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2 Reactor measwrement of Qi3

F Suekane )
K. Inoue

are thinking of the
possibity to measure O

by a reactor experiment

at Kashiwazaki - Kariwa

Nuclear Power Plant .

Experimental Conditions Lor 6.5

Optimization of Baseline
SK Result: AW;:Z.SX 1073 eV?

2
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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% Issues at CHOOZ and solutions
Site Name {Country): # of react: /
Kashiazaki Kariwa (N} ; : SRR
- (1) Systematic Error=2.7%
Graveiines (FRN)®
Pl R4 po—_— { rate prediction: 2.3%
Cattenom (FRN):4 ome : e
. e (05 Fom | detection efficiency:1.5%
g Fukushima #1 (JPN):6
g Ohi (JPN):4
" ukubina 82 ()4 Solution:
Pckerng (CAN3 DO . T (. N
P (LSA)3 N Identical Front and Far Detectors
Bugey (R4 ||
CHOOZ(FRN):2 i | U
kvepeg T e e most of the systematics cancel out
0o 1 2 3 4 5 & 1 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.
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Z 3
How good is the cancellation? CHOOZ detector is (in principle) Movable.
Study BUGEY (3 identical detectors) case If front and far detectors are exchanged during
Bugey detectors are modular type the experiment, the individualities of the
(Intrinsically worse systematics than bulk type) detectors are canceled and it is expected that the

systemetic error is further reduced to~ 0.5%.

Example,

BUGEY Case: CHOOZ projection:
(modular detectors) (same fraction assumed) veplycx.
of, 2.8% —0% 2.1%—0% /‘\
N, 1.9%-50.6% 0.8%—50.3% & o @)
L*  0.5%—0.5% g Mar Far
& 3.5%—1.7% 1.5%—0.7%
Total 4.9% — 2% 2.7%—0.8%

(Kr2Det expects o,,= 0.5%)
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We assume  here

243 GWtn

0% oferation e-F#iciency
70% ficie @|L=17km
b detection effic ncy l F 3 km)
energ spectrum: |4 bins of 0.5 MeV AMns=2.5x 108V

Results :
in the negative case
Excluded r“egion (analysis w/ d.o.f. = 1)
Csys=2%, 5 tyr
Sin*20,; £ 0.02%
dsys - 0.8%, 20 t'yr
sin®28,; < 0.013

in the affirmative case
The experimental error in sin*20s
is almost [ndependent of the central value
Ssys=2% , 5 t.yr
8 (sin*2813)= 0.03¢
Gs),s = 0.38% , 20 t-yr
S (sin?*2Bi)= 0.015
I+ JHF determines Am% to 10 ev®

then analysis becomes approximately |- dimensiona|
(w.rt. sin*20s only )

= Gsys = 0.3%, 0t.yr
S (Sih129|3) =00| 2 (dO{ = l)

dof. =2

|Am,52/eV?|

excluded region

0'sys

|&”A

CHOOZ

= 2%, 5teyr

2%.8%, 20t-yr

ys = 2%, ooteyr

= 0.8%, ooteyr
RUS+OPERA
MINOS

0.1

o

(=]

—
T

0.0001
0. 001
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§(sin*20s) = 0.015 |> 0012 (dof.=1)

[§ (sin"265)=0.034

Sin2 2913=0.08
sin?20,,=0.07
Sin2 291 3:0-06
Sin2 2013=0.05
Sin2 2913=0.04

sin220,,=0.08
Sin2 2813=0.07
Sin2 2913=0.06
Sin2 2913=0-05
sin? 2913=0.04

sin?20,3=0.03
Sin2 2913=0.02

0.01 [ T T T T T T 0.01 T T T T ]
(@) osys = 2%, Steyr : (b) osys = 0.8%, 20teyr |
& —
3 >
Q20001 | 3 "o 0.001 | |
E Ny [
£ £
bl hs
- allowed region of analysis allowed region of analysis
allo@ 909ch9 witlay dof=2 @ 90%cL with dof =2
0.0001 4 L L 1 1 L L 0.0001 L 1 | |
0 002 0.04 0.06 008 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1

sin? 2913 sin? 2913
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3-1. Parameter degenersacy in (S5, sin*200) plane” 1=
Even if P=P0j=Vve) and P= P(\_/;,—zﬁe)
are given, there are in general

R solutions.

