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Notations:
P=P(v, —>V,)

normal hierarchy
P=P(vy —Ve) P = f2x2 + 2xyfgcos (6 + A) + g2y?
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Oscillation inverted hierarchy

Maximum (OM)  JP=Fx?—2xyfacos (6 + A) +g%?
P =f2x2 —2xyfgcos (6 — A) + g2y’

X=8,,8in20,,,
y=lAmZ/Amj,|c,;sin20,,,
ff=sin(ATAL/2)/(1FAL/2A)
g=sin(AL/2)/(AL/2A)
A=+2G.Ng

normal inverted
hierarchy hierarchy




P,d given
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Ambiguity due to parameter degeneracy

Even if we know P(v, ->v,)and Pv, »v,) in a long baseline
accelerator experiments with approximately monoenergetic
neutrino beam, precise determination of 0 5, sign (Am?2,,)
and O is difficult because of the ambiguity due to 8-fold
parameter degeneracy.
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Determination of 0 4,

Assumption: v, »v, and
JPARC (@OM, 4MW, HK) .

Question: Will that be enough to determine |U_;|?
(1) sin®20,, =1

JPARC V +V is almost enough,
since (a) there is no intrinsic
(6,0 ,3) degeneracy, and (b)
sign(Am2;,) degeneracy is small.

(2) sin®260,, <1

Ambiguity due
tO 9 23@“/2_ 9 23
degeneracy is significant.
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To resolve 0 ,, ambiguity, possible ways are:

(A) reactor measurement of 0 {5
(B) LBL measurement of v, > v, (or v > v, )

(C) measurement of Ve > V¢

Here we consider (B) and (C).

The reference values used here are:
sin?2 0 23=0.96, sin?2 0 13=0.05, 6= /4, Am231>0




(B) LBL measurement of v; — Vg (or vg > V)

Consider 3rd measurement of v, —» v, (or ve —>vy)

in addition to JPARC v+v .

| (exaggerated figure) [j The value of 6 for
each point can be

deduced (up to
6~&mn-6) from

correct assumption
wrong assumption
on mass hierarchy




Then from the equation for the probability of

Vy = Ve(or Ve > Vy ) in the 3 experiment
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6 & -6 ambiguity

Assuming for simplicity P>>C

C=(Am2,/Am? fg2sin226,,
g=sin(AL/2)/(AL/2A)
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sin 2 2913

dx| dx|  4/pPc

— —— — cosd cosA




sign(Am?,,) ambiguity 25 £ y

v X-Iintercepts

(a) L: AL~L/1900km
— . >2000km is good to | w

distinguish Am?,, from '
.02, 0.04 0.06 0.08

-Am2,. ), sin? 20,5

(b) E: — low energy is
advantageous

)
(s.m 2913),;1+2AL(1_ 1 j
(sin?20,, ) ﬁ A tanA

1/A-1/tanA

Enhancement of matter
effect for M/2<A<Tm




0 ,; ambiguity

Resolution of 0 ,; ambiguity -
_sin(A-AL/2) w
(a)f= 1-AL/2A has to be small —
(b) \cos(6+ A)‘ has to be large o
4 | ' '
ngy\cos(ﬁ + )

A is unknown at first, so it is

iImpossible to design to optimize
this resolution.

It may happen that this ambiguity
can be resolved as a byproduct.
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Situation for v, — ve is
similar to that forv, - v,
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(C) measurement of Vg — V¢

Curves intersect with the
JPARC line almost
orthogonally.

L =2810 km, E=12.13 GeV, P=0.0125

TR
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Si n2 2913

0 ,; ambiguity may be
resolved.

This channel may
be interesting to
be combined with

JPARC in the
future.

6 & -6 ambiguity
may be resolved.

sign(Am?,,) ambiguity
may be resolved .
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