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4. Introduction
Dscillation parameters in  Ny=3 framework
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Final goal in V oscillation physics 1S
measurement of L7 (only possible forLMA)
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As a first step, we need to know

the ma(.]nimde of  sin20:
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2 Reactor measwrement of O3
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are thinking of the
possibity tO measure Oz

by a reactor experiment

at Kashiwazaki - Kariwa

Nuclear Power Plant



Experimental Conditions Jor @t;

Optimization of Baseline
SK Result: A7T,,~2.5x107eV?
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Reactor Site Powers (Top 10 + neutrino reactors)
Site Name (Country): # of react( [

Kashiwazaki Kariwa (JPN):7
Zaporozhe (UKR):6
Gravelines (FRN):6

Paluel (FRN):4
Cattenom (FRN):4
Bruce (CAN):6
Fukushima #1 (JPN):6
Ohi (JPN):4 FECREEERR .
Fukushima #2 (JPN):4 (e S B G
Pickering (CAN):0 | s oo i _ ;
PaloVerde (USA):3 s

site name

Bugey (FRN):4
CHOOZ(FRN):2 [ |

kk&l)efﬂ? KrasnoyarsH iSama | . i i | |
TN SR B BN S R R

Power (GWe)

(Overvies of the World Nuclear Power, Nuclear Tféining Centre Jozef Stefan
Institute (Slovenia); 17.Sept.2001)

Kashiwazaki-Kariwa NPP (24.3GW¢})
U

Largest Nuclear Reactor Site in the World.

M ~5t0m

Traget —————/

Net for 80% reactor and 70%
detectloﬁﬂeffwlency (=Just CHOOZ size).



Issues at CHOOZ and solutions

(1) Systematic Error=2.7%

Comes.
Srom_

% rate prediction: 2.3%

detection efficiency:1.5%

Solution:

Identical Front and Far Detectors

U

most of the systematics cancel out



How good is the cancellation?

Study BUGEY (3 identical detectors) case

Bugey detectors are modular type

(Intrinsically worse systematics than bulk type)

Example,

BUGEY Case: CHOOZ projection:
(modular detectors) (same fraction assumed)
of, 2.8% 0% 2.1% 0%
N, 1.9%—0.6% S92
LY 05%-85% |
& 3.9% -51. 1% 155 %0 =S
Total 4.9% — 2% 2.7%—50.8%

(Kr2Det expects o= 0.5%)



CHOOZ detector is (in principle) Movable.

If front and far detectors are exchanged during
the experiment, the individualities of the
detectors are canceled and it is expected that the

systemetic error is further reduced to~ 0.5%.
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We assume  here

243 G Wtk
0% oFeratlon e tficiency

F0%  detection eHiciency @[tilditw")

energ spectrum: |4 bins of 0.5 MeV Amse=2.Sx10eV"

Results :
in the negat'\ve case

Excluded region (analysis w/ d.of. = 1)
Ssys= 2, B L
Sin®20,3 € 0.027
O’S),S = 08%, 20 Ly
sin®20,;3 < 0.013

in the affirmative case
The exPerimental error n  Sin“20s

1S almost Independent of the central value
Osys = 2% , 5 tyr
8 (sIn*2813) = 0.03¢%
Ssys = 0.5% , 20t yr dof =2
> (sin%28i3)= 0.0I5

I+ JHF determines Am% to 10 TeV®

then analysis becomes approximately |- dimensiona|
(w.r.t. sin®*29s On]y)

=3 Csys = 0.3%, 20t.yr
S (sin*20)=00(2 (dof.=1)
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Sil‘l2 291 3=0.03
sin220,,=0.02

> 0.012 (dof.=1)
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@ 90%cL

(b) Ggys = 0.8%, 20t-yr
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3-1. Parameter degeneracy in (S55, sin"20s) P\’GY\EB%

Even £ P=POk>Ve) and P= P(V)e)
are qgiven, there are in general

R solutions.

3 kinds of degeheracy
- intrinsic (8,01 Burquet — Castell et al (01)
+ SIgN (Amsi) Minakata- Nunokawa (‘0D

K' Gus' i@ ln Fogli-Lisi PRDS4('76)3667
Barger - Marfatia - Whisnant(02)

I@-— fold degener acy

Hel’e 1 assume that acceler“a‘tor beams
are app roximately mon chromatic.

E)(Ferlmen‘cal errors n \on9 base line
experlments are not taken Into account.

T will show how the g-fold degeneracy
1S |1 ted by switching on .

.- AMz)
923 “+ 5 Ame |’ AL
(A= VZ GrNe)
(they are all small @ JHF exPenment)
Sinlz@z':?.o.qz lAmz' lm AL I

Amil E



Here I visualize the %-fold degeneracy

by using the (S, Sin"20is) plane step

by step. o imiz %E
On-F | Amg |AZGHNe[ 0,050 (8,00 | signiamdy)
@) =0 =0 | =0 | degen. | degen. | degen.
(b) %0 =0 | =0 | lifted | degen. | degen.
(c) *0 *0 | =0 | lifted | lifted | degen.
of é‘gM *0 %0 20 | lifted | lifted | lifted
© ga)M %0 | =0 | =0 | lifted | degen. S’e'g‘;f,t
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(b) 9237{—'2& 5 Amg-l:O, A=0

