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SEAR CHES FOR NEW PARTICLES
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The status of searchesfor new particles and new physics during the past year at the Fermilab Tevatron,
at HERA and at LEP is summarized. A discussion of the hints for the Standard Model Higgs boson
from LEP2 data is presented. Searches for non-Standard Model Higgs bosons are also described.
Many searches have been carried out for the particles predicted by supersymmetry theories, and a
sampling of these is given. There have also been searches for °avor changing neutral currents in the

interactions of the top quark.
are summarized.

1 Intro duction

One of the most tantalizing physics topics
of the past year has been the possible evi-
dencefor Standard Model Higgs boson pro-
duction from the LEP experimerts. Both the
November 2000 combination, which led to a
requestfor an extensionof LEP running, and
the combination just prepared for the sum-
mer conferencesare presened here.

Seardes for Minimal Supersymmetric
Standard Model (MSSM) Higgs bosonsand
seartesin other extensionsof the Standard
Model have beenperformed and are summa-
rized. A light Higgs boson with mass near
115 GeV could be the lightest SUSY Higgs
h® with nearly Standard Model couplings.

There have been extensive seardes for
the supersymmetric partners of the ordinary
particles in pp, €* e , and €% p collisions, as
well as seardes for excited fermions, lepto-
qguarks, and technicolor. In the interests of
‘tting into the time allowed, | was able to
cover only a few of the possibleseard topics.
For example, there were many cortributions
in various supersymmetry scenarioswhich |
would have liked to discussin more detail,
and | did not discussthe area of large extra
dimensions.

I have given referencesonly to the ex-
perimental papers, and | refer the reader to
them for the theoretical references{ other-
wise my list of referenceswould have been

In addition, searches for excited leptons, leptoquarks and technicolor

much longer!

2 Searches for Higgs Bosons

2.1 Standard Model Higgs Search
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Figure 1. The background probability (1 CLy) as
a function of my for the four LEP experiments com-
bined for year 2000 data as shown at the November 3,
2000, LEPC meeting.

Preliminary results of seartes for the
Standard Model Higgs bosonat LEP2 were
preseried! at the November 3, 2000, meeting
of the LEP Experiments Committee (LEPC)
using most of the data collectedin 2000. The
badkground probability as a function of the
test massmy for the conbination of all four
LEP experiments is shavn in Fig. 1. For
badkground only, (1j CLp) will be 0.50 on
the average. The combination of the four
LEP experiments preseried at the Novem-
ber 3 LEPC meeting shaved an excesof 2:9%
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signi cance,or (1j CLp) = 0.0042,at my »
115 GeV. The negative log-likelihood ratio
i 2InQ for the LEP combination is showvn
in Fig. 2. The value of my = 1150/} GeV
is given by the point at which the obsened
i 2InQ versus my has its minimum value.
The lower limit wasmy > 1135 GeV at 95%
con dencelevel (C.L.) with a median limit of
115.3GeV expected for badkground only.
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Figure 2. Negativ e log-lik elihood ratio i 2InQ as a
function of my for the four LEP experiments com-
bined for year 2000 data as shown at the November 3,
2000, LEPC meeting.
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Figure 3. Higgsstrahlung process for production of
the Standard Model Higgs boson in e* el collisions
at LEP.

At LEP the SM Higgs bosonis expected
to be produced mainly through the Higgs-
strahlung processe* e | HO9Z% shown in
Fig. 3, with small additional cortributions
from t-channel W and Z boson fusion pro-
cesses.Seartes are performed in the chan-
nels HZ | bbay (four jet), HZ ! bhoe
(missing energy), HZ | bber¢i or ¢ ¢l oy
(tau), and HZ | bbe e or tht*1i (lep-
tonic).
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Figure 4. Observed and expected behavior of the lik e-
lihood ratio j 2In Q as a function of the test mass
my, obtained by combining the data of all four LEP
experiments. The solid line represents the observa-
tion; the dashed/dash-dotted lines show the median
background/signal + background expectations. The
dark/ligh t shaded bands around the background ex-
pectation represent the §1/8 2 standard deviation
spread of the background expectation obtained from
a large number of background experiments. The dot-
ted line is the result of a test where the signal from
a 115 GeV Higgs boson has been added to the back-
ground and propagated through the likelihood ratio
calculation.

