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Abstract

Direct searches for the Higgs bosons of the MSSM and for supersymmetric particles
performed at high energy e+e~ and pp colliders are reviewed. Lower mass limits of 44
and 21 GeV/c2 are obtained for the CP-even and CP-odd Higgs bosons, respectively. All
supersymmetric particles but the lightest one are excluded at least up to 40 GeV/c2, in
a model independent way except for neutralinos. Unless they are very light, gluinos are
excluded up to 90 GeV/c2. The implications of these results within the MSSM framework
are discussed.
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1. Theoretical background

Since I could not compete with Gordy in this respect, I will skip the motivations for
low energy supersymmetry, in spite of them being the driving force behind the vast and
dedicated experimental effort in this field.
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1.1 General features of supersymmetric models

[21

Supersymmetric theories predict that the ordinary
particles and their superpartners are grouped in super-
multiplets within which the numbers of fermionic and
bosonic degrees of freedom are equal. This leads to the
minimal pattern shown in Table 1 where it can be seen,
in particular, that a minimum of two Higgs doublets is
needed. The most common extension of this minimal pat-
tern results from the introduction of an additional Higgs
singlet.

When supersymmetry is broken, not only is the mass
degeneracy lifted within each supermultiplet, but the ac-
tual mass eigenstates become mixtures of the weak eigen-
states displayed in Table 1.
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Table 1

It turns out however that weak and mass eigenstates need not be distinguished in
practice in the case of scalar leptons and quarks, with a possible notable exception for the
scalar top quarks due to the large m< value which may not be negligible compared to the
typical mass splitting induced by supersymmetry breaking. The situation is different in
the gaugino sector where large mixing is expected between H^ and W^ on the one hand,
between 7, Z, H and h on the other. The resulting mass eigenstates are called charginos
(the lighter one is denoted x*) and neutralinos (denoted x, x', x"• • •, in ascending mass
order).

For phenomenology, a most important ingredient is the assumption of the conservation
of R-parity, a multiplicative quantum number which takes the value +1 for ordinary par-
ticles and —1 for their superpartners. Although this assumption is not strictly necessary,
it provides the most natural way to avoid fast proton decay. As a consequence of R-parity
conservation, supersymmetric particles are pair produced, they (cascade) decay until the
lightest supersymmetric particle (the LSP) is reached, and the LSP is stable. From cosmo-
logical arguments, it is expected that the LSP is neutral and colourless. The most natural
LSP candidate is x> the lightest neutralino, as will be assumed in the following. Since its
interaction with ordinary matter involves the exchange of heavy particles, it behaves like
a neutrino, which is at the origin of the celebrated signature of supersymmetry, missing

[31
energy. As discussed elsewhere, the LSP is also an excellent dark matter candidate.
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1.2 Basics of the MSSM

1WThe minimal supersymmetric extension of the standard modelnj (the MSSM) is based
on the minimal particle content displayed in Table 1, and involves the minimal set of soft
supersymmetry breaking terms. Those comprise a universal scalar mass mo, a universal
gaugino mass M, and a universal trilinear coupling A, all defined at unification scale. An
additional parameter not present in the minimal standard model is fi, a supersymmetric
mass term which mixes the two Higgs superfields. All these parameters get renormalized
at low energy. In particular, the universal gaugino mass M becomes split into M\, M2
and M3 for the three gauge groups in the same way as a i , <x<i and 03. Since the gluino
mass trig is A/3 and the photino mass my is Mi cos2 Ow + Mi sin2 9w> it is expected that
m-g ~ 6m^. In fact, the photino is only approximately a mass eigenstate, an approximation
which becomes better and better as the value of m^ decreases.

