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I. Introduction

With the accumulation of experimental data, it becomes

/1

clear that conventional Weinberg-Salam model of weak and
electromagnetic interaction is not sufficient to describe

the real leptonic world, Larger number of particles and
probably larger gsuge groups muat be considered,
525(2)"52’(@)"%{1) y Su3y x Ut groups were proposed

as posaible candidateﬂ/2’3/. Contrary to the ¥,-S, model

which was more or less uniguely fixed by demanding that no
other leptons except for electron, muon and corresponding
neutrinos were present,there exist great arbitrariness in

the cholce of largar unified models, Por that reason additi-
onal information which may diminish thie amblguity is desi-
rable, Such information may be provided by poetulating some
extra symmetry of interaction which is more restrictive than
ordinary gesuge invariance, It seems that euperaymmetry is

able to play such a role, Indeed, superaymmetry implies severe
constralnts on the possible gauge models. At the same time

it provides a natural explanation for the Higgs mechanismié/:

in supersymmetric theory leptons are neceasarily accompanied

by scalar mesons triggering spontanecus gymmetry breaking,



* Heavy leptons are aleo predicted by supersymmetric unified
models, More precisly: if one insiets omn the (V-A) form
of },L-n e interaction than heavy leptons must be present.
Thelr masses mre correlated with the massea of W-mesons,
Using the mechanism of spontanascus superaymmetry breaking
preoposed by one of the present authors /4451 it was shown
posgible to construct resliatlc supersymmetric models of
weak and slectromagnetic interactions/4'6’7/.
In this paper we consider two modela, based on
SU&)x ’Ufi) and SUA) xSMﬂ) uﬂ) groups, not
contradicting experimental data, Everywhere throughout this
paper we assume lepton number conservation, This conservation

in masociated with ths transformetion

0, (,6) e P, (x,e7% )

Yix,§) — Yix,e *%0)

{1.1)
or in terms of the components
A, A,
RS BT
Y, | € ey,
Ft et&éd’- Ft
A > ec-!b',, A (t.2)
D )]

Here @+ are chiral nmatter superfields and \f 1s the
gauge superfield, The sxistencs of zero mass neuirinos will

follow from these conservation lsws. The invariance with

respect to the transformations (1.1) restiricts also possible
mass terms and the vacuum expectation values {VEV) of the

ascalar components of superfields.

2, & SU) U] moder.

in a first example we shall consider SU(Q)?‘ MU.)
model with the additional contact matter field interaction,
The simplest model reproducing reaaonabla lepton spectrum

ineludes three chiral isodublets: CP “'{A“ ?LV , ,

i=12.3 : k is the isotopic index: k; 1, 2 Jan&
4\t -

two Hermitian singlesta: fp; , (P;f = (QS—) s (Psi = { ASI ;

YS*’ j‘} 3:12

The most genera.l s.8, and gauge invariant lLagrangian 79/
looks as follows
T_g X i _ Y _35%/“:« c
iv g e i+ 5N .
£ ={9, e* ¢ 0 e ¢_1,
i+ 4} . (2.1}
+{@S+?S‘}JD {'Mtj(P+ (P_}[_
{aq@ (P (P } ‘*ﬂ,c‘fim
Herea A f denotes s mass term generated by spontanecus
supersymmetry braakingho/. 1t loocks as follows
£ it+,4 it
nY =B AR, o ATAL A ALY e A A
! (2.2)

We demand lespton charge conservation assocciated with the

traneformation



9,0~ &0 (x e )

1,2+

9, (z,0) = 9, 6,075 8)

Pl > G,y tx, e 5P

(2.3)
4,4 1,2 -,
— ) .
(PSu (x,9) @S+ (x,e 9)
Tha lepton charges are specified as follows
1,4 3 f,a
YO, e, w2 )
We assume also eeparate slsctron end
¢, ~efo, | @ ~e’Q
e 9, @, e ¢ (2.4)
o 2 -tf pa (2.5)
(an_pe (Pa: b q)s* € @s+ )
These¢ conservation laws lead to the following restrictiona
on the parameters M, . a.k. ’ ’]Z . « The only nonzero
t§ i i
paramsiers ars
M. osm, M _=m =m, al=a,,ak: a,.
1 1 s Pn?sa-"’]» - By Yoy T oy (2.6)

