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In the last 5 years we
have experienced the
most exciting era in
v physics
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If there is no LSND anomaly,
T would have said

"An orthodox view of v mass and mixing
has emerged; the minimal extension
of the standard model with v mass
with 3 generation of leptons and
quarks”
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LSND anomaly; “Bone in the throat”, or
the greatest remaining question in v physics

Whether Mini-BOONE
confirms or refutes the

LLSND indication of
another oscillation
channel

If affirmative ==

“revolution 1n particle
physics”
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Heterodoxy

Heterodoxy Various schemes are

oceo The following pages are heterodo:.

B oy ar ended o s the (W o proposed motivated by

counter-arguments to century woman, but is

. popaty s e o the LSND data, which

;_.E.'ﬂi’fj.;flfj ]::anfe.d urit w:i:l: students [El‘ld“th .
- ot °
e i) s include:
- _.-“J;Llj_lﬁ me with submissions full of
"should"s, "ought”s and "must's i . .
he s of ‘Al rigtthinkng o 2+2 sterile-active scheme
people will agree with me when I
say that...” They are guilty of

et e 3+l

hittp: At g e

qpemy SEETE 30
epitomised as, . .
e e CPT violation

i tupiel e Sterile + CPT violation

to say, "If you
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e (Are they really heterodox?)
ought to do

such-and-such
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"What did you, theorists, say when
we have announced the atmospheric
neutrino anomaly?”

Yoji Totsuka
@JHF workshop
April 2001, KEK
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"What did you, everybody, say when
we have announced the LSND
anomaly?”

Bill Louis
@WIN2010
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Four Neutrino Scenarios
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3+2 Active-Sterile Scenario
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FIG. 6: Allowed ranges in [ﬂmﬁi,ﬂ.mgi} space for (3+2)
models, for the combined NSBEL+LSND analysis, assuming
statistical compatibility between the NSBL and LSND data
sots. The star indicates the best-fit point, the grey-shaded
regions indicate the 90, 95, 99% CL allowed regions. Only
the Am3,; = Amj, region is shown; the complementary region
.-'lmgi = Amj, can be obtained by interchanging Am3, with
.-'lmm.

(Sorel-Conrad-Shaevitz,
hep-ph/0305255)
Constrained by
disappearance
measurement in the
Mini-BOONE
(When?)
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CPT Violation

e Mass pattern of v and anti-
v as well as their mixing

may be different
(Murayama-Yanagida ‘01
Barenboim et al. ‘02)
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CPT Violation tightly constrained by
atmospheric, solar & reactor data

e Even if we allow v and

anti-v independent, all data 10°§ ?
except for LSND prefer C AOULLSND :
CPT conservation -
e LSND parameter 1s more 10 nfﬁﬂ
than 3 o away v e, ’

(Gonzalez-Garcia-Maltoni-Schwetz 03)
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Constraining LSND-like anomaly toward

Disappearance measurement in SBL

and/or reactor experiments can be
important to constrain such potential
“high-Am? anomaly”’.

Possible tie-up between reactor 0,

experiments and “sterile hunting™?

October 6, 2003
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“unitarity triangle”

' MiniBooNE sensitivity <.
[ (90 %CL, 10°' pot)
-— v running Atmospheric
F---- 'V running v, Vx




Organization of the talk:
with emphasis on future perspective

 Heterodoxy

e Orthodoxy

(1) atm+solar+reactor+accelerator

(2) 6,5: How to?

(3) Leptonic CP violation

(4) Absolute mass scale: Double beta
 Theoretical outlook

e “WINning” combination of disciplines?

October 6, 2003 Hisakazu Minakata
WINO3, Lake Geneva, Wisconsin
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Orthodoxy

; l]Pﬁ,cITE‘[EHEHEH j y
COBOPE,
RALINKI'TOHE, O.E. |

B0 WM OTLLA, A Mh
W CEATAND OVXA "x

Aolpo NOFENIEETD HA KORTBOTEORYD )
CTRaHHY HaWar MEHEnga. My Hageenca, |
WTO OHA QyWooHD oooratr Bac, Mo nodanTa-
&nt MpecRATE0 TpoMUy, MayHEer M Mponoee-| i,
DyEH CNOBO BOXHE, pATENCHAEK ua:creﬁl.une'\ ]
BOrICAYEEHHA H HIMTEH LLEDHEH W N0 HEPE )
CHI W RCAMOKHOCTH LI RHA BOCY MW NaAAN. Mu'\
BTErAA PRARI FOSTAH, MPHMELSEH BAC MPHKOGATE §
H HaK B M008B EDERR,

