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Abstract
Experimentalissuesin the detectionof light Higgs decayto two taus are
discussed.

1. H-> tv Why Bother?

The primary interestin this moderestswith
the desirefor sensitivity to light Higgs decaysat
the SSC. Phenomenologistsarguethat a light
Higgs in the StandardModel SM doesnot co
exist with some largerunknown scaleof new
physics i.e. GUT scalewithout fine tuning of
model parameters.Somethinglike supersymme
try StJSY fixes this andotherproblemswhich
lie beyondthe contextof theSM.

We addresssomeexperimentalissuesof the
Riggs sectorin the Minimal Supersymmetric
StandardModel MSSM at the SSC.TheHiggs
sectorof the MSSM is more complicatedthan
that of the SM[l,71. Two Higgs doubletsarere
quired yielding two vacuum expectationvalues
vI, v2, threeneutral Riggs bosonsA
pseudoscalar,h, andH and two chargedRiggs
H, if. Themassesof h, H ,Hand if canbe
given in terms of mA, tan 13 where mA is the
pseudoscalarhiggs massandtan 13 = v2Ivl. Fig
ure 1 shows the 5 sigmasignificancecontours
typical for LHC experiments[4].

It is noteworthy that in MSSM, the ZZ decay
modes are suppressedcomparedto SM. The
pseudoscalarHiggs, A, doesn’tevencoupleto
ZZ Even the2 gammadecaymodeis suppressed
b 10 for someregionsofmA, tan 13. It hasbeen

pointed out that with the patchworkof the vath
ous Riggsdecaymodes,a hole for MSSM Higgs
decaysexists for hadron supercolliders[2].The
possibility of closingthe hole using the two tau
decaymode was raisedin the LHC letters of
intent[4,5,6]. Initial studiesof H-*’c’r for the
LHC indicate that this will be indeed
challenging[31.This will be lookedat for the
SSC in anotherstudy. We now revisit the issue
and look at the possibility of associatedproduc
tion, tt + H decayto two taus. We look at the
feasibility of backgroundreductionusing top jet
tagging.

2. PhysicsProcesses

Thesignalprocessof interestis givenbelow

gg-* tt+H
-* tt

-* e+X, p.-i-X

thebackgroundsconsideredare

gg-+tt
-*tt

-* e+X, t +X



gg-* tt

-* e+X, p.÷X

Other backgroundslike Z -* t’c arenot included.
Themagnitudeof the problemis givenby theUi

ble below showing the raw crosssectionsfor
signalandthebackgrounds:

Table 1 CrossSectionsat SSC

tt+H tt-* e+p. tt-* 2t-*e+j.t

241 ev/yr 3.2e6 1.0e5

We generatesignaland backgroundsusingPyth
ia 5.6/Jetset7.3[8]. The aboverates are for SM
Higgsm=lOO GeV, mtop = 140 GeY, andinclude
branchinginto e + p. final states.This corre
spondsroughly to a MSSM Riggswith tan I = 1
ratesare smallerfor othertan I*

3. KinematicsandReconstruction
We try to exploit the feature of the signal

which hastwo ‘c’s plus two top quarkswhich de
cay to W’s and b jets. A backgroundtt event
would yield e and p. plus two b jets andnothing
elseexceptfor initial stateradiation.

the topologyof thesignal is givenbelow:

blat
bjet

jet

the topologyof the top backgroundis

b bid
bjeI

IL

We examinea numberof observableslisted
below:

a. Tiejj<3.

b. pt>1oGev
c. pt for leading.2nd and 3rd highestEt

d. Pt for non b jets
e. for non b jets

f. m.r reconstructed

The assumptionsaxe that we have perfecte, p.
identification and perfectb jet tagging. A jet is
reconstructedusing a standardclusteringalgo
rithm where4-vectorsare binnedin i4 , seed
towersorderedin Et, and any clusterwithin a
coneof radius= 0.7 in ij,Ø is associatedwith a
givenjet.

We beginby finding appropriatei andPt cutsfor
theeandp.. Therapidity distributionsof thelep
tonsareshownin Fig2. We take‘1 <2.5 asan
appropriatecut. Fig. 3 showsthedistributionof
pt of the softestlepton. A cut of Pt> 10 0eV is
taken.

At this point, we wish to discussthereconstruc
tion oft momentaeventhoughtwo neutrinosare
undetected.This is madepossibleif wemeasure
the missing Pt well and we know the directions
that the two neutrinosaretravelling. If we usethe
electronand muon directionsasthe tau direc
tions a good assumptionfor fast movingtaus,
thenwe can project themissingEt onto theelec
tron and muon directionsand fully reconstruct

the taumomenta:

A -

Pti ‘ci + Pt2 t2 = Et missing

A light Riggs is very narrow cc 1GeV so a
very good measurementof the real missingEt is
necessary.Fig. 4 shows the degradationof
due to mismeasurementof missing Et due to

jet



beamholeeffects.Theenergyresolutioneffects,
where the particlemomentaare smearedwith a
resolutionor0.01 + 0. 15/’JE fore andys and0.02
+ 0.5/’IE for hadrons,is alsoshownin Fig. 5. We
will usean r = 5 beamhole for the remaining
analysis.

4. Top Jets

As indicatedearlier, the signal in principle
shouldhave2 b jets and4 jets from 2 W from
the two top quarksin additionto thee, p. from the
‘c’s from the Higgs decay.The U background
shouldhave 2 bjets afterthe e +p. areremoved.
We will makethe optimistic assumptionthat we
can tagand removeall b jets from theevent.We
then try to look at the remainingnon b jets for
additional backgroundrejection. Sourcesare
from initial andfinal statepartonradiation.

