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Abstract

The dynamical basis of electroweak symmetry breaking remains an
outstanding puzzle of elementary particle physics research. I
review various mechanisms proposed to explain the origins of
electroweak symmetry breaking with 2 particular focus on the
possible role of the heavy top quark recently discovered at Fermilab.

Introduction.

Dynamical models based on local gauge svinmetries provide the basis for
our present understanding of the interactions of elementary particles.
However, the masses of all known elementary particles appear to violate the
local electroweak symmetries. Various mechanisms have been proposed to
dynamically break these symmetries and generate the masses of all the
quarks, leptons and gauge bosons. The top quark is the most massive of the
known elementary particles and may play a special role.

Models of electroweak symmetry breaking can be separated into two
classes.  The first class contains models where the interactions associated
with electroweak symmetry breaking are weakly interacting at the symmetry
breaking scale of a few hundred GeV/c2. These models include the Standard
Model, the supersymmetric standard model and the top quark condensate
models. At very high energy scales these models may become strongly
interacting. For the other class of models, the dynamics becomes strongly
interacting at scales close to the electroweak scale. These models include
technicolor models, topcolor models, visible sector supersymmetry breaking
and strong WW dynamics.
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Standard Higgs Model.

The Standard Model introduces an elementary Higgs scalar multiplet, an
electroweak doublet field, in addition to the observed quarks, leptons and
gauge vector bosons.  The Higgs multiplet has Yukawa couplings to the
fermions, gauge couplings to the vector. bosons, and self-interactions. With a
negative effective mass, the Higgs field develops a vacuum expectation value
different from zero which breaks the electroweak symmetries. Particle
masses are generated via the couplings to the Higgs field. The Standard
Model has the following Higgs structure,

L=QG,U-H+QG,D-H +LG,E-H*

+(D*H*D,H)~A(H"H)' +m*(H"H) W

where G,, G,, G, are the coupling matrices for the up-quarks, down-
quarks and leptons, respectively. The gauge boson dynamics is
SU3) 0i0r ®SUR)® U(1)),,,. The Standard Model has the remarkable
feature of naturally protected masszs and a natural Cabbibo-Kobayashi-

Maskawa structure which suppresses flavor-changing neutral currents for the
three generations of fermions.

The Standard Model could provide a precise description of the low energy
dynamics. It may also be valid at scales far above the electroweak symmetry
breaking scale. In this case the effective coupling constants are known to
evolve, and we must have a consistent description of the physics at every
scale that the model applies. The coupling constant evolution is described by
the scale dependence of the coupling matrices, G,, G;, G, and may be
computed by analyzing loop corrections. At lowest order, the top quark
Yukawa coupling evolves according to the equation,

poug, =g, '(%8:2 - 8¢} "%82 —%g'z)/l67r2 )

where g, is the diagonalized top quark Yukawa coupling and g., g, g' are
the gauge couplings. This evolution is shown in Figure 1. It has the
remarkable property that the physical mass of the top quark can not be too
large if the model is to apply over a large range of scales, and the effective
Yukawa coupling is not to "blow up”. This behavior implies a pseudo-fixed-
point structure for the evolution equations [1].  In Figure 2, the combined
renormalization flow of the top quark and Higgs coupling constants are
shown. In the Standard model, the fixed point value of the top quark mass is



about 220 GeV/c? if the model is to remain valid to scales of order 1015 - 1019
GeV.
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Figure 1. Top quark Yukawa coupling constant evolution in the Standard
Model showing the pseudo-fixed point structure. From M. Lindner, in
"Heavy Flavors”, A. Buras and M. Lindner, eds., World Scientific, Singapore
(1992), pg. 693.

However, the Standard Model is known to have a hierarchy probiem for
the Higgs mass which is not naturally protected as are all of the other particle
masses. If we use a momentum cutoff to define the effective field theory at a
given scale, then the Higgs mass will vary quadratically with the cutoff,

Am2—>—4§m§-A2f+(2me+m§+m,f)~Ai (3)

This behavior constitutes a fine tuning problem if the electroweak scale is
generated within a large hierarchy [2]. When viewed from a high energy
scale, the 'bare’ Higgs mass would have to be carefully adjusted to yield the
known scale of electroweak symmetry breaking. For many this represents a
fatal flaw in the Standard model or implies that the Standard Model can only
apply over a very limited range of energy scales near the electroweak scale.
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Figure 2. Renormalization flow of top quark and Higgs couplings in the
Standard Model. From W. Bardeen and C. Hill, in "Heavy Flavors", A. Buras
and M. Lindner, eds., World Scientific, Singapore (1992), pg. 649.

