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Outline 

‣ CEvNS in the SM 

‣ Stopped-pion beam 

‣ Nuclear reactor 

‣ Current measurements  

‣ Future measurements (SBC) 

‣ Final comments
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COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)
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Adapted fromM. Green talk at Aspen 2019 Winter Conference
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NEUTRINO SOURCES FOR CEVNS
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Typical sources: 

Stopped-pion beams       Nuclear Reactors 

π+ → μ+ + νμ

e+ + νe + ν̄μ

ν̄e

•Intense flux 

•One channel 

•Fully coherent

•Pulsed beam 

•Three channels 

•Higher recoils F(q2) ≈ 1
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REACTOR EXPERIMENTS ON THE RUN
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Taken from D. Aristizabal-Sierra, V. De Romeri, LJF, D.K. Papoulias, JHEP 03 (2021) 294
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MEASUREMENTS FROM STOPPED-PION SOURCE:
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~134 events
~306 events

COHERENT Collaboration, Phys.Rev.Lett. 126 (2021) 1, 012002
COHERENT Collaboration, arXiv:2110.07730

https://inspirehep.net/literature?q=collaboration:COHERENT
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EVIDENCE FROM NUCLEAR REACTOR: NCC-1701 DETECTOR @ DRESDEN II
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The detector 

•PPC Ge 

•2.924 kg 

•Threshold: 0.2 keVee

The reactor 

•2.96 GWth 

•10.39 m
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NOVEL DETECTOR FROM THE SBC
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Combines features of scintillation detectors and 
bubble chambers

❖ Insensitive to electron recoils

❖ Sub-keV thresholds (~100 eV)

❖ Single bubble created from nuclear recoils

❖ Energy resolution for backgrounds above ~5 keV

*LJF, E. Peinado, E. Alfonso-Pita, E. Vázquez-Jáuregui, SBC Collaboration (https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.L091301) 

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.L091301
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EXPECTED EVENT RATE
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~1570 events/day~8 events/day
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STATISTICAL ANALYSIS
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χ2 = min
α,β,γ ( Nmeas − (1 + α)Nth(X, γ) − (1 + β)Breac

σstat )
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STATISTICAL ANALYSIS
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χ2 = min
α,β,γ ( Nmeas − (1 + α)Nth(X, γ) − (1 + β)Breac

σstat )
2

+ ( α
σα )

2

+ ( β
σβ )

2

+ ( γ
σγ )

2

,

σstat = Nmeas + (1 + R)Bcosm

Fitted variable

Nuisance parameters

α : flux
β : background
γ : threshold

⏞
ININ

Laguna Verde
Laguna Verde 

(best-case 
scenario)

R = reactor ON/OFF time

R = 3

R = 12

⏞
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PHENO FROM CEVNS: WEAK MIXING ANGLE
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LJF, E. Peinado, E. Alfonso-Pita, E. Vázquez-Jáuregui, SBC Collaboration(2021) 

Qw = Z(1/2 − 2sin2 θW) + N(−1/2)

Private communication with Aristizabal, De Romeri, Papoulias, 2203.02414
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PHENO FROM CEVNS: NSI
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NSI in CEvNS

ℒNSI = − 2 2GF ∑
f=u,d

∑
α,β=e,μ,τ

ϵ fP
αβ[ν̄αγρLνβ][ f̄γρPf ]

Barranco,Miranda, Moura, Valle, PRD 73 (2006)

Flavor conserving: 

Flavor changing:

ϵαα

ϵαβ

Vector: 

Axial-vector:

ϵ fV
αβ = ϵ fL

αβ + ϵ fR
αβ

ϵ fA
αβ = ϵ fL

αβ − ϵ fR
αβ
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PHENO FROM CEVNS: NSI
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E. Alfonso-Pita, LJF, E. Peinado, E. Vázquez-Jáuregui, 2203.05982P. Coloma et al, JHEP 05 (2022) 037
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PHENO FROM CEVNS: GNI
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For CEvNS
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PHENO FROM CEVNS: GNI
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LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5, 5  2112.05103 

Projection 

https://arxiv.org/abs/2112.05103
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PHENO FROM CEVNS: GNI
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LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5, 5  2112.05103 

Combined 2 dof análisis

*Time resolution not considered

https://arxiv.org/abs/2112.05103
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PHENO FROM CEVNS: LIGHT SCALAR MEDIATORS
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E. Alfonso-Pita, LJF, E. Peinado, E. Vázquez-Jáuregui, 2203.05982
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Private communication with D. Aristizabal, V. De Romeri, D. Papoulias, 2203.02414
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PHENO FROM CEVNS: STERILE NEUTRINOS
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For light sterile neutrinos in a 3+1 scheme

E. Alfonso-Pita, LJF, E. Peinado, E. Vázquez-Jáuregui, 2203.05982
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PHENO FROM CEVNS: UNITARITY VIOLATION
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E. Alfonso-Pita, LJF, E. Peinado, E. Vázquez-
Jáuregui, 2203.05982

N = NUV ⋅ UPMNS NUV =
α11 0 0
α21 α22 0
α31 α32 α33

Pee = α4
11,

Peμ = α2
11 |α21 |2 ,

Peτ = α2
11 |α31 |2 .

Escrihuela, Forero, Miranda, Tortola, Valle, 
Phys.Rev.D 92 (2015)

Oscillation probabilities 
(zero distance)Mixing matrix
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FINAL REMARKS
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Reactor facilities offer a great chance of measuring CEvNS

LAr Scintillating Bubble Chambers:

❖ Realistic chance of detecting CEvNS given their great background control 
and low threshold

❖ Precise measurement of the weak mixing angle

❖ Competitive limits to new physics signals, compared with other CEvNS 
experiments
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BACKUP SLIDES
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CONSTRAINED BY SYSTEMATICS
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PHENO FROM CEVNS: LIGHT VECTOR MEDIATORS AND DARK MATTER
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Resonance condition:Z′ as a dark matter       mediator

León M . G. De la Vega, LJF, N. Nath, E. Peinado, JHEP 09 (2021) 146

χ
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