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THE t�tb�b BACKGROUND TO THE HIGGS SEARCHES:PYTHIA VERSUS CompHEP RATES�Mariusz Sapi«skiInstitute of Nu
lear Physi
sKawiory 26a, 30-059 Kraków, Poland(Re
eived August 7, 2000)The t�tb�b produ
tion is a dominant ba
kground for the SM and MSSMHiggs sear
h in the asso
iated produ
tion t�tH with H ! b�b. This paperpresents a 
omparison for the ba
kground rates obtained with the MonteCarlo generators: PYTHIA5.7 and CompHEP. In the 
ase of PYTHIAthe t�t produ
tion is generated in the hard pro
ess and the remaining twob-quarks are obtained from the partoni
 
as
ade. In the 
ase of CompHEPan exa
t matrix element for t�tb�b produ
tion is used. A detailed 
omparisonof the 
ross-se
tions and the expe
ted a

eptan
es is shown for severalsteps of the sele
tion used for the extra
tion of the Higgs signal peak. The�nal estimates for the expe
ted number of ba
kground events are similar inboth 
ases with predi
tions from PYTHIA being even slightly higher. This
omparison gives 
on�den
e in the predi
tions of the PYTHIA generatorfor the t�tb�b ba
kground.PACS numbers: 14.80.Bn, 14.80.Cp, 14.65.Ha1. Introdu
tionThe t�tH asso
iated produ
tion with the H ! b�b de
ay 
hannel is 
on-sidered as a dis
overy 
hannel for both SM and MSSM Higgs s
enarios forHiggs boson masses in the range 80�130 GeV [1℄. The semileptoni
 de
ay ofone of the top quarks provides an isolated high pT lepton to trigger the ex-periment. The re
onstru
tion of both top-quarks, required by the sele
tionalgorithm, redu
es the 
ombinatorial ba
kground to the mbb mass spe
trumfor the signal itself and suppresses, otherwise signi�
ant,W+jet ba
kground.The only dominant ba
kground to this 
hannel remains the t�tjj ba
kground.The true t�tb�b events 
ontribute about 60% to the total ba
kground. For anintegrated luminosity of 30 fb�1 about 61 signal and 150 ba
kground events,� Supported in part by the Polish State Committee for S
ienti�
 Resear
h grants2P03B12218, 2P03B11819 and 620/E-77/SPUB/CERN/P-03/DZ 2/99.(2021)



2022 M. Sapi«skigiving a signi�
an
e of S=pB of 5�, are expe
ted inside the mass windowfor the Higgs mass of 100 GeV. For 
olle
ted 100 fb�1 (30 fb�1 with lowluminosity and 70 fb�1 with high luminosity) the 5� 
an be rea
hed for theHiggs mass of 120 GeV.The above estimates (see [7℄ for more details) were obtained with thePYTHIA 5.7 Monte Carlo generator. The t�t produ
tion was generated andadditional jets (b-jets) were obtained from the initial and �nal state radiation(parton shower). It is well known, however, that the parton shower mightbe giving results on the hard jets multipli
ity, being mu
h below, fa
tor 2�3,than these obtained with matrix element 
al
ulations. Su
h 
omparisons in
ase of multijet events [5℄, and W+jets events [6℄, have been already do
-umented. In the 
ase of multi-b-jet �nal state this e�e
t might howeverbe 
ompensated by the enhan
ed gluon splitting into heavy �avours, withrespe
t to what is expe
ted from the lowest order matrix element 
al
ula-tion. In the study presented below for the t�tb�b ba
kground rates, estimatesobtained with PYTHIA Monte Carlo are 
ompared to predi
tions from theexa
t matrix element 
al
ulations implemented in the CompHEP MonteCarlo. 2. Generation of eventsThe following pro
edure is applied for the event generation:� PYTHIA events: events are generated with the a
tivated produ
tion
hannel for t�t produ
tion (ISUB=81, 82). The initial and �nal stateradiation, hadronisation and de
ays are a
tivated as well. For 
onsis-ten
y with CompHEP, events were �ltered on 2 b-quarks, whi
h appearas �rst ones in the 
as
ade from gluon splitting, with pT > 15 GeV andj�j < 3:0. The default setting of parameters gathering QCD physi
sin PYTHIA is used.� CompHEP events: events are generated a

ording to the exa
t matrixelement 
al
ulated for the t�tb�b pro
ess. In the generated a 
ut is seton the pT > 15 GeV and j�j < 3 of the two hard b-quarks whi
h do notoriginate from the top de
ay. The generated hard pro
ess events areread as an external events by PYTHIA. Then initial and �nal stateradiation (ISR and FSR), hadronisation and de
ays (also t! Wb) aresimulated with the PYTHIA Monte Carlo. A �ne tuning of the defaultQ2 s
ale for the initial and �nal state radiation is applied. For moredetails see [9℄.� In both 
ases the CTEQ4L stru
ture fun
tion is used, the top quarkis de
ayed before hadronisation, one W -boson is for
ed to de
ay lep-toni
ally (e; �) and the se
ond one to de
ay in the hadroni
 
hannel.



