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. Higgs boson search and study ~f the electroweak symmetry b_reaking mechanism will 
be major goals for the next ge11erati011 of supercolliders(l, 2]. -Despite excellent sue-

. cesse~ of the sta11dard inodel (SM} in •~escribing of experimental data of electrov,:ea~ . 
> . interactions. of gauge bosons arid ferniioris, no evidence, even iridirect, for. the Higgs .. 
/ boson sector a'f the theory has bee11 givenJet .. Mu'cli has'bee~\vritteri"m1 the search . 

fortheSM; Higg.s boson.at Ha~.ro~ Supirccilliders (seee.g.:ref[2]forrec:ent reviews 
and further references). · . . . ' . ·. . .• • · . . . - . . . · -··. • .·... . : : : · · 
. A: Higgs particle' with mass above 2mw. (21nz r~l:tu be.·produced 'and' detected in 

its· w+w- 6r z z· decay !ilode at high:energy h~dron'colliders because the contiduum · . · 
· of massive vector boson pair production is _significantly s~ail. U is generally believed· 

that a Higgs boson of mass _up to 1 :TeV (and larger than 2mw) can ):>e,discovered 
aCLHC if.the designJumiriosity is achieved.··, . ·. . . : . . .·· . .. ... 

;., The iuosf difficult range of tl1e Higgs boson:~_ass to pr~be at Hadroi{ ·colliders is .· 
:the so~callcd int'ermediate mass ;~gi~n, beyond the. reach. of. LEP: 200_ and ~~low the. 
mass, where the Higg~ has·a decay chariilel intq two massive gauge bosons (WW, zz); . 

, 90 CieV< ,mw~ 2rnlv(mik Discovery:or .t~e Jntermediate·mass, Higgs boson' at · · 
. lladron Colliders is possible-through•the rare. decays with light ieptons, and photons' . 

··· -.-iri final states,·•jJ ·- ;zz• :-+, i+i-z+z-:7/H::_;;.r/' [3];~i-~s·~_ociatedWH producti~n 
. WH'...:.+ lv7) (4]: The cornbinationof these modes provides·a pcissibilityof covering 

th~ whole intermediate I~ass region.' at LHC only in-th~ cas~ when the 71 ~esoliition 
is adequate to resolv~ the H -+ 17 signal and l{igh hp:~inosit~ (L = 105 ;pb:-1 f
is:achieved.[3, 4). -For the SM Higgs boson of inter~ediat~· ~a~s- pfiII1ary: decay 

•. mode is-H .-+ _bb but, m1fortunately, detection of Higgs through·;heavy quark·pairs is 
0 i~p~s~ible due to large QCD backgrounds (1 l: ' . . ~... . . . . .. . • 

. · .. · .. •. The collisio11 of high energy,· high iJ:ttensity ph~toh beams at the Photon Linear .. 
. : Coilider (PLC), obtained via Cornpfoll' b~cks-cattering of iaser beams off Hnac electron . 

··: beams, provides another opportunity_to search 'fo(an .int:ermediate:mass Higgs boson 
~hrci~gh the resonant production (5, 6, 7, 8, 9, 12) . . -

. Ba~ed on the e~ e,: linear coilider PLC willha;e alm9~t th~ same energy ~nd hihii
- __ n9s;cy, i.e. c.ni: energy of 100-500 Ge\f arid lumino~ity ~ftl;e ord~~ of 1033 __ cm-2s.,.1 
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[10]. Polarizing the lirrn{ele~tron~: and fa,ser ph~tons provides ~olariz1::a backseat~ 
tered photons as well as photon energy distribution needed. Colliding like:har:ided 
"electfon~ and phot.ons results iri -a flat disfribution of backscattered photons an·d col- . 
licling oppositely handed electrons a11d laser photons gives ~ peaked distribution of--. 
_b

1
ackscattered photons with energy just helow the e+ e:--collider energy.'. . . · 

Extracting the intermediate mass Higgs signal in photon-photon' collisions :is .. 
a ha~a' task since a large nu'mber of bb/ cc _background 'events , mus_t be r_ejected 
[5, 6, 11; 12]. The crucial assumption is that these large backgrounds' can actively 
be suppressed by ·exploiting. the: pola~ization dependence- of. the cross sections. Far · 
above· the threshold,. the /r/. ~ qq .cross· sectio11. is. domfoated .by iliitial photonsiii. 
the. Jz = ±2 helicity state. Takingintoaccmu1t that the. Higgs. signal comes from 
the Jz. ~ 0 channel,'polarized collisions can. be~ used to e,.nhance the signal simuJtac 
11eously supp;essiiig the background [5; 6] (see also a detailed disc1;ssion in [7/12]). 

. The search for' intermediate~mass Higgs' requires 'not only luminosity distribution 
"dominating at· jz _::;:;· 0. -A.n~ther imiiortant requi~ement to n~l~niinosity is· that' it 
must cover the entire intermediate mass r~gion; Utilizing the broad phot~n-phot.on . 
luminosity at fixed linac energy of 125. GeV provides high ·,1-luminosity and 'high 
photon pofa,rization o~er the wh9le regio·n of interest [6]. ' · · -

1 

' 

' . To study the prnperties of the Higgs boson of kpown 'mass, the peaked P.hoton: 
· "·photon himiii~sity spectrum is more m_nve11ient, it coulg be obtai11~d ~y choosing· the' 

collide~ ener~y so that· the peaf of )lie lumino~ify spect~uI;l si~~ at ,the. Hi~gs_bo~on 
·. mass:·The Higgs ho.son product10n m such colhs1ons 1Vould p~ov_1de an: accurate me.a" 

I 
·J 

_ l 

-l ·· surement of the_H:-::t,, coupling. This coupling is induc~d'at the one-loop le_vel and ' 
receives corit.ributioris from all .virtual charged part ides vi hose masses deriv~from the , 
Higgs :rn:echa~ism. Tl~e· measui-emi:nt of the H '-+in coupling w~uld giv~ fund~men-
tal inforn~ation abciut th particle spectrum and mass generation mechanism of the - I 

' • .• ' 'S .• ". • ••• ••• •' .• •.-• ~ •, ~ - •• • - •, .•- r \ 

, I 
,theory., In addition, a i1ew interes~ing niethodhas been proposed [13, ·14] to mea- -
s1,1-re the parity ofthe .Higg~ states iiilinea:riy pola~ized ph~ton-plioton collision~. Jt 
provides an opporturiit/to investig~tenontrivial as~ig~ments.of the.quantum num~ 
her; for Higgs particles' in extended m~dels such 'as supersyinmetric th~ories which 
includ,~ both scala1;_ o++and pseudoscalar o~+ states [15]. ' _ · .. ~, ··. _ .. ·· .. , •. 

