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1. Introduction Am;, >0 AmZ, <0

— nﬁ m2
v oscillation :mf

2 . o[ AmcL
P(v, > V,)=sin zesm( s j :g "

solar v - KamLAND

= Am3,=7x107eV, sin’26,,=0.9
atmospheric v « K2K

= |Am:,|=2x107°eV?,sin’20,, =1.0
CHOOZ

= sin?2 0,; <0.2

Next things to determine: 6., and 6 (CP phase)



Naive argument on measurement of 0 ,,

2

P(v, > V,)=s3,8in*2 91asin2[A2E2Lj+ correction s

0 .; can be deduced

Naive argument on measurement of 6

i AmiL AmiL) . (AmiL
P(v, >V,)-P(v, >Vv,)= 2Jsm( ar jsm[ T L T

J=sin6sin2 0 .,sin2 6,,8in2 0,

6 can be deduced



2. Parameter degeneracy

Even if we know P(v,—>v,) andP(v, »>v,) ina
long baseline accelerator experiments with
approximately monoenergetic neutrino beam, precise
determination of @ 5, sign (Am?;,) and 6 is
difficult because of the 8-fold parameter
degeneracy.

intrinsic (6, © 45) degeneracy
Am?,,-Am?,, degeneracy

0,3 M /2- 0,5 degeneracy



off OM (|AMZ,L/AE]| # 7i/2)

8-fold degeneracy

P, P=given —

Matter effect: Sin22013

1/2
Am’L L|(Am® W) (Am? : Vv
aF —>2H oF c0329+AJ +( oF sin2 ej ] for (vj
A=2GN, =(2000km o0 /2.7g.cm 3]
— not significant for L~300km




Resolution of the degeneracy

A long baseline accelerator

experiment at Oscillation Maximum:
+

A reactor measurement of 6 {5

Amj.L

Ay, _ T
4E

2

. . o Am3,L
4E
@OM(|Am3,L/4E| = t/2) LBL(®) + reactor(/ )
i ,/Amgl >0 R
0.5 AmZ, <7 0.5
P, P=given P, P=given
0 0

sin22613 sin22013



3. KAShiwazaki-KAriwa plan (KASKA

kaska = faint or very little

(in Japanese)

Kashiwazaki—-Kariwa nuclear
power plant (in Niigata pref.

24 GW,,,: the largest in the

world

Collaborators so far:

Tohoku U. (2)
Niigata U. (4)

Tokyo Met. U. (3)
Tokyo Inst. Tech. (1)
Rikkyo U. (1)

Hokkaido Electric Power Co. Tomari Muclear

Power Station

Unit 1,2{operating)  Unit3{construction preparation in progress)

Touhoku Electric Power Co. Maki Muclear Power Station
Unit1{const ruct ion preparation in progress)

Tokyo Electric Power Co.
Kashiwazaki-kariwa Muclear Power Station
Unit 1,2,3.4.5,8, 7{operat ing)

Hokuriku Electric Power Co.
Shika Muclear Power Station
Unit 1{operat inz)

Unit?2 {under the construction)

Electric Pover Development
Co. Ohma, Muc|ear Power
Station (construction
preparation in prozress)

Japan &tomic Power Co. Tsuruga Power
Station  Unit 1,2{operating)
Unit3, 4 (construction preparation in progress)

Fuzen Power Station{operat inz)

Japan Nuclear Cycle Development Institute
Monjvu Power Station{under the construction)

Touhoku Electric Power Co. Hizashi-

douri Muclear Power Station Unit
{under the construction)

Onazawa Muclear Power
Station Unit1,2,3
{oparat ing)

Japan Nuclear Cycle Developnent Institute ‘I Touholku Electric Power Cao.
S enida

Kanzai Electric Power Co.
Mihama Power Station Unit 1,2,3(cperat ing)

Kanzai Elecrtic Power Co.
Dhi Power Station Unit 1,2.3,4{operat ing

Kanzai Electric Power Co.  Takahama

Power Station Unit 1,2.3,4(operat ing)
Chugoku Electric Power Co. Shimane Muclear
Power Station Unit 1,2(operating) Unit3
{oonstruction preparation in progress

Chugoku Electric Power Co.
Kaminozeki MNuclear Power
Station Unit 1,2
{construction preparation
in progress) ¢

Kyushu SJS
Electric
Power Cao.