Each ewvent is assigneda probability s;
of being a signal event and a probability b
of being a badkground ewvent at a test Higgs
massmy. The event weight w; is given by
w; = (si + h)=h. The samplelikelihood L is
the product of the weights. The logarithm is
taken, and then the method is log-likelihood
ratio:

L(s+ by

Likelihood ratio Q(my) = W

1)
Two hypothesesare tested: badkground only,
with compatibility measuredby 1; CLy, and
signal plus badkground, with compatibility
measuredby CLg+p (CLs = CLg+p=CLy).
The event weights in terms of s=bfor my =
115 GeV are given in Table 1 for the cur-
rent combination? and for the November 3
LEPC combination® for the events with the
ten largest weights in the current combina-
tion. Apart from the L3 missingenergyevert
(and the OPAL evert marked\ "", which was
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recorded after the deadline for the Novem-
ber 3 combination and was reprocessedwith
calibrations for that data set, giving it a
higher weight), the event weights shav only
small changes. The L3 event weight changed
becausethe event was unlikely either for
signal or badkground, and higher statistics
Monte Carlo simulations resulted in a lower
weight. All four LEP experiments have pub-
lished preliminary results for the 2000data,*
and L3 has published their "nal analysis?®
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Figure 5. The probability (1 j CLp) as a func-
tion of the test mass my. Solid line: observation;
dashed/dash-dotted lines: expected probabilit y for
the background/signal + background hypotheses.
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Figure 6. Probabilit y density functions correspond-
ing to a test mass my = 115.6 GeV, for the back-
ground and signal + background hypotheses. The ob-
served value of | 2In Q which corresponds to the data
is indicated by the vertical line. The light shaded re-
gion is a measure of the compatibilit y with the back-
ground hypothesis, 1 i CLp (3.4%), and the dark
shaded region is a measure of compatibilit y with the
signal + background hypothesis, CL s+ p (44%).
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Figure 7. Con dence level CLs for the signal +
background hypothesis. Solid line: observation;
dashed line: median background expectation. The
dark/ligh t shaded bands around the median expected
line correspond to the §1/82 standard deviation
spreads from a large number of background exper-
iments.

Figure 4 shows the negative log-
likelihood ratio j 2InQ versus my for the
current LEP combination of the preliminary
results of three LEP experiments and the "-
nal result of one experiment. The minimum
is obsened at my = 1156 GeV. The proba-
bility (1j CLp) versusmy is showvn in Fig. 5.
At my = 1156 GeV, 1j CLy = 0:034, corre-
sponding to a probability of badkground °uc-
tuation of 2.1 standard deviations.

The probability density functions corre-
sponding to atest massmy = 115.6GeV, for
the badground and signal plus background
hypotheses,are shavn in Fig. 6. The areaun-
der the badkground curve below the obsened
value of | 2In Q corresponds to 3.4% proba-
bility of compatibility with badground, and
the areaunder the signal curve above the ob-
sened value of | 2In Q corresponds to 44%
probability of compatibility with signal plus
badkground. Figure 7 shows the the distribu-
tions of CL s versusmy, which give the lower
limit of my > 1141 GeV at 95% C.L. with a
median limit of 115.4GeV expectedfor badk-
ground only.

Figure 8 shows the reconstructed Higgs
massdistributions for special non-biasing se-
lections with low (Fig. 8a), medium (Fig. 8b),
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Table 1. Comparison of event weights between November 3, 2000, LEPC and current combination.

