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e Summary
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Introduction

Two-Higgs Doublet Models (2ZHDM)

Type | Type Il
01 Does not couple to fermions | Couples to “up”-type fermions
0D Is the SM Higgs Couples to “down”-type fermions
Models | Fermiophobic Flavour-Independent

Model-Independent (General Scan)

MSSM

e To give mass to SUSY particles, extend the SM to two Higgs doublets.

e To avoid FCNC, fermions of a given charge must couple to at most one
doublet.
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Parameters of 2HDM’s

Six Free Parameters, assuming no CP-violation:

m;,0 mass of CP-even Higgs

M z70 mass of CP-even Higgs, mypo < mgo
m 70 mass of CP-odd Higgs, m 40 < mgo
M7+ mass of Charged Higgs

Q mixing angle between k" and H°

tan ﬁ ratio of vacuum expectation values vy /v
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LEP Performance

Integrated luminegities een by axperiments from 1983 to 2000
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(1) Fermiophobic Higgs

In SM, BR(hY — ) = 1077 for m} = 90 GeV.
For a 2HDM(), if cos & = 0, then h¥ and H° do
not mix, coupling to fermions switched off

— Fermiophobic Higgs.
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Fermiophobic Higgs Results from 2000 Data
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Events/2 GeV
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ALEPH preliminary

7

Fermiophobic Higgs Results from 1991-2000 Data
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Fermiophobic Higgs: LEP Combined

ADL O Combined

5 September Update
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107.7 GeV (obs)
105.8 GeV (expected)
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CLs
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NEW: Inclusion of A’ — WWW* Decays

CLs

(Prellmlnary)

10 96 98 100 102 104 106 108 110 112 114 10 -3 D an

M, (GeV) 96 98 100 102 104 106 108 110 112 1

h— WW* h— WW*+h =y

Topologies: hZ — (vv)qqqq, (vv)qqlv, (9q)qqqq, (9q)qqly
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Fermiophobic Higgs: L3 Photonic
Decays Only

CLs
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(2) Flavour-Independent Higgs Searches

h h
et et
Z* Z*
e Z e A

Higgs-strahlung, Higgs Pair Production

e Production: Tree level cross-sections:

Ohy = sin?(f8 — a)oiy

ona = cos? (B — a) oy
e Decay: Tree Level Higgs couplings wrt. SM:
h'cc : cosa/sinf3
h'bb : —sina/cosf
A : cotf3
A%b : tanf3
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Flavour-Independent Higgs Searches

In the 2HDM(II), for certain values of a and tan((3),
BR(h0 — bB, 7'+7'_) can be suppressed, leaving

CC, gg decays dominant.

H—qq,09_
q.9

7 %
Z— ee, Uu

Channels: 4-jet, Missing Energy, Leptonic, Tau
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Flavour-Independent Higgs Results: 4-Jet Channel
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4-jet mass specta in data compared to SM background.
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Other Channels for Flavour-Independent
Higgs Searches

No excesses observed in other channels:

OPAL preliminary

>18 [
-+ OPAL data 202-209 GeV

(b

(D16 7 missing-energy channe
<t Hl tau channel
\14 B8 muon channel

(7)) B electron channel
+—12 B

o

O N B~ O 0
\‘\

60 70 8 90 100 110
M./ GeV

Mass Limits from Flavour-Independent Searches:
Observed  Expected

ALEPH 109.4 GeV 109.8 GeV
OPAL 101.8 GeV 107.3 GeV

Valid for SM cross-section and 100% hadronic BR.

Richard.Teuscher@cern.ch Moriond Electroweak March 2001



0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

15

Decay-Mode-Independent 2HDM(Il) Higgs Searches

ALEPH PRELIMINARY

s

BR(S0 — hadrons) k™
|_\

10

OPAL Drellmlnarv

=
o

Limits including branching ratio into hadrons.
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Flavour-Independent 2ZHDM(Il) Exclusion
Regions

Scan over range of masses, tan 3 and «, extract

limits.

