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ZyH vertex effects in Higgs-boson production at futureey linear colliders
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One-loop production of a Higgs boson @y collisions at future accelerators is studied via the process
ey—eH, for intermediate Higgs-boson masses. Exact cross sections, including the possibility of longitudinally
polarized initial beams, are presented. Confirming previous estimates made in the ckaizsfdliams ap-
proximation, they are found to be more than 2 orders of magnitude larger than the cross sections for the crossed
processe*e”—Hy, in the energy range/s=(0.5—-2) TeV. We show that, not only doey—eH have a
similar potential as the-y—H process for testing the one-logpyH vertex, but, by requiring a final electron
tagged at a large angle any—eH, the He production provides an excellent way of testing #xeH vertex,
too. Kinematical distributions for they—>eH—>e(bb7) process with a tagged final electron are analyzed, and
strategies for controlling the main irreducible background are found. Initial-state-radiation effects are checked
to be within a few percenfS0556-282(97)05919-5

PACS numbgs): 14.80.Bn, 12.15.Lk, 13.88.e

[. INTRODUCTION are sensitive to the contribution of new particles circulating
in the loops, even in the limiM > my [6].

The Higgs-boson sector is a crucial part of the standard While the ggH vertex [7] can be tested by the Higgs-
model still escaping direct experimental verification. Pres-toson production via gluon-gluon fusion at LHC, a measure-
ently, we know tham, =65 GeV[1]. Once the Higgs boson ment of theyyH andZyH couplings should be possible by
will be discovered either at the CER& e~ collider LEP 2  the determination of the branching ratid@s) for the decays
or at the CERN Large Hadron CollidétHC), testing the H-—yvy [8,9] and H—yZ [10,9 (see also[11]), respec-
Higgs-boson properties will be a central issue at future lineatively. The latter statement holds only for an intermediate-
colliders. In particular, ae™ e~ collider with center-of-mass mass Higgs bosofi.e., for 90 my=< 140 Ge\}, where both
(c.m) energy./s=(300—2000) GeV and integrated luminos- B(H— y7y) and B(H— yZ) reach their maximum value,
ity ~100 fb~* will allow an accurate determination of the which is ~10 3,
mass, couplings and parity properties of the Higgs particle Another promising way of measuring theyH coupling
[2,3]. Two further options are presently considered for afor an intermediate-mass Higgs boson will be realized
high-energy linear collider, where one or both the initial through Higgs-boson production iy collisions[12,13. To
e*/e” beams are replaced by photon beams induced bthis end, the capability of tuning thgy c.m. energy on the
Compton backscattering of laser light on the high-energyHiggs-boson mass, through a good degree of the photons
electron beams[4]. Then, one can study high-energy monochromaticity, will be crucial for not diluting too much
electron-photon and photon-photon collisions, where the inithe yy— H resonant cross section over the c.m. energy spec-
tial photons are real, to a good degree monochromatic, andum.
have energy and luminosity comparable to the ones of the The procesgy— eH, that we consider here, offers a fur-
parent electron beafi]. ther interesting way of testing both theyH andZyH Higgs

In this paper, we analyze the Higgs-boson production irvertices. Indeed, we will show that, while theexchange
ey collisions through the processy—eH. This channel yvyH contribution is dominant in the total cross section, by
will turn out to be an excellent means to test both theH requiring a large transverse momentum of the final electron
and ZyH one-loop couplings with high statistics. Possible (or Higgs bosohi one enhances thg-exchangeZ yH contri-
ways to test the couplingggH, yyH, andZyH have been bution, while keeping the corresponding rate still to an ob-
extensively studied in the literature. These one-loop verticesservable level. The further contribution given by the box

because of the nondecoupling properties of the Higgs bosonmljagrams withW and Z exchange survives at large angles
too, but is relatively less important. Furthermore, while the

vyyH and ZyH channels increase logarithmically with the

*Electronic address: egabriel@wave.phys.nd.edu c.m. collision energy, the contribution from boxes starts de-
TElectronic address: ilyin@theory.npi.msu.su creasing at/s=400 GeV.
*Electronic address: mele@romal.infn.it A further advantage of they—eH process with respect
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FIG. 3. Subset of Feynman diagrams withA&box loop and
relatedeeH vertex.

e i S
) ) ) ) ey—eH is presented. In Sec. IV, the rates for the main
FIG. 1. Feynman diagram with a fermion triangle loop.  packground processes are estimated, and strategies for their
control are suggested. Initial-beam polarization effects are
to the resonanyy—H production is that the former is much giscussed in Sec. V, while , in Sec. VI, we estimate the
less crucially dependent on the tuning of the c.m. collisioninfluence of the initial state radiatioiSR) on the above
energy tomy. As a consequence, although the resonanpicture. In Sec. VII, we discuss the expected precision on a
cross sectioroe{ yy—H) is in general much larger than measurement of th&yH effects throughey—eH, and
o(ey—eH), the effect of they-spectrum smearing can point out a possible strategy, based on the angular asymme-
make the two rates of the same order of magnitis#e also  try of the final electron, for further optimizing the ratgsB.
[13)). Finally, in Sec. VIII, we draw our conclusions. In the Ap-

The cross section for the procesg—eH has previously  pendix, we discuss some technical details of the computa-
been studied in the Weizsieer-Williams (WW) approxima-  tjon.

tion [14], where the only channel contributing is ttemost

rea) y exchange in thé channel, induced by thm_/H ver- Il. HELICITY AMPLITUDES
tex[15] (see alsd 16|, where the pseudoscalar Higgs-boson
production is considergd Although, as we will see, this In this section we give the analytical expression for the

method provides a rather good estimate oféhe-eH total ~ matrix element of the process
cross sections, it is unable to assess the importance of the B 3
ZyH (and boy effects. This we will address particularly in e (ky)y(ka)—e (kg)H(ky) @

our exact treatment cdy—eH. as a function of the initial electron and photon helicities,

Although cross sections for the process—eH are quite o101 are the particle momenta. We calculate the ampli-
large also for heavy Higgs bosofe.g.,o(my=400 GeV) e in the't Hooft—Feynman gaugand in the chiral limit
>1 fb for 's=500 GeM], we will concentrate on the inter- approximation for the electron mass.
mediate Higgs-boson mass case. Hence, we will carry out & |, the unitary gauge the Feynman diagrams which con-
detailed anaﬂsis of the main background, assuming that thﬁ'ibute to this process are given in Figs. 1¢dr the figures
decayH—bb is dominant. of the Feynman diagrams, we used the progGRACEFIG

In principle, the same physics could be tested in thecreated by Kawabataln Figs. 1 and 2, we show the fermion
crossed process, e~ —Hy, which has been widely studied and W triangle loops, respectively, with both andZ ex-
[17-19. Unfortunately, thee"e”—Hy channel suffers changes in thé channel, where in the fermion loop we con-
from small rates, which are further depleted at large energiesider only the contribution of the top quark. To these dia-
by the 16 behavior of the dominans-channel diagrams. grams, the corresponding ones with opposite orientation for
Also, in this case, it is more difficult to separate thgH  the fermion andV loops have to be added. In Figs. 3 and 4,
contribution on the basis of kinematical distributions. As athe W box andZ box, along with the relateg¢eH vertex
consequence, if apy option of the linear collider will be diagrams, are presented, respectively. Eled vertex can-
realized with similar luminosity of theee™ option, the not be neglected in the chiral limit, since only the divergent
ey—eH channel will turn out to be much more interesting part of this vertex is proportional to the electron mass. In-
than the process*e™—Hy, for finding possible deviations deed, its finite part is proportional to the momentum square
from the standard-model one-loop Higgs vertices. of the off-shell electron, and it is not zero in the chiral limit.

