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TEXONO at Kuo-Sheng Reactor Neutrino

Laboratory (KSNL) in Taiwan

Kuo-Sheng Nuclear Power Station : Reactor Building

Reactor Pressure Vessel

Ground level
o
2
l l Reactor Core
i
|
L |

E] ;Ea | P Suppression Pool

Auxiliary
Building

Primary
Containment

Wz

Euo-Sheng Reag
Neutrino Labor

N

e i
. Dete‘ptor-éore :28 m
¢, ~ 6.4X10*?/cm?2-s
Overburden ~ 30 mwe

Plastic Bag for Radon Purging
Hs frof dewer
——————— —
Liguid nitrogen devar
—
e PNT
OFHC Copper B
CsI(TI)
NaI(T1)
iPGe (= |
Pre-Awplifier --—"‘"—‘
| Nal(T1)| Fal(T1)
Liquid nitrogen devar [1 |.] I T D e ————

/. Veto Plastic
Scintillator:3cm

Lead:15cm

Stainess Steel
Frame:5cm

Boron-loaded
Polyethylene:25cm

OFHC Copper:5cm

Lead brick

/

| Movable trolley




| Neutrino Properties & Interactions at Reactor | e
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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()—N
& Light Dark Matter @ KSNL [PRD09,PRL13,AP14]
U, CDEX Dark Matter @ CJPL [PRD13..etc]
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=> sub-keV O(kg) PCGe

Future Ge-based
: Projects at CJPL :



Sub-keV Ge Detector Techniques :

Hardware/Software Development nimaie;

== Electro-Cooled p-PCGe
. - [500-1430 g]

p- PCGe
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Y Coldﬁead | .
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N*(~1mm Li diffused)
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Cooling & Temperature Control within Shielding

Adopt Lindhard Quenching Factors

Near Threholds Energy Definition & Calibration & Linearity
Trigger Efficiencies near threshold

Bulk Vs Surface Event Selection — algorithms & efficiencies

Physics Vs Noise Pulse Shape Differentiation -- algorithms &
efficiencies
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QM Coherency as a Qualifier for VA

[PRD 93, 113006 (2016) ; arXiv: 2010.06810 ]

vl QM Coherency is central

V] Coherency is a continuous variable dependent on
q’ via E, & Target A(Z,N) in VA,

M Define a quantifiable parameter beyond
qgualitative descriptions

M Parametrize: o(q?) = cos <> € [0,1] ,
where <¢>(q?) is the QM phase mis-alignment
angle between two non-identical nucleons in
A(Z,N)

M Unified Description for all A(Z,N) ; consistent
comparison possible.




vA,, differential {EZ(QQ,EU)] _ 1 [%] | [1 G ]'F(q2)

Cross-section

41

r(q%) describes many-body physics of A(Z,N)
Application-Dependent Complementary formulations

1. Data-Driven: rDATA(qZ) _ [SZ—N ]2 f(qz)

é(g?)=measurable o-suppression relative to full coherency
e=(1—4 sin%6,,)=0.045

2. Nuclear (Microscopic) Physics * :

3.

Mp(@%) =[&ZF,(@%)—NF,(@9?)]°
Quantum-Mechanical Coherency:

Cou(9?) = [eZ —N]* a(q?®) + (£°Z+N) [1—a(q°)]




(q°)

a(q®) + [1—a(q?)] [

(e2Z + N)
il

Quantum Mechanics Coherency
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[e2Z + N],
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£(q%) =

(cZ — N)2

Microscopic Nuclear Physics

Total Decoherency: a=0 ; <¢p>=m/2

Complete Coherency: a=1 ; <¢p>=0

* NP Model (to define ranges & get approximate numbers for g?>-dependence):

En(q?)=Fz(q°)=Fa(q®)

= & (9%) = F,*(q?)
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e.g. “Applications” to COHERENT Data:

T (keVy,) Data:
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Rates & <o> to Integral Cross-sections:
Different Sources & Targets

