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ABSTRACT
Production of the standard Higgs-scaar in the reaction
e~ e~ — e~ e~ hisdiscussed requiring equal sensitivity
withinawide band of mass: m, < 300 GeV.

e , 1,2 :p12,01,2 ;e , 3,4 p3a, 034
[ THE Z-Z FUSION PROCESS
e_e__>€_€_h 2711Q1=P1—P3(4) ;h:prec: p1 + po
—P3 — P4

We consider the production of a standard scalar or for the case
of severa doubletsof dl scalars suitably projected onthe Gold- 2 2 © 42 = P2 — Pag)

) . 2
stone mode in the reaction @

Ineg. (2)o0, = L,R; a = 1,---,4 denotes the helic-

e=e” e e h (ha) (1) ity of respective electrons. Virtual momenta associated with the
fusing Z bosons and corresponding to the crossed diagram are
indicated in round brackets.

In the tree approximation adopted here for thereactionin eqg. (1)
[1] ,12] - [4] , the mass of the produced scalar is given by the
recoil momentum p ... reconstructed from the (four)momenta
of the four dectrons, which we assume to be primary measured
guantities.

M2, = (prec)’ 3

Thisentails that the two outgoing e ectrons are tagged and thus
we demand an angular cut away from theforward and backward
direction. To be specific thisangular cut isset to 5 degreesinthe
following.

The cross section showsthree main features as afunction of c.m.

& c.rossed e .3 e 4 energy :
diagram a) The total cross section saturates for energies beyond the
Figure 1. threshold region. It becomes proportional to m 52 andin-

dependent of thescdlar massform, = M,.. <« /s.
Feynman diagramsfor central scalar production
inthereactione ~ e~ — e~ e~ h.
b) The cross section with the angular cut imposed is geomet-
~The kinematic variables associated with the diagrams i ric beyond the threshold region. It becomes proportional
figurel are tos ~! and independent of thescalar massfor m;, < /s.

5

¢) The production cross section shows little dependence on
the polarization of theincoming el ectrons and also remains
amost the same in crossing fromthee ~ e~ toet e ~
lepton channel .Respective coupling strengths become ex-
actly equal when the effective weak mixing angle s,, =
*Work supported in part by the Schweizerischer Nationalfonds . sin ¥ Ie/{;f = 1/2.
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The above features are shown in figure 2 for lefthanded incom-
ing el ectrons with and without the angular cut described above.
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Figure 2;

Cross sections for production of a standard scalar
asfunction of c.m. energy with and without
angular cut. Theincoming electrons are purely
lefthanded. The onset of saturation corresponding
to/s = 850GeV isalso shown.

Assuming an integrated luminosity £ = 40 s [TeV?] /fbthe
crosss section with angular cut yields the event rates shown in
figure3[5] .

The squared moduli of the four polarization dependent ampli-
tudesA 17, Arr,ALr, A gr aeinthelimit of vanishing
electron mass
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Figure 3:

Event ratesfor production of a standard scalar as
function of c.m. energy.

For definitenesswe set 52, = (0.2315 .

The Lagrangian density which exclusively represents contribu-
tionsfrom Z-Z fusion— assuming no or negligible CPviolation
in the scalar selfinteraction — is given by

ﬁsc—ZZ:
g2
ZMZMI:Uh(CL‘)‘i'ZZ:l(hi'i'ai)(‘r)]
4cu2,
hzzoaha ; Zoizl ; U:(ﬂGF)—l/z

®)

Ineg. (5) thefiddsh, , « = 1, ..., ndenotetheCPeven scalar
fiedlds in the mass eigenstate basis for n scalar doublets. In the
MSSM (minimal supersymmetric standard model) they are con-
ventionally denoted by hy = h, hs = H.

a1 denotesthe (unphysical) Goldstonemode, whereasa,, , o =
2,...,n—forn > 1 — correspond to physica CP odd scaars.
Inthe MSSM the conventiona notationisa, = A.

Finally the real parameters o, denote the mixing of CP even

scalars with respect to the Goldstone doublet. In the MSSM we
have
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(01,02) =(sin(a — ), cos(a—p)) (6

For comparable mixing strenths | o, | 2 all CP even scalars can
be observed within a given sensitivity range in mass. At the
same time Z-Z fusion aso produces pairs of scaars:

hh, hH , HH , AA

The associated cross section for production of a standard model
pair hh provesto bequitesmall compared tothemainirreducible
background from the process e™ e~ — e~ e~ WT W~ .
Hence we concentrate on single scalar production.

1. OBSERVABILITY OF SCALARSIN THE
e~ e~ MODE AT C.M. ENERGY 850 GEV

Demanding a range of equal sensitivity of scalar masses up to
300 GeV, we can read off therequired minimal c.m. energy from
figure2 . The onset of saturation for the case of 300 GeV scaar
mass with the angular cut of 5 degrees imposed amounts to a
c.m. energy of at least 850 GeV . Thisisahigh quality demand
and signal's beyond the envisaged mass range can be observed
a /s — 850 GeV aswell as signalswithin thisrange a lower
c.m. energies.

