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Abstract:

New interactions beyond the Fermi scale can be systemati-
cally studied in an effective Lagrangian approach. We have
examined the contribution of all SU3 x SU2 x U1 invariant
effective operators of dimension six containing the Higgs
field to the Higgsproduction rates in e'e”, ep and pp
collisions and in toponium decay. Restrictions from low
energy phencomenology on the strength of these operators are
also discussed.

1. Introduction

The standard model of strong and electroweak interactions

has been very successful phendmenologically. Among the par-
ticles of the standard model, however, least is known about
the Higgs field. In fact it has not been observed so far. Theo-
retical producticn rates are small in general and detection
seems difficult [1, 8, 11, 19].

In this work we assume that the standard model interactions of
the Higgs field have to be supplemented by an additional exo-
tic interaction with a characteristic energy scale A of the
order of .1 TeV. At energies below A a systematic and model in-
dependent way to describe such phenomena is by means of an
effective Lagrangian approach. The total Lagrangian is writ-
ten as an expansion in powers of 1/A.

* supported by DFG
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with LSM the standard model Lagrangian.

Two conditions are imposed upon the Li
the Li have the same field content as LSM

the Li have the same symmetries as LSM'

In particular one assumes all Li to be SU3 X SU2 x U1- in-

variant, since the SU2 x U; symmetry is restored for energies
above the FPermiscale. These assumptions imply L, = 0, so that

the analysis should centre around the dimension six operators in Ly.

In {2, 3} all possible contributions to L, have been collected.
For many of the operators physical consequences have been dis-
cussed Eﬂ. In this work we are going to concentrate on terms
containing the Higygs field, because it is conceivable that non-
standard effects will show up first in interactions of the
::iggs particle. Note that eq.{1) shculd only be taken as a
gJeneric expression. L2 is not the sum of all possible dimen-
sion six interactions, but a definite linear combination of
them with most of the coefficients vanishing. We shall even
restrict ourselves to the case that L, consists of eonly one
operator at a time, sc that mutual interferences amcng
different operators can be neglected. Interference with the

standard model is taken intoc account, however.

The corganization of this article is as follows: In section 2

we review Higgs production in the standard model. We only

list the nonnegligible processes. For many other possible produc-
tion mechanisms the standard model cross sections are small,

For them the general philosophy that A-effects are very small

as compared to the standard model is no longer true. In sec-
tions 3 and 4 the exotic interactions are analysed. Some of

them contain higher powers of the Higgs deoublet Y. In the



physical gauge, ¥ - (2+H) with v = 174 GeV and H the phy-
sical Higgs field. Therefore contributions linear in H al-

ways exist . The cross sections found are to be compared with

the standard model results in order to determine the value of

A for which the exotic contributions begin to dominate. Operators,
which are severely restricted by low energy phenomonology are

not taken into account. Such restrictions are usually to be

applied on terms generated by the background term |H=0 .

In the first parts of the paper we shall tacitly pursue a sce-
naric, in which 30 GeV ﬁ,mH & 300 Gev, although formally the
results are true for any value of my,.

2. Higgs Production in the Standard Model
When talking about Higgs production in this and the fellowing

section, we actually mean single Higgs production . In the stan-
dard model there are only two vertices containing one Higgs
field. They are shown in fig. 1, Among them the Higgs~fermiocon
interaction is suppressed by a factor mf/v and can be neglected
for the light fermions. Therefore in order to produce a Higgs

at an appreciable rate one needs a (real or virtual) W, Z or

t to start with.

a) If my < th, Wilczek [&| suggested that the Higgs particle
could be produced in the radiative decay of toponium
8 -+ HY (c.f. fig. 2). He found for the decay rate in the

nonrelativistic quark model

oW | 4 wb . m
e — utp) I Ivu* ’-m:) (2)

This formula was further improved Ei| and the signatures
of the decay were worked out in detail {7]. The process
-can be identified rather uniquely bhecause of the monochro-
matic photon. Note that, 1if m, > my, € would predominantly

b)

c)

decay via the weak interaction, thereby depleting the

branching ratio for @ =+ Hy.

The dominant production mechanism at LEP is shown in fig. 3.

