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1. Introduction

Standard Model (SM)

Fermion

Matters are composed of Quarks and Leptons.

Generation 1| 2|3 Strong| Weak| EM Interaction
Quark up-type ul|c|t O O O0:Q=+2/3
down-type |d| s b O O O0:Q=-1/3
neutrino Ve Vy|Vr X O [x: Q=0
Lepton charged lepton| e | u | T X O 0:Q=-1

Gauge boson

Particles mediating the Strong, Weak and EM interactions:
Gluon, Weak boson and Photon

Higgs boson (undiscovered particle)

Electroweak symmetry breaking (EWSB)
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1. Introduction

Standard Model (SM)

Fermion

Matters are composed of Quarks and Leptons.

Generation 1| 2| 3 |Strong Weak EM Interaction
Quark up-type u|c|t O O O0:Q=+2/3
down-type | d| s | b O O O0:Q=-1/3
neutrino Ve |Vy | Vr X O x: Q=0
Lepton cherged lepton| e | pu | 7 X O 0O0:Q=-1

Quark masses :

(Mg, M, mt) ~ (2 X 1073,1.3,170) GeV
(mg, ms, myp) ~ (5 x 107°,0.1,4) GeV

Neutrino and Charged lepton masses :

Am%l ~ 7.7 X 107° eV2,

(me, my, mz) ~ (5 X 1074,0.1,1) GeV

Am3, ~ 2.4 x 1075 eV?,




Mass matrix and Generation mixing

Fermion mass terms (with right-handed neutrino INR)

~Lm = fyM;fr+ 0 M) N + NfMrNR + h.c.
(f = u,d,e)

Quark sector :

V! M,V,p = Diag{2 x 1073,1.3,170 GeV}

VI MaVyr = Diag{5 x 1073,0.1,4 GeV}

= Veku = VJ LVdL : Mixing matrix for the quark sector

Lepton sector :

UlM.U,p = Diag{5 x 107%,0.1,1 GeV}

Ul M,U, = Diag{mi, ma,m3}, M, =—-MPm5"(MP)T

= Upnns U g U, : Mixing matrix for the lepton sector

The structures of mass matrices determine the mixing matrices.



Generation mixing

C12({15:), 812613 size” "
U= _6123233136z S$12C23 —8128238136 s ‘l‘ C12€C23 S23C13
_(3120233136 ‘|‘ $12523 _3120233136 — C12523 €C23C13
Generation mixings of quarks : Vexu V4 CTKM =1 (Veku = VTLVd )
sin 912 ~ 0.23
sin 023 ~ 0.041 = Small Mixing

| sin 8%, 7%°| ~ 0.0036

Generation mixings of leptons: UPMNSUTMNS =1 (Upuns = Ug Uy,)
sin 812 ~ v0.32 ~ 0.57 = Large
sin 023 ~ v 0.50 ~ 0.71 = Maximal Mixing
sin 013 < v/0.05 ~ 0.22 = Small

How can we realize these mixing angles? = Mass matrix



SUSY-GUT

O \ s ! s ! s ! s ! s ! s s ! :
2 4 6 8 10 12 14 16 18
Log,,(Q/1 GeV) S. P. Martin, [hep-ph/9709356]

In SUSY-GUT:
unification of Quark & Lepton = unification of mass matrices,

e look for mass matrices realising experimentally observed values

e construct flavour theory leading to the mass matrices
= focus on “Cascade Hierarchy”



2. Cascade Hierarchy

Cascade (mass) matrix

566 | \"
MC&S: O\ A\ v, (S<<)\<<]_ ’\ , 1
o N1

(“cascade hierarchy” by Dorsner and Barr, (2001))
(mass) Eigenvalues: mj:mgo:mg~d:A:1

Mixing angles :

012NX’ O23 ~ A, O13~0, |0;j~—

e The cascade mass matrix leads to small mixing angles.
e It can lead to large mixing angles (LMA) of the lepton sector
in the (type-I) seesaw. Haba, RT, Tanimoto, Yoshioka, (2008)



2. Cascade Hierarchy

Waterfall (mass) matrix

6% 6\ &
Mgat = | A X2 X v, K AK]1
0 A1
(mass) Eigenvalues: mq:mo:m3~ 62:2%:1

Mixing angles :

