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Abstract

This paper considers the decay of a standard model Higgs boson into a tau pair, as a
possible signature at the SSC for a Higgs boson of mass between 110 and 160 GeV.
The production of the Higgs in association with a large transverse momentum jet
is considered, since this may aid in reconstructing the Higgs mass. The background
from the production of tau pairs via virtual photons and Z’s is shown not to be a
serious problem. We comment on the possible use of this process to search for a

light Higgs at the Tevatron collider.
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I. INTRODUCTION

Only two particles of the standard model! remain to be found, the top quark and
the Higgs boson. Of these the latter is the more important since it lies at the root of
the symmetry breaking mechanism which generates the masses of the vector bosons
(My and Mgz). Although the vacuum expectation value of the Higgs field is of
order 250 GeV, the mass of the Higgs boson is only weakly constrained. Arguments
concerning the stability of the Higgs potential? imply that its mass should be greater
than 10 GeV provided that the top quark is not too heavy. On the other hand if
the mass of the Higgs exceeds 1 TeV, it becomes strongly coupled to W’s and Z’s
and no longer behaves as a particle.® In this scenario one must search for other

manifestations of the weak symmetry breaking.*

A large number of mechanisms have been proposed to search for the Higgs
boson.® If its mass is less than 40 GeV, it should be detectable via the decay
Z — Hptu  at LEP or SLC.® Masses of up to 90 GeV should be reachable
at LEP 200 via the process ete” — Z + H.7 In addition an e*e~ machine which is
able to produce toponium should be able to see the decay into H + « which occurs
with a branching ratio of order a few percent.? The accessible mass depends on the
mass of toponium; if toponium exists with a mass of order 160 GeV, LEP 200 may
be able to probe Higgs masses well above M.

It is possible that the ete~ machines under construction do not have sufficient
energy, perhaps because toponium does not exist with the right mass to exploit fully
their potential to find the Higgs. In this case the Higgs boson must be looked for at
the SSC. Searches for the Higgs boson at the SSC fall into two ¢lasses. If the Higgs
boson mass is greater than 2My then it will decay dominantly into a W or Z pair.
The cleanest channels involve the decay of the Z pair into leptons, and will enable
a Higgs boson with mass up to 1 TeV to be found only if the full design luminosity
of 103 cm~%sec™! can be exploited.? The situation regarding the intermediate mass
Higgs boson (My < My < 2Mw) is much more complicated. Both its production
and decay properties depend upon the top quark mass.

If My > 2m,, then the Higgs decays dominantly into ¢t final states. In this
decay channel the inclusive Higgs signal is overwhelmed by the background from

the QCD production of tf pairs.!? The production of a Higgs in association with a W
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has a smaller cross section but produces a final state where the signal to background
ratio is potentially much better.!'! Unfortunately a detailed analysis indicates that

an adequate determination of the invariant mass of the ¢f system is not possible.!?

There is some indirect evidence which suggests that the top quark could be quite
heavy!3, in which case it is important to consider the case that Mg < 2m;. In this
case the dominant decay channe! is 4b. If My is close to 2Mw then the channel
H — W ff can also become important'* and must be included in the calculation
of branching ratios. If the Higgs decays predominantly to bottom quarks, the
associated production of the Higgs and a W may be observable!® since the b quark
jets are better defined than t quark jets. Nevertheless it is important that other
channels be investigated.

One very clean channel is the decay to a pair of photons which occurs with a

width of,®
a awMH

N = 1) = G I (11)

with F = Fw(Bw) + Z; Fr(8y), i = 4m}/M}. The form factors F; are given in

ref. 16 and

_ 9 ¢*
T 4w Awsin?(0w)
Eq.(1.1) implies a branching ratio of 7 x 107* for My of 100 GeV rising slowly to
107% at My of 150 GeV, assuming that the ¢ channel is closed. In this range the

width is dominated by the contribution from the W loop which has a value close to

(1.2)

its asymptotic value Fiy(00) = 7. It is insensitive to values of the top quark mass
in the range between 40 and 250 GeV.

