
Figure 1: Born kinematics.
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Figure 2: Hard kinematics. 3-momenta ~p1, ~p2 and ~p5 lies in y′z′-plane, β =
|~p3 + ~p4|
E3 + E4

=
s− s′

s+ s′
.
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The four-momenta p =


p′x
p′y
p′z
E′

 in the R′ frame:
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Scalar products:

p1p2 =
s

2
− m2

1 +m2
2

2
,

p3p4 =
s′

2
− m2

3 +m2
4

2
,

p1p5 =
s− s′

4
κ1 (1− β1 cos θ5) ,

p2p5 =
s− s′

4
κ2 (1 + β2 cos θ5) ,

p3p5 =
s− s′

4
κ3 (1− β3 cos θ3) ,

p4p5 =
s− s′

4
κ4 (1 + β4 cos θ3) ,

p1p3 = κ1κ3

(
s

8
(1 + β1 cos θ5) (1− β3 cos θ3) +

s′

8
(1− β1 cos θ5) (1 + β3 cos θ3) +

√
s
√
s′

4
β1β3 sin θ5 sin θ3 sinφ3

)
,

p1p4 = κ1κ4

(
s

8
(1 + β1 cos θ5) (1 + β4 cos θ3) +

s′

8
(1− β1 cos θ5) (1− β4 cos θ3)−

√
s
√
s′

4
β1β4 sin θ5 sin θ3 sinφ3

)
,

p2p3 = κ2κ3

(
s

8
(1− β2 cos θ5) (1− β3 cos θ3) +

s′

8
(1 + β2 cos θ5) (1 + β3 cos θ3)−

√
s
√
s′

4
β2β3 sin θ5 sin θ3 sinφ3

)
,

p2p4 = κ2κ4

(
s

8
(1− β2 cos θ5) (1 + β4 cos θ3) +

s′

8
(1 + β2 cos θ5) (1− β4 cos θ3) +

√
s
√
s′

4
β2β4 sin θ5 sin θ3 sinφ3

)
.

4



Cross section for the 2→ 2 process:
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Cross section for the 2→ 3 process:
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