The neutral components of the two Higgs doublets #1 and H% may develop vacuum
expectation values v\ and «2 at some point well below the unification scale in a way such
that the electroweak symmetry gets adequately broken, provided some conditions on the
model parameters are met. Among those conditions, one is important for phenomenology
and will be assumed in the following, namely that 1 < tan/5 = «2/^1 < mt/rrib. The
up-type quarks on the one hand, the down-type quarks and the charged leptons on the
other receive masses proportional to V2 and to Vi, respectively.

The masses of the scalar quarks and leptons also get renormalized. The resulting
expectation is that the scalar quarks should be heavier than the scalar leptons, and the
"left handed" scalar leptons heavier than the "right handed" ones, t Scalar neutrinos are
expected to have masses similar to those of the left handed scalar leptons, unless tan/? 3> 1,
in which case they may become substantially lighter.

1.3 The Higgs sector in the MSSM

[5]The Higgs sector of the MSSM is highly constrained. The masses and couplings of
the five physical states (the CP-even h and H, the CP-odd A and the H pair) all depend
on only two parameters which can conveniently be chosen as tan/? and m A , or as rrih and
rriA (rrih < m«). The couplings can be expressed as functions of /3 and of a, the mixing
angle in the CP-even sector. The ZZh and ZhA couplings are proportional to sin(/? — a)
and to ccs(/? — a), respectively. With tan(3 > 1, the h and A couplings to the down-type
quarks and to the leptons are enhanced with respect to their standard model counterparts.

Celebrated mass relations (rrih < mz < mn, mn < rriA < TTIH, mn± > mw), valid
at tree level, lead to the prediction that a neutral Higgs boson should be discovered at
LEP while the search for charged Higgs bosons is essentially irrelevant. However, as is well
known by now, some of these relations are strongly affected by large one-loop radiative

rgi

corrections to the CP-even squared mass matrix. The dominant correction is quartic in

' "Left (right) handed" scalar quark or lepton is a simplified way to designate the superpartner associ-
ated to the left (right) helicity state of the corresponding quark or lepton.

f * '

.-'1.4 -v« ;

ty

«r
.<;»• .1



jn t and can be parametrized, assuming here for simplicity mass degenerate scalar partners
of the top quark, as £o/sin2 /? with
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As a result, mj, can now exceed mz, but still with m/, < y/mz2 + £Q. For the set of values
m, = 140 GeV/c2 and mt- = 1 TeV/c2, hereafter called "typical", e0 = (60 GeV/c2)2 and
»n/, < 110 GeV/c2. In addition, it may be that mj > m>t, and even that m& > 2JTt̂ , thus
opening the possibility of the h —> AA decay which was kinematically forbidden at tree
ievel. The domain theoretically allowed in the (m^, TUA) plane is shown in Figs. Ia-Ic for
the typical set of parameters. If mt is increased (decreased), the approximately vertical
boundaries near rrih = 50 GeV/c2 are displaced toward higher (lower) mfc values (see
Figs. Id and Ie).

2. Search for neutral Higgs bosons in Z decays

2.1 Higgs boson production processes and decay modes

Since Z —> hh and Z -> AA are forbidden by Bose statistics, since Z -¥ AZ* violates
CP conservation, and since the masses of H and H* are expected to be too large, there
remain two Higgs production processes relevant in Z decays: Z —» hZ* and Z -> hA. The
bremsstrahlung process

Z->hZ*

is expected to have a fairly low rate, the same as the one of the standard model (SM)
process Z —>• H^MZ*, further reduced by the factor sin2{/3 — a). On the other hand, the
pair production process

Z-»hA

can have a rate as large as half the one of Z —> uv, but reduced by the factor cos2 (/3 — a)
and by a P-wave phase space suppression term. Since sin2(/? — a) + cos2 (/9 — a) = 1, one
of the reduction factors is large when the other is small, so that the two processes appear
as complementary.

