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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 of the standard model (SM) in describing of experimental data of electroweak
interactions of gauge bosons and fertnians, no evidence, even indirect, for, the Higgs
boson sector of the theory has been given yet. Much has been written on the scarch
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 (2myz) can be produced and detected in

its WHW~ 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 Lo 1 TeV (and larger than 2my ) can be discovered
at LHC il 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 (WW, Z Z),
90 GeV< my < 2mw(mgz). Discovery of the intermediate mass Higgs bosou at
Hadron Colliders is possible through the rare decays with light leptons and photons
in final states, H — ZZ* — I*I7I%(=, H — 7y {3], or associated W H production
W H — lyyy [4]. The combination of these "aodes provides a possibility of covering
the whole intermediate mass region at LHC only in the case when the 4+ resolution
is adequate to resolve the H — v signal and high luminosity (L = 10° pb~!)
is achieved [3, 4]. For the SM Higgs 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 bosos
" through the resonant production [5, 6, 7, 8, 9, 12]

4 = H ~ b, 1)

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

nosity, i.e. c.m. energy of 100-500 GeV and luminosity of the order of 10*? ¢cm™25™!



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

Extracting the intermediale mass Higgs signal in photon-photon collisions is
a hard task since a large number of bb/cé background events musl be rejected
5, 6, 11, 12]. The crucial assumption is that these large backgrounds can actively
be suppressed by exploiting the polarization dependence of the cross sections. Tar
above the threshold, the 44 — 4 cross section is dominated by initial photons in
the J, = +2 helicity state. Taking into account that the Higgs signal comes from
the /. =0 cli.anne], polarized collisions can he used Lo enhance the signal simulta-
neously suppressing the background [5, 6] (see also a detailed discussion in [7, 12]).
The search for intermediate-mass Higgs requires not only luminosity distribution
dominating at J, = 0. Anoither imporlant requiretnent to -, -luminosity is that it
must cover the entire intermediate mass region. Utilizing the broad photon-photon
luminosity at fixed linac energy of 125 GieV provides high «y-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 speclrum is meore convenient, it could be obtained by choosing the
collider encrgy 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 — vy 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 mcasurement of the Jf — 4 coupling would give fundamen-
tal information abeut the particle spectruny 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-plioton collisions. 1t
provides an opportunity to investigate nontrivial assignments of the quantum uum-
bers for Higgs particles in extended models such as supersymmetric theories which
include both scalar 0% and pseudoscalar 0~F 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 ¢ production in the J; = 0 helicity state, where
the tree level contribution is suppressed by the factor of m2/s. We presented our first
results on the one-loop QCD corrections to the bb/cz quark pair preduction in polar-
ized photon-photon collisions in (18], The lowest order cross section, one-loop virtual
corrections and gluon emission contributions were shown to be of the sane order of
magnitude for the bb quark production at /Sy ~ 100 GeV in the J; = 0 channel, -
while QCD corrections were found to be quite small for J; = £2. The cross section
of two-jet final states in bi(g) production for J; = 0 even lappened to be negative
for small values of y.. (which were used c¢.g. in {7], where only radiative processes
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of bby production were Laken into account for ny, = 0). Here we present complete
analytical results for the one loop QCD corrections Lo the polarized cross sections
and to the matrix element of the process 4y — bb{eé) retaining the full dependence
on the quark mass. We also carefully analyze the nature of the pecnliarities of the
corrections fur 66 production at high encrgies in the J. = @ channel. We exploit a
tensor reduction algorithi [21] Lo express the cross sections and amplitudes in terms
of the set of basic scalar loop integrals. This leads to very compact expressions for
one Joop contributions for polarized cross sections.