One can easlly verify that the effective potential gonera-
ted by the Lagrangian (2.1) has a& stable minimum st

, 3
‘A”{)o = <A53>a=07 <Aﬁlf>o - di[?’i’g’%) * (2.7)

Shifting the fields to zero expectation values we obiain
the following mass apectrum:
Charged vector measons Wy_ acquire tle massea

2 82 2 a
m “""’"‘(0[_r +GL__) (2.8)

* Neutral vector mesona

Zu =g+ ) Uy A -gA)

1 =g (g2 g2 (oll -2 (2.9)
a, :(32*9:)1/“3&‘ +gIAl) , =0,
Charged fermigons

1 -
\{/1 :e‘m!.'_

W,ﬁz}l! m, = M,

=

{1

-1/ .
a0 ry2 S E, M, =gd

; * (2.10)

-1/2
3 ; = -
\}J{_ + 3 (,\2+t)11)+ = EJ , HEi-goﬂ_
Due to invariance with respect to the transformsations (2.3},

{(2.4), (2.5) four massless fermions exist

(f"l%aig‘i)\f/:_ _'"ekfg_ (ﬂslaag")\f/“i- #%f
Ve Lt alg?)® KT (nd o1} afg)"
i
(2.11)
(gA +gi/‘3 )_ Mszlf/i -'ME‘ gic
V=i =~ 1o YeT T

i (gg_ *Ef )f/ﬁl (Mi-i +Mi:'1 )ia‘ﬂ.



There are slec three heavy neutral leptons with the

mnagsges 12
— i . 1
MNi ff’lEtaig + me)
i/2
— 2 T -2
sz; (Msaa,lg + m,,,)
472 _ 2 a 1/2 (2;12)
N, =lgt+g?) L(M51+1"15) .

The messes of the heavy charged leptons are relsted to the

intermediate vector weson mass by the sum rule

(2.13)
Therefore 1f one of these leptons is identified with the
recently discovered T particle (Mr = ’13 GeV.] than
the second one has a very large masa,
Masses of the neutral leptons depend onthe ratios

a’tg-j' » Experimental lowsr limit MN > MK leads to
i

a,ia_i %0.25,
Scalar meson mage spectrum contains considerable arbi-~
tirarinesa, By the sppropriate cholce of the paraceters E R
7 the masses of all scalar mesons can be done greater than
the W  mass, Consequently all the processes including sca-
lar meaons are suppresesed,
The explicit form of interaction can be eanlly found

from ey, (2,1), The electron and muon part looks as follows

f=32£3“+3:>‘m%(%"9 M2

ea7t g P 2 Lggriegte g+

+(31+3f 3 VeLJPVeL + ‘quJPVPL)} +
~-1f2 _
+ 97 WM 0 gt (1 afg e me) &Y, Vel

. Lo-d 2 -2 ~ rﬁ( P
+n£aazg“(ﬂgla-lg U w3k (2.14)

... denotes terms containing heavy leptons and scalers,

This terms include axial vector contribution %o the neutral

current,
- e universallity is exact only in the limit m, =
=m, = o . K VP"— and € Vu coupling constants

differ by the factor

472
-1 M’- 1 -2 i
“Eiaig ( Eaa‘:,g t “‘,u)

2 a2 .3 sty g gt
+
(Mg @i g me ) g, 228
(2.15)
However due to the fact that wm <« M e m, <« M
e Ey #* E,
the deviation from universality is negligible,

The electron neutral current is pure vector and {there-
fore no parity violation in atomic physice i1s predicted.
Parity viclating effects are absent also in the neutrino-
e }1 scattering., Experimental situation here is not quite

