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Electroweak radiative one-loop corrections to the processgg→W1W2 with photon and W-boson polariza-
tions are calculated within the two-Higgs-doublet model extension of the standard model, and the relevant
analytical results for the nonstandard Higgs bosons contributions to the helicity amplitudes are given. The
relative difference between the predictions of the two-Higgs-doublet model and minimal standard model for a
light salarMH1

and heavyMH2
andMF easily exceed620% forWTWT pair production in the central angular

region at high energy, and even larger forWLWL pair production. The angular dependence corrections owing
to the nonstandard Higgs boson get larger, where box diagrams constitute the dominant part of the radiative
corrections.@S0556-2821~97!02621-0#

PACS number~s!: 12.60.Cn; 12.15.Lk; 14.80.Cp

I. INTRODUCTION

At present the successes of the standard model~SM! of
electroweak interactions are well known and doubtless. In
particular, measurements of the gauge boson massesMW and
MZ and asymmetries of theZ boson at the CERNe1e2

collider LEP have provided stringent constraints which are
successfully predited by the SM evaluated at the one-loop
level. However, the Higgs sector of the SM, consisting of a
single Higgs doublet, has not yet been experimentally tested.
Of course, before the physical Higgs bosonH0 is empirically
detected, the Higgs mechanism cannot be conclusively con-
firmed. The Higgs boson massMH0

, which is a free param-

eter of the theory, enters all theoretical predictions within the
SM at least via higher orders. In contrast with the top quark
mass, the indirect limit onMH0

derived from radiative cor-

rections to precision experiments is still rather weak but fa-
vor’s a Higgs boson below 300 GeV. Experimentally,
searching directly for the SM Higgs boson, thee1e2 collider
LEP @1# has set a lower bound,MH0

.64.5 GeV~95% C.L.!,

on the Higgs boson mass, but does not exclude values up to
;700 GeV@2#.

The possibility of an extended Higgs sector is definitely
consistent with experimental data. The simplest extensions
are models with the two-Higgs-doublet model~THDM! sug-
gested by supersymmetry~SUSY! @3#; for such an extension,
r51 remains automatic at the tree level. IfCP is conserved,
then the THDM yields five physical HiggsCP eigenstates:
two CP-even neutral Higgs bosonsH0 and H1, a CP-odd
~pseudoscalar! Higgs bosonH2 , a charged Higgs boson pair
F6, and the mixing anglesa andb, wherea is the mixing

angle of theCP-even Higgs bosonsH0 andH1 . An impor-
tant parameter of the THDM is tanb5V2 /V1, whereV2 (V1)
is the vacuum expectation value of the neutral member of the
Higgs doublet that couples to up-type~down-type! quarks.
One neutral Higgs boson has a coupling similarly to the SM
values.

Up to now, only weak direct experimental information
has existed on the non-Abelian self-interaction of the gauge
boson@4#. One can hope to obtain more information fromgg
collisions because at high energies cross sections forgg col-
lisions are usually larger than those fore1e2 ones. High
energetic photons are naturally generated via bremsstrahlung
or beamsstrahlung in high energye1e2 colliders. More ef-
ficiently an intense photon beam can be obtained by back-
ward Compton-scattered laser light as already proposed by
Ginzburget al. @5#. The feasibility of such a photon linear
collider is discussed in Ref.@6# based on the progress in
collider and laser technology. ThegWW and ggWW cou-
plings can be probed very effectively in the reaction
gg→W1W2 which does not involve theZWWcoupling in
lowest order. The sensitivity of thegg→W1W2 cross sec-
tion to various anomalous couplings has been discussed in
Ref. @7# It offers information that is comparable to the that
available frome1e2→W1W2. The total cross section does
not drop like 1/s as the one fore1e2→W1W2 but ap-
proaches a constant of about 80 Pb at high energies. At the
tree level the THDM may be identical to the SM. However,
the THDM differs from the SM in that radiative corrections
often depend rather sensitively on the details of the Higgs
sector. Since in the non-SUSY two-Higgs-doublet model the
masses and mixing angles can be considered as independent
parameters, large or small radiative corrections can be ob-
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tained to the processgg→W1W2 and large deviations can
occur from that in the SM by adjustingb and other param-
eters.

