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1 General Introduction

When confronted with the experimental data the Standard Model is remarkably «uccesfull h&.ing now
been verified even at the quantum level. This situation, however, has not dispelled an overwhelming
and ever-present sense of unease towards the formulation of its scalar sector and towards the deficient
description of the model in requiring a large number of seemingly free parameters. To be more specific
one can list a series of shortcomings which can be considered as challenges to any new Theory:

• The Scalar Sector is most probably invalid. First, a lack of understanding of the origin of the Higgs
potential and the Fermi scale which does not relate the physical Higgs mass to that of any other
particle with the danger that some values of the Higgs mass lead to a breakdown of pertubative
unitarity is clearly unsatisfactory. But more pressing is a solution to the "unnaturalness problem"
connected to the appearance of quadratic divergences whose origin is the inability to associate any
symmetry to a massless fundamental scalar particle. This is in contrast to fermions whose mass
is protected by chiral symmetry and to vector bosons which are associated to a gauge symmetry

• The peculiarity of the fermion sector which exhibits a wide and seemingly haphazard mass-
spectrum (massless -or almost massless- neutrinos but a very heavy top) within, however, a well
ordered pattern with a three-fold replica, let alone the mysterious origin of CP violation in the
quark sector.

• An abundance of arbitrary choices (group factors, representations) needed to make up the Gauge
Model and the unrelated strengths of the basic interactions.

In order to rectify this state of affairs, essentially two ways have been taken: extending the Standard
Model by introducing additional symmetries like right-left symmetry, supersymmetry, grand unifica-
tion,... or modifying the basis of its foundation in one or several of its sectors. The so-called Alternative
Models follow this second approach.
Alternative models can be classified according to which of three degrees of "violence" are inflicted on
the Standard Model. These degrees correspond to which of the following three sectors is attacked.

• Scalar Sector :
No Higgs mechanism, meaning no elementary Higgs boson, is assumed. This constitutes the
mildest "offence". Mass generation should proceed in a different way, for example through dy-
namical symmetry breaking like in Technicolour models [1] or just as the consequence of the
binding forces like within a scheme of genuine compositeness. Scalar states and other new spin
states associated with the new dynamics may exist, but they have nothing or very little in common
with Higgs particles.

• Vector Sector:
W,Z dynamics may be affected by the occurence of a different mass generation mechanism. W and
Z states may also be basically different from standard states, i.e. they are not true gauge bosons
but rather genuine massive vector bosons respecting some global symmetry properties originating
from their basic sub-structure. In any case their self-couplings may differ from the standard
Yang-Mills ones. Higher dimensional terms may appear. There are, nevertheless, some general
constraints which can force several of their properties to mimick the standard ones. For example,
the W-dominance assumption added to global SU(2) ana photon-W mixing leads naturally to the
standard W-/-/7 and W,Z mass values. New vector states (excited W*,Y isoscalar partner,...)
having no obvious analogue with gauged particles may exist at a higher scale.



• Fermionic Sector :
Although suggestive of some underlying structure the chirality problem and the family spectrum
are a real challenge for building models with a viable dynamics. Composite Models of quarks
and leptons have to face scales beyond the TeV. Theoretical requirements such as the absence
of anomalies and constraining experimental facts like the value of g — 2 and the smallness of
the electron mass have to be satisfactorily implemented. Classes of solutions have been found
but no fully predictive and explicit model has been constructed. Therefore one has to rely on
phenomenological considerations about the possible consequences of the compositeness hypothesis.
Among them are the existence of form factors, excited leptons or quarks, residual interactions
due to the underlying dynamics similar to the molecular interactions due to QED or the hadronic
interactions due to QCD and the appearance of contact terms among four fermions or 2 fermions-2
bosons.

