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TEXONO Program Overwews & Highlights

» Achievements [ Broadly Defined (self-promotion?) |
> Status & Plans [ Road Maps |
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TEXONO Program [since 1997] (PI: H.T. Wong)
M Themes: Low Energy Neutrino and Dark Matter Physics
M Teams:
Taiwan (AS ...), China (THU,SCU,CIAE,IHEP), India
(BHU,GLAU,CUSB), Turkey (METU,DEU)

+ Theory (NTU,NDHU)
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-1 Neutrino Physics at Kuo-Sheng Reactor Neutrino Laboratory (KSNL)
-1 Participate in International Programs World-wide
-1 Unifying Theme — Low Energy Low Background Germanium

Detectors, for v & DM

¥ NSC-organized On-Site Visit & Meet-the-Press 2009/09/09 !'!




Pioneering Spirits
Settings ......

First Particle Physics Experiment
and Facility in Taiwan

J ournal

[

§ By Myra Ly

of painstaking
archers on the
'TEXONO project, or Taiwan
Experiment on Neutrinos, 3
published the first results of what
is admittedly a small experiment
compared 10 what is being done at
international laboratories. Never-
theless, the significance of the
contribution for all the Chinese

" Researchers make headway in neutrino study
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Taiwan project
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experiments have confirmed
the neutrino does have mass

Waong said. The results of interna-
tional collaborations such as the
okande in Japan and
'-unm.u Observatory in
ed as @ “posi-

s is because these earlier

that neutrino oscillation does take

place. The latte
nomenon why
from one type to another
traveling great distances. Such
oscillation would not occur if
neutrinos were entirely without

and Taiwanese scientists involved
is 0 less evident
Neutrinos are on
than 20 fundame
make up the univ

around the world have conducted ~ mass, which scientists used o
numerous experiments to learn believe to be the case.

more about this particle, which These experiments use much
remains one of the least under- ger instruments o explore dif

stood. Neutrinos are produced in
the Earth's atmosphere, the sun,
particle accelerators and nclear
power reactors, £
Physicists believe that neu- The Kuo-Sheng Nuclear Power Station, which prodices electricity used by rmillions of know {here is 4 pic

0 studies will help shed light  households in northern Taiwan, also houses the research facilities of the TEXONO project.  behind and which direction o go."

on questions about the particle’s Wong noted
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First Institute-Scale Basic Research Collaboration between Taiwan

and China

Ta'i_\}v.qn-ichina' Colla qua tion
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

Number 631 #1, April 2, 2003 by Phil Schewe, James Riordon, and Ben Stein
The First-Ever Large China-Taiwan Scientific Collaboration
The first-ever large China-Tafwan scientific collaboration has carried out & reactor experiment
which puts & new upper limit on the neutring magnetic moment. Consider first the electron; it
nat only has electrical charge but alss spin, which mesns that it will sct like a tiny magnet.
Even & neutral atom, becauss of its intermal distribution of negative and positive charge, can
Archives have a nenzero magnetic moment. Conseguently neutral atoms can be controlled, to some
Related weabsites axtant, by magnatic fialds. But what about a neutring? Neutrings may well possecs a small
amount of mass, But what about magnetism? Can they effectively have a tiny bit of charge or
internal structure? & nenzere nedtrine magnetic marent provides the neutring with & way to
interact elactromagratically with the werld; genarally the neutring is thought to interact anly
via the weak nudear forcs. Evidencea for nonzere magnetic moment would show up in saveral
ways: in anemalous electran-neutring scattering, in radiative decays in which the neutring
casts off a gamma ray, and in varicus astronornical settings, such as supernovas. The
TEXOND collaboration, using neutrinos from the 2.5-GW Kuo-Sheng Nuckear Power Station in
Taivean, looked for & characteristic anomalous electron energy spectrum arising froem electron-
neutring scattering. They did not see any such evidence, and fram this they derive the best
direct-labaratory upper limit on neutring magnetic moment, 1.3 x 10 times the magnetic
mmioteent of the elactren (& unit also known as the Bohe rmagheton). The tearm also derives an
indirect bound an
neutring radiative decays. (Li of &/, .4 April 2003; contact
, Academia Sinica, Talvwan, Bii-2-2785- -6F89} The Collaberation is supported
by aavarsl resaarch Inshtubans and thair respective funding agencies frem Taiwan and China.
An eificient flow of students and sdentists maves in both directions.