Complete one-loop radiative corrections togg→W1W2

including soft photon bremsstrahlung in the context of the
SM have been published in Ref.@8#, so that in this paper we
focus on the radiative corrections to the process
gg→W1W2 arising from the additional Higgs bosons
within the THDM and give the complete analytical formula
and extended discussion of the numerical results. The Feyn-
man rules are taken from Ref.@3#. In order to evaluate a
meaningful nonstandard correction, we adopt the conven-
tional arrangement THDM that the mixing anglesa5b,
where the neutral Higgs bosonH0 has the same couplings to
W1W2 as the MSM Higgs boson, andH1 ,H2 ,F6 appear as
additional nonstandard Higgs fields.

The paper is organized as follows: After fixing our nota-
tion and conventions in Sec. II, we briefly discuss the Born
cross sections and the individual polarization possibilities in
Sec. III. We give the analytical results for the radiative cor-
rections classified by the topological structure of the corre-
sponding Feynman diagrams in Sec. IV. A numerical evalu-
ation and discussion of the radiative corrections for
gg→W1W2 follows in Sec. V. Finally Sec. VI contains a
short summary.

II. NOTATION AND CONVENTIONS

We consider the reaction

g~k1 ,l1!g~k2 ,l2!→W1~k3 ,l3!W2~k4 ,l4!, ~1!

wherel1,2561 andl3,450,61 denote the helicities of the
photon and theW boson, respectively. The momenta read, in
the center-of-mass system,

k1
m5

As

2
~1,0,0,21!, k2

m5
As

2
~1,0,0,1!,

k3
m5

As

2
~1,2b sin u,0,2b cosu!,

k4
m5

As

2
~1,b sinu,0,b cosu!, ~2!

whereb5A124MW
2 /s is the velocity of theW boson. Here

u is the scattering angle between the incoming photons and
the outgoingW boson. The Mandelstam variables read

s5~k11k2!25~k31k4!2,

t5~k12k3!25~k22k4!25MW
2 2

s

2
~12b cosu!,

u5~k12k4!25~k22k3!25MW
2 2

s

2
~11b cosu!. ~3!

In order to calulate the polarized cross section we introduce
explicit polarzation vectors for the photon andW boson as
follows:

«m1~k1 ,l1561!52
1

&
~0,1,7 i ,0!,

«m2~k2 ,l2561!5
1

&
~0,1,6 i ,0!,

«* m3~k3 ,l3561!52
1

&
~0,cosu,6 i ,2sinu!,

«* m4~k4 ,l4561!5
1

&
~0,cosu,7 i ,2sinu!,

«* m3~k3 ,l350!5
As

2MW
~b,2sinu,0,2cosu!,

«* m4~k4 ,l450!5
As

2MW
~b,sinu,0,cosu!. ~4!

Here l i561 is theg or W boson polarization vector with
helicity 61, andl3,450 is the longitudinal polarization vec-
tor of the W boson. The electromagnetic gauge invariance
tells us that the gg→W1W2 polarization vector
Gm1 ,m2 ,m3 ,m4 is transverse to the photon momenta:

k1
m1«m2«m3«m4Gm1 ,m2 ,m3 ,m4

50

5k2
m2«m1«m3«m4Gm1 ,m2 ,m3 ,m4

.

~5!

All momenta are taken to be on mass shell~k1
25k2

250,
k3

25k4
25MW

2 !. The helicity amplitudes can be derived:

Ml1 ,l2 ,l3 ,l4
5«m1~l1!«m2~l2!«* m3~l3!«* m4~l4!

3Gm1 ,m2 ,m3 ,m4
~k1 ,k2 ,k3 ,k4!. ~6!