In perturbation theory, the quadratic divergence is an artifact of
regularization. The standard model has a classical scale invariance which is
broken by logarithms due to the running couplings. If the approximate scale
invariance is maintained, then the quadratic divergence only reflects an
explicit breaking of the scale invariance which should not be part of the
perturbative expansion. Nonperturbative effects could still generate a

hierarchy problem. Dynamical symmetries can relate the fermion cutoff, A/,

and the boson cutoff, A, in a natural way canceling the quadratic dependence
and avoiding the hierarchy problem. Supersymmetry is an example of a
dynamical symmetry of this type.

Supersymmetry.

In supersymmetric models, the fermi-bose symmetry protects the
electroweak hierarchy. @ The minimal supersymmetric standard model,
MSSM, requires the introduction of two Higgs fields in chiral
supermultiplets. The Yukawa couplings are a direct generalization from the
Standard Model,



+ soft supersymmetry breaking terms.

Even in the presence of soft SUSY breaking terms, the Higgs mass terms are
not renormalized by large perturbative corrections and the electroweak
hierarchy can be preserved. The electroweak scale is then related to the scale
of soft supersymmetry breaking. The explanation of.the electroweak
hierarchy becomes a question of a hierarchy that determines the scale of

supersymmetry breaking.
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Figure 3. Top quark Yukawa coupling constant evolution in a minimal
supersymmetric extension of the Standard Model showing the fixed point
structure. From W. Bardeen, M. Carena, S. Pokorski and C. Wagner, Phys.

Lett. B320, 110(1994).

As in the case of the Standard Model, the Yukawa couplings of the MSSM
evolve when the theory is viewed at different reference scales.  However,
the supersymmetry modifies the evolution of the couplings. In the MSSM,
the evolution equation for the top quark coupling becomes



uoug, =g, -(68; g2 —3g> -%¢?)/167° (5)

and is shown in Figure 3. As in the Standard Model, the MSSM predicts an
infrared pseudo-fixed-point [3] for the evolution for the top coupling
constant. The pseudo-fixed-point solution implies

m,,, = (190~200) GeV-sinff, tanf3<30 (6)

using the two-loop evolution equations.  For appropriate values of tanf,
the predicted top quark mass falls in the range observed by CDF and DO at
Fermilab.
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Figure 4. Scalar mass evolution in constrained MSSM showing radiative
electroweak symmetry breaking due to the heavy top quark. From G. Kane,
C. Kolda, L. Roszkowski and J. Wells, Phys. Rev. D49, 6173(1994).

A heavy top quark may also play a crucial role in generating electroweak
symmetry breaking. It is usually assumed that the soft SUSY breaking terms
generate a common scalar mass for the chiral matter fields at high energy.
The matter fields include the supermultiplets for quarks, leptons and the two
Higgs fields. The soft breaking terms are subject to radiative corrections and
the scalar masses evolve when viewed at lower energy scales. The large top



quark Yukawa coupling drives the up-Higgs field mass terms negative which
triggers the electroweak symmetry breaking [4]. The running of scalar mass
terms is shown in Figure 4.

The heavy top quark also plays an important role in supersymmetric
GUT models. In many of these models, the bottom quark and the tau lepton
have a common Yukawa coupling constant at the GUT scale. = Below the
GUT scale, these couplings evolve separately producing the considerable
difference in the masses generated by the electroweak symmetry breaking as
observed at low energy [5]. The evolution is governed by

;u?,u(m,,/m,)=(m,,/m,)-(g,2—%‘ig;f+---)/1671:2 7)

and is sensitive to the strong coupling constant, gc2 and the top quark Yukawa

coupling constant, gl.  Hence, the bottom/tau mass ratio is uniquely
sensitive to the top quark Yukawa coupling at high scales and, therefore, to its
fixed point structure. For values of the bottom quark mass in the range,
Mp ~ 4.9-5.2 GeV/c2, and large values of the strong coupling constant,

o, ~ 0.125, as required by the gauge coupling unification, the evolution causes
the ratio to undershoot its unification value. Large values of the top quark
Yukawa coupling would be required to compensate driving the top quark
mass within 10% of its fixed point value. Large threshold effects may be
required to achieve agreement with the full GUT picture and b-7
unification.