Recently, the next-to-leading order corrections to the heavy quark pair produc-
tion cross sections in polarized photon-pheton colfisions have been also presented
in ref. [19], where dimensional reduction have been used to regularize both ultra-
violet and infrared singnlarities. Authors of vel. [19] cousidered the eflects of the
QUD corrections an the backgroumd events for the Higgs signal from direct bi(g)
production only for Higgs bosen production at the photon machine obtained from a
500 GeV cte™ linear collider. However, it has been explicitly shown i refs. {11, 12].
where all backgrounds from two-jet productions were included: diveet, so-called re-
solved dnd twice-resolved efe., that the major contribution to the background at
500 GeV is the l-resolved coming from the gluonic content of the photon. not the
direct. Another backgrounds oceur in processes where e-guarks are produced instead
of b-quarks. Since charm production is mueh larger than b production. dne to the
e-quark’s stronger coupling to the photon, it represents an important backpround
even with good b-tagging and a low probability thal e-quark is misidentified as a b,
The charm background is also not considered in [19].

Lu present paper we study the effects of QUD corrections on the ability of PLC to
discover an intermediate mass Higgs boson for the case of a photon collider operating
at around the Higgs resonance based on the e*e collider with energy /s = 250 GeV.
The resolved photon backgrounds are much less significant at 250 GeV o due to a
steeply falling gluon spectrum. We use dimensional regnlarization to regulate ultra-
violet divergencies and introduce a small glnon mass A to regulate infrared divergen-
cies. Analytical results are given in Sections 2-4 and Appendices A, B. In seetion 5
numerical results are given. It is shown that, taking account of the QCI corrections
reduces the signal-to-background ratio but the intermediate mass Higgs boson sig-
nal is still expected with statistical significance of about 5a. The influenee of QCH
corrections on the precise measurements of the Higgs two-photon width nsing the
peaked vy luminesity is also considered.

2 Born Cross Sections

At the tree level Lhe cross sectious of the quark-antiquark paiv production in the
photon-photon fusion reaction

- Fp)r(p2) — b(pa)bipa) ’ - (1)



for various helicily states of the collidiug pholons have the form
da? (I, = 0)  125e®Q) mist(s — 2m})
dt T it

) (2)

and
lgBern( ), = ﬂ:2) 12702Q} (tjuy — m,,'»)(ul + 12 4+ 2m}s)

dt 52 IH )
We have introduced the following notation: py, py are the photon momenta, pa and
pa are quark and anti- quark mamenta. s = (p +m)% 1= (g —ps},u = (0 — pa),
t) =18~ mb, U =u— mb.

The J. = 0 cross section is suppressed by m}/s factor at high encrgies 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 a,-corrections for the process vy — 6b 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 the corresponding counterterms) can be
written as follows

T (yy = bb) = e?ga(s, 1, u)ﬂ(m)(j,—u(p,;) +(t oy, p3 o py), )
where the set of the operdtors O; is given by

()| = (6182)7 O :ﬁ (6|P2)

Qz {e1ps)(eapa), .7 = pi(erps)(e2ps),

(?3 = 51131(621’3) - ézﬁl(ﬂms), /8 =¢& f‘-

Oq = éi(eaps), o = &ié ;3

Os = é2('311’3),

Here ey, ey are the photon polarization vectors. To simplify the final expressions,
photon polarization vectors are chosen so as to fulfil the refations (e;p;) = 0 and
(expe) =0

The coefficients a;(s,!,u) 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 symbelic 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-finite and
‘gauge invariant. To avoid infrared singularities, we have introduced an infinjtesimal
mass of the gluon A.



4 QCD One-Loop Corrections to Polarized
Cross Sections

The cross sections Lo order a?a, ave determined by the interlerence between one-loop
and tree level contributions given in the previous sections. For the different helicities
of two plhotons (J. = 0 and J; = £2) they have the form

do(.J. = 0) _ oo, Qf

di 52
16mis

2mis
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where s = s —dmf, h = t —m}l, us =u—m}, {3 = t + m}, wp = v+ m] and
Y =ut = mj.

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

do.aoﬂ doiree a0t

& ' 3)



\;vhere
Reolt = %‘f{(;l + -;—(1 - 2_7:_"2)1,1(%{%)) ln(2_'l:£) ¥
(R w(- (0 -l @

. and k. is the soft gluon cnergy cut and f = /1 — 4mn?/s.

