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1 Introduction
Higgs boson search and study of the electroweak symmetry breaking mechanism will
be major goals for the next generation of supercolliders[l, 2]. Despite excellent suc-
cesses uf the standard model (SM) in describing of experimental data of electroweak
interactions of gauge bosons and fermions, no evidence, even indirect, for. the Higgs
boson sector of the theory has been given yet. Much has been written on the search
for the SM Higgs boson at Hadron Supercolliders (see e.g. ref [2] for recent reviews
and'further references).

A Higgs particle with mass above 2mw (2m^) can be produced and detected in
its W+W~ or ZZ decay mode at high-energy hadron colliders because the continuum
of massive vector boson pair production is significantly small. It is generally believed
that a, Higgs boson of mass up to 1 TeV (and larger than '2mw) can be discovered
at LHC if the design luminosity is achieved.

The most difficult range of the Higgs boson mass to probe at Hadron Colliders is
the so-called intermediate mass region, beyond the reach of LEP-200 and below the
mass, where the Higgs has a decay channel into two massive gauge bosons (VKW, ZZ),
90 GeV< тн < 2mw(mz). Discovery of the intermediate mass Higgs boson at
Iladron Colliders is possible through the rare decays with light leptons and photons
in final states, H -+ ZZ" ~* /+J~/+/~, И —» 77 [3], or associated WH production
WH —> Iwy-y [4]. The combination of these diodes, provides a possibility of covering
the whole intermediate mass region at LHC only in the case when the 77 resolution
is adequate to resolve the # —• 77 sigual and high luminosity (L — 105 pb" 1 )
is achieved [3, 4]. For the SM Higgo boson of intermediate mass primary decay
mode is H —* bb but, unfortunately, detection of Higgs through heavy quark pairs is
impossible due to large QCD backgrounds [1].

The collision of high energy, high intensity photon beams at the Photon Linear
Collider (PLC), obtained via Compton backscattering of laser beams off linac electron
beams, provides another opportunity to search for an intermediate-mass Higgs bosoif
through the resonant production [5, 6, 7, 8, 9, 12]

77 -+ Я -> 66. (1)

Based on the e+e~ linear collider PLC will have almost the same energy and lumi-

nosity, i.e. c m . energy of 100-500 GeV and luminosity of the order of 103a cm~2s~1



[10]. Polarizing the linac electrons and laser photons provides polarized backscat-
tered photons as well as photon energy distribution needed. Colliding like-banded
electrons and photons results in a flat distribution of backscaUered photons and col-
liding oppositely handed electrons and laser photons gives a peaked distribution of
backscattered photons with energy just below the c+e~-collider energy.

Extracting the intermediate mass Higgs signal in pholon-plioton collisions is
a hard task since a large number of hh/cc background events must be rejected
[5, 6, 11, 12]. The crucial assumption is that these.large backgrounds can aclively
be suppressed by exploiting the polarization dependence of the cross sections. Far
above the threshold, the 77 —» 1717 cross section is dominated by initial photons in
the Jz = ±2 helicity state. Taking into account that the Higgs signal comes from
the Jz = 0 channel, polarized collisions can be used to enhance the signal simulta-
neously suppressing the background [5, C] (see also a detailed discussion in [7, 12]).
The search for intermediate-mass Higgs requires not only luminosity distribution
dominating at Jz = 0. Another important requirement to 7 , luminosity is that it
must cover the entire intermediate mass region. Utilizing the broad photon-photon
luminosity at fixed linac energy of 125 GeV provides high 77-luminosity and high
photon polarization over the whole region of interest [6].

To study the properties of the Higgs boson of known mass, the peaked photon-
photon luminosity spectrum is more convenient, it could be obtained by choosing the
collider energy so that the peak of the luminosity spectrum sits at the Higgs boson
mass. The Higgs boson production in such collisions would provide an accurate mea-
surement of the H —> 77 coupling. This coupling is induced at the one-loop level and
receives contributions from all virtual charged particles whose masses derive from the
Higgs mechanism. The measurement of the H —> 77 coupling would give fundamen-
tal information about the particle spectrum and mass generation mechanism of the
theory. In addition, a new interesting method has been proposed (13, 14] to mea-
sure the parity of the Higgs states in linearly polarized photon-photon collisions. It
provides an opportunity to investigate nontrivial assignments of the quantum num-
bers for Higgs particles in extended models such as supersymmetric theories which
include both scalar 0 + + and pseudoscalar 0~+ states [15].