P= E: given

sSin22013

P=P=52 sin2l: S (de'L)

| 41 -Gin"283>
Z

<— known from
e

813 =
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 (€) 6,3%2E, AmZ,#0, A=0

% P, P=given
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cos‘A(Pz ~ - taz-A)‘levm\z ) = (2244 sind)
quadratic eq. in e Szazslnzelg
a= “2’;2 Czs SM20i2
i
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4E

= j | +41 - sn*20z3
S23 = >
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(d) 6,5% %, AmZ;20, A%
off OM

2
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Sin22043
l {P" x?._F(:FJ?:_ %18?_ F_x?.{_(i)':'_ .2.2
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l (P—f’fm—%zg"‘ -P-_xv._i;(ﬂ.-)i,azgz 2 -
4 sinA & " 'E'(i) ) = (2 I%%)
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qu,adrat!c in x* = —3—% Caa SM20:12
A= Am3L
4E
st ZJ | J\ ZSW\ 2913 f = = AL/ZA)
9= sin(AL/2)
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(€) 0,5% T, Am2.0, A=0
@OM (“5=-7)

xXr= 823 Slh2&3
%- Amz' I Co3 Sln2@|7_

linear g e

£ _ cos(Ale)
| + JI—sin"2023 = | F AL/x
S23 = g = sin(ALI?)
- T AL
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@ Oscillation Maximwm (AQ;L - %) 2z

P=P(Yere)= X+ = 2xy Fgsin 8+ 4'¢
P=P(2te)=LTF + 22y Tg sin &+ §9°
where L= S,35in20i3

o : am
3’-‘-—' e 023SIY‘29|2_ E= ‘ dng!f'
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When P&F_ are given one can  show
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for any O i {\[{AL/2[<<|
bt 4 f‘f ()"
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esolution of 0o3 -0z degeneracy %

Dy LBL®D reactor of . Fogli ~Lisi PRD54(%)3663

Ow

From

Barenboim - de Grouvea ( 02)

r scenario
TJHE vep @ Osdllation Maximum

@
reactor o.xPer)ment (@ Kashiwazaki ?)

Un©Vu @JHF we will know that G satisties

either of the followings :

(A) | -sin20s] < afew xI0°
(B) | |-sin*20es| > afew x (07

(A) with JHF V®&U @OM

The situation |ooks like the Upper

2
S| "figure.
Emcame Ml The Prec]ge determination O‘F fi=Ene
Sin20iz3 is difficult, but the

s values of sin*205 for the 4

sm203 solutions are approximately the same.

(B)zwith JHF v D @OM
Sl The values of sIn“20iz for Qs <%

e e e — — —

and Q> % are Ciu,ite different
and it may e possib)e to
determine the true value of
> sn<20i If the error

W (sin*2013) 0f the reactoy exp.
is smaller than the ambiquity
Sde (Sn*20;3) due to the degeneracy.
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P=0.025, P=0.035, Amg; >0
P=0.025, P=0. 035, pag <0

L L=295km
E=0.6GeV

@OM | — — §re(sin22043)
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Sde (sin“20;3) = | sin*20i3 — sin*203] 26
Sin% 203 3 Sin*20i3
= amdi\® tan(ALR) 1. (AL o 200
—. “—‘tah 023[{ | +(Am§.) N [l-(?)]sm Z@lz}
o | I-tara|

See(s11°2013) ambigwity due to The
O, © 5 -0q3 degener'acy
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ambiquity due to the degeneracy
gde(SiY]zZ@l3) = \SiW22(9|3 — sin"20; |
o \ . yol el
(szzel's)average = :'Z-(Smlz&a-\- SIN 2(913)
1 T T T T :
S £=0.028, Sin220,3=0.09 —— best fit case
o £=0.028, sinzgeng.gg ----- for Ve % Vatm
@ £=0.12, Sin220,5=0.09 —— g
3 08 | 62012, 5in’20;3=0.06 — —  ({MOST ossimistic
’?2 £=0.12, sin 2913=0.03 """ case (?O%CL
@ -
I (b) LBL i for Ve & Vatm
c 06 (> for most values of sSn20s
K {~-..~ it can be approxlmatcd
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) s
N
N
S 02}
7
S’
Q
©
w O . | | 1
09 092 094 096 098 1

sin%20,,



28
error In the reactor experiment
gre (S\mzZGB)
Sre(Sllnzzgl's)
Ogys = 2%, 5teyr, d.o0.f.=2 0,034
Ogys = 0.8%, 20t-yr, d.o.f.=2 .05
Ogys = 0.8%, 20teyr, d.0.f.=1 m—————— N2

I 1 1

(a) reactor

o o o
o ()] (0 0)
| | |

0,(8iN?2643) / SiN?20,3

0 0.02 0.04 0.06 0.08 0.1
S|n2291 3




4. Suinmary 29
Reactor experiment on O
¥y much  cheaper kthan e
may be done earlier
¥ Sens'n‘civity
Sm203 2 0013 for G‘sy;=0.‘3%, ZO'ton-yr(d.a.f.—‘-l)

@ KK = NPP

* free from degeneracy
it ow2t. £0% ¢ sin®20i3 Z 0.06

then a reattor experimen'b may be

able to determine  sn“20is & Su

Lor the true solution.
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For 1e%m1 V, at 1 km:

Sin20 =4U%(1 -Uz) =~ 4U2,

Me =™ I'U.el N & UL” Va + UJ Vi UE.B = 51N 91?




