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Abstract

We calculate the production of a Z%" pair at hadron colliders from gluon-gluon
fusion and quark-antiquark annihilation. We show that the gluon- gluon contribution
is always much smaller than the one from quark-antiquark annihilation and compare
both to the cross-section for production of an intermediate Higgs boson decaying into
a pair of Z%s , one of them being produced off-the-mass-shell.




1 Introduction

In this paper we calculate the contribution of gluon gluon-scattering to the production
of a Z%" pair at hadron colliders and compare it with the contribution coming from
quark-antiquark annihilation. These processes are potentially interesting as they
constitute part of the background to the production of an intermediate mass Higgs
boson, i.e. one such that mz < myg < 2mw. A Higgs boson in this mass range
has a finite probability to decay into a pair of Z°’s, one of which is produced off-the
mass-shell. Detection of the Higgs boson in this mass range through its decay into
two lepton pairs from the Z°Z* final state, has been proposed [1, 2, 3].

There exist diverse theoretical models and arguments which favour this particular
mass range. We mention just a few. Non-perturbative results in pure #* models [4]
imply an upper limit mg < 630 GeV under rather general assumptions, but also the
much more stringent limit, myg < 145 GeV if the regularization cut-off is chosen to
be at its natural value A = 1.2 10'® GeV. Recent estimates of higher order radiative
corrections to the Electroweak parameters from the high precision LEP results have
restricted the range of the top mass and that of the Higgs mass as well [5]. In ref.5,
the favourite value for the top mass is m; = 122+35 GeV , to which there correspond
a minimum of the x? for the Higgs mass which falls in the range below and just above
100 GeV. An exploration of this mass range is also important for the Higgs sector of
the Minimal Supersymmetric Standard Model (MSSM). This model predicts a neutral
Higgs of mass less than mz (3, 6], although radiative corrections (7, 8] tend to shift
this mass prediction towards higher mass values. In any event, an estimate of the
background processes to the production of the Standard Model Higgs in the 100-200
GeV mass range, becomes important for studying the Higgs sector of Supersymmetric
Theories, especially in view of possible additional evidence for a Supersymmetry scale
in this mass region, as suggested by the analysis of LEP data by Amaldi et al. [9].

Background to the detection of a neutral Higgs boson decaying in two lepton
pairs through the Z°Z* channel, comes from many different sources. We recall in
particular the one from Zbb production which gives a Z° accompanied by a ppair. A
through analysis of this type of background can be found in ref.10. Here we discuss
contributions to the intrinsic background constituted by processes which have the
same exclusive final state as the signal under examination.

For the process
pp—o H+X — ZéZ‘+X—>lf’l;l§'l; + X

contributions to the intrinsic background come from

qq — 2°Z" (1.1)
9 — 2°7 (1.2)
gluon gluon — Z°Z~ (1.3)
gluon gluon — Z°* (1.4)

Since the decay channels of interest for experimental purposes, i.e. decay into two
.o . . . 0
lepton pairs, do not distinguish between a virtual photon or a virtual Z°, all of

these processes constitute a potential background. The analytical expressions for the
amplitudes for processes (1.1) and (1.2) are in the literature (11, 12]. We present here

the amplitude for process (1.4).



In section 2 we present the cross-section for the gluon-gluon contribution to Z%y*.
Our calculation relies on the results of ref.13. In section 3 we do a numerical estimate
of this contribution and compare it with the cross-section for process (1.2). Since
gluon densities in the x-range of interest are rather large at the LHC and SSC, the
possibility that this contribution compares with that from ¢§ could not a priori be
excluded. Indeed, above the 2 Z°’s threshold, Glover and Van der Bij [14] have shown
that the gluonic contribution to Z° pair production is between 30 (at the LHC) and
70 percent (at SSC) of that from quarks. For Z%* production, on the other hand, we
find that the gluonic contribution is much smaller than the one from quark-antiquark
annihilation. The physics reason for this difference is charge conjugation symmetry
for the process (1.4). The gluonic process proceeds via an intermediate quark loop
[see Fig.1], for which only the vector part of the Z° coupling to the quarks survives
due to C-invariance.

In section 4 we examine the background processes together with the signal and
discuss the necessary cuts, which improve the signal and eliminate the intrinsic un-
wanted background.