O12~ +5 a3~ A, O3~ 0, 1055~ | —




2. Cascade Hierarchy

Waterfall (mass) matrix

62 6\ O O | ‘
Myat = | SA X2 A |v, d<AKT
5 A1 AN
, |
(mass) Eigenvalues: mqj:mo:m3g~d§%2:2%:1
Mixing angles :
my
012 ~ —, O23~ A\, 013 ~ 0, Hz'j ~ | —
A m,;

e This cannot lead to the LMA of lepton sector even in the seesaw.

o If Mj~ My,,t, it cannot even reproduce the ng ;

q q q q 4
012 ~ \/’md1/mdz> O35 ~ Mdy/Mdy, O13 ~ 012053




2. Cascade Hierarchy

Cascade (mass) matrix

566 | \"
MC&S: O\ A\ v, (S<<)\<<]_ ’\ , 1
o N1

(“cascade hierarchy” by Dorsner and Barr, (2001))

(mass) Eigenvalues: mj:mgo:mg~d:A:1
Mixing angles :
-
012~ —, O3~ A, O13~08, |0;;~—
A m;

Quark sector :
q q q qd n4d
01y ~ \/md1/mdz’ 023 ~ Mg,/ Mgy, 015 ~ 015053




2. Cascade Hierarchy

Cas. Wat.




2. Cascade Hierarchy

If M, is taken as the cascade form, 933 can be reproduced
but 0‘112 and Hgg cannot be reproduced.

If M, is taken as the waterfall form, 0(112 can be reproduced
but 933 and 933 cannot be reproduced.



2. Cascade Hierarchy

If M, is taken as the cascade form, 933 can be reproduced
but 0‘112 and 9;13 cannot be reproduced.

If M, is taken as the waterfall form, 0(112 can be reproduced
but 933 and 9;13 cannot be reproduced.

Let us mix the cascade with the waterfall.



2. Cascade Hierarchy
Hybrid Cascade (H.C.) matrix

€ 0 0
Mhyb: oAy, eKIiKAK]1
o1
(mass) Eigenvalues: mq:mo:m3g~d2/A:A:1
Mixing angles :
) m1 mo9
b2 ~—-n~y/—» O3 ~A~—, 0O13~0,
A m9 ms3

Quark sector :

mgy mgy

q 1 q 2 q q p4q

912 ~ —md ) 923 ~ —md ) 313 ~ 912923
2 3



2. Cascade Hierarchy

Cas. H.C. Wat.
M,P O X X
Md X O X




2. Cascade Hierarchy

Cas. H.C. Wat
| | | ‘ N | * 00
\ XN 0% 0
| N ‘ 00 %
MIP O X X X
M, O
Md X O X
Mp ®

o MIP =Cas. can lead to LMA in the basis of diagonal M, & Mp

Haba, RT, Tanimoto, Yoshioka, PRD 78 (2008) 113002




2. Cascade Hierarchy

Cas. H.C. Wat.
A NN N 0 % 0
NV | @ 00 %
’ |
M| O X X X
M.,| O O
M, X O X
Mg O O

® MIP =Cas. is also OK even if M, & Mp =Cas..

Haba, RT, Tanimoto, Yoshioka, PRD 78 (2008) 113002



2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing
or
| | | | (N %Y * 00
NN T 0 % 0
| | | NN ‘ 00 %
+ | § *
MIP O X X X
M, O O O O
Md X O X
Mp O O O O

O M,P =Cas. is OK as long as M, & Mp lead to only small

miXingS. Kojima, Sawanaka, RT, [to appear]



2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing

or

| | | | | N A * 00

| S %% 00

{ N O\ o0

’ |

MIP O X X X
M O O O O
M 4 X O X X
M, O O O O
Mg O O O O

® Vcoin 1s almost determined by M;: M, is correction.