Supersymmetric models have many different aspects which fit together
in intriguing ways.  The heavy top quark is seen to play a crucial role in
making different pieces fit into a unified picture relevant to all known energy
scales.

Top Quark Condensates.

If there are no elementary Higgs particles, electroweak symmetry breaking
could be generated by attractive short range interactions among the known
particles. If the attraction is sufficiently strong, then a vacuum instability can
occur, as in BCS theory, and the stable vacuum state is one with a dynamically
broken symmetry. Because of its heavy mass, the top quark is a natural focus
for this dynamics and forms the basis of top quark condensate models [6].

The short range dynamics of the top quark can be modeled by an
attractive four fermion interaction, as in the Nambu-Jona-Lasinio model,



NIL. This interaction must preserve the gauge symmetries of the Standard
Model since the electroweak interactions are only broken dynamically. In
the simplest version, only the top quark is important for the dynamics and
the interaction has the form,

L=G-(0,tp) (Fx0)) o (8)

In the broken symmetry vacuum state, the top quark becomes massive and a
chiral condensate of top quark pairs forms. Higg's particles are composite

t — I states, and the effective theory at low energies is identical with the usual
Standard Model except that the top quark mass is pushed close to its fixed
point value.

The condensate breaks the electroweak symmetries, and the scale of
electroweak symmetry breaking can be computed in terms of the top quark
mass. In the NJL approximation, the electroweak scale is given by

vi= (3/ 16n2)-m,20p -log(A2 /m,zap) (NJL) 9)

where A is composite scale and effective cutoff of the four-fermion dynamics
in Eq.(8).  Renormalization group methods can be used to improve the
accuracy of the NJL predictions. To provide sufficient electroweak symmetry
breaking, the top quark must be very heavy although limited by its fixed point
value. If there is a large hierarchy between the electroweak scale ard the
composite scale, then the fixed point predictions are very stable,

My = 220GeV (full minimal model), =165 GeV (NJL) (10)

assuming a composite scale, A = 10'°GeV. The top quark condensate model
also makes predictions for the mass of the physical Higgs particle

Mpyiges = 1.2-m,, (ful minimal model), =2-m,, (NJL) (11)
The recent measurements of the top quark mass at Fermilab would appear to
rule out the minimal version of the top quark condensate model.

The model also requires a fine tuning of the coupling constant in Eq.(8) to
produce a large hierarchy. This fine tuning could have a dynamical
explanation; the four-fermi interactions could be generated by a separate
dynamically broken gauge dynamics at high energy, and the effective NJL
coupling, corresponding to massive gauge boson exchange, would be
determined dynamically by a gap equation that could require a large hierarchy



for stability.  Another possibility is a fourth generation with heavier quarks
and leptons and a massive neutrino which would contribute to the
electroweak symmetry breaking in addition to the top quark. In this case, the
composite scale could be much lower, and the extensive fine tuning could be
avoided. It is also possible to construct supersymmetric versions of the top
quark condensate model [7] where the fixed point predictions of the top quark
mass in Eq.(10) are lowered to the range observed by the Fermilab
experiments. The supersymmetric models still have difficulties in
understanding the composite scale and motivating composite picture for the
Higgs multiplets.

Technicolor models.

Strong dynamics at a scale close to the electroweak symmetry breaking
scale is an attractive alternative to models which remain perturbative up to
very high energy. As in quantum chromodynamics, the scale where the
dynamics becomes strongly interacting could then be determined from the
logarithmic running of a coupling constant rather than an ad hoc scale of
electroweak or supersymmetry breaking.

Technicolor models [8] are based on a strong, asymptotically free gauge
field theory. The full gauge group is normally thought to be a direct product
of the technicolor group and the gauge group of the Standard Model,

SU(Nqpc) ® (SUB)® SUR)®U(1))) 4, (12)

Technifermions are introduced which carry both technicolor and electroweak
dynamics. Technifermions condense when the technicolor interactions
become strong and dynamically break the electroweak symmetries and
generate masses for the electroweak gauge bosons, mw and mgz,

<T°Tb> #0, Technicolor scale ~ 1 TeV (13)

Dynamical electroweak symmetry breaking at low energy provides a solution
to the hierarchy problem. A new strong spectrum (technirhos, etc) with
strong dynamics is predicted. Strong production of new states (techniquarks)
and resonance production of normal particles (top quarks) is possible.
"Realistic” family structures for the technifermions generally imply a large set
of global chiral symmetries which are dynamically broken by the strong
technicolor dynamics and produce a spectrum of pseudo-Goldstone bosons
‘which are light technifermion bound states.



