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Dilepton signature in e+e ~Hi+1
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We calculate the lepton distribution in the reaction e+e ~(Higgs boson) + (dilepton) mediated by a neutral gauge
boson. Propagator efFects favor a slow dilepton for which the study of the joint angular distribution of 1+ and 1 is

an attractive experimental possibility. This distribution is found to be a sensitive probe of the ZZH vertex.

Neutral Higgs bosons are essential ingredients
in gauge theories of the weak and electromagnetic
interactions with spontaneous symmetry breaking.
The possible detection and study of these par-
ticles at the next generation of e'e colliding-beam
machines is of great experimental and theoretical
interest. ' ' The direct detection of Higgs par-
ticles is expected to be difficult because they
couple most strongly to the heaviest available
channels which will cascade into complicated
multiparticle final states. Much attention has
thus been devoted to the indirect detection of the
Higgs boson as a peak in the missing-mass spec-
trum recoiling against the dilepton produced in
one of the following reactions mediated by real
(Z} and virtual (Z*}neutral gauge bosons:

e'e -Z -HZ*-II/'l
e'e -Z*-IIZ-Il/'$
e'e -Z~-HZ~-H/'l .

(I)

(2)

(3)

These reactions were first investigated in the
Weinberg-Salam' (WS) model by Bjorken, ' Ioffe
and Khoze, ' and Jones and Petcov, ' respectively.
Predicted cross sections are in the picobarn range
for M~= 10 GeV, and decrease substantially with
increasing M~. A study of rates and backgrounds
at LEP' indicates that reaction (1) will be ob-
servable up to M„=50 GeV and reaction (2) up to
M„'=100 GeV. The observation of a peak of the
predicted size in the missing-mass spectrum
of e'e - l l X would be strong evidence for the
existence of a Higgs boson. Homever, alternative
interpretations for such a peak exist, ' and even
if elementary scalars are produced in this way
there may be several Higgs bosons and/or the

appropriate gauge group may be larger than
SU(2)SU(i) so that the rate turns out to be dif-
ferent from that of the WS model. It will be im-
portant to confront further characteristics of
such events with theoretical predictions. In addi-
tion to energy and mass spectra, which are par-
ticularly sensitive to propagator effects, one can
consider the angular distribution of the leptons,
which is directly sensitive to the nature of the

ZZQ vertex.
A feature of processes (1)-(3) that is im-

portant for the measurement of the leptonic
angular distribution is the fact that propagator
effects favor a final state Z or Z* that tends to
move slowly in the laboratory so that the final
lepton momenta are not highly collimat;ed. Cal-
culations of the dilepton-mass (M~) distribution
for reaction (1) [Eq. (8) below with fs =Mz] show
that the Z* is preferentially produced with a mass
close to the end-point mass, M~ —M„.' For M„
«M» the cross section for reaction (2) [Eq. (6)
below with Mz =Mzt peaks at' vs =Mz+W2M„and
for M„=Mz the cross section peaks at vs =2.2cVIz.

In the kinematic region where reaction (3) is of
possible interest, M~ &M~& vs, propagator ef-
fects similar to those encountered in reaction (1)
favor dilepton masses close to e —M„.

Reactions (1)-(3) are all examples of the same
basic process, illustrated in Fig. 1, specialized
to three different kinematic regions. " We assume
that the process is mediated by a single neutral
gauge boson (generalization to several Z's is not
difficult). The relevant interaction Lagrangians
»e Zzz„=-,'g, Z"Z„a and g«z = 4W"(g &+g„r,)(Z„
We will frequently use the coupling-constant
combinations C, =g~'+g„' and C =2g~g„. In the
WS model the coupling constants are g~ = ~M~,

g ~ = (—,
' —x z )v, and g„=——,

'
w where x N,

= sin'8 z, and

v=e/sin8~cos8~. We refer to the c.m. -frame
angular distribution of the dilepton (equivalently,
the decaying Z or Z* in Fig. 1) as the "production"
angular distribution, and the distribution of /' and

l in the dilepton rest frame as the "decay" angular
distribution.