In this paper we primarily consider the decay to a tau pair which occurs with a
width of,

_,  owmiMpg 4m?y3/2
T'H —rtr) = SM3, (1 — M}i) . (1.3)

For Higgs masses of 110, 140 and 160 GeV and My = 81 GeV this implies a
branching ratio of 3.5%, 2.2% and .5% respectively. The drop in the branching
ratio at values of My close to 2My is caused by the decay to W ff.

For Higgs bosons in the mass range of interest the production is dominated by

the gluon fusion process shown in Fig. 1. The rate is sensitive to the quark masses
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appearing in the loop and is given by,!”

_ awag M}"}
32V M

|A1|* 6(s — m%) (1.4)

where V = N? — 1 = 8 is the number of gluons in the adjoint representation
of the SU(N) colour group. A is a function coming from the triangle diagram
which contains the dependence on the mass of quarks in the internal loop. The
exact expression for A4, is given in the appendix. For a single flavour of very heavy

internal fermion,

a(ME) 1 (1.5)

Notice that in this limit the cross section in Eq.(1.4) is independent of my. The
corresponding result for a very light quark is,
2 m}.
(M) = ~ L logh(my) (L6)
H
Hence for very small my, the cross section is proportional to m2/MZlog?my if there
is another heavier quark; if this is not the case then the contribution is proportional

to m4/Mplog'm,.

The production rate from gluon fusion is shown in Fig. 2. Only the top quark
contribution is included; contributions from other quarks are numerically insignifi-
cant. Since we are interested in the decay to a tau pair, the dominant background
will arise from the production of a tau pair via an intermediate virtual photon or
Z. The cross section do/dm/dy for the production of a tau pair of mass m is shown
in Fig. 3. It is clear from a comparison of these figures that the Higgs signal will be
comparable to the background if (a) a resolution of order 10 GeV in the tau pair
invariant mass can be achieved, and (b) the decay channel to tf pairs is closed and
the branching ratio H — 777~ is as given above. If the Higgs can decay to tf, the
branching ratio to a tau pair is at most m?/3m? < 0.25% and the signal will be
completely obscured by the background. We will therefore only consider the case
in which the Higgs can not decay to top quarks. Note also that if the Higgs mass
is too close to the mass of the Z, the signal will be swamped by the background.

When a tau decays, it produces a final state with missing energy which is carried

off by one or more neutrinos. If the masses of all particles involved in the decay of



4~ FERMILAB-Pub-87/100-T

the tau are small compared to their momenta, the direction of the tau is determined
by the direction of its observed visible decay products.

When the transverse momentum of the Higgs is small the two taus are moving
back to back. Accurate reconstruction of the individual transverse momenta of the
two taus is not possible. The resolution in the tau pair invariant mass will be poor

and the signal difficult to extract.

The situation may be improved if the Higgs is produced with large transverse
momentum which is balanced by a hadronic jet. The transverse momentum of
the tau pair can be determined from a measurement of the transverse momentum
of the hadronic jet. Since we know the directions of the individual taus in the
transverse plane, the transverse momentum of each tau can be obtained. Since
we also know the direction of each of the taus, their three momenta can be fully
reconstructed from their transverse momenta. In principle, therefore, much better
resolution on the tau pair invariant mass can be obtained. In order to further assess
the feasibility of the method we must calculate the production rate of Higgs bosons

at large transverse momenta.

II. HIGGS BOSONS AT LARGE TRANSVERSE MOMENTA

At order o3, a Higgs boson can be produced with large transverse momentum
from gluon-gluon, quark-gluon, and quark-antiquark initial states. In the case of
gluon-gluon collisions, the relevant Feynman diagrams are shown in Fig 4. The

cross section for ¢ + ¢ — H + ¢ can be written as,

do 1 1
priak Ty R

spina,colours

|M5[" (2.1)

The invariant matrix element squared is given by,

> Ms|F =

JANV MY

S "stu Mg, |42(s,2,u)|* + | 4a(u, 5,8)|* + | A2 (t, u, 8)|* + |Au(s, 2, u)|?

