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An SO(10) model proposed previously is modified so as to allow for a legitimate fermion mass spectrum
consistent with a low-mass Z,. This drastically changes the neutral-current phenomenology of the original
theory. The modified model reproduces more of the low-energy phenomenology of the standard model.
All axial-vector-type neutral-current couplings at g2=0 are identical to those in the standard model. The
coupling of Z, to uu is enhanced, making it easier to detect the Z, in pp and pp colliders.

It is well known that SO(10) has rank 5, one higher than
SU(5). It therefore contains an extra neutral gauge boson
(Z,). Several authors! have discussed a class of models in
which the Z, mass is allowed to be relatively low (—~ 250
GeV), while the mass of the lighter neutral vector boson
(Z,), which is necessarily lighter than the standard-model?
Zo according to a theorem of Georgi and Weinberg,® is
within 2% of the Z, mass. In this class of models, the elec-
troweak gauge group is minimally extended to
SU(2),xU(1),xU(1),. For the case SO(10)— SU(5)
xU(1)y, a =Y (the weak hypercharge) and » = X. For the
case SO(10)— SU(4)xSU(2),xSU(2)g, a=B—L and
b=R, where U(l)g_, comes from SU(4)— SU(3).
xU(1)g—, and U(1)g from SU(2)g — U(1)k.

In the SO(10) example studied by Robinett and Rosner
(RR),! the electroweak group is spontaneously broken by
vacuum expectation values of scalar fields belonging to the
spinor representation (16) of SO(10). Within the context
of SU(2)xU(1)xU(1), the phenomenology of this model
was considered earlier by Deshpande and Iskandar.! The
neutrino neutral-current couplings at g2>=0 with this choice
of Higgs representation turn out to be identical to those in
the standard model.

There is an intrinsic problem of this model in SO(10): It
cannot generate fermion masses. Since each fermion gen-
eration is assigned to a 16 of SO(10), scalar fields that can
generate fermion masses via the conventional Yukawa in-
teractions must belong to

16x16=10+126+120 . M

None of these is present in a model with only Higgs 16-

plets. An attempt was made to generate fermion masses
from second-order contributions of the 16-plet scalar fields.*
This turns out to be inconsistent with a low-mass Z,: the
smallness of the neutrino mass requires the mass of Z, to
be large (> 107 GeV).> Recently, a legitimate fermion-
mass model consistent with a low-mass Z, has been con-
structed.® It requires the addition of SO(10) singlet fermion
fields and 10-plet complex scalar fields to the model with
only 16-plets of scalars and fermions. The singlet fermions
will not affect the gauge interactions of the theory. The ad-
ditional 10-plet scalar fields, however, can alter the neutral-
current interactions, in fact, quite dramatically. It is the
purpose of the present note to comment on these changes.
Their phenomenological implications were first analyzed in
SU(2), xI3r xU(1)p_; by Deshpande and Iskandar (third
work in Ref. 1), and we show that present data still allow
quite low values of MZz‘ The production of Z, in pp and pp

collisions also turns out to be easier than in the the model
considered by RR.

Listed in Table I are the scalar fields used in the present
model to break the SU(2),xU(1),xU(1), symmetry, to-
gether with their relevant quantum numbers. ¢; is an
SU(2), singlet contained in the 16, while ¢3 and ¢4 are the
two SU(2), doublets contained in a 10. They are all as-
sumed to have real vacuum expectation values (VEV’s).
Actually, for three fermion generations, three sets of 10-plet
scalar fields are required in the fermion-mass model of Ref.
6. Since their contributions to the gauge-boson masses sim-
ply add, we consider for simplicity only one 10.

In what follows only the case SU(2); xU(1)yxU(1)y
will be considered. The neutral-boson mass matrix has the

TABLE I. Assumed scalar fields leading to SU(2); xU(1),xU(1),— U(1)gpm.
Scalar field VEV 213, Y=2(0—-13.) 210X 213z B-L
é1 V2 0 0 -5 -1 +1
o4 VN2 -1 +1 +2 +1 0
" v4/\2 +1 -1 -2 —1 0
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form of Z; and Z, behave as
Y
I e} X My/My=1-2/25r , ©)
5 Miy/Mo= (24% +const) /2 | 6)
cos?6 —sinfcosf — —j—l_% cosf 2o 2
A Equation (5) should be compared with Eq. (3.19) in RR. It
w2= My2| —siné cosd sin20 —zj—sino ) is obvious that the present n.10del is closer to the standard
V10 model than is the model considered by RR in the sense that
_ 2% 28 . A202 4 S M, is closer to M, for the same value of r.
J10 cosé J10 sing  g*(5+5r) Following Georgi and Weinberg,®> the effective neutral-
current interaction Hamiltonian for the present model is
Here found to be
) - =0 +AH @]
r=l—1 ,
Va where
here - . — .
v Hi= =L [Fy* (s, —sin Q)01 [y, L3, —sin?60)¢]
V= (V)2+ (V3?2 . @ 2
@3
All other parameters are as defined in RR.! In particular, )
M, is the mass of the standard Z, For large r, the masses is the effective Hamiltonian in the standard model and
J
AH =5 %l%"(lu—sin20Q)¢][$7u(13L—Sinz" Q)vl
8 = ) - 217 -
+— (I3 —sin‘d Xy¢l+ 19 ¢ X . 9
5710 [yy (I3, —si Q)ll'][‘l")’u vl T[ll")’ l””‘b')’u ¥l ()

Using the identity which relates various SO(10) generators,
(3)V2X =3 (I, —sin?0 Q) =I3x — S cos?9Q ,  (10)

AH can be recast in the form

Aﬁﬁv=‘l,2_2@7"“3l- +I3p— 3 (3+25in%)Q 1y}
1

X @y ls+ g —5(3+2sin%)Q1y) . (AD

Note that A¥% is purely vectorlike. Consequently, all
axial-vector-type neutral-current couplings are identical to those
in the standard model, and the present model will turn out to
reproduce more of the standard-model neutral-current
phenomenology than the model with only Higgs 16-plets.

