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Sun La-Zhen
Joint Institute of ETH & USTC for High Energy Physics, Department of Modern Physics,
University of Science and Technology of China, Hefei, Anhui, 230026, People’'s Republic of China

Liu Yao-Yang
Joint Institute of ETH & USTC for High Energy Physics, Department of Modern Physics,
University of Science and Technology of China, Hefei, Anhui, 230026, People’s Republic of China
and Institute of Theoretical Physics, Academy of Sciences of China, Beijing 10080, People’s Republic of China

Zhang Ren-You
Joint Institute of ETH & USTC for High Energy Physics, Department of Modern Physics,
University of Science and Technology of China, Hefei, Anhui, 230026, People’'s Republic of China
(Received 28 March 1997

Electroweak radiative one-loop corrections to the progegs: W*W~ 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 salarM Hy and heavyM H, andM 4, easily exceedt 20% forW;W; pair production in the central angular
region at high energy, and even larger Yoy W, 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[S0556-282(97)02621-0

PACS numbeps): 12.60.Cn; 12.15.Lk; 14.80.Cp

I. INTRODUCTION angle of theC P-even Higgs bosonkl, andH,. An impor-

tant parameter of the THDM is t@+V,/V,, whereV, (V)

is the vacuum expectation value of the neutral member of the
ri—|iggs doublet that couples to up-tygdown-type quarks.

At present the successes of the standard m@@slel) of
electroweak interactions are well known and doubtless. |
particular, measurements of the gauge boson maztwiany One neutral Higgs boson has a coupling similarly to the SM
M, and asymmetries of th& boson at the CERMN e values.
collider LEP have provided stringent constraints which are Up to now, only weak direct experimental information

successfully predited by the SM evaluated at the one-loopas existed on the non-Abelian self-interaction of the gauge
level. However, the Higgs sector of the SM, consisting of ahoson[4]. One can hope to obtain more information from
single Higgs doublet, has not yet been experimentally teste@ollisions because at high energies cross sectiongfaol-
Of course, before the physical Higgs bos#gis empirically  lisions are usually larger than those fere~ ones. High
detected, the Higgs mechanism cannot be conclusively corenergetic photons are naturally generated via bremsstrahlung
firmed. The Higgs boson masay , which is a free param- or beamsstrahlung in high energy e~ colliders. More ef-

eter of the theory, enters all theoretical predictions within thdficiently an intense photon beam can be obtained by back-
SM at least via higher orders. In contrast with the top quarkvard Compton-scattered laser light as already proposed by

mass, the indirect limit oM, derived from radiative cor- Ginzburget al. [5]. The feasibility of such a photon linear

. . |0 - collider is discussed in Ref6] based on the progress in
rec:uons to.preC|S|0n experiments is still rather Wgak but fa'collider and laser technology. TheWW and yyWW cou-
vors a nggs boson bEIOW. 300 GeV. Exp_erlmv_entally, plings can be probed very effectively in the reaction
searching directly for the SM Higgs boson, #iee™ collider

. yy—W*W~ which does not involve th& WW coupling in
LEP[1] has set a lower bount/ Ho>64'5 GeV(95% C.L), lowest order. The sensitivity of thegy—W*W™ cross sec-

on the Higgs boson mass, but does not exclude values up tibn to various anomalous couplings has been discussed in
~700 GeV|[2]. Ref. [7] It offers information that is comparable to the that
The possibility of an extended Higgs sector is definitelyavailable frome™e” —W*"W~. The total cross section does
consistent with experimental data. The simplest extensionsot drop like 1% as the one fore*e”—W*W~ but ap-
are models with the two-Higgs-doublet mod&@HDM) sug-  proaches a constant of about 80 Pb at high energies. At the
gested by supersymmet(8USY) [3]; for such an extension, tree level the THDM may be identical to the SM. However,
p=1 remains automatic at the tree levelQP is conserved, the THDM differs from the SM in that radiative corrections
then the THDM yields five physical HiggS P eigenstates: often depend rather sensitively on the details of the Higgs
two CP-even neutral Higgs bosortd; andH,, a CP-odd  sector. Since in the non-SUSY two-Higgs-doublet model the
(pseudoscalaHiggs bosorH,, a charged Higgs boson pair masses and mixing angles can be considered as independent
®*, and the mixing angles and 8, where« is the mixing  parameters, large or small radiative corrections can be ob-
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tained to the procesgy—W*W~ and large deviations can 1
occur from that in the SM by adjusting and other param- e*(ky,N\q=x1)=——(0,171i,0),
eters. V2