The cross section of hard gluon emission is evaluated numerically. The matrix
element squared is calculated by using FORM and zlso by means of COMPHEP
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 taken 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 t-channel singularities all run along some
axis.

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

(5)

" o Q 0 4“: .
o = S [y de ],

where fio*'_ +- depend on the dimensionless variable s/(4m3?) only. In Table 1 the val-
ues of the functions f{}! ity +_ are presented for various helicity states of initial pholons
and for the case of unpolarized photon collisions versus w/(!lmb) Both f(o) and f ()

are not suppressed at hl%h energies, because no angular cut is imposed i m Tablc 1
(¢f. Section 2). While f+_ is always positive and monotonically nsmg, f++ has a
minimum near to s/(dm}) ~ 9, where it is negative. The value of 79 4t thresh-
old is not zero due to a famlllax Somnmerfelds rescattering correction. Tl]e values of
one-loop correction function f,m,m, obtained for unpolarized photon collisions

1 .
Lo =5 (180 + 1) (6)

agree with the results of papers {16, 17] to the accuracy better than 0.3%.

The total cross sections calculated up to the order o?e, 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 yy — ¢fg. The first two
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Table 1: Funetions fOY for various values of ﬁy for polarized and unpolarized
. b B

incoming photons,

contributions lead to two parton final states converling mainly into two jets, while
the third one leads to the three parton production converting both inte two- and
three-jet final states. The reason is that three parton final states with collinear
and/or soft gluon will appear experimentally as two jets. Morcover, only the sum of
cross sections of g7 aud g4y production with the soft or collinear gluon is free from
infrared divergencies and has no mass singularities in the limit m, — 0. So. as usual,
we consider the three parton stale to represent the Lwo-jet final state if the invariant
mass of two partons is sulliciently small

8ij < YoutSanqa (7‘

where s;; = (p; +p;)? is the invariant mass squared of two partons ¢ and j and /&
is the total can.s. energy of two colliding photons,

Fig, 2 shows the total (ie. iwo-jet plus three-jet) and two-jet {yon = 0.08)°

cross sections for the bh/cg pair production in polarized monochromatic 47 collisions.
Throughout we use a two-loop expression for a,{@?) with A = 200 MeV, Q% = «
and Np = 5 as the number of flavors. We take my, = 5 GeV and . = 1.5 GeV.
The angular cut [cos8] < 0.7 means a cut on the scattering angles of both quark
and anti-quark. This choice is different from that used in [[9]. where only the guark
scattering angle is restricted.

While the QCD corrections for the .J; = =2 photon helicities are quite small,
those for J; = 0 enhance ¢& production by an order of magnitude or even larger, For
the 8 production the situation is more complicated: the correeted total eross section
is smaller than the tree lovel 44 — 0b cross section for /5y < 85 GeVoand Larger
for larger energies, The effect is more pronounced for the two-jet production.

For small values of yer < 0.04 the two-jet differential cross section in J =0
chanuel is even negalive in some regions of the phase space. Fig. 3 gives the dif-
ferential cross sections for the bh pair production versus the scattering angle at
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VS = 100 GeV for various helicity states of initial pliotons and various ents. As
it ts shown in Fig. 3a, for J. = 0 and ey = 0.04 differential cross section becomes
negabive in Lhe central region of the scallering angles. This means that for the b
production al /5., ~ 100 GeV all the three contributions (Born, virtual and real
gluon emission) are of the same order of magnitude and perturbation expansion is not
valid for too small values of y.,, < 0.04. This is unlike the case of Lhe ¢& production,
where the real glion emission contribution still dominates for y.,, = 0.04.

