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Coherent Elastic Neutrino-Nucleus Scattering
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CEVNS cross section
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CEVNS cross section
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CEVNS cross section
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How to measure CEVNS? oo out ot o,

The COHERENT experiment et + v, + 7,
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Status of the COHERENT experiment

Recoil Energy (kevm)
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Phenomenology with CEVNS

* Standard Model physics tests.

M. Cadeddu, et al. Phys. Rev. D 102 (2020)

* Neutron distribution of the target material.
M. Cadeddu, C. Giunti, et al. Rev. Lett. 120, 072501 (2018),

e Study new physics scenarios:

* Non-Standard interactions.
V. De Romeri, et al. arxiv 2211.11905. S.S. Chatterjee, et al. Phys. Rev. D 107 (2023)

* Leptoquark models.
Roberta Calabrese et al. Phys.Rev.D 107 (2023)

* Generalized neutrino interactions.
O. G. Miranda, D. K. Papoulias, et al. JHEP 07, 103 (2019)

* Electromagnetic properties of neutrinos.
M. Atzori Corona, C. A. Ternes, et al. JHEP 09 (2022) 164

* Light Mediators.
O. G. Miranda, et al. JHEP 12 (2021) 191
* Transition to sterile neutrinos. And many more!
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Non-Standard Interactions (NSI)

Neutral current Lagrangian allowing for non universal
and flavor changing interactions

qX
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The weak charge is modified so we can test these NSI parameters.
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J. Barranco, O. Miranda, and T. Rashba, JHEP 2005, 021 (2005)
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Non-Universal NSI
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A combined analysis is dominated
by Csl data.
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V. De Romeri, O.G. Miranda, D.K. Papoulias, GSG, M. Tértola and J.W.F. Valle
JHEP 04 (2023) 035.
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Non-Universal NSI

A combined analysis is dominated
by Csl data.

There is a degeneracy in the
parameter space.

Second solution that reproduces

the SM prediction for the number
of events.
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Non-Universal NSI

A combined analysis is dominated
by Csl data.

There is a degeneracy in the
parameter space.
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Xe spectra
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Can we remove these

. r? 5 2000
degeneracies” 2 o
There is a proposal to measure CEVNS at the 1000:
European Spallation Source (ESS). 5005
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Expected to be the most intense pulsed neutron SEp(ka’
source. BT
Advantage: Larger neutrino flux .
Disadvantage: Larger SSB backgrounds expected §
The proposal includes different detection technologies: ;
CSI, Xe, Ge, SI, Ar. 0 50 100 150 200

E rec (kevnr)

S. S. Chatterjee, S. Lavignac, O. G. Miranda,
and GSG Phys.Rev.D 107 (2023) 5, 055019

D. Baxter et al JHEP 02 (2020) 123
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Can we remove these degeneracies?

Both larger statistics and different detection technologies can contribute to break

degeneracies
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Leptoquark models

. . . Scalar
gﬁzgizit;caa; ge;rltjlglriz that simultaneously couple L.Q|Operator| (SU(3)., SUR)L, U(l)y)
Sl Qle (:_3, 17 1/3)
] R2 ’U,RLRQ (3, 2, 7/6)
Leptoquarks can be of either scalar or vector Ry | dpLR, (3,2,1/6)
nature Ss | QLS; (3,3,1/3)

A concrete LQ scenario: S,
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LEP

A concrete LQ scenario: S;

1 lllll“l i

The effect on the cross section is again
a redefinition of the weak charge

Q51?2 = (QFY? = (@ + Qi) + D Q%10
i#j

Where

V. De Romeri, V. M. Lozano and GSG arXiv 2307.13790
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Can we improve on these bounds?

Future COHERENT upgrades and ESS detectors will be sensitive to LQ scenarios
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V. De Romeri, V. M. Lozano and GSG arXiv 2307.13790
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Conclusions

v" CEVNS provides a powerful tool to test different new physics scenarios.
v Degeneracies can be broken by using different target materials.
v" Sensitivities can improve with better understanding of systematic uncertainties.

v Better bounds are expected with future experiments.
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Thank you!