. But .the question:· remains how QCD 'radiative corrections influence these con-
·ciusions .. Though 1it is known th'at 'far above the threshold the :magnitude of .'these 
corrections is moderate fo~ ~npolarized colli~ions. [16, 17Ji on~ ~an expe~t that their_ 
effects will be especially large for. the qq producti~n in the Jz = 0 helicity state, wnere 
the tre,e l~'vel ·contributio~ is 8-uppres~d by the_ fajtor,of m;/ s. We pr~sent~d our first 
re.~uHs on the ~ne-loOp QCD corrections to the bb/ cc quark, pair production in po1ar~ 
ized photon~photon collisions in [18]. The lowestorder cross section; one-loop virtual 
corrections and gluon e1nission ~ontributio~s were shown to be of tne same order of 
mag~tude for the ,bb quarkptoduction at y'i; ~ 100. GeV iri the Jz ~ .0 channel, 
while QCD corrections were found to·he quite stj1all for Jz '= ±2. The cross sectiori 
oftwo-jet final states)n bb(g) pr~duction for.Jz =,0 e~en happened to be n~g~tiv~ 

. foi small ;alues of 1/cu/(which were use·d e.g. in [7(where only radiative pr~cesses 
' • • ,• • - • • ' l .,_. " ' , • ' • ' 
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: of bbg production were taken iilto account for·1iib =.0}: Here we-present f:Omplete .. 
aiialytical results for the 01ie loop. QCD · corrections to the ,polarized eras~ sections 
and to _the matrix element of th~ proress•7, -+ bb(cc) retai1~i1;g the full depe11denc~ .· 
a'ii' the quark.1:iass. We-also carefuHy analy~e the natu~e of tlie peculiarities of t_he 
c~rrections for _bb production. at. 1;igh t';Uergie; iu the Jz = 0 -channel.·. We. exploit a 

-tensor reduction algorithm[21] to express the cross sections and arnpli(u_des in terms 
of the set of basic scalar loop integrals. 'J.:his leads to very compact expressions for, 
ont'loop ·contrib,itions-for polarized 'cross sr_ctions. . ·: . . . . . . . - . _· 

·_ R~cently; tl;e' next~(o~leading ordrr_ corit>rtious to thi> heavy quark pc.ir prodt;c
tion· cross section~ in polarized photoncphot~ll ,collisions have been also present~d 

'• ir_1· ie[ . [19] ,- where-ctiIJ,lt'llSional reductiol] havP beeri use'd _to r~g~larize ~both. uhra
viol_et a1id infrared singi.ilari'ties. Authors of ref., [Hl] con~idered the effects. of. th~, 
. QCD corrections. oii the. backgrcnmd.'ewnts. for the Higgs signal• from direct. bb(g) 
production only for'Higgs boson 'ifrodnction .at ilw plwton machinPohtainPd from a 
500 GeVe+e- lii1~ar collider.'Howi:w(itJias bet~n c,xplicitly sl1ow1i_i1i n·fs: [I 1, 12]: 
where ~11,backgrounds from tw~-jet produ.ctions Wt'rt' i1idtided: direct, so~called re~. 
·solved,_and twic~-resol;ed, de., tl;~r tl1t'mafor.~ontrib(1tioi1 't~. the ,barkg~ound at 
500 GeV is the 1-res_~lverL coming from Ui't; gluo1iic'ronteni of the''pl10Fm,. not the 

•. cli'rect. A11otherbackgro1md;;- oc~:ur in pr()('.t'SSCS ,Wl\el"P c~qu~rks ar:e;i>rodiiced i;istead 
. ~f b-quarks: · Si1fce charm producti();} i; ll;~{ch. ]arger\than b .prc>CTuction, d,;e 'to·. thP 

. ~~quark's stroi1ger ~oupling to t!i.i~ photon, it repres~nis an i1nporta1~L barkgn)Utid 
-:-e"'.en:with ·good IT-tagging' and a.low pi·obahility_ that c~q11arkis misidentifit>d as' a b. 

TJwchani1bat:kgr6und is_alst~ 1i1;t ronsidPred in [19] .. < · 1. , •.••. • • • • .- ;-

.: In present pape~ we' study .the efft>ds ()f QC!\ ~-orredions mi tht> abilitr of I'LC _to 
dis,cov~r a~l interm~diate n1as~ Higgs bos~n fo(tht'rn~-t' ~(~ photo11,collideroperating 
at ~rnund the Higgf re~oi;~i;ce based on·tht> e+t::_ coll fa er witl1 ~ne;:g,; j::i ~ 250 G~ V: . 
Tl1; r;solved i>hoto;l backgwunds .are mu~h less' sigiiifi~arit at 2f;O Gt>V :due,to a 
s~~~eplyfalling gluon spectrum.' _Weti;;.~·dii1~ensicin~l rt>gul,~riz~tion to regulat~• 1iltra: 

.·: viole(divergencies and ii1trodut:Pca'small glu01i niass >.. tri rt'gul~te iufra1·t~d dh-~·1it•1i-
ci~s: Analytic~l res{i1't; ~regive~l i1; Sections 2-'4- r,ud Appendii.·e~ A, 's. In sert ion 5 

'·.··mune~ical_resu_lts are giv~n: It_is shown tl~at taki1ig~~cou11t ~>fthe QPD c~rrections 
. red{ic~s the signal:to-barkgro.mid ratio but•the int~rriwdiafr mass Bigg~ boson sig~ > 
-nal'is still expected with statistii·,d sig11ifica1ice ofabm,t 50'. Tht; intlm·nce of QCD 
-~orre~tions on the precise nwa~urements ~f the Higgs tw~-pl10fon width using tht~ -
·µ~~ked Tl luniihosity is also considered. . - , . .·. 

. .,·, ~~ ~ :. _, 

",' 

;'Bor~ \::~ross -·sections .. 

. At-the tree_ leVt~l th~ c'ross sectiot;S of tlw quark-antiqi.1~rk 
pff~ton-ph6ton fusio1i reaction:_ _; , . . . - .. 

._ , - -_-·. ' •--. • I_' 
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for various. helicity _states of. the colliding photons have the form 

~u80~".(J; == 0) ~ 12ir;;Qfmfs2(s - 2~f) 
dt - , 2 · tZ 2 

S ' 11:t 
,, ·(2) 

arid 2-1·.·, '2,2· 1
2' 2 

127l'a Qdt1u1 - mbs)lu1 +t1 +.2mbs), 
dt .', =., 2 t22, · ·, 

, . , ' " ' ... ·· $.. ' , 1U1 ,· ., , 

duBorn(Jz =.= ±2) 
(3). 