The manifestation of any effect due to the above variations, changes and additions to the standard
picture is probably very subtle. LEP results have, for instance, already ruled out drastic departures
which may be associated with a scale of a few hundred GeV. Nonetheless, it is important to remark
that a fundamental scale in the electroweak theory is the Fermi scale and that within a "Higgs-less"
approach one needs some new dynamics to come into play at effective energies around ITcV. Hence,
for energies between these two scales one should expect that some new physics will emerge "in broad
day-light" or at least that its first signs will be felt. Therefore, one would, ideally, like to conduct tests
and searches in a clean environment which not only provides High Energies to open up new thresholds
but also a High Luminosity to conduct precision measurements involving among others careful scans of
distributions, efficient reconstruction of final polarizations and offering the possibility of easily choosing
between different initial modes like for instance beam polarizations.

A 500GeF e+e~ linear collider meets these requirements and would present many advantages (pu-
rity of e+e~ interactions, little backround, ...). Another useful by-product is the availability of photon-
photon collisions in the quasi-real mode and the invaluable possibilty of turning the machine into a
high-energy, polarized electron-photon and photon-photon collider. The latter mode offering a unique
possibility of investigating purely weak non-abelian processes (notably 77 —» W+W~) and reaching for
the all important Jz = 0 channel, the scalar sector, which chiral symmetry highly suppresses in the
e+e~ mode.

The study group concentrated on the one hand on phyics issues whsre a real improvement with respect
to LEP1/2 can be achieved and on the other hand addressed new aspects beyond the reach of the
existing e+e" colliders or/and which are difficult to investigate in the planned pp machines.

2 W and Z Dynamics

One important issue which has been extensively investigated by many contributors to the study group
has been devoted to the examination of the vector sector of the electroweak interaction, in particular
the direct probe of the self-couplings between the weak bosons. Part B. is devoted to this subject.

2.1 Tes ts of t r i - l inear couplings

At the NLC(500), e+e" -» W+W" will undoubtedly receive a special attention not only because it is
the dominant reaction (w 8p6) but also because of its sensitivity to the tri-linear WWZ and WW7
couplings. The advantage of a high-energy e+e~ over LEPII, where this process is considered as its
"bread and butter", are enormous. It is well known that the non-abelian local gauge symmetry is at the
heart of the very subtle cancellation between the neutrino, the photonic and Z exchange contributions.
A slight modification in the tri-linear vector bosons couplings leads to an increase of the cross-section



