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4. lntroduction
Dscillation parameters in Ny=3 framework

(amu , 05 ,]ﬂmszl 923 - S'ﬂn(ﬂmu ra, S)

o ) T
Ve + U KamLAND Vatm "thihgs +0 do
Amy, ~0 (10evy)| [lAms l:-2.5xfo'3e,v‘) e Tatire
sinz20,, ~ 0.8 SIN“20p3 > 1.0
amL_AND
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Final goal in v oscillation physics IS
measurement of LCP  (only possible forLMA)

PVOb(gﬁ) ol ] = CHS(HZQQ SIHZQB alnzeza. Sln &

H-J % <o =~I0 unknown
wnknown

As a first step, we need to know

the magmmde of sin20:
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2 Reactor measwrement of Qi3

F. Suekane
K Tnoue

)

are thinking 0T the
possibity to measure Ois

by a reactor experiment

at Kashiwazaki - Kariwa

Nuclear Power Plant .



Experimental Conditions gfar- @zg

Optimization of Baseline
SK Result: A7, ~2.5x107¢V?

Am*L
[ £(B)o(E)sin’ TE dE = max

U
[L~1.7km]

U
N ~150/year/target-ton/GW

[

1% stat. error/year

U
=70[ton*GW ]
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Reactor Site Powers (Top 10 + neutrino reactors) W |

{
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Site Name (Country): # of react
Kashiwazaki Kariwa (JPN):
Zaporozhe (UKR).6
Gravelines (FRN):6

Paluel (FRN):4 §

Cattenom (FRN):4

Bruce (CAN):6

Fukushima #1 (JPN).6

Ohi (JPN):4

site name

Fukushima #2 (JPN):4
Pickering (CAN):8
PaloVerde (USA).3

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

': 2 D E{:? Krasnoyarsk
0 ] 2 3 R 5 o 7 8 9

Power (GWe)

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

Kashiwazaki-Kariwa NPP (24.3GW,,)
U

Largest Nuclear Reactor Site in the World.

Net{ M,,,...~2tons
i
detection efficiency (=Just CHOOZ size).

for 80% reactor and 70%



Issues at CHOOZ and solutions
(1) Systematic Error=2.7%
rate prediction: 2.3%

Come> % S 5
From | detection efficiency:1.5%

Solution:

Identical Front and Far Detectors

U

most of the systematics cancel out



How good 1s the cancellation?

Study BUGEY (3 1dentical 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%
i 1.9% —0.6% 0.8%—-0.3%
L  0.5%-0.5%
= 3.5%-51.7% 1.5% 50.7%
Total 4.9% —2% 2.7%—>0.8%

(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%.




We assume  here

24.3 GWth
R0% oi?eration e‘F-Ficiency

70%  detection effi c't-ency @ [-= .+ kM)
__=0.3 km

energ spectrum: |4 bins of 0.5 MeV Amye=25xloev"

Results :
in the negative case

Excluded rﬁeS‘lon (analysis w/ d.o.f. = )
Csys=2%%, = tyr
Sin©20,3 £ 0.027
Osys = 0.8%, 20 t-yr
sin*20,; < 0.013

in the affirmative case
The exper}mental error In  Sin“20s

IS almost independent of the central value
Csys= 2% , 5 t.yr
5 (sIn®283)= 0.03%
Gsﬁ = 0.8% , 20C-yr dotf. =2
> (sin*28i3)= 0.015

[+ JHE determines Am% to 10 eV®
then amalysis becomes approximately |~ dimensiona
(W.r.t. sin®*20; Orﬂy)
— Osys = 0.3%, 20T.yr
S (sin*20i3)=0012 (dof.=1)



excluded region
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Gsyssy% 8%, 20t-yr

Gsys = 2%, ooteyr

= 0.8%, cotsyr
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|Am#%, /eV?|
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15 (sin*20:3) =0.034l

sin? 20,,=0.08
SII12 291 3=0-07
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Sin2 2913=0.05
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|Am#%, /eV?|

]IcS (sin20s) = 0.015 |- 0012 (dof.=1)

sin? 2913=0.03 e
sin? 2043=0.07 —
Sin2 2913=0-06 R
sin? 291 3=0.05 —————e
Sin2 2913=0.04 —
Sin2 2913=0.03 —
sin220,,=0.02 ——

0.01 | , : | | :
(b) osys = 0.8%, 20teyr
0.001 5 _:
allowed region of analysis
@ 90%clL with dof =2
0.0001 : 1 L !

