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Outline

e LEP performance
* Theoretical framework

o Search for neutral Higgs bosons

—  Search for h9z0
—  Search for h%A°

— Combination
Mainly from contributed papers for EPS 01 in Budapest

o Updates
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Theoretical Framework

Type |l Two-Higgs Doublet Models (2HDM)

2 complex scalar field doublets:

O, couplesto “up-type” fermions

0, couples to “down-type’ fermions

8 degrees of freedom
3 longitudinal polarisation states of the gauge bosons W* W- Z0

5 physical scalar Higgsstates \® HY AC H* H-

INMSSM  m, 0 < 135 GeV/c?

Elizabeth Locci Saclay SUSY 2002 Hamburg June 17-23

4



MSSM Higgs Searches

just 1 unknown parameter m,,

MSSM 7 parameters in this model

- M, EW scae SU(2) Gaugino mass
(assume Gaugino masses unified at GUT scale)

- Mgysy Common sfermion mass (squark, lepton, sneutrino)
at the EW scale

- tan3 Ratio of the vacuum expectation values
of the two Higgs doublets

- U Higgs mass parameter
- Ay Common trilinear Higgs-squark coupling parameter
- M,% Mass of the CP-odd Higgs boson

- My in, GlUiNOmMass (vialoops)

Three benchmark scenarios :
» No stop-quark mixing scenario
» Max -m;, scenario
» Large-u scenario
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MSSM Higgs Searches hO ZO
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MSSM Higgs Searches hO ZO

SM Search (CERN-EP / 2001 — 055) for HO Z° reinterpreted
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MSSM Higgs Searches hO ZO
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MSSM Higgs Searches hO AO
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MSSM Higgs Searches hO AO

L HWG Note 2001-04

e Production ete _ 5 hOAY  +cos?(B-a)
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MSSM Higgs Searches hO AO
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MSSM Higgs Searches hO AO

Y ear 2000 data ALEPH DELPHI L3
LHWG Note 2001-04

h°A° —> bbbb channe
Tota Int. lumi nosity (pb-l) 217 224 217 208
Data
Total background 10 ° 13
Efficiency 55 6.5 9.4 10.3
(mh=mA =90 GeV/c?)

47% 47% 42% 48%
Expected signal
(mh=mA =90 GeV/c*) 35 3.6 3.2 3.4

h°A® —> bbt't channd

Total Int. luminosity (pb™) 217 224 217 205
Total background
Efficiency 3.0 6.0 3.0 45
(mh=mA =90 GeV/c?)

41% 25% 33% 43%
Expected signal
(mh=mA =90 GeV/c?) 0.6 0.4 0.4 0.6
Obs. (exp. Med.) limit form, | 89.6 (91.7) | 89.7 (88.8) |83.2 (88.1) (85.1)
Obs. (exp. Med.) limitforma | 90,0 (92.1) | 90.7 (89.7) |83.9 (88.3) (86.9)

Elizabeth Locci Saclay

SUSY 2002 Hamburg June 17-23

12




MSSM Higgs Searches

h9 A® and h° Z% Full Combination

Distribution of CL, in the (m,°, m,°) plane

<~ 200 LEP 88-209 GeV Preliminar

>
o S
O

Theoretically
Inaccessible

90 100 110 120
m, (GeV/c)

L HWG Note 2001-04
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MSSM Higgs Searches

In the domainslabelled = 10 and = 20
the observation shows an excess above the SM prediction

Structures on the m,, = m, line could arise from h® A°

Vertical structures could be due to the features of the h® z°

Effects > 20 are consistent with the expectation
for HO 2%, h® Z%and h® A° production
for some MSSM parameter combinations such as

208 208
Ma Mh My tanB | Msusy | M2 u A Oz Cha

90 90.0 | 114.0 16 1000 500 500 0 118 44

100 99.3 | 114.0 16 1000 500 -500 0 97 8

Masses in GeV
Cross-sectionsin fb

Communication of André Sopczak
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MSSM Higgs Searches

Max- m,, scenario

LHWG
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MSSM Higgs Searches

NoO stop - mixing scenario
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MSSM Higgs Searches