[a 47748
(2.2)
The dimensionless functions A; and A4 depend on the masses of the quarks in the

internal loop. They are proportional to the gluon helicity amplitudes. Full analytic
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results for A; and A4 are given in the appendix.

|2 simplifies considerably in the limit where the internal

The expression for |M;
quark mass my becomes very large. In fact for a single flavour of very heavy quark

we obtain,
4NV [ ME + s* +t* + u?
M. 2 3 H
Z [Ms|” — awas 9 stuMy,

(2.3)

Note that, in the limit m; — oo, a heavy quark gives a contribution independent
of its mass. There is one factor of m; from the Higgs quark-quark vertex and a
second from the trace over the internal fermion loop. These are cancelled by a
factor of 1/ m?, from the integral over the internal loop momentum. The same effect
occurs for the triangle graph shown in Fig. 1, which also produces a contribution
independent of m; at large values of m;. Indeed in the limit m; — oo, Egs.(1.5)
and (2.3) can both be obtained from an effective local interaction independent of

mf,
o gw
247 MW

This heavy quark limit provides a consistency check on the exact calculation. The

Loy = FAFYH . (2.4)

approximate form, Eq.(2.3), is much easier to use; we will discuss the accuracy of

the approximation below.

Contributions from fermions with masses much less than My are suppressed by
m2/M%. Hence only the top quark contribution is important for the range of Higgs
masses relevant at the SSC. At the Tevatron collider where we will be interested in
Higgs masses of order 10 GeV, the bottom quark will also be important and even
the charm quark contribution cannot be ignored.

There is an additional contribution from the process ¢ + § — g + H. In this
case, the cross section is given by,

doe 1 1 .
dt 16752 4N? Z | M| (2.5)

where the invariant matrix element is given by,

1(u?+1t%) M}
M. 3 _ SV_ H A 2 ) .
'Pl'nmzc':loura I 4| awas 2 SMP%’ (u + t)2 | 5| (2 6)

The form factor A; is given in the appendix. Again the result simplifies in the limit
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of large m;,.

2u? 4 2
S IM" — awadV 2% (2.7)
The final process is ¢ + g — ¢ + H; the cross section is given by,
do
hatll 2.8
dt 167rs2 4NV Z' (2.8)

The matrix element can be obtained by crossing from that for ¢ + ¢ — g + H.
3 IM(s,t,u))? = =D | M(t,s,u)|? (2.9)

III. NUMERICAL RESULTS

Fig. 5 shows the cross section do/dp;/dy as a function of the Higgs transverse
momentum p; in proton proton collisions at /s of 40 TeV. The top quark mass has
been set to 80 GeV. The structure functions of EHLQ!? (set 2) have been used. We
have chosen the scale Q* at which «, and the structure functions are evaluated to
be m%; + p}. Since the process is of third order in a,, the rates are sensitive to this
choice. If we use s, the square of the center of mass energy of the partonic system,
the rates in Fig. 5 are reduced by a factor of 2 or so. It is also clear that the results
are quite sensitive to the value of A; the set of structure functions used has A = 0.29
GeV. The sensitivity is much stronger at low values of myg and p,, where o, and
the structure functions are varying more rapidly with Q2. We cannot know which
scale is appropriate unless the order a? terms are calculated!

Fig. 5 also shows the rates predicted using the approximations to the matrix ele-
ments valid for large values of m;. The accuracy of the approximation is determined
by the kinematic region of interest. The approximation is good when m, is larger
than all of the kinematic invariants in the partonic scattering process. Clearly, for a
top quark of mass 80 GeV and a Higgs mass of more than 100 GeV this can never be
the case. Nevertheless the approximation is reasonably good at intermediate values
of p:. At large p; the pointlike approximation seriously overestimates the rate. The
approximation obviously improves at larger values of m,. This can be seen from
Fig. 6 which shows the production rates for a top quark mass of 160 GeV. Here

again the approximation overestimates the rate at values of p; where py, My > m,.
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Even at large p; the total event rate is large. Fig. 7 shows the total cross section
for Higgs bosons produced with transverse momentum greater than p?. If we require
transverse momenta of more than 100 GeV, so that we are in a region where the jet
recoiling against the Higgs can be clearly seen, the cross section is of order 10 pb.
By comparison with Fig. 2 we see that the requirement that the Higgs be produced
in association with a large transverse momentum jet reduces the Higgs rate only by
a factor of about ten.

