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Abstract

We have considered associated Higgs-Z° production at the LHC and calculated the
intrinsic background to the signal HZ — ~yl+l—. Transverse momentum and invariant
mass distributions for double bremsstrahlung from the initial quark legs are presented. It
is shown that this background is well below the signal provided a very good mass resolution
is obtained. Under normal luminosity conditions, the number of events is not sufficient for
discovery, but it can be adequate if an extremely high luminosity is made available, i.e.
L=5x103%¢m~2sec .



In this contribution to the Workshop we address the question of the Higgs search in
the light intermediate mass region. For an Intermediate mass Higgs, i.e. one for which
mz < My < 2myy, there are two mechanisms which have been proposed [1l and which have
been the object of extensive study in this workshop!2], i.e. direct Higgs production and
decay into virtual Z0 pairs[3l and 4+ pairs!4l. For a Higgs boson of mass Mg ~ m g, the first
of these mechanisms however cannot be used for lack of rate and therefore one must rely on
the second and on the possibility of building a specialized detector with very high demands
on resolution in order to overcome both the background from jets as well as the irreducible
intrinsic background from ¢g@ — 4. On the other hand, this mass region is probably out
of reach by LEP200 and may have to be explored by the Hadron Colliders. Indeed, to
exclude or to confirm the existence of a Higgs boson degenerate in mass with the Z° is very
important from a theoretical point of view. In this note we examine another signature,
which is low in rate, but potentially very clean, i.e. associated Higgs-Z° production. The
probability of finding a Higgs into a Z° at the LHC is 104+ 10-5, a not impossibly small
number . However, in order to overcome the intrinsic background from Z-pair production,
one needs to search for Higgs boson decay modes inaccessible to the Z9, i.e. H~~, because
of Yang’s theorem [51. In addition, if one requires to observe only leptonic decay modes
for the associated Z°, the event rate becomes very low.

Since the event rate is marginal, special care must be taken to calculate the branching
fractions, which become sensitive to virtual and rare channels, as well as to QCD cor-

rections to the b-quark mass (678, The decay rate into virtual Z%s can be written as
[9,10] -
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where I'}, is the total width of a Zy of mass Q and I'(H u-»r,Z *Z*) represents the decay of
the Higgs boson into a pair of Zy’s of masses @1 and Q3 and it is given by
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expression fo;'1Y HO — 7929 when Q1 = Q2 =my.

‘In Fig.1 we show the width of the Higgs boson calculated from eq.(1). Using partor
densities from EHLQ, set II, 11} we obtain the values shown in Fig.2 for the number ot
events at LHC and SSC, assuming a nominal integrated LHC luminosity L = 105pb=! for
LHC and L = 10*pb=? for SSC. The numbers shown are relative to a single lepton channel
for Z° decay and nothing more than a rapidty cut , lve,z| < 2.5. To see if the very high
luminosity option which may be available at the LHC could make this process a viable one,
one must study the intrinsic background from Z~+v and impose realistic cuts. We show

with A; = ;%; . It can easily be checked that the above equation reproduces the known
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in Figs.3a and b the invariant mass distribution of gamma pairs produced through
QED bremsstrahlung from the initial quark legs annihilating into a Z°, [12] together with
the signal from HZ — ~4Z, within a 5 GeV bin. We have chosen two different cuts
on the photons transverse momentum, so as to eventually improve statistics. In both
cases, the signal is well visible above the background. Clearly, better mass resolution
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Fig.3a Differential cross-section for pp — Z~4vy + X vs. the invariant mass of the v system
at \/s = 16 TeV. The signal has been added to the QED background for My ges =
80,100,120,140 GeV assuming a resolution AM = 5 GeV. The cuts p] > 30 GeV

and |y-| < 2.5 have been imposed.
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will further sharpen the signal. We show also in Fig.4 the p; distribution of the signal
compared to the QED background for a cut of 30 GeV on the transverse momentum
of the photons. One should also mention that in order to make use of this signal, the
detector requirements must be very severe, in order to eliminate, among other things, the
dangerous background from Z + jet + jet, with the jets faking an isolated photon. If
this can be done, then from the intrinsic background analysis, it appears that the signal
we have considered here may provide an unmistakable signature, provided the event rate
is adequate. Under normal luminosity conditions, this is not the case. If however, the
extremely high luminosity option, L=5x1034¢m—2sec~! is available, then the number of
events increases and this channel can become a viable one for investigation of a Higgs
boson of mass 80 GeV < My <130 GeV.
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Fig.4 Differential cross-section for pp — Z~y + X vs. the p; of the vy system at /s =
16 TeV. Histograms are for the purely QED process, i.e. Z° production and double
bremsstrahlung from initial quark legs , and for production of a Higgs boson of mass
Mi1:g0 = 100 GeV for a cut on the transverse momentum of the photons py = 30GeV

and a rapidity cut |y,| < 2.5.
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