Kojima, Sawanaka, RT, [to appear]



2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing

or

| | | ’ N A * 00

| | | D NS ¢ 00

N | ll ‘| 00 %

7 | QN *

MIP O X X X
M, O O O O
M 4 X O X X
M, O O O O
Mp O O O O

e It would seem that we can explain the masses and mixings of
the quark and lepton sectors in terms of only Cas. & H.C.

hierarchies- L Kojima, Sawanaka, RT, [to appear]



2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing

or

\ | 00

‘ Y 00 %
MIP O X X X
M, O O O O
M 4 X O X X
M, O O O O
Mg O O O O

e SUSY-GUT?

Kojima, Sawanaka, RT, [to appear]




2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing
or
| | ‘ | N A * 00
! A ]
M IP O X X X
M, X O X X
M 4 X O X X
M, O O O O
Mp O O O O

e For example, M, ~ Mg in the SU(5) GUT.

Kojima, Sawanaka, RT, [to appear]



2. Cascade Hierarchy

Cas. H.C. Wat. |Small Mixing

or

| ‘ | | N A * 00

S %% 00

| | | NN ‘ 00 %

7 | AN *

MIP O X X X
M, X O X X
M 4 X O X X
M, O O O O
Mg O O O O

e Motivation to study (H.) Cas. in SU(5) GUT.

Kojima, Sawanaka, RT, [to appear]



3. Lepton Sector

Tri-bimaximal generation mixing Harrison, Perkins, Scott (2002)

Experiments
sin? @13 ~ 0.32 ~ 3

& sin? 023 ~ 0.5 = %
sin? 013 < 0.05

2 1
U — | =1 1 =L . o
TB — \/6 \/g \/5 —> Ssln 023

® vy : tri-maximal mixture of ve, vy, vr

O N =

e v3 : bi-maximal mixture of v,, v
exp

e Motivation to look for hidden flavour structure

- Flavour symmetry: e.g. Discrete symmetry; S3, Ay4,,,
- Texture analysis: e.g. ”"Cascade matrix”,,,



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = U’j’E‘B ) Diag{mla ma, m3} ’ U’%B

my [ 4 —2 -2 - my [0 0 O
— 191 1 | 4+2=2 + 2o 1 =1
6 \ 2 1 1 3 2 \op-11

et
et
et

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

Dirac mass matrix Majorana mass matrix
51 (52 (53 Ml

M,P =10 X X |v, (LKA K1) Mp = M,
53 Ao 1 M

2 [ 0% 010y 8105 2 [ 02 Badi oo 2 [ 02 33Xy O
MV — ﬁ 5152 5% 5253 —l— ﬁ 52A1 A% AlAQ —I— ﬁ 53A2 Ag AQ

1 5153 52(53 (532) 2 (52)\2 )\1)\2 )\g 3 53 >\2 1



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = U’j’E‘B ) Diag{mla ma, m3} ’ U’%B

my [ 4 —2 -2 - my [0 0 O
— 191 1 | 4+2=2 + 210 1 =1
6 \ 2 1 1 3 2 \op-11

e
et
e

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

Dirac mass matrix Majorana mass matrix
51 (52 (53 Ml

M,P =10 XX |v (LLLKLAKLK]) Mp = M,
53 Ay 1 M

2 [ 0% 010y 8105 2 [ 02 BaXi B 2 [ 02 dzhy O
MV — ﬁ 5152 53 5253 —l— ﬁ 52A1 A% AlAz —I— ﬁ 53A2 A% AQ

1 5153 5253 5?2) 2 52)\2 )\1)\2 )\% 3 53 >\2 1



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = Urypg - Diag{m,, ma, ms} - Ur}B

4 —2 —2 00 O

m1 mz m3
- 121 1 | +2=32 + 310 1 -1
6 \ _2 1 1 3 2 \o-11

et
ot
o

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

Dirac mass matrix Majorana mass matrix
(51 (52 (53 Ml

M,P =1 02 A1 A2 | v, (0; KA K1) Mp = M
53 Ao 1 M

’1)2 5% 5162 5153 ’1)2 5% 52)\1 52)\2 ’1)2 5?2) 53)\2 53
MV = — 5152 53 5253 + — 52)\1 )\% )\1)\2 + — 53)\2 Ag )\2

1\ 6,65 8205 62 2 \63h2 Aidy A2 3\ 85 A 1

5125225355, )\12—)\25)\



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = Urypg - Diag{m,, ma, ms} - Ur}B

