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LEP/SLC: what did we expect ? What did we achieve ?
A very quick historical review.

Daniel Treillea

aCERN, Geneva, Switzerland

After a brief and personal account of LEP/SLC achievements, I recall the landmarks of their history, extending
over the last 25 years. In particular I describe some attempts made at LEP1, like the use of longitudinal
polarization and of a multibunch scheme. I compare the final results of LEP electroweak measurements and their
accuracy to what was anticipated in various prospective studies, with the conclusion that LEP did always much
better than expected. Focussing on Higgs search, I review the main steps of this adventure and confront what
was achieved to what one could have done.

1. Introduction

Twelve years of LEP/SLC physics have
brought outstanding achievements. The LEP1
era allowed to record 17 million Z0 from which
most accurate tests of the Standard Model have
been performed. The SLD experiment at SLC
collider has measured the Z0 spin asymmetry,
ALR, considered as the “queen” of all electroweak
observables. At LEP200 a careful exploration of
all topologies and several accurate measurements
have been performed up to a center-of-mass en-
ergy of 206 GeV, thanks to a “tour de force” of
LEP machine physicists. These results will be
reviewed in great detail during this workshop and
I will only summarize them here.

However, historically, a lot of thoughts and
work were devoted to some aspects of the LEP
program, which, because of the priorities chosen,
were not finally pursued. It is nevertheless quite
instructive to review them: I will focus on the
LEP1 polarization and high luminosity programs.

Furthermore, because of the pressure of the
LHC project, a thorough exploitation of LEP200
potential at the highest energies could not be per-
formed. As we will see, this would have been vital
to get a pertinent answer, positive or negative,
about the validity of the Minimal Supersymmet-
ric Standard Model (MSSM), the most popular
and studied prototype of model beyond the SM.

2. A personal selection of achievements

Avoiding to summarize the meeting in ad-
vance, I will only quote a personal choice of some
of these breakthroughs.

Of the three basic entries of the SM, the Z0

mass has been measured to 23 ppm at LEP1
(figure 1), by using a resonant depolarization
method.

This was a modern epic, made possible by a
close collaboration between experimentalists and
machine physicists. This accuracy compares well
with our knowledge of Gµ (9 ppm). But, unfor-
tunately, the fine structure constant, evaluated
at the relevant mass scale, is much more poorly
known. In 1995 the uncertainty was 700 ppm.
Thanks to various improvements it is now about
300 ppm. New theoretical inputs are welcome,
but it is also mandatory to obtain a better mea-
surement of e+−e− to hadrons at low and inter-
mediate energies[1].

The W boson mass (figure 2) is presently
known to 0.4 per mil, mostly thanks to LEP. The
direct value agrees, but not too well, with the in-
direct one, drawn from all other measurements.

The history plots of many electroweak quan-
tities show dramatic improvements during the
LEP era. For the number of neutrinos (figure 3)
and for the Weinberg angle (figure 4)[2] the accu-
racy was improved by two orders of magnitude.

The number of neutrinos is measured slightly
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Figure 1. The three entries of the SM at tree
level.

W-Boson Mass  [GeV]

mW  [GeV]

χ2/DoF: 0.0 / 1

80 80.2 80.4 80.6

pp
−
-colliders 80.454 ± 0.060

LEP2 80.450 ± 0.039

Average 80.451 ± 0.033

NuTeV/CCFR 80.25 ± 0.11

LEP1/SLD/νN/APV 80.363 ± 0.032

LEP1/SLD/νN/APV/mt 80.373 ± 0.023

Figure 2. Present status of the various W mass
determinations.

Figure 3. Evolution of our knowledge of the num-
ber of neutrinos during the LEP era.

Figure 4. Evolution of our knowledge of sin2θW

during the LEP era.
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Figure 5. The information in the S−T plane be-
fore and after LEP. Our knowledge improved from
the large to the tiny ellipse.

below 3, 2 σ away. As for sin2θW , there is a
persistent discrepancy between its two most ac-
curate determinations, through ALR and Ab

FB: it
amounts to 3.2 σ by the end of LEP.

