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4. Introduction
Dscillation parameters in Ny=3 framework
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Final goal in v oscillation physics s
measurement of LCP  (only possible for LMA)
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As a first step, we need to know

the magmtude of sin20;
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2 Reactor measwrement of O3

F. Suekane
K Inoue

)

are  thinking of the
possibity to measure 013

by a reactor experiment

at Kashiwazaki - Kariwa

Nuclear Power Plant .



Experimental Conditions -,(or @:3

Optimization of Baseline
SK Result: Am,,~2.5x107 eV

Am*L

dE = max

j f.(E)o(E)sin’
-
[L~1.7km]

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

1% stat. error/year

J
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Reactor Site Powers (Top 10 + neutrino reactors) W
Site Name (Country): # of reacts

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

site name

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

klrlD ef«?Krasnoyarsk — | ]: | |
0 1 2 3 4 S 6 7 8 9

Power (GWe)

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

Kashiwazaki-Kariwa NPP (24.3GW,,)
|

Largest Nuclear Reactor Site in the World.




Issues at CHOQOZ and solutions

(1) Systematic Error=2.7%‘
g rate prediction: 2.3%

Comes

From_ | 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 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%—50%
N, 1.9% —0.6% 0.8%—0.3%
L* 0.5%—0.5%

g 3.5%51.7% 1.5% —0.7%
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%.



‘We assume  here

243 GWth
RO% ofe'ratEOn e‘F'F':ciEncy

70%  detection efficiency @{ti ld?;tm)

onerg spectrum: (4 bins of 0.5 MeV Amss=2 Sxloev"

Results :
in the negative case

Excluded region (analysis w/ d.o.f. = )
Csys=2%, 5 t:yr
Sin®20,s € 0.027
Csys = 0.8%, 20 t-yr
sin’20,; < 0.013

e

in the affirmative case
The exPer’imﬁntal error n Sin20s

IS almost independent of the central value
Ssys=2% , 5 t.yr
5 (sn*28;3)= 0.03%
G*s)/; = 038% , 20t-yr dof =2
® (sin?203)= 0.015

[+ JHF determines Am% to 10 eV”®

then analysis becomes approx mately |~ dimensiona |
(wrt. sin®20;3 only )

—3 55};5 = 0.3%‘, ZOt‘yr’
§ (sm*20:3)=0012 (dof.=1)



excluded region
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0.01

0.0001

6 (sin*2035) =0.034

Sinz 2913=0.08 —
sin®20,,=0.07 ——
Sil‘l2 2913=0-06 —
Sin2 2913':0-05 —
sin?20,,=0.04 ——

" dllowed reqion of analysis '
| J withy d.of.=2
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:5(5'”"7'2913) =0.015 |—> 0.012 (dof.=1)

sinZ20,,=0.08
sin?26,,=0.07
sin?20,,=0.06
sin®20,,=0.05
Sin2 2'91 3=0.04
sin?20,,=0.03
sin? 2043=0.02
0.01 [ , . T

(b) Gsyg - 0.3%, 20t-yr
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3, Parameter degeneracy
Measurement of O3 Ccan be done naively
by LBL experiments .
P V) = 1= 41Ul (1= Uyal?) sin{Amat)
I'Ulﬂ |t= Cl;-S;:'

~r L a2 ‘2 G.M;'zl.
Plwu— Ve) S,y SIN"203 Sllﬂ( = )

From these chamels , one can maively
determine O § Oz

However, there are 3 kinds of parameter

degeneracY !
[(1) intrinsic  (5,0), (883) Burguet —Gastell efal (‘o)
(?-) ’S'Ign (dmi:.) Hinakata- Nuno kawa (‘01)
\[3) O3 © T - 0,3 Fogli - Lisi  PRDS®('46) 366%;

Barger - Mar fatia - Whishant ('02)

8- fold degeneracy

Hereatter I assume that dccelerator beams

are apprnximately mono chromatic.

