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* Neutrino Oscillation & Double Beta decays
* Accessible Parameters of Reactor Neutrinos
* Possibilities of Reactor Neutrinos

* Summary
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Relfation of v Oscillation and B de ay
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Reactor neutrino

The v, energy spectrum

236 | | Reactor v, spectrum (a.u.)

7 Observed spectrum (a.u.)
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Accessible Oscillations by Reactor v
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Physics @ 1s* Am?;; Maximum (L~1.5km) ; 6,5

I Reactor Neutrino Oscillation
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Future v experiments strongly depends on 6,
Precise measurement of &, Is very important.

Parameter

Measurement Method

Ocp
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6,; degeneracy
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091012

F. Suekane@DBD09 8




Doub leChooz, Dayabay, RENO
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dn’ 2y senstivity limit
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3rd Generation; More Precise 6,

For higher statistics, 6,; can be measured by
energy spectrum distortion and &sin?26,;<0. 01 is possible
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Complementarity of Reactor-Accelerator

6,3 measurement
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Settlement of @&,, Degeneracy
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Quick Access to 56,,\
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It 6,; degeneracy and Mass Hierarchy are solved, only 6 remains to be

Combination of high precision Reactor-6,; and Accelerator v, appearan

may determine non-0 ¢ before anti—-neutrino mode operation.
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‘Parameter region to determine n{n—O )
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Physics @ 15" Am?;, Maximum(L~50km)

(Very Precise 6,, & Mass Hierarchy)
P T
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Physics @ 1st* Am?;, Maximum
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r . e
Pregcise 6, measurement by large defi¢it

P(v, > v,)~cos" 0,(1—sin’ 26, sin’ A, )
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H.Minakata, hep-ph/07-1070
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Determination of Mass Hierarchy@50km
Principle / \

Petcov et al., Phys. Lett. B 533, 94 (200%
S. Choubey et al., Phys. Rev. D 68, 113006 {2003)
J. Learned et al., hep-ex/062022
L. Zhan et al., hep-ex/0807. 3203
M. Batygov et al., hep-ex/0810. 2508

p. 4 6

Ripple ocsin” 26,, (sin2 A, +tan’ @, sin’ A32)

It is essential that 4, is not maximum (tan26,,”0.4)

. . . 2 2
ourier Analysis => Power Spectrum Peaks at=\Am3, |Ams,
The smaller peak 43| and lapger peak is
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J. Learned et al. arXive-0612("",
o Inverted Hiera

am

Normal Hierarchy

Power, Arb Unlis

& L]
I O N FIG. 3: Neutrino mass hierarchy (normal=solid;
" inverted=dashed) is determined by the position

FIG. 2: Fourier power spectrum with modulation of the small shoulder on the main peak.
in units of eV" and power in arbitrary units on

the logarithmic scale. The peak due to Az with

sin*(28,3)=0.1 is prominent.

Simulation of power spectrum

If sin?26,,=0. 05, 3kton x24GW x5yr ,
Mass Hierarchy can be determined with 1o significance.

L. Zhan et al.=> Mass Hierarchy could be determined if sin?26,,>0.
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Physics @ Am?;, 2" Maximum(L~150km)

Reactor Neutrino Oscillation
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No Back

KamLAND detects any v

E>1. 8MeV

grounds >8MeV
with

20Kton KamLAND pushes the

limit 20 times
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= Current =
6,5 DoubleChooz, RENO, Dayabay are going to start in 2010.

55in220,,=0.0170. 03 within a few years.

= Future =
* L"1.8km, High Precision 6,5
M™100ton x 24GW,, => 5sin?26,;<0. 01
= 6,; Degeneracy solution with accelerator
=>» early sind detection with accelerator

* |=50km, M"3Kton x 24GW,,,
>High Precision 6,,;
=>Mass hierarchy determination

* L=180km 20Kton KamLAND???

|t is important to discuss about the future strategy taking [fnto acc
reactor—accelerator complementarity after the 1st phase &,; mgasuremer
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Back up slides
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‘ Merit & |Issues of this m%thod.

* Need not to know abso*m@# so precisely.
|t Is enough only to separate two peak positions.

. 3%
* However, a good energy resolut%%n,
’ JE (Me V)
BoreX | no case 5E ~ 5% Typical Spectral Response Characteristics

E . E(Me V) (R7600U-100/-200 Series)

improvement of light yield:
x1.5 more PMT
x1.8 with UltraBiaikali photodathode

EFFICIEN

oF 3%

= 7 _W can be aChIeVed

* Energy smearing due to recoil neutron energy |
& baseline difference may degrade performance: = =wwos
—> Need more studies for specifjc sites i
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Relation of mass, mixing & transition amplitudes
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He
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Vu ® Ve
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091012

1
m, = E(ﬂﬂ +U, —J(u,, —ﬂe)2 +4Af,e)

]
1 2
/ mzzi(,uﬂJr,uejL\/(,uﬂ—,ue) +4Aie)
24
\ tan26 = o

H,—H,

M = (pt, + 1, W (it~ 1, ) +44

F. Suekane@DBD09

/Q\
\)

N

/uy_:ue

25

24



091012

PAccel(Vu — Ve)e_) PA
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Reactor 6,3 helps to pin down parameters
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