The progress brought by LEP is summarized
by figure 5[3] and figure 6, showing the situation
in the S−T plane. Our knowledge went from the
large to the tiny ellipse of figure 5. Zooming on
the latter, one sees in figure 6 that the relevant
information comes mostly from sin2θW , MW and
the Z0 lineshape.

Through the radiative corrections, LEP1 has
rapidly shown that the top was heavy (figure 7)[4].

Since 94 Fermilab performed the direct mea-
surement of the top mass. Presently the results
are:

Mind
top= 179 +13 −10 GeV

Mdir
top= 174.3 ± 5.1 GeV,

a most remarkable agreement indeed.
The notorious figure 8 indicates that, within

the SM scheme, the Higgs boson seems to be light:
≤196 GeV at 95 percent confidence level.

Two obvious questions are then the follow-
ing ones:

− does this result represent the truth, or is
it the effect of a conspiracy, an eventuality which
is not very natural but nevertheless possible[5]?

− among the somewhat discrepant values
of MH provided by the different observables (fig-
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Figure 6. The LEP legacy: information brought
by the three most performant observables.

Figure 7. The top mass: indirect and direct de-
terminations along the years (from C.Quigg).
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Figure 8. The indirect information on the Higgs
mass from accurate electroweak measurements.

ure 9)[6], which is the correct one?

A very striking result from LEP1 is cer-
tainly the demonstration of the excellent con-
vergence of the couplings in SUSY, as shown by
figure 10[7]. On the contrary, in the SM, such a
convergence does not occur, and concerning this
discrepancy LEP accuracy has transformed a 2σ

problem into a 8σ one.
LEP1 has shown that the τ is a well-behaved

lepton, mere recurrence of the first two, except
for its mass. Figure 11[8] shows how LEP (tau
lifetime and leptonic branching ratio), BESS
(a beautifully accurate mass measurement) and
CESR (leptonic branching ratio) have clarified
the situation in a truly international venture.
The tau being “normal”, one can then use it as a
most interesting laboratory for hadronic physics
and QCD.

B physics at LEP1 has been a very active
area. I will simply summarize its achievements
by figure 12[9], which shows the progress in our
knowledge of the tip of the Unitary Triangle,
mostly but not entirely due to LEP.

Finally the outstanding contributions of LEP
to QCD, in particular to a variety of αS measure-
ments, are well known and will be abundantly

Figure 9. The indirect information on the Higgs
mass from each observable (from B.Pietrzyk).
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Figure 10. The unification of couplings in the SM
and in SUSY.
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Figure 11. The tau is normal. Finally, the mea-
surement of its lifetime and leptonic branching
ratio (small ellipse) match what is expected from
its mass (narrow oblique line).

described.
As for LEP200, in the field of SUSY, it set

a lower limit on the masses of many predicted
species up to ∼

√
s/2 and excluded the existence

of an LSP (lighest supersymmetric particle) up
to ∼45 GeV.

3. LEP history in a nutshell

The idea of building a high-energy electron-
positron colliding beam storage ring appeared in
a note by B.Richter[10], being then a visitor at
CERN, in march 1976.

Experimental possibilities were described, a
cost minimization technique was developed and
a model machine designed to operate at center-
of-mass energies of up to 200 GeV. The rationale
for this last figure is summarized in figure 13,
which tells that basically the LEP scenery was
correctly anticipated.

Figure 14[11] gives a guess of the respective
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Figure 12. The progress in B physics during LEP
era.

costs of a circular machine and a linear collider.
It shows that the cross-over occurs roughly at
the top of LEP range: it is clear however that
once LEP was built there was a “window of op-
portunity” for this machine in this energy region,
which was calling for a more accurate definition
of its maximum energy depending on physical
arguments.

