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Abstract. During Run II of the Tevatroncollider, DØ collaborationhasmadeextensive searches
for the neutralMSSM Higgs bosons(φ ), producedin pp̄ collisionsat

�
s � 1� 96 TeV. Two such

analyses,addressinginclusiveφ productionwith φ � τ � τ � , andassociatedφb � b̄ � productionwith
φ � bb̄ arereportedhere.No excessof eventsabovethebackgroundexpectationhasbeenobserved
in any of theseanalyses.Theresultsarecombinedto setconstraintsontheMSSMparameterspace.
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INTR ODUCTION

The StandardModel (SM) of particle physicshasbeenobserved to be a consistent
theory of fundamentalparticlesand their interactionsup to the energies they have
beenstudiedalthoughoneremainingessentialingredientthe Higgs bosonis yet to be
discovered.TheoreticalconsiderationsteachusthatSM cannotbetheultimatetheoryof
elementaryparticlesandtheirinteractions.Amongstmany othercompellingtheories,the
Minimal Supersymmetricextensionof theSM (MSSM) is oneof theviabletheoretical
frameworkswhich hasthepotentialto overcomesomeof theshortcomingsof theSM
by incorporatingminimal supersymmetricparticlespectrum.

Becauseof its supersymmetricstructure,theMSSM[1][2] requiresat leasttwo Higgs
doubletsto generatemassesto both “up”-type and “down”-type quarks(and the re-
spectivechargedleptons).Suchatwo-Higgs-doubletmodelpredictsfivephysicalHiggs
bosons:two CP-even Higgs bosons,h andH, oneCP-oddHiggs bosons,A anda pair
of chargedHiggs bosons,H � . The MSSM Higgs sectorat the lowestordercan fully
be describedin termsof oneHiggs bosonmass(MA is chosenin CP-conservingsce-
narioandMH	 in CP-violatingscenario)andtanβ 
 v2 � v1, wherev2 � v1 
 refersto the
Higgsfield that couplesto the “up”(“down”)-type quarks.However, additionalparam-
etersviz., MSUSY� M2 � µ andmg̃ enterat the level of radiative corrections.It is to be
notedthatthecouplingof theHiggsbosonA to “down”-typequarksuchasbottomquark
is proportionalto tanβ . So with respectto the SM, the productioncrosssectionfor A
in associationwith bottomquark(s)getsenhancedby a factorof tan2β . Furthermore,at
large tanβ ( � 50), thereis massdegeneracy betweenthe Higgs bosonsA andh or H
dependingon thevalueof mA. Therefore,thetotal productioncrosssectionfor MSSM
neutralHiggs bosonsi.e., h� H � A � φ is twice that of the Higgs bosonA. Previously,
LEP experimentshave set the massof light Higgs bosonmh to be greaterthan 92.8
GeV[3] at 95%CL.



The MSSM neutral Higgs bosons(φ ) mostly decay into bb̄ pairs (90%) or into
τ � τ � pairs( � 8%).So,at theTevatronpp̄ � φ � � bb̄ 
 b � b̄
 X andpp̄ � φ � � τ � τ � 
 X
processesareconsideredto bethemostpromisingchannelsto look for thesignatureof
MSSM neutralHiggsbosons.Herewe reporton thesearchesfor MSSM neutralHiggs
bosonsin theabovechannelsperformedby theDØexperiment[4]. Thecombinedresults
areinterpretedin differentMSSM benchmarkscenarios[5]: “mmax

h ” and“no-mixing”.

SEARCH FOR pp̄ φ � bb̄ � b � b̄ � X
Theanalysisfocuseson MSSMneutralHiggsbosonproductionin associationwith one
or two bottomquark(s)resultingin threeor four bottomquarksin thefinal statewhile,
CP-conservationin theHiggssectoris assumed.260pb� 1 of DØ datacollectedbetween
November2002andJune2004have beenutilized for this analysis.The dataarefirst
filtered usinga dedicatedon line trigger designedto maximizethe signalacceptance.
The SecondaryVertex (SV) taggingalgorithmhasbeenusedto selectthe b-jets.The
DØ SV b-taggingalgorithmselectscentralb-jets(pT � 35 GeV) with anefficiency of
� 55%while themis-tagratefor similar light quarkjetsis about1%.

For Higgs massesbetween90 and150 GeV, the hb � bb̄b signaleventshave been
generatedusing the Pythia [6] event generatorfollowed by the full DØ detectorsim-
ulation andreconstruction.The PythiageneratedpT andrapidity spectraof the Higgs
bosonshave beenadjustedto thosefrom NLO calculations[7]. Thelargestbackground
contribution from QCD multijet processeshave beendetermineddirectly from data
while contributions from other backgroundprocessessuchas tt̄, Z0 � � bb̄ 
 +jets have
beendeterminedfrom MonteCarlo.

The selectedeventsare requiredto have at leastthreeb-taggedjets (within �η ���
2� 5) with pT � 35, 20 and15 GeV respectively for the leadingpT jets. The invariant
massdistribution of the two leadingpT jets in datais thencomparedwith that of the
backgroundexpectationand no excesshasbeenobserved. Fig. 1(a) shows the limit
on the productioncrosssectionat 95% CL, asa function of mA for tanβ 
 80 in “no
mixing” scenarios.Theresultsarealsointerpretedin the“maximalmixing” caseandthe
limits in tanβ � mA planefor bothscenariosareshown in Fig. 1(b).