I hZ Signal
(m,=115 GeV)

[ hZ Signal
(m,=115 GeV)

e H A |

ol
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Exp. Channel | m{¢ (GeV) | Nov. 3s=b| Current s=b
1 | ALEPH 4-jet 114 4.7 4.7
2 | ALEPH 4-jet 113 2.3 2.3
3 | ALEPH 4-jet 110 0.9 0.9
4 | L3 E-miss 115 21 0.7
5 | OPAL" 4-jet 111 0.4 0.7
6 | DELPHI | 4-jet 114 0.5 0.6
7 | ALEPH Lept 118 0.6 0.6
8 | ALEPH Tau 115 0.5 0.5
9 | ALEPH 4-jet 114 04 0.5
10 | OPAL 4-jet 113 0.5 0.5
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Figure 8. Distributions of the reconstructed Higgs mass, m ¢, from three special, non-biasing, selections with
increasing purit y of a signal from a 115 GeV Higgs boson.

and high (Fig. 8c) purity.

2.2 MSSM Higgs Search

In the Minimal Supersymmetric Standard
Model (MSSM) there are two scalar eld dou-
blets resulting in "v e physical Higgs bosons:
two neutral CP-even scalars, h® and H°
(with mpo < myo), one CP-odd scalar, A°,
and two charged scalars,H S . At tree level,
Mpo - Mz, Mao - Myo, Mz - Myo, and
Mys my . Loop corrections, predomi-
nantly from t and t; modify these massre-
lations, unfortunately for LEP2. Howewer, in
the MSSM, there must be a lowest massneu-
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tral Higgs bosonh® with myo - 135GeV.

At the current €" e certer-of-massener-
giesaccessiblego LEP, the h® and H® bosons
are expected to be produced predominartly
via two processes:the Higgsstrahlung pro-
cesse’ e | h%z9 (asfor HY,, ) and the pair
production processe* e ! h°A°. The cross
sectionsfor thesetwo processes¥; and ¥a ,
are related at tree level to the SM crosssec-
tions by the following relations:

ee | hOz%: % =si’(C | ® %Y (2
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Figure 9. The MSSM exclusion for the my0j max benchmark scenario. The excluded (hatc hed) and theoreti-
cally disallowed (dark grey) regions are shown as functions of the MSSM parameters in two projections: (left)
the (m,0, Mmo) plane and (right) the (mo, tan ~) plane. The dashed lines indicate the boundaries of the
regions expected to be excluded at the 95% C.L. if only SM background processesare presert.

ete | hOA%: %a = cod(T i ® & %Y
3)
where¥gY is the Higgsstrahlung crosssection
for the SM processe* e ! HQ,Z°% and ! is
a factor accourting for the suppressionof the
P -wave crosssection near production thresh-
old.

The angle = is de ned in terms of the
vacuum expectation valuesv; and v, of the
two Higgs eld doublets: tan™ = v,=v;. The
angle ® is the mixing angle that relates the
physical mass eigenstate h® with the eld
doublets.

In addition, the following parametersare
neededto specify the MSSM: Mgysy; !, the
Higgs boson mass parameter; M1, M, M3,
the gaugino massesat the electroweak scale
(gaugino uni cation gives a common gaug-
ino massm;-, at the GUT scaleand M; =
(5=3)tan? pw M3); A;, Ap, Ay, the third fam-
ily trilinear Higgs-sfermioncoupling parame-
ters; m,, the scalarfermion massegsfermion
mass uni cation gives a common sfermion
massmg at the GUT scale); and mpuo, the
running mass of the CP-odd scalar A°. In

constrained MSSM (CMSSM) the sfermion
and gaugino massesare uni ed. In addi-
tion, in minimal supergravity-broken MSSM
(MSUGRA) the trilinear couplings are equal
(Ao), the scalar masseqincluding Higgs) are
uni ed, and the electroveak symmetry scale
determines?.