The plan of the paper is the following. In Sec. I, we Moreover, the finite part of theeH vertex is needed for the
present the analytical results for the complete helicity ampligauge invariance of the total amplitude.
tudes of theey—eH process. In Sec. lll, numerical results  In the 't Hooft—Feynman gauge, we have to add to the
for the exact total cross section are given and compared tfirst diagram in Fig. 2 the one where tNé lines are substi-
the ones corresponding to the tree-level Higgs-boson produguted by thew ghosts. Furthermore, we have to add to the
tion in ey—HvW. Also, a discussion of the relative impor- diagrams of Figs. 2 and 3 the ones where \idines in the
tance of the different one-loop vertices and boxes in
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FIG. 4. Subset of diagrams withzbox loop and relategéeH
FIG. 2. Feynman diagrams with\&-triangle loop. vertex.
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loops are substituted by different combinationsvéfboson The amplitude can be expressed in terms of the standard
andW Goldstone boson propagators. For example, there amatrix elements in the center-of-mass systerm.s), where

two diagrams associated with the box diagrams in Fig. 3the latter beconte

where theW propagator not connected with the electron is
substituted by aV Goldstone boson propagator. However,
starting from the topology of the first two diagrams in Fig. 2,
there are new diagrams to add that cannot be generated by

the above rule. The latter contain four-leg vertices where the t
Mz(U’,)\)z _EU, M3((T,)\)=O

Mi(oN)=— —%(1-1—0')\),

photon interacts with & Goldstone boson and a Higgs bo- ()
son, both in they and Z t channels. In particular, in the

't Hooft—Feynman gauge, 52 diagrams replace the first twavith the Mandelstam variables defined as

of Fig. 2: 26 withy exchange plus 26 witA exchange in the

t channel. In the following, when we refer to Figs. 2 and 3, s=(kitkp)?, t=(ki—ks)? u=(kp—kg)? (4

the complete subsets of the corresponding diagrams in th‘?he last equality in Eq(3) is due to the orthogonality in the

't Hooft—Feynman gauge are implied. o
The third diagram of Fig. 2 is given by the insertion of the c.m.s. of the photon polarization vecte( k;) and the elec- .
tron momentumk;. Nevertheless, we calculate the coeffi-

vertexZ yH proportional to the counterterm coming from the ™

renormalization of th&-y mixing self-energy function at the C|en|ts _ofl\/lf3£htoo. ggese coefﬂuents will fb?huseful l{orN'Ithe
one-loop level. This diagram is necessary to provide the ylanalysis ot the QED gauge invariance of the result. More-

traviolet finiteness of th&V-loop contributions. In our calcu- over, they will help us to get more compact analytical an-

lation, we have used the on-shell renormalization schemes.w_?_LS' litud ding h di b
Hence, explicit contributions from the diagrams with self- € amplitude corresponding to each diagram can be ex-

energy functions are missing. pressed in the form
The _total _amplitu_de for the proces$s) is_ of course QI_ED Mi(o\)- By+My(a,\) - Byt Mg(a,\) - Bs, (5)
gauge invariant. This means that, replacing in each diagram
the photon polarization vectef“(\ ,k;) by its momentunky  where the coefficients3; include the loop integrals. The
(here and below =P .= *1 is the photon helicity the sum  transversality in the photon momentum implies a linear rela-
over the whole set of diagrams has to vanish. In general, don between the coefficients; for the QED gauge-invariant
single diagram(or subset of diagramss not transverse in sector of each diagram or subset of diagrams. In fact, after
the photon momentum by itself, but we can select the nonthe substitutiore“— k4 in the standard matrix element®)
transverse part by just taking the terms that do not vanisand then in(5), we find that, for each QED gauge-invariant
after this substitution. Then, we find that it is possible tosubset in the amplitude, these coefficients satisfy the identity
divide the whole set of diagrams into a few QED gauge-
invariant subsets of diagram@) fermion loops withy in the
t channel(Fig, 1); (ii) fermion loops withZ in thet channel
(Fig. 1); (iii) W-triangle loops(Fig. 2 + W boxes and re-
latedeeH vertices(Fig. 3); (iv) Z box and relategeHver-  As a consequence, the partial amplitudes can be represented
tices (Fig. 4). Below, we will see that théV-triangle and in the following form, where the standard elements are sub-
W-box diagrams give rise to QED gauge noninvariant termsstituted by their explicit values3):
that cancel in the sum. .
In order to get the analytical expression for the amplitude [t
as a function of the initial particle helicities, we decompose 2V 2 [(uB,=5B3) = oX(uB,+SB3) . @)
the Feynman amplitude in terms of the so-caltdndard
matrix elementslefined as The final result can be further simplified by using the
crossing symmetry connecting the procéBsto the crossed
onee’ (ks)y(k,)—e" (k))H(k,). If we perform a crossing
Mi(o,\)=u’(ks)e(N)u’(k,), transformation $—u,oc— — o) in the matrix element of the
procesg1), we get the same function with opposite electric
charge andZ charge of the electrofi.e., with Q.— — Q.,
andg.— —g.). Of course, for th& charge the change of the
electron helicity has to be taken into account, too. We found
that, for the QED gauge-invariant component of each subset
_ . of the diagrams represented in Figs. 1-4, this symmetry is
Ma(o,N)=—u“(ks)kau”(ky) - (e(X\,k2),K1). fulfilled, which simplifies further our formulas. Indeed, this
symmetry implies that the form facto3,— sBB; is antisym-
metric with respect to the substitutisr-u, while uBB,+sB3;
Hereu”(k) denotes a spinor state for electrons with helicityjs symmetric(i.e., B, B for s—u). Then, instead of the
02 (0=P,=*1) and momentunk (k=k“y,, wherey,
are the Dirac’sy matrices. Note that these elements contain
the complete information about the polarizations of the ini- The same expressions still hold after a Lorentz boost along the
tial electrons and photons. collision axis of the processy—eH.

u S
_Bz_ 583:0. (6)

Bi— 5

Mo(or, )= U (kg)kau?(ky) - (€(N,Kp),K3), (2)
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coefficientsB, and B3, it is worthwhile to consider the fol- The partial amplitudes\t; are given by the following QED

lowing symmetric and antisymmetric combinations: gauge-invariant contributions.
Triangle fermion loops:

uBy+sB; uB,—shB;
F=—F—, F=—F7—. (8) m2
2 2 Mar (on=Tty Qt
B M% © SuCw
Using the above form factors, our final analytical results can
be represented in the compact form XP{%Z)A(U,)\)-[Tl(mt)—ZTZ(mt)],

: (14)
- = [F-ao\F]. 9)
2 ot
7)]«ZZQth ol :ge(gt +0;)
Note that all the dependence on the photon helicity is con- vt z —t+ M% '

centrated in the explicit factor of the second term in &Y.
Hence, when one averages over the photon helicity, the dédere, MAf and MAf represent the contributions of the

pendence on the electron helicity arises only fromZleee  andzZ t channels respectwely In the above formulds=3
coupling. Since g, =—0.658 and g, =0.538, the Z is the color weight of the quark, while the electric and
t-channel contributions have opposite signs in the amplitudesharges of the fermion®; andg; , are given by

for left-handed and right-handed electrons. Moreover, in the

region of large transverse momentum, there is a moderate . Sw B 1/2+ Q.S
difference between thg andZ t-channel propagators. This Qe=—1, Q= _Qec_’ Qe =~ sw—c
explains the destructive interference of theandZ t chan- " "

nels for a right-handed electron beam, and the mutual en- 2 1/2-Q S\i
hancement of these contributions in the case of left-handed Q=%, 0= _Qtﬂ, gt_:—t.
electrons, when the photon beam is unpolarizege also 3 Cw SwCw
Sec. V.

Because of the crossing symmetry fer>u, one has AISO, sy=sindy and c,=cosy, with 6, the Weinberg
B,= B, in Eq.(5), for all the triangle amplitudes. This means angle.

that, for this class of diagrams, the form@ can be further The expressions for the one-loop form fact@igm) and
simplified into T,(m) are given by
1 Ty(m)=Co(m, —ky,m,k3—k;,m),
SATN) T, (10)
T(m)= {Zm T (m)+ —— - [Bo(t,m?,m?)
where 7= B,=B; and 2 st+u ! s+u - °

—Bo(mZ,m?,m?)]— 1 (15)

t
Ao =1/~ 5 [(u=9)=oru+s)]. (1

where the function€, andB, are defined in the Appendix.