The helicity amplitudes are the Bose andCP parity symme-
tries

Ml1 ,l2 ,l3 ,l4
~s,t,u,b!5M 2l1 ,2l2 ,2l3 ,2l4

~s,t,u,b!,

Ml1 ,l2 ,l3 ,l4
~s,t,u,b!5Ml2 ,l1 ,l4 ,l3

~s,t,u,b!. ~7!

In the following, we do not distinguish between the two
transversly polarizedW bosons: then, we have the polariza-
tions of the external pariticles by four labels, the first two
corresponding to photons, and the second pair toW bosons,
1 for right handed,2 for left handed photons,T for the sum
of the two transverse polarizations, andL for the longitude of
W polarizations.
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III. LOWEST ORDER CROSS SECTION

A. Polarized cross sections forWW pair production in
monochromatic gg collisions

We first present different contributions to the polarized
cross sections forWW pair production in monochromaticgg
collisions. We consider here the extreme cases of

l1l2561, i.e., full circular polarization for incoming pho-
tons. The differential cross section is given by

S dsl1 ,l2 ,l3 ,l4
~s!

d cosu
D THDM

5
b

32ps
uMl1 ,l2 ,l3 ,l4

THDM u2. ~8!

The tree level amplitudes agree in the MSM and the
THDM, yielding ~Fig. 1!

MBorn54paH 1

MW
2 2t

$~«1•«3!~«2•«4!~k1•k212k1•k31k3•k4!1~k32k4!•«2@~«1•«3!~k11k3!•«422~k3•«1!

3~«3•«4!1~«1•«4!~k322k1!•«3#1~«2•«4!@~k322k1!•«3~k4•«1!22~k3•«1!~k21k4!•«3#

1~k12k32k2!•«4@~k3•«4!~«1•«3!22~k3•«1!~«2•«3!1~«1•«2!~k322k1!•«3#%2~«1•«2!~«3•«4!

1~«1•«3!~«2•«4!1 ‘ ‘3’ ’ ↔ ‘ ‘4’ ’, t→uJ . ~9!

The parametersa51/128, MZ591.187 GeV, MW5
80.33 GeV, andsW

2 512MW
2 /MZ

2 have been used through-
out the paper. In Fig. 2 we show the lowest order cross
section in c.m. system~c.m.s.! energy for various polariza-
tions, where the integrated cross sections are obtained from
the angular range 10°<u<170°. The cross section of trans-
verse WTWT bosons increases with c.m.s. energy until
reaches a plateau. At about 400 GeV it has almost reached
this plateau and the total cross section is about 80 pb. The
cross section for equal photon helicities and purely longitu-
dinal W bosons behaves like 1/s3 at high energies.

Figure 3 gives the angular distributions forWLWL ,
WLWT , and WTWT pair production for equal and opposite
incoming photon helicities atAsgg5400 GeV, 1 TeV, and 2
TeV. We see that theWTWT and WLWL pair production
cross section is peaking in forward or backward directions
for equal incoming photon helicities. The transverseW pair
production cross section will be at least an order of magni-
tude larger than the longitudinalW pair production cross
section.

B. WW pair production at a photon linear collider

The possiblity for the realization ofgg colliders has been
discussed in detail by Ginzburget al. @6#. The high degree of
circular polarization for each of the colliding photons can be
achieved by polarizing the incominge2 (e1) beams and
laser beams. The cross section for theW1W2 pair produc-
tion in polarizedgg collisions can be obtained by folding the
elementary cross section for the subprocessesgg→WW
with the photon-photon luminosity (dLgg /dt), i.e.,

dsl3l4
5E

4MW
2 /s

ym
2

dt
dLgg

dt F1

2
~11^j1j2&!dŝ11l3l4

1
1

2
~12^j1j2&!dŝ12l3l4G , ~10!

where the photon-photon luminosity is

dLgg

dt
5E

t/ym

ym dy

y
f g~x,y! f g~x,t/y!, ~11!

t5 ŝ/s, y5Eg /Eb , ym5
x

11x
, x[

4Ebv0

me
2 .