. . ' . . ':. ' ~ . , , . \ . •' .. - \ 

We have introduced the following notation·: p1 ; p2 are the photon1 momenta, p3' and 
p4 are quark and anti-quark n~oii1enta'. s ~ (p 1 + p2 )2 ;t == (p1 "'.""' p3)2, u = (p1 -.:p4 ) 2 , · 

t1~i-mt;·u1 ;:;;u:-mt- .. · ,, ·, · .. :•: < ·. ~-··, , . , , 

The .Jz .= 6 cross sedion is.suppressed by mU,dactor at high energies ou,tside 
thevery

0

forward (backward) region. However>the total cross section integratedover 
the full phase space is.not suppr'essed,·so'in.the high energy limit the· Jz = 0 c;oss 
section te~ds t~ a delta~function, peaking in tlie for.ward' (back~ard) direction. . 

. ' ·. -. :''; :' . ~·"~ ..... ::" \ ' ;:_:;:;;!1{·,•·, .. ·. ;.·•.. _;, 

·3, QCD One.:.Loop 
t, . .• 

. ~ ':--, . : •_:~· ·: ~ ' ', , ·-

Corrections .. .to' the Matrix 
•' ' 'f ' . 

Element 

, Complete set of the diagrams describii1g a;-correctio'ns f~r the process 1, ''-:+ bb is • 
.• sho~n.in Fig: i. -This set c·ontains genuine one:Ioop diagr~~s and tree level diagrams 

inv~lving couriterterms. : . ··• -: ··· ·. .. ~ ', .. , .· . . . · - . · · ·. . 
' . - ' ' ' ,' ' ' . . .· \ ' '. ' . ' .' . ., 

"' ' The fuU one-loop matrix element, (with the correspmiding counterterms) can be 
written a{ f~llows · . .: .. • ·· .· " ;.1 ... · .. . J. ; . · ·: . 

y(tl(77 ..:.; IJi) ~ e~g;a;(s, t, ~)u(p4)0;v(pi+i 0 u, p3++ p4): - (1) 
. . - I • 

where tlie setofthe bp~ra,tors ·oi is gi~eri by \ :.· , 

(J1 ~-(e;e2), 
.6~ = (e1p3)(e2p3), > 

1 ~·Oi ~ e1p1 ( e2p;) - e2JJ1 ( e1p3), 
64 '=== e1(e2p3),.,,. ' 

· · 6s =·e2(e1p3); . 

66 ==:: P1 ( e1 e2), 
· 07·~ P1(e1p3)(e2p3), 

6s = e1e2, 
.69 ;;}1e2h-, 

'" 
Here el, e2 are the. photon p.olariz~tionvectors. To simplify' the final expressidris, 
photon polarization. vectors are ·chosen so as to fulfil the. 'relations ( e2p1 ) = 0 and., . 
( e1p2) = 0. ··· . -·• . •· · .· .· ' - . . ·· - ·,. , •, . . •· · 

. Th~ co~fficients aJs, t, ~) ~xpressed tnr,oug!i· the scalar on·e~loop integral~ defined~ 
in the Appendix A are given in the Appendix.B. The algebraic calculation of one~ ' 
loop diagrams was carried out by ~sing· the symbolic manip11lation. program FORM 
(22]. The finite parts bf the counterterms are fixed by the.standard conditions of the., 
on-mass shell renormaliz~ti~n.pr,ocedure; Th·e ~uni ~f _the diagr:ams is UV-finite an'd · 
gauge in;ariant. To avoid infrared singularities; we have iritroduce'd an infinitesimal. 
m. ass ~f the gluon >.. · · · '- · , · 

r· :,-. 

_4 

j ' . 

- I ·: 
I . 

't . 

l 

4-: QCD One-Loop . Corre~tions- to 
Cross s·ections. 

Polarized 

The, cross sectiot;s: to order a 2a. ~~e determin~d by the interference betw~en o'n~-looR, < 
· and tr.ee level contribiitionsgivei1 iii the pievious sections .. For the different helicities'.: .. 

'. of tw.o photons ( Jz ~ 0 and Jz ~-±2 )'.they have the form - . . . '·:-/;;·_ - . 
- ' .. ,. . .•'. . . - . 

'.au(i~ ~ 0) - o:2a.Qt ' ' • 
·g,t··. _:- s2 , ••· ..•. ·;;·> .·,. 

: l6rnt.5 {(t+ u.)2 D(s,t) + 2m~CJ(;)+·. 2mlsc1,(t) 
it Ut. : ... : .,, ·. · , ' : lt ·· · · 

_:3tit+mt~+ 3~2 - mlt.~2rritB(tf~.2(s2
•:_ t1u1) + 8S4 \. ,· .~. 

,' •<_ -, .. ~ tf, •, .•h:. •,, /••' ; . 2t1u1 .••• • , \; 

+s(u+t)ln(,\22)+(tHu)},.~., ·, .. ;~· .. 
. ,2t1 Ut ~ Tnb , : . ,.: t ·, · ' 

d (J '±2) 2 2 Q4 ' : ·." ., u z = . . a. a. b > 
: dt - ,,=: ---:-::;z 

.·i{ ·c Sm~. 8S4 +' s.~(:St1.+ Smt) i • ~4;(.· ''. '2. '; 2 . s' •.' 4)')'n(: ..... t.,).:. 
:---.-.- • . -,- sui:- mbs--:- mb s ... 

; . t1U1 ~' '": ,Ut: ' · ', . : . , · .. .. .~· •. . \· · ··. 
' 2s(3,~2 ..,.-:2t1U1 - ifim(;(. ). 2s4(s2 + 2t1 Ut -f- 2in~S r · .. ). '-. -t , . . t, .. · · · · s + .· ·: . . , C1(s 
, . .. ' c' 1 Ut . . ·. ; · '.., . i1 Ut .. ; ,., ; . 

·.· 8(2rnE{u ,..:.. t)+tf+ s2 
;_ smn•. ·,' i +_ , . , . - , ·. C1(t)__ 

. .'>'·•.\ ,-· .. ·. ~r. _: -. ' ...... · ... ·• ':. , . 
. 4Y(tit2u1-,-,2.s(i2.+rnt)-::-:8m.ft2 ( )':'.~2s'. (:),.. -.- .• . B t - -B s · 

. t1u1 :, · .. >>:· ttL' <: ·':-. , , s'.l•· . .. 

/uf + t;'+ 2mfs l.( >.2 
.. ))' 

--f. - . n 2 
.• . · . . t1 Ui . - ., mb .• 
.·.··' 32~r(· y : ,' '). ·.' >4, '(', t1 (3u - ~i), -2mt i 4m' i ,_--. - + U1U2 .-:- - ...:..:c...----!::.'.. - -,-;+--••W'.:{u)}, ......• , . . .,.. . . t' . . . " . 

w:here S4 ~_.S,,-
04Tl'lt, t1 = t, . .::.. 'i-ni, ~1 ~ U...:: mf, i2 =:t + mf;.u2 ~ u.+ m(and/_ · v'= ut:.... n{t., ' . ·- · .· .· · ·· ·· ····' ·•· ··· · , . _ 

' .· The explicit forms of the scalar functions D, C and Bare given in the Appen'dix 
A; The IR div~rgencies ;re ianceled out.if one takes 'into a~count the· ~cintribution 
~f the soft gl~~n emissicm : ·. · · · . - . '· . . ' , - . . 

