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1. Motivation.

I1. Dibedral symmetry

II1. An Example: 26 model

V1. Conclusion.




SUSY

_% A critical look at the facts.




Gauge Coupling Unification.
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MSUSY ~ 16 == 10 GeV

MSUSY ~ 160 £+ 120 GeV
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the Proton Decay ?

X




Shiozawa, Feb.-2003 @ NOON2003
Summary of Nucleon Decay Searches
mode exposure =B observed B.G. /B _lImlit
(Kt- v CH event (103% yrs)
p>e’ 4+ n° 92 40 o 0.2 54
p— nut+ ° a2 32 o 0.2 a3
P — e +n a2 17 o 0.z 23
P — a4 n 92 o o 0.2 13
n — v 4+ 1 45 21 5 =) 5.6
P—¢e +p 92 4.2 o 0.4 5.6
pP—e +ow o2 2.9 o 0.5 3.8
p—e 4+ 22 73 0 0.1 o8
= W I LY o2 61 0 0.2 82
P — VvV + K'Y 92 22
:,\+ A r\.l+ {-\_-r_."jutl L= L |.: 34 -H_
prompt v+ p* 8.6 O 0.7 11
K*—mxtn® 6.0 o 0.6 7.9
n — v + o 92 2.0
K®—°x® 6.9 14 19.2 3.0
K 5.5 20 11.2 0.8
p—— e’ + K° a2z 10.7
K% —n®n® a.2 1 1.1 8.7
Kt
2-ring .9 5 2.6 4.0
3-ring 1.3 O 0.1 1.7
P — o+ K° 92 13.9
K”—m%x® 5.4 o 0.4 7.1
K =t
2-ring 7.0 3 3.2 4.9
2-ring 2.8 O 0.3 2.7
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Colored Higgs Mass ve. GUT Scale

Murayama and Pierce, 02

L; MGUT (GeV) :

' T(p — K+7) < 2.9 x 10%° yrs.

M (GeV)
Hc

FIG. 2. Plot showing 68% and 90% contours allowed by
the renormalzation group analysis for the color Higes triplet
mass, M., and the GUT scale, Mopr = (MeM2)Y2,

combined limit t,/B(p—»>vK*) > 2.2 x 1033 years (90% CL) dat SuperK

The natural proton lives tooooo long for the minimal

SUSY SU() GUT.

11




GU'Is other than the minimal one

String-like Untfication.

Intersecting Branes

X




A. The maximal extension of the Poincaré algebra.
(Colernan and Mandula

B. She can increase the natural scale ¢t Hooft and Veltman)




Fine tuning of the Higgs mass

Tree

Higgs mass —
Loop correction.

if the Higgs mass is quadratic divergent.

= W like SUSY







More than 100 soft parameters into the SM.

They induce FCNCs and ﬂf
that are extremely suppressed in the SM.

p—et+y, b—os+7v,

AMK 7 AMB s, €K 6//6 : and EDMs.
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( Gbbiani et al, Abel, Khalil and Lebedev, Endo, Kakizaki and
Yamaguchi, Hisano and Shimizu)

Exp. bound
Exp. bound y =
l 5 7,2 \/|Re(512)LL RR| 4.0 x 1077 myg
‘(612)LL 4.0 x 10~ l - 3
‘(5i2)RR 9% 10~ 4 \/’Re(512)LL(512)RR| 2.8 x 10 mg
(5l13)LL 2% 10~ 2 ~§2 \/|Re(5 2) | 4.4 x 1073 mg
(%)l | 2% 1077 w2 VIRe(6%) 1(0%) kil || 1.8 x 1072 1
(0%y)r| | 84 x 1077 ~l2 JIRe(5)3al || 33 x 1078 1,
(0%s) | || 1.7 x 1072 m? VIRe(015) (6% re| || 1.7 x 1072 1y
(0%)r| || 1 %1072 m? JRe(0L)24 || 31107
1(04) 1| 1.6 x 107 m;?
Exp. bound Exp. bound
‘Im(ailQ)LL,RR‘ 4.8 X 10_1 T q |Im(5f2)LR| 2.0 X 10_5 T q
]Im(dfl)LR\ 6.7 x 1078 ~2 \Im(571‘1)LR\ 6.7 x 1078 ~3
]Im(dfl)LR\ 3.7 x 10~ 8 57

’fNTLl~ — ml~/100 GeV, mg — mg/500 GeV




Why are 0’s so small? ?6 |

Hidden Sector Scenario




lestable predictions




I1. Dzhedral Symmetry

FERRE)

The classtfication of the finite groups has been.
completed 1981 (Gorenstein); about 100 years later
than the case of the continues group.

g= order of a finite group
= # of the group elements




1. No non-abelian finite group exists for odd g.

2. For smaller g there exist only three types.

@) Permutation groups

Sy, N=3,45..., Ay, N=45,. ..
b) Dibedral groups Dy N—345..
and

Binary dibedral (Dicyclic) group
QQN ) N:273747"'

o) Twisted products of 7, x 7,

3. The smallest non-abelian finite group is 53=Ds3.
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Dihedral Symmetry (~1-[E

Symmetry of a regular polygon (1







gDN — {RNa(RN)27°°°7(RN)N — 17

~ ~

Ry Pp, (Rn)*Pp, ..., (Ry)" Pp = Pp}

{27 /N, 4w /N, ..., 2w, 2

7 /N with Pp, 4w /N with Pp, ..., Pp}rotations




det Ry = det Pp — 1 =y Dy C S0(3)




det Roy = det By = 1 walp  Qon C SU(2)




Some group theoretical features for (),

1. All the real irreps are identical with

those of Dy

Qo s the covering group’of D s
2. Only one- and two-dimensional irreps.

