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In an effective-Lagrangian model with gauge bosons (W,Z,y) and their neighboring spin /=1 compo-
sites (W*,Z*), we find relations among their masses, my, mz, my*, and mz*: my my*=cosdmzmzy* (as
a generalization of my, = cos@my) and my? + m - +tan20my ot = mz2 + myz** with my, being the mass of
W in the standard model provided that the system respects the SU(2); xU(1)y symmetry. W* and Z* are
taken as the lowest-lying excited states belonging to an SU(2), triplet in the symmetric limit. The ex-
istence of W* coupling to the ¥ — 4 current modifies the relation between G and my, and that of Z* gen-
erates a new interaction of the (JEM)2 type as well as the deviation of sinfy, observed at low energies from

the mixing angle siné in neutral-current interactions.

PROLOGUE

In composite models of quarks and leptons as well as
gauge bosons,! there will naturally emerge various reso-
nances:>* spin J =0 resonances as partners of J=1 gauge

bosons, J =% resonances as excited states of quarks and

leptons, J =1 resonances as excited states of gauge bosons,
and so on. Their properties and possible observable signa-
tures have been extensively discussed lately.* In a previous
paper, 5 we studied the masses of J =1 excited W and Z bo-
sons, W* and Z*, using the charge commutation relations

(CR’s) of the underlying SU(2), xU(1)y symmetry.® The -

breaking of SU(2), X U(1)y is characterized by the presence
of the CR [T,,T,]1=0, where T, =ilH,T.], with T, be-
ing the SU(2),-raising generator (74 = T;+iT,) and H be-
ing the Hamiltonian of the system. Since the realization of
[T+, T+1=0 depends crucially on the spectrum of physical
J =1 bosons present in the models, it yields, after simple
calculations (carried out in the infinite-momentum frame),
mwy =cosOmz for the system® (W,Z,y) and mymy~
= cos@mzmz« for the system® (W,Z,y,W*,Z*), where mw,
mz, my» and mgx are the masses of W, Z, W*, and Z*,
respectively; W* and Z* belong to an SU(2), triplet in the
symmetric limit. ) ‘

In the present Brief Report, we construct an explicit
model containing W* and Z* as well as W, Z, y by the use
of an effective Lagrangian based on the SU(2),xU(1)y
symmetry. The CR constraint [74,7+] =0 previously used
will be automatically realized if the SU(2).-doublet Higgs‘

Lo=—+V@VOw— 2B, B*+|D, 1>~ V(s),

scalar ¢ is produced at the level of composites.” From the

effective Lagrangian involving Kinetic mixing among non-
Abelian fields (W,Z,v,W*Z"), the relation
muymyy*=cosdmzmz* is found to be satisfied (as one may
expect from the work in Ref. 5). We then study in detail
the influence of W* and Z* on low-energy weak interac-
tions.

EFFECTIVE LAGRANGIAN

We introduce the following set of fields: (1) Gauge bo-
sons®* V,=T,¥? and B, associated with SU(2), and
U()y, respectively; (2) composite vector bosons
Vu=TVy?; and (3) Higgs scalar ¢. Their transformation
under .SU(2), is given by V,— UV, U"'+iU3,U"},
Vi— UViU™', and ¢ — U¢, where U represents the
gauge transformation. For simplicity, the possible presence
of B, or other SU(2),-singlet J =1 resonances is neglected
as a first approximation.

The SU(2). xU(1)y-invariant coupling among V, and
V,f involving their kinetic mixing® can be expressed in terms
of Vyuy, Vv, and [V, V)1, where

V=TV =8,V,—0,V,+iglV,V,1]
and
Vi, =T, Ve =8,V —0,Vy +iglV,Vy1—iglv, Vil

The SU(2), xU(1)y-invariant effective Lagrangian is given
by Letr=Lo+ Ly + Lmix, With

(1a)

2 2
Li= = VIO Y O 4 Ty 0y on g B (T2 eg) +ih 8V (D)~ (D#6) V0], (1b)

Luin= — $A, oV SOV*OW — Sny v D GLV*, VDO — 2V,

where
B,,=9,B,—98,B,, D,=d,—igV,—ig'(Y/2)B,,
with Y being the U(1)y charge,

[ V:’ V: ](i) — ieijk V:(j) V:‘(k)
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DGV VDD — 2h GV VI DO GV, v O

(1c)
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The scale v is to be identified in () = (0, v/~/2)T.

