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OUTLINE

FROM UNIVERSE TO QUARKS

1 CONCEPTS:
z conformal action,
z frame of reference, and
z normal ordering (Casimir energy & condensate)

2 LOW-ENERGY QCD

3 MINIMAL STANDARD MODEL

4 COSMOLOGY and GENERAL RELATIVITY



NORMAL ORDERING
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quark condensate

d̄d =< d̄d > + : d̄d :

Numerical results for the isospin symmetric case

[Yu.Kalinovsky, L.Kaschluhn, V.Pervushin, A new QCD inspired version of the

Nambu-Jona-Lasinio model, Phys.Lett. B 231 (1989) pp. 288–292]
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CONCEPTS: CONFORMAL SYMMETRY AND
NORMAL ORDERING

THEORIES

1 LOW-ENERGY QCD: GMOR - relation ΛQCD

2 CONFORMAL invariant STANDARD MODEL (CSM)?

3 CONFORMAL version of GENERAL RELATIVITY
(CGR)?



INPUT: the largest mass t-quark condensate and GMOR-rel.

HCSM
int = λϕ4/4 + ϕgt t̄ t → Veff(v) = λv4/4− vgt < t t̄ >

t̄ t =: t̄ t : − < t t̄ >, where
< t t̄ >

M3
t

∼ < dd̄ >

M3
d

' 0.41± 0.08,

Mt = gtv = 174 GeV, gt ' 1/
√

2, and

v = 246 GeV is the constant part of the Higgs field ϕ = v + h

OUTPUT: λ and e-w boson masses

V ′eff(v) = 0→ λv3 = gt < t t̄ > → λ =
< t t̄ >
4M3

t

=
0.41± 0.08

4
,

mtree
higgs =

√
3gt < t t̄ > /v = 131± 8 GeV

Other condensate contributions < hh >, < W +W− >, < ZZ >:

mhiggs 'mtree
higgs

[
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]1/2

= mtree
higgs[1 + 0.014]



CONCEPTS: CONFORMAL SYMMETRY AND
CONFORMAL ANOMALIES

THEORIES

1 LOW-ENERGY QCD!

2 CONFORMAL invariant STANDARD MODEL (CSM)!

3 CONFORMAL version of GENERAL RELATIVITY
(CGR)?



WH−E = −(1/6)
∫

d4x
√
−gR(4); ds2 = gµνdxµdxν

NATURAL UNITS: MPl

√
3/(8π) = c = ~ = 1.

CONFORMAL-INVARIANT ACTION

WCGR =−
∫
d4x

[√
−g̃
6

R(4)(g̃)e−2D−e−D∂µ

(√
−g̃g̃µν∂νe−D

)]
,

d̃s
2

= g̃µνdxµdxν = ω̃Fock
(α) ⊗ ω̃Fock

(β) η(α)(β)

Deser S., Scale invariance and gravitational coupling Annals Phys. 59
(1970) 248; Dirac P.A.M, Long range forces and broken symmetries
Proc. Roy. Soc. Lond. A. 333 (1973) 403.

FRAME

ω̃Fock
(0) = e−2DNdx0, ω̃Fock

(b) = e(b)idx i + N(b)dx0,

D(x0, x1, x2, x3) = 〈D〉(x0) + D(x0, x1, x2, x3) is DILATON



dominant Casimir energy
(p = ρ) explains long
Supernovae Distances ↑
RSNeIa at z →

rhorizon(z)=H−1
0 (1+z)−2

[SEE BLACK LINE];

ΛCDM model with
short space interval R = ra
requires Inflation to explain
long Supernovae Distances
RSNeIa = RΩΛ=0.7,ΩM=0.3,
p ' −ρ
[SEE GREEN LINE].

D. Behnke, et al. Phys. Lett. B 530 (2002) 20;
A. Zakharov, V. Pervushin, Int. J. Mod. Phys. D19 (2010) No.9



Planck Least Action Postulate in CC

WUniverse = ρcrV
(4)
hor(aPl) =

M2
Pl

H2
0

(1 + zPl)
−8

32
= 2π

a−1
Pl. = (1 + zPl.) ' 0.62 · 1015 Planck EPOCH!

Conformal Weights of QFT objects are integers

< ωn(a) >=
an

an
Pl

H0

ωτ = a2
√

k2 + a2M2
0 ; dτ = dη/a2 = dt/a3,

give scales < ωn(a)Pl >= H0a−n
Pl for conformal weights

n=0,1,2,3,4 in GeV:

n=0 n=1 n=2 n=3 n=4
H0∼10−42 R−1

Cel.S.∼10−27 TCMB∼10−12 MEW∼103 MPl∼1019

Common origin of conformal symmetry breaking in both
GR & SM



RESULTS: CONFORMAL SCENARIO
z EMPTY UNIVERSE → of SNe Ia DATA in CC

z Planck Least Action Postulate → Scale Hierarchy H0a−n
Pl

a−1
Pl = (1 + zPl)'

[
MPl

H0

]1/4

'1015

z Creation of Higgs particles Nφ ∼ (1 + zI)
6 ∼ 1090

z Scale Hierarchy:
< t t̄ >0=(1 + zPl)

9 < t t̄ >︸ ︷︷ ︸
BAG(M=H0)

=(1 + zPl)
9H3

0︸ ︷︷ ︸
M3

0

γI =M3
0γI

γI ∼ 1;

z t-condensate

< t t̄ > [z] =
(1 + zPl)

9

(1 + z)3 H3
0γI︸︷︷︸

BAG(M=H0)







CONCEPTS: CONFORMAL SYMMETRY AND
NORMAL ORDERING

THEORIES

1 LOW-ENERGY QCD GMOR relation

2 CONFORMAL SM Higgs particle mass

3 CONFORMAL GR HIERARHY OF SCALES

Thank you for your attention!