Due to financial, geological and political argu-
ments, the LEP circumference and its maximal
beam energy kept oscillating for some time[12].
In the Blue Book of 1978 they were 22.2 km and
100 GeV, in the Pink Book of 1979 30.6 km and
130 GeV, and finally in the LEP Design Report
of 1984 26.6 km and 125 GeV.
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Figure 13. The possible LEP scenarii as presented
by B.Richter in 1976.

In 1978, an important prospective meeting
was held in les Houches [13]. In his most interest-
ing summary talk, S.Glashow expressed his views
on the situation:

“Since the low energy limit is so well con-
firmed, few can doubt the truth (of the by-now
“Standard” model).”

But he considered then four possible scenar-
ios. For him “the least probable” was the 17
parameters scenario, i.e the SM:

“It would be both arrogant and unhistori-
cal to believe that our naive extrapolation from
physics at 2 GeV to physics at 200 GeV is likely
to be correct in detail”.

On the contrary he thought the “most likely”
would be a scenario leading to a complete sur-
prise.

Figure 15 gives the planning of the LEP
project as it was presented in les Houches by
J.Adams.

The 1979 Nobel Prize was attributed to
S.Glashow, A.Salam and S.Weinberg for their
contributions to the Standard Model.

Figure 14. Guess of the costs of a circular and of
a linear e+− e− collider versus energy.

In 1982 the LEP project got its final autho-
rization, with the unconditional support of all
Member States. Meanwhile the LEP team had
continued to work on the optimization of the
designs and on the exact location of the ring. It
had decided to tilt the plane of the ring. Active
R/D work on the RF cavities, warm and supra-
conducting, was already under way. The LEP
management Board, with E.Picasso as Chairman,
had been set up, as well as the LEP Experiments
Committee, under G.Wolf of DESY, and a LEP
Machine Advisory Committee, under G.A.Voss
of DESY.

In 1983 the Déclaration d’Utilité Publique
for the LEP machine was signed, and the civil
engineering could start. Collisions were then
foreseen for the second half of 88. The same year
the Z0 was discovered at some 92 GeV, the mass
predicted by theory, well within LEP’s grasp.

1986 was the year of an important Workshop
at Cern, on Physics at LEP [14]. The founda-
tions of the program of accurate tests of the
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Figure 15. J.Adams’s LEP planning in les
Houches 1979.

electroweak theory were laid [15] and the exper-
imental methods defined in already great detail.
However we were still in the dark concerning
the top mass, and a lot of work was devoted to
scenarios where the t-̄t threshold bound states
was close to the Z0, and even degenerate with it.

By the mid eighties ideas about the “after-
LEP’, namely the LHC (17 TeV, 1033 cm−2s−1),
were quite clearly defined [16]. The 1034 high
luminosity option appeared in 1987 after the la
Thuile ECFA meeting [17].

In february 1988 the LEP tunnel excavation
was completed. In august 1989 the first Z0 were
registered in the four experiments. You all know
the remaining of that exciting story.

4. A brave attempt: Polarization at LEP

It is well known that spin is at the heart
of the Standard Model. The potential impact
of longitudinal polarization on electroweak tests
was fully recognized [18] and a Workshop held in

Figure 16. The idea of the Blondel scheme.

1988 [19] studied the feasibility of such a program
for LEP.

In a circular machine there is a natural build-
up of transverse polarization, due to the Sokolov-
Ternov effect [20]. However this is a slow process
and various depolarization mechanisms counter-
act it. One must therefore speed up the rate of
its growth and maintain the degree of polariza-
tion achieved: the latter implies a careful “spin
matching” of all components of the machine.
Finally one has to rotate the polarization from
transverse to longitudinal. Without any further
action the result would be disastrous since one
would obtain the same helicity in both beams
and zero cross-section for full polarization: one
must therefore use the selective depolarization of
one beam.