Thefirst set of cuts involveslooking at the Et of
the highest,2nd highestand 3rdhighestEt non b
jet with jet c 3. Figs. 6-7 showthedistributions
wherethen c 2.5 andpt> 10 0eV for theleptons
havebeenpreviouslyapplied.Basedon thesig
nal plot, we thenimposeanEt > 50, 30, 20 GeV
cut on the leading3 jets.

We now look at the various jet masscombina
tions shownin Figs 8-9. We see that the rn123
combinationshowsa clearW peakfor thesignal.
If we cut generouslyfor 60 < c 100 GeV,
we gainadditional backgroundrejection.Fig. 10
showsthe reconstructed2 ‘c massafterall cuts.

5. SummaryandOtherCaveats

TheTablebelow showsthecumulativeeffectsof
thecutsdiscussedthus far.

cut generated fraction events/yr
raw 5000 1.00 241

n 3882 0.77 187

Pk 1637 0.33 79

We seethatin them11bin80 cm11< tOO GeV,
the backgroundstill overwhelmsthe signaL Ad
ditional requirements,such as a top mass re
quirementof the W with a b jet, were not

examined.Theeventratealreadyis low.

We could have usedthe t -, 1 and 3 prongde
caysand gaineda largefactor in the signal. but
the backgroundproblemswould still remain. In

addition, a hadronic t decaywould presentfur
therproblemswith triggering.

6. Conclusions

Without overstatingthe point, if a light
Riggs with SUSY makesmoresensethan with
out it, we face a morecomplicatedHiggs sector

than with the SM. The Riggs decaymodespit

viously studiedfor the SM scenarioare insuffi
cientfor ruling outall of MSSM Higgsparameter
spacefor hadroncolliders. The ‘c’t mode was

Etj

mHbin

cut
raw

lea

pte4j.

Et

2j3

m11bin

cut

raw

Ptt4L

m233

mHbin

1404

689
422

ft -9 e + p.
generated

50000
35379
33411
9987
2579

36

a -* tt

generated
50001

35379
11792

3739
94,7
42

0.28
0.14
0.08

fraction
1.00
0.71

0.66
0.20
0.05
7.2e-4

-4 e + p.

fraction

1.0
0.71

0.24
0.07

0.02
8.4e-4

68
33
20

events/yr

3.2e6
2.3e6
2.1e6
6.4e5
1.7e5
2.3e3

events/yr

1 .0e5
7. 1e4
2.4e4

7.4e3
1.9e3
8.4e1

tt+H



thoughtto closethis hole at leasttheeventrates
times branchingratio indicateenoughevents.
We considereda few backgroundsfrom top
therearemoreandfind themoverwhelmingaf
ter someobvious jet cuts and perfectb jet
tagging. In addition, detectoreffectssuchas
beamholeandresolutiondegradeone’sability to
find a peak.We concludethat the "hole" in
MSSM Higgsacceptanceat the SSCis not filled
by the two ‘r decaymodeof theRiggs + a.

References

1. J. Gunion et. a! , The Higgs Hunter Guide,
Addison-WesleyPublishing,1990.

2. J. Gunion and L. On, ‘Detecting the Riggs
Boson of the Minimal SupersymmetricModel",
UCD-91-15,1991.

3. Proceedingsfrom ECFA Large Hadron Col
lider Workshop,Aachen,1990.

4. F.Zwirner,CERN-Th6851/33or. CMS letter
of intent 1992.

5. ATLAS collborationLetter of Intent1992.

6. L3p Letterof Intent1992.

7. F. Zwirner, "SupersymmetricHiggs Bosons:
A TheoreticalIntroduction", Proceedingsof
WorkshopTen Yearsof SUSY ConfrontingEx
periment,1992.

8. H.U. BengtssonandT. Sjdstrand,"Pythia:The
Lund Monte Carlo for Hadron-HadronScatter
ing", Proceedingsof the 1986 SummerStudy of
the Physicsof the SuperconductingSuperCot
lider, Snowmass,1986.



50

20

10

C.

5

2

0 100 200 300
mA 0eV

400 500

Irc,, rd’ *cr



Top: Pseudorapidity distribution of most forward signal ttH lepton. The =2.5
cut is indicated.

Bottom: Transverse momentumpt distribution of softest signal
‘c2.5 cut. The pt=10. threshold is indicated.
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GeV
Mhggs

Beam Hole effects; Changing the beam hole size yhole degrades the Hlggs mass
peak.
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Energy resolution
Higgs mass peak.

Mhiggs CeV

effects: Smearing the measured parUicles’ momenta degrades the
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Transverse monientaof three highes 4t nn-Sijets for 111-f signal top and
tt-*WWbb-,e+j.t+X background bottom. We impose thresholds of 50, 30, and 20
GeV on jets 1,2, and 3, respectively.
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F 0 Jet-Jet mass, background

W Tagging: Two-jet reconstructed masses of three highestiTin6 jets for ttH signal
top and t-*WWbb-÷e÷+X backgmund bottom; the j2j3 mass shows the
dearest peak We impose a 60-1 00 GeV mass cut for MJ2j3.
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MhiggsreconstructMaftermjf cuts.
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Mhiggs: These are plots of the reconstructed Higgs mass for ttH signal top, 11-> 2taurnid, and
tt-> e mu bottom after implementation of the mU and all prior cuts. The first bin zeros
contains all entries for which the missing-pt projection fails, i.e. when it appears that a
neutrino does not travel in the direction of a lepton.