The integrated cross section for this process is EX

md g (virat) & (6% + 37D )
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—

Here v, = g = sin’@y and a, = % are the Z-charges of the
electron. & is the usual invariant for a 2 > 2 scattering

process,

8 2
A% = ™y +m;‘ +5’—-Zs'm: -.Zsmé - 2m; ™y {4+)

It is related to the c.m. momentum p of the Higgs via

FaY (5
P = 2{;

Bquation (3) i1s written in such a way that the contribution
from the Higgs-vertex becomes explicit. The result is drawn
in fig. 4 where it is needed as a comparison with nonstan-
dard contributions. It peaks at /S = m g + ﬁhm and, above
threshold, is by no means small. The asymptotic limit of
{3) is 0 = 0.445-107%/s.

At the pp collider one may have bremsstrahlung off a Z, just
as in fig. 3, as well as bremsstrahlung off a W. However at
present energies the rate from this process is significant-

ly smaller than the cross section for the so called gluon
fusion mechanism |3, which is depicted in fig. 5. For
convenience we shall neglect lighter fermions, such as the



b-quark, running in the loop. The cross section can be
thought as being derived from an effective Higgs-gluon
interaction of the form

N e g mi) o GM* H 6)
;fH‘ = E:;t {i\I 2 G}v

where Guv is the gluon field strength and N is a function
¢ which is close to 1 if m, 2 0.2 m{31]. N assumes
its maximum value 1.82 at my/mg = 2.5 .

of mH/m

Let us summarize: For Higgs masses m, < 2m, (<2mz) the toponium

system is an ideal H-factory. Becausg of the gluon fusion mecha-
nism the pﬁ collider is also a H-factory. However, it is plagued
by background problems. Only for my, > ZmZ, when the Higgs par-
ticle decays predominantly into W and Z pairs, detection is
unambiguous. In the intermediate mass range th < my < 2mz

it is best to loock at LEP. At very high energies (above 5 TeV)
heavy vector boson fusion (fig. 9) becomes the most important

contribution to the production cross sections Eﬂ.

For HERA no efficient production mechanism exists:Even at ener-
gies above 1 TeV (where heavy vector boson fusion dominates) the

detection of the Higgs in ep reactions looks quite difficult [§].

In this section we did not discuss production mechanisms with
negligible cross sections or with toc strong background pro=-
blems. Some of these get large contributions from exotic ver-

tices and will be discussed in section 3.

3. Nonstandard Higgs Production

In this section we are going to examine all standard model
invariant dimension six interactions and their possible con-

tribution to Higgs production rates. These operators have

been systematically constructed in refs.[?, i +. There exist
six generic classes of operators containing the Higgs field.
Besides H they contain either vector bhosons Vu {with field

strenths vuv and covariant derivations Du] or fermions f or

both.

SERNOMIETE (4t SIVIRRY (1

in the physical gauge the relevant interaCtion is
k' 4 v
F-

t HV,V (2)

Similar operators involving dual field strengths exist

and will be discussed later.

There ist no low energy restriction for the gluonic ﬂg, since
Qg|H=0 can be absorbed into a strong coupling constant re-
definition. 09 induces a gluon fusion process whose strength
v/A? can be directly compared with the standard mcdel con-
tribution (6). The exotic interaction dominates the stan-

dard model for values of Aup to 2.8 TeV.

The photon operator is of particular interest, since it
allows the Higgs to decay directly into two photons. SU2~
invariance requires the existence of two operators, QB and
ﬂw, containing the photon. Here B denotes the U= and W the
SU,-gauge field. Unfortunately a general linear combination
of them destroys the universality in charged and neutral
currents and changes the p-parameter [Z[. only a very
special linear combination, namely QB'+ Qw, avoids these

praoblens.



