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Measuring CP violation in the lepton sector is one of the main 
aims of neutrino physics today 

Data from T2K already shows a weak preference for dCP in the 
lower half-plane, i.e. between -180o and 0o.  

A precision measurement of this parameter will play in important 
role in discriminating between new physics models: DUNE, T2HK, 
T2HKK, ESSnSB, etc.  

 

CP violation 
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One of the proposed experiments for precisely measuring dCP is 
the muon decay-at-rest or DAR setup 

 

 

Advantages:  
Flux from three-body decay known exactly: Systematic uncertainty reduced 

Inverse b-decay cross-section is large and well measured: Systematic 
uncertainty reduced 

Delayed coincidence tag from neutron capture: Higher detection efficiency 

No beam-on backgrounds: Fewer background events 

 

Hybrid setup: T2HK (n) + DAR (antin) using the same SK/HK 
detectors 

DAR setup 
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Improvement over conventional T2HK not only for CPV discovery but also for 
excluding the wrong mass hierarchy and octant of 23.  
 

Can this setup probe CP violation in the presence of non-standard neutrino 
interactions (NSIs)? 

Experimental configuration 
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Non-standard interactions 
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In the Standard Model, charged-
current (CC) interactions of 
neutrinos are flavour-diagonal 

 

 

With new physics, we can have 

 a flavour violating NSI that 
modifies the neutrino 
production/ detection process 
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Neutral-current (NC) NSIs affect the propagation of neutrinos 
through matter and are energy dependent, hence neglected here 
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NSI in neutrino production at DAR: 

 

 

 

 

 

NSI in neutrino detection through IBD:  
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NSI in neutrino production at DAR: 

 

 

 

 

 

NSI in neutrino detection through IBD:  
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NSI in neutrino production at DAR: 

 

 

 

 

 

NSI in neutrino detection through IBD:  
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Redefine the neutrino states in terms of the SM fields: 

 

 

 

In general there are 9 amplitudes + 9 phases = 18 new real 
parameters due to detector NSIs 

For DAR, energy < 50 MeV so only electrons can be produced in 
the final state. Therefore only e are relevant.  

Up to leading order, diagonal NSIs do not affect appearance 
channel probabilities. Only e and te are relevant.  

 

 

 

 

Detector NSI parameters 
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Q1: Does the presence of NSIs affect the measurement of 
standard CPV at DAR?  

Q2: Can DAR measure CPV arising due to the NSI phase? 

 

 

We consider one NSI at a time (amplitude + phase) 

Assume the magnitude of the NSI to be a benchmark value of 
0.05 (chosen to illustrate an impact on CP measurement, same 
order of magnitude as current bounds from NOMAD) 
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Probability level discussion 
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Probability level discussion 
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Bi-probability plots: e  
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Only T2HK (0.6 GeV) T2HK (0.6 GeV) + DAR (35 MeV) 
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Bi-probability plots: te  
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CPV discovery: e  
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CPV discovery: e  

July 2019 EPS-HEP 2019, Ghent 

Only T2HK 

T2HK + DAR 

CPV due to dCP CPV due to f 



Sushant Raut 

 

July 2019 EPS-HEP 2019, Ghent 

Only T2HK 

T2HK + DAR 

CPV due to dCP CPV due to f 

CPV discovery: te  



Sushant Raut 

 

July 2019 EPS-HEP 2019, Ghent 

Only T2HK 

T2HK + DAR 

CPV due to dCP CPV due to f 

CPV discovery: te  



Sushant Raut 

Correlations between phases 
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Variation of the NSI amplitude 
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The only relevant NSI parameters are e
e , e

 and e
t .  

 

Source NSI parameters 
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Bounds on NSI parameters 
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Bounds on NSI parameters 
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DAR which has been shown to have good sensitivity to 
standard oscillation physics can also be used to probe CC NSIs. 

No interference with NC NSIs due to the low energy involved. 

Spectral information will be important to measure the detector 
NSI e. 

The standard CP sensitivity is not compromised due to the 
existence of new physics. CPV due to the new phases can also 
be discovered at this setup. 

Correlations between the standard and non-standard phases 
can be probed 

Bounds on the source NSI parameters can be improved beyond 
the existing ones.  

Summary 
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DAR which has been shown to have good sensitivity to 
standard oscillation physics can also be used to probe CC NSIs. 
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