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e Introduction

The Higgs Boson and its properties

* The present knowledge from LEP/SL.C
Was there a Higgs Boson at LEP ??

* Search for the Higgs Boson at the LHC
- Overview on the standard channels
- Potential in vector boson fusion
- Measurement of Higgs boson parameters
(mass, couplings)

* What can be done at the Tevatron ?
incl. the present status

The Higgs Boson

i

{0

»The last missing piece of the Standard Model....“

particle is eagerly awaited.”

! “Experimental confirmation of the existence of this

“Revealing the physical mechanism that is

Peter Higgs

responsible for the breaking of electroweak
symmetry is one of the key problems in particle

physics”

,,Particle Physicists know everything about this

particle, the only thing they don‘t know is
whether it exists.”
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The structure of the Standard Model

Fundamental principle: Local gauge invariance Similar for the SM interactions:
Prototype: Quantum Electrodynamics (QED)

Free Dirac equation: i H O - map = O Quantum Chromodynamics (QCD):
Lagrangian formalism:  , _— Py — M SU(3) transformations,
8 gauge fields, & massless gluons

Invariance of L under local gauge transformations
(W — ei@y) Electroweak Interaction (Glashow,
Salam, Weinberg):
— Introduction of a massless vector field A,
(gauge field — Photon) SU(2) x U(1) transformations,
4 gauge fields, (W', W 2, W 3, B)

Lagrangian of QED: Physical states:
— ATl _ B Tl 21 pv .
L = iy dup - m P + edypAy - FFuwF Wit = L (WEFiw?)
Mass terms for A, violate gauge invariance Z, = —sinfwB, + cosOy W3
A, = cosbwBy+sinfyW;
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Fundamental problems:

1. Masses of the vector bosons W and Z:

0.034 GeV/c?
0.0021 GeV/c?

Experimental results: ~ M,, = 80.426

s
M, =91.1875 +

2. Divergences in the theory (scattering of W bosons)

AM (WW- > WH*WY) ~ s/M,2




The Higgs mechanism
Spontaneous breaking of the SU(2) x U(1) gauge symmetry

* Scalar fields are introduced 1 ( b1 + i ) _ ( o+ )
V2 \ ¢3+ida 0
Potential :  u(¢) = 12(¢*¢) + A(6* )2
s Foru2 <0, A >0, minimum of potential: S+ 3+l =0 v = —u?/X

* Perturbation theory around ground state:

— 1 0 3 massive vector fields: MVVi 7_—7 7—1117
d)(.'l}') — \/5( v h(]?) ) = 2 g
Mz = —;’Ug/ CcosOw = Mw/ CoSs 0w

1 massless vector field: MY =0

1 massive scalar field: The Higgs boson H
Mass terms result from interaction M, = VA2

9 PED SO 12010 A EER UG v = vacuum expectation value v = (N2 G;)% =246 GeV
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The Higgs mechanism (cont.)

* Coupling terms of W- and Z-bosons and fermions to the Higgs field:

£ W °5 1/2
e " IHJ * T g = (V2Gr) " my
****** < 25:' =t igmyg””’ T costy &

" o =2{v26r)"? M2
N 7° JvvH = ( GF) v

]
=

* The introduced scalar fields can also be used to generate

fermions masses mg = grv V2 = gr = mpV2 [ v (where g; is the coupling
of the Higgs field to the

fermion)
« Higgs boson self-coupling L=...... - Avhd® -v L h?
and finally:
* Higgs boson regulates divergences in the WW scattering G
cross section e
w w
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» The decay properties of the Higgs boson VVVVVVVVVVVVVV
are fixed, if the mass is known:

W+ Z, t,b, C, THeeeerueeen , 8 Y ﬁ
H
10°
W-,Z, t,b, ¢, T seeeeeeneee , 8, Y
0" L e
50 100 200 500 1000
rH—ff) = Ne 43%1 mi (M) My M, [GeV]

102 TH)I[Gev)

FrH-—=VV) =6 wf‘%w ME (1 -4z +122%) 8y

where: 5z = 1,6w =2, == MZ/MZ, B=velocity

o0 =00 1 [1+ (3-)2] |

2 2
MNH =) = 71;?; N M} [3Nge? - 7]

(+ W-Ioop contrIbUtlons) 0 50 100 200 500 1000
M, [GeV]

Upper limit on Higgs boson mass: from unitarity of WW scattering M, < 1 TeV/c?
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Higgs mass constraints:

Stronger bounds on the Higgs-boson mass result from the energy

dependence of the Higgs coupling A (Q?)
(if the SM is assumed to be valid up to some scale A)
Ao=My2/v? A (Q%) = Ay { 1430272 log (2 Q*v?) + .... -3g,*/327% log (2Q*/V?) +....}

SRR RN RRN RN RRRE Upper bound:  diverging coupling
(Landau Pole)

S 600 ] Lower bound: stability of the vacuum
b ] (neg. contribution from
‘; 400 . top quark dominates)

= ]

Mass bounds depend on scale A
up to which the Standard Model should be
0'|||||||||||||||” valid
103 108 109 101% 1015 1018
A (GeV)

200

Hambye, Risselmann et al.

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003




The Higgs Sector in the MSSM

Two Higgs doublets: 5 Higgs particles H,h, A

H+, H-
determined by two parameters: m,, tanf
fixed mass relations at tree level: wip = 3w my Gy — A coT 3R

(Higgs self coupling in MSSM fixed m2'< Bienting
by gauge couplings) b S ™ < m}

Important radiative corrections !! (iree level relations are significantly modified)
— upper mass bound depends on top mass and mixing in the stop sector
mi < iy o+ ot |in (3F) +at (1- )]

where: M3 = 3 (M7 + MZ) and ze= (A — pcotp) / Mg

140 T

maximal
mixing

120

—m,<115GeV  for minimal mixing 3 minimal mixing
— m, <135 GeV  for maximal mixing £ 100
M, = 17515 GeV
Mgysy = m, = 1 TeV
i.e., no mixing scenario: in LEP reach & o=
max. mixing: easier to address at the LHC h— T
tan g
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Direct Higgs Searches at LEP

Vertex
Detector

» ete collider, operating at CERN
between 1989 and 2000

Inner Tracking
Chamber

. Time Projection
Chamber

Electromagnetic
Calorimeter

« s between 91 GeV (1989 —1995)
and up to 209 GeV (—2000)