with energy and makes the effect much more dramatic once one moves away from threshold. This is
because the anomalous couplings are, essentially, P-wave in nature. Therefore it pays to go to higher
energies as one can probe very small values of the anomalous couplings. Even on i very qualitative level
one expects a 500GeV e+e~ with an integrated luminosity of 10/6" ' to fare better then the planned
pp machines as far as anomalous WWf ,WWZ couplings are concerned since, from a statistics point
of view, once cuts are applied, one has the same "useful" event sample at the SSC than at LEP [2].
If one allows for the most general anomalous WWZ and WW-y couplings as required by Lorentz in-
variance alone, one would have to deal with seven WWZ couplings and six WWf beside the electric
charge. One could, in principle, reach all the anomalous tri-linear couplings through e+e~ —> W+W~.
This most general analysis could be feasible in the clean environment of an e+e~ machine if a large
enough data sample is collected, since beside total cross-sections one can introduce various observables
(asymmetries, final state polarizations, reconstruction of density matrix elements,...). Because differ-
ent observables are more sensitive to different parameters one could generate a mapping between the
available observables and the possible parameters.
There are, however, strong theoretical arguments which favour some particular couplings. For instance,
because CP symmetry has been verified to be almost exact, one should not expect to detect the effect
of CP violating WWZ and especially WW7 couplings in e+e~ —* W+W~. This is also true for the
separate C and P symmetry and even more so for the electromagnetic couplings. These very mild
constraints( no CP violation and no electromagnetic parity breaking) permit to reduce the number of
anomalous couplings to just two for WW7 and four for WWZ. This approach based on the reduction
of the number of anomalous couplings as more and more stringent symmetry principles are imposed
has been developped by the BMT-Collaboration (Gounaris, Kneur, Layssac, Moultaka, Renard, Schild-
knecht). It allows, especially if not enough statistics is available to concentrate on the "detection" of
the theoretically most likely anomalous parameters. The global fit to a series of observables rather
than just the total cross-section greatly improves the bound not only in the single-parameter case as
one has more constraints but also in a multi-parameter situation since this allows the lifting of some
correlations.
The BMT-Collaboration has based its conclusions on the observation of the semi-leptonic branching ra-
tio of the WW down to a W scattering angle: -0.98 < cosO < 0.98 and has taken a 2% systematic error
beside the statistical error. The fits are subsequently done on the differential crose-section, the density
matrix elements by analysing the decay distributions of the W+ /W~ as well as the spin-correlated
cross-sections (TT, TL, LL: T=transverse, L=longitudinal).
As far as one-parameter fits are concerned, it is found that one can probe deviations from the SM at
the per-mil precision, that is, at the level of the radiative corrections, improving by one full order of
magnitude on the expected LEPII data. One gains a factor of three by fitting to all polarized observ-
ables rather than just the total differential cross-section. Typical examples of one-parameter fits involve
the locally SU(2) invariant dimension-6 operator characterised by the "quadrupole" moment coupling
A-j = Xz = A which is only very loosely constrained by indirect measurements. Another parameter,
6-/, measures the deviation in the overall strength of the WWZ coupling without introducing a new
structure in the SM lagrangian. This effect is, in fact, one of the most important modifications brought
about by a model based on a local SU(2)\y x SU(2)\- x U(I) in the limit where the vector bosons as-
sociated to the second group are very heavy. One can also invoke global SU(2)weak symmetry, absence
of quartic divergences in the p parameter to define "hierarchical" set(s) of most likely parameters.
It is worth comparing the limits one obtains from the NLC to those one expects from the LHC/SSC.
One important remark is that pp machines are not very sensitive to interference terms and therefore
the limits one gets from one-parameter fits to pp —> WZ, Wf would be sensibly the same if a multi-
parameter anlaysis were performed. To compare on an equal footing one has to take into account
that at pp machines deviations will be measured essentially from very high Wf, WZ invariant masses,
hence the need to dress any anomalous couplings with form-factors in accordance with unitarity. The
SSC/LHC bounds assume a form-factor of the type 1/(1 + i /A2)2 where s refers to the highest invari-
ant mass of any of the WWV bosons and A is the cut-off characterizing the new physics where strong
phenoma are expected to show up directly. Down to values as low as ITcF this form factor is of little



or no effect at the NLC and LEPII, as shown in the table below.
We do not compare with the expected bounds from HERA where the photonic couplings (which can
be measured better than the anomalous WWZ) will only be at a 50% level after a few years of running
[3], For similar reasons we just mention that a high luminosity Tevatron will only be able to measure
the anomalous couplings with a precision of 40% on Xz and 150%(!) on AK [4]. The LEP-LHC ep
option will be able to go down to a precision of 12% on A [3].

Sz
NoF.F
A = ITeV

A7 = A*
NoF.F
A = ITeK

LEP n
•Js = 190GeV
C = 50OpJr '

-6.2 10~2 «-• 6.4 10~2

-6.2 10-2 ~ 6.4 10-2

-3.9 IO"2*-4.1 10"2

-3.9 10-2— 4.1 10"2

SSC
Jl = 40TeV
£ = 1 0 / 6 - '

-1.8 10-2 4-»3.6 10"2

- 5 10"2«-» 0.14
[2,6]

±5 10-3

±3.9 10-2

[5,6]

LHC
yf» = 17TeV
C = 10fb~l

-3.6 10-2 «-» 7.3 10-2

-0.07 <-• 0.15
[2,6,7]

±io- 2

±5.4 10-2

[5,6,7]