Fermion masses for quarks and leptons must be generated through
camtastom e esredle Lmlin i fnmen i ncan bl ncbmen A ad bmrbhcmianlae T/ it atim o AT
HUXLULE WILL TCCIUIICLITIOINS, UL cxlciileud LeULIUULOIUL (L1w) 1neracaons (7).
ETC dynamics is usually associated with the dynamical breaking of a larger
unified gauge dynamics whose representations involve both technifermions,

T, and normal fermions, F. At low energies, the ETC dynamics has the
form,
Lere = Gp(FF)? + G (TT) (FF) + G (TT)? (14)
G = I/AZETC = 8i'rc/mjzsrc

G is constrained by bounds on flavor-changing neutral currents (FCNC)

which imply A g >200-1000 TeV. Gyr generates the quark and lepton
masses,

mg = Gpe(TT) : (15)

G generates contributions to the pseudo-Goldstone boson masses,

ffz, ,m;‘; =G <[QP,[QP,(TT)2 ]]> + gauge contributions (16)

The technicolor models have many problems. = The FCNC constraints
limit the strength of the ETC interactions and make it difficult to generate
sufficiently large masses for the quarks, leptons and pseudo-Goldstone
bosons. Here, the heavy top quark is a particular embarrassment. = The lack
of a natural GIM mechanism in technicolor models produces an unnatural
CKM structure. Precision electroweak measurements place strong
constraints on the technicolor contributions to the S, T, U parameters which
are sensitive to physics beyond the Standard Model. These constraints place
severe limits on technicolor model building, and no "minimal standard
model” exists for technicolor dynamics.

Since technicolor models are based on theories with strong dynamics, it is .
difficult to make firm predictions. Originally it was assumed that the strong
technicolor dynamics could be scaled from the low energy dynamics of
quantum chromodynamics. In QCD the dynamics is localized at the QCD
scale which would imply technicondensates behave as

<TT> = A, Agc - technicolor scale (17)

10



The spectrum of states could also be scaled from QCD. With this scaling
property, the quark, lepton and pseudo-Goldstone masses are much too small.
These predictions killed the original formulations of technicolor dynamics.

Large numbers of technifermions can slow the running of the technicolor
gauge coupling constant and produce "walking" technicolor models [10].
The slow running of the coupling constant over a large energy range can
generate large effective anomalous dimensions for the technicolor operators
and enhance the size of the technicondensates,

(TT) = Ay (Agrc ! ATC)Y, Y - anomalous dimension (18)

with Agre >> A, ¥>0. This effect enhances the generation of masses
for both fermions and pseudo-Goldstone bosons. This enhancement may
not be sufficient for the third generation: top, bottom and tau.

Additional enhancements can be achieved if some of the four-fermi ETC
interactions have near critical NJL dynamics [11],

GTI' - Gcritical (19)

This mechanism is similar to the top quark condensate dynamics without the
~associated fine-tuning problems. The technifermion condensates are
enhanced even if the NJL dynamics is subcritical due to the near formation of
technifermion bound-states.

The top quark mass may require special treatment and models with
several scales of technicolor dynamics, perhaps associated with the generation
structure [12].  Also top-bottom and top-tau mass splittings may be difficult to
achieve from ETC dynamics alone.  Near critical instabilities of the NJL
dynamics may be required to enhance the intra-family hierarchies.

Despite the severe dynamical constraints, semi-realistic technicolor
model-building is possible [13]. There exist examples of extended technicolor
models which address the problems of FCNC, CP-violation, quark and lepton
mass hierarchies and precision electroweak measurements. There have also
been many papers which focus on critical tests of technicolor dynamics and
technicolor model building including the constraints of precision electroweak

measurements (S,T,U) [14], B-meson decays (B— sy, B— u*u~X) [15],

anomalous gauge boson couplings (Zbb, WWg, WWZ erc) [16] and pseudo-
Goldstone boson phenomenology [17].

11



Topcolor dynamics.

As the most massive elementary particle yet known, the top quark may
play as special role in the dynamics of electroweak symmetry breaking.
Topcolor models formulate a new strong dynamics involving specifically the
third generation of quarks and leptons [18]. This dynamics enhances the scale
of top quark condensates and provides a natural explanation of the large top
quark mass.  If these models prove consistent, there will be a rich and
testable phenomenology near or below the scale of electroweak symmetry
breaking.

