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1. INTRODUCTION 

Almost a hundred years from the discovery of radioactivity,the first 
laboratory detection of a weak interaction effect, direct experiments in 
the region of the Fermi scale 

Cp" 4' 2 = 246 tyur (i) 

start being finally available. The purpose of this meeting is to discuss 
the interest and the feasibility of a machine whose energy might exceed (1) 
by two orders of magnitude. 

In spite of the beautiful experimental and theoretical successes of 
the standard model, there are good reasons to think that the exploration of 
this energy range will give rise to surprises, which in turn might shed 
light on: 

i) the origin of the Fermi scale itself (or the^>r^rfalemof the origin of 

mass altogether); 

ii) the flavour problem (or the calculability of fermion masses and mixings); 

iii) the origin of P and of CP violation. 

The standard model relates the first problem to spontaneous symmetry 

breaking via the Higgs phenomenon. As it is well known, consideration of 

perturbative unitarity requires the mass of the physical Higgs p a r t i c l e ^ 

not to exceed the value of a few Tev's. This is the first guarantee that 

something must happen in the region of energies to be explored. I believe 

however that the findind of the Higgs cannot be the only discovery to be 

made, at least because no good reason is known for its lightness relative 

to any hew higher necessarily existing physical threshold A . Are we missing 

a new principle here which could explain why/*/y\^<1? I find it unlikely 

because a light Higgs relative to a high scale A would anyhow require the 

"low energy" physics to depend upon a fine detail of the high energy physics 

at A . Barring this possibility, a satisfactory explanation of the physi

cal origin of the Fermi scale calls for new physics. 

With this problem, and the others listed above, in mind, several inte 
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resting theoretical possibilities have been proposed and are at present un 

der investigation. They include: 

1. The incorporation of the standard model into a perturbative supersymme-
1 ) 

trie theory ; 
2 ) 

2 . Technicolour models ; 
3 . Composite models of quarks and leptons as well as of the Intermediate 

3 ) 
Vector Bosons ; 

4 ) 
4. Left-right symmetric theories 

With the greatest respect of everybody's prejudices, I believe that 

one cannot attribute at present on physical grounds a determinant preferen

ce to one of these possibilities over the others. To me its seems more in 

teresting to realise that any one of them gives rise to distinctive signatu 

res which can be discussed and, more importantly, can be looked for in pre

sent and future experiments. 

In the following I will briefly review the theoretical limits on the 

relevant physical scales in the various cases (Sect. 2 ) . I will then make 

some remarks on possible high precision measurements (Sect. 3 ) . Finally 

I will discuss the light fragments of the new particle spectra implied by 

the various theoretical options, as well as some suggestions to detect them 

(Sect. 4 ) . It should be clear from the extension of the subject that the 

following is only a collection of selected remarks rather than an exhausti

ve review. 

2 . THE RELEVANT SCALES (bounds on) 

1 ) 
2.a: Supersymmetry 

Unlike the case of the standard model, a supersymmetric extension of 

it can stabilize the Fermi scale against corrections of order g A . After su

persymmetry breaking however these corrections get replased by contributions 

proportional to the mass splittings A M within each supermultiplet. One 

would like these corrections not to exceed the order of magnitude of the 

Fermi scale itself: for a coupling g^ of the i-th supermultiplet to the 

Higgs scalar, one gets 
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In a perturbative supersymmetric extension of the standard model any known 

particle should find its superpartner with a mass consistent with the 

bound (2).With a typical gauge or Yukawa coupling for g^, 

AM. £i M. (superpartner) J$ 1 - 10 Tev (3) i i • 

With an eye to actual supersymmetric models, I do not think however that 

this bound should be saturated by all superpartners: some of them are expec 

ted to be substancially lighter, infact lighter than the W-boson itself 

(See below). 

2) 
2b. Technicolour 

In this case we do not only know of a bound, but rather of a precise 

relation between the W-mass and the technipion decay constant 

from which 

or 

A T c ^ X V . 5 X40*AC - i o ° ¿5f«T T" 4 TeiT. (6) 

This relation holds in the conventional technicolour scenario. Also 

in view of the insolved difficulties that this approach faces (read: fer

mion massed and Flavour Changing Neutral Currents), one should perhaps con 

sider a broader class of theories where in general the longitudinal compo

nent of the IVB's is given by a composite scalar. An inverse radius A for 

such a particle somewhat higher than (6) would in principle make life easier. 

Except that one would again be faced with a naturalness problem if A » L~f^_ *, 

3) 
2c. Composite models 

Consideration of the problems listed in the introduction has laid to 

the speculation that quarks and leptons themselves, as well as the IVB's, 

might be composite particles. In principle the hyphothesis of composite 

quarks and leptons has to be kept distinct from the more radical idea of 

composite IVB's. 

