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Introduction



What is CEνNS?

Coherent
Elastic
ν (neutrino)
Nucleus
Scattering
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A journey of 43 years

Predicted

[...]

First detected
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The CEνNS cross section is enhanced by the number of neutrons

d𝜎
d𝑇 =

G2
F𝑀
4𝜋 𝑄2

𝑊𝐹2(|q|2) (1 −
𝑀𝑇
2𝐸2𝜈

)

• 𝑄2
𝑊 ≈ 𝑁2 in the SM

— PABLO MUÑOZ CANDELA, IFIC (CSIC–UV) — 3



The CEνNS cross section is enhanced by the number of neutrons
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(COHERENT collaboration) Phys. Rev. Lett. 126, 012002
COHERENT Ge 2024 measurement at 3.9𝜎: S. Adamski et al.
(COHERENT collaboration) Phys. Rev. Lett. 134, 231801
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Another detection channel: elastic neutrino-electron scattering (EνES)

In the Standard Model, the process is flavor-dependent (neutral and/or charged
currents):

When the electron is bound to a nucleus, the cross section includes a term that
indicates the amount of electrons that can be ionized by the energy deposited by
the neutrino.
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Our phenomenological scenario



New effective interactions are added to study the up-scattering of a sterile
fermion 𝜒

ℒ𝑎
SF ⊇

𝐺𝐹

√2
𝜀𝑎ℓ (𝜒 Γ𝑎𝑃𝐿𝜈ℓ) (𝑓 Γ𝑎𝑓) + H.c.,

Γ𝑎 = {𝐼, 𝑖𝛾5, 𝛾𝜇, 𝛾𝜇𝛾5, 𝜎𝜇𝜈}

On this talk we will consider only
• Scalar (S)
• Vector (V)
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We take the light mediator limit and consider the nuclear structure when com-
puting cross sections

ℒ𝑎
SF ⊇

𝐺𝐹

√2
𝜀𝑎ℓ (𝜒 Γ𝑎𝑃𝐿𝜈ℓ) (𝑓 Γ𝑎𝑓) + H.c.,

Γ𝑎 = {𝐼, 𝑖𝛾5, 𝛾𝜇, 𝛾𝜇𝛾5, 𝜎𝜇𝜈}

• Mediator mass comparable to momentum transfer

𝐺2
𝐹 |𝜀𝑎ℓ|2 ⟶

2𝑔4𝑎
(𝑚2𝑎 + |𝐪|2)2
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Up-scattering cross section (CEνNS)

For example, in CEνNS up-scattering via a vector mediator the cross section reads
d𝜎𝜈ℓ𝒩
d𝑇𝒩

|||

V

CEνNS
(𝐸𝜈, 𝑇𝒩) =

9𝑚𝒩
2𝜋(𝑚2

𝑉 + 2𝑚𝒩𝑇𝒩)2
𝑔4𝑉𝐴2𝐹2𝑊 (|q|

2)

× [(1 − 𝑚𝒩𝑇𝒩
2𝐸2𝜈

− 𝑇𝒩
𝐸𝜈

+ 𝑇2𝒩
2𝐸2𝜈

) −
𝑚2
𝜒

4𝐸2𝜈
(1 + 2𝐸𝜈

𝑚𝒩
− 𝑇𝒩
𝑚𝒩

)] .

References:
Candela, De Romeri, Melas, Papoulias, Saoulidou, JHEP 10 (2024) 032
Candela, De Romeri, Papoulias, Phys. Rev. D 108, 055001
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Up-scattering cross section (EνES)

For example, in 𝜈–𝑒− up-scattering via a vector mediator the cross section reads
d𝜎𝜈ℓ𝒜
d𝑇𝑒

|||

V

EνES
(𝐸𝜈, 𝑇𝑒) =

𝑚𝑒
2𝜋(𝑚2

𝑉 + 2𝑚𝑒𝑇𝑒)2
𝑔4𝑉𝑍𝒜eff(𝑇𝑒)

× [(1 − 𝑚𝑒𝑇𝑒
2𝐸2𝜈

− 𝑇𝑒
𝐸𝜈

+ 𝑇2𝑒
2𝐸2𝜈

) −
𝑚2
𝜒

4𝐸2𝜈
(1 + 2𝐸𝜈

𝑚𝑒
− 𝑇𝑒
𝑚𝑒

)] .