2 Cross Section for gg — Z%* — Z%tu~

There are six diagrams contributing to this process. In fig.(1a) we show three of them,
the other three are obtained by permutation of the gluon lines. Notice that from C-
invariance only the vector part of the Z° coupling to the quarks, g2, contributes to
the box diagrams. The matrix element can be written as

eggQ e
Mx,,\sx, = Z q( )———u( 1)y “”(Pz)AEf’A M)

T Ccos 0,

where a, B are the color indices of the two initial gluons and

d*p 1 1

(2r)° {"“@— D B—F—mg) "Bt Fit Fs— myg)

A2A3A
A5‘234)=/

79(15‘_}__&:_—”15} b3 (X2) a5(A3) af(Ng) + crossed diagrams (2.1)

with b5(A2), as(A3), as(A4) the polarization vectors of the Z° and the gluons respec-
tively.
The basic cross-section for gg — Z%* — Z%u*u~ is given by

; 1 @r) T IMP H d3pz
= 6 a z i =
W N RG,m ) (@ et TR
1 T |M|? d3k, d°k,

64(]573 + k4 + kz + kl) dkz dPS(kl,pl,pz) (22)

T 2)172(3,0,0) (27)° 2k9 2kY
with
AMa,b,¢) = a® + b® + ¢? — 2ab — 2ac — 2bc




Integrating over the phase space of the two final leptons,

d3P1 d3P2

i el & 2w
250 23 4psp) +7ipy ~ ¢ 1o pr) = (kiKY - kg (2.3)
1

[ 8k = 51 = p2)

and using the fact that k¥ A, = 0 from gauge invariance, the differential cross section
can be written as follows:

do a?a’a, 1672 (1 1 2
= = L J— —_ . — QA qA* I 4
didk i3 (k%) (4 64) h%h [(Z; Qi u) (}; Qads ) (-9 )]
(2.4)
where (% . 62—4) comes out from spin average and colour factors, a, = a , and

8in3 80y, cos6,,
§ = (k3 + kq)?
£ = (k3 + k]_)z

The calculation of the matrix elements A4, follows from ref.13 where the gen-
eral form of the vacuum polarization tensor allowed by Lorentz invariance, crossing
symmetry and gauge invariance is obtained in the framework of double-dispersion
representation for the amplitudes, instead of the usual Feynman parametrization.
Using the same metric and notation as in ref.13, the ggZ°%y* polarization tensor cor-
responding to the diagrams in fig.1a, can be written as

G vpo(1234) = Topo(1234) + T,ppe(2134) + Touus(3214)

where for simplicity we have replaced k; by ¢ in the arguments and

T (1234) =

/d_‘gT{ P+i P-K,+i

it T\ PP I (P K41
P+Ki+Ks+i P+ K+ } (2.5)
PiKi+ K +1 P (PEy)+1 '

Notice that as in ref.13, all momenta have been divided b& my, i.e. P = p/my,
K; = k;/m,.

We define the following dimensionless scalar variables:

1
r= _Z(Kl + Kz)2

1
8 = —Z(KI + K3)2

1
t = -—Z(Kl + K4)2
and (K;)? =4p; (1 =1,2,3,4). They are related by
r+s+t+p Fpurtpatpa=0

We choose K3 and K4 to be the (dimensionless) momenta of the initial gluons and
we assume the following kinematics:



K; = (0,0,—k,—ik)

Ks = (0,0,k, —ik)

K, = (—g¢sin6,0,—gcosh,ip)

K, = (gsinb,0,qcos8,i(2k — p)) (2.6)

The helicity vectors for circular polarization are :

1
o) = ﬁ(—us,1,0,0)

1
a = W(ih,l,O,O)

1
B = -\—/—i(i/\zcow, 1, —iAzsind, 0)

for the gluons and the Z°, and

1
b(2°) = E(—psin(), 0, —pcosb, —iq)

for the longitudinal polarization of the Z°.

a:(,'\"‘) (%) specify right and left-handed circular polarizations states when
A3 = Ay = 1 and A3 = Ay = —1 respectively for two incoming gluons.

and a4

We follow section 4 in ref.13 where the fully integrated expression of the polar-
ization tensor is obtained in terms of logarithm and dilogarithm functions when two
of the four photons are on the mass shell (the case u3 = p4 = 0). Then, for two
incoming gluons, the following tensor is defined

Glupe (1234) (a(;”)p (af™) =G 2(1234)

and is obtained by

GRI(1234) = T Z g,{ (14 Ash) DY (1234)+

4perm 1=1

%(1 - A3A4)D£‘)(1234)}L§2(1234)

where g; = 1 for i = 1,2,3 and g4 = A3 . The sum over permutations refers to
the interchanges (Ki,u) « (K3z,v) and/or (K3, As) < (K4, A4) and the amplitudes
Dg) are listed in Appendix IIT of ref.13. The tensors Lf},} defined in ref.13 have the

following expressions:

1| K, Ky
(1) = |t _6,.
L;.J(1234) 1 [(KI K>) u ]

1
L(?)(1234) = 5 ,(1234) N, (2134)
1
L®)(1234) = 5N,J(1234)Ny(2143)
L#)(1234) = N,(1234)x.(1234) (2.7)




where (K. - K )
1° 3
N,(1234) = K, — mz—)K,“
xv(1234) = €,5,s KL K] K¢ (2.8)

Using the symmetry properties of the ng’ amplitudes
D (1234) = D{(2134) = DY(1243) = DP(2143)

D{)(1234) = DP(2134)
DY(1234) = DP(2143)
Dg)(1234) has no symmetry properties

we obtain GL;A”"\‘ after summing over permutations. Multiplying then by the
polarization vector (b('\’)) of the Z° (A, = 0,+1, —1) we obtain our C’("’ Asi)

For A\; = £1 the final expression can be written as:

Az Az Ag) _ : (1)
Gads ) = m.{EA:Am(1234)N,,(1234) S, (1243)N,(1243)
+E A, (123¢)x,(1234)}
with
U =8t — 1,
v=(s+1t) —4pips
and

1
Ei?m. = 1(,\2 F A3+ Ao+ M) ED, + —(—/\z +Xs 4+ Ag — A A d)EL) L

1
+ -(A2 —da+de = M) B, + 702+ da = - Asdsde)ELL_

1
Ef\ne = %(1 +Aods + Ao de + A M) ELL L + Z(l = Mada = Aade + dedo) ECL,
+ 'i‘(l —_ /\2/\3 + /\2A4 - A3/\4)E_(:Z (1 + A2/\3 - A‘2A4 - A3A4)-E++—
Then we have Eh,\ﬂ E(l,\)2 /\3 /\‘ and E&i),\ah = E(.z,\),-,\,-,\.

These 8 independent functions E\! s ,\3 ,\ , are related to the D(;) amplitudes as follows

)
EY), = —AD{(1234) + 8ru [-D¥)(1234) + D{(1234) + 2v/vD (1234)]

EC), = AD{(1234) + 8ru [D{P(1234) — D{)(1234) + 2,/5D{(1234)]



EQ), = —ADW(1234) + 8ru [-DP(1234) + D)(1234) — 2,4 D¥(1234)]

E{)_ = —ADW(1234) + 8ru [-D(1234) + DP(1234) + 25D (1234)]
E{), = —vuD(1234) — 8ru [DY(2134) + DY (2143)]
EY), = —uD(1234) + 8ru [ DP(2134) + D{V(2143)]

EX, = —uD(1234) + 8ru [D¥(2134) — D¥(2143)]

E{)_ = —uDW(1234) - 8ru [D¥(2134) — D' (2143)]
with A = —4u — 2(s + p2)(s — t)

Similarly for A, = 0,

GRAM) = ), (1234)N,(1234) + E() ., (1243)N,(1243)

)
——{FE
4\/2urv{ 0

+ g, (1234)x,,(1234)}

-y

1
B, (1234) = EY, = S(14+ AaXe)ESY, + §(1 — Asha)ESY_

[

1 1
g, (1234) = —E2, 5 = 50 + M)EGL, + 500 = M) Eoll-
where
8ty /ur(—
EY, = ’_\/%i’_){pg‘)(mu)-m [(v + B)DP(1234) + (v — B)Df>(1234)]}
8 - 1
EY_ = z—u—r\/—(_z———ﬂ—z—){D‘_”(1234)— T (v + B)DP(1234) + (v — B)DD(1234)] }
—8ty/ur(—p2) .
E?, = + B)D'¥(2134) — (v -~ B)D{(2143
&= —ny [0+ BDY14) - (0 - B)DL(2143)
—8iy/ur(—p2) . .
E( = B)D™(2134) + (v — B)D¥(2143
8= — gy [0+ B)DY(1s4) + (v - BDE(2143)]

with B = (s —t)(s + t + 2,)



The evaluation of the amplitude A, is numerically complicated, for large quark
masses. This contribution however decreases with m, [15] and can be neglected for
the case of the top quark as it is shown in fig.2 where the contribution of a given quark
to the differential cross section is plotted for different masses. For light quarks one
can use the small quark mass limits of the trascendental functions appearing in the
amphtudes Di which are explicitly given in Appendix A. Taking into account that
A, =275 ;"), G, ( the factor 2 is needed to include the effect of the other 3 diagrams

obtamed by permutation of gluon lines in the diagrams of fig.(1a) ), and neglecting
the contribution of the top quark (m., > 120 Gev), we obtain from eq. 2.4 the
differential cross-section for the process gg — Z%* — Z%%u*pu-.

