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ABSTRACT greatly model dependent, but lie in the general range of5
. _1 .
The ability of high energy e~ colliders to indirectly probe Te/\/ for /s = 500 GeV with 50fb . It has been_ belleyed that
. ; . W' searches may only proceed via direabguction, with the
the existence of heavy new charged gauge bosons via their ex- . T R, Py .
. . _ o . . most promising processfe™ — W/W"™ — W'jj, resulting
change in the reaction™ e~ — vy is investigated. Itis shown . ; . L
. . ... in a discovery reach[5] o}y ~ 0.8,/s. IndirectW’ signals
that examination the resulting photon energy spectrum with po- : .
! ’ are thought to be imccessible as charged gauge bosons do not
larized beams can extend tHé’ search reach above the centef

of mass ener contribute teete™ — ff (f # v).
9y- Here we explore the neutrino counting reactiefie= —

] ~ vy, to determine if thél’ search reach can be extended to
Extended gauge sectors are a feature in many scenariog,@kses above/s. In the SM, this process proceedsdugh

physics beyond the Standard Model (SM). Perhaps the Mgsthannels and t-channelv’ exchange with the photon being
appealing set of enlarged electroweak models are those whighiateq from every possible charged particle. Although the re-
arise in supersymmetric grand unified theories (GUTS), SUChs"%ﬁting cross section suffers from an additional factos afind
SO(10) andzs. However, more complex gauge structures afg,m 3.hody phase space suppression (as compared to fermion
also present in several non-GUT scenarios, including models iy production) , it still has a reasonable value[6], of order a
composite gauge bosons, horizontal interactions, and topcglgy, pb at a 500 GeV NLC. In extended gauge models it is mod-
assisted technicolor. The existence of new gauge bosons is;fag by both s-channef’ and t-channelV’’ exchange. The
hallmark of_ such theories and_the discovery of sugh pa_rtidﬁ'ﬁluence of additional’’ exchange alone has been previously
would provide uncontested evidence for new physu_:s with @Ramined[7] inEs GUTs models at SLC/LEP energies, where
extended gauge sector, and the study of their couplings wold effects were found to be small due to the close proximity of
provide a diagnostic tool in determining the underlying theoryna sy resonance.

The conventional search strategy for new gauge bosons &fye examine the effect of two extended electroweak models
hadron colliders is through their direct production and Suly, this reaction. The first is the Left-Right Symmetric Model
sequent decay to lepton paiis., the Drell-Yan mechanism. LRM)[8], based on the gauge groufl/ (3)c x SU(2)L x
Preser/1t bounds[1] on the mass of a new neutral gauge (2)r x U(1)p_r, which has right-handed charged currents,
son, 7', from the Tevatron are generally in the raner, 2 and hence restores parity at a higher mass scale. This model

500 —__700 GeV, with the exact value being _dependent on tht_%ntains the free parameter= gr/gz, which represents the
specific extended model. This search reach is expected[2] to/ly o the right- to left-handed coupling strengths and lies in

. _1 . . .
crease by- 300 GeV with 1fb™ " of luminosity. TheZ' discov- yhe rangen 55 < « < 2.0. Strict left-right symmetry dictates
ery potential at the LHC is in the mass rangelof 5 TeV. The a1 1 |t has been shown[9] that a light right-handed mass
corresponding Tevatron bound[3] on the mass of a new charged o (r ~ 1 TeV) is consistent with coupling constant uni-

boson, W, is 720 GeV; this limit assumes that the’ has SM  fieation in supersymmetric SO(10) GUTs. A direct mass rela-

strength couplings and that it decays into a light and stable N@dhship between the right-handed charged and neutral gauge
trino which manifests itself in the detector as missiig. The  posonsis present and is given by

LHC discovery reach[2] for a heavy charged boson, with the
same assumptions, 4 5.9 TeV with 100fb~". These bounds M3

are invalidated if thé?”’ decays into a heavy neutrino[3], or as “
discussed below, can be seriously degraded for some regions of

paramfte_r space in specific extend_ed electroweak models. wherepr, = 1(2) probes the symmetry breaking of tH&/ (2)
At eTe~ colliders direct production of new gauge bosonﬁy right-handed Higgs doublets (triplets) and = sin® 4, .

