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The ttbb production is a dominant background for the SM and MSSM
Higgs search in the associated production ##H with H — bb. This paper
presents a comparison for the background rates obtained with the Monte
Carlo generators: PYTHIA5.7 and CompHEP. In the case of PYTHIA
the tt production is generated in the hard process and the remaining two
b-quarks are obtained from the partonic cascade. In the case of CompHEP
an exact matrix element for t£bb production is used. A detailed comparison
of the cross-sections and the expected acceptances is shown for several
steps of the selection used for the extraction of the Higgs signal peak. The
final estimates for the expected number of background events are similar in
both cases with predictions from PYTHIA being even slightly higher. This
comparison gives confidence in the predictions of the PYTHIA generator
for the ttbb background.

PACS numbers: 14.80.Bn, 14.80.Cp, 14.65.Ha

1. Introduction

The ttH associated production with the H — bb decay channel is con-
sidered as a discovery channel for both SM and MSSM Higgs scenarios for
Higgs boson masses in the range 80-130 GeV [1]. The semileptonic decay of
one of the top quarks provides an isolated high pt lepton to trigger the ex-
periment. The reconstruction of both top-quarks, required by the selection
algorithm, reduces the combinatorial background to the my, mass spectrum
for the signal itself and suppresses, otherwise significant, W +jet background.
The only dominant background to this channel remains the ¢¢;5 background.
The true ttbb events contribute about 60% to the total background. For an
integrated luminosity of 30 fb~! about 61 signal and 150 background events,
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giving a significance of S/v/B of 50, are expected inside the mass window
for the Higgs mass of 100 GeV. For collected 100 fb~! (30 fb~! with low
luminosity and 70 fb~! with high luminosity) the 50 can be reached for the
Higgs mass of 120 GeV.

The above estimates (see [7] for more details) were obtained with the
PYTHIA 5.7 Monte Carlo generator. The ¢t production was generated and
additional jets (b-jets) were obtained from the initial and final state radiation
(parton shower). It is well known, however, that the parton shower might
be giving results on the hard jets multiplicity, being much below, factor 2-3,
than these obtained with matrix element calculations. Such comparisons in
case of multijet events [5], and W +jets events [6], have been already doc-
umented. In the case of multi-b-jet final state this effect might however
be compensated by the enhanced gluon splitting into heavy flavours, with
respect to what is expected from the lowest order matrix element calcula-
tion. In the study presented below for the ttbb background rates, estimates
obtained with PYTHIA Monte Carlo are compared to predictions from the
exact matrix element calculations implemented in the CompHEP Monte
Carlo.

2. Generation of events

The following procedure is applied for the event generation:

e PYTHIA events: events are generated with the activated production
channel for ¢t production (ISUB=81, 82). The initial and final state
radiation, hadronisation and decays are activated as well. For consis-
tency with CompHEP, events were filtered on 2 b-quarks, which appear
as first ones in the cascade from gluon splitting, with pt > 15 GeV and
In| < 3.0. The default setting of parameters gathering QCD physics
in PYTHIA is used.

e CompHEP events: events are generated according to the exact matrix
element calculated for the tfbb process. In the generated a cut is set
on the pp > 15 GeV and |n| < 3 of the two hard b-quarks which do not
originate from the top decay. The generated hard process events are
read as an external events by PYTHIA. Then initial and final state
radiation (ISR and FSR), hadronisation and decays (also ¢ — Wb) are
simulated with the PYTHIA Monte Carlo. A fine tuning of the default
Q? scale for the initial and final state radiation is applied. For more
details see [9].

e In both cases the CTEQ4L structure function is used, the top quark
is decayed before hadronisation, one W-boson is forced to decay lep-
tonically (e, ) and the second one to decay in the hadronic channel.
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There is a clear ambiguity in tuning different parameters in both gener-
ation streams (e.g. agep, Q* evolution scale, etc.). They might lead to the
difference in the predictions for the total cross section even by factor few.
These issues have, to some extend, already been discussed in [8].

In both cases events are processed with the fast simulation package
ATLFAST of the ATLAS Detector [7]. Only the true ttbb events are dis-
cussed in the following. Comparison of the background from mistagged jets
would require implementations of the additional matrix element calculations
within CompHEP.

3. Cross sections and acceptances

A rather delicate point in the comparison presented below is the con-
sistent treatment of the pr threshold for the b-quarks not originating from
top-quark decays. In case of events generated with CompHEP, b-quarks not
originating from top quarks are produced in the hard process. In case of
events generated with PYTHIA these quarks originate from the partonic
cascade.

For the consideration of background rates meaningful rates are expected
for the b-tagged reconstructed jets. For the analysis presented below the
threshold of 15 GeV on the pr of the b-quarks is chosen for b-quarks before
FSR and 5 GeV for b-quarks after FSR. The first one corresponds to the
threshold set in the analysis on the reconstructed jet transverse momenta,
the second one is related to the internal criteria for the labelling of b-jets,
see |7]. In Figs. 1, 2 respectively the following distributions are compared:
multiplicity of all reconstructed jets and the cone separation between two
b-quarks not originating from top quarks.
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Fig. 1. Multiplicity of all reconstructed jets for events generated with CompHEP
(left) and PYTHIA (right).
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Fig.2. On the left: cone separation for two b-quarks not originating from top decays
from CompHEP events for selection A and B (see text and Table I) On the right:
cone separation for two b-quarks not originating from top decays for selection B.
Both the results from CompHEP (solid) and PYTHIA (dashed) are shown.

