
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
HIGGS AT LEP�Piotr ZalewskiOn behalf of the 4 LEP CollaborationsA. Soltan Institute for Nu
lear StudiesHo»a 69, 00-681 Warszawa, Polande-mail: piotr.zalewski�fuw.edu.pl(Re
eived July 1, 2002)The sear
h for standard, supersymmetri
 and non-standard Higgs bos-ons at LEP is shortly reviewed.PACS numbers: 14.80.Bn, 14.80.Cp1. Introdu
tionThe Higgs me
hanism is one of the basi
 ingredients of the standardtheory of fundamental intera
tions. It allows for the uni�
ation of the ele
-tromagneti
 and weak intera
tions without violating lo
al gauge invarian
e.Within the Standard Model, it predi
ts a single neutral s
alar fundamentalparti
le of arbitrary mass (self-
onsisten
y of the model imposes an upperbound of about 1TeV). Pre
ision ele
troweak measurements indi
ate thatthe mass of the standard model Higgs boson should be 85+54�34 GeV and the95% CL upper bound is set at 196 GeV [1℄. But this fundamental s
alar neednot exist. One of the main goals of the 
ontemporary a

elerator parti
lephysi
s is to �nd the Higgs boson or ex
lude its existen
e.In the years 1998-2000 the four LEP 
ollaborations, ALEPH, DELPHIL3 and OPAL, have 
olle
ted 2465/pb of e+e� 
ollision data at ps between189 and 209 GeV. This amount of experimental data, 
omplemented whenne
essary by LEP1 data, was used for sear
h of the Standard Model (SM)Higgs boson, Minimal Supersymmetri
 Standard Model (MSSM) and non-standard Higgs bosons.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3849)



3850 P. Zalewski2. Sear
h for SM Higgs boson [2℄The Higgs boson properties are well determined within SM. If exists, itis produ
ed via Higgs-strahlung or ve
tor boson fusion and de
ays mainly(74%) into b�b. The sear
hes at LEP en
ompass the four following topologies:(i) fully hadroni
: (H!b�b)(Z!q�q),(ii) missing energy: (H!b�b)(Z!���),(iii) semileptoni
: (H!b�b)(Z!`�̀) and(iv) tau 
hannel: (H!b�b)(Z!�+��), (H!�+��)(Z!q�q).The fully hadroni
 
hannel has the greatest 
ross-se
tion. The performan
eis dominated by b-tagging 
apabilities of the dete
tors. For the missing en-ergy 
hannel the mass resolution is the main 
hallenge, but it is the only
hannel �to go beyond the kinemati
 limit� via ve
tor boson fusion. Semilep-toni
 
hannels give ex
ellent mass resolution but su�er from the low 
ross-se
tion. The tau 
hannels requires 
hallenging re
onstru
tion of � de
ays.
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Fig. 1. Distributions of the re
onstru
ted Higgs boson mass for sele
tions of in-
reasing purity (upper plots) and their statisti
al interpretation (lower plots). Fordetails see the referen
e [2℄.



Higgs at LEP 3851During the last year (2000) of taking data by LEP the ALEPH 
ollabo-ration reported an ex
ess of events suggesting produ
tion of SM Higgs bosonwith mass in the vi
inity of 115 GeV. Be
ause of that the LEP shutdown waspostponed by one month. The ex
ess was not 
on�rmed by other LEP 
ollab-orations (Fig. 1). Finally the 95% CL ex
lusion was set at mH > 114:1 GeV.3. Sear
h for MSSM neutral Higgs bosons [3℄The MSSM requires the existen
e of �ve physi
al Higgs bosons out ofeight degrees of freedom of the Higgs se
tor. They are CP-even h0 andH0, CP-odd A0 and 
harged H+ and H�. Supersymmetry 
onstraints themass of the lighter CP-even neutral states to be less than Z0 mass at treelevel and less than 135 GeV after taking into a