G. Sanchez Garcia

gsanchez@ific.uv.es Q




Backup
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Predicted number of events

Nuclear recoil distribution Timing distribution
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Statistical Analysis
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Summary

Many different scenarios can be tested with CEVNS data

. weak mixing anglenuclear neutron| MM, tive
Scenario SM .2 .
(sin” Ow) radius (R,) (B, v,)
Csl 83.2 (0.849) 82.8 (0.854) 81.9 (0.845) 83.2 (0.867)
106.5 (0.887) |  105.5 (0.887) 105.5 (0.887) | 105.4 (0.893)
CsI+LAr | 189.7 (0.870) |  189.7 (0.874) — 189.6 (0.877)
. NSI NU NSI NU NSI NU NSI NU
Scenario AV v A AV v LV v
€ee s €ee o €pp €ee s Cpup €ee s Eup
Csl 82.9 (0.863) 82.9 (0.863) 82.8 (0.863) 82.8 (0.863)
105.7 (0.896) | 105.6 (0.895) 105.5 (0.894) | 105.5 (0.894)
CsI+LAr | 1889 (0.874) |  188.5 (0.873) 188.9 (0.875) | 188.5 (0.872)
. NSI FC NSI FC NSI FC NSI FC
Scenario AV AV (e AV AV AV AV
€ee ) €ep € s ep €ee ) €er € Epr
Csl 82.9 (0.863) 82.9 (0.863) 82.9 (0.863) 82.9 (0.863)
105.5 (0.894) |  105.5 (0.894) 105.7 (0.896) | 105.6 (0.895)
CsI+LAr | 189.4 (0.877) |  189.1 (0.876) 189.4 (0.877) | 189.1 (0.876)
5 | Na1(v) NGI (S) NGI (T)
cenario
(CY) (C3) (CT)
Csl 82.8 (0.854) 83.2 (0.858) 83.2 (0.858) —
105.5 (0.887) | 103.2 (0.867) 104.6 (0.879) —
CsI+LAr | 188.6 (0.869) |  189.7 (0.874) 189.7 (0.874) —

Scenario NGI (V) NGI (S) NGI (T)
(CV) (C3) (C1)
Csl 82.8 (0.854) 83.2 (0.858) 83.2 (0.858) —
105.5 (0.887) 103.2 (0.867) 104.6 (0.879) —
CsI+LAr | 188.6 (0.869) 189.7 (0.874) 189.7 (0.874) —
. NGI (V-T) NGI (V-S) NGI (S-T)
Scenario P P P
(Cv,Cr) (Cv,Cs) (Cs,Cr)
Csl 82.8 (0.863) 82.9 (0.863) 83.2 (0.867) —
103.3 (0.875) 102.6 (0.870) 103.2 (0.874) —
CsI+LAr | 188.6 (0.873) 188.6 (0.873) 189.7 (0.878) —
. |LV universal LV B-L LS LT
Scenario
(mv,9v) (my,9v) (ms, gs) (mr, 97)
Csl 81.4 (0.848) 83.2 (0.867) 83.2 (0.867) 83.2 (0.867)
105.6 (0.895) 105.5 (0.894) 102.9 (0.872) 104.6 (0.887)
CsI+LAr | 187.8 (0.869) 189.6 (0.878) 189.4 (0.877) 189.5 (0.877)
Scenario millicharge charge radius TMDMgierile Sterile Osc.
(Fveer W) (G (ma, p,)"  |(sin® 2054, Ami)
Csl 83.2 (0.867) 82.8 (0.863) 83.2 (0.867) 82.1 (0.855)
106.4 (0.902) 105.5 (0.894) 105.1 (0.891) 106.5 (0.902)
CsI+LAr | 189.7 (0.878) 188.4 (0.872) 189.5 (0.877) 188.6 (0.881)

V. De Romeri, O.G. Miranda, D.K. Papoulias, GSG, M. Tértola and J.W.F. Valle JHEP 04 (2023) 035.
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