Complete one-loop radiative correctionsyoy— W W~
including soft photon bremsstrahlung in the context of the 1
SM have been published in R¢8], so that in this paper we e"2(ky N\p=*1)=—(0,1+i,0),
focus on the radiative corrections to the process V2
vy—W*'W~ arising from the additional Higgs bosons
within the THDM and give the complete analytical formula
and extended discussion of the numerical results. The Feyn- £*#3(Ky A= = 1)
man rules are taken from R€f3]. In order to evaluate a S
meaningful nonstandard correction, we adopt the conven-
tional arrangement THDM that the mixing angles= g,
where the neutral Higgs bosadty has the same couplings to
W*W~ as the MSM Higgs boson, ard, ,H,,®* appear as
additional nonstandard Higgs fields.

The paper is organized as follows: After fixing our nota-
tion and conventions in Sec. Il, we briefly discuss the Born Js )
cross sections and the individual polarization possibilities in e*3(kg,\3=0) = 5—(B,—sin,0,~ cosy),

. . .. w

Sec. Ill. 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- . Vs .
ation and discussion of the radiative corrections for e* 4k Ny =0)= m(ﬂ,sme,o,cosﬂ). S
yy—W*W~ follows in Sec. V. Finally Sec. VI contains a
short summary.

1
=——(0,co9,*i,—sink),
V2

1 o
g¥ta(ky Ng=x1)= E(O,cosﬁ,ll,—sme),

Here\;=*1 is they or W boson polarization vector with
helicity =1, and\ 3 4= 0 is the longitudinal polarization vec-
tor of the W boson. The electromagnetic gauge invariance
We consider the reaction tells us that the yy—W"W~ polarization vector
GH+1-#2:#3:14 s transverse to the photon momenta:

II. NOTATION AND CONVENTIONS

y(kg, N ) ¥(Ka N o) =W (Kg, N 3)W™ (Kg,Nyg), (1)

M —
where\; ,= +1 and\3,=0,+1 denote the helicities of the ky'e"2e#3eX4G 1, gy =0
photon and th&V boson, respectively. The momenta read, in ou
the center-of-mass system, =Ko e 16 36 G ) Ly gy
5
55 Js )
k"f=7(1,0,0,— 1), k§=7(1,0,0,]),
All momenta are taken to be on mass shéf=k5=0,
& k3=k3=M3). The helicity amplitudes can be derived:
kgz?(l,—ﬁ sin 0,0,— B co9),
M, ag i, = EXUN1)E2(N2) e ™ #3(N3) g™ H4(Ny)
s
kf{=\/?—(1,[3 sing,0,8 cos), 2 X G g g ig(Ka K2 Ka Ka). 6)

whereB=\/1—4M2/s is the velocity of theW boson. Here The helicity amplitudes are the Bose a@ parity symme-
¢ is the scattering angle between the incoming photons antf'€S

the outgoingW boson. The Mandelstam variables read

5= (K;+Kp)?= (Kg+Kg)? My g (SEUWLBI=M oy x —x, -2 (81U, B),

s My oo (StLu,B) =M, \(stu,B). (7)
t=(ky—ka)?=(kp—ky) =M~ 5 (1~ B cosp), e e

In the following, we do not distinguish between the two
transversly polarizedlV bosons: then, we have the polariza-
tions of the external pariticles by four labels, the first two
corresponding to photons, and the second paivtbosons,

In order to calulate the polarized cross section we introduce- for right handed- for left handed photong; for the sum
explicit polarzation vectors for the photon akd boson as  of the two transverse polarizations, andor the longitude of
follows: W polarizations.

S
u=(ky—kg)?= (k—k3)?=M{,— 5 (1+ B cosd). (3)
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ll. LOWEST ORDER CROSS SECTION N1h,=*1, i.e., full circular polarization for incoming pho-

A. Polarized cross sections foWW pair production in tons. The differential cross section is given by

monochromatic yy collisions (d()')\l Apohg }\4(s)>THD'V' B

We first present different contributions to the polarized d cos

cross sections foW W pair production in monochromatigy The tree level amplitudes agree in the MSM and the
collisions. We consider here the extreme cases offHDM, yielding (Fig. 1)

— THDM 2
_327TS )\1,}\2,)\3,)\4| . (8)

