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OUTLINE
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     (Coherent Elastic Neutrino Nucleus Scattering, CEvNS)
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ᬯӻᥝ࿢ฎํᅩౌ؜෫ቘ҅ਙکݑԪֺሲ̵
ᵙ҅֕ฎ఺ࢯ๜ବᒵ᭜౮Ӹ᯿ጱਫḵ޾ᬙړ
Ԏ᯿य़Ѻ
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Neutrino wavelength larger than 
size of nucleus: qR<1 
qғmomentum transfer
R: nucleus size

Very low recoil energy!
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Standard Model prediction for CEvNS differential cross section

Fermi constant

Weak 
nuclear 
charge

Form factor
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Standard Model prediction for CEvNS differential cross section

Trade off between 
high/low A-nucleiѺ
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✦ᔉৼᇔቘғ
• ֗ۖᰁ᫨ᑏӥጱ୧Ⴐݳ᥯
• Ӿஙৼ᩻ຽํٵප֢አ
• ଉӾஙৼᏺᎥݍ
• భ௔Ӿஙৼᒵ

✦ॠ֛ᇔቘғ
• റၥॡᴡӾஙৼ̵᩻ෛจӾஙৼጱ
ෛಋྦྷ

• ิᇔᨶറၥጱ᯿ᥝ๜ବ
✦໐ᇔቘғ

• ܻৼ໐ጱ୵ᇫࢩৼ
ଫञᇔቘғݍ✦

• Ӿஙৼറၥ࢏ੜࣳ۸҅ݍଫञፊၥ
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̣ቘᦞᶼ᥺ - 1974

̣ਫḵḵᦤ - 2017  ҁفᭌ̽ᑀ਍̾๥பଙଶ܈य़ᑀದᬰ઀҂
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2017, CsI detector
Science 357, 1123–1126 (2017)
No CEvNS rejection 6.7 � , consistent w/ SM within 1 �σ σ

2020, CsI detector, ArXiv: 2110.07730 
No CEvNS rejection 11.6 � , consistent w/ SM within 1 �σ σ

2020 Ar detector > on 3 �
PRL 126, 012002 (2021) 

σ
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IIғᎸᑪ఺Ԏ݊ሿᇫ
Artificial low-energy neutrinos sources
ව᤯Ӿৼრ (SNS) & ໐ݍଫञ (Reactor): large neutrino flux!

̣Pion-decay-at-rest (DAR) sources: e&�  flavors
̣E < 50 MeV: close to decoherence
̣First observation of CEvNS by COHERENT in 2017!

μ ̣Nuclear fission: single-e flavor
̣ E<10 MeV: full coherence
̣Never observed so far!

Reactor
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RELICSNUXE
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RELICS
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CONUS

̣Brokdorf 3.9 GWth reactor, Germany
̣17 m from core
̣4 kg Ge
̣~300 eVee threshold

IIғᎸᑪ఺Ԏ݊ሿᇫ

85 event in ROI set upper limit at 90% CL
PHYSICAL REVIEW LETTERS 126, 041804 (2021)
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CONNIE

̣3.8 GWth nuclear reactor, Brazil
̣32 m from core
̣47.6 g Si CCDs
̣~0.1 keVee threshold

IIғᎸᑪ఺Ԏ݊ሿᇫ

PHYS. REV. D 100, 092005 (2019)
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ӷፘࣳ࿌റၥದ๞
Liquid Xenon Time Projection Chamber (LXeTPC)

Ꮈᑪፓຽғݎ઀ࣈࣁݢᶎᬩᤈጱ̵य़ᨶ
ᰁጱຄ֗ᴇ꧊̵ຄ֗๜ବ႖࿌෸ᳵಭ୽
ਰറၥದ๞҅ᔜᏟၥᰁCEvNS̶ݩמ

RELICS ਫḵғ
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̣ Ⴔ܏य़਍ғṛᷢ

̣ Ӿࢵᑀ਍ದ๞य़਍ғ຋ᓏ

̣ Ӿઊय़਍ғᙆᗼ̵ṷ์ሾ

ᶱፓᕟ౮ާғӗ20Ո҅ර૵̵ܗॊኞ̵๜ᑀኞ

ᑀದ᮱“य़ᑀ਍ᤰᗝڹဠᎸᑪ”ࢵਹ᯿ᅩᎸݎᦇښ
ᶆଙᑀ਍ਹᶱፓඪ೮Ѻ

RELICS ֢ݳᕟғ
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೙ᭌ࣎ғઊӳᎪછკ໐ኪᒊ҅ṛჅ࿈ٯञ

