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1.1 68773 |— =R/ 2BXIE O ?

SM TIZ, quark mixing matrices U,, U, FhE &, [RERIC
FATZELVE] THS. ELAHMWEHATESDII CKM Iﬁi—xing
matrix Vory = UlUy DHTHB.

ZAEIEST, Ho>TLLNEDTHAIM?

IS — F—SRYUBEET NI,
Uy U, ThE &S, BAISRARETNS.

[&Ek] © LA rebasing invariance Z[R¥ELEZ TEHZE
FERXIELESELI=CERHD. T 4%B
[RE%] SM + Family symmetry HER#¥ZEL=57.

[YK, Phys.Rev. D71 (2005) 016010]
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Sumino mechanism: v. sumino, PLB 671, 477 (2009)
PREF I, ﬁ%bjh/l_ﬂﬂ'éﬁg@ﬁ“t

rop oT

(\/m—e+\/7+\/m77)2

M, 1 pole masses ZFESERFTICHIIL:
KPole = (2/3) x (0.999989 + 0.000014)

4 running masses Z#E5ESFEFETHLELLEDDH:
K(p) = (2/3) x (1.00189 £ 0.000002)

OOlI\)

(1)

(2)

(3)

=& B LT &g p=my
DXL IE QED EEHHEIEENSES -2
5m,~=—@ (1—|—3Iog “2) (4)

(EB) Q)RIBLT, mi > mi(l oo+ BB EREER HES
o =0 THIIE, K RFETHHLITTE.

[2012.11 LU RDRZAEKY]



BREFE, J73)—T—IORVUNBFEELT, ChITKEZFENTAHIUITK

3% 5 llogm? #ITHiNTEEZT-:

O — >< + o -+ 7<
e e g -g
wL WR mpole 2 5 o e
m; () 2 ¢ 1ogm; —g~ 109 M5

PREFAN=X L (FTHEHL) BRI T =&
G (r,vYr) = (3,3") of the U(3) family symmetry

(i1) Masses of the gauge bosons : MZ% = mQ(Ag) = k(me; + me;)

ZD&EKSIZLT photon BN FElogm? MI7I—-F—IRIUHLD
—log M2 = —Llogm2, — log k BEI=k>T, THELATEEL S,
REBEETIILOMER
() 7/RV)—+21)—-FETILTIELZL.
(i) AN =2 ZFo>=hL UM ALV MEREERLEIS
(iii) SUSYET IL Tl vertex type diagram [EZIDELND T
SUSY ET JLIZIZFIATELL.

[2012.11 L URDRSAREY]
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F—2H B Z0N7?
YK and T. Yamashita, PLB 711, 384 (2012)
(i) (WL, ¥vr) = (3,3)of U(3) family symmetry &% %
(i) 27— HF5—=—RVUDEEIHEEEEEXED
M,f,)-zmQ(AJ)—k( ! + ! )

Me; — Mej

(5)

ZD&ESIZLT, AR DSDEFL logm? £, T73—F—CRYUHSD
FE +log M2 = —3logm? + logk [2&oT, FIHELARIREL LS.
(i) ®EFINIEFTF/)—-D)—TH3.

(iv) SUSY Iz B aT8E.
ﬂ, in.i‘z._ RorCH

L L RR

(e} ()
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(@) UB) DT, 5¥—IRY2IE ofE.
(b) FEEOE=E%XED:

mei mez-

mQ(Ag)EMEj:k< L4 1)

(c) 94— LT &l pure vector type THES

(d) T—ORYVOOBEEMOEMESLVT—UBEERIE
JU—TIEEL. TV—=N\FAZ—IL, ff—, —BENT—D
RYVDEE M3;DH.

(e) Z7I—8HOENITOA—2- t?@—f@aﬁ_ué

(773 )—EFRIIBEEEFTKREICHHIFREL T ZbaselZ

E&E. W-T, V74—V X773V —DOEFIREITIEELN. )

(d) BLNIRILF—RT—ILTOERFEEZT-L). (FEFE)
M33 ~1 TeV

[2012.11 LURDRSTAREY]
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(aAA>k) K-Y model TADSumino mechanism (&

A EIRYICLNARIBE S TLVELD

Sumino model K-Y model
(wL,’(bR) — (3,3*) (IDL,U)R) — (3a 3)
EHRBEICEST 35 —CRYY _
EET 501 Al OFRTH
Af, A3, A3 D# B533
Sumino’s cancellation condition
. - m2 ( M2\
€ T €0 = |09 2 + ¢ log \ 72 )
\*"*33/

1o = log 6L+CIOg/M§lM§2M2\
fz ° M31M32M33)
f=f=L, EAMIZI, C@iﬁﬂi(d:iof:(lﬁﬁh‘&b\.