Here Eb is the energy of the electron beam andv0 is the
laser photon energy. The quantityy stands for the ratio be-
tween the scattered photon and initial electron energies and
its maximum value isym . The backscattered photon distri-
bution functionf g(x,y) and mean helicities of the two pho-
ton beamsj i are given by Eqs.~4! and~17! of Ref. @6#. Here

FIG. 1. Lowest order Feynman graphs forgg→W1W2.
FIG. 2. Lowest order cross section versus c.m.s. energy for vari-

ous polarizations (10°,u,170°).
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As (Aŝ) is thee1e2 ~gg! center-of-mass energy. In the fol-
lowing we take the upper limit onym to be 0.83, which leads
to a good conversion efficiency in backward Compton scat-
tering, and assume that 90%e2 (e1) beam longitudinal po-
larization (le1,2

560.45) and 100% laser beam circular po-

larization (lg1,2
561) are achievable.

In Fig. 4 we show the cross section of theWW pair pro-
duction at the photon linear collider as a function of the
e2e1 c.m.s. energy with an angular cut 10°<u<170°. We
consider different polarizations of the initiale2 (e1) and
laser beams: 2le1,2lg1,2520.9, which gives the photon-
photon energy spectrum peaking just below the highest al-
lowed photon-photon energy. The relative polarizationsle1,2
and lg1,2 in Fig. 4 are such that colliding photons are pro-
duced mainly with equal~opposite! mean helicities, respec-
tively. As for the case of monochromatic photon photon col-
lisions, at high energies the cross section is dominated by
transversely polarizedWTWT pair production. The advantage
of having polarized beams is clearly seen. The cross section
of longitudinalWLWL pair production is the larger than that

for the monochromatic photon spectrum at high energy, but
at low energy the total cross section is the smaller than that.

IV. ELECTROWEAK ONE-LOOP CORRECTIONS

The calculation of the radiative corrections is performed
in the ’t Hooft–Feynman gauge as worked out in Ref.@9#.
The renormalization is carried through using the complete
on-shell renormalization scheme. In this scheme all the fields
are renormalized such that no external wave function renor-
malization is required; i.e., there are no self-energy correc-
tions associated with external lines. For the process consid-
ered here, we only give the corrections to theW propagator,
to theg andW vertices of the incoming photon and outgoing
bosons, and box diagram contributions with additional Higgs
bosons in the THDM. For a consistent treatment of the one-
loop corrections the squared transition matrix elementuM u2

has to be expanded to a power series of the coupling constant
to

uM u2THDM
5uMBornu212 ReudMTHDMMBorn

1 u1higher order,

FIG. 3. Differential lowest order cross section versus c.m.s. energy photon helicities (10°,u,170°).
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wheredMTHDM is theO(a) correction to the invariant matix
element. The UV divergences are handled whthin dimen-
sional regularization and the IR divergences are regularized
by an infinitesimal photon massl. Adding soft photon
bremsstrahlung thel dependence cancels out. The differen-
tial cross section, including the completeO(a) virtual and
soft photonic corrections, is given by

S ds

d cosu D THDM

5
b

32ps
@ uMBornu2~11dSB!

12 Re$dMMBorn
1 %#

5S ds

d cosu D
Born

~11dTHDM!

5S ds

d cosu D
Born

~11dMSM1dNS!, ~12!

wheredSB anddMSM are the soft photon bremsstrahlung cor-
rections and the relative electroweak corrections in the
MSM, anddNS is the relative weak corrections of nonstand-
ard Higgs bosons in THDM. Since in this paper we are only
interested in the nonstandard Higgs boson corrections in the
THDM, we split all corrections into a MSM part and non-
standard~NS! part.dSB anddMSM corrections need not do be
taken account. A detailed discussion of the MSM case is
given in @8#. We now list the results for the nonstandard
Higgs boson radiative corrections.