Eco Matapuans, NybnuEyansa Ha Hawes |:'r|::|-uu,n
BaWMUEHY 20HoH off anTopcrom npass, Ba
MOMETE CROGONHD HENANCENRETE MY, MORRNAR
DONAHDE K HAN YESFEHMS W NPFBGEA CoRNEy Ha
CEATCFMOSRR0-TIDELTE4SHCHHA GOO00 B BALMHITOHE,
DK,

C nofanbk o FpHoTe:
MpoTomaped Burrop MaTanoe
Ha2TaRTEM HRaa,

Three-generation
extension of neutrino
(lepton) mixing scheme
a la Maki-Nakagawa-
Sakata:

in complete harmony with 3

generation quark mixing
scheme a la CKM

“lepton-quark correspondence”
in the spirit of Nagoya
model (Sakata et al., ‘60th)
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MNS matrix and mass hierarchy; notation
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512 0
cip 0 | x diag(1,e”,e7)

0 1

x diag(1,e”, e)

Neutrino mass hierarchies
e Left: “normal”
e Right: “inverted”



Nobs/Nno_oscillation

Way to the Orthodoxy #1.
KamLAND Massacre (December ‘02)
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v magnetic moment, FCNC,
etc. are excluded as
dominant mechanism
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Rate Analysis

KamLAND
95% exclusion

by rate \

Am?in eV?

w
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Solar v: SNO salt
data reassures v sol. & LMA-I 1s the solution!
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FIG. 5: Global 0 oscillation contours. (a) Solar global: D,0 ] A A A R

day and night spectra, salt CC, NC, ES fluxes, SK, Cl, Ga. The Am®in 107%eV*
best-fi t point is Anf = 6.5 x 107°, tan®# = 040, fz = 1.04, with

v¥d.0£=70.2/81. (b) Solar global + KamLAND. The best-fitpoint ~ FIG. 7: Ax* Curves as a Function of Mixing (Top) and Am®
is Am? =7.1x 10, tan? § = 0.41, fg = 1.02. In both (a) and (b) the (Bottom) Using all Solar and KamLAND Data. Only LMA-I

"B flux is free and the hep flux is fi xed. remains allowed at do.

(nucl-ex/0309004)
e SKsays LMA I at 3 o CL (hep-ex/0309011)
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Atmospheric v robust, but Am? get lower

Sub GeV
1ring p-like

(Hayato, Europhys conference 03)

Sub GeV
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e Best fit: Am? = 2x103 eV? (%?>_min = 170.8/170d.0.f)
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e 90% CL region: 1.3x103 < Am? < 3.0x107 eV?
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Lower atmospheric Am?: Good or bad?

3 U‘Contnurs e Bad for LBL
experiments; smaller
event rate

e Good (?) for CP search;
Larger Am?;,/ Am?,

: solar
ratio

e Bonus; looser CHOOZ
bound on 0,

n

Am? {:N:}

10 bk 25, 16, 7.4 x10™ pot

' MINOS 30 Discovery Limits (may be gOOd HGWS for
reactor 0,; experiments)
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Did we see oscillation?

Data/MC
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e In Kam-LAND, the answer seems YES at 2 o CL

(Schwetz, hep-ph/0308003)
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Did we see MS & W eftfects?

Bounds on duey (Solar + CHOOZ + KamLAND)

38

_—“\\" 30
s o " _

—— Al current doto
------- with simulated KL {x 5 statistics)
---- with simulated KL {x 10 stotistics)

1 ‘.
'l standord aj

I matter !
' oeffects !

/

N - zenoud
e s e R T R S ‘{— ;ﬂffaeté?; """""
' : ; v 1o
E=14 MeV E=6 MeV T T
n = scaled density (n=0 at resonance) Qusw

matter effect 5.6 o

YES!
(left: Smirnov, hep-ph/0305106, right: Fogli et al., hep-ph/0309100)
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Future
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What 1s the next to come?

i JPARC-SK
approved !

- L "_.' | - I
ey [ fATarget Station .

