Neutrino & Dark Matter Physics with
sub-keV Germanium Detectors

> Overview (Collaboration; Program)
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TEXOO Collaboration

(IEXOW O Taiwan EXperiment On NeutrinO  [since 1997]

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

» Taiwan (AS, NTHU, INER, KSNPS)
» China (THU,CIAE,NKU,SCU)

» Turkey (METU)

» India (BHU)

@ Partner in CDEX -1 Program (e ruj
® O(1-kg) single-element Ge class Dark Matter
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&= (hina Jinping Underground Laboratory
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¥ Research Program: Low Energy Neutrino and Dark Matter Physics



Kuo Sheng Reactor Neutrino Laboratory [KSNL]
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Powerful collaboration. Scientists from Taiwan and mainland
China are studying neutring emissions from this nuclear power
plant cutside Taipel.
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Conflguratlon Modest yet Unique :

FIeXIbIe Design: Allows different
: detectors conf. for different physics

Inner Target Volume



| Neutrino Properties & Interactions at Reactor |
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Reactor Neutrino
@ KSNL : Summary
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@ Constraints on Various Beyond SM Effects




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



Baseline Hardware Design 4x5g ULEGe
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Neutrino-Nucleus Coherent Scattering :
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h Standard Model allowed and predicted processes :

Tonization:
/ Ge. Si

Bolometer:

V\\/V ’ /
/ —— TeO,. Ge. CaWO,.
: v (%) o _— 10, |

120 N Y
N —

A A

\4

Neutral current process (same for all v-flavor)
cxN? @ E,6 <50 MeV
= “Coherent” [probe “sees” the whole nucleus]

A\

analogous interaction used in dark matter detection
Ge at KSNL @ QF~0.2 : cut-off ~300 eV ;
Rate ~10 kg-! day-! @ threshold~100 eV

YV V V VY

Scintillation:

———— Nal(TD).

LXe.CaF,(Eu). ...

sensitive probe for BSM ; interest in reactor monitoring
Important process in stellar collapse & supernova explosion




Event kgt keV!day 1

TEXONO @ KSNL :
Threshold & Efficiencies &

Background for 20g ULEGe
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Hints for light dark matter

On the Earth . ..

Plot based on JK Schwetz Zupan 11102721
I
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@ Several intriguing direct
detection signals
@ But severe tension with null

results

J. Kopp @ IDM12

...and in the skies
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@ An tentative ~ ray excess from
the Galactic Center

Hooper Goodanough 0912.2998, 1010.2752, 1201.1303

Morphology £ point source
@ Radio filaments

Lindan Hooper Yusaf-Zadah 1106.5493

@ Isotropic radio background
Hooper Balikov Jeltema Linden Profumo Slatyer 1208.3 547




Sub-keV Ge Detector Techniques : R&D Items

* Quenching Factors -- nuclear recoils’
lonization Yields

* Energy Definition & Calibration

K Trigger Efficiencies near threshold

% Physics Vs Noise Pulse-Shape Selection --
algorithms & efficiencies

% Bulk Vs Surface Events Selection — algorithms
& efficiencies




TEXONO®@KSNL New Results jarxiv1303 0925 ; prL2013]

Configurations:
% 39.5 kg-days of data @ KSNL
*k Baseline design with Nal(Tl) AC & active CR vetos
* PPCGe, 840 g fiducial mass
* Analysis above electronic noise edge of 500-eV

Plastic Bag For Radon Purging

p-PCGe | | é o1

[500g — 1 kq] O\
I N _
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Nal(TD) 5 cm
N*(~1mm Li diffused) 8 N
HPGe
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Selection Criteria: S v

< Physics Vs Electronics Noise (PN) — pulse shape
< Anti-Compton vetos (ACV) — Nal(Tl)

< Cosmic-Ray vetos (CRV) — plastic scintillators
< Bulk Vs Surface Cut (BS) — pulse shape




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
» Understand/Measure Efficiencies and Suppression Factors
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Three complementary [different depth distributions] calibration data:
M Very Surface-rich low-energy vy (2**Am, 60 keV) ; B=simulation
M Surface-rich high-energy v (**’Cs, 660 keV) ; B=simulation

