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Abstract

The modification of the top - quark condensation
model is suggested.

Higgs boson is composed of all quarks and leptons of
the SM.

My, = m¢/vV?2 ~ 125 GeV

The low energy effective action is calculated using
zeta - regularization.
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Nambu sum rules in BCS models

Energy gaps of scalar excitations (composed of the given
fermion) are related to the energy gap of this fermion

Y Mjp, ~4M7,

BCS model: fermions ----> composite bosons
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Example: BCS model of He-3 B
Cooper pairs are classified by the total momentum J. For

eachJ) =0,1,2:
AT
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E® =0, E® =2a [Ei(tj)}? i [quj)}g _ 41&2

E® = /2/5(2A), EP =./3/5(2A)

P. N. Brusov and V. N. Pc:rp/mf._ "Nonphonon branches of the Bose spectrum in the B phase of systems of the
He3 type”, JETP 51, 1217-1222 (1980).



Example 2: BCS model of QCD
Sigma meson mass is related to the dynamical quark mass

J\J«:Jr ~ QAJqua,’rk

BCS model: quarks ----> sigma - mesons
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Conventional top quark condensation model

Weinberg — Salam model. Higgs particles are condensed
\ (world trajectories of Higgs particles)

ST m) (T

Top quark ----> composite Higgs boson
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Top quark condensation — superconductivity
dictionary

Standard model

S-wave superconductivity

Weinberg — Salam model

1 . . j
L= [ [(8ﬂ—21Aﬂ)H]+(6”—21A“)Hd3x—z (|[H v dx
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Ginzburg — Landau model
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Top — quark condensation model
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Composite Higgs boson
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Cooper pair




Weinberg — Salam model/Ginzburg — Landau Model
Higgs — bosons/Cooper pairs are condensed
(world trajectories)
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| Weinberg — Salam model
L:Z—f [(6ﬂ—2iAﬂ)H]+(8“—2iA’“‘)Hd3x—Z

J(HP=vPd's

AeSU(2)® U(l);Hz(Zl)

Ginzburg — Landau Model
] . . A
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Top quark condensation model = analogue of
BCS model for s-wave superconductor

Top quarks ----> Higgs bosons 350 GeV
Nambu sum rule
Mz = 4m?

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



New version of top quark condensation model

Four — fermion interaction
with the non - trivial form — factors
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Higgs bosol

All leptons and all quarks ----> composite Higgs boson
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Four — fermion interaction
with the non - trivial form — factors

A
SM fermion R;




New version of the top quark condensation model

Modified Nambu Sum rule. All quarks and leptons
--==> Higgs bosons 125 GeV

\tutal—2><(\ ‘|‘” \9:24 \C—J f\rg::g

1. The four — fermion interaction involves all quarks and

leptons
2. The four — fermion interaction in nonlocal

3. At small distances it is highly symmetric
4. At large distances it is complicated and produces
different masses for different fermions
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© Q/%A.Zubkov, Phys. Rev. D 89 (2014), 075012



The fermions of the Standard Model



Non - local four — fermion interaction ~

SN

4 ra a va ra a va
S1 = 172 Z (Lb(p)RU(k) r(p k) + Ly (p)Ry (k)G (p. k)
1 a g=p—k=p'—k’

R () LE(R)ewc G (p, k) + R (p) L2 (k) eoe G (p, k) )
(G0 LSRR (1 )eva + G (0 K L3 YR () eba

+CH (W W) RE (KLY (W) + G (0 KRR (W) E5(0)).

Formfactor for all fermions except for the top quark

Galp, k) = gald®,p°, k%) =1
(I¢%], Ip?], |K?| ~ MZ ~ [90 GeV]?)

Gap. k) = g2 @ %K) = 0 (|62, 2], k2] < M2)

for the top quark Gi(p. k) =G (p. k)~ 1



Distances ~ 1/100 GeV; momenta transfer
~ 100 GeV

Sp= VY S L) RE(RH(q) + L3 ()RR () H (q) + (h.c.)]

a q:p—k )

VY Y | LEWRS WA (@ene + L2(KYRE (D) A (@) + (hc)|

a q:p—k )

(I(p = k)| [p7|. [K*] ~ MZ)

The field of composite Higgs boson H

S :-L«Zm p)M?

Effective four — fermion interaction is obtained after the
integration over H



Distances >> 1/100 GeV;
momenta transfer << 100 GeV

ST = —/ d*x (Egyﬁt‘gﬁﬂa + (h.c.))

wa _ [t A
Log™ = ( A ): UR.K

Top - quark
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Higgs bosol



Effective action (leading 1/Nc order) using zeta —

regularization M.A.zubkov, Phys. Rev. D 89 (2014), 075012
Quadratic divergences are absent ; the same for the dimensional
regularization ; ordinary cutoff regularization gives different result

S[H] = /d%(zg H" (z)(=D*w(D*))H(z) — %UHF’ - u?)ﬂ)

T

72 Neotal) 1 Neotal = 2 % (No+1) x Ny = 24, N, = 3
T 16m2 T 2 L

w(—p?) — 1(|p?| ~ [90 GeV]?);
w(—p?) = Ne/Niotal = 1/8 (|p?| < [90 GeV]?)

M}y = 4Nemi [Nyl = mj /2

Scale of the hidden interaction ; ~ 5TeV



Effective potential for the gauge field
IBI? = —(1,0)B*(1,0)" = —((Bdy) — Bun)? + [Bhuo)* + [Biue))

2

Niotal 2 A 2 2
Ve =~ m; log — w(|| B B

we substitute B ~ go GeV w(M2) ~ 1

.