. Superconducting

Magnet Coil
Had
. C:lurr(i);eter
«  Four experiments: } |
ALEPH, DELPHI, L3, OPAL - Luminosity
. Monitors
The ALEPH Detector

Different features, however, all experiments suited for Higgs boson searches

Integrated luminosities in pb™*

Integrated luminosities:

ALEPH DELPHI L3 OPAL | LEP
Vs > 189 GeV 629 608 627 596 | 2461
Vs > 206 GeV 130 138 139 129 536
Vs > 208 GeV 7.5 8.8 8.3 7.9 32.5
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Higgs production at LEP
Higgs-Strahlung: e+e-—>ZH WW-Fusion: e+e-—vvH

Higgs decay branching ratios for my=115 GeV:
BR (H — bb) = 74%, BR (H— tt, WW, gg) = 7% each, BR(H — cc) = 4%

Decay modes searched for:

- Four Jet channel: HZ — bb qq
Higgs boson
- Missing energy channel: — bb vy candidate
mass can be
. reconstructed
- Leptonic channel: — bb ee, bb pu
- Tau channels: — bb 11, and 1t qq
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Essential analysis tool: b-tagging
OPAL
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B Jet Likelihood B Jet Likelihood

(a) Distribution of the b-tagging variable for jets in data
compared to the MC expectations (Vs = my) in 2000

(b) Relative difference between data and MC for jets
opp. non b-tagged jets (red circles) and for jets opp.
b-tagged jets (blue squares).

(c) Distribution of the b-tagging variable for jets opp. to
b-tagged jets in a sample of qqy events.

(d) same, but for jets in a sample of W*W-— qqg n v events
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Signal and Background cross sections

=
S04
o |
103}
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Results of the final LEP analysis:

Final results have been published: CERN-EP /2003-011:

Based on final calibrations of the detectors, LEP-beam energies, and, in some cases,
on improved Monte Carlo simulations and revised analysis procedures.

Pre-selection by each experiment: to reduce the main backgrounds from:

- two-photon processes
- radiative return to the Z boson (ete — Zy (y) )

Main remaining background: - Fermion pair production,

- WW and ZZ production

Further reduced by applying more selective cuts, multivariate techniques such as likelihood
analyses and neural networks

Identification of b-quarks and the reconstructed Higgs boson candidate mass play an
important role in the discrimination between signal and background
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Reconstructed Higgs boson candidate mass:

For two levels of signal purity (loose and tight cuts):

« ~ .
Q25| LEP  5-200209 Gev Loose L ;L LEP  +5-200-209 Gev Tight
% -4 Data % -+ Data
w 20 j Background U 6 Background
¢ B signal (115 GeV/c?) ¢l Bl Signal (115 GeV/c?)
~ ~ 5
z z
o 15 - all  >109 GeV/c® =] all  >109 GeV/c®
g Data 119 17 g 4 flpata 18 4
m Backgd | 116.5 15.8 m Backgd 14 1.2
10 |iSignal 10 7.1 3 H Signal 2.9 22
2 .
5
+ l
0 —r = Tl bl |} \+ P 0 L L S
0 20 40 60 80 100 120 0 20 40 60 80 100 120
2 2
myrec (GeV/c”) myrec (GeV/e?)

Clear peak in the background prediction in the vicinity of m, due to the ete- — ZZ
background, which is consistent with the data.
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Hiqggs boson candidate event in ALEPH

B-tag output: b; > 0.99
b, > 0.99

my (rec.)= 114.3 GeV/c?
m,(rec.) = 92.1 GeV/c?
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Hypothesis testing

The observed data are subjected to a likelihood ratio test of two hypothetical
scenarios:  Background scenario (no Higgs signal assumed)
Signal + Background scenario (Higgs signal with assumed mass added)

Compute likelihood for B and (S+B) hypothesis

(@ LEP
—— Observed my = 115 GeV/c?
------- Expected for background

s Expected for signal
plus backgrounc

£
-
N

S
[
T

Likelihood ratio Q:= Lg,5/Lg

e

S

=)
T

Test statistics: -2InQ

Probability density

S

>

=
T

Distribution (pdf) of -2 In Q can be :
calculated in MC experiments for 0.02 -
(S+B) and B-hypothesis

0T s 0 s 10 s
-2 In(Q)
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Likelihood ratio distributions for different assumed
Higgs boson mass values

go.os (b) LEP . o
Z my = 110 Gev/e? oz Z (c) LEP
) 2 ‘B my, = 120 GeV/e
S 0.04 % 5 0.25
> 0.1
£ =z o
:C!: 0.03 E 0.08 z"
£ E 2
2 0.5
s 0.02 E 0.06 °
- =¥
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Observed and expected behavior of -2 In Q

— 50 [ 1T L L 1T ‘ LI ]
S :
= 40 LEP -
— - -
N E "
. 1 Broad minimum around 115 GeV/c?
20 = . -
g 1 Neg. value of -2 In Q in data indicates
10 [ = that the (S+B) hypothesis is more
- 1 favored than the B-hypothesis,
0 .
10 [ R however, at low significance
E —— Observed E
20 & T Expected for backgronnd A
- & Expected for signal»plus background b
_30 :I J L1 | |- \ - J L".’J 1 \ | - J - J I J:
106 108 110 112 114 116 118 120
2
my(GeV/c)
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Comparison between experiments:
o
g
o
5
R R IYRIT ST 116”1‘1; TTRITE TR 10, G e e e,
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" ©
c —
Ezo L3 g
a £
Tt a
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m,(GeV/c") m,(GeV. /c2)
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Final combined LEP result

Zyp @ LEP ,
—— Observed my, = 115 GeV/c
% ------- Expected for h'ackg:)und ‘ 1- CLb CLS b
= 01l - Eﬁﬁeﬂe&l{ g‘rﬁnal LEP 0.09 _ 0.15
2 ALEPH 3.3x 107  0.87
= 0.08 - DELPHI 0.79 0.03
S L3 0.33 0.30
-g 0.06 OPAL 0.50 0.14
n‘: i Four-jet 0.05 0.44
All but four-jet 0.37 0.10
0.04 - 9
0.02 - ‘\.\
) 1-CL; =0.09 >
%570 s o0 s 15
-2In(Q) . .
Q Signal significance = 1.7 ¢
My > 1144 GeV/c? (95% CL)
Expected mass limit: 115.3 GeV/c?
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Indirect Limits via radiative corrections

