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Abstract

We calculate the) (xew) electroweak radiative correctionsd e~ — r7h at a electron—positron linear collider (LC) in the
standard model. We analyze the dependence afthew) corrections on the Higgs boson masg and colliding energy/s,
and find that the corrections significantly decrease or increase the Born cross section depending on the colliding energy. The
numerical results show that tki&aew) relative correction is strongly related to the Higgs boson mass whea 500 GeV, and
for mj;, =150 GeV the relative correction ranges fref81.3% to 23% as the increment of the colliding energy from 500 GeV
to 2 TeV.
0 2003 Elsevier B.V. All rights reserved.
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1. Introduction ground state Higgs field in the SM Higgs mechanism.
However, until now the Higgs boson has not yet been
directly explored experimentally, except that LEP2
experiments provided a lower bound of 114.4 GeV
for the SM Higgs boson mass at the 95% confidence

The main goal of the most experimental programs
at present and future high-energy colliders is to search
for Higgs boson, which is believed to be responsible
for the breaking of the electroweak symmetry and the level [3]. . .
generation of masses for the fundamental particles As we know that the Higgs search stra_tegles de-
in the standard model (SM) [1,2]. The fundamental pend largely on the suspected value of Higgs mass.

particles acquire masses via the interactions with the ACWa”V’ Itis .mOSt d_|ff|cu|t to _probe Higgs b_oson ex-
perimentally in the intermediate mass regiamy, (~

100-200 GeV). In this mass region, the production
o Supported by National Natural Science Foundation of China. Mechanism with Higgs bpson_ rad|a_ted from e'?her
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boson discovery channel. Atte~ linear colliders 2. Calculations
and hadron colliders, the Higgs boson is searched
via Bjorken procesete~(pp, pp) — ffh, an in- In this Letter we use the t' Hooft—-Feynman gauge.
termediate Higgs boson is produced associated with In the calculations of loop diagrams we adopt the
a ff pair. The coupling strength of the fermion— definitions of one-loop integral functions of Ref. [15].
Higgs Yukawa couplingf—f—h is proportional to The Feynman diagrams and the relevant amplitudes
the fermion mass, i.eg ;s = my/v, wherev = are created byFeynArts 3 [16] automatically, and
(V2Gp)~Y2 ~ 246 GeV is the vacuum expectation the Feynman amplitudes are subsequently reduced by
value of the Higgs boson. Then we can see that the FORM [17]. The numerical calculations of integral
top quark Yukawa coupling,;, is the largest one functions are implemented by using Fortran programs,
among all the fermion—-Higgs couplings, e.gfth ~ in yvhich the 5-point loop integrals are evaluated by
0.5 to be compared for example wigff; =~ 4x 1074, using the approach presented in Ref. [13].
Therefore, the Higgs boson production via the process 1€ process®e™ — rih at the lowest level occurs
ete~ — 17h is strongly enhanced by the top quark through the Feynman dlfagrams of Fig. 1. The_re are
Yukawa coupling, and it can also be a basic mecha- tWO kinds of Feynman diagrams to te€e™ — 1ih
nism for measuring the top quark Yukawa coupling. ~ Process at thg tree-level. The first kind mc!udes.dla—
Recently, a lot of efforts have been invested in 9rams with Higgsstrahlungs from top or anti-top final

improving the precise QCD theoretical corrections to States and the top Yukawa coupling is thus involved.

the processepj/pp — 1ih + X [4-8]. At a LC the The secon_d kind consists of the diagrams with a nggs

cross section foete~ — 17k is small, about 1 fb boson radiated from @%exchange-channel or via

for /5 = 500 GeV andm;, = 100 GeV [9-11]. But 70-GOp interaction, and is independent of the top

it has a distinctive experimental signature and can Yukawa coupling. We have checked that our numeri-

potentially be used to measure the top quark Yukawa pal Born cross section is in good agreement with that

coupling in the intermediate Higgs mass region ata LC N Refs. [10,12,14]. _ _

with very high luminosity. In Ref. [10], Dawson and The O(aew) (one-loop level) virtual corrections to

Reina found that the NLO QCD corrections increase the Process

T o o e b ey, < P+ k0 40 b @

But at./s = 1 TeV, the corrections decrease the Born can be expressed as

cross section and are relative small. These works show

that the evaluation of radiative corrections is a crucial Ovirtual = 00dvirtual

task for all accurate measurements of this process. _ N /d
In this Letter we present the calculations of the NG

full O(aew) electroweak corrections tete™ — tth

in the SM. In Section 2, we present our calculations where o9 and Mg are the Born cross section and

of the full O(wew) electroweak radiative corrections. amplitude forete™ — trh, respectively, @3 is the