For masses in excess of ~ 15 GeV/c2, the decay branching ratios of h and A into
T+T~ are typically 8%, assuming as usual tanP > 1, with 56 providing the dominant
contribution to the remaining 92% of hadronic final states. This ceases to be true if
h —» AA is kinematically allowed, in which case this mode is expected to dominate h
decays. Given the limits on supersymmetric particles discussed further down, Higgs decays
into such particles are not relevant in the mass range considered here, except possibly for
the invisible mode (h or A) —» XX-
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2.2 Search for Z -> hZ*

The searches for the minimal standard model Higgs boson can be used to constrain
the bremsstrahlung process Z —• hZ*. For a given Higgs mass, the ratio of the number of
events expected in the minimal standard model to the experimental 95% CL upper limit
derived from the observed number of events (e.g. 3.0 for no events observed) provides a
direct measure of the 95% CL upper limit on sin2(/? — a).

The results recently obtained by ALEPH from searches for acoplanar jets with mis-
sing energy (for HsM —* hadrons and Z* —> vv) and for energetic lepton pairs in hadronic

fRl

events (for HSM -> hadrons and Z* -> /+/~) are reported elsewhere. They translate
here into the exclusion domain in the (mj, m A) plane shown in Fig. Ia and obtained as
follows. In each point, the value of sin2 (/J — a) is calculated and the point is excluded if
this value is larger than the upper limit obtained for the same m/,. In the restricted region
of the (m/,, TTIA) plane where two values of sin2(/? — a) are possible, the one giving the
lower cross-section is chosen.

This procedure is correct as long as the search efficiency for hZ* is not lower than the
one for HSM Z*. This may not be true in all cases, in particular if the h —> AA decay mode
is open. In such a case:

• If m/i > 10 GeV/c2, the topology of the AA final state is sufficiently similar, for practical
purposes, to that of a standard hadronic Higgs decay not to necessitate a dedicated study.

• If 2mM < m,A ^ 10 GeV/c2, each of the final state As is expected to decay into a
T+T ~ pair or into some low multiplicity light hadronic state. Dedicated searches, e.g. for

[9l
acoplanar low multiplicity jets, are needed and have been performed by ALEPH and by
DELPHI. [10]

• If m A < 2mM, A decays into e+e or 77 pairs and its finite lifetime has to be taken into

account. Numerous topologies must be considered, which has been done by ALEPH

and by DELPHI.1101

The bottom line of these specific searches for h
situations, the limits obtained survive.

AA is that, even in such extreme
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There is another case in which the searches for a standard model Higgs boson do not
apply directly, namely when the Higgs decays invisibly into XX- The topology of the
hZ* final state is then: i) totally invisible if Z* -t vu; U) an acoplanar pair of leptons
if Z* —> I+/~; Ui) an acoplanar pair of jets if Z* -> hadrons. The purely invisible final
state contributes too little to the Z invisible width to be useful. Acoplanar jets have
been searched for in the context of (h ~> hadrons)(Z* -¥ vv) and the results can be
reinterpreted here, with the rôles of h and Z* simply interchanged. Finally, a dedicated
search for acoplanar leptons has to be performed.

* »

«te
it
^ \

..I



* > • -

t W *'"•""*- . ""!1

/ N V ; CKcluded ^N

ALEPH /

Nd allowed •
inlheMSSM

20 40 60 BO 100
mJGeV/c')

mn{0eV/c )

Figure 1: Excluded domains in the (mj,, m^) plane from the search for Z-fhZ* (a), from the search
for Z-»hA (b), and from these two searches combined (c), for the typical values m,=140 GeV/c2 and
mt-=l TeV/c2. The same as (c) for m,=100 GeV/c2 (d) and for m,=180 GeV/cs (e), with m;/mt as in (c).
The same as (c-e) for any m. or m,- (f).
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Such an analysis was recently reported
[121

by ALEPH. One candidate event is se-
lected, an acoplanar e+e~ pair with a mis-
sing pt as large as 20 GeV/c2 and with a
mass of 61 GeV/c2 for the invisible system
recoiling against the lepton pair. The most
likely standard model interpretation of this
event is that it is due to the reaction e+e~ ->
vvl+1~ y but the probability is only at the few
percent level. With this event taken into ac-
count, together with the associated informa-