'But the question remains how QCD radiative corrections influence these con-
clusions. Though it is known that far above the threshold the magnitude of these
corrections is moderate for unpolarized collisions [16, 17], one can expect that their
effects will be especially large for the qq production in the Js = 0 helicity state, where
the tree level contribution is suppressed by the factor of m^/.5. We presented our first
results on the one-loop QCD corrections to the bb/cc quark pair production in polar-
ized photon-photon collisions ill [18]. The lowest order cross section, one-loop virtual
coirections and gluon emission contributions were shown to be of the same order of
magnitude for the bb quark production at y/s^ ~ 100 GeV in the Jz = 0 channel,
while QCD corrections were found to be quite small for Jz = ±2. The cross section
of two-jet final states in bb(g) production for Jz = 0 even happened to be negative
for small values of i/cul (which were used eg. in [7], where only radiative processes



of hbtj production were taken into account for шь = 0). Here we present complete
analytical results for the one loop Q(!D correction:; Lo t,lir> polarized cross sections
and lo the matrix element of the process 77 —* hii{cc) retaining the full dependence
011 the quark mass. We also carefully analyze the nature of the peculiarities of the
corrections for bb production at high energies in tlie Jz = 0 channel. We exploit a
tensor reduction algorithm [21] to oxprrsa the cress sections ;md amplitude» in terms
of the set of basic scalar loop integrals. This leads to very compact expressions for
«ni1 loop contributions fur polarized cross sections.

Recently, the ncxt-to-loading order corrections to the heavy quark pair produc-
tion cross sections in polarized photon-photon collisions have been also presented
in ref. [19], where dimensional reduction have been used to regularize both ultra-
violet and infrared singularities. Authors of ref. [10] considered the effects of the
Q('D corrections 011 the background events for the lliggs signal from direct Щц)
production only for Higgs bosun production at the photo» machine obtained from a
ЙО0 GeV c+v~ linear collider. However, it lias been explicitly shown in rets. (11. I2|.
where all backgrounds from two-jet productions were included: direct, so-called re-
solved and twice-resolved rlc, that the major contribution to the background at
f)00 GeV is the 1-resolved coming from the gluonic content of the photon, not the
direct. Another backgrounds occur in processes where ('-quarks are produced instead
of fr-qiiai'ks. Since charm production is much larger than /1 production. lUir to the
c-quark's stronger coupling to the photon, it represents an important background
even with good fc-tagging and a low probability that r-quark is misideiititicd as a b.
The charm background is also not considered in [19].

In present paper we. study the effects of QC'D corrections 011 the ability of PLC to
discover an intermediate mass Higgs boson for the case of a. photon collider operating
at around the Iliggs resonance based on the f.+c." collider with energy %/x = 250 GeV.
The resolved photon backgrounds are much less significant at 250 Ci'V due to и
steeply falling gluon spectrum. We use dimensional regularizalion to-regulate ultra-
violet divergencies and introduce n small glium mass A to regulate infrared divergen-
cies. Analytical results are given in Sections 2-4 and Appendices Л, B. In section Г>
numerical results are given. It is shown that, taking account of the QCI) corrections
reduces the signal-to-background ratio but the intermediate mass Iliggs boson sig-
nal is still expected with statistical significance of about VHT. The influence of Q('l)
corrections on the precise measurements of the Higgs two-photon width using the
peaked 77 luminosity is also considered.

2 Born Cross Sections

At the tree level the. cross sections of the ipiark-antiquark pair production in the
photon-photon fusio.11 reaction
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for various lielicity slates of tli« colliding photons have the form

ibH°rn{.l. = 0)

d l .?'•* t'\ii\

and
(j: = ±2) __ пкаЧЦ «,u, >»fc)(«; +1:\ + 2»t;,s)

We have introduced the following notation: pt> pi are the pliolon momenta, рз and
Pt are quark and anti-quark momenta, л = (p\ +;Jj)2, / = (p\ —ря)

г,м = (pt -f'.i)2.
U =l-ml, щ =u-ml.