The results of the Standard Model Higgs
searhesare usedfor the e* e | h9Z0 chan-
nel, with the cross sections modi ed as in
Eq. (2), and the decay branching ratios de-
termined by the supersymmetry parameters.
Dedicated analyses are done for the asso-
ciated production of a scalar h® and pseu-
doscalar(A°) Higgs. The seard channelsare
hA | bbb (Ah-4b) and hA | ¢*¢ibbor
bbe* ¢ (Ah-tau).

The presenceof an MSSM Higgs boson
signal is tested in a constrained MSSM in
which the parameter A is the commontrilin-
ear Higgs-squark coupling parameter. Three
benchmark scenariosare considered:the \no-
mixing" scenario,in which there is no mixing
betweenthe scalarpartners of the left-handed
and right-handed top quarks, Msysy =
1 TeV, M, = 200 GeV, 1 = | 200 GeV,
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Xi( Aj tcot)=004<tan < 50,
4 GeV < mpo < 1 TeV, and the gluino mass
mg = 800 GeV; the \muoj max" scenario,
which is designedto yield the maximal value
of myo in the model, correspondsto the most
consenative range of excluded tan™ values
for "xed valuesof Msysy and the top quark
mass,and hasthe samevaluesof the param-
eters asin the no-mixing scenarioexcept for
the stop mixing parameter X; = 2Msysy;
and the \large 1" scenario,which is designed
to illustrate choicesof MSSM parametersfor
which h® doesnot decay into pairs of b quarks
and uses parameters Msysy = 400 GeV,
M, = 400GeV, ! = 1 TeV, mg = 200 GeV,
4< mpo < 400GeV, and X; = j 300GeV.

Figure 9 shows the MSSM exclusion re-
gions for the myoj max bendmark scenario
for the combination of the preliminary re-
sults of the four LEP experiments.® In the
Mpoj Max scenario, the limits obtained are
Mpo > 91:0 GeV and mpo > 919 GeV at
95% C.L., and the range 0:5 < tan™ < 24
is excludedfor a top quark masslessthan or
equalto 174.3GeV.

2.3 Non-Standard Model Higgs Searches

Seartesfor Higgs bosonsdecaing into pho-
tons have been carried out by the four LEP
collaborations, and the combination’ of pre-
liminary results is shown in Fig. 10. A lower
bound of 108.2 GeV is set at 95% C.L. for
Higgs bosons produced with the Standard
Model cross section ¥£¥ and not decaing
into fermion pairs.

Searthesfor Higgs bosonsproduced with
the Standard Model hZ crosssectionand de-
caying hadronically but not necessarilyinto
b quarks have been combined for the four
LEP experimerts for the “rst time.® The
combination of preliminary results in shown
in Fig. 11. A lower limit of 112.9 GeV at
95% C.L was obtained for h decaing 100%
hadronically.

Two Higgs Doublet Models (2HDMs) are
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Figure 10. Combined LEP experimental limits on
Higgs bosons produced with Standard Model cross
sections and decaying into di-photons. The 95% C.L.
upper limit on the di-photon branching fraction is
shown as a function of the Higgs mass. Also shown
(dotted line) is the branching fraction obtained for
the benchmark fermiophobic model. The median ex-
pected limits and the 8§ 2 standard deviation con -
dence level region are denoted by the dashed curves.
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Figure 11. Combined LEP °avor independent 95%
C.L. upper limits on the production cross section
as a function of Higgs mass, normalized to the ex-
pected Standard Model values and assuming BR( h !
hadrons) = 1.0. The observed limit is shown as the
solid curve and the expected median limit by the
dashed curve. The bands correspond to 68.3% and
95% con dence intervals from the background-only
experiments.

extensions of the Standard Model in which
two scalar doublets and "v e physical Higgs
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Figure 12. Excluded (mpo, myo) region independent
of ®, together with the expected exclusion limit. A
particular (mpo0, Myo) point is excluded at 95% C.L.
if it is excluded for 0:4 - tan~ - 580 (darker
grey region), 0:4 - tan" 1:0 (lighter grey re-
gion) and 1.0 - tan~ - 58:0 (hatched region) for
i ¥=2 - ® - Y&2. The cross-hatched region is ex-
cluded using constraints from j z only. Exp ected ex-
clusion limits are shown as a dashed line.