Il3l

tion on its mass, the 95% CL upper limit
on sin2 (/9 — a) is shown in Fig. 2 for an in-
visible Higgs boson, as a function of m*. For
maximal coupling, t.e. for sin2(/3 — a) — 1,
rah < 65 GeV/c2 is excluded. This see-
mingly large value is due to the fact that,
in contrast to the standard Higgs case, the
hadronic Z* decays can be used. For a very
light invisible Higgs, squared coupling re-
duction factors in excess of 2.3 10~3 are ex-
cluded.

2.3 Search for Z-* h A

Figure 2: Upper limit on the ratio R of the rate
of Z-+hZ* to the one of Z-*HSMZ*, when h de-

cays invisibly.

For nth and "1A ~ 30 GeV/c2, the rate of Z -> hA would be large enough to contribute

more to the Z width than is left allowed by a comparison of the experimental value
of this quantity with its expectation in the minimal standard model. This result holds
irrespective of the way h and A decay.

For larger masses, the search technique depends on the Higgs decay modes. If the
channel h -> AA is kinematically closed or if it is suppressed, the branching ratio into a
T+T~ pair is > 8% for both h and A (for tan/? > 1). A search in the r+r~-hadrons
topology, which contributes more than 15% of all hA final states, has therefore been
developed by each of the LEP experiments. If h decays into AA instead, the topology
of the AAA final state depends on TUA:

• If A is heavy, it can still decay into a pair of well separated rs , and the search in the
T + T "-hadrons topology still applies with a good efficiency.

• If A is lighter, it decays into a pair of close-by TS or into a low multiplicity and low mass
hadronic system, which leads to characteristic "Mercedes-like" events.

• If m A < 2m,,,, the AAA final state may appear in many different topologies, depending
on whether A decays into e+e~ or 77 and on its lifetime.
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All these topologies have been investigated in detail ' and no signal has been
observed.

To translate this result into an exclusion domain in the (m/,, TUA) plane, the value
of cos2((I — a) is calculated in every point, from which the number of events expected is
inferred, and the point is excluded if this number is larger than the 95% CL upper limit
corresponding to the number of candidate events observed (here again, when two values
of cos2(/? — a) are possible, the one giving the lower cross-section is chosen). The ALEPH
result is shown in Fig. Ib. Note that the little window near m& = m^ = 0 which was still
left opened by the search for hZ* (see Fig. Ia) is now closed.
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2.4 Combined results

Combining now the results of the searches for Z —> hZ* and for Z -> hA, the domain
shown in Fig. Ic is excluded* by ALEPH. Lower bounds of 44.5 GeV/c2 and of 45 GeV/c2

result for the masses of h and A, respectively.

These results are however valid only for the typical choice of parameters, mt =
140 GeV/c2 and mj = 1 TeV/c2. The effect of varying these parameters is demonstrated
in Figs. Id and Ie, obtained with mt = 100 and 180 GeV/c2, respectively (and keeping
fixed the mijmt ratio). While the lower bound on m& is little affected, the lower bound on

[12I
m A is degraded for large mt values. In Fig. If is shown the domain remaining allowed,
irrespective of the choice of mt and raj values. The boundaries of this domain come: i) on
the left side from the negative search for Z -> hZ*, interpreted in the case of a very light
top quark (no radiative correction); H) on the right side from the theory, in the case of
a very heavy top quark; Ui) on the low side from the negative search for Z —> hA, along
the kinematic limit for this process. It can be seen that, in all cases, rrih and m,A have to
exceed 44 and 21 GeV/c2, respectively.