1
Mgom=4ma MZ—1 _t{(81'83)(82‘84)(k1 Ko+ 2Ky kgt ks -Kyg) +(ks—Ky) e[ (e1-23)(Ky+Ka) - e4—2(k3 - £1)
w

X(e3-g4)+ (g1 -84)(K3—2Ky) 3]+ (£2-£4)[(Kz—2K7)-£3(Kg-£1) —2(K3-&1) (Kot Ky) - £3]
+(ki—K3g—Kp)-e4[(K3-£4)(e1-83)—2(K3-&1)(£2-83) + (g1 -&2)(Kz—2Ky) - 83]}_(81 &2)(e3-€4)

+(e1-€3)(gx-84) T3 <47, t—u;. )

The parametersa=1/128, M,=91.187 GeV, My= y: dL,,
80.33 GeV, andsi,=1—M3/M2 have been used through- doyy,= LJZ SdT ar
out the paper. In Fig. 2 we show the lowest order cross w

1 ~
§(1+<§1§2>)d0'++>\3>\4

section in c.m. systerfc.m.s) energy for various polariza- 1 R
tions, where the integrated cross sections are obtained from +5(1=(&é)days x|, (10
the angular range 1820<170°. The cross section of trans-
verse W;W5 bosons increases with c.m.s. energy until L
reaches a plateau. At about 400 GeV it has almost reaché’(vllhere the photon-photon luminosity is
this plateau and the total cross section is about 80 pb. The
cross section for equal photon helicities and purely longitu- M: fym d_y f(x,y)f (X, 71y) (12)
dinal W bosons behaves likesf/ at high energies. dr dym Y T
Figure 3 gives the angular distributions fok, W,
W Wy, and W;W; pair production for equal and opposite A X 4E, wo
incoming photon helicities alis_w= 400 GeV, 1 TeV, and 2 r=sls, y=E,/Ey, ym=m, X= vl

e

TeV. We see that th&V;W; and W, W, pair production
cross section is peaking in forward or backward directions ) )
for equal incoming photon helicities. The transvewepair ~ Here Ep is the energy of the electron beam ang is the
production cross section will be at least an order of magnil@ser photon energy. The quantiystands for the ratio be-
tude larger than the longitudinaV pair production cross tWween the scattered photon and initial electron energies and
section. its maximum value ig/,. The backscattered photon distri-

bution functionf (x,y) and mean helicities of the two pho-
ton beams; are given by Eqs(4) and(17) of Ref.[6]. Here
B. WW pair production at a photon linear collider

The possiblity for the realization ofy colliders has been
discussed in detail by Ginzbugg al.[6]. The high degree of
circular polarization for each of the colliding photons can be
achieved by polarizing the incoming~ (e*) beams and
laser beams. The cross section for W& W~ pair produc-
tion in polarizedyy collisions can be obtained by folding the
elementary cross section for the subprocesggs>WW
with the photon-photon luminosityd(,,/d7), i.e.,

- = =
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FIG. 2. Lowest order cross section versus c.m.s. energy for vari-
FIG. 1. Lowest order Feynman graphs foy—W* W™, ous polarizations (10% §<<170°).
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FIG. 3. Differential lowest order cross section versus c.m.s. energy photon helicities ¢x0£70°).

Js (V/s) is theeTe™ (yy) center-of-mass energy. In the fol- for the monochromatic photon spectrum at high energy, but
lowing we take the upper limit op,,, to be 0.83, which leads at low energy the total cross section is the smaller than that.

to a good conversion efficiency in backward Compton scat-
tering, and assume that 9086 (e™) beam longitudinal po- IV. ELECTROWEAK ONE-LOOP CORRECTIONS

larization (e, ;= *0.45) and 100% laser beam circular po- g caicyiation of the radiative corrections is performed
larization (\,, ,=+1) are achievable. in the 't Hooft—Feynman gauge as worked out in Réfl.

In Fig. 4 we show the cross section of téW pair pro-  The renormalization is carried through using the complete
duction at the photon linear collider as a function of theon-shell renormalization scheme. In this scheme all the fields
e e c.m.s. energy with an angular cut ¥9=<170°. We are renormalized such that no external wave function renor-
consider different polarizations of the initi@” (e*) and  malization is required; i.e., there are no self-energy correc-
laser beams: R¢; o\ ,1,=—0.9, which gives the photon- tions associated with external lines. For the process consid-
photon energy spectrum peaking just below the highest alered here, we only give the corrections to iNepropagator,
lowed photon-photon energy. The relative polarizativgs, to they andW vertices of the incoming photon and outgoing
and\ ,; , in Fig. 4 are such that colliding photons are pro- bosons, and box diagram contributions with additional Higgs
duced mainly with equalopposit¢ mean helicities, respec- bosons in the THDM. For a consistent treatment of the one-
tively. As for the case of monochromatic photon photon col-loop corrections the squared transition matrix eleméhi?
lisions, at high energies the cross section is dominated bhas to be expanded to a power series of the coupling constant
transversely polarized/sW+ pair production. The advantage to
of having polarized beams is clearly seen. The cross section ,THDM