' ' 

so]t' •. · datre 
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1,: 

'-. 

'·I 

-,. .~ '\"' 

,,/· I 
/ 

where 

Rsoft .,-- 80:•{(~l+.!_(r·_2m~)l_~·(1+_ /3).)in(2kc):+ , ~ • 
311" · . · {3 ·. · .- s . - l -:-: {3 . , .. ,\ - _ · . . -

2~ lnG ~;}+2~(i ~ 27~) [sp(~}~ Spc: 13)].}, (4) 

alld kc is the ~oft gluon energy cut' and /3 :: ✓1 .:_ .4inU s: ' - : •• _ . 
.::_ The cross section of hard gluon emission is evaluated numerically.' The matrix . 
~lement squared is calculated by using FORM.: arid, also ·by mearis' of·COMPHEP 
syste'ui [23].-The ~esults are quite lengthrto be presented~here and ~oincide with 

' each other numerically. The iritegration over three-particle phase' space is don'e by 
' using Monte~Carlo:i11tegration routi11e VEGAS [27]. Special care is taken to. handle 

sharp peaks of the cross·section arising wh~n gluon issoft a11d when gluo~ is.emitted 
alo11g the, quark or anti-guark 'momentum and corres_ponding to the infrared and . 
c~llinear singularities. In ord~r that VEGAS alg~rithlll ~onverged fast e~ough all 
the 

1

singularities must 'be. running al orig the a:xes ~Lthe -integration. ~ariables ( see ' 
deta:iieddiscussion in [28]),' We ta.k~ gl~on·.energy, _the denomina,forof' the quark'' 
propagator and quark .. and anti~quark

1
produ'ction angles· as ii1tegra:tion variables, so'\ 

'1 that the infrarecl and collinear _as well as t-charinel singularities 'all run along some ,- . 
. axis_~ : · · ·· ··. __ ... · ! · · . ,., · ' ~ -· ~ · ! • - , .•• , • • • • 

The:tc:itai cross section for bb production can be cast,into 'ihe form [16} 
"' • . ', ., ' . .•. •- .. • :~ ~ \ , • .• , . '· • .:y I 

"/"J-+bb(g)' 
0\1.X2 . , 

0:2 Qt Ne 
.s 

' I 

[1i~t\~; ~)t~~] ,/ , {5) 

~h_eie f~-°+~t Jep;~dori,th~'dimensi~nles~ variabl~s/(4r'n;)' orily.Jn TaJ;>le[ ;he.val-:/ 

ues of the function~ J.\-°+~t~ ar~ presented for vatious helicity st~tes ~f iriitial pl:iot~ns ·· 
"and for the c'ase of unpolariz~d photon collisions -~ersus s/(4m~): B'oth Ji0l and Ji1l 
'are not suppressed at high ~n~rgies~· because 'no angular cut is imposed ,fo Table 1 

- (cf.' Section 2): While J.\-12. i~ alw~ys positive' arid monot~rii2aHy rising, J.\-11 hai/a 
miu'imum near to s / ( 4mf). ::-:, -9, where it is negative .. Th~ val~e of ii1l at thr~ih-

. old is not zero .due to a .familiar Sorrinierfelds rescattering correction . .The values of C 

orie-looi ~orrecti~n fon9tion}!~pol obtained for unpolarized)phyto!l c~llisions_ 
'·. 

' ... 1 ... .. .. •·. . 
'(6) ·· f(o_,1). = _ (!(0,1) ·+·f(o,1)) ::- ; 

. unpol · 2 •. ++ . . +- . , • -~-
- •, . . ' ·, · .. _ -.- .. '·: . .. .· . _/ . . i . . '. . 

agree with' the results of papers [16, 17] to tlie accuracy better. than 0.3%. •· 

'' 

The total cross sections calculat.ed up to the or~er .o:2~-. are given by the sum 
of the' tree-le\'.el contribution (Section 2); the interference term between .t_he O!}~- · 
loop and tree-level contributions,;and.,the tree level contributioj:1 'from the quark 
pair production acc<>mpaniedby th~ gluon emission 71 --+ qijg; The first -two 

6 

.-..._, 

r. 
; ·1 ·~ 

"...---....... 

,i,.· 

. 1 •· ; ,0 ·o- 0 .. 12-l 0 62.0 
4 26X 27.2 26.7 7.05 •.. 82.2 44.6 --9 _ 27.0 44.5 . :3Ji.8• . ..:.2.95 . 129 'G2.8. 
16., 26:7 5i4: .42;1 ,29.1 .. 169 _ 99.2. 

26k 67.7 4 t1 ~- 72.6 .· 208 . 14Q~ 
· 10n ;25.6. 101 6:3:3 292 '388 ;340 
· .400_ 25.:3 1:35 80.:3 · 618 724 -67i 
2500 25.2 181.- .. 103 1200: 1530 '1370 · 

/ 

Table 1: Functions J(O,,tl for ~arioti.s values of~: for polari~ed ai1d unpolarized 
. b 

. 
. , c~ntribtitions' lead to ~WO p~rto1i.fi;;alstat;s· ·con~·~rting· n~aii1ly int~ 't,v~ jets; while_ 
. :the' third 6u~·leads to the three j'i'arton production ·rnn~erting both into t\vo- ·aiid 

t!i{ee-jet · finil states .. -1'ht;·~reasu1i i~ that three. parton 'final state;~ with collinear .. 
'and/or. soft gluon will a.ppear e;xperim~~utally .as two j~ts.'11ort;over; only the S!Ull of . 
--~ros~ sectioi1s. of qij and· qijg, prcid~ctiou with• the soft :or· colli11ear glu;n. is free fron,,1 
. infrared diverge1icies and has nomass -singularitie; i11 the limit 111q ~ CL So, as usulil, •• ·. 
_-,;;e consider the three_ p~rton ;tcit~· t<> re·i;r~~seni tlie t,wo-jet final state ifthc invariant -
mass of two p~rtoi1s is"sufficiPntly s111all . ,• ·. . .. . . , .. . . 

...,,.·, 

: ;5;/< Y,~is-:m ~-: .. • \1) . 

