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§ r , In troduc tion 

Recently the radiative corrections to the basie processes oi 
Q::D ;.re calculated (see e.gJt! and the literatura eited therein). 
It ia in teresting to make analogou s calculation s in Supersymmet

ric (SUSY) Q::D. 
Hare, we use the resul ts ot /2/, 1'here the exae t tomulas are 

presen ted tor the scalar <lua1'k pair produc tion and bremsstrahlung 
gluon in the QU aIic-(anti )quark collislons and gluon ruston proces

ses: 

q,~(Pt)+ qJ>(P2)~ epd-(P3~+ 4'~(P4)+G(K) li' 
qo(.(Pt)+q,})(P2)~ 4'~(P3)+' CP0(P,,)+G(K') (2) 

G (Pl)+G (P2) ~ ~ (P3)+ct> (p414-G-(K). O) 

In the note we l1ml t ourselves to removing o'f the in'frared (IR) 
singularl ties snd estimate correspondlng IR tini te correc tions to 
the Bom eross-sectlons., 1.e. the so,-ealléd K.tectors 

2. / 2K = 1+ IM(o.~-+ccL)lckl JM(ClL~c(O\~~ ,. (4) 
2 

cts=Ç} /(49r) is the strong 1nteractton runnlng cons~ant end a. 18 

",here IM(o.&4Cd.)\ó..n. 18 the sp1n-eolor averaged matrix element sQu-
Bred 5 otor the processes. o.e-» cd. ln n

d- s order ot the perturba

tlon theQry. Tbus 
K=l+ ~.â I 

~1. ~ 

a constsnt number ",blch 1f8 recelve atter· the integrat10n and 8<1

<11ns or the real and virtusl.gluon emission graph contributtons 

1n the 80ft 1imi t (K-O). 

"VI'ri~UHh1~ gllcnrryT \ 
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~ 20 80ft limit calculations 
As is known the desirad corrections to the Bom c roase-sec t Ions 

are the virtual gluon 100p diagrame (V-graphs) and the real gluon 
bremsstrahIung (R-graphs) 13/. 

In this section we give the detailed calculations for the R
and V- graphs of the process (1). Firstly we make the real gluon 
phase.space integration in small rnomentum limit of the emitted 
gluon K-+O. 

The gauge-invariant set of the corresponóing diagrama ia given 
in Fig.10• 
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Figo 1. Gauge-invarian t set or Feynman diagrama ot the proceas 

q,q. ~ q> ~G- • :FuI1 line is fermion quark, wave is glu
00, da8hed is acalar quark. 

It i8 easy to verify, that in 80ft 1imit we are 1eft with 24 Squ
ared IR R-sraphs, depicted on Fig.2. Hera the diagrams 1-6 
correspond to the a-ehannel gluon eJChange, 7-12 to t-ehannel and 
0-24 are the contributione of the interferance teme. Integrati. 
on 1e suitable to perfom in rt=4-2S -dimensional spaceo In 
this e ase we have the integral ot the type 131 

2f.rCr-IK (PioP,j) ! (;.(E.)(I<;;Q/;t.)-t.

R(Pi-,xpJ=J" J(2sr),,-1.2K o (K+PiY(K+'J.:PJ)2 =(49()2'2'Xt2 ' '3lf'2 7 (5)
 

r(l-f-) 2. 11 JG()f.. = r(!-2E.) , Kh\Q..');. = (Pi.+'X:Pj') 4 1 se == ± J. .. 

Here Pt • PJ 'áre the arbl trary mOllenta ot the massl~ss particles. 
Note, that the K- O 11mi t maane the fol10win8 replacemel1ts 

l/(K-pi.-Pjf ~ i!(pi.+pd)l !/(K+Pi.- Pj)2 ~ 1/( Pio - Pj )2.1 

2 

~ r4:~ ;q:~ ~1~~
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Fig.2.	 Infrared R-Sl'8phl! in the soft limit K~O. The dash. 
dotted line - 0- denotes the unitarity cut of the 

amplitude. 

le notice also that in the calculations Feynmsn gauge was 
used. It ia conven1ent bec ause in the limit K-O there exist 2~ 

squared Vegraphs ( Fig.3 ) 8uch that the singularities of the R
and V-6raphs cancel each other ln each palr (i.,i.'). 

