJPL
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sub-keV Background : e
* Not fully explained with &

conventional background % 1
modeling %’

* Intense work on hardware, g 10

software and data taking at
new underground site
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Spin-Dependent & Independent

Limits on Low Mass WIMPs :

Couplings (PRDRC09)
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Latest : New CoGeNT 2010 Results (limits & allowed region) ;
Intense theoretical interest and speculations on low-mass WIMPS
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& Merits: 2500+ m rock overburden ; drive-in road tunnel

access ; superb supporting infrastructures
& 6X6X40 m cavern construction completed [THU & EHDC]

10°% — Depth, meters of standard rock
0 1000 2000 3000
1 1 |
WIPP o
105 —
HSoudan g Kamioka
Canfranc
T Boulby @
e 107 — ® === GranSasso
I
E Mad
c I ]
£ ,o° _| | DUSEL 4850
= Baksan
CJPL
102 — Sudbury ® /
DUSEL 7400 ——) .
10° l | T | |
0 2000 4000 6000 8000
Depth, meters water equivalent




LEEBAYN FS T |

i L = N ; i = e i
L s ——— - ~2400 m —|-1—-4ra —frre o

] ,|!," /4 . 5
~ S }’ 11! ARy awfr'f';r x ,:fﬂ:a" !' lf IR *. E

k.
<E . il "Ilr
'

Tunnel B
Hall B
100m
GmdEL) # 6m(H) % 40m{L)
100m
Legend:
D MainLabHall @ =000 B oo e e we o oo o o o o
N Geoloxical Exoloration Toanel
& Geelegical Exploration Tonnel 1 For future huge Hall C 1
B |
t Huge Hall

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.
6m (H) X 6 m (W) X 40 m (L) Physics Today September 2010

PARTICLE PHYSICS:
Chinese Scientists Hope to Make Deepest, Darkest
o Dreams Come True Science \Sfcfeggiﬂu%%ggugz 1246 - 1247
ol. 324. no. LPp. 1246 -
Dennis Normile DOI: 10_-1-126;scienff£_324_-1246
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Good Supporting Infrastructures
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CJPL Hall A:
Basic Infrastructures Completed
& Research Started Sept 27, 2010.

Inside with shielding structure




Status and Plans

> Competitive limits at WIMP-mass < 10 Gel/ 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- kel range

> Data taking as KSNL with 5009/900g 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
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“The Restwill be History .....~
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