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1. Introduction

Even if we knowP(v,, — v, )and P(vlJl — ve) in a
long baseline accelerator experiments with
approximately monoenergetic neutrino beam,
precise determination of 0 45, sign (Am?;,)
and O is difficult because of the 8-fold
parameter degeneracy.

intrinsic (6, 0 {3) degeneracy

Am?,,<-Am?,, degeneracy

0,3 M /2- 6,5 degeneracy



Formalism in this talk
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2. |U93|=s13
Assumption: at JPARC (@OM, 4MW, HK)

Vu 2 Ve and vV, =V, will be measured.

Question: Will that be enough to determine |U_5|?

» Answer: It depends on
(1) sin*26,, =1
(2) sin*26,, <1



(1) sin*26,, =1

v i 4 ¢ .
WHARE 90 [ Inverted e
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(b) sign(Am?;,) 1 .
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(2) sin®20,, <1

Ambiguity due to Al e —
0,.mM/2-0 normal
23 . 23 ™ fake /

degeneracy is N@B - /-
significant. -
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To resolve 0 ,; ambiguity, possible ways are:

(A) reactor measurement of 0 {5
O.Y.@NOON2003

(B) LBL measurement of v, >V, (or Ve > Vyu )
Parke @NOON2003

(C) measurement of Vo —> Vy

Donini@NOON2003

The reference values used here are:
sin?2 0 ,,=0.96, sin%2 8 ,;=0.05, 6 = /4, Am2;,>0




(A) reactor measurement of 0
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(B) LBL measurement of Vu = Ve (or v, >vy)

Consider 3rd measurement of v, > v, (or vy ->v,)

in addition to JPARC v+v .

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

deduced (up to
6~m-0) from

1/5.23

. P_fzxz _gzyz
Sind =-

2fgxy
X=8,Sin20.,,

y=lAmi/Am; |c,sin20.,,
correct assum?_tion f,f=sin(AFAL/2)/(1FAL/2A)
wrong assumption N

on mass hieraprchy g=sin(AL/2)/(AL/2A)



Then from the equation for the probability of
Vy = Ve(or Vg >V ) in the 3" experiment
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In general, the gradient of the hyperbola is
almost equal to that of the JPARC line, and
this additional curve does not help to
resolve 0 ,; ambiguity if A=T/2.

L =730 km, E=1.97 GeV P 0.0277 L = 3000 km, E=24.26 GeV, P=0.0044
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The situation doesn’t
change much forv  — v

1
if A=T1/2.
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L =295 km, E=0.40 GeV, P=0.0099

On the other hand, for : 7/%/;/&//
n/2<A<m, the situationis .

different. o /

"1/~ JPARC

Good news is © sin?20

0 .3 ambiguity may be resolved.

6 © -6 ambiguity may be resolved.
Bad news is

E is so low that statistics is low.

osc. prob. Is small (~solar v osc. prob.).



(C) measurement of Vo — V¢

Curves intersect with the
JPARC line almost
orthogonally.

0 .3 ambiguity may be
resolved.

6 @ m-06 ambiguity
may be resolved.

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

L =2810 km, E=12.13 GeV, P=0.0125
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This channel may
be interesting to
be combined with

JPARC in the
future.



3. arg(U,;)=6

Assumption: at JPARC (@OM, 4MW, HK)

Vu = Ve and V; = V, will be measured.

Question:

Will that be enough to determine arg(U_3)?

> Answer: In general no.

Resolution of sign(Am?2,,)
ambiguity Is important.



(1) sin?20,, =1

6, : by correct assumption ' .z

n
~~
i

=true value

6 | : by wrong assumption
on sign(Am?,,) sin” 26,

Difference between 6, & 0 ,turns out to be
large.

If 6,=0, then sin6,=-2.2sin26,, at JPARC
=-0.5 (if sin?20 ,,=0.05)

- Identification of sign(Am?;,) is important.
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Assuming Am?;,<0

3o sensitivity to o (53320.5)
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LBL experiments with longer

baselines are advantageous to
resolve sign(Am?;,) ambiguity.

L =730 km, E=1.69 GeV, P=0.0308, 6=n/4
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(2)sin’20,, <1

Ambiguity of 6 due to 0 ,, ambiguity:

sing, = t13in 6,
23

» Ifsind and |cos2 0 ,;| are both large,
then this ambiguity has to be taken
into account.
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4. Summary A= |Amg, [L| | A:may be OK
4E
% sign(Am?) st(if 0, * B
JPARC V+V /x| X X
JPARC V+V +reactor(90%CL) | v X | X 4
JPARC V+V  |A<m/8 v ooV X X
L;L A<m/2,L<500km| v A| X A
(v and/or v) |A<T/2 , L>500km| v/ A}V A
A>m/2 vV Al A A
JPARC \J/r +V  [L<500km /Al x ‘/
V, >V, |L>500km N, Y,




It is important

for determination of © 45
to resolve © ,, ambiguity
if sin®20,, <1 .
for determination of 6
to resolve sign (Am?2;,) ambiguity.



Appendices

Y=1/s%,, X=sin’20,,, C=a’*g%sin’280,,
V+Vv@OM _

o 51217005

f+f C
° — — — X — =
Ylnverted P/f n P/f ( ffj




Y=1/s5, X=sin®*20,,, C=a*g%sin’°20,,, A=C/P
f,f=sin(ATAL/2)/(1FAL/2A) g=sin(AL/2)/(AL/2A)

v only (normal hierarchy)

2
fFX=1+{1+12_—IIACOSZ(CS+A)}

—cos (6+A)J4A (Y-1)|[[1-2+Acos?(6+A)Y-1)+1]

v only (inverted hierarchy)
£ 22
FX = 1 +|:1 +1——ACOSZ( 6 +A):|

—cos (6+A)J4A (Y-1)][[1-2+2cos?(6+A)Y-1)+1]




normal hierarchy

P =f2x2 + 2xyfgcos (6 + A) + g?y?
P=fx2+2xyfgcos (6 —A) + g2y
inverted hierarchy

P=f'x2—2xyfgcos (6 + A) + g%y?

P = f2x2 —2xyfgcos (6 —A) + g%y’

|Am3, |L

X=8,,8iN20,,, A= AF

y=|lAm5,/AmZ |c,,sin20.,,
f,f=sin(ATAL/2)/(1TAL/2A)
g=sin(AL/2)/(AL/2A)



A. Mass hierarchy degeneracy: sgn(dm3;) ambiguity

—— x2(f2+f2 _fJF) —ZQg(f—f)xsinésinA

ff ,
$/SiH5,:xsjn5f2—|—f2__f]? x? f2_|_f2f f
ff sin A ff 2yg
en Eq. (2) reduces to
AR o ey [T

Siﬂ (Sl p—

ff 2ygsmA\ f24 f2_ ff

Barger Marfatia Whisnant
Phys.Rev.D65:073023,2002



http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Barger,+V.
http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Marfatia,+D.
http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Whisnant,+K.

B. Atmospheric angle degeneracy: (023 ,7/2 — 653) ambiguity

04292 Siﬂ2 2(912

sin” 26, = sin® 20,5 tan” fa3 + (1 — tan® fy3) ,

rf
_ . , , ag(f — f)sin 20y, cot 20
sin 2615 sin " = sin 26,3 sin § + 9t/ ff])l, = o A23 :

Barger Marfatia Whisnant
Phys.Rev.D65:073023,2002



http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Barger,+V.
http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Marfatia,+D.
http://www.yukawa.kyoto-u.ac.jp/spires/find/wwwhepau/wwwscan?rawcmd=Whisnant,+K.
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