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§ 1. Introduction

Recently the radistive corrections to the basic processes of
@D gre calculated {see e.g.”/ and the literature cited therein).
It is interesting to make analogous calculations in Supersymmete
ric (susy) .

Here, we use the results of /2/. where the exact formulas are
presented for the scalar quark pair production snd bremsstrahlung
gluon in the quarke(anti)quark collislons and gluon fusion proces-
ges:

G P+ G p(Pa)—> ®, (P3)+ Pp(PI+GK) ()
G (PO+Gp(P2) = D, (P3)+ D (P)+G (K )
G (PI+G (P2) = B (P + D (PG, ©)

In the note we limit ourselves to removing of the infrared (IR)
singularities and estimate corresponding IR finite corrections to
the Bom crossesectlons, 1.e. the so-called K=fsctors

K = L+ [M(ab>cd)] 5 /JM(&L—»cd)\fg .o @

where \M(Qﬁ*Cdﬂit is the spinecolor sveraged matrix element sque
aved for the processes ab-cd  in &%  order of the perturbas
tion theory. Thus de A
K=itsg @,

0L5=g2/(‘l§f) is the strong intersction running congtant and a 1s
a constsnt number which we receive arter the integration and ad=
ding of the real and virtual giuon emission graph contributions
in the soft 1imit (K-0).
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§ 2o Soft limit calculations

As i1s known the desgired correcticns to the Born crossesections
are the virtual gluon loop disgrems (V-graphs) and the real gluon
bremsstrahlung (R-graphs) /37,

In this section we give the detailed calculations for the Re
and Ve graphs of the process (1). Firstly we mzke the real gluon
phaseespace integrstion in small momentum 1imit of the emitted
gluon K->Q.

The gaugee=invariant set of the corresponding disgrsms is given

in Piget.
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Fig.1+. Gaugeeinvariant set of Feynman diagrams of the process

q9—> ®®G . Full line is fermion quark,wave is glu=
on, dashed is scalar Quarke.

It is easy to verify, that in soft limit we are left with 24 sque
ared IR Regraphs, depicted on Fig.2. Here the diagrams 1e6
correspond to the sechannel gluon exchange, Te{2 to techsnnel and
13224 are the contributions of the interference terms. Integratie
on 1s suitable to perform in N=4_-2¢ edimengional space. In
this case we have the integral of the type 37

2ef d™ 'k (Pcpy) L GG ¢
R(PL,DCPJFJ“ j(?sr)""‘-ZKo (P (k+xp)? — (A 2122(—1“’) :» (5)

rd-¢)
G—(ﬁ):ﬁ) ! Kiqm:(Pi+'xPJ')2/q y X= i

Here D; ; P; are the arbitrary momenta of the massless particles.
Note, that the K— 0 1imit means the following replscements

A=-pp =1/ (pi+p)) ,  1/(k+pi=p)* = 1/(pi~P})?
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Pig.2. Infrared Regpaphs in the soft limit K- O. The dashe
dotted line — .— denotes the unitarity cut of the -
amplitude.
We notice also that in the calculations Peynman gauge was

used. It is convenient because in the 1limit K—+0 there exist 24
squared Vegraphs ( Pige3 ) such that the singularities of the Re
and Vegraphs cancel each other in esch pair ((,U).

It is easy to see that each pair (L,i') has the same topology
and differs only in cutting rule.