Actually a very clever scheme was then in-
vented by A.Blondel [21] (see part d of figure
16), in which, through selective depolarization of
some bunches, one achieves four different types of
crossings. The first two give the left-right asym-
metry one is looking for, while the last two give
the amount of polarization of the beams by a sim-
ple Z0 counting method. In first approximation,
one does not need to measure “externally” the
polarization with a polarimeter, while this is a
necessity in the SLC scheme where only electrons
are polarized.

I cannot do justice here to the large amount
of clever work put in that study, which in par-
ticular led LEP to reconsider the normalization
schemes, and especially the very small angle lumi-
nometers, for relative luminosity measurements.
Spin matched rotators of the Richter-Schwitters
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type were designed in great detail [22]: their use
would have forced to tilt longitudinally the exper-
iments by ∼1 degree! The corresponding increase
of the synchrotron background foreseen led us to
improved studies of the masking schemes at LEP
which turned out to be very useful at LEP200.

The goal of a polarization measurement at
LEP with the Blondel scheme was to reach an
experimental error on sin2θW of ±0.0003. This
would have required a million Z0, taken with
a polarization of 0.5 and a luminosity relative
accuracy of 1.5 per mil.

The full priority given to the energy rise at
LEP finally led to discard the longitudinal po-
larization program, leaving thus SLC by itself to
measure the ALR asymmetry. The SLAC pro-
gram was a great success. A polarization of 75
percent was achieved with a strained lattice cath-
ode. With only 500K Z0 on tape they achieved
an accuracy on sin2θW of 0.00026 [23], better
than the goal of LEP polarization program. It is
however regrettable that no second measurement
was available for a cross-check.

At LEP transverse polarization was abun-
dantly exploited later to get a most precise mea-
surement of the beam energy.

The Blondel scheme is certainly a must for
any future Z0 factory. A linear collider will then
have the problem to provide polarized positrons,
as well as electrons. May be an ideal Z0 factory
would have been a circular machine like LEP,
benefiting of the Sokolov-Ternov effect, and with
two rings instead of one, to be able to cope with
a large number of bunches in order to reach high
luminosities, without worrying about their para-
sitic crossings.

5. A higher luminosity at LEP

Another attempt was to turn LEP into a
multibunch machine. The idea was to exploit a
“Pretzel scheme” in which the orbits have a os-
cillatory shape, in such a way that the counter
rotating bunches do not see each other, except
at or near the collision points. A full workshop
was devoted to that study [24]. Schemes involv-
ing as many as 36 bunches were considered, with

the conclusion that peak luminosities beyond 1032

at the Z0 could be obtained, without any really
drastic change to the machine, but with the ad-
dition of electrostatic or RF-magnetic separators,
with various upgrades and a more complicated
operating mode. The modifications required by
the experiments were studied as well: they were
minor for 8 bunches (the final outcome of the ex-
ercise) and would have been more substantial for
the 36-bunch solution.

An important result of the workshop was the
evaluation of the expected evolution of the accu-
racy of the electroweak measurements when the
Z0 exposure is increased, and to which extent sys-
tematic errors could actually be measured from
the data, becoming thus statistical errors, rather
than determined by Monte Carlo. This will be
discussed in the next section.

During this Workshop the potential of LEP1
for tau and B physics was analysed in great de-
tail and compared to other programs, like flavour
factories. The Z0 is actually the most abundant
source of beauty at e+−e− machines (6.3 nb com-
pared to 1.2 nb at an asymmetric beauty factory).
As we said, the clean topology, the strong boost,
as well as the fact that in a single exposure all B
species are produced, are important assets. Ta-
ble 6.7 of [24] describes the various possibilities
and shows that a polarized Z0 factory compares
favorably to the other ones at an equivalent lu-
minosity.

Among the topics most debated let me quote
the foreseeable performance of b-tagging, purity
versus efficiency. Quite impressive figures were
already quoted in the simulations [25]: they were
still received with some scepticism, although they
were much below what was finally achieved at
LEP once modern microvertices were installed
and well understood. Furthermore, with the
promise of a high number of Z0, double tag tech-
niques with quite low systematic errors were in-
troduced.