3 kinds of degeneracy
Burguet - Castell «f al (o)
Minakata- Nunokawa (‘0D

Fogi-Lisi PRDS4('96)3667
Barger - Mar-fatia - Whisnant(02)

- intrinsic (8,8:)
-+ sign (ams)

+ Onn © %"923

g-fold degeneracy

Here 1 assume that accelerator beams
are approximately monchromatic.
E){Perimental errors in long baseline
experiments are not +aken into account,

T will show how the g-fold degeneracy
is lifted by switching on

AmM3;
Ou-F, lAmJ AL
(A= EﬁrNe)

(they are all small @ JHF ExPerimenlt)

o Amz | 1 AL —
sin 20237042 o 5 T

Here I visualize the R¥-fold degeneracy
by using the (S3 , Sin“20s) plane step
by Step.

4
AMal
W — AL
6 Arn,t‘ -]
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\%

Os-F | Amy |A=RGHNe| 0,056, (5,00) | signiams)

@) =0 =0 =0 | degen. | degen. d@gen.
b) 20 =0 =0 lifted | degen. degen.

() %0 | %0 | =0 | lifted | lifted | degen.

)

offOM| *° 20 %0 | lifted | lifted | |ifted

(e

. almost
@om| *° %0 | =0 | lifted | degen. | jogen.
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(a) 923=%—, Am2,=0, A=0

P = ﬁ:given

sin22043

= P = Sz; S'lnzZGI'a Slh
p=7 S : ,
[ A

% |4
15

25 [[5_6
(b) 8,5#Z%, AmZ,=0, A=0
P= P =given
0 -
sin22013
P: ? - S'za,z S'WF-ZQB Sllhz(dzaél_)
g lg SN2 2 s~ Kknown from
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2% |6 27
& z

(C) 05%2%, Am3.20, A=0

sin22013

f (P+F
Ccosa\ 2

SN z_z?_ i P‘w'?;z Asi D)z
i ISMA‘L&A)*“S{WA_Z_ — (21% n

quadratic €q. in x* x= S23 Sin20s3

‘1 r
g AMzi | 0,5 sSM20i2
am3
A= Amaul
4E

e J | 241 - sn*2023
37.3 e 2

(d) 923¢%, Am2.20, A+0

off OM
o™
o
N
05+
P, P=given
0
sin22013
| (P gy . P+ Mgy
4o\ £ @ @
(et R
4 sIn‘A £ 5 @)
24 >0 x = Se3Sin20i
'For' A_”’"{(O S= A C2s smZ0z
quadratlc T R e = lamg 23 S !

A= AmiiL

813 =

I F AL/24

AL/24

4E
T @_ sin(AxALIR)
J | = - Sin1Z913 j: - —
-
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2|8
19
(e) 6557, Am2.20, A=0
AmdL _ T
@OM (4%=-7F)
-0 O WO =
8383
~E=-K-
nmn_ m n
N[ N[Ny . R 18
— gl'? ©
P, P=given S . &
0 E e (\é
sin22013 _ = B
o sy RSV for ami {20) Q 13
e S ~ -
linear in x* o~ szsmz&s, A E
Y= |A"':éll C23Sin202 5 A le) 8 1 §
g cos(BLi) NE"’ i
| & JI—5in*2023 - | FALI® non
Sz = 2 g= sin(ALIZ) <] - L
= AL /T L L L =]
or €¢gzUuls
b1
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P=0.025, P=0.035 =

0.035 M. .
0.025

P
P

0.12

=

g .

& ®

>

v 53

' am 2@
E 949

< - W

i
€egzuls

0.06 0.08 0.1
sin22043

0.04

0.02

3 : . 2
@ Oscillation Maximum (4% %) P

P=P(vre)= = 2xyfgsin S+ 49

P=P(Gle)= LT+ 21y Fg sin & + 479"
where X= S;3 sin20;3

I

. A 2
d= €Cy;sin2b, €= ‘_a':f—s'?
Fl. cos(ALl?) _ sin(ALR) |
{F}_ | ¥ AL, = ALITC JA_J_Z_&FNP'

N

"WSLLM;,J

sin‘2 Salm},q/ N sin20s Idn;po
When PP are 9iven one can show
2 . 5 = -4
-For any @23 I'F lALf2l<<l
_____,__, ('Zflr-] R
" X Sa l‘l"'a’i@ m&xS;Lm € S|n120.; 3‘ -F+'T5 sin"28y, n]T(P
~ O 3
if P=0.025 P=0035 L= 25 km, c—M e