NLC
V» = 500GeV

C = 10/6-'

-5.6 10~3 «-> 6. 10~3

-8.7 10-' ~ 9 10- '

±1.5 10"3

±2.3 10-3

Table 1. Comparative table of a one-parameter fit to Sz and A7 = \%, including a form-factor with a scale
A = ITeV and with no form-factor (No F.F).
For e+e~ machines the bounds are from fits to total and final state polarization density matrices.
In pp machines, for 6z, the bound is from pp —» WZX while for A this in from pp —• Wy which gives a better
limit than pp —» WZ with the constraint Az = A7.

Note that for the LHC we have not assumed a high-luminosity option which would in any case only
slightly modify the bounds sinr» an increase by an order of magnitude improves the bound by only a
factor of \/ÏÔ s; 1.8 [2]. We see that even in case the scale of new physics is very high the NLC bounds
are about a factor 3 better than the SSC which means that if fits to only the unpolarised cross-section
are made at the NLC, the NLC and the SSC are comparable if only one parameter at a time is consid-
ered. On the other hand, if the scale of a new strong interaction is about ITeV one gains an order of
magnitude on the precision on the anomalous couplings at the NLC. However, it should be noted that
in such an eventuality because of high effective energies which can be accessed at the SSC/LHC, one
should see a direct manifestation of the effect of this new physics at the pp machines. This would make
the NLC and the SSC/LHC complementary.
The analysis of the BMT-Collaboration shows that one looses in precision when one considers muti-
parameter fits, especially with certain combinations of couplings. For instance, the absolute limits on
hy, from a 4-parameter fit, where the other parameters are only required not to break global SU(2)
intrinsically (A7, AZ ,K 7 ) , drops to ±2 10~2 and if six parameters are considered (no CP violation and
no C or P electromagnetic violation) to ±8 10"2. Therefore even in this case the NLC bounds are
still competitive with the SSC bounds. Another example is the bound from a six-parameter fit to
A K 7 = K7 - 1 (the classic dim-4 "anomalous magnetic moment"): — 10~2 < A K 7 < 8. 10~2. It is
known that pp machines are not very sensitive to this coupling. For example, at the SSC one can only
hope for a bound AK « ±0.13 [5].

In a pp machine one can naturally separate the effects of the photonic WWy and the WWZ couplings by



considering pp -» WjX andpp -» WZX. In e+e -* WW the separation is easiest if initial polarization
is available. The most promising way, however, is offered by the possibility of having intense photon
beams which effectively turn the e+e~ machine into a e7 or 77 mode with an average energy of 80% of
the e+e~ , without loss in luminosity. One can then study the purely electromagnetic couplings through
ej —> Wve or 77 -> W+W~. For e7 and 77 CM energies of 450GeV and 400GeV respectively, typical
for a 500GeV e+e~ machine, the (unpolarized) SM cross-sections are huge: respectively 40p6 and 80p6
and even larger if the beams are polarized. The statistics will be excellent for performing precision
tests. The possibilcy of testing the trilinear anomalous couplings A7 and /C7 and their CP counterparts
A7 and K7 in the laser mode as well a» with the traditional Weiszâcker-Williams photons has been
considered in our study group by Choi and Schrempp. Although the traditional mode does not bring
much information compared to the e+e~ mode, the laser mode is quite powerful. Even though fits have
not been done to the density matrix elements and the correlated spins observables, the findings are
very encouraging, especially that the authors have considered that only 16% of the total WW sample
can be reconstructed. For a cut \cos9\ < 0.95 the absolute bounds from a two-parameter fit are:

- 3 . 10~2 < A7 < 6.10~2 - 2. 10"2 < A K 7 < 2.10"2

|Â7| < 6.10-2 IAK7I < 0.13

In the e+e~ mode there is also an independent process which probes the WWZ separately: e+e" -•
ZvV. However, it is found [8] that at 500GeV the useful event sample is not large enough so that the
couplings can at best be measured at the 10% level. Nonetheless, exploiting the logarithmic increase
of the cross-section this reaction is a welcome addition at center-of-mass around ITeV.