A. Self-energies

Since external self-energies do not contribute in the com-
plete on-shell renormalization scheme, only internalW bo-
son self-energy(WW

NS (t,u) arising from the nonstandard
Higgs bosons graphs in Fig. 5 yields the following contribu-
tion to dMNS:

dMse52 i4pa«1«2H ggWW*
1

t2MW
2

3S (WW
NS ~ t !2dMW

2NS

t2MW
2 1dZW

NSD ggW* W

1ggW* W

1

u2MW
2

3 S (WW
NS ~u!2dMW

2NS

u2MW
2 1dZW

NSD ggW* WJ «3«4 .

~13!

The couplings between the photon andW bosons~gW* W
vertex: asterisks denote off-shell fields! are denoted by
2 ieggW* W . The THDM renormalized constants and the
conterterms expressed in terms of unrenormalized self-
energies can be found in Ref.@10#.

B. Vertex corrections

The t-channel uppergW* W vertex diagrams are depicted
in Fig. 6, which are only those involving the nonstandard
Higgs bosons. The diagrams for the lowergW* W vertex can
be constructed in an analogous way; theu-channel are ob-
tained by interchange of the two externalW bosons. Extract-
ing an overall factorie2g2/(4p)2, whereg5 e/sW , in the
definition of the helicity amplitudesdMl1 ,l2 ,l3 ,l4

ver , their an-

lytical expressions are explicitly given in Appendix A.
The conterterm contribution to the matrix element is

dMgW* W52 i4pa«1«2ggW* WS dZe
NS1dZW

NS1
1

2
dZAA

NS

2
cW

2sW
dZZA

NSD 1

t2MW
2 ggW* W«3«4 . ~14!

The photons are taken to be on mass shell, which do not mix

FIG. 4. The totale1e2→gg→W1W2 cross section for laser
backcattered photons ine1e2 collisions as a function of the
Ase1e2. Curves for the combinations of the mean helicities of the
incoming electron and laser beamsle15le250.45,
lg15ll2521, le152le250.45, and lg152ll2521 are
shown.

FIG. 5. Self-energy correction.

FIG. 6. The t-channel nonstandard Higgs boson diagrams for
the uppergWW* vertex.
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with Z bosons, rendering the field renormalization constants
dZZA

NS zero.
The s-channel vertex corrections are the only Higgs pole

contribution in Fig. 7. TheggH0* vertex corrections only for
equal initial photons or outgoingW bosons helicities yield
the contribution todMNS:

dM
1111

ggH0* 5~2MH1

2 14MF
2 2AMH0

2 tanb!

3
1

s2MH0

2 1 iM H0
GH0

S B0~k11k2 ,MF ,MF!

2

22C24~k1 ,2k32k4 ,MF ,MF ,MF! D , ~15!

dM
1100
ggH0* 5~2MH1

2 14MF
2 2AMH0

2 tanb!~11b2!

3
1

4~s2MH0

2 1 iM H0
GH0

!
S B0~k11k2 ,MF ,MF!

2

22C24~k1 ,2k32k4 ,MF ,MF ,MF!D . ~16!

In this paperA5tan 2a. The definition of the two- and
three-point functionsB andC can be fond in Ref.@11#.

C. Box contributions

The nonstandard Higgs boson contributions in box dia-
grams are shown in Fig. 8. The corresponding analytical ex-
pressions denoted by the internal particles can be given in
terms of the invariant functionsB, C, andD introduced in
Ref. @11#. The explicit expressions fordMbox can be found in
Appendix B.

The counterterm contribution to the matrix element is

dMggWW52 i4pa«1«2gggWW

3S 22dZe
NS2dZW

NS2dZAA
NS1

cW

2sW
dZZA

NSD «3«4 .

~17!

The complete one-loop virtual corrections are given by

dMl1 ,l2 ,l3 ,l4

NS 5~dMse1dM ver~ t !1dM ver~u!1dMggH*

1dMbox1dMgW* W~ t !1dMgW* W~u!

1dMggWW!l1 ,l2 ,l3 ,l4
. ~18!