. ·. - ,._ .where 8.ii ;, (Ji; +pj}2
. is the invariant mass squared ohwo parlous i a.nd j and \¾ 

.is tlf~total c.111.s; energyoftwo colliding photons. ': ..... < ' - ~.:_< ' .. - > ·.. ' 

I 

I 

·1:·-.. ,.·: 

•,' .. " .)- ·, 

. >Fig.•2 ;1;~ws the -tot~i-(i:·c., tw~-jet plus-three-jPt) and ,tw~-jet'(Ycu!= 0.08) . 
. cross sections for the bb/cc-pair prod~iction inpola;ized mmiorhroniat.ic: ,:'i rnllisicms'. : · 
. Tluougi16ut we us~ a•two~loop expression, for n.(Q2 ) with A = 200 MeV, q2 .~ $ 

':-~nd.:NF:=:5 ~s the number of flavors: W~ t~ke mb = 5 GeV and 111, •. = I.ii Gt•V. 
. 'The 11.iigula~ ~ut I c~s Bl < 0.7 me~.ns a cut on tl1e sc~it.terii'1g ang!Ps of bot.hquark 
~nd 'ai1ti~quark. This choice is different from that 'used in [19]; ,ylwre 'only the quaik'" 
scattering ·ai1gle .isrestiicted. · - · , · · . ·· ~' 

,,While the. QCD corrections for the Jz = ±2 photon hrlicities an: ()Hite Slll~ll .. 
. those for jz = .o e11hance cc prodtiction by anorder'of.inag'nitudc or l'V('n _larg~r.For 
th~ bb production the situation is moi~ rompli~ated: th:'. rori·ectc•d total c~oss··~c:ctic>II 
is smaller tlian the tree level "Y'Y ~~bb cross section for ~ < 85 .... GPV.ai1d larp;;;r .• 
for Jarger energies. The effect is:more pronmmce~l for tlw two-jPt produ.dioi1: · 
: ·For sn~all values . .of'. Y;ui ,:< 0.04 the ,two~jet. differrntial cr~ss section. in J==O 

. : channel is:eve1t-1iegative i1{some 1:i~gions .~f the phase s1iacP: ,' Fig. 3 giv'e~ the dif~ 
.. 'ferential. cross sections. for the: flb Pil;irJ~i·oduction. versus the scatterij'ig angle at 



·; 

-
-' 

..,fa;;= 100 Ge\! for ;ariou~ helicity states of initial photons and v~rious-'cuts. As' 
it is shown in Fig. 3a, for Jz ~ 0 and Ycut = 0.04-differential cross section becomes , 
negative in the centi-~(regio~. ofthe scattering angles. This mea~s that f~r the bb 

~- . ' . . ~ . ' . -
production at .,;s:;;· ~: 100 Ge Vall the three contributions (Born,· virtual· and real 
gluon e1;1ission) are of-the saine order '6f magnitude and_ perturbatio11 expan_sion is noL 
valid for too small values of 11cut S 0.04 .. This is'unlike the case of the cc' production;: 
\Vhere the real gluon einissio~l contribution still domi11~tes for Ycut= 0.04. - - < < < 

f • To elucidate the breakdown of the pei-turbative expansion. for< bb production in,. < 
••• • ; ✓ ~ • • • • • ' ·.,,--,----•• ; 

the -Jz = 0 channel at high energies we present the sum :or virtual and soft. gluo·n 
emissior1 contr_ibutions '. in the -limit 8; '-t; ~'-u,, :i-. mf _urider the doubleJogaritJ{inic 
:approxii~ation , • ' ' ,., . '. I 

_· di:,soft+v_irt(;Jz = O) _ 
_ dcos0 

'_,,. .. 

-. 4 a;_a2 Qf1~l ·{- 2_ (f + ipn2(\\-
, , 8 8 ,. - t U , mb , , 

' ·. ' '·-: ,_ .. ', ·. '.... '.,_ ' / 

' +S: In( \) (in( \) +·4 h;(--;-i))· · 
- - · . t _: - mb, . mb ., _ , mb , 

+ _.s: In(• .s~) '(h;( .- 8
2

) _+ 41(1( ~• 1\))-.· _• 
u . , mb · , . mb ,, , mb . -

, +~ .s
2 ln(\f(lii(~- t2Y+i1;(~ <u2'.)). 

· -. tu · .mb _ · pib - · mb . 

.,.' ~2 (.s2 
···+.s

2
_. :__·•2f- ·_ 2:: )l~f~Y ln(4k~J}·· 

t 2 . · u2 · t . u , m 2 . m 2 
, · . _ ·: , · b _b 

.·(8) . 

It i~. this I~rg~ negative double_ l~ga~ithmic c_o'nt~ibutio~' which m'akes tw~-j;t ·. crbss) 
section negative. Normally, (and this is thi:, case for Jz == 2 channel) ln2(.s/rn2 ) terms 
are cancelled out. This is a:- consequence· of the KinoshitacLee~Nau~nberg theorem [29] 
statirig thati cross se~ti~ns integrated over all deg.enerat;in energy final ~tates a:re free 
from mass singularities. However, this theorem is triviallyfolfilled for Jz:::: 0 chan~el, · -
as_ Ba'rii.cross sectioif, virtual correctibn and soft gluoi1 emissio'u are all equai t~ zero 

- }or mb = o: The cross section of the hard gluon emission er(,,-+ bbg) in principle is 
not ~ppre~sed iii the Jz =. o channel in the limit. mb = o: But selecting only two-jet , 
topologies for '!/cut <JI we sup pres~ also the cross -secti~n of. the -h~rd gluon ·einis~ion:. 
It is worth ;mentioning, that-cro~s sec~ion of bbg producti~n ·also ~ontains sub leading 
.doubl~ logarithmic terms of the orde~ O(o:2a.mU.sln(s/mDin(s/k~)), butthey-do 
not completely cancel the double logarithmic terms (8). Consider two final state jets 
t_o. lie in the central region of the 1etector with Leos 01 < t,. z -~ 1. Then Jz:::: 0 cross. 
s~ctions are given by ' · · 

-; 

-t,.a-f!orn -
2 4 2 : < : ' ·~· 1921rC¥ Qb mb t,.z ·, 

.s ,. ~s ·. 

t,.a-•oft+vir_t = 384£Ys~
2Qt m~ In:.-; :6:-<: 

'· s. '.:-5. mb. 
,: ~--

(9) 

\, ,, 

8 ' I i" .;'C~-

l· 
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·i
.1 •. 

l 
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! 