W-mass depends on top-quark mass and Higgs boson mass via radiative corrections:

t H 6
RV WA WA Mitheoy u
RN i —0.02761+0.00036
b w L -=-0.02747+0.00012
4 Without NuTeV —
2 ]
80.6 ——— 5 i
—LEP1, SLD Data
LEP2, pp Data
80.51 68%CL 4 i
% 02(I)Excluded L4 " Preliminary
G 100 400
E; m, [GeV]
80.3 2 .a
Results of the precision el.weak
o My Lo o 00 Preliminary] measurements: (LEWWG-2003):
"130 150 170 190 210
m, [GeV] M, = 91 (+58) (-37) GeV/c?
M, < 211 GeV/ic2 (95% CL)
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Search for MSSM Hiqgs Bosons at LEP

Search for ete-— h A — bb bb and ete—hZ
— bb 1t

Same analysis techniques applied as for the Standard Model Higgs search
No significant excess found

— set limits in MSSM Higgs boson parameter space (Mj-tan B)

Two different assumptions on mixing in the stop sector:

a) The so called m,-max scenario
Fermion masses at el.weak scale at Mg gy=1 TeV
(designed to yield the largest value for m,, (most conservative for LEP) )

b) The no-mixing scenario
Assumes that there is no mixing between the scalar partners of the left-handed and
right-handed top quarks.
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Results for the no-mixing scenario:

LEP 88-209 GeV Preliminar -
§

tanf3

10

Excluded
Mgysy=1 TeV by LEP
M,=200 GeV
1=200 GeV
m gluinﬂ=800 GeV

No stop mixing: X=0

Excluded 1 Theoretically
1 by LEP Tnaccessible

80 100 120 140
m,, (GeV/c)

0 300 400 500 0 20 40 60

m,, (GeV/cY)

M, >91.5 GeV/c?
m, >92.2 GeV/c?
Excluded tan B range: 0.7 <tan 3 < 10.5
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Results for the m,-max scenario:

LEP 88-209 GeV Pr ]iminary

i : [}
: m, -max %
I — S

Mgysy=1 TeV
M,=200 GeV

., H
p=-200 GeV i 10
m . =800 GeV
Stop mix: X=2Mg sy |

Excloded
by LEP

Excluded
1 by LEP 1

P ]
200 300 400 500

m,, (GeV/c?)

Inaccessible

h
0 20 40 60 80 100 120 2140
my, (GeV/c)

M, > 91.0 GeV/c?
m, > 91.9 GeV/c?

Excluded tan B range: 0.5 <tan 3 <2.4 (m, =175 GeV/c?)
< 1.9 (m,=179 GeV/c?)
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Limits on Charged Higgs Bosons

Search for the decays H*—cs and 1v

Mass limit as function of BR(H+ — tv)

Data are consistent with expectations from

A Standard Model background

E
oa |1 LEP 189-209 GeV
= Myt > 78.6 GeV/c? (95% CL)
“T.H.m.ul".w.u.\um‘mH‘l

charged Higgs mass (GeVIcY)
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Search for the Higgs Boson
at Hadron Colliders

Dominant hard scattering
Cross section:

,QCD Jet Production®
quark/gluon scattering

XY

o= ZIdX1dxzfi(x1,ﬂ12: )fj(xz,ﬂﬁ )6',7[0:;”

o’ ¢’
X1 P, x, Py, =5 ,=5

OO

2

ij A ALY A 4 \a % HF KR
Sum over | Parton Point Cross . )
initial states Jstributions Secti Detection of Higgs boson decays
AT —1‘ Order { Renormalization Into qq (bb) final states
Scale Scale (without associated signatures)
are hopeless !!
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Cross Sections and Production Rates
Fermilab SSC
Rates for L = 1034 cm2 sec:
: * Inelastic proton-proton
reactions: 10° / sec
1 mb—
. eRom <. | * bbpairs 5 108/ sec
S - B3 |- tt pairs 8 /sec
(=] g
a 1ubl S
a | eReoniE % |+ W oev 150 /sec
(@] n °
3 : ] o L —ee 15 /sec
o ow —»tv) CDF (p p), 8
o tnb- I g |- Higgs (150 GeV) 0.2 /sec
= my,=200 Gov £ |+ Gluino, Squarks (1 TeV) 0.03 /sec
L ]
1pb— T _-L:lzlrvev
B Interesting physics processes are rare:
O Higgs
"I‘“=5°°Gle" | | = high luminosity,

0.001

0.01

0.1 1.0
Vs TeV

— extremely challenging detectors
(to suppress the huge backgrounds)
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The Large Hadron Collider (LHC)

¢ Proton-Proton accelerator in the LEP tunnel
at CERN

P> Kp

7 TeV 7 TeV

* Four experiments:
ATLAS,CMS  (pp-Physics)

LHC-B (Physics of b-quarks)
ALICE (Pb-Pb collisions)
* Revised Time Schedule:

Dec. 2006 Ring closed and cold

Jan. - Mar. 2007 Machine commissioning

Spring 2007 First collisions , pilot run. L=5x10%2 to 2x1033 cm=2sec’, <1 fb
Start detector commissioning, ~ 10°Z — /¢, W — /v, tt events

June - Dec. 2007 Complete detector commissioning,  Physics run

— 2009 L=1-2 x1034, 100 fbo'! per year
(high luminosity LHC)
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Proton-Proton Collisions at the LHC

Proton — Proton:

2835 x 2835 bunches
separation: 7.5m (25ns)

10'"" Protons / bunch
Bunch crossing rate: 40 MHz
Luminosity: L = 10% cm? sec

Proton-Proton collisions: ~10°/ sec
(superposition of 23 pp-interactions
per bunch crossing)

~1600 charged particles in the detector

= high particle densities
high requirements on the detectors

Addressed in many Research & Development
projects
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background rejection:
Reconstruction of high-PT objects

Reconstructed tracks
with pt > 25 GeV
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Important components of the accelerator

* Superconducting dipole magnets to define the circular orbit
- biggest challenge: magnetic field of 9 Tesla
- 1300 magnets in total, 15 m long
- operated at a temperature of 1.9 K

* Eight superconducting accelerator structures,
gradient of 5 MV/m

* Test of a complete LHC-cell has been successfully
performed

LHC: the world largest superconducting facility
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Detector Reqguirements

» Good measurement of:
leptons and photons
missing transverse energy (E;™Miss )