The .]. = 0 cross section i.s sii])piessed by тЦк factor at high energies outside
the very forward (backward) region. However, the total cross section integrated over
the full phase space is not suppressed, so in the high energy limit the J. = 0 cross
section tends to a delta-function, peaking in the forward (backward) direction.

3 QCD One-Loop Corrections to the Matrix
Element

Complete set of the diagrams describing aa-corrections for the process 77 —* bh is
shown in Fig. 1. This set contains genuine one-loop diagrams and tree level diagrams
involving counterterms.

The full one-loop matrix element (with ihe corresponding counterterms) can be
written as follows

y H ) ( 7 7 _> bb) = е У г ф Л и ) й Ы & и Ы + (t <->•«,№ <-> Рл), (1)

where the set of the operators O; is given by

Ox = (ei&j), Од

0 2 = (e,pa)(e,j)3), O7 =

03 = eij3, (e-2j'.i) - e2Pi(eiP3), Os =

OA = ei(e2p3), 6 9

Os = e 2 (c I p 3 ) ]

Mere еь ej are the photon polarization vectors. To simplify the final expressions,
photon polarization vectors are chosen so as to fulfil the relations (e2Pi) = 0 and
(e,p2) = 0.

The coefficients а;(.ч, /., и) expressed through the scalar one-loop integrals defined
in the Appendix A are given in the Appendix B. The algebraic calculation of one-
loop diagrams was carried out by using the symbolic manipulation program FORM
[22]. The finite parts of the counterterms are fixed by the standard conditions of the
on-mass shell renormalization procedure. The sum of the diagrams is UV-fmite and
gauge invariant. To avoid infrared singularities, we have introduced an infinitesimal
mass of the gluon A.
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4 QCD One-Loop Corrections to Polarized
Cross Sections

The cross sections to order a2a3 are determined by the interference between one-loop
and tree level contributions given in the previous sections. For the different helicities
of two photons (J~ = 0 and J~ = ±2) they have the form

di s2

'ff-{(t + u)'2D(s,t) + 2m2

bC(s) + ^

3l.u + тг

ьи + М'г - m2i - 2mj

= ±2) 2 <x2a,Qj

dt .s2

r^—L+ K b-^

- 167Г»? x

8 ( 2 m f ( u i ) + <? + . s 8 m g )

4У

«1 V Ui t / U

+(t ~ u)}, (2)

where S4 = s — 4mJ, <i = / - m 2 , .ui = u — mf, i 2 = * + m 2 , u 2 = и + raj; and
К = ut - m4

b.

The explicit forms of the scalar functions D, С and В are given in the Appendix
A. The IR, divergencies are canceled out if one takes into account the contribution
of the soft gluon emission



where

and kc is the soft gluon energy cut and ft = d\ —'
The cross section of hard gluon emission is evaluated numerically. The matrix

element squared is calculated by using FORM and also by means of COMPIIEP
system [23]. The results are quite lengthy to be presented here and coincide with
each other numerically. The integration over three-particle phase space is done by
using Monte-Carlo integration routine VEGAS [27]. Special care is laken to handle
sharp peaks of the cross section arising when gluon is soft and when gluon is emitted
along the quark or anti-quark momentum and corresponding to the infrared and
collinear singularities. In order that VEGAS algorithm converged fast enough all
the singularities must be running along the axes of the integration variables (see
detailed discussion in [28]). We take gluon energy, the denominator of the quark
propagator and quark and anti-quark production angles as integration variables, so
that the infrared and collinear as well as i-channe] singularities all run along some
axis.

