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a —v Pulse Shape Discrimination in
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TEXONO & CDEX ¢ f
Fpadh R R FAERF TR

TEXONO  Taiwan EXperiment On NeutrinO  [since 1997]

© R¥HT Rk + 7% £ (KSNL)
e ® CFR, P R B et 5 %)
> 3+ 2 H (METU,DEUV)

» EP B (Banaras Hindu U)
CDEX  China Dark Matter EXperiment [birth 2009]

©F R4 B ¥ T 3 5% 3 (CPL) CJPL#A

> EE A RI Rk, s R A REBIRT



TEXONO - fxinfp g 81 2 42
>1995: 3 & & #grik ¥ iZ(U.Maryland) % -, B &
P + R =
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) Where: Sk 3 (%)
1 What: % T Bupk® + (%)
1 Who: o 88 ¢ RS & IF(X)
> 1997/1: T F e r 1L S ol P 3 &8
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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
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- [ After learning the TEXONO plans [all in future

" ' tense], TWO senior CERN physicists in
independent occasions “sweetly”
reminded me that CERN and DUBNA have
been jointly nominated for Nobel Peace
Prize for being able to work together

J ) [ 1 was at CERN 1992 — 1996, prior to AS.

7 While directions & technologies (* # &= /%) have
evolved and changed, the founding Cross-Strait
Collaboration spirits remain intact despite various
challenges & are “quiding principles” in difficult decisions.
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Kuo-Sheng Nuclear Power Station : Reactor Building

@

Reactor Pressure Vessel

Auxiliary
Building

Primary

Contai t
ontainmen Ground level

oz

Euo-Sheng Reac
Neutrino Labar

5

Taiwan-China Collaboration

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




|  Yeto Plastic
Scintillator:3co

—Lead : 15cm

| Stainess Steel
Frame:5cn

— Boron-loaded
Polyethylene:2bem

—OFHC Copper:bem

¥y
K[

Front View (cokmtd“vetos,
 Novable trolley — R stueldings, controlroom .....)

Lead brick

/

Plastic Bag For Radon Purging

N, from dewar

200

OFHC Copper » PMT

Liquid Nitrogen Dewd NaI(T1) 75 cm

HPGe 1
Pre-Amplifier—»
I i

e | 1]

Y

Configuration: Modest yet Unique :

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

- P 4

Inner Target Volume

.IIIIIIIIIIIIIIIIIII.



KSNL : Detectors Schematics

ULB-HPGe [1 kg] CsI(Tl) [200 kg] sub-keV Ge (20-1400 g)
- b —— —
e “ |

A

>~ a4 B a8 TR T

— Crystals and PMTs
—— mae in China c/o IHEP

= -

M IHEP-designed 61
electronics system

M 61-FADC became hardware
seed of MHEP's Hadron

——

| 2010's: Data Acquisition

: with FADC Readout &
Physics Program (Chang WC) FPGA Capabilifi

FEL




| Neutrino Properties & Interactions at Reactor |

quality Detector requirements m

' ‘1" 258U(ﬂ,7)mU
- Fission

N, fission™ MeV™'

3 ] Reactor Neutrino
10 1 ] Spectrum
102 | A — W, A S e e A
- f veN (SM) | 8 | _ 10_12 Energy (MeV)
A — — Q — AU | | eeeeeeceecececcceccscc000c0000000000000
> 10 o — . . g
"g E 4ﬁ£clj%%4q Observable Spectra with Reactor . v-€ Scatterlng SM [PRDIO] b
'T> 1 E Ve-A (SQ) Neutrino “Beam” -PE & NSI/BSM .
D — °
£ L Ml [penm|_ - - - - E[PRDl0,PRDlZ,PRDl5,2XPRD17]
¥ E SRR : = 200 kg Csl(Tl)
*510 '§_ v.e (SM) RE PP AR Pt
S 10° B— —_ - Magnetic Moments
2 - - | e - [PRLO3,PRDO5,PRDO7]
S ) — - ':
" E | JeA (1) : © 1 kg HPGe
Threshold ~ | ‘ - " sssEsssEssEEsEEEEEEEEEEEEEEEna"
100 ev — — : IIIIIIII emmRes :l: IIIIIIIIIIIIII
10—()' 1 1 1 lllll 1 1 Ll IIIII 1 | Ll IIII| L Ll L1l E Neutrlno MIIII'Charge
-1 2 3 u
10 11 10 T (keV,) 10 10 . [PRD14]
A

