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even further the 
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More questions 
than answers

What nuSTORM could do?



Let’s start with some SM…
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Erler, Ferro-Hernandez, 
JHEP 1803, 196

Weak mixing angle
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g f
V = tf

3 − 2qf sin2 θW

gf
A = tf

3

Fermion 
Couplings :MS sin2 θW(μ) ≡

g′ (μ)2

g(μ)2 + g′ (μ)2



Measurement with 
neutrinos!

∼ 3σ

Erler, Ferro-Hernandez, 
JHEP 1803, 196

sin2 θW(⟨Q2⟩ = 20 GeV2) = 0.2277 ± 0.0013 ± 0.0009

Weak mixing angle
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In the SM:

Neutrino-electron scattering
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Neutrino-electron scattering
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Neutrino-electron scattering
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•  CCQE, , without visible hadronic activity. 

• Misidentified  events with no or invisible hadronic 
activity. 

νe νe A → e−A′ 

νA → νπ0A′ 

Backgrounds
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Tν = ( 4
11 )

1
3

Tγ

We used  kinetic variable to improve 
background rejection

Eeθ2
e

NuWro

Kp > 50 MeVCut events with at least one 
proton with

Kγ < 30 MeVOne soft photon: We do not include 
information from dE/dx



Systematics — DUNE
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Main systematic is 
hadron production

Otherwise the 
measurement would 
be statistics limited



Measuring  with neutrino scatteringssin2 θW
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Tν = ( 4
11 )

1
3

Tγ

⟨μ2⟩ = (4.3 MeV)2

Fernandez-Morini et al 
2009.10741

De Gouvêa, Machado, 
YFPG, Tabrizi 

PRL125(2020) 5, 051803
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Preliminary

https://arxiv.org/abs/2009.10741
https://doi.org/10.1103/PhysRevLett.125.051803


Trident Inelastic Scattering
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Production of a charged lepton pair 
from the inelastic neutrino 

scattering in the Coulomb field of 
the nucleus

να + ℋ → να or κ(β) + ℓ−
β + ℓ+

κ + ℋ

M. A. Kozhushner et. al.1962 
W. Czyz et al. 1964 
Lovseth et al, 1971
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Production of a charged lepton pair 
from the inelastic neutrino 

scattering in the Coulomb field of 
the nucleus

να + ℋ → να or κ(β) + ℓ−
β + ℓ+

κ + ℋ

ℋ

ℋ

να

ℓ−
β ℓ+

κ

γ

να or κ(β)

PRL 66 (1991) 3117

CHARM II

CCFR

PLB 245 (1990) 271

σCHARM II

σSM
= 1.58 ± 0.57

σCCFR

σSM
= 0.82 ± 0.28

Vancouver 1998, High 
energy physics, vol. 1

NuTeV
σNuTeV

σSM
= 0.67 ± 0.27

M. A. Kozhushner et. al.1962 
W. Czyz et al. 1964 
Lovseth et al, 1971

νμ → νμ μ+μ−



Neutrino trident scattering

Autumn Meeting - NuStorm — November 23rd, 2023 Yuber F. Perez-G. - IPPP, Durham University 11

Relatively small 
cross section σΨ ≈ 10−5σCCQE

Magill, Plestid , 1612.05642 
Ballet et al., 1807.10973  

Altmannshofer et al, 1912.06765 
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me, mμ → 0
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Relatively small 
cross section σΨ ≈ 10−5σCCQE

gV ↔ gA

In principle, 
invariant under 

this 
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Lepton masses 
break this 
symmetry

Backgrounds??

