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      SM is not complete
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Ferruccio Feruglio

• Neutrino mass and oscillations is a well  known phenomenon. 
However, the neutrino mass generation mechanism remains 
unknown.

• So far, no experimental evidence for 
    NSI of neutrinos, but if  exist, directly 
    indicate new physics beyond SM- well 
    motivated from a phenomenological 
    point of view.

• New physics in neutrino sector can give rise to non-standard 
    interactions of neutrinos.  https://neutrino.physics.iastate.edu/project/dune



         What do we do
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• Finally we want to translate the NSI parameters into sensitivity on the parameter space 
    for light scalar models and compare with existing constraints.

• We consider light scalar mediated NSI and want to study it’s effects on neutrino  
    oscillation specifically on CP measurements at neutrino oscillation experiment such  
    as DUNE.

• We want to find sensitivity on NSI parameters, considering all at the same time, for CP 
measurements at DUNE.



             scalar nsi
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• Consider interactions between neutrinos and fermions present inside matter mediated  
     by a light scalar.

 ℒϕ′ = ν̄(iγμ∂μ − mν)ν − yνν̄νϕ′ − yf f̄ fϕ′ −
1
2

(∂μϕ′ )2 −
1
2

m2
ϕ′ ϕ′ 
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• The effect of   on neutrino propagation is equivalent to changing the neutrino mass. 
     Calculating e.o.m. of neutrino,

ϕ′ 

 mν → m′ ν = mν + δmν; δmν = yνϕ

• This correction to neutrino mass modifies the neutrino oscillation Hamiltonian.

 Hs ≃ Eν +
m2

ν

2Eν
+ VSI +

mν

Eν
δmν



      parametrization
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• The  is induced by  fermion matter density. Calculating e.o.m. of ,  we estimate mass 
correction. 

ϕ′ ϕ′ 

 δmν ≃
yνyf nf

m2
ϕ′ 

; for q2 ≪ m2
ϕ′ 

• We parametrize in terms of dimensionless quantities ηαβ

 δmν ≡ |Δm2
31 |

ηee ηeμeiϕeμ ηeτeiϕeτ

ηeμe−iϕeμ ημμ ημτeiϕμτ

ηeτe−iϕeτ ημτe−iϕμτ ηττ

• The model parameters are related to the ’s ηαβ

 |yf yαβ | = (2.17 ⋅ 10−4 × |ηαβ |( |Δm2
31 |

eV2 )
−1/2

× ( mϕ

keV )
2

× (g/cm3

ρ ))
1/2



 properties of scalar Nsi
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• In the presence of scalar NSI, the oscillation probabilities are sensitive to absolute mass  
    scale of neutrinos.

  — look at the propagation of  for SI  ψα,β(t) = < νβ |να(t) >

 i
d

dx
ψαβ(x) = (Eν + VNC)ψαβ(x) + ∑

η
(∑

k

Uβk
m2

k

2Eν
U*ηk + δβηδβeVCC)ψαη(x)

  — we can subtract an identity matrix proportional to the lightest neutrino mass and write in terms of  
       mass square quantities  .Δm2

k1

  — in presence of scalar NSI, even after subtraction we have terms of the form  .mδm

 i
d

dx
ψαβ(x) = (Eν +

m2
1

2Eν
VNC)ψαβ(x) + ∑

η
(∑

k

Uβk( Δm2
k

2Eν
+

mkδmk

Eν )U*ηk + δβηδβeVCC)ψαη(x)



 properties of scalar Nsi
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• The scalar NSI can have unphysical phases that have physical consequences on the  
     neutrino oscillations.

  — neutrino mass matrix can be diagonalized using , which is coming from the 
       leptonic  charged current weak interaction current  .

V = P†
l UPMNSPν

 ℒcc = −
g

2
l̄LγμVνLW−

μ + h . c .

  — in presence of scalar NSI   , we can not rotate away the unphysical matrix . δmν Pl

  — these unphysical phases contribute to the phases of NSI parameters and can affect the  
      measurements of CP phase at oscillation experiments.

 — here  and   are unphysical diagonal rephrasing matrices which can be rotated away.Pl Pν



      an example model
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• Light scalar mediator model: we propose one.

  — by extending the SM scalar sector by:  

  — we consider  < H1 > = v1/ 2, < H2 > = 0, < ϕ > = vϕ / 2, < Δ > = vΔ / 2 .

  — mixing in the scalar sector give rise to one light scalar, , with mass keV.ϕ′ ≤ 1

  — Yukawa term   and scalar mixing give NSI of neutrinos with the light scalar.l̄ ′ c
Li

(y′ )ijiσ2Δl′ Lj

 — fermions interactions with  give rise to FCNC at tree level and scalar mixing then gives fermions 
       interactions with the light scalar .

H2

  — thus all possible NSI terms with SM fermions mediated by the light scalar arise from:

 −ℒYukawa ⊂ ν̄c
i (yν)ijνjϕ′ + f̄i(yf )ij fjϕ′ 

 H1 ∼ (2,1/2), H2 ∼ (2,1/2), ϕ ∼ (1,0), Δ ∼ (3,1) .



        DUNE experiment
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• Scalar mediated NSI can impact the CP violation measurement at DUNE.

  — we measure the effect and find the sensitivity of DUNE on NSI parameters.

  — we take the baseline length 1300 kms.

 https://neutrino.physics.iastate.edu/project/dune

 — we consider an exposure of 7 years in equal neutrino and antineutrino mode.



  oscillation probability 
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Normal Ordering,  GeVEν = 2.5Normal Ordering,  km,  g cm , L = 1300 ρ = 2.84 −3 m1 = 0



     Dune sensitivity: NO
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Normal Ordering

Preliminary 



     Dune sensitivity: IO
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Preliminary 

Inverted Ordering



 Dependence on Lightest mν
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Preliminary 

Preliminary 

Preliminary 

Preliminary 

Inverted Ordering

Normal Ordering



Bounds on parameter space
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Preliminary Preliminary 

Normal Ordering Normal Ordering



Bounds on parameter space
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Preliminary Preliminary 

NO

Inverted OrderingInverted Ordering



 OuR work in a nutshell
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• Light Scalar-Mediated NSI appears as a correction to the neutrino mass term.

• CP measurements at Neutrino oscillations experiments such as DUNE can be impacted 
    by the presence of light scalar mediated NSI.

• NSI parameters can be translated into sensitivity on the parameter space for 
    light scalars model and compared with existing constraints.

• Unphysical phases have physical consequences on neutrino oscillations.

• We measure the DUNE sensitivity on NSI parameters considering all the parameters at 
     the same time.
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             True Values
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               Summary
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