Back to Physics News Update

¥ Extended Posting of International [China, India, Turkey] Graduate
Students in Taiwan to Pursue their Thesis Research




| Neutrino Properties & Interactions at Reactor |
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: Current Theme: VN Scattering [hep-ex05,MLPA08,PRD16]

= sub-keV O(kg) ULEGe / PCGe [NIVA16] :
: & Theory Program (Atomic effects in v(y)—N [PLB14,PRD15... etc]
& Light Dark Matter @ KSNL [PRD09,PRL13,AP14] :
: ', CDEX Dark Matter @ CJPL [PRD13,PRD14 ..etc]

: v-e Scattering SM [PRD10] :

,: & NSI/BSM

[PRD10,PRD12,PRD15,PRD17]
: = 200 kg CsI(TI)

- Magnetic Moments
[PRLO3,PRD05,PRDO7]

— sub-keV Electro-Cooled p-PCGe
4 [500-1430 g]

- Coldhead

|
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¥ First Results on (Then-Best) Neutrino Magnetic
Moments (pPrLo3, PrRD05,07) Captured Attention of
International Research Communities & Media
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Siiddeutsche Zeitung
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Doppel-Null

Neutrino bleibt unmagnetisch

Auch Nicht-Ergebnisse liefern Physikern Einsichten — zum Beispiel der
Versuch, an Neutrinos ein magnetisches Moment zu messen. Ein solches
Moment kann theoretisch auch bei neutralen Teilchen wie Neutrinos
entstehen, wenn eine Eigendrehung die negativen und positiven
Ladungsanteile herumwirbelt. Deshalb suchten die Forscher nach subtilen
Abweichungen von der — ohnehin extrem schwachen — Wechselwirkung von
Neutrinos aus einem Kernreaktor mit Elektronen. Ihr Resultat: Null, wie bei
frilheren Experimenten. Allerdings haben sie die Null genauer vermessen; die
Fehlergrenze liegt etwa beim zehnmilliardsten Teil des magnetischen
Moments des Elektrons { Physical Review Letters, Bd.90, Nr.131802, 2003).
Somit hélt sich das Neutrino an die etablierte Theorie: Die
elektromagnetische Wechselwirkung l&sst es vollig kalt. Wéarmer wurde
hingegen das Verhaltnis der beteiligten Forscher. Sie stammten aus der
Volksrepublik China und aus Taiwan.

Prvni velka védecka spoluprace mezi Cinou a Tchaiwanem

Prvni velki védecki spoluprice mezi Cinou a Tchaiwanem probéhla pfi experimentech s jadernym reaktorem, jejich cilem
bylo uréit novou horni mez magnetického momentu neutrina. Nabita Eastice, jako je elekiron, nese krom# elektrického
naboje take spin, ktery odpovidd vnitnimu magnetickému momentu ¢astice, Elektricky neutrdlni atomy diky vnitfnimu
razloeni elektrickyeh kladnych a zapornich nahayli lze do Jisté mity ovladat vnéjdimi magnetickymi poli.

Neutrina maji malou klidovou hmotnost. Mohou véak nést néjaky maly nbaj nebo mit néjakou vnitFai strukturu? Nemulovy
magneticky moment neutrina by zplisobil, Ze neutrino by reagovalo také na elektromagnetickou interakel a nikoliv pouze na
slabou jadernou interakei, jak se dosud pfedpokladi. Dikaz nenulového magnetického momentu neutrina lze provést
nikolika zpiisoby: pozorovanim anomalnich sraZek elektront & neutrn, studiem radioaktivntho rozpadu, pf1 némZ neutring
doprovézi gama zdfeni nebo pozorovanim astronomickych jevil, jako jsou supemovy.

