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In the last 5 years we 
have experienced the 
most exciting era in

ν 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-
Sakata theory

No conferenceNo conference

No conferenceNo conference

Two conferences !Two conferences !

2004: 25th anniversary of Seesaw

2003: 30th anniversary of Kobayashi-
Maskawa theory
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Neutrino 
physics is 
so popular 
in Japan …
continued
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Toward 
Ue3
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Message No.1 
sin2(2θ23) = 1 or NOT, that 

is the question

Maximal θ23 implies symmetry near 
maximal θ23 <=> small θ13

Maximal θ23 implies symmetry near 
maximal θ23 <=> small θ13

If maximal, JPARC can determine  
θ13 without relying on any other 
experiments

If maximal, JPARC can determine  
θ13 without relying on any other 
experiments

35 deg<θ23<55 deg35 deg<θ23<55 deg
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Bi-probability plot
A tool for 
simultaneous 
representation of 3 
effects:
● CP violating sinδ
● CP conserving 
cosδ
● Matter effect

H.M. & H. Nunokawa (=MN), 
JHEP 10 (2001) 001

H.M. & H. Nunokawa (=MN), 
JHEP 10 (2001) 001

Two solutions of S23
2 xTwo solutions of S23
2 x
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ν−Antiν Run at a Tuned Energy
In the thinnest ellipse limit 

(KMN)

• There is no degeneracy 
apart from δ -> π − δ

• sin22θ13 x s23
2 is the 

“distance to the origin”
• Approximately 

independent of the sign 
of ∆m2

Kajita-MN, hep-ph/0112345Kajita-MN, hep-ph/0112345

<= Not quite OM<= Not quite OM
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If not maximal, we may need reactors

• Pure measurement of θ13 by reactors help resolve (θ23 −−> π/2−θ23) degeneracy
• If lucky, one may see CP & mass hierarchy

(H.M. Sugiyama, Yasuda, Inoue, Suekane, hep-ph/0211111)(H.M. Sugiyama, Yasuda, Inoue, Suekane, hep-ph/0211111)
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What is the most accurate way of 
determining θ23?

==>  LBL νµ
disappearance

祝 JPARC-SK 
approved !

祝 JPARC-SK 
approved !
To2KaTo2Ka
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1% level accuracy expected for sin2(2θ23) 

(JPARC-SK, LOI)

• position of the dip --> ∆m2
13

• depth of the dip --> sin22θ23

<= 2 flavor analysis <= 2 flavor analysis 

Better then SK 80 yrsBetter then SK 80 yrs
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3 Flavor Effects?
+ 3 ν corrections prop. to 

¥sqrt{1-sin2(2θ23)} s13
2,

∆m2
solar / ∆m2

atm

HM, Sonoyama, Sugiyama, 
to appear

HM, Sonoyama, Sugiyama, 
to appear

Consistency checkConsistency check
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Sensitivity affected by 3ν effects at 
non-maximal θ23High ∆m2High ∆m2 Low ∆m2Low ∆m2
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Natural way out

• Combining 
Disappearance and 
appearance in LBL

• Combining reactor

=> 2 flavor sensitivity=> 2 flavor sensitivity
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Message No.2 

∆m2
13 = positive or negative, 

that is the question
Inverted mass hierarchy refutes 
our naïve expectation
Inverted mass hierarchy refutes 
our naïve expectation

If not determined, JPARC may 
have trouble in seeing CPV

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

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

• 50 ton detectors @Kashiwazaki-
Kariwa NPP, 1-10 years

• CP violation can be detected by 
reactor-LBL combination ! 
(H.M. H.Sugiyama, 
hep-ph/0309323 v2 -> PLB)

Principle very simple ! => νe
appearance at OM + reactor 
θ13 measurement gives you δ

Principle very simple ! => νe
appearance at OM + reactor 
θ13 measurement gives you δ
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We must know sign of ∆m2 in advance, otherwise …

This is nothing but 
Parameter Degeneracy due 
to sign (∆m2)!

MN, JHEP 10 (2001) 001

This is nothing but 
Parameter Degeneracy due 
to sign (∆m2)!

MN, JHEP 10 (2001) 001
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Why so much ambiguity by sign(∆m2) 
degeneracy?

The reason is:

• Large δ2 - δ1 (= 
π/2 ~ π) in 
overlapping 
region of 
different-sign ∆m2 

==>
CPC-CPV confusion
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O. Yasuda, @NOON04O. Yasuda, @NOON04
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Conclusion: 1st part
• Is θ23 maximal or not may make 

difference in our understanding of 
flavor mixing => JPARC sensitivity is 
the key => correlated determination 
of θ23 and θ13

• The sign(∆m2) degeneracy confuses 
CPV-CPC => we must solve it before 
JPARC phase II
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Looking for CPV: Pessimism and 
Optimism

• Number of 
Hyper-K

• 0
• 1
• 2

Can you still 
see CPV ?

Can you still 
see CPV ?

Why do we 
need two ?

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

• JPARC-SK neutrino 
mode, 10 years (0.75 MW 
& 22.5 kton, s/bg 
accounted)

• 50 ton detectors 
@Kashiwazaki-Kariwa 
NPP, 1-10 years

•• Though less sensitive, SK Though less sensitive, SK 
can do a job !can do a job !

Unexpected “C-evaluation” may 
come again …
Unexpected “C-evaluation” may 
come again …

the only way to detect 
CPV without HK?

the only way to detect 
CPV without HK?
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Low-energy version of multi-oscillation-
maximum strategy?

• JPARC accelerator complex 
funded => we will have low-
energy neutrino superbeam

• Low-energy beam cannot see 
2nd OM because of Fermi 
motion

• Depend on ∆m2 L/2E => π, 3π
means the detectors placed at 
L and 3L => 

• 300 km: Kamioka
• 900 km: Seoul, Korea!

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

<== Similar to 2-detector strategy: 
MN hep-ph/9706281
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Shooting Korea
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Bi-probability plot for JPARC-Korea
• Korean detector more 

important for δ (steeper 
slope)

• It is hard to determine 
sign(∆m2) from neutrino 
run only

• Very roughly, 2+6 years
running with single HK
at Kamioka is equivalent 
to 2 years running with 
ν-mode Kamioka-Korea 
2 HK complex

MN to appear =>MN to appear =>
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Conclusion: 2nd part
• If θ13 is comfortably large, JPARC-HK 

will be the front runner of searching 
for CPV (assuming we know the sign)

• But for unexpected cases like (1) 
smaller θ13 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

Realistic σdb crucial in sensitivity 
estimate in phase II

Realistic σdb crucial in sensitivity 
estimate in phase II
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紅旗征従我が事にあらず
　　　　　　　　藤原定家

I am happy to help every 
experiment, as far as it is 
possible, but have NO interest 
in who wins the race

My attitudeMy attitude