bosonsoccur but without the constraints of
the parametersof supersymmetry. In Typell
2HDMs the rst Higgs doublet couplesonly
to down-type fermions and the secondHiggs
doublet couples only to up-type fermions.
The Higgs sector in the MSSM is a Type Il
2HDM. In Typell 2HDMs h° and A° are pro-
ducedasin Egs. (2) and (3), and the branch-
ing ratios are determined by ® and ~, which
arethe only freeparametersbesideghe Higgs
masses.Limits have beenobtained® on Type
Il 2HDMs with no CP violation in the Higgs
sectorand no additional particles besidesthe
“v e Higgs bosonsby interpreting the results
of seardes for h® and A®. An example is
shovn in Fig. 12 for which 1 - myuo - 58
GeV and 10 - mpo - 65 GeV are excluded
at 95% C.L. for all valuesof ® and tan™ in
the rangesscanned(j ¥=2 - ® - ¥#2 and
0:4- tan~ - 580).
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Figure 13. 95% C.L. lower limits for combined data
from the LEP experiments for the massesof right-
handed scalar leptons versus the mass of the light-
est neutralino. Observed limits: solid lines; expected
limits: dotted lines.

3 Searches for Supersymmetry

In supersymmetric (SUSY) models ead of
the \normal" patrticles (leptons, quarks, and
gaugebosons)has a supersymmetric partner
(scalar leptons, scalar quarks, and gauginos)
with spin di®ering by half a unit. Most of
the seardtes for these supersymmetric par-
ticles are performed within the MSSM as-
suming R-parity consenation. R-parity is
a multiplicativ e quantum number de ned as
Rp = (i 1)°8*-*25 whereB, L, and S are
the baryon number, lepton number, and spin
of the particle, respectively. R-parity dis-
criminates between ordinary and supersym-
metric particles: R, = +1 for the ordinary
SM particles and 1 for their supersymmet-
ric partners. If R-parity is consened, super-
symmetric particles are always produced in
pairs and always deca through cascadede-
cays to ordinary particles and the lightest su-
persymmetric particle (LSP), which must be
stable.

In gravity mediated SUSY breaking, the
LSP is the lightest neutralino A9, and the
gravitino G is heary. In gauge mediated
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Figure 14. 95% C.L. lower limits for combined data from the LEP experiments for the massesof scalar top
and scalar bottom quarks versus the mass of the supersymmetric decay product. Limits are shown for zero
mixing angle and for the mixing angle at which the t1 (y) decouples from the Z©.

SUSY breaking, the G is very light (LSP) and
A}l G°, for example.

3.1 Searchesfor Salar Leptons

Scalarleptons (sleptons, ¥ ) canbe produced
in pairs in e*e collisions: ete | T,
They deca, for example, to the LSP A9 and
a lepton of the same°avor: & | A2  The
topology is acoplanar leptons “* i | and ob-
senation dependson¢ M = M. MAg since
the A? is undetectable.

Preliminary seartes for sleptons from
the four LEP experimens have been
combined,'® and the excluded regions are
shown in Fig. 13. The combined LEP 95%
C.L. lower limits for ¢ M > 10 GeV are:
Me, > 99 GeV, Mx, > 95GeV, and M, >
80 GeV. [Note: &, 7 are the scalar part-
ners of the right-handed, left-handed "' , and
¥e"el | "RL) is smaller than ¥(e" el !