Table I shows the expected cross-section and the acceptance after selec-
tion criteria consistent with the analysis foreseen for extraction of the Higgs
signal from the ¢tbb background, see [4]. As the generation procedures for

TABLE 1

Cross-sections and sequential acceptances after different steps of the selection in
the analysis.

Selection CompHEP PYTHIA
At 11.9 pb 6.0 pb
2 b-quarks (pr > 15 GeV and |n| < 3.0 before FSR) 100% 100%
B: both ¢t — Wb; 5.47 pb 4.44 pb
4 b-quarks (pr > 5 GeV and |n| < 2.5 after FSR) 46% 74%
both t — Wb; 0.82 pb 1.10 pb
4 b-labelled jets ( pr > 15 GeV and |n] < 2.5) 15% 25%
both W decayed: W1 — jj, Wy — lv 0.23 pb 0.31 pb
28% 28%
one isolated lepton 0.19 pb 0.24 pb
with pr > 20 GeV within |n| < 2.5 84% 80%
solution on p’ exists 0.14 pb 0.18 pb
2% 4%
at least 6 jets with 0.12 pb 0.15 pb
In| < 2.5 and pr > 20 GeV 82% 85%
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PYTHIA and for CompHEP differs substantially in the first steps, two se-
lections schemes: A and B are discussed: selection A is the selection in
which CompHEP sample of events were generated and it is difficult to re-
produce exactly the same selection for PYTHIA (FSR must be switched on
and b-quarks might appear at any step of the cascade decay, top decay must
be switched off).

For the purpose of this analysis selection B is more meaningful as
b-quarks with pp >5 GeV and |n| < 2.5 after FSR are used for jets
b-labelling, and this selection is easy to reproduce in both: CompHEP and
PYTHIA generation streams.

Good agreement between the predictions given by both generating
streams is found for the expected 4 b-jets rates.

4. Top quarks reconstruction

The efficiencies for the reconstruction of both top quarks (see [4]), are
compared for events generated with CompHEP and PYTHIA.

e The top quark decaying into lepton, neutrino and b-quark is recon-
structed with the assumption that the missing transverse energy is
equal to the transverse momentum of the neutrino. Up to two solu-
tions for the neutrino longitudinal momentum are possible from the
W-mass equation, and the best one minimising x? (see later) is cho-
sen. In about 26% events solution is not found (equation has no real
solution).

e The top quark decaying into jets is reconstructed from two non-b-jets
with mj; = mw £ 25 GeV and |n;| < 2.5 and from one b-jet.

e The best combination of the (Ivb, j5b) is found by minimising value of
the X2 = (mlub - Tntop)2 + (mjjb - mtop)

Table II compares the expected efficiencies for the reconstruction of
events simulated with CompHEP and PYTHIA. Since in both cases top-
quark decays are simulated with PYTHIA one expects rather good agree-
ment between both simulation streams.

TABLE 11
Top quarks reconstruction with prefect b-tagging.
Selection CompHEP PYTHIA
events with 4 b-jets,
2 extra jets with pt > 20 GeV 100% 100%
and isolated lepton with pp > 20 GeV
both tops reconstructed 59% 58%
both tops with correct
b-jets matching 35% 35%
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5. Reconstruction of the my, spectrum

In the analysis for the t£H searches, the mass spectrum of the two b-jets
which are not used for the top-quarks reconstruction gives the background
for extracting the Higgs mass peak. In Fig. 3 the invariant mass of the
b-quarks, first in the cascade and not originating from top-quarks decay is
shown for events generated with CompHEP and PYTHIA.
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Fig.3. Comparison of CompHEP (left) and PYTHIA (right). Invariant mass of
the two b-quarks not originating from top, before FSR (or first in cascade in case
of PYTHIA) and transverse momenta pp > 15 GeV.

The same distributions but for the reconstructed b-labelled jets are shown
in Fig. 4. In the second case the rates are normalised to what is expected
for an integrated luminosity of 30 fb~! and a b-tagging efficiency of 60%
(contribution from only true b-jets is shown). A more favourable shape of the
myp, distributions than what has been shown in [1] and [4] is obtained thanks
to the optimised procedure for the jet energy recalibration [10]. Also the
distribution presented here, contains only true ¢£bb events, while in Fig. 19
of [4] the total background from all {tj;j events was shown.
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Fig.4. Comparison of CompHEP (dashed line) and PYTHIA (solid line). Invariant
mass of the two b-jets not used for the top reconstruction. Rates are normalised to
these expected for an integrated luminosity of 30 fb~! and b-tagging efficiency of
60%.

6. Conclusions

Both generation streams give similar results on the expected background
rates. The results obtained from PYTHIA seem to give even higher predic-
tions which is rather unexpected. One should not forget, however, that there
is a large degree of ambiguity in setting consistently the parameters for the
QCD activity in both simulations streams. The important conclusion from
this study is however, that a credible predictivity of the PYTHIA generator
for this background channel has been confirmed. The results obtained do
not degradate the discovery potential of the t¢H channel as presented in [1]
and [4].
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