Events with two hard photons would simplify Higgs detection
quite a lot. The standard model decay rate is small |3, 111,
since it is proportional to o?. The Higgs-photon coupling

under consideration is of the form (8 ) corresponding to the

vertex rule

-21 % (P‘h Qe " P..,P“) , (1

where P and Py 2re the momenta of the outgoing photons.
Therefore the exotic decay rate is

3 3
VoM

g A"

rRS ¥y = (16}

This result predicts a large branching ratio in the inter-
mediate mass range 2mt < my < 2mw, the region where we had
difficulties detecting the Higgs in pp collisions in sec-
tion 2. In that mass range the standard model Higgs decay

is dominated- by ED',

t 1
Y = My - g 32 (4)
" {H — tE) % vt (4 “ﬁ)

In fig., 6 the branching ratico is drawn as a function of
mH/mZ for several values of A(ﬁ;=2h) .The branching ratio
is very sensitive to A because of the gquartic power of A

ineq. (40).

* The decay H -+ gg is neglected here,

because I'(H » gg)[F(H‘*t;J is small, if m, is not too

cloose to 2mt.

On the production side there are several interesting new
mechanisms. However these mechanisms generally yield rather
small cross sections, because one has to produce one or

two photons introducing thereby powers of o and then one has
a factor v?/A" from the Higgs-photon vertex, so that one ends

up with small guantities.

In ep collisions for example one has the process fig. 7,
which seems interesting at first sight.Applica-

tion of the Weizsdcker-williams approximation |13}, which
is well suited to this process, shows however that at
energies helow one TeV the cross section is as small as the
standard model contributicon and therefore negligible.

In e'e” and pﬁ collisions one has an interesting new
production mechanism , namely the diagramm in fig. 3 with
the Z replaced by a photon. There is alsoc a Z-contribution
from QB-rﬂw, which is to be considered later. The total

+ - - :
cross section for the process e e =+ Hy is given by

) Y

v ay 43

clee R iy = Sa o (- ) (42)
3 A\ )

For mﬁ far away from s the cross section only depends on

A. In this case for A= 1t TeV it is 4.5 10-37

A = 0.5 Tev it is 3.5 107°°

cm? and for

cm? ., For a LEP luminosity of

1pb"iday'1this is just at the edge of observability. One
may reverse this statement by saying that existing (PETRA)
data restrict A by 4 > (1 - My 15 y¥* rev.

QB and QN both contain a E - Y - Z interaction, which for

my < MZ would make the decay of a real Z intc Hy possible.



(In the standard model this decay rate is negligible [14].) In

the sum QB + Qw the H - v - 2 interaction drops out, so we

are not going to consider it.

R . + -
Let us now calculate the {l-contribution to e e -+ HZ. The
total cross section can be written with the help of the
same gquantities as eqg. (3). It is

viral) A A*+ d2sm}
olere &Sy pay o °_‘(‘ °’§) ) i il S
Sln,a'QNrgs eu(s'”‘lz) 2hg iyt
om? My + S-mh . ot &%+ Gsmi f -
: A 6s A

The second term inside the curly bracket is the inter-
ference of the standard medel and the exotic interaction.
In fig. 4 we have drawn the total cross section as a
function of v¥s for twovalues of m, and for A= 0.8 Tev.
One can see that for such a value of A the Q-contribution

may be unraveled at LEP IIL.

S = ety Y, Y (1)

Ll
The gluon versionof{}, contradicts the neutron electric

dipole mcuent bounds [12]|. Therefore we concentrate on the
electromeak versions. The other qualitative difference as
compared tojl is the possibility of a HYZ-interaction, so
that in addition to the decay mode H—» ¥¥ also H—= f2 is
possible. One can get the width for the former decay sinply
by replacing A by A /2 in equation({10), so that the nume~
rical results are these of fig. 6. ¥f in additicon a factor
(4-nmz/m;)3 is added, one gets the width for H ~+ ¥Z

~ 2.3

Fa 20 e

The operator containing the H ¥ Z-interaction also predicts

{15)

real Z decay with width fTTnuétMmE) . Comparing this to the
standard model total decay width of the Z, f;c=2.3 GeV,
we find a branching ratic of

~ 1 Y
BR(E— HY) = 0.006 (ATeV/AY (4-mymmi) (6)
which, for R & 0.5 TeV and my not to close to m,, should be
observable.
Let us now consider the process e+e- — H f via a

virtual Z boson. If £l is to be a 50U, x U1—invariant operator,
Vl"" is a specific linear combination r RM'!- L EF"
of the photon and the 2 boson field stength with Tra
depending on the Weinberg angle. If V is the U, gauge
field, for example, then Yy m"'eﬂand n sl anb, 010, .
Taking into account also the effect of a virtual photon

one gets the total c¢ross section

- 1 1
¢lee L HE) = 16x % (4- ‘:—"“)s {lry+

ey 2 15 a

+
Sin O, 205 G, (U~ 1_;5;) 228, w0528, (A- Mi/s)* f U
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This result yields somewhat larger cross sectiong@ than

the corresponding eguation (12) for fL.

