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Introduction. Why composite Higgs?

- The 125 GeV scalar particle is discovered experimentally

- Values of couplings of the discovered scalar particle to the
other fields are close to the predictions of the Standard Model

- Nevertheless, the possibility that this scalar particle is

composed of fermions (like Cooper pairs in superconductors)
IS not excluded
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Working hypothesis

125 GeV Higgs boson is composed mostly of top quark
It also consists partially of the other SM fermions




Pre - history

Simplest Top quark condensation model = analogue of
BCS model for s-wave superconductor

First proposed in 1977: H. Terazawa, Y. Chikashige, K. Akama, Phys.
Rev. D 15, 480 (1977); H. Terazava, Phys. Rev. D 22, 2921 (1980); erratum: H.
Terazawa, Phys. Rev. D 41, 3541 (1990).

Recovered in 1989: V.A. Miransky, Masaharu Tanabashi, and Koichi
Yamawaki, Mod. Phys. Lett. A 4, 1043--1053 (1989); Bardeen 1990

Later discussed in 1990: W. A. Bardeen, C. T. Hill, and M. Lindner, Phys.
Rev. D 41, 1647-1660 (1990);



Weinberg — Salam model/Ginzburg — Landau Model
Scalar Higgs field/Cooper pairs are condensed
(world trajectories)
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Naive Top quark condensation model = analogue of
BCS model for s-wave superconductor

Top quarks ----> Higgs bosons 350 GeV
Nambu sum rule 5 -9 2
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Top quark condensation —

superconductivity dictionary

Standard model

S-wave superconductivity

Weinberg — Salam model
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Ginzburg — Landau model

L= %f [(8,- 2iA Y HT" (8"~ 2iA*)Hd*x~ %j (HP- V2P ox

Top — quark condensation model

1
51 =—=5 ]dd (Lﬁ’} tRK) (tR xﬂ{mﬁ)
M

A _ T‘-f_,r{
AN

Composite Higgs boson
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OUR MODIFICATION OF TOP QUARK
CONDENSATION SCENARIO

125 GeV Higgs boson is composed of top quark

The interactions that provide this condensation
are very peculiar
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Composite Higgs boson

Top quark + new heavy fermion with quantum numbers of
right — handed top ----> composite Higgs boson
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One can imagine the unknown interactions behind this as
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Plan

1. Nonminimal coupling of gravity to fermions. Introduction of the
zero dimension scalar fields of geometric origin.

2. Composite model without Weyl anomaly
3. Toy model with top and bottom quarks

4. Dynamical chiral symmetry breaking and Schwinger — Dyson
equation

5. Solution of Schwinger — Dyson equation

6. Relation between ultraviolet cutoff, infrared cutoff, and top quark
mass

7. Plans for future



Minimal coupling of gravity to fermions.
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Nonminimal coupling of gravity to fermions.
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Nonminimal couplings become scalars.

& and &, are the 3 x 3 complex - valued
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Weyl anomaly
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Weyl anomaly

In the presence of zero dimension scalars (Turok and Boyle)
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Nonminimal couplings become scalars.
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Nonminimal couplings become scalars
+ extra couplings.
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Nonminimal couplings become scalars
+ extra couplings.
Here Q1 is the SU(2) doublet of left - handed quarks (u, d), (¢, s), (t,b) (index a takes values 1, 2, 3).

U,.r is the SU(2) singlet of right - handed quarks w, ¢, t. D,g is the SU(2) singlet of right - handed
quarks d, s,b. In a similar way L, is the SU(2) doublet of left - handed leptons (v, e), (v,. i), (v7, 7).

Ngr is the SU(2) singlet of right - handed neutrinos v, v,,v,. E,r is the SU(2) singlet of right -

handed leptons e, p, 7. Tensors [ and v contain coupling constants of the field ¢, and ¢ to fermions.
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Toy model.
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Toy model.

t
O, = Qs = (L) Define the projectors:
by,
Top and bottom: Ht(lo) ‘ Hb(oo)
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Toy model.

Q _ (t) [ = ,.BLPR -+ (,."gtﬂt -+ I,Sg,ﬂb) PL . X — BEPL -+ (*8:Ht -+ Sgcﬂb) PR

s = [arfasTies J0PQ+ JQrepQ - 1500 - L PEQ



Schwinger — Dyson equation. Rainbow approximation
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Schwinger — Dyson equation. Rainbow approximation
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Cutoffs.

Quantum gravity scale =2 ultraviolet cutoff A=10"° GeV.

We do not observe extra scalars at the Electroweak scale = infrared
cutoff A=1 TeV



Cutoffs.

Zero dimension scalars

1 GeV 100 GeV A=1TeV N=10"° GeV
Hadrons Electroweak scale guantum gravity



Cutoffs.

Quantum gravity scale =2 ultraviolet cutoff A=10"° GeV.

We do not observe extra scalars at the Electroweak scale = infrared
cutoff A=1 TeV

The approximation with A = A, = const, B =B, = const, it works at m = p
<<KA<<A



Leading order approximation. One of the solutions.
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Leading order approximation. One of the solutions.
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Approximation m = p << A << A.
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Approximation m = p << A << A.
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Gap equations. Approximation m = p << A << A.
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Approximation m = p << A << A.

. : 1 A2
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Approximation m = p << A << A.

Masses my; = 175 GeV mp = 4.18 GeV

Are generated, for example, if

B =a=1/2; [ =0.53578946829590691109 , [; = 0.53600878111265624799
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Conclusions.

1. Coupling constants in non — minimal coupling of fermions to gravity
36 zero dimension scalars
Weyl anc#nvaly vanishes
2. Composite Higgs model (36 zero dim. scalars, no fundamental Higgs)
Interactions are present at the energies between 1TeV and 10%° GeV

Toy model with top and botton quarks of realistic masses 175 GeV and
4.18 GeV



Future prospects.

1. Composite Higgs boson mass(es) is(are) to be calculated
Inclusion of the remaining quarks and leptons

3. Evaluation of the cross — sections and branching ratios for realistic
processes to be compared with experiment

5. Improvement of the calculation scheme to take into account the NLO
corrections (out of the rainbow approximation)
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