ount radiative 
orre
tions.MSSM neutral Higgs bosons are sear
hed at LEP in the Higgs-strahlunge+e�!Z0h0 and pair produ
tion e+e�!A0h0 pro
esses. In the later 
ase,the MSSM predi
tion that if pair produ
tion 
hannel is open at LEP thenmh0 � mA0 is used in the analysis. For most of the parameter spa
e both h0and A0 are expe
ted to de
ay into b�b and �+�� pairs, but for spe
ial 
hoi
eof parameters these de
ays 
ould be suppressed.The sear
h 
omes out to be negative. The result 
ould be presentedvia three spe
i�
 s
enarios. The �mh0�max� s
enario is designed to yieldthe maximal value of mh0 in the model whereas the �no-mixing� s
enarioassumes that there is no mixing between the s
alar partners of the left- andright-handed t. The ex
lusions in the plane mA0 ;mh0 for these s
enarios areshown in �gure 2.
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Fig. 2. The MSSM ex
lusions. See the referen
e [3℄ for details.



3852 P. ZalewskiThe third, �large �� s
enario is designed to illustrate 
hoi
es of MSSMparameters for whi
h h0 does not de
ay into b�b. A 
areful s
an over themodel spa
e indi
ates that the addition of so 
alled �avor-blind sear
h [4℄ex
ludes this s
enario.4. Sear
h for 
harged Higgs bosons [5℄Charged Higgs bosons are predi
ted by Two Higgs Doublet Models(2HDM). The possible dominant de
ay 
hannel is H+!
�s or H+�+�� . Inthe sear
h it is assumed that other de
ay 
hannels 
an be negle
ted. One ofthe LEP experiments L3 sees an ex
ess of 4 jet events 
orresponding to thesignal of 68 GeV 
harged Higgs boson. Su
h signal, however, is ex
luded bythe other three LEP 
ollaborations. Finally the lower mass bound is set at78.6 GeV at 95% CL.5. Sear
h for fermiophobi
 Higgs bosons [6℄In the SM BR(h0!

) is very small. However, in parti
ular formula-tions of e.g. some versions of the Two Higgs Doublet Model (2HDM), Higgsboson 
oupling to fermions 
an be very small and 
onsequently de
ay intophotons may dominate. Sear
h for ex
ess of Z0

 events 
omes out to benegative. Assuming SM 
ross-se
tion, the 95% CL lower bound on the massof fermiophobi
 Higgs boson is set at 108.2 GeV.6. Sear
h for invisible Higgs bosons [7℄The Higgs boson 
ould de
ay into invisible parti
les. For example insome versions of MSSM de
ays into neutralinos might dominate. In absen
eof statisti
ally signi�
ant ex
ess in the data, the bound is set at 114.4 GeVassuming SM 
ross-se
tion and 100% BR.7. General 2HDM sear
h [8℄One of the simplest extensions of the SM Higgs se
tor, the Two HiggsDoublet Model type II, 2HDM(II), �ts very well ele
troweak pre
ision mea-surements while providing room for one light CP-even or CP-odd Higgs [9℄.For su
h Higgs boson, the Yukawa pro
ess 
ould be the only produ
tionme
hanism at LEP. Signi�
ant 
ross-se
tion is predi
ted only for large tan�at LEP1 energies.If the heavier of h0; A0 
an be produ
ed at LEP than 
hannels withde
ays h0!A0A0, h0!Z0A0 or A0!Z0h0 might dominate.



Higgs at LEP 3853Des
ription of preliminary DELPHI analysis in these 
hannels 
an befound in the referen
e [8℄. In �gure 3 some preliminary ex
lusions are shown.
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Fig. 3. Region in the mA0 ;mh0 plane ex
luded by the analysis [8℄ using LEP1 andLEP2 data. In the �gures below di�erent levels of shadow 
orrespond to ex
lusionsof maximal 
ross-se
tions suppressed be the fa
tors 0.1, 0.3, 0.5, 0.75 and 1.0 fromdarker to lighter gray respe
tively.



3854 P. Zalewski8. Con
lusionsDespite ex
ellent performan
e of LEP, sophisti
ated methods of statisti-
al inferen
e of data, sear
hing all possible topologies, the Higgs boson wasnot found at LEP.The question �Why we have not yet seen the Higgs boson, spe
ially theMSSM h0?� is open. May be it does not exists? May be it is in one of the
orners of weak sensitivity? But may be it is be
ause we have not for
edLEP to run at ultimate energy? With 80 super
ondu
ting 
avities more, theMSSM parameter spa
e 
ould be almost fully exploited [10℄. Unfortunatelywe have lose that 
han
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