The t�tb�b Ba
kground to the Higgs Sear
hes : : : 2023There is a 
lear ambiguity in tuning di�erent parameters in both gener-ation streams (e.g. �QCD, Q2 evolution s
ale, et
.). They might lead to thedi�eren
e in the predi
tions for the total 
ross se
tion even by fa
tor few.These issues have, to some extend, already been dis
ussed in [8℄.In both 
ases events are pro
essed with the fast simulation pa
kageATLFAST of the ATLAS Dete
tor [7℄. Only the true t�tb�b events are dis-
ussed in the following. Comparison of the ba
kground from mistagged jetswould require implementations of the additional matrix element 
al
ulationswithin CompHEP.3. Cross se
tions and a

eptan
esA rather deli
ate point in the 
omparison presented below is the 
on-sistent treatment of the pT threshold for the b-quarks not originating fromtop-quark de
ays. In 
ase of events generated with CompHEP, b-quarks notoriginating from top quarks are produ
ed in the hard pro
ess. In 
ase ofevents generated with PYTHIA these quarks originate from the partoni

as
ade.For the 
onsideration of ba
kground rates meaningful rates are expe
tedfor the b-tagged re
onstru
ted jets. For the analysis presented below thethreshold of 15 GeV on the pT of the b-quarks is 
hosen for b-quarks beforeFSR and 5 GeV for b-quarks after FSR. The �rst one 
orresponds to thethreshold set in the analysis on the re
onstru
ted jet transverse momenta,the se
ond one is related to the internal 
riteria for the labelling of b-jets,see [7℄. In Figs. 1, 2 respe
tively the following distributions are 
ompared:multipli
ity of all re
onstru
ted jets and the 
one separation between twob-quarks not originating from top quarks.
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one separation for two b-quarks not originating from top de
aysfrom CompHEP events for sele
tion A and B (see text and Table I) On the right:
one separation for two b-quarks not originating from top de
ays for sele
tion B.Both the results from CompHEP (solid) and PYTHIA (dashed) are shown.Table I shows the expe
ted 
ross-se
tion and the a

eptan
e after sele
-tion 
riteria 
onsistent with the analysis foreseen for extra
tion of the Higgssignal from the t�tb�b ba
kground, see [4℄. As the generation pro
edures forTABLE ICross-se
tions and sequential a

eptan
es after di�erent steps of the sele
tion inthe analysis. Sele
tion CompHEP PYTHIAA: t�t; 11.9 pb 6.0 pb2 b-quarks (pT > 15 GeV and j�j < 3:0 before FSR) 100% 100%B: both t! Wb; 5.47 pb 4.44 pb4 b-quarks (pT > 5 GeV and j�j < 2:5 after FSR) 46% 74%both t!Wb; 0.82 pb 1.10 pb4 b-labelled jets ( pT > 15 GeV and j�j < 2:5) 15% 25%both W de
ayed: W1 ! jj;W2 ! l� 0.23 pb 0.31 pb28% 28%one isolated lepton 0.19 pb 0.24 pbwith pT > 20 GeV within j�j < 2:5 84% 80%solution on p�z exists 0.14 pb 0.18 pb72% 74%at least 6 jets with 0.12 pb 0.15 pbj�j < 2:5 and pT > 20 GeV 82% 85%