The total cross section for bb production can be cast into the form [16]

where f++\- depend on the dimensionless variable s/(4mj) only. In Table 1 the val-
ues of the functions fl±X- a r e presented for various helicity states of initial photons
and for the case of unpolarized photon collisions versus gf(4m%). Both f+l and /J.J1
are not suppressed at high energies, because no angular cut is imposed in Table 1
(c/.' Section 2). While Д _ is always positive and monotonically rising, Д ' | lias a
minimum near to ,s/(4mj) ~ 9, where it is negative. The value of /Ц at thresh-
old is not zero due to a familiar Sommerfelds rescattering correction. The values of
one-loop correction function /,„{„[ obtained for unpolarized photon collisions

f(o.i) _ ] /Ho.i)
Jmpcl - 2 V++

agree with the results of papers [1С, 17] to the accuracy better than 0.3%.
The total cross sections calculated up to the order a2a, are given by the sum

of the tree-level contribution (Section 2), the interference term between the one-
loop and tree-level contributions, and the tree level contribution from the quark
pair production accompanied by the gluon emission 77 —» qqg. The first two
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Table 1: Functions / ' u l ' for various values of —^ for polatiml ami unpolariy.od

incoming photons.

contributions lead to two paii.ou liiial stall's converting mainly into two jots, while
the third one lends to the three |>artcm production converting both into UVo- and
threivjel, liiial states. The reason is thai three partoti liuul states with collinear
and/or soft gluon will appeiu- cxpcnnu'iilally as two jets. Moieover. unly the ниш of
cross sections of qij and i/iji] pioiluition with the soft иг coHinear ghion is free from
infriircil diveigeiiries anil has no nuiss singularities in the limit in,, —> 0. So. as usual,
wo. consider the three pnrlou stale to represent the two-jet final state if the invariant
mass of two partons is siillieienlly small

where .4,j = (;>,- + ;)j)2 is the invariant mass squared of two partons / and j and ,/*-,.,

is the. total r.m.s. energy of twu rollidinj; photons.

Fig. 2 shows the total (i.e. two-jet phis three-jet) ami two-jet (//„,, = 0.0S)

сгоая sections for the bbjee ]tn\r proclm'tion in polarized monochromatic n collisions.

Throughout we use a two-loop expression for a,(Q'2) with Л = 200 MeV. Q2 = .•<

and Np = 5 as the. nimtlier of flavors. We take ?»|, = !i GeV and in,. = 1.5 (ieV.

The angular cut |cos0| < 0.7 means a ni l on the scatteriiig angles of both quark

and anti-quark. This choice is dilferenl from that used ill [ID], where only tile quark

scattering angle is restricted.

While the QCD corrections for the J: = ±2 photon hrlicit.ies are quite small,

those for J. = 0 enhance rf. prodiu'tion by an order of magnitude or even larger. For

the lib production the situation is more complicated: the corrected total cross sect inn

is smaller than the tree level 77 -» hb cross section for </*^ < 85 O V ami larger

for larger energies. The effect is more pronounced for the two-jet production.

For small values of ynll < 0.04 the two-jet differential cross section in ./-=0

channel is even negative in some regions of the phase space. Fig. !! gives the dif-

ferential cross sections for the hh pair production versus the scattering angle at



y = 100 GeV for various liplicity states of initial photons and various cuts. As
it is shown in Fig. 3a, for J: = 0 and ycat = 0.04 differential cross section becomes
negative in the central region of the scattering angles. This means that for the lib
production at ^/Щп ~ Ю0 GeV all the three contributions (Born, virtual and real
gluon emission) are of the same order of magnitude* and perturbation expansion is not
va.lic! for too small values of j/ , , , | < 0.04. This is unlike the case of the c.c production,
where the real gluon emission contribution still dominates for yent = 0.04.

To elucidate the breakdown of the perturbative expansion for bb production in
the J. = 0 channel at high energies we present the sum of virtual and soft gluon
emission contributions in the limit л , - / , — it ;§> mjj under the double logarithmic
approximation

It is this large negative double logarithmic contribution which makes two-jet cross
section negative. Normally, (and this is the case for Jc = 1 channel) In 2(s/m 2) terms
are cancelled out. This is a consequence of the Kincshita-Lee-Nauenberg theorem [29]
stating that cross sections integrated over all degenerate in energy final states are free
from mass singularities. However, this theorem is trivially fulfilled for Jz — 0 channel,
as Born cross section, virtual correction and soft gluon emission are all equal to zero
for тпь = 0. The cross section of the bard gluou emission <r(iy —» bbg) in principle is
not suppressed in the J. = 0 channel in the limit tni = 0. But selecting only two-jet
topologies for yeui С 1 we suppress also the cross section of the hard gluon emission.
It is worth mentioning, that cross section of bbg production also contains subleading
double logarithmic terms of the. order О(o/'2a1ml/.s\u(s/m^)\n(s/k')), but they do
not completely cancel the double logarithmic terms (8). Consider two final state jets
to lie in the central region of the detector with | cos 0\ < Д z <g J. Then Jz = 0 cross
sections are given by