Finally, the differential cross section for the process withThe form factorsZ;(m) andZ;(m) can also be expressed in
longitudinally polarized photon and electron bedissgiven terms of elementary functiorsee[8,9)).

by TriangleW loops:

do-(ey—>eH) 1- mH/ ) m2
M2)2M(o,\)|?, (12

1 W
so P AMaN) - [B(Mw],

M2 2 sy
. : . : (16)
where(} is the spherical scattering angle of the final elec-
tron, and the analytical expression for the total QED gauge-

invariant matrix element can be expressed as

P = Qe w Ge(1— 25w) 1
-t 1™ 25,Cy —t+ M% .
M(a',)\)=./\/lAf(0',)\)+MAfZ(0',)\)+./\/lAW1(0',)\)
7 & The termsMAw i include the loop with thaV Goldstone
+MA‘7“f2("'7‘)+MA§V,1(U’)‘)+MA‘£2("')‘) boson propagators only. Three diagrams contribute both in
+MDW(U!)\)+MDZ(01)\)- (13 the photon and exchange. The presence of terms propor-

3Note that, in the limit—0, theBy, integrals do not contribute due
20f course, the unpolarized cross section can be obtained by ate the factott in Eq.(15). Hence, theC, integrals give the dominant
eraging over the helicity of the initial parti¢®. contribution to the total cross section.
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tional to mﬁ/M% is a consequence of the Higgs mechanismwhere 5; =0, §, =1, and the form factor ( 2) are the
and the decoupling of the longitudinal components ofWe symmetric and antisymmetric parts of the functions
boson at high energy.

Dy=u(Dy+Dy+D}-DY%— DY),

Maw , (o0)= 73(72)2 Ao N) - [=APDT(My) (19
— z z
+AP DT (Mw)], 17 Pz=u(Di;* D)
W :% AT=8 Al=6 under the crossing— u symmetry transformation. The func-
72—t e e tions Di(W'Z) appearing in Eqg919) contain the results of the
box loop integrals, and are related to the integrals defined in
g? C the Appendix in the following way:
Pry=———, Af=6_-— oW pZogw v
2 Tme Sw G’ Sw  Cu
DV=D;(0k;,My, ki +ks,My.ks,My), DV=DWV. ..
The terms MA\(N 22 include the contribution of the ' BTN TR T e W ' ' s(zuo)
W-triangle diagrams witW ghosts and with a mixture o/
bosons andV Goldstones bosons running in the loop. In the Z_ _ _
Mpw term, we also include the diagram with tteyH Di=Di(Me,kz,Me ko —k3,Mz,—ki,Mz).  (2D)
counterterm.

In the Z-box functions in Eq(21), we restore the electron
mass since the integral®; are not separately finite for
P(W 2) < me=0. Of course, the total amplitude has to be insensitive to
SuC [D(w 2~ oANDiw 7] the value ofm, used to regularize each singusbox inte-

v (18 gral. We checked the stability of the total result numerically,
for a wide range ofm,, going from 103* GeV up to its
physical value.

7, P7=4(90)%Qe, In the following sections, we refer to the different QED

gauge-invariant contributions defined above as

W andZ boxes with relatec&eH vertices:

MD(W,Z)( ’

o

I

!

N
wn [}
SN S

X

“ yyH'" corresponding to MA;+MA\$/1+MA\$,2,
“ZyH" corresponding to Mal+Maw + MW ,

“box” corresponding to Mg, + Mg, .

For completeness, we now show the analytical results for K,=3t, Kz=3(—t+ M%), (23
the QED gauge noninvariant terms, arising from the
W-triangle andw-box diagrams. As we checked, the sum ofand cancel the corresponding and Z propagators. After
these terms vanishes. They can be worked out by calculatingumming the two terms in E¢22), we obtain
all the coefficients; and then performing the substitutions

e(\,ky)—k, in Eq. (5). From theW-triangle diagrams, we CwOq
obtain, for such terms, Mpw  {oN)= 5 [=3Ma(o ) Ty(My)]-
y+2Z),3 ZSW
(24)
Mo, 202, LTN)= P(72)3 [Kiyz) Mao,M)- Tu(Mw)], This term is exactly cancelled by an opposite term coming

(22 from the QED gauge noninvariant contribution of thebox
diagrams(Fig. 3). We stress that theeHvertex diagrams
must be added to the&/-box diagrams in order to fulfill the

_ QED gauge-invariance identityg) for this subset of dia-

Swo —t+ M% grams, after the cancellation of the tef@). Note that the

eeHvertex diagrams contribute through tie coefficients

In Eq. (22, the coefficientsK, 7, arising from the to the weight of the standard matrix elemév (2). In the

W-triangle diagrams witlW/ ghosts and with a mixture &/  case of theZ-box diagram(Fig. 4), the identity(6) is fulfilled

bosons andV Goldstone bosons running in the loop, areautomatically when one adds the correspondiedtvertex

given by diagrams.

Q Cwde 1
__i, Pz3= =

’P%3: -
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We checked that our expressions for the one-loop fornthe corresponding amplitudes could give us some hints on
factors agree with that ¢fL.7—-19, where the crossed process the nature of the actual extension of the standard model.
e*e”— yH was investigated. We also checked that our loop In case the new scenario implies the nondecoupling re-
form factorsB; are in agreement with the corresponding loopgime for the Higgs-boson interaction with the new particles,
form factors for the proceere*_)HZ in [20], if the proper we can use an effective pOlntllke interaction Lagrangian to
crossing transformation is made and thevertices are re- calculate the contributions of the new physics| 24,22, the
placed by the relateg vertices. rel_evan_t Lagrangian terms were classified and parametrized

Some comments on the gauge dependence of our decotising five anomalous coupling constants. Of course, these
position inyyH, ZyH, and box contributions of Eq13) are terms must b_e SU(23U(1) gauge invariant, and, hence,
in order. By construction, the identit§g), which is equiva- transversal with respect to the photon momentum. The same

lent to the photon transversality, is fulfilled by these contri-:cir:g:i% ;Zr;?]glrtg?rr:glSgég)snsségt;[:f?f_' tﬁgd chisirsﬁgesr dis-
butions separately. One can check that our decompositi b

. ) ssion. As a consequence, from a kinematical point of view,
corresponds to theyH, ZyH, ande”e”yH Green's func- s yyne of new physics would contribute similarly to the

tions in the so-called nonlinear gauge, where the derivativ%ED gauge-invariant contributions of the standanH and
in the 't Hooft—Feynman gauge for th field is replaced by 14 Green's functions. Thus, our strategy in the next sec-

