TEXONO Research Program : History & Legacies
[ A Pre-Dinner Banquet E-Talk |

> Foundation
> Evolution Highlights
B v @ KSNL > Sanmen

Y In particular, coherent neutrino-nucleus elastic scattering

B DM+Ovpp @ CJPL -

B Theory

B Gravitational Science [Appeal to IoP Colleagues]
» Random Thoughts: Prospects, Regrets, Hopes
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Founding Fathers
(Pre-1997)

Defining (Confining) Frames:

-7 IN Taiwan, as First Particle Physics Experiment (Lee, Chang)
* almost dictate Reactor Neutrinos
0 WITH China, as First Institute-wise Collaboration (Chang,

tHEIE 4 (China Times) ‘.
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Researchers make headway in neutrino study

§ By Myra Lu
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Ta_i_\_.N_an-Chi'na Collabora_tioh-f,

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

e ] heir Asplratlons Become Ours !


https://mails.phys.sinica.edu.tw/cgi-bin/openwebmail/openwebmail-viewatt.pl/IMG_0015.JPG?action=viewattachment&sessionid=htwong*mails.phys.sinica.edu.tw-session-0.765451725197153&message_id=%3C8CD92EAD2F65E45-1C1C-1C338@webmail-m095.sysops.aol.com%3E&folder=friends&relatives&attachment_nodeid=0-1&convfrom=utf-8
https://mails.phys.sinica.edu.tw/cgi-bin/openwebmail/openwebmail-viewatt.pl/IMG_0015.JPG?action=viewattachment&sessionid=htwong*mails.phys.sinica.edu.tw-session-0.765451725197153&message_id=%3C8CD92EAD2F65E45-1C1C-1C338@webmail-m095.sysops.aol.com%3E&folder=friends&relatives&attachment_nodeid=0-1&convfrom=utf-8

- AS, KSNPS, NTU, NDHU,
IHEP, CIAE, THU, SCU,
BHU, CUSB, GLAU,
HNBGU, MIETU, DEU.....

TEXONO Program [since 1997] :
Low Energy Neutrino (SM+EM) physics at Kuo-Sheng Neutrino
Laboratory (KSNL), 28 m from 2.9 GW,, reactor core

Founding partner of CDEX@CJPL Dark Matter Experiment [since 2008]
Theory Program [since 2010]
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Kuo-Sheng Nuclear Power Station : Reactor Building
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Neutrino quality Detector requirements
Pr'oper"l'ies & Observable Spectra with Reactor Neutrino “Beam”
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TEXONO Theory Program jas, ntu, nowu, uess, beu, scu ...

Connecting the Dots:
K TEXONO & CDEX detector frontiers in low (sub-keV) energy
=» atomic physics range
% Studies of EW/BSM physics
& understanding of the detection many-body physics
& state-of-the-art techniques in atomic, nuclear & QCD physics.

% ie. v(,0) A instead of v(y,a) N or v(y,a) e
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Selected Highlights:

-7 Identified Pole structures, Cross-section enhancement,

Smoking-gun signatures in:

» milli-charged v interactions: v (dq) + A [PRD14]
» DM-v (NR) transition-p, interactions: vp,, + A 2 v, + At + e [PRD15]
» DM-ALP (NR) Inverse Primikoff scattering: a,, + A 2 v+ A* + e [PRD23]

- Early Dark Photon Constraints from neutrino-electron
scattering [prpi5]

7 First Exploration of Time-of-Flight as Signature for Dark
Matter Searches (Boosted DM by Supernova v) [pri23,PrD23]




Coherent vA_, (CEVNS) Scattering [Our/World’s Evolution with Twists] ~

>

» “CEvNS” theoretically considered, Freedman 1974 [known but not pursued] ¥ ¥ ¥ /\

20

TEXONO @ KSNL: A A

M Idea (sub-keV Ge for reactor vA,) first raised in TAUP2003 etc., after i, results with threshold MeV—> 10
keV = “Inaugural” CEVNS talk at Neutrino 2006 Santa Fe [by now session = schools, workshops!]

