Kamioka-Korea 2 detector
complex for determining
neutrino parameters

“———

Hisakazu Minakata
Tokyo Metropolitan University




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

Ishitsuka et al., hep-ph/0504026
Kajita et al., hep-ph/0609286

e An improvement over T2K II design with Hyper-K
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Exploring the unknowns; 1-3
sector and v mass hierarchy
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Ratio of Data / Prediction

The era of precision measurement
IS coming to reality
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By only 2 years of running, MINOS
improved the current uncertainty of Am2_, !
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What's
ood in
2KK?
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#1. Current design of Hyper-K contains
2 tanks, thus prepares’” for T2KK
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#2. Sign-Am? degeneracy
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A machinery in my talk

Oscillation probability e P
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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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Degeneracy:
a hotorious
obstacle
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Cause of the degeneracy, easy to

understand
e You can draw 40 .L.:.1.3.D.k.m.’.E.:fSp S
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Structure of intrinsic & sign-Am2
degeneracy in matter-perturbative regime

(Kamioka 1Mt) x (AMW, v 2yr + v 6yr)
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0,5, octant degeneracy

(a) 6;5=F, Am3;=0, A=0 (b) 8=k, Am3=0, A=0

P = P=given P = P =given
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I E
« Amg, <0

Matter effect on

Altogether, 2 x 2 x 2 = 8-fold . P, P=given
degeneracy nfen In226,5




Two
detector
method is
powerful




Spectral information solves |from 1000 page
Intrinsic degeneracy Ishitsuka file
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T2K(0.54 Mt) vs. T2KK(0.27+0.27 Mt)

v 4yr + v 4yr AMW beams

v 2yt + v 6yr 4AMW beams 1
Kamioka 0.27Miton + Korea 0.27Mton ¢

Kamioka 0.54Mton detector,
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It IS not quite only the matter effect

(Kamioka 0.5Mt + Korea 0.5Mt) x (4MW, v dyr + v 4yr)
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o With the same input parameter and Korean detector of
0.54 Mt the sign-Am? degeneracy is NOT completely
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Let us
resolve




Difference in P should solve the degeneracy

UL

Kamioka Korea Korea (w/o matter)
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T2KK vs. 12K Il Comparisen

S S hep-ph/0504026
Total mass of the detectors = 0.54 Mton fid. mass
4 years neutrino beam + 4 years anti-neutrino beam
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How to solve 0,, octant degeneracy

 Requires very long
baseline

« well controlled
systematic error plus
statistics

« Powerful at small 0,5

Strategy: Look for terms which depend on 0,
but not through the form s,32 X Sin%20 4

 Requires great
precision in reactor
0,3 measurement

 Powerful at large 05
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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.

Am2, L>2 solar term

Plvu(7,) — ve(e)] =| c538in? 2615 (I i
2 2 T
e R (Atz”)wf;”)
n 4Fa(a Am'gl 'sin Am§1L
Amg,l OF

Amn?2 Am2
+ 2J, (A?‘HQIL {coa 0 sin (A;EI ) T 2sin d sin® (Amle)] .

a(r) = V2GrN.(r) , N.(x) : electron number density

J. (= 155150255 19C>aS - reduced Jarlskoqg factor
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Number of electron events/bin

Number of muon events/bin

Effect of the solar: term
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1.5

osinZ? 6,, = 0.4,

sin226,; = 0.01
®sin20,; = 0.6,

sin?20,; = 0.0067
(These parameters
are chosen to so
that sin20,5° Sin220,
IS equal.)

AM?Z2: positive
=n3/4

_ Included in this analysis,

since 0., Is relevant.




Sensitivity to 6,4 octant

normal inverted

04 05 06 04 05 06
Sin2 0., SinZ 0,3

can determine 0, octant If sin?6,,<0.42 or >0.58
for any ¢ by (sin? 20,,= 0.974), 06,5 octant
B > 30 can be determined by >2c
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0.35 F

0.45 F
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Reactor + accelerator method

In appearance mode: Am3,=2.5 X 107%eV* is fixed

uis

0.45 F

Reactor

Vo

Input:
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e Acc-disappearance
=> $2,,=0.4 or 0.6

e Acc-appearance =>
$2,,5in?20,; = 0.06

 Reactor =>
sin?20,; = 0.1
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* Solves 0,,
degeneracy
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Sensitivity comparison with T2K+Reactor

0=0 assumed
T2KK

normal

T2K-11 + phase |l reactor
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‘& hep-ph/0601258 sin?28,;
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T2KK has better sensitivity
Aug! AP B omonosov onferergg SiN2 20,5 < 0.06—~0.07 .
04 0.5 0.6 Sin? 623




In a nutshell, 8 fold degeneracy can
be resolved by T2KK because ..

IS resolved by

spectrum information

s solved with matter
ector comparison

IS solved by
identifying the solar oscillation effect In
T2KK
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T2KK can do more physics

T2KK can do more exotic physics like
guantum decoherence, Lorentz violation,
non-standard neutrino interactions etc.

Let discuss guantum decoherence’” as
an example:

1 Am?L
Py, = v,)=1- 55"1112 20 [1 — e " E)M eos ( ;5 )]

E

E i3
~(E) = 0 ( oV ) (with n =0,2,—1) |Foglietal.,
¢ Benatti et al.
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T2KK vs. Kamioka or Korea-only

¥ dyr + v dyr 4MW beamsa

true Am® = 2 50 x 107 eV®

¥ dyr + v dyr AW bsams

true Am® = 250 % 10 ey®
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Kamioka + Korea

n=-1,y=1/E Ii‘—‘: Korea

T2KK improve the current bound by
August 2329, 2007 more than 2 orders of magnitude !




Conclusion

+ T2KK=Tokai to Kamioka Korea
setting is powerful because of 2
identical detectors
systematic errors cance

+ strategy for resolving 8 fL-.-e—ICO”ﬁrmed!

parameter degeneracy in situ is
formulated

* More thSiCS Unigue among various proposals ! I
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Atm v; powerful way for octant degene. 'T.Kajita@NNNOS I

Discrimination between 623 >n/4 and
<mw/4 with the (12) and (13) terms.—z-s

$2013=0.00~0.04
1.8Mtonyr = 3.3 yrs HK | écp=45°
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o Fit result M
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possible for all 6,,. possible only for 6,,>0.04.




T2KK can resolve v mass hierarchy with
bonus of better CP sensitivity

hierarchy

at large 0,

CP

4T T T T T I B LI B B R " T | — LI B B B K
10 = t., t\: -"I_.*"f = ﬂ ;::r ; . ',. I.E
- e, Il T W i
B b JEE: A \r §a
e % ,"“ NI ] - i
- Kamioka 0.54 Mton - Uk j :
- — Kamioka 0.27 Mton + Korea 0.27 Mion - ! -
I~ Kamioka 0.16 Mton + Korea 0.38 Mion B i 7]
o] B Kamioka 0.05 Mion + Korea 0.49 Mion normal i ! T
mF T I |K(|]rela p‘?d |M|t‘:,l|.I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 i 1 1 -|1 :. | 1 1
od
NC 0 1 2 3 4 5 6 0 1 3
.E _1 -“': ﬂ" T | T T T T | T T |.' 'J | T T T T r‘\.\l T T T# | |ru-| T T | T o T I T T M
- _'.1
JF ¢
inverted [ ;
JL f HE
! ! Ll ! P R R I VR Y Ve A T YN
0 1 2 3 4 5 6 0 1 3 4

o