3067 .

After some calculations,'® L is transformed into Ly without the mixed term V0 V*Owv: Ll = L + L{ + Ly with

Li= =4 YQYOw - 1B, Bw + DI~ V(9) (22)
2 ~2 ~
Li=—Lyropoum ’"2V V:(i)y*(i>u+5Lz(¢f Vav*ee) +ihle"Vyr (Drd) — (DE4) Vi) (2b)
v
Laix = = 7 Y0 GV VDO = 2X,VEP GIV, VDO = 31X o GLVEL VI DOGIV e v O 20)

The new gauge fields denoted by Y ,E"’ are defined as
Yu=TY" =V, +I\, «/(1=2,,»)21V} and Y,,=9,7,
-9,Y,+iglY,,Y,1. V,in Vj, has been replaced by Y, in
L. The factor I—AVV*Z appears, owing to the rescaling
Vi — Vp/(1=x,,«")2 Other parameters are defined by

mt=m2(L=x,?) , mi=smY(1—x, %) ,

vv*
h=h/(1=X,H"

XV"'= [AV*_)\V)‘VV"+2g>‘VV*(AVV*— 1)]/(1— XVV*Z)J/z R

|
AV*V*— 2g)\y)\w*2 +g2hVV"'2(SXVV‘2_ 4)
(1=x,,H?

v*r* T

1

vv*

The effect of the inclusion of ¥ in the ‘“‘physical’’ gauge
field Y, arises in their interactions with quarks and leptons.
In particular, low-energy weak interactions will be modified.
We will discuss this point later.

MASS RELATIONS

From the _I;agran%ian Ly we can find mass matrices M,
on the (Y%, 7)) basis and M, on the (Z,, V™)

A= (r—gh,, D)/ (1=x,43) , basis where Z,=cos6 Y, > —sinéB,,
]
My (E/g—iw*)mw(f
M= - - . P - - (3a)
ch (h/g - )\VV*)mwoz m V2 + 8m2+ )\VV*(AVV*_ 2h/g )WIW()2
mzo? (h/g =X, »)comzo®
=1 . - . - - - 3b)
M,, (h/g—)\w*)c,,mzoz mV2+6m2+AVV*()\VV*—Zh/g)mwoz .
. |
where mwo=_gv/2 and mzo= (g>+g'?)">v/2 are the masses  and my« satisfy the relation
for W and Z in the standard SU(Q),xU(1)y model:
mwo=coslmzo (=cemzo); v is defined as (¢)=/(0, mwmyx=Ccosbmzmzx , (7a)
v/N2)T X = x /(1= X\, +)) V2 Since the local U(1)gy _ .
symmetry remains, the photon stays massless. The physical S 1€ Mwo= cosémzo. In addition,
photon 4, in this model is given as an orthogonal state of mz?+ mzal = my? + my? + tan20mpy o> (7v)

Z, (cg=cos8,s9=s5ing):
Au=coB,+5oY ) =A2 + 5oy V3P | (€))

where A0 =ceB,+soV > is the photon in the standard
model.

~ One can find the following mass relations from M, and
M,:

2
m n
mwPmyst=——"x i >~ (h/g)’mw?] , (5a)
1=,
mW2+qu.2= mwo2+-———————1 3
1—a,,

x [ y?= (h/g)2mwe? + (N, x—h/g Vmwo?l

(5b)

and

2
mztmgnt=—"2C 1,2~ (h/g)?mwe?] | (62)
1=,
m22 + mz*z = m202 + %
— A
x[my2—(h/g)mwe® + (N, «— h/g)mue®] ,

(6b)

where /1 y2=my?+8m? It is thus clear that my, mz, mysx,

is also derived.
LOW-ENERGY WEAK INTERACTIONS

Since the SU(2), triplet ¥ (thus, W, and Z,) may cou-
ple to quark or lepton pairs via the ¥V — A currents, they
mediate low-energy weak interactions and give additional
contributions to #n — pev., u— ev,v., and so on. Let g*
be a coupling constant of Vi) to quark and lepton
currents, J,). For simplicity, g* has been taken to be
universal over all quark and lepton doublets.

