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1* Proposal
[Theory]

> Proposed right after the discovery of Neutral Current — D. Z. Freedman [1974]

> Signature — Nuclear Recoil < O(1)(keV)
> v+ N(A,Z) — v+ N(A,Z)

> Coherent: Outgoing nucleon wave-functions are in phase [E < O(10)MeV]

> Elastic: Target remains in the same energy state
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O Blind to flavor

O Precision test Nuclear & Particle Physics
O Neutrino floor for DARK MATTER

O Extensions of SM, & NSI’s test Agp < 2R Apo < 2R Ago > 2R

Inelastic incoherent Elastic incoherent  Elastic coherent (CEvNS)



Reactor and Ge for CvA, study
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Reactor and Ge for CvAstudy
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Quenching Factor for CvA, study

“q” can be (+/-) in Sign

Quenching factor

M (+) Sharp cutoff to energy transfer

- = .: ‘ o Shone Pomer Stat dR — dR (i — Eé d_Q> M (-) Enhancement to energy transfer
- o8e -~ uo-Sheng Power Station
X’ 2 dE;  dER \Q Q°dE;) | g (0) For the Current Work

Standard Lindhard QF definition
kg(e) kgle) q
E - —_— E - - —

T PRD 88, 012002 (2013) ‘
0.261- NIM A 836, 67 (2016)
_ [ EPIC82,815(2022)
MThe recoil spectrum — Convoluted with S 024 |
QUENCHING FACTOR = 02af
M Lindhard k = 0.157 (Ge) £ oof
= B
MNo Binding effect ;’; 0.18
MIonized electrons do not produce 0.16 = 1 L A ) Qe BestFit
recoil atoms of appreciable energy oqab— o ..

M Migdal effect ! E, (keV) 1



TEXONO [Taiwan EXperiment On NeutrinO]

M Location: Kuo-Sheng Nuclear Power Plant -I1 on northern shore of Taiwan
M Theme: Low Energy Neutrino Physics and Dark Matter Searches

M Collaboration: India, China [CDEX] & Turkey

M Flux: Reactor Power of 2.9 GW gives 6.35x1012 cm-2s-! (@ distance of 28 m
M Shielding: 30 m.w.e. overburden

Plastic Bag for Radon Purging
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Shielding & Bkg @ TEXONO
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CR*® AC* ® B/S — Eight Categories
CR" " ® AC-® B — PHYS candidate (v/y) events, uncorrelated
— Anti-correlated Events from Active shielding
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Generations of HPGe Detector @ TEXONO & Stability

Amblent Tem erature
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Secured Key Parameters:
(3 200 eV Threshold

O Puisar FWHM 70 eV

O Controlled Background
O Stable: >3.5 years
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® Outgasing

® Ambient temperature

= Pedestal fluctuation < 0.5 eV @ <3.5 eV
= Power consumption




CvA, @ KSNL

80 PHYSICAL REVIEW D 75, 012001 (2007)
70 - Reactor ON TABLE IV. Summary of -y-lines intensity measured in Period-
o I Reactor OFF £ L.
C>S} 60 ) o & Energy Source/ Intensity
‘:5 L’n‘ é" (keV)  Isotopes Decay Series T1/2 (kg 'day 1)
- A . "Ge cosmic 5 s 4+ 0.
'> 50 A & 66.7 3mG 0.5 15.4 + 0.4
=5} 92.6 234Th 238y 24.1 d 1.9+ 0.5
=< 143.8 235y 235y 70X 105y 5.1 +0.8
‘ah 185.7 235U 235y 7.0 X 10® y} a
, 17.2 = 0.4
== 186.2 °Ra *u 1600 y
o 238.6 212pp 232Th 10.6 h 18.8 + 0.5
'c':s’ 249.8 unidentified 11.6 + 0.5
e 295.2 2l4ph 238y 26.8 m 6.3 +0.3
338.3 228 Ac 232Th 6.2 h 3.7 +0.5
351.9 2l4pp 238y 26.8 m 17.1 = 0.4
463.0 228 Ac 232Th 6.2 h 1.6 +0.3
50 100 150 200 250 583.2 2087] 232Th 3.1 m 14.4 + 0.3
T (keV)
To Achieve Better Sensitivity: ] Background