: VN Coherent Scattering [Current Theme;PRD16]

= sub-keV O(kg) ULEGe / PCGe [NIMA16]
. L, Dark Matter Searches @ KSNL [PRD09,PRL13,AP14]
. ", Theory Program [PLB14,PRD15,PRD16]

E & CDEX Program@CIJPL [PRD13,2XPRD14,PRD16,PRD17,CPC17,PRL18]

@' Independent, Thriving and Diverse Programs ...
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Henry Tsz-King Wong

Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

htwong@phys. sinica. edu.tw
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2003-04:

HILi Jin & | started building the new THU team and suggested —
INSTEAD ! — that they can spearhead a light dark matter project
at the new underground laboratory Yangyang (Y2L) in Korea,
using the “low threshold Ge detector technique” at KSNL (%)

M Natural to expand applications of the LE-Ge techniques to both
neutrinos & dark matter

M | feel Light Dark Matter, then an obscure subject, is ready to have
its windows opened.

M Our searches of underground sites in Taiwan do not provide
appetizing candidates

M Our survey of Taiwan reactor sites for “theta-13 projects” also do
not yield competitive locations (c.f. Daya Bay)

M We see the potentials and ambitions of the THU team and feel
necessary to guide them to meaningful challenges with long-
term prospects & growth ....

“ Some birds cannot be caged | “




2004-08:

7 1 was too busy to really invest much efforts to

the DM@Y2L project headed by the THU team

M Data taking & analysis , hardware R&D for TEXONO
@ KSNL

M Consolidating working relationships with new teams
from BHU, India and METU, Turkey

M Family affairs also got me occupied....

7 Meanwhile, the THU team struggled on @ Y2L under

minimal support ..... BUT

M The project gathered visibility and interest in THU

M Site visits of THU leadershipS to Y2L , incl. VP Kang % 5. &

M Ideas of underground lab, dark matter experiments ... taking
root in China ... the team got “prepared”!



By 2008 mid-October:

[ Interesting (Historical) Coincidence — Direct Flights (5 & _& 4% ) Started July 2008 ]

7 My Family Affairs get “Settled”. | became
restless again ....

7 Learned from my THU collaborators that .....
“there may be an interesting possibility at
Sichuan ....”

.. | he Rest ]S l"‘listorg .



CJPL#=&

FERFEE ML=

China Jinping Underground Laboratory

&

) CHINA
- L N

Sichuan Province

o P
Headrace tunnels qs‘;:
o
Yunnan Province
N
T
w A
]
| o

Discovered by physicists via TV news on
2008/8/8 (Construction Tunnel completed to
commemorate Beijing Summer Olymics !)

Merits: 2400+ m rock overburden ; drive-in road
tunnel access ; superb supporting infrastructures
Operated & Managed by THU & YLRHDC

CJPL-I (2010): 6X6X40 m cavern

CIPL-IT (2017+): [4X(14X14X130 m) Halls]+Pits
The Deepest & Largest Underground Research
Facility in the World

National Major S&T Infrastr. Project in China.

— Jinping
4. Mountain

> “\':"x, ” ( ‘ l‘i ;-‘.v;\ ,-'. .“. CJ P L-I I it
L aiseec. Main Entrance
Public Traffic Tunnels - -

Yalongjiang Internal
River P Tunnel
— 7 | Halic \
\ HallA  HallB Hall D
Drainage Internal
Tunne Tunnel  Each Hall: 14m(H) X 14m(W) X 130m(L)




PARTICLE PHYSICS:

Chinese Scientists Hope to Make Deepest, Darkest

Dreams Come True Science 5 June 2009:
_ _ Vol. 324. no. 5932, pp. 1246 - 1247
Dennis Normile AVAAAs| |DOI: 10.1126/science 324_1246

China, others dig more and
deeper underground labs

From tiny to gargantuan, experiments are in the works
to exploit the shielding from cosmic rays that being

deep underground ofers

PHYSICS

China carves out larger role in

underground SClence |January20“|5 Friysics Today

As it is doing in so many areas of science, China is racing onto the

world stage of underground astroparticle physics.