Throughout the above discussion, the ALEPH analysis has been followed. It is to date
simultaneously the most constraining, in particular because it makes use of the most recent
results on standard model Higgs searches, and the most complete, in particular because
it fully investigates the topologies arising from the h —* AA decay. "The latest results
of the other LEP experiments are reported in Refs. 10, 15 and 16 for DELPHI, L3 and
OPAL, respectively. While the continuing search for the standard model Higgs boson may
somewhat increase the domain explored, as can be guessed from Fig. Ia, little remains to
be gained from further searches for hA production in Z decays because of the proximity of
the kinematic limit.

' If h decays invisibly (into xx)i ' n e domain excluded in Fig. Ia becomes even larger, and the low mass
window remains closed by too large a contribution of Z->hA to the Z width
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3. Search for supersymmetric particles

S.I Search strategy

At e+e~ colliders, where all supersymmetric particles can be produced in a fairly
democratic way, the search is naturally directed toward the lightest ones. The LSP can
be pair produced in Z decays, a process which contributes to the Z invisible width. The
next to lightest supersymmetric particle (NLSP) can also be pair produced in Z decays,
for instance Z -» £t>, or Z -> ^ / ^ , or Z —> X+X-* vrith the NLSP subsequently decaying
into its ordinary partner, possibly off-shell, and into the LSP (e.g. In —> x' o r X+ -+
X'W*). Associate production of the LSP with a more massive supersymmetric particle
can however have a lower threshold, justifying for instance the search for neutralinos in Z
decays (e.g. Z -> xx'» w ^ h x' ~* X^*). In all cases, the final state topology is simple, and
no complicated cascade decay pattern is to be considered.

At pp colliders, the available centre-of-mass energy is much larger, which puts within
reach much more massive supersymmetric particles. However, only coloured particles,
scalar quarks and gluinos, can be produced with sufficiently large cross-sections via the
reactions pp —> qqX, pp —> qgX and pp -* ggX.

For light enough scalar quarks and gluinos, the decay pattern is rather simple. If
m$ > m§, q —> gq and g -+ x<Z9> while if trig > rrig, g -» qq and q -> X9- I n both cases
the signature of the pair production of supersymmetric particles is a large missing energy
accompanied by two or more energetic jets. This simplicity disappears for more massive
scalar quarks or gluinos, such as those which are nowadays being searched for. Complicated
cascade decay patterns must be considered, which in addition are largely model dependent
(or parameter dependent within a given model). Examples of such decays are q -4
followed by x or g —> x'<Z<7 followed by X^*- In addition to making the
rate predictions somewhat uncertain, these cascade decays have the further disadvantage
of substantially reducing the amount of missing energy, thus spoiling the characteristic
signature of supersymmetry.

S.2 Search for supersymmetric particles in Z decays

LSP pair production in Z decays can be investigated through its trontribution to the
Z invisible width. The interpretation of the result can however be made only within a
specific model, such as the MSSM, in which the Zxx coupling is calculable. This process
will therefore be addressed further down in connection with the more general search for
neutralinos.

NLSP pair production in Z decays can contribute significantly to the Z invisible width
in the case of scalar neutrinos, or to the Z total width in the case of charginos. The limits
obtained this way are 41 GeV/c2 for scalar neutrinos, assuming three mass degenerate
flavours, and 45 GeV/c2 for charginos, independently of their H^-W* composition and of
their decay modes. r
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Right handed scalar leptons contribute too little to the Z width for interesting limits
tt) ho derived this way, but their pair production followed by In —» x ' leads to the cha-
racteristic signature of an acoplanar lepton pair. Negative searches for this topology have
been performed, leading to a lower mass limit of 45 GeV/c2 as long as mx ^ 41 GeV/c2.
Charginos decay into xW*, and therefore the final state resulting from Z -> X+X" c a n be
an acoplanar pair of leptons if both W*s decay into Iu, an isolated lepton with missing
energy in an hadronic environment if one of the W* s decays into hadrons instead, or an
acoplanar pair of jets if both W*s decay into hadrons. AU these topologies have been
searched for without success, leading to a mass lower limit of 47 GeV/c2 provided that
mx < 41 GeV/c2. Note that this limit exceeds m#/2 thanks to the data taken above the
peak energy during the scan of the Z resonance. The four LEP experiments, after one

year of data taking, had all reached similar limits, which are essentially governed by
the available centre-of-mass energy, for these NLSP searches.

