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A B S T R A C T 

We searched for the production of the Standard Model Higgs H° and the Minimum Super-
symmetric S tandard Model Higgs h° and A° in ~65,000 Z° decays observed by the L3 detector at 
LEP. No signature was found. We obtained the mass limit of Mh<> > 36.2 GeV and Mh<>, MA<> > 
41.5 GeV at the 95% confidence level. 

T h e L3 D e t e c t o r 

I n t r o d u c t i o n 

The Higgs particle, associated with the electroweak 
symmetry breaking mechanism of the Standard 
Model (SM), has been elusive. Theoretically, only 
the upper limit placed at ~ 1 TeV seems robust . 
The previous experimental limits for the low mass 
Higgs obtained by K + and T decays have been 
plagued by the theoretical ambiguities [1,2]. It is 
impor tant to search for the Higgs particle in an ex
perimentally clean and theoretically unambiguous 
process and extend its search to as high a mass as 
possible. 

At the e+e" collider LEP, the Higgs H° can be 
searched at the Z° peak in the process 

e + e - _> z° -> H° + / + / " 

where / + / ~ is a fermion pair originating from the 
decay of off-shell Z°. For / + / ~ " being vv,e+e~ 
and the event has a clean signature and 
can be detected unambiguously. In the framework 
of the S tandard Model, the ra te can be calculated 
precisely [2]. 

In the Minimal Supersymmetr ic extention of the 
Standard Model (MSSM), the symmetry beaking 
is achieved by two Higgs doublets, each doublet 
being coupled exclusively to up-type or down-type 
quarks (leptons). T h e model has 5 physical Higgs 
particles, of which h° (CP-even) and A° (CP-odd) 
may be observed at L E P in the following pro
cesses; 

e+e" -> Z° -> h° + A° 
e + e - _> Z° -» h° + / + / -

In this paper , we report a search of H° and h° /A° 
by using the L3 detector [3]. 

The L3 detector consists of a t ime expansion cham
ber ( T E C ) for the charged particle detection, a 
high resolution electromagnetic calorimeter com
posed of B G O crystals, an array of plastic scintilla
tion counters, a uranium hadron calorimeter with 
proportional chamber readout and a high precision 
muon chamber system. T h e calorimeters cover 
99% of 47T. T h e B G O and the muon chamber cov
ers approximately | cos(0) |< 0.7. 

These detectors are installed in a 12 m diameter 
solenoidal magnet of 0.5 tesla. T h e beam pipe 
is made of two layers of beryll ium, each 1.4 m m 
thick, consti tut ing less t han 0.01 radiat ion lengths 
of materials in front of the T E C . T h e detector and 
its performance are repor ted in detail in [4]. 

E v e n t S e l e c t i o n for H° 

e+e" -> H° + vv, M H Q > 2 GeV 

For MRO above 2 GeV, H° predominant ly decays 
into a pair of heavy quarks or r ' s . T h e final s tate 
H° + vv will be detected as a 1 or 2 jet event with 
large missing energy and energy imbalance due to 
the undetected vv. The separation of H° from 
the main background, Z° —> hadrons, is shown in 
F ig . l . 

To achieve an op t imum separat ion of H°, we define 
a variable Ph from the following observables X;. 
X i = T o t a l Energy 
X 2 =Transve r se Energy Imbalance 
X3=Acollinearity Angle of 2 Most Energetic Jets 
X 4 —Acoplanarity Angle of 2 Most Eenergetic Jets 
X 5 =Reco i l Energy of 2 Most Energetic Je ts 
X 6 = N u m b e r of Calorimetric Clusters 
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x 7 = N u m b e r of Charged Tracks 
X 8 = P o l a r Angle of Th rus t Axis 

After applying loose preselection criteria, we cal
culate the variable P H = N s e l / N t o t for each prese
n t e d event by using H° Monte Carlo events, where 
N t o t is the to ta l number of generated events and 
N s e l is the number of selected H° Monte Carlo 
events satisfying t h e conditions 

X r - 2 c r X t < Xi < Xr + 2aXt 

for 2 = 1 , 8 . 