N o= (PR (DL ) (D) (48

There is a similar operator, (f*I*¥I(DP+?) | which

has problems with the § -parameter {2) . Therefore itwill not be
considered. Eg. (48} contains an interaction term connec-
ting the Higys field and two heavy vector bosons. This term
has the same structure as the standard model interaction
between heavy vector bosons and the Higgs-field bhecause

it comes from the ordinary kinetic term.

Therefore it induces the same production mechanisms, with a
much smaller coupling strength, however. The strength of the
exotic vertex dominates the standard model only for I

up to 300 GeV., For A = 500, 700, 1000 GeV the exctic con-
tribution is 34%, 17% and 8% of the standard model con-

tribution respectively.

[} cx (PP F L) ¢ e (49)

where Fi is an SUz-doublet of fermions containing fL'

one can get a bound cn Ff by demanding that the (Yukawa)} Higgs
mechanism be the dominant source of mass. The most stringent
bound comes from the electron, Ag% 100 TeV. The situation

is acceptable for the bottom guark ( Ab » 1.1 TeV} and the

top guark. For these reasons we shall concentrate on Ft.

There is a contribution to top02ifm decay (if m“<2mg,

which one can get by replacing E.t’- in (1) by(k +_\i H
1+ 4

\iv /\:

E}

The exotic contribution is egual to the standard model
one at a ("critical") value of A'\rifi‘b’/m‘ R

which is 386 GeV for m = 50 GeV and 498 GeV for m, =
30 GeV,
Y= YF o, V¥ [ *cec (260)
= L Tpy % .

In the case of leptons V cannct contain the

Py
photon field strengh, because such a term would induce inac-

ceptable large magnetic moments.

Such a restriction should not be relevant for toponium
decaying into Ha+¥ The vertex rule is shown in

fig. 10 and gives the decay rate

L
["(® L.S1, ) [ <8, 231 w4~ ﬂ;}’
= + md

Z I O IR R i {24)
v'"¥(4 4:Q) N Bueto Q:

SM -
F{e == prp7)
Note that the exotic contribution is enhanced by a heavy
top guark, in contrast to the result for the operator fl
In table 1 we give the ratios of the exotic and standard
model decay contributions for several values of 1h“
and and Asoi Tav.

Next, we examine the production mechanism via ep experi-
ments (fig. 11). We calculated the cross secion in the
iaizsicker-Williams (WW) approximation EL{L The photon



is treated as guasi real, i.e. its density as coming
out of the electron approximated bya function
%
o A+ (A-m) (22)

where % is the fraction of the electron energy carried
away by the photon. Py is nothing else than the "Altarelli-
Parisi® kernel of guantum electrodynamics. Note that any
heavy vector boson component in ) is
neglected a priori in the WW approximation.

For the WW approximation one needs the matrix element
squared of the process depicted in fig. 8§ ,

iMP* = ‘;\—‘1 it | (28)
Here §w (f'*k‘)" and 2:“&'-':')" are the usual
2 —4 2 invariants {on the parton level). Note that there
is no singularity for g* — 0. Note also that we have
neglected the interference with the standard model. This is

justified, since the standard model contribution is very
small.