3 Cross Section for pp » Z°y*+ X - 2%y~ + X

The diagrams contnbutmg tothe g—gG subprocess are shown in fig.1b, and the matrix
element is given by

M1 = Qo it rolen) o - 5o |

cosb,,

ol Bl bue) (31)

Following the same steps as in section 2, after integration over the two muon phase
space, the differential cross-section can be written as follows:

&G a?a,8 (1) /1 1\ , , 1 1\ 4 & 25(M2+k?)
22 (5. MiRE (5 + = )+ 5+ o+ Ll
FTATE R 3(1:3) (4 3) Qq(g"J’g“){ gt aE) ittt T

ut

(3.2)

1 1

where ( i 5) is the initial spin and colour average factor.

A further integration over the parton structure functions will give us the contri-
butions to the proton-proton cross section, namely

do 1 fyeu do
e — 1 Jj 2 -
dMé,Y-dklz s /:_yu“ dy [Zf (2}1, f (le,Q )] dklz
where
:clz\/gey, zzz\/ge"”. and szi
s ) 4
with

dk? ~ J_. dz=dk? T J-, 2 dtdk?
and z* = cosf*, 6* being the parton-parton center of mass scattering angle. The two
limits zp and 2; depend on the rapidity cut and they have the following expressions:

2o = min(l, B tgh(Yeus — ¥), B7 tgh(Yeu + v)),
21 = min[l, B tgh(Yeur + ¥), B7 tgA(Yeut — ¥)] -

do o do /zo AV2(5,mY, k?) dé

where
/\1/2(3, m%, k2)
_MIt R

N/2(5, mY, k?)

P = s+ ML — k?

and ﬂz =

We have computed the invariant mass distribution of the two final leptons for



different values of Mz,- at LHC and SSC energies using the Duke and Owens parton
distribution functions with A = 0.2 Gev [16]. We show in figs. 3a and 3b the
gluon — gluon contribution compared with the ¢g contribution for a rapitity cut of
2.5 . As we have already mentioned the gluonic contribution is much smaller, both at
the SSC and at the LHC energy . This is due to the fact that there is no contribution
of the axial coupling to the box diagram for this particular process and that the axial
coupling is larger than the vector coupling.

4 Comparison with the signal

It is well known that the main contribution to the production of the intermediate
mass Higgs in hadron collisions is via gluon fusion. The cross section for production

of a Higgs boson decaying into Z%u* u™ via a virtual Z* can then be written as follows
[17, 18]

do(pp > g9+ X - H+ X - Z%* u~+X) Gpr (a,. 2 \ \
dQ3dy = 32\/5 _> 'ngl rg(z1, Q@°)g(z2, Q°)

T
T onvi 1 (*272) (Bamsir)
Tw 87v2 (QF— M2+ MiT3 \ = Tt
1 7 2 2 2172
AV (MY, QF, M} Qi Mz Q; M3 QIM3
M (05 05 1) [1 NP7 T T e e )
where the narrow width approximation for the Higgs boson has been used. The

complex function 7,4, is the amplitude for the process gluon — gluon — H, defined so
that the decay width of the Higgs boson into two gluons is given by

GrMj (2] el
47‘_\/5 Ngg

The ptp~ invariant mass distribution for the signal is shown in figs.4a-d for /s =
16 and 40 Tev and for two different values of the Higgs mass, 130 and 150 Gev. In
order to compare the signal with the backgrounds from figs.3a and 3b, we integrate
the g§ contribution over a Mz,+ bin of 5 and 10 Gev and the result is shown in
figs.4a-d together with the signal.

A cut of 15-20 Gev in the invariant mass of the p* p~ pair, will reduce considerably
the background. Notice that also the signal will be reduced, however . Indeed this
reduction will place limits on the range of Higgs masses for which the 4 lepton channel
can give an acceptable signal to background ratio. We show in fig.5 the probability
that, in the decay of a Higgs boson inito Z°Z* , the two leptons from the off-mass-shell
Z have an invariant mass larger than 10, 20 or 50 GeV. This plot shows that with a
cut of 20 GeV on the non-resonant lepton pair, the signal for a Higgs boson of 130
GeV is reduced by 50% relative to the one for Z*Z* . Since the total number of events
in two lepton pairs at LHC for a Higgs boson of mass 130 GeV is =~ 100-150 events,
this confirms previous estimates [10] that this channel cannot be used for Higgs boson
masses less than 130 GeV.

