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§1 Introduction

MSSM
Problem of proton decay

Renormalizable B and/or L violating interactions

D¢DUC, LQD°, LLE®, H{H,E“, LH>
Y

Proton decay

An ad hoc discrete symmetry is imposed through
R-parity.
SM

The SSM with an extra U(1) gauge symmetry
coupled to V=1 SUGRA is discussed.
The proton stability is guaranteed by U(1).

e -problem
Qrigin of the p term 7

eNeutrino masses problem
Origins of N and Majorana mass 7

i
No mass parameter



~ §2 Model

A minimal extension

SU(3) SU(2) U(1) U(1)
Qe | 3 2 e 9
ve | 3 1 -2 Qu
P 3 1 -%- Qp
L 1 2 -3 Q
N 1 1 0 Qe
E* 1 1 1 Qe
H{ 1 2 -3  Qu
H 1 2 5 Qu
s 1 1 0 Qs
K 3 1 Y Qxk
K4 3 1 Y Qk
i=123 =1~ ny k=1l---ng I=1,-+- ng

( mass terms for quarks and charged leptons )
H1QD¢, HoQU®, H1 LE®

( mass terms for neutrinos )
!‘!2 !‘ *I\:‘ L] JS.JF\"LJ.Nr'.

{ p# term )
SHyH5

.

. mass terms for K fermions )
SKK"
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(4) Ye = ié, ng=3, ng=3, ng =3
(‘B) Yﬁ'=i§\ Rg =2, te=1, ﬂ.ﬂ'=3

Anomalies free = {

(4)

oY = —%
The particle contents of one generation can be embedded
in the 27 of Es.

B and/or L are violated D=4 couplings.
U*D°K®, LQK® = fast proton decay
.YK —— %

allowed couplings of D=4

H1QD°, HoQU®, H1 LE, H)LN®, SN°N®, SH1Hp, SKK*
= B is conserved.

lowest dimension couplings of B violation (D=6)
QQUC* EC* : QQD(‘# NC* | QUE* Df.“* L

= [ he proton decay IS adequately suppressed.



Particle contents

TYY'] =0, Tr[Y"?] = Tr[Y?]

SU(3)e SU(2):, U(1)y U'(1)y
¥l = 2 S
U 3 1 -2 i
D 3 1 3 =
E? 1 2 -3 £
Ne 1 1 0 -5
E* 1 1 1 i5
H; 1 2 -1 - £
H} 1 2 z -3
s' 1 1 0 :
K’ 3 1 : -2
K 3" 1 -1 -1

3 W g

W = n/  HyQUU™ +

i HyQ'D* 4 n  Hy L N* 4 m*
+ AZESIN N 4+ NIV I HE 4 XIF KO ek

H LAE*
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Proton is sufficiently stable.

No mass parameter
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- §3 Vacuum structure

Scalar potential
' = & (|H1? + |Hal?) + & (|Hi? - |H2P?)®
+ £ (4 Ha|? + |Ha[? - 5|S2)°
— (393 — (Au|?) |H1H212 + |Aul? (|1H1 2 + | H2|?) |52
+ (BgAumapSHiHz +h.c) + ME |H1|? + M} |Hol? + MZ|S|?
g': U'(1) gauge coupling constant
g2 > 2|)\y|? guarantees electric charge conservation.

_ [ v1/V2 — 0 o 23
= "2). w=(0m ) S =uv2
vy, V2, Us: real and non-negative

Experimental constraints on Z and Z° bosons
" { wl-ljl: l‘-":-"l \ | VI U \
Mass matrix | e | R A (S . |
. A \.a_- ' \ ) \{-

V7. =600 GeV

Mixing parameter I
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Parameters in V Ll |
g\ Al |1Budumasl. Mg, Mg, Mg

9', e 3 Ayl = 0.1, 0.3, |BHAHTH3;2| = 0.1 TeV

1< vy /vy <35, Mz, < 2 TeV

Allowed regions of Mﬁl and M%z

o . R | -
12
A )=0.1
\;‘ |
= 0
s
-
[A}=0.3 |
2 | | ]
o 1 2 & 5
M, (TeV)

-1.5% (TeV?) < M2 < —0.52 (TeV?)



