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Abstract

We present here in a concise schematic form the basic theories and modelsin theoretical physics from a
mathematical point of view, with two extensions

-Ashtekar-K odama (AK) gravity, an extension of Quantum Loop Gravity, in its classical regimeit contains
General Relativity in the limit A—0 for the cosmological constant, in its quantum regime it is a complete
renormalizable quantum field theory with the Lie(g) Lie-group with 4 generators as symmetry group

-an extension of the Standard Model of particle physics: SU(4)-preon model (SU4PM), with hyper-color (hc)
interaction based on SU(4), where the conventional weak forceisits Y ukawa-interaction mediated by massive
Z- and W-bosons, and al massive particles are built from preonsqandr .

The presentation consists of six chapters:

- basic principles. minimum principles, classical and quantum mechanics, basic algebraic structure, complex
functions and differential equations, geometry: metric and gravity, geometric symmetry group

- interactions: long-range (classical) interactions (AK-gravity, electrodynamics), quantum interactions (AK-
QFT, QED, QCD, hc-SU4)

-statistical mechanics (thermodynamics)

- models: model of macrocosm (LambdaCDM), model of microcosm(extended SM)

-interactions and symmetry groups

-problems solved by the model extensions

In chapter 0 we present a compressed version in form of flowcharts
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0 Flowcharts

Minimum principlesclassical: path g“(z)

o
action relativistic S[q”]:IL(q“,%,rjde’xdt:min,i.e.variation 5S=0, 7 =tJ1-Vv*/c® propertime
T

)%
relativistic Euler-Lagrange equations: 0= os__d 6'L + oL -9
0q dr\og” ) og” dr

u u
Hamiltonian density H| g” ,dq T =di7r -L q”,di,r where 7, = oL conj. momentum
dr dr * dr H 5 ag”
ot
dg oH drx

Hamiltonian field equations = £=— oH , hon-relativistic 7 =t
dr on dr oq”

u

Hamiltonianis H, :IH d®x and Lagrangian L, :desx

Classical relativistic and Newtonian mechanics
2

relativistic energy: E, =———, ingenerd E—— =tJ1-Vv?/c* proper time
gy. £ \/ﬁ g dt/ de T prop:
sz
Newtonian approximation v<<1 E, = >
Lagrangian relativistic LL——mczz—T—V(x(t))_ -mc?, [1- (dxét)j =V (x(t))
cat
()
Tt—V(x(t)) , eom Newton equation mx(t) = F = —VV(X)

Lagrangian Newtonian L =

fully relativistic gravitational force equation % —— |=-GMm

2 3 2
V2 r 1_L
c

- : : ? L/m)° :
gravitational potential correction 6V =V V—Z - GMm ( 5 2) the same as GR correction
C rcr

relativistic Navier —Stokes equations, Euler-equations p =0

(@]

(70€* + p)uo, U =—0"p+ ud,0"u" + £
ordinary Navier —Stokes p (0, + V- V)V =-Vp+ uvv

relativistic Hooke' s equation in displacement u” , stress potential o , stiffness tensor C

imv -0,0=K, ,whereK:L,

dr * 1_(\,)2
c

d W ___ys-F s=C,e" =Cyv%(ayu” +0,u")

uv

ordinary general Hooke'slaw pi—-Vo=F o=C:¢ s=%(VoU+(VoU)T)




General rélativity (GR) is based on two principles
-Genera covariance: GR equations are invariant under arbitrary (analytic) coordinate transfor mations
Therefore GR isthe differential geometry of the metric in the sense of Gauss and Riemann, the GR-

d’x* _ e XM X
dr? “odr dr
-GR metric equations are derived from the action minimum principle with the GR invariant curvature R, and
this GR invariant curvature and energy density are equivalent

eguations-of-motion are the Gaussian geodesic equations of the shortest connection

R-2A
K

The simplest possible Lagrangian density is Einstein-Hilbert-Lagrangian density

R-2A

The complete GR Lagrangian density has the form 5
K

+L,, ., L, =mass-energy density

R-2A

with the GR-action S= J'(

1 6R R 1 6y-9 A 1 64-9 5L L, 6490
6S=0, +
21< 09"’ 2;< 4/ 09" « 4/ 59’” 9" -9 5g‘”

which give the Einstein equations

+ L, }/—gd“x , and the resulting variational equations are

R 87TG
R. —Eguv +Ag,, =«T,,with x

uv? 4
C

with Minkowski metric g, = diag(+1,-1-1,-1)

T,=Lug,, -2 g;ﬂv IS energy-momentum tensor

Quantum mechanics

2
The energy-momentum p* = (E F)j 4-vector with energy relation p“p, = (Ej - p* =m*c?
c c
mc? V2
E=—r—7— , Newtonianlimit E~xmc®+E,, E, =—
1-(v/c) 2

classical 4-momentum p, = (%, p) — quantum momentum operator p, =i 7‘1(%8t ~V)=iho p

