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What nuSTORM could do? More questions 
than answers

Bogacz et al. Snowmass 
2203.08094



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

Weak mixing angle

Exploring the Physics Opp. of NuStorm — April 6th, 2023 Yuber F. Perez-G. - IPPP, Durham University 5

g f
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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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What nuSTORM could do?
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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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Systematics — DUNE
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Main systematic is 
hadron production

Otherwise the 
measurement would 
be statistics limited



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
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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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σ ∼ g2
V + g2

A (νμ e+e−)

σ ∼ (gV + 1)2 + (gA + 1)2 (νμ μ+μ−)

Relatively small 
cross section σΨ ≈ 10−5σCCQE

gV ↔ gA

In principle, 
invariant under 

this 
transformation

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 
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Nψ
X = Norm × ∫ dEν σνX(Eν)

dϕν(Eν)
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Assuming a 
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mT
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Ballet et al., 1807.10973 
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Rates for current/future NDs
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Not seen yet
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magnitudes

Not seen yet

Large contributions 
of diffractive events

Exposure = 1021 POT

Coherent

Diffractive



Measuring , gνe
A gνe

V
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Tν = ( 4
11 )

1
3

Tγ

Tridents can 
break the final 

degeneracy
Size of the regions 

depend on the 
efficiencies
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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



Steriles
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MicroBooNE 
PRL130(2003)011801

MiniBooNE  
PRD103(2021)052002

LSND  
NPB66(1998)382
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eV sterile solution to LSND and MiniBooNE?⟶

LSND
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Pedro Machado, 
CERN colloquium
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eV sterile solution to LSND and MiniBooNE?⟶

LSND

Pedro Machado, 
CERN colloquium

The SBN 
program will 
clarify this 
situation
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Chakraborty et al.  
2007.03321

What nuSTORM could do?

Adey et al.  
1402.5250

νe ⟶ νμ
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Chakraborty et al.  
2007.03321

What nuSTORM could do?

Full test of the 
sterile hypothesis 

for LSND

Adey et al.  
1402.5250

νe ⟶ νμ
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What nuSTORM could do?

Matheus Hostert, 
Community 

Summer Study 
Snowmass 2022
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Non-Standard 
Interactions
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NC NSI

Modification 
of the neutrino 

propagation

Our Hamiltonian

Probabilities for 
DUNE
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Kopp et al 
0804.2261

*At a Far Detector

Higher energy, 
better sensitivity



Neutrino  
Self-Interactions
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Neutrinos could 
interact among 

themselves 

UV completions?

See snowmass: 2203.01955

Probes?
✴Cosmological 
✴Astrophysical 
✴Laboratory

Simplified approaches

✴Laboratory

m− → ℓ−
α νβϕThree body decays

Produce non-standard 
components to the 
nuSTORM beam!

A “clean” environment is required

Das, Ghosh, JCAP 
07 (2021) 038Scatterings
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Snowmass: 2203.01955

Current Limits
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Meson decay 
constraints

Snowmass: 2203.01955

Current Limits
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Meson decay 
constraints

Additional steriles 
are DM 

Snowmass: 2203.01955

Current Limits



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
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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

Gravity that 
we “feel”

Actual gravity

Volume of 
extra dims

Carena et al,1708.09548

ADD model, hep-ph/9803315
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Highly dependent 
on systematics!

Again, having a “clean” flux would help here

Lightest neutrino

KK modesn →



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

Axions from the muon beam?



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. 

✤ Other ideias???

gνe
A gνe

V
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Thanks!