Ballet et al.  
1807.10973 

Estimated 
efficiency 
from cuts

Magill, Plestid , 1612.05642 
Ballet et al., 1807.10973  

Altmannshofer et al, 1912.06765 

me, mμ → 0



Rates
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Nψ
X = Norm × ∫ dEν σνX(Eν)

dϕν(Eν)
dEν

ϵ(Eν)

Ballet et al., 1807.10973 Exposure = 14 × 1021 POT

14 × 1021
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Nψ
X = Norm × ∫ dEν σνX(Eν)

dϕν(Eν)
dEν

ϵ(Eν)

Assuming a 
LAr ND for 
nuSTORM

Exposure [POT] ×
Fiducial Detector Mass × NA

mT
[target particles]

Ballet et al., 1807.10973 Exposure = 14 × 1021 POT

14 × 1021



Rates for current/future NDs
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Not seen yet

Not seen yet

Large contributions 
of diffractive events

Exposure = 14 × 1021 POT

100 t LAr

3248

1792

280



Backgrounds?
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✦ misID μ+μ− νμCC1π±

e+e− NCπ0

e±μ∓ CCπ0

Goal: Reach suppressions of order 𝒪(10−6 − 10−5)

CCγ νeCCπ±

misID Hadronic veto Kinematic cuts

✦ No hadronic activity

✦  m2
μ+μ− < 0.2 GeV2, Δθ < 20∘, θ± < 15∘

A more 
careful 

analysis is 
needed

Efficiencies after cuts



BSM in tridents
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Tν = ( 4
11 )

1
3

Tγ

Let’s consider a 
leptophilic Z′ 

Anomaly free scenarios: Lα − Lβ

α, β = {e, μ, τ}
Lμ − Lα Could solve (g − 2)μ

Ballet et al.  
1902.08579



BSM in tridents
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Tν = ( 4
11 )

1
3

Tγ

Ballet et al.  
1902.08579

 scattering 
can also me 

modified

ν − e

 can fully 
be tested

(g − 2)μ



Large Extra 
Dimensions
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Large Extra Dimensions
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Maybe neutrino 
masses also “leak” 

through the extra dim?

Weakness of Gravity might be 
the result of the existence of 

extra dimensions M2
4 = M2+n

D (2πR)n

Carena et al,1708.09548

ADD model, hep-ph/9803315

A generalization of steriles 



Large Extra Dimensions

Autumn Meeting - NuStorm — November 23rd, 2023 Yuber F. Perez-G. - IPPP, Durham University 18

Maybe neutrino 
masses also “leak” 

through the extra dim?

Weakness of Gravity might be 
the result of the existence of 

extra dimensions M2
4 = M2+n

D (2πR)n

Gravity that 
we “feel”

Actual gravity

Volume of 
extra dims

Carena et al,1708.09548

ADD model, hep-ph/9803315

A generalization of steriles 



Large Extra Dimensions

Autumn Meeting - NuStorm — November 23rd, 2023 Yuber F. Perez-G. - IPPP, Durham University 19

M2
4 = M2+n

D (2πR)n

Gravity that 
we “feel”

Actual gravity

Volume of 
extra dims

Limits from CHOOZ, Kamland, MINOS
Machado et al,1101.0003
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Large Extra Dimensions
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DUNE? SNOWMASS - LOI - 078 
nuSTORM energy range

What will it be for nuSTORM?

L ~ 500 m

https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF2_NF3-TF11_TF8_D-V-Forero-078.pdf


Large Extra Dimensions
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Highly dependent 
on systematics!

Again, having a “clean” flux would help here

Lightest neutrino

KK modesn →

Detector distance??



Non-neutrino 
BSM
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Light Dark Matter?
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Additional channels? 
What could nuSTORM do here?

𝔪 = π0, η



Axions?
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Photons from meson decay

What happens for nuSTORM?



Conclusions 
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✤ Unique combination of flavours should help in constraining the ,  SM couplings 

✤ There is a vast landscape of BSM models trying to explain different phenomena, like 
the short baseline anomalies. 

✤ Large flux, low backgrounds and low systematics make nuSTORM the best place to 
constrain many possible BSM models. 

✤ Flux time dependence?? Handle for some BSM searches?? 

✤ Other ideias???

gνe
A gνe

V
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Thanks!


