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-; Tokai-to-Kamioka-Korea
1dentical two-detector complex

Ishitsuka et al. 05, Kajita et al. to appear i

August 6-12, 2006 ‘ 6th Rencbntres du Vietnam



Exploring the MNS matrix
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#1. Current design of Hyper-
Kamiokande contains 2 tanks !
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#2. Sign-Am?* degeneracy
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#3. Sensitive to 0 because energy

dependence 1s far more dynamic in 2nd
oscillation maximum

Kamioka (L=295 km) Korea (L=1050 km)
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#4. Sensitive to solar n oscillation;

good for octant degeneracy

* Detect the effect of the solar term using a far
detector in Korea, which has a longer baseline.
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Solar and atm. terms differ in

energy dependences
P P

From aboverl o P 0o P i vim

0.018

All different in
energy
dependences !
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0=0, n/4, w/2, 3n/4




Degeneracy;
a
notorious
obstacle
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A machinery in my talk
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Cause of the degeneracy; easy to
understand

L =130 km, E = 250 MeV

* You can d raw e |:| p'osmve sign solutlon | /
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space |
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0,5 octant degeneracy

(b) 0=, Am3,=0, A=0

(a) 923=§ , Am3=0, A=0

P= P=given

sln22913

Pue= sin?20,, X s2,,

Solar Am? on

Matter effect on

Altogether, 2 x 2 x 2 = 8-fold
degeneracy
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v factory as ultimate degeneracy solver
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Spectral information solves
intrinsic degeneracy

(Kamioka 1Mt) x (4MW, v 2yr + v 6yr)

-1IllllIllllllllllllllllll'llll

10 E = 10
2 P —
10k f) - 10
“» T normal "o
g -1 PN TN TN N T T TN T N T T TN T N TN T T NN TN S TN (NN TN TN O a
e 0 1 2 3 4 5 6 a
_E % IR I e I R R e e LR L R I T E
107k ©) e 10
i inverted
iep il e wilkn goi ilin wan (B go P iad) 4
0 1 2 3 4 5 6
)

'
—

from 1000 page
Ishitsuka file

(Kamioka 0.5Mt + Korea 0.5Mt) x (4MW, v 4yr + v 4yr)

LT B L I L L U O
: T2KK | 1
: normal

[ copeen—yo SPboygompony b yeapceyPyonygony W pemypa B goorpmny—g S|
0 1 2 3 4 5 6
oo Bl Tld Tl Gt Tl Vol el ool ad Bl |
F | 2 detector method powerful!
o |
[ inverted

[P e Moy gy (oo Poquuny o)y gseng B gocquung— ol
0 1 2 3 4 5 (&)

o

August 6-12, 2 SK momentum

resolution ~30 MeV at 1 GeV




Structure of intrinsic & sign-Am?
degeneracy 1n (matter) perturbative regime

(Kamioka 1Mt) x (4MW, v 2yr + v 6yr)
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T2K(0.54 Mt) vs. T2KK(0.27+0.27 Mt)

v 2yr + v 6yr AMW beams v 4yr + v 4yr AMW beams ‘
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It is not quite only the matter effect

(Kamioka 0.5Mt + Korea 0.5Mt) x (4MW, v 4yr + v 4yr)

(Korea 1Mt) x (4MW, v 4yr + v 4yr)
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With the same input parameter and Korean detector of

0.54 Mt the sign-Am? degeneracy is NOT completely

resolved
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™ -~ Kamioka 0.05 Mion + Korea 0.49 Mton ~ normal
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T2KK in
situ solves
%
degeneracy!

/
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How to solve 0,, octant degeneracy

Strategy: Look for terms which depend on 6,4
but not through the form s,;2 x sin%20,,

» Detect solar Am? « Combining reactor
term ~c,5? measurement of 0,5
* Requires very long * Requires great
baseline precision in reactor
» well controlled 613 measurement

systematic error plus < Powerful at large 0,54
statistics

* Powerful at small 04
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Effect of the solar term

O sin?0,; = 0.4, sin2 26,5 = 0.01
® sin?0,; = 0.6, sin?20,5; = 0.0067
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Sensitivity to 0,5 octant (cont'd)

normal inverted

< f 1 1

(@
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a r

sm2 055 sm2 055
can determine 6,5 octant If sin?6,5<0.42 or >0.58
for any o by (sin? 26,5= 0.974), 6,5 octant
B > 30 can be determined by >2c¢
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Reactor + accelerator method
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Sensitivity comparison with T2K+Reactor

T2KK
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Sigh-Am?
degeneracy
and CP
violation
revisited
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Sensitivity to mass hierarchy
(for various 0,3)

sin2 6,,=0.44

sin2 0,5,=0.38

sin20,5,=0.50 _

normal normal

sin28,;=0.56 sin26,;=0.62

normal normal

can determine
mass hierarchy by
B > 30
B 2~30

weak dependence
on sinZ 6,5




Sensitivity to leptonic CP violation
(for various 0,,)
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Decoupling between degeneracies

* Suppose that you succeeded to solve
the particular degeneracy, by forgetting
about the remaining ones

[t does NOT necessarily mean that the
problem is solved

* You have to verify that your treatment
of degeneracy A is valid irrespective of
the presence of degeneracy B

* One solution: decoupling between the
degeneracies
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0,5, and sign-Am? degeneracy

decouple
For example, one can show, to first

order in matter effect, the followings:
AP(octant) = P(1st octant) - P(2nd) is
invariant under the interchange of two
sign-Am? degenerate pair
AP(hierarchy) = P(Am? +) - P(Am?-) is
invariant under the interchange of two
0,5 octant degenerate pair

In T2K or T2KK setting, the intrinsic
degeneracy is resolved by spectrum
analysis decouple from the game
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In a nutshell, 8 fold degeneracy can
be resolved by T2KK because ..

* Intrinsic degeneracy|is resolved by
spectrum information

* |sign-Am? degeneracy is solved with matter

effect + 2 identical detector comparison

* |0,; Octant degeneracy is solved by

identifying the solar oscillation effect in
T2KK
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Conclusion

» With T2KK setting, we have
formulated a concrete strategy
for resolving 8 fold parameter
degeneracy in situ with
consistency maintained by
"decoupling”

conventional v superbeam can do it !
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Atm v; powerful way for octant degene. | T.Kajita@NNNO5

Discrimination between 623 >n/4 and

<mt/4 with the (12) and (13) termrs. <w=ce

$2013=0.00~0.04
1.8Mtonyr = 3.3 yrs HK | &cp=45°
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012 sin226,,=0.96 012 F sin,26,,=0.99
L Fit result o1t
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possible for all 6,,. possible only for 6,,>0.04.