3. There exist N-1 two-dimensional irreps:

7

real for k£ = even
25 =

pseudoreal for k£ = odd

30




1_|_,0, ]._’0, 1_|_,2, ]._,2 for N = 2,4,6, 5o oo

]__|_,07 1_71, ]__|_727 1_,3 tor N = 3, 5, 7, 550 ¢




r1a1 -+ Ta2U9

X1 — T20q




A possible origin.
of

the dibedral symmetry







Dibedral Transformation.
¢(z,y) = Qav ¢(z,Dy'y), Qan € Qan, Dy € Dy

Orbifold B.C.s break Dibedral Invariance.
But the Q_2N as a global , internal symmetry is intact.

o(z,y) — ¢ (x,y) = QQN o(x,y), QQN € (2N

from SuperStrings wely  Titsuo
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The conditions bave to be met:

a. Real and complex irreps

b. Type-11 Higgs sector
(up- and down-type Higgses)

The smallest group is 206, which is the covering
group of the smallest non-abelian finite group S3.




%

-% Spontaneous Cﬁs 15 possible.




Prediction in the quark sector

D £
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Prediction in the lepton sector (type 11)

6 real and one phase parameters to
describe 6 lepton masses and 6 parameters

of V Mns.

Many predictions

47










Presumably too small to be measured in

laboratory.
(Minakata, Sugiyama, Yasuda, Inoue and Suekane)

HOWEVER,

May be observable in the flavor conversion.

inside Supernova (Supernova Neutrino
Oscillation).

(Ando, Sato)
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How is the SUSY Flavor problem softened?

A. CP violations induced by the soft terms

Qs and spontaneous P

Phase alignment.

ot w2 _
Arrrr = Up g My pp Up g = real

Arp=U!

. M7 p Up = real
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The most stringent constraints
coming from EDMs are satisfied.

B. ECNCs tnduced by the soft terms

53




Lepton sector (Kobayashi, Terao and Kubo, '04)

Exp. bound Q6 /o\el mMe
o LL 4.0 x 107° m? 4.8 x (1073
12 l
(6% RE] 9 x 10~* ~l2 8.4 x 10-°A
((5l13)LL| 2 x 10~ 2 l 1.710~ E mem'ul
(553)LL| 2 x 1072 ~12 8.4 x 1073A} 5
(05) Le(68) ] | 1x 1070 m2 | 1.4 x 10712/A A, | Tz
|(553)LL(5Z13)RR| 2 x 107° mq 5 X 10_9\/ALA6
ot RR o RR 9 x 10~* m? 8.3 X 10_8\/ALA6
23 13 l
N RR o LL 2x107° m 2.4 X 10_11\/ALA6
23 13 l
1(68,) LR 8.4 x 107 m? ~ 10~ %m;
m my
1(642) LR 1.7 x 1072 m? ~ 10~ m;
13 z my
1(053) LR 1 x107% m? ~ 107%m; "

Table 2: Experimental bounds on §’s, where the parameter m; denote m;/100

GeV.




Quark sector

Exp. bound Qs Model
VIRe(0%h)3 prl || 4.0 x 1072 5 | (LL)1.2 x 10~*Aq, (RR)1.7 ><(10 )&
\/\Re (S LL (5 RR‘ 2.8 x 1073 ’I;hq 4.5 x 1073 AQAd —
VIRe(5%,)3 5 1.4 x 1073 1, ~ 104!
VIRe(6%)3, rel || 9.8 x 1072 g | (LL)7.9 x 1073 Ay, (RR)1.4 x 1071 A,
VIRe(6%) 1 (0%) rr| | 1.8 x 1072 172, 3.4 x 1072, /AgA
\/|Re(5 )LR| 3.3 x 1073 1, ~ 104!
VIRe(6%)3 1 gel || 1.0 x 107 g | (LL)1.2 X 107*Ay, (RR)4.4 x 1074A,
VIRe(d%) 2L (0%) el || 1.7 x 1072 1ng 2.3 x 1074, /Ao A,
VIRe(8%)3 5 3.1 x 10—3 i ~ 104!
’(523)LL RR’ 8.2 m q (LL)16 x 10~ 2AQ (RR)4 7 X 10_1Ad
(095) LR 1.6 x 1072 m; ~ 10" %m;"

Table 1: Experimental bounds on d’s, where the parameter m; denote m;/500

GeV.

(Kajiyama)




FCNCs mediated by the neutral Higgses
at the tree level

(one + two neutral scaler Higgses and
two pseudo scaler Higgses )




IV, Conclusion.

“Low-energy discrete Flavor Symmetry”

constrains the flavor structure of the SM,

reducing the number of the redundant.
parameters of the SM.

softens the SUSY flavor problem.

No assumption on the universality of the soft.
terms is needed.