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

The ﬁTSt decade . . .. NAi.z.mml Rez' £" off.\ruclem' and Particle Science

Jian-Ping Cheng,! Ke-Jun Kang,! Jian-Min Li,' Jin Li,’
Yuan-Jing Li,! Qian Yue,! Zhi Zeng,! Yun-Hua Chen,?
~ - T 2 F i =

Shi-Yong Wu,? Xiang-Dong Ji,> and Henry T. Wong*




CDEX@CJPL1

-1 Adopt & Expand sub-keV Ge technologies from KSNL

-1 Competitive results on Dark Matter Light-WIMPs and Axions Searches
-1 Team & Expertise building for FUTURE Projects

e

v/ PRD 88, 052004, 2013
v PRD 90, 091701, 2014
CDEX-1A v PRD 93, 092003, 2016
v/ PRD 95, 052006, 2017(Axion)
v' Sci. China PM.A. 60, 071011, 2017(0vBB)

-/—.

CDEX-1B v CPC 42, 023002, 2018

CDEX-10 v PRL120, 241301, 2018

Dark Matter WIMP Searches

Dark Matter Axions Searches

10°¥E 108k
- g E: | -
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Z 2 107
S 1047 DAMA E
1079 E ‘é L EDELWEISS
- Qomsy, N %
_ ~— 102 1071t *. CoGeNT 2011 .
& = 10- o E A ik
g 10741 = (This W B EooT\ et fli .
=% g 25 - SN
© CDEX-10 © - Crn
r (This Work) 1073 - 10-12}= CDEX (this work)
02 ey F E XENON _ueeeefees
F N Projected 5 ’15‘2,, i C e “-.. ...‘-“
r N 100 €V, 0.1 keVee kg day™, 10 kg-year ) o 10 SN e e —— r .
I N —— e e —— F . TSN 13 | 1
» | | ‘ ‘ ST | F ‘ ‘ ‘ ‘ Lo~L3 L . L .
107% 3 I o 3 10 2 4 6 8 10 1 10

DM ALP mass (keV/c?)

m, (GeV/c’) m, (GeV/c®)




Future Pr'os’rs:
CDEX-6GelT (0vpp+DM) Project

[ LEGEND-1T is a natural and excellent candidate for GelT@CJPL2

—I-l-ln—ll.-l-f
""I"-lF'_Fl-Fll-'"

Clean room

N Clean room for detector and HPGe Array
& electronics preparation |

: e . plsmxism |
CJPL-II Hall-C Pit (Foreseen) H- 18 m i Liquid nitrogen &

14m(H) X 14m( W) X 130m(L)

ot

7 ¥ GelT-Pit (top view)

Artist’s Conception




CEGeNU)

Large Enriched
Germanium Experiment
for Neutrinoless BB Decay

M Towards Ton-scale
enriched-Ge76
experiment for LEGEND

Mission: “The collaboration aims to develop a phased, Ge-76 based double-beta

neutrinoless double
beta deca ex eriment | decay experimental program with discovery potential at a half-life significantly longer |
y p than 10?7 years, using existing resources as appropriate to expedite physics results.”

Large Enriched Germanium Experiment for
Neutrinoless fff Decay

to cover the HI nve rtEd Select best technologies, based on what has been learned from GERDA and the
. ” MAJORANA DEMONSTRATOR, as well as contributions from other groups and
Hierarchy experiments.

IZI Main Cast : mainly | First phase:
GERDA, Majorana, CDEX || :uplo200ks

* modification of

groups [i.e. world’s e o

expertise teams in ultra- || ;805

Subsequent stages:

sstaged 1000 kg
«timeline connected
to U.S. DOE down
select process
*BG: goal
01 c /(EWHM ¢ y\

low-background Ge- RWIOYRIE 1 N Y IR
detector experiments] ' gfj(;;fggiggder

1 CDEX groups — building a case of hosting this experiment at CJPL-II




BRING

Large Enriched

/ \ Germanium Experiment
. \A for Neutrinoless B3 Decay
l (@)

CIPLA TommeRS=E

o Jf Rcalized, it will be a Fiagship Particle
Flngsics Frojcct in Asia.

K Summitas (. ﬁaﬂcnglhg and Dauntﬁ?g/
Hauntﬁvg, Pcrﬁaps “Quixotic”, as that Ve
Faced 20 Years Ago.’

H1 Discovery of OVBP —> |nstant Nobel Prize
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M. Deniz

DEU, Turkey
J

V. Singh
BHU, India




Retired Alumni

¥ 2'014/05117
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