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Abstract. In this paper we give un approximale expression for the squared matrix element ol the  process

g8 — gpeeg » This approaimnation is based on the infra-red reduciion and is the result of six-gluon scattenng,
10 leading order in the number of colors. It is shown using this appreximation, that the error is dramatically
reduced to about 1% compared to the exact result for seven gluon scaltering,

We compared the analytic approximation foro for the cruss-section which we obtained with the exact fonn
and we fDumfl.hal there is 99% agreement. We can usc this analytic form te study the five jets.

We discovered thal the factor which was suggested by Striling is independent of jet kinematics, the accuracy
of the approimation will presumably be rather sensitive to kincmatical cuts since the approximation which was
presented by Striling will not be accurale evenl-by-event in phase space.

Calculations Technique

In the present there is no anabytic expression for the squared matrix elements of the
process gg — geegg only existing expression for unsquared subamplitudes. These
subamplitudes are written in terms of spinors [11.

The matrix elements squared for the seven gluons scatlering are difficult Lo obtain in a
compact form and the reasons behind that are: [irstly, each subamplitude of ref, [1] has
very long expression in terms of spinors. Secondly, in the malrix elements squared for
each subamplilude required traces with (18), and (more), objects of the external gluons
maomenta neéed 1o evaluate in terms of kinematical invariants, In fact these traces appeared
in m;, m;, my; and m, with helicity configuration (+++----), (++-+---), (++--+--) und
(+-+-+--) respectively.

The puspose of this paper is t¢ give approximation form lor the process gg — gagag
which was based on the calculations of six-gluon scattering, to lcading order in the
number of color , and some reduction {actor. This cxpression is uscful in simulating five
jetevents, At the same time we improved the result which was obtained by Maxwell,
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. . . . 2 N
We shall wrile the six-gluon scauering matrix elements squared, Mg, 10 leading
order in the nunber of color, as

M = MEF[" + = )

2
|M§T| is the contribution of (--++++), and permuted, helicity orderings which is
given by the formula of Parke and Taylor [2).

S N T L4 1
fue'| ="l - I)Z(”) ) (12)(23) ... {61) @
1=] 4
(i.j) means the dot product of four momenta [PI.P]-). The matrix elements squarcd of the

expression in eqoation (2) are summed over color and helicities, but a color and helicity
averaging factor should be supplied (0 these expressions. P denotes a sum over the 60
distinct non-cyclic permutations of 1,2, 3,4, 5, & up 1o cyclic and reverse rearderings.

For the remaining helicity orderings we shall write, following rcf, [3].

[z = 2g"NE(N2 - 1)2[% H,(L.6)+ Hy(L.6) + %H3(1..6)] 3
Py
H,, H, and H; in equation (3) are understood as the contributions of the (+-+-+-},
(#+-+--} and (+++---) helicity combinations, respectively. P, means a sum over all 720
permutations of the external gluon momenta (1,2, 3, 4, 5, 6). The expressions for H, and
H, are summarized in Tablel.

The poles which appeared in Table 1 read as the following:

Ty = 1123512523545534 (4}
Ty =m,T,.T, = 1T, )

®, and 7_in equation (5) denote permutations of the exiernal momenta according to
the following rules

x,:(123456) — (234561)
n_:(123456) — (345612)
8 =8,38538 34845861556
We used the following kinematical quantities.
Ly = Sij +35 +38;
Ui = 580 — 8585 +5,.8,
tia =580 —Sy5;
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Tablel. The expressionsfor Hy and H; in lerms of kincmatical invaniants, [4].

Foles H, (123456) H;(123456)
K 3 1 N
T Zafo,Sie :bllslazslé
K © sy
2
T,Ty 3{(3, +a,) +22,%,8,5, +x§] [(b‘ +b, ) +205,5,8,85, +b§]
Tt Y 5 (bs +5, )7 +b, (30, +28,)
+in (Ugm - 45353455453:5”
T,5 31n‘alS,,S“(n,+2a,) byBy1 1. 51556
T.8 9 bzsmsse[leis« +B1lm]
s [T!S,_,Sm((a6 +a, f{ag tag)+ {Slﬁszlsiﬁ[ﬂlpi UL
484 +11358018 1081 ) + “2112:4[-’1145515534515]"'
3 1
Fhat 30551388, (2, +285) S‘,S,,,S,‘S,,I:EB,B, Fifb, ] -
3 1
‘;‘fna:a:“s] I‘]z:ubzbabs +

1 -
Elmlusslzbsﬁblal +

2

1 :
‘“lﬂab3b7(512tzyb| +21f, )}

For H,

;= 2(t35t123 — 513546

as = m,ap,a3 = M,dy

a4 = ~1135(t1351234 345 ~ 1135534516 — 245515824 = 1234535525 )
as = —51583582682, A =may.8; = Mg

ag = Tpdg, Ag = Mydq

a0 =~} (1152642305 + Us2alos63 + taagstouss +12315526515

12455912535 + 12614552553 + U4563812825 + 51253552455¢)
For H,
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bl = ??:jal,bz = ’ribl’ b3 = ﬂ'rbz

b4 =may, bS = mas

Be = —t124{123535 - 124845 + t345556)
b7 = 512856535

bg = mybg. by = 7,bg

1
by = "2'(‘2346314535 +1134552453¢ + 11634523845

2 .
+t1463534552 + 1643835824 + 2615874 — 57385546534
~82681383485 — 28138465348 25)
T;. MM, and fare permutations acting on the external momenta according to the
following rules

7, = (123456) — (132546)
7, = (123456) — (241356}
n, = (123456) -» (654321}
n, = (123456) — (154326)