For unpolarized beams and vanishing lepton
masses the predicted production angular dis-

FI'G. 1. Feynman diagram for reactions (1)-(3).
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tribution, integrated over decay angles, is

do'(e'e -Hl'l ) M~ r~(M~) do'(e'e -HZ*)
d(cos8)d(Mi') wD(Mi') d(cos8)

(4)

Here 8 is the dilepton production angle with res-
pect to the beam axis, r~(M)=C, M/12' is the
l'l width for a Z* of mass M, and D(M') = ~M'
-M~'+i r r M~

~

' where r r is the total width of
the Z. Also,

do(e'e -HZ*) g„'C,Q l Q~sin'81
d(cos8) 16vvs D(s) k 2M'' )

is the differential cross section for e'e -HZ*
with a Z" of mass M~ and three-momentum Q
= X' '(s, MI', M„')/2Ws. A relation equivalent to
Eq. (4}, but for a qq initial state, has been given
by Finjord et al." Wherever possible we express
our results in terms of M~ and Q so that the
qualitative consequences of a slow dilepton, Q
& M~, are apparent. Using Eqs. (4) and (5) we
can make contact with previous results on reactions
(1) and (2}. The integrated form of Eq. (5},

simply related. We denote the polar and azimuthal
angles of the final state / in either dilepton rest
frame as 8'~ and &f&~ where E = J or H. The pre
dieted distributions are

do' p
dg d(M 2)

—g LAf LN( Es 4F) s

E I LM

where the nonvanishing terms in the sums are

g„2QP (Ws, M )
3 x 2 x v WsD(s)D(M ) '

p,', = p,",= 4C, '(M, '+ q'/3),

p,0=2 &3C 'M~',

p„= -v'3/2 vc ' QM~,

P,', = (2C,'/~5(M ' —2Q'/3),

p,', = -(WSv C,'/V10}qM„

P"=43/2 wC'M (M '+q')"
p,",= —(4C '/3&5)q',

P,",= (242 C,'/v lS)M~'.

(
. Hz, )

g„'c.q(3M, '+ q')
24wM 'WsD(s) (6)

The integrated version of Eq. (9) is of more
direct experimental interest. This is

reduces to the cross section of Ioffe and Khoze'
for e'e -HZ when M~ =M~. 'The corresponding
integration of Eq. (4) gives the cross section for
e'e -H/'I, per unit M~',

do(e'e -Hl'l ) 12mr~(vs) dr«,
d(M, ') D(e) d(M, ')

where

dr„„g„2C,Q(3M~'+ Q')
d(Mi') 288m'sD(Mi')

(8}

is the differential width for the decay of a Z* of
mass Wsinto Hl'l . For v e =M~, Eq. (8) is equiv-
alent to Bjorken's expression' for the Hl'l width

of an on-shell Z.
The Q' factor multiplying sin'8 in Eq. (5) results

in a production angular distribution which is
rather flat. More pronounced structure is pre-
dicted for the decay angular distribution. %e have

calculated this distribution in the Jackson frame
and in the helicity frame. " In the Jackson frame
the initial e momentum lies along the positive
z axis, and in the helicity frame the final Higgs-
boson momentum lies along the negative z axis.
'The positive y axis in either frame is defined to

lie along the normal to the production plane,
p~xp, . The two frames are thus related by a ro-
tation about the y axis, but the angle of rotation
depends on the c.m. -frame production angle so
that the final distributions in the two frames,
integrated over the production angle, are not

der, der

dA dO d(M )' (10)

where the integration limits depend on which
reaction is being considered. We denote do'/

dQz by an expression similar to Eq. (9) but with

o~~„replaced by o~». For reaction (1), with a
beam-energy spread small compared to p~,

o~~„=~rrMenf „( s, Me).

For reaction (3) the integration limits are 0& M~
& (Ws —Me)'. To display the relative size of the
various terms in do/dgz we define the normalized
coefficients pf „=o~~„/o rIOnoan analogous way
we can define an integrated production angular
distribution obtained by integrating Eq. (4} in the
manner of Eq. (10). This has the form

)
~ (1 + ~417 p20

'
F20) ~djcos8

where-one finds that p;', = pf, For reaction (.1)
the coefficients p~~„are functions of Ms/Me, and
for reaction (2) they are functions of Q/Me. The
I.=2 coefficients are independent of g~, g~, and

(Ng Ng)
d(M, ')n' (M„M, )

0
t

For reaction (2} we integrate over M~' in the neigh-
borhood of M~=M~. Only D(M~') varies appreci-
ably within the resonance width so in this case,
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mass spectrum and can be effectively suppressed
by a cut which requires M~'/s s—,', at least for
Higgs-boson masses below about 20 GeV. Qwing
to the peaking of the 8+8 -IIp.+p, mass spectrum
at large 3f~ this cut does not seriously reduce
the signal.
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