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COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)
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NEUTRINO SOURCES FOR CEVNS

Typical sources:

Stopped-pion beams
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REACTOR EXPERIMENTS ON THE RUN

Experiment Nuclear Reactor Power [GW]
TEXONO [41] | Kuo-Sheng Nuclear Power Station 2.9
CONUS [37] Brokdorf 3.9
vGeN [72] Kalinin Nuclear Power Plant ~ 1
MINER [36] TRIGA 1 10—3
vCLEUS (38 FRM?2 1
Ricochet [39 Chooz Nuclear Power Plant 8.54
RED-100 [40] Kalinin Nuclear Power Plant ~ 1
SBC (73] ININ (or Laguna Verde) 107 (2)
CONNIE [74] Angra 2 3.8
vIOLETA [75] Atucha II 2
SoLid [76] BR2 (0.4,1) x 107!
NEON ([77] Hanbit Nuclear Power Plant 2.8

Detector Experiment Material mget[kg] | L [m]
Semiconductor n TEXONO [40] Ge 1.06 28
detectors CONUS [36] Ge 1 7zl
(ionization) vGeN [70] Ge 1.6-5 10-12
Low MINER [35] Ge, Si 4 1-2.5
temperature vCLEUS [37] | CaWOQOy, Al,O; = 1072 15-100
bolometers Ricochet [38; Ge, Zn 10 355/469
Liquid noble-gas = RED-100 [39] Xe 100 19
detectors (TPC) SBC [71] LAr, Xe 10 3/30
CCD CONNIE [72] Si ~ 0.05 30
vIOLETA [73] Si 1 12
Scintillators SoLid [74] | °LiF : ZnS(Ag) 1600 ~ 7.6
NEON [75 Nal[T]] 3.3-10 24

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:

Recoil Energy (keV )
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COHERENT Collaboration, Science 357,1123
COHERENT Collaboration, arXiv:2110.07730

COHERENT Collaboration, Phys.Rev.Lett. 126 (2021) 1, 012002
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® ~134 events,

N .
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~306 events
(2017) & Phys.Rev.Lett. 126 (2021) 1, 012002


https://inspirehep.net/literature?q=collaboration:COHERENT
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residual (counts/ 10 eV 3 kg day)

Coherent Interactions with Nuclei
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NOVEL DETECTOR FROM THE SBC

Combines features of scintillation detectors and
bubble chambers

+ Insensitive to electron recoils
* Sub-keV thresholds (~100 eV)
« Single bubble created from nuclear recoils

* HEnergy resolution for backgrounds above ~5 keV

E. Alfonso-Pita, E. Vazquez-Jauregui, SBC Collaboration (https:/ /journals.aps.org/prd /pdf/10.1103/ PhysRevD.103.L.091301)



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.L091301
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Proposed reactor locations
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STATISTICAL ANALYSIS

i 2 2 2 2]
)(2 _ min (Nmeas — (1 + a)]\]th(X, y)—( +ﬂ)Breac> + (i) + (ﬁ) + (l) , Ogiat = \/Nmeas - (1 - R)Bcosm

a,p.y Ogtat
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STATISTICAL ANALYSIS

Nuisance parameters

r— N—

Fitted variable

i 2 2 2 2 Ogtat = \/N meas T (1 T R)Bcosm
o) . (Nmeas T (1 + a)Nth(Xa }/) _ (1 +IB)Breac> ( 04 ) ( ﬁ ) < 4 )
XY° = min +— ]+ — ) | — ;
p.r Ostat Oa p Oy R = reactor ON/OFF time
a : flux
f : background
y : threshold
Setup | LAr | Power |Distance| CEvNS | Anti-v flux| Threshold Backgrounds (events/day)
mass events per |uncertainty | uncertainty Reactor Cosmogenic |Total
(kg) |[(MW¢p)|  (m) day (%) (o)
Neutrons| (v,n) | Thomson | Neutrons | (u,n)
ININ | A | 10 1 3 8.1 2.4 5 0.003 |0.22| 0.0002 | 0.38 |[0.47 | 1.07
Laguna Verde - | B 100 | 2000 30 1565.2 2.4 5 0 0 0 125 55 | 180
Laguna Verde =¥ B(1.5)| 100 | 2000 30 1565.2 1.5 2 0 0 0 125 55 | 180

