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Asymmetries in e *e ~ collisions from the Sp(6);, X U(1)y family model
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We examine the forward-backward and left-right asymmetries of lepton pairs produced in e *e ~ col-
lisions as probes of new physics resulting from the Sp(6), X U(1)y family model. The asymmetries are
found to be generation dependent and can be used to easily distinguish the Sp(6), X U(1)y model.

PACS number(s): 13.10.+q, 12.60.Cn

The standard model [1] of electroweak interactions
based on the SU(2), XU(1)y group has demonstrated re-
markable success in describing neutral- and charged-
current processes and in determining the mass of the W
and Z gauge bosons. However, the family repetition of
quarks and leptons strongly suggests that the standard
model needs to be extended. Instead of an SU(2); in-
teraction which connects the doublets in one generation,
it seems natural to have a larger flavor gauge group that
can interchange fermions in different generations. The
six left-handed quarks (leptons) form three doublets un-
der the SU(2); flavor group. It is desirable to include
them in a six-dimensional representation 6 of a simple
flavor gauge group. It was shown [2] that there is a
unique extension of SU(2); X U(1)y into the anomaly-free
Sp(6); XU(1)y. Under Sp(6), the left-handed fermions
(quarks or leptons) transform like 6 while the right-
handed ones are all singlets. This extension is natural
since SU(2)=Sp(2). A doublet of Sp(2),[SU(2)] is thus
readily generalized into the anomaly-free 6 of Sp(6),
for three generations. Sp(6) can be naturally broken
into [SUQ)]’=SU(2),XSU(2),XSU(2);, where SU(2);
operates on the ith generation exclusively. Thus, the stan-
dard SU(2); is to be identified with the diagonal SU(2)
subgroup of [SU(2)]. In terms of the SU(2);, gauge boson
A;, the SU(2); gauge bosons are given by

=(1/V3)( A+ A,+ A;). Of the other orthogonal
combinations of A;, it was found that A’
=(1/V6)(A,+ A,—2A;) has a mass scale in the TeV
range [3].

There have been a number of phenomenological studies
[4] on the Sp(6); XU(1)y model. In the Sp(6);, XU(1)y
model the gauge boson Z' couples equally to the first and
second generations, but differently to the third. This
universality violation gives rise to distinctive observable
features. In this work, we would like to investigate the
effects of the generation-dependent couplings of Z' on
leptonic asymmetries in high-energy e *e ~ collisions.

Several articles have dealt with the effects of an addi-
tional neutral gauge boson in e *e ™ collisions [5]. In gen-
eral, with the additional gauge boson Z’, the neutral-
current Lagrangian is generalized to contain an addition-
al term:

_'LNC=ngmAp.+gZJ§Z[.L+gZ'JE'Z;J , (1)
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where g5 =V (1—xy,)/28,=8/V2, xp=sin’0y, and
g=e/sinfy,. In this paper we use x,=0.23. The neu-
tral currents J; and J are given by
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where g§=(T3L —2xyQ);, gﬁz(Th );, and g/
=g:{=(T3L ); for the first two generations and g/
=g{=—2(T}, ) for the third. Here (T ), and Q; are
the third component of the weak isospin and electric
charge of the fermion f, respectively. Let ¢ denote the
mixing angle between Z and Z'; then the physical (mass
eigenstate) gauge bosons, denoted by Z, and Z,, are
given as linear combinations of Z and Z':

Z, cos¢p sing | |Z
Z, —sing cos¢ | |Z' |~ “@
and the neutral-current Lagrangian reads
2
—Lnc=8z X z;, (5)
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where g/ and g/ are the vector and axial-vector cou-
1 1

plings of fermion f to physical gauge boson Z;, respec-
tively, and they are given by
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The change in the fermion couplings given by Eqgs. (6)
and (7) will affect measurements in ete™ collisions.
Among the quantities that are sensitive to this change are
the forward-backward and the left-right asymmetries.
The neutral-current Lagrangian in the mass eigenstates
basis of the gauge bosons can be used to determine the
cross section ag(ete” —ff). The integrated forward-
backward asymmetry is defined as
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App (8)

where z=cosf and 6 is the angle between the outgoing

fermion and the incident electron. The left-right asym-

metry is defined by
0L O0R

Ag= (9)

optog’
where o (o) is the cross section for scattering of a left-
(right-) handed electron on an unpolarized positron.
With the couplings given by Egs. (6) and (7), the general
expressions for the forward-backward and left-right
asymmetries are written explicitly as