(f8ik. Sec.4.1)




2. How 10 build the model.

l'-l-;..._ )




2.1 Outline of the lﬁodel L1

YK and T. Yamashita, PLB 711, 384 (2012)

By introducing two types of scalars ® (®) and v (W)
we build our model as follows:
(i) The charged lepton mass matrix M, is given by

Me o< (P)(P)
(i1) Family gauge boson masses Mii are dominantly
given by the VEV (V) (W)
Therefore, we must show (W) > [(®)]
(ii1) Gauge bosons take an inverted mass hierarchy:
We must show (P)(W) x 1

" [from slides of GUT 2012]



(1) Charged lepton mass matrix
Me < (P)(D)

We assume the superpotential
Wy = ypli®oL* + yg Lo HyE®

+yeEa®fe? + MgEoE* + My LoL®

and we obtain _
Wv(;rff — yHyﬁye fnd_D- :

where

P ~ (3,3*%) of U(3)xU(3)

2

©

(7)

(8)

)



(i) Relation (P)(V) «x 1 13

* We assume the superpotential

o
.0
.|_
>I
s
.e.|
Q‘ ~.
&
S0
—
~
0,

9 4) 4+ (A
i T\

+ (ApPfUS + XpWid)) (Op)a+(NpPf Wl + XpWid), — ups) (O5);

(10)

* We assume that Wg,, 1s invariant under the exchange

U(3) + U(3) Then, we obtain
- - —1
(®) = (B) =vpZ, (V) = (V) = vy Z e
We take a diagonal form of Z as follows
z1z 0 O vme O 0
Zz(Ole O\}oc(O VM O\} (12)
\ 0 0 =23, . 0 0 vmr ) with Z12+Z22+Z32 =]

z1 = 0.016473, z, = 0.236338, z; = 0.97140 (13)



14
(iii) Relation vg /vy ~ O(¢g)

* We assume the superpotential by introducing a field S

We = A PP 0p — AoS204 (14)
* Here, S is a family singlet field, and U(1) is softly broken
by |
Wbr,n — /LSSHS — 8,&%95 —— <S> o gILLS (]_5)
We can conclude that
(P) ~ eug (16)
* Thus, by neglecting the contribution of <®>, we obtain
o oain a1 1Y) (1 | 1)
() 7 ) , J



K-Y model O)F&EH

o (D) ((D)) HEBELIFVDEEES5ZS.

o (WY (W) : H—URYIUEEICdominant [ZXhK.
(W) | > (P

» BEBRDT—IRVVEE: (o) (V) x 1

% iml=9 superpotential ZHFELT-.

YK and T. Yamashita, PLB 711, 384 (2012)
LHL, ETILDOERIIHNGZYEM. BN KE:

)|

L5






3. Phenomenology of the gauge
Mass information from + ar




3] EEEERAEASRKRNEE
TeV scale DYBEEZ B ENTEAAREMEZ .

(1) Tevatron TD Z° —> ee, uu search OFERITBRAINELN.
2> 11 search OFERTHBRAINLLY.

(2) My, ~ 102 GeV 124, REDEBIHN THEEEBETEY
735.

(3) KO-KV EBEMLDHIRMNFELS.

KY model ZERAT 5= LDRFR
gr & Mass spectrum BTY—TEXELDT, FEREALEL.
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32 EAGIRKRNHEAFCESON ?
* BEENE—F Kk RBHE—F

(@) e-u-T TEEOHIDERE (A OMOEEEICER)
() K7 — puopvr/e Vevr KT =t /utu Jete
(b) Z73)—HEFOHRRIR
() XB-K+1t+u KK sa+pt+e
[ DEHDT-HSEITEHE LY.  See, PLB 711, 384 (2012)]
RTEDRERRIRFR DboundMHFE R T, FLH R RSN SHEMHF
(c) Z7SU—HDBWIDERE (H1—9-H3—TOHED)
(f) % KO-KO % DO-P° Ky~ +N —e + N %b—s+r
(d) LHC % ILC 2B\ THIFSh I EEMAERK
(%51) Y Pp — A% +X > () 4+ X