is kinematically Iimited by the availaple center of mass eRq,o fermionicZx couplings are fixed and can be written as
ergy, and hence different search tactics are necessary. Sg co) (k= (14 k) 20) Y2 [e0 Tsr, + k(1 — 20) Tsr — 20 Q),

machines, however, easily allow foéf’ indirect searches for with T

X o 3L(r) being the fermion's left-(right-) handed isospin,
the caseM, > /s by looking for deviations from SM ex- and@ is the fermion electric charge. In this study, we assume

pectations for cross sections and asymmetries associated YHHI the neutrinos are light and Dirac in nature. We note the ex-

fermion pai_r_pro_duction[z, 4]. This_ is_ similar to the exploratiori1Stence of a right-handed Cabbibo-Kobayashi-Maskawa (CKM)
of the modifications of QED predictions due to the Sivbo- matrix in this model, which need not be the same as the corre-

son at PEP/PETRA. The bounds obtained in this manner[2] %Eft)nding left-handed mixing matrix. This can degradeithe

*Work supported by the U.S. Department of Energy under contract DE€Arch _Capability in hadrqnic co_IIisions[lO], as the We_ights of
AC03-76SF00515. the various parton densities which enter the production cross
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section can be dramatically altered. For example, this could Here, N,, = 3 represents the number of light neutrino species,
duce the current Tevatrdi'z mass bounds by up to a factor of

~ 2. no MM

The second model we consider is the un-unified model Z 2Di , ’2 ,
(UUM)[11], which is based on the gauge grosp/(2), x  Di = (M~ — Mz )"+ (TiMz,)", (4)
SU(2), x U(1)y, where the quarks and leptons transform un- (M? — MZ)(M? — M3 )+ (T;Mz,)(T: Mz,)

der their ownSU (2). In this case the additional heaVyy and i =
Z are approximately degenerat&fy,, ~ Mz,. The Zg

fermionic couplings take the form, [73,/ tan ¢ — tan ¢73,], The polarized couplings of the electron to theare related to
whereTs, ) is the SU(2) () third component of isospin, andthe unpolarized couplings anda; by

¢ IS a mixing parameter which is constrained to the range

D;D;

0.24 < sing < 0.99. Note that the additional neutral and viLyR - l(vi + Aay)
charged currents are purely left-handed in this case. ?
In this preliminary study we employ the point interaction ap- af’R = §(ai + Avi), (5)

proximation for thel¥; boson exchange diagramsdhe~ —

vry. This approximation is reasonable for the hedl®y con-  with A = +1(—1) for left-(right-)handed electrong’; andC;

tribution as we are considering the cagy: > /s, butitis represent the couplings of, andvg, respectively, to theZ;.
known[12] to break down for the SNIV for center of mass (Note thatC, = 0.) The couplings are normalized as
energies above th& pole. An exact calculation will be pre-

sented elsewhere[13]. In this approximation the~ — viry L= Léfyu(vi —a;y5)eZ! . (6)
differential cross section can then be cast in the form[7] (after Zew
integration over the angle of the final state photon) In evaluating these subprocess cross sections we neglect mixing

between the SM and heavy gauge bosons.

d 1446 5 The corresponding subprocess cross sections in the UUM are
o (2—2x +2%)In + — 2% ok (x), (2 P g P
de wx 1-9 5
G%LM? tyMp\’
. . or(e) = + =
wherez = 2F,/\/s andé = cosOmin With 0, being the 6w My
minimum angle between the initial electron beam and the out- .
i i i tyM
going~ allowed by the experimental cuts. In our analysis we — oMZ |1+ ( ¢ L) ZCZ'(UZL 4 F
takednin = 20° and £, > 0.1E,.am. The angular cut corre- ! Mg -
sponds to a conservative estimate of éiseeptance of a typical
NLC detector[6] and is effective in removing background from 4 L L L INr D
the process*e~ — ete~+, while the minimum photon en- + 2N Mz, Z(vi vj +aiaf)CGiCiPy o (7)

ergy ensures the finiteness of the cross section by removing the N b
infrared and collinear divergencesy; (z) is the cross section _ GpM 4 R R _R_R
ocr(z) = —2N, M vt + aita ) CC5 Py
for the subprocesste~ — v evaluated at the center of mass 7 67 E ZZ;( v Fa;)CiCsB
energyM? = s(1 — ). ’
We now evaluate thete~ —s v subprocess cross sections We first examine the resulting unpolarizéd, distribution.

