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In the last 5 years we
have experienced the
most exciting era In
v physics
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Neutrino physics Is so popular in
Japan that ...
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Seesaw Is loved by people

2002: 40th anniversary of Maki-Nakagawa-

heor
Sakata theo y No conference I

2003: 30th anniversary of Kobayashi-

Maskawa theory
No conference I

2004: 25th anniversary of Seesaw

Two conferences ! I

February 23-25, 2004 Fujiwara seminar: Seesaw 25th
Hisakazii Minak ata




Neutrino
physics Is
SO popular
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in Japan ... TRIALE
continued voome o SeeSawr ﬂ

sorry, Japanse language only !
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Message No.1

sin?(20,;) =1 or NOT, that

IS the question

February 23-25, 2004

35 deg<0,,<55 deg l

Maximal 6,5 Implies symmetry near
maximal 0,,<=> small 6,

If maximal, JPARC can determine
0,5 without relying on any other

experiments
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Bi-probability plot

A tool for - E=15GeV L = 732 km
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. ~ 3 —
e CP conserving A - .
COSd S :
o Matter effect s A ]
V i i
. _
H.M. & H. Nunokawa (=MN), i i
JHEP 10 (2001) 001 - .
0

- 0 1 2 3 4 o

Two solutions of S,;2 x Ism 20,3 <Py, => v,)> %
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v=Antiv Run at a Tuned Energy

In the thinnest ellipse [imit

(KMN)

28 [

<= Not quite OM I Jal

* Thereisno degeneracy
apart fromo ->m -9

e SiN’20,;X S?isthe |
“distance to the origin” 12|

o Approximately
Independent of the sign

of Am,

February 23-25, 2004

<P(V)>

0 8=0
O é=n?
& d=n
08 A 5=3n2
ﬂ_d_ |||||||||||||||||||||||||||

Kajita-MN, hep-ph/0112345 I
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If not maximal, we may need reactors

P=0.025, P=0.035, Ami, >0 ——

P=0.025, P=0.035, Amd, <0 — - - — T T T T 0.65
. . et . . : 0.92 |
'3“1“ Hl'l. ! "--._I
= — 0.94
"\ | Baelsin?28yg) | degeneracy
'ui : : 0.96 solved - 0.60
. i
5%: N | § 098 oss _
' | & 100 - - 0.50 &
' ! c 045 7
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qu T
: } 096 L 0.40
I | | ] degeneracy
L=295km i ! 0.94 |- solved
- - (sin?26,4)
E=0.6GeV : i&,, ? 092
.|;|I:I i — p i Iil I 043 ] ] ] ] ] ] ] 0.35
sin?26;, sin“28y4 ' 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
5in220;3 Sin22044

« Pure measurement of 6, by reactors help resolve (6,, —> n/2-0.,;) degeneracy
o |f lucky, one may see CP & mass hierarchy

(H.M. Sugiyama, Y asuda, Inoue, Suekane, hep-ph/0211111) I
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What 1s the most accurate way of
determining 0,57

==> LBL v, To2Ka
disappearance approved !

| fit 4 i
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1% level accuracy expected for sin4(20.,,)

(IPARC-SK, LOI
: ) Better then SK 80 yrs I

-2
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Ssin®(248) sin’26

e position of thedip --> Am2,, | <= 2 flavor analysis I

 depth of thedip --> sin?20,,
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3 Flavor Effects?

) + 3 v corrections prop. to
¥sart{ 1-sin%(205)} 5%
Am solar/ Amzatm

AMP®3,=3.0x102(eV?), 8in°20,3=0.1, 6,,¢=10%, 06,,56=20%, Consistency check I

1 - P(y, — 1) = sin® 263 sin’ ( m
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to appear
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Sengsitivity affected by 3v effects at
High Am? I non- max|ma| @?q Low Am? I
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Natural way out

e Combining
Disappearance and
appearance in LBL

AM?3,=3.0x10%eV?), sin“28,5=0.1, 0,,=5%, 0,56=10%
0.05

JPARC

0.04 | 2-flavor analysis -------

e Combining reactor

0.03 |

B{sin"26,4)

0.02

001
=> 2 flavor sensitivity I .

0B 095 085 0% 09% 058 1

sinz2-E~_,g
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Message No.2

Am?,, = positive or negative,
that 1s the question

Inverted mass hierarchy refutes
our naive expectation

If not determined, JPARC may
have trouble in seeing CPV
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Reactor-LBL Method for CPV

Principle very simple | => v, | ing = LW = Ye) — Pootar — Xs5iy

appearance at OM + reactor FYis3
0, measurement gives you &

80% CL (1d.0f.) mﬂGth't'W ———
Amj,; >0 410" GW, tyr ——
4MW,540kt,2yr 10' GW,, tyr ——

0.16

 JPARC-HK neutrino mode, 2
years (4 MW & 540 kton, s/bg
accounted) 0.12 |

e 50 ton detectors @K ashiwazaki- 0.1 | %_

0.14 |

Kariwa NPP, 1-10 years 0.08 |

e CPviolation can be detected by 0.06
reactor-LBL combination !