M Spin-off to “Light Dark Matter” searches, first results (20 g ULEGe @ 220 eV) 2007 [also a non-subject then]

M Inspire theory R&D: (v/y/a)-Atom cross-sections [2010+] & quantify universal QM-coherency [2016+]

2006 Scholberg: partial CEVNS proposed with Accelerator v@nt-DAR o<
M Experimental ObservationS since 2017, and BEYOND.

2007: CoGeNT €& ;

M Demonstration of “Point-Contact Ge”

M large modular mass detectors - vA_, + LDM + Ovpf

CDEX @ CJPL:

M Ge for vA,,: catalyzed foundation of CJPL in China & CDEX program

M Dedicated LDM experiment with Ge, starts 2010

M ~2015: explore future OvBp with Ge

M ~2023: return to NG Reactor vA_ at Sanmen Reactor Laboratory [2025+]

> 2024: (“Indications” of) Solar vA_, positive observation, KENON & PandaX ¢®o
> 2025: CONUS+ Reports Reactor VA, with 160-eV Ge, 3.7c positive observation I!1 & & w @




Fully CEVNS candidates [after MucH efforts] at Reactor ON—OFF [pPri2025]

¥ ¥ ¥ TEXONO pioneers and pursues several generations of sub-keV Ge Detectors -
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KSNL (Hypothetical) =
Sanmen (Underway)

Target - “[Thr: 150 eV.,
: i.....| Rate: 16/kgdy

vA, @ KSNL
s Y00 kad/ 10 %% 1
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MKSNL (2.9GW, 28m):
> G3 (200-eV) Data ON/OFF 242/357 [PRL2025] = 420 / 820 kg—days
> v Decommissioned 2023 - Access till at least end of 2028
> Continue Operation = A good low-background surface lab
M R&D:
X G4 (@150 eV noise edge demonstrated)
% BS Cut optimization = suppress surface events
#¢ PSD at threshold = reduce threshold via software
% Background Modeling = mitigate limited OFF-stat. error.
M New reactor laboratory under construction (under CDEX):
Sanmen (= ® ) Reactor (3.4GW, 11m) with RECODE program




Sanmen ( F’“ ) Reactor Laboratory & RECODE

Sanmen Nuclear Power Plant @ Ta|zhou Zhejlang, Chma [~zoo km south ofShanghal]
-1 Thermal power 3.4 GWth, ~22m /11m /7m from the core
-1 Neutrino flux at 11m> 5.6 X 102 cm2s?t (~10 X KSNL)

-1 22m & 11m sites to be completed second half of 2026
4% RECODE (Ge) & RELIC (LXe) programs on NG- CEvNS

N Hualan
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CDEX-I Dark Matter Program

M Evolved from TEXONO Reactor Neutrinos
Experiments @ KSNL

M Based on sub-keV Ge detectors

CDEX-10

| M As Ge-Array -- important stage towards large-scale

Ge experiment

M Novel -- Directly immersed into liquid nitrogen for
cooling

M May well evolve back to neutrino physics (0vBf)




CDEX Dark Matter Results:
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Mainstream O,N S| & SD Tl /prRD14,PRD16,CPC18,PRL18]
O\ N S| AM [PRrL19]
o,y Migdal Inelastic Effects [prL19]

Dark Photon Searches [PrL20]

Axion-Like-Particles (ALP) & Bosonic Vector DM [pPrD17,PRD20]

v-N Effective Field Theory Constraints [scpPmA21]
Earth Shielding Effects [prD22]

Boosted Dark Matter by Cosmic-Rays [pPrD22]

y-e scattering [pPrL22]

Exotic BSM Models on DM [pPrL22]

BDM from Evaporating Black Holes [prD23,scPmA24]
Exotic NSI on solar v [prD23]

BDM by Sun [PrL24]

Light Mediator Constraints [cpc25)

Legacies:

1 A whole generation of junior
scientists trained

[ Team (+knowhow) Matured
Enough to “Compete” on
Novel Theoretical Ideas .... !!

7 Backbone of the growing
research scenes in China




Future Prospecfs @ CJIPL-II : GelT Pro ject
> Next 300-kg OvBp (towards IH) ; 50-kg DM (@ 0vpB bkg spec) (2028)
1 lOﬂS Ge-1T (2033) > Ge-10T (2040) ovpp towar'ds NH)
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f Mastering Key Technologies towards Ge-1T

ASICEIHL

M Enriched Ge Production (world leading now !)
M Ge purification and crystal growth;

M HPGe detector fabrication;

| M Ultra-low background VFE and FADC;

M Ultra-pure Cu for structure and cables;

M Large-volume cooling tank “cryostat”
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Taiwan EXperiment On NeutrinO — History and Prospects

International Journal of Modern Physics A
No. 16 (2018) 18 14 (30 pages

World Scientific Publishing Company
DOI: 10.1142/80217751X 18300144

Powerful collaboration. Scientists from Taiwan and mainland
China are studying neutrino emissions from this nuclear power
plant outside Taipei.