Ikata Power Station
Unit 1,2,3(operat ing)

Tokyo Electric Power Co.
Fukushima-Daiichi
Huclear Power Station

a lnit 1,2,3,4,5,6
{operat inz)

Tokyo Electric Power Co.
"' Fukushima-Daini
‘- Muclear Power Station

nit 1.2,3,4{aperat ing)
| hari %aEan F.?.tomlcS:tP?»\'er Co.
A okai Power Station
’a' 4 k‘a Unit 1(End of operation)
) 2 .' Tokai Daini Power
o

=3 Station Unit 1{operat inz)

Chubu Electric Power Co.
Hamaoka Nuclear Power Station
Unit 1,2,3,4(aperat ing)
Unith (under the construction)

Shikoku Electric Power Co.

Genkai Nuclear
Power Station
Unit 1,2,3.4
{operating)

K;'u%hu Electric Power Co.
Sendai Muclear Power station
Unit 1.2{operatinz)




@Mo ntoring Post

i "l

-,
-

—— p T T—

To cancel the correlated error, more than 1 detector is required.

Treactors+3detectors— sensitivity of sin“2 6., =0.02
L;,,=1.3km, L ... ~0.4km



L W 608 0.024

contour plot of sin?2 @ ;5 with 20 ton-yr, 0,,=0.6%



Sensitivity to sin®2 6 ;5 at KASKA

0.1 ¢

exgglJ/S'gLn Senzsitivity at JPA?I,RC

PR (sin220 45 ~1073)
da-o ). is far better but
reactor experiments
are complementary.
Although KASKA
consists of multiple
reactors, extra
ambiguity does not
arise.

0.01 ¢

|Am%; /eV?|

0.001

| CHOOZ (2d.0.f.) —
- Ogys = 1.0%, 10teyr ——
Ogys = 0.5%, 40teyr ——
0.0001 - N
0.01 0.1 1
SinZ20,




4. Lower bound on sensitivity to sin?2 0 15 in reactor
experiments and possibility of its improvement

| will discuss systematic limit:

*n2 e 2 I
(Sln 2 913)sensitivity 2 (Sln 2 913)ﬁmtony

(equality when # (events) — «)

case with 1 reactor + 2 detectors

. sys only \/27\/2 c,.u
(SIn 2 913)Iimit — D (Lfar) _D (Lnear) @

where o uncorrelated systematic error,

. o AmZL
o ®1E ¢ @sin (45}

_ [ sin? AmZLj
D(L)—<sm [ 4E >— jdE o (E) f(E) € (E)




(sin 2 2 913 )sys only

limit
_ V2720,
- D (Lfar) -D (Lnear)
> ‘VZZ?"" (equality : L., =1.8km, L. =Okm)

-280,
-0.017 (if o, = 0.6%)

0.8 |

0.6

—  With 1 reactor
+ 2 detectors,
sensitivity cannot be
better than 0.017!

(sin?(Am?2L/4E))

04 r

D(L)=

0.2

0

| | | | |
0 500 1000 1500 2000 2500 3000

L/m
0 ,=0.6%: extrapolation from Bugey+CHOOZ

(0,<0.6% seems to be hard to achieve.)



case with N reactors + (N+1) detectors
(sin228,, Jus
_J27{1+1/Ng,
D (Lfar) -D (Lnear)

2mwn/Ncu

0.8
-200, (fN>>1)

-0.012 (if o, = 0.6%)

(equality : L., =1.8km, L, =Okm)

—  With N reactor
+ (N+1) detectors,
sensitivity cannot be
better than 0.012!




Possible way to improve sensitivity
(theorist’s personal speculation)

If one puts n near detectors and n far detectors
with the same g, then theoretically sensitivity
becomes:

min (sin?2 6., ),‘“;Vm*;f“'y =280,

min (sin22 6, ;;f;f"'v 2 B\f

Assumption: & is independent of n. (Is it correct?)



Conclusion

Measurements of 0 ,5 by reactors
are free of ambiguities of the parameter degeneracy,
and may enable us to resolve the ambiguity
which occurs in the LBL experiment.

Sensitivity to sin®2 8 15 ~0.02 is obtained with a
24.3 GWy, reactor, 40 t-yr, o4,= 0.6% (KASKA).
This is close to the naive lower bound
of (sin?2 8, Ji ™

Sensitivity may be improved by increasing the
humbers of near and far detectors.
— Dependence of o, on the numbers has to be
carefully studied.