Topcolor dynamics is based on a new strong dynamics involving the
third generation at high energies. A separate, weak dynamics involves the
first two generations. Near the 1 TeV scale, these two interactions combine
to produce the usual gauge dynamics of the Standard Model. In this scheme,
the gauge dynamics has the structure,

G, Gy, = Gy, broken near the 1 TeV scale (20)

where G, couples to the top quark or third generation with a strong coupling,
1 -
—2—-=—+—— ’5/h2=C019>>1 (21)

and G,, couples to the first two generations. Topcolor gauge symmetry
breaking produces massive gauge bosuns, topgluons, whose exchange
produces massive gauge bosons whose exchange generates a strong attractive
dynamics involving the top quark (third generation). This dynamics triggers
condensates which break the electroweak symmetries and generate the top
quark (third generation) mass, etc.

A particular example of topcolor dynamics has been studied by C. Hill [19]
where the gauge dynamics is specified by

G, =(SU(3)Y®U(D)

third generation, color and hypercharge

GlZ = (SU(3) ®‘U(l))ﬁrst and second generations (22)
Gy, =SU(3), ®U(1),

After the symmetry breaking of Eq.(20), the effective action for the new
dynarmics is

12



v _d4nx|7., A2 =, AT
L —-W t'}’u —2—t+b'}’#—2—b]

4nx A A4 2 (23)
L 77 47 25
= M%Y [‘3‘ VLYWL + 387, Tt —$bR7, TbR]
2.2 2 2 :
where x=g;cot” 0/4m, Ky =g cot” 6. The induced strong topcolor

interaction is an attractive, isospin symmetric gauge interaction for top and
bottom quarks. In addition, the induced U(1) interactions are attractive in
the top quark channel and repulsive in the bottom quark channel. = The
model presumes that the top quark interactions produce a strong top quark
condensate, (fz), but that the interactions are subcritical in the bottom quark
channel, and no bottom quark condensate is formed. The large tup quark
mass results from the top quark condensate. The bottom quark does not get
its mass directly from condensate but from instanton effects of the strong
gauge dynamics. The model predicts the existence of pseudo-Goldstone
bosons, top-pions, associated with the symmetry breaking.

Various models based on topcolor dynamics have been constructed.
Electroweak symmetry breaking may be dominated by the topcolor dynamics
[18] with all masses being related to a version of top quark condensation. In
alternative schemes, topcolor is used in combination with additional
technicolor dynamics to produce the full electroweak symmetry breaking [20].

Topcolor models are expected to have some common phenomenological
implications. The pseudo-Goldstone bosons, the top-pions, have a low
dynamical scale and a strong coupling,

<

frp =50 GeV, grp=m,, IN2fzp (24)

The third generation has new strong dynamics. The new gauge dynamics
could be observed directly as resonant production in the tf invariant mass
distributions as shown in Figure 5 for topgluon production and in Figure 6
for the Z' of the U(1) dynamics. Anomalous couplings for the top and bottom
quark and the tau lepton should also be generated. ~ The enhancement of Rp
observed at LEP may be a first indication of this new dynamics. A number of
processes including b— sy, AS=2, AC=2, are sensitive to topcolor
dynamics. The p—parameter is also sensitive to particular aspects of

topcolor models. These processes already place strong constraints on topcolor
model-building [21].

13
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Figure 5. Structure in the t_t' mass distribution at the Tevatron for various
topgluon masses, I",s =0.2-M,,. From C. Hill and S. Parke, Phys. Rev. D49,

4454(1994).
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Figure 6. Structure in the #f mass distribution at the Tevatron for various Z'

masses, I ; =0.2-M,. From C. Hill and S. Parke, Phys. Rev. D49,

4454(1994).

14



Visible Sector SUSY Breaking.

In the usual MSSM, supersymmetry breaking is thought to arise through
the interactions of supergravity with a "hidden" sector where SUSY is broken
dynamically. Electroweak symmetry breaking occurs through radiative
corrections driven by the large Yukawa couplings of the heavy top quark.
Supersymmetry breaking could also be generated by visible-sector gauge
boson dynamics. Here the symmetry breaking can occur at lower energy
scales and perhaps avoid some of the naturalness and cosmological problems
of the hidden-sector supergravity models.