[2012.11 LURDRSAR&LY]



32 Gt e- -t WEMHORLEERI 0N ?

(i) Lepton Flavor Violation (LFV) 0)1‘%&4:")%1@5%’)
We define gF/ My

For the same initial and fmal states

2 2 2
M qre o IMP () 1P

E:’)j\/lW

AllE 2¢ TRZS. . 2 \2 5
CNIZHLT LFV mode Tl& 44 N (8]\?%) y

SM model DX IETHE—FIZLERT, S5(2 &2 Tflﬂ'suppressed Nnb.

(ii) RIS, ALBNRZTLWSE—FNEET S.

2L, FEBENKZVDT, HAWEEKRTHIRI TOBIEFE R A,
LHL, BRTRATHALIRYEL DIFEREDHE TIEAL !
ERTHRIENSHTHALHNCNESDIL, BB IR .
(ETIVEBLMBRRELDLEDEL. )

19



EERTRATHOEEYET DILE

SREDEETIEELN !
EERTHENABETHOHNINESDIE, B AEIFRE]

[(RRIETIWEBEHBRRBELDEZDE

MIRRWE: EMTEREZDOBRDLET, Hml

ERICEZASFBRIGMERL

Y

ZEAHC LK,

ETILE: BORIOBRRIZLIESINB LG, BEOTE:
EEDHLET, PESNSBZREIFEITS.
(DY) > (DY) OFE, HELIFOBEEBR

£ olWWWIEzEmATH, £ (X, RREEDBFHHETE

o TRBAVLEY. EALTESLZELN ! Chntoblela.

B0
ETILE
EER

%

AR k“““ ““ ““‘

&

)%)

RERER
ER




2%

[Fik] HBIEERIBUENREI1EWLOCELMMERLTNZZLY.
Fl:mELITFOEELR
HENREIEVSCETEHLTN S EIEIELLA,

HOLKXDEEEIXFALECAICZITEL.
(3BAA, RELE1982FB R TREESLEHLENV AKX THT-. )

SHOROEZ: m, (FHEEART, +51EW,

#oT, m, EEETHEUTETEWELOITRHRSELATCETIL
WY S, FLT, R EBHRVICERAOBNEL TISLED
INFGAZ—ZBAL, ThTmM/m, ZEEHAT 5.

FADEZ:

HOLXDEH: m, [FhSWIThE, m, -> 0 LLTLESE,
m /m (iiat(ﬁﬂ,ﬂllﬁtmo?&(&é

m (;l:ll\él.\('}'ht-lztl'cm:&b\gtb'c (mg m, m) HEIE
l:fsinécl:’ﬁ:&-'r“)lfsar;é&% ! |
EFOBEELEFMOERICOVTERGATUMHAFINDS |
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3.3 2 78RRICHITS e- 1 EiEEORN

Quark sector Tl&, quark mixing fEET, FEMEMNAYRAE
£oT, fiLT+=vUE—FTH5 tau decay IZ;FHT 5.

PDG2012[z&n X
Br(r— — e vevr) = (17.83 £ 0.04)%
Br(t— — p uvr) = (17.41 £ 0.04)% (18)

Ch&kY, #RiELE
1+ ey _ J Br(t™ = p~buvr) f(me/ms)
14 ce
where f(z) =1 —8x2 4 8z° — 2% — 122% 109 22
P-T, ROESICALDEEXRFS:
c=ey, —cc = 0.0020 £ 0.0016 %

Raomp = = 1.0020+0.0016.