. ilr ! Dacai;ﬁ:lfg:g} i

Kashiwazaki
| Nuclear Pow

To Super-Kamiokande
A /

Japan Atomic Energy Research Instit

October 6, 2003 Hisakazu Minakata
WINO3, Lake Geneva, Wisconsin



No indication yet of nonzero 6,; from
atmospheric, solar and terrestrial v

-1
10 T TTTTT]

: Ax? [ With SNOg 1
~—1K2K(90%CL) excluded
with 4.8 10° pot

] upper limit at I 1
1 Am=2 8x10%V? s -
R, _(_}m 8x107%eV 0 L i
' s RGN m"“ﬁ% - 015 (QQO%CL : :
e e — 110507 - -
: R 0.20 @95%C.L.
4 i ]
10 U""01""02""03""04'\"05 L Ly L ool I 11
- , : : = - 3 2 1
5111( atml.x Sll’1229uc v, disappearance in 10 e
allowec 1 ) '
CHOOZG@sin?28,,=1 sin‘e,,
Maltoni et al. I
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LBL measurement of Am?,;, 0,,, 0,

: Am L
i . 2 . 2 31
- 1 - Py, — 1) = sin” 2653 sin
| Tt "
3 1 —— -3
: JE 10 3
L 1 T E"E r -.E:I,.-r C
[ A 1 I: >
) E :
L 10k : :
| | | 10— E
0 1000 2000 3000 4000 E | | L | |
c 0002 0.004 0.006 0002 0004  0.006
” . Amt eV , Am* (e¥)
Bsin’(249) SAm

(~10% accuracy, JPARC-SK, LOI)
e depth of the dip --> sin?26,, (~1 % accuracy)

e number of v, appearance events --> sin’20,,
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LBL measurement of 0,

if 54231
Pl =) = [VPun +¢ 7 )P, | [SERICHTORNG SppEarance!
Very simple form ! w'_ 0%hCLsensitivitles
L_I E

sin(@) ’ T L
P atm = 513323:&31 ( % ] y

() B

Psuiur = '312512'323&21

|:l CHGIOZ eﬂliIiJ ded

: 10" 107 10" o
+ = sign of Am?, s’

JPARC-SK 05 sensitivity; OA2°, 5 years

Hisakazu Minakata
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Anatomy of Bi-probability ellipses

5] _:'IE:I |:| 1|'5| |(:|;le‘\|/;r T |:L| |:| :?|32|' | ]:|(I|-I:l Minakata and Nun()kawa,
= x ~C0SS 1 hep-ph/0108085
Lo dm®<o 1 Observables are:
S 12
A [ S 1 <P
. 3l— _] [Interpretation in terms
A C ~sins W\ ~ ' vac 1 of sin?26,;, & and sign of
| - NN 1 AmZ,, depends on the
3 B .
B R N — value of these
v, i T ] parameters and on the
o= \ 1 conditions of the
1= 3m /2 sm? > 0 4 experiment: Land E
- /sin® 20,5, = 0.05 -
0_ / | I L1 1 1 | |11 1 | | I I - | L1 1 1 ]
.0 1 2 3 4 5
sin®26,; <P(v, —> ve)> %
June 11, 2003 1st Yamada Symposium, NDM 2003
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CP[P(] (%)

Parameter degeneracy

L = 130 km, E = 250 MeV

40 L B TToT T T

- [_] positive sign solution /

i /
35 [ [~ " Tnegative sign solution / ]

mixed sign solution & — - 1

30¢F e

| no solution ]
25
50 : N

T )]

15 +
10 + , no soluiion

[ CP+, 8in“26,, = 0.055 (upper) |
05 CP+, sin‘20,, = 0.05 (lower) 7

I — — —- CP-, sin°28,, = 0.0586 (upper) |

[ — — —- CP-, sin"28,, = 0.0472 (lower) ]
00|||||||

0.0 05 1.0 15 20 25 30 35 40
P(v) (%)
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1 T f\\ T T T
PN P=0.01, P=0.015, Am>0 —
| \\ P=0.01, P=0.015, Am3,<0 -~
08 - } \ J
Oifg [T ‘_ .....
\
\
04 - \
036 F——— *
0.2 -
L=295km T~~I—
E=04Gev @ TTT-—S
uo 0.;12 o.;u o.;:s o.loa Dil 0.12
§in22013

Refs. MNP2; hep-ph/0208163,
MSYIS; hep-ph/0211111
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JHF CP[P(V)] (%)

How ambiguous are the parameters?