The production rate of a light Higgs at the Tevatron collider is shown in Fig. 8.
Notice the structure near My = 2my; this is due to the presence of the bottom quark
in the triangle graph of Fig. 1. Fig. 9 shows the transverse momentum distribution
at the Tevatron. In this figure we show the approximation with only one flavour
(top) included. This is clearly the correct approximation at large values of p; and
Mpy. However at smaller values the bottom quark can become important. This can
clearly be seen from Fig. 9; the approximate rates fall considerably below the exact
values at small p;. If we were to include the bottom quark in the approximate rate,
treating it as very heavy, then the approximate curves would increase by a factor

of four providing a much better approximation at small p,.

I1V. DISCUSSION AND CONCLUSIONS

As we remarked in the introduction, the background for the Higgs signal we
are looking at is the production of a tau pair at large transverse momentum via
an intermediate virtual photon or Z. Fig. 10 shows the production of a pair of
taus of invariant mass m as a function of transverse momentum of the pair at the
SSC. In order to estimate the signal to background ratio we must multiply the rates
from Figs. 5 or 6 by the branching ratio of the Higgs into a tau pair and must
assume some value for the resolution in the tau pair invariant mass. If we take
10 GeV for the latter, then we obtain a signal and background curves shown in
Fig. 11. As emphasized above, the exact value of the Higgs production rate and
also the background is dependent upon the value of a,. Fig. 11 shows that the
signal is worst at values of Mg near to Mz and at values near 2Mw. The rapid
fall off of the tau pair rate with the pair mass can be seen from Fig. 10; the tail of
the Z is still visible at m = 110 GeV. It is this tail which compromises the signal
to background at My = 110 GeV. At My = 160 GeV, the branching ratio into
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tau pairs is becoming small owing to the decay to W ff. For intermediate values
the signal to background ratio is reasonable. Since the tau pairs in the signal and
background come from the decay of spin-0 and spin-1 particles respectively, the
taus have different angular distributions relative to the direction of motion of their

center of mass. This may be of use in extracting the signal.

There are two other possible sources of taus which could be important back-
grounds. First, the production of a W pair in association with a jet, followed by
the decay of both W’s into rv. Since the total W pair production rate at the SSC is
of order 0.1 nb,!? this is unlikely to be a serious problem. Second is the production
of a bb pair in association with a jet followed by the semileptonic decay of both b
and b into taus. In this case there will be hadronic activity near the taus, from
the hadrons produced in the semi-leptonic decay, which will be absent from the
taus produced in Higgs decay. Given the large production rate for such b5 pairs,
this background deserves serious study involving Monte-Carlo simulations. Such a
study is beyond the scope of this paper.

Taus themselves should be quite distinctive at the SSC. The leptonic decays are
of course clean; but the hadronic modes should also be fairly easy to recognise since
they produce jets with very low multiplicity and invariant mass. It is these two |
characteristics which have aided the UA1 collaboration!® to reconstruct the decay
W — .