It i8 easy to see that each pair (Lt l
) hal! the same topology 

and differs 0011 in cuttins rule. 
The fol101'ing integral corresponds to the v-grsphaa 

. 'X .)_ 2f.Jd.tl. K (Ft:pjJ =_ (·C(E.) (xepi.R!»)-E. (6)
V(Pll PJ -r (29tY" Kl(l(-tpâl.(KtpJ1')1 (lf1rV2:xé 231j'l 5. 
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Pig.J.	 Intrared singular V..graphs, which <11tter from the cor

respondlng graphs of P1g.2 by the cut rule.
 

Some resultso Pirstly we observe the cancellation of the E.-2. po.
 
les in each palr (L ,e), e.8., for d1agrama <t,. anti h I) in the 110
 
mit K-- O we hsve
 

-- 11 ut i ~6 ut L
2'(!)=-2lf S(KP1){KP2) 2, (11)= - 2'1 S Ki(K-PSl(",+p~)2
 

4 

Teble 1. Spin and coior eve raged matrh elemen ts slua:red for 2:+2 
processes of N~1 SUSY ccn/ 4, 51 'and 'Cblt 1 in the of..~ 
order 01' the pe r-tu rba t í on theory. 

IM(qq 4 epcp ) 1 
2 

fM(qq~<j)~) 1
2 

IM (cc-Hl>cP ) \2
 

IM(~ql -) q,~' )1
2
 

\M (q,q,~q,'lr)\2 

1M(q,~ ~GG) \2 

\M(CC; ~ G-~ ) 1
2 

~~ N~-=i{2 LLt + 
2. N~ 52 

~ 
t 

_ 2
Nc 
~ 
S 

) 

~IjN~-! 
( 2 NZ 

(~+.!) 
i: u 

CJ Li ~i ,( 1_ 2. Nzt LL )
Nc N;-! S2 

4 N2-1 52.+ LL'l. 

~ _2N1 '~ 

Ij Nc2-1 
·(S'2+ll~ S2+t2. 2 ~,2') 

~ ZW' ~+~-N tuc ,c 
g4 (N2-t)7. t2.+u '2 (1- 2Nz tll )

N2 t u NJ-l ç, 

~4 ~NZ,(3_ut_LlS_~} 
N~-l 52 t7. U? 

Table 2. K-! + f~ ,ô.. fac tor-s in Nart SUSY 0::0 and 'Cn 

1\ 1.6 ~T2 
CL9,~-'J>~~ 9 

i6 5C 2â 9,q.~ <t><l' 9 
1\ 26 9( 2 ,aCr (',. -+ $<t) 9 

28 3(2	 *)163[2.â.q.q.l -"t C\q' 99 
1\ ll3(2	 *)i6 3L 2a q,,\ --';> q,C\ 9 

li 5(2 *) 

9 
26 sr 2âqq,~GG 129. 

*)3312.4 j( 2â 
G(,.~c;.G-

1J 9T~ ~.9iz *)â.q,q,~JiHG 
- .- --'

*, Ã.p.centogourls e.lh 131 resulte. 
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After the corresponding integration we have 

2 ( )- 32 Llt R( ) ( I) 32 u.t . V( ), i =:;>- 2?- ~ Pl,Pl 2 1. =)- 2'1 S"ll P~I-P2 II 

S=2(PdJ 2) t=-2(PIP3) U:=:-2(PlP'i) II	 I 

"-" !	 L .e.-i.5tE:. 3[26. Z 
r>.../

R (PhP'l \.~o 325t2~?, V(P~l-P<.\~O 32jt2 t: 4 (:1 + -6- ), 
so Jt t L i gr2.(Z E,2..:J('Z II
~G[2'(!)+2ik(i')]=> 27 ~l [-e9[~+[2i1(1-z- )(l+T )J= 

• 
=-~ ~! . 

Now we sum the s-ehannel, t-ehannel an d in terference con tribu

tions 

2 .f. [(') fL'C")] G 46 u-t 
~ l + t'U'- L => CJ 8T ? } (7) 

2.t [( L) + lle- (L ')] => Q b ~ u.	 (e)
i. k 1	 () 462 t } 
2'1	 U22: [(i)+R.t(L')]=>-é--ffi..- S	 (9' 

i.=.l3 <J 243	 /4 5/
Comparing (7-9)with the corresponding Born cross-sections t 

( Table t' for the process q,~ ~~~ 1ge get the following values for 
K.factors ( see Table 2 ) 

1/ • d..- s ( /6 9(:2)KqCi~(H = l'.·s -=: K t =Ki.nt ==:L + 2~ 9 ' (IO) 

§J.	 Exact formulas for the gluon bremsstrahlung cross-sections 
and K-fac tors 

Note, the picture presented here for the K-fec tor estima
tion i8 realized in Peynman gauge and breaks in other ( axlal,lig. 

