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Summary

The preduction processtﬁg + 2t + X, where the
leptons belong to two different generations and X
refers to spectator jets, provides a clear signature
for norizontal (generatlon-changing) bosonsmgggn the
leptons are emitted nearly back-to-back and p =0,
Cross sections and p.. distributions for each lepton
are presented, and dIscovery limits on MH are
extracted for geveral different channels.

Present experimental evidence 3uggests that
flavor-changing neutral currents (FCNC's) are very
rare. Their absence can be neatly interpreted to mean
that the GIM mechanism cperates at both the quark and
lepton levels. However, slnce the replication of
quark and lepton families i3 still not well
understood, one cannct aismiass the possibility that
neutral current Interactions exist in nature which
violate this apparent flavor conservation principle.
In particular, the exchange of neutral "horizontal”
nosons can directly couple two different generations
and lead direetly to FCNC's, The only restriction is
that the coupling be weak enough that the effects of

these interactions have =0 far escaped experimental
detection,
In order t¢ restrict the parameters of a

horizontal beson theory, Lt is conventional' to assume
that the overall gauge theory can be written as {or
containa) the direct product G, » G,, where G, is the
standard model gauge group for gne generation "and G

is the horizontal group in questicn. Among the groupg
discussed in the literature? are SU(2). and SU(3),. In
the 3SU{2) case, the 3 neutral generdtors effecg the
transitiond AG = 0, 1 among the three generations of

quarks and leptons belonging to the adjoint
representation. In the latter caae, the 8 generators
effect transitions among the three generations

belonging to the fundamental representation of SU(S)H.

it is also convenient to classify? the horizontal
boson exchange processes as dlagonal or non-diagonal,
accarding to whether the boson couples’ two neutral
currents of the same type (UU, DD, NN or LL} or
different types (UD, UM, UL, NL, ete.}. To the extent
that the horizental boson masses are degenerate,
AG & 0 processes are forpidden in the limit that G is
conzerved and no generation mixing occurs. With
generation-mixing angles present, AG = x 1 and 2
processes are also allowad since G-conserving
transitions ecan still take place at each vertex
connected by the horizontal boson exchanged.

Present experimental lower limics on the
horizontal boson masses taken from the paper by Cahn
and Harari? are listed in Table I as functions of the
horizontal coupling gH and generation-mixing angles.

Haber

In the limit of zero mixing,
u +3e, p+eY and the mass difference M(K ~ K.
yield no iaformation. L;mita+for the two non—dlagonal
processes, KL + ey and K -+ w ey,

the processes N -+ eN,

MH > 4.6 TeV | -; | cos BLp
{1
&y
MH > 18 TeV | . | cos BLo
are based on the experimental branching ratics*
B(K +en) < 6 x 107°
- (2)
8K 1T ew) < (5-7) x 1077
respectively. The coupling g 1s scaled relative to
the weak coupling g under the assumption that the

K% + ep procegs takes place through a V - A coupling,
while the K ~+ 7 ey decay occur through a pure V
interaction. Here in both cases, the ngn-digggnal
(DL) horizontal exchange process involves ds + e u .

Table I. Present limits on horlzontal boson masasa HH or &, whars
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The SSC will prove to be a very useful tool to
extend these limlts  to other non-diagonal processes
involving gg' * & &' transitions, In particular,
lepton pairs such as € u™, &1 f ﬁrt emitted nearly
back-to~back by a masslve real or virtual horizontal
boson produced in- the s channel would provide an
axceptionally clearisignal. This is especially so for

ay events since p = 0 and the events are expected
to be very quieI hadronically. No conventicnal
theoretical background will contribute to pair

production of different generation leptons with no
missing py. For example, Drell-Yan preduction of Tt



pairs followed by 1 decay into a u which carries most
of the T momentum, wnile mimicing the signal, Is
orders of magnitude smaller in cross section in the
Jacobian peak region even when the coupling g is of
order g,. Since the Malignment” of the quark and
lepton famllies into a given generation is not Cfully
understood, we shall present_results_for_quark pair
annihilations of the type ds, db, s8b, uc¢, ut, ct and
their conjugates into the various lepton channeils
listed above.

. The matrix element for the aubprocess
qq' + H® + & &', where H is the herizontal boscn, is
written in anology to the weak interaction case as

2
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where A = 1 or 1/2(1+Y,) for a pure ¥V or V - A
interaction, respectively, and a standard resonance
denominator is introduced. From this one obtains the
color-averaged differential cross section
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for the subproc¢ess. The corresponding H® partial
decay rate i3 given Dy
- 1/6 M., V
W(H»ab) = T (5)
1712 oy MH' V-A

where ab represents a lepton pair. A color factor of
3 must be included for each quark pair channel. The
total width for the horizontal boson then involves 2
quark and 2 lepton channels or a factor of § for the
SU(3)H group and Y4 quark and 4 lepton channels or a
factor of 16 for the SU(Z)H group.

in computing the inclusive croas section for
horigontal gauge boson production followed by decay to
a specific leptonic channel, one convolutes the croas
section d§/df of (4) with quark distribution functions