+ Jet energy measurements and jet-tagging
in forward region

= calorimeter coverage downtomn ~ 5

- Efficient b-tagging and 7 identification
(silicon strip and pixel detectors)
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The ATLAS Experiment

* Solenoidal magnetic field (2T) in the
central region
(measurement of particle momenta)

high resolution silicon strip and pixel

detectors:

- 6 Mio. channels (80 um x 12 cm)
-100 Mio. channels (50 um x 400 pum)
resolution: ~ 15 um

» Energy measurement in calorimeters
down to ~1° to the beam line
(liquid argon calorimeters, scintillator
tiles)

* Independent muon spectrometer
(superconducting toroid system)
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TLAS detector construction
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The CMS experiment

CMS . . o .
A Compact Solenoidal Detector for LHC Solen0|dallmagnet|c field (4T) in the
central region

(tracking, momentum measurement)

FoeDiARD MUCH CHAMEERE TRACEER CRYSTAL EcAL EGAL
CRLOAMETER

| e,
—— = g
2 E!!EE:l“'EEsEE_ l '

g ey o

One magnet system only !

+ High resolution silicon tracking
detector
- 9,7 Mio. channels, 210 m?

* Energy measurement in a
crystal calorimeter (Pb WO,)

Toulweght 12500 / (good electron/photon resolution)

Overall diameter : 15.00m Sm:aj;u:m: 1
Overall length @ 21.60m FETIRN TORE
Magnetic field : 4 Tesla
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CMS detector construction
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Hiqggs Boson Production at Hadron Colliders

gg fusion - WW/ZZ fusion ' ,
g ) : . @ BR PN Wi
t Wz 7
. 2 ]
M2
7,9 7,9 .
()
/
g /4
_Wz ,.
q \W, VA ;EO[GEV] 500 1000
AN
associated associated WH, ZH Lepton and Photon final states are
ttH essential (viaH — WW , ZZ, (1), vY)
(QCD jet background)

bb decay mode only possible in
associated production (W/Z, tt)
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Higgs Boson Production cross sections

LHC M. Spira et al. Tevatron M.Spira et al.
T T T T T T T T T 107
pb 107 E 3ip=p Z};J:\(/) S Pb o(pp— H + X) [pbl
M, =175 GeV 10 Ve = 2Tav
10 ¥ CTEQ4M
1 R
R
0 F 3 0 F hgq | TTeenlln
2 n - - T
10 F E 102k - HZ
" sf i) gg,qq—Hitt ] : Htt__"'“'----
S o -3
4 qq—HZ =~~~ 0 F
10 ! L ! L L ! L ! L E
0 200 400 600 800 1000 T
M;; [GeV] 1 g5 100 120 140 180 180 200

M, (Gev/c®)

qq > W/Z + H cross sections
gg—>H

~10 x larger at the LHC
~70-80 x larger at the LHC
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Status of higher order corrections

NLO corrections (K-factors) have meanwhile been calculated for all Higgs
production processes (huge theoretical effort !')

o(pp—>H+X) \s = 14 TeV

1. aqg fusion:
* large NLO QCD correction K~17-2.0

[Djouadi, Spira, Zerwas (91)] [Dawson (91)]
* complete NNLO calculation =
evidence for nicely converging pQCD series
(infinite top mass limit)
[Harlander, Kilgore (02)] [Anastasiou, Melnikov (02)]

Harlander, Kilgore 02

10

1 FRRFIRIN RIS I ST U N ST ST ST ST NS ST R | P
100 120 140 160 180 200 220 240 260 280 300
M,, [GeV]

2. Weak boson fusion: K ~1.1
[Han, Valencia, Willenbrock (92)] [Spira (98)]

3. WH associated production: K~ 1.3
(QCD corrections from Drell-Yan process)
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Status of higher order corrections (cont.)

4. ttH associated production:
 full NLO calculation LHC: K~1.2 scale: pg = m, + M,/2
Tevatron: K~ 0.8

» scale uncertainty drastically reduced
[Beenakker, Dittmaier, Kramer, Plimper, [Dawson, Reina (01)]
Spira, Zerwas (01)]

1400

[ o(pp — ttH + X) [fb]
1200 ¢ Vs = 14 TeV 1
[ M, = 120 GeV

1000 Mo =m, +M/2 7

[ N --- LO
800 I __ NLO 4

600 |
a00 [ el

200 ]
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H - Z2Z20) — ggeee
—> —>
Signal: GBR=57fb (m,=100GeV) /;\'/ﬁ
L*;O L P.(1,2) > 20 GeV
[ P;(3,4)> 7 GeV
Background: Top production I In| < 2.5
tt — Wb Wb — {v ctv fv clv Isolated leptons
6 BR=1300 pb
M(ll) ~ M,
Associated production Z bb L) ~ = b
Z bb — {f ctv cltv L =100 b

L HoZZ*— 44~

Background rejection: Leptons from b-quark decays
— non isolated
— do not originate from primary
vertex
(B-meson lifetime: ~ 1.5 ps)
Dominant background after isolation cuts: ZZ continuum

60
T

Events / 2 GeV
40
T

20
T

1I20 ‘ II\“;I]I40 ; 1{%0 1I80
Discovery potential in mass range from ~130 to ~600 GeV/c? S
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A simulated H — ZZ — 2888 event

5 YL, u.."'

RORARS LA

g
% 10°
g
&
S
JB

H—7yy + WHaHH — v7)
® ttH(H — bb) ATLAS
s H = 27" S 41
H > Www"” = iy
WH - www'
H — ZZ — llwy
* H - WW — Ivij
Total significance

JLdt=100 ™"
(no K-factors)

2 3
10 10
m,, (GeV)
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How o

« 6xBR=~501fb (BR~103)

my < 150 GeV

P —

» Backgrounds : -y (irreducible): e.g. Y
G, =~ 2pb/GeV } L P
l_,H ~ MeV need o(m )/m = 1%
q Y
. . g > =
— )+ Jj (reducible): q P

~ 10° ' inti
Gyijj ~ 10°0,, with large uncertainties

—need R;>10° fore,= 80% to get o, -

— most demanding channel for EM calorimeter performance :
energy and angle resolution, acceptance, y/jet and y/n° separation

ATLAS and CMS: complementary performance

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

H— yy(cont.)