The electromagnetic couplings of the Z boson, ZZ-y, have been studied by Boudjema through e+e"~ —>
Zf, ZZ. The presence of these couplings is an indication that charge conjugation symmetry is violated.
Therefore it is natural to check these couplings especially if similar considerations are allowed in the
WW channel. In fact the ZZ and Z-y channels are the ideal places to check these couplings since if we
impose CP conservation, only one anomalous coupling contributes to ZZ. At the NLC these couplings
are probed at the per-mil level improving by 5 orders of magnitude on the LEPII bounds which f-dfer
enormously from the threshold effect.

2.2 Tests of quartic couplings

The Yang-Mills structure of the electroweak £agrangian gives rise not only to tri-linear couplings but
also to quartic couplings. Therefore it is very unlikely that New Physics only affects the tri-linear part
of the non-abelian structure. On the other hand it is conceivable that New Physics, especially if it is
associated with the symmetry breaking sector of the weak interactions, will mainly and more drastically
affect the quartic couplings. Intuitively this could be arrived at by considering the scattering of vector
bosons and realising that quartic couplings can be visualised as residual contact interactions due to the
exchange of heavy states, of which the Higgs is a particular manifestation, whereas tri-linear couplings
could be the result of integrating out heavy states at the quantum level. It has been known [9,10] for
sometime that in the limit of an infinite Higgs-mass or in a non-linear realisation of symmetry breaking
that new structures appear only in the quartic couplings. This has also been exemplified within the
BESS (Breaking Electroweak Symmetry Softly) model [11] (see below).
Bélanger and Boudjema have written down the lowest dimension, C «:nd P conserving operators which
describe certain quartic anomalous couplings. These operators are endowed with a global 5(7(2) sym-
metry in order to evade bounds from the p parameter. It is important to stress that these operators
do not induce any tri-linear coupling. For the dim-4 operator only two-couplings are possible involving
only the heavy vector bosons. For the dim-6 operator, only operators with two-photons fields were
studied. The effects of the dim-4 operators is investigated in e+e~ -» W+W~ Z and e+e~ -* ZZZ.
The latter reaction whose SM cross-section is almost unobservable at the NLC =s 1/6 (compared to



0\Y\vz K 40/6) is very sensitive to anomalous quartic ZZZZ couplings. However requiring a realistic
number of clean events it becomes complementary to WWZ production. Normalising to the standard
couplings, at 500GeF tests are possible at the 35 - 60% level. By considering different angular and
energy distributions one can disentangle between the couplings if an effect is measured.
The dim-6 operators -yyW+W~ ,-fjZZ have been studied through e+c" -* W+W~y,ZZf,Zff. It
is found that the first of these reactions is the most sensitive especially when analysing the photon
energy spectrum. Typical bounds are of the order of 30% - 60%, when setting the scale of the dim-6
operator to Mn- and taking into account a factor of e2 in the definition of these operators. These
electromagnetic quartic couplings are probed best in the 77 mode of the collider. Within the SU{2)
implementation of these couplings, the most promising channel is 77 —> ZZ which within the SM only
occurs at the quantum level. One obtains bounds a the per-cent level. The effects on 77 —> WW
are also studied. In particular it is shown how to disentangle between the quartic coupling and the
tri-linear couplings and between the quartic couplings themselves through the use of initial and final
state polarisation. The bounds one obtains, after appropriate cuts, are similar to the ones obtained
from the ZZ channel. These investigations can be exploited for a comprehensive analysis of Higgs
production in 77 collisions, for Higgs masses beyond Mz, since one of the couplings paramètres the
exchange of a heavy scalar. In fact, rewriting the parametrisation of the anomalous quartic coupling
describing a neutral scalar exchange, O0, as O0 == (*e2/47r)(M^7A2), where A is the scale of the dim-6
operator or the mass of the scalar, then in a strongly interacting scenario, i.e., K 2 / 4T * 1 the bound
translates into A « (0.8 <-» L)TeF which is, by the way, the unitarity limit. In a weak coupling theory,
/c'J/4ir « g\y, the mass scale A ft; (140 «-» 17O)GeF corresponds to the intermediate Higgs. Hence the
importance of studying these couplings in the 77 mode to gain crucial information on the symmetry
breaking sector. Of course, for the intermediate mass Higgs one should tune the laser parameters so
that one selects the scalar resonance in the 77 mode.

