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Intr oduction @

e Minimal SupersymmetriStandardviodel

Two Higgsdoublets—> 5 Higgsbosons
— 3 neutral(h & H CP-even,A CP-odd),

— 2 chaged Higgs.
e NeutralHiggs- Two Complementary’rocesses

Higgsstrahlung Pair Production

onz = sin?(B — a)oy ¥
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Intr oduction

—> hZ productionis dominantatlow tanf

Vs = 206 GeV
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— hA isdominantatlargetang.
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Intr oduction

¢ Paranetersof the MSSM
1. Ratioof two Higgsvacuumexpectationvalues:tan
2. Massof A boson:m 4
3. Gauginomassparameer: M,
4. Scalarfermionmass:m,
5. Higgsinomassparameter: u

6. Higgs-sfermiortrilinear coupling: A

e ThreeBenchmarkScenarios

— my, Maximal
Xi=A—pcotfp = V6 TeV

— Minimal Mixing: No mixing in stopsector
Xi=A—pcot =0

— large i
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Intr oduction @

e Higgsdecayinto bb and7 "7~ is dominant.
mp= 95 GeV
1 3 | R | | a) 3

'b)_:

— focusedon hA — bbbb andh A — bbr 7.
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L)

e Main backgroundscome from WW, ZZ, qq,
evqgq andZee etc.
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Analysis Procedure @

e 4-jetchannel:hA — bbbb

Preselectio

|
I

Neural Network

|

Final Discriminant

Stepl. Preselection: To rejectlow multiplicity
background while keepinghigh sigral
efficienciest 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 @

e PreselectiorCuts

1. Num
2. Num
3. Visib

perof tracks> 20

perof calorimetricclusters> 35

eenegy: 0.6 < E,;s/v/s <14

4. Perpendiculaimbalanceenegy < 0.35 e £,

5. Leptonenepgy < 65 GeV

6. Longitudinal componentof the missing mo-

mentum:

PTlr;Liss (mm-s — mz) < 0.4

e Event=- 4-jetusingDURHAM algorithm

e Kinematicfit: 4-momentuntonsenration(4C)fit
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Neural Network @

e NeuralNetwork Inputs:

1. Event By
2. EventSphericity
3. EventThrust
4. PL.,
5. Polarangleof Higgs boson:0; s
6. DURHAM jet resolution parameterY?
7. massy?
) = Sl (o = )

2
Oy, OA

e NeuralNetwork Outpus:
Threeoutputs, Y3, 4, Yy andYy,
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Final Discriminant of 4-jet Channel

L)

e TheFinal Discriminantis definedas:
FhA — YhA o (]_ — wa) o (]_ — qu)

4
107 - Data
: E3hA(90GeV/é) - bbbb x50
10 35 CJww,qq,ZZ events
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= Dataagreewith MC backgrounds.
= Efficienqgy is insensiive to Higgs Mass.
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Candidate of hA — bbbb

L)

e High Discriminant=0.98
e High B-tag=0.6

o my +my = 178.8 GeV
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SelectionResults

ALEPH|DELPHI| L3 |OFAL

Inte. Lumi. (pb™Y)| 217 224 | 217| 208
hA — bbbb  channel

Data 10 S 12 | 11
TotalBackground| 5.5 6.5 7.8 10.3
4-fermion Bkgd. 4.1 4.4 56| 6.9
qq Bkgd. 1.4 2.1 22| 3.4
Efficiency 47% 47% |42%| 48%
ExpecdedSignal 3.5 3.6 3.2 34

e Thesignalefficiengy andrateareshovn
formy =my4 = 90 G@V/CQ, with tans ~ 20.
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Analysis Procedure @

e Tauchannel:hA — bbr 7

Preselectio

v N
Particle based Jet basedselectio
¢ v

Final Discriminant

Stepl. Preselection: To rejectlow multiplicity
background while keepinghigh signal
efficiencies¢ 80%).

Step2. Final Selection: Two inclusve selec-
tions are performed. One basedon
tau identificatior{Particle basedselec-
tion) andtheotherrelying oneventkine-
matics(Jebasedselection).