The value X | v is calculated for each candidate and 
is pre-calculated as t he r .m.s . width of the 

variable X,- in the H° Monte Carlo. 

Figure. 1 Separat ion of H° Event 

The variable P H serves for an effective single vari
able for the separat ion of H°. By construction, P H 
has a large value for H° and is concentrated near 
0 for the background events. After applying the 
cut P H > 0.07, we are left with no H° candidate 
out of 65,000 Z° hadronic decays. T h e detection 
efficiency of this m e t h o d has been calculated by 
the Monte Carlo and is shown in Fig.2. 

e+e~ - ^ H ° + ( e + e - , ^ + / i - ) , M H q < 2 GeV 

Below the mass of 2 GeV, we expect H° to decay 
predominant ly into a pai r of hadrons or muons. 
The decay mechanism is dominated by the non 

per turba t ive effects and theoret ical est imates of 
the branching rat ios are highly model dependent 
[2]. As the s ignature of leptons is very clean, we 
only require very loose constraints on Higgs de
cay products ; one charged track in T E C associated 
with the energy deposit in B G O . 

We select events wi th high energy and non-collinear 
lepton pairs . We first require two leptons with Ei 
and E 2 greater t h a n 30 GeV for e+e~ and P x + p 2 
greater t h a n 30 GeV for where E x and E 2 

are the electron energies measured in B G O and 
P i and P 2 are the muon m o m e n t a measured in 
the muon chamber. T h e acollinearity angle £ of 
the two leptons must be £ > 4°. Moreover, we 
require t ha t there should be no addi t ional energy 
deposit in the calorimeter besides the one by the 
muon itself in a 30° cone a round the muon. This is 
to remove the background Z° —> /j,+jjL~+ hadrons 
originating from the semileptonic decays of heavy 
quarks. 

The detect ion efficiency for each decay channel, 
H° —> KK and 7T7T can be reliably calcu
lated by the Monte Carlo since our requirement 
on the Higgs decay p roduc t s is simple. It ranges 
between ~ 2 8 % for the most efficient channel of 
H° —» and ~ 1 5 % for H° —> 7T7T where the 
decay into 7r°7r° is not detected. 

We observed 4 candidates satisfying the above cri
ter ia from the d a t a sample corresponding to 70,000 
hadronic decays of Z°. 

Figure.2 Detect ion Efficiency of H° + f+f~~ 

e + e ~ -» H° + Q ^ ~ , e + e - ) , M H q < 2 M M 

W h e n the Higgs mass is below 2 M M , the fermion 
decay channel is l imited to H° —» e + e ~ . Due to the 
quadra t ic mass dependence of the decay width, H° 
becomes long-lived and a significant fraction of the 
produced H°'s decays only outside of the BGO 
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calorimeter. As the interact ion of H° wi th ordi
nary m a t t e r part icles is very weak, this leads to 
an event with energetic and non-collinear leptons 
where the corresponding missing energy is not de
tected in the B G O . T h e search of H° in this mass 
region, therefore, must be done for / + / _ + "noth
ing" in addi t ion to the + "one charged t rack". 

We require two energetic leptons with E x and E 2 

greater t h a n 30 GeV for e+e" and P1 > 10 GeV 
and F2 > 30 GeV for T h e acoplanari ty an
gle must be greater t han 2.9°. There should 
be no energy detected besides the one associated 
with leptons in the first 22 radiat ion lengths of 
the calorimeters. To remove the contaminat ion 
of events, we also require the missing mo
men tum vector reconstructed from to be more 
t h a n 8° away from any two leptons and greater 
t h a n 35° from the b e a m line. 

W i t h the above cuts , we saw no events for the 
d a t a sample corresponding to 70,000 hadronic Z° 
decays. T h e detection efficiency calculated by the 
Monte Carlo is 13-18% depending on M H ° . 