the corresponding covariant derivative. It has been showgons will be to find out the kinematical regions where the
[17] that, in this gauge, the Slavnov-Taylor identities for theyg|ative contribution of the transversayH Green’s function
yyH andZyH Green’s functions are simply equivalent to js enhanced in comparison with the/H one.
the transversality with respect to the photon momenta. Alternative cases, where the Higgs boson interacts with
Here, we want to stress, first of all, some technical advanthe new particles in the decoupling limit, cannot be described
tages of the proposed calculation method, based on exploiby an effective pointlike Lagrangian, and some different
ing the transversality identity(6). Indeed, we chose the strategy is necessary to extract the contributions of the cor-
widely used 't Hooft—Feynman gauge, and decomposed theespondingZ yH andyyH induced vertice¢see[11], for the
Feynman amplitudes in terms of a set of standard matrixase of the minimal supersymmetrical extension of the stan-
elements. We used the s@), although this choice is not dard model. In these cases, there could be some kind of
unique. Then, using the transversality of the physical amplicommon agreement to define the different contributions. For
tudes, we found that the coefficients of the standard matri¥stance, our decomposition in E(L3) could do the job.
elements have to fulfill some linear identity, that in our caseConsequently, the analysis of the numerical results and kine-
is Eq.(6). Accordingly, one can take any partial contribution, Matical cuts made in the following should be of some help
for example, the contribution of different subsets of dia-for the measurement of theyH induced vertex in decou-
grams, then calculate only the terms satisfying this lineaPling cases, too.
identity, and ignore the violating terms. As a consequence, as
we showed, this technique helps getting more compact an- . EXACT CROSS SECTIONS
swers for the physical amplitudes. We stress the generality of
the proposed technique. For comparison, we refer to the pa- In this section, we present the total rategHe) for the
per[19], where the saméQED gauge invariantcontribu-  processey—eH versus the Higgs boson massg; and the
tions to the crossed proces$ e — yH were obtained by c.m.ey collision energyy/s. We also compare them with the
choosing arad hocspecial set of standard matrix elements. cross sections for the competing tree-level process
There is another advantage of the adopted decompositior:y— HwvW [23]. A possible strategy for enhancing tAegH
Our main goal here is to demonstrate the usefulness of theertex effects with respect to the domingntH contribution
processey—eH for measuring theZyH coupling. Of s then outlined.
course, one does not expect that the contribution of the In order to correctly relate our exact results to the previ-
Z-boson vertices can be separated from the related photapus approximate estimates, one should take into account that
vertices in an S(2) gauge-invariant way in the standard in our paper we always assume an exactly monochromatic
model. This connects with the presence of the third compoinitial photon beam. It has been customary for some time to
nent of the S2) gauge field in both th&-boson and photon present total rates convoluted with a particular form of the
fields. Moreover, one can show that even the box contribuinitial-photon energy spectruif@]. On the other hand, pre-
tion cannot be isolated in a $2) gauge-invariant way, by senting unfolded results can help in distinguishing the physi-
comparing the results in the linear 't Hooft—Feynman gaugesal effects related to the particular collision process from
used here, with the nonlinear gauge resiitse details in details depending on the final realization of the backscattered
[17]). However, we will see in the next section that the con-laser beam, that could evolve with time before the final
tribution of the box diagrams to the cross section is in genproject of the linear collider is approvéd.
eral rather small. Hence, the most important issue is the sepa- In our numerical results, we assunegm,)=1/137 in
ration of theZyHand yyH vertices. In general, if one wants each vertex that involves an on-shédir almost on-shell
to compare the relative contributions of tdeyHand yyH  photon. On the other hand, we express both purely elec-
vertices, one needs to specify the gauge in which one work$roweak vertices and vertices involving off-shell photons
Note that it is possible that there are new nonstandargexchanged in thé channel wherp?zlo GeV) in terms of
particles circulating in the loops of théyH and yyH
Green'’s functions, giving additional contributions to the ones
of the standard-model electroweak theory. Hence, measuring‘That was recently stressed by Teln@4].
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production ey—Hv W (computed bycompHEP [25]) are

a(ey » X) (fb) plotted versusm,, for Js=500 and 800 GeV. Numerical
100 =~ - S—500 GeV —] results can also be found in Table |, where thg depen-
E RN — — _ _ J3=800 GeV dence of the two channels is reported {&= 0.5, 1, and 1.5

TeV.

One can see that the procesg—eH is characterized by
relatively large rates. For instance, for; up to about 400
GeV, one findss(He)>1 fb, which, for an integrated lumi-
nosity of about 100 fb!, corresponds to more than 100
events. Note also that the cross section for the crossed pro-
cessee” —H1y has a similar behavior wit,;, but is only
about a fraction £55—355) of o(He), in the rangemy
=(100-400) GeV at/s=500 GeV[19]. Moreover, con-
N trary to o(He), o(Hy) drops as M at large c.m. collision

| | | N\ (GeV) energlj_s ) i .
P At /s=500 GeV, theey— eH rate increases witm, up
100 200 300 400 500 600 to my=2My,, wherea(He)=21 fb. For larger masses, the

FIG. 5. Total cross sections for the two math production  cross section falls, but more slowly than in th€H vW)
processes. case. As a resulig(He)>o(HvW) for my=180 GeV.

At larger /s, o(He) increases, but only slightly. On the
a(My)=1/128. This is made in a gauge-invariant way, i.e.,other handg(HvW) takes great advantage by a larger c.m.
by just rescaling the final cross sections. Also, we assumedollision energy and, e.g., als=1 TeV andmy= 180 GeV,
M,=91.187 GeV, sif4,=0.2247, and, for the top-quark is more than a factor 4 larger than the corresponding
and b-quark massesn,=175 GeV andm,=4.3 GeV, re- ey—eH cross sectioricf. Table ).
spectively. We also compared the exact rates &r—eH with the

In Fig. 5, the total(unpolarized cross sections for the rates one obtains in the Weizsa@r-Williams(WW) approxi-
one-loop procesey— eH (obtained by integrating the ana- mation according to the approach [df5]. We have found
lytical formulas in Sec. )l and the tree-level Higgs-boson that the WW approximation differs from the exact rate by

TABLE |. Total cross sections in fb. The bottom part of the table is a comparison of the signal with the
irreducible backgrouncey—ebb and the reducible background coming froey—ecc, for different
e-beam polarizations. For trmyeec?background a 10% probability of misidentifyingcaquark into ab
is assumedthat is, only 1/10 of the cross section is repojtedvo configurations for kinematical cuts are
considered. The angular cdfb(c) —beanj>18° is applied everywhere. The signal rates include the com-
plete treatment of thélabb_decay. Theb b invariant mass for the background is integrated over the range
my— Ampp<mpp(mge) <my+Amy, with Am,,=3 GeV.

my Js=0.5 TeV Js=1 TeV Js=1.5 TeV

(GeV) ey—eH ey— vWH ey—eH ey—vWH ey—eH ey— vWH
80 8.48 47.3 9.34 157 9.78 243
100 8.96 41.3 10.0 148 10.5 233
120 9.93 354 11.2 138 11.8 223
140 12.0 29.8 13.8 129 14.6 212
160 21.4 24.6 25.1 120 26.7 201
180 21.2 19.9 25.4 111 27.1 191
200 17.5 15.7 21.4 102 22.9 181
300 6.11 2.87 8.61 65.4 9.47 136
400 1.69 0.0151 2.84 38.8 3.21 100
500 0.537 20.9 0.614 72.9
600 0.0944 9.51 0.107 51.5
700 0.0685 3.23 0.0967 35.0
my =120 GeV p$>100 GeV p$>10 GeV

Js=500 GeV o(eH) (fb) o(ebb) (fo) a(ecq (fo) a(eH) (fo) a(ebb) (o) o(ecq (fb)
P.=0 0.530 0.634 0.208 1.17 1.34 0.868
P.=—1 1.03 0.961 0.277 1.89 1.94 1.00

Po=+1 0.0249 0.304 0.136 0.422 0.767 0.726
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FIG. 6. Total cross section foey—eH plus different partial L I |
contributions(see text 10 3 ey » eH (b) 3
F ToT my=120 GeV
less than 15% in the rangés=0.5—1.5 TeV, working bet- — -
ter at lower /s and higherm,,. For instance, at/s=500 3 100 L4 -
GeV andmy, =300 GeV, the WW cross section is larger than ™~ F ]
the exact one by only 3.4%. Anyhow, by adopting an im- ° i ZyH ]
proved WW approaci26], one reaches an accuracy better C 7
the 6% in the same/s range. 101 |- (P10 GeV) -
Note also that the difference in the relative importance of - BOX ' 1
the two channeley—eH andey—Hv W in Fig. 5 with L I
respect to Fig. 1 of15] is mainly'due to the inclusion of a [ VS (GeV) ]
spectrum for the photon bea] in the latter case. Indeed, o2 Ll vl e L
the photon spectrum considered depletes considerab 500 1000 1500 2000 2500
a(HvW), while o(He) keeps relatively stable. -
In Fig. 6, we show separately the contributions to the tota L ! | ! ]
cross section foey—eH given by the squared amplitudes ol L _
corresponding to the subsets of Feynman diagramgtt,” 2 ey = eH (e) 3
“ZvyH,” and “box” (defined in Sec. )l Even if this sepa- r my=120 GeV .
ration is by no means formally rigorousind neglects the - -
relative interference effedtsit can help in getting a feeling 100

=
Q
=3
||||||

of the relative importance of triangular vertices and box con-
tributions to the total cross section. In Fig. 6, the upper solic
(dashedl curve corresponds to the total cross section a
Js=0.5(1.5) TeV. The slightly lower curve shows the 10-1
largely dominant contribution from theyH vertex graphs,

while the ZyH and box cross sections are a factor about

50(45) and 150500 smaller, respectively, formy~150 E (Ge)

