If 6,5 IS large, then what ?
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Title too timely? Yes, but meant to be
a speculative one when proposed

2 A : Hisakazu Minakata <minakata@tmu ac jp>
HE: 201158108 21:45:38.JST
$BSE: Thomas Schwetz-Mangold <schwetz @ mpi-hd mpg.de>

Cc: Hisakazu Minakata <minakata@tmu.ac. jp>
f4: Re: Nufact 11

Dear Thomas,
Thank you for your quick reply.

A possible tentative title would be:
“If theta_13 is large, then ?"

It is not the one whose content is clearly defined, but the one | want to think about.
At the bottom line | want to cover my recent paper arXiv:1103.4387

(with my student) but | will try this part relatively minor.

| do not know how far | can go.

It would be nice If you have any suggestions on the content, or
some counter arguments.

Best,
Hisakazu



Apparently 6,5 Is large

Super-Kamiokande IV

T2K Beam Run 33 Spill 822275

Run 66778 Sub 585 Event 134220437
10-05—-12:21:03:22

T2K beam dt = 1902.2 ns

6 events at T2K !

Released in June 15@KEK

Innors 1600 hitz, 2621 po
Outer: 2 hits, 2 pe
Trigger: 0x80000007

D wall: 614.4 ca
e-like, p = 381.8 MeV/c

Charge(pe)
L >26.7
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Super-Kamiokande IV
T2K Beam Run 0 Spill 1039222

. 3.3- 4. Run 67969 Sub 921 Event 218931934
. ig_ ;2 10-12-22:14:15:18
© 0.7-1.3 T2F beam dt = 1782.6 ns .
* 0.2- 0.7 Inner: 4504 hits, 9370 pe .
. < 0.2 outer: 4 hits, 3 pe .
rrigger: 0xB0000007

p_wall: 244.2 cm
e-like, p = 1049.0 MeV/c

Charge(pe)
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T2K appearance event distribution

> + Data
[ i < Osc. v, CC
E 3 B v +v CC
o - A v, ‘cc
& NG
= (MC W/
0 sin22843 = 0.1)
€ 20 b |
% 6 candidate events
IS remain after all cuts !!
— 1 L
L O (New = 1.5 £0.3 at sin22613=0)
E L
> b
SN N~
0 1000 2000 3000

Reconstructed v energy (MeV)

=
IIII|IIII|IIII|IIII

o
o




Events / 8.2x10%° PoT

MINOS also saw excess
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Global analysis

« All v experiments coherently support 6,5 ~ 8 degree

Fogli et al. June 29
Global evidence for 6,, > 0
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We will soon hear more about this
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There are
two I1ssues
(at least)
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Two Issues of large 0,5

 What s the * Whatthe large 0,5
influence of large means? =)
0,; on strategies of Physics behind the
future v oscillation large 0,5

experiments ?

Smirnov's talk
Mohapatra’s talk ...
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Wide possiblilities are now open for CP

Conventional v, superbeam can do a much
better job for CP (and possibly for mass
hierarchy) than it was thought

This means that we should reconsider about
strategy for CP
| believe megaton-scale water Cherenkov /

100 kt liquid Ar Is still needed for robust
discovery of CPV

Yet, the paths to go there could have more
variety smmmp “guerrilla type” approaches
pﬂ;ﬁaﬁlm Nufact2011 @CERN-UNIGE
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Various
options
become

possible for
CP
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sinZ209gst

Re_actor accelerator combination

True value of sin® 24,
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v + v-bar combination in NOvA / T2K

1 and 2 ¢ Contours for Starred Point for NOvVA
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1 and 2 o Contours for Starred Point for NOvA
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Reactor-accelerator & v+v-bar methods

* Apparently the methods works, but unlikely
to cover all the 6 space

« Quantitative estimation of CP sensitivity
required EEE very interesting !

* Results of CP sensitivity studies indicate
the importance of mass hierarchy resolution

August 1-6, 2011 Nufact2011 @CERN-UNIGE
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Various options possible...

20 sensitivity to normal hierarchy from LBL + ATM data
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Opening the possibility of “all in one”

» With large 6,5 ~ Chooz limit a megaton
scale water Cherenkov can do many

 With Intense v and v-bar beam It can
measure o

* With gigantic atmospheric v events it could
determine mass hierarchy Kakuno-san’s talk

mmm) [N Situ measurement of everything in a
Smgle detector water Cherenkov

* |t can do proton decay vs. liquid Ar vs.

. TASD debatable
e It can do manv astrophyvsics too
C
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Issues In
precision
measurement
of CP

August 1-6, 2011 Nufact2011@CERN-UNIGE

5B e e Y T




megaton class detectors (examples)
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CP sensitivity Is not maximal at
sinZ0,5=0.1

Sensitivity to CP violation at 3¢
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T2KK vs. 12K || Comparison

hep-ph/0504026
Total mass of the detectors = 0.54 Mton fid. mass :
4 years neutrino beam + 4 years anti-neutrino beam 4MW!
Mass hierarchy T2KK CP violation (sin8#0)
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Precision CP requires ...