L i m i t s o n H° M a s s 

MHO above 2 GeV; T h e number of expected H° 
events satisfying above selection criteria is shown 
in Fig.3 for Z° -> H° + vv and Z° -> H° + / + / " 
[5]. We have reduced the expected number by 9% 
to take into account the systematic error mainly 
due to the uncer ta in ty in es t imat ing the detection 
efficiency. We found no candidate in this mass 
region and exclude 2.0 GeV < M H ° < 36.2 GeV at 
95% c.l.. 

Figure.3 Number of Expected Events 

2M^ < M H ° < 2 GeV; We found 2 candidates; 
one e + e ~ —» fi+pT//+fi~ event with an invariant 
mass of ~0 .6 GeV and another event of e + e - —• 

e + e ~ + two charged hadrons forming an invari
ant mass of ~1 .0 GeV. T h e probabil i ty to observe 
these two events from the expected number of H° 
events shown in Fig.4 is less t h a n 1% for any com
binat ion of the branching rat ios into 7nr and 
KK. We exclude the region 2M^ < MH<> < 2 GeV 
at 99% c.l.. Bo th candidate events are consistent 
with the 4 fermion decay of Z°. 

MHO below 2M M ; We found two e+e ~ —» e+e~e+e~ 
events wi th invariant mass of ~ 8 0 MeV. From the 
expected number of H° events shown in Fig.5, we 
exclude the region of 0 < M H ° < 2 M M at the 99% 
c.l.. The observed two candidates are consistent 
with e + e - —• e + e ~ 7 events with the photon con
version in the b e a m pipe. 

Figure.4 Number of Expected Events 

Figure.5 Number of Expected Events 
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S e a r c h for h° a n d A 0 

The decay branching rat io of Z° —> h° + A 0 is 
determined by the pa ramete r t a n / ? = v 2 / v l , where 
v l and v2 are the vacuum expectat ion values of 
the two Higgs doublets . For a large value of the 
top quark mass , tan/? > 1 is theoretically favoured. 
The h° and A 0 decay predominant ly into bb or 
T+T~ in this case. 

We search for t he h° + A° events in the following 
4 categories; 

A. The hadronic 4-jet events where the invari
ant masses of 2 je ts fall in the search region 
of M h ° and M A ° . (bbbb) 

B. The low thrus t hadronic events associated 
with 2 muons from the semileptonic decay 
of the b quarks , (bbbb) 

C. The events with two narrow je ts in one hemi
sphere recoiling against low thrus t hadronic 
je ts . ( b b r + r - ) 

D. The low energy hadronic events composed of 
4 narrow je ts . (T+T~T'{'T~) 

In the d a t a sample corresponding to 71,000 had
ronic decays of Z°, we have observed no signatures 
of the h° and A 0 product ion. The excluded mass 
regions of Mho and M A o are shown as contours A-D 
in Fig.6. 

Figure.6 Excluded Region of Mho and M A ° 

The event s ignature of h° (MSSM) product ion in 
Z° —> h° + is almost identical to the cor
responding process of H° (SM) product ion. The 
limit obta ined from Z° -> H° + /+ / " and Z° -> 
H° + vv can be t rans la ted into the limit of Mh° 
by correcting for the difference in branching ra
tios [2,3]. The detect ion efficiencies of the h° and 
H° are almost identical except for the h° + vv for 
Mh© < 11 GeV, where the event is identified by de
tecting the Higgs decays into r + r - and hadrons. 
The different admixture of r+r~ and hadron de
cays of h° compared to H° requires a correction in 
the detection efficiency. 

The excluded region from this analysis is shown 
as contour E in Fig.6. 

C o n c l u s i o n s 

We have searched for the product ion of H° (SM) 
and h° /A° (MSSM) Higgs particles from the Z° 
decay. No signature was found. We have obtained 
the mass limit of M H ° > 36.2 GeV and M h «, M A o > 
41.5 GeV at the 95% confidence level. The results 
of MHO is free from the theoret ical ambiguity of 
the Higgs decay branching rat ios in the low mass 
region. 
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