Observed and expected limits

for m.%and m,°
for the “mh-max” scenario and the “no-mixing” scenario

Scenario | M2limit | m,” limit Excluded tanf3
(GeV/cd) (GeV/cd) Observed limit (expected limit)
M2 -max | 910 (94.6) | 91.9 (95.0) | 05<tanB<24 (0.5<tanB<2.6)

L HWG Note 2001-04
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MSSM Higgs Searches

Large 1 scenario
designed to illustrate choices of the MSSM parameters for
which h° does not decay into a pair of b quarks

[] include the flavour-independent searchesin this scenario

LEP PRELIMINARY

‘HZ FLAVOUR BLIND HYPOTHESIS s 209 GeV

XSEC/SMxBR(h hadrons)

— observed
--- expected for background

B il in B0 90 100 110

m, (GeV)

Adds enough sensitivity to exclude this scenario at the 95% CL

Elizabeth Locci Saclay SUSY 2002 Hamburg June 17-23

18



MSSM Higgs Searches

Coupling strength limits
m,0=m,0
energy dependence of ete — h° A° cross-section
from the “mh-max” scenario
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Updates

ALEPH

- year 2000 data sample fully reprocessed
(final detector calibrations, alignment constants)

- precise knowledge of the LEP c.m. energy
propagated to final results (~-140 MeV, essentially affects hz)

- additional simulated evt samples
— more accurate prediction of the SM background

- algorithm to reject beam-related backgrounds (4-jet channel)

L3

- year 2000 data sample fully reprocessed
(final detector calibrations, alignment constants)

- precise knowledge of the LEP c.m. energy propagated to final results

- improved efficiency

OPAL

- H9Z° channel analyses to be upgraded by EPS HEP 2002
- h%A°% channel update with the final calibration comes soon
No big change is expected in the results

DELPHI
- final reprocessing of data

- New MC simulation samples
(statistics X 4, Pythia - KK2F, Excalibur - WPHACT generators used)

- Dedicated b-tagging for hA — bbbb channel analysis
Only small changes expected
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20



EAnp

Updates

ALEPH - mh-max scenario

New ! Final!

%’”‘ 1 max scenario
e A
My =1 TeVic?
Excluded at 95% C.L.
10
- . \
:-;.--C«.:u-,? .' .‘L- iy o .:uim.-ulu-i«.:. :
0 @M o @ B 00 120 1510 0 2 40 6 8 100 120 140
m, (GeVic") m, (GEV/EE)
Excluded regions (95% CL)
m, <89.6 (91.7) GeV/c? m, <89.8 (91.3) GeV/c?
m, <90.0 (92.1) GeV/c? m, <90.1 (91.6) GeV/c?
0.7<tanf<22 0.7<tanf3 <22
ALEPH 2001-022 Phys.Lett.,B: 526 (2002), pp. 191 - 205
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EAnp

Updates

ALEPH

No-mixing scenario

New ! Final!

l'I'l,J:,pl= 175.GeVic % 10 mixing scenario
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no mixing stenario | AR Mypsy =1 TeVie
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0.5 < tan < 6.0
ALEPH 2001-022

m,<89.8 (91.3) GeV/c?
m, <90.1 (91.6) GeV/c?

0.5<tan3 <6.2
Phys.L ett.,B: 526 (2002), pp. 191 - 205
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Updates

DELPHI

-I[)IELIpll-|| T I T T I T T T I T 1 T | T
Preliminary i
- ¢ from 130to 209 GeV :

i
- My = 1743 GeVic
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tan

_____

__expected limit
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0.49 < tanf < 2.36
DEL PHI 2001-078 CONF 506

mh-max scenario

New !

Theoretically
Inaccessible
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05<tanf<24
DELPHI 2002-021 TALK 31
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Updates

L3 mh-max scenario

New ! still preliminary

m, max scenario m, -Max scenario
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tanf}

Updates

L3  no-mixing scenario
New ! still preliminary

No Mixing Nu mlxlng
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Updates

New, fina résultsfor ALEPH

New, aimost final resultsfor L3

OPAL

- H%Z% channel analyses to be upgraded
by EPS HEP 2002

- A% channel update
with the final calibration comes soon

No big change is expected in the results

Final results for DELPHI expected to be published
very soon.

Final combination of the 4 experiments starting
now

New, final LEP results expected to be ready for
EPS HEP 2002
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