To clucidate 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 s, —4, —1 3> inf under the double logarithmic
approximation

L doeltvir(J = Q) da, ?Qlmi [ s g, 8
dcos - s ry _2(7 u)l“ ('"_lb—)
2 In( =) + 4 1n(~—
+ I u(mf) n( 2) n(—ﬁ)
Rl 5 s 1
+u—'zl"("?) (ln(ﬁ)-f-lﬂn(—ﬁ)) (8)
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! lf) " m} ‘_-mg)

52 &* 5 3 s 4k?
—-2( t_‘ + ;‘—2 - 2;‘ - 2;‘)11]('"1—3) lll(m.bz)}
It is this large negative double logarithmic contribution which makes two-jet cross
section negative. Normally, (and this is the case for J; = 2 channel) In*(s/m?)} terms
-are cancelled out. This is a consequence of the Kinoshita-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 J; = 0 channel,
as Born cross section, virtual correction and soft gluon emission are all equal to zero
for my = 0. The cross scction of the hard gluon emission a(yy — bbg) in principle is
not suppressed in the J. = 0 channel in the limit m; = 0. Bul selecting only two-jet
topologies for yeue < 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 O (ea,m}/sn(s/m¢}In(s/k2)), but they do
not completely cancel the double logarithnic terms (8). Consider two final state jets
to lie in the central region of the detector with |cosd] < Az < 1. Then J; = @ cross

sections are given by ,_.,
Ao,[iorn 1927‘-&2@2 ﬁ Az
S 5
234 2
Agteftteirt _'3840-'0! G my In? iz Az (9)

] 8 m§
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The last cross section was calculated in ref. [7). We take k. = /5/2 in (8) Lo take
into account a partial cancellation of double logarithinic terms belween contribution
(8) and the hard gluon cmission contribution, calculated lor finite value of my # 0.
The ratio of g/t oo i equal Lo —2¢, /7 In?(s/m?2) and at 100 GeV virtual
corréction is (—2.7) times [arger than Born cross section of bd pair production! For
a Yewe of 0.02, as it has been used in {7}, virtual correction is also (—2.5) times larger
than the cross section of bby production at /&7 = 100 GeV. For ¢& production both
virtual correction and Born cross section are an order of magnitude smaller and total
cross section is dominated by cég production contribution. Therefore, the approach
of [7], where only contributions from the radiative processes 4y — &g, bbg have been
taken into account in the limit m, = ny = 0 and stringent value of-yey = 0.02 has
been used to select two-jet-like events, might be relevant for the ¢€ produsetion, 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. = 0.08
and a nonzero value of the b-quark mass the cross section of the radiative process .
44 — bbg is large enough for the total cross section to be always positive.

Note also that in the limit m; = 0 one-loop amplitude itself is infrared finite, so
we can calculate the a®a? correction in the zero quark mass limit by just squaring
the one-loop amplitude

do@(J.=0) 8cle?Q (t~u)
di Ins? e

(10)

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 ¢§ produc-
tion and qdg. production with the soft gluon does not depend on the gluon mass A.
The cancellation of the dependence on k, (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 methed the 2-jet cross seclion 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 resulis of paper [18] we have calculaied the total
(2+3)-jet, 3-jet and.2-jet cross sections using their cuts. The results are slightly
different. We obtained that the total cross sections calculaled using our expressions
are about 15 — 25% larger than in {19] in both cases of J. = 0,42. Our 3-jel cross
section is about 5% larger for J, = -2 and about 10 — 15% smaller for J, = 0 than
those from [19). But these small differences lead to larger discrepancies for the 2-jet
cross sections. For example, at /5 = 40 GeV for J; = 0 we have got 2-jet cross
section which is about 80% larger than that from [19].
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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
vy — H — bb production. In this region of mass, the dominant backgreund to
such a process will be the continuum producticn 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 mn¥fs if two initial photons are in the
J. = 0 helicity state from which the Higgs signal comes, So, the use of the J, =0
dominated photon-photon luminesity distribution reduces the number of background
events. Another requirement is that the «yy-luminosity must cover the entire inter-
mediate mass region [6]. We make here the same assumptions as in [6], i.c., we
choose the broad photon-photon luminosity spectrum resulting from polarized linac
clectrons and laser light for A A, > 0, A, = 0.9, A\, = 1, parameler z = 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 b=, 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 iwo-jet
final states in photon-photon collisions at tree level (a) aud taking into account QCD
corrections (b). - We ignore here the backgrounds from the ey — ¢Z — ebb and
9y — f[Z processes [26], which are essential lor my ~ mg. The backgrounds
coming from the resolved photon contributions yg — b, ¢ are also shown, While
resolved ploton contributions make it very hard to observe the intermediate mass
Higes 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 baclgrounds are much
less significant at 250 GeV due to a steeply falling gluon spectrum (see also [6, 14]).
QCD corrections to the Higgs decay into bb [25] are also taken into account. We
use a cutoff | cos @] < 0.7 in the laboratory frame and not in the c.n.s. frame as in
[6]. Cut in the labaratory frame gives a slightly better statistical significance of the
Higgs signal. Finally, we assumed 5% cB-to-bb misidentification probability. Thus,
the combined background (i.e. -+ 0.05¢Z) 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% bb-tagging efficiency for the bb final states and
the resolution for reconstructing the invariant tnass of two-jet events to be Gaussian
with FWHM = 0.1my. From this figure one can conclude that it is advanlageous
to select two-jet final states and to impose the angular cut in the laboratory frame.
The account of the QCD correclious reduces the statistical significance of the Higgs
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sipnal almost by a factor of two in comparison with the tree-level result. Neverthe-
“less, Lhe intenmediate mass Higgs hoson can be ubserved in 7y collisions at least at
the level of 5o in the inass interval from 80 to 160 GeV.