of longitudinal W, W, pair production is the larger than that |M| =|Mgorm|®+2 Rg M TMPMM g, | +higher order,
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wheresMTHPM is theO(a) correction to the invariant matix X (W""()—Zw+ SZN | 9w w | 8384-
element. The UV divergences are handled whthin dimen- u—Myy

sional regularization and the IR divergences are regularized (13)

by an infinitesimal photon mask. Adding soft photon

bremsstrahlung the dependence cancels out. The differen-The couplings between the photon awd bosons(yW*W

tial cross section, including the comple®¥ «) virtual and  vertex: asterisks denote off-shell fieldare denoted by

soft photonic corrections, is given by —ieg,w+xw. The THDM renormalized constants and the
conterterms expressed in terms of unrenormalized self-
energies can be found in R¢f.0].

do \THOM g
=——[|Mgom?(1+ Ssp) .
d cos 32775“ Born SB B. Vertex corrections

Thet-channel uppeyW* W vertex diagrams are depicted

4
2 RESMMgor] in Fig. 6, which are only those involving the nonstandard

do Higgs bosons. The diagrams for the lowah/™ W vertex can
THDM .

~ | d cow (1+46 ) be constructed in an analogous way; thehannel are ob-

Born tained by interchange of the two externsllbosons. Extract-

do o s ing an overall factoie®g?/(4)?, whereg= elsy, in the
= 1+6"V+ 6 12 initi ici i ver ian.
(d cosﬂ) Born( ), (12) defmmon of thg helicity amPIIFUdeéMM:)\zv)\va’ thew an
lytical expressions are explicitly given in Appendix A.
The conterterm contribution to the matrix element is

wheredsg and 8MSM are the soft photon bremsstrahlung cor-
rections and the relative electroweak corrections in the M yy= —i477aslszgyw*w( OZNS+ 6705+ = sZN\3

MSM, and 6"S is the relative weak corrections of nonstand- 2

ard Higgs bosons in THDM. Since in this paper we are only Cw

interested in the nonstandard Higgs boson corrections in the - gazyi) t_—Mz—gyW*Ws3s4. (14
THDM, we split all corrections into a MSM part and non- w w

standardNS) part. 8sg and 8" corrections need not do be g photons are taken to be on mass shell, which do not mix
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 inteabo-
son self-energyE\')‘vS\,\,(t,u) arising from the nonstandard
Higgs bosons graphs in Fig. 5 yields the following contribu-  FIG. 6. Thet-channel nonstandard Higgs boson diagrams for
tion to SMNS: the upperyWW* vertex.
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with Z bosons, rendering the field renormalization constants

6253 zero.
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FIG. 8. Nonstandard Higgs boson box diagrams.

The s-channel vertex corrections are the only Higgs pole

contribution in Fig. 7. TheyyH§ vertex corrections only for
equal initial photons or outgoingV bosons helicities yield
the contribution tosMNS:

H
M 1y+g+—(2Mﬁl+4Mé—AME.Otaq3)
% 1 Bo(ki+kz,Mg ,Mg)
S=M§ +iMy Ty, 2
_2C24(k1,_k3_k4,M(p,Mq,,Mq,)), (15)
H
M0 = (2Mﬁl+4M§,—AMﬁotanﬂ)(1+32)

« 1 (Bo(kl+k21MCI>rMCI>)
4(s—Mﬁo+iMHOFHO) 2
—2Cy(Ky,—k3—ks,Mg , Mg ,Mg) |. (16)

In this paperA=tan 2». The definition of the two- and
three-point function® 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-

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 bwiip [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
yy—W*W~ can be easily split in a gauge-invariant way
into weak and electromagnetic corrections:

o= 5QED+ Sweak-

The QED corrections are identical in the THDM and in the
MSM and can be found in Reff8]. Furthermore, there are no
new diagrams for th&V 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

O'THDM(S) _ O'MSM(S)

A(s) o= Tgom(S)

pressions denoted by the internal particles can be given in

terms of the invariant functionB, C, andD introduced in
Ref.[11]. The explicit expressions fatMP > can be found in
Appendix B.