T
3.2 Sarchesfor Squarksand Gluinos

The SUSY partners of top and bottom quarks
(stop, t; and shottom, b) have beensearted

Ip01_talk: submitted to World Scientic on

for in the LEP experiments. Stop and sbot-
tom are mixtures of the SUSY partners of the
left- and right-handed quarks, with the low-
est masssquarksdenoted by t7 = ty cosp. +
tk siny- and By, = B cosy, + Bk siny,, where
K- and b, are the mixing angles. Seartes
are carried out for t7 ! cA‘l), 7! b% and
(o bA‘l). ¢ M is the mass di®erencebe-
tweenthe stop or sbottom and the SUSY de-
cay product, A? or ® Exclusion regions for
combinations!! of preliminary data from the
four LEP experiments are showvn in Fig. 14
for no mixing and for the mixing anglesfor
which the t; and B, decouple from the Z°.
The 95% C.L. lower limits are shown in Ta-
ble 2.

Experiments at hadron colliders are sen-
sitive to seardes for scalar quarks (¢ and
gluinos (g). An exampleis shown in Fig. 15
of arecert seard'? by CDF basedon the sig-
nature of large missing energy from the two
LSPs and three or more hadronic jets result-
ing from the decays of the g and/or g. They
obtain 95% C.L. limits of mg > 195 GeV in-
dependernt of mg and mg > 300 GeV for the
casemg Y4 mg.
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Table 2. The excluded M, and M regions at 95%
C.L. for ¢ M > 10 GeV.

Lower limit for t7 || Lower limit for B
(GeV) (GeV)

b | 1! ! Hy by !

(*) | cA) | b || (%) bA?

0 97 97 0 100

56 | 95 95 || 68 92
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Figure 15. The 95% C.L. region in the mgj mg plane
newly excluded by CDF. Results from some previous
searches by CDF, DO, LEP, UA1 and UA2 are also
shown.

3.3 Sarchesfor Charginos and
Neutralinos

Charginos (A®) can be produced in pairs
in et e collisions: e"e | A A . They
can then typically decay asA; | Adw*® |

AP +o or Adgtl. The signature is large miss-
ing energy and large missing transverse mo-
mentum, and detection dependson ¢ M =
MAI i Mao. There are sewral topologies:
hadronic with large multiplicit y, large mul-
tiplicit y with isolated lepton, and low mul-
tiplicit y (acoplanar leptons). At large mg
(heavy scalarleptons) the crosssectionis the
largest. The lower limit for Mg. is nearly
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Figure 16. 95% C.L. lower limits for combined data
from the LEP experiments for the massof the lightest
chargino versus the mass of the scalar neutrino.

at the kinematical limit. The exclusion re-
gion from the combination!® of preliminary
seartes from the four LEP experimerts is
shown in Fig. 16. The 95% C.L. lower limit
is M- > 1035 GeV for M= > 300 GeV.
Limits on the A9 LSP massare obtained
from combined seardes for charginos, slep-
tons, and MSSM Higgs bosons. The exclu-
sionregionsfor MSUGRA constraints and for
CMSSM constraints for the combined prelim-
inary LEP searhes* are showvn in Fig. 17.
The 95%C.L. lower limits areMzo > 60GeV
for MSUGRA and Ma > 456 GeV for
CMSSM, both for 175 GeV top quark mass.

3.4 Sarchesfor R-parity Violating
SUSY

In R-parity violating SUSY decays, the light-
est supersymmetric particle is expected to
be unstable. Many searties have been per-
formed for R-parity violating SUSY. One
example*® from H1 is shown in Fig. 18. In
this casethe squarksare assumedto be pro-
duced through an R-parity violating ,%k
coupling. They decay either through the
same coupling or through an R-parity con-
serving gaugedecay into a A, a A%, or a g.

Ip01_talk: submitted to World Scientic on January 23, 2002 9
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E‘i Neutralino LSP Constraints in MSUGRA
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Figure 17. 95% C.L. lower limit for the combined LEP data for the LSP massversustan = for MSUGRA (left)

and CMSSM (righ't).

Figure 18. Region excluded by H1 in the (mg, m4-,) plane for* < 0, Ap = Oandtan = 2 (left) ortan = 6
(right) for an R-parity violating coupling | 231 = 0:3. The regions excluded by DO and L3 are also shown.