CsliXe

0.60.4 0.2

(o

Ge 08 _ 06 04 . 0.2
Ar 0.9 0.8 0.7 0.6 0.5 0.4
— . .
107 E Integral
=M. DAR-7 v
=10 N
i E N e
=, B N e e
ol i N e g
=1 \ p—
- E \\ ‘.-‘- Ge o, AT
1‘-.""1"—1 L L\[a"hl.-\ e R
= E . =
= \ N
r A\ * ",
2 " "
10~ E \ \ RN
A T SR E A E B B
0 20 40 60 80 100 120 140
Tm.r'n {kl'.“ nr}
(c)
CsliXe 095 0.9 .85
Ge 098 096 094 092 09 088 (o)
Ar 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92
T T T I T T T I T T T | T T T I T T T I T T T I T T T I T T
10° = Integral
=102k N\ Solar=B v,
= N T
= N T, T
"= 10 \ . e
= AY ., e,
= 1 \ S
= \ .
=01 CsI/Xe\ “Ge "

102 E

(b)

Cel/Xe 0.98 0.96
Ge __ 099 098 097 (o
Ar 0.995 0.99 0.985 0.98

: }-I T I T T T I T T T | T T | T T
10 ?\,\ Integral
C S, Reactor v,
= 10
=z

+: (—

et 1e

= - ..

=107
g & ., AT
107~ E - _-
E e
—3 L 1 1 1 1 I 1 1 1 1 lll 1 1 1 1 I 1 .I 1 1 | 1 1 1 1 I 1 1 1 1 ,1 1 1 1 1
107, 0.5 1 1.5 2 2.5 3 3.5
T, ... keV o)

(d)

CsliXe 0.4 0.2

Ge 0403 02 01 (o
Ar 0.6 0.5 0.4 0.3 0.2 0.1
1'._1 %E T I T T T I T T T | T T T T T T I
: Integral
. Atm. v
=
s .
= ”:"t“m...
=102 N
E \\ S
— o 1
\ G -
\Cs/Xe "
1"—3'.|...‘1...|...|..‘u|...|...|...|""'.‘“-l.|...
0 20 40 60 80 100 120 140 160 180
Trm’u {kc‘ m':l




V) +A D v(x) + A

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 82 (2013)
10—39 : ¥ ¥ COMSI Ge meprresrgld (o1y) — - 10—3
LN CoGeNT
o
10~} SRR\ \\ e S 11074
o] N b CDMS Si /j
™2 (2013) )
o 10—41 L 'S i ' —_—
\6 el
B S =
—_ 10—42 L = =
= S \ L O
2 s, L L RS
8 107 - \ A 3
2 { TSNOLag, ! %
1] 44 . W
2 107" \ O
9 Be \ b
g 1 0_45 Neutrinos e
o I Neutrinos 8
q-) —
— Q
% 10—46 g
n |
o 10_47 [ (Green ovals) Asymmetric DM ‘ %
E (Violet oval) Magnetic DM —
fpy . .
—48 | (Blue oval) Extra dimensions
3 10 (Red circle) SUSY MSSM ‘ 3
A MSSM: Pure Higgsino
10749 L @ mssm: A funnel
@ MSSM: Bino-stop coannihilation
10_50 ¥r MSSM: Bino squark coannihilation
1 10 100 000 10
WIMP Mass [GeV/c?]

M a<0.2 for Xe
I Describing Neutrino Floor at large WIMP-mass as due

to [atm VA, ] "Coherent” scattering is Marginal !/
M EvNS rather than C-EVNS |




Prospects & Outlook

[ vA,, observed in experiment with v from ORNL-SNS DAR-x :

¥¥ "Taming of the Beam Background”

[ Probe finer questions after 1s' generation, both theory &
experiments: precision-SM, BSM, Nuclear Form Factors,
QM Coherency, Applications .........

o Reactor vA_ - Probe Complete Coherency (i.e. less
theoretical uncertainties for BSM) ; testbed for novel low
threshold detectors

[ TEXONO®@KSNL: 200 eVee threshold with 1.5 kg EC-6Ge
data taking and analysis continues to scale vA, -summit

[0 A natural Portal for Synergy between Neutrino and Dark
Matter programs - both Physics & Techniques, Both
Directions