4 —2 —2 00 O

m1 mz m3
- 121 1 | +2=32 + 310 1 -1
6 \ _2 1 1 3 2 \o-11

et
ot
o

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

Dirac mass matrix Majorana mass matrix

0 M,
MP = ( )v, (6 KAL) MRz( M, )
O —\ 1 M
1
1
1

.2 .2 62/A28/X =6/ 2 [ 02 =X 8
M, = ﬁéz +—XN| /A 1 —1 |4+ —| =X A% )
1

2

e
e

—5/A -1 1 3\ § —X 1

5125225355, )\12—)\25)\



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = Urypg - Diag{m,, ma, ms} - Ur}B

4 —2 —2 00 O

m1 mz m3
- 121 1 | +2=32 + 310 1 -1
6 \ _2 1 1 3 2 \o-11

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

et
ot
o

Dirac mass matrix Majorana mass matrix

O 0 O M,
MP =6 X —X]v, (KAL) Mp = M,
M;

O —\ 1
2 [82/A2E/A =8/
+—XN| /X 1 -1
Mz \ /A -1 1

9 02 —oO6X\ O 9

v 2 U™ o

M, = —O A Al +—6
M 5 )\ 1 M,

5125225355, )\12—)\25)\

ot
ot
ot



3. Lepton Sector

Structure of neutrino mass matrix leading to TB mixing
M, = Urypg - Diag{m,, ma, ms} - Ur}B

4 —2 —2 00 O

m1 mz m3
- 121 1 |+2=32 +—310 1 =1
6 \ _2 1 1 3 2 \o-11

et
e
e

Cascade matrix (seesaw mechanism : M, ~ M,PMﬁl(M,P)T)

Dirac mass matrix Majorana mass matrix

O 0 O M,
MP=(6 X =X ]v, (KAL) Mp = M,
M3

5 —X 1
2 [ 82 —Ox 6 2 2 52/X28/X —6/A
M, = — [ —=6x X2 x| +-—62 +— X2 /2 1 -1
2 \—§/x -1 1

Ms\ 5 _x 1 1

e
e
e

Imq| < |meo 3|, [dmg| < [Amg|



Cascade matrix (seesaw mechanism)

Dirac mass matrix Majorana mass matrix
O 0 O M,

MP=(6 X -2 ]v, (KAL) Mp = M,
O —\ 1 M

Mass eigenvalues

+—, +

v2 36202 v2  2)2%0p? v?
6M3, M4 3Msg Mo 2NV 3

(mla ma, m3) — (

Mixing angles

2

. 92 1 mi
S1I1 012 — %—O m—2

sin“ 093 = @ O——
\/5 ms3 A M3

0
sin? 613 = |O (—) + O <m1?2>
A m3




Mixing angles (numerical analyses)

0.34—
;".. - * .“o..-o.'. E
033: ..’..O‘ ] (e@]
QS C ..ﬁ-'. . . S
o - e, ] &
B E '...s ‘B
0.32: °. B
: e3¢
4 ] T S S R
0.00 0.05 0.10 0.15

1.00»
0.99"
0.98
0,97

0.96

0.95

0.94

0.0



Cascade matrix (seesaw mechanism)

Dirac mass matrix Majorana mass matrix
O 0 O M,

MP=(6 X -2 ]v, (KAL) Mp = M,
O —\ 1 M

Mass eigenvalues

( ) v2 3521)2_'_ v? 2)\21)2_'_ v2
mi, M9, M3) =
b T T 6Ms  M; | 3Ms M, | 2M;
Mixing angles
1 m 2
) 1
sin“ 012 = |— — (—)
V'3 m2

sin“ 093 = @ O——
\/5 ms3 A ms

0
sin? 613 = |O (—) + O <m1?2>
A m3




Mixing angles (numerical analyses)

0.34— ] 1.00 mwee—aag— ]
: | : ... !
L i 099f .~0~ 1
e - e, : ! S ]
033 R N | 098 ., {
N - “oge® ] N i -, ]
£ ~ o Sowr N :
032: ° 7 096* \ ]
B o!! [ . i
] 0.95 .
0.315— S . S 094" . L Y
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
Sinfy3 Sindi3
Parameter Independent Relation
1/ . 1N T/, o 1N V27 |
—(sm 923——) ——(sm 012——) - sinf13 = 0
9 2 4 3 27