Concerning the B lifetimes, one question was
whether one would be able to measure the indi-
vidual values for the different species with enough
accuracy. Quoting [26]:

” Can we go below the interesting level of 10
percent on individual lifetimes?”
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And the guess was that “.. with 107 Z0, one
would reach accuracies of 3 to 4 percent...”.

Figure 17 giving the final LEP results shows
that the prognostic was quite good.

Similarly, concerning the B0
S oscillations, it

was said that [27]:
”With 107 Z0 one can measure oscillations up

to xS∼10. With ∼ 5 107 Z0 one can reach xS ∼
15.”

Actually, as shown by figure 18, the latter
number was overtaken with ∼17 106 Z0. On this
figure one can notice a tantalizing feature of the
amplitude curve, insufficient however to draw a
firm conclusion on a possible oscillation.

0.7 0.8 0.9 1 1.1 1.2

lifetime ratio

τ(b baryon)
/τ(B0)

0.76±0.04
0.9 - 1.0

τ(Λb)/τ(B0) 0.79±0.05
0.9 - 1.0

τ(Bs)/τ(B0) 0.94±0.04
0.99 - 1.01

τ(B−)/τ(B0) 1.07±0.02
1.0 - 1.1

Figure 17. Our present knowledge of the individ-
ual B lifetimes.

6. Electroweak measurements: expecta-

tions and achievements

It can be amusing and instructive to focus
retrospectively on what was expected from LEP
before the program was started. Such prospec-
tive exercises were done in particular in 1988, at
the occasion of the Polarization Workshop, and
later, in 1990, in the LEPC Cogne meeting [28]

during which the priorities of the LEP program
were defined.

Starting with the Z0 mass measurement, in
1988 the ideas of an optimized scan and of using
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Figure 18. Present limits on Bos oscillations.

spin-resonance energy calibration were present.
The foreseen statistical error was ±(10−15) MeV,
while the systematic one was ±17 MeV, with
equal contributions from the stability of the lu-
minosity monitor, the systematics from QED
corrections and the energy uncertainty. As you
know, LEP finally achieved an overall uncertainty
of 2.1 MeV, one order of magnitude better.

For the Z0 width a systematic error of ±50
MeV dominated by the normalization error was
expected: the final result was 2.3 MeV overall.

When Feldman[29] proposed his method for
measuring Γinv, the foreseen relative uncertainty
on the luminosity was still 3 percent (and this
was considered as optimistic...) and the relative
uncertainties of the acceptance of various chan-
nels (µµ, hadronic) were at the percent level.

Finally LEP achieved 1 per mil for the for-
mer (0.6 per mil for theory) and 1 per mil for
the latter. The spectacular result concerning the
absolute normalization is also clearly part of the
explanation of the performance for MZ and ΓZ .

As for the measurement of the W mass, the
methods which were finally used had been ac-
curately studied already in the Aachen 1986
Workshop, that we will review later: the empha-
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sis was correctly put on the W reconstruction
method and the sources of uncertainty rightly
identified, although there too the anticipated er-
rors were on the pessimistic side. “Each of the
four LEP experiments can measure in at least
three ways the mass of the W boson at LEP200
with an accuracy of the order of 100 MeV or
better. The integrated luminosity of 500pb−1

used in this study provides a better statistical
accuracy (50−60 MeV) but it appears difficult to
control the systematical uncertainties at such a
level.”

Concerning asymmetries, as we said, the SLC,
through ALR and with only half a million Z0,
measured the Weinberg angle better than what
we anticipated from the polarization program at
LEP.

For Aµµ
ch the expected systematic error was

0.18 (about equally due to the uncertainty on
the Z0 mass, on the detection efficiency and on
the QED radiative correction). LEP did twice
better.

Similarly for the τ polarization: the utilisa-
tion of the ρν channel, not foreseen initially, and
an excellent control of the tau final states, led
to an accuracy on sin2θW 2.5 times better than
anticipated.