A0/0 (%) for L =295 km, E = 0.8 GeV AB/O (%) for L =295 km,E = 0.6 GeV
LI AR YAV 4R 5 m——rrr— L L T T
[ (a) (40/9),, 1 (b) (r008),, o ] [ (a) sin(3,-5,)

1 (b) cos(8,-5;)

- I(Ic)l (;mlafe)lul

Too large to

" UHF CPIP(WI (%)

: ignore, but
2| too small to
1 E_ measure
0, e
JHF P(v) (%) JHF P(v) (%)
(MNP2 updated with LMA-I)

October 6, 2003 Hisakazu Minakata
WINO3, Lake Geneva, Wisconsin



. . . 2
v mass hierarchy; sign of Am=,;

o Any long_basehne Longer Baseline for NuMI
eXperlmentS (L > 1000 JHF (L=295 km) neutrino vs. NuMI (L=915 km) neutrino
km) withvand anti-vcan C*fa 7 Ta
see it il )

o f o

e But a large detector N 2

required => not easy o

e May need
international/inter-
continental collaboration;

JPARC-SK-NuMI Off-Axis

(E/L)NuMI < (E/L)JPARC
preferred MNP3 =>

E=06GeV T
Epan = 1.875GeV T

NUMI P(v,—v,) [%]

5 0 1 2 3 4 5 6
JHF P(v,—v,) [%]

JPARC-SK-Beijin (Seoul) etc.

October 6, 2003 Hisakazu Minakata
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Reactor measurement of 0,

Tubes for filling and
mtroducing radioactive

v, disappearance probability I I
-‘ ~ &z
’ ?ﬁz%gdoﬂ)
Amz [ ' .
1 - Pty — 1) = sin® 26,5 sin’ il ™
AF
E 2 Vet
+0(espy) 1 O(€")
A2 A2

e Independent of 0, matter
effect, 0,5, 0,,, solar Am? -

=> Pure measurement of 0,

October 6, 2003 Hisakazu Minakata
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The most optimistic case | < AsAmericans

are (were?) always!

1500 ft ge——

CHOOZ 905 CL

2 underground
Exclued

~ e
v detectors
~

* Powerful: Two reactors (3.1+ 31 6W E,,) — 0% CL S~
* Overburden: Horizontal tunnel could give 800 mwe shielding klv
» Infrastructure: Construction roads. Controlled access. Close to wineries.
T T o
) ) sintl8,
TOOW, 50 foms, 3 vears, and 200 meters

 Movable detector on “railway” (Shaevitz-Link, hep-ph/0306031)

e The (smallest!) systematic relative error of 0.16 % claimed

October 6, 2003 Hisakazu Minakata
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Reactor-LBL complementarity I

P=0.025, P=0.035, Am},>0 ——

P=0.025, P=0.035, Am%;<0 — — — . . . . . . 0.85
1 T T T T TT T 092 ~
& \ i i
@ IS = 0.04 |
| |
N | Oge(sin22643) | | degeneracy
\\ : : 096 | solved - 0.60
’ ' i
82, e R @ 098 -
= i i )
| | |
i | o 1.00
! ! - —
, ! i o 098
- T r '''''''''''''''' ~—
- 0.96 | - 0.40
| |
i i | degeneracy
L=295km | | 0.94 r solved
' -t ﬁm(sin22ﬂ13)
E=0.6GeV | | 092 |
{}ﬂ L _' > T ; L - 'E L 012 ] ] ] ] ] | ] 0.35
sin“204; sin“26,3 ' 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
sin220,; sin22044

* Pure measurement of 05 by reactors help resolve (6,; —> 71/2-0,,)
degeneracy

(H.M. Sugiyama, Yasuda, Inoue, Suekane, hep-ph/0211111) I
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Reactor-LBL complementarity 11

2
P(V,u — Ve) — Poolar — Xislg

FY1s13

CP violation Gin s —

sensitivity assuming

90%CL(2d.0f)  10°GW, tyr ——
e JPARC-HK neutrino Am3, >0 4><1oj GW,, tyr ——
10 GW,, tyr ——

mode, 2 years 016 Wty

(4 MW & 540 kton) o1 | %

e 100 ton detectors 0.12 - /
@XKashiwazaki-Kariwa 01| /
reactors, 1/2-5 years 0.08 /

0.06 /

sin220bgst

e CP violation can be
detected by reactor-LBL. 0.4

combination ! 0.02
e Sign(Am?)-independent 0L — ' ' ' '
) -0.4 -0.2 0 0.2 04
(H.M. H.Sugiyama, hep-ph/0309323) Sbest/r
October 6, 2003 Hisakazu Minakata
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Reactor vs. superbeam

e (lean measurement of 0,; o (Cleaner signature

Theorist’s comment ! I (electron appearance)

