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. SM Higgs Production N
R4
Main production processes
(at energieswithin LEP reach) o, -
— Higgs Strahlung g | V5= 200 Gev

Dominant mode

e
— Fusion Processes -
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V.  Small contribution
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Decays of the Higgs Boson

1 r
O .
K5 e Suppressed coupling to
Y : :
o light fermions
£  Dominant decay to bb:
S, - BR = 75t0 85%
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m

y b tagging is essential
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Sear ch Topologies
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s Analysis Strategy M,
'

Soft Presalection

— visible energy
— number of charged tracks

Reduce main background
— two photon processes
— radiativereturnstotheZ

boson
L ikelihood-Selection
— kinematic differences v Reduce background from
between signal and — fermion pairs
background processes — WW
— b-tagging i

Discriminating Variable
— reconstructed mass (m,,) » Additional separating power

f — likelihood value
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). 4 Statistical Estimator (1) “xg

e Inputs:

— Binning into two discriminating variables:
 reconstructed Higgs mass
e global variable containing infor mation about kinematics, b-

tagging, etc...
— Per bin:
e Background (from M C): b,
 Signal (from M C): s(my)

* Number of candidates (data): N,
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. Statistical Estimator (1) 3322

» Likelihood Ratio for test massm,: Q(m,)

Statistical estimator to compare all relevant features of selected
candidates with:

» background only hypothesis: b

» signal + background hypothesis. stb

_(stb) Nean L (s+b): Poisson distribution
(stb) e .
Q(my) = H(5h) =~ € s+b' based on number of observed
: L(b) e =1 b events and their features.
Ncan
21n Q(m,,) = 25 2Zd|\| n (10 S
' o =1 b(my)
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. Statistical Estimator (I11) R
R4
For arbitrary test massm,,, 1000 £ :
replace data by M C sets of o st sensmvnty \ E
(s+b) and (b) e
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L7 SPTT O T T
"0 30 20 0 0 10 zuﬂ.aﬂ =;EJ
Expected curves ”(Q
¢ Lower
4000 - i
smop & SHD f’fm b ?
Separation of curves gives sensitivity . A= L
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. Statistical Estimator (1V)

e Confidence levels

> _
For arbitrary test massm,,, observed value £ ' observed
of -2InQ gives:. Qr 8
~1-CL, = measureof incompatibility ~ § FOr agiven )
with (b) x| m,,

Given an ensemble of (b) experiments; B
probability to obtain and event I
configuration less background-like than B
the observed event configuration I

— CL,,, = measur e of compatibility with (s+b) -
Given an ensemble of (stb) experiments: i
probability to obtain an event -
configuration mor e background-like

than the observed event configuration

\ |
T R L . : o
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20

<+— Stb
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p Results (1) M
R4

e Caution:

— Resultsfrom a combination of all 4
L EP experiments

4

— Only L3 has published final numbers

— Resultsfrom ALEPH, OPAL,
DELPHI arestill preliminary

— Final combined resultsto be expected
In a few months.
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. Results (11) /¢
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Consistent with SM Higgs signal
with preferred m, value: 115.6 GeV

Probability of background
fluctuation:

1-CL,= 0.0023 (ALEPH)
: 0.88 (DELPHI)
i 025 (L3)

/ 022 (OPAL)
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With data taken in 2000 (Vs =205 GeV):
20 excess observed

mainly driven by ALEPH 4-jet events
Preferred SM Higgs mass. 115.6 GeV
ALEPH: signal-like

DELPHI: background-like

OPAL: dlight excess o

L 3: dlight excess

DLO limit: 114.8GeV at 95% CL does not
exclude ALEPH excess

Probability of background fluctuation:
3.5%

Masslimit: 114.1 GeV

5) —
Ady g =

Y —0.02761+00036
P 0.02738+0J00020

| Excluded " Preliminary |
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.= Two Higgs Doublet M odels “{(L

e |InSM:

— only one complex Higgs doublet A only one physical neutral Higgs
scalar, whose massis a free parameter

wsy Interesting to consider more complicated models

o 2HiggsDoublet Models (2HDM) attractive:

— adds new phenomena
— addsthefewest new arbitrary parameters
— such aHiggsstructureisrequired in low-energy Susy models

 Higgsbosonsin 2HDM:

— 2 neutral CP-even scalars; h® and HO
— 1 CP-odd scalar: A°
— 2charged scalars. H*
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o 2HDM Parameters R?
R4
o SiXx free parameters (if no CP-violation):
— Four masses:
M, Mass of the lightest CP-even Higgs boson
° my: Mass of the heaviest CP-even Higgs boson
°* My: Mass of the CP-odd Higgs boson
° Myt Mass of the charged Higgs bosons
— Two angles:
- q: Mixing angle between h® and HY%: —mR2 < a < 12

e tan 3: Ratio of vacuum expectation values. 0< B < 12
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=4 SUSY Higgs Bosons Sear ch @2

e Neutral Higgs Bosons: h°, HY, A°
— Cross-sections, couplings, decays

— Parameter scans
* No mixing
e Large mixing
« Largeu A flavour independent search