for polarized beams in our two extended electroweak moddidgure 1a displays this spectrum for the SM, LRM, and UUM,
In the LRM these are given by corresponding to the solid, dashed, and dotted curves, respec-

tively, for various values of the parameters. Itis clear from the
- figure that the differences between the SM and the extended
op(zr) = Gy M [1 — oM} Z Ci(vF + ab)F; quels is very §ma||; in fact the SM and the LRM are i_ndistin-

T i ' ' guishable on this scale. In order to better quantify the influence
of the new gauge bosons, we present in Fig. 1b the ratio of the
difference between the differential cross section in the extended
model from that of the SM to the SMe., (do—dosar)/dosar.

We see that the effects of the extended electroweak sector are at

+ QNVMgl Z(UZLUJL + aZ»La]L)(C'Z'C'j + éiéj)Pij
N

_ GEM? | (kM) * 3 most at the few percent level. Examination of thig distribu-
or(r) = 6 Mrg (3) tion with polarized beams yields similar results.
2
_ (“ML) QM%I Z (ji(vf +af)F In d_etermining th_d/V’ search reach we make use of the dif-
Mg - ferential cross section as well as the left-right asymmetry. For

finite polarization,P, these quantities can be written as
+ QNVMgl Z(vaf—i—afaf)((]i(]j +éiéj)Pij

i3

o(xP) = %(1:I:P)0'L—|—%(1:FP)0'R, (8)
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In our calculations we take the polarization tod&%. We di-
vide the photon energy spectrum into 10 bins of equal size and
perform ay? analysis according to usual prescription,

) 0; — OFM]*
X—Zi:[ T ] , (10)
for our two observables (denoted @s) do/dx and Apr. We
include statistical errors only, such thiat = o //N and§ A =

/(1 — P2A?)/P2N for finite polarization, withV being the
number of events in each bin. Surprisingly, we find that the left-
rightasymmetry contributes very little to the overall valug &f

The resultingd5% C.L. search reach for heavy charged gauge
bosons is presented in Fig. 2 for (a) the LRM as a function of
x and (b) the UUM as a function afn ¢ for \/s = 0.5 TeV

with 50 fb™'of luminosity and,/s = 1 TeV with 200fb™".

In the LRM we see that the search reach fgg is expanded

to at most2 x +/s. This does not compete with the discovery
potential at the LHC, however it is independent of assumptions
about the right-handed CKM mixing matrix. In the UUM, the
Wy discovery reach barely extends abqye for small values

of sin ¢. However, for larger values afn ¢ the reach grows to
several times/s due to the increase in the leptonic couplings
forsin ¢ > 0.5. Atthis stage itis difficult to decouple the effects
from the charged gauge boson from that of the neutfaDnce
theW andWW’ contact approximation is removed[13] we expect
that appropriate cuts coupled with an examination of the photon
angular distribution will distinguish th&/’’ contribution from
that of theZ’.

In conclusion, we have performed a preliminary study of the
reactionete~ — vy in two extended gauge models and have
found that it does probe the indirect effects of a heavy charged
gauge boson. Although the results presented here do not di-

Figure 1: (a) The photon energy spectrum for the SM (solidctly compete with the discovery reach for such particles at the
curve), LRM withx = 2 and Mg = 750 GeV (dashed), and | HC, they do provide proof of demonstration that it is possi-

UUMwithsin ¢ = 0.6 andMpy = 1 TeV (dotted). (b) The ratio pje to observe?’ signals with masses is excess\d¥ at et e~

of the difference of thex; spectrum in the extended model fromgolliders. This eaction could also serve as a diagnostic tool

the SM to the SM for the LRM witl: = 2 and Mz = 750(600)

by providing information on the couplings of the new charged

GeV corresponding to the bottom (top) dashed curves, and {gfuge boson.
the UUM withsin ¢ = 0.6 and My = 1(0.6) TeV represented
by the bottom (top) dotted curves.
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