The t�tb�b Ba
kground to the Higgs Sear
hes : : : 2025PYTHIA and for CompHEP di�ers substantially in the �rst steps, two se-le
tions s
hemes: A and B are dis
ussed: sele
tion A is the sele
tion inwhi
h CompHEP sample of events were generated and it is di�
ult to re-produ
e exa
tly the same sele
tion for PYTHIA (FSR must be swit
hed onand b-quarks might appear at any step of the 
as
ade de
ay, top de
ay mustbe swit
hed o�).For the purpose of this analysis sele
tion B is more meaningful asb-quarks with pT >5 GeV and j�j < 2:5 after FSR are used for jetsb-labelling, and this sele
tion is easy to reprodu
e in both: CompHEP andPYTHIA generation streams.Good agreement between the predi
tions given by both generatingstreams is found for the expe
ted 4 b-jets rates.4. Top quarks re
onstru
tionThe e�
ien
ies for the re
onstru
tion of both top quarks (see [4℄), are
ompared for events generated with CompHEP and PYTHIA.� The top quark de
aying into lepton, neutrino and b-quark is re
on-stru
ted with the assumption that the missing transverse energy isequal to the transverse momentum of the neutrino. Up to two solu-tions for the neutrino longitudinal momentum are possible from theW -mass equation, and the best one minimising �2 (see later) is 
ho-sen. In about 26% events solution is not found (equation has no realsolution).� The top quark de
aying into jets is re
onstru
ted from two non-b-jetswith mjj = mW � 25 GeV and j�j j < 2:5 and from one b-jet.� The best 
ombination of the (l�b; jjb) is found by minimising value ofthe �2 = (ml�b �mtop)2 + (mjjb �mtop)2.Table II 
ompares the expe
ted e�
ien
ies for the re
onstru
tion ofevents simulated with CompHEP and PYTHIA. Sin
e in both 
ases top-quark de
ays are simulated with PYTHIA one expe
ts rather good agree-ment between both simulation streams. TABLE IITop quarks re
onstru
tion with prefe
t b-tagging.Sele
tion CompHEP PYTHIAevents with 4 b-jets,2 extra jets with pT > 20 GeV 100% 100%and isolated lepton with pT > 20 GeVboth tops re
onstru
ted 59% 58%both tops with 
orre
tb-jets mat
hing 35% 35%



2026 M. Sapi«ski5. Re
onstru
tion of the mbb spe
trumIn the analysis for the t�tH sear
hes, the mass spe
trum of the two b-jetswhi
h are not used for the top-quarks re
onstru
tion gives the ba
kgroundfor extra
ting the Higgs mass peak. In Fig. 3 the invariant mass of theb-quarks, �rst in the 
as
ade and not originating from top-quarks de
ay isshown for events generated with CompHEP and PYTHIA.
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0 20 40 60 80 100Fig. 3. Comparison of CompHEP (left) and PYTHIA (right). Invariant mass ofthe two b-quarks not originating from top, before FSR (or �rst in 
as
ade in 
aseof PYTHIA) and transverse momenta pT > 15 GeV.The same distributions but for the re
onstru
ted b-labelled jets are shownin Fig. 4. In the se
ond 
ase the rates are normalised to what is expe
tedfor an integrated luminosity of 30 fb�1 and a b-tagging e�
ien
y of 60%(
ontribution from only true b-jets is shown). A more favourable shape of thembb distributions than what has been shown in [1℄ and [4℄ is obtained thanksto the optimised pro
edure for the jet energy re
alibration [10℄. Also thedistribution presented here, 
ontains only true t�tb�b events, while in Fig. 19of [4℄ the total ba
kground from all t�tjj events was shown.
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0 100 200 300 400Fig. 4. Comparison of CompHEP (dashed line) and PYTHIA (solid line). Invariantmass of the two b-jets not used for the top re
onstru
tion. Rates are normalised tothese expe
ted for an integrated luminosity of 30 fb�1 and b-tagging e�
ien
y of60%. 6. Con
lusionsBoth generation streams give similar results on the expe
ted ba
kgroundrates. The results obtained from PYTHIA seem to give even higher predi
-tions whi
h is rather unexpe
ted. One should not forget, however, that thereis a large degree of ambiguity in setting 
onsistently the parameters for theQCD a
tivity in both simulations streams. The important 
on
lusion fromthis study is however, that a 
redible predi
tivity of the PYTHIA generatorfor this ba
kground 
hannel has been 
on�rmed. The results obtained donot degradate the dis
overy potential of the t�tH 
hannel as presented in [1℄and [4℄.The author would like to thank the CompHEP team, espe
ially SashaBelyaev, Viat
heslav Ilyin, and Volker Drollinger from the CMS Collabora-tion for providing sample of events generated with CompHEP and severalintera
tions and dis
ussions whi
h were 
ru
ial for performing this 
ompar-ison. This note would not have been 
reated without inspiration and helpof El»bieta Ri
hter-W¡s, to whom the author is greatly indebted. Authorwould also like to thank Karl Jakobs for 
arefull reading of the note andseveral valuable 
omments.
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