In absence of définit models or theoretical schemes, one has to resort 
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to phenomenological considerations in order to get bounds on the hypotheti
cal compositeness scale /\ H . These bounds come from the non-observation of 
form factor behaviours (mainly from the muon anomalous magnetic moment) or 
of residual contact 4-fermion interactions (mostly from Bhabha scattering 

3) 
experiments) for the known fermions . For the electron and the muon, ba
sed on effective Lagrangian considerations incorporating approximate chiral 
symmetry, one obtains in a rather model indepent way 

A^C^J^) 800 Gev (7) 
This value is certainly low enough to be of interest for a supercollider fa 
cility. In general the observable effects of a compositeness scale A ^ . 

largely discussed in the literature, die off as A . Sensitivities of the 
n 

order of A ^ 2 t 1 0 Tev might be reached. On the other hand, unless one wants 
to make a connection between A . and C¡— fwe do not know of any at the mo-
ment) there is no upper bound on /»^ , not even theoretical. 

Altogether, untill we lack a full understanding of the physical origin 
of the Fermi scale, the possibility of composite IVB's, both the longitudi
nal and the transverse components, cannot be completely dismissed. 
Perhaps there is such a concept as an approximate gauge invariance of the 
effective interactions between composite vectors light relative to their 
inverse r a d i u s A g . Althought it is difficult to make a quantitative state
ment, I believe that the agreement of the standard gauge picture with expe
riments requires 

( H ^ / A 6 ) * 4% M A^^ATw (8) 

On the other hand, again not to make the lightness of the IVB's relative to 
A^ a too serious problem,A g , if it exists at all, should appear not far 
above 1 Tev. 

4) 
2d. Left right symmetric theories 

These models may have a lot to do with the breaking of parity and of 
CP. With an heavy right handed neutrino, the direct lower limit on the mass 
of a right handed W-boson is relatively modest 

M (tf/p.) > loo (¿ZAT o ) 

However, in the interesting class of models where the left and right quark 
mixing matrices are directly related to each other, consideration of the 
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box diagram contribution to the K ^ - ^ system with one W and one W exchan 
R L — 

ge leads to a rather strong lower bound (barrying unexpected cancellations) 

M ( W ) £ 1.6 Tev (10) R 
Notice, on the other hand, that the same box diagram can give a contri 

bution to the imaginary part of the K -K mass difference, the CP- violating 
L S 

é parameter, even in a two family model, unlike the case of the standard 

theory. In turn, supposing that this same contribution be a main source of 

CP-violation in the kaon system gives this time a lower bound 

M(W ) & 22 Tev (11) 
R 

HIGH PRECISION EXPERIMENTS 

It may seem bizarre to speak of high precision experiments in this 

meeting. It is not so if one wants to know the limits of the standard m o 

del tests, relevant to the construction of a new machine, or if some of the 

high precision experiments can actually be done at a supercollider facility. 

3a. The electroweak ^ parameter 

An important parameter in unified electroweak theories is the ratio of 

the neutral-to-charged current Fermi constants ^ . Deviations from the pre 

dieted value, defined as 
2 

8? - ~ ' < 1 2 ) 

would be extremely important. The Glashow - Weinberg - Salam theory pre-
5) 

diets 0 , including radiative corrections, to an accuracy 

£ o (WKCVC' kaol. ü&c. £>o6, ) = ± (2. - 3 ) AO <13) 

due to uncertainties in the hadronic vacuum polarization. The same standard 
model includes a contribution from top-bottom vacuum polarization diagrams 
(m = O for simplicity), 

b 2 

\ o ^ r , u r J (14) 

as well as an Higgs contribution which grows only logarithmically with 

the Higgs mass £ > > KA-t. ) 

' 1 4** 1 *\ MÍ loo 
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To appreciate the importance of possible deviations from the predicted 
value, one would like to know the contribution to £y from the various ex
tensions of the standard model that we are considering. They have been com 
puted ^ in technicolour models with a result 

- 3 
(technicolour) = + 2 • 10 (16) 

dependent upon the actual model considered. 
7) 

From supersymmetric contributions - within low energy supergravity -
one has 

_3 
(supersymm.) = + (1 -r 3) 10 , (17) 

namely again a small effect with the only possible exception of a top-quark 
mass heavier than the supersymmetry breaking scale. In this case, other 
than the contribution ( 1 7 ) , the scalar top-scalar bottom exchange would gi
ve an addition effect doubling the conventional top-bottom contribution in 
(14). 