B0 =
>
3 - CMS Two isolated photons:
%_0000 é 7000 |- 100 fb PT(,Y1) > 40 GeV
AR P.(v,) > 25 GeV
3 =op ml <2.5
15000 % ]
8 soo0f-
g i Mass resolution: m,, = 100 GeV/c?
or ATLAS : 1.1 GeV (LAr-Pb)

e T T T e e CMS @ 0.6 GeV (crystals)

Signal / background ~ 4% (Sensitivity in mass range 100 — 140 GeV/c?)
background (dominated by yy events *) can be determined from side bands
important: yy-mass resolution in the calorimeters, v/ jet separation

*) detailed simulations indicate that the y-jet and jet-jet background can be suppressed
to the level of 10-20% of the irreducible yy-background
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A simulated H — yy event in ATLAS

ATLAS

H—y (m,=100 GeV, L=10%)

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003
tt H— ttbb
¢ x BR = 300 fb “%
Complex final state: H—bb , t — bjj, t = b/v 225 CMS L,=3006" -
= k=15
220 1
* Main backgrounds: § gon. myg 115 GeVie™
-- combinatorial from signal (4b in final state 15t e 1035414 |
gnal ( ) :
. JJJJJJ’ WWbbJJ’ etc. ; sigma: 14.32£3.70 ]
-- ttjj (dominant, non-resonant)
5 -
* b-tagging performance is crucial ol ]
) ) 0 50 100 150 200 250 300
ATLAS results for 2D-b-tag from full simulation m._ (i) [GeV/c']
(g, =60% R, (uds)~ 100 atlow L)
S = 38 events
B = 52 events
 Shape of background must be known; S/B ~ 073
60% (from ttbb) can be measured from ttjj using anti-b tag '
» LHC experiments need a better understanding of the signal S/NB=3.5
and the backgrounds (K-factors for backgrounds) forK=1.0
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The LHC Higqgs discovery potential

8 s
g . EH?HTLIEII]‘;‘H‘ i ATLAS
E" Sh W 10 fb!: Discovery possible over the
1 gﬂiﬁiﬁﬂﬁj full mass range,
d Tl however, needs combination of
S ATLAS + CMS
VB
" M, = 115 GeV: S/VB =4.7
JL dt= 100t
(no K-factors)
1 3 .
10 10
my (GeV)
my<2m,: ttH — /bb+X, H—yy,
H—>Z7Z7Z* -4/, H—> WW® — /v/iv
my >2my: H—>Z77 — 4/
qqH — qqZZ — qq ¢/ vv
qqH —»qqZZ — qq (L jj my > 300 GeV
qqH — qqWW— qq /vjj forward jet tag
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Higgs Boson Search using vector boson fusion at low mass

Motivation: Increase discovery potential at low mass
Improve measurement of Higgs boson parameter
(couplings to bosons, fermions (taus))

proposed by D.Rainwater and D.Zeppenfeld et al.:
( hep-ph/9712271, hep-ph/9808468 and hep-ph/9906218)

Distinctive Signature of: q q

- . \W,Z
- two high P; forward jets HO
- little jet activity in the central region -
e
7.9 7.9

= Experimental Issues:
- Forward jet reconstruction
- Jets from pile-up in the central/forward region

Channels studied: qqH — qqWW#* —>qq /v /v
qqH —»>qqt Tt —>qqfVvVv iVvyV
— qq£fvv hadv
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Forward jet tagging

Rapidity distribution of tag jets Rapidity separation
VBF Higgs events vs. tt-background

o
o
-3

o
o
e

<]

<]
Q
»
° LCEEEEr B LI L I
===%izz

A1 LN LARRNRRRRR RN AR

Forward tag jet reconstruction has been studiedin
full simulation in ATLAS R

0.8

0.7

kin. eff. for tag jets = 51.9% .
(P+>40/20 GeV, An>3.6)

tag eff. per jet: around 75%
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Background:

QCD backgrounds: el.weak background:
WW jj production Z + 2 jets

tt production Z+ 2 jets

7 jj (QCD)

Background rejection: qqH — qqWW* 5 qqlvlyv

Mr = /(B + B)? - G+ )

* Lepton Py cuts and tag jet requirements (A n, P;)

« Require large mass of tag jet system : :
o Jet veto L &
* Lepton angular and mass cuts "F

Higgs boson (my; = 160 GeV)
tt background

0,0/ 5GoV (1)
G, (1)

v/ Z + jets o

20 25 o s 200 2%
m, (GeV) m, (GeV)
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Discrimination between signal and background in
HoWW--€veyv

209 T . £ oL — Signal 160 Gev £°% — Higgs Signol (160 GeV)
=3 L = (sllir:::lkground = - = = Signal 130 Gev = C = tt background
B 2oes |- Wi | e Bt
5 r 5 5
< r <Co.06 — <o1s [
0.04 r C
i i 004 o1 |
0.02 _— d : E
;_"___’_,d.-» 002 - ] 005 [
0 ||\\‘\||||||1\‘ 0,'\\\‘1IL\\W 0:\\\\ LllL\\ll 1
0 1 2 3 0 50 100 150 200 0 50 100 150 200 250
A (rad) m, (GeV) my(llv)
Ao (ee) m () Transverse mass
Spin0 - WW IIlT(uV)
expect charged leptons to
close by in space
K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003
qqH —> qqt1
WW#
qH — qql l - qq lvvlivv
— qqiviv —> qq lvvhy
=95 = 8 UL B B
j&g S S 7
04 ; == ww bockground g 6
03 |— ® s
E 4
0.2 ; 3 E
0.1 i 2 B
ol L
o ° 07 50 100 150 200 250 080 ‘ 100 120 10 180
m; (GeV) m_ (GeV)
Combined significance of VBF channels for 10 fb-!
N I O I A « VBF channels (in particular WW?*)
] ATLas O YRRmen are discovery channels at low luminosity

* For 10 fb! in ATLAS:
ST —— 5 o significance for
7& 120 < m,; < 190 GeV
1 100 120 140 lél) 180 ™, (2((;1‘7)
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ATLAS Higgs discovery potential for 30 fb-!