 Charged HiggsBosons: H*, H-
 Others
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). Cross-sections Ref
2V
0,z = Sn?(B—a) o=
& O, = COA(B—a) A o3¢
et ho
0,7 = cos?(B—a) o2 >
e AP

e HO

o
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. Couplings R
V4

* Decay branching ratios of Higgs bosonsto fermions depend on
the masses, but also on a and 3

cosa / sinf3 —sina / cosf3 cotf3 tanf
C b C b
h% h% A% A%
C b C b

* Over much of the parameter space considered: h® and A°
decay predominantly into bb or Tt
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p Topologies A
R4

o Z%h%analysis:
— SM channéls (replacing H3M by h)
— For low a and B: h® A bb: flavour independent analyses

Z A qq Z Avw Z A 1t (qQ) Z A eeup
H A bb H A bb H A bb (1) H A bb
h A bb h A 1t (bb)

 hYA%analysis:

— 4-jet channel with no m, constraint ><
— Tt channel with no m, constraint
; A A bb A A bb (1)
September 2001 == Magali GRUWE  CERN =D 29




=4 MSSM Parameters N
V4

e Constrained model with 7 parameters:

tanf3 Ratio of the vev’sof thetwo Higgs doublets

M qusy SUSY breaking sfermion masses

M, SUSY breaking gaugino masses

L SUSY Higgs boson mass parameter

A, Common trilinear Higgs squark coupling

m, Gluino mass (affectsloop corrections from sbottoms and
stops)

M, Mass of CP-odd Higgs boson
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MSSM Parameter Scans

Three benchmark scenarios:
Y« NO mixing in stop sector
» reduced parameter space

Max m,: large mixing in stop sector
o extended parameter space

 such that the maximum possible Higgs
boson mass as a function of tanf3 is obtained

A conservative limits

Large
 pathological pointswith BR(HADbb) <<1
A need flavour independent analysis

September 2001 == Magali GRUWE  CERN

Mgsy =1 TeV/c?

M, = 200 GeV/c?

M =—200 GeV/c?
XiEA-pcotp=0
04<tanf<30

m, = 800 GeV/ ¢
4GeV/icc<m,<1TeV/c?

Same as above, but:
X, EA-pcotB=2Mg,q,

Mg s, = 1400 GeV/c?

M, =400 GeV/c?

H=1TeV/c?

X, =A - pcotp =-300GeV/c?
m, = 200 GeV/ ¢

4 GeV/c? < m,o < 400 GeV/c?
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Jislll M SSM Parameter scan: Max m,

ete” A hA searches
[120 excess

1-CL,In(my,,m,):

LEP 88-209 GeV Preliminar

—~ 200
=2 180

> ete” A hZ searches
Q, 160

E& 140 > 20 excess

120
100
80
60
40 |
20 ey
VS

60 70 80 90 100 110 120
m, . (GeV/c")
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Excluded at 95% CL.:
m,, < 91.0 GeV/c? (95.0 expected)
m, <91.9 GeV/c? (94.6 expected)
05<tanf<24

Theoretically
Inaccessible




L EP 88:209 GeV/ Preliminary

: Q

Mg sy=1TeV
M,=200 GeV
p=-200 GeV
My no=800 GeV

Stop mix: X =2Mg gy |

LEP 88-209 GeV Preliminary

[Mymax] |

tanf3

10

2.4 S —— 24 ; e

0 200 300 400 500 0 200 300 400 500
m,. (GeV/c) m =+ (GeV/c)
91.9 (110

Excluded tanf3: 0.5<tanf <24
m, limit: 91.9 GeV/c?
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160 LEP 88-209 GeV Preliminar
Ng !
2 140 B m.-max
S
- 120 Theoretically
E< Inaccessible

L EP 88-209 GeV Preliminary

. 0.5
0 20 40 60 80 |100 120 140 0 20 40 60
he (GeV/cz)
91.0
m,, limit: 91.0 GeV/c?
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22l M SSM Parameter scan: No mixing [Re®

LEP 88-209 GeV Preliminar

~— 160
S . ete A hZ A AAZ
> 140
but noA A bb
2 120 B Theoretically A for:
£ 100 Inaccessible / occursTtor:
92.2 o0 tan3 <0.7
my: <74 GeV/c?
60
40

Use H* direct searchesto exclude this?
A under investigation

20

0 20 40 60 [7807[100 120 140
e (GeV/c?)
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o2l M SSM Par ameter scan: No mixing IRe®