For composite models, in absence of any definite scheme, one can guess 

Sq (comp.) = + O f — T 1 ) (18) 

at least in those models where an approximate "custodial" global symmetry 
is present. 

No significant deviation is expected in the case of left-right symme
tric gauge theories. 

Which are the prospects in the comparison between theory and experi-
8) 

ment? At present 
= 1 . 0 0 2 + 0 . 0 1 5 (19) 

exp ... • -
which agrees well with theory. To become sensitive to the mentioned contri^ 
butions, at least two independent precision measurements are needed. 

+ - 2 a 

At an e e collider such as LEP or SLC they could be the Z-mass and sen 
by measuring the Z—resonance position and the polarization of *K produced 
from the Z. The Z-width measurement offers another possibility. 
On the other hand the 1 % precision perhaps atteinable at the present fa^> 

collider via the direct determination of M w and M^, although very signi
ficant, does not look sufficient to test the standard model at the level of 
its genuine weak radiative corrections. 
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3b. CP violation 

It is well known that a foreseen precise determination (a few %0level) 
of the fe'/é parameter from kaon decays will give a very significant test 
of the standard model. The measured B lifetime has the consequence that, 
if CP violation is to be explained by the KM mechanism the value of fc'/6 

should be quite close to the present upper limit 

¡e'/éf < 2% / (20) 
for YK £ 100 Gev. This is in opposition to the case of SU(2) xSU(2) •v L R 
theories with spontaneous P and CP violation where a value of €yffe smaller 

-3 
then 10 can be attained. I have said already that these theories, for 

M(W ) 20 Tev, may provide an alternative source of CP violation already 

in the é parameter, as could be required if the top is too light. 

In principle, also the different new interactions and new particles in 

supersymmetric extensions of the standard model allow for the introduction 

of new sources of CP-violation other than the KM mechanism: a typical exam

ple would be a gluino mass with a sizeable imaginary part (with a proper de 

finition of the gluino field). Altogether however these new sources tend 

to give too large contributions to be unnaturally fine tuned. On the con

trary the same KM mechanism in a supersymmetric model may change the predic 

tion of the standard model for /\Yr\ (^L.^^.^), both the real and the imagina 

ry part, due to supersymmetric t-t or gluino exchanges in box-like dia

grams . 

A brief comment, to conclude on B„-B 0 mixing. It is expected to be 

large in the standard model (unlike the case of D 0 - D 0 ) . In view of the 

large number of B mesons produced, this represents a possible observation 

of CP violation that could be made in a collider facility. Suitable detec 

tors may be needed to study specific final states in B meson decays with 

identified CP properties. 

3c. Rare flavour changing effects 

The last observation naturally brings us into the subject of rare fla

vour changing effects. Again a supercollider would be such an intense sour 

ce of t ,K, B, T-mesons that one could reveal unconventional decay modes 

even with very small branching ratios. In this connection, the discovery 

of new flavour changing neutral current and/or lepton number violating 

decays would be extremely important. It would amount to the discovery of 
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a new basic interaction, which in turn might shed light on the flavour pro

blem mentioned in the introduction. The possible connection between fer-
9) 

mion masses and new interactions suggests a parametrization of these hypo 

thetical interactions as proceeding via exchange of a massive boson with a 

mass A>M^ and a coupling -v ̂ ^ / ^ ^ w h e r e is the relevant fermion mass. 

This could give rise to the following relative rates (taking A~ M14/ ) 

K+sW- "ty/HITÉ ±610

 (21) 

These figures have to be compared with the production rates of the decaying 

particles, which, in a high luminosity { fix t » AO (sYH, J high energy col-
10 12 

lider, can be as large as 10 - 10 number of particles. 

4 - LIGHT FRAGMENTS OF THE SPECTRA 

As I said in the introduction, the various theoretical options suggest 

(or even imply in some cases) a full spectrum of new particles all sitting 

around the Fermi scale. The lightest fragmenta of this new spectra are 

those more easily amenable to an experimental discovery. Some of them 

should in fact be discovered even before the future super colliders will 

become available. The following is a collection of remarks related to the

se "light" particles, some of which have been widely discussed in the theo

retical literature. 