OReactor OFF data collection

B In sub-keV region: ~ 50 counts (kg keV-' day)
COR&D to achieve Low Energy Threshold & Less Background

M 35Xe @ REACTOR ON

"AC'® CR' ®B_— Anti-Compton veto ® Cosmic Ray veto ® Bulk Events Corrected




TEXONO: 135Xe Subtraction [250-keV v]
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J. Phys. G: Nucl. Part. Phys. 47 045202
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70
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CJA Decay Product of 25U
¥ Xe — Cs* + anti-v_+ e }
BSCs* — B5Cs + y (249.8 keV)
DVery Good Neutron Absorber
® Poison For Reactor
OHalf-life = 9.14 h
DOn-average: Contributes ~1.61 = 0.21 kg"'. keV-'.day"

NIM A 705, 117 (2013)

'AC ® CR ®B_— Anti-Compton veto ® Cosmic Ray veto ® Bulk Events Corrected

[Sub-keV Energy Region] 10




CvA, @ KSNL
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® The cosmogenic x-ray lines are identified

® Reactor ON-OFF — Finite >’ Xe Compton excess
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® Cosmogenic peaks are observed — Isotopes with half-lives comparable to exposure

"AC'® CR'®B_— Anti-Compton veto ® Cosmic Ray veto ® Bulk Events Corrected
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Limits @ TEXONO

40F Lindhard (k = 0.162)
- 135
Fe |- "Xe — 0 =0.99

<% |13 ON-OFF e 469

>} = 90%C.L.

& N

© 20F
~ 20

> |

o |

2 10f
ﬁl -

o0 |

=< L

g -

[«P] =

~— —

S

R 10

_20 ‘I:T. | | 1 | ‘ | 1 | | ‘ 1 | | | | | | | | | |
0.2 0.25 0.3 0.35 0.4

< p estimate the excess over SM prediction

=N cmpe - Xe excess calibrated @ Sub-keV

Classical D 5 ) [Ni — prM(k) — [)’} 2 [/)7 _ /)vapt] 2
X <p’ ﬂ’ k) = + mpt
Statistic Z A; ACmp

T (keV)

*cpkkd — counts.kg. keV-'.day!

< <280 eV contribute 90% of VA  signal
< Spectral uncertainty 4.26 cpkkd < 280 eV

9f =1.62 % 0.22 cpkkd
<p < Spectral Uncertainty @ Rol

< Rising Uncertainty — COMBINED
Efficiency <250 eV
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Limits @ TEXONO
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® @90%CL Upper Limit — p <4.7 @ SM [Lindhard k=0.162]
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Result & Conclusion

MLarge data volume collected [ON[OFF] > 500[800] kg.days]|

M Achieved [with 200 eV threshold]
Op =0.99 +2.23 (Stat.) + 0.05 (Sys.) @ SM [Lindhard £=0.162]
990%CL — p <4.7 @ SM [Lindhard £=0.162]
OReactor ON[OFF] — 242/357] kg-days

MHave not observed any excess above SM prediction
MSet the benchmark for precision testing of SM & Beyond

RECODE

(0

Future
goals '

S

[RECODE program]
See the Talk of “Yufeng Wang”
ID: 408 (Wednesday, August 27, 17:20)

O KS Reactor decommissioned 2023 — Permission of data taking till
end of 2028

OR&D continues to achieve — Lower (~150 eV ) threshold Cross-
Correlation, Optimized Pulsar, etc.

ONew [G4] Detector — Characterization and Commissioning for
Dark Matter studies

O New Reactor site — RECODE [Sanmen Reactor @ Zhejiang]
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World’s Effort & TEXONO
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