Heisenberg commutator [X, p] =i% — uncertainty relation AXAp 2%

quantum bound systems: discrete energy Ei = eigenvalues of hamiltonian operator Hy =E, v

O¥(F,1) ( " v, t)J‘P(r t)
2m

Newtonian energy — Schrodinger equation 7 o

relativistic energy — Dirac equation (ihy“aﬂ - mc)‘P =0 withDirac y {y*,y"}=29""
quantum orbit =probability density |‘P(x,t)|2 , wave function ¥ (x,t),
mean orbit location X (t =_[lP* x't)x"P(x',t)dx' :

orbit width Ax(t \/j‘l’ ) ¥ (x't)dx'
classical orblt:functlon X(t ) ,orbltW|dth Ax(t)=0

i
+—[,/2m(E-V (x))d
orbit transition = WK B-approximation, d_’1<<1, ¥(x) GXp(JrhI m () XJ Ax(t)

dx -c (Zm(E—V(x)))ﬂ4 , |Y(t)|

<<1




Fundamental equationsfrom relativistic invariants
2

wave equation (C—lz%—Ajy/ =0 for m=0 (masslessfield carriers)

. . : 1 0° mc?
Klein-Gordon equation for massive scalars ?W_AJFT v =0
mass current density j* =(p,]) yieldsvia o, j* =0
continuity equation %O+V-T:O

heat equation 2—?+V-C]:O or %— K Au=0 for temperature u and heat flow g

Fick’sdiffusion equation aa—(f— DAg =0 for the concentration ¢
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Quantum-classical transition

energy-momentum p“ = (% ﬁj

2
energy relation p“p, = (%) — p® =m’c?

quantum momentum operator

p, =i h(%at ~V)=iho, , p=—invV
variables are operators

commutator [X, p] =i %

uncertainty relation AxAp > %
discrete energy E;

Ei = eigenvalue(H) Hy =E, v
Schrodinger equation =energy relation
P(r,t) (_ 7

~ >V +V(f,t)j‘I’(F,t)

eom Dirac equation (i7y*d, —mc)¥ =0

i

orbit =probability density | ¥ (xt)

|2
wave function W (x,t)
mean orbit location X(t) = J'lP (X, ) X" (x't)dx’

orbit transition = WK B-approximation

da . exp(i;l_[JZm(E—V(x))dxj AX(t)

o - (2m(E-V (x)))" ()

dx B

gravitational decoherence

1
A =52 © 033010 8st

T=—-—"7—
Nie™ "™ n R

signal time t; =% , t,(S—cat)=0.17x10"s
thermal decoherence
h

Tz—z
Ethpnr r.B

orbit width Ax(t) = \/I‘P (x, 1) (R(t)—x) ¥ (x,t)ax’

r, =,/|,,\/T ~39x10°m, 7(S—cat)=11x10"s
* A

<<1

energy-momentum p* = %ﬁ}

2
energy relation p“p, = (Ej — p? =m*c?
C
p2
nonrel. E=—+V
2m

classical 4-momentum p, = (%, p)

variables commute , are complex numbers,
commutator [X, p]=0, 7—>0

no uncertainty relation

continuous energy E

eom Newtonian % =-VV

sharp orbit x(t)

orbit width Ax(t)=0

no entanglement, permanent decoherence

classical 7 <t
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Schematics of SO(1,3) (Lorentzian) world
--------------------------- classical regime ---------------

SO(1,3) Lorentzian rotation group

GR=(geometry(metrics),energy-tensor)
flat metric ,, = diag(+1,-1,-1,-1)

Einstein equations

A

i I R
A= exp(—lia)w M uvj:exp(_i ¢ I+vK)) Ro =7 G + A, =KT,,

@ =3 spatial rotation angles v =3 boost angles spherical Schwarzschild solution N
M* =(u v) coordinate swaps g, =diag((L-r,/r),-1/(L-r /r),~-r",—r"sin“0)
(M*)Z =-i(9"6, —9"6;)

boundary cond. r—o
EnE'=g*/(-detg)