250 MW҅᪗ञᜮ12ᔂ҅Ӿஙৼ᭗ᰁ 2.5  1012 cm-2s-1×

IIIғRELICSਫḵᦇ݊ښᶼ๗



• two signals for each event:  

• Energy from S1 and S2 area 

• 3D event imaging: x-y (S2) 
and z (drift time) 

• self-shielding, surface 
event rejection, single vs 
multiple scatter events  

• Recoil type discrimination from 
ratio of charge (S2) to light (S1)

�,�

ER

• Scintillation light - S1 
• Ionization electron -S2

PandaX, XENON, LZ Dark Matter Experiments… …

໐٫ݍ NR

ኪৼ٫ݍ ER

IIIғRELICSਫḵᦇ݊ښᶼ๗
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റၥྍڡ࢏ᦡᦇғ

~30kg 
FV

IIIғRELICSਫḵᦇ݊ښᶼ๗
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੽ᠰᔮᕹྍڡᦡᦇғ පሲ > 99%ݳᒧݍ

IIIғRELICSਫḵᦇ݊ښᶼ๗
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ᖾৼ୚᩸๜ବ

4 �  ႖࿌ݍᒧݳ੶π

NR ӗ0.23 /kg/day ER ӗ0.005 /kg/day/keV

IIIғRELICSਫḵᦇ݊ښᶼ๗
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NR < 0.3 /kg/dayER < 0.05 /kg/day/keV௛֛๜ବғ

IIIғRELICSਫḵᦇ݊ښᶼ๗
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ຄ֗ᚆᰁᴇ꧊ғS2-Only

4ӻզӤኪৼറၥපሲ 100%

IIIғRELICSਫḵᦇ݊ښᶼ๗

႖࿌റၥ࢏ፗളၥᰁԧ
1keVԏӥጱ໐ݩמ٫ݍ

XENON1T, B8, PRL 126, 091301 (2021)



 25

֗ۖᰁ᫨ᑏӥጱ୧Ⴐݳ᥯ၥᰁҁ30 kg� year҂·

IIIғRELICSਫḵᦇ݊ښᶼ๗

PHYS. REV. D 99, 033010 (2019)

Using the neutron radius estimate from COHERENT data, 
APV(atomic parity violation) result on133Cs can be reconciled 
with SM prediction:



 26

֗ᚆ໐٫ݍጱ႖࿌طኪԾ᷐ၥᰁҁ30 kg� year҂·

IIIғRELICSਫḵᦇ݊ښᶼ๗
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Ӿஙৼ᩻ຽٵཛྷࣳํපፘ԰֢አၥᰁҁ30 kg� year҂·
ᕡᜓᥴ᯽ѺIIIғRELICSਫḵᦇ݊ښᶼ๗

ຽٵཛྷࣳӾғ
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R&D efforts

ᔮᕹٯګ

࿌࿈஗ሾ
൉ᕍᔮᕹ

റၥ࢏

හഝ᯻ᵞ

IIIғRELICSਫḵᦇ݊ښᶼ๗
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RELICS ෸ᳵᕚ …

2022 2023 2024 2025 2026

ሿ࣋Ꮯᦊ̵ၥᰁ
ཛྷ೙̵ᅎභଶᦇᓒ

റၥ࢏ᦡᦇ̵Ꮈګ

੽ᠰ̵֛റၥ࢏
ሿ࣋ਞᤰ᧣ᦶ

റၥ࢏ᦶᬩᤈ
Ḓಢᇔቘහഝ᯻ᵞ

ᇔቘړຉ

IIIғRELICSਫḵᦇ݊ښᶼ๗



SUMMARY
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✦ RELICS ฎӞӻຄ֗๜ବ̵ຄ֗
ᚆᰁᴇ꧊̵አԭ໐ݍଫञӾஙৼ 
CEvNS റၥ႖࿌ਫḵ̶

✦ RELICS ٍํӿ੄ጱᇔቘፓຽ҅
ଫञፊၥଫአհݍஉṛጱ໐޾
꧊̶

✦ ๗இਫሿ੒ݍଫञӾஙৼ
CEvNS ᇔቘᬦᑕጱᔜᏟၥᰁѺ

๗இӨਫḵ̵ቘᦞݶᤈႮଶ֢ݳѺ
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