2.3 B E S S Model and W Dynamics

e+e~ —» W+W~ has also been investigated in the context of the BESS model by Cvetiç, Grosse-Knetter
and Kôgerler. The BESS model [11] is based on the assumption of a non-linear realization of symmetry
breaking with the result that there is no Higgs particle in the spectrum. On the other hand there ensues
a "hidden" local SU(2) symmetry parametrized by a coupling g" and to which is associated a triplet
of (composite) vector bosons V which mix with the usual electroweak gauge bosons with a strength
of order g\y /g". It is an important feature that even infinitely heavy V-bosons leave their mark at
low energies. The decoupling n^ly occurs for g" —» 00. Another crucial feature exploited by Cvetiç,
Grosse-Knetter and Kôgerler is that since the model is non-renormalisable, there are novel properties
induced at the one-loop order which can not be absorbed in the original £agrangian. It is found, that
as far as the tri-linear WWf,WWZ couplings are concerned, no new operator develops, the bulk of
the effect being parametrised by 67.. The most important effect affects the quartic couplings where new
structures are induced. To quantitatively probe these effects the authors studied W pair production.
There are two kinds of effects which are complementary in their manifestations: if the m;»8s of the
neutral vector boson Fl) is below 500GeF then it will show up as a very narrow resonance while if the
vector bosons are heavy the induced "anomalous" couplings are magnified where for instance one could
observe a 15% relative deviation in the total cross-section for a mass about 2.5TeF. Note that this
value is considered as a limiting value for discovery at the LHC and SSC [12]. The effects are more
dramatic in the production of a longitudinal W.

Because of the appearance of a new structure in the quartic couplings the authors have also studied
W+W~7, W+W" Z and ZZZ production where the effects of very heavy F bosons, above 1.5TeF, is
found to be more dramatic than in pair production. Therefore, unless the weak coupling of the new
SU(2) group is not too large, g" > 21, ' the NLC will be an ideal machine to significantly test this
"Higgs-less" model.

1 This is a better limit than what is envisaged at LHC/SSC [12].



3 Production of New Particles

The search for new particles which are not be embedded in conventional schemes such as extended
gauge theories or supersymmetry has also been considered. The subject is treated in Part. C.

3.1 Scalars

Renard has considered production of new scalars which are not Higgs particles. Their existence would
therefore constitutes an irrefutable manifestation that symmetry breakdown does not occur sponta-
neously but is the consequence of some dynamics. Their direct production at e+e~ will be the results
of their characterising couplings to vector bosons since chiral symmetry prevents any significant cou-
pling to light fermions. Scalars can be produced in pair and will be found, if not too heavy, even for
effective couplings to the photon and Z boson ten times smaller than the electromagnetic coupling,
e. There is also the possibilty of associated production e+e~ —> W*S^, ZS0, 7 S0 via couplings whose
strength is a reflection of the scale of the new dynamics. The most interesting channel, especially for
photonic couplings, occurs in 77 scattering with the laser induced photons. One could probe scales of
several tens of TeV.

