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� Minimal SupersymmetricStandardModel

Two Higgsdoublets
�� 5 Higgsbosons

 3 neutral(h & H CP-even,A CP-odd),

 2 charged Higgs.

� NeutralHiggs- Two ComplementaryProcesses

Higgsstrahlung Pair Production
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576 hZ productionis dominantat low 8:93;=<
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� Parametersof theMSSM

1. Ratioof two Higgsvacuumexpectationvalues:@(A4� �
2. Massof A boson:B )
3. Gauginomassparameter: C �
4. Scalarfermionmass:B D
5. Higgsinomassparameter: E
6. Higgs-sfermiontrilinear coupling: F

� ThreeBenchmarkScenarios

 B � MaximalG H 
 F  E +-,:@ � 
 I J TeV

 Minimal Mixing: No mixing in stopsectorG H 
 F  E +-,:@ � 
 K
 large E
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� Higgsdecayinto LNML and OQPRO  is dominant.
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Main Backgrounds
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Data Taking in Y2k
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Analysis Procedure
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� 4-jet channel:hA V L M LWL ML
Preselection`

a
Neural Network`

a
Final Discriminant

Step1. Preselection:To rejectlow multiplicity
backgrounds while keepinghigh signal
efficiencies(b 90%).

Step2. Neural Network: Discriminant distri-
butions are combinedin a neural net-
work.

Step3. Final Discriminant: Neural network
outputs are usedto construct final dis-
criminantvariable.
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PreselectionCuts
L
�

3L
�

3L3L3L3L
�

3L
�

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
	

3L3L3L3L
�

3L
�

3L
�

3L
_

3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

� PreselectionCuts

1. Numberof tracks c dfe
2. Numberof calorimetricclustersc g�h
3. Visibleenergy: ejilk m n oqp*rts u m vwi�x
4. Perpendicularimbalanceenergy y ejilg�h � n oqp*r
5. Leptonenergy m k�h GeV

6. Longitudinal componentof the missing mo-
mentum: z {B p|r'r s~}�� o�p|r � � � � m eji�x
� Event 6 4-jet usingDURHAM algorithm

� Kinematicfit: 4-momentumconservation(4C)fit
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Neural Network
L
�

3L
�

3L3L3L3L
�

3L
�

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
	

3L3L3L3L
�

3L
�

3L
�

3L3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

� NeuralNetwork Inputs:

1. Event � �*�t�
2. EventSphericity

3. EventThrust

4. z {B p*r'r
5. Polarangleof Higgs boson: ��� p ��� r
6. DURHAM jet resolution parameter: � ��>�
7. mass� �
� � � B )%� B � " 
 �����f B �  B ) " �� �� P

��� �� � B �  B ) ��" �� ��
� NeuralNetwork Outputs:

Threeoutputs, �?  F , �¢¡ ¡ and �7£¤£
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Neural Network Inputs of 4-jet Channel
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Final Discriminant of 4-jet Channel
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SelectionResults
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ALEPH DELPHI L3 OPAL
Inte. Lumi. (ë�ìîí^ï ) 217 224 217 208

hA ð ì-ñìòìòñì ó â^ô�õöõ3÷4ø
Data 10 5 12 11
Total Background 5.5 6.5 7.8 10.3
4-fermionBkgd. 4.1 4.4 5.6 6.9ù ñù Bkgd. 1.4 2.1 2.2 3.4
Efficiency 47% 47% 42% 48%
ExpectedSignal 3.5 3.6 3.2 3.4

à
Thesignalefficiency andrateareshown
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Analysis Procedure
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à
Tauchannel:hA Ô Õ ÖÕ������

Preselection

Particle based Jet basedselection

Final Discriminant

Step1. Preselection:To rejectlow multiplicity
backgrounds while keepinghigh signal
efficiencies(� 80%).

Step2. Final Selection: Two inclusive selec-
tions are performed. One basedon
tau identification(Particle basedselec-
tion) andtheotherrelyingoneventkine-
matics(Jetbasedselection).

Step3. Final Discriminant: B-tag of jets, di-
jet massesareusedto constructfinal dis-
criminant.
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Analysis Procedure
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SelectionCuts
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Discriminant Variables of Tau Channel
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� Distributionsusedto constructfinal discriminant.
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Final Discriminant Calculation
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� Computetheprobability density function ���� ,
j meanseventclass(hA,WW, ZZ, qq etc.),
i denotescertainvariables(b-tag,2-jet massetc.).� Derivefigureof merit for eventclassj basedonly
on variablei is definedas:

� ���� � ��� � �� (1)

� Computefinal event discriminant basedon all
variablesandassumehA eventclass:

���c� � � � � ��_�� � � � �� (2)
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Final Discriminant of Tau Channel
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Candidateof hA �  �¡ £¢�¤¥¢Q¦ L
}
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3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

