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THE FLAVOR PROBLEM

NO PRINCIPLE TO FIX
THE STRUCTURE OF THE YUKAWA SECTOR

* WHY NG=3?
* WHAT IS THE ORIGIN OF
THE FERMION MASSES HIERARCHY?

» WHy VorM Z VMNs 2

AND SO ON.




*(THE MOST IMPORTANT TO ME) ONE IS:

THE PROBLEM OF
THE PARAMETER REDUNDANCY
IN THE YUKAWA SECTOR

(Yi; x 2)

THE TOTAL # OF THE FREE
PARAMETERS = 36(36-8=28) IN THE
QUARK SECTOR.




36(28)-10=26(18) PARAMETERS CAN BE
ANYTHING THEY LIKE.

THIS IS THE VERY NATURE OF THE SM




THE YUKAWA COUPLINGS IN THE BASIS OF THE
FLAVOR EIGENSTATES ARE NOT MEASURABLE.

OR EQUIVALENTLY,

Uur., Uir,,Uyr,Ujr ARE NOT MEASURABLE
IN THE SM.

BUT THEY MAY BECOME PHYSICAL PARAMETERS
IF THE SM IS EXTENDED.




IN A NAIVELY EXTENDED MODEL THERE WILL BE
MORE FREE PARAMETERS THAN IN THE SM

GAUGE FIELD FOR R

VY qr ¢, ¥ qr W

AKING U,r,Uir OBSERVABLE.

THE/MOST FAMOUS EXAMPLE IS THE MSSM.

GAUGINO
THE SUSY FLAVOR PROBLEM




A popular assumption is:
unified Theory caw solve the flavor problem.

Owr sta wd‘poiw’c LS:
The problem can be partiaLLg solved
by a low energy flavor symmetry.




The SUSY Flavor Problemn

More than 100 soft parameters into the SM.

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

p—ety, b—s+7v,
and ED M.

AMyg , AMp, ex, €/e,




Extreme fine-tuning of the soft SUST
parameters is needed to make the MSSM

consistent.

The SUSY flavor problem.




A popular assumption is:

Hidden Sector Scenario

@ Mediator @

Gravity, Gauge, Anomaly, Gaugino, etc




We use

low-energy flavor symmetry

to constrain the Yukawa sector, and
simultaneously

to soften the SUSY flavor problem.

No bidden sector scenario

Testable predictions




I1 Two Examples (D7 and Q6)

(D7,Q6) CONTINUOUS VS DISCRETE

(D7,Q6) NON-ABELIAN VS ABELIAN

(D7,36) SOFTLY VS HARDLY BROKEN
OR SPONTANEOUSLY

(D7,Q6) LOW ENERGY VS HIGH ENERGY

(Q6) FOR_ THE QUARKS VS (D7) ONLY FOR THE QUARKS
AND LEPTONS OR ONLY FOR THE LEPTONS

o O O O O O

(D7,Q6) RENORMALIZABLE VS NON-RENORMALIZABLE
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ZaxQ, Zax Zg, Zax Dy

Zg ;(23, 23 }'({23 iy 23}




Finite Groups

The classtfication of the finite groups bas 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=345,..., Ay, N=4,5,...
b) Dibedral groups Dy N—345. .
and

Binary dibedral (Dicyclic) group
Qav , N =2,3,4,...

o) Twisted products of 7, x 7,

3. The smallest non-abelian finite group is S3=D3.




D7 model by Chen+Ma, bep-ph/0505064

D7:]——|—7 1—7 217 227 23
(U,d)i’\’21+1+, U’Z?N22_|_1+7 di21+1+

HY~2;+1,, H' ~2, +1,

{/

(O cfb\

Mo=ding.. Ma=| ¢ 0 b | 4pp c=real

\gb’ V' a ) g ~<HI>/<H2>=COmplex

6 parameters for md, ms, mb and Vckm.