/ 21 htlike , gauges. The latter are very use:ful because the large 
,number diagrama or SUS'Y ~D van í sh , This bntaking t s due to the 
existence of the eQuel topology R- and V-graphs but they have dif. 
ferent IR behaviour. In light-like gauges it is impossible to ha
ve the pair of diagrame which cancel$ the IR divergencies in E-- 2 

• 

Besides, there erise new propagators 19ith (11 Kf 1(2) end c or-re sporo
ingly new type of in tegrals wittr the axial vec tor rL , 19hich 
need additional analysis/ 6/• Below we propose a simple method for 
K-factor .evaluation based on the exact c rosa-sec t í.ons ot the p~ 

cesses ( t-3 ~n~n arbitrary gauge 19ithout v.~raPhs. 

~ecently, some computing algorithms 71 are developed for 
the bremsstrahlung cross-section evaluations by the analytical 

~ 

í· 
f 

I programming methods REDUCE'81 t whic·h allow to obtain the e roas-se

I c t í on s ot the ( t-3 ) processes in factorized fonn w1th the brems
strahlung factor pick out/2t9f. 

In order to single out the IR structure 1t is necessary to rew. 
rite the matrix element squared in the ~orm 'of the sum of certain 
eikonal factors'tO/. E.g. for the process q~<t>~G- ( see Fig.l ) 

we have the exac t resul tli}	 
2 

I~ I M(q,et.~~ ~ ~~ (l)..B G) 1 , ::; ~6 i ~U1! A(.,1 M~O) IZ . I l { It ) 

!	 W'here the indices i. denote the Se, t- and in te rfe renc e -channe I 

con tribu tion s, 

I'U (O) 12. Llt+LL(t( 2() (A~=4. 1	 I 1~ls ::: SSl I S.::: P3f'4 J t i =- 2 P1P4)1-Ll.. i =- 2(P2P3), 

1 =iC(([141+[231)+C2.([~31+[241-[141-[231)+ (12)
5 

+C3([j2J+[341)1ó~j3 J 

A =4.	 1M(O)\'l= ut+lÁ(t.
t I t 2tt, , 

I t ::: CI ( [ 14.J + [ 2~ 1) + C2 ( [ 12J+[ 34] - [ 14] - (231) + 
( O) 

+C~([13]+[24]) , 

A, =2 11'1(0112._(ut+Lt.,t,)(ssf+tt,-u'U 1) 

~I\t 1 l,l\t - zss.t t., J 

I	 = t C4 ( 2[ i 4] +2 [ 23) r /4 I 32] ) + C5 [ 14 ,3 2J ~ so!. 53 
(14) 

lllt	 

Here [i.j] denotes the eii<onal fac tor
 
,] (p~pj)


[ LJ =: (P~K)(KPJ) 

[~j,Ke] '= 2 [LJJ+2.[KCJ -[LK]-[i.e]-eJ"K]-[jeJ] 

and	 the color Casimires are 

- N~ - 1 
CI - 8 N c 

C4::: 

In the case o r 

C _(N~ - 2){N2-1) C = _ N~ - i 
1 2. - 8 N~ ) 3 8N~ 

(N2 - 1)2
_ N~ -1 

8N~) C5 - 8Ni
 

the ,color SU(3) group Nc .3.
 
The	 enalysis carried in preceding section shows that the re

~ " 
sulte obtained above ( 7.9 , can be reproduced wlthout drawlng 
the	 virtual grephs. To see thls we need the followlng replacement 

in ( 12-14 ) I 
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S=SI1t.==t I 1U==LL I" [i.).,/(.O=>O, 

LLj] => li [R(Pll~Pd)t RQ, V(p~ l":'XPj)] =ilt . <15; ~ . 

w~ maka simflar'calculat10ns ror processes (2) 
matrix element squared o~ prOcess (2) we have 

and (3). For the 
, 

• 

A =4 "IM(ct)\2=ut t u {t , 
t I t 2tti' 

I, :=oC 
j 
([~2]+[34J)-C2(U21+[341-[141-[~3])+ 

+C 3 ( [ B ] + [ 2Lt 1) , 

IM(q~q~~"~~q,~G)\2:=~6i~ Ai.·IM~)I?··IL 
Here indicas i. stand for t- and u-ehannel c on t rd-bu t í.ons 

(17) 

(16) 
\Il" , 

'l 

I 

A =4 
U I 

IM (0'\2. =: 
~ 

Ltti-U{t{ 
2u~{ 

L, = {CI([~21+ [341) - C~( [t21 +[34}- [/3)-[ 24])+ 

+C3 (U4] + [231) 1Oa(j . 