The numerical results and discussions are presented inthree-body phase space element, the bar over summa-

Section 3. Finally, a short summary is given. tion recalls averaging over initial spins, amd yirtyal

o3 Z Re(MOM\tirtual)’ (2.2)

1l spin

Fig. 1. The tree-level Feynman diagrams for #fe— — r7h process.
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Fig. 2. The pentagon diagrams for thite~ — t7h process.

is the amplitude of one-loop Feynman diagrams and adopt the dimensional regularization scheme [18] in
the corresponding counter-terms. Due to the fact that which the dimensions of spinor and spacetime mani-
the electron—-Higgs (Goldstone) Yukawa coupling is folds are extended t® = 4 — 2¢. In this Letter, we
proportional to the electron mass, we do not consider adopt the complete on-mass-shell (COMS) renormal-
the contributions of the one-loop diagrams which in- ization scheme [19], in which the electric charge of
volve é—e—h(GP) vertex to the amplitudeMyirtal. electrone and the physical massesy, mz, mj, m;,
Therefore, th&)(aew) Virtual corrections involve 975  m, are chosen to be the renormalized parameters. The
loop diagrams which can be classified into self-energy definitions and the explicit expressions of these renor-
(376), vertex (425), box (145) and pentagon (29) dia- malization constants can be found in Ref. [19]. As we
grams. As a representative selection, the pentagon di-expect, the UV divergence contributed by the one-loop
agrams are given in Fig. 2. diagrams can be cancelled by that contributed by the
The self-energy and vertex one-loop diagrams con- counterterms exactly. Therefore, we get a UV finite
tain both ultraviolet (UV) and infrared (IR) diver- cross section includin@(aew) virtual radiative cor-
gences, while all the box and pentagon diagrams arerections.
ultraviolet finite and only contain IR divergences. To The IR divergence in the processe™ — tth is
regularize the UV divergences in loop integrals, we originated from virtual photonic corrections. It can
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be exactly cancelled by including the real photonic
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Finally the UV and IR finite total cross section

bremsstrahlung corrections to this process in the soft including the full O(aew) electroweak corrections

photon limit. The real photon emission process

et (p1) + e (p2) — t(k1) +1(k2) + h(ks) + y (k),
(2.3)

where the real photon radiates from the initial electron
(positron) and the final top (anti-top) quark, can have
either soft or collinear nature. The collinear singularity
is regularized by keeping electron mass. In order to
isolate the soft photon emission singularity in the

real photon emission process, we use the general
phase-space-slicing method [20]. The bremsstrahlung
phase space is divided into singular and non-singular

regions, and the cross section of the real photon

emission process (2.3) is decomposed into soft and

hard terms

Otreal = Osoft + Ohard = 00(Jsoft + Shard) - (2.4)

For soft photonskg < AE, we neglect the momenta
of the radiated photons everywhere but in the singular
propagators. By using the soft photon approximation,
we find the contribution of the soft photon emission
processis [19,21]

Uew d3k
d = —dog —5 —
Osoft UOan / 2o
KISAE
[Qep1_ Qep2 Qik1 | Qik2T?
pi-k  pa-k kik ka-k]’

(2.5)

in which AE is the energy cutoff of the soft photon
andkp < AE <€ /s, Q. =1 andQ, = 2/3 are the
electric charges of the positron and top quaik—=

JIkI2+ 12 is the photon energy. The integral over

the soft photon phase space have been implemented, ) -

therefore, we obtain the analytical result of the soft
corrections toete™ — tth which can be found in
Refs. [19] and [21]. We checked numerically the can-
cellation of IR divergencies and verified the contribu-
tion of these soft photonic bremsstrahlung corrections
leads to a IR finite cross section which is independent
of the infinitesimal photon mags. The hard photon
emission cross sectiararg, With the radiated photon
energy being larger than E, is calculated by using
Monte Carlo method.

reads

0 =00 + Ao =00 + 0Ovirtual + Oreal = 00(1+§),
(2.6)

wheres = Syirtual + Ssoft + Shard IS the full electroweak
relative correction of the ordeP(aew).

3. Numerical resultsand discussions

In our numerical calculations, we set [22]:
oew(0) ™1 = 137.0359895m = 80.423 GeV,mz =
91188 GeV,m, = 0.511 MeV, m, = 1057 MeV,
m; = 1777 GeV,m, = 66 MeV, m, = 1.35 GeV,
m; = 1743 GeV,my = 66 MeV, my; = 150 MeV, and
myp = 4.3 GeV. The renormalization scale is taken to
be O = 2m, + my;,. Here we use the effective values
of the light quark massess(, andm,) which can re-
produce the hadron contribution to the shift in the fine
structure constantey(mz) [23].