4 Single Top Quark Pro duction

Seardesfor °avor-changing neutral currents
(FCNC) have been performed at the Fermi-
lab Tevatron in rare decays of the top quark
and at LEP and HERA in single top quark

Ip01_talk: submitted to World Scientic on January 23, 2002

production. FCNC are suppressedat tree
level in the Standard Model (GIM meda-
nism). Small cortributions occur at the one-
loop level. In e e the SM cross section
is » 10 ° fb. Extensionsto the Standard
Model, such as SUSY and multiple Higgs
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doublet models, can allow FCNC at the tree
level.

e t

9,z
Kgky

q(uo)

LEP e*e” ® tg® bwg HERA e*p ® e*hWX

Figure 19. Single top quark production at LEP and
HERA.
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Figure 20. The light grey region shows the combined
LEP exclusion region at 95% C.L. in the -z j

plane for m¢ = 174 GeV with QCD and ISR correc-
tions. The exclusion curvesfor di®erent values of m¢
are also shown. The hatched area shows the CDF ex-
clusion region, and the two vertical lines with arrows
show the ZEUS and H1 -y exclusion regions.

CDF performed a seard1!® in the top de-
cayst! °c(u) andt! ZO%(u) in pp col-
lisions at ~ s = 1:8 TeV. Searhes for single
top production at LEP and HERA can be
described by the processeshown in Fig. 19.
The FCNC transition can be described us-
ing the anomalous coupling parameters - -
and - z, which represen the tree-level ° and
2% exchange cortributions. The 95% C.L.
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[ ]

exclusion regions in the -- | -z plane are
shawn in Fig. 20for CDF, ZEUS,'” H1,'8 and
the combination?® of preliminary LEP data.
QCD and ISR corrections to the Born-level
crosssectionsare usedfor the LEP combina-
tion.
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Figure 21. A comparison of the H1 events with iso-
lated leptons and large missing pt with the predic-
tions of Standard Model single W production. P%‘ is
the transv ersemomentum of the hadronic system and
M;’ is the transv erse mass of the hadronic system.

5 Events with Isolated Leptons
and Large Missing pr

The H1 experiment?® at HERA obsenesan
excessof events with isolated leptons and
large missing transverse momertum (pr).
The primary Standard Model processis sin-
gle W production. The presenceof these ex-
cesseverts increasesthe lower limit on - - in
the singletop quark seard. Figure 21 shavs
a comparison of the events with the predic-
tions for single W production for electrons
and muons separately The excessabove the
SM expectation is mainly due to events with
transverse momertum of the hadronic sys-
tem (PX) greater than 25 GeV where 10
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ewverts are found comparedto 2:88 0:7 ex-
pected. The numbers of everts in the elec-
tron and muon channels for P¥ < 25 GeV
and P¥ > 25 GeV are shown in Table 3.
The ZEUS experiment®’ doesnot obsene an
excess;the numbers of everts for PX > 25
GeV for ZEUS are also shown in Table 3.

Table 3. Comparison of numbers of events with iso-
lated leptons and large missing pr with the predic-
tions of Standard Model single W production for H1
and ZEUS. PTX is the transverse momentum of the
hadronic system.

H1l electron muon
obs. | exp. | obs. | exp.
PX <25GeV | 6 6.6 | 2 1.0
PX > 25GeV 4 13 6 1.5
ZEUS electron muon
obs. | exp. | obs. | exp.
P¥ > 25GeV 1 1.1 1 1.3

Constraints on Scalar Leptoquarks
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Figure 22. Limits on the Yukawa coupling constant |
versus the leptoquark mass M o for Tst generation
scalar leptoquarks. Limits from LEP and Tevatron
are also shown.
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6 Searches for Lepto quarks

Leptoquarks are resonar states carrying
both baryon number and lepton number.
Seardtes for them have been performed at
the Tevatron and at LEP?! and especially at
HERA, 2?2 where they may be produced di-
rectly through € -quark fusion, and decay
into €% -quark or °(®)-quark. Leptoquarks
can be scalar or vector states. F = L + 3B
is presened. Figure 22 showvs ZEUS and H1
limits onthe Yukawa coupling constart | ver-
sus the leptoquark massfor rst generation
leptoquarks.