Spoleény tym TEXONO poufil neutrina z jaderné elektrirny Kuo-Sheng o vykonu 2.9 GW na Tchaiwanu. Vyzkumnici zde
hledali charaktensticks anomalni spektrum energie slektronw, které by mélo provézet sraZky elektron( a neutrin. Védei viak
Zadny takovy dlikaz neziskall a proto nejlepsi laboratorné ovéfeny horni odhad magnetického momentu neutrina je 1.3.10-
10 krét mendl, ne? magneticky moment elektronu (tzv. Bohrliv magneton). T¥m také nepfimo stanovil mez radioaktivaiho
rozpadu noutrina. (Li et al,, Physical Review Letters, 4. dubna 2003; kontaki: Henry Wong, Acadenria Sinica, Taiwan, [M1])
Tym TEXONO ma podporu nékolika védeckych mstituci (viz [X1]) a je financovéna pifislusnymi nadaénfmi agenturami na
Tehaiwanu u v Ciné. Diky tomu poprvé dodlo k viméne studentd u védeckyeh pracovniki obéma sméry. Talo spoluprice
miife mit také politicky viznam pro uvolnéni napéti mezi obéma zemémi. Pripomerime, 7e ¢insk4 komunisticka vida
dosud povaiuje Tehaiwan za kolonii Cinské lidové republiky.




@ | Subsequent Results are Recognized in Professional Circles

WStill-Best Cross-Section Measurement of Two of the Fundamental
Leptons in Nature — electrons & electron anti-neutrinos [prpioj

Review Particle Physics

5. Electro-Weak Physics Review
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FIG. 1: Interactions of 7. with electron via the SM-allowed 0.5 W
charged current (CC) and neutral current (NC) channels. i ’ 09
There is in addition interference effect between them.
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¥ Pioneered development on sub-keV Germanium Detectors [nimais]
¥ Triggered Interest (& eventual observation) of coherent vN prcsos)

¥ Opened Window on “light-Dark Matter” searches [proogj

¥ Introduced Advanced Atomic Physics Calculations to o(v/y N) [piB15+]
¥ Introduced parameter to quantify QM coherency in elastic VN [prp16]



¥ TEXONO@KSNL directly catalyzed foundation of China
Jinping Underground Laboratory (CJPL) and First-
Generation CDEX Dark Matter Program.

FEBRFEETIRE

CJP I_ '4— China Jinping Underground Laboratory
. — ., e

PARTICLE PHYSICS:
Chinese Scientists Hope to Make Deepest, Darkest

Dreams Come True Science & June 2000,
Wol. 324 no. 5932, pp. 1246 - 1247
Jinping Dennis Normile DOI- 10.1126/science 324_1246

“"Mountain

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

[ ~6 muons/m2-month (cf sea-level
100 Hz/m?)

b Deepest and Largest Underground

Research Facility

CJPL “ " Pphasell

{under construction)
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¥ First-Generation CDEX-1 Dark Matter
@CDEX Searches at CJPL-l adopted baseline design
| & software algorithms of TEXONO@KSNL
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¥ Strength: Low Threshold (“Light” Dark Matter) ;
@CDEX Resolving Spectral Structures (axions...) ; Stability
& Long Duration (Modulation Studies)

Recent Highlights . ...

¥ “Migdal Effects” Analysis

(PRL19) [ demonstrates we
can “snatch” new ideas ..]

