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Abstract 

We present the results of complete tree level calculation of the 
process e+ e- vvbb at the energies of LEP200 and Next Linear -T 

Colliders. Automatic generation of the squared matrix element was 
carried out by GRACE and CompHEP systems. We study in de
tails the behavior of cross-section as a function of c.m.s. energy and 
Higgs boson mass. Particularly we point out the possibility of Higgs 
boson detection at LEP200 energies under the resonance threshold 
(VB < mH +mz). Comparison is made with the effective 2 -T 2-body 
approximation for Higgs production. The approximation is satisfac
tory at LEP200 energies, but at higher energies rather large discrep
ancy is observed. 
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1 Introduction 

vVithin the framework of Standard ~Jodel[l] the mass of Higgs boson can 
take an arbitrary value. Experimentally LEP100 data settled the lower limit 
of the mass around 60 GeV [2]. The region above 60 GeV will be covered 
by the LEP200 collider. The best possibilities for the discovery of heavy 
Higgs particle (mB > 2mz) will be probably given by the future hadronic 
colliders LHC and SSC[31. However, these machines are not suitable for the 
detection of the intermediate mass Higgs (100 GeV < mB < 2mz) due to 
large hadronic backgrounds. Next Linear Colliders (NLC) with e+ e- beams 
will have undoubtedly better possibility because of less backgrounds. 

Existing calculations for LEP200 are based on the approximation based 
on the 2 ~ 2-body reactions[4] for the signal process(Higgs bremsstrahlung 
from Z boson line[5] ) 

e+e- ~ HZ (1) 

and for the main background reactions 

e+e- ~ ZZ, e+e- ~ IZ, e+e- ~ II (2) 

where the final particles can be off-shell. Numerical simulations for the 
bremsstrahlung process Eq.(l) with the backgrounds Eq.(2) using standard 
PYTHIA 5.6 /JETSET 7.3 package [6] were presented for instance in Ref.[7]. 
Light Higgs boson has the dominant decay mode H ~ bb, so the realis
tic event signatures could be observed in the final states e+ e-bb, /-l+ J.c bb, 
r+r-bb, lIvbb and 2jet + bb. 

In these calculations the signal and the main background diagrams are 
considered separately, that is, the incoherent sum is taken. Also some addi
tional background processes besides (2) are not taken into account. However, 
the contributions from the interference terms and the additional backgrounds 
could be not so small to neglect. It is interesting to find out if such approx
imation is satisfactory for the high statistics NLC experiments. In order to 
understand the limits of applicability of the 2 ~ 2-body approximation, it 
is necessary to perform complete tree level calculations for the 2 ~ 4-body 
processes including all possible diagrams. 

There are several examples of the complete tree level calculations for the 
Higgs production approximated by the 2 ~ 3-body processes. The most 
detailed are the calculations for e+ e- ~ lIVH[8]. This reaction <:annot be 

considered as a trivial extension of the e+ e- ~ Z* H ~ lIVH when II = lie, 
because in this case the t-channel vv~v ~ H fusion signal diagram appears. 
The contribution of this diagram is important not only at high energies VB '" 
500 GeV where the fusion mechanism dominates over the bremsstrahlung 
mechanism, but also under the Z resonance threshold[9]. vVhen the mass 
of the Higgs is sufficiently high to restrict kinematically the production of 
the on-shell Z, mn > VB - mz, the fusion mechanism is the main one. It 
is interesting to notice that this is not the case for e+ e- ~ e+e-H channel 
because the contribution from Z Z ~ H fusion diagram is canceled by the 
negative interference term among the bremsstrahlung and fusion diagrams. 

Another example of the complete tree level calculation in the 2 ~ 3-body 
process for the Higgs production is e+e- ~ Zbb considered in Ref.[9]. This 
case is again not a trivial extension of the e+ e- ~ Z H* ~ Zbb process be
cause it includes additional background diagrams (for instance, Z emission 
from the b-quark line). All interference terms were taken into account (9 
diagrams, 45 squared diagrams). The correction to the 2 ~ 2-body approx
imation is small but not negligible(several % to CTtot, 10 % to the bb mass 
distribution). This process should be equivalent to e+e- ~ /-l+/-l-bb process 
with the stringent kinematical cut for the /-l+ tC invariant mass. In order 
to know how this cut suppresses the cross section, a calculation was done 
in Ref.[10] with the complete set of 2 ~ 4 diagrams giving the /-l+ /-l-bb fi
nal state in the whole physical region of phase space in tree approximation, 
by taking into account all possible contributions (25 diagrams, 595 squared 
diagrams). 