Br(t— — e vevr) f(mu/mr) (19)
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BN < > 0 (AR 307

_||'.I_ {"I-.:_::l !.-"I—
- _._r Dy (7e) T~ —-—* Ty (Te)
T Ur p(e)

ALDREET7I)—FT—ORIVODEEZISERT 5:
97/ M3,
0 — JF/73 (21)
¢ g%v/8M$V

BAME ¢> 0 (e g, >e,) &M< M, ERBTE. ThHDS,
family gauge bosons with an inverted mass hierarchy
T 5.
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Effective interaction for 7 — p vuvr

H T = % {[m7p(1 = v6)v)] 7y (1 = 45)7] + e (Frrvpvr,) (EyPT) ) (22)

Therefore, we obtain

Xl 4 ) 14, _
= 472 {(1 + Zgg) (Brvovr) (BryPrr) — EEB(NRVL@)(VLTTR)} (23)
1 g(ﬂfu)) 0
where epn=5|1-22 -
; 2 ( “fan))
an
95/ M3
L0 — 9p/ M35 (24)
" gy /8My,
g(z) = 1+ 922 — 9z* — 20 4 622(1 + 22) log 22 (25)

Ty = mp/mr
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Gauge coupling constants gg [X2Y—-/35A8—TI37%L:

10 °F

10

M33

[TeV]

92=§C€2=§ 2
F= 9 2

IKESAVITERRE

%05 — 0.0020 + 0.0016 “7

__ +3.2

&oT, —BEWT—T-
RIVDEEF
M3z = 0.877390 Tev (29)
LSRN TEONS.
12U, BRENKELDT, CD
U A—EIFXTUIZRITER-TIE
FRlELY. (B<ET, BFBIE. )

[2012.11 LU RDRATA R &U]



3.4 77207 8RTO) e
e-u-t BENSAOZL

4 & €3

Z .

[ ]
e
P

al|

. € _ €3
(a) (b) (c)

MACENDTEZI7I—-F—CRY VI A3 RFIHEDT,
ALlE T — 77~ ITEHBRKhS: g3 M3
| e? /3 M3, (30)

Br(T — ’T+T_)

ﬁiﬂ“ﬂﬁ Rp, = B’I“('T N ,u+,u_) = 1.048 4+ 0.046 = (31)
-EIFE'C*‘O)HSIFJ: Ramp =1 —|— Er = 1.028 +=0.022 (32)
BEEIERATHIL +130

1 Moz = 112" GeV
BHEELLT 33 (33)

KRERIRENKEZLDT, R, COBELIDICIMARETHL.
25, RBRRENLEADE, ALORRIEIZHIDLINSEEZHS.
[2012.11 LU RDRZAEKY]
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35 7a—1iReE7rII—EROIEN

273 —BOWNIE, V)4—D O 3—THOAERZD |
e 7I)—H5—=URYUIE, HELTFOORETIH M, A
WREBTCHIBREICHENT, HEOBEHREIZHS.

PE-T, LT v I2—TIXI773) —8HOWN(ZDHLELV)— LA T
[FEECYZ AL,
o LML, —f&ICIE, M, AR ARTHLIEEICH T, 74—
HETINFEFTHABTHLIEBSL.

Ho>T, HA—btHB—TlL, H+—HREEELT, I7IU—BOWAD
RIEHYY— LR CHEEER S,

Higm =9r ) (", %) (ADH
q=u,d

=gr > (ADu O UD) (@ an) + (L — R)] (34)

1= "'"’7“’

[2012.11 SURMRATAIR Y]



u-e conversion’ 28

Al O%#Iz&3 p-e conv. 2. b— s+~

[ e A3
-— - VL
=1
“h: 4_ - Qh—u—:_ - -
<.’ 2 b b "7 b g
i = ] = il
(d) ~ |

p— ety [EY—-LRLTIEESLHUA,
p—e conv. [IV)—-LAILTiEESD !

2
il = 25 [(UB1U1) (o) + USTUT) (drod)] (2471)
21

(39)
( 97/ M3z, q*r7q |2 ¢ 12,300 x10710
| 5 =gz V21Ul = X U2 (36)
\NIW/ M w/ \{V1s55L ! VJ/

Usy ~ 1072 M3z~ 1 TeV #5, COEK10 oF—5—E43

[2012.11 L URD RS E&KY]
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3.6 Constraints from KC-K0 Mixing

d - - B d. . - g Eﬁ'ld)(d_:_%:%?
LW CEITER
— - d s——a - d
eff _ 2| 1 aaN2, 1 oada2 L ged (2
H™7" = gp | —5(U31U32)" + —5(U1U25)" + 2 (U11U12)°| (5yud) (37#d)+h.c.
L33 M55 M |
1 1 1 G7)
AmIE™ = [—Q(Ug{UgQ)Q + —5-(USiU5,)? + —5(U5U§5)?| x0.7738 x 10712 [TeV]
Mz3 Mz, M7y
EoF a2
£5:81 4l - Am2s = (4.484 4+ 0.006 6) x x 10718 Tev
A \ / (39)
EAEERE:  AmM ~2x 10718 Tev