--> free from 0, 6, etc. * Multi-purpose -->
’ extendable to CPV

e Faster & cheaper o Expinsive (fth%lgh not so
n

e Long-range view: No problem once
important for solving approved !
ter d d | .
girszrilgi:yeépigeneracy (an e Different L, E possible;
International

complementary tuning?

e Single purpose

--> phase II

October 6, 2003 Hisakazu Minakata
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CP Violation (and proton decay)

Conceptual design of Hyper-

A Water Cherenkov Detector -
optimized for;
¥ Light attenuation length limit
¥ PMT pressure limit

¥ Cost (built-in staging)

1

Height 58m

| 60x60XB0M?x3
| Total Vol: 650 kton
. Fid. Vol: 440 kton (20xSuperK
i | Only optical 5 #0f20° PMTs: 56,000
separation ] #0f8™ PMTs: 14,900

L Widh 48 _

| 48m x 50m x 500m, Total mass = 1 Mton (0.54Mton fid. mass)

e (Can explore ultimate fundamental scale of matter

October 6, 2003 Hisakazu Minakata
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<=background ?
JPARC-HK vs. BNL proposal

e [.=295 km/E=0.7 GeV vs. L=2540 km/E=0.5-5GeV
==> |st oscillation maximum vs. 1st-3rd oscillation max.

e C(Clean environment for CPV vs. exploring oscillation pattern,
sign of Am? 3, can prove solar Am?, can run with only v,

o i in?
LGP sensitivity (8c) w/ Super-v: beam Resolution 6 vs Sin"20,,
~ 60
JHF-HK CPV Sensitivity &
- = : T
-gxeltided 7 § 50
<p.12@Am;,>~gx10%e o
; ' 40 Sinf2e,,=0.01
ste : i
X 30
signal stat only ... T o009
- 10 - BNL-Homestake 2540 km
o - sin’20 ) (12,23,13) = o.ssn.omsged
Am2 (21,32) = 7.3e-5/2.5¢-3
0 01 02 03 04 05 06 07 08 O.QSmaI i | |1be‘lf,O]SMES.T?sec,vlru:nmglonly |
0 1 1 1 1 1 1 1
ER = a -150 -100 -50 0 50 100 150
3c CP sensitivity : for sin?26,;>0.01 with 2% syst.
c Scp (deg.)
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Neutrino factory; a long-range project

e Various channels are available in

principle

u*->e* +v -bar+v, I

layout of a

V, -->V, ==> U I

)
fm‘k{ A possible
W

neutrino factory

VM—bar

V. -bar-->v -bar
Ve -=> V.

e Intense muon flux allows to use far | |

distant detectors

e Background very small --> greater

sensitivity to small 0,

e (Can do T-violation by combining

with nearby superbeam

October 6, 2003
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Optimization of L and E

015=8° 1=10°  6:5=8° fg=107
o Full correlation of A ST
errors (including el
matter density) must | // [ Y7 ¢ S

be taken into account |/ i \ ..~ i, | 4~

.
iy
Ty
&
e
'

E ~ 50 GeV,
L~ 3000 km N SV R

T PARL
i et B
v | J 3
F 2

] r [l_ r
3 Iy L4

{ Fgr

A I F it
4 :I ~| [ A E-' K
i ,: H 10 F 5 QL LI
LY
P 7
1

i

(Pinney-Yasuda, A 7 Jf
hep-ph/093008) i S A

e How accurately do L T

BT e I e T T
we know matter Lkm

o L/km
density in earth ?

60kt mummnm
100kt wismmmmm
1000kt mimmimm
10000kt =imimamn
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Neutrino factory as ultimate degeneracy
solver

By combining at 3 detectors at 130, 730, and 2810 km, 1t
was claimed that neutrino factory can resolve all the 8-fold
degeneracy if 0,5 > 1° (Donini, NuFACTO3)
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Which strategy to be chosen? y ——
. ery optimistic
superbeam vs. reactor vs. neutrino factory |view!

