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Summary

Characteristics of Higgs meson production from
e*e™ collision with center of mass energies at the Z°
peak are discussed along with techniques for
isolating the Higgs signal. Experiments to find the
standard Higgs should be feasible with anticipated
luminosities.

Experiments searching for Higgs mesons H® via 2°
decay have been discussed in the SLC workshop_,
Cornell Horkshopz. the EFCA/LEP Working Group”, and
also by Barger et al.”.

For orientation purposes we first consider a
Higgs of

Mye 210 GeV/c?,

where the rate

T(Z*+ H*+X)/ T(z°® + u* uv) .03. &)

The primary process contributing to such decays is
the bremsstrahlung mechanism shown in Figure 1, where
f,f are quarks or leptons.
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Fig. 1. Z° decay diagram; f
bremsstrahlung are quarks or

leptons.

Since

F(z°+ u*u7)/T (2°+all) .03, (2)
H* must be found by searching in an environment with
signal/noise= 1072, With average yearly luminosities
at_the Z° anticipated to be in the vicinity of

1037 cn=2, gnd peak cross sections on the Z° are

240 x 10733 cm™2, we can expect several hundred
Higgs/year. This situation deteriorates rapidly for
heavier Higgs masses.

Searches for Higgs based on its decay modes must
be designed to examine a = 60% branching ratio into
¢@ and/or = 30% into TT if My.<10GeV/c<, or the 90%
branching into bb for Mye > 10 GeV/c“. The predicted
branchinﬁ ratios as functions of mass are shown in
Figure 27, Unless the identity of the ff of Figure 1
are ete™ or u*u~, backgrounds and combinatorics
would be high even if some decay paths are measured.
Since e*e” plus MY UL~ costs only a factor = 6 in
rate, an analysis of the decays

-

(a) eve

Z°* H® + (3)
(b) uet

seems most feasible. We will focus on these modes
for most of the remainder of this note. Further,

we assume a shower calorimeter with
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Fig.2 . Branching ratios of a Higgs boson as a function of its
mass, based on the following quark masses in GeV: mg = 0.3,
me=15mp=35,m=20

O/E, 0.1/ Egey» since Eg > 20 GeV for the
leptons from the decay (3), ©/E < 0.025 for
electrons., Since muon resolution will be several
times worse, we will concentrate on the electron
position pair in the decay (3a).

The rage for this decay relative to Z* + u* u~ is
illustrated” in Figure 3. If the background were
negligible, 10 events could establish the
existence of the H®, and the necessary luminosities
for this are shown, setting upper limits to the
observable Higgs mass, We explore the situation

« = 10 GeV/c%, 40 events, Lt = ,103' cm™2 in more
detail. Typically these events contain two high
momentum electrons well separated from the hadronic
fragmentation. Separation from background may be
based on cuts in three variables: i) the mass
recoiling (MPee 1) from the e*e™ system, low in this
case, 11) the e?ieetive mass of the leptons M +,-,
1i1) the angles o of the leptons with the sphericity
(or similar) axis of the remaining particles. The
latter two cuts are explored’ in Figure 4, where the
effective mass plot is presented for Lt = 10 cm”™
with two possible Higgs masses. Here the primary
background is assumed to be

Z+ t+t > ete” + X %)
with the branching ratio = 0.08 x (0.1)2,

The top mass m. is taken to be 25 GeV, while
higher mg willl produce electron with larger
transverse momentum, the decrease in the branching
ratio Z* + t+t partly cancels this potential problem.
Since a selected pair of hadrons in each event could
fake a high effective mass e*e™ pair if
misidentified, the hadron rejection of the electron
identifier must be of the order of /765 for these



high energy electrons.
Figure 5 111ustrates1 a Monte Carlo scatter plot
of M, V8 Mg+g- for the A0 Higgs events and the
postufage& background. As the Higgs mass increases,
the number of events falls rapidlyé but the
resolution in recoil mass improves”. Some potential
background at high Higgs mass can also be rejected by
additional cut, in visible energy, multiplicity and
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Fig. 4 . Electron-positron pairs mass spectra for:

(1) e*e” patra from jets without cuts (solid line),
(11) e%e~ pairs fror jets with 200 mr cut described in
text (dashed line),

ete” pairs from 20 - EOete, My = 10 Gev (solid
curve),

e*e” pairs from 2° + KO%%e~, My = 30 GeV (dashed
curve).
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sphericity. Thus the 10 event/year limits of Figure
3 could be close to the real limits with optimization
of selection criteria.
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Fig. 5. Scatter plot of H(e’e-) versus vecoll mass with caloriveter

resolution AE/E = 0.1/7%.

For the Z° decay under consideration, Figure 6
illustrates! a low mass limit due to background from

= ] f 3
— — e'eT->ete "+ X —
103 b= [6te* &7 )>100mr] _]
E . _.,0 I
- - -~ e*e"—>e*e +H =
> [~ ]
K3 r M, ecoi>840 MeV 7]
S 102 = —=
14 = 3
R ¢ = o
w - -
> L -
5 - ]
M
: 10" = |1 =
= E [k’ E
¢ .
w -~ r ﬂl -
10°% = i | =
- | =
- } |3
= [ .
'o'l | , | |
(o] 5 10 15
182 Mrecoil (Gev) arirAz
Fig. 6. Mass gpectrun recoiung against high mass (>50 GeV) ete

pairs from 20 + HP¥e™ and ete~ » ete” + X.



two photon interactions. This restricts M. to be
greater than " 8 GeV/cZ. Since low HH' implies
larger event samples, this restriction may be
overcome by studying the decay sequence.

Z°® + H* + ut ™ (5)

[

with two very high energy muons.
Finally, we consider the decay

Z° T H® + Y (6)
In Figure 3 we see that the branching ratio provides

barely useful samples at the highest lumgnosity
considered. Further, Figure 7 indicates” that

Figure 2:
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Branching ratia [ Branching rotio to u*y

The 2° » 'Ly background to the sesrch for
ey vy

background problems from Z°* > £+ %~ yare severe,
except for certain leptonic channels at certain Higgs
masses. Nevertheless, this reaction provides
important gauge theoretical information, and should
be measured if possible.
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