Now we insert eg. (23) into the general formula for the

total cross section in the WW approximation,

H)

¥ l (24
j,t.n(.zm Sm Z%(ﬂ’)ﬂ j.u e (a
hﬁfs feut mrls w3
Here {§ is the total energy , tmex™ S-m} and 'tu

is a cutoff , which is chosen to be = 1 GeV*[13]. q are

the quark distribution functionswith Bjorken's x and Pia (.
-tutﬂz“ as variables.Here and in the following

we are u51ng the parametrization of the distribution func-
tions given by Duke and Owens (set 1) [J&]. In eq. {24} it

- 14 -

is understood that

(25
5= mx$ )
Results are drawn in fig., 12. At HERA ({5 = 300G )
cross sections down to 0.1 pb may be measureable. We
conclude that L might be accessible at HERA as long as

A < 1 Tev and my ¢ 50 GeV,
As far as the pﬁ collider is concerned one may have a Higgs
particle in conjunction with a prompt photon via the
parton subprocess g — HY¥ . The cross section

i
o pp Er 11X = Jdn, fany I 9 a3

3 (4- _'*_'1.’()3 B(i-my) 80xx, S-3) (2¢)
iR A §

is orders of magnitude above the corresponding standard
model one as long as N <¢ 2 Tev. It is drawn in fig. 13
as a function of the pE energy for A = 1 Tev and two
values of the Higgs mass.

One may ask whether existing collider data restict the
value of A . The answer is yes. The prompt photon together
with the decay products of the Higgs give so clear a signal
that the experiments would have seen cross sections as

small as 0.1 pb. (This number isonly avery crude estimate,
hut remember that the cross section (26) goes like PC“.)
This implies A 1.5 Tev for o, = 20 Gev, A > 1.3 Tev
for m,; = 50 GeV and A » 1 Tev for my = 100 GeV. From

this we can conclude that the process in fig. 11 will not be
seen at HERA.

The gluon version of £ in pp-collisions induces a mechanism
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where the H¥ggs is produced along with a jet {c.f. fig. 14). F)

The signature of such events is not as remarkable as for the
HY events discussed in the last paragraph. However because
of the large gluon density inside the proton the cross sec-
tion is larger. Since the cross section formula is similar

to (28), we do not give it here. We have drawn instead the

cross section for AN = 1 TeV and n, = 50 and 100 GeV in

fig. 15.

Again existing collider data restrict the value of N
Assuming this time the critical cross section to be 1pb, the
bound one gets is Ay 1.3 Tev for m, = 20 GeV, ANy 1 Tev
for m, = 50 GeV and Ay0.7 TeV for my = 100 GeV.
The Z-version of J3 contributes to the process e*¢ —» HZ

with a cross section

y3smd
> A r>3Ta (2%
G(Q"e _) H?a) = A 2‘*11.‘/\*82'

which is drawn in fig. 4. This time there is no inter-
ference with the standard model. At high energies the ratio

of the exotic and standard model contribution is

2% s*
-Igs- ) 13.6 -;G; 628)

which, for A= & (1 TeV) and LEP I is a small number. On
the other hand at LEP II it would be measurable.

A= (f':l_\['t) 2.DFF + e (29)
In principle one may consider an operator
[ A f e p D EN L] DY + ce (301

with arbitrary a,P,which would be fully consistent with the
assumptions stated in the introduction. By restricting ocurselves
to (2%) we implicitly assume a certain left-right universality

of derivative couplings.

A contains a HEf interaction and an interaction involving an

additioral heavy vector hoson. The Feynman rules for these two
interactions are given in fig. 16.
Let us start with the contribution

of fig. 16a to toponium decay

@ HY . It is such that we effectively have a replacement
3 r
L m L 2
—_t: —_— ( —t . A ) (34)
Ay Zv n*

in Wilczek's formula (2). Contrary to (21} the exotic contribution

and not with m,_. For all reasonable values of the

H t
parameters My, M, and A the exotic contribution to the decay

grows with m

rate is less than 1 % of the standard model contribution. The
situation is worse than for I, because in contrast to (2@) the
exciic contribution is multiplied by the fine structure constant.