(we employ EHLQ*® atructure functions with
AQCD-EDO MeV)}. We compute? .
Y Y Pp (¥qa¥p)
o= ] ay § ay, | ain dT'E?ru_@_" (6)
-X -y Pr 1972%8

where da/dy,dy,dp. 18 the inclusive cross section for
production of leptgn 1 at rapidity and transverse
momentum ¥ and p and lepton 2 at rapidity and
transverse momentum y, and -p. {intrinsic quark k. is
neglected). We  have chogen ¥ =3 In ordeF to
guarantee that both leptons appear in a moderate sized
detector. we have used p = 50 GeV¥ in order to
reduce large lepton backgrounds,”

Qualitatively, one Flnds o rises smootnly as a
funetion of /s and shows very little structure. We
therefore quote results only for the #s = 40 TeV
design energy of the SS8C, In Fig. 1 the pp cross
sectiona are plotted as functiens of M, with V or A
coupling at the production and deca vertices., The
results for V-A coupling are nearly identlcal and are
not snown, Fig. 1a depicts a for the two channels®

ds +ue v a u (7a)
and

sa+ca+pe+ . (Ta")

for three choices of ay = 1.0, 0.1 and oy = 0.035.
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FIG. 1a. o of Eq. (6} as a function of for

reaction (7a) and (Ya'} with V or A horizontal boson
couplings. The higher curves of a given type are
always those for process (7a).

Generation-mixing angles will be 1gnored throughout,
The curves for (7a)} lie higher due to the additicnal
valence quark contributions which are aot  present in
the (7a') case, With an integrated luminosity of
10*%cm™%, the 35 event level corresponds Lo Mﬂ values
of 20, 10 and 7.8 TeV for ({(7a), while the charge
conjugate process (7a'), involving only 3ea quarks,
yields only 15, 7 and 5.5 TeV, for = 1.0, 0.1 and
a,, respectively. At the 5 event 1level, one |is
sensitive to values 33, 15 and 11 TeV for (7a) and
24, 10 and 7.5 TeV for (Ta'), Values for (7Ta) are
listaed in detail in Table II. The unequal discovery
limits for two charge-conjugate channels in pp
collislgn§ can +lgad to an apparent charge asymmetry,
i.e., e p vs. e u, and will help to confirm the
nature of the signal, Such a charge asymmetry does
not occur in pp reactions.

In Fig. 1b we compare the cross sections as a
function of MH for the three SU(3)H channels (7a),

- - -+
db + ut + e 1 (7o)
and

- - -+
sb+ et +pu T . (7e)

Table II. Discovery ilimits on horizontal boson masses
MH with ¢5=40 TeV and [X dt=10"%cm™2,

Process 8y 315 Events 5 Events
45 +ue > ey 1.0 20 Tev 33 Tev
0.1 10 15
@y 7.8 - 11
- - - + :
db + ub + e 1t 1.0 : 16 25
0.1 8.3 12
O 6.4 g
Sb+ot ey T 1.0 9.7 16
0.1 5 6.8
oy 3.9 5
ds : gb tyc + ct 1.0 19 30
+ 8 utu T 0.1 1 17
oy 8.1 12
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FIG. tb. o of Eg. (6} as a function of M, for
reaction (7a), (76) and {fe) (V or A coupl?ngs).
Curves of a given type follow the above process order.

The discovery limits for (7b) and (7¢) are somewhat
smaller than those for (7a); on the other hand rare K
decays yield no information for the (7b) and (7¢)
channels. Curves and Llimits for the SU(Z)H process
involving

- - - - - *
ds + sb + uc + ¢t + e u+ LERTRR (8)

are similar to those for (7a); we give only the limits
in Taple II.

In order to be sensitive at the quoted levels
in reactions (7b), (7c) and (8), it is necessary that
1 identification be possible with good efficiency.
For high mass horizontal bosons this can be achieved
through vertex detaction,. At lower masses
reconstructable <t decay <channels must be employed.
Needless to say, e/u discrimination is required in
order to distinguish horizontal gauge boacon slghals
from those of new Z2's.

In Fig. 2 the single lepton croas section,
do/dy de([y2‘<Y). is shown for process (Ta} for
y, = and 27and three different pairings of and
cﬂosen to correspond to the 35 event level |
Table {I. The p. spectra for y, = 0 clearly reflect
the Jacoblan pedk at /2 for lhe more weakly coupled
cases g, = 0.1 and = for which the H width 1is
significantly smaller than its mass. In general the
distributions (which inglude effects from the full H
propagator) are broad and demonstrate that the leptons
carry off sizeable momentum, yielding hadronically
quiet events and providing clear signatures for the
horizontal boson processes,

In summary, the 33C will significantly extend the

lower limits for the masses of hypothesized horizontal

gauge bosons or, in faet, lead to their discovery as
indicated above. However, thes stringent limits on
+ ue imply tn§t+ a herizontal gauge boson which
mediates - ds +» e u can not be observed at the SSC,
Nonetheleas, many other channels exist (such as
uc + ey, ds -+ ur, ete.) for which the SSC can either
discover new FCNC's or significantly improve limits on
the strength of FCNC transitions. Moreqver, the
present weak limits on FCNC's involving third
generation fermions 3suggest that the tau has the
potential of being a window of new physics beyond the
standard model. As such, the large number of taus
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FI1G. 2. Single 1lepton p. distributions for reaction
(7a) for three discovery lImit pairings of g and m,
(taken from Table I1} at lepton rapidity y = 0 anﬂ
¥y = 2, The curves with the more reatricted pp range
correspond to y = 2.

produced at the SSC could allow more stringent limits
(or discovery) of rare decays, which would give an
additional handle cn the search for new horizontal
gauge bosons.
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