Two phase program

e Dectated by the size of 6132 Phase | (~ $100-200 M, running 2007 - 2014)

50 kton (fiducial) detector with e~35-40%

Very roughly speaking, + 4x1020 protons per year

- 1.5 years neutrino (6000 v, CC, 70-80% ‘oscillated’)

° 0.0 1 (0.005) < Sil’l22 813 < 0.2 - 5 years antineutrino (6500 v, CC, 70-80% ‘oscillated’)

Phase Il ( running 2014-2020)

_:> reaCtOI' + Supel’beam 200 kton (fiducial) detector with e~35-40%

»+ 20x102°protons per year (new proton source?)
(Well_defined and Complementary « 1.5 years neutrino (120000 v, CC, 70-80% ‘oscillated’)

- 5 years antineutrino (130000 v, CC, 70-80% 'oscillated)

schemes exist!)
e sin’2 0,,<0.01-0.0001 sune 11,2003 TSt Yamags Symposum. NBW 2003

Aggressive Experiment Timeline

==> neutrino factory
e ‘“natural time-ordering” e e e

2003 2004 2005 2006 2007 2008 2009 2010 2011 Years
(no more serious discussion on e -~ IR0 }
which is better, unless sin*2 0,, Lyear 1 years 3 year (intally)
= 0.005‘ 001) Site Selection: Currently underway.

The proto-collaboration is currently working on a white paper.
This effort could transition into proposal writing.

Run Phase: Initially planned as a three year run. Results or
events may motivate a longer run.

October 6, 2003 Hisakazu Minakata
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An exotic way; supernova v may probe mass
hierarchy and 0, (the problem is when?)

e Every SNv experiences two (H m2 (&) Nomml 2 ) vered
& L) level crossings e et
e Resonance in v (anti-v) channel o, Vi
in normal (inverted) hierarchy
e Event structure depend on:
(1) if H-resonance is adiabatic or not * ; v : ) v
(2) if v /v, temperature is higher V.
than v_/ anti-v, v v
L _ . B
e Can probe s3> ~ 10 y e S T Ne
(H.M.-H.Nunokawa, PRD41(1990) ===> \
hep-ph/0010240 .
Dighe-Smirnov, hep-ph/9907423) e

=l
r
= |
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Toward the

frontier: non-
accelerator NUSL Overview (cross-section)

underground e Wl
° ’ -
phySICS ‘_-';;'T'E*—r_- #\:;—4.—":"""_"' _:--__‘..:---:'_‘::-\,-_-_;_ ey

L
A
e —1= - mmrva -l} -
: n n_J
ity Il ;
| i
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Best 0, sensitivity by pp solar neutrino
observation

pp-neutrinos We shouldn’t forget solar v
°r e _ experiment !

-
o

E *‘.E% | - Statistical error and SSM
=_ = | prediction error(1%)
_ ] (XMASS 5 yr, 90 % CL)
10 KamLAND 1 .
- | + Accuracy of mixing angle:
- sin%20 = 0.77 =
Solar neutrino | 0.03(stat.+SSM)
/ - = L]
B s i e S (courtesy: Yoichiro Suzuki)
101 XMASS(5yr, ]
90%CL) tan2(en
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Neutrinoless double beta decay

e Most sensitive (terrestrial)
probe of the absolute
neutrino mass

e Unique way of proving
Majorana nature of v

e [If Majorana v is the only
mechanism, ===

»
n
AW e
s =3
il n

E v W
Ver it m

3
> i

i=1

2 2 2 2 2 2i(y—d
= |’m10%2'313 + MysiyClze™” + mysiae” ™) ‘

<M }ﬁ'gE
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What LMA 1mplies for neutrinoless double
beta decay?

* [f inverted mass 1
. 90% CL (1 dof)
hierarchy, there must
be signal when one go 10!
down at <m>gs = §
2 — £ 102
J Am?, =afewtens 3
of meV
1073
Strumia, v telescope -> I
1074
1074 1073 1072 107! 1
5 E:ﬁ 5 lightest neutrino mass in eV
<M >gp > clymucyy +masiye™| - mysis

2 2 2
> oy |m1"312 - ”12512‘ — M3Scn

October 6, 2003 Hisakazu Minakata
WINO3, Lake Geneva, Wisconsin



Further implication of neutrinoless double beta decay

e Upper bound on Q h?can be @ %

obtained; Q h? < 0.03
(assuming LMA best fit 0,,)

e but severer bound obtained

Qyh?

ool

by WMAP; thz < 0.0076 u'w_nm ] 0.1
. {m}]ﬁlﬁ“(ﬂf}
* Is Majorana phase Present bound ====>
observable?