In this paper we consider the possibility of Higgs boson detection in the 
process e+ e- ~ lIvbb, assuming that the signal is reconstructed in the in
variant mass distribution of t\vo b-jets. The advantages of this channel are, 
as we shall see, in the fact that the cross section, which is increasing with 
energy, is larger at LEP200 energies than in the case of /-l+ /-l-bb channeL 

2 Higgs signal in the e+e- ~ l/iJbb process 

We represent 23 Feynman diagrams corresponding to the e+ e- ~ lIevebb 
process in the tree approximation in Fig.1. The first row shows two signal 
diagrams, the bremsstrahlung diagram and the fusion diagram. The sec
ond and the third rows contain the main background diagrams. The fourth 

2 3 



row includes multiperipheral type diagrams with charged current transitions 
between quarks. Only the first diagram in this row ( with the intermediate 
top quark) can contribute, as two others are suppressed by CK~1 mixings. 
The fifth row represents t-channel ltV-exchange diagrams. The sixth and the 
seventh rows show s-channel background diagrams. In comparison with the 
p,+ p,-bb final state we have one additional signal diagram and two types of 
new diagrams for the background(W-exchange and multiperipheral). 

The generation of the diagrams, calculation of the matrix element squared 
and generation of the optimized FORTRAN code were performed indepen
dently by means of two integrated systems for automatic calculations 
GRACE v. 1.0 [11J and CompHEP [12] v.2.51c(C version for workstations). 
The following Monte-Carlo integration over the phase space was done with 
the help of BASES package[13]. 

We used the Breit-Wigner propagators for the Higgs and Z bosons in the 
intermediate states. There are no divergent diagrams in the whole set, so it 
is possible to calculate without kinematical cuts. The total cross-section for 
the e+ e- -+ vefiebb process is shown in Fig.2. Some nontrivial structure in the 
behavior of (Jtot appears due to the existence of two main mechanisms for the 
Higgs production, giving different energy dependence. In comparison with 
the e+e- -+ p,+p,-bb case[10] the veDebb channel has the cross-section 2-3 
times larger at VB = 200 - 300 Ge V and increasing at higher energy, while 
the p,+ p,-bb cross-section decreases. At .jS = 190 GeV (Jtot(e+e- -+ veDebb) 
is 3.6 times larger if the Higgs boson with the mass mH = 80 GeV exists and 
1.52 times larger if mH = 100 GeV compared with the case of no Higgs. It 
follows that simple counting rate with the (Jtot could show the Higgs signal. 

The total cross-section for all possible types of neutrino(ve , v~, vr ) changes 
the result for Ve only at the energies above the HZ threshold. In the case 
of muon and tau neutrino there is no fusion mechanism and at high energies 
the contribution of these channels decreases(Fig.2). For the same reason they 
are not important at the energies below the threshold. 

The reduction of the background from hadronic jets can be made by 
widely discussed b-tagging procedure(for instance, Ref.[14]) that gives the. 
possibility to distinguish the b-quark jets from light quark jets. We are not 
going to discuss here the experimental restrictions imposed by b-tagging. We 
like to notice that the direct reconstruction of two b-jets allows one to use 
high efficiency( 80% and more) tagging regime when the probability of double 
misidentification of some particles(for instance, c-quarks) as the b-quarks is 
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very low. 
The background coming from the process e+e- -+ e+e-bb is large. The 

total cross-section can be about two orders of magnitude larger than veDe bb. 
However the dominant part of the background corresponds to the case when 
electron and positron scatter in forward-backward directions. This back
ground can be therefore reduced by electron veto in the detector and re
quirement of the sufficient missing mass for the b-jets. 