10 |

2 1 H — vy

s JL dt =30 = wHH > bb)

=] (no K-factors) A H - 727" = 41
& ATLAS H > WW® S
2z 102 = qqH — qqWwW®

g I A qqH — gqq7tt

&o

n Total significance

~

P R
100

P U S R U S B
120 140 160 180

L 1 L
200
my, (GeV)

* Vector boson fusion channels improve the sensitivity significantly

in the low mass region

® Several channels available over the full mass range

K. Jakobs
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MSSM Higgs Boson Search at the LHC

Important channels in the MSSM Higgs boson search:

1.  The Standard Model decay channels

_h_)w
-tth, h — bb

evaluation of performance is based on SM results

2. Modes strongly enhanced at large tan f3:

- HA — 1ttt H—7tv
- HA - prp
3. Other interesting channels:

- HA — tt

- HA — Zh— Z['YY
— H bb

- H — hh
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LHC can also discover MSSM Hiqggs bosons

56 discovery in m, —tan B plane

Mgysy = 1 TeV, my,, = 175 GeV/c?

S ATLAS+CMS
o JLdt=30 b7 fexp
30 . Maximal mixing
20
K Two or more Higgs can be observed
7 over most of the parameter
5 space — disentangle SM/MSSM
4
3
B P NS
,‘: H/A =1

(A 720 W y W |
50 100 150 200 250 300 350 400 450 500

ma (GeV)
* Plane fully covered (no holes) at low L (30 fb)
* Main channels : h — vy, tth h — bb, A/H — py, 17, H* -1V
K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

L HC discovery potential for MSSM Higgs bosons

° at=3001-t 0 [ .
e aximelmidng -y 4 Higgs observable
| \ 3 Higgs observable
2 | 2 Higgs observable
j -~ 0 Higgs .
4 hWHE = observable Here only SM-like h

/ observable if SUSY
particles neglected.

1% U NROO

h (SM -like)
= NN Assuming decays
, to SM particles
- only

* Region at large m, and moderate tan 3 only covered by h;
difficult to detect other Higgs bosons

Possible coverage: * via SUSY decays (model dependent, under study)
* luminosity (only moderate improvement)
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Hiqgqgs decays via SUSY particles

If SUSY exists : search for
H/A - x%x°% — 000, iy’

o 50
= [ bocontours  sismar=+ ATLAS: SUGRA scan
= m, = 50-250GeV
o = o0t m,,, =100 - 300 GeV
s tanB= 1.5-50
! 100 200 300 Rlals) 00 [ ]
my (Ge™)
ol M CMS: special choice in MSSM  (no scan)
ol M, = 60 GeV
. O\ e M, = 110 GeV
3 =10%0™ L = -500 GeV
©r . Exclusions depend on MSSM parameters
oEXC1IgZedth>yc:LE;t')o 400500 606 706" 800 900 ;‘oo (S]epton masses, H)

ma. (GeV)
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MSSM discovery potential for Super-L HC
ATLAS + CMS, 2 x 3000 b

50 ‘j - September 2001

ATLAS + CMS
\ JLAt=300 fbT!
L Maximal mixing. |

WA U e NOvO

Uit 300 raTIIIIN

MR S ke

\LER\ 2000\

N

AATH TAVETASAAAARAT AN VAR VAN AVARAN
600 700 800 900 1000

m, (GeV)

« Situation can be improved, in particular for m, < ~400 GeV

* But: (S)LHC can not promise a complete observation of the heavy part of the
MSSM Higgs spectrum ...
.... although the observation of sparticles will clearly indicate
that additional Higgs bosons should exist.
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Invisible Higgs decays ?

Possible searches: tt H — /(vbqgb + P™ss
W/ZH — v (£0) + P miss
a9 H- qq + Pmiss

q
\W, zZ

> _HO |
AWz

Preliminary ATLAS study: a.q 7q

search for invisibly decaying Higgs boson in VBF mode
(based on study by O.Eboli and D.Zeppenfeld, Phys.Lett.B495 (2000))

Event selection: 2tagjets, (Py, An, M;>1200 GeV)
P;™ss > 100 GeV
Lepton and Jet veto  (no jets with P> 20 GeV)

Main backgrounds: W jj  production (W — ¢v)
Z jj  production (Z — vv)
QCD jet production, fake P;miss

Requires special forward jet + P{™ss trigger (preliminary studies = seems feasible)

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

Discriminating variable: A ¢ j (separation between tag jets)
expect differences due to Higgs coupling structure:

—200- T T T — Signal

E1so- oo Expected rates for 10 fb':
Sieo R e s

%140? I :

120

100G
80
60
40
20

Signal: 590 events
W-background: 1215 events
Z -background: 1230 events

mv4

pyegauas | ifpay Y —
0.5 1 15 2 2.5 3

background normalization via W — /v and Z— ¢/ in region A¢ >1 needed, to
constrain the background (estimated background uncertainty: 4-5%)

Sensitivity: &= Br#H - 1nv) Zemet

Oqq—raqit |sM1

o 1 95% CL ] * Needs confirmation from more detailed
os 3010 ] simulation (trigger)
osf } ] » Non-Standard Model background ??
04-\“_4,_,,*//“/ ----- S — ] * Needs confirmation in ttH and/or WH channel
| . to demonstrate presence of a Higgs boson
?C;O 150 200 250 300 350 40!;)

M, [GeV/c®]
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_Determination of Higgs Boson Parameters

1. Mass

2. Couplings to bosons and fermions
(impact of vector boson fusion channels)

3. Spin

4. Higgs self coupling

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

Measurement of the Higgs boson mass

10" H, WH, ttH (H—syy)

s Evgégﬁbm No theoretical error, e.g. mass shift for large I',

R (interference resonant/non-resonant production)
10 2 A/é

s
. Dominant systematic uncertainty: v// E scale.
0 Assumed  1%o
ATLAS » OME, Goal 0.2%o _ _
0 L i Scale from Z — ¢¢  (close to light Higgs)
m,, (GeV)

Higgs boson mass can be measured with a precision of 0.1%
over a large mass range (130 - ~450 GeV / ¢?)
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Measurement of Higgs Boson Couplings

Global likelihood-fit (at each possible Higgs boson mass)
Input: measured rates, separated for the various production modes

Output: Higgs boson couplings, normalized to the WW-coupling

. 2 2 s 2 2
R ||l —g*H2) 1 F(HwW) 54 oHZ) I G (HW
K | —g&HD / FHW) R |——g%H) 1 g°H.W)
< ‘ : o ’ ,
T E12- GR T12- (H,b) /
4o [ o
1? --- without syst. uncertainty 1‘? / --- without syst. uncertainty
08 . - ATLAS 08 /  ATLAS
[ ‘ -1 [ 4 -1
0.6 J L dt=30 fb J L dt=300 fb
04—
0.2;
uiuw‘uu pdnndoe e bbb Gm\uu il ;w‘uu‘uu‘\u [
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m,, [GeV] my, [GeV]

Relative couplings can be measured with a precision of 10-20% (for 300 fb-')
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Higgs Boson spin ?

