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(X≡sin22θ13, Y≡1/s2
23) All the curves become 

quadratic or linear.
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Ambiguity due to parameter degeneracy

Even if we know and in a long baseline 

accelerator experiments with approximately monoenergetic 
neutrino beam, precise determination of θ13, sign(Δm2

31) 
and δ is difficult because of the ambiguity due to 8-fold 
parameter degeneracy.

( )eμ ννP →( )eμ ννP →

 1

 2

 3

 4

 0

1/
s2 23

sin2 2θ13

normal

←

inverted→

Plot of              ,                 =const.( )eμ ννP → ( )eμ ννP →
04



 1

 2

 0

1/
s2 23

sin2 2θ13

(a)

 1

 2

 0

1/
s2 23

sin2 2θ13

(b)● θ23⇔π/2-θ23
degeneracy

0(b)cos2θ0(a)cos2θ 2323 ≠→=

● intrinsic (δ, θ13)
degeneracy

 1

 2

 0
1/

s2 23
sin2 2θ13

(a)

 1

 2

 0

1/
s2 23

sin2 2θ13

(a)

 1

 2

 3

 4

 0

1/
s2 23

sin2 2θ13

(b)

 1

 2

 3

 4

 0  0.05  0.1

1/
s2 23

sin2 2θ13

(b)

inverted
normal

0
35
1(b)0(a) ≠≅→=

|Δm|

Δm

|Δm|

Δm
2
31

2
21

2
31

2
21

● Δm2
31⇔-Δm2

31
degeneracy

0(b)AL/20(a)AL/2 ≠→=

1/2000kmeFNG2 ≅≡A

05



Determination of θ13
Assumption: and will be measured at 
JPARC  (@OM, 4MW, HK) .

eμ νν →
e

ν→
μ

ν

Question: Will that be enough to determine |Ue3|?

JPARC is almost enough, 
since (a) there is no intrinsic 
(δ,θ13) degeneracy, and (b) 
sign(Δm2

31)degeneracy is small.
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To resolve θ23 ambiguity, possible ways are:

(A) reactor measurement of θ13

(B) LBL measurement of (or )

(C) measurement of 
eμ νν → μe νν →

τe νν →

Here we consider (B) and (C).

The reference values used here are:

sin22θ23=0.96, sin22θ13=0.05, δ=π/4, Δm2
31>0
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(B) LBL measurement of (or )μe νν →eμ νν →

Consider 3rd measurement of (or )

in addition to JPARC .νν+
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we can get a unique 
line (a hyperbola or an 
ellipse) in (sin22θ13, 
1/s2

23) plane for 
or .
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● δ⇔π-δ ambiguity
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● θ23 ambiguity
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(a) has to be small 

(b) has to be large

Δ is unknown at first, so it is 
impossible to design to optimize 
this resolution.

It may happen that this ambiguity 
can be resolved as a byproduct. 
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(C) measurement of 

Curves intersect with the 
JPARC line almost 
orthogonally.

τe νν →

● θ23 ambiguity may be 
resolved.

● δ⇔π-δ ambiguity 
may be resolved.

● sign(Δm2
31) ambiguity 

may be resolved .

This channel may 
be interesting to 
be combined with 
JPARC in the 
future.
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