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Outline of theoretical part: four-fermion operators, second-order phase

transitions, IR- and UV-fixed points and domains.

1. Effective four-fermion operators originated by some unknown
dynamics, for example the quantum gravity provides the SM field
theory a neutral regulator at the basic space-time cutoff A.

2. The phase transitions of gauge symmetric and symmetry-breaking
phases occur at the critical points of both weak and strong
four-fermion couplings. In the domains (scaling regions) of IR- and
UV-stable fixed points (critical points) of the four-fermion coupling,
effective gauge field theories are achieved with the characteristic
energy scales.

3. The weak-coupling IR-domain associates to the SSB dynamics
and SM physics at £ ~ 240 GeV. The strong coupling UV-domain
associates to the bound-state dynamics and new physics at £ ~ TeV.



Outline: s-function sketch of four-fermion coupling G. UV-fixed point and

domain of TeV.
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This is reminiscent of the QCD dynamics: asymptotically free quark states in the
domain of a UV-stable fixed point and bound hadron states in the domain of a possible

IR-stable fixed point.



Relevant four-fermion operators in the IR-domain.

SSB responsible for top-quark, composite Higgs, W+ and Z° masses.

In the quark sector,
G [(9ftra) (Ttbriv) + (Vi bra) (Pgtbrin)] + - - (1)

the SUL(2) doublet v« = (¢, b%) and singlet ¥4 = %, b%. As an
energetically favorable solution of the SSB ground state, only
top-quark is massive, otherwise there would be more Goldstone
modes. The effective four-fermion coupling in the lepton sector is
N.-time smaller than that in the quark sector. As a result, among
four-fermion operators, the (7.1z) (7rt.) is the unique relevant one
undergoing the SSB, the effective Lagrangian in the IR-domain

L = Lkinetic + gtO(\IJLtRH + hC) + ALgauge

A
+ Zuy|D,H|* —mH'H — TO(HTH)Z.

W. A. Bardeen, C. T. Hill and M. Lindner, PRD (1990) 1647.
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Relevant four-fermion operators in the IR-domain.

SSB responsible for top-quark, composite Higgs, W+ and Z° masses.

In the IR-domain of the energy scale v = 239.5 GeV, solve RG equations for the form
factor Z;; and quartic coupling A(x2) and mass-shell conditions

mi(my) = 82(m)v/V2 = 173GeV,  mpu(my) = 2A(mg)]'/?v ~ 126GeV.

to obtain unique solutions Zy (1) and A(u)
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indicating the composite Higgs particle behaves an elementary particle, then binds with
an elementary fermion v to a massive composite fermions ¥ ~ (Hv) in the gauge
symmetric phase at the critical point of the 2nd phase transition around ~ 5 TeV.



The UV-stable fixed point for an effective field theory of massive composite

particles at TeV.

L = ity gOYL.r — G(Yrpr) (YrYPL)
B(G)

a

O

SM-gauge symmetric (vector-like) composite particle spectra and interacting vertexes
in the UV-domain of TeV scale. For the u-quark channel, the massive composite boson
is an SUL(2)-doublet

Al = [Zn) "V raf),  MEAAT, &)
which combines with another quark to form the composite Weyl-fermion states,
; S 1 i S .
VR = (Zp) " Alugs W = (2) " AT, 3)
and the massive composite Dirac fermions: SU.(2) doublet ¥ and singlet U2,
\Ijtg = (Wva \Ij;eb)v ‘II% = (‘1’27“113)7 MF\IIIZI)HIIILI)77 and MF\I/Z[))‘IJ?) (4)
where the form-factors Z;’L and [ZIS]]V2 are generalized wave-function renormalization
of composite fermion and boson operators.



SM gauge symmetric four-fermion operators and quark-lepton interactions

In terms of the eigenstates of electroweak interactions, SU.(2) doublet i = (¢, b4)
and singlet ¥ = 15, b%, the four-fermion operators in the quark sector are

G [ ra) @etori) + (Ff¢bra) Blgtowi)| + -
In the lepton sector,
G |(@tr) (Ertur) + (Eyrk) (Thtws) + (TR vR) Thk)]

lepton SU.(2) doublets ¢ = (vf,£.), singlets £ and the conjugate fields of sterile
neutrinos v¢ = iy, (v§)*,

G [(vhetr) Trvk) + (Phout ) (Wl ) + (POl )@ ) |

where quark fields u{f’R = (u,c,t)q,r @and diR = (d, s,b)q,r, and four-fermion operators
of quark-lepton interactions (¢riq = (414, dLa)),

G [(€er) (dbbria) + (CLvg) (@tria)] + - - -,

in the framework of the SU(5) or SO(10) unification theory.
E. Eichten, J. Preskill, NPB 268 (1986) 179;

M. Creutz, C. Rebbi, M. Tytgat, S.-S. Xue, PLB 402 (1997) 341; S.-S. Xue, MPLA, 14,(1999)-2701.



Composite particles and contact interactions

Operator Composite fermion Fr ~ Composite fermion F;,  Composite boson I1
(VLeR)(d uLa) EY ~ er(dura) EY ~ 2 (ubdpa) H+ ~ (d%ura)
(ervgy) (@hdra) Ny ~ v5(@%dr) N~ g (dSur) ~ ~ (@%d1a)
(eL )(d dra) Ep ~ ep(didia) Ef ~ 2.(didra) 8 ~ (didpa)
(Tpvg) (GRura) NY ~ v (thurq) NY ~ ¢ (0 upq) ~ (afurq)

Table: Four-fermion operators and possible composite fermions F and composite
bosons I1. The color a index is summed.
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