The interaction Lagrangian can be expressed as .

Lim=g'],£i) V(i)u+g’J£Bn+g*J:(f) V*(i)u . 8)

which is subsequently transformed into

£
+-j—§[(§*J:‘+) — X, @l PVt Hel

Lin = —52—(J,£+> Y(-»+H.c.)

+8zJEZH + el MAR+ (T3P =X gl DIV Om

()}
with g*=g"/(1—x )2, g;= (g +g"?)V? and e =gg'/gz;
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Z,=cosfY > —singB,, and A,=singY > +cosdB, as
have been already defined; JZ (= J‘” - smz()JEM) and JEM
are the neutral current of the standard SU(2)L xU(l)y
model and electromagnetlc current, respectively. Since
(Y(+) V*(')) and (Z,,V+®) are the bases of M, in Eq.
(3a) and Mi in Eq. (3b) respecuvely, physical states denot-

ed by (W P, wi*)) and (Z,,Z}) can be defined to be
(cs5=c088,55= smS etc.)
W,ﬁi) cs Y(i-)
*(:) =1=ss |V} ol . ’ (10a)
— s, C,,][V*(S) (10b)

For quarks and leptons, J” =J:”. The low-energy ef-
fective Lagrangian, L for weak charged-current interac-
tions and LZ; for weak neutral-current ones, can be con-
structed by the method described in Refs. 6 and 11
(suppressing the Lorentz indices): »

L =a4V2GPp I I (11a)
L% =4V2GPp[ (J® —5in20,, JPM)2 + Cpy (JEM)?] ,  (11b)
with

4V2GP=g*/my?, pi=C+2eh+€S;, i=1,2 ,

CEM = Sin29€2(C2S2 - A22)/p2 »
and

sin%0y =sin?0[1 — (A, +€S,)/pa] , (12)
where

Ci=c?+s?(m;i/ms)?,

A/=CjSi[1 - (mi /mi*)Z] ) ‘

and €= [(g*/g)~)\w*]/.,/1-— )\VV* .

and masses are given as ¢;=cs (co), si=ss (5,), mi=my
(mz), and mpx=mys (mz+) for i=1 (i=2). It can be
found that C;, §;, and A; are independent of / and calculated
to be

C(=C)=1+(mp?—mwo®)/ mps® , (13a)

Si= (C,‘“‘ Si in C,)

The mixing angles

S(=5) = (mwo/mws)? , (13b)

and
A=A, = Cmo /my ) L (h/g) = N, u) (1= ¥, V2,
(13¢)

TABLE I. Typical values of various parameters in
mz=93 GeV. The unit for my s and v is GeV.

by using M, (M) with Egs. (10a) and (10b) together with
Egs. (7a) and (7b). We then observe that

p1(in L#) =p,(in L) =p . » (14)
The mixing angles a and & are expressed as

52 = (mzs2— mp?) (Mgl — mys2)/sg*mzs?(mzu — mz?)
and
552 = (cg’mzs> — mw?) (mzs® — my»*)/ s’ mz+? (my 2 — mp?)

with Mz x>Mpy*.

The influence of W* and Z* in the quark and lepton in-
teractions is characterized by the parameter €, which in-
volves g*/g. In L%, it can be seen from the appearance of
(JEM)? which is also expected by the general argument
made by Bjorken.!? The mixing angle observed at low ener-
gies is sin’@y defined in Eq. (12) but not sin?9 itself.!?