3.2 Vector Bosons

In a scenario where the usual vector bosons W^, Z are not genuine gauge bosons but composite, one
is naturally led to expect other vector bosons as is the case with the meson spectrum. Chiappetta,
Fiandrino and Taxil studied the sensitivity of the NLC to isoscalar vector bosons Y, Yi and to excited
triplet of weak bosons W* as proposed by Schildknecht and Co-workers [13]. The forthcoming LEPl
data precludes the observation of an isoscalar vector boson below the nominal energy of the NLC. LEP2
will be able to indirectly probe masses as high as 2TeV for a wide range of the coupling of these bosons
to fermions. Nevertheless, by analysing various e+e~ observables such as the cross-section into muons
and into hadrons, the fo.-ward-backward asymmetry and, if longitudinal polarization is available, the
left-right asymmetry, r,ae will greatly improve on the bounds. These bounds depend on the coupling
of the isoscalar to fermions gy = e/Xy, where Av should be interpreted as a mixing angle between the
isoscalar and the photon in analogy to the usual weak mixing angle. Two types of isoscalar have been
studied: Y which couples to the full hyperchage current and Yi which only couples to the left-handed
part of this current. The limits one would get from the NLC with an integrated luminosity of 20/6"'
are compared to the ones one would get from the LHC [14]:
- Y model

For small values of Xy : My > 7 - 17 TeV {LUC : 4 TeV)
For large values of Xy : My > 2 TeV [LHC : 3 - 4 TeV)

- Yi model
For small and large values of Xy : My > 8 - 10 TeV
Intermediate values of Av : Mv > 5 TeV.
In this case the LHC limits are around 4 TeV.

The discovery limits are in general better than at LHC and masses in the tens of TeV can be excluded
apart from large values of Av in the Y case.

3.3 Excited Fermions

The existence of excited particles is the most unambiguous manifestation of substructure. If the ordinary
particles are, after all, composite they should be regarded as the lowest states of a rich spectrum. A
characteristic feature of these states is their magnetic type de-excitation to the ordinary lowest states
by emission of the known gauge bosons. The working hypothesis of Boudjema, Djouadi and Kneur is
within weak doublets of excited fermions, where in the de-excitation only the right-handed part takes
part. Pair production in both e+e" and 77 (laser induced) has been considered. It is found that
especially for charged leptons, the 77 mode is advantageous. The cross-section being in the order of
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a few pb. Single production depends on the strength of the transition couplings proportional to the
inverse of the compositeness scale. Excited neutrinos, excited charged leptons as well as quarks have
been studied in e+e~ . The excited electron cross-section is the largest allowing a scaie of 35TeV to
be probed for an excited electron mass of 400GeF. Note that for the ep LEP-LHC machine, which is
a more appropriate machine for e* searches than pp machines, this sacle is only 4.5TcF for the same
mass [15]. For the excited electronic neutrino the corresponding bound is IbTeV. One very interesting
aspect is the production of all charged excited fermions in the 77 mode (laser) where the cross-sections
are very large. For instance, bounds as high as 140TeF can be deduced for a 350GeF excited tau or
muon and 68TeF for an excited up quark type. The ey option is tailor-made for the production of an
excited electron on resonance. We can exclude bounds as high as 200TeF for all the allowed kinematical
range. Associated production of the excited electronic neutrino with a W has been investigated and
found to be an excellent channel if kinematicaUy allowed. In conclusion the laser mode would be an
invaluable addition. The merits of the NLC over pp machines seem obvious for excited leptons searches
while the SSC/LHC have the edge for very heavy excited quark masses which can not be reached at
the NLC.