The following integral corresponds to the Vegraphsi

Idk (P<Pi) (G(E) x(qug)‘ﬁ )
QU KZ(pY Rt (r0)72xer \ 2507

V(Piw,xpj) =
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Fige3. Infrared singular Vegraphs, which differ from the core
responding graphs of Pige2 by the cut Tules

Scme results. Pirstly we observe the cancellsation of the £ PO

les in each pair (( L), €+8oy Tor diasgrams (1) and (1') in the 1ie
rit K—= 0 we have

Yoy Hout 4 f ut ¢
2()=-27 5 @paapny »  2UN=-H & KT pYE Py -

'I‘able 1o Spin and color asveraged matrix elements s

7uared for 2-»2

processes of Mgl SUSY Q:D and QD /11 in the o(
order of the perturdestion theory.
IM(G3-99)]°| g B Qs+ $- 2 %) e
M(gg-on) *] g Bd (24 2) I
IM(GE=>®)|*| g - - (4- Nzcﬂi ey i
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IMlgg-co'| §" 5
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Table 2. Kw i+ 25.0 factors in Ne! SUSY Q@D and QD
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After the corresponding integration we have

2.(1)=-2 Y R(ppy), 2 (1)=-32 45 V(P pa),
S=2(ppP2) , t=-2(piPs), UL:-Q(P«Pq '
LiC&

~ i
R(PHP‘I 5:5 32.‘)‘[252 ’ V(ph PQ)&—)O j25 52(

<),

ger2(W+2Re (1] => & &b [ b 2h (1 @§2)(h%9-“)]=

3?2
__9° ut
i s*
Now we sum the sechannel, te=channel and interference contribue
tions .& .
= l_ “ut
QZ;[(L)«LRQ(L)] = 9" 37 o7 o
2ZLM+M(L] >3 _%% ) (8)
2; LD+ Re (M)=>-g°08 & )

Comparing {7«9) with the corresponding Born cross-sectlons/4'5/

( Table 1) for the process qq-»!t»da we get the following vealues for
Ketactors { see Table 2 )

K K K =K int =

93> 0% + 5 (g7 o

§3. Exact formulas for the gluon bremsstrahlung crossesec tions
’ and Ke=factors

Note, the picture presented here for the Kefactor estimae=
tion is realized in Peynman gauge and bresks in other { axial,lige
htlike ) gauges. The latter are very useful’?/ vecause the large
_number diagrams of SUSY QD vanish. This bresking is due to the
existence of the equal topology Re and Vegraphs but they have dife
ferent IR behaviour. In light-like gauges it is impossible to hae
ve the pair of disgrams which canceld the IR divergencies in £2.
Besides, there arise new propagators with (nK)‘”z) and corresponds
ingly new type of integrals wltlr the axial vector 1 s which
need additional analysisls/. Below we propose 8 simple method for
K=factor evaluation based on the exact crossesections of the pro=
cesses ( 1e3 Ynan arbitrary gauge without V-;raphs.

‘Recently, some computing algorithms are developed for
the bremsstrahlung crossesection evaluations by the analytical

programming methods REDUCE/B/. which sllow to obtain the crossesee
ctions of the { 1«3 ) processes in factorized form with the brems~
strahlung factor pick Outlz'w

In order to single out the IR structure 1% 1s necessary to rews
rite the matrix element squared in the form 'of the sum of certain
eikonal factors 10/, E.g. for the process q&[—>¢56 ( see Fig.! )
we have the exact result

IMQu3s > 860" =" 20 ACIMT T o)
where the indices ( denote the se, te and interference channel
contributions,

lel % 31=2(P3P0)t(:‘Q(Pqu\,“ﬁ“?(PzPa),

I, {c ([m]+[25])+c ([ L2601 -[u1-C231)+ t12)
+C(C121+0350)3 80 g

A=t IMOP- st .
I,- c,([{q]+[251)+c2([{2]+£3u1—{;4q]—[231)+
+0, ([131+024))
o 12 (Ut+d Y5Si+tti- W)
A2, MG 1= 255, tt, )
(14)
;rmt={cq(znqhzma—mu,az]%cs[m‘am&,{ﬂ :

Here [ij] denotes the eikonal factor

. (Pep;
Ll ‘(Pm)(wJ '

[, k€1 =2 j1+20xt]-Lik)-[€1-LjrI-[y €T,

and the color Casimires are

-1 (NE=2)(Ne-1) _N&-d

o TaNg T o TN
Ne-1 Ne-4
Cuz(ch:) , C5=-——-8N:

In the case of the color SU(3) group N. =3.