Henry Tsz-King Wong
Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

htwong@phys.sinica. edu. tw

Annual Review of Nuclear and Particle Science

Jinping RESEARCH Annu. Rev. Nucl. Part. Sci. 2017. 67:231-51
Mountain HIGHLIGHTS OF 1 (
1 ACADEMIA SINICA : ;

Yalongjiang

River

Jian-Ping Cheng,! Ke-Jun Kang,! Jian-Min Li,! Jin Li,!
Yuan-Jing Li,! Qian Yue,! Zhi Zeng,'! Yun-Hua Chen,’
Shi-Yong Wu,? Xiang-Dong Ji,* and Henry T. Wong*

Facing Our Next Mountain .......
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TEXONO @ Gravitational Physics ASGRAF

WHY: @it
M Gravity is the least understood/tested interactions.
M Gravity may hold the keys to the Missing Energy Problem

M Inevitable that a (proper) physics department research program should include (get
connected) to studies of Gravity.

WHAT:

B Joined LIGO 2021 (with NTHU,NCU = Natural Scale: Taiwan, not ASIoP)
B Strategies (Goals):

» A Physics Program — multi & diverse/balanced projects

= Instrumentation (Domestic) — Mirror Coating Fabrication @ TSRI, Characterization @ loP-B1-ASGRAF
= QOperation -- Calibration, on-site shifts posting
= Physics/Science — BSM particle physics, Stochastic Background .....
» Connect multi-institute, multi-disciplinary teams -- beyond GW, beyond LIGO
= TW HEP resources & expertise — both experiment & theory

= Resources from TEXONO & CDEX (v & DM) teams
= TW semiconductors & lasers expertise

B Expect new faculty /Kuan HJ — neutron star with GW expertise] joining loP 2026/27




Appeal to loP Colleagues:
B We have access to TSRI Facility & built B1-ASGRAF

% to research on essentially a semiconductor problem 1)

B We invite (need!) expertise help to use & run them — properly!

M Semiconductor coating fabrication & characterization facilities & know-hows
M Semiconductor chemistry processing
M Precision laser techniques

M ab initio solid-state theory on coating materials thermal and optical losses
B Either Bottom-Up (introduce students, RAs) or Top-Down (Join and Run the Program)

......
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Taiwan Semiconducter Research Instiwte
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V. Singh M. Deniz
BHU, India | DEU, Turkey
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INST'UTE OF PHYSICS. ACADEMIA SINICA LT. Yang 7 L Wang
==

...... K. Li THU,.China BNU, China

 pADIFIC COAST

May 30, 2023




As Proud Parent Bragging on His Children .....
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G3: Yang thao G2: Yue Qian

TEXONO Chinese team catalyzed construction of TEXONO G2-Venktesh Singh (BHU,CUSB) got Visitor’s
Jinping Underground Laboratory (CJPL) [Budget 200M Award, presented in-person by India’s President
USD] and headed the CDEX Program (Pl: G2-Yue Qian) (Lady Murmu) at Presidential Palace, New Delhi.




Regrets [“The Unexamined Life is Not Worth Living”, Socrates]

B Evolution of international relations make the dreamed
“World Experiment” at CJPL unrealistic ~-

B We gave birth to the subject of CEVNS, proposed the correct
experimental strategies and pursued several generations of
development, but did NOT in the “strict and restricted sense” cross the
finish line. [coVID, National De-Nuclearization...]

1NN
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B High on my Bucket List: Someone(s) somewhere solve the Missing

Energy Density Problem T3 # i ... ,
B CJPL World Experiment would still make advances despite .......
B Contribute to setting up gravitational science research in Taiwan.
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TEXONO : Prospects & Outlook

> vA,@KSNL > “Final” results underway
> 64 PCGe@150 eV threshold ; New Reactor Site @ Sanmen
> Partner of CDEX DM @ CJPL
= Goal/Dream: 0vpp ton-scale "World Experiment” [passing the baton]
» Theory: Continue Following our nose & Having Fun ...
> Gravitational Physics & Multi-Messenger Astrophysics:
=> Inevitable > towards a domestic multi-institute + disciplinary program
[ Legacies: (Positive?) Differences WERE Made, Despite ........
[ Prospects: Wish/Expect/Trust

Both the Journeys & Destinations for the Evolving Story will be as
Fascinating as in the past 2+ decades.

B RRES
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