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The case of the weak isospin IW = 3/2 is characterized instead by nonzero interferences between t̂− and û−channel
(or ŝ− and t̂−channel) which had been neglected in ref. [12]. The partonic cross-sections for the processes uu → U+d
and ud̄ → U+ū are given by:

(
dσ̂

dt̂

)

uu→U+d

=
1

4ŝ2m2
∗

g4f2
3/2

16π

{
t̂
[
m2

∗(t̂−m2
∗) + 2ŝû−m2

∗(ŝ− û)
]

(t̂−M2
W )2

+
û
[
m2

∗(û−m2
∗) + 2ŝt̂−m2

∗(ŝ− t̂)
]

(û−M2
W )2

+
1

(û−M2
W )

1

(t̂−M2
W )

(
ŝt̂û+

3

8
ût̂m2

∗

)}
(11)

(
dσ̂

dt̂

)

ud̄→U+ū

=
1

4ŝ2m2
∗

g4f2
3/2

16π

{
ŝ
[
m2

∗(ŝ−m2
∗) + 2t̂û−m2

∗(t̂− û)
]

(ŝ−M2
W )2

+
t̂
[
m2

∗(t̂−m2
∗) + 2ŝû−m2

∗(ŝ− û)
]

(t̂−M2
W )2

+
1

(ŝ−M2
W )

1

(t̂−M2
W )

(
ŝt̂û+

3

8
ŝt̂m2

∗

)}
(12)

FIG. 3. (Color online) For illustrative purposes we give
an example of the parton-parton cross-section as indicated in
Eq. 13 (no parton ditribution functions). We show σ̂(ud̄ →
U+ū) for m∗ = 300 GeV for the case of the weak isospin
IW = 1 (in this case there is no interference between the
t− and s−channel) and with a choice of the coupling f1q = 1.
The solid line (blue) is the dominant t-channel and the dashed
line (orange) is the s-channel. The dots are the correspond-
ing values obtained by running the same process in calcHEP
within the model implemented with the help of the FeynRules
package. The agreement is excellent, within a few percent.

The above formulas have also been checked against the
results reported in [30] by means of using the crossing
symmetry. The total integrated cross-section correspond-
ing to the above differential cross section is given for the
process ud̄ → U+ū (which receives contributions both
from the s and t-channels in FIG. 3. One can see that at
high energies the integrated cross section rises logarith-
mically due to the effect of the t-channel W propagator.
Also the standard (1/ŝ) behavior of the cross section is
not found because of the magnetic type coupling. The
asymptotic form of the integrated partonic cross sections

(t-channel) is :

σ̂ =

∫ 0

−ŝ+m2
∗

dt̂
dσ̂

dt̂
(13)

=⇒
ŝ ≫ M2

W ,m2
∗

∼
πα2

QEDf2
1

sin2 θW

1

m2
∗
log(

s

M2
W

)

as can also be seen from FIG. 3.

B. Production rates at the LHC

We now present here the production cross sections
for the exotic quark U+ in pp collisions expected at
the CERN LHC collider according to Feynman’s parton
model. The QCD factorization theorem, allows to ob-
tain the hadronic cross section in terms of convolution
of the partonic cross sections σ̂(τs,m∗), evaluated at the
partons center of mass energy

√
ŝ =

√
τs, and the uni-

versal parton distribution functions fa which depend on
the parton longitudinal momentum fractions, x, and on
the factorization scale Q̂:

σ =
∑

a,b

∫ 1

m2∗
s

∫ 1

τ
dτ

dx

x
fa(x, Q̂) fb(

τ

x
, Q̂) σ̂(τs,m∗) .

(14)
In Fig. 4 we show a comparison of the production cross
sections of pp → U+j at

√
s = 8, 13 TeV between

those obtained with an analytical/numerical computa-
tion based on Eq. 14 (solid line) and those obtained from
a CalcHEP numerical simulation based on the imple-
mented model (full dots). The left panel of Fig. 4 is
for the IW = 1 case while the right panel is for IW = 1.

The integrated hadronic cross sections are further
shown in Fig. 5 where we present the results for two
different values of the LHC energy, namely

√
s = 8, 13

TeV. In the top panel we show for
√
s = 8 TeV the total

integrated cross section for the production of U+(5/3)
and D−(4/3) for IW = 1 (left) and IW = 3/2 (right).
As expected one finds that the production of U+(5/3) is