The last cross section was calculated in ref. [7]. We take kc = \ftl'l in (8) to take
into account a partial cancellation of double logarithmic, terms between contribution
(8) and the hard gluou emission contribution, calculated for finite value of ть ф 0.
The ratio of а">П+^/сЧогЛ ; s e ( ] | i a l l o _2а,/тг lnJ(s/m?) and at 100 GeV virtual
collection is (—2.7) times larger than Born cross section of bb pair production! For
a yeut of 0.02, as it has been used in [7], virtual correction is also (—2.5) times larger
than the cross section of bbg production at ^/tZ^ = 100 GeV. For cc production both
virtual correction and Born cross section are an order of magnitude smaller and total
cross section is dominated by ccg production contribution. Therefore, the approach
of [7], where only contributions from the radiative processes 77 —> ccg, bbg have been
taken into account in the limit mc = mj = 0 and stringent value of-tfcui = 0-02 has
been used to select two-jet-like events, might be relevant for the cc production, but
is definitely not applicable for the bb production, where higher order resummation
of double logarithmic terms is necessary. However, for a loose value of y№l = 0.08
and a nonzero value of the 6-quark mass the cross section of the radiative process
77 —v bbg is large enough for the total cross section to be always positive.

Note also that in the limit пц — 0 one-loop amplitude itself is infrared finite, so
we can calculate the ct^ot2 correction in the zero quark mass limit by just squaring
the one-loop amplitude

, = 0) 8 « ; « » Q j ( t - u ) a

K 'di 3ir.o* tu •

However, numerically the contribution (10) is negligibly small in the central region.
As one can see from (4.1)-(4.4) the sum of the cross sections of the qq produc-

tion and qqg.production with the soft gluon does not depend on the gluon mass A.
The cancellation of the dependence on kc (the soft gluon energy cut) was checked
numerically in each case of the two- and three-jet event selection cuts used . For
testing the integration method the 2-jet cross section was calculated in two different
ways: as a difference between total and 3-jet cross sections and directly using the
corresponding cuts for the invariant masses (7). In both cases similar values for the
2-jet cross section were obtained.

For comparison with the results of paper [19] we have calculated the total
(2-f-3)-jet, 3-jet and 2-jet cross sections using their cuts. The results are slightly
different. We obtained that the total cross sections calculated using our expressions
are about 15 — 25% larger than in [19] in both cases of J5_= 0, ±2. Our 3-jet cross
section is about 5% larger for Jz = ±2 and about 10 — 15% smaller for Js = 0 than
those from [19]. But these small differences lead to larger discrepancies for the 2-jet
cross sections. For example, at y/s = 40 GeV for Jz = 0 we have got 2-jet cross
section which is about 80% larger than that from [19].



5 Higgs Boson Production at Photon Linear
Collider

As has been mentioned above, a photon linear collider provides an excellent pos-
sibility of searching for the intermediate mass Higgs boson through the resonant
77 —> # —> bb production. In this region of mass, the dominant background to
such a process will be the continuum production of heavy quark pairs. As it is dis-
cussed previously, at the tree level the quark pair production cross section far above
the threshold is suppressed by a factor of mjj/з if two initial photons) are in the
Л = 0 helicity state from which the Higgs signal comes. So, the use of the J . = 0
dominated photon-photon luminosity distribution reduces the number of background
events. Another requirement is that the 77-Iuminosity must cover the entire inter-
mediate mass region [6]. We make here the same assumptions as in [6], i.e., we
choose the broad photon-photon luminosity spectrum resulting from polarized linac
electrons and laser light for A7AC > 0, Ae = 0.9, A7 = 1, parameter x = 4.8 and
geometric factor p — 0.6 [6, 24]. We also assume that the linac beam energy equals
125 GeV and the integrated effective luminosity is 20 fb"1. In Fig. 4, the luminosity
distributions for the machine parameters mentioned-are plotted.