We show the dependence of (Jtot(e+e- -+ veDebb) on the Higgs mass in 
Fig.3. At the energy VB = 500 GeV the cross section with 140 GeV Higgs 
boson is about half of that with 80 GeV Higgs boson. 

In Fig.4 we show the bb mass distributions at the c.m.s. energies greater 
than the resonance threshold VB> mH + mz for different Higgs masses. In 
this case the Higgs signal is rather clean. It is interesting if one can see the 
top signal below the open tf threshold(for instance in the case VB = 300 GeV, 
mtop = 150 GeV). Unfortunately the top signal seems to be much smaller 
than the background from W -exchange diagrams. 

The most interesting case is shown in Fig.5, where we represent the cross 
sections for the case VB < mH+mZ at LEP200 energies. Here both Higgs and 
Z cannot be produced on mass-shell and the dominant contribution in the 
case of v = Ve comes from the second signal diagram in Fig.l(fusion diagram). 
Having 0.5 fb -1 data accumulation, one can expect from 2 to 6 signal events 
at the Higgs masses 100-110 GeV below the resonance threshold before any 
experimental cuts. In the Table below the areas of the Higgs peak in Fig.5 
are denoted as (JHigg3 and the corresponding numbers of expected events are 
summarized. 

vVe considered the simplified case with no cuts and the initial radiation 
being switched off. If these factors do not influence significantly on the result, 
the v/Debb channel gives the possibility to detect the Higgs signal or to set the 
lower limit of the Higgs mass around 100 GeV at VB = 180 GeV and around 
105-110 GeV at VB = 190 - 200 GeV. Of course, more realistic simulation 
should be done to ascertain this conclusion. The problem of backgrounds is 
very important when the possible number of events is small. 
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VB 
GeV 

mH 

GeV 
atot 

fb 
aHiggs 

fb 
Number of expected 

events 
180 
190 
190 
200 
200 

100 
100 
110 
110 
120 

9.4 
31.2 
24.5 
36.7 
30.9 

5.0 
11.2 
4.2 
9.3 
3.6 

2.5 
5.6 
2.1 
4.7 
1.8 

The contribution of additional backgrounds 
and interference terms 

The usual way to simulate the Higgs signal Eq.(l) and the main back
ground Eq.(2) in 2 ~ 2-body approximation is to take into consideration the 
bremsstrahlung signal diagram and four main background diagrams( second 
row in Fig.1). Off-shell Higgs and Z bosons then decay into bb and VV. Such 
procedure leads to some underestimation of the signal and background es
peciallyat the energies below the threshold VB < mH + mz and at higher 
energies, when the contributions of neglected diagrams are not small. 

In order to understand the possible difference from the complete calcula
tion in the case when both brmsstrahlung and fusion mechanisms contribute, 
let us consider only the diagrams from the first three rows in Fig.1 and com
pare with the signal and main background in the same way used in [10]. Here 
the interference terms are retained only if they have the same intermediate 
2-body state(improved 2 ~ 2-body approximation). In contrast to the usual 
approximation we integrated over the whole four particle final state instead 
of usual integration over two particle phase space followed by 1 ~ 2 decay. 
The relative difference is expressed by the ratio 

6.a = actl - aappr x 100% (3) 
actl 

In this formula act/ denotes the complete tree level value (for atot or datot in 
the given bin for invariant mass) and aappr denotes the value in the approxi
mation we have described. 
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Our calculation shows that the, value of .6.a for the total cross section 
is increasing with energy. It is about 0.8% for Va = 200 GeV, mH = 80 
GeV and about 8% for Va = 500 GeV, mH = 140 GeV. A variation of 8% 
in 6.a corresponds to 100 events at the NLC luminosity of 10jb-1 and is 
rather remarkable. It is due to the increasing role of multiperipheral and W
exchange diagrams(fourth and fifth rows in Fig.1). In the J.l+ j.cbb channel(10J 
6.a is 0.2% in the case Va = 200 GeV, mH = 80 GeV and no difference is 
observed at all at 500 GeV as l--V-exchange diagrams are absent in this case. 