2) 
4 a . Technipions and Technimësohs 

A general aspect of technicolour models is the spontaneous breakdown 

of a large technicolour flavour group giving rise to a large number of 

pseudo-goldstone bosons (technipions:P°, P—, ... ) Switching on the standard 

strong and electroweak interactions does not give mass to the colourless 

electrically neutral technipions (P°), whereas it gives a mass to the char

ged ones (P—) rather safely estimated as 
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(22) 

The point is that the technicolour force dynamically breaking the 
electroweak group cannot be the full story. Also the fermion masses break 
SU(2) x U(1) as well as independent global symmetries. Which is the source 
of these masses? Isn't it likely to give anyhow an additional contribution 
to the technipion masses, maybe substancially larger than (22). Even in 
rather definite schemes (read extended technicolour) the estimates of the 
additional contribution range from 2 up to 40 Gev. The present e + e sear
ches give negative results up to 

m(P-) > 16 Gev (23) 

Interesting reactions to search for them are 

+ + W - -f P-P o 

t - * P + b . 
(24) 

Although more massive, (m *i 100 * 300 Gev) also the color triplet lepto-
guarks and the color octet technipions are interesting. 

4b. Composite IVB's 

As I said already in Section 2, if all the IVB's are composite, not 
only their longitudinal components, then they must themselves represent the 
light fragments of a new spectrum (/^g » fí,^ Of course in this case 
there could be residual interactions among the IBV's and, for example, the 
photon and the gluon weighted by powers of the confinement radius. 
This will certainly be the case if the constituents of the IVB's have co
lour, as well as charge as they must. However, the smallness of the ra
dius would make these interactions undetectable. Except that the same me
chanism that should keep their masses small relative to the inverse radius 
might also enhance these residual interactions. They could be weighted by 
inverse powers of M or M themselves rather than A . This is the some 

w z £ 
extent suggested by the largeness of the mixing between the composite W 

2 
and the elementary photon, needed to explain the observed value of sen & 
In such a case, particularly interesting reactions a r e ^ 0 ' ^ ' 

^ + ^ - * ¿ + 2 T (25) 
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for collider and e e physics respectively. 
Notice that the reaction 

4d. Light gauginos 

If supersymmetry is relevant at all to particle physics, altogether I 
believe that the lightness of the gauginos (gluino, photino, w-ino and 
z-ino) is likely to be the most significant feature of the superpartner 
spectrum. One could almost elevate this statement to a theorem in à renor 
malizable globally supersymmetric theory. Unfortunately these theories do 
not work at least in a simple way. Therefore one should rather take it as 
a guess. 

In a class of models the masses of the various gauginos can be calcu-
12) 

lated in terms of the supersymmetry breaking scale (the gravitino mass) 

This possibility has arisen during a conversation with L. Maiani and G. 
Parisi. 

is not suggested in a picture where the photon is elementary and the compo 
site W—, W q are members of an isotriplet under a suitable global SU(2) sym 
metry .(26)could rather follow in a scheme where the all IVB's are elementa
ry but their longinal component is given by a composite Higgs whose consti 
tuents carry colour . 

4c. Left-right symmetric models 

In terms of new particles, these are the most economical schemes. 
Here one should essentially catch the W , which, as I said, may be not ve-

R 
ry light. The right signals however exist, as e.g., via 

with an overall branching ratio maybe as large as 3%. With a center of 
mass energy ranging from fs" = 10 Tev to 40 Tev one could be sensitive 
to right-handed W's with masses less then 3 up to 7 Tev. 

g + g Z + g (26) 
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Fig. 1 - Photino (¿r), gluino (<j,) , w-ino (w) and z-ino (z) masses versus the 
gravitino mass. The dotted vertical lines delimit the allowed 
range of values m 300 Gev and m ^ 3 Tev for the gravitino 
mass from the non-observation of charged w-inos. The gluino mass 
is for ni = 40 Gev and « (2 Gev) = 0 . 3 t s 

and of the top quark mass (which strongly influences only the gluino m a s s ) . 

All of them are lighter then the W with masses ranging from 1 to 50 Gev. 

A typical spectrum is shown in Fig. 1 versus the gravitino mass 
100 Gev < m ^ 10 Tev and for m = 40 Gev. The gluino mass scales quadrati •v ~ t ~ 
cally with m^. One can also envisage the possibility of a gluino lighter 

than the photino, in which case the characteristic missing P T signature simply 

does not exist since it is the photino which decays into a gluino and not 

viceversa. This spectrum can also be made consistent with cosmological in

formation. 

5. CONCLUSIONS 

The possibility of making esperiments directly in the region of the 

Fermi scale will characterize particle physics in this and the next decade. 

A central problem in our field is precisely the physical origin of the Fer

mi scale. Altogether, this is the best guarantee for discoveries to be ma

de. Perhaps the search for a relatively light fundamental Higgs scalar 

field may not be the basic tool to shed light on this issue. This even 

if one does not dispute the Higgs phenomenon as the correct description of 

the breaking of the electroweak group. 

As we saw, the theoretical alternatives in extending the standard mo

del to incorporate new physical phenomena in the region of the Fermi scale 

are not lacking. Will some of them turn out to be true? 
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