Our task is to compare the signal and background event rates taking into account
the QCD corrections. Fig. 5 shows the event rates of signal and background two-jet
final states in photon-photon collisions at tiee level (a) and taking into account QCD
corrections (b). • We ignore here the backgrounds from the E7 —> cZ —» abb and
77 ~* / / 2 processes [26], which are essential for тц ~ raz. The backgrounds
coming from the resolved photon contributions 75 —> bb, cc are also shown. While
resolved photon contributions make it very hard to observe the intermediate mass
Higgs signal at the 500 GeV linear collider [11] (see, however, recent analysis [12],
where conclusion is done that using optimized cuts still it will'be possible to extract
Higgs signal in the range 110-140 GeV at 500 GeV), these backgrounds are much
less significant at 250 GeV due to a steeply falling gluon spectrum (see also [G, 14]).
QCD corrections to the Higgs decay into bb [25] are also taken into account. We
use a cutoff |cosfl| < 0.7 in the laboratory frame and not in the c.in.s. frame as in
[6]. Cut in the laboratory frame gives a slightly better statistical significance of the
Higgs signal. Finally, we assumed 5% cc-io-bb misidentification probability. Thus,
the combined background (i.e. bb-h O.OScc) is represented by the dotted line and can
be compared with the signal denoted by the solid line (Fig. 5b).

Fig. 6 presents the statistical significance of the Higgs boson signal estimated
from the tree level and the one-loop calculations including the resolved photon con-
tributions. This plot assumes a 50% &t-tagging efficiency for the bb final states and
the resolution for reconstructing the invariant mass of two-jet events to be Gaussian
with FWHM = O.hnjj- From this figure one can conclude that it is advantageous
to select two-jet final states and to impose the angular cut in the laboratory frame.
The account of the QCD corrections reduces the statistical significance of the Higgs
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signal almost by ;i fiictor of two in comparison with the tree-level result. Neverthe-
less, the intermediate mass Iliggs buson can be observed ill 77 collisions at least ai
the level vl Ьа in the mass interval from HO to Kit) GeV.

On the other hand, if the intermediate mass Higg.'i Ытеоп is discovered, tlie I'LC
gives the best np|Hirtiinity for measuring tlie ih-сау width of the fliggs hoson into
two photons by measuring the resonant product iuii ra le of the Ы> pairs, which is
|>ropoi'tinijnl to the H —» 77 decay width and the // —• bb decay branching ratio. To
measure lh<- two photon width it is more convenient to use the peaked 77 luminosity
distribution, which is obtained for the following combination of parameters: A, A., <
0, p > I. For this configuration, the hmiiiKwity distribution is fairly monochromatic
(~ 10% energy spread) and very highly polarized (> !)5%) [(ij. Fig. T shows the
corresponding 77 luminosity for both lirlirity state;, of two photons. The effective
luminosity of 20 П>~' is assumed and parameter /) is taken to be equal to 3.0 to
suppress the low invariant mass tail of the luminosity distribution function.

Considering only lifc-linal states, Fig. 8 gives the expected event rates for the signal
and background processes at the tree level and including n,-corrections. Collider
energy is chosen so that the peal; of the luminosity spectrum coincides with the mass
of the Iliggs boson. As in [(>], it is assumed that a window in the invariant mass
of ±'2<T around the fliggs mass is u«><l for the measurement and tJic resolution for
reconstructing the invariant mass of two-jet events is Gaussian willi F\\'IIM=0.1 A/;f.
In both cases the angular rut |rosO| < 0.7 in the laboratory frame is used, as
analogous cut in the c.m.s. frame gives smaller signal to background ratio.