« T2K-T2KK comparison seems to indicate
necessity of mass hierarchy resolution

Supported by analysis
In Kakuno-san’s talk

mm) importance of lifting sign Am? degeneracy

« Comparison of different error treatments In
v v-bar shows the relative cross section
error affects CP sensitivity

v Cross section measurement crucially important

August 1-6, 2011 Nufact2011 @CERN-UNIGE



Does large
0,3 require
new
oscillation
formula?

q;.-c'—‘:’ h
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Large 0,5 corrections to Cervera et al.

formula
Good perturbative formula tor small 6,3 Cervera et al. 00
with s;; ~ Am?,, / Am?;; = ¢ : 2" order
formula
FP.,—72 = Xis?j + Y, 50 (cos 8 cos Agq £ sindeosin Agq) .
F‘EH — 7 = X¢5% — Yo s0 (cosdo cos Agy Fsindo sin Agy ) .
But, for |arge @13~1O deg . VeV, L=4000km $,3=0.18 Am3, >0 =0
S;3~\sqr{ € } P ;'I'“-H._I ]
0.20 [ Iy o .
. | . z onsf -' N
higher order corrections e - N
needed & ot0f ~
~ 4 _ 2 - : ]
I:)NC S1375 OF = 5937 € 0.08 N\ exact E
E'ﬁ A\ Cerveraetal, ----- :
Computed: K. Asano-H.M. () ST N I PN TN TR - Sy weel
1 2 3 4 5 6 7 8 9 10

JHERMINne 2p2011 Nufact E[GeV]



Some features of the new formula
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Correction terms are small

pl) _ 4e2 2 - 2l —7ra)AL :
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Is parameter . ‘.
degeneracy /& N.

affected by ig M

/1N
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P degeneracy well understood

0.04

L=1000km, E=3GeV

a0 FIVD0649, 540 - -

L=1000km, E=3GeV
2 .

T T T
(s 2613, ) oLV
Tiruez( 00500, 0.6(0) m—
| TE(D.0664, 2.57) ee=e——

ME(D.0521, 4.07) s oIl

all
®True

Qo | 005 0.l
Siﬂzgﬂu

P.,—72 = Xis% + Y. sc (cos 0 cos Agy £ sinde sin Agg) .

| 111

P, —7Z = X;S?.: — Yo s0 (cosdo cos Agy Fsindo sin Agy ) .

Cervera et al. formula

intrinsic
- -ﬂ 1
sign-Am-;,

octant

sign-octant _ HM-Uchinami JHEP10



Is P degeneracy unchanged for large 0,5?

P, — 7 = X.s% 4+ Y_sc (cos 8o cos Agy + sinde sin Agg) .
I C :

F‘En — 7 = X¢S% — Yo s0 (cosdo cos Agy Fsindo sin Agy ) .

Cervera et al. formula
P.,—Z = X.s*+ Yysy (cosdpcos Agy + sindpsin Ag;) + Pye,
p T

F‘E# — [ = X:FSET — Yo s7 (cosdr cos Agy FsindrsinAgp) + Pye.

PNC - 8134, or ~S:|_32 Am221 / Am231

* One can show on general ground that Py must be
order (Am?,; / Am?3,)?~ 0.001

 Difference between Cervera sol. and our solutions

IS tiny (apart from a particular region)
August 1-6, 2011 Nufact2011@CERN-UNIGE Asano-HM JHEP11



What large

means?

O13

Nufact2011@CERN-UNIGE
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What large 6,3 means?

Large 6,5 Is natural because in U=V*V, two
angles are large, and hence extremely small
0,5 IS not expected,

* Anarchy ?

The above argument assumes no symmetry
s hidden mmmp symmetrieswhich
enforce 6,53 =0 somewhat discouraged (?)
unless you have good reasons

August 1-6, 2011 Nufact2011 @CERN-UNIGE



Large 0,5 In QLC context

QLC based on observation: 0, + 6. = /4

— : : . . Raidal 04,
bimaximal minus CKM mixing.’ HM-A _Smirnov 04

Bimaximal mixing from neutrinos
U, = RARY, U= VR, Umns = VEMITRERY,
sin6; = 0.026 * 0.008

Bimaximal mixing U2 ~5 X 10~
from charged leptons

Large 0,5 prefers bimaximal mixing from v

August 1-6, 2011 Nufact2011 @CERN-UNIGE



Conclusion

» large 6,5 opens up wide range of
possibilities for hunting CP & mass
hierarchy

* While guerrilla type approach is possible,
a charming case would be to determine all
at once by a megaton-scale detector

(+proton decay) mmmp Hyper-K

* Yet, precision measurement would require
resolution of sign-Am? degeneracy

* Physical meaning of the large 0,5 has to
be understood
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