W 04<tanf< 58
] 04<tanfs< 1.0
l.0<tanfB< 58

---- expected

A point (myp, ma, &) is excluded at 95%CL if it is
excluded for all values of tan [3.
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Flavour-Independent 2ZHDM(Il) Exclusion
Regions

Complete scan over —7/2 < o < 0:

OPAL
100 e AR S
8 90 i W 04<tanB < 58
< 80 E l04<tanf< 1.0
e l , E
70 5 L 10<tanB< 58

.. expected

& ', constraint

O 10 20 30 40 50 60 70 80 90 100
m, [GeV]
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MSSM Higgs Searches

® In MSSM myo < 135 GeV

e Search for h’Z (SM) and h” A production:

b b T T

e Largest cross-section for my;o ~ m 40, so plot

reconstructed 1m0 + M 4o.

I

s:s  DELPHI
o 3 - _
% i E,= 200-_2109 GeV
82° - L=224pb
2 F e Data 5 *
15 - |1 MC 7.1
- mm signal 4.0
1 E mg:90 GeVic? ¥ *
05 —
E | | Lo L * —_—F | ‘ | M | |
80 100 120 140 160 180 200 220

Mh+MA (GeV/c?)

combined A°A°Y — bbbb + A°h® — bbrT
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Events

MSSM Searches: AYH” — bbbb at /s ~ 206 GeV
ALEPH Preliminary OPAL prellmlnary
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LEP Combined MSSM Searches at /s = 200 — 210 GeV

AYhY — bbbb

Vs = 200-210 GeV

¢ LEP (ADLO) 4b Data

|| background

B hA Signal
(90,90) GeV

L cnd= 26

bgd= 24.17

sgl= 9.7

| I
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MSSM Higgs Scans

theoretically forbidden

tally excluded

400 GeV/c?

mi

3 GeV/c?
experimen

174.
M2 -
TeV/c

__ observed limit
____ expected |

Vs from 130 to 209 GeV

DELPHI

Meg
u=1
theoretically

- forbidden

. Large M scenario
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LEP Combined MSSM Higgs Results

e [MmEX] _ &
:MSUSYle(:eV
10 o WSS | 10
EOTR AR o mgl y no:800 GeV
| stop mix: X=2M
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I Exclude tan (3 by LEP
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1 1
0.48,2.48 Theoreticall
046248
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LEP Combined MSSM Higgs Results

< 160
2
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Invisible Higgs Searches

[

e In the MSSM the Higgs can decay into a pair of
undetected LSP’s.

e Other models allow for Higgs decays into stable
weakly-interacting particles.

Signal Topologies:

N~ X / N X X 7 AN /
\ / \ / \ /
\ / N\ / \ /
N\ 7/ N\ 7/ N\ 7/
7/ N\
/ \
/ \
q q I* |- 7 v v oo
Hadronic Leptonic Not Searched for
~ 70% ~ 7%
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Results of Invisible Higgs Searches

Hadronic Channel:

S 40 [
§ Mmoo DEL PHI
< . AWW _preliminary
n 3d r

2 > mzz Vs =189-209 GeV
L% " [Jinv Higgs 100 GeV

30 -

40 5 60 70 8 9 100 110 120
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e 1 1 1
@ | —— 95%CL
g F— 99%CL s s s s s s
s 08 | — gmcL e |
T = Expected 95% CL : i 3 1 :
0 [ | | | | | ‘ s 3
06 T . SNy Sy A
oo [ e
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”7\ | | i | | | | i | | | | i | | | | i | | | | i | | | | i | | | | ‘ | | | | i l |
100 102.5 105 107.5 110 112.5 115 117.5
M,, Gev/c®

LEP combined: excluded below 113.7 GeV.
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Summary of Non-SM Higgs Searches at LEP2

HY — 77y

H" — flavour-indep
mpo0,m 4o0,c,tan
1,0

A0

HY — v (invis)
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mgo > 107.7 GeV

mgo > 102 — 109 GeV
2HDM General Scan

myo > 89.9 GeV (my-max)
m4o > 90.5 GeV (mp-max)

Mpo > 113.7 GeVv
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Outlook

e Thanks to the ALEPH, DELPHI, L3, and OPAL collaborations for providing
results, apologies for any topics left out.

e ALEPH: http://alephwww.cern.ch/ALPUB/oldconf/oldconf_01.html

e DELPHI:

http://delphiwww.cern.ch/teams/searches/moriond2001/higgs_plots
e L3: http://I3www.cern.ch/conferences/Moriond2001/
e OPAL: http://opalinfo.cern.ch/opal/doc/physnote/index2001.html

e The Future... A search on Yahoo! for “Higgs” beyond the Standard Model
yields the following Web site...
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