Step3. Final Discriminant: B-tag of jets, di-
jetmassesreusedto constructinal dis-
criminant.
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Analysis Procedure @

e PreselectiorCuts:

Nscnt 2 4

Ngtrk 2 3

Nsrc Z 15

Eiuz's/\/g > 0.4

LOG(Ys]) > =T

effective enegy > 100 GeV

e Final SelectionCuts:

particlebased jet-based

LOG(Ys) > —6 LOG(Y3g) > —6

Ey e <40 GeV Eyeu <40 GeV

O04q, 077 > 70° O4q, 07 > 70°

25 < Myy, M <125 GeV 25 < My, M., <125 GeV
no 3-3 prongdecay no 3-3 prongdecy

N, > 2 Hg?}i" > 25°

1c080,55| < 0.9
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SelectionCuts

¢ N-1 plotsof Tauchannel
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Discriminant Variables of Tau Channel @

e Distributionsusedto constructfinal discriminant.
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Final Discriminant Calculation @

= Computethe probabilty densty functionf]@f,

] meansventclass(hAWW, ZZ, qqetc.),
| denotegertainvariables(b-tag2-jet massetc.).

= Derivefigureof meritfor eventclasg basednly
onvariablel is definedas:

Pl = i

. 1
W (1)

= Computefinal event discriminant basedon all
variablesandassumdlA eventclass:

1.7,
Fi 4 = : 2
M= L F )
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Final Discriminant of Tau Channel
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Candidate of hA — bbr 7~

L)

Run # 865210 Event# 280 Total Energy: 143.63 GeV

N Y o s
‘ ! )
|

o Fj4 =0.91, By, = 0.965, By, = 0.359,
M;; = 90.68GeV, M, , = 98.28GeV.
= eTe” — hA, h — bb,
A—thr=(rt = ptop)
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SelectionResults

ALEPH|DELPHI| L3 |OFAL

Inte. Lumi. (pb™Y)| 217 224 | 217| 205
hA — bbr™ 1t~  channel

Data 3 5 2 5
Total Background| 3.0 6.0 3.2 45
4-fermion Bkgd. 2.8 5.6 29| 4.1
qq Bkgd. 0.2 0.4 0.3, 04
Efficiency 41% 25% | 33%| 43%
ExpecdedSignal 0.6 0.4 04| 0.6

e Thesignalefficiengy andrateareshovn
formy =my4 = 90 G@V/CQ, with tans ~ 20.
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ConfidencelLevel Calculation @

e Likelihood Ratiotest-satistic:
_ L(s+b)
“= I
e Monte Carlo experimentsare basedon Poissm
statigics.

observed

| >N

backgrount

{signal+backgrou

Probability density

' I
-20 -10 0 10

-21n(Q)
—
T OL
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L3 Result @

20

A 01 O NOOOO

0 20 40 60 80 100 120 140

m, GeV

e m;, Maximal Scenario

= my, : Obs/ exp =83.7/ 88.1GeV
= m 4 : 0bs/ exp =83.9/ 88.3GeV
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LEP Combined Results

L)
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LEP Combined Results

Excluded

by LEP

Inaccessible
O 20 40 60 80 100 120 140
m, (GeV/C)

mp (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

= LEP CombinedResults 91.0/ 94.6GeV.
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LEP Combined Results

L)

LEP 88:-209 GeV Preliminary

? m,-max

i Mg 51 TeV
] M,=200 GeV
10 1 p=-200 GeV

........ mg|uin0:_800 Gev i
Stop mix: X=2Mg gy .

L PP

Excluded
1 by LEP

e
0 100 200 300 400 500

m, (GeVIc)

m4 (GeV) ALEPH DELPHI L3 OPRAL

obs.limit  90.0 90.8 83.9 80.6
med.limit  92.1 90.0 88.3 86.9

= LEP CombinedResults 91.9/ 95.0GeV.
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LEP Combined Results

.............

tar(3

10

Excluded
by LEP

1 Theoreticall
Inaccessible

A\
0O 20 40 60 80 100 120 140
m, (GeV/C)

e No Mixing Scenario
= my, > 91.5/95.0GeV, for tanp > 1.2
= my > 92.2/ 95.3GeV, for tanf > 1.2