(Heidelberg-Moscow)
(No-Go? Barger et al. 02) o1 . .

(b)

hf ‘ B

<M>g5 > € micyy +mysye” | - mysy

Qvh?

0ol F

) 2
> oy ‘mlﬂm - ”1‘2512‘ ~ Madey

0000 got B ]
{m}ﬁlﬁ"(ﬂf}
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Background reexamined by Klapdor-Kleingrothaus et al.
(hep-ph/0308275)

alulul [l
J
g
g

counts ./ 2 kaV
m

=
\'rr .

Figure 12: Simulated background of the HEIDELBERG-MOSCOW experiment
in the energt range from 2000 to 2100 keV with all known background components.
The black trough-drawn line corresponds to the measured data from 20.11.1995 to
16.4.2002 (55.57 kg ).
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Ample future projects

(from Gratta, Lepton-Photon 03)
A (probably incomplete) list of the different ideas discussed

by various groups

Experiment | Nucleus | Detector T (y) <m, >eV
CUORE 130Te J7 t of TeO, bolometers (nat) |7 x 102® .014-.091
EXO 136Xe 10 + Xe TPC + Ba tagging 1 x 1028 .013-.037
GENIUS 7éGe 1t Ge diodes in LN 1 x 1028 .013-.050
Majorana 7¢Ge 1t Ge diodes 4 x 1027 .021-.070
MOON 100Mo 34 t nat.Mo sheets/plastic sc. |1 x 1027 .014-.057
DCBA 150Nd 20 kg Nd-tracking 2 x 1023 .035-.055
CAMEO 6Cd 1+ CdWO, in liquid scintillator | > 1026 .053-.24
COBRA 1eCd - 10 kg of CdTe semiconductors |1 x 1024 b-2.
130Te
Candles 48Ca Tons of CaF; in lig. scint. 1 x 1026 15-.26
6SO 6Cd 2 t 6d,S5i04:Ce scint in lig scint | 2 x 1026 .038-.172
Xmass 136Xe 1t of liquid Xe 3 x 1026 .086-.252

Note that the sensitivity numbers are somewhat arbitrary, as they depend
on the author's guesstimate of the background levels they will achieve
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How to proceed toward the goal?

e Necessary to control nuclear matrix elements

==> does systematics help with various nuclei
(=decay channels)?

==> photon/lepton probe of the nuclear matrix
elements?

e Conspiracy with single beta decay experiment?

electrostatic spectrometers: tandem design

electrostatic pre-filtering & analysis of tritium 3-decay electrons

KATRIN ==

m, ~ 0.3 eV

pre-spectrometer main spectrometer

fixed retarding potential 18.5-18.6 kW variable retarding potential 18.5-18.6 kW
Zd=17m/L=35m g=10m/L=22m

AE=70eVY AE =1 eV

XHV conditions p < 10" mbar : main challenge
Figure: Pre-Spectrometer and Main Spectrometer
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Leptogenesis (Fukugita-Yanagida ‘86)

* Lepton # asymmetry
generated by Majorana v
converted to baryon #
asym. by “spharelon”

e Offers interesting
connection between
neutrino mass and
cosmological baryon
number asymmetry Figure 2: Mazimal baryon asymmetry 2 (blue) as function of 7y and My for m =

0.05 eV. The black lines are curves of constant baryon asymmetry with the value indicated.

The lines around the intersection with the green plane correspond to the measured value

and the upper/lower limits at 30.

(Buchmuller et al.)

.-'H' H ..-'H
e Degenerate mass v 7 : ; . oy A
. Ny + + N -
disfavored N, I I
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Seesaw mechanism as a paradigm of neutrino mass

e W=N°YILH-E°YLH+ Yanagida, Gell-Mann-
(1/2) N°MN Ramond-Slansky, ...

(N=R-handed Majorana, L=left doublet, E=charged

* 1, =YV T(l\/Idiag)_1 Yv
* Y, has 6 phases
e Leptogenesis is sensitive to Y, Y, *

(3 left phases, independent of low N -
energy CPV phase) SRR R

e CP violating LFV appears from ekome o SeoSawr '
Y,*Y, (1 right phase) s e ey |

I +Hy

..-'Hﬂ f Hﬂ # HE Sce-Sawlid,
; N . Vo fi)lIKIEE, Key BMHE _ADL=v FTT,
Ny + N - + N BHE A - ERER £ § 5655
H 24 R—AIEBLITLPL>TET,
4, I 2 ] ; g*ﬂ b, keyPBHHIFDAMAI L R CfER L TE D
I .
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Neutrino mass from the standard model ?