RLIC U =U(012/2,023/2,013/,5;) EBATHBDE
Moo > 99 TeV (40)
=85, EOFIRIVIEZVDSHTA, ThTE TeV scale LIXEZEL.



m4giz DO- DO mEEALLEIRAES.
BixY A3 pZmanEH dominant

ThEBRETHE,
Mos > 102 TeV
LESHIBERS.
FEH

KO-K9 IDO-DO  Afsh > 102 Tev-
T — WU vulr Moz =2.673% Tev

Ty Msz = 1127329 Gev

30

(41)



* 3
1 \

Can a f’amlly gauge boson mass b‘e“ '

\"""‘"b -ﬂ-"'h'_

o of the order af TeV’? " o TN,

o S

. ¥
F!n-n.s& T ST L
%




RAEMSOSENH

KO-KO DO-DO  Afys > 102 TeV
T — W vulr Moz =2.675> TeV
T — T+’7'_ M3z = 112__}_21630 GeV

_NblE, KY model hoDEEL
Mgz : Moz @ Moo @ Myz: Mio: Myy
— 1:2.98:4.10:41.70:41.80 : 58.97

Z, REZEBRELTOLES, @=L,

32
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41 CEREGEELLZSADETILZEZD.
Model I: K-Y model

m2(A]) = M7 = k( S ) T @42

My Mg

Model Il: Minor change of the K-Y model

/L 4\ 2

: 1 1\~
m?(Al) = Mg =k ( + ) (43)

Meg Meg
It is easy to build such a model.
1
Model B ]ij'j = kp . (44)
MeiMey

The explicit model is unclear at present.
Sumino mechanism is exactly realized.

c.f. Sumino’s Cancellation condition

[ M2 M2ZM2

& 1 €0 = log — “‘ + ¢log (45)
kM31M32M33) with g; = O
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ETILOLLER
Model I Model II Model B
¢ 1.752 = (; 5 3 = 0.1903¢;
ap 0.022254 0.01127 0.004293
Mzz : Moz i Moy | 1:298:4.10 1:891:16.8 1:16.6:283
+3.2 +2.25 +2.25
M3 26007 1.84 046 1.13 550
% 40.130 +0.092 40.056
Mgz 0.112750926  0.079 518  0.049 5011
Mo3" 300 > 200 > 130
Example Mo->> = 300 Mo->> = 200 M->> = 130
Moz = 218 Moz = 106 Moz = 7.7
Mz33 =73 M3z = 12 M3z = 0.46
3

2
g —

3 .
~¢ et = ¢ gfsin oy € DEIEETIVICKETS!)

e Model B "EEREZZIZTHBIHERTS !
e LHAL, COETILOEGRIBIILAER !
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42 COEiaFEH

LT EEARIMUVIZHRNDETILEEET NI,
KO-RO , DO-DOBAMSDHKILLTF BEHTIC

| M33 ~1 TeV
EBESCENTRETHS. LHL, TOETILIEISEDRE.

Wshictk, ¥EEEEZRHF 773 —75—UHRYo0
ETFITE, FOBEEIZHLBYEVNIRILE—-RFT—IL
ZEZDBENTEBRNDT, TeVRY—ILH DN ITEH-EEL
IRINF— A=) TOEELERZGEIRAFTES.
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5 Prospec+

A nﬁbf'%&ﬁﬁﬁ’]nﬁ

SDECH, HFEYBRLEZD

WE [F1F0. BEED c‘:lztl?l'Fd):&.

e W73l Ed, inverted
[2&Y, EYSULvELLY

mass hierarchy &EZ 5L

RRMEVNYIRIIENTES.

e BH[ZSumino mechanism Z&3K95_&I2&HT,
- g |&free parameter THi735.
- lepton sector Tl& family [ZxEE [Zcouple
L, quark sector TO#H family mixing H#E5.

(Family number [

EFZTSD. )

charged lepton sector [2T&2T

THHE, FPEHOEWNETILOEEMNTIEE !



HEROMRRZITIOCEICSL,
SFCEFRRIGIER
HRZATSS!

Thank you for
your Kind attention!
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