The HEf interaction has virtual effects on angular distributions in
e+e_, ep and pE collisions. However for small couplings the general
experjence is that these effects are seen not much below H threshold
{15)}. The production cross section for e'e ™ H is
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v {ete S HY v om) _ “

yive»"t Z M . my
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We have normalized to the standard model contribution, which is
(32) is a
gualitatively new effect, as long as Ty is not too small and A
50 CeV, A = 1 TeV the ratio is
! similarly the cross section for pp -+ HX is much

very small because of the small electron mass. Eq.

not too large. E.g. for my =
1.43 - 10b
bigger than in the standard model [10] and given by

L3
; Id.x_‘E—,[q{:(x'ﬁ:)q"(g,m:}i-{ﬁﬂq)] {33)
T

vhere T = mﬁ/S. It is drawn in fig. 17 as a function of {8 for A= 1 TeV
and two values of my. It is a slowly varying function of S with typical

R
e

O'(FP-‘-'» KX) =

values O{1pb). By comparison with existing e'e” and pp data one can in
principle exclude values on the mH-A—pla.ne. These bounds do not come from
virtual effects like the contribution to Bhabba scattering, because this
is small of order A
no scalar particle giving the decay products of the Higgs was found.

'8. They come from direct detection analyses, in which

Let us assume for the e'e” process a critical eross section of 1pb. For the
PP process it is much larger, because the decay products of the Higgs have
to be disentangled from ordinary Drell Yan background. From the PETRA
experiments one can then conclude My 0.3 TeV for my = 20 GeV, Ay 0.5 TeV
for my = 30 GeV and A » 0.7 TeV for my = 44 GeV.

A gives also a contribution to e'e” 4 HZ. The total cross section is

x o
32 A*s m} aint0, s,

Since the interference with the standard model vanishes, one can directly

o (ete” 25 UZ) = (34)

compare eqs. (3) and (3%). For large s the ratio is

3 ]
BY L 1y S

= 1. _— (38}

£y my A"

Yor other values of s the cross section {34} can be found in fig. 4. Because
of the factor o in (34) it is smaller than the corresponding contribubtion
from ¥ as long as the energy is not too large.

- 18 -

‘i("f":br.,‘f) (i‘{l‘g} {36)

¢'.7-,'-

where { may be either a left- or a righthanded fermion. Operators of
this type violate the universality in weak and meutral curreats [2).
Nevertheless some linear combination of them may escape the phenomenological

and theoretical restrictions.

Concerning the field content ¢ is very similar to the operator &, eq. (29).
However the set of interesting production mechanisms is much more restricted,
since in (26) neither the gluon nor the photon field appear. Also one can
see easily that the process £F j—rH has a vanishing cross section. We con-
clude that it would be difficult to find effects of¢ in colliding beam
experiments, if this operator should exist., Bven the contributions. to
processes, wiich are nonnegligible in the standard model, are very small.

For instance the contribution to the Wilczek mechanism of toponium decay is

ree$sun  2v* » -
Fle M, wpy - TP

In eq. (37) we have taken for T ‘[r_ f the general linear combination

wt ¥ by e pB Y,

4. Multiple Higgs Production

Twe (or more) Higgses in the final state will give a rather clear experi-
mental sighal in the form of 4 jets or 4 lepions or 2 jets and 2 leptons.
This holds for small Higgs mass; for larger values of m; the signal will

be even clesrer, because one gets heavy quarks and/or heavy vector bosons,
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In the standard model there is only one vertex involving wore than one Higgs
and another type of particle, namely an 1nteraction of 2 Higgses with

2 heavy vector bosons. Its strength of a° Z/v is by no means negligible.
Theiefore the process drawn in fig. 18 was examined [16}, in order to deter-
mine whether the corresponding cross section is large enough %o make itself
obgervable at LEP. The net effect was found to be quite small, because there
are too many rather heavy particles in the final state. One would rather
have a photon instead of a Z in fig. 18a. This is the case for the photon
version of the operator L, eg. (#}. The problem here is the small couplings,
which have already made the contribution to efe”-» HF quite small (c.f.

eq. (12)). We find

glere 22y HHD s

{ 2,4t 7 Sttt (4+ o lmafs)) (e
g lere” ——

‘Hote the additional suprression factor 5121\'.2 which is due to the fact that
the three particle phase space is "smaller" than the two particle one.

It is only at very high energies that double Higgs production is preferred
to the single one.