GeV and \/§=05(15) TeV. At IargermH, this pattern 10—2 L Ce e b T T
keeps qualitatively similar. 500 1000 1500 2000 2500
In principle, theey— eH total cross sectiofand its main
contribution fromyyH) is of the same order of magnitude of

the total rates for Higgs production impy collisions [13].
Indeed, the expected resolution on the beam energy smears
the higher peak cross section over a width much larger thalf requiring a final electroripositror) tagged at large angle.
the Higgs resonance. As a result, the chaeneleH has a  The correspon_dlng cut on the trangferreq squared momentum
comparable potential with respect to the procgess—H in  t depletes mainly the amplitudes involving a photon propa-
testing theyyH vertex, as far as the production rates aregator in thet channel. This can be easily seen from the three
concerned. In this paper, on the other hand, we would like t®lots in Fig. 7, where the cross-section dependence/n
concentrate on the problem of disentangling ZheH vertex  for my=120 GeV, is shown for no cut on the electron trans-
effects, which are out of thgy-collision domain. verse momenturps (a), for a cutpt>10 GeV(b), and a cut

In Fig. 7, we show a possible strategy to enhance thg$>100 GeV(c). The relative weight of th& yH and box
ZyH vertex effects in thede production rate. This consists contributions with respect to the total cross section is consid-

o (fb)

N

~
j=s]
I

/\\

(P1°>100 GeV)

FIG. 7. Effect of varying the$ cut on theey—eH cross sec-
tion.
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' « « by ; 020 [ m T
b R b b b b b | (ey » eH) vs (ey - ebb) [Amy,,=+3GeV]]
) .2 o . z o vz ot 'I V3=500GeV
1 ‘T mg=120 GeV
FIG. 8. Diagrams for they—eb b background. - SIGNAL
! ———— BCKGR

- eb—beam> (0° g 180)

erably enhanced by a cut on the minimum allowsd For
p$>100 GeV,ZyH is about 60% ofyyH, andZyH gives a
considerable fraction of the total production rate, which is :
still sufficient to guarantee investigatigabout 0.7 fb. One

can also notice that the box contribution is of some relevance
only in the lower+/s range. Note that the slight increase in

pr° (fb/5GeV)
o
=S
T I T T T T

0.05

13 H LR H 1 111 | 111 | 111 1 | | I I | 111N
the ZyH anq box “cross sections” when going frc;n_] Figs. 0.00 20 100 150 200 250
7(a) to 7(b) is due to the change of a facter(m,)“ into P (GeV)
a(My)?, which, as previously mentioned, we adopt for
largep$ configurations. FIG. 9. Distribution inp$ for the signal and the background

We stress that, in the inclusie production, the bulk of ~before and after angular cuts on this are applied.
the events are characterized by a forward final electron es-

caping detection. On the other hand, requiring a lap§e S— mi?
corresponds, from an experimental point of view, to select- E(ep)=
ing a different final-state configuration, where the Higgs de- 2\s

cay products have a large total transverse momentum, bal-
anced by a high-energy electron detected at large angle. Assuming a monochromatic photon beam and neglecting
ISR effects(i.e., assuming a fixed), the latter implies a
direct connection between thme,, resolution and the; en-
IV. BACKGROUND PROCESSES ergy resolution, which can help in improvingm,},-in the
] ] final-state configuration considered hésee alsd27)).
Assuming a final electron tagged at large transverse mo- \ye now carry out a detailed analysis of the background

mentum iney—eH, we now address the issue of separatingfrorn ey—>ebHWe UseCompHEPto generate the kinematical

the signal coming from an intermediate mass Higge., distributions and cross sections. As anticipated, all the rates

with 90=m_ <140 Ge\} from the most important back- : ) . AR
ground channels. We recall that the main decay mode for aHresented are obtained by integrating thg;, distribution
' ver the range my—Amy,p<mpyp<my+Amyp, Wwith

intermediate mass Higgs boson is through the channg m,,=3 GeV. As for the signal rates, we obtain the distri-

H—bb, with a branching fraction of about 85%. fions for the br He.e(bD) by convoluting th
An in-depth discussion of the problem has been presenteﬁu ons for the processy—eH—e(bb) by convoluting the
distribution forey—eH with an isotropic(in the Higgs

in [15] in the different case of a collinegundetectegifinal i . . .
electron, where one can adopt the WW approximation aptest frame decayH—bb, with proper branching ratio. This
proach. As we have already stressed, the latter is not usefGhain, 00, is implemented in a modified versioncofmpHER
for distinguishingZ yH vertex effects. that generates events according to the exact one-loop matrix
The main irreducible background to the processélement forey—eH. . .

ey—>eH—>e(bb_) comes from the channeb/—>ebF In the In G|}:|g_. 9,_ the_ upper solid a_nd dot-dashed histograms show
latter, ab quark pair is produced either through the decay of "€ Pt distributions for the signal and background, respec-
a virtual y(Z) or via the fusion of the initialy with a (vir-  tvely, for my=120 GeV andys=500 GeV. The back-
tual) y or Z radiated by the electron beam. The complete sefround is considerably larger than the signal, especially at

of Feynman diagrams is given by eight graphs and is showf'oderate values gé7. A possible way to improve this pic-
in Fig. 8. ture is by putting a cut on the angles between daeind the

A crucial parameter to set the importance of theinitial beams. In fact, the vector couplings that characterize

ey—ebb background is the experimental resolution on thethe b’s in the channeley—ebb give rise to ab angular
bb invariant mass\m, - The background rates we presentd'smbunon considerably more forward-backward peaked

here are obtained by integrating tgj, distribution over the than in the case of the scaldib b coupling relevant for the
range mH_Ambb_< mbb_<mH+Ame' We assume a very Signal. In Flg 9, the arrows show the |0W€ring of tp%
good mass resolution on the quark pair, i.e.,Am,;=3  distributions, when an angular cé, pear>18° is applied
GeV. Reaching a good resolution an,; can be actually between eaclb quark and both the beams. This particular
easier in theeH production at large angle. Indeed, the tag-Value of the angular cut reduces the signal and background
ging of the final electrore; implies the possibility of deter- distributions at a comparable level, without penalizing appre-
mining its energy with good accuracy. This reflects into anciably the signal rate at larg@T. Note that the cut
indirect (additiona) determination ofm,}; through the rela- 6y pearr>18° has been optimized afs=500 GeV. Lower
tion angular cuts will be more convenient at larggés.
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UNRIEL I L I L etrization[28] (where we have set the energy séal# in

(ey > eH)[TOT] vs (ey - eH)[ZyH] the structure functions equal tand). For instance, for the
VS=500GeV same set of kinematical cuts, and the samgand /s values
my=120 GeV assumed in Table I, bottom half, we have found that
ey(g)—ebb contributes to the background with rates of
9.6x107 2 fb and 0.40 fb, fop$>100 and 10 GeV, respec-
tively (and unpolarized beamswWe also evaluated the con-
0.010 b fo-veam> (0° > 18°) tribution from thec quark production by resolved photons,

by ey(g)—ecc. Assuming, as above, a 10% probability of

0.100

0.050 Total

————— ZyH

d ¢ / py° (fb/5GeV)

0.005 LT LTI misidentifying ac into ab, and the same kinematical cuts,
lr' a7 the corresponding rates are 280 3 fb and 0.16 fb, for
L I_l' L_; i p$>100 and 10 GeV, respective(gnd unpolarized beams
o The rates presented here derive from a leading-order param-
ooor Lot Ly I Lyl etrization of the photon structure functions [28]. We
50 100 150 200 250

checked that a higher-order parametrization raises the results
by at most 10%. Compared to the direct photon contributions
FIG. 10. Same as in the previous figure, for the signal and theeported in Table I, the resolved photon background should
ZyH contribution to the signal. hence only marginally alter the signal-to-background ratio,
especially at lardeps.
Since, we are interested in isolatidg/H effects, in Fig. In the following, we will restrict to consider the irreduc-

10 we compare the sang distribution of the signaland  ible eyaetéFbackground, being confident that, at large val-
the corresponding effect of th), peamcut) with the distri-  Ues of thepy where theZyH effects are enhanced, the latter
bution coming from the pure squar@yH amplitude. One Provides the dominant component to tee—eH back-

P;°  (GeV)

can check that the latter is concentrated at lgpgevalues, —9round.

which is a typical effect of the massivepropagator in the

channel. The corresponding contribution to the total rate is V. BEAM-POLARIZATION EFFECTS

practically unaltered if one imposes a @{=50 GeV. One of the advantages of a linear collider is the possibility

A further source of background for the processto work with polarized beams. This may allow one, on the
ey—eH—e(bb) is the charm production through one hand, to test the parity structure of the interactions gov-

ey—ecc, when thec quarks are misidentified info's. This ~ €Ming a particular process and, on the other hand, to opti-
reducible background can be cured by a gbethgging ef-  Mize its background suppression. Here, we consider the pos-

ficiency, that should control a charm production rate that ca/Pility of having either the electron or the photon beam
be even more than a factor 10 larger than the correspondirlgnditudinally polarized.