On the other hand, if the utermediate mass Higgs boson is discovered, the PLC
gives thie best opportunity for measuring the decay width of the Iiggs boson into
two photons by measuring the resonant production rate of the bb pairs, which is
proportional to the H ~ yy decay width and the # — bb decay branching ratio. To
measure the two photon width it is more convenient to use the peaked 974 luminosity
distribution, which is ebtained for the following combination of parameters: A A, <
0, p > 1. For this configuration, the hininosity distribution is fairly monochromatic
(~ 10% encrgy spread) and very highly polarized (> 95%) 16]. Fig. 7 shows the
corresponding vy lnminosity for both lielicity stales of two photons. The effective
huminosity of 20 [h™" is assmmed and parameter p is taken to he equal to 3.0 to
suppress the low invariant mass tail of the luminosity distribution funetion.

Considering only bb-final states, Fig, 8 gives the expected event rates for the signal
and bhackground processes at the tree level and inehuling o,-corteetions, Collider
energy is chusen so that the peak of the luminosity spectrum coincides with the mass
of the Higgs hosan, As in 6], 1L is assned that & window in the invariant mass
of +20 around the Higgs mass is used for the measurement and the resolution for
reconstrucking the invariant mass of two-jot events is Ganssian with FWIHA =0, 114,
In hollr cases the angular cut cosd] < 0.7 in the Taboratory frame is used. ay
analogous cut in the cans, {rame gives smaller signal Lo backgrouud ratio.

In Fig. 9 the expected statistical ervors in the measured two-photon width of
the Higgs boson are plotted. For comparison we have presented tree level results
with the et Jeos 0] < 0.7 in both cans. and laberatory {rames, and one-loop QCD
corrected results i the laboratory frame. Again, 20 [h=" of the integrated effective
luminosity and 50% &b tagging elficis vey with the 5% cé comamination are assunied.
As one can see from Fig. 9, for the above mentioned parameters the two-photon
Higgs boson widih can be measured with the statistical error of 6-9% in the wide
range of Higgs mass 40+ 150 GeV, Of conrse, a more detailed analysis, including fulf
detector simudation, conld somewhat modify owr estimates of the influence of QCD
radiative corrections on the statistical significance of the Higgs signal in photon-
photon collisions,

6 Conclusions

In the present paper we consider the: influence of the Q1) corrections on the back-
" ground rates for the intermediate mass Higgs boson signal in the process vy — H —
bb, We have derived compact analytical expressions for the as-corrections to the ma-
trix element of the process ¥y — bb{(c&) and bave caleulated QD corrected heavy
quark pair production cross sections in polarized vy collisions. The total cross sec-
tions to the order oey, are caleulated retaining the dependance on the quark mass.
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Fig. |. Diagrams for QCD O(a?a,)-corrections to the heavy quark production in vy
collisions.
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Fig. 2. bb/cé-pair production cross sections in 4y collisions for various helicity states
of colliding photons. Solid lines correspond to vy — bb rross sections at tree level.
dashed lines ~ to the radiatively corrected bb production eross sections; dotted lines
- to yy — € cross sections at tree level and dash-dotted lines — to the corrected
cC-pair productions; (a) total cross sections {i.e. two-jet plus three-jet), (b),and ()
three- and two-jet cross sections, respectively, with yq,,=0.08.