Concerning heavy quarks measurements, once
introduced the idea of double tag, the relative im-
portance of systematic and statistical errors was
correctly anticipated. For Rb, compared to the
estimate of [30], the accuracy achieved is a factor
3 to 6 times better. From Abb̄

FB, the accuracy on
sin2θW is three times better (0.0009 anticipated,
0.00031 achieved, the statistics dominating as
expected). However the absolute value of sin2θW

from Abb̄
FB, as you remember, is at variance with

the one from ALR, and we are left with this ques-
tion mark.

At the 1990 Cogne meeting one exercise was
to compare the accuracy on sin2θW as expected
from the unpolarized asymmetry measurements
and their combination to what the LEP polariza-
tion program could give. This is summarized by
figure 19 [31]: it shows that 25 million Z0 would
be equivalent in this respect to the polarization
program. The choice was then to discard the
latter and to require 4.5 million Z0 per experi-

ment before leaving the peak to raise the energy
towards LEP200, considered as the main priority
after LEP1. Soon after Cogne, the practice to
combine results from all four experiments was
started, first in the field of electroweak measure-
ments.

In summary, all achievements were better,

Figure 19. Foreseen accuracies of electroweak
measurements versus the number of Z0.

often much better, than foreseen. This is due to
a number of facts:

1/ the outstanding performances of the ma-
chine.

2/ the relative easiness of LEP physics: with
such a low level of background the interesting
events were easy to select and very clean. Clever
masking schemes [32] allowed even to decrease the
radius of the vacuum chamber, a most beneficial
step for b-tagging performances.
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3/ the redundancy of all experimental pro-
cedures. This, for instance for the trigger, had
been correctly anticipated and planned: as a
result any efficiency could always be measured
instead of being evaluated from MC, so that im-
portant systematic errors were actually turned
into statistical ones.

4/ the development of new techniques, some
appearing actually during LEP lifetime. The
most important were the conception of extremely
accurate small angle luminometers [33] and of
highly performant, multilayer, double-sided mi-
crovertex detectors [34].

5/ the high quality of theoretical estimates.
Furthermore full sectors of physics, like tau

physics and beauty physics, could be thoroughly
covered, much better than foreseen: LEP1 was
thus a good first approximation of a Z0 factory,
hence of a tau and B factory. Here again the
most favourable topology of the events, with two
back-to-back well separated jets, the strong boost
of heavy objects and the high quality of the de-
tectors for microvertexing and identification were
the main assets.

7. The Higgs boson search: a quick survey

I will start with the Aachen 1986 LEP200
Workshop. The prospects concerning supracon-
ducting cavities were very clearly presented [35].
Among other physics topics, the Higgs search
was studied in some detail [36]. However, at that
time, it was still considered as impossible, for
experimental reasons, to explore the domain of
Higgs mass in the vicinity of the W mass, and a
fortiori of the Z mass.

From the Higgs study group presentation one
reads:

”..the conclusion is that, at center-of-mass
energy of 200 GeV and with an integrated lumi-
nosity of 500pb−1, significant signals are certainly
observable up to MH=80 GeV from the missing
energy channel and up to MH=70 GeV from the
4 jet channel.”

And from the Workshop Summary:
“Clearly the 4 jet events are not useful if

MH= 80-90 GeV since there could be complete

confusion with WW and ZZ production,...”
Similarly later:
”LEP200 should detect the Higgs if

40≤MH≤80 GeV, but it will be difficult. It
is not at all clear that hadron colliders (of any
energy) would be able to detect the Higgs at all.”