The result of .6.a calculation for the invariant bb mass distribution is 
shown in Fig.6. The values of invariant mass for the complete tree level case 
are regularly smaller than those in approximated calculation. The maximum 
difference in a bin can reach more than 7% at low l\1bb(for Va = 500 GeV). It 
follows that the approximate calculation is rather good at LEP200 energies, 
but for NLC it is not satisfactory. In particular, large deviations can take 
place in the angular distribution of fonvard- backward b-jets and missing mass 
distri butions. 

4 Conclusion 

In this paper we presented the results of the complete tree level calculation 
for the 2 ~ 4 process e+e- ~ vevebb(23 diagrams in the unitary gauge) in 
the Standard Model. \tVe considered the possibility to detect the Higgs signal 
through this reaction at LEP200 and Next Linear Colliders. The distinguish
ing feature of the vevebb channel is the presence of the fusion diagram for the 
signal(Fig.1), giving large contribution not only at the energies Va > 0.5 
Te V but also at the energies below the resonance threshold (vIS < mH +mz ) 
typical for the LEP200 energy range in the case of relatively light Higgs. 
Some new features are introduced by the lV-exchange diagrams and ladder 
diagram with intermediate t-quark. 

Total cross-section of the process ~ vevebb is 2 - 3 times larger 
than that for the e+ e- ~ fJ+fJ- bb process at LEP200 energies and increasing 
with energy. The detection of the Higgs signal can be made by the direct 
reconstruction of the two b-jets in the case of high efficiency b-tagging. The 
background from e+ e-bb channel can be reduced by electron veto in the 
detector and triggering with sufficient missing mass. 

Fusion mechanism for the Higgs production gives the possibility to ob
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serve signal at the energy below the resonance threshold( see the Table). An 
estimation of the number of events shows that we can find the signal for 
Higgs with mH around 105 - 110 GeV at the energies 180 - 200 GeV. This 
distinguished property of the vevebb channel allows to observe at LEP200 en
ergies the Higgs boson with the mass of about 10 GeV larger than expected 
from the previous study. 

We investigated also the validity of improved 2 ~ 2-body process taking 
into account only two signal diagrams with interference between them and 
the main background diagrams with interference terms between the diagrams 
containing the same intermediate two particle state. At LEP200 energies 
such approximation is satisfactory but at higher energies the error of the 
approximation increases(giving about 10% discrepancy with the exact tree 
level result at .;s f"V 500 Ge V). This example shows that one should be very 
careful to use effective approximations and in our case it is not clear at all 
how to find satisfactory higher energy approximation. 

We would like to notice that our study is based on tree level calculation 
and in this sense is restricted. Some corrections to the results will arise 
from radiative corrections, detector cuts, simulation of b-jets, efficiency of 
b-tagging and event reconstruction in the real experiment. 
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Figure captions 

Fig.l Feynman diagrams for the process e+e- -+ veiiebb. 

Fig.2 Total cross-section for the processes e+e- -+ veiie bb and V~ii~bb vs. 
energy. \Ve use the following parameters: mb = 5.0 GeV, mtop = 150 GeV, 
mz = 91.16 GeV, rz = 2.53 GeV, me = 1.35 GeV, sinOw = 0.475, and 
e = y'47rD: = 0.313. The widths of Higgs boson are 4.41, 5.55, 6.69 and 7.83 
MeV for the masses 80, 100, 120 and 140 GeV, respectively. 

Fig.3 The Higgs mass dependence of the total cross-section of e+e- -+ 
veiiebb for various c.m.s. energies. 

Fig.4 The bb mass distribution for LEP200 energy region higher than the 
threshold( y's > mH + mz) with several Higgs masses. The peaks around 
Mbb 90 GeV are the Z and others are Higgs. I"V 

Fig.5 The bb mass distribution for LEP200 energy region less than the 
threshold( y's < mH + mz) with several Higgs masses. The small bump in 
a) and solid lines in b) and c) around Nfbb 90 GeV are the Z peak. Other I"V 

peaks correspond to Higgs signal. 

Fig.6 The difference D.(J in % between exact calculation and approxima
tion(see the formula Eq.(3)). 
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