* Angular distributions in the decay channel H — ZZ() — 4 / are sensitive to spin
and CP eigenvalue

» azimuthal angle ¢, defined as angle between the decay planes of the two
Z-bosons in the restframe of the Higgs

» polar angle 6, defined as angle of neg. charged lepton in the restframe of the Z to the
direction of motion of the Z in the restframe of the Higgs

——— with cuts and smearing

o cuts

Expected results:

[_si
10

ificance for exclusion of Spin 1 CP +1 - 100fb ' I—
Polarisation
7: ey
F|t to F(q)) =Q Cos(q)) 45 B COS (2¢) Significance for exclusion of Spin 1 CP -1 100f:°'lansa“°n
F(6) =T (1+cos26) + Lsinz®  R=(L-T)/ (L+T) s
4
B m = Parameter £ 2 Plane Angle

iggs 11 F - H [GeV]
E SM Higgs El
ok Significance for exclusion of Spin 0 CP -1_- 100fb

! 0-1 E
ggs o= Seim 1. OP 4 1 S 30 Polarisation

mlmlmlmlml Q

°

°

a

)

N

»

]

©
oN s O ®

H [GeV]

SM-Higgs

T T

e Iggs 1 -1 r Background

S S S S SF Spin o, CP 1 Plane Angle
00 50 200 250 300 350 400 450 5111:'“N z:m Z;H :“‘m zén N 0 200 250 300 m_H [GeV]

(J.R. Dell’Aquila, C.A. Nelson)
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Higgs Bosons Self-coupling ?

to establish the Higgs mechanism the Higgs boson
self-coupling has to be measured:

U (0, ¢5.)

ASM :3m_§{

m
SM - H
HHH v A 3

) HHHH — 2

Cross sections for HH production:

100;
SM: pp— HH +X

f LHC: 6 [1b]
11111 { g . | gg—>HH
p { < l
: WW+7Z— HH
" WHHZHH= 16

| WWZZ=23

01
90 100 120 140 160 180 190
M, [GeV]

small signal cross sections, large backgrounds from tt, WW, WZ, WWW, tttt, Wtt,...

= no significant measurement possible at the LHC

need Super LHC L =10% cm=2sec, 6000 fb™
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Most sensitive channel: gg > HH — WW WW — /v jj v jj
* accessible in mass range 160 GeV - 200 GeV
» bb-decay mode at lower masses is hopeless

Selection:
* 2 isolated, high Py, like sign leptons (from different Higgs bosons)
* 4 high P jets, compatible with W-mass
my Signal ¢t W=x W=W!'W— W= (it S/VB
170 GeV 350 90 60 2400 1600 30 54
200 GeV 220 90 60 1500 1600 30 3.8
58 S:?
g o[\ — LO my=170GeV g 6l — LO my=200GeV
4 \\ /./" 4 ‘\\ /,/"
3 ) / 3 N\ /
2 \/ 2 \/
0

07050051 15 2 25 3 33 4 1050 05 1 15 2 25 3 33 4

SM SM

6000 fb ' = A My Mgy = 19 % (stat.) (form, =170 GeV)
AMgun/ Mgy = 25 % (stat.) (for m, = 200 GeV)
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The Search for the
Higgs Boson

at Fermilab

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

The Tevatron collider at Fermilab

Proton-antiproton collider

x1992 - 1996: Run I, 2 experiments
CDF und DO, Vs = 1800 GeV
[Ldt =125 pb -t

»1996 - 2001: Upgrade programme
(maschine und detectors)

* since March 2001: RunlII 3,
Vs = 1960 GeV, 2 fb?
» 2005 - LHC 3 RunII b,
Vs = 1960 GeV, 10-20 fb!
0.8 » 5.01032cm2st?
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The Tevatron Run-lla performance

w00 DO Run lla Integrated Luminosity | 19 April 2002 - 19 April 2003 |
164.7
| -A—Dell\lf!l’ed e A
< Physics /
140.0 134.6 Current |
126.7 Efficiency
= 117.9 ikl
'y 120.0 P
= / 108.3
S
aa— = 95.2 95.3 /j
- i 36 pb " of =
'a Delivered Lumi 83.4
o) from 7 June 2 T74.6 77.0
¢ 80.0 N 2001 to 18 April —
= o / 70.0
S
3 60.0 s == Tevatron
-l Fully Inst. Shutdown
ioi A Tracker 36.5 389 13 Jan - 9 Feb
' 19 AQ;ZOOZ 254 T 252 & 2-10 March
14.8 16.2 15.5
20.0
9.6 T _
4.4 4.0 42 2003 Winter Conference Data
0.0 - 34 T T T T T T T T
Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-02
K. Jakobs
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The Upgraded CDF Detector

* New central drift chamber and silicon tracker
* New forward calorimeters ("plug") (1<|n|<3)
* New TOF, extended muon coverage, improved triggers, ...

K. Jakobs
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The Upgraded D@ Detector

Average B lifetime (B — J/y + X

DO Run Il Preliminary

» First time charged particle tracking £ S
. 0 - 2 [SJ Background from sidebands
added to a major “non-magnetic 2 Sakgound  pomo
£ ifetime signal
detector' @ 102 Signal+background

Ag =492 + 37 um
416 + 30 signal events

— 2T solenoid
— >100K scintillating fibers 10
— >700K silicon strips

* Major improvements to muon ﬂ ‘
spectrometer, trigger/DAQ, ... OT 0050 005 01 015 02 0Z 03

Calorimeter e

| Solenoid /
| -
i
i Fiber Tracker

£ ||

3| —
I F|/ = — e Luminosity
%/;:El I —_ Monitor

Silicon Tracker
— === = T —————
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DO Detector

Fiber Tracker

Solenoid B2

Silicon Detector

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003




Search channels at the Tevatron

+ important production modes: associated WH and Z

H

gluon fusion with H - WW —{v v
* hopeless: gluon fusionin H — vy, 4 ¢ (rate limited)

6BRH—>ZZ—->47/) =0.07fb (My=150 GeV)

Mass range 110 - 130 GeV: LHC Triggering:

