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A.Kenan Çiftçi The Fourth SM Family Leptons and Quarks



The Fourth

SM Family

Leptons and

Quarks

A.Kenan
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The Fourth Generation Fermions

As the LHC run approaches, the interest on fourth standard model
(SM) generation is increasing. Recent workshop @ CERN to review
the different aspects of 4 generations

• B. Holdom et al., arXiv:hep-ph 0904.4698 (2009).

In Standard Model, flavor democracy predicts the existence of a
heavy fourth SM generation.

• H. Fritzsch, Phys. Lett. B 184 (1987) 391.

• A. Datta, Pramana 40 (1993) L503.

• A. Çelikel, A.K. Çiftçi, S. Sultansoy, Phys. Lett. B 342 (1995) 257.

The Dirac masses of the new fermions are predicted to be almost
degenerate and lie between 300 and 700 GeV, whereas, the masses of
known fermions belonging to lighter three generations appear due to
small deviations of the democracy.

• S. Atag, A. Çelikel, A.K. Çiftçi, S. Sultansoy, U.O. Yilmaz, Phys. Rev. D 54 (1996) 5745.

• A.K. Çiftçi, R. Çiftçi, S. Sultansoy, Phys. Rev. D 72 (2005) 053006.
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The fourth generation quarks will be produced in pairs copiously at
the Large Hadron Collider (LHC).

• E. Arik, et al., Phys. Rev. D 58 (1998) 117701.

In addition, the extra SM families will enhance the SM Higgs boson
production.

• E. Arik et al., Eur.Phys.J.C26:9-11,2002.

Also, Higgs Boson may help to discover the new neutrino at the LHC.

• T. Cuhadar-Donszelmann et al., JHEP 0810:074,2008.

And, possible impact of the fourth generation quarks on production
of a charged Higgs Boson at the LHC.

• gg → ū4u4 → W− b̄bh+

→ W− b̄btb̄ → Wlν b̄bb̄bWjj

• R. Çiftçi, A.K. Çiftçi, S. Sultansoy, arXiv:hep-ph
0807.0831 (2008).
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Even, discovery potential of the fourth generation charged lepton is
demonstrated for the LHC through process of
pp → e4ν4 → Wν4ν4 → WlνWjjµWjjµ

9 ”backgroundless” events/fb−1 • V.E. Ozcan, S. Sultansoy, G. Unel, J. Phys. G 36,
095002 (2009).

Linear lepton colliders are the best place for pair production of the
fourth generation charged lepton and neutrino.

• A.K. Çiftçi, R. Çiftçi, S. Sultansoy, Phys. Rev. D 65 (2002) 055001.

• R. Çiftçi, A.K. Çiftçi, E. Recepoglu, S. Sultansoy, Turk. J. Phys. 27 (2003) 179.

• A.K. Çiftçi, R. Çiftçi, S. Sultansoy, Phys. Rev. D 72 (2005) 053006.
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Anomalous production at various collider options

The discovery capacity of LHC and 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.

Anomalous single productions of the fourth generation quarks at the
LHC
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Single Resonant Production of the Fourth Generation Charged
Leptons at γe Colliders

• γe → ℓ4 → eγ

• γe → ℓ4 → eZ
• R. Çiftçi, A.K. Çiftçi, S. Sultansoy, arXiv:hep-ph 0902.2800 (2009).

☞ Anomalous single production of the fourth generation charged
leptons at future ep colliders. (Ee = 70 − 500GeV)

• ep → l4X → ZeX • A.K. Çiftçi et al., Mod. Phys. Lett. A23, 1047-1054 (2008).

☞ Anomalous single production of the fourth generation neutrino
at future ep colliders. (Ee = 70 − 500GeV)

• ep → ν4X → µWX

• ep → ν4X → eWX
• A.K. Çiftçi et al., Phys. Lett. B660, 534-538 (2008).
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☞ A Comparative Study of the Anomalous Single Production of
the Fourth Generation Quarks at ep and γp Colliders.
(Ee = 60GeV)

• u4(d4) → qγ

• u4(d4) → qZ → qℓ+ℓ−
• R. Çiftçi, A.K. Çiftçi, arXiv:0904.4489 [hep-ph].