References:
Candela, De Romeri, Melas, Papoulias, Saoulidou, JHEP 10 (2024) 032
Candela, De Romeri, Papoulias, Phys. Rev. D 108, 055001
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We perform the analysis on several detectors

DUNE
(DUNE
collaboration)

CsI detector
(COHERENT
collaboration)

XENONnT
detector
(XENON
collaboration)

LZ detector
(LZ
collaboration)
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Exclusion regions at 90% C.L. (in colour) change with different sterile fermion
masses (𝑚𝜒) for the scalar interaction

Candela, De Romeri, Melas, Papoulias and Saoulidou
JHEP 10 (2024) 032

Candela, De Romeri, Melas, Papoulias and Saoulidou
JHEP 10 (2024) 032
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Exclusion regions at 90% C.L. (in colour) change with different sterile fermion
masses (𝑚𝜒) for the vector interaction

Candela, De Romeri, Melas, Papoulias and Saoulidou
JHEP 10 (2024) 032

Candela, De Romeri, Melas, Papoulias and Saoulidou
JHEP 10 (2024) 032
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Conclusions



Conclusions

• The generality of the phenomenological scenario allows for an easy
translation into more complete and specific models

• We have analyzed existing data from LZ, XENONnT and COHERENT
experiments and computed DUNE-ND sensitivities

• CEνNS data from a stopped-pion source can provide competitive bounds on
this scenario, along with other searches, in the intermediate MeV region

• LZ and XENONnT dominate at low energies for EνES processes

Thank you!
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Backup slides
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CsI statistical analysis

𝜒2CsI||CEνNS+ES = 2
9
∑
𝑖=1

11
∑
𝑗=1

[𝑁th
𝑖𝑗 − 𝑁exp

𝑖𝑗 + 𝑁exp
𝑖𝑗 ln (

𝑁exp
𝑖𝑗

𝑁th
𝑖𝑗

)]

+
5
∑
𝑘=0

(𝛼𝑘𝜎𝑘
)
2
,

𝑁th
𝑖𝑗 = (1 + 𝛼0 + 𝛼5)𝑁CEνNS

𝑖𝑗 (𝛼4, 𝛼6, 𝛼7)

+ (1 + 𝛼0)𝑁ES
𝑖𝑗 (𝛼6, 𝛼7) + (1 + 𝛼1)𝑁BRN

𝑖𝑗 (𝛼6)

+ (1 + 𝛼2)𝑁NIN
𝑖𝑗 (𝛼6) + (1 + 𝛼3)𝑁SSB

𝑖𝑗 .

• 𝜎0 = 11% efficiency + flux
• 𝜎1 = 25% BRN
• 𝜎2 = 35% NIN
• 𝜎3 = 2.1% SSB
• 𝜎4 = 5% nuclear radius
𝑅𝐴 = 1.23𝐴1/3(1 + 𝛼4)

• 𝜎5 = 3.8% QF
• 𝛼6 beam timing no prior
• 𝛼7 CEνNS efficiency
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Possible decay channels

Tree-level decays:
• If 𝑚𝜒 > 𝑚𝑉 ,
then 𝑚𝜒 → 𝑉𝜈ℓ

• If 𝑚𝜒 < 𝑚𝑉 ,
then 𝑚𝜒 → 𝜈ℓ𝑓𝑓

Candela, De Romeri, Melas, Papoulias and Saoulidou
JHEP 10 (2024) 032
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