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If there is a weak neutral current, then the elastic scattering process v + A —» + A should
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have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this ; a5 Beam OFF v, WEU, v, Beat ON

peak can give important information on the isospin structure of the neutral current. The o Pobpn

experiments are very difficult, alth the cross (about 107 cm? on ~ 30

carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost ‘2

energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi- 3 15 + + + SPOT“NG A
coherent nuclear excitation processes v + A —~ v + A* provide possible tests of the conservation of e ol + + + * + * = x + * ’ + * B

the weak neutral current. Because of strong coherent effects at very low energies, the § + + + * t * t + + 4

nuclear elastic scattering process may be important in inhibiting cooling by neutrino -15 1 3 5 7 9 1 1 3 5 7 9 11

emission in stellar collapse and neutron stars.
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CEVNS

e Coherent Elastic Neutrino-Nucleus Scattering
e Basic interaction between Neutrino and matter in SM
* The nucleus scatters Neutrino as a whole

e DominantforE,, S 50 MeV ¢ RrR«1

Interaction with nucleons
CEVNS disruptive
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CEVNS

A scattered
neutrino
* Coherent Elastic Neutrino-Nucleus Scattering ¢
nuclear
* Basic interaction between Neutrino and matter in SM S ’e°°“@
* The nucleus scatters Neutrino as a whole q /
* Dominant for E,, S 50 MeV /@
* Large Cross Section
IO
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CEVNS

* Coherent Elastic Neutrino-Nucleus Scattering
e Basic interaction between Neutrino and matter in SM

* The nucleus scatters Neutrino as a whole

e Dominant for E
* Large Cross Section
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CEVNS

A scattered
neutrino
* Coherent Elastic Neutrino-Nucleus Scattering ¢
nuclear
* Basic interaction between Neutrino and matter in SM i ’e°°“@
 The nucleus scatters Neutrino as a whole q /
* Dominant for £, < 50 Mev //@&“
* Large Cross Section
. . -6
* Recoil Energy is Small 1107
5 5.x10~7}
o E; (E,/MeV)? Lol T |
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CEVNS: Physics Motivation

* For “Old” Physics do _GEM ) (2 2B (ER>2 - MER>
e Testing Standard Model dE,  8m W'\ E, \E,) ~ E2
 Nuclear Form Factor

* Neutron Distribution Radius
* For “New” Physics
* Neutrino Interaction/Properties

* Light Mediator/DM
. etc. Z

* As Background for DM Detection

e Practical Tool
* Monitoring A A
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CEVNS: Neutrino Sources

* Stopped-Pion Decay: m-DAR
e Several 10s MeV

* Pulsed beam
* Good for Background rejection
e ~43x107 cm™%s~! at 20m

---------- CAPTURE
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CEVNS: Neutrino Sources

* Reactor Neutrinos
* High flux

e 10?2 — 1013 cm™2s ' at 15m

* Low energy, up to 8/10 MeV

* Low threshold for detector

* Mainly v,
- T 235
5 _F _
g 3__ o 23
= FEN 239
- & “."‘ SR PU
EJ 2’; 241p|,
I‘;; ------- 2®U(ny)**°U x 1/20
1
% ‘:-‘ ." |
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Rept. Prog. Phys. 82 (2019) 036201

reactor antineutrinos

\\\%
uranium - 235 / \‘o antineutrinos

thermal neutron

S

antineutrinos

" energy release = 12 MeV/fission ‘§
!
)

'
'
i about 150 MW is radiated away i
i from 3150MWth reactor |
'
]
1

'
= 6 antineutrinos/fission }
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CEVNS: Experiments
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RECODE Program

* RECODE

REactor neutrino COherent scattering Detection Experiment
* Low threshold Ge detectors
* Reactor neutrinos

* Project Goals:

* Two Ge arrays (10kg in total)
* Energy threshold ~ 1 keVnr (~160eVee)
e ~ 500 CEVNS events/kg/year
* Background level < 2 counts/kg/keV/day

{RB1ERAT $25cm X H25cm
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RECODE Location

Sanmen Nuclear Power station @ Taizhou, Zhejiang
 Thermal power ~ 3.4 GW

* 25 meters from the core

e Neutrino flux ~ 1013 cm—2s
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RECODE Roadmap & Schedule

2023 2024 2025 2026 2027

Physics Run @nuclear power plant

Subsystems testing @CJPL and ground

Bkg Measurement Individual Test
© VieH 5 Run-| Run-I Run-II
Design Subsystem Joint Test % ket
c Data Analysis, Physical Analysis
Proposal -

HUARGA

IR ARLGA

O
5@1?:’:%3

R A LB

@ equidistance measurement mode ;
1

M/ collinear measurement modes
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RECODE: Detector Shielding

 Shielding design and optimization
* Anti coincidence efficiency for cosmic ray: > 99%
* Gamma flux: reduce by 5 orders of magnitude
* Neutron flux: reduce by 3 orders of magnitude

* From outer to inner layers (Preliminary): ABSE: 0amxoamxoam
Rsf: 21mX21mX21m

 Muon veto detector
* Polyethylene _
* Lead masmarEns — 1, | | ol —
L~ | /
* Boron-doped polyethylene KZ:::cm?,j/a/:ﬁ 1, AEAR
* High purity oxygen free copper &R Z45 20 cm /'/:/ i
WA 0cm — || — |
o Al P R M 2%
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RECODE: Uncertainties

e Statistical:
* Signal/Noise > 5:1
e ~ 500 CEVNS events/kg/year
* 1.5% statistical

ROI of CEVNS

- > — (CEvNS

105 —-=— CDEX 2018 bkg
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107!
1077 - - - _
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Nuclear recoil energy [keVee
7/28/23  Expected CEVNS spectrum in Ge

* Systematics:
* Quenching factor: 10%-20%

* Reactor neutrino intensity: 3%
e Reduced through joint measurement
Background modeling:
e ON/OFF measurement
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RECODE: Quenching factor measurement

* Measurement of Ge QF @ 1-10 keV
e 10g ultra-low threshold high-purity germanium detector

Quenching factor

L

N | 5= 110cm
|\ EEFLER 2.5m

HPG\g
e /=
RFIRE8
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RECODE: Prospects

* Weak Mixing Angle

do GiM
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RECODE: Prospects

* Weak Mixing Angle
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RECODE: Prospects

- do GEM ME
* Neutrino NSI =2 \F()? |2 - ==&
— 2
NSI _— V(s
LA = —ZﬁGFEQB (Var¥*veL) (fvuf) X ((Z(gg + 26 + e )+ N(gp + e + 2622’)) + )
1 1
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RECODE: Prospects

* Light Mediator

do  GiM 2Er  (Ep\*
ik~ 8n Qi |F(q)] ( g T\E,

Q% = (Z g% + N g¥)’

ME,
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RECODE: Prospects

8 — T — T
- Excluded Region at 90% C.L.

* Neutrino Magnetic Moment

2,272 (1 Ep
do do Tacusz - FE E
= () +7 ( L4 R2>FZZ<Q>
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e Lower threshold is better
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Summary

E. Lisi; Neutrino 2018