16



do(yy —> bb) /dcos(®) Ipbl

2 jet ' ++, my, =05 GeV

1P f
-\ /
| /]

-1
10

10—2 |I".J_JI'ILIII!]lLIIlIILIIJIJ_AL14L|IJ:!L]
-0.B8 -06 -0.4-0.2 0 0.2 04 06 08
cos(0)

Figure 3.q)

16



2 jet +~, m,=5GeV

10 |

do{yy —> bB)/dcos(0) [pbl

1
107" sl b b by e L 1
-0.8 -0.6 -0.4 -0.2 0 02 04 06 0.8
cos(0)
Figure 3.b)

Fig. 3. Differential cross sections of the bb-pair production versus b-quark scattering

angle at /3 = 100 GeV. Solid line corresponds to tree level cross section, dashed
line — total cross section, dash-dotted line — two-jet cross section with ye. = 0.08
and dotted line — two-jet cross section with y., = 0.04; (a) cross sections for J; = 0
and (b) for J; = £2.
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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 {yy — cZand 77 — bb), dash-dotted lines ~ to resolved photon contributions
(yy = bb(cd)); (a) tree level results and (b) signal and backgrounds with QCD
corrections. Dotted line in Figure (b) corresponds to the total background {bb+ cZ).
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dash-dotied lines - to background events with QUD corrections and dotted line - to
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The cross sections are given by the sum of the tree level eross section, contribution
of the interference Lerm between the a,-correction and the Born amplitude, and the
cross sections of quark pair production accompanied by the real gluon emission. The
last contribution generates 3-jet cvents and 2-jel events in the case of radiation of
soft or collinear gluon. The contribution of QCD radiative corrections is crucial in
the J, = U channel for c¢ production enhancing the ¢ event rate by an order of
magnitude due to a real gluon emission contribution, which is not suppressed by a
factor of m2/s as is the Born cross section. For bb production the situation is more
subtle. For small values of yeur < 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 and bbg production contributions, so that Lwo-jet ¢ross section in the central
region is even ncgative. The origin of this large negative contribution lies in the
double logarithinic contribution @ (aza,mf/s lnz(s/mf)). Thus, for loose values of

Yeur = 0.08 backgrounds coming from continuum Il(g) production are negligible in
comparison to ones from cé(g) production and onc might speculate that the same
situalion takes place for more stringent values of y.. [7]. However, strictly speaking,
to safely estimate bb(g) background for small values of y.u the summation of double
logarithmic terms is needed.

As a result, we have calculated the backgrounds for the Higgs signal in two-
jet evenis at PLC. It has been shown that the intermediate mass Higgs boson can
be observed at the level of 5z in the mass interval from 40 to 150 GeV for broad
spectrum of photen-photon luminosity distribution using suitable cuts. We have also
considered the influence of a,-correclions on the measurement of the two-photon
width of the Higgs boson using the peaked 4+ luminosity. It is shown that for the
integrated luminosily of 20 fb' a measurement of the intermediate mass Higgs hoson
width T'(H — 77) is possible with the statistical error of about 6-9%.