Double Higgs production can also be obtained by gluon gluon fusion as

described in the gluon version of £L . The cross sections are given by

\ vt o od
U(PF&HX}-:%:"EF S;"K—K‘T(XM\T( ymi) (3
and

f '
c'fﬁ'g?’““x)‘ Xix,gdﬁﬂ(xug) T‘(x_,_.'s')ﬁ'(ﬁ}S(b-#,*;s) (4o)

where Fg is the gluon density and

5Gr= E:_AT Va-tmiis {»4)
. 4

_ZG_

is the parton cross section for ggEEL HH. Fig. 19 shows the result (4%6)

as a function of ¥8 for A= 1 TeV and various values of the Higgs mass.
Numbers for eq. (33) can be obtained by proper rescaling of the standard
model result as given in the literature [17). Due to phase space effects

the double Higgs production rate is two or three orders of magnitude smaller
than the single Higgs production rate. Nevertheless for A well below 1 TeV
and not too large Higgs masses the process may be observable. Note that

the numbers in fig. 19 gain a factor of 16, if one descends from A= 1 TeV
to A= 0.5 TeV.

There are other operators involving higher powers of the Higgs field, cf.
eqs. {18), (19} and (38). However within the framework of our discussion

none of them qualifies as an interesting multiple Higgs production mechanism.

5. Conclusion

In this work we have investigated exotic Higgs intersctions in a systematic
and model independent way. We have concentrated on the real Higgs and did
not consider virtual, i.e., indirect effects. Scme of the interactions look
exotic but due to SU3 x SU2 X U1 invariance and low energy restrictions
there are not as many qualitatively new features as expected. One cf

them is the direct Higgs-photon interaction, which leads to an interesting
new decay channel for the Higgs particle. Another cne is an interaction of
the Higgs particle with light fermions which is very small in the standard
model. This allows for very direct Higgs production mechanisms in e+e_

and pp collisions.

In general the exotic effects are accessible anly for characteristic scales
A below 1 TeV. Among the Higgs-gauge-field interactions those with a gauge
field strength are better off than those arising from & covariant derivative,
since the latter involve the standard model coupling constants e,g,g' or gg
in front of the gauge-fields.
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Table 2 provides a list which summarizes our results on the various
operators on a qualitative level. If one is very optimistic,one may con-
clude that the different types of operators can be disentangled already

by their qualitative properties. The difference between them 1ls expected

to be still more dominant in angular distributions.In this work we did

not attempt to calculate any of them and concentrated on total cross
sections. In this sense our paper is only a first step towards investigating
exotic interactions of the Higgs boson.

There is one pp process which we did not consider in this paper, namely
gg -» ttH, This process may well be a good test on the operators F and &,

in case they have a coupling proportional to the fermion mass (cf. the
discussion in ref. 2]).
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Table 1 Ratios of the D~over the standard model toponium decay W+ Z)
contributions to Higgs production for A= 400 GeV. f
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Table 2 Qualitative effects of exotic operators
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Fig. 2: Higgs production in toponium decay
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Fig, 10: Feynmanrule for the operator J
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Fig. 11: Higgs production in ep collisions induced
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Fig. 9: Higgs production via wector boson fusion



I 4 I 1 10 1 I I 1 I T
alpb) -z
p | a{pb) PP i
4 mH-: 2[] GeV p
10 A=0.5TeY .
1 my= 50 GeV
H
=2
10+ m,, =100 GeV
My =50 GeV
A=1TeV
5 A=1TeY
1[] { 1 I 01 . i I l 1 I L
0 100 200 300 400 500 400 600 800 1000 1200 1400 1600 1800
VS (GeV) /S (GeV)
e1g. 12: Cross section for the process in £ig. 11 Fig. 13: Cross section for the production of the Higgs

particle and a prompt photon in pd collisions,
as induced by the operator Z .Note that the cross
section wins a factor of 16,if one goes to Axos Ty,



Fig., 14: Higgs+jet processes in pp collisions induced
by the operator X
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Fig. 17: Higgs production at the pp collider from the
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Fig. 18: Standard model mechanism for the production
of two Higgs particles in e%*e”™ annihilation
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Fig. 19: Cross section for Higgs pair production by

gg fusion in pp collisions



