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Abstract. In this talk, we investigate the effects of non-standard interactions (NSI) in the MINOS experiment based on a 
full three-flavor neutrino oscillation framework simulation. The simulation was performed using the GLoBES software. The 
results indicate that the allowed region in the sin (2023)-A»J3J plane is extended due to NSI effects, that there is a degeneracy 
between the leptonic mixing angle Sĵ  and the NSI parameter Eg 
than CHOOZ only for small values of \Eei\. 
Keywords: neutrino oscillations, non-standard interactions, the MINOS experiment 
PACS: 13.15.+g, 14.60.Lm, 14.60.Pq 

, and that MINOS can put a lower upper bound on sin (20j 

INTRODUCTION 

Neutrino oscillation physics is the leading description for 
neutrino flavor transitions. However, sub-leading mech
anisms could be responsible for smaller parts of these 
transitions. One example of such sub-leading mecha
nisms is non-standard interactions (NSI), which is the 
topic of this talk where we study the NSI impact on the 
sensitivity of the MINOS experiment. Furthermore, the 
talks by Sugiyama and Ota are devoted to NSI. This talk 
is based upon Ref [I], which was done in collaboration 
with Mattias Blermow and Julian Skrotzki. The outhne 
of this talk is the foUowing: First, we introduce neutrino 
oscfllations with NSI. Second, we give the simulation de
tails of MINOS. Third, we present the outcome of the 
simulation. Finally, we make a summary and draw our 
conclusions. 

TABLE 1. Present bounds on NSI parameters. 

\£ee\ < ff[l) 
| e^^ |< 0.017 

|ee^|< 0.010 
|e^^|< 0.013 

parameters, Gp is the Fermi coupling constant, and Ne is 
the electron number density. 

Non-standard interactions are interactions between 
neutrinos and fermions in matter {i.e., u, d, and e) not 
present in the Standard Model, of which some can have 
an additional effect on neutrino oscfllations. The effec
tive NSI parameters are 

f—u,d,e 
^f/L. (2) 

Now, if NSI are included, the effective Hamiltonian 
becomes 

NEUTRINO OSCILLATIONS WITH 
NON-STANDARD INTERACTIONS 

In flavor basis, the effective three-flavor Hamiltonian 
describing neutrino osciflations in matter is given by 
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where E is the neutrino energy, U =U{i 
is the leptonic mixing matrix, and V 
effective matter potential. Here 0^2' ^13' 
and AOTJJ are the six usual standard neutrino osciflation 
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Thus, the NSI are described by six additional parameters 
Eee, £ep., £eT, £p.p., E^T, and Eff. The present bounds on 
the NSI parameters are presented in Table 1 [2, 3]. Using 
these upper bounds, we observe that e^^, e^^, and e^^ 
can safely be neglected. What constraints could be put 
on Eee, £ex, and ê T by future experiments? 

Note that in Ref [4] NSI with MINOS and atmo
spheric neutrino data have been investigated, whereas in 

CP981, ^^International Workshop on Neutrino Factories, Superbeams, and Betabeams -NuFact 07, 
edited by O. Yasuda, C. Ohmori, and N. Mondal, 
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TABLE 2. Standard and NSI parameters. 

Standard parameters NSI parameters 

sin2(2ej2) = 0.8 
sin2(2ej3) = 0 .07o r0 

sin2(2e23) = l 
Ara^j = ( 7 . i o - 5 ) e V 2 

Ara^j = (2.74-10-3 )eV2 

5 = n/2 

£ee = 0 

£etl=0 
£et = 0 

£nn=0 
£lit = 0 
eTT = 0 

our work we will consider NSI with MINOS neutrino 
data only. Especially, the v^ -> Ve appearance channel 
will have implications for 0̂ 3 and Cer. 

Next, we discuss a two-flavor neutrino limit for NSI, 
which is achieved by making the replacements Am^ -)• 
A/Wjj, 9 -> 023' 3iid ^ ~^ —£T:TV in the standard two-
flavor neutrino osciUation framework. We obtain the fol
lowing effective neutrino oscfllation parameters 

sin^(20) 
sin^(2e23) 

(4) 

(5) 

where 

^ 
lEV 

e „ + cos(2023) •sin2(2023)-

Using the above equations for a fixed neutrino en
ergy E, it is possible to choose e^^ such that Mi^ = 
sin(2023)AOT3j and sin^(20) = 1 {i.e., maximal mix
ing). Therefore, we expect an NSI degeneracy in the 
sin (̂2023)-A/W3j plane. 

SIMULATION OF THE MINOS 
EXPERIMENT 

We have simulated the MINOS experiment with the Gen
eral Long Baseline Experiment Simulator (GLoBES) [5]. 
For the simulation, we have used a rurming time of five 
years with 3.7 • 10^" protons on target and a neutrino en
ergy E in the interval between 1 GeV and 6 GeV The 
neutrino osciUation and NSI parameters used for the sim
ulation is given in Table 2. AU NSI parameters are as
sumed to be real. In addition, note that in all simulations, 
a full numeric three-flavor neutrino oscillation frame
work was used. 

OUTCOME OF SIMULATION 

In Fig. I, we plot the sensitivity limits in the sin^(2023-
A/Wjj plane (2 d.o.f) for the combined appearance and 
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FIGURE 1. Sensitivity limits in the sm^(2Q^^)-Km\^ plane. 
This figure has been adopted from Ref. [1]. 
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FIGURE 2. Sensitivity limits in the £et-£ee plane (left panel: 
sin^(20j3) = 0.07, right panel: sin^(20j3) = 0) and constraints 
on the NSI parameter Eĝ . 

disappearance charmels when aUowing NSI compared 
with the sensitivity limits when not aUowing NSI. We 
observe that including NSI wiU lead to a degeneracy in 
the sin (̂2023)-A/W3j plane (long-dashed curve). Similar 
results have been obtained in Ref [4]. Next, in Fig. 2, we 
show an example of how constraints on the NSI param
eters can be obtained. Here we study the NSI parameter 
Eef. Using the ;^^-functions in the two lower panels in 
this figure, we can read off the numerical values of Cer. 
The result is given in Table 3. In order to investigate 
the NSI effects on sin^(20j3), we can study the effective 
three-flavor mixing matrix element U^^, which is given 

TABLE 3. Constraints on the NSI parameter Eĝ . 

sin2(2ej3) 

0.07 

0 

Constraint 

- 2 . 1 6 < Eĝ  < - 1 . 3 1 
- 0 . 6 0 < Set < 0.41 

- 0 . 6 9 < Eĝ  < 0.8 

Confidence level 

90 % C.L. 

90 % C.L. 
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FIGURE 3. Sensitivity limits in the sin2(2e 
This figure has been adopted from Ref. [1]. 

13; l*̂ eT plane. 
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SUMMARY & CONCLUSIONS 

In summary, we have found that i) the allowed region in 
the sin (̂2023)-AOT3j plane is extended to smaller values 
of sin^(2023) and larger values of the large mass squared 
difference A/Wjj if NSI effects are present, ii) there is a 
degeneracy between the leptonic mixing angle 0̂ 3 and 
the NSI parameter e^^, iii) the possible bounds on e^^ 
depend on the value of 0^3, iv) MINOS can measure 
a better upper bound on su^{2d^^) than the CHOOZ 
experiment only for small values of \eex\, and v) MINOS 
could put a hmit on \eg^\ if su^{2d^^) could be further 
constrained. In addition, our analytic results show that 
the disappearance chaimel (v^ -> v^) is mainly affected 
by Eff, whereas the appearance chaimel (v^ -)• Ve) is 
mainly affected by Set-. 
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