— . . i . In Figs. 11a) and 11b), for my=120 GeV and versus
ey—ebb cross section, depending on the particular klne-\/g’ we show the total cross sectiéand itsyyH, ZyH, and

matical_configuration[15]. We computed the rate for box componentsfor the unpolarized cas@olid) and a com-
ey—ecc. By assuming a 10% probability of misidentifying pletely longitudinally polarized electrauashed In particu-

ac quark into ab (hence, considering only a fraction 1/10 of lar Fig. 11a) refers to a left-handed electron beam
the computedey—ecc rate, we find that this reducible (Pe=—1), while Fig. 11b) presents the case of a right-
background has lower rates than the irreducible one. Thi§anded electronR= +1). While the yyH curve is unal-
can be seen in the bottom part of Table I, where the signal ikered by aP.#0 value, the total cross section is slightly
compared with both the reducible and irreducible back-modified by the influence of the electron polarization on the
ground, for two different sets of kinematical cuts, that en-parity nonconserving yH and box couplings. In particular,
hance theZyH contribution, andn,, =120 GeV, at/s=500 & left- (right-) handed electron beam increadelecreases
GeV. Different initial polarizations for the beam are con- wt. theZyH and the box contribution by about 11, 20, and

sidered(see Sec. Y. For unpolarized beams amf>100 100 %, respectively, a’s=500 GeV. The strong variation
— in the box component is produced by the dominance of the

GeV, theey—ecc “effective rate” is less than 1/3 on the . . o
— — o ~ W-box sector in this contribution.

ey—ebbrate. Note that they—ec ¢ channel is kinemati- In Figs. 11c) and 11d), the same plots are given when a
cally similar to ey—ebb. Hence, the particular strategies cut p>100 GeV is applied on the final electron transverse
analyzed here to reduce the latter automatically deplete also
the former. EE—

A further background, that was considered 13}, is the SThis choice of the scale among possible others tends to maximize
resolvedey(g)—ebb production, where the photon inter- the resolved-photon rate.
acts via its gluonic content. Its estimate depends on the par-5The resolved-photon rates above include only the gluon content
ticular assumption for the gluon distribution in the photonof the initial photon beam. The contribution coming from the gluon
that is presently poorly known. We tried anyway to alsocontent of the virtual photon, that can be radiated by the initial
evaluate this possible background, by assuming that thelectron, is not included here. Anyway this is expected to be less
gluon distribution in the photon beam is given by the param-important than the former contribution.
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FIG. 11. Electron beam polarization effects withd(&) and (b)] and with[(c) and (d)] a cutpi>100 GeV.

momentum. One can see that in the hjghsector of the gitudinally polarized photon beam in the same framework of

phase space, the total rates are much more sensitive to thég. 11. The trend is similar to the polarizedcase, but the

electron polarization. For instance, assumimiy=—1 effect is quantitatively more modest for a polarizgdespe-

(Po=+1) the total rate increasédecreasesby about 94% cially at large values of/s. The only exception is given by

at s=500 GeV. the box contribution that is still considerably altered By
Some insight into this result can be gained by looking at#0 at any+/s.

Tables Il and IIl, where the/y polarization dependence of

the interference pattern of theyH, ZyH, and box contri-

butions is shown fop$>10 GeV andp$>100 GeV, respec- VI INITIAL-STATE RADIATION EFFECTS

tively, at \s= 500 GeV. For instance, one can see that for e effects of the ISR on the signal and the background
Pe=+1 there is a strong destructive interference between o can be taken into account by folding the corresponding
the termsyyH andZyH. This is essentially due to the dif- 55 sections with a structure function describing the reduc-
ferent sign of the couplingsey andegrerZ, Whereeg stands  {jon of the electron beam energy because of the QED radia-
for the right-handed ele_ctro_n compor_leésc_ae also Sec.)l tion. We adopt the approach f29], that is accurate at the
The fact that a longitudinal polaenzatlon of the electron neyy to-leading order for collinear emission and resums soft
beam affects drastically the large; range can also be photon effects. All this is implemented through the computer
cIearIy seenin Flg 12, where th[é distributions relative to packagecomPHEP’ which automatica"y takes into account
the unpolarized and to the left-handed and right-handed paaiso the kinematical cuts needed either to enhancé gi¢
larizede beam are presented for the signal andetlye-ebb  contribution in the signali.e., p$ cut9 or to decrease the
background. One can also see that, although both the signalative importance of the backgroufice., 6, peamCUts.
S and background are increased by a left-handed polariza- We compared the rates of the unfolded cross sections with
tion, the ratioS/B is improved at largep$ . the cross sections convoluted with the ISR structure function.
Figures 18a)—13d) show the effects of assuming a lon- The effect of the ISR in our context has been found to be
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TABLE II. Interference pattern between theyZ, ZyH, and box contributions versus tleebeam and
y-beam polarizations, fop$>10 GeV.

Js= My o(ey—eH, p$>10 Ge)) (th)
500 GeV  (GeV) Total |yyH|? |ZyH|? |box? INt.(yr—zyry 1Nt (yoriboy 1MLz box)
(P=0; 80 1.97 149 0.199 0.0576 0.0758 0.0797 0.0654
P,=0) 100 211 160 0.212 0.0623 0.0812 0.0854 0.0702
120 237 1.80 0.233 0.0702 0.0903 0.0951 0.0782
140 286 2.19 0.274 0.0859 0.108 0.114 0.0936
(P=—1; 80 296 1.49 0.239 0.115 0.824 0.153 0.136
P,=0) 100 3.17 1.60 0.254 0.124 0.883 0.164 0.146
120 355 1.80 0.280 0.140 0.981 0.182 0.163
140 427 219 0.329 0.171 1.17 0.219 0.194
(Pe=+1; 80 0.982 1.49 0.159 4.6010°* -0.672 6.7X10°% -5.41x10°°
P,=0) 100 1.05 1.60 0.169 4.%10* -0.720 7.1%10°% -574x10°°3
120 1.19 1.80 0.187 5.0810°¢ -0.801 7.8%10 % -6.25x10°°3
140 145 219 0.219 55810 -0.956 8.9610° % -7.08x10°3
(P.=0; 80 218 1.49 0.206 0.104 0.172 0.108 0.101
P,=-1) 100 236 1.60 0.220 0.114 0.195 0.118 0.110
120 267 1.80 0.244 0.130 0.232 0.136 0.126
140 3.26 219 0.287 0.161 0.298 0.170 0.156
(P.=0; 80 1.76  1.49 0.191 0.0109 -0.0200 0.0516 0.0302
P,=+1) 100 187 1.60 0.203 0.0108 -0.0326 0.0524 0.0302
120 2.07 1.80 0.223 0.0107 -0.0513 0.0540 0.0305
140 247 219 0.261 0.0107 -0.0821 0.0575 0.0315

marginal in general. In particular, we found that the ISRcorresponding statistical significance of the signal from

effects slightly reduce the signal for all the electron polarizaey—eH is of the orderS/\/S+B=5 for P,=0 and 7, if

tion states. For the kinematical configurations described inp_=—1. This implies the possibility of measuring the cor-