Ill Fig. !S the expected statistical errors in the measured two-photon width of
the HiggH boson are plotted. For comparison we have presented tret- level results
with the cut | ros0 | < 0.7 in both c.m.s. and laboratory frames, and one-loop QCD
corrected results in the laboratory frame. Again, 20 fb"' of the integrated effective
luminosity and 50% bb tagging e.llirn -'cy with the Я% ее contamination are assumed..
As one can see from Fig. 9, for the above mentioned parameters tho two-photon
rliggs boson width can be measured with the statistical error of ()-!>% in the wide
range of Higgs mass <10-r-150 (!<'V. Of course, a more detailed analysis, including full
detector simulation, could somewhat modify our estimates of the inllucuce ;>f QCI)
radiative corrections on the statistical significance of the Iliggs signal in photon-
photon collisions,

6 Conclusions

In the present paper we consider the inlluenre of the QCI) corrections on the back-
ground rates for the intermediate, mass Higgs boson signal in Hie process 77 -> 11 ->
bl. We have derived compact analytiral expressions for the o,-corrections to tlie ma-
trix element of the process 77 —• Wi(cf) and have calculated QCI) corrected heavy
quark pair production cross sections in polarized 77 collisions. The total cross sec-
tions to the order n2ct3 are calculated retaining the drpendance on the quark mass.
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Fig. 1, Diagrams for QCD 0(a2Qj)-corrections to the heavy quark production in 77
collisions.
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Fig. 2. bb/c.c-]vMT production cross sections in 77 collisions for various liclicity states

of colliding photons. Solid lines correspond to 77 -* lib cross sections at tree level,

dashed lilies - to the radiatively corrected bb production cross sections; dotted lines
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cc-pair productions; (a) total cross sections (i.e. two-jet plus three-jet), (b),and (c)
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Fig. 3. Differential cross sections of the ЬЬ-pair production versus b-quark scattering
angle at \fs = 100 GeV. Solid line corresponds to tree level cross section, dashed
line - total cross section, dash-dotted line - two-jet cross section with y^i — 0.08
and dotted line - two-jet cross section with yM = 0.04; (a) cross sections for Jx = 0
and (b) for Jz = ±2.
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intermediate-mass Higgs boson. The integrated e+e~ luminosity of 20 fb"1 is as-
sumed.
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Fig. 5. Expected event rates for search for an intermediate-mass Higgs boson in
two jet events. Solid lines correspond to signal events, dashed lines - to background
events (77 •*+ cc and 77 —» ЪЪ), «lash-dotted lines - to resolved photon contributions
(77 -» ЬЦсс)}- (a) tree level results and (b) signal and backgrounds with QCD
corrections. Dotted line in Figure (b) corresponds to the total background (bb+cc).
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The cross sections are given by Uie sum of the tree level cross section, contribution
of the interference term between tlie ov-correction and the Born amplitude, and the
cross sections of quark pair production accompanied by the real gluon emission. The
last contribution generates 3-jtst events and 2-jet events in the case of radiation of
soft or coliincar gliion. The contribution of QCD radiative corrections is crucial in
the Jz = (J channel for cc production enhancing the cc event rale by an order of
magnitude due to a real gluon emission contribution, which is not suppressed by a
factor of IH^/S as is the Born cross section. For bb production the situation is more
subtle. For small values of ycnt < 0.04, used to separate two- and three-jet final
slate topologies, virtual correction is negative and of the same order of magnitude as
Born ami bby production contributions, so that two-jet cross section in the central
region is BVGII negative. The origin of this large negative contribution lies in the
double logarithmic contribution О (a2a,ml/s 1п2(.ч/т|;)). Thus, [or loose values of
2/cui = 0.08 backgrounds coming from continuum bb[g) production are negligible in
comparison to ones from cc(#) production and one might speculate that the same
situation takes place for more stringent values of t/tII| [7]. However, strictly speaking,
to safely estimate bb[g) background for small values of ymi the summation of double
logarithmic terms is needed.

As a result, we have calculated the backgrounds for the Higgs signal in two-
jet events at PLC. It lias been shown that the intermediate mass Higgs boson can
be observed at the level of 5c in the mass interval from 40 to 150 GeV for broad
spectrum of photon-photon luminosity distribution using suitable cuts. We have also
considered the influence of aj-corrections on the measurement of the two-photon
width of the Higgs boson using the peaked 77 luminosity. It is shown that for the
integrated luminosity of 20 fb""' a measurement of the intermediate mass Higgs boson
width T(ll —> 77) is possible with the statistical error of about 6-9%.