We are grateful to D. Borden and O. Eboli for helpful discussions. This work
was supported in part by the International Science Foundation grant NJRQQO 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 {our- and three-point functions used are given by the expressions:

D(s,t) = —l—

i
dig
/ (02 = md) (g + »)? = m)((q -+ p1 + 12)* — m)((q — pa)? — )
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where p? = 0, p =0, p2 = mf and pl = mf, fA=yl- ;1—',’;
o) L / dlq
5) = T3 P P 2 :
! in ) (g2 = m){{g+ ) —mf)((q+m +p2)? = 22

] N 1 -8
z;{'"(;;g) w(~155)

e R R COR ) e

prtprtpa=0,pF =35 pi=mfand 2 =mi

#

) I/ dq
: it ] (@ = md) (g +p)2 ~ ) {g +pi + p2)2 = md)

1, (w% 72 .
L— mf{? B 'ﬁp(;tz) }' ()

Ptz =0,pi =1, p3 =mfand pi =0

It

O d'y
O = 5 | GG T
i i-p\
— E;h)z (—.-———[ +ﬁ) ) ) (4)

Ptmtm=0,pP2=0pi=0and pi=s
Only the following combinations of Lwo-point functions are present in the final
aliswer

B(s) = B(s) — B(m}), B(t) = B(t) — B(m}),
where B(s) and B(f) are the following scalar integrals:
_ ] dlq .
B(s) = F/ (¢ = md){q +p) —md)’ (3)
Pt =5, and . L
. i d'y
By — | ———v——» 6
0= / (¢* ~mi)(g+2)* )
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=1 Thus,

B(l):—-(l——%:f-) lu(l—’—’t—,é), (7)

18
B(s) = #n (—l—i-ii) )

The functions Cy{1) and B(w) can be obtained by replacing ¢ — u iu Cy(t) and

B(t).

and

Appendix B

m(s, tyu) = mb(; l)[ oy (TE o+ 2ty —Amp) + 260(1 — Am}) +4.¢!{’]D(s,t)
4 e . 2y al
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IMpunMaeTcA MOANMCKE Ha npenprHTEL, coobmens OGLeIHHEHHOTO MHCTHTYTA
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Hnnexke Temataka Leua nogurekn
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1. DxcnepuMeHTANLHAA DU3MKA BBICOKNX BHEPrHil 22600 p.
2. Teoperndeckan ¢hisHKa BEICOKMX IHEPriil 59200 p.
3. BxcnepuMentanbHan AciiTpoHHAd HIKUKa 7800 p.
4, TeoperHyeckan (pH3HKA HHIKHX IHEPrHiA 23400 p.
5. Matematuka 14800 p.
6. flnepHas CNEKTPOCKONMA H pagHOXBMHUS 12000 p.
7. du3luKa TAKEIBIX HOHOB 2200 p.
8. KpHorenuka 1400 p.
9. Yckoputenn 12200 p.
10. AsToMaTHIaUMA 0GPaGOTKI DKCNEPHMEHTALHEIX JAHHEX . 12200 p.
11. BoluHCIHTENLHAS MATEMATHKA ¥ TCXHUKA 14300 p.
12. Xumna 1200 p.
13. TexHuxa (hH3HYECKOTO BKCHEpHMEITA 21300 p.
14. Hccnenosanna TBepALIX TEN M XHAKOCTEH sucpHhiMu MeTogaMn 7200 p.
15. DrcnepuMenTanbyas Ghyu3Hka ANCPHBIX Peakuuii
NpH HUIKHX IHEPrHAX 2600 p.
16. NoaumeTphs H (hH3MKRA 3aIMUTh 2200 p.
17. Teopus KOHJEHCHPOBAHHOIO COCTOAHHA 12200 p.
18. Hcnons3opaHue pesynsTaTon
# MeTonos QiyHIAMEHTANbHBIX (PHIHYECKUX HCCIIENoBaHHH
B CMEXKHbBIX OONACTAX HAYKM M TEXHHKH 1800 p.
19, Brogminxa 1800 p.
«Kpatkue coobuenns OHSH» (5—06 Bhimyckos) 15000 p.

Moanucka MoxeT GuiTh odopmncHa ¢ moloro Mecaua roaa.

Oprany3auuaM M NMUaM, 3aHHTEPECOBAHHLIM B MonydeHuH H3menuit OHMAH,
cilleaiyeT MEpeBecTH (WK OTNPABMTH M0 NouTe) HEOGXOMMMYIO CyMiy Ha pacucTHEI
cuer 000608905 IHybuewckoro dunuana MMKB, rJly6ua Mockosckoit otnaerH,
n/una. 141980 MO 211844, ykaias: «3a noanucky Ha HizaHus OHSIH».

