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Intensity frontier with low-energy experiments

CEvNS

Atomic PV

PV DIS

Dark Photon

PV

Moller
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Complementarity between Low energy experiments 
and 

DM direct searches is also possible

χDM + N → χDM + N ν + N → ν + N
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 Gauge extensions of the SMU(1)

E6 → SO(10) × U(1) SO(10) → SU(5) × U(1)

Z′￼

ϵBμνF′￼μν

JμZ′￼μ

ϵBμνF′￼μν

δm2ZμZ′￼μ

δm2ZμZ′￼μ
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Light Z′￼

ℒ ⊃
m2

Z′￼

2
Z′￼μZ′￼μ + ig′￼Z′￼μ(Qf f̄γμ f )

SSB

⟨ϕi⟩ =
vi

2

m2
Z′￼

= ∑
i

g′￼2Q2
i v2

i

small g′￼ low scale vi
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Anomaly free solutions

U(1)B−L

U(1)Lα−Lβ

U(1)B−3Lα

U(1)B−2Lα−Lβ

3 RH ν 1 RH ν

2 RH ν

JμZ′￼μ

U(1)′￼ …

Talks by
Ko
Erler
Allanach
Covi
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Akimov et al., Science 357, 1123–1126 (2017)

COHERENT Collaboration
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π+ → μ+ + νμ(29.9 MeV )

p ⟶ Hg

π− (99.9 % captured by Hg)

e+ + ν̄μ + νe

14.6 Kg CsI 134 events (~300 day)

24 Kg Ar 159 events (~ 240 days) 
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SBC collaboration 

100 eV threshold

E. Alfonso-Pita
10 kg liguid Argon
 bubble chamber
similar to PICO 
detector

T~90-130 
P~2 atm

oK

L. Flores, et. al. SBC collaboration PRD (2021)
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SBC collaboration 

100 eV threshold

E. Alfonso-Pita
10 kg liguid Argon
 bubble chamber
similar to PICO 
detector

T~90-130 
P~2 atm

oK

L. Flores, et. al. SBC collaboration PRD (2021)

10 kg at 3 m  a 1-  reactorMWth

A TRIGA Mark III 
research ININ

∼8 neutrino events/day

∼2,900 neutrino events in 1 year

Currently under construction

∼320 background events 
          cosmogenic
∼140 background events 
          Neutrons from reactor



U(1)B−L

Anomaly free with 3 RH neutrinos (-1,-1,-1) or (-4,-4,5) 



U(1)B−L

Anomaly free with 3 RH neutrinos (-1,-1,-1) or (-4,-4,5) 

Models for Dirac and Majorana neutrino masses at one-loop
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Symmetry

Genuine Accidental

Cirelli, Fornengo, Strumia NPB (2006)

Mambrini et al PLB (2016)

Global Residual from 
local

Bonilla, Centelles-Chulia, Cepedello, EP, Srivastava (2018)

 
DM and   nature

U(1) → ZN
ν



                                                                                                                DSU 2024                                                                                                                                                                                     E. Peinado

Flavorful U(1)′￼

L. Flores, N. Nath, EP, JHEP (2020)

Gauge U(1)B−2Lα−Lβ

Anomaly free

3 RH neutrinos 

2 U(1) breaking scalar fi

Neutrino phenomenology

ϕ1 ϕ2

U(1) 1 2

⟨ϕ1⟩ ⟨ϕ2⟩

Allanach’s talk
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6 possible choices for 𝛼𝛽

MN =
M1 yN

1 ⟨ϕ1⟩ yN
2 ⟨ϕ2⟩

yN
1 ⟨ϕ1⟩ yN

3 ⟨ϕ2⟩ 0
yN

2 ⟨ϕ2⟩ 0 0

⟨ϕ1⟩
⟨ϕ1⟩

Frampton, Glashow, Marfatia, PLB (2002)

−ℒMajorana =
1
2

M1Nc
1 N1 +

1
2

Nc
1 N2ϕ1+

1
2

Nc
1 N3ϕ2 +

1
2

Nc
2 N2ϕ2

U(1)B−Lμ−2Lτ

L. Flores, N. Nath, EP, JHEP (2020)
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Benchmark point

L. Flores, N. Nath, EP, JHEP (2020)
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Fermionic DM

ℒ ⊃ MD χ̄χ + χ̄γμ(∂μ + ig′￼QχZ′￼μ)χ

Extend the SM with a Dirac fermion  with χ Qχ = 1/3

χDM + N → χDM + N ν + N → ν + N
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De la Vega, L. Flores, N. Nath, EP, JHEP (2021)

