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ABSTRACT

A background for three-jet production is studied with an invariant mass of any
two jets equal to the mass of W or ZO. The results include pure QCD and the
interference of the QCD and EW interactions at the tree level and gives the cross
section of an order of 103 pb at 1 TeV. Helicity amplitudes squared for all relevant

subprocesses of the interference terms at the parton level are given.
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1. Introduction

Jet productions {1] in hadron colliders at CERN and FERMI-LAB have pro
vided a successful test of the pertubative QCD [2], and have alrcady been detailed
comparisons of the theory with experiments [3]. The detailed study of one-jet and
two-jets, up to the order of a3, were discussed in [4). Pure QCD for three-jet
production were also written [7], and were tested at CDF. In this paper, we study
the background for three-jet production in pp and pp collisions, and include the
QCD-EW interference parts. W:z are particularly interested in the case, in which
an invariant mass of any two jets is equal to the mass of Z°® or W*. The completed
results of helicity amplitudes [5) squared of the QCD and EW (6] interference terms

will be given in section (2). Result and conclusion will be put into section (3).

2. Results for spin-dependent matrix elements

At the parton level, the production of three jets at large p can proceed via the
amplitudes of Hg — Hy7 in figure 2, which involve ¢g, qq, ¢¢’ and ¢g’ scattering
with radiation of a gluon, together with all other amplitudes for 2 — 3 parton
scattering from the subprocesses gg — ¢q7 or (ggg), ¢4 — 999, 99 — 499 or (q9q)
and gg — §qq or (dgg). All these subprocesses give rise to the dominant QCD
background. Helicity amplitude techniques are used to obtain the spin-dependent

matrix elements. Results can be separated into the parity conserving and violating

terms.

For the subprocess of g(p1) +§'(p2) — ¢(p4) + @ (p3) + 9(ps), we only consider
the diagrams Wy — W, which interfere with Hg — Hy3 in figure 1, where ¢ and ¢’
denote the different quark flavors. The parity conserving piece of the amplitude

squared, average over initial colors, and summed over final colors and spins is given
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|M(—++—)12=29"’“3°‘qu'(5?3+334){ L [ 8 (9_3 f2
33sin20w ts (s12 — MPy) ls1ats \ts 13
1 (g2 91)' 8 (fs 9:) 9 (93 fz)]
(2 ) 2R (812
s23ty (t4 t3 s23ta \ly &3 $14823 t4+f3
_ (s34 = M) ( 9, 81 g2
(834—M§V)2+F%‘,M‘2}V)t1 S14t3 Sa23ty so3ty

o)) 2

where sij = 2pipj, ti = 2pips; f1 = —~2t1534, f2 = —2s14t3, f3 = —24s13;
g1 = —t1834 — t3s14 — t4513; g2 = 211334 + g1 and g3 = g2 — 2s13t4. Mw and
'y are the mass and width of the W particle respectively. The parity violating

part is given by

(- + )P =2117r3a3aMwI‘wV:q,a:¢(sf3 -s2,) 1
2Tt tatatysin2fy (334 — M%V)z + M&,F%,V
t t Otst
x<_“_+.i_.__34)] (2)
S14  S23 14523

where V¢ is a Cabbibo-Kobayashi-Maskawa matrix element, and the parity vi-
olating invariant is given by z, = e“,,o,gpfpgpg’pf. o, is the strong coupling
constant and only four flavors of quarks are taken into account. a = T;l‘»_7 is the

fine structure constant. 8w is the weak angle.

For the interference between diagrams Zg — Zg and Hg — Hy 3 in figure 1, the

parity conserving terms are given by
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where Lq and Ry are the left and right coupling constants of quark flavors respec-
tively, and L,, = 1 — #sin?0yw,, Lg = (-1 + %sinzew) and Ry = —2egsin?0w.
eq is the quark charges. Mz and I'z are the mass and width of the Z° particle
respectively. The hermitian conjugate of eqn.(3) and eqn.(4) gives |M(+ — —+)|?
and [M(+ + ++)|? respectively. For the parity violating term, there is an extra
minus sign for its hermitian conjugate. The amplitude square is then given by,
1
IM[* = 2(M(-)* + IM(+)12),

where [M(=)? = [M(=++-)* +|M(=~~~)|? and [M(+)]* = |M(+-—+)]+
IM(+ + ++)]2.

For the subprocess of q(p1) + q(p2) — ¢(pa) + @(p3) + 9(ps), the relevant

diagrams are Z; — Zg and Hg — H;3 in fig 2. The parity conserving parts of

amplitude are given by
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The corresponding parity violating terms are given by
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The value of |M|? for the subprocess of ¢§ — ¢dg can be calculated in a similar

IM(=+-+)|* =

way for ¢§’ — ¢q§’g

The interference term for the subprocess ¢(p1)+§(p2) — ¢’(pa)+4 (p3)+9(ps),

comes from diagrams Z; — Z4 and Hg — H, 3 in fig 3. The parity conserving terms

of amplitude squared “are given by
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IM(+——+)|? and |M(+ —+—)|? are the hermitain conjugate of eqn.(10) and (11)
respectively. The parity violating terms are similar, except that there is an extra
minus sign. For the interference between the diagrams Ws — Wg and Hg — H,3
in figure 3, the parity conserving piece is given by
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Its parity violating part is given by
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For the subprocess of g(p1)+¢’(p2) = a(ps)+¢'(p3)9(ps) , the interference is
between diagrams W; — W, and Hg — H13 in figure 4, with the parity conserving
terms given by
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| where a1 = s12t4 + t1524 — S14i2; a2 = 14812 — S1482 — t1524; az = s1284 +