+ 10

['(H — gluon gluon) = -



10

5 Conclusions

We have calculated the contribution of gluon-gluon scattering to the production of
a Z%y" pair in proton proton collisions at center of mass energies of 16 and 40 TeV.
This contribution is smaller than the one from quark-antiquark annihilation by more
than one order of magnitude and therefore it cannot constitute a relevant background
for the detection of an intermediate mass Higgs boson decaying into two lepton pairs.
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Appendix A

We define the trascendental functions used in the calculation

B(r) = 3 [ dyin{l—ic—try(1-))

1 1/2

= (1 — —) sinh™'y/—r -1 (r<0)
T

1 1/2
= (;—1) sin”ly/r —1 (0<r<1)
1/2 - 1/2

= (1—1) cosh™! r—l—%(l—%) (1<r)

r

T(r) = /01 1%—31) In{1 — ie — 4ry(1 — y)}

= (.sinh'1 —r)2 (r<0)
_ —(sin'lx/r—‘)z (0<r<1)
= (co.sh'l\/'r—')2 - %w’ —imcosh™'/r (1<)

r
T1(7', M1, #2) = 51721) {IZG(11 —4/'l’lvy1) + IZG(17 _4/'l'27 y2) - 15(1,4",3/3)}

where
Ti2 =T+ g + f2
_7‘12"‘2H2+\/1_)' _7'12—2#1+\/;. _7‘12+\/5
Yr = 2\/1—) ) Y2 2\/;]- y Ys 2\/; .

and Iy is the function defined by Glover et al. in ref.14:

dy
Y—Y%

1
IZG(a, b,ye) = /o

(A.1)

(A.3)

(A4)

(infa — ie — by(1 — y)] - Infa — ie — byo(1 — 30)]) (A.5)

Yo Yo — 1 Yo Yo — 1
= -5 +S -8 ( )
5P (90—21) p(yo—zl) p(yo—zz) P Yo — 22
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with

1 4(a — 1€
z1=§(1+ 1——£?—l;—1—) , Zz2=1—-2

1 .
11(7‘,8,/,1,1,/12) 4a {IG(‘]:T' 0 y1++ﬂ1) I (47‘ O Y1- +,31) ( 4t2, 481, Y1+ )

1-p
+I8 (—4t2, —4s, L ) +1I8 (431, —dsy, - ”‘*) If (431, —ds1, - yl')
1 - ﬂ1 ﬂl ﬂl

—IZ(4r,0,y24 + B2) + I7(47,0,y2- + B2) + I (—4t2, —4s,, 13/_2132)

_16 (—4t, — _ I8 (4sy, -4y, = L) + IS ( 45y, —dsy, - 2=
I] ( 42) 431v1_ﬁ2 31, 81, ﬂz + 1 81 31 ,32

IS (1, —4py, £ )—10(1,—4 , o ) I§ ( —?—li)+
+2< M2 1—,81 2 ’1’21_'3 2 ﬂl

I‘f (1’4‘9’ yﬂl ) + IG(]' 47" Y2+ +162) - IG(]' 47‘ Y2 +182) - (1:_4/"% 1y2-;3 )
1 - M2

18 (1, —4pu,, 2= ) IG( —dp, y“)—IG( —4 —?3:)} A6
+z< #21—;82 + M1 2 2 H1 I (A.6)

where

u 8 S
I+ 20 fi= pe=—(l
+ rs?’ /31 82, Y1+ 232( :}:a’l)

Ti2 — 201 — \/1_) y par + (B — p2)s1 + 814/v Frsay

/32 = 2r ' = (7‘12 + 2s + \/—)
and [14]
IS(a,b,y0) = / = ln(ay + b —ie) — In(ayo + b — i€)]
: ( )22 D
Yo— 2 Yo — 2
with b ic
z=-
a

L(s,t, p1,p2) = {IG(I —dpy, ) + I9(1, —dpg, zy) — IS(1,4s,2,)

1
2a,
—I7(1,4t,2,) +ln( ) ln (1 —te+4pzyez_) + In(l —ie+ dpsziz_)

—In(l —ie —4sxiz_) — In(l — e — 4t:c+:c_)]} (A.8)

with

. T 1:&(12

az=4/14+—-; zi= .
u 2
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In the limit that the quark mass is smaller than all the other quantities they have
the following simpler expression

B(r) = %ln( ldr|) — 1 — %in’ﬁ(r) (A.9)

and the difference

B(r) = B(-pn) = gin (L) - Zpor) -

—H2

becomes independent of the quark mass.