Various checks were carried out to make sure that the
resulting helicity amplitudes are correct. The cancellation of
divergences, the requirements of Bose symmetry, and gauge
invariance~5! were explicitly checked. Morever, the formu-
las given in this section were produced byLIHIP @12#. A
substantial part of these formulas was independently checked
by hand calculation. The reduction of the tensor integrals to
scalars was performed both numerically and computer alge-
braically withLIHIP, both programs agreeing to within 7 dig-
its for each diagram separately.

V. RESULTS AND DISCUSSION

The O(a) radiative corrections to the process
gg→W1W2 can be easily split in a gauge-invariant way
into weak and electromagnetic corrections:

d5dQED1dweak.

The QED corrections are identical in the THDM and in the
MSM and can be found in Ref.@8#. Furthermore, there are no
new diagrams for theW boson vertex and boxes. For the
process considered here, we only give the weak corrections
to the additional Higgs contributions in the THDM. Since we
are interested in deviations of the THDM from the MSM, we
introduce the quantites

D~s!NS5
sTHDM~s!2sMSM~s!

sBorn~s!
,

which directly give the nonstandard Higgs boson corrections.
For the numerical evaluation, we use the same set of param-
eters as in Ref.@13#. For the Higgs sector of the THDM we
chooseaem, MZ , MW , MH0

, MH1
, MH2

, MF , and b as

input paramerters and seta5b. This has the advantage that
the particles of the MSM and their couplings form a subset
of the THDM identical toH0 , the MSM Higgs boson. Here
we will present the numerical results for a monochromatic
photon beam with 100% circular polarization; such an ideal-
ized case will provide a clear physical understanding of the
behavior of the cross sections.

The difference beween the THDM and MSM, i.e., the
nonstandard correctionsDNS(s) shown for the process
gg→W1W2 in Fig. 9 for different boson polarizations with
MH1

550 GeV, MH2
5100 GeV, MH0

5200 GeV, MF5

400 GeV, and tanb550, is large. As already pointed out in
Ref. @8#, for the corrections toWLWL , there is a large posi-
tive correction enhanced. This effect originates from the sup-

FIG. 7. Thes-channel nonstandard Higgs boson diagrams for
the ggH0* vertex in the THDM.

FIG. 8. Nonstandard Higgs boson box diagrams.
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pression of the corresponding lowest order cross section and
is proportional toMH

2 /MW
2 which increases very fast with

increasing energy. It amounts to more than three orders of
magnitude at 2 TeV. While the corrections for opposite pho-
ton polarizations and mixied transverse and longitudinalW
boson polarizations are suppressed by an additional factor

1/s at high energy and reach230% atAsgg52 TeV, the
transverseWTWT bosons get corrections of 5%. The correc-
tions for the MSM are typically of the order of 10%. One
gets large differences between THDM and MSM results ow-
ing to the enhancement of the box correction. The lowest
order contribution forgg→W1W2 exhibits at or u pole but
is not of order 1/s for all scattering angles. Thus the relative
box corrections are large because of the smallness of the
lowest order cross section for central angular region. In Fig.
10 we show the nonstandard Higgs boson contribution cor-
rections to the differential cross sections forAsgg50.4, 1,
and 2 TeV. The anguar distribution for longitudinalW
bosons is rather large at 90° scattering angle and depends
more strongly on the energy, which is suppressed by the
lowest order cross section. The corrections for transverseW
bosons are small in the forward and backward directions ow-
ing to the suppression of thet- andu-channel poles in lowest
order and reach230% ~10%! for equal ~opposite! helicity
photons at intermediate scattering angles.

The Higgs boson resonances viagg→H0*→W1W2,
this vertex exists only at the one-loop level, have been cal-
culated in the MSM of Ref.@14#. This process is well suited

FIG. 9. Relative correctionsDNS for several polarizations with
MH1

550 GeV, MH2
5100 GeV, MF5400 GeV, and

MH0
5200 GeV.