.j 
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I 
I 

< • 

't,.aha~d -. 
128a C¥2 Q4 :( · ... · : 1 ,_ : ·•): · ·_. 

s b ~· , , _ · , , 
· •. · . ._ 2_ Ycuiln_-2 . -:Yc-ut _ t,.z_. 
_ '. . s . _ ·. _Yc:ut -. _ _ 

.The last cross sectio;1 ~as calculated in ref: [7]. W~ take k~ =-Vs/2i~(8) to take -
· - int~ acc~unt a partial can<::~llatio11 of dounl~ logarhh~ic terms between contribution 

- (8) and the hard gluon emission contribution, calculated for finite va.l~e ofrn1, =/ 0. 
The ratio of a-•0 /t+virija-80'" is equal to -2C¥;/1rln2(s/'f!!:D and at 100 GeVvirtual 

. correction is (--2. 7) times larger than Born' cross se-ction ofebb pair_ production! _For 
a Ycut of 0.02, as it has been 11s;d in [7], virtual correction is also ( -2.5) times larger 
than the_ cross sect,ion of bbg prod_uction at_~- ~~-100. Ge V. For cc pn:iduction«bo~h~ . 

.. virtual correction and Born cross section•are a.n order of magnitude smaller and total -· 
cro~;-~edi~n is doininated by ~cg production contributi~n. Therefore,the appr~ach 

- 'of [7], wh~re ~nly contributionsfrom th~ radiative processes')'')'-+ ccg,' bbghave been. 
take~ into account h1 the limit'mc = mb = 0 and stringent value ofYcu! ~ 0.02. lias .· 
bee~ used-to select two~jet-like.-events,:might be r~levantfor the cc production; buf. 

_ .• is definitely n~t. applicable· fo; the bb production, · where· higher order· resummation 
. of doubli logarithmic terms is 11ecessary. However, for a loose value of Ycut ~ 0.08 

and a n~;_zer~ vain~ 'of the b-quark 'i'na;s--tl1e cross. s·ectioi':i of the· radiative process 
.,~/':....+ bbg isla:rie enoiigldor the.total ~ross'section to.be always positive. , .. , _ 

Note_also that.in the'limitmb == 0 one-loop amplitude itself is infrared finite, ~o 
we can calculate _the <i;0'.2, cor~ection in th~ i_ero:quark ma~s limit by'.]'ustsquaring 
the one-!oop amplitude.· . · ·· · · ··· · ~ • · · - · - · 

da-< 2)(Jz=O) 8a;C¥2 Qt (t-u)2 

-dt · \=- 31rs2• : tu···· 

-T,-

(10) < 

•·Howe~er, numerically. the:contributfo~ (lO)is•negligiblysmall in.the ceiitril r~gion. 
,,: . _ Aso'ue caii;eefrom,(4.1)--(4.4) the ~uiuof the crosd s~ctions ofthe qq prod~c~ 
~tion _ahd qqg produc~lori.. with the.soft gluoi1<:l~s n<;>t dep~nd o~ the-gluon mass -\ .. 
The cancellation ofthe dependence on· kc ( the soft gluon energy cut) was checked 

- num~rfcally in each case of the tV:,o- ~nd three-jet event selection_ cuts used : Frir 
-testing the i;tegratioii rnethod the 2-jet cross 'secti~u' was calculated in two different 
--~ays: as a-difference between total.and 3-jet'.cross 'sections and directly using tl1e 
correspondi;g cuts for the invariant masses ,(7). In-botncases similar values for the 

-.✓ 2-jet_cross ;ecti~n were obtained: . . . - .. _ . _ . ( 
Foi' comparison with the '.results of paper [19] ~e have ca1culated the tofii.r· 

(2+3)-jet, -• 3-jet and 2-jet. _c.rnss sections ·using their cuts. -•. The _results are slightly . 
• different. We obtained that the total cross sections calculated using our expressions 

~re· ab9ut 15- 25% larger th~~ in [19] in botli~ cases of Jz = 0, ±2, _ Our 3-jet cross 
secti~n is about' 5% la~ger for h= ±2 ~nd about 10 - 15% smaller forJz = 0 than,• 

·. those from [1~], But tb.ese s~a.B diffe;e~ce_sJead t~ larger dis~repancie~ for the 2-jet .· 
~ cross- sections. For example, at ·vs = ,40 GeV for Jz := 0 we hav1: got 2-jet-cross 

sec~ion which is about 80% larger than that froni [19], .· -
' - -_ - ··• • ' •. ~ • r 
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. ·Production at ,Photon 'Linear 

. •· . . . . r . . ./ . • I· 
As has ·been ;mentioned above,,a photon linear ·collider provides.an exceUent pos.-
sibility of searching for the -i~term~diate mass· Higgs boson thr6ugh the ;esonant 
'TY --+ H ~ bb production. In this region of mass,~ the domina~t backgrouni:l" to 

. Sl~ch a process will be th~ continuum production of heavy quark p~irs. As it is dis: 
· cussed pr~viously, at the tree levelthe quark pair production cross section far above 
"tlie' threshold i_s ·suppressed bya factor of·m~/ s· if two initial photons_ {re in the 

+ 
1 . 

. I 

/ · 1z '= 0 helicity state from which the Higgs signal comes., So, the use of the Jz = 0 
dorniri.ated photon~photon luminosity distribution reduces th~ number of background 
events. Anothei-requirement is that the 77-luminosity must cov~/the entire inter
mediate mass region.[6} . .-We rrrnke liere the same assumptions as ih [6], i,e:/ we 
choose the

0

broad photon-photon luminosity spectrum resulting from polarized linac 
. electrons ari.dlaser lightfor ,\-y,\e > 0, ,\e = 0.9, ly = 1, par~m~ter f = _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 

distribution~ .for the machine parameters mentioried :,;_re plotted.> .. ~- • . . . . 
Our task is to co~pare;the signal and backg~ound eventra.tes taking ~ntoaccount 

the QCD corr~ctions. Fig. 5 shows tlie event rates of sigrial a,nd background two-jet 
final states'in photori-photon collisi~ris at tree level (a)and taking into account QCD . . . . . . . . . . \ . .· . . . . . . ~ , .. - .. 

_correct101+s (b ) .. We ignore here the backgrounds from the e1 --+ <eZ ..,:..+ . ebb and 
· >'Y'J .. --+ · J/Z .. processes·[26], whichar; essential fo'r mH ;__, mz,. The backgrounds, 

corning from the:resolved photon contributions 79 -2.+ bb, cc are also.shown> While·: 
. resolved photon contributions make it very hard to qbserve the intermedjjte mass · 
Higgs signar'atthe_500 GeV'liIJ.ear collider [11] (se~, however, recent anal)'.sis [12], 
where conclusion is done that using optimized cuts still it will' be possible to extract 

IIiggs signal in the range _110-140 GeV at 500 GeV); these backgr?unds ar~""in.uch 
less significant at 250 GeV due to a·:steeply falling gluon spectrum (see aiso [6,-14]). 

