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Abstract. - Possible anomalous single productions of the fourth standard
model generation up and down type quarks at LHC based ep and vp colliders are
studied. Some decay channels are considered. Signatures for signals and corre-
sponding standard model backgrounds are discussed. Discovery limits for quark
mass and achievable values of anomalous coupling strength are determined.

Colliders with TeV enegy are needed for discovery of the fourth SM generation
fermions if they exist (see [1] and references therein). The fourth generation quarks
will be produced in pairs copiously at the Large Hadron Collider (LHC). Lepton
colliders are the best place for pair production of the fourth generation charged lepton
and neutrino. The discovery capacity of lepton collider could be enlarged if the
anomalous interactions of the fourth generation fermions with the first three ones
exist. Such anomalous interactions seems to be quite natural due to large masses
of the fourth generation fermions. These anomalous interactions could provide also
single production of the fourth generation fermions at future lepton-hadron [2, 3]
and gamma-hadron colliders. Lepton-hadron colliders with /s = 1.3-1.4 TeV are
named QCD Explorer or LHeC depending on electrons provided by linac or ring,
respectively [4]. Reference [5] has given estimations of the luminosity values for various
configuration and parameter sets of LHC and electron accelerator. For the choice of
a cw superconducting energy recovery e-linac with a upgrated LHC, the integrated
luminosity for a year has been estimated 10fb~!. The integrated luminosity for a year
has been estimated 4.1fb~!, for the choice of pulsed superconducting e-linac with a
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Figure 1: (a) The total and (b), (c) the partial decay widths of the fourth SM gener-
ation up type quarks as a function of the quark mass

upgrated LHC. While the first choice has better luminosity, it is not possible to found
a gamma-p collider on base of it. The real gamma production through Compton
back scattering technique on the base of the ep collider is possible on the second
choice. In this case, the integrated luminosity of vp collider reaches the maximum
value of 2.665fb~'. In this study the possible anomalous single productions of the
fourth generation up and down type quarks at LHC based ep and ~yp colliders are
considered.

The effective Lagrangian for the flavor changing neutral current (FCNC) interac-
tions of uy and d4 quarks can be rewritten from [6, 7] with minor modifications as:
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where ¢ = 1,2,3 denotes the generation index. £¥', k7 and ' are anomalous cou-
plings for the electromagnetic, the weak (neutral current) and the strong interactions,
respectively. A is the cutoff scale for the new physics and e4 is the quark charge. ge,
gz and g, are the electroweak and the strong coupling constants. In the above equa-
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Figure 2: (a) The total and (b), (c) the partial decay widths of the fourth SM gener-
ation down type quarks as a function of the quark mass
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Table 1: Signal and SM background cross sections for ep — u4(ds) X — g0~ X and
vp — ug(dy) X — qyX processes

Signal o (fb) for Signal o (fb) for
my | Quark | ep — uy(dy) X — g0t 0”X P — ug(ds) X — gy X
(GeV) | Type | k/A=1TeV ' [ k,/A=0]k/A=1TeV ' [ K,/A=0
No Cut
300 Uy 8.68 163 564 7340
dy 2.44 40 33.9 540
600 Uy 1.45 19 136 1820
dy 0.32 5 5.13 81
SM Bek. o (Ib) 077 3.19-10°
With Cut
300 Uy — 3.37 380 4940
dy - 1.75 — 390
600 Uy — 0.94 61 800
dy — 0.35 — 38
SM Bck. o () 0.64 1220

tion, o, = ((Vu e — YoYu)/2. F*, Z* and G are field strength tensors of the
photon, the Z boson and gluons, respectively. T, is the Gell-Mann matrices.

We have calculated the anomalous single production cross sections of the fourth
SM generation quarks at the linac-LHC and «p colliders based on it using CompHEP
with CTEQGL1 [8]. The total decay width I of the fourth generation up (down)
type quarks and the relative branching ratios are plotted with assumption of k%' =
vy = wi and k¥ = k% =1, k¥ = 0in Fig. 1 (Fig. 2). A = 1TeV is selected
at calculations. Single anomalous production cross sections of the fourth generation
quarks are given for ep collider at Fig. 3a and yp collider at Fig. 3b.

In this study, ep — ug(dy)X — qZX — @70~ X and vp — uy(dg)X — ¢y X
processes (and their H.c.) are considered as a signature of anomalous interactions of
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Figure 3: The total production cross sections of the fourth SM generation up and
down type quarks at (a) ep and (b) yp colliders
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Table 2: Statistical signifances (SS) for for ep — uy(dy)X — ¢fT¢~X and vp —
uq(ds) X — qyX processes by using x4 = k% =1, k% =0

SS for SS for
My Quark | ep — dy(usg)X — g0t~ X | yp — dy(us) X — gy X
(GeV) | Type [T=T0HT [L=41Mm! T =2.665 !
300 Uy 13.3 8.5 231
dy 6.9 4.4 18.2
600 Uy 3.7 2.4 37.4
dy 1.4 0.9 1.8

the fourth generation up and down type quarks (g is w or ¢ for us and d, s or b for
dy and £ is e or p). The SM background for this processes is potentially much larger
than the signal. However, after applying some kinematic cuts, it is posiible to decrease
background to the reseonable levels. We choose the following cuts for the first process:
Pr > 10 GeV for the scattered electron, Pr > 80 GeV for leptons coming from
Z boson, Pr > 20 GeV for jet; |n;;| < 2.5, AR > 0.4 between the leptons and
jet. For the second process similar cuts are applied. Only leptons on the cuts related
to leptons coming from Z boson are replaced by photons. The calculated signal and
SM background cross sections are given in Table 1. The statistical significance (SS)
values, evaluated from SS = (05/\/0B)V Lint, where L;y; is the integrated luminosity
of the collider, are presented in Table 2 for both processes after applying above cuts.

As a result of this study it is shown that when anomalous coupling for strong inter-
actions is close to one, ep and vp colliders are almost blind to anomalous interactions.
These colliders give possibility to investigate effects of both anomalous couplings of
electromagnetic and weak interactions for £ = 0. Observation limits (at 30) as low
as 0.33 (0.52) TeV~! are reachable for the (k- /A) at m4 = 300 (600) GeV for the up
and down type quarks (combined) at yp collider. Meanwhile, 0.38 (0.76) TeV~! for
the (rkz/A) is reachable at m4 = 300 (600) GeV for the ep collider with L = 10 fb~1.
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