Run #    865210    Event #   280


P( muon) = 21.8 GeV/c

E( jet2) = 52.3 GeV

E( jet1) = 60.0 GeV

P( muon) = 3.7 GeV/c

Transverse Imbalance : Longitudinal Imbalance : 

Thrust : Major : Minor : 

Event DAQ Time :

  Total Energy :  143.63 GeV

 .1378    -.1180    

 .8667  .4067  .1251
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SelectionResults
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ALEPH DELPHI L3 OPAL
Inte. Lumi. (¾À¿lÁ ® ) 217 224 217 205

hA Â ¿ÄÃ¿ÆÅÈÇ·Å Á ÉKÊ·ËÍÌÎÌ�ÏÑÐ
Data 3 5 2 5
Total Background 3.0 6.0 3.2 4.5
4-fermionBkgd. 2.8 5.6 2.9 4.1Ò ÃÒ Bkgd. 0.2 0.4 0.3 0.4
Efficiency 41% 25% 33% 43%
ExpectedSignal 0.6 0.4 0.4 0.6

� Thesignalefficiency andrateareshown
for Ó Ê Ô Ó Õ Ô Ö·× Ø ²ÀÙ Ú�Û�Ü , with Ý�Þ�ß
à á â × .
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ConfidenceLevel Calculation
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� LikelihoodRatiotest-statistic:ã ä åçæiè ¤ ¿léåçæ ¿lé� Monte Carlo experimentsare basedon Poisson
statistics.

Statistical Method: -2ln(Q)

Lik elihoodRatio test-statistic:

Each bin (i) in the final variable is tr eated
asa Poissoncounting experiment:

In the high statisticslimit:
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L3 Result
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LEP CombinedResults
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LEP CombinedResults
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Excluded
�

by LEP

Theoretically
Inaccessible

mh
� -max

� � (GeV) ALEPH DELPHI L3 OPAL
obs.limit 89.6 89.8 83.7 79.3
med.limit 91.7 89.0 88.1 85.1

ì LEP CombinedResults: 91.0/ 94.6GeV.
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LEP CombinedResults
L
õ

3L
ö

3L3L3L3L
�

3L
	

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
÷

3L3L3L3L3L3L
ø

3L
ù

3L



3L3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

1

10

0 100 200 300 400 500

1

10

LEP 88-209 GeV Preliminary

mA (GeV/c2)

ta
nβ

Excluded
by LEP
�

mh
� -max

MSUSY=1 TeV
M2=200 GeV
µ=-200 GeV
mgluino=800 GeV
Stop mix: Xt

� =2MSUSY

�  (GeV) ALEPH DELPHI L3 OPAL
obs.limit 90.0 90.8 83.9 80.6
med.limit 92.1 90.0 88.3 86.9

ì LEP CombinedResults: 91.9/ 95.0GeV.
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LEP CombinedResults
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No Mixing

� No Mixing Scenarioì � � � 91.5/ 95.0GeV, for �!���"� � 1.2ì � � � 92.2/ 95.3GeV, for ���#�"� � 1.2ì 0.8 $ �!���"� $ 9.6 is excluded
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LEP CombinedResults
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ChargedHiggs Search
L
õ

3L
ö

3L3L3L3L
�

3L
	

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
3

3L3L3L3L
ø

3L
ù

3L



3L
4

3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

� Three final states: hadronic,semi-leptonic and
leptonic decays.

e5 -

e5 +

γ6  / Z* H-

H+

c7–, ν8–τ9
s, τ: -

c, 7 ν8 τ9
s
–
, τ: +
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ChargedHiggs Search
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� ; < semi-leptonic decays.
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ChargedHiggs Search
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� ; < hadronicdecays.
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Excessof Eventsat 68 GeV
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� 10%of ; < decayinto = .ì Apparentexcessat 68 GeV
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Excessof Eventsat 68 GeV
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ì 4.2 > excessat68 GeVfrom L3.

But ......
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Exclusion Limits of ChargedHiggs
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ì Br( ; < ? =A@ = 0.0), B C � 77.2(77.1)GeV.ì Br( ; < ? =A@ = 0.1), B C � 66.9(76.0)GeV.ì Br( ; < ? =A@ = 0.5), B C � 69.7(75.7)GeV.ì Br( ; < ? =D@ = 1.0), B C � 82.7(84.6)GeV.
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LEP CombinedResults
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ì LEP CombinedDataagreewell with SM back-
grounds
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LEP CombinedResults
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Conclusions
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^ Morethan200_"`ba c datawerecollectedperexper-
iment in the Year2000. In total d 700 _�`ea c were
collectedabove f g poleby eachexperiment.

R No significantevidenceof MSSM neutraland
chargedHiggsareobservedup to h i 209GeV.

R NeutralHiggslimits with 95%C.L.

j k U lnmporq GeV, j s U lnmporl GeV
tvuxw y

is excludedfr om 0.5to 2.4

R ChargedHiggslimits with 95%C.L.

j S T U z|{no~} GeV
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