T(r) = —ln2(|4r]) ~8(r) [1‘; + %Eln(|4r|)] (A.10)

Ti(r, 1, p2) {}—:—){SP (_yzy: 1) —oP (-ylyi 1)+%ln (yly'l' 1) . (%{(—521})

Ii(r, s, pa, p2) Z{2Sp< )+2SP( ) _ln2(4r) + In(dr)in (#1;2)

n? (i)+ln2 (32) ;l ( )+%
+in [ln(4r)+ln< ) (“"’)” (A.12)

Ia(s,, p1, pa) = -{SP (=55) +52(-5) - s» (p) TP (T)

1 U 1 U
Hn|gofin (14 20) +in g (14 %)
—In|— ln(l-—i)—l'n —l— ln(l—i)

4, pr 4, 1y

.[2111, (4 )+zn (1—;’1‘7) +in (1—%)]} (A.13)
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The functions T(r), Iy(r, s, g1, #2) and I(s,t, 1, p2) are quark mass dependent
but in this limits of small quark masses, they appear in the calculation in two combi-
nations that are independent of my. These combinations E, and E, and their small

mg limit are defined below:

1
Ey(r, 8,1, p2) = Ii(r, 8, pa, p2) — §[T(7') - T(—m) - T("#z)] - T(s)
1 s s 1 s r?
2
—|—lln (—3-) In (r—) + In? (i> + In? (f—)
2 M2 H28 $1 S2
2 .
- -;—lnz (“—‘) - %+ 2inln (——’i)} (A.14)

K2 $132

Ea(s,t, s, p2) = Ia(s, b, 1, 2) = T(8) = T(¢) = T(=pm) + T(—pe)
1 u U U u
(-2
- 2{51)( 7'3)+Sp( rt> p(p,lr) P YT
L2 _f;"_) ! z(_:_t_) _L 2(_&_’”_>
+§ln (— 8182 + 2ln tltz 2 n Sltl

() 10 (2] (1) -
—Eln (— ; +In ” n p” T

Sal2

+in [ln (8—1“3—2) +in (Eut_z)]} (A.15)
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Fig.1a Feynman diagrams for the process gg — 2%

Fig.1b Graphs contributing to the process q§ — Z°%"
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Fig.2 Contribution of a given quark to the differential cross-section for pp — g9 —
Z%* — Z%u*u~ for different quark masses.
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Fig.3a Differential cross-section for pp — Z%* — Z%*u~ at /s = 16 Tev.

qq and gluon gluon contributions are shown separately for two different values
of Mz, : 130 Gev (dashed line) and 150 Gev (full line) and for a rapidity cut

of 2.5.
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Fig.3b Same as Fig.3a for /s = 40 Tev.



10~2
> 1073
)
@)
~
Q
B
-4
iy 10
+
3
=
eS)
N
-5
S 10
106

Fig.4a ptp~ invariant mass distribution for pp - H — Z°Z2" — Z%*p~ at /s =
16 Tev and for Mg = 130 Gev (full line). Also shown are the contributions of
qg background of fig.3 integrated over a Mz,. interval of 5 (dashed line) and 10
(dot-dashed line) Gev around Mz,. = My. A value of m,,, = 150 Gev has been
used in the calculation of the signal. The dotted lines indicate the cross-section
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Fig.4b Same as fig.4a for Mg = 150 Gev.
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Fig.4c As in fig.4a with /s = 40 Tev.
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Fig.4d As in fig.4a for My = 150 Gev and /s = 40 Tev.
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Fig.5 Probability that in the decay H — 4y the invariant mass of a u-pair is larger
than 10, 20 or 50 Gev (dot-dashed line), the other two muons being constrained
to have an invariant mass close to Mz, t.e. Mz =Tz < M +,- < Mz+Tz. Also
shown are the probabilities that one of the 2 u-pairs have an invariant mass

Mz -3z < My+ - < Mz + 3lz (full line)

Mz — 2Tz < My+,- < Mz + 2Tz (dashed line)
or Mz — Tz < My+,~ < Mz + I'z (dotted line)

without any constraints on the other u-pair.