3 2
Am=75122 gjjgﬁj Red;

j=1
2
e e e e
+j,kz=1(nggAk +8Angk )

X(gf g}, +84 80, )Re(A;A})

b

(10)
LR D j=1g ngj € j
2
+ 3 28v85,
hk=1
X(gfgl, +&% g}, )Re(A;A7) } :
(11)

where the superscript f refers to the final-state lepton and

2
D=1+4+23 gf,jg{j ReA;
i=1

2
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X(glgl, +eh ek JRe(AAD),  (12)

where

s
A= , (13)
! xW(l—xW)[(s—M%j)+iMZjI“Zj]
here sz and I'; are the mass and total width of gauge
boson Z;, respectively. The total width FZ,- is defined by

NZ;—al)= 3 F(Zj—>ff)
f
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(14)
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FIG. 1. The forward-backward asymmetry Agg for

ete —pu*u~ as a function of Vs for Mz, =500 GeV and

¢=0.05 (solid curve) and ¢= —0.05 (dashed curve). The dotted
curve is the standard model predictions.

where Ny is a color factor (N,=3 for quarks and N,=1
for leptons).

The effects of the presence of Z’ on top of the Z, reso-
nance were studied [6] where deviations from the stan-
dard model predictions were expected. However, it is
possible that there is not much mixing between Z and Z’.
In this case no such deviations will show up on the Z,
resonance. But, as we will show, pronounced effects can
show up off the Z, resonance regardless of the value of
the mixing angle. The mixing angle is bounded from
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FIG. 2. The left-right asymmetry A fore*e —>u*tp~ asa
function of V's for the same mass and mixing angles considered
in Fig. 1. The dotted curve is the standard model predictions.
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FIG. 3. The forward-backward asymmetry Agg for FIG. 4. The left-right asymmetry A fore*e ™ —»7*7" asa

e*e” —7* 1 as a function of V's for the same mass and mixing
angles considered in Fig. 1. The dotted curve is the standard
model predictions.

above since it is generally believed to be of the order of
M;z/M5z. M, is at least 2300 GeV from the direct
search limit of the Collider Detector at Fermilab (CDF)
[7]. In this work we will consider |$| <0.05.

Now we turn to our results. In Fig. 1, we consider
MZZ=500 GeV and we present the expected forward-

backward asymmetry for the process e e " —utu~ as a
function of Vs for ¢=—0.05 and 0.05. For comparison,
we also present the forward-backward asymmetry pre-
dicted by the standard model. We find a distinctive
modification of the standard model predictions featured
in the existence of a dip due to cancellation among
different contributions. The location of the dip is about
15% below the Z, threshold. The dip is followed by a
peak on the Z,. Figure 2 shows the left-right asymmetry
as a function of V's for the same process. The effect of
the presence of Z' on the left-right asymmetry is found to
be even more pronounced where a sharp dip exists about
15% below the Z, threshold followed by a sharp peak on
the Z,.

Since the couplings of the 7 lepton are different as com-
pared to those of the muon, a different behavior is expect-
ed for the 777 final state. In Fig. 3, we present the
forward-backward asymmetry for the process ete™

— 7777 where a broad peak instead of a dip shows up at

function of V's for the same mass and mixing angles considered
in Fig. 1. The dotted curve is the standard model predictions.

about 15% below the Z, threshold. The left-right asym-
metry for the same process is shown in Fig. 4 where a
large peak shows up on the Z, followed by a large dip
well below the standard model predictions.

The deviations for Agg and A,y from those of the
standard model are typically of the order of 10-20 %,
when one reaches energies R 200 GeV. From the known
accuracies achieved at the CERN e e~ collider LEP I
and SLAC, these effects should be measurable at LEP II.
If future e e~ colliders with energies in the range 500
GeV-1 TeV become a reality, even bigger effects are ex-
pected and they cannot escape detection. We are thus
hopeful that our results will be put to experimental test in
the future.

In conclusion, we have examined the effects of the
presence of an extra neutral gauge boson suggested by the
Sp(6); XU(1)y family mode on leptonic asymmetries in
high-energy e te ™ collisions. We find that there are pro-
nounced deviations in the forward-backward and left-
right asymmetries from the standard model predictions.
The opposite behavior of the u*u~ and 7+ 7 final states
which results from their different couplings provided by
the universality violation inherent in the Sp(6), XU(1),
model is a clear signal for the existence of an additional
neutral gauge boson predicted by the model.
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