2.5xI0 QV
A= quOEm
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3-2. Resolution of On©z-0s degeneracy =
by LBL® reactor of. Fogli ~Lisi PRD#(%) 3667 e
Barenboim - de Grouvea ('02) . o . : =
0 ! N
Ouwr scenario i s Y
« JHE vep @ Osdllation Maximum !, ?}; | £
- reactor oxperiment (@ Kashiwazaki ?) : Sl 2
. g oo ! bO___N
From UpoVx @IHF we will know that O satisties AV :._.7\_; _________________ e . NLE,
either of the followings : , N<ET§J g i :
(A) | |-sin203| < afew xI0 .ty -, 5 g
' - oo, - — 1 iz
(B) | I—Sln‘Z@al > afew x 0> S 2T 3.% =
U @ o
(A) with JHF v@U @OM aa. /oé’ - S b
The situation looks like the Upper AP e i 1 g )
= figure 881 e ® 1%
=====Ng—=== The precise determination 0 true o ! g i .
sin2Bis {s difficult, but the oo | 3 . E® =
| —>  values of sin*20s for the 4 - Blwr 9 i ﬁg S
sn283 solutions are approximateiyﬂ'e 5ame. Vn @ " &’O@
(B) with JHF vo U @OM o) | = N
Sz The values of sin“20is for O <% i - 3y . _
o Ne____ andBxa>% are quite different - 0 9 P
and it may be possible to SZBZUIS o »
______ S determine the true value of
| —> sin*28is I the error
- Sre (sin“2013) 0f the reactoy exp.
s smaller than the amblgu.‘t)/ ‘%Z_ﬂ ?

dde (Sin*2013) due to the degeneracy.
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. , I3
Sde (sin“20;3) _ | sin*20i5 — sin*20) 26
o 2 sin®20;s . Sin*20:13
' s & 5\* tan{ALl2) L
2 Ay an z " %
Sl - ]|--ban(9¢3[<{ | + (A";:) o [1- (BT sin 25‘;2}
: | .% ~ | I-'tant@al
2 See(5iF20:s) : ambiquity due to the
as]
o = o On © 5 - 023 degeneracy
AV Lefmmmme et aaoe- o8 —
B0 LN NOB
EE & - c
v = )
88 R
Qe o )
? CII' : 0 m ke 1
[« N].8 ) =) ' R P 7 —
_________________________ s i e e — 7N
S [ %_ (] L’ B L‘ 823:-7'[/4 e
N | - 1.E
oo i 7] 0.8 |
T i
aa i BB —
i X (5= | S0t
' . 399 N
. Ne® -
i —w -
1 L l 1 o -
- (] «°
) 0.2
€cpzuls
o 1 1 1 1
09 092 094 .09 0.98
sin2203
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ambiouity due to the degeneracy

error in the reactor experiment
Sre (s‘nnlz&s)

See(sin'20s) = [sin*20s — sin>20 |
: o l P ‘n” G, V2
(5200 )average = (i 202 ) Sre(sin2Bis)
Ogys = 2%, Steyr, d.o.f.=2 0,034
Ggys = 0.8%, 20tyr, d.0.f.22 = 0.0 15
Ogys = 0.8%, 20t-yr, d.0.f.=1 m— O.0l2
N 1 T A T T T
1 . ey, ' best fit case
b2 £=0.028, 8in-20,,=0.09 —
g £=0.028, si20,5=0.03 -~~~ for Yt Pae (a) reactor
e i =0.09 —— SR ]
] £=0.12, s!n229,3 £ pessimis tic ®
% 0.8 + E=0-12, S|n22913=0-06 — mog fas) 08 |
en £=0.12, sin“2043=0.03 ----- case 0% CL CC““
3 Ve & Vatm [
& |(bLBL [ %l
& 06 ' > for most values of N3 - B
» {===_ it can be approximatd >
S
-~ as [zcoszezal_ & 0a |
“= 04} ™ ol
S k=
N <
c k Qo2
= 0.2
s 7@
e’
]
7) sk by ke q===== 0 . : : '
c.0.9 092 094 096 098 1 0 002 004 006 008 0.1

sin%20,; sin%20,,
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3
4. Summary 29
Reactor experiment on Ous
#¢ much  cheaper Kthan JHE
may be done earlier
*# sensitivity
Sm20z 2 0013  for Csys=0%%, 20 ton-yr (dof=r)

©@ KK = NPP

% free from degeneracy
¥ sin'20.s < 0.% @ sin*20i3 2 006

then a reactor experiment may be x far

able to determine sin"20is & Sa

{for the true solution.
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[ RE‘.C\(_T‘{T («‘ts 6’[7\][.“? "
/@ Vekjehon 0|

OSCILLATION LIMITS ~ ™MiKnelian

i o
S
107 |- ]
- $
o o
[
= o.
107 o
o o a"’
By
L N CHOOZ'99
<] = T
10° Kr2Det ™=~ _
= P R Y
3 14 T e
§ Plﬂ,ﬂﬂPOL_ (Q‘qys =0.5v.) =
. 10* £ e 3 sl ol e 15 1 M o
0.01 0.10 1.00

Sin20

For reactor Ve at 1 km:

Sin220 = 4U%(1 - UZ) ~4UZ

ve=Ug vi+ Uga V2t Ua vs Ues=5in B3