This presentation is based on the last 3 papers related to anomalous
single productions of the fourth generation fermions at the future ep

and γp colliders .
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QCD Explorer-LHeC
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Lagrangians

The effective Lagrangian for magnetic type anomalous interaction of
the fourth generation charged lepton and neutrino

• Lnc =

(

κ
ℓ4ℓi
γ

Λ

)

eℓgeℓ4σµνℓiF
µν +

(

κ
ℓ4ℓi
Z

2Λ

)

gZℓ4σµνℓiZ
µν + h.c.

• Lcc =
(

gW√
2

)

li

[

|Vν4li | γµ + i
2Λ

κ
ν4li
W σµνqν

]

PLν4W
µ + h.c.

• Lnc =
(

gZ

2

)

νi
i

2Λ
κ

ν4νi
Z σµνqνPLν4Z

µ + h.c.

The effective Lagrangian for the magnetic type FCNC of the fourth
generation quarks

• Lnc =
(

κ
q4qi
γ

Λ

)

eqgeq̄4σµνqiF
µν +

(

κ
q4qi
Z

2Λ

)

gZ q̄4σµνqiZ
µν +

(

κ
q4qi
g

Λ

)

gsq̄4σµνT aqiG
µν
a + h.c.
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Decay widths and branching ratios

For the fourth family charged lepton: For the fourth family neutrino:
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More decay widths and branching ratios
For u4 quark:

For d4 quark:
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ep → l4X → ZeX

Production cross sections:
√

s = 1.4 TeV and
√

s = 3.74 TeV
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ep → l4X → ZeX:

( κ
Λ

)min = 0.26 for
√

s = 1.4 TeV and ( κ
Λ

)min = 0.14 for
√

s = 3.74 TeV
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ep → ν4X → W (e, µ)X

Production cross sections:
√

s = 1.4 TeV and
√

s = 3.74 TeV
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Çiftçi
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ep → eq4X → eγjX + h.c. and γp → q4X → γjX + h.c.

ep → eq4X → eℓ+ℓ−jX + h.c. and γp → q4X → ℓ+ℓ−jX + h.c.

Production cross sections: ep and γp colliders at
√

s = 1.3 TeV

Production cross sections: γp collider for mq4 = 500 GeV
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q4 → γq and q4 → Zq processes at ep and γp

colliders
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Introduction

Fourth
Generation

Anomalous
production

LHeC

γp Collider

Anomalous

Interactions

Lagrangians

Width and BR

Selected

Processes

ep → l4 →

Ze

ep → ν4 →

W ℓ

(ep, γp) →

q4 →?

Conclusion

q4 → γq and q4 → Zq processes at ep and γp

colliders

The lowest necessary luminosity values of ep colliders to observe
(a) q4 → γq anomalous process and (b) q4 → Zq anomalous process
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Conclusion

When the anomalous coupling for strong interactions is close to one, ep

and γp colliders are almost blind to anomalous interactions of the fourth
generation quarks.

In this case, hadron colliders like LHC will be discovery machines.

ep and γp colliders enable us to investigate effects of both anomalous
couplings of electromagnetic and weak interactions for κqi

g = 0.

• This type anomalous interactions takes place through Weizsacker-Williams
photons or Z boson at the LHC.

• However, LHC based ep and γp colliders have better observation reaches of
anomalous couplings compare to the LHC.

The advantage of the γp collider with respect to ep collider for single production
of q4 is obvious even with 1/100 (for q4 → γq) and 1/10 (for q4 → Zq) of
luminosity of ep collider.

ep and γp colliders are almost only place to investigate anomalous coupling
strengths of electroweak interactions separately.

Such as κqq4
Z

, κqq4
γ , κll4

Z
, κll4

γ and κlν4
W

A.Kenan Çiftçi The Fourth SM Family Leptons and Quarks


	Introduction
	Fourth Generation
	Anomalous production
	LHeC
	p Collider

	Anomalous Interactions
	Lagrangians
	Width and BR

	Selected Processes
	epl4 Z e 
	ep4 W 
	(ep,p)q4 ? 

	Conclusion

