Dark Matter Search with Germanium Detector at

O (100 eV) threshold

» Overview (Collaboration ; Program ; Laboratory )
» ULE-HPGe: Physics & Requirements

» Event selection and efficiencies

» Dark Matter analysis and Results /2zp 79@®) 2009]
» Status & plans

Lin, Shin-Ted / TRIRTE  On Behalf of TEXONO Collaboration
5th Patras Workshop on Axions, WIM®Ps and WISPs July 13-17 2009 @ Durham (UK)
1



(IHEP, CIAE, THU, NKU NJU)
Turkey (METU) ; India (BHU)
+ partnership KIMS (Korea)

» Facilities : Kuo-Sheng Reactor Lab (Taiwan) ; Yang-Yang
Underground Lab (Korea) ; CIAE Neutron Beam (China)
» Program : Low Energy Neutrino & Astroparticle Physics

» Present Goals : Develop O[100 eV threhold @1 kg mass@® 1 cpkkd
detector] for neutrino physics and dark matter searches
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Low (<10 GeV) WIMP Mass / Sub-keV Recoil Energy :

» Not favored by the most-explored specific models on galactic-bound SUSY-
neutralinos as CDM ; still allowed by generic SUSY

» Various gravitational effects favor lower recoil energy = Solar-system bound
WIMPs ; Dark Disk etc.

» Other candidates favoring low recoils exist = non-pointlike SUSY Q-balls ,
MSSM’s LLN ; SM+scalar ; axion-like models etc.

» Less explored experimentally
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“Ultra-Low-Energy” HPGe Detectors

» ULEGe — developed for soft X-rays detection ;

robust operation & easy in handling TH_«(
» ULEGe Prototypes built and being studied : ||L--—-

L Passivated Surface
(5-500) g =>This analysis : 4x5 g4 L<)

» Physics for
O,
©®
® Low-mass WIMP searches € this talk
©®
©®



Kuo -Sheng Reactor Neutrino Laboratory
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Selection CRV -ACV Cut

Analysis : Event

» compact all-solid design :
ULEGe (5 g x 4 channel)

Veto Plastic
Scintillator (3cm)

Lead (15cm)

surrounded by active Stainless Steel
. U Frame (5¢cm)
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Evaluation of Trigger Efficiency
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» DAQ threshold at ~ 4.3c above mean of noise fluctuations —
no DAQ dead time concern
» Max. amplitude of physics events - good margins above threshold
» Efficiency Evaluation : from ( mean, RMS) of Max. amplitude
distribution of physics events @ test-pulser reference events
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PSD Selection to Suppress Electronic Noise

— Correlate different gains & shaping times
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PSD Selection Efficiency

ACV Tag events 200 - 300 eV

v Clean physics event samples
selected by ACV-tag

o (epsp * P+ fn *x N)
A P+ N

Measured: fy~ 10+

In General epgpy > f

= Conservative choice :
€pep == SUrvival probability
after cut at correct timing

£
2 5 Before PSD
e r After PSD
S S
3 r
[ &) L
a-
3
2
1=
u:..l.-.I...I..I....I....
0 50 100 150 200 250 300
Nal-Time
ACV tag events at 200 - 300 eV
=
-..9.. 12— Coincidence
8 f “—>
r
3 1= i
s I
@ 0.8—
?
o [ ]
0.6
0.4
0.2
0 '01' ' '510 l 100 150 200 250 300

Nal-Timing (50 ns)




PSD Selection Efficiency

Supported & statistics reinforced by Fe calibration spectra

= deviations from flat at low energy.

55 . .
Fe sources for calibration &
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Sub-ke? Background Measurements & Comparisons

104 E_ 35[:E
- | ULEGe (59 x4 channel)| | ="
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» Bkg~ O(1) cpkkd >10 keV, ~ to underground expts.
» Background comparison to CRESST-1 & CoGeNT results

» Intensive studies on background understanding
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Quenching Factor [lonization Yield = Recoil Energy]
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» TRIM (better fits to available data)

»improved measurement planned at CIAE

(Get to sub-keV ; Improve on present
sensitivities ; Channeling effect)
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Results on WIMP Spin-Independent Cross Section

Limits & Sensitivities [ PRDO9]

® Standard conservative analysis = WIMP
rates cannot be larger than total events
measured [NO BACKGROUND SUBTRACTION]

® Optimal Interval method ( s. 2efn ez 66 032005 (2002))

The sensitivity-defining bins
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Expanded and Updates ... ... .
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Results on WIMP Spin-dependent Cross Section
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Limits & Sensitivities [ PRD 09]

Spin Dependent cross-sections:
Formalism -T.R. Tovey et al, PLB 488 (2000)
with Ge matrix elements - v.i Dimitrov et al, PRD 51 R291 (1995)
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My = 5GeV
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Allowed regions of WIMP-nucleon
couplings (proton and neutron)
with a WIMP mass of 5 GeV, at
90% C.L.
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Recoiled lon Channeling Effect ? (Q.F. 2 1)

fraction

KR

Gemanium recoils = 10

Iodine recoils

Sodium recoils

E, (keV)

coo b e by e b e e e e by 0 Y
10 20 30 40 5

60

Q.F. value influences : making and
breaking of quasi-molecular bonds of
channeled ions with ions in the
channel walls, impurity of crystals,
etc. —> QF Measurement
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Pseudoscalar Candidates (axionlike)
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Reactor axion search [®PRD 07]

» Axion productions

Energy
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ey

{][}]H cm ]5 ]}
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1Byt 526 M4 0.85
1378a" 662 M4 0.37
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¢ ‘g p *u
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Results on axion [PRD 07]
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Detector Scale-up Plans:
Point Contact Ge
Detector

> Large Mass & Low Threshold -- Proposed [Luke 80s] ;
successful demonstration [ CoGeNT 2007]

» Position-sensitive from drift-profile pulse shape
» Add: Dual-electrode readout and ULB specification
» 500-g built ; KS data taking Nov 2008

» 900-g detector under construction
20




PCGe 500 g = Threshold (Preliminary) ACV-Tagged 200-400 eV
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New opportunities (From By-Product Physics to Dedicated

Experiment) :

Excellent Candidate Site for Underground Lab. at
SiChuan -JinPing (E)I| $8&) , China

Jinsha Rive,
i
=
g
g
3

o Excavation of 1st cavern
begins 2009

1 Operating ULEGe (4X5g ) in
2010
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Fraction of tunnel with >1500 Rock
Overburden: >70%
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Status and Plans

» Competitive limits at WIMP-mass < 10 GeV already obtained
with ULEGe prototype at a shallow site, for both spin-
Independent and spin-dependent couplings.

» Further optimizations of experimental procedures, shielding
configurations, and pulse shape analysis software, plus studies
of systematic effects

» Studies on background understanding at sub-keV range.

> Installed the 500-g Point-Contact HPGe at KS Lab in wov.
2008

» Sub-keV Ge quenching factor measurement & lons Channeling
effect at CIAE neutron facility in 2009

» Plan : move in Sichuan underground Lab. (>2 km rock) soon

» Goals : open new detection channel and detector window for
neutrino and dark matter phygsics