(+ Migdal)
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TEXONO Program — Future Road Maps

Kuo-Sheag Nuclear Power Station : Reactor Building

Decommission 2023
VN Access till 2025
yY v »| (Good Shielding)
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TEXONO Program for MOST-HEP-WP 2021+

Laboratory

Upgrade of Electro-cooled O(100 eV)

Threshold Germanium Detectors

[ vN scattering at Kuo-Sheng Reactor
or elsewhere; Light WIMP searches
at China Jinping Underground

Large Enriched

/ \ Germanium r1| eriment
\/\ Neutrinoless \

)ﬁU[E

Neutrinoless Double Beta Decay with LEGEND:

[ Execution of L200 ; R&D Towards (then preparation &
execution) of Ton-scale L1000 at CJPL (or SNOLab)

. GEMADARC

Germanium Materials and Detectors
Advancement Research Consortium

R&D Ge-Detector with Internal Amplification.
b Potential O(10 eV) threshold for future
generations of VN scattering and Light WIMPs

~10 mm

lef gth ~0.9 pm, soon will test at “4 K to

Challenges: (1) Electrical breakdown pre

» GelCA Technology (USD, Tsinghua, ASIOP, BHU, SU)

@& J & Avalanche breakdown region
> N >
2\ § HES
% s SN
BVAN
A 3 rift region

W-Z. Wei et al., arXiv: 2002.04462

S—
§
b W.-Z. Wei et al. JINST, 13 P012026 (2018)
X.-H. Meng et al. JINST, 14 P02019 (2019) M=
7

V= 3000 voltage for a point contact of <1 mm? V=2300 - 2700, M ~ 1000, Average

M: Amplification Factor
:VT V: Applied bias voltage
Vbk”  Vy,: Breakdown voltage

ealize Ge Internal Charge Implication (GelCA)

structu

and (2) Low-nois

se/low leakage ¢

ionization

urrent Venktesh Singh

Participants:
Students (5):
Rajendra Panth
Kyler Kooi
Akash Pandey
Chih-Hsiang Yeh
Weiyou Tang
Postdoc (3):
Wenzhao Wei
Xianghua Meng
Sha-Sha Lv
Faculty (7):
Henry Wong
Yang Tian
Yulan Li

Xinde Lin

Jing Liu
Dongming Mei

5 Continue Data Analysis on Novel DM Scenarios, QM Coherency in vN, OvBp Sensitivities,

Theory Project, Explore New Ideas ......




Large Enriched —

I.arge Germanium Experiment for Heutrmoless [3[5 Decay

/ — | \ \A Germanium Experiment e
| for Meutrinoless BB Decay 76 /
Ge

Ve e_
Light Neutrino : t i 76,

Exchange
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Planned expansion could pave way for “ultimate dark matter experiment”

[ Towards Ton-scale enriched-Ge76 experiment
for neutrinoless double beta decay experiment
to cover the “Inverted Hierarchy”

LEGEND-1T @ CJPL-Il : Conceptual Layout

Clean room
—_— rl-q —_— l'"!"‘
. L1T (?) Clean room for detector and HPGe Array

electronics preparation

: sl 318m X 18m
Experiment Hall [halfofHallc]  Gijgm | Liquid nitrogen

14m(H) X 14m(W) X 130m(L) CJPL %A




Summary & Prospects
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- TEXONO Program in Taiwan-HEP

M Approach: “Being Conductor in a Smaller Symphony
Orchestra” via Diversity & Versatility

1 “Choice” for Individual ; “Necessity” for Community [to
Complement & Complete the Expt-HEP Experience]

M Delivered Good Science & International Presence, Built
Facilities & Teams & “Brand Name” (&% ), Acquiring Skills,
Propagating DNAs [qualified manpower, scientific content ...]



‘17ieﬁrst two decades.... Taiwan EXperiment On NeutrinO — History and Prospects

International Journal of Modern Physics A
Vol. 33, No. 16 (2018) 1830014 (30 pages
©) World Scientific Publishing Company
DOI: 10.1142/S0217751X 158300144

Henry Tsz-King Wong

Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

htwong@phys.sinica.edu.tw

The ﬁrst decade . ... Annual Review of Nuclear and Particle Science

Annu. Rev. Nucl. Part. Sci. 2017. 67:231-51

The China Jinping
@CDEX Underground Laboratory
and Its Early Science

CJ P I_ & mmmm| | 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*

Tarwan EXpertment On Neutrin(QO — History and Prospects
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