
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 6
SEARCH FOR HIGGS BOSONS AT LEP�Celso Martinez RiveroCERN, CH-1211 Geneve 23, Switzerland(Re
eived Mar
h 14, 2001)Sear
hes for the Standard Model Higgs and SUSY Higgses have beenperformed in the data 
olle
ted by the four LEP experiments ALEPH,DELPHI, L3 and OPAL in the year 2000 at a 
entre-of-mass energies be-tween 200 and 209 GeV 
orresponding to a total integrated luminosity ofaround 220 pb�1 per experiment. An ex
ess of data above ba
kgroundpredi
tions indi
ates a possible produ
tion of a Higgs boson with mass inthe vi
inity of 115 GeV/
2.PACS numbers: 14.80.Bn 1. Introdu
tionThe Higgs me
hanism plays a 
entral role in the uni�
ation of the ele
-tromagneti
 and weak intera
tions by providing mass to the intermediateve
tor bosons, W and Z, without violating lo
al gauge invarian
e. Withinthe Standard Model (SM), the Higgs me
hanism predi
ts a single neutrals
alar parti
le, the Higgs boson. This predi
tion is extended to �ve physi
alHiggs parti
les in the frame of the Minimal Supersymmetri
 Standard Model(MSSM), three of them neutral and two 
harged.In this note the 
ombined results from the sear
hes for the SM Higgsboson by the four LEP experiments is presented. These sear
hes in
ludedata 
olle
ted sin
e 1998 (data at 189 GeV) till 2000 (data up to 209 GeV).The total integrated luminosity ex
eeds 2.4 fb�1.2. De
ay 
hannelsAt LEP energies, the SM Higgs boson is expe
ted to be produ
ed inasso
iation with a Z boson through the Higgsstrahlung pro
ess e+e�! HZ.Small additional 
ontributions are expe
ted from t-
hannel W and Z bosonsfusion pro
esses, whi
h result in a �nal produ
tion of a pair of ele
tron or� Presented at the Cra
ow Epiphany Conferen
e on b Physi
s and CP Violation,Cra
ow, Poland, January 5�7, 2001. (1729)



1730 C. Martinez Riveroneutrinos, respe
tively, together with the Higgs boson. For the mass rangekinemati
ally a

essible, the Higgs parti
le de
ays mainly into a pair ofb quarks (with bran
hing ratio between 74�85%) while de
ays to � leptonpairs, WW � and gluon pairs are less important (� 7% ea
h). The �naltopologies are determined by these de
ays as well as the Z boson de
ays.Sear
hes are thus performed in the four jet �nal state (H ! b�b) q�q, themissing energy 
hannel (H ! b�b) ���, the leptoni
 �nal state (H ! b�b) l�lwhere l denotes ele
tron or muon and �nally in the � lepton �nal states(H! b�b) � �� or (H! � ��)(Z! q�q).2.1. Four jet 
hannelHiggs boson sear
hes in fully hadroni
 events usually start with a four-jet presele
tion whi
h eliminates radiative events and redu
es the q�q(
) andZ
� ba
kground, for
ing the sele
ted events into a four jet topology.
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Fig. 1. Higgs mass distribution for the ALEPH experiment (left) and observednumber of data and ba
kground events as fun
tion of the e�
ien
y over a Higgssignal with mH = 114GeV/
2 for DELPHI (right).Although di�erent experiments perform di�erent analysis (
ut based,likelihood based or by means of an Arti�
ial Neural Network (ANN) 
on-stru
tion) the basi
 ingredients are 
ommon, namely the presen
e of twob-tagged jets together with a re
oiling dijet with invariant mass 
ompatiblewith mZ .The Higgs mass estimator is 
hosen as the dijet mass re
oiling againstmZ.Amongst the three possible pairings the �right� one is 
hosen using kinemat-i
al information (�2 of the 5C �t) and jet b-tag 
ontent. Fig. 1 shows the



Sear
h for Higgs Bosons at LEP 1731Higgs mass distribution for the ALEPH experiment at the �nal sele
tionlevel. One 
an also see for the DELPHI analysis the observed data andexpe
ted number of ba
kground events as fun
tion of the e�
ien
y overa Higgs signal with mH = 114 GeV/
2.2.2. Missing energy 
hannelTwo b-tagged a
oplanar jets � a
oplanarity redu
ed next to the kine-mati
al limit � are 
hara
teristi
 of this 
hannel where the missing energyshould be 
ompatible with mZ in whi
h the Z boson de
ayed into neutrinos.