1
clear, and we shall not discuss it, As to the neutrino-had-

ron scattering where such effects are certainly present, it



can be easily explained in the framework of the present model .
Up to now we consider only leptonic sector, Quark weak intera-
ction may be eamily included, The peculiar feature of Buper=
symmetry models is the sbsence of natural quark-iepton aymme-
try, Indeed leptons are consiructed partially from chirsl
superfields Yﬁ and partislly from gauge superfields AL s
If the quarks are not wixed with the leptome than they must

be dewcribed by only chiral superfields snd vacuum axpecta-
tion valuee of these superfields must be zero. (Otherwise

the mass term would arise which mixes quarks and leptons ),
Therefore quark sector is completely independent on the

lepton pector. Practically any quark model may be easily
written in a supersymmetric form. In particular one can chooase
the quark neutral currents having exial part as well, Super-
symmetry gives no sssential new predictione for the quark

weak intersctions, apart from the exislence of ascalar partic-
les accompenying querks, For that reason we shall not discuss

in thils paper guark weak interactions,

3.0 SUDISURN x UML) Moder.

Now we will corsider  SU(Q) x 5U(L) » WUl1) model
with doublets and quartets, but will assume that apart from
minimal gauge coupling additional direct matter field inte-
raction takea place, Matter fieslds are described by two
quartets q)t.“ ={ A"é‘-'-"’ %J o Fq t} and aix doublets

tE it

d o d
O AL,y P Y, a=1,2,3

10

i

o
QH—\ are doublets with respect to Su.(ﬂ,)i (SU(Q);L)
ard singleste with reapect to 521(2)1'(52L(1)1) .

The most general gauge invariant and supersymmetric

Lagrangian for thease fielda looks ae follows:

= e

+ g ¥ g Y -3 ¥ 3.\
Y=Tt{@+€8£ 1@+e % “+‘P_*e f i@_e * 1}@ *
+ SL'F +¥l_¥ g \f —e\f
sTL@L e R a9 ety -

'{Hf'@:+9_?i L +RL_M{Q:Q“+PjT+}F+(3JJ

+dy +ad,

where A i denotes a mass term for mcalar fields generated

by spontaneous pupsrsymmetry breaking,

We postulate lepton number conservation asscciated with

the transformation

9% (x,8) = e " P% 1, s §)

Qo x,0) —= Do (x, e 8), w=1,3,3
- it

P, (x,8) ‘Pt (x,e 48 3.2)

Y a0~ Y, , (w07

Yix,0) - ¥(ax, e %%0)
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and also separate conservation of doublet leptonic charges
(electron, muon, etc,). The later 1is sssociated with the

transformations

o P, 40
2. e (Pi' pt=1d (3.3

Invariance with respect to these transformations leads to

equations m = 0 N
£ =gl A TAYETATTAT - TulgtA A v ATA )
+7+A:A+ e ATALY . (342

It can be phown thai choosing appropriately syumetry
breaking parameters we can obtain a stable extrenum at the

following pointe

dy O
Aye? * (570), AT>=0, «=1,2

<Ai>=(§,) ! ALy =0 (3.5)

Shifting the fields to zero expectation values cne

obtalne tbhe followlng mass spectirum charged vector mesons:

1
=97 V{ 1% u) M Eﬁ(dfu?q‘)

" 5
-3, 4 L8 2 22 2 .2
L‘fatzﬂ (Va#+{’2p)nm1:g(°‘++d‘-)'

Neutral vector mesons and photon

3
Z,, =z (aVy + Vo + 6 U)

12

Z, =z (a,V) +V> +8u,)

2u 24 ap  tate
1 3 3
A’“ - {zﬂg f‘z vy 9 )m({gav‘l}’-ﬂ pgivﬂi* +5}33HF-)
ES
2 _ agleg?) w g2 gl
sz.(za) = ¢ 21( LS (3.7)

q_i.{fd (3 49 )+51(f+g J ‘lotlngfgl {g *315} )}

wherse

-1/ a
2£=(1+af‘+€:) . ,,L::a(_f+¢_"

20,2
) 2M;€‘ 242 (Qm;;g;:ot)?g

R e YRRV S

Charged fearmiona

=%

+ i+ - |g£d+|

- \yau
E

2+ %11— Ty, = lgad’*’

E.’l" = Zﬂ_ (3.8)
E = ng- = lg:id'—l
E3 - Y-«.‘t—

~1/2

Epm (- mp 0 )0 gttt
Eo= Xy '

13



~1/a

E+:( § +of.,\f’i)(d_q+=’
5 ¥ 'far- { ) . h3(atf+52}'m

B =y}

e =y, A (3.9)
a1 M =lhd {, s 'mF':]hJ_u'-_l
’\V1+ f'i =Y

20,0 My = gV (Ag-iA)

Neutral massive fermions N
1

There are three neutral massive fermions, The massesn of

two of them sre related to the masses of neutral vector me-

gonAa.
2z - 2
M =M,
a b3
fy, =1, (3.10)
N, =y
i 1- Ih, xl
e af
N+ - L{J_alﬁ_
Jf D P

A T NI B L
g 2 43
M, = (a0 £g2agig2)/20leg?)