FIG. 10. The angular dependence of thedNS ~same signature as in Fig. 9!.
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for Higgs boson studies atgg colliders if MH.2MW . The
nonstandard Higgs contribution Higgs resonant part of the
process is given in Fig. 11. The helicity conservation of the
cross sections is nonzero only for equal photon andW boson
helicities. We give the cross section of theWTWT ,WLWL
production withMH1

550 GeV, MH2
5MF5200 GeV, and

MH0
5250 GeV for tanb51.5 and 50, and take the condition

a5b in Fig. 11~a!. As can be seen the sensitivity to the

cross section is weak for tanb@1. For equal initial photon
helicities, the value of the cross section ofWLWL pair pro-
duction is about 2 fb or less@Fig. 11~b!#, which is larger than
for ones of transversely polarizedWTWT pair production.

VI. SUMMARY

The processgg→W1W2 is very useful to study the non-
abelian gauge couplinggWW andggWW. We have calcu-
lated the one-loop nonstandard Higgs boson corrections cor-
responding togg→W1W2 within the THDM. The relevant
analytical formulas for polarized photons andW bosons have
been given. The calculation shows that the dominating cor-
rections aries not only from the self-energies and renormal-
ization constants but notable also from the box diagrams. At
high energies and in the forward and backward directions,
the corrections for transverseW bosons are smaller owing to
the suppression of the lowest-ordert- and u-channel poles.
The contribution involving the 1/t pole together with the
smallness of the lowest order cross section leads to ex-
tremely large corrections at high energies for longitudinalW
polarizations.
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APPENDIX A: VERTEX CORRECTIONS

The nonstandard Higgs sector contributions to the
t-channel uppergW* W vertex corrections given by the ex-
plicit expressions for the functionsCi j are given in Ref.@11#.

dM 1111
ver 5

1

~b cosu21! H ~11cosu!2

4s
@2MW

2 C248 1~2s1MW
2 2u!C358 22~s2MW

2 2u!C368 #1
b~11cosu!sin2u

16

3@2MW
2 C128 22s~s2MW

2 2u!C228 1~s14MW
2 2u!C238 1~2s1MW

2 2u!C338 22~s2MW
2 2u!C348 #

2sinu~C248 1C358 !1
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FIG. 11. The nonstandard part of the resonant cross section
gg→H*→W1W2: ~a! MH1

550 GeV, MH2
5MF5200 GeV,

MH0
5250 GeV, and tanb51.5 and 50. ~b! MH1

550 GeV,
MH2

5MF5200 GeV tanb51.5, andMH0
5150 and 400 GeV.
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Ci , j8 5Ci , j~k1 ,2k3 ,MF ,MF ,MH1
!1Ci , j~k1 ,2k3 ,MF ,MF ,MH2

!.

We do not consider those polarization configurations for which the lowest order matrix element vanishes.
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APPENDIX B: BOX CORRECTIONS

The nonstandard Higgs bosons contribution box corrections togg→W1W2 matrix element are given, for which only
nonzero terms after the interference with the Born matrix element will be given explicitly:
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the arguments of the invariant integrals are

Di , j ,k8 5Di , j ,k~2k3 ,k1 ,k2 ,MH1
,MF ,MF ,MF!1Di , j ,k~2k3 ,k1 ,k2 ,MH2

,MF ,MF ,MF!,

Di , j8 5Di , j~2k3 ,k1 ,k2 ,MH1
,MF ,MF ,MF!1Di , j~2k3 ,k1 ,k2 ,MH2

,MF ,MF ,MF!,

Ci , j
1 5Ci , j~k2 ,2k21k4 ,MF ,MF ,MH1

!1Ci , j~k2 ,2k21k4 ,MF ,MF ,MH2
!,

Ci , j
2 5Ci , j~2k3 ,2k11k3 ,MF ,MH1

,MF!1Ci , j~2k3 ,2k11k3 ,MF ,MH2
,MF!,

Ci , j
3 5Ci , j~k1 ,2k12k2 ,MF ,MF ,MF!,

Ci , j
4 5Ci , j~2k4 ,k31k4 ,MH1
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,MF ,MF!,

B0
15B0~k1-k3 ,MF ,MH1
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!,

B0
25B0~k11k2 ,MF ,MF!,

where the decomposition ofB, C, andD functions integrals is given in Ref.@11#.
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