Bi =(bg+2b;). f, =(by +2bg)
By =(bs+2bs)

the expression for H; is given by

1193824516 + 2t9345,:8
H3(1...6)=tﬁ23[ 123934316 F #193494597
133482455125238 34545556 3¢

2 2
(ti25ta3ataas — 2234545512 ) My
2 .2 2 Q2
34t145534Sig Ua34t 345534516

+

Seven-gluon Results

Now we assume the collinear limit in which one particle [rom the final stae goes
parallel to one particle [rom the final state f11f then one has

({;)To(]'l)lM“ |2 = g2ng(2)|Mn—] |2 (6)

where Pu(z)the Altarelli - Partsi splitting Kernel and given by the following relation
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P Z)=NJ7  +(1-2)" +1]s 2(1-2) 7

o
2k
here (ij) = 0, 1= {1-Z)z and a =i+], Z in cquation (7} is the cnergy raction, where

Z-E, /(B +E

)
We shall use the reduction technique [S] {0 approximale IMHI‘ for some (s-1) jet
conliguration then one has

1. IM.f P
|I\’In‘ = Wlm}\ M: (8)

2

where Ijgdenotes that the ratio of amplitudes is evaluated at a 'nearby’ conliguration
where two of the final jets i, j, having the smallest invariant mass, have been replaced by
a collinear pair of jets in the dircction of P, + P, with cnergy (raction Z and (1-Z). The

ratio in equation (8) contains no Kenematical poles it will be reasonably slow-varying.

As we noted that the Parke and Taylor formula does nol reduce by this way this
means that Z* +(1- 2}4 and 1 have different coeflicients. We shall define

R= E {im)” / E‘(la)4 (9)

1 mej L, |

We rewrite equation (2) in this limit as

Lim My = ¢ 7R MU (0
=
for general n with
f(R,Z):NE[R+ZJ‘+(1—Z)4]/(R+1)Z(]—Z) (11)
and hence the equation in (8) wrillen as
2
2 M ,
ML= F(R,Z)%XM' : (12)
i
with
E(R,ZV=(R + |j[7_4 +{1=7) + |]/[7.4 =7y +R] (3

For seven gluon scallering (n=7), then



140 M. Makhshoush

|M.,| =F(R, z) XIM PTl (14

7

2. . . . . .
where |M6| is the. matrix element squared for six-gluon scaticring, o leading order in the

" o
number of color, \Méll is the Parke and Taylor formula fur gg — ggegg and given in
equation {2).

. . 2 . .
The exact matrix element squared for MPT! for the process gg — ¢ 1% wrilien as
7 2EEE

pr® _ 10,05 1
p 7| = w (e~ )E(’J)4§(12)(23)(34)(45){56)(67)(71)

+;910N3( )Y ! 248[ 15a(1234567)

s 812815545524 595 553
12B(1234567) 15¢(1234567) (s
534546516 53555752s 5145425259535 51

_ 2D{1234567) ]}

814547873816 952 525554501

the. functions A and B are given in Table 2 and the lunctions C and D are given in table 3.
The functions X, Y an¢ Z which are appearcd in tables 2 and 3 are defined as

X(1..7) = Uzg1Usea1 — 2tys6347513
Y(l..?) = Ujgs6U1as7 — 2U1756514S45
ZL1... 7} = 1457592526 1565512532 + 2756513524 ta473515526
+t1275524816 + 12567812824 + 11627524835 + 11463527557 + t3764812852
+13625478 52 +11734526852 + UgrasS128n
S in equation(15) reads as

8 = 5128235345455 56567571

P, in equation (15) means # sum over the 360 distinet non-cyclic permutations of 1,
2,3.4, 5,6, 7 upto cyclic and reverse rcorderings.
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Table 2. The coefficients of A and B In the Parke and Taylor Formula far pg — ppppe

A (123456T) B (1234567
v[UT!ﬁUNJIU:iSGi Uwiuﬂmuqm

+ U 10 X (1234567) +2U 4, Y (4215673}
—U,, X{5264317) +U g X(5142763)
— Uy, X(4271563)

Tahle 3. The coefficents of C and D In the Parke and Taylor formula for seven gluon scatiering.

C (1234567) D (1234567)
Uidﬂul‘lﬂuﬂﬂ _[BUNS!UWISUJ?&ZU(S&I
+U 4, Y(1673425) U y5aU e Y{1364527)
- UneX(3754261) +U1151{U¢715x{3162457)
+U,, X (3724561
X ( ) “2U g Z(1763254)]
+[Z(1763254)
~3U U [X (5742361)}

Results and Discussion

For comparison of this approximation, which is given in equation (14), and used
equation (15) and the result of the six-gluon scattering with exact matrix element squared
[6], we used the Moate Carlo program. The calculations are done at the Fermilab

Tevatron 1800 Gev c.m. energy. Using the parton density functions of ref. [7] with
A=0.20 Gev and we applied the following cuts on the outgoing partons

i . . 2
P > 25 Gev. [or euch pair of the final jet cos@;; < cos[n—.i()z~].|ni| <35,

where P4 denotes the transverse momentum and 7); the rapidity of the outgoing gluon,

The total cross-section rate for the process gg — ggggg is listed in Table (4). wjere

we omciided tje a[[rpxo,atopms wiocj are siggested by Maxwell [5], Kunszt and Stirling
[81.

From these comparisons, it is clear that our result has given excellent approximation
for the process gg — gggpg compared with exact result.
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Table 4. The total cross-section rates (in nb} for different approximations compared with exact cross-
section rate for the process gg — ggaogg.

Method BE — BEERE
Exact 0.91.003
Makhshoush (.90 +.003
Maxwell 0.81 £0.03
K-Stirling 1.33+0.04
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