Visible-sector models involve a supersymmetric gauge sector with
dynamical breaking of supersymmetry via instantons. The symmetry must
be transmitted to the conventional SUSY sector via “messenger" fields. This
can be achieved by gauging an additional U(1) charge, "messenger
hypercharge”. Radiative electroweak symmetry breaking can be achieved,
depending on the SUSY breaking scales, via loop effects involving the large
top quark Yukawa coupling.  The gravitino in the LSP with a mass

determined by the SUSY breaking scale, M, and the Planck scale, Mp, with
my, =M? I M, (25)

My, is constrained by cosmology to be less than 10 KeV and implies that M,

must be less than about 107 GeV [22]. These models dynamically break a U(1)
R-symmetry generating a pseudo-Goldstone boson, the R-axion, with a mass
generated by Planck scale physics. The lower limit on this mass implies that
the SUSY breaking scale must be larger that about 105 GeV [23].

Strong WW dynamics.

The absence of a low energy manifestation of electroweak symmetry
breaking implies a strong dynamics for the vector bosons at a scale of about 1
TeV. This scales is determined by the strong interaction of the longitudinal
components of the vector bosons. A compact description of these
interactions can be achieved through a gauge invariant, chiral Lagrangian
whose Goldstone bosons become the longitudinal components of the W and
Z gauge bosons [24]. The effective action could also describe the effective
dynamics of technicolor and topcolor models.

15



A model independent analysis can be made through a systematic
momentum expansion of the chiral Lagrangian [25]. There are two
dimension-two operators which generate corrections to the W and Z boson
masses.  There are eleven CP-conserving, dimension-four operators and
three CP-violating, dimension-four operators. Of these sixteen operators,
only four operators contribute directly to the two-point functions for the
gauge bosons. These operators generate the usual electroweak scale, the rho
parameter and the S and U parameters, the oblique corrections [26]. Other
operators contribute to vertex and higher point functions. Many papers

estimate the magnitude of the various terms in particular models.

Phenomenological implications of strong WW scattering can be studied
by using the effective chiral Lagrangian expansion. Detailed studies of signals
and backgrounds for probing the strong WW sector have been made for a

variety of accelerators and detectors, particularly the SSC and the LHC [27).

Conclusions.

The discovery of the top quark and the determirntion of its large mass,
180+£12 GeV, has important implications for understanding the mechanisms
of electroweak symmetry breaking. If electroweak symmetry breaking is due
to an elementary Higgs multiplet with a large hierarchy to new physics
beyond the electroweak scale, then the pseudo-fixed-point structure of both
the Standard Mode! and its supersymmetric extension may play an essential
role in determining the low energy dynamics. In the supersymmetric
model, the fixed-point structure has a direct impact on the top quark (and
possibly the bottom quark) Yukawa coupling as well as the mechanism of

radiative electroweak symmetry breaking and the predictions for b— 7 or

t — b — 7T unification in SUSY GUT models. The predictions of the top quark
condensate models also focus on the fixed-point structure of the effective
standard model dynamics observed at low energies.

The heavy top quark also has a direct impact on models where the Higgs
mechanism is due to composite structure at the electroweak scale.
Technicolor and ETC scenarios require an understanding of nonperturbative
strong dynamics. Models have evolved from the QCD based analysis which
could not support a large top quark mass to Walking and NJL enhanced
models which may be able to generate the large masses observed for the third
generation fermions. Topcolor models focus on special aspects of the strong
dynamics associated directly with the third generation. The heavy top quark
would signal a new strong dynamics for the third generation which must be
visible at the electroweak scale.

16



The present phenomenological success of the minimal Standard Model
does not directly point to the physical mechanism of electroweak symmetry
breaking. This success already places strong constraints on the directions of
new physics associated with these mechanisms. As we begin to probe the
physics associated with the scale of top quark, we may begin to unravel the
puzzle of electroweak symmetry breaking. Novel mechanisms may emerge
as we confront the new physics to-be observed by present and future
experiments.

In the near future, an upgraded Tevatron will provide new opportunities
to directly probe the physics of the top quark and this new scale of dynamics.
LEP II will provide precise information on the W-boson. Preliminary
evidence for new physics associated with supersymmetry or composite
structure may begin to emerge from these facilities.

In the future the LHC will provide a unique probe of the broad spectrum
of physics possibilities which must become visible at the electroweak scale.

New linear colliders may allow us to probe these new scales in e*e” and yy
collisions. Further upgrades to the Tevatron may allow for a high intensity
quark-antiquark collider. Muon colliders may also provide a new avenue to
higher energy probes of the electroweak physics and beyond.

WITH THE DISCOVERY OF THE TOP QUARK, WE BEGIN A NEW
ERA!
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