4 Indirect Effects

Manifestations of non-standard dynamics could be present even if no new particles have been observed.
Not only tbe *i«indard couplings among the usual particles may be modified, as we have seen in the
section on W,Z dynamics, but in basic processes genuinely new amplitudes may be generated. They
would for example result from heavy particle exchanges which are too massive to be produced or from
the structure of the underlying dynamics, like through rearrangements of the subconstituents in the
case of true compositeness. The strength of such amplitudes is controled by a scale A related to the
mass of the haavy object exchanged or to the scale of the binding force. For large values of the scale A
these amplitudes will take the form of contact terms among the initial and final particles: e+e~ , H+ fi~,
QQi Hi W+W~,.... Lower limits on A corresponding to certain contact terms can already be infered
from the present colliders data [16]. The highest values were obtained in the case of 4-fermion contact
terms (e"1 e~e+e~, e+e~ fi+ \x~,...) for which A reaches a few TeV. It is easy to extrapolate these results
to the case of the NLC by using the so-called "scaling law" [17] A oc VCs, where C is the integrated
luminosity and %/a the center-of-mass energy. For instance one would improve by a factor of 3.4 on the
expected LEPII values. The NLC bounds are

For eeee APt,(TeV) : 12. *-36.f4

For ee/i/Lt Ae,,(TeF) : 10. «-+ 30.

The range depends on the particular chirality combinations of the four fermions involved. In case a
definite signal is recorded detailed studies of the process (angular distributions, polarization asymme-
tries) should give information on the chirality structure of the underlying dynamics (an important clue
for compositeness) or on the nature of the exchanged particle [17].
Other specific examples of indirect effects which have been studied in the working group are presented
in Part D. They are contact terms due excited leptons exchanges, couplings of a non-standard top and
contact interactions with two-fermion two bosons.

4.1 Exci ted Leptons

Even if the excited electronic states can not be produced directly, they can nonetheless contribute to
standard processes. This aspect is treated in D.I by Perrot.tet. The excited electronic neutrino affects
e+e" -> W+W' (t-channel exchange). One can probe scales of order 2TeF. The excited electron
contributes to e+e~ -> 77, Z7, ZZ. The latter channel turns out to be the most promising allowing
limits of rhe order of the TeF improving the LEPII bound by a factor 4.



4.2 A non-standard top

The as-yet-undiscovered top stands as a special particle among fermions owing to its very high mass.
It is therefore legitimate to inquire whether it has the same properties as all the other fermions or
whether it plays a unique rôle. Djouadi studied the effect» of possible anomalous couplings of the
top like, for instance, the magnetic moment and the charge-radius in e+e~ as well as 77 collisions.
In e+e~ three observables are proposed which can somehow disentangle between ttZ and photonic
anomalous couplings. Typical scales of these non-universal couplings of order 2TeV can be "robed in
e+e~ and slightly higher bounds can be reached in the 77 (laser) mode.

4.3 2-fermion 2-boson contact t e rms

Perrottet has also considered the effects of contact terms involving c+e~ and W+W", ZZ, Zf, 77 on
the same processes as above. It has been argued [18] that such terms may emerge from a dynamical
scheme of symmetry breaking beside non-universal interactions. Scales of 3 to 4 TeV can be probed
which is a comparable value to what is expected at the LHC [19] for similar operators obtained by
replacing the electrons by quarks.

5 Conclusion

There is no doubt that a half-TeV e+e~ collider would contribute significantly to a better understanding
of the mechanism of electroweak symmetry breaking. It should be realised that the availabilty of this
machine will definitely settle the issue of supersymmetry, at least its most likely implementation: min-
imal supersymmetry. This is one of two solutions to the very unsatisfactory "unnaturalness" problem.
The other option which is a dynamical scheme of symmetry breaking or in some sense a compositeness
solution could be quite effeciently cornered even if not completely, that is by direct production of "un-
conventional" states. Subtle indirect effects, as the results of the study group show, are ideally well
adapted in a e+e~ environment. Even when looked at from different point of views, being motivated by
various approaches and assumptions, these indirect effects invariably point at the possiblity of probing
physics at or beyond the TeV scale. The availability of intense photon beams is a very important
possibilty and by no means just a "luxurious" bonus. Even with a modest center-of mass energy the
results of the study group show that the e+e~ collider makes up in precision what it lacks in energy
compared to multi-T^V pp machines and therefore is an invaluable complementary tool.
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