  (GeV)                     A
�m

80 100 120 140 160

C
ro

ss
 s

ec
ti

o
n

  (
p

b
) 

  

10

210

310
DØ

Expected
Measured

 = 80βtan 

  (GeV)                   A
�m

80
�

100 120 140

   
   

   
   

   
  

β
ta

n

20

40

60

80
�

100 DØMSSM Higgs bosons
 = h, H, Aφ), 

 
b b→(φbb

E
xc

lu
d

ed
 a

t 
L

E
P

No mixing
Max. mixing

  (GeV)                   A
�m

80
�

100 120 140

   
   

   
   

   
  

β
ta

n

20

40

60

80
�

100

(a) (b)

FIGURE 1. (a) The upperlimits on the productioncrosssectionasa function of Higgs massand(b)
thelimits on tanβ ! mA planeat95%CL.



SEARCH FOR pp̄ φ � τ " τ #$� X
The analysisis basedon 325 pb� 1 of datacollectedby the DØ experimentduring the
periodSeptember2002 to August2004.The signal consistsof a pair of tau leptons.
Oneof thetauleptonsis requiredto decayleptonicallyinto electronor muon,leadingto
threefinal statesignature:eτh, µτh andeµ, whereτh representsa hadronicallydecayed
taulepton.Thethreetypesof hadronicallydecayedτ leptons,

• τ-type1: a singletrackwith a calorimeterclusterwithout any electromagneticsub
clusters(1-prong,π-like)

• τ-type 2: a singletrack associatedwith a calorimeterclusterandelectromagnetic
subclusters(1-prong,ρ-like)

• τ-type 3: two or at leastthreetrackswith invariantmassbelow 1.1 or 1.7 GeV
respectively (3-prong)

have beenutilized in this analysis.A setof neuralnetworks†, onefor eachtype have
beenusedfor furtherdiscriminationover thebackgrounds.

Thesignalaswell asvariousbackgroundprocesseshavebeengeneratedusingPythia.
Eventsarethenpassedthroughthefull chainof DØ detectorsimulationandreconstruc-
tion software.Apart from the QCD multijet backgroundwherea jet mimics an elec-
tron/muonfrom tau lepton,all otherbackgroundprocessesarenormalizedto NLO and
NNLO (Z0 boson,W � boson,Drell-Yananddi-boson)crosssections.

Thereconstructedvisible massdefinedasMvis 
 � Pτ1 % Pτ2 % P/T 
 2, wherePτ1& 2 is
thefour vectorof thevisible taudecayproductsandP/T 
 � E/T � E/x � E/y � 0
 , is usedto dis-
criminatebetweensignalandbackgroundprocesses.No excessoverthebackgroundex-
pectationhasbeenobserved.TheFigs.2(a)-(b)show thedistributionsof Mvis (denoted
as“Inv � Mass� e� µ � tauhad� E/T 
 " and“Inv � Mass� e� µ � E/T 
 " respectively in thefigure) for
differentfinal states,while Fig.2(c)displaystheupperlimits onproductioncrosssection
asa functionof Higgsmass.

(a) (b) (c)

FIGURE 2. Thedistributionof reconstructedvisible massMvis (seetext) for (a) eτh+µτh channel,and
(b) eµ channel.(c) Theupperlimits on theproductioncrosssectionasa functionof Higgsmassat 95%
CL.

† Identicalto theonesusedfor Z0 ' γ ()� τ � τ � crosssectionmeasurements[8]



COMBINED LIMITS

The DØ resultsobtainedfrom the above two analyses[9][10] arecombinedtogether
andarere-interpretedin “mmax

h ” and“no-mixing” scenarios.Fig. 3 shows the current
DØ limits on MSSM parameterspace.Thesimilar limits obtainedby theCDF [11] are
alsodisplayedfor thepurposeof comparison.
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FIGURE 3. The excludedregion in the (MA * tanβ ) planefor the mmax
h andno-mixing scenariowith

µ �,+ 200GeV.

CONCLUSIONS

DØ hasperformedsearchesfor the MSSM neutralHiggs bosonsand the currentDØ
limit onMSSMparameterspaceis themostsensitiveto date.Additionalsearchchannels
like pp̄ � φ � � τ � τ � 
 b � b̄ 
 X , advancedanalysistechniquesand larger datasetwill
provide furtherscopeto improvethesensitivity in future.

REFERENCES

1. H. P. Nilles, Phys.Rep.,110, 1 (1984).
2. H. P. Nilles andH. E. HaberandG. L. Kane,Phys.Rep.,117, 75 (1985).
3. TheLEP Working Groupfor HiggsBosonSearches,CERN-PH-EP/2006-001(2006).
4. V. M. Abazov et al. (DØ Collaboration),Nucl. Instrum.andMethodsA 565, 463(2006).
5. M. Carenaet al, Eur.Phys.J.C, 45, 797(2006).
6. T. Sjöstrandet al, Comp.Phys.Comm.,135, 238(2001).
7. J.Campbellet al, PhysRev D, 67, 095002(2003).
8. V. M. Abazov et al. (DØ Collaboration),PhysRev D, 71, 072004(2005).
9. V. M. Abazov et al. (DØ Collaboration),Phys.Rev. Lett.,95, 151801(2005).
10. V. M. Abazov et al. (DØ Collaboration),Phys.Rev. Lett.,97, 121802(2006).
11. A. Abulenciaet al. (CDF Collaboration),Phys.Rev. Lett.,96, 011802(2006).