_ 0.04 / ;
(H.M. H.Sugiyama, i
hep-ph/0309323 v2 -> PL B) | 4 /—

-0.4 -0.2 0 0.2 0.4
6heut;n:

sinZ22p9gst
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We must know sign of Am? in advance, otherwise ...

90% CL{1dod) 80% CL(1dolt.)
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Why so much ambiguity by sign(Am?)

degeneracy?
_ 26 e
Thereason Is: oa b —— cp+ mater, An, >0
. - cp, Am’, >0 i
o Larged, -6, (= 22 F T~ gm0
_ ' 20 F f 3
n/2 ~ ) !n T fE"‘:&Q,H Do
ovgrlappl g > 16 L \\ L I;mfz
region of Vsl oWy
different-sign Am? 12 ¢ "
=—=> 1.0 -
. 0.8 [ (a) <E>=0.5GeV |
CPC-CPV confusion g b,

0.6 1.0 1.4 1.8 2.2
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O. Yasuda, @NOONO4 I .
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sin2204,

February 23-25, 2004

Assuming Am?5,<0
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-1 -5 o

1 modified from
Minakata-Sugiyama
(PLB580,216)
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Conclusion: 1st part

e Is 6, maximal or not may make
difference in our understanding of
flavor mixing => JPARC sensitivity is
the key => correlated determination
of 6,5, and 0,5

e The sign(Am?) degeneracy confuses
CPV-CPC => we must solve it before
JPARC phase 11
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Looking for CPV: Pessimism and
Optimism
» Number of e —— of Hyper-Kam
Hyper-K

° O Can you still
see CPV ?

]

° 2 Why do we
need two ?
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Can Super-K see CPV?

Unexpected “C-evaluation” may

P(v, — ve) — Pugtar — X157,

sind =

come again ... FYyisa
+ JPARC-SK neutrino e M
mode, 10 years (0.75 MW 0.75MW,22.5Kt10yr  10° GW, tyr ——
& 22.5 kton, s/bg pobin s ]
accounted) e ,_C:’/-Z
« 50 ton detectors g u;f 27,
@K ashiwazaki-K ariwa e ﬂ
NPP, 1-10 years N - -
« Though less sensitive, SK ® 40|
cando ajob ! 0.02 _.
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L ow-energy version of multi-oscillation-
maximum strategy?

JPARC accelerator complex ‘mwm dosion ol TP
funded => we will have low- . '
energy neutrino superbeam

L ow-energy beam cannot see
2nd OM because of Fermi
motion

Depend on Am? L/2E => &, 3n
means the detectors placed at
L and 3L =>

300 km: Kamioka

900 km: Seoul, Koreal!

<== Similar to 2-detector strategy:
MN hep-ph/9706281
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Shooting Korea

J
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Bi-probability plot for JPARC-Korea

o Korean detector more . E,e=06GeV, L, =295km, L, =3,

important for § (steeper /
slope)

e |tishardtodetermine
sign(Am?) from neutrino
run only

« Very roughly, 2+6 years
running with single HK
at Kamiokalis equivalent
fo 2 years running with
v-mode Kamioka-K orea
2 HK complex

Korea P(v —v) [%]

||||||||||||||||||||||||||||||||||||||

Kamioka P(v —v,) [%]
MN to appear => I
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Conclusion: 2nd part

1T 0,51s comfortably large, JPARC-HK
will be the front runner of searching
for CPV (assuming we know the sign)

e But for unexpected cases like (1)
smaller 6., or (2) in case of delay of
HK, we may need (i) 2 HK setup, or (iI)
reactor-LBL method to obtain first
Indication of CPV (which should help
JPARC-HK project /)
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Detecting CPV by reactor-LBL
combination; details

d {{‘ﬁ'r"‘_““"ﬁ&ﬁ&]ﬁ?:': &"3}+ &3] p 2

S

" a=fn Li=1 Nt + oy, (Nar=)? T Tan i:’
10 | .
& {Ny J"'l'hﬂt} -. 10 W, tyr
I,] PARCY = "I,lh'ﬂ + MEG+JE{N]:&L'}‘E+ ﬂ-‘i'i {FI.TEG'}E N j|t:| {};Wmtyr
1}
hetween detectars _ -
correlated | uncorrelated | single detector | >
batween bins | correlated | opg = 25% | oyp=05% | og~ 2.6% ‘é‘:’ o )
uncorrelated | opp =25% | 0, =05% | o ~26% | — 0 | Z
total mumber of events | op ~ 26% | og05% | gy~ 2T ' N\ ]
0.001 | N ]
Realistic o, crucial in sensitivity |
estimate in phase I 0.000) T oo o3 ;
Eir'l2 2913
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My attitude I

I am happy to help every
experiment, as far as It IS
possible, but have NO Interest
In who wins the race
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