Table |, bottom half, the signal is reduced by about 3%, foryesponding cross section fery—eH with an accuracy of

p7>100 GeV and even legabout 1% for p7>10 GeV. On  apout 20%(15% for the polarizedP,=—1 beam, unless

the other hand, the irreducibley—ebb background is en- systematic errors dominate.

hanced a little by the ISR. F@$>100 GeV, it is increased Of course, the final accuracy on the determination of the

by less than 1%, while, fogp3>10 GeV, it is raised by about coupling of the Higgs boson to tli2andy is not simply the

4%. This holds for botlP,=0 andP.=*1. accuracy on the cross-section measurement. As we can see
We checked that such behaviors can be easily explaineiom Table Ill, for p7>100 GeV andy/s=500 GeV (and

in terms of the increasing and/or decreasing of the relevaninpolarized beamsthe ZyH vertex contributes about half

cross section with/s, when all the relevant kinematical cuts of the measured cross sections, including the interference

are taken into account. effects. Assuming that the Higgs-boson coupling with the
Altogether, one can conclude that the “unfolded” generalphotons is tested and measured with high accuracy in some
picture is only mildly modified by the ISR effects. different process, the statistical sensitivity to the Higgs cou-

pling with the Z and y gets of the ordesS//S+B (note
that, assuming a reduced integrated luminosity r@do0
fb~1, with r<1, would in general lower the expected accu-
racy by a factor/r).

As can be seen in Table |, bottom partp& cut of 100 There is a further way to improve the accuracy on the
GeV, along with a resolution om,; of +3 GeV and a cut Cross-section measurement. This is by exploiting the electron
on all theb’s that are closer than 18° to the beams, optimizegingular asymmetry of the signal with respect to the beam.
the S/B ratio, for my=120 GeV andys= 500 GeV. In Indeed, we found that in they—ebb background the final
particular, it gives rise to a signal rate of 0.830) fb versus  electron angular distribution, although not completely sym-
an irreducible background rate of 0.6896 fb in the unpo-  metric, is almost equally shared in the forward and backward
larized (P.=—1 polarized case. This means that the signal directions with respect to the beam. In particular, we checked
and the background are comparable in the interesting corthat the second diagram in Fig. 8 is responsible for the back-
figurations. With an integrated luminosity of 100 ph the  ward peak, while the fourth diagram gives the forward one.

VIl. OPTIMIZATION OF S/B AND ELECTRON
ASYMMETRIES



On the contrary, the final electron gy—eH is mostly di-

ZyH VERTEX EFFECTS IN HIGGS-BOSN. . . 5957

TABLE lll. Interference pattern between theyZ, Zyh, and box contributions versus tleebeam and

y-beam polarizations, fop$>100 GeV.

Js= my o(ey—eH, p$>100 GeV (fb)
500 GeV (Ge\/) Total | ')/‘)/h|2 |Z‘yh|2 | bOXI2 Int.(y.yh,z.yh) Int. (yyh box) Int. (Zyh box)
(P.=0; 80 0.618 0.264 0.146 0.0451 0.0389 0.0651 0.0585
P,=0) 100 0.652 0.277 0.154 0.0481 0.0409 0.0695 0.0625
120 0.705 0.296 0.166 0.0532 0.0439 0.0766 0.0692
140 0.818 0.341 0.190 0.0633 0.0505 0.0909 0.0822
(P=—1; 80 120 0.264 0.176 0.0899 0.423 0.124 0.122
P,=0) 100 127 0.277 0.185 0.0959 0.445 0.133 0.130
120 1.37 0.296 0.199 0.106 0.478 0.147 0.144
140 159 0.341 0.228 0.126 0.549 0.174 0.171
(Pe=+1; 80 0.0371 0.264 0.117 3.580* -0.345 5.86<10°% -4.94x10°3
P,=0) 100 0.0386 0.277 0.123 38A0“ -0.363 6.2x10°% -5.22x10°3

120 0.0405 0.296 0.133
140 0.0465 0.341 0.152

(Pe=0; 80 0.796 0.264 0.153
P,=-1) 100 0.852 0.277 0.162
120 0.940 0.296 0.175
140 1.12 0.341 0.201

(Pe=0; 80 0.440 0.264 0.139
P,=+1) 100 0.452 0.277 0.146
120 0.470 0.296 0.157
140 0.520 0.341 0.179

3.8210°4 -0.390 6.7X10° % -5.65<10°3
43004 -0.448 7.6X10°% -6.36x10°3

0.0798 0.118 0.0903 0.0901
0.0860 0.131 0.0986 0.0983
0.0962 0.149 0.112 0.112

0.116 0.182 0.138 0.137

0.0104 -0.0403 0.0399 0.0268
0.0103 -0.0487 0.0403 0.0267
0.0101 -0.0610 0.0411 0.0268
0.0101 -0.0812 0.0434 0.0275

strong asymmetry in the signak distribution is manifest.

rected in the forward direction. The typical behavior is The final electron is mostly scattered forward ény—eH

shown in Fig. 14, where the soli@Hashed line gives the

histogram for the final electron angular distributin the
center-of-mass systemfor the signal (backgroungl for

p$>100 GeV andd(b beam)>18°, atmy=120 GeV and

(the empty intervals fo¥.<25° andf.=155° are just due
to the p3>100 GeV cur. Note that this pattern keeps valid
also when relaxing the$ cut, and for polarized beams.

It is straightforward at this point to enhance B ratio,

Vs=500 GeV. As usual, the background is integrated ovepy simply measuring the difference between the forward and
the rangemy—Amyp,<mpyp<my+Amyp with Ampp=3

GeV. The initial beams are assumed to be unpolarized. Thg, .« ..ts as in Table I, bottom part, and for different polar-
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Electron-beam polarization effects on tifedistribu-

backward cross sections. In Table 1V, after applying the

izations of thee beam, we report apart from the total rate, the
forward cross sections and the difference of the forward and
backward cross sectionsgg=0(60.,<90°)— o(6.,>90°).
One can see that, in the differenSgg, 60% of the signal
survives, while the background is reduced by about an order
of magnitude, in both the interesting,=0 and P,=—1
cases. With a luminosity of 100 ftt, one then gets an ac-
curacy onSgg of about 16% for unpolarized beams, and
12% for P,=—1 (corresponding t®/\S+B=6.4 and 8.5,
respectively. By the way, it could also be convenient to
measure the relative asymmetrySgg/[ o(6,<90°)
+0(0:.>90°)] that has the advantage of being free from
possible uncertainties on the absolute normalization of the
Cross sections.

The analysis above can be also extended to the study of
possible anomalous contributions in tleyH amplitude
coming from some extension of the standard model. For in-
stance, all models causing a variation in the cross section
and/or angular asymmetries by more than about 20% should
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FIG. 13. Photon-beam polarization effects withd@ and (b)] and with[(c) and(d)] a cutp$>100 GeV.

be easily disentangled in the same experimental conditions
analyzed here. Furthermore, since in the latter case what w
call here signal could act as a further background, it could be

convenient to consider also tiig,=+1

Indeed, as shown in Table Ill, for large the right-handed
polarizede beam minimizes the standard mode)—eH
backgroundbecause of the strong negative interferences be-

tween the different amplitudes.

VIIl. CONCLUSIONS

The study of the exact rates for the procesg—eH

—e(bb) in the intermediaten, range confirms that the as-
sociatedHe production iney collisions is a competitive
means with respect to the procesg— H to study the vertex
yyH and its possible anomaliéas anticipated by the analy-

ey - eH vs BCKGR

VS=500GeV
my=120 GeV

P.°>100 GeV
ab—beam> 18° ||
!
BCKGR (Amy,=+3GeV) "{' '
ool |
o

15.0
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cross sectiong35]. r
g 100 [~
=] r
* -
@ -
© 75 —
z C
e -
< 50 |—
~ L
o L
© 25
0.0
0

sis made in the WW approximatidi5]). The relevant total

(unpolarizedl cross sections are in the range (9-17) fb, for
my=(90-150) GeV andy/s=(0.5-1.5) GeV, which, as-
suming an integrated luminosity of 100th, corresponds to

~10° Higgs events.