_-QCD corr.~ctions'to· the Higgs decay into bb (25] are also. taken into accoimt-'.We 
. use a cutoff.I cos 01 < Q.7 in the lab.oratory frame arid;hot in the c.m._s. frame as'in 

[6] .. Cut in' the laboratory frame gives a slightly better statistical significa~ce ~f the 
. Higgs ~ign~L- Fi~ally, weassumed 5% ·cc-tci~bb mi;identificati6n probability. Thus, 
· the combined 1?ackgrour:id( i.e. bb + 0.05cc) is r~prese~ted by the, dotted line and c"a:~. · 

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 fovel and the one-loop cal~ulations incl~ding the resolved photon con-
. t~ihutions. This plot assumes a 50% bb-taggihg efficiency for th~ bb final states and . 

. the res~lution for re~onst;ucting the ii1yariant ma:ss of t~o-jet events·t~ be Gaussia1i 
. with FWHM =:= _0.lmH. From ~his figure one can condude that it is advantageous 

··. to select two-jet final states and to impose the angular cut in the laboratory frame. 
. The accou~t of tlie QCD cor~ections red'uces the statistical significanc~ oHhe Higgs 

' ' ·- ,, ' . . .- .. .' . ' . ' ,~, ·-. ,, 
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signal aln;ost by a-fact01: of two in comparisoli with Uw tre~~level ~-esult: Neverthe
·. less, tye interniediate 1nass Higgs bo~on can be obsei--ved 111_ 71' c~llisions at lea~t at 

. · .the level of 5cr-i11 the mass inter_valJ:rom 80 to 160 GeV. _ _ . _ . _ _ . 
On. the other harid, _if th~ interm~diate mass Higgs boson is discovered, the PLC 

. gives· the best ·opportunity for me~suring the decay wi_dth ohhe Higgs b,oson in_to. 
·• ·., . - • .- ' j .- ' . - ··' ' ' . / -

. two photons by. measming __ tJw _resonant· productio1) rate of tlw, bb pairs. which _is 
prnportioi1al. to tlie H :-> 77 decay width ~ll~_the "H ~ bb decay brancl~ii1g ratio. To 
111easure the two photon width it is more r~nve11ient to USP the peaked /I hi°minositj• .. · 
disfribu.tion;-which is obtained.for tiie_ followi11g combinatici11 ·of parameters: Ai>--i < 

~ 0, p >. L For this configtiratioi1, thehuninosity distribt~tion is fairly monochromatic. 
·-( ~ 10% i>nergy spread).a1id: ve1'y!tighly polarized:(> 95%) [6]. ·,Fig.,.7 shows. the' 
corresponaing. 77Juniinosit.)' for. both. ht•licity st~tt'S. of two photo;1s. The Jffective 

- lui11inosi!Y of 20 :hi-1 i~ 'assumed ;1,Hl~ "para:ni~ter p is taken_ to be ,fCJllitl To 3.0 to - • 
,_ sup1fress the low invariant rnass:tailof the luminosity distribi1tion function. 
. . Co11sidering only tirfinal stat.PS, Fig. 8 gives the· c;xpec_te~l .-vrntrak~ fcfr·t he 'sig1ial 

ai1d b·ackgi·ound".processes · at ·tlw trt'e level and iucl11di11g cf.-i·01-rt'ction~. · Cc;llidei· 
• energy is _chosei~ so that the peal,of the lmninosity'.spt:ctr~1111 rninfol;s wit!{ the ;nass'... 
of the Higgs boson.• As .in [6], it is assuni.ed•that a .window iii-the invai·iant mass 
of ·±2~· arom1d the Higgs mass' is used .fo~ the 'measure{nent and th~ resoiuti01~ for 
re~c:instructi1ig the invariant mass of two-jPt PVt'nts is Ga,;ssian with FWHM=0. l Mu: 
fo,both''caSt'S the'imgular cutj cos0I <~-o.7~in tlw lal~o;:ato;:Y, fra1;1(~ is .JISl'd, ,i/ 
a11alogous cut in the c:1i1.s. franit' gives smallei·. signal to ba:ckgro;md rntio·: 

In ·Fig. 'g the expe~t-Pd statifil,ical eITOfS i1; the. me~sured ;two~phot~;l width •of 
the Higgs boson are plotted.: Fo( c01i1pai·ison We have presei1tt~~I )ree level ,esults 

/· with the cut I cos 01 ; 0.7°inb(!th c:111:s. and laborato~;- fra.mes, ai1d oue-lo~p-QCD .. 
·correctedresults,i1i tlie.laboratory fram/ .. Again, 20 fb-1 _of the i1itegratt>d dferti,;i-· 
luminosity ctnd 50% bb\aggi1ig efficien<.7 ½'ith the 5% cc· c~nta1~1ination are assu;1ed:;
As on& .'can see from Fig: JJ, for the. abo~e ment101ied· pa1:ameters th~ two-photoi1 . 

·Higgs bos_oi1 w,idth~an be lll~asii{ed\1/ith the statistical enor of 6-9% in the· widt: . 
range cif Higgs.mass 40 +150 G~V. Of coni·sp: a1hore detailt'd a{1alysis, i11duding full 
detector simulation, rnuld somewhat IJl~~lify O~Jr ,;stimak; of the _inilue.nct'· of, QCD 

· radiati✓~_.correct_ions on the statistical significa11ce of the t!jggs sig11al i11 pli'otou-
photon collisioris: · · · .. :- ·, 

0 
-• :.~ 

\., 

6 c~nclusions .. ~>-: 

··· In ·the present paper we consider the inf!uen,ce ·ofthe QCI? rnrrt'ctions on_ the back
ground rate~•for the"interme

0

diate, mass Higgs boson s1g1ial in the pr~et;SS 77 --+ .jJ -~ w We have derived co1;1pact ~nalyticalexpre~si_ons for _the ·a.~corrertions to tlie Illa~ 
· · trix elt'ment 'of the _process 7~. :..,+ bb( cc) and ha~e. cafrulatPd QCD COITl'Cted l1eavy 

qmuk pair p;:oductioi1 cross s_ections in ·polari~ed 17 rn)lisions. Tlw to_tal cross ~ec
tionk to 'th~-order•a2a,.are calculated ret7iining_ tl1~ dl'pendance_ ~11 the_q;;ark-mass. 
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cc-par~ prnduct10ns; (a) .total cross sect1011s (1.e. two-Jet plus three-Jet); (b) and (c) 
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. Fig.- 3. Differential cross sections of the bi_:pai~ production versus b-quarkscattering ·· 
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Tht(cr~s~ sections are given .by the su~·of the tree level·cross section, contribution 
of the interference term' between the a,-correction and the Born amplitude~arid .the 
cross sections of quark pair·production accompanied by the real gluon emission. The 
last contribution genei'at;;f 3-jet events and 2~jet events. in the case of radiation of 
soft. or collinear gluoii.'. Tp.e contribution· of QCD radiative corrections is crucial in 
, . ' I . , • . . 
the. Jz = 0 ,channel for _cc production enhancing the ·cc event rate by an order of 
m~gnitu~e d1,1.e to a real gluon emission contributi~n, which"is not ~uppressed by. a 
.factor,of m;/ s as is the Born cross section. For bb pro~uction the situation is more 
subtle. For small values o( Ycut ~ 0.04, -used.to separate 'two- and. three~jet final 
state topologies, ~irtual correction' is negative and of the same order of magnitude a:s 

· Born and bbg production ·c~ntributions, so that two~jet cross sectio~ in the cex{tral 
· .. 1:egion is even negative;. The origin of this large .u'egative contribution lies in, the .. 