Also experiments| errors are not taken
into  account,

113



8- fold degeneracy in the (Su, sin20s) plare

Even if P=P(43Ve) and P= P(W4-Vk) are given,

there are ¥ solutions.

O It 0x=F A=7Z6GeNe =0, Ay =0

then all the ¥ solutions are 'degenerafed.

All the solutions
give the same
Sin=20is .

P=P=const.
Silhllﬁﬂ |

®I‘F @13*%, A=0, Aamy =0
then there 2 sets of 4-fold solutions
which 3ive 2 different values ot <in“20s.




® If 0+Z A=0  Amgy#0
then there 4 sets of 2-fold solutions
which give 4 different values of sin%Bs.

Sap
The lines are
7 ' given by .
S | P= onst,
- \ P = const’
;S'IHIZGB

@D I On=l CA#0 damy 0
then degeneracy of all the ¥ solutions
(s lifted, and they all give different
values of sin“20;.

r A
S 4

“(z,.

738in 203
If Ox%% A*0, Am;+0 done @ Oscillation Maximam
there iS .intrinsic degenercy leaving

dsets of 2-fold solutions.

X
Amyl _w
Sa3 27

?Sih"ZG,;
In the JHF case, the 2 |ines are close, So ‘
there ore approximately only 2 differert values of SIN20s
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At JHF we will know that 0.3 satisties
either of the followings :

A) l |- Sihilﬁzal < a few x 10 %

(B) | |-sin®20a3| > 3 few x 0°

(A) With JHF @ OM  we have the situation |ike
Sfj '\
So t€he precise  determnation
N I of §n“20i3 for the true
solution is difficult, but
the values of sin%0; for

the 4 solutions are
approximately the same.

>
Sin20)3

(B) Wwith JHF @OM  we have
T

Sin*20;

The values of sin*20;s for Qs <F and for O >F
are quite different ond |t may be possible
to determine sn'20i for the true solution
by a reactor experiment.



We can estimate the ratio Sin20s /sinz0
assumimj A=0 ,bm,=0 ( this is not 2
bad aPPer] mation for JHF @OM) .

Sz A
\—52: -
Spa + == T .1
S23 Sin 203 = Const
= .
i SN2l 52015
28
(I~ Sa3) Sin*28p = E,; SN0

sin'28s = tanG; Sin 20

relative errors
experimenfal (Ssys=03%, 20t-yr,dof =1)

S (sn 20m) 0012

Sin'20:s Sin*20;3

uncertainty due to 0,3 © - 623 degeneracy

8 (sin*2013) _ |sin*285"~ sin20;s|
( Siﬂlzﬁli)afgrage é; ( 5'1:112913 +55“1198) _
~ | :3 -1 =
~ 2 e 2 \c.os ZGzal

Thus 1 29« 5 |cos20
Silh'z?.@u ‘ 15[

then a reactor experiment may De

able *0 determine sin20;3 U S:a  for the
true Solution.



18(Sin%20,3)| / sin?20,,
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Ogys = 2%, Steyr, d.o.f.=2

S('E.l'l"llwu)=0.03¢

Ogys = 0.8%, 20tsyr, d.0.f.=2 = §(5in"20y)= 0.01S
Ogys = 0.8%, 20t+yr, d.0.f.=1 m— S(sin2Bs) = 0.012
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£=0.028, sin 2813_0 03
(b) £=0.12, sin22913—009 —

£=0. 023 sin 261 =0.09 —

£=0.12, sin; 29 7=0.06 — —  _
e=0. 12 sin 2913-0 03 ~===-

for most values of sin“2B3
C it ¢can be approxmated i
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4 'Su'mmary
Reactor experiment on Ou
*J much cheaper I than JHF
may be done earlier
¥ SenS'ttivity
s 203 =z 0013 for Osys=0.3%, ZDtaﬁ-yr(d.nf.=i)

@ KK - NPP

* free from degeneracy
¥ in'20,s < 0.9% Q@ sin"20i3 2 006

then a reattor experimen'b may be

able to determ'me 5‘11'112@13 & 32;

Lor the true solution,