In 1989 however it started to be realized that
with a good b-tag one would probably be able to
“break the Z0 wall”. Quoting from [37]:

“ ..If the mass was higher, i.e. in the vicinity
of MZ , then it was felt that the ee → ZZ back-
ground would preclude observation of the Higgs.
However, if an efficient tagging of the bb̄ final
state is performed, this may not be the case...
More study is needed −and is worthwhile− since
the presence of a scalar in the vicinity of MZ has
often been advocated. This would again be an ar-
gument in favour of effectively reaching

√
s=200

GeV at LEP.”
On the basis of simple estimates, the rule of

thumb for a reach of: MH ∼
√

s − 100 GeV
was proposed, with the meaning of a discovery

potential per experiment.
Many subsequent Monte Carlo studies were

performed along the years to validate that rule,
and to improve it progressively by combining the
four experiments and introducing more sophisti-
cation in the analysis and statistical methods.

In 1991 appeared the preliminary computa-
tions of the radiative corrections to the mass of
the lightest MSSM Higgs boson h0 [38], showing
that they could be large and that the exact value
of the top mass was a critical ingredient since it
enters there to the 4th power.

In 1992 a first LEP2 LEPC Workshop was
held at Cern. In its report, the Higgs and SUSY
Higgs Working Group wrote in particular:

“ It was also shown that, if the top mass is
not too high (∼140 GeV), it is worthwhile study-
ing the possibility of going to a higher cm energy,
since an increase to 210 GeV could allow the
exploration of the quasi-totality of the parameter
space of Minimal SUSY.”

From that Workshop emerged the now fa-
miliar Lmin−MH plots [39] shown by figure 21 .

But in 1992 the LHC was still foreseen for
about 2000 (figure 20) and this workshop had
little impact.
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Figure 20. The LHC planning foreseen at the
time of Cogne meeting.

By the end of 1994 everything needed to
predict the upper limit of Mh in the MSSM was
known: the top mass, as we saw, and the the-
oretical computation of the radiative correction
to the required order (figure 22) [40], giving a
figure of ∼ 126 GeV for this upper limit, with
the present central value of the top mass. The
energy needed to give a meaningful answer −yes
or no− about the MSSM was then well defined.
From [41] one can read:

“ The CM energy required to do so (i.e. com-
plete the exploration of the MSSM “plane”, tgβ

- MA) would be
√

s ∼ 210 GeV (220 GeV) for
Mtop ≤ 150 GeV (170 GeV).”

The coverage would be complete for a SM-
like h0; in the general case a small tie-shaped
(P.Janot’s tie) domain of the plane would not be
exluded.

In 1994 the LHC was approved. The foreseen
date for its startup was then the end of 2002.

1995 saw the start of the energy rise at LEP,
most animated by the “4 jet” effect of Aleph.

1996 was the year of the important LEP2
workshop, which led to the Yellow Book [42],
bible of the LEP200 era. By that time, improve-

Figure 21. The Higgs discovery plot.

ments of the simulation and of the statistical
methods were such that the crude thumb rule
mass reach had become ∼

√
s−MZ for exclusion

by the four experiment added together, with typ-
ically 200 pb−1 per experiment, and ∼2 GeV less
for discovery.

The W pair threshold was crossed in 1996.
Around the same time, the production of SC
cavities was discontinued. After that you know
the story, dominated by the constant progress
of the machine in energy, within the allocated
park of supraconducting RF cavities, as well as
in luminosity, by the obtention of one extra year
of running in 2000, and the difficult and painful
decision to be taken at the end of 2000.

At various occasions during the past decade,
and more precisely since the goal concerning the
lightest MSSM boson h0 was quantitatively set-
tled, pleas were made to get more RF cavities in
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Figure 22. Upper limit of h0 mass. Bottom curves
are for small tgβ, upper ones for large tgβ.

LEP, as well as to improve their accelerating field
as far as possible.

The case is fairly obvious: the available CM
energy goes like the fourth root of the number of
RF cavities. With what was allowed to LEP (288
SC cavities) and the accelerating field finally
achieved, LEP has reached 206 GeV. With 80
(100) cavities more, namely 365 (385), it would
have reached 218 (221) GeV. This looks like a lit-
tle gain. However the last mass bin of the Higgs
search would have been 127 (130) GeV instead of
115 GeV. To appreciate the impact of this fact,
please look at figure 22.