7 Searches for Excited Fermions

Figure 23. Excited fermion production at HERA.

Excited fermions arise naturally in mod-
elsthat predict a substructure in the fermion
sector. Seardes for pair production of ex-
cited leptons and singly producedexcited lep-
tons have beencarried out at LEP. The e®ec-
tiv e electroveak Lagrangian describing chiral
magnetic transitions from excited to ordinary
leptons can be written

1 4 0
Lee = %9

h é
5 of > Wao

B

+gof O%Bw ‘L + h:c;; (4)

where & corresponds to the compositeness
scale,the subscript L stands for left-handed,
g and g°are the SM gaugecoupling constarts,
and the factors f and f © are weight factors
assaiated with the two gaugegroups SU(2)
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Figure 24. 95% C.L. upper IHnits on the ratio of the coupling to the compositeness scale for combined LEP

search for excited leptons at

s = 189 209 GeV (left), for ZEUS, H1 and combined LEP searches for excited

electrons (center), and for H1 search for excited neutrinos (right).

£ U(1). Typical decays of excited leptons
are the following: *°8 1 8¢ ~o8 | ows§
981 870 0 00 om ) T \WS | and
o@ ] 070

Excited fermion production and decay
at HERA can occur through the processes
shown in Fig. 23. Figure 24 shaws the 95%
C.L. upper limits on the ratio of the coupling
to the compositenessscale for the combined
LEP seartes® for excited leptons e, 1°,
and ¢° at " 5= 189] 209 GeV, for ZEUS 2*
H12% and combined LEP seartesfor excited
electrons,and for the H1 seard1?® for excited
neutrinos.

8 Technicolor Searches

Tedhnicolor represens an alternative to the
Higgs medanism for generating electrowveak
symmetry breaking. In this model the lon-
gitudinal degreesof freedom of the massive
SM gauge bosonsare the Goldstone bosons
assaiated with the breaking of global chiral

symmetry of a newkind of fermions, the tech-
nifermions, which besidesthe SM quantum

numbers carry the charge of a new QCD-like
interaction called Tednicolor. In walking

technicolor, the lightest technicolor mesons
may be light enough to be obsenable at
LEP2. DELPHI?" and OPAL?® have car-
ried out searhesfor such technimesons: ¥4
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and ¥4 =! 1. Figure 25 shows the 95% C.L.
excluded regions for these searties. OPAL
obtains my, > 77 (62) GeV for Np = 9
(2), whereNp is the number of technifermion
doublets (2 is the minimum number). DEL-
PHI obtains m.,, > 891 (79.8) GeV for
Np = 9 (2).

9 Summary and Conclusions

There is a \hint" at the two standard devi-
ation level of a signal for a Standard Model
Higgsbosonfrom the combined seard results
of the four LEP experiments. The hint is
wealer than it was at the November 3, 2000,
LEPC preseration, but the number of everts
was not enoughto establish a signal in any
case. An extension of the LEP2 run was re-
guested but unfortunately was not granted.
Now we will have to wait until » 2007 to
‘nd out whether there is a light Higgs bo-
son with my » 115 GeV. The 95% con -
dencelevel lower limit from the LEP seardes
is my > 1141 GeV with a median limit of
115.4GeV expected for badkground only.
Many seartes for new particles have
been performed, but there have been only
negative results and new limits established,
so we are still left with only questions:
Is there another medhanism for electrowveak
symmetry breaking? Supersymmetry? Ted-
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Figure 25. The 95% C.L. excluded regions in the (M, = i My, ) plane from DELPHI (left) and OPAL
(right). The dashed lines show the median expected exclusions for the background only hyp othesis.

nicolor? Somethingwe have not eventhought
of yet? In ten years' time we should have
someanswers.
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