Scalar quarks and left handed scalar leptons are expected to be heavier than right
handed scalar leptons, with the possible exception of a light scalar top, as mentioned
earlier. In this last case, however, the mass eigenstate is an unpredictable mixture of
left and right handed scalar tops which may even be such that the Zi'f coupling vanishes.
The fit coupling is of course unaffected, but larger statistics are now necessary to reach
interesting limits. The final state is a pair of acoplanar jets with missing energy (f —>• xc

is expected), thus allowing the search for the standard model Higgs boson to be used.
r * «I

This has recently been done by DELPHI, and a limit of 40 GeV/c2 is obtained if
mx < 20 GeV/c2.

The rate of Z —> XiXji where Xi and Xj are two neutralinos, can be, up to a phase
space reduction term, as large as the one of Z —>• vv (twice larger if i ^ j ) , but it can
also completely vanish. This is controlled by a mixing factor |Ci,|2 which depends on the
field contents of x» and Xj- For instance, |C^j |2 = 0 if Xi or Xj is a pure gaugino (a ~f-Z
mixture), and \Cij\2 = 1 in the MSSM if Xi and Xj are the symmetric H and antisymmetric
h higgsino mixtures.

Except for the LSP x which is stable, neutralinos are expected to decay dominantly
via x' -> xZ*, with Z* —> / / . The same final states can be reached via x' ~* f f or> if
kinematically accessible, via x' —* h/Ax- In addition, the decay mode x' ~~* XIi which
proceeds through loop diagrams, may contribute significantly for some specific parameter
configurations and must be considered. The topologies arising from Z —> xx' c a n therefore
be an acoplanar pair of jets, an acoplanar lepton pair, an isolated photon. Note that the
searches for these final states, supplemented by a search for acoplanar photons, retain a
substantial efficiency for Z -> x'x'> Z -> XX"> e^c- • • No signal has been observed in these
searches, which can be translated in a model-independent way* into limits on |C,jj2 x
B{x' -» XZ*), as shown in Fig. 3, taken from Ref. 9.

* In fact, the phase space factor in Z-*XiXj depends on the sign of the relative CP of the two neutralinos
involved. Two different sets of limits are therefore obtained. The one which is shown in Fig. 3 corresponds
to CP= - 1 .
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Figure 4: In the (m,, /i) plane, domains excluded from the Z total and invisible width measurements, by
searches for chatginos and by searches for neutralinos, for tan 0=2,1 and 4 in (a), (b) and (c), respectively.
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5.5 /nierpretaiton wtt/itn the MSSM

In the MSSM, three parameters, m^ (or A^), /i and tan/? are sufficient to calculate all
chargino and neutralino masses, their field contents and, therefore, their couplings to all
ordinary particles. For instance, the contributions of all supersymmetric channels to the Z
total or invisible widths can be calculated, which leads to exclusion domains in the (my, n)
plane such as the ones shown in Fig. 4a, taken from Ref. 9, for tan /? = 2. Since the limit
on mx± is only little improved by direct searches, it is not surprising that the additional
region excluded by those searches is hardly visible. On the other hand, the direct searches
for neutralinos allow a significant extension of the excluded domain to be achieved, as can
be seen in Fig. 4a, obtained using the results already presented in Fig. 3.