LEP 88-209 GeV Preliminar

LEP 88-209 GeV Preliminar

tan3

tan3

105

10 10

Mg, =1 TeV

M,=200 GeV

pu=-200 GeV
mgluin0:800 GeVv

No stop mixing: X,=0

Theoretically Inaccessible

0.7

0 00O 200 300 400 500 0 100 200 300
m,. (GeV/c?) m, (GeV/c?)
74
Excluded tan3: 0.7 <tanf3 <10.5
m, limit: 92.2 GeV/c*for tanp > 0.7
m,, limit: 91.5 GeV/c?for tanp > 0.7

40 92.2

September 2001 & 2> Magali GRUWE ~ CERN & - 36



~ Flavour independent search 2
'
o Extensionsof the SM in which Higgs bosons have suppressed couplings
Into b-quarks
w.y Flavour-independent search (no b-tag)
Observed and expected confidence levelsfor signal and for background-only
hypotheses. very consistent
LEP PRELIMINARY . LEPPRELIMINARY Observed limit:
d _1§HZ FLAVOUR BLIND HYPOTHESIS Vs £209 GeV § 10-1% M h < 1129 GeV/C2
0 /AN /
1o'2i::rc::for ——" 10_3Hz FLAVOUR BLIND HYPOTHESIS s <209 GeV 1," EXpeCted
10'3; m, .>.112.9 GeV._observed limit ° [,l; M h < 1130 GeV/C2
_ m,, > 113.0 GeV expected limit ] 10 7 I’I
. S / Large p scan:
5[ I --- expected for background .
10 ¢ 10 _6;.:; exgﬁw for gna?+bac' ground ,’! ent|re|y EXC|UdEd
N i {
o S I I B S o I R IS IO S
60 70 80 90 100 mh E.&L;)ev) 60 70 80 90 100 mh (].(];)ev)
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e Assumption:

— BR(H* Acs)+BR(H* A ) =1
e Topologies:

— qqqq: 4]ets

— Tvtv: leptonic channel

— qgtv: semileptonic channel

Very difficult to overcomethe
WW background

o
—
Q
i

Charged Higgs Bosons (1)

1

QT
®*r e e

o ; ’
10 & '
0L LEP 1891209
0*L — Observed
10°L ---- Expected background Brgﬂ ~)=1
g Expected signal /
10 7 E L L L ‘ L L L L ‘ L L1 L ‘ L1 L L ‘ L L1 L """ L L L L ‘ L L L L

60 65 70 75 80 85 90 95

m,, (GeV/c?)

- / LEP189-209

10 '4; — Observed
10 5* ..... Expected background Br(H - 1tv)=0
10°L Expected signal /
10—77\\\\\\\\\\\\\\\\l:’\\‘\““““‘
60 65 70 75 80 85 9
m,, (GeV/c?)
CERN B ) 38
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). Charged Higgs Bosons (11) 1’2

— 89.6 GeV/c?for BR(H* A tv) =1

s L [ LEP 189-209 GeV
0z |- L oose sensitivity due to WW background
0 lm—— Regain sensitivity above 82 GeV/c?
K N N N charz)ed Higzss massg?GeV/cg§
— 81.0 GeV/c? for BR(H* A 1tv) =0

— 78.6 GeV/c? for any value of BR(H* A 1tv)
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e Invisible Higgs Bosons R
R4
For example: For SM Higgs o
A i 1000
hA X (Xx=LSP) L s and B(h \\an|S|bIe) 100%
% 0.25
Sear ch for g
h A invisible )
ZA q, 0.15
0.1
Acoplanar jetsor leptons g5
09(7)‘ - 95 - 100 - 105 - 110 - 115 | 120
m, > 114.4 GeV/c? My, Gev/c?
114.4
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Fermiophobic Higgs bosons:

ho A ff JoesE N
m o8 [ ’
0 07
™ Ayy Onlyho Ayy |
hO A WHW- L j
ho A ZZ S
Benchmark: “F
SM Higgs boson production rate “E

60I I180I I200
M, 0 (GeV)

III L
0 20 40 60 80 100 120 140 1
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Events/2 GeV

10

Photonic Higgs Search

+ I m=100 GeV signal

Preliminary
305 obs/ 308.2 expected ® ADLO data

SM Background

20

) ” ” 100 120
M vy (G eV)

= S :
=
= ADLO Combinead
s | Preliminary
E -1 Excluded Region
5 10}
g 6%
o
=
-2 e
10 r // TN\
Y / s Sgma
) : I | I : [
20 40 = L L |
M, q(GeV)

M, > 108.2 GeV/c?
B(h A yy) < 6%
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). =2 Conclusions A
AV

e Standard Model Higgs boson
— H% masslimit: 114.1 GeV/c?

e SUSY Higgs boson
— MSSM neutral hO, A° masslimits: ~ 91 GeV/c?
— Charged H* mass|limit: 78.6 GeV/c?
— Flavour independent search: 112.9 GeV/c?

— Photonic Higgs mass limit: 108.2 GeV/c?
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