The analysis carried in preceding section shows that the ree
sults obtained sbove ( T7a9 ) can be reproduced without drawing
the virtual graphs. To see this we need the following replacement
in ( 12014 )3



s=S,,t=t, u=uy, [(:J:,K-f] :)O.'

(15)
Tij1 =4 [R(P.xp)* Re V(p, ~xp))] = - 7

y -

We make similar calculations for processes (2) and (3)- For the
matrix element squared of process (2) we have

lM(qotqp“”q)ﬂ’ﬁG)\ ”‘3‘1% AL‘IM(f)l ~IL , {(16)

Here indices [ stand for te and uschannel contributions

'At=[i |M(m‘2 ut +uty

2ttty !
T, =C, ([121+0341) = C,([1+[341-[#41-[23]) +
o t+u,t
IM( )\2= E—g—dt{—(‘ ,
o« = {C 1B T3H1) = Co ([421+0341-[13)-[241)+ (18)
+C3(["Ll1+['231)}gdﬁ .

Inserting (15) into {17=18) and comparing with the correspone
ding Born crossesections ( see 'l‘able 1 ) we obtain

Kq'q-)¢<p_i+ ( )

Similariy, for reaction (3) we have

N " L] [ (SRSt ru Yt w2
MGG 036)1* - 5 Mol [CRmlGrn e tuii ],

*{ L3+ NS (0341 - (18]~ [iud -[23]-[ 2u] - EEE p3u1 )+
+S—’\§ [ (Cia+rm+[23))tt, + (D121 + 31+ [ 241 Yuwe, 1 §

and for corresponding Kefactor (N.=3)

Kogoop = 1+ er( 2965C ).

. Thus, Table 2 represents calculated vaiues of Kefactors for
the basic processes of SUSY QCD and CED”'W too. We use some ree
sults of papers”o'“/o
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§4. Conclusion

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

In the formulas of the type (11) and (16) 1’29 the rirst face
tor IM|?  1g connected with the lowest order, elastic process,
and the second one is related to the IR factor which describves
soft quantum emission and defines the corresponding Kefactor. How
ever, in the case of the resction (3) { and also for reactions
QG > GGG enda GG—>GGG 1in Q@D ) for the soft limit K—0
the first factor does not reproduce .the elastic crossesection end
can have another physical 1nterpretation/12/- It is remsrkable
that for processes mentioned after integration (15) the values of
the elastic crossesections are fully reproduced from the product
of both the factors. .
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K-dakrops B N=1 cynepcummeTrpuunolt KX]I

Buuucnaercsa K-daxtop mna nponecca f » @f B N=l cynep—
cumMeTpuyHo#t KXJI, IonyueHst Toulibie GOpMysibl IS TOPMO3HOIO
U3JIyUYeHHs I'NwoHa C ABHO BbilelleHHOW HH{paKpacHOM CTPYKTy—
po#, mosBonswomel HenocpeOCTBEHHO BHUHCIIHTH COOTBETCTBY MM
K-daxTop. [Ana wumwcTpanyy NpHBeNeHbh pacueTh OIf8 CeueHuH
npoueccor qq » ¢da u GG -+ 9dq.

Pa6ora BemonHeHa B JlaBopaTOpHH TeOpETHUECKOH (HSHKH
OusIu,

[Ipenpunt O6benuHeHKOT'0 HHCTHTYTa AOePHBIX HeenepoBarui, Jy6ua 1987

Darbaidze Ya.Z. et al. E2-87-711
Gluon Bremsstrahlung K-Factors in N=1 Susy QCD

K-factor for the qq » ®d process in N=! susy QCD is
calculated. The exact gluon bremsstrahlung matrix elements
squared allowing for computation of the corresponding
K-factors are obtained. As an illustration the cross-sec-
tions for the processes qq +»d®0 and QQ »®dQ are presen—
ted.

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1987