If the final electron is tagged at largg , a further possi-

ized.

FIG. 14. Final electron angular distribution with respect to the
initial electron beam. The soliddashed line refers to the signal
(irreducible ey—ebb backgroungl The kinematical cuts applied
are shown in the plot. The initial beams are assumed to be unpolar-
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TABLE V. Forward-backward asymmetry in the electron scattering an@le,for different e-beam
polarizations. The total cross section, the forward cross section, and the difference of the forward and
backward cross sectiof$gg= o(0.<90°)— o(0.,>90°)] for the signal and the irreducible background, are
presented. The kinematical cuty pea>18°, PF>100 GeV, andmy—Amyp,<myp<my+Am,y, with
Am,,=3 GeV, are applied.

my =120 GeV o(ey—eH) fb o(ey—ebb) fb

Js=500 GeV No 6, cut 6,<90° Srs No 6, cut 6,<90° Srs
P.=0 0.530 0.425 0.320 0.634 0.281 -0.072
Pe=—1 1.03 0.820 0.610 0.961 0.433 -0.095
Po=1 0.0249 0.0245 0.0241 0.304 0.126 -0.052

bility offered by the channety—eH is to study the effects (21). Next, we give a short discussion on some sources of
coming from theZyH vertex, still keeping a reasonable sta- numerical instabilities arising in the computation of the total
tistics [~10? eventd. This possibility does not have any cross section, and describe the method used to control them.
counterpart in theete™ and yy collision physics. Graphs
with boxes, too, contribute at large$, but their relative
importance decreases witfs for \s>400 GeV. 1. Loop integrals

We checked that the main background comes from the The complete set of independent loop integrals used in

processey—ebb. This can be controlled by a goatly,™  our calculations is defined by the following formulas in di-

experimental resolutiorthat can be improved by the final mensional regularizatiohywhere the time-space dimension is
electron energy determinatiprand by requiring that the fi- n=4—2¢:

nal b quarks not be too close to the beam’s direction.

We have also shown that starting with a left-handed po- 1
larized electron beam doubles the rates and improveS/@e Bo(p?,m? mz)— f 5 5
ratio, in thep$=100 GeV kinematical range interesting for [m?=q?][m*~(a+p)?]
the ZyH vertex studies. Further improvements in t868
ratio can be obtained by exploiting the final-electron angular
asymmetry of the signal. The inclusion of the initial-state
radiation effects marginally deteriorates t8B ratio. Co(M.p1.m.p2,M)

The value of the integrated luminosity assumed in this 1 d"q
study (that is 100 fo 1) does not seem to be essential to = f ,
disentangle & yH effect, although a high luminosity would im?) [mP—q?][m?—(q+py)®I[m*—(g+py)?]
be crucial to increase the accuracy of the measurement. With (A2)
a luminosity of 100 fb !, one expects an accuracy as good
E\i/S_ about 10% on the measurement of #hegH effects, at

s=500 GeV. A luminosity of 50 fo'* would anyhow al-
low one to measure the standard model signal with an accul—jo;“:“”(mo’pl'ml' - P3Ma)
racy better than 20%. o 1 {1;9,;9,9,}d"q

In conclusion, theey—eH—e(bb) turns out to be an ) 2 o2 2 2 o
excellent means to check the standard-model one-loop cou- [mo—g°][mi—(a+p1)]- - -[M3—(q+p3)°]
pling ZyH. Further investigation and comparison with the (A3)
predictions from possible extensions of the standard model
altering theZ yH vertex is worthwhile. This, we are planning
to do in a forthcoming papdB5]. Of course, each denominator factor originated from the
propagators should be treated in the Feynman limit:
(M?2—p?)~t=lim__o(M2—p?—ie) 1. As a result, these
loop integrals have complex values in general.

Useful discussions with I. F. Ginzburg and A. E. Pukhov We decompose the vector and tensor box integrals over
are gratefully acknowledged. The work of V.A.l. was partly the covariant Lorentz structures:
supported by Grant Nos. INTAS-93-1180ext and 96-02-

18635 from the Russian Fund for Basic Research. V.AI7—
wishes also to thank INFN for its hospitality and the possi- “Relations to other definitions of one-loop integrals: Our defini-
bility to work during his visit at the University of Roma 1. tion of integrals corresponds to tHeassarino-Veltmarintegrals
[30] if the metric signature is changed from-{+ +), used by
APPENDIX Pas'sarino-VeItman, toH{——-). They also used a d.ifferent
choice of external momenta, hence their decomposiieh) differs

In this appendix, we give the explicit expressions for thefrom ours. We differ fron{31] by an opposite sign of th€ inte-

functionsBy, Cy, andD; appearing in Eqs(15), (20), and  grals.

d"qg

(A1)
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D#=pf-D;+p5-Dy+ps- D,
D#"=g"”-Dogt pi'pP1- D11t p5ps- Doxt psps-Das
+(PP2+P5P1)-Diot (PIPs+P5P1)-Das

+(p5P3+P5Ps)-Dos. (A4)

Note that all these integrals are UV finite. The only ex-

ception isBg, for which lim,_ geBg=1. In our results, the
integralsB, appear in the triangle contributions only in a UV
finite combinationsee Eq.(15)].
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numerical precision in the evaluation of the kinematics for
t=—10 ° Ge\2. In order to avoid this instability, we used
the following procedure. We introduced some paramgjer
and approximated the matrix elemeMt for the t-channel
photon contribution by M=X(t)/t for t=<t, and

M = X(tg)/t for to=t=<t, ., WhereX(t) is the numerator of

the matrix element. If the parametgyis taken close to,,,

the latter turns out to be a good approximation, since then
X(tna differs very little from X(ty). To test this method,

we checked the independence of the total cross section from
the parametetty, by varying ty in the interval —1 <t,

For the numerical evaluation of the scalar loop integrals< —10"°% Ge\2.

as well as of the scalar factors in the decompositidfh), we
used the FF library32], and the corresponding Fortran rou-

There is also a second source of numerical instability
when theW- and Z-box diagrams are evaluated ndar0

tines. Note that in our definition of the loop integrals, the gnd u=0. When the tensor integrals for the boxes are ex-
C-type integrals have an opposite sign with respect to thyressed via the scalar integrals by Passarino and Veltman

latter. Moreover, in the decompositigAd) we use a set of

external momenta different from the FF library. Hence, we

perform a linear transformation of our scalar factbrsand

Djj, in order to get a connection with the corresponding

factors defined in the FF library.

Regarding the analytical evaluation of the amplitudes, th
check of the QED gauge-invariance identiti€g, as well as
the extraction of the QED gauge noninvariant tef@® and
the corresponding ones coming from tidébox diagrams,
we used the computer algebra systeepUCE [33].

2. Numerical instabilities

Although, in general, we computed the relevant ampli-

tudes in them,=0 chiral limit, in the calculation of the total
cross section we assumed foy,, the exact value, that is
approximately equal to-{ mgmﬁ/sz). Then, when integrat-
ing the region near thecchannel pole at=0 with routines

[30] (e.qg., FF library uses this proceddy2]) some spurious
poles can arise from different terms. Of course, in the total
results these poles cancel each other. In our case such spuri-
ous poles arise at=0 andu=0. We checked analytically

the corresponding cancellation in our results for the boxes

E618) and (19). First, we expressed the formulék9) via sca-

lar integrals and then analyzed the final expressiorns=ifi
andu=0, where they must vanish. This analysis was made
with the help of therRebpucE program PV[34], that imple-
ments the Passarino-Veltman procedure. Anyhow, it is not
possible to check explicitly the cancellation of these spurious
poles at the level of the scalar integrals. As a result, these
integrals cannot be evaluated with good accuracy at
t=—10 % GeV?, since the numerical precision of the FF
library is not sufficient to get this cancellation. Fortunately,
one can neglect the box contributions at such smahdu,
since these functions have a regular behavior hedr and

in double precision for arithmetic operations, we met someu=0. Therefore, we just neglected ti¢ andZ-box contri-
numerical instabilities. In particular, we observed a loss ofoutions fort,u=—10 2 GeV?.
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