U(1)B−L

Mχ ≃ Mz′￼/2

Allowed
 Region

Qχ = 1/3

Complementarity
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Kinetic and mass mixing

ϵBμνF′￼μν δm2ZμZ′￼μ
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Kinetic and mass mixing

ϵBμνF′￼μν δm2ZμZ′￼μ

Dark Photon Dark Z

 scalar charged under  SU(2)L U(1)′￼
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Parity Violation

eR + P → eR + P eL + P → eL + P

APV =
dσL − dσR

dσL + dσR



                                                                                                                DSU 2024                                                                                                                                                                                     E. Peinado

Parity Violation

eR + P → eR + P eL + P → eL + P

APV =
dσL − dσR

dσL + dσR



                                                                                                                DSU 2024                                                                                                                                                                                     E. Peinado

Pole Observables

Δχ2 > 2.7

See for instance D. Curtin, R. Essig, S. Gori, and J. Shelton (2015)

L.M. de la Vega, J Erler and R Ferro, EP In preparation

Preliminary
Preliminary
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Future PV (P2 and Solid)

Preliminary

Preliminary

Preliminary Preliminary

L.M. de la Vega, J Erler and R Ferro, EP In preparation
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APV =
dσL − dσR

dσL + dσR
= − 131 ± 14 (sys) ± 10 (stat) × 10−9

Atree
PV =

GFQ2

2πα

1 − y
1 + y4 + (1 − y)4

Qe
W

E158

E158+EWPO

 Polarized  with an H target  50 GeV e−

Q2 = 0.026 GeV2 Preliminary

Preliminary

The SLAC E158 (PV Moller scattering)
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Summary         

ϵ = − 2 × 10−4

δ = − 5 × 10−3

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary
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Dark QED

ℒe = ψ̄e(iγμ∂μ + eγμAμ−me)ψe −
1
4

FμνFμν
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Dark QED

ℒe = ψ̄e(iγμ∂μ + eγμAμ−me)ψe −
1
4

FμνFμν

ℒDM = χ̄(iγμ∂μ + eγμA′￼μ−me)χ −
1
4

F′￼μνF′￼μν
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Dark QED

ℒe = ψ̄e(iγμ∂μ + eγμAμ−me)ψe −
1
4

FμνFμν

ℒDM = χ̄(iγμ∂μ + eγμA′￼μ−me)χ −
1
4

F′￼μνF′￼μν

ℒmix = −
ϵ
4

FμνF′￼μν
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Dark photon portal
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Millicharge DM constraints

	 PICO Collaboration Phys.Rev.D 106 (2022) 
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L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 
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L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 



                                                                                                                DSU 2024                                                                                                                                                                                     E. Peinado

Dark photon portal DM

ϵBμνF′￼μν

L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 

DM

mD < mχ
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Direct detection

J. Evans, S. Gori, and J. Shelton (2017)

L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 
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Direct detection g f
V = eϵ [Qf +

1
2c2

M2
D

M2
Z − M2

D
(tf

3 − 2s2Qf)]
J. Evans, S. Gori, and J. Shelton (2017)

L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 
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Direct detection g f
V = eϵ [Qf +

1
2c2

M2
D

M2
Z − M2

D
(tf

3 − 2s2Qf)]

Non-perturvative 
  MD > mχ

J. Evans, S. Gori, and J. Shelton (2017)

L.M. de la Vega, Garcia-Viltres, R. Ferro, Fitzpatrick, EP, E. Vazquez-Jauregui, arXiv:2311.17987 
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Direct detection 100% DM
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Direct detection 1% DM
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Direct detection 1% DM
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• Light gauge bosons can play a role in low-energy 
experiments


• Complementarity between DM direct searches and low-
energy experiments


• If dark photon or dark Z is a portal to DM, the dark 
sector further constrains the parameter space

Conclusions
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!Gracias¡

χάρης
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Dark Z portal DM

L.M. de la Vega, EP and Wudka, PRD (2022)
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BABAR          e+e− → γ(Z′￼

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary

Preliminary
Preliminary