+*WH — Iv bb (v) weak is easier at the Tevatron:

«ZH — I*I- bb weak - better P;™ss-resolution

+ZH — w bb @ (trigger) - track trigger at level-1 (big challenge)

+ZH — bb bb @ (trigger)

«ttH — Ivbjjbbb v

Mass range 150 - 180 GeV: LHC Background:

+H - WW® o Iviv v electroweak production:

«WH =S WWW® S Iviv Iy v ~10 x larger atthe LHC

. QCD production (e.g, tt):
SWHELEWWWOS LV SvEY) Y ~ 100 x larger atthe LHC

K. Jakobs
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Signal and background ratios after d

Detector acceptance: larger at Fermilab (central production)

etector acceptance:

low mass high mass
WH — /v bb H—> WW® — fviv
ZH — (0 bb (M,, = 160 GeV)
S (14 TeV)/S (2 TeV) ~ 5 =~ 30
B (14 TeV) /B (2 TeV) ~ 25 =~ 6
S/B (14 TeV) / S/B (2 TeV) ~ 0.2 ~ 5
SAB (14 TeV) / SWB (2 TeV) ~ 1 ~ 10

-- comparable discovery potential for WH and ZH:

)
- larger signal at the LHC
- better S/B-ratio at theTevatron
- difficult at both colliders
-- significantly better LHC potential for H > WW() — /v/v
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WH Signals at the LHC and the Tevatron

M, = 120 GeV, 30 fb!

B B0 %4500 r
@ O
i 225 \/S =2 TeV _14000 \/S =14 TeV
..:‘:3 200 2
4 & 3500
i ) i
175 Signol + backg. 000 —— Signol + backg.
50 ( 1 bockg. Contil 1 bockg
2500
125
2000
100
75 1500
50 WZ 1000
* ol A wa \H\j wz
¢ AR Jﬂ_}l
0 20 40 60 80 100 120 140 160 180 200 0
- (Ge\«') 0 20 40 B0 80 100 120 140 180 180 200
* My (GeV)
most important: control of the background shapes
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Expected Tevatron significance in ind. channels
Signal and background rates and S/VB for 1 fb!

Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)
Channel Rate 9 100 110 120 130 Channel  Rate 120 130 140 150 160 170 180
S 84 66 50 3.7 22 S - : 2.6 2.8 1.5 1.1 1.0
{vbb (CDF) B 48 52 48 49 42 AN 77 B = = 44 30 1.4 2.4 3.8
S/VB 12 09 07 05 03 S/VB . . 039 051 071 071 051
S 10 8 5 4 3 S 0.08 0.5 029 036 041 038  0.26
Lwbb (SHW) B 75 68 57 58 52 ot B 058 058 058 058 058  0.58 058
S/VB 11 10 07 05 04 S/V/B_ 011 020 038 047 054 0.0 0.34
S 87 90 48 44 37
fwbb (NN) 28 39 19 26 16

B

S/VB 16 14 11 09 05

S 25 22 19 12 06

B 200 186 160 13.0 9.6

S/VB 06 05 05 03 02 . .

s 89 67 46 32 21 Main conclusions:
B 77 69 56 39 30
S/VB 1.0 08 06 05 04
S 12 3 63 47 39

virbb (NN) B 122 70 55 45 47 - Discovery can not be made in a single
S/VB 1110 08 07 06 channel alone; data from all channels must

vwbb (CDF)

vibb (SHW)

S .0 09 08 05 03 -
£Ye7bb (CDF) B 36 3.1 25 1.8 11 be combined
S/VB 05 05 05 04 03 . .
5 15 12 09 06 04 - Must also combine the data from two experiments
£revh (SHW) B 49 43 32 23 19 Must i th d tandi f the back d
S/VBE 07 06 05 04 03 - Mlust Improve tne unaerstanaing o € backgroun
S 1.2 09 08 08 06 - i
¢Hevh (NN) B 29 1.9 23 28 19 and Slgnal B
S/VB 07 07 05 05 04
S 81 56 35 25 1.3
qgbb (SHW) B 6300 3600 2800 2300 2000

S/vV/B 010 0.09 0.07 005 0.3
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Tevatron discovery potential for a light Higgs Boson

combination of both experiments and all channels
(discovery in a single channel not possible)

combined CDF /DO thresholds

102 For 10 fb-1 :
, (i) 95% CL exclusion of a SM Higgs boson
30 fo is possible over the full mass range
10 fo (M, < 185 GeV)
(ii) 3-c evidence for M, < 130 GeV and
2 fb 155 GeV < M, < 175 GeV

— 95% CL limit
— 30 evidence
— 50 discovery

1 " 1 " 1

80 100 120 140 160 180 200
Higgs mass (GeV/c?)

100 F

integrated luminosity/expt. (fb™")
(=)

Fiir 30 fb! (optimistic) :
(i) 3-c evidence for the SM Higgs boson

is possible over the full

mass range (M, < 185 GeV)
Results of studies with more detailed detector simulations are consistent with
previous simulations.

K. Jakobs CTEQ school, Sant Feliu de Guixols, Spain, May 2003

SUSY Higqgs Production at the Tevatron

* bb(h/H/A) couplings are enhanced at large tan 3
— o~ 1pbfortan =30 and m, = 130 GeV
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First steps towards the Higgs search at the Tevatron

With present integrated luminosity, no sensitivity yet for a SM Higgs boson:
= study the backgrounds

= search for exotic Higgs bosons
Higgs boson production rates can be enhanced in Exotic Models:
*  4th SM family enhance Higgs cross sections by a factor of ~8.5 for a

Higgs boson mass between 100-200 GeV
* Fermiophobic / Topcolor Higgs: BR (H —» V V) >98% for m; > 100 GeV
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DO’'s firstlookat: H—>WW —» eveyv

Search for ee + P;™Mss events, luminosity
Study of A¢ (€€) distribution at various level of the cuts: 44.5 pb
, _ & , 510 .
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Data are consistent with background expectations
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Conclusions

Electroweak precision data from LEP/SLC suggest a light Higgs boson
« Significance for a 115 GeV Higgs boson at LEP is only at the 1.7 ¢ level
(after final analysis)

Should a SM Higgs boson or MSSM Higgs bosons exist, they can not
escape detection at the LHC

» Tevatron might have a 3-c discovery windows, however, much depends
on the detector and accelerator performance.

Updated set of transparencies under:
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