Bo mi6exanne HegopasyMeHuH HeoGXoMMMO YBENOMHUTE HINATELCKHA OTALT O
NpoU3BEACHHOI OMNaTe H BepHYTh «KapTouky NOAMHCYHKAY, OTMETHB B HEH HOMepa
W Ha3BaHMi TEMATHYECKHX KATEropHil, Ha KoTophle odopmnAercd mopmucka, Mo

anpecy:
141980 r. fy6ua Mockosckoit o6m.
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Dkua TB., Trabiaoe AB. E2-96-3
KXJI-nonpagkit & 06pazopasiin Nap THALIWX YACTHE B NOAKRNI0BAHHLIK
HOTONNLIX coyNapeRiaX it CHIaT XHITCY NPOMeRYTOUILIX MACC

Bumcnent omoneriestic KXI-nonpaski K coycimo oGpalonanns nap TRACAbIA KLAPKOB

§ HOMHPHIOBRNHLIA OTUHHEIX coy;lapeibiX. LM OlEHKI ceuciit qnyx- o TpexcTpyninx cobrmii
BLINHCACHL! TAXXE CEMCHIN APCBCCHBLIX NPOICCCOB HINYHCHHR TAO0OHA THARLHLIMIE KBAPKAMH B KOHCHIIOM
coctoxnmK, [Toka3aio, HTO 0 FOARPHIOBANBIX (GOTOHNHBIX CTONKHOBCHUAX BOIMDKNLL NONCK XHETCOROIO
GOI0HD NPOMEXYTOUHEIX M2CC M NPCUMIONNOE HIMEPCTIHE ABYXGOTOHNUON WHpHItH pachiua Xurrca,
HCCMOTPH Ha TO, TG CTaTHCTIYCCKas JOCTOBEPHOCTD JL% 000HX CY4ICB YMCHLILACTCH 1O CPABHCHNIO
€ peayALTATEMI HPERCCHBIX BLiHcTciHi. TToKaIano, Yo nps GORLILHX IHEPIIAX 31 JUTE MATLIX JHANCHME
h A ¥, B 0 VIR PAMICNCHIIY BRYX- 1) TPEXCTPYHHBIX COOLITHE, BUPTYQILHBIC HOMPanKi

8 kanwie J, = 07010 xc nopazka i Gonptue, Yesm Gopronckiit skaan. Hsyscit iictommik 1axix Gonapumx
ionpasok. B cnyvac ofipasesanun nap bb-krapxon npy \Js,ﬂ ~100 5B u v S 004 neobxoummo

2 2 2
CyMMUDOBAHHE JBRKAL AOMAPHMHUECKIX WIEHOB BLICUICTD FIOPYIKA Olom, Iyint{s/ m)).
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Jikin 5..Tkabladze A. E2-96-31
QCD Corrections 10 Heavy Quark Pair Production in Polarizcd yy Collisions
and the Intermediate Mass Higgs Signat

Perturbative QCD onc-loop corections to the cross sections of the bbcr) quark pair produclion
in polarized photon-photon collisions, as well as eross sections of the radidtive processes
Yy = bbg, ctg leading to two- and three-jet final states arc calculated. 1 is shown that the signal
from the intcrmediate mass Higgs boson is observable and precise measvrements of the Higgs boson
two-photon  width arc possible at a photon-photon collider, althopgh the statistical significance
is substantially reduced with respect to the tree level calculations, We demonstrate that virtual corrections
are of the same order or farger thon the Bom contribution in the J, = 0 channc! at high encrgy for small
valucs of the cutoff y,, separating two-jet from three-jet topologics. The naturc of thesc large corrections
is elucidated. For bb pair production at Vs, '~ 100 GeV and for small values of ¥, < 0.04 the higher

order resummation of double logarithmic terms O(u,m: /s In? s/ m:)) is needed.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, JINR,

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