The counterterm contribution to the matrix element is

5M )/yWW: - |47TC¥818297},WW

W
+ _522‘? €3€&y.

. NS_ o7NS__
26785 570\ o

oZN\3
(17)
The complete one-loop virtual corrections are given by
SM ;‘sz Ny g = (Mt SMYET(t) + SMY*(U) + M s
+ OMPP SM (1) + SM e w(U)

T Moy wwWr, Ay hg iy (18

which directly give the nonstandard Higgs boson corrections.
For the numerical evaluation, we use the same set of param-
eters as in Refl13]. For the Higgs sector of the THDM we
chooseagn, Mz, My, Mu, My, My, Mg, and 8 as
input paramerters and set= 8. This has the advantage that
the particles of the MSM and their couplings form a subset
of the THDM identical toH,, 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 correctiondNS(s) shown for the process
yy—W*W~ in Fig. 9 for different boson polarizations with
My, =50 GeV, My,=100 GeV, My =200 GeV, Mg =
400 GeV, and ta=50, is large. As already pointed out in
Ref. [8], for the corrections t&V, W, , there is a large posi-
tive correction enhanced. This effect originates from the sup-
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g

T 1/s at high energy and reach 30% at \/§W=2 TeV, the
e ey transversaN;Wy bosons get corrections of 5%. The correc-
: E E 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 foryy—W* W~ exhibits at or u pole but
_____________ = is not of order 14 for all scattering angles. Thus the relative
1 T 3 box corrections are large because of the smallness of the
B ey " Co e e e v lowest order cross section for central angular region. In Fig.
Ve, (Gev) V7, (GeV) 10 we show the nonstandard Higgs boson contribution cor-
. . o . rections to the differential cross sections fqﬁwz 04, 1,
FIG. 9. Relative correctiondNS for several polarizations with and 2 TeV. The anguar distribution for longitudin®V
My, =50 GeV, M, =100 GeV,  My=400GeV,  and pogons js rather large at 90° scattering angle and depends
My, =200 GeV. more strongly on the energy, which is suppressed by the
lowest order cross section. The corrections for transvéfse
bosons are small in the forward and backward directions ow-
pression of the corresponding lowest order cross section aridg to the suppression of theandu-channel poles in lowest
is proportional toME,/M\ZN which increases very fast with order and reach-30% (10%) for equal (opposite helicity
increasing energy. It amounts to more than three orders gihotons at intermediate scattering angles.
magnitude at 2 TeV. While the corrections for opposite pho- The Higgs boson resonances vigy—H§—W* W™,
ton polarizations and mixied transverse and longitudival this vertex exists only at the one-loop level, have been cal-
boson polarizations are suppressed by an additional factamulated in the MSM of Ref{14]. This process is well suited

ANS )Y
8
ANS )Y,
by
TT

~
T

1iiay

eidaziliael

T T T TT I T F I TT7T
14

10 0 L) “ -
i \ b S
NS o b oy 5 e
SNSI%E NN EXTT 3 SR 5 AN Y
* 170 [ k 1~ "
o . X | \ A
[ 150 B~ \ a RN
N 3 ! ! 8 N \ E
_10.__ 130 I \ - :I \
u 10 F : \ sk :I \ B
u ! \ L 4 \ 4
-ZJ:' 90 { 9y
i i b ‘o 7 " 1
i o F \ - .'/ X,
«f : ! \ J v
g : of oo 3TeV 1
[ vy / ] \
oF Vs ] op/ ~-- 1TeV \ - TS
F ' ] | —— 400 GeV o7 E£FTT 7
50 NYTIYI TS YR RITUINTAIUVEUTY 4 AT SEVU IRV IRE FRTU R SURRARTE bl bbbl i
1 3 50 70 90 110 130 150 170 10 30 50 70 SO 110 130 150 170 10 30 50 70 90 110 130 150 170
8/° a/° 8/°
h 5 " T 25—
5‘VS/% F [
0'_—' ~ <~ WVF e ]
455/ * \] o
d LN g 1
10 C.
155 o[ 5
o 57:/_—\‘—”\\:
E E/ \
25 [, = o
! F !
E s :
sk +FLL JF EFULT+TL)
<o F :'
s E 15 F b
\50;...lu.l:nl.nl“dnnl.ulnn 20 SETINTI TR ITA FTRITUCTUIeY
10 3 S0 70 90 110 130 150 170 10 30 S0 70 90 110 130 150 170