It is interesting to compare the signal in tau pairs with that from the decay of
the Higgs into two photons. We will take the top quark mass to be 80 GeV since this
will give the largest production rate (see Fig. 2). The background arises from the
production of photons via quark-antiquark and gluon-gluon collisions.!® The latter
occurs via virtual quark loops; we have included it by using an approximation valid
for quark masses much less than the photon pair invariant mass and have ignored
the top quark. Its rate is about twice that from quark-antiquark annihilation; the
large gluon distribution has overwhelmed the extra factor of o®. Fig. 12 shows an
estimate of the signal and background for photon pairs as a function of the Higgs
mass. We have assumed a resolution of 3 GeV in the invariant mass of the photon
pair and have forced the photons to be produced centrally in order to reduce the
background. It can be seen that the signal to background ratio is much worse than
in tau pair channel except for Higgs masses less than 110 GeV or greater than 155
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GeV. There are also fewer events than in the tau pair mode. It is clear that both
channels are difficult but promising and both are worthy of further study involving
a detailed detector simulation. For this purpose the approximate forms of the Higgs
production cross section at large p;, Eqs.(2.3,2.7) are probably adequate.

Finally we would like to comment on the usefulness of the process in searching
for a light Higgs at the Tevatron collider. The production rate is reasonable only
for Higgs masses less than 20 GeV or so, as can be seen from Figs. 8 and 9. In
order the estimate the background, we show in Fig. 13 the cross section for large p,
production of tau pairs via virtual photons and Z’s at the Tevatron. A comparison
of Figs. 9 and 13 shows that the signal to background ratio is worse than in the
SSC case discussed above. The limiting factor at the Tevatron is more likely to be
the small number of events, although if the Higgs is light enough for the decay into
bb to be forbidden, the branching ratio into tau pairs is of order 25%. The situation
may be improved in the case of Higgs bosons in non-standard models where the
production rate may be enhanced.?®
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A APPENDIX - ANALYTIC FORMULAE.

The amplitude for gluon-gluon annihilation into a Higgs boson, or for the time
reversed process H — g(p1) + ¢(pz2) has been given in the literature!’. In our



-10- FERMILAB-Pub-87/100-T

notation it may be written as,

ws _ —tewMp ¢° r3p} 2
M, 35 = of 6ap Ar(M Al
where a(A) and 3(B) are the Lorentz(colour) indices of gluons one and two. We
have dropped terms which vanish because of the equations of motion for the gluon
field. For a single flavour of quark of mass m, the amplitude A, is given by,

moag) = - wao - 47| (42)

where W, is a transcendental function given below. After summing over colours
and spins we obtain (V = N? —1 = 8),

V awal M} 2
2 _ ¥V owag My 2

D IMf* = 8§ x M lAl(MH)| - (4.3)
This matrix element squared is necessary for the calculation of Higgs production by
two gluons and the width into two gluons. Eq. (A.3) simplifies in the limit m; — oo

and becomes,

V awal M M?
M= 287 H L o(==HYy , A.

The amplitude for the process,

H — g{p1) + g9(p2) + 9(ps) (4.5)

controls the decay of the Higgs into three gluons, and after crossing, the associated
production of a Higgs particle and a gluon by two incoming gluons. Because of

gauge invariance it can be expanded in terms of two invariant functions A; and As.

gef

)Az(s, t,u) +

. Mt o3 y) o pf af
M, gy __ gwiMy ¢ {f b [( 9 As(s,t,u)

= ABC
ABC My 3272 propalMpi-p2)? piope

1 &p pa As(s, t,
+ ~faBC PEpipids(s,t,u) }+{permutations}

P12

3 Pi-P22-PapPs D1
(A.6)

fasc is the structure constant of SU(N). We have dropped terms which vanish by

the equation of motion for the gluon fleld. The permutations not written explicitly
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in Eq.(A.6) are the five exchanges of pi,p;, and p; (and their associated colour
and Lorentz indices) necessary to impose full Bose symmetry. In calculating the
amplitude for the process Eq.(A.5) we define s = (p1 + p2)%,t = (p1 + p3),u =
(p2 + p3)? so that after crossing to the production process we obtain the normal
definitions of ¢ and u. The function A; is symmetric under the exchange of its last
two arguments whereas A; is a totally symmetric function of its arguments. The
invariant cross section is most easily defined in terms of the helicity amplitudes A,
and A4, where A, is given by,