1-ring  -like multl rlng I - -like

Sub-GeV p-like 50 £

 YES if lepton # violating
new physics at big scale
MG —t—
L_...=(1/ MG)<(|)>2VV

e the “same origin” as baryon
# violating operators which
let proton decay:

Lgy=(1/ M)? uude

Number of Events
[l S LRI N Y]
nShohho e

=Rt/
'

-

Number of Events
5 2 8 §

Hyper-K/UNO
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Bi-large mixing; from where 7?7

e Lopsided structure of mass A
matrix (see below)
(Sato-Yanagida ‘97/98, Ramond et al. :

‘98, Albright et al. ‘98) o ol

H7T

(AT b

(L2 b

(Frampton et al. 02, Xing 02, Barbieri et al.

‘03, Ibarra-Ross 03, Tanimoto et al. T T

. tanzeu
02/03, Bando et al. 03) Tanimoto (30) =>
. . A
e (Grand unified theories;
SO(10) etc. ==> Talks by
Mohapatra & Albright tomorrow o ol |
U0 % D0 ol
Al 0 = % : AQ X % > aa2s b | | |
X X X 0 X x f 'tal;;zeza 4
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Lopsided lepton mass matrix (explanatory sheet)

e Consider SU(5) GUT e m*'mdH=8m?S*
§% = [dc’ (V, e)L] ° UMNS=S (V) + S(lepton)
10 = [u®, (u, d);_ €] : : i :
 Quark mass AN PP
my gdovn= 10 - 5¥<H > mi™=c| g 2 )2 |, mi )= | )s ye y
e Charged lepton mass vz 1 M2
mLRleptOH - 5>X< ¢ 10<H2> ) _ ) - )
—=> mlepton — (mdown)T e + -yi U2+ g ks g
==> lopsided structure; miePtonplepomt _ 2| e 2
left-handed mixing of )
: U+ 2 ]
m'ePon = right-handed i

mixing of mdown 2=0.2, X, y, z = 0(1)==> Large

lepton mixing arises from quark mass
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WINning combination of v and B physics?

e “Lopsided” 1B K Belle I

interpretation of large
mixing angle suggest

large right-handed b-s
mixing ==

Anomaly in B->¢K,

Raw Asymmetry
. o
o n

O
o

]
1 —L
. T

1 T

Moroi ‘00, Goto-Okada-Shimizu-Shindou- E" M
Tanaka ‘02, Hisano-Shimizu ‘03, Harnik- ‘6 0.5 -
Larson-Murayama ‘03 p—

: =

> .5l T —

) ——

< 4

6 4 2 0 2 4 6
At{ps)
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Anomalous B->¢K, examined in SYSY models

e In susy models (incl.
SU(S) + vy model)
which satisfy all the
constraints, B->¢K,
asymmeltry cannot go
down to -1 but to
~zero (welcome
Babar-Belle average)

(Goto-Okada-Shimizu-Shindou-
Tanaka, hep-ph/0306093)
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FIG. 8: The mixing-induced CP asymmetry in B; — ¢Kg as a function of the gluino mass.



Conclusion

After the most exciting 5 years, we will have busy 5-
10 years to complete our understanding of lepton
flavor mixing

Strategies for exploring MNS structure are well
developed assuming 6,5 is not oo small

Absolute v mass and demonstrating Majorana
properties require longer path (and hard work!)

Tiny v mass probably due to high mass scale but
what does large & small mixing imply?

Exploration of high-mass scale physics requires input
from interdisciplinary areas, WINning areaq,
cosmology ...
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Explore the beautiful world !

i : F 7 4 4 el
e iod S

RELAXING IN LIBRARY PARK FALL AT THE LAIEE FRONT

LAKE FRONT WALK SPRING IN LAKE GENEVA
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Bi-large mixing; from where 777

e Lopsided structure of mass 0.
matrix (see below) W
£l B,

(Sato-Yanagida ‘97/98, Ramond et al. 0.2
‘08, Albright et al. ‘98)

e Mass matrix texture zeros

(Frampton et al. 02, Guo-Xing 02,
Barbieri et al. ‘03, Ibarra-Ross 03,
Tanimoto et al. 02/03, Bando et al.
03)

e (Grand unified theories;

SO(10) etc. ==> Talks by
Mohapatra & Albright tomorrow
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