The phenomenology of the Hamiltonian (8) + (11) has
been examined previously in an SU(2); X135z xU(1)p_,
model, as mentioned.” Our analysis will reach qualitatively
similar conclusions, but we incorporate information on sin?9
in a slightly different way. The model-independent analysis
of Deshpande and Johnson! turns out to reach conclusions
almost identical to those in the present, more specific, ap-
proach. Others®® have also studied electroweak theories in
which A% is purely vectorlike.

The form of A#% in Eq. (11) changes the low-energy
neutral-current interactions in RR.! The neutrino interac-
tions are no longer the same as in the standard model. In-
stead, constraints on the parameter r are derived from data
on neutrino experiments. The most significant constraints
apply to parameters measured in deep-inelastic scattering on

I
hadrons. These may be expressed as’1°

(=3 —3x+ 115 - £ (3+201-0340£0.033 ,

(12)

er(w) =€, (u) —5=—0.179 £0.019 , (13)
eL(d)=—%+%x+%[—%+%(3+2x)]

= —0.424 £0.026 , (14)

er(d) =€, (d) +5 = —0.017 £0.058 . 15)

Here x =sin?9. The first equalities are predictions of the
present model; the second are experimental values.

Equations (12) and (13), and (14) and (15), may be com-
bined to give two independent constraints on x and r :

—3x 415 -G +201= -0.174£0016 ,  (16)

Ix+ -1+ L 3+201-0060£0024 . (7
r
Another important constraint on x comes from parity
violation in polarized-electron—deuteron scattering:!!

x=0.224 £0.020 . (18)

[Note that A#% in Eq. (11) cannot contribute to parity
violation observed in this experiment.] At present limits of
experimental accuracy, other data, such as ete™ — u*pu ",
W and Z masses, or neutrino-electron scattering, do not
provide as strong constraints on x and r in the present
model.> The results of a simultaneous fit to (16)-(18) are
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shown in Fig. 1. The contour for Ax?=1 satisfies r~

< 0.15, or
r>6.7 . (19)

This implies

M,

— >0.985 ., (20)
My, ™~

M,

—= >2.1-25 . Q1
My

Equation (20) is certainly in agreement with the mass of the
recently discovered neutral vector boson.!? The two
numbers in Eq. (21) correspond to the two limiting cases
considered by Robinett and Rosner, namely, the case in
which SO(10) is broken at the Planck scale and the case in
which SO(10) and SU(5) are broken at the same scale.

The coupling of the neutral boson Z; (i =1, 2) to the fer-
mion fis described by the Lagrangian

1/2
IM2—MP | ;
- sinBecose szz — M? fy“)\}’)fZ,-,L ’ @2

L7
"
i=1,2=»j=2,1,

where
2

M,
1- M02](13L—Q+%13R). (23)

A}")=(I3L—sin20Q)+%

The charges /3., I3z, and Q should be evaluated for the fer-
mion. f. The decay rates for Z; to decay to fermion-
antifermion pairs can be calculated from the Lagrangian
(22). The important point to be stressed is that the cou-
pling of Z, to the u quark is enhanced in the present model.
We find that, for M,=2.5M,, x =0.22,

I'(Z,—dd)
[(Z,— uw)

to be compared with the corresponding ratio in the model
considered by RR,

M >7 . (25)
I'(Z,— ul) |rr

3.5, (24)

This has significant phenomenological implications. It
means that the production of Z, in pp and pp collisions will
be enhanced. For instance, when M,=2.5M,, the produc-

BRIEF REPORTS 29

02 T I T |
: AX%1 i
Lol .
- + |
o) | 1 1 1
0.22 0.23 0.24 0.25 0.26 0.27
X = sin20

FIG. 1. Values of r and sin20 from a combined fit to deep-
inelastic neutrino-hadron scattering and polarized-electron—deuteron
scattering data. The cross denotes the central value; sin29=0.240,
r~1=0.054, x% i, = 1.69.

tion cross section in pp collisions at /s =2 TeV is about a
factor of 2 larger than that of the lightest Z, allowed in the
model considered by RR. The relative enhancement in pp
collisions at this energy is even larger.

To conclude, additional scalar fields are required to make
the SO(10) model studied by RR describe fermion masses.
This drastically changes the neutral-current sector of the
theory. The low-energy neutrino neutral-current interac-
tions are no longer the same as the standard model. In-
stead, all axial-vector-type neutral-current couplings at
g*=0 are identical to those in the standard model. The
resulting theory reproduces more of the standard-model
phenomenology.. The coupling of Z, to wu is enhanced,
making it easier to detect the Z, in high-energy pp and pp
collisions.
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