Ag(s,t,u) = [Aa(s,t,u) + Az(u,s,t) + Az(t,u,s) — 243(s,2,u)] . (A.7)

The invariant cross section in terms of these amplitudes is given in Egs. (2.1} and
(2.2). Because of the properties of A3 and A, the function A4 is also totally
symmetric under the interchange of its arguments, and hence can be written,

Ags,t,u) = [ba(s,t,u) + be(u,s,t) + ba(t,u,8)] . (A.8)
In a similar way, A; which is symmetric in its last two arguments, may be written
Ag(s,t,u) = [ba(s,t,u) + ba(s,u,t)] . (A.9)

To the order in perturbation theory to which we are working, the auxiliary functions

by, by are given by ' (for a single flavour of quark of mass my),

(325 - ‘1“) (Wa(s) — Wa(ME) + Wa(s,t,u,Mg))] (4.10)

m2 2
b4(s,t,u)= ![—_+ M2 4
H

Mi| 3
s(u — 8) + 2ut{u + 2s)
s+u (s +u)?

1

+ (m‘zf - 43) (%Wg(s) + EWg(M}{) - Wa(t) + W3(s,t,u,MfI))

2
ba(s,t,u) = 4 [

o (wate) - wias)

(4.11)
(W2 (M) — 2W,(t))

ut
28

o 2m} _ 1 _ 2
ts ((s +u)?  2(s+ u)) (Wa(t) - Wa(Mg)) +

4ut

]

-+ %(s — 12m§

)Ws(t,s,u,M},)] .

tWe have found the technigues of Ref. 21 to be invaluable in performing the calculation.
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W, W, and W3 are auxiliary functions given below. In the limit m; — oo, the

values of A; and A4 are,
82

3ME

Ay(s,t,u) — —%, Ag(s,t,u) — — (A4.12)

Lastly we consider the process ¢(p1) +g(p2) — H + g(ps). The invariant amplitude
is given by,

tgwM} ¢° _ p5(pi + p7)
M = o3 0(—Pp2)7 ] 4 13

where with a single flavour of quark in the internal loop we obtain,

As = ;2 [4+ 4:t(W1(s)—W1(M§,)) (1—;:-4'-) (Wa(s) - Wg(M}{))] . (A.14)

The transcendental functions W, W, and W3 are defined by,

Wi(s) =2+ [ deln(1— > z(1 - 2) - i¢) (4.15)
0 m}
248) = —ln -~ —z(l —z) — ¢ .
() =2[ Zwma el =) = i) (4.16)
Ws(s,t,u,v) = I3(s,t,u,v) — Iz(s,t,u,8) — I3(s,t,u,u) (A.17)
Iy(s,t,u,v) = _/: d:':(r::—‘it +z(1—z))'In(1 - Ev—z;z(l — z) — i) . (A.18)

They have the following values (see also ref.(22)),

Wi(s) = 2(1- f—?-i)lfz a.rcsinh(%), 8§<0
— iﬁi — 1)Y? aresin( A2
2(L —1)Y a.rcsm(%), 0< s < 4mj (4.19)
= (1- )1f2(2 a.rccosh(—"L) —im), 8> 4m}
Wa(s) = 4(arcs'1nh(32m£;))2, s <0
= —4(aresin(2£2))?, 0< s < 4m?
( (2m;)) 5= oMy (A.20)

= 4(arccosh(§‘ﬂ%))2 — % — 4iw arccosh(-@fn%), s > 4m} .
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Iis,t,u,v) = g = Liz(z3=) + Liz (-357)
+Li2(LE'1) ng(g—_}]
+(log?8 — log?(8 — 1)) /2
-+logry log(1+5=2)

+log(v — 1) log(z£517)], v <0
= zp=q(2Liz(r,8) — 2Liy(r, ) (4.21)
+{$— 6)(¢ +0 - 7)), 0<v<am?