8/° 8/°

FIG. 10. The angular dependence of # (same signature as in Fig).9



7150 SUN LA-ZHEN, LIU YAO-YANG, AND ZHANG REN-YOU 56

10! g E g H H H S
P Tang=15 odflf Tang=15 cross section is weak for @ 1. For equal initial photon
e -TanB=50 L 7 -TanB=50 helicities, the value of the cross section\&f W, pair pro-
wl ' wh v duction is about 2 fb or led$ig. 11(b)], which is larger than
; N ol <-.\‘ for ones of transversely polarizéilt W+ pair production.
10" - A \\ B 10° _— \"\"*_
P AR 3 \\'\_ VI. SUMMARY
++IL S~ ot S .
I ,OﬂTT TN The procesyy— W™ W™ is very useful to study the non-
@ ”ﬁ;m(ce}‘}")“ e o “ﬁ:""(ae‘{?‘; o abelian gauge couplingWW and yyWW. We have calcu-
lated the one-loop nonstandard Higgs boson corrections cor-
0 e P SARRAARAP PSR responding toyy— W W~ within the THDM. The relevant
"{fﬁ C T M s0eey Y SR e analytical formulas for polarized photons atbosons have
LEA ' been given. The calculation shows that the dominating cor-
’ | rections aries not only from the self-energies and renormal-
e ization constants but notable also from the box diagrams. At
w o) high energies and in the forward and backward directions,
s the corrections for transver$® bosons are smaller owing to
10 i g
E the suppression of the lowest-orderand u-channel poles.
Yao w0 o0 w0 e The contribution involving the 1/pole together with the
Vir (GV) smallness of the lowest order cross section leads to ex-

. tremely large corrections at high energies for longitudival
FIG. 11. The nonstandard part of the resonant cross SECt'OBoIarizations
yy—H*SW'W™: (@ My =50 GeV, M =Mq=200 GeV, '
My,=250 GeV, and tad=1.5 and 50.(b) My =50 GeV,
My, =M, =200 GeV tag=1.5, andM,, =150 and 400 GeV. ACKNOWLEDGMENTS
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, , . . tion Committee Foundation of China under Grant No.
for Higgs bosop studies aty pollldgrs IfMy>2M,y. The 9435809 and the National Natural Science Foundation of
nonstandard Higgs contribution Higgs resonant part of th@China
process is given in Fig. 11. The helicity conservation of the '
cross sections is nonzero only for equal photon Ahdoson
helicities. We give the cross section of tNé;W;, W W_
production withMy,, =50 GeV, My;,=M¢=200 GeV, and 1o ponstandard Higgs sector contributions to  the
My, =250 GeV for ta=1.5 and 50, and take the condition t-channel upperyW* W vertex corrections given by the ex-

a=p in Fig. 11(a). As can be seen the sensitivity to the plicit expressions for the functior;; are given in Ref{11].

APPENDIX A: VERTEX CORRECTIONS
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with

Cl;=Cij(k,—kg,Mg Mg My ) +Ci j(ky, —ks, Mg Mg, My,).

We do not consider those polarization configurations for which the lowest order matrix element vanishes.



7152 SUN LA-ZHEN, LIU YAO-YANG, AND ZHANG REN-YOU 56

APPENDIX B: BOX CORRECTIONS

The nonstandard Higgs bosons contribution box correctiongytes W*W~ 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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(B7)
the arguments of the invariant integrals are

Di,,j,k:Di,j,k(_k3vk11k21MHliM<I>1M<I)aM(I))+Di,j,k(_ks,kl,kz,MHz,Mq,,Mq,,Mq,),
Di/'jzDi’j(—kg,kl,kz,MHl,Mq,,Mq,,Mq,)-l-Di'j(—k3,k1,k2,MH2,Mq,,M(I,,M(D),
Cil,jzci,j(er_k2+k4aM<baMtD-MH1)+Ci,j(k2a_k2+k41Mq>,quMHz).
C?=Ci j(—ka,—Ki+k3,Mg My ,Mg) +Ci j(—Kz, —ki+kg,Mg , My ,Mg),
Cﬁjzci,j(kl-_kl_kz,Mqv,quMqv),
Ci4,j=Ci,j(_k4,k3+k4aMH1,Mq>,M¢)+Ci,j(—k4,k3+k4,MH2,M¢,Mq)),
B5=Bo(ki-K3,M¢ ,Mp )+ Bo(Ks-Ks, Mg , M),

B3=Bg(k;+kz,Mo,Mg),

where the decomposition &, C, andD functions integrals is given in Ref11].
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