In each point of the region which remains unexcluded, the x and x' masses, for instance,
can be calculated. The lowest values obtained are 15 and 40 GeV/c2, respectively, for
tan/? = 2. It therefore seems that an absolute lower bound for the LSP mass can be
obtained in the MSSM. However, as shown in Figs. 4b and 4c, taken from Ref. 19, the
shape of the excluded domain is strongly affected by the value of tan /?. In particular, for
tan (3 close to unity, a strip close to the my = 0 axis remains opened, which implies that
a purely photino massless LSP cannot be excluded in that case. The mass lower limits
obtained for x and x' as a function of tan/? are shown in Fig. 5, taken from Ref. 9.
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Figure 5: Upper limits on the masses of x (a)
and x' (b) as a function of tan /9.

Figure 6: Excluded domain in the (mg, m<j) plane.
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.^ The impact of supersymmetric particle searches at pp colliders

As indicated earlier, pp colliders provide limits on scalar quark and gluino masses.
The results obtained by CDF at the Tevatron with 4.3 pb"1 are shown in Fig. 6. The
inclusion of cascade decays in the model has quite significant an effect. For instance, no
scalar quark mass values remain excluded for m g > 400 GeV/c2. A few points should be
kept in mind when interpreting Fig. 6: i) contrary to all limits presented up to now, the
exclusion confidence level is 90% instead of 95%; H) the model has been worked out in
detail for a specific choice of parameters, namely fi = —250 GeV/c2 and tan (3 = 2; Ui)
five scalar quark flavours have been assumed to be mass degenerate, and the left and right
handed states too, which means that the cross-section for a single light scalar top could
be ten times smaller.

With these reservations in mind, a gluino mass lower limit of 90 GeV/c2 can be derived,
irrespective of the scalar quark mass. This translates within the MSSM into a lower
bound of ~ 15 GcV/c2 for m^. Together with the LEP results shown earlier, this now
allows an absolute lower limit of 15 GeVfc2 to be derived for mx , the mass of the lightest
supersymmetric particle.

Here, a point of caution should be made. As can be seen in Fig. 6, the CDF results do
not exclude gluinos with masses below 40 GeV/c2. Former experiments exclude most of
the lower masses but, strictly speaking, there still remains a small unexcluded area in the
(nig, mg) plane, the so-called "light gluino window" (for m g ~ 6 to 4 GeV/c2 and a scalar
quark mass of a few hundred GeV/c2). If this is to be taken seriously, a light gluino, and
therefore a light photino-like LSP, are not yet fully excluded.

4. Summary

, iI1.

f! '

A

Supersymmetry could be revealed most unambiguously by the direct observation of
supersymmetric particles, or in a somewhat less compelling way through the discovery and
ihe study of a non-minimal Higgs sector in which tight constraints must be fulfilled, at
least within the MSSM.

The neutral Higgs bosons of the MSSM have been searched for in Z decays, both in
the bremsstrahlung process Z -+ hZ* and in the pair production protess Z -^ hA. No
signal has been observed, leading to excluded domains in the (m^, m A) plane as shown
in Fig. 1. In particular, lower mass limits of 44 and 21 GeVfc2 are obtained for h and A,
respectively, independently of the other parameters of the model. In addition, an invisible
Higgs boson produced in the bremsstrahlung process with the same cross-section as in the
standard model has been excluded up to 65 GeV/c2.

Supersymmetric particles have been searched for at both e+e~ and pp colliders. Weakly
interacting particles such as scalar leptons, scalar neutrinos or charginos did not show up
in Z decays, which excludes that their masses could be lower than 41 GeV/c2 for scalar
neutrinos, 45 GeV/c2 for scalar leptons and 47 GeVJc2 for charginos. Domains in the
parameter space of the MSSM are excluded by these results and by additional negative
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searches for neutralinos in Z decays, as shown in Fig. 4. Gluinos with masses lower than
90 GeV/c2 are excluded by searches in pp collisions, even when cascade decays of scalar
quarks and of gluinos are taken into account. When all these results are combined within
the MSSM, and neglecting the possibility of a still allowed "light gluino window". a mass
lower limit of 15 GeV/c2 results for the lightest neutralino.
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