Fig. 2. Multidimensional variable versus re
onstru
ted Higgs mass for the OPALmissing energy 
hannel (top) and ba
kground mass distributions at two di�erent
ut levels for DELPHI h�� analsysis (bottom).



1732 C. Martinez RiveroThis 
hannel happens to be one of the most 
ompli
ated to study dueto the needed high level knowledge about hermeti
ity and energy re
on-stru
tion in the dete
tor. Te
hniques employed in this 
hannel are normallymultidimensional variables su
h as likelihood or ANN outputs. Bidimen-sional distributions are used in whi
h the dis
riminant variable is plottedagainst the re
onstru
ted Higgs mass as 
an be seen for example in Fig. 2(top) for the OPAL experiment.2.3. Leptoni
 
hannelsTwo isolated leptons together with two b-tagged jets are the distin
tivesignature of these 
hannels. They are basi
ally very 
lean 
hannels and 
utanalysis are distin
tive enough. A slight 
ompli
ation appears in the 
aseof the � lepton in whi
h either the Higgs boson or the Z boson may de
ay.Fig. 2 (bottom) shows the data and ba
kground mass distributions at twodi�erent 
ut levels for the DELPHI experiment.3. Statisti
al te
hniquesThe statisti
al method used is the likelihood test where �signal + ba
k-ground� and �ba
kground only� hypothesis are tested.It is de�ned: Q(mH) = L(s + b)=L(b). The normalised distributionsare integrated to 
reate the 
on�den
e levels CLb(mH) and CLs+b(mH).The lower limit in the Higgs boson mass would be the value 
orrespond-ing to CLs(mH)= 0.05 (having de�ned CLs(mH) = CLs+b(mH)=CLb(mH))being dis
overy 1�CLb(mH)< 5:710�7. Fig. 3 (left) shows the graphi
al

Fig. 3. Des
ription of the statisti
al variables used (left) and a
tual observationvalue (right).



Sear
h for Higgs Bosons at LEP 1733des
ription of these quantities while in the right part one 
an see the a
tualobservation of the four experiments 
ombined for the hypotheti
al Higgsmass of 115GeV/
2. Real data shows 
learly a preferen
e for the �signal+ba
kground� hypothesis rather than the �ba
kground� alone.In order to look deeply into individual 
ontributions of ea
h of the fourLEP experiments the same kind of plot is given in Fig. 4 for ea
h of them.It 
an be noti
ed how, ex
ept DELPHI, the rest of the experiments see realdata 
ompatible with the �signal+ba
kground� hypothesis.

Fig. 4. Observed value of �2 lnQ for ea
h of the four LEP experiments.Similar results but shown as a funtion of mH 
an be seen in Fig. 5 wherethe plot gives the distribution of the �2 �t to the hipotheti
al Higgs mass.Fig. 6 shows the value of 1�CLb. From this last �gures one 
an see the 
learminimum at a value of mH � 115 GeV/
2 with a statisti
al signi�
an
e ofaround 2:8�
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Fig. 5. Distribution of the �2 �t for 
ombined results.
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Fig. 6. 1� CLb for 
ombined results.4. Con
lusionsCombining the data from the four LEP experiments in the sear
h for SMHiggs boson, an ex
ess is observed 
ompatible with the presen
e of su
h aparti
le with mH � 115GeV/
2. Three out of four experiments have positive
ontributions to this ex
ess.