We are grateful to D. Borden and 0. Eboli for helpful discussions, This work
was supported in part by the International Science Foundation grant NJROOO as well
as in part by the joint ISF-RFBR grant NJR300, and in part by the INTAS grant
93-1180.

Appendix A

The scalar four- and three-point functions used are given by the expressions:

J f<72 - ml )2 - ml)[(q + P l + V2Y -
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where p] = 0, Яг = 0, j ^ = mg and JJJ = т(, Р=ф- тш-

pi + p 2 •+ p 3 = 0, p\ = л, ;;| = ml and /*{ = ntf.

- "Ш'1 + Prf - Л2К(</ + Pi + Ihf - ml)

! + V-i — 0> v\ — '> v\ — ml '4>il PJ} — 0.

iir2 У f я'- - 7n?)((n + »i )2

(1)

1h + p-i + № = 0, p\ - 0, pi = 0 and /^ = s.
Only the following combinations of two-point functions arc present in the final

answer
Д(«) = B(s) - B(ml), B(t) =

where B(s) and 13(1) are the following scalar integrals:

p 2 = .s, and
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1>2 = /. T i m s ,

and

([^) (8,
Tim Functions Ci[u) and B(u) can be obtained by replacing / —•> » in d ( / )

13(1).
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Джикна Г.В.,Ткабладзс А.13. • E2-96-3I

КХД-иоиравкн к образованию flap тяжелых частиц в поляризованных

фотонных соударениях и сигнал Хипса промежуточных масс

Вычислены одиопстлевые КХД-поправки к сечению образования пар тяжелых кварков

в поляризованных фотипнм соударениях. Для оценки сечении дпух- » трехструнных событий

вычислены также сечения древесных процессов излучения глиста тяжелыми кварками и конечном

состоянии. Показано, что и поляризованных фотонных столкновениях юзможны поиск xiurcoiioro

601011а промежуточных масс и прецизионное измерение двухфотонпой ширины расиала Хштса.

несмотря на то. что статистическая достоверность для обоих случаев уменьшается по сравнению

с результатам» дрепееммх вычислении. Показано, что при больших энергиях и для мапык значений

параметра )' ( Ы. введенного дот разделения цвух- п трехструнных событии', ниртуамышс поправки

в канале J. = 0 того же порядка или больше, чем борцовский пклал. Изучен источник тамм больших

поправок. В случае образования пар М>-кварков при ^ * ^ ~ ЮО ГэВ и v i u / S 0 . 0 4 необходимо

суммирование дважлы логарифмических членов высшего порядка Otonnjj/.v In" (j/mj)),

Работа выполнена о Лаборатории теоретической физики им. Н.Н.Боголюбова ОИЯИ.

Препринт Объелннсшюго института ядерных iiccjiciionainni. Дубна, 1996

Jikio G .Tkabladre A. E2-96-31

QCD Coireclions 10 Heavy Quark Pair Production in Polarized yy Collisions

and liic Intermediate Mass Higgs Signal

Pcrturbalivc QCD one-loop corrections 10 Ihc cross sections of the W^r?) quark pair production

in polarized photon-photon collisions, as well ач cross section!; of the radiative processes

Л -> hhn, ccg leading to two- and thrcc-jet final states arc calculated. It is shown thai ihc signal

from the intermediate mass Higgs boson is observable and precise measurements of the Higgs boson

two-photon width arc possible at a photon-photon collider, although the .statistical significance

is substantially reduced with respect to Ihc tree level calculations. We demonstrate thai virtual corrections

are of Inc same order or larger lhan the Born contribution in (he J, = 0 channel al high energy for small

values of (he cutoff ynp separating two-jcl from ihrce-jc! topologies. The nature of these large corrections

is elucidated. For bb pair production at V«^ - 100 GeV and for small values of v ( W й О.(М Ihe higher

order re-summation of double logarithmic terms O f a ^ / j In2 (\/n?h)) is needed.

The investigation has been performed at Ihc Bogoliubov Laboratory of Theoretical Physics. JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1996
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