0 0.02 0.04 0.06 0.08 0.1
sin? 20,4



3-1. Parameter degeneracy in (Sz3, sin“20ss) F"aﬁen%

Even H: PE P(V,.L'ﬂ"‘Ve) and PE P(?F—B_f/qe)
are qiven, there are in general

R solutions.

3 kinds of degeneracy
[+ Intrinsic (8,013) Bu_rguet—CaSJCEH et 3| (0)
e 3'\91'1 (ﬂm‘:l) Minakata- Nunokawa (‘o)

&' Qs < Z 02z Fogh"' Lisi PRDS4('96) 3667
Barger - Marfatia - Whisnant(02)

IE’-— fold degeneracy

Here 1 AsSsSuume tha‘t accelel’ator beams
are approximately monchromatic.

Experi mental errors \n |on9 base |ine
exPeriments are not +taken Into account

T will show how the 3-fold degeneracy
is |ifted by switching on :

@ DMz
O 4 |’ AL
(A= JZ QreNe)
("l:\ney are all small @ JHF e::cperiment)
Sin1291320.q2— Amz 2 AL L
ams |3 2 '3




Here I visualize the R®--told degeneracy
by using the (Sz, Sin"20s) plane step

by step. - jmi _Z_L_
On-5 | Amy ARG | 0,058, (8,60 | signiams)
@) =0 =0 | =0 | degen. | degen. | degen.
(b) %0 =0 | =0 | lifted | degen. |degen.
(c) *0 *0 =0 || lifted | lifted | degen.
ool xo | 20 | w0 | lifted | lifted | lifted
@om| ¥0 | %o | %o | lifted | degen. |Gegen:

3

|4
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(b) 652X, Am2.=0, A=0

P= P-= given

Sin22013
P-_-. ? = S'z‘;- Siﬂ?—Z@B S‘lhi(d;nil—)
San = \ iJl;@‘f‘“ Known from

ot
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(c) 923'_"“-E : Amg1¢0, A=0

0
S|n22913
| (p+P sl ok o pp\2 "
" ‘ 2 B .
Cosiﬂ( 2 L snd - ?ﬂ)*“ S‘!ﬂid(z. ) — (2'1(3& Slﬂﬂ)
quadra'tic €q. T x = Sa3 SiN20i3
— dm"‘ -
g’_ ﬁm}; Cz3 3!“2@[2
A= AmzL
4E

= ®
| +4 > sn*20z23
A Z




(d) 92375% , Am5.20, A#0
off OM

2
(7).
05+
P, P=given
0
Sin22643
l (P‘ x.l'FFFJ?‘-"' %131 P __x.t_]:_(:t)—'_'_%igz
4-oosA .S:(-T-J 'f'(i}
l P_I:u.{(*}__la'?.g?. F_x?.f{i)ilalgl)z )
+4— SINA ( £ & - 'S'm "‘ (2 x Léf%)
2| 20 = 1h20
‘Forl Iﬁ‘malizo :x:_- ‘c‘j:;;m l3| "
quadratlc in = S| C2» SMZ0r
= Am3 L
e B —— = (A £ ALIR)
: e *)_ Sinh )
S - Lﬂ'.. |- Sm12913 -j: = --l £ EL/Z&
= 2 g= Sin(ALI?)

AL/24
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(e) 923¢£ : Amg-'-‘f-'o, A+0
@OM (&r=--Z%)

llnear 12 x* x= 1%31712&3
&= &mi':;.l C23 Sin20)2
— &) _ cos(AL/2)
Sa3 = | £ 1 5in"26z -~ | ¥ AL/
s > g= 3in(ALI2)

AL /TC

>0

o



P=0.025, P=0.035 —
. P=0.035 MmN
P=0.025 [ 1

0.8

04

2
Am3z, > 0

0.2 F
L=295km 2
g e
_. E=0.6GeV @O
$ 0 o._S o.__up a.ma o.rm cr 0.12

sin22043




Sin20o3

0.4

0.2

ﬁ D-._._wd <0

L=295km
E=0.6GeV @O_S

P=0.035 NN
P=0.025 | |

P=0.025, P=0.035 = _

|
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@ Oscillation Maximum (45—~ &) =

P=P(ore)= X$ - 2xy Fgsin &+ 49
P=P(=le)=TF + 22y Tg sin & + f9°
where L= ;3 SiﬂzelS

0 . AMS;

‘a' = C 0-23 SIHZQIE ; c = l dm??_

fl. cos(ALl2) _ sin(ALR2) ,_
{?}“ ¥ ALt , 9% TAlk It

When P g;l_"_ are 9iven one can show
RS e el b 'ff

SN 29!3 ‘am}po Smlze'; Amg<o ¢51§ 'ff 'F+'f
-For any @23 l{ lAL{?—K‘:l

|
‘WS&Mm‘mﬁxsaw'?smlza'?{q -0 ~{esezn, @D

L -4 P)_.,\ L (p-p) ~ 510

if P=0025,P=0035, L=245km, e=Fxio eV 1
LSXIDNV

A= !qno Em



29
3-2 . Resolution of 0n9%~0x degeneracy |2

by LBL ® reactor et Fogli ~Lisy PRDS4('9%) 3663
Barenboim - de Grouvea ¢ 02)

Owr scenario
. JHE vep @ Osdllation Maximum

D
- reactor experiment (@ Kashiwazaki ?)