In Fig. 3 we show the dependence of t¥uew)
relative correction toeeTe™ — tth on the soft cut-
off AE/Ep, assumingm;, = 115 GeV and./s =
500 GeV. As shown in this figure, bo®yryarsoft
(= dvirtual + Ssof) and Sharg depend on the soft cut-
off AE/E}, but the fullO(xew) electroweak relative
corrections is cutoff independent within the range of
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Fig. 3. The relative corrections of th@(aew) order contributions
to the eTe™ — 7h cross section. The relative corrections of
Svirtual+soft anddharg, and their sum are shown as the functions of
the soft photon energy cutoE/Ey,.
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Fig. 4. The Born and one-loop level cross sections for the process Fig. 6. The Born and one-loop level cross sections for the process
eTe™ — tth as functions of the e~ colliding energy,/s. ete™ — 17h as functions of the Higgs boson massg.
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Fig. 5. The dependence of th®(wew) relative correction to Fig. 7. TheO(aew) relative correction to the procesde™ — tih
ete™ — tth ontheete™ colliding energy,/s. as a function of the Higgs boson mass.

statistical errors as expected. In the following calcula- correctionAc can reach 0.09 fb. Fon;, = 150 GeV
tions, the soft cutofi\ E/ E;, is fixed to be 10°3. and 200 GeV, bothg ando have their maximal values
In Fig. 4 we present the Born cross sectmnand at /s ~ 850 GeV and,/s ~ 950 GeV, respectively.
the one-loop level cross sectienwhich include the The correctionAc decreases as the increment of the
full O(xew) electroweak corrections, as functions of Higgs boson mass;,.
the eTe~ colliding energy./s for the Higgs boson The dependence of th@(wey) relative correction
massm; = 115, 150 and 200 GeV, respectively. The toe™e™ — tth on the colliding energy/s of a LC is
colliding energy range (500 GeV-2 TeV) in the figure displayed in Fig. 5. Fom, = 115 GeV, theO(aew)
is accessible at future linear colliders, such as, TESLA corrections suppress the Born cross section in the
[24] (/s =500 GeV), NLC [25] (/s = 500 GeV), energy region of,/s < 600 GeV, while enhance the
JLC [26] (/s = 500 GeV), and CERN CLIC [27] (: Born cross section in the region.gfs > 600 GeV. The
+/s <5 TeV). From this figure we can see that both relative corrections can reach abe$.8%, —31.3%
curves ofog ando for m;, = 115 GeV reach maximal and —8.3% at /s = 500, 500 and 600 GeV for
values at the position of/s ~ 750 GeV, where the  mj; = 115, 150 and 200 GeV, respectively. Faj =



90 Y. You et al. / Physics Letters B 571 (2003) 85-91

150 GeV, the relative correction ranges frer81.3% and colliding energy/s, and find that the corrections
to 23% as./s running from 500 GeV to 2 TeV. increase or decrease the Born cross section in the
The large correction fok/s = 500 GeV andm; ~ Higgs boson mass range 1k m; < 200 GeV,
150 GeV shown in this figure comes from a threshold depending on the colliding energy. The numerical
effect which diverges at the threshold. results show that thé)(aen) electroweak relative

In Fig. 6 we depict the Born cross sectiog and corrections can reach31.3%, 44% and—4.7% at
the one-loop level cross sectian as functions of /s =500, 800 GeV and 2 TeV, respectively. We also
the Higgs boson masa;,. As shown in this figure,  find that the full electroweak relative correction of the
both the cross sectiong and o decrease with the  order O(aew) is strongly related to the Higgs boson
increment of the Higgs boson mass, and the cross mass when/s = 500 GeV, and fom; = 150 GeV the
sectionsyg, o and the one-loop level correctiagxy = relative correction ranges from31.3% to 23% as the
o — op at 4/s =800 GeV are larger than those at colliding energy increasing from 500 GeV to 2 TeV.
/s =500 GeV and,/s =2 TeV.

In Fig. 7 we plot theD(aew) relative correction to
ete™ — tth as a function ofn,,. For./s = 500 GeV, Acknowledgements
the relative correction decreases frerb.8% atm;, =
115 GeV to—31.3% atm; = 150 GeV. For,/s = This work was supported in part by the National
800 GeV and 2 TeV, the relative corrections decrease Natural Science Foundation of China and a grant from
from 4.4% and 15% to —0.8% and—4.7% as the the University of Science and Technology of China.
increment ofm; from 115 to 200 GeV, respectively.
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