Backgrounds

In the given c.m. energy region the leading two processes are
singleWW~ | Z gaugeboson production, withtota cross sections
approximately 10 pb :

e~ e” s e v W™ e vee v (I)

(I7)

()

e e e e Z
We clasiifiy both background reactions as reducible: (1) can be
reduced by choosing righthandedly polarized electrons in con-
junctionwith theangular cut on outgoing el ectrons. The branch-
ing fraction of 10% of W~ — e~ v, aso helps. Inthe sec-
ond reaction the recoiling mass is the Z mass, abstracting from
distortions due to mainly initia state radiation. The case of a
scalar, degenerate in mass with the Z boson, has to be stud-
ied a much lower c.m. energy, preferentialy in the reactions
et e = hZ; Z716].
Irreduciblebackground isthecentral productionof heavy ¢¢ and
W+W- pairs
e‘e‘%e‘e‘bi)(tf) (11)
)
e"e” —w e~ e WETW~— (IV)
Reaction (111) dominates for the recoiling mass below 2 W
threshold and (1V) above.

Signal detection
dmy < 2mwy

A characteristic case of m;, — 120 GeV and /s — 500 GeV
has been studied by T. Hanin[2] . Whilein this study only the

invariant mass of the produced bb pair is used with severe cuts
on angle and transverse momenta of thetwo b jets, it illustrates
clearly the observahility of the standard scalar inthe mass range
below 2 W threshold. The imposed cuts reduce the scalar pro-
duction cross section to 1.3 fb as compared to the recoil mass
criterion aone of ~ 9 fb as deduced from figure 2 which applies
to lefthanded incoming e ectrons.

bym, > 2mw

We proposetoillustratehere the potential of thee™ e~ modefor
standard scalar production in the mass range above 2 W thresh-
old withinthe selected massrangem , < 300GeV — m;, =
240 GeV to be specific. Thetwo eectron modeis distinguished
inthe present context only through absence of e ectron-positron
annihilation backgrounds.

The following two step strategy is adopted

i) The recoil mass, defined in egs. (2) and (3), issdected with
angular cuts on outgoing el ectrons of 5 degrees and the dis-
tribution with respect to m,.. determined both for back-
ground reaction (1V) ( eg. (8) ) and the signal in question.

ii) If an enhancement indicating the possible mass region of a
scalar is found, the structure of the fina state forming the
recoiling massisanayzed, whereby thedistortionof there-
coil mass distributionis corrected. For m; = 240 GeV the
main decay modes are through W+ W~ and ZZ to four
quark jets.

We concentrate on step i) here.

At /s = 850 GeV the total cross section for reaction (1V)
amountsto ~ 840 fb. Thedistributionin therecoil mass of reac-
tion(1V) (eg. (8)) isshownfor unpolarizedelectronsand /s =
500 GeV in figure 4 with no angular cut together with the ef-
fect of 5 and 10 degree cuts[7] . Thelatter two distributionsare
shown rescaled in figyre5s.

The standard scalar with a mass of 240 GeV decays mainly into
two gauge bosons with respective widths

I'hnspe = {

The signa and irreducible background distributions (reaction
(1V)) are superimposed for unpolarized incoming electrons and
Vs =850GeV, ¥ ., = bH°infigure6[2] . We note that
thereis constructiveinterferencein the W+ W= channel, unac-
counted for here. The background reduction resultsin a signal
to background ratio of approximately 5. The angular cut on out-
going el ectron directions could without significant loss of signal
be relaxed to 7.5 or even 10 degrees, yet the choice made here
provesquiteoptimal if ideal beam and detection dynamicsisas-
sumed.

The cross section under the scalar resonance is 7 fb (4.5 fb
frome g ¢ g). With the assumptions on integrated luminosity
adopted thissignal correspondsto ~ 200 events.

231GeV WTW-—
5 thot ~ 3.3 GeV

©)

1.00GeV 7 7
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Figure 4:

Distribution in the recoiling mass of the background
reactione e~ — e~ e~ W + W— with various
angular cuts between incoming and outgoing
electrons.

[11. CONCLUSIONS

We have shown that the central production of a standard model
scalar — and any scaar from an el ectroweak doubl et with com-
parabl e projection on the Goldstone one — through Z-Z fusion
inthee =~ ¢ = mode of alinear collider — offers unique sensi-
tivity initsdetection. Thisdetectionimpliesthe measurement of
the distribution with respect to recoil mass, reconstructed from
the momenta and directions of all four electronsinvolved. The
key quantity, which enforces high sensitivity uniform with re-
spect to the scalar mass in a given range, isthe c.m. energy.

For therange m ;, < 300 GeV chosen here the optimal c.m.
energy is 850 GeV. The reactions studied can serve as guideline
in choosing the design parameters of afuturelinear collider.
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Figure5:

Distribution in the recoiling mass of the background
reactione ~ e~ — e~ e~ W + W— with angular
cuts between incoming and outgoing electrons.
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Figure 6:

Differential cross section of standard scalar production
for m, = 240GeV — at cm. energy /s = 850 GeV and
the background reactione=e= — e~e~ WT W~ with
respect torecoil mass. —  An angular cut between
incoming and outgoing electrons is essential to define the
recoiling mass and to reduce background.
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