- u parameter
| = |Au|vs/ V2

Al = 0.
-ul ila 1%3 } ooy = G20 ey

The u parameter can have an appropriate magnitude for
the EW symmetry breaking.

Neutrino masses

0 —nuva /2 e N
( —mv2/ V2 V2ANvs ) My = || UE/2ﬁ1A5'|1*5

An| = 0.2
ve =3 TeV »m,~ 0.59 eV
mulv2 = 1 MeV

If 1. ~ 1., the observed neutrinos have tiny masses.

- Squark and slepton masses
a typical scale of Mz and My~ My, = 1 TeV

The EDMs of the neutron and the electron become
consistent with the experimental bounds without
fine-tuning much CP-violating phases.

K fermions
stable particles

my = Ah-'u,;/\/ﬁ ~0.1 — 1 TeV

Relic density depends on various uncertain factors.
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84 Energy dependence

The low energy parameter values are derived from universal
values at a high energy scale.

—

At a high energy scale My = 10Y7GeVv

The scalar masses-squared

The trilinear coupling constants . 2

m3 = mp = my ='m’l =m
n{}, r;;}, nx, 'r;;_.)‘, Aﬁ, Aﬁ, Aﬁ

At a low energy scale M/ =5 x 10°GeV

The parameter values are determined by R.G.E.s.



Hﬁf .Hf! \I =
myg—-ETeV nf=nf=q;‘=0, AR =As =02
(b) (<)
nx, ,\R 0.3 0.1
T’ﬂ:/ﬂ'la;g 01 1
(a)
(TeV") )
2L w |
3 M. P o |
: f.-’, M \\\\.ﬁ :
Or f/ '- I
_1' \
o |
'al-a 2 -1 o 1 2 3
A
(Tev") ® (TeV") 9
¥ et A R |
7 — J ZF ]
- I- " |
0 ok
-1 e . A ——
...3.’ '|- — = = _ _.,3’ = — ? v,
8 <2 9 0 ¥ 2 a 3 22 & 0 1 2 3
A A

M7 and MZ are negative in various input parameter regions.
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Explicit examples

A = =1
17;} = 1’];} - ﬂ;} = 0. q;:‘ = ,\ﬁ — ,\‘;E- =2
ORI () (i) (iv)
maz (T&V) 1.0 2.0
m (TeV) 0.3 0 5 0 3 0.5
r;i 0.007 0.002 0.010 0.005
"}‘h; 0.356 0412 0 307 0.339
v/ 1) C . 2.1 52 5, 8
ve (TeV) 2.4 3.5 3.8 4.4
Mz (TeV) 0.73 1.05 1.14 1.32
I 13 % " 21 2 107° 9.7 x 10— 5.3 % 10"
My (TeV) 0.062 0.042 0. 068 0.066
0.73 1.05 1.15 1.3
1.06 1.32 1.65 2 .05
Vi (TeV) 1.06 1.32 1.95 2.05
Vi (TeV) 1.06 1.32 1.95 2.05
My (GeV ’ a0 82 74 79
my (GeV) 166 161 160 166
my (GeV) 2.9 1.2 2.4 1.8

e The gauge symmetry breaking can be induced through
radiative corrections.

e Certain parameter values at a high energy scale with
the universal values m-% /2 and A lead to a plausible vacuum

around the EW scale.

e The gauge coupling constants are not unified at
the energy scale for possible grand unification.
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85 Summary

We have constructed a SSM based on SU(3)xSU(2)xU(1)xU'(1)
gauge symmetry and N = 1 supergravity.

e The proton is stable by gauge symmetry.
e The effective u parameter is given by the symmetry breaking
= |u| ~ EW scale
e The large Majorana masses are induced for the right-handed
neutrinos. = The ordinary neutrinos have tiny masses.

A typical mass scale ~ 1TeV
= The EDMs could become enough small
without fine-tuning much CP-violating phases.

The energy dependencies of the model parameters have been
studied.

e The masses-squared and the trilinear coupling constants of
scalar fields could be universal at ~ M.

e The gauge coupling constants are not unified.