(tS) 

:tnserting (t5) 1nto (17-18) 

ding Bom c ross-ssec tion s ( see 

ct.sKqq~ q> I\) = i + 25C 

SimilarlYt for Teaetlon ()} 

& '1.' 

and comparing with the cor-re spon« 
Tab1e 1 ) we obtaln 

(/6 2)8' 3l . 

IM(G-G-~<t>~G)\2=-9: Nç-l.[(S+ +UI 
32. ~ 

wa have 

-t: )'2.( t )2 ~t2 2t2. I
S,+	 tU I +U fU.I I J x 

u t. u vt , 

)I{[34J+N~([34],.-[j3]-'[~4)-[23]-[2Lt)- tts~UU.1 [34J)+ 
"l	 I 

+s~~ [( [{'2]+[ 14]+ [23] )tt j + ([{21 + [B]+ [2~1 )ULL t ] 1 
and for correspondlng K-fae tor (Nc m)} 

cJ...s	 (26 2)KGG-? ~~ :::: :i. + 2.9t 9 J( . 

Thus, Table 2 represente ealeulated v81ues or K.tac tors tor 
the basle processes 01" SUSY ~D and ~Dfl, 9/ too. 'fie use some reG l.~ 
sults of papara/ 10 , t t / . 

8 

§4. Coneluslon 

We must note that the resulta for QCD are in disagreement with 
the Contogouris e.a./3/ resulta. 

In the formulas 01" the type (11' 80d (16) in/2,9/the flrst fae
torlM(Oll2 lsconnected wlth the lowest order, alasUe process, 
and the see ond one ls related to the IR factor whieh des::rlbes 
80tt quantum emisslon and defines the eorrespondlng K-factor. How
ever, in the case 01" the resctlon O> '( and also for reaetions 
q.q: ~ GGG- and G-G -'l'GGG- in ~D ) for the 80tt 11mit K- O 

the flrst tac tor does not repreduce ,the ela sUe c rossesec tion 8I1d 
can bave 'Bnother pbyslcal lnterpretatlon/12/. It.1s remarkable 
that tor processes mentioned after lntegration (5) the values 01" 

the elastlc c ro sse-sec t í.ons are fully reprod.ueed trem the produc t; 

of both the fac tors. • 
The authors acknowledge A.C.Hearn, D. V. Shlrlcov,.A.N.Tavkhe
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~ap6aH~3e H.3. H ~p. E2-87-711 
K-íPaKTopbl B Nc 1 cynepcHMMeTpH1.!Hotí I<X,ll 

BbltIHCnHeTcH K-cPaKTop ~nH npOI\CCCa qq ... '<1l~ B Na] cyrte p-: 
cHMMeTpHtIHotí IQ(~. Ilorryvenu TOtIU1>le iPOPMYJIbl l~nH TOpM03Horo 
H3nytIeHHH r-rnooaa C HBHO asmerrenaoã HH<ppaKpacHoi% CTPYKTY
poü, n03BonHIO~el1 aenocpencraeaao BbltIHCnHTb cooTBeTCTBYIO~H1i 

K-iPaKTOp,. ~H HnnlOCTpaQHH npanenenu pacue rsr nrra CetIeHHJ1 
npOQeCCOB qq ... '<1l<1l0 li ao -+ '<1J~a • 

Pa60Ta BwnonHeHa B na60paTópHH TeOpeTHtIeCKOJ1 iPH3HK~ 

Oillll1. 

Ilpenpmrr 06'be,ZUiHeHHOrO HHCTHTYTa Ji,llepHhIX accnenosaaaâ, ,lly6Ha 1987 

Darbaidze Ya.Z. et a1. E2-87-71] 
G1uon Bremsstrah1ung K-Factors in N=] Susy QCD 

K-factor, for the qq -+, '<1J<f process in ~lal susy QCD í s 
calculated. The exact gluon bremsstrah1ung matrix e1ements 
squared a110wing for computation of the corresponding 
K-factors are obtained. As an i11ustration the cross-sec
tions for the processes qq -+ 'cIl<IlO and ao .. 'cI7«KJ are pre s en-' 
ted. 

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