Q6 model by Babu+Kubo, hep-ph/o411226

Q6:1—|—071+271—171—3721722
(uad)z ~ 21 + ]-—|—2 ) uzcadf ~ 22 + ]-—1
(r,e)i ~ 20 +110, vy ~ 2o+ 1_3, ef ~ 29+ 1,

HY~24+1_4, H ~2,+1_4

More singlet Higgses, spontaneous QI{




( 0 cud bud \ ( —c, ¢, 0O \
Mu 9 Md — Cu.d 0 bu,d 9 MD — Cy Cy 0 ) Me
Kb,’u’d d Qud ) \ v, U, a, )

a, b b c=real
<Hr> = <H2>

one phase for Vcknr,
two phase for Vmns

9 parameters for m_quark, Vckm (10)
8 parameters for m_lepton, Vnms (12)
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Mass m = 1.5 to 3.0 MeV L@ Charge = % e ;= +%
my,/mg = 0.3 to 0.6

Mass m = 3 to 7 MeV L2

ms/myg = 17 to 22 ==
m=(my+mg)/2 =251to 55 MeV

[5] I(JP) = o(3+)

Mass m = 95 + 25 MeV [3] Charge = —% e ptrangeness = —1
(ms = (my + mg)/2)/(mg — m,) = 30 to 50

I(UP) = o(3*)

Mass m = 1.25 4+ 0.09 GeV Charge = % e Charm = +1




19.25 & 2.5 (PDG2006)
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3. The SUSY Flavor problem (o)

~ 2 9
M, oLr = mc’i,f 0 . 0

b2t )

o
; ) (@ =u,d, e)

oo

0 0 b




~

a T ~ T
LL.RR — = U oL,R MaLL RR Usr,r and A7 p = U,; m3;p Usr

%L,RR,LR — A%L,RR,LR/ mcgl, (a=1,q)




. CP violations induced by the soft terms
Qs and spontaneous P

Phase alignment.

77T 52 _
Apr,rr = Up g M1y pp Ur,r = real

Arr =U', m?2, U = real

The most stringent constraints
coming from EDMs are satisfied.




B. FCNCs induced by the soft terms

(Kobayashi, Terao and Kubo, '0.4)

Lepton sector
Exp. bound (s Model
1(075) 11 4.0 x 107° m? 4.8 x@jm
1(0%5) rR| 9 x 10~* m? 8.4 x 1078A,
1(035) 11| 2x 1072 m? 1.710° A
1(053) 11| 2 x 1072 m? 8.4 x 1078A,
(055) 0L (0%3) | || 1 x 107 m? | 1.4 x 1072/ ALA,
1(055)22(033)RR| || 2x 107> m; | 5 x 1079V ALA,
(055) rR(013)RR| || 9 % 107 mlg 8.3 x 107°/ALA,
(055)rR(013) L] || 2x 107> m2 | 2.4 x 1021 V/ALA,
(65) LR 8.4 % 107" m? ~ (10~ %n;
(65 R 1.7 x 1072 m? ~ 107"m;
(6%) LR 1 x107% m? ~ 1075

Table 2: Experimental bounds on 4’s, where the parameter m; denote m;/100

GeV.




Quark sector

Exp. bound Q¢ Model
VIRe(0h)3, rrl | 4.0 x 1072 g | (LL)1.2 x 107*Ag, (RR)LT (10 )3
VIRe(0%) 11 (0%) rel || 2.8 x 1073 1 45 x 1073, /AoAy
\/|Re 54, LR| 1.4 x 1073 1, ~ 104!
VIRe(85) 1. ( 5 Vrr| || 1.8 x 1072 i, 3.4 x 1072, /Ao A,
\/|Re §9,)2 | 3.3 x 1073 1, ~ 10~
VIRe(61)7 1 pal || 1.0 x 1071 iy | (LL)1.2 x 107*A,, (RR)4.4 x 1074A,,
VIRe(6%) 2L (01)re| | 1.7 x 1072 1ng 2.3 x 1074, /AgA,
\/|Re )2 5| 3.1 x 10—3 i ~ 104!
|(523)LL RR‘ 8.2 m q (LL)16 X 10~ QAQ (RR)4 7 X 10_1Ad
1(62,) 1R 1.6 x 10~* mg ~ 10" *m "

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

(Itou,Kajiyama, Kubo)

GeV.




LIV 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 flavor problem.
and the SUSY flavor problem.

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