The present phenomenology suggests'* that Gfp = Gr
=(1.16638 +0.00002) X 10~° GeV~2 and sin?@, (0) = 0.207
+0.012 (average value of v,N and eD).!® Shown in Tables
I and II are typical values of various parameters in L and
Lgy. The experimentally determined values of p for given
s> are expressed in Table II as pexp: Pexpt
=V2Grmy?sin®0/mapgy Wwith apy~'=137.036. One can
then find from Table II that appropriate values of

e(=[(g"/g) =, 1/ (=¥, )
e., those of g* and A «,

the low-energy phenomenology. The vacuum expectation
value v can also be calculated to be v=2myo/g
= myxsinf~/ S/ maem, whose values are listed in Table 1.

reproduce consistent results with

SUMMARY

For the system with W, Z, W* Z* and y, we have
derived two mass relations

mymy»=CcoSbmzmzx+ ,

2= mp? + mys* +tan?0myo?

mzz +mzx
with mzx > my«, where myo=v~/margm/sin. These sum
rules will not be disturbed as long as possible SU(2), -singlet
spin-1 resonances such as B* are much heavier than W*
and Z"*.
The existence of W* and Z* with masses in the range of
150-200 GeV is not incompatible with the present low-
energy weak-interaction phenomenology if my«~ my« and

e(=[(g"g) =\, +)/ (1=

V,,ﬁ)m) is arranged to the ap-

effective low-energy Lagrangian for my =82 GeV and

54 My /My« My x 552 o C S A v
0.21 1.004 150 0.028 0.009 0.981 0.325 0.114 259
200 0.030 0.009 0.976 0.197 0.140 268
0.22 1.010 150 0.067 0.022 0.954 0.352 0.173 276
200 0.071 0.030 0.941 0.231 0.213 298
0.23 1.017 150 0.102 0.037 0.929 -0.377 0.210 292
200 0.110 0.035 0.910 0.263 0.258 325
0.24 1.024 150 0.135 0.051 0.906 0.400 0.237 307
200 0.144 0.048 0.881 0.292 0.291 349
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TABLE I Calculated values of e, sin?y, and Cgy for the given values Of pegp.

sin20 w CEM

S¢ Pexpt mW* €
0.21 1.041 150 0.205(—0.294)
200 0.204(—0.320)
0.22 1.090 150 0.301(—0.452)
: 200 0.301(—0.495)
0.23 1.140 150 0.375(—0.562)
200 0.375(—10.615)
0.24 1.190 150 0.437(—0.649)
200 0.436(—0.710)

5.44x10~4(1.12x1073)
3.05x1074(7.45%x10™%)
1.23x1073(2,78x1073)
6.91x1074(1.87x1073)
2.00x1073(4.49x1073)
1.12x1073(3.02x1073)
2.83x1073(6.24x1073)
1.61x1073(4.28x1073)

0.203(0.211)
0.203(0.215)
0.203(0.221)
0.203(0.230)
0.203(0.230)
0.203(0.242)
0.204(0.237)
0.203(0.252)

propriate value of order -1-15. In this case, the V —4

charged-current interactions are caused by the admixture of
W) and W*(%). therefore, the observed Gy in n— evy
must include both contributions while the inclusion of Z*
induces the term (JEM)? in low-energy neutral-current in-
teractions. Its relative strength to (J® —sin20,JEM)? is of
order 1073, The mixing angle sind for the neutral gauge
bosons (V. and B,) is expected to differ from the one
observed in the low-energy neutral-current interactions,!?
sin2@y, as shown in Eq. (12).

Owing to the presence of the interactions of
o' T,D#¢ V), decays of W* and Z* can proceed as

W) — W E) L g0 Z*— (Z ory) +HO |

if kinematically allowed, where H° is the physical Higgs bo-
son. A radiative decay of W*,

WHE) )y

can be induced by Lpx with ViPV*@w  and

Y LV v*])® giving
5053C8(8,4,— 8,4,) (W HRp*—)w

- Wkt He)
2,2

where s¢ss2cs’ lies in the ranges of 1072-1072 from Table
1. Therefore, it is likely that the radiative decay of W* into
Wy is more suppressed than usually expected. On the other
hand, the present L. does not contain the interaction term,
which causes Z*— Zvy.'® Finally, it should be noted that
T(W*— ff)/T(W — ff)=¢e*(myx/mw) (f= a quark or
lepton) with €2==10"! from Table II for mux=150-200
GeV.

We hope that the properties of W* and Z* presented in
this paper, especially the relation my myx=cos@mzmzx, can
be examined in future high-energy collider experiments.
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