M Bulk-rich cosmic-induced high energy neutrons by ACV+CRT tagging ;

B=same tag from NPCGe

“Calibration” = measure energy-
dependent signal-retaining (g;¢) &
background-suppressing (A;) efficiencies

120111y Source =**!Am 120- v Source =75 140F  Cosmic-Ray (n)
—Total —PPCGe ACV +CRT
1004 y:] 120H| $PPCCeACY+CRT+E'
==B(MC) =B (NPCGe) ACV +CRT
100H
5o+
2 o0 * +H I } -
-, - soH
f't {'H}f{-}{-{'ff h
10f s p U h } + iy
10 }
’ fhy
Hysdily
0 el = P g = =y ot 20 ot D e e e 8 g, 0 . }H
u T --='- I
-.ll-.-- - .f-“llll‘--._.
| EEETE FEE T SNETl I 1 Lol bl bvrea e

oET1s g 053 - 7 S W R ¥ S

T(keVee) Ti(keVee)

11 e
L]

1

0.9

s
-

0.6 nmACY + CRT
C 137~
= C
05F  0.50-0.70 keV y
0.4 C | ] | . .
0.4 0 0.6 0.7 0.8 0.9 1

0.9

0.6

L . 1- e ® ® .
| T 5 ;
u 0.95] gt
++
L 00—
+ Sps C
D'SS__ ++ + }I'BS
[ C
C /T = u.s}+
- + SBs (Ga X-ray) _E
P I R IR R B 0735 1 v v by b v by v 1y
0.5 1 15 2 25 0.5 1 1.5 2 25
T(keVee) T(keVee)




“Candidate Events”’= ACQCR®B
> ACV+CRV+B’ + (g5, Agg) correction
> insensitive to exact BS-cut location
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» Subtract flat y background & L-X-ray
» 1 not-yet-accounted-for sub-keV
events
103% . ——
412 DAMA \ coms
[ \ LE)
| S CRESST-II
3 1 iHE\  TEXONO 07
-l CoGeNT-2011 N4
10—40_ xllir’:.
T \ TEXONO i
= % & 3 BE
= | l & % \ *\% ( This Work) :
° oaf 1} :"'%: !\ H%‘b ; |
104 ,l E.LL%‘: "\‘ e . S
.05k (3 %‘?—WNO F XEXDM% ........................
- L\ T i \\ SIMPLE II
L 1 E .
0 |\::|-.:"'I‘..'..:;;;t:. XE‘\_D{\_HN}‘:" \%
10—421 4 0 IS 10I12 I1=I- | I";_I I(__[!‘_\L&, I}% o IIIIOZ

TEXONO 1303.0925:

¥ New limits probed and
excluded some of the low-
mass WIMP allowed regions
implied by other experiments.
Provide probable
explanations to CoGeNT-
2011’s excess




New Development

M CoGeNT - April 2013 [ 1208.5737v3 ; PRD13]
&, Revised Allowed region (wrt PRL-2011) with surface

background subtraction due to Ag<1
M CDMS-II (Si) [1304.4279]
&, 3 events observed out of 0.7 expected background !!
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CJPL#=

P EEF L=

China Jinping Underground Laboratory

2400+ m rock overburden, drive-in road tunnel access

6X6X40 m cavern constructed [managed by THU & EHDC]

CDEX-1 Dark Matter Program Started ; Panda-X
Experiment under preparation
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First “No-Cut” Results of CDEX-1 @ CJPL jarxiv: 1306.4135]

] TEXONO “Baseline Design”

114.6 kg-days data ; fiducial mass 994 g PPCGe
M ONLY timing & pulse shape selection
i PRIOR TO anti-Compton veto & Bulk-Surface Selection
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» Competitive and relevant results on low-mass
WIMPs with sub-keV Ge detector, even at a
surface location

> Same design at underground laboratory
(CDEX-1 @ CJPL) can only be better

> more matured now to return to original goal
vN coherent scattering
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