“ s1atz —t1524; and by = 2s24ty; by = 2845125 b3 = 251482

} For the interference between diagrams Zs — Zg and Hg — Hyj, the parity

| conserving terms are given by

| 287%a2alqly  (s3,+s3,)

\ e )2 =
| ‘M( )l 93in20w(1 —sinzew) t1t2t3t4
! 1 1
X + azt; — ast 16

| ((323 - MZ)s1a  (s14-— M%)sm)( f1T 4)( )
| .
| 8.3 2 ’ 2 2

IM(~ ++-)J2 = 2°rlagalqRy (s34 +s33)

| _Qsin'zﬂw(l - sin29w) t1t2t3t4

1 1
! + t) —ast ).17
! X ((323—M§)314 (314—M%)523)(03 1= ezty J(17)

'where |M(+ + ++)|2 and |[M(+ — —-{-)I2 are the hermitian conjugates of egns
|

((16) and (17) respectively. The results of eqn.(15), (16), (17) and the hermitian
:conjugates of eqn.(16) and (17) give the amplitude squared [M|?. 1t is easy to
Lr)btajn the results of the subprocess of §(p1) + §'(p2) — §(pa) + §'(p3) + 9(ps),
which should be equal to |M|2.

For the subprocess of g(py) + q(p2) — a(ps) + a(pa) + 9(ps), if pasticle 3 and
4 are interchanged, an extra minus sign should be put in the amplitude due to
the antisymmetry of two identical fermions. Finally for the interference between
diagrams Zy — Zg and Hq — Hg in ﬁguré 5, the parity conserving piece of the
amplitude squared is given by
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| M(+++4)%, |M(+—+-)|? and |[M(4 — —+)|? are the hermitian conjugates of
eqn.(18), (19) and (20) respectively. The corresponding amplitude squared for the

subprocess of §(p1) + §(pz2) — @(p3) + §(pa) + g(ps) are related to the eqns.(18),
(19), (20) and their hermitian conjuates. Thus it is easy to obtain the values of

M2,



We define an observable cross section by:

a=/da

where do is the differential cross section for finding three-jet production. Then

/(la - Z,: 1 +16;j /dz.,dzbff(z,,.qz)f}(z.,,QZ)%\%‘M@.

For hadron-hadron collisions, we choose d¥ = dz,drydysdyydsss, where z,
and z; are the parton momentum fractions, and y3 and yg are the center of mass
rapidities of the hadronic jet with momentum p3 and the gluon respectively, and
d¢ = dg3. s34 is the invariant mass of any two jets. @3 is the relative angle
between two jets. It is for the reason that there is only one ¢ dependence in the
calculation. f#(za,Q2) and f;(a:b, Q?) are the parton distribution functions [9].

The computer program ”Vegas” [8] is used to calculate this integral.

3. Results

Results for pp and pp are shown in fig. (6-7), and only include (u,d,s,c) flavor
contributions to our calculations. We choose the width of s34 so that (My —
I'w)? < s34 < (Mw +T'w)? and also (Mz ~Tz)? < s34 < (Mw +z)2.
We also symmetrize the hadronic jets since it is almost impossible to identify
the flavors of a hadronic jet. For the cross section we impose a set of refection-
symmetric cuts Jy;| < 4, |piT| > 5 GeV, 6;; > 15°, where i,j denote three different
jets 7 # j, to ensure that the hadronic jets are well-resolved and to exclude regions

of phase space where the tree level calculations presented here become unrelaible.

We find that the background for the three-jet production with the invariant

mass of two jets is equal to M% or M%, is an order of 10° pb at 1 TeV.
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FIGURE CAPTIONS

. FIG.1 Soild lines denote quarks, wavy lines electroweak boson and curly line

gluons. The QCD amplitudes Hg — Hy3 can interfere with the amplitudes of
Wy — Wy via W exhange and of Zs — Zg via Z° exchange for the subprocess
of 97’ — ¢7'g.

FI1G.2 Soild lines denote quarks, wavy lines electroweak boson and curly line

gluons. The QCD amplitudes Hg — Hyg can interfere with the amplitudes

Zg — Zg the subprocess of ¢ — ¢dg.

. FIG.3 Soild lines denote quarks, wavy lines electroweak boson and curly line

gluons. The QCD amplitudes Hg — Hy3 can interfere wi\th the amplitudes of
Ws — Wg via W exhange and of Z1 — Z4 via Z° exchange for the subprocess

of g7 — ¢'7'yg.

. FIG.4 Soild lines denote quarks, wavy lines electroweak boson and curly line

gluons. The QCD amplitudes H9 — Hyg can interfere with the amplitudes

of Zy — Zg for the subprocess of ¢¢ — qqg.

. FIG.5 Soild lines denote quarks, wavy lines electroweak boson and curiy line

gluons. The QCD amplitudes Hg — H) 3 can interfere with the amplitudes of
Wy — Wy via W exhange and of Zs — Zg via Z° exchange for the subprocess

of g¢' — q4’g.

. FIG.6 The background for three-jet production in pp collision: the data

points (circle) are for the s34 = M% and (square) are for the s34 = M3.

. FIG.7 The background for three-jet production in pp collision: the data

points (circle) are for the s34 = M2, and (square) are for the s34 = M2.

12



IE—'






105

10%

10

LI L l_lIl

llllllll

I T 1T 111§

Covnd ool 3oy sl 3

1 1 111

10°

Vs (GeV) 10

4

—_
o

(&)

Fig. 7



Zs 7, Zg
H, H,,
£ > _
3 3 3 3
Hll H12 v?%‘ H13 H14 &333‘
AU - .
b d - . N
X K %
His Hi | vjfz Hy

Fig. 6

k

102

L l l I ] I ] -
¥ ]
- -1
-
=
-
b=
-
-
b
=
o

108
108
10*
10°

(qd) ©