= il - Lis(d 1)+le(;%,€.i—1)
+L12( ) L12( )
+log(L ) log(j—L)

—zwlog(lﬁi";—l)], v > 4m}
with,
ﬂ =
a= (A.22)

r? = a?+1
RN TR
281
cosg = A0
cosf = M=) g <9 4 < .

1+a2 ?
Finally the dilogarithms are defined by,

Lis(z) = —f: log1—2),,

z

and
z log(l — 2zcosf + z%)

2 z

Liz(z,0) = dz
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FIGURE CAPTIONS

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Feynman diagram showing the process H — gluon+gluon. Also shown

are the momenta of the gluons as well as their spin and colour indices.

The cross section do/dy at y = 0 for the production of a Higgs boson
at /s = 40 TeV, as a function of the Higgs mass. The solid, dashed
and dot-dashed lines correspond to top quark masses of 80 GeV, 120
GeV and 160 GeV respectively.

The cross section do/dm/dy at y = O for the production of a tau pair
at /s = 40 TeV, as a function of the pair mass (m).

Feynman diagram showing the process H — gluon + gluon + gluon.
Also shown are the momenta of the gluons as well as their spin and
colour indices. The amplitude for the production process can be ob-
tained by crossing.



Figure 5:

Figure 6:

Figure T:

Figure 8:

Figure 9:

Figure 10:

Figure 11:
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The cross section do/dpe/dy for the production of a Higgs boson at
rapidity y = O as a function of the transverse momentum p; of the
Higgs boson at /s = 40 TeV. The top quark mass has been set to 80
GeV for the exact calculation. Results for the exact and approximate

matrix elements are shown.

As for Fig. 5 except that the top quark mass has been set to 160 GeV.
Notice that the approximate curves (dotted and dot-dashed lines) are
identical to those in Fig. 5, since the approximate matrix element is

independent of m;,.

The cross section for the production of a Higgs boson in proton proton
collisions at /s = 40 TeV with transverse momentum greater than p{
as a function of p0. The top quark mass has been set to 80 GeV.

The cross section do/dy at y = O for the production of a Higgs boson
in proton antiproton collisions at /s = 1.8 TeV, as a function of the
Higgs mass. The solid and dashed lines correspond to top quark masses
of 30 GeV and 80 GeV respectively.

The cross section do/dp;/dy for the production of a Higgs boson at
rapidity y = 0 as a function of the transverse momentum p; of the
Higgs boson in proton antiproton collisions at /s = 1.8 TeV. The top
quark mass has been set to 30 GeV. Only one flavour (the top) is
included in the approximate form (see text).

The cross section do/dp:/dm/dy for the production of a lepton pair
in proton proton collisions at /s = 40 TeV via intermediate virtual
photons and Z’s at rapidity y = 0 as a function of the transverse
momentum p; of the lepton pair. The solid, dotted, dashed and dot-
dashed curves correspond to pair masses of 110, 125, 140 and 160 GeV
respectively.

Signal and background curves at y = O as a function of p, for the
production of higgs boson followed by its decay to a tau pair. The
signal (solid lines) is obtained by multiplying the rates of Fig. 5 by the
appropriate branching ratio. The background (dashed lines) is obtained



Figure 12:

Figure 13:
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from the continuum tau pair rate viz. do/dm/dp:/dy x Am, evaluated
at m = Mpg. The resolution Am has been taken to be 10 GeV.

An estimate of the signal and background in the channel H — ~+. Both
photons are required to have rapidity |y| < 1.5. The signal (solid line)
is obtained by multiplying the production rate from the mechanism of
Fig. 1 by the branching ratio into «v. The background (dashed line) is
estimated from do/dm x Am for the production of a pair of photons
of invariant mass m = Mpy. A resolution of 3 GeV in the photon pair

mass (Am) has been assumed.

The cross section do/dp:/dm/dy for the production of a lepton pair in
proton antiproton collisions at /s = 1.8 TeV via intermediate virtual
photons and Z’s at rapidity y = 0 as a function of the transverse
momentum p; of the pair. The curves (top to bottom) correspond to
pair masses of 7, 14 and 21 GeV.
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