= 0.8< tanf < 9.61s excluded
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LEP Combined Results @

e Largeu Scenario

LEP 88- 209 GeV Prellmlnary

o Large Mu Scan """""
S I TIPS
it — MSUSY_4OO GeV
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y ' u= 1 Tev
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: : glumo
10 O SN S X -300 GeV -
............................... EXCIUTE.
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1 :I:Iﬁ::ﬁ::ﬁ::ﬁ::ﬁ:::I::I:I::I:::I::I::I::I::II::I:I::I::II::I:::::I::I:::I:::::I::I:::I:::::I::I::Iﬁ::::ﬁ::I::Iﬁ:::::ﬁ::ﬁ::ﬁ:

0100 2007 300 400" 500
m, (GeV/c)

e WY decaysnto c¢, gg, WTW ™ etc.
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ChargedHiggs Seaich @

e Threefinal states: hadronic,semi-leptonc and
leptonic decays.

Br(H —»1'v )=1

20- ¢ Data: Vs =189-209 GeV I 3
| [] Background Preliminary
H'H > 1'vTv: M,=70GeV
T —
0 15
< 3
- ]
£ 10-
:
a8
} +
0+——— |

0 02 04 06 08 1
Buiss /E...
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ChargedHiggs Seaich @

+ +
Br(H—»7v )=05

¢ Data: Vs = 183—209 GeV I 3
100 - Background et
HH —>cstT 'TFT:
> M, =68 GeV
O
B 75- |
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5
>
h
11

40 60 80 100
Mass [GeV]

e H* semi-leptont decays.
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ChargedHiggs Seaich @

Br(H —31tv )=0

600- ¢ Data: Vs = 183— EDQGEV L3

B ackground
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) |
O 400-
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5
- —
s 200

40 60 80 100
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e [/ hadronicdecays.
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Excessof Eventsat 68 GeV

L)

Br(H'—»1t'v_)=0.1

H
n -
T T

Diftterence of events / 2 GeV
o
[ I [
o

¢ Data—Background

Vs = 183-209 GeV
H'H — csts and ¢5T v

L3

Preliminary

40

Mass [GeV]

e 10%o0f H* decayinto 7.

= Apparentexcessat 68 GeV
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Excessof Eventsat 68 GeV

IIIL‘ MIHIIl ILPIIILI,II ;'Hllll_lu-l}lllll‘
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= 4.2 0 excessat68 GeV from L3.
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Exclusion Limits of ChargedHiggs @

| [.3
Preliminary
0.84 4 “
o
o =
>
064 &
T = Exclusion:
+| =
% 0.4- i; Combined
m E - Expected limit
0.2
0 T | T | [ I
60 70 80 90

M.+ [GeV]

= Br(H* — 7v=0.0), My+ > 77.2(77.1)GeV.

= Br(H* — 7v=0.5), Mpy+ > 69.7(75.7)GeV.
= Br(H* — v =1.0), M+ > 82.7(84.6)GeV.

Haijun Yang Searchfor MSSM HiggsatLEP 35



LEP Combined Results @

1-CL,
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2F
10 =
10°F / LEP 189-209
0* __ Observed
0L e Expected background ~ Br(H-1)=0
10 5? ......... Expected signal '
10-7: L L L L ‘ L L L L ‘ L L L L ‘ \'::\ L L ‘ L L L L ‘ L L L L
60 65 70 75 80 85 90
m,, (GeV/c)
_IQ !
- —ZE
10 &
1070 LEP 189-209
0*. __ Observed
10'5; . Expected background Br.(.FIaw):l
10 BE ........ Expected signal
10-7:\\\\\\\\\\\\\\\\\\\\\\\\\:j\\\\\\\\\
60 65 70 75 80 85 90 95

m,, (GeV/c)

= LEP CombinedDataagreewell with SM back-
grounds
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LEP Combined Results

Br(H - 1v)

0.8
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* N
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charged Higgs mass (GeV7¢

= Mpy+ > 78.6GeVat95%C.L..
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Conclusions @

e Morethan200pb~! datawerecollectedperexper
imentin the Year2000. In total ~ 700 pb—! were
collectedabore Z' pole by eachexperiment.

= No significantevidenceof MSSM neutraland
chagedHiggsareobseredupto /s = 209GeV.

= NeutralHiggslimitswith 95%C.L.

my > 91.0 GeV, my4 > 91.9 GeV

= ChagedHiggslimits with 95%C.L.

mpp+ > 78.6 GeV
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