(r = Amgl/Amgl <L 1)



Realisation of cascade Dirac mass matrix in U (1) flavour theory

L+ Lo | Ly | Ry Ry | R3 P1 ®2 | ¢3
U1)f2m+1 1 0 2m+1 1 | 0 —2m—3 —2| -1

(m : positive integer)

[ D105 03 ¢3! ¢T3 )

AMTL  AmTT pAmTl
Mp=| ¢ ¢ o |v
AT A A
N
U
U (@1) = (P2) =~ (¢3) = AA
U

)\m—l—l )\m—|—1 )\m—l—l
Mp ~ [ Aam+1 ) A v, §=\""1
Amtl ) 1




Charged lepton sector

If we do not consider a high energy theory (e.g. SU(5) GUT,,,),

AH‘ \ ‘\fﬂ" x* 00
Me =\, Y O, 0x0 ]|, Small Mix.
| N K 00 %

For example, if we choose SU(5) GUT as a high energy theory,

L %
M, = N

In any case, effects from the charged lepton sector should be cor-
rections for the lepton mixing angles (~ Upyg).



Charged lepton sector

oy 0y O3

— e \e e 5% ~ 5; ~ 5§ i O((Se)
M. = (52 M AZ) v {X;NAgNO(Ae)

8¢ Ae 1
m
A ~ —E ~ 6 x 1072
m,
e Me —4
10¢| ~ ~ 3 x 10
m,

Effects on mixing angles

. 2 1 m, 1 m,
sin“fp ~ |——-—0|— | ———=

Oe
= Fe1a <5ea Aes )\—>

\/§ ma \/gmu e
< 1%

in2 0 _1+0(m1)+0(5m2) Lmul* g (5 A 56)
sin ~ |— — —— | ——=— e es Nes —

2 \/§ ms )\mg \/§m7- 2 >\e

~ 6%

in2 0 ‘o (5> +o<m1m2)+ Lme| o (5 A 58)
Sin ~ — — = e ey ey

13 X m2 Jam, 13 N

< 1%



Right-handed neutrino sector

Effects from the right-handed neutrino sector should be also tiny
as well as the charged lepton case :

S111 — - | e 9 (4] | 9 " v

S1n ~ |—= — e ey ey |
2 \/5 ms )\ mg 23 )\e

OR
+ Fros <5R, AR, )
AR

0 (3) +0 (") + B (sehe ) s (smenns 32 )|
2\ m% el3 ey \ey )\e R13 Ry \R» >\R

2

sin2 313

12




4. Quark Sector

Up-type quark

Effects from the up sector on the structure of CKM matrix become
small because the magnitude of mass hierarchy is large :

V! MuV,r = Diag{2 x 1073,1.3,170 GeV}

N NN * 00
M, =1 " |, L, |, 0x0 |, Small Mix.
00 %

Down-type quark

The structure of mass matrix for the down sector almost deter-
mines the structure of CKM matrix :

V] MV g = Diag{5 x 1073,0.1,4 GeV}

M, =



5. Embedding (H.)Cas. textures into SU(5) GUT
e SU(5) GUT
GUT relation : Mg ~ Mg = M, should be H.C. form
e Mass matrices with (hyb.) cascade hierarchies in SU(5) GUT :

0y 0y Op
M, p ~ (5,, A )\,,) EbVu, |0u] <K | M| K 1: Cas.
Op Ay 1
€d 94 Od
MT ~ M ~ (5d )\d )\d) ded, |€d| < |5d| < |)‘d| < 1:H.C.
0g N\g 1

8y O
~ gu )\u )\u v l€u| = |0u] < |Au| K1 : Cas.
w = | Gutu Au U e, < (8] < Al < 1 HLC.

op O
Mp ~ SRR M ler| = 0| K< [AR| K1 : Cas.
. " | lerl € |0r| < |AR| < 1 : H.C.