For your amusement, figure 23 quotes such an
attempt, made in 1995 in a CERN Faculty meet-
ing, as it was formulated six years ago, a time
where the foreseeable competition from Fermi-
lab came more from an hypothetical di-Tevatron
than from the TeV33 option which was not yet
considered. The number of cavities quoted cor-
responds to the maximum number which could
have been installed in the even collision points,
without further civil engineering, as one can read
from the 96 Yellow Book [43]. The cost of such an
upgrade would have represented only ∼3 percent
of the overall LEP project.

Unfortunately, for several reasons, including
the fact that the LEP community did not re-
ally fight for it, this ultimate upgrade in the
number of cavities did not happen, although a
magnificent work on the LEP accelerator side

Figure 23. One of many preaches by the author....

gradually brought the accelerating field from 6
to 7.5 MeV/m in the niobium-film cavities which
had been developed at Cern.

In 2000, as figure 24[44] shows, the Higgs
search at LEP hit the “higgsstrahlung wall”, i.e.
ran out of cross-section, for a mass of ∼115 GeV:
for a boson which would have been sitting at
such a mass, the challenge was to reveal it with a
production cross-section of only 50 fb, compared
to ∼1 pb of Z0Z0 and 17 pb of W+W−. Other
talks will give a record of the present situation of
this search.

With the present limit set on the mass of a
SM-like Higgs boson at 115 GeV, the status of
the MSSM can be summarized by figure 25. The
horizontal axis represents the mass of the lightest
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The Higgsstrahlung
           WallE      =  206 GeVCM

Total
Higgsstrahlung

Fusion

Interference

Figure 24. The cross-section for Higgs production
versus its mass. Only the Z decay into neutrinos
is considered.

neutral boson h0. Each box corresponds to one
of the benchmark scenarii considered by [45] and
supposed to span the possibilities left open by
our present knowledge. Arrows give the upper
limit of Mh in the three usual SUSY breaking
mechanisms. All h0 considered are perfectly SM-
like. The central value of Mtop has been assumed.
One sees that all h0 masses foreseen fall within
the reach of the gedanken LEP2, with 80/100 RF
cavities more. Too bad, really too bad!.....

8. Epilogue

The LEP era is now over, except that sev-
eral analyses will still go on for some time. One
should hope that a careful and clever archiving
of the data will allow to interrogate them in the
future if new ideas appear.

LEP and SLC have been great successes.
They validated the SM at a level of accuracy
which went beyond all hopes and their contribu-
tions will stay as historical landmarks. I would
like to express our deep gratitude to the founders

100 110 130

SUGRA

125120115105

LEP 218 (80 cavities more)LEP 206

ASB

GMSB

(GeV)m
h

Benchmark  SUSY  for the  Future

Figure 25. The MSSM benchmarks for the future.

and the builders of the LEP project for their vi-
sion and their accuracy, to the machine physicists
for all the miracles they have accomplished year
after year, and to the many theorists whose close
collaboration was so precious.

Within the SM frame and ignoring some dis-
crepancies between observables, the LEP/SLC
results seem to indicate a light Higgs boson. The
convergence of couplings seems to favour a su-
persymmetric solution. Both facts, put together,
go in the direction of a MSSM type of theory.

The smoking gun of MSSM (the only feature
one can be sure about) is the existence of a quite
light neutral higgs boson. Unfortunately, what-
ever point of view one may have on the 2000
Higgs Odyssey, LEP has not brought an answer
to that crucial question. We only know that a
SM like neutral Higgs boson, if any, has a mass
≥115 GeV.

One could say that, thanks to this ignorance,
the motivation for the future enterprises is pre-
served. I will not follow such an argumentation
which sits beyond the border of any scientific
attitude. On the contrary I find that the situa-
tion is in many respects very regrettable. From
the Tevatron or LHC, which program will answer
first about the existence of a light object is an
open question. Let us hope that the additional
pressure put on LHC by this competition will not
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be counterproductive.
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