Neutral massless fermions

et A2 3 3
v, * ci‘fog: . {13: *9:9;) {fgaf\i_ - ?gif\a_ +Higa)._}
s (e a7 H“ifjdﬁl’“_) (3.11)
Yy ® - a;’
14

4
: \f}ﬁf * vP’-R = kf":1- '
We assume that ordinary electron and muon weak inter-
actlon is mediated by ‘A/;L meson, agsoclsted with the
52[(3)1 group, and ihat the other intermediate meson
1;‘/1 y 18 much heavier. That means lafl>> Id.+|,ld._| .
Than the charged ‘A/E_ current has a form

. 178 - —_— —_ ®
=82 Uegfe, N ym + e,

-1ra A

1/2 3 2
+ fo(f92 852, 2,2) — » O B LU N S
2 gi‘igi '?31+3i31) V'La Eﬂl 'd-_'_lﬂ-_'_*d-_) V’LLJ E3L
N -t/ — 1/ 2 2 -1/2
+ol (d]+q) viLX’uEaR -2 ;3._{‘f33*f9:+3:3:) '
(3.12)

Ve y# -
Vo fFEsp *
¢s+ denotes terms containing heavy leptons {(charged and

neutral),

In the same appproximation neutral currant interscting

with the lighter neutral meson Zi looks as follows
. ‘92+ )i/A 29 a9 29
JZ_.Z‘; 2R9‘1¥ 2 2.2 1,&{'?31 ffgﬂ?.*gigl(v M +\7 FY ]
s APyl PgRegiga) ETIYY: o Vot Vld Y
1

2_ a _
P LT VLLJFV“_*‘V::LJ v, )+;’a‘?ﬂ (eg €. +;LJ /L +

di+al?

- (3.13)
vE oy E, vE HE +_£ua,_ﬁ_ﬁ_ 5 ~
wd b TR TE) BB e sy

#EKX#EH- + Eﬂ-ﬁ ZP‘EQR 4-2_3!_ gﬂ“’ ESL)+3:(E';LXF'E2L + FE.‘.&RB#E?R)} i

1



Electromagnetic coupling constant is

9,9,
(%24 %2 rqlgy "

e =

(3.14)

Electron and muon charged currents interaction is exact-
ly universal and has a standard form. As to the heavy leptons
one of them E:, aleo bas universal |/ - A interac-
tion, but others interact differently. In particular right
handed currents are preseni. Identification of one of thesa
leptons with T -particle is somewhat arbitrary because at
present we know little about it's interaction, One of the
posaibilities is T = EL .

Electron and muon neutrsl currsnts contain axial part,
and therefore parity viclation in atomic physics is predic-
ted. So if the absence of parity violation in atoms will
be confirmed this model should be considered as unsatisfac-

tory, Aa in the previous model quark sector may be introdu-

ced quite independently and will not be discussed here,
Discusaion

Examples considered in the previous sections show that
unified lepton models may be formulated in a pupersymms tric
way, Supersymmetry implies severe restrictions on the poa-
8ible models and leads in particular to the existence of sum

rules between the masses of leptons and 1v7 -mesonsg.,

However, we found impossible to describe the existing
experimental situation in the framework of minimal supar—

symuetric gauge coupling., Perhaps more complicated gauge

16

groups ahould be considersd, Minimsal models certainly are
more appealing from the aesthetical point of view and are
more predictive, If one abandons the requirement of winime-
lity and considers direct matter field Imteractior of the
type @3, then Pstendard™ gauge groups,i.e.,SU(L) #wi.),
SU(A) = SUQY W)

are acceptable, In comparimon with ordinary gesuge models
aupsreymuetric lepton modele give sdditional predicticna

concerning mess gpectrum and the form of interaction.
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