From UuoVu @IJHF we will know that Oz satistie s
either of the Tollowings : )
(A) | |-sin20:3| < afew xIO

(B) | I-sin*26s| > afew x 10

(A) with JHF v®&U @OM
The situation |ooks like the Upper

2
Sa3 'fiaure,
=== —= The precise determination 0T true
sin20i3 1S difficult, but the

= values 0F sin*20s for the 4
sn203 solutions are approximatelyﬂe same .

(B)zwith JHF v® U @OM
SEA The values O‘F SIIHLZ@:s ‘FOr @23 ‘(%

arnd O > F are quite difterent

and it may be possible to

| = determine the true value of

——> sin“20 I the error

e Sre (Sm20i3) 0f the reactoy exp.
is smaller than the ambiquity
dde (Sin*20)3) due to the degene racy.

= TU— e— T—
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- L=295km

E=0.6GeV
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37 E.
25

P=0.025, P=0.035, bae >0
™ P=0.025, P= Dowm Am3, <0
2 | 1 | 11 1
g | w_
c O — =
» | 4 - Oge(sin®2643) | !
_
|
|
o3 - -~ o
real solution _
|
|
L |
€2, === ==~~~
- L=295km __ “ >
Ny == dusin2201g
_ r
0 L | _ | ;_ ; |
9 sin%2043 sin®2073

0.12

sin22013



1S

Ede (sin“203) - | sin*20i3 — sin*20s3] 26
sSin%28;s B Sin“20i3
2 amZ\ tanALR) . (AL\VT o =2
= | I-tane|-{ | + (408) SRR [1- (ALY T sirt20re )
~ | I-tan Ox]

&G(Siniz&g.,) = ambigwtty dLle to The
O © 5 -0z degener'acy

l | 92::),-::75/4 e
0.8 |
]
D 0.6 +
N
o=
©
E 0.4 -
0.2
D - ] ] ] |

0.9 092 094 .096 0.98 1
sin22094
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ambiquity due to the degeneracy
Sde(SmiZ@lS) = \Siﬂlz@la = S‘Iﬂ’lZ@:;l
. RS
1 | . 2 1 | bes't -ﬁt Case
-=0.028, sin520,,=0.09 —
E:0.0ZB, sin§261g=g.gg ----- for Ve % }Jatm
ﬁ:gilgi 222;%3]3;0205 — — . /most pessSimistic
5T e=0.12, sin 2913=0.03 ----- case QO%CL
(b) LBL for Ve & Vatm
v 2
06 | > for most values of sn2hs
{*-.. it can be approxmatd

0.4

84;:|e(5i“22913) | (SiN*26013)average

as [‘ZCDSZ@ﬁL

- R . e

. et

0.98 1



error In the reactor experiment
Sre (sIn*20:2)

Sre(ﬁlnlzé?)la)
Ogys = 2%, 5teyr, d.0.f.=2 === 0,034
Ogys = 0.8%, 20teyr, d.0.f.=2 == O.0 |5
Ogys = 0.8%, 20tyr, d.0.f.=1 ==  ©.012

1 I I | |
b ‘ (a) reactor
o 0.8 [ -
&
=
@D o6} y
D
N 04 -
=
L
e 02| -
R
0 | 1 | ]

0 0.02 0.04 0.06 0.08 0.1
sin20,,



4 Sui—nmary 29
Reactor experiment on O
*¢ much cheaper I “han JHE
may be done earlier
% S'eﬂsil'tivity
Sn"20 2 0013 for Gsys=0%%, 20 ton-yr (dof=1)

@ KK = NPP

* free from degeneraay
£ sn20,s < 0.9% ¢ §in“20i3 2 006

then a reattor experiment may be

able to deter mine sm 203 & sz;

Lor the true solution.
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Sin%20

For reactor V, at 1 km:

Sin?20 = 4U % (1 = UZ) =~ 4U£’;1

Ve = Ug Vi + Ugz va F Ue V3 Ues = sin B3