(best-case
scenario)
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PHENO FROM CEVNS: WEAK MIXING ANGLE

O, = Z(1/2 — 2sin*6y)) + N(—1/2)
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Private communication with Aristizabal, De Romeri, Papoulias, 2203.02414 LJE E. Peinado, E. Alfonso-Pita, E. Vazquez-Jauregui, SBC Collaboration(2021)
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PHENO FROM CEVNS: NSI

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

Fnsi=—20/2G: ) Y e/ Do Lugl fr Pf]

f=uda,fp=eu,
: V _ JL R
Flavor conserving: €, Vector: €£ﬁ — Ggﬂ 4 EZ;,B
' : A _ fL R
Flavor changing: 605,6 Axial-vector: Géﬁ — €£ﬂ — Ggﬂ

NSIin CEVNS
Q2 _ [Z(gz\)/ 2€uV GdV)Fz(QQ) N(gV 6’u,V QGdV)FN(qQ)]

w & 848 840} 8487
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PHENO FROM CEVNS: NSI 1
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P. Coloma et al, JHEP 05 (2022) 037 E. Alfonso-Pita, LJF, E. Peinado, E. Vazquez-Jauregui, 2203.05982
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https://arxiv.org/abs/2112.05103
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PHENO FROM CEVNS: GNI

Combined 2 dof analisis

|l T T | —— T T l 7
Scalar Vector ‘Tensor j
I N Y U
sk Oy | st QWY
- COHERENT 1 -
Z COHERENT + SBC | Z
_1....1....1....1.1.. _3....1....1....1.... _1....1..,.1....1....
—1 —0.5 0 0.5 1 -3 —2 —1 0 1 —1 —0.5 0 0.5 1
1 ! 1
&»S \% &T

*Time resolution not considered

LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5,5 2112.05103


https://arxiv.org/abs/2112.05103
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do My 82

PHENO FROM CEVNS: LIGHT SCALAR MEDIATORS AT~ 4 E2QMyT + M3y
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Private communication with D. Aristizabal, V. De Romeri, D. Papoulias, 2203.02414 E. Altfonso-Pita, LJF, E. Peinado, E. Vazquez-Jauregui, 2203.05982
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PHENO FROM CEVNS: STERILE NEUTRINOS

0’ T
For light sterile neutrinos in a 3+1 scheme - i
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E. Alfonso-Pita, LJF, E. Peinado, E. Vazquez-Jauregui, 2203.05982
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PHENO FROM CEVNS: UNITARITY VIOLATION

. . Oscillation probabilities
Mixing matrix

" 0 0 (zero distance) Escrihuela, Forero, Miranda, Tortola, Valle,
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FINAL REMARKS

Reactor facilities offer a great chance of measuring CEvVINS
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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PHENO FROM CEVNS: LIGHT VECTOR MEDIATORS AND DARK MATTER
/' as a dark matter ¥ mediator Resonance condition: 2M, ~ Mz,

M, [GeV]
Ledn M . G. De la Vega, LJF, N. Nath, E. Peinado, JHEP 09 (2021) 146
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This work Previous works
Csl LAr CsI [54] CsI [12]

S -0.53, 0.53 -2.19, 2.19| |[-1.22, 1.22

| . , | . -0.62, 0.62]
g -0.37, 0.37 -1.48, 1.48||[-0.77, 0.77]
v -2.06, 0.15 -3.08, 1.16 -

: _ -2.102, -1.554] & [-0.324, 0.224]

{‘, -2.02, -1.56] & [-0.37, 0.09]|[-2.53, 0.61] -
T -0.52, 0.52 -1.71, 1.71] |[-1.26, 1.26

: . . il . -0.591, 0.591]
,f,ﬁ -0.37, 0.37 -1.11, 1.11}|[-0.85, 0.85!

%@} FITSI -

TABLE I. Allowed regions of the scalar, vector, and tensor GNI at 90% C. L. from the COHERENT-CsI and LAr

detector analyses. The first two columns correspond to the results of this work, while the other columns to the limits

obtained in [54] and [12]. The limits from the last column where obtained assuming £% = &%.
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