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Plan of the talk

• Basic theory and motivation


• Impact of LIV on probability 


•  correlations and various degeneracies


• Improving constraints with DUNE+P2O


• Summary
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Lorentz Invariance Violation (LIV) 
Kostelecky et al. (2012),  Mavromatos et al.   
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• Lorentz violating part can be decomposed into:

Lorentz violating operator

• The observable effect on LH neutrinos are  
controlled by 



LIV:Theory background   
Kostelecky et al. (2012),  Mavromatos et al.
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CPTV/ LIV are also  
probed in collider sectors:  

neutral meson mixing, 
 production….tt̄

(A = 2 2GFNeE)



Schematics of DUNE & P2O
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40kt Liquid Argon 

1.2 MW proton beam  
(upgradable to 2.4 MW)

DUNE collab. :  2002.03005

Zaborov et al, P2O collab (2020)

ORCA/KM3NET:  
6 Mt cerencov detector

Protvino  
accelerator  

complex 
90 kW beam

260
0 km

E ~ 2.5 GeV

E ~ 5 GeV
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 change in 
opposite directions
aeμ & aeτ
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δ13 ≃ − 122.4∘

+ve

-ve

 change in 
opposite directions
aeμ & aeτ

ΔP = P(Std.+LIV) − P(Std.)



 heatplots in  planeΔPμe (δ13 − aαβ)
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 heatplots in  planeΔPμe (δ13 − aαβ)
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 heatplots in  planeΔPμe (δ13 − aee)
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Additional degeneracy at  
 GeVεee ≃ 20 × 10−23



 heatplots in  planeΔPμe (δ13 − aαβ)
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ΔPμe(aee) = 0 ⟹

(Define )̂aee = aee / 2GFNe

=  0

= 2 2GFNeE[1 + aee / 2GFNe] = ̂A[1 + ̂aee]

P2O has two solutions in this range
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 LIV-LIV parameter space ( ) at 95% C.L.aαβ − aγγ

 after marginalization over  
 (sign, magnitude)

Δχ2
min

θ23, δ13, Δm2
31

Degeneracy at  GeV
(due to mass ordering marginalization)

aee ≃ − 20 × 10−23
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 LIV-LIV parameter space
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 LIV-LIV parameter space

Similar impacts for aeμ & aeτ

Not as effective in probing aμτ
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 LIV-SI( ) parameter spaceδ13

P2O has much less sensitivity to  
the CP phase than DUNE



16

 Constraints on LIV parameters

aμμ /10−23 [GeV]
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 Constraints on LIV parameters

Additional degeneracy for   
is lifted at 95% on combination  
of DUNE+P2O

aee

DUNE+P2O shows marked  
improvement compared to  
individual bounds  

aμμ /10−23 [GeV]



18

 Constraints on LIV parameters (95% C.L.)
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 Constraints on LIV parameters (95% C.L.)

SK:  IceCube:  
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Summary

• LIV in  sector can be efficiently explored 
in LBL expts.


• Interesting degeneracies at different L,E: can be 
understood from probability analysis 


• DUNE & P2O can help lift hard-to-remove 
degeneracies for LIV in ee sector


• Improvement of bounds by factors of 7-8 on 

ee, eμ, eτ

aeμ, aeτ
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 LIV-SI( ) parameter spaceθ23
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Backup 



Leptonic CP violation?

Is the CP phase non-
zero?  


 could help explain 
baryon asymmetry  
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A =
2 2EGFnE

Δm2
31

Δ =
Δm2

31L
4E

α =
Δm2

21

Δm2
31

where,

Pμe = sin2 2θ13 sin2 θ23
sin2(1 − A)Δ

1 − A
+ α2 sin2 2θ12 cos2 θ23

sin2 AΔ
A

+ α sin 2θ13 sin 2θ12 sin 2θ23
sin(1 − A)Δ

1 − A
sin AΔ

A
cos(δ + Δ)
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Backup 



Pμe = sin2 2θ13 sin2 θ23
sin2(1 − A)Δ

1 − A
+ α2 sin2 2θ12 cos2 θ23

sin2 AΔ
A

+ α sin 2θ13 sin 2θ12 sin 2θ23
sin(1 − A)Δ

1 − A
sin AΔ

A
cos(δ + Δ)

Mass ordering ambiguity
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  What is the sign of          ?Δm2
31

where,

A =
2 2EGFnE

Δm2
31

Δ =
Δm2

31L
4E

α =
Δm2

21

Δm2
31
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Artsen et al . 2021 (JPG)
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