One parameter fit of cascade hierarchies

When we consider a realisation in U (1) flavour theory ({(¢1) ~

(¢p2) ~ --+ = AA), we can describe all cascading mass matrices by
only one seed (A)” 1 A= Ac ~0.23
AFat3 X3 X3 0 : large tan
Mg ~ M, ~ )\‘2 )\3 )\3 ANdyvg = kg > 1, gg = { 1: moderate tan g
)\3 )\g 1 2 : small tan (3

= qq can be determied by tan 8. There is a lower baund on kg .
Akul Akul Akll]_
MPD ~ | Aea xR pkwz | Aavgy
Y Aéul A§V2 i c
= Structures of neutrino mass matrices are evaluated by Am%l,
|Am§1|, and the PMNS mixing angles.
)\lgu+5(7) )\3(7) )\2(7)

M,~| X X X |v, = For H.C. (Cas.) k, > 2
A3 A3 1

= It is interesting to understand the generation mixings and phe-
nomenologies for the quarks/leptons in terms of A, unit.



6. Summary

Quark sector

(M, Me, M) ~ (2 X 1073,1.3,170) GeV

(Mg, ms, mp) ~ (5 x 107°,0.1,4) GeV

sin 819 ~ 0.23

sin 623 ~ 0.041 = Small Mixing
| sin 813e 9| ~ 0.0036

Lepton sector

Ama, ~ 7.7 X 107° eV?, Am3, ~ 2.4 X 107° eV?,
(me, my, mz) ~ (5 X 1074,0.1,1) GeV

sin 812 ~ v0.32 ~ 0.57 = Large
sin 023 ~ v 0.50 ~ 0.71 = Maximal Mixing
sin 013 < v0.05 ~ 0.22 = Small

Comprehensive understanding of mixings/masses
for quark/lepton sectors!



6. Summary

Comprehensive understanding of mixings/masses
for quark/lepton sectors!

U

Cascading Matrices

|
1 and

For example, in the SU(5) GUT, M¢ ~ Mg

K. Kojima, H. Sawanaka and RT, [to appear]



6. Summary

Comprehensive understanding of mixings/masses
for quark/lepton sectors!

U

Cascading Matrices
A A

For example, in the SU(5) GUT, M, ~ Mg

K. Kojima, H. Sawanaka and RT, [to appear]

U

~ Cascading Matrices & SUSY-GUT ~
We may understand the mixings/masses

for quark/lepton sectors in terms of A, unit.
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e Past Work
Lepton sector described by cascade texture

— Phenomenologies: LFV, Leptogenesis, and CP violation
Haba, RT, Tanimoto, Yoshioka, PRD78 (2008) 113002, 0804.4055 [hep-ph].

e Present Work
Cascade Hierarchy and SU(5) SUSY GUT

Kojima, Sawanaka, RT, 09xx.xxxx [hep-ph].
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6. Summary

e Past Work
Lepton sector described by cascade texture

— Phenomenologies: LFV, Leptogenesis, and CP violation
Haba, RT, Tanimoto, Yoshioka, PRD78 (2008) 113002, 0804.4055 [hep-ph].

e Present Work
Cascade Hierarchy and SU(5) SUSY GUT

Kojima, Sawanaka, RT, 09xx.xxxx [hep-ph].

e F'uture Work
Phenomenology in SU(5) SUSY GUT with Cascade Hierarchy

7?7, RT, 10xx.xxxx |[hep-ph].

Construct other Cascade Models
7?7, RT, 10xx.xxxx |[hep-ph].

Would you like to calculate (construct) them with me?



6. Summary

e Past Work
Lepton sector described by cascade texture

— Phenomenologies: LFV, Leptogenesis, and CP violation
Haba, RT, Tanimoto, Yoshioka, PRD78 (2008) 113002, 0804.4055 [hep-ph].

e Present Work
Cascade Hierarchy and SU(5) SUSY GUT

Kojima, Sawanaka, RT, 09xx.xxxx [hep-ph].

e F'uture Work
Phenomenology in SU(5) SUSY GUT with Cascade Hierarchy

7?7, RT, 10xx.xxxx |[hep-ph].

Construct other Cascade Models
7?7, RT, 10xx.xxxx |[hep-ph].

Thank you very much!