Sp ~ -~ ||B|? L
B ~Z

iﬁ""rtcrta] 2 2
m; lo B
16?1'2 mt 0g — ?n%z || ||

n® ~ 2770% = 2Niotal m?log H—E n should be equal to ~ 246 GeV
1672 m;

Scale of the hidden interaction ; ~ 5TeV



Branching ratios and Higgs production cross -
sections / — g9, 22, WW. bb, Gc, 7T

2mn 2 m#
Lot = hWiEw +—th Z, h G
e/ 7 7 ‘g 12”1'1; Hy *”’”
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SM gives ¢, ~ 1.05,¢, = —0.81
For the particular form of the form factors (all but the t quark)

tfor |¢2], [p2], k2] > M3
,L B B B pBh - L
Gep.k) = 9alq",p" k") = { k2 << 1otherwise

Gy 5 (-Ujir 'n';:g THE)/H%
gl e i ks
g(M7, m2,m2) /%

for the top quark
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Branching ratios and Higgs production cross -
sections

For the particular form of the form factors (all but the t quark)

1for |¢?|, |p?|, |K2| > Mg
k2 << 1otherwise

Galp. ) = adl % 1) = {

corrections
- 21m. ) . !
d[fgf) — ﬂf: jf (F) tirff}.{j'c"’ = ( (1/3)%2my + 3(2/3)?*m. + m- )m'ﬁ?'g-
5_;(f) ~ 3\/: (TD B T0 — 1 I:l \/1 — 1/T{] + 1 H ) S — iﬂlf%
g 70 1 V1—1/7—1 O = anm?

1.0 < cg/edM < +1.0
Mo = 10 GeV My = 35 GeV
1.4 = ey /M) = 1.0



Branching ratios and Higgs production cross —
sections (ATLAS) Phys. Lett. B 726 (2013) 88

o RRREARERE LN B IR IR BRI B R
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1.4 = ey /M) = 1.0



Branching ratios and Higgs production cross —
sections (CMS) JHEP 06 (2013) 081

18oMS =T Tev L=51f fe o8 eV. o532
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Effective theory at small distances
~1/100GeV
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At small distances (large momenta transfer)

St = — /d"i (L?ff? h+ R3ALAAh + (h.c.))
For example, for the quarks of the first generation:

S8 — _ [ die(ududh+ dAdAh + (h.c.
"

All leptons and all quarks ----> composite Higgs boson
All fermions interact in an equal way



Standard Model fermions as components of

Majorana spinor
Nambu — Gorkov spinor

[ aA ra4 R4 _ RaB ey, B4
aill — LBBEC QEBA atll — Rgz;l

Spinor representation of 0(4) = SU(2)xSU(2)
a B T
- ( %‘{a ) D2 = (W2) 295 0r4rrs

_ T T
ng' — €ab (L;;) Ly f} ’}D RE‘ — Eab(R;) .E:,}_.Q,}_.S,}_.D



The Standard Model gauge group
e € Ull)yy c SU2)g. UL e SU(2)L

10
U(R) — (EU E:O,m) e SU(2)r QR € SU(3)

3 ?’9;/3 0 T T
7 — ( QE{] E—z'f:? ) - SU (4)13’31:.18313111 C U(lQ)

Action on the spinor

1 L 5~5 _ 1 —T545 7(L)
LI@—>(I/;-,j+ R ’})(I o)qj?

i 9 rg 9 0 U(R)

Global symmetry group is 0(4)xU(12) =
SU(2)xSU(2)»xU(12)



Distances ~ 1/100 GeV; momenta transfer
~ 100 GeV

Sk = %f{f44:(@?ﬁr-“vﬂq1?) i
11;? — (11113) _E:ﬂj_.Qﬁj‘__Enﬁf_Dr4F2r5

The field of composite Higgs boson H — Z h KFK

1 T v
SI — §/d4;tf(\11?”;-'5r5HlIJ?) K=1,2,34
ga M > 100 GeV
4 1 2 M}? | ¥2
Sp = | d ;E[ > 1r (VH) L TrH ]
493 4
Effective four — fermion interaction is obtained after the

integration over H S1 = ﬁ?‘ f d*x (I_ia"‘:fﬁRb) (Rb“‘r"E'La)



o 1

1 _
Sr = — f d%(m?qﬁﬁﬁmﬁ)

Unitary gauge fixing ja _ (qja)T_iﬁf_.z,ﬁf__s.ﬁf__nmrgra

2
1 _ _

Sr = —5 / d*u (L?fﬁ.gfﬂab+Ri‘fl-i‘:jfcrbemﬂab+(h.c.))
The field of composite 7, — h5,, -~ S il =HU,
Higgs boson K=1,2,3

aA T raA Up = {ffll + 12 flKTK] c SU (2
Lgi = [UnlabLi; K:zl:H ab )

Hﬂ.b:H{jab H\/ Z h;zc'. BK:%hK

H=v+heR k=1,2,3,4

Effective interaction between fermions and the h - boson

Sp = — / AL (i?ﬁﬁ?fh L RaALAAp 4 (h.c.))



Due to the unknown strong
dynamics the Higgs boson is
composed of the known leptons
and quarks

The interaction between the composite Higgs
boson and the SM fermions is U(12)x0(4)
symmetric at small distances ~ 1/[100GeV]

M, = ’m,t/\/i ~ 125 GeV.

(cancellation of quadratic divergences is required)
At large distances the new interaction is
complicated and results in the hierarchy of
fermion masses 30



More detailed view of how this unknown hidden
interaction might look like
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