·. d~uble logarithmic contribution O (a?o:,mUsl~2(s/111,D);_.Thus; for loose values of 

Ycut ~ 0.08 backgrounds coming-from continuum bb(g) production are negligible in· 
.comparison to ones from cc(g) production and one might speculate:that the same . 

.. sit_uation takes place for more stringei1t ·values of y,;;1 [7]. Howeve;, strictly speaking, 
to safely estimate bb(g) back'ground:for small v~lues ofycut the summation of double 

' logarithmic-terms is needed. . · .. · · · - · · . . · · · . . · · 
' ' As a r~sult, we have calculated the backgrnunds for the Higgs signal ill' two.
jet ev:erfts at PLC.~It has been shown that the intermediate mass Higgs boson can· 
be observed at the level of 5o- in the mass inte;val from 40 to 150 GeV f~r broad 
spectrum of photon-photon lm1;_inosity-distribi:itiori using s~itable cut~. We have ~lso 
co~sidered/the: infiue11~e ~f o:,:correc~ie>ns ori the· ~easureII1ent. 0(1the two-pb9ton 

: width of the Higgs b'oson' using the .Q_eaked 11:lumin()sity.: His shown ;that for the 
integrated lu~inosity of 20 fb-1 a ~easurement of the intermediate mass Higgs boson 
width_T(H--+ TY) is possible \vith

0
the statistifal error of about 6~9%. '. . J 

We are g~ateful to 'o, Borden ariq 0. Eb~li for 'helpful discussions. This w6rk' 
. was supported in part,by the International.Science Foundation grarit _NJROOO as ,veH 
, as_ in pa~t by the_je>int ISF-RFBR grant NJR300, and in part by the INTAS grant 
93-1180. . . , / . , . . . . . • 

' Append.ix A· 
··. The 'sc:aiaf fo~;-::-..--and three-point· furicti~ns ,used are giv~n by 'th~ expr~ssi~ns: 

. . . . - .'· -, ' ' ·. 

!. 

. . . 1 '' . 
D(s,t) = -:-

2 .. ·z-Jr. -

I(~\- ~n((q + p~)~ - m~)((qi

4

:l +P2)2·=- mn((q -p4)2 -Yr. 

. ' 
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: .·· . 2 · .. ·.··. -{. '( 1 )' ·. '( .' () 
=~f3~(m&- t) _Sp )j ~Sp -/3 . . 

' ', /3 .·.· ' - ' ,2' '} ·, · '. ·1-: · . · :.·. t: . 1 ·. ,.. · . 
·+ln(.-:-) [1n.(1- -)- -l·n .. (-)] ; · · l + /3 · . · m2 · 2 · m2 ·· :-. . . . • ·•. ·: .-: .b _ b · . . 

',,,•-; 

(1) 

where Pi ~ o: p~ = 0, P5 = mrand P1 =\ni, ~. ~ 
. . . . -~- ,,• 

,,,-, 

C!(s). 
1,, ', ' \ ' . . : ,·,' ' .... ' . .• <J4q 

ir.2. L(q~ -:- mn((q +Pi): -:-.m&)(( q+ Pi+ P2)L,: .. A2
)~ 

. I..·{1n( >?) 1~(- 1 - /J). .· .. . . . 
-. /3s , mi ·1 + f, ' · . . ':·· 

.. ,(' ·2 '·)·,.,- ",.(' 2.')_::[," (1)" .· ·( 1.)']}'. . . +s.p -.-·- :-.Sp -· -. -· -: 2 Sp - . - Sp ;:-.. - · ; -..- ·.• · 1+/3 ,·.,.:1·-~/3 ., ..... (3 . ', ./3 
,. . " .. ' , I ., .,; , ' 

(2) ' 

Pt +P2 f p3;; 0, pf= s, Pt;,; m~ arid l= mr ·, 
' . '?,~-. . -

. . . . ·. : L . . . '. > .· d4q ·:. '. . . ; . 

. C1.(t). ';=: ir.~ l(q2: mn,((q + P1)2 ::- ,\2)((ir+ Pl+ 112)~ --~n. ' 
:_ ~/-.01.2·{r.~ -sp( \)•};~- . 
. . · t - mb 6 ... ·.. , _mb .· , ..• , 

+ . +··. , O' 2 t :;i ' 2 d :i . 0 Pt P2 P3 =. 1 Pt .= , P2 = mb an P3. = • 

'C(s)· .. = ·, i!2! (q~ - ml)(~q+ P1)2-~;;((q+ Pt~ ;2.)2~ ~n: 
· L·· 2(·· L-'-./3): · .. , . . .. . . 

·= -ln --- · 
2.s · .1 + (3 ' ., · 
--., . ~ ' .• 

-·· 
' • : • - ,, : '' ' "2 ' '' ·. 2 . . ' 2 ' . . . .- • 
·P1+ P2·+ p3 = 0, p1 = 0, p2 = 0 and p3 = s. . .: . . ·. . .. , 

· ,... · Oi:Iy the foUowing 'combinations of two-point foncti~ns a~e prese~t in the final: · 
answer 

B(t) = B(i) :-·:lJ(ml): · 

· where .B(;) a~d B(t) are.the following scalar integrals:' •. , ... , , 
I , ,· ' ·• : •_.,· • • \, • , • _, \~•'. ..... •.; '_:, 4 • •, :-:·., • '·• ' 

. B(s),=)3(s) _.B(mD, 

·. 'IJ°(s) ~ i~2 1(q2 -; mm(:: PF -ml)' 
.. · ... d4 . : ••. . ,, 

lJ(t) ~ ·i:21·(~2 - ~&)1q+p)2' · 
. ' ' 

' (5) . 

., _:---~ ' 

i ' 

2 . p = t._Thus~ • 

(1) ✓ 
·.· ··(·· mi) ( .. · ·. t ) 

B(t) = - 1 :-·-. In. 1-. -. ; 
, ..,, , ,t • J. ml 

·and .. 

, 
' ' . ·(· (-'/3).·· 

:B(s)=f31n -1~/3. (~) 

.The functions C1(u) and B(u) can be obtain~d by replaci1ig t, -t tt in Ci(t) and 
B(t). . . · · · 
·(;Z,·. 

Appendix B' ,;· 
' ,I.,,,._ 
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