JX :%g'mkM 'm rotations KX = M % boosts

\ 4
3 AK-gravity
classical mechanics K K Kk Ky g K
F :8 —8 A + K1K2A ! 2
Lagrangian relativistic e WA v T A
. ,dx* dx’ V( ) 32 AK-equations AK(A,",E*",A)
=MC —_ X
P dr e How  =F + 26 B =0
2 (nyv) = v uvp
dx(t) 3
. ] m dt G# = 8VEV#+8#K/1A/KEM =0
Lagrangian Newtonian L, = —————-V(X(t)) ,
2 I# EEKV F,uK = O
Euler-Lagrange, i 6LH —a—l;: 0 du” Iy
% 5 ‘jjx ox ar Y EEL 0B =g
T
2
S:IL(X,aﬂx)dx variation of action i A</t
3S_ ( oL }ra_L Einstein equations r —r, > 1, =r’A/3
sx  “la@,x) | ox 1
(0,%) R#V—EgWRO+Ag#V:KTW ,
classical electrodynamics v<<c NewtonianE, =-mc®r_/r
Maxwell equations 0, F*" = j" i
E =—cF%, B, =—¢,F" dudlity :
U GR-cosmology FLRW equation R(t)
u y Y _
de =F* u, 3 R2 4 —£2—2+AR2 e = —kc?
\ R R 3
A > A, expanding
thermodynamics : :
7 =S ¢ Ee/ksT \ | :
canonical partition function " \
entropy & — kg ln W % >0 [ galaxies ]
' ot \ E
statistics fermions, bosons, Maxwell \ v
N(e)=— 96 N)=— 9@ [ gas-clouds, stars, planets ]
oAt "l ‘.
N(é‘) = g(g) ] “~
&P . .
ke T I ’[ gases, fluids, solids ]
v ~




/basic entities

bispinors s=1/2: quarks, leptons
L-,R-Weyl-spinors s=1/2: preons
scalars: cosm. A-generator s=0 ¢,

8 gluons A" , 15 hc-bosons A *

\_

masslessfields: gravitons=2 A", s=1 photon A*,

/

Dirac equation

v<<c Schrodinger equation: j; X\ -t aly(r t)

(iny*“a, —mc)¥ =0, bispinor W, {y*,y"} = 2diag(1,~1,-1,-1)

[ 52 V2LV, t)J‘P(r 1)

guantum electrodynamics

2
scale r, = 7 5 0% 101

E- scale E,, hc =3.7keV
My

D, =0, +ieA, SU(1)

Diraceq. (iy“D,-m)¥ =0

Maxwell equations 0, F*" =0
fieldeg. 0, F* =" =—-eyy'y
Lagrangian L =

puv'oa

(i ”Dﬂ—m)y/—%Fa F
2

<£°€|

approx Eq(r)=

= |

color (strong) interaction SU(3)

field carrier gluon A%, a=1..8 S=1
charge color=(r,g,b)

energy scaeE_, = 220MeV , conf-scale

ro= é’c ~0.89*10 " m~r,

col T
col

cov. derivative D, =0, —igA* T®

Diraceq. (i D,y —m)y =0

v =(u,U,,U;), eg. proton p=(u,u,d)
baryon b:8A, meson m:2A, v-meson m:4A,
fieldtensor F*, =0, A" —0,Al+gf A A’
Lagrangian L:W(iy“Du—m)w—%FawFa‘”

Yukawaboson 7z°, 7", 7"

:r A
temp. T
v
,[ atoms. molecules ]
A
,[ el ectrons, nuclei ]
A

SM composite particles
leptons
hadrons: baryons s=1/2, mesons s=0,1

A

8 gluons A

SM basic particles
leptons=rr, quarks=qr, s=1/2, color=rgb

ry

weak hc-Y ukawa force W/Z-bosons
self-interaction Higgs H




hyper-color interaction SU(4) J/
4 charges (L-, L+, R-, R+) /
15 hc-bosons A%, a=1...15, S=1

cov. derivative D, =0, —igAT, , T,=4,/2
Diraceq. (iy“D,-m)¥ =0

field eg.

1

Eav(Faﬂv _Favu): i = g@/y-l-aw_%( Frlocpc fkbaAl/a)Fk;zv
¥ =(u_,u,,, Uz ,Ug, ), 9. electron € =(r_,0,r;_,0)
generations f,:1A f,:4A f,:15A

fieldtensor F* , =0, A'—0, Al +gf AN’ 15hcb's A *

v

Lagrangian L=y (iy*D, —-m)y —% Fe, F
coupling Callan- { preons=r, g, s=1/2, hcolor=(L-,L+,R-,R+) ]
SYmanZ|kgm(“):4n\/3/[7a [Iog(A” )] +c6512]

hc

E-scale A,, =2m(Z,) =180GeV

ke

=1.08*10"m

rhc
hc

symmetry breaking
SU(4)=SU(2), ®U(1), ®SU(1),,

AK-quantum-gravity
1 hC ,3 _30 . -
My = ‘/IP\/; =39um, E-scale E, = P 5.04*107eV ,,/a, =0.29x10™" interaction constant
ar
. o _ : a a - a A i
covariant derivative D, =9, —1/ag (TaA )ﬂ , T =ig, %, (D‘u) =0, +& e fog A

gauge Lie group= Lie(e) , [?,7°] =ig, *r°

K

equivalent to Lie3(e) Lie-algebra with 3 generators 7% and the commutator [z,,7,]=iY (1+ &) 7y »
k

a=1,2,3 which isisomorphic to SU(2)
Dirac eq. (ify*D, —mc)¥ =0
fieldeg= AK(A,E",A), gravitontensor A", tetrad E*"

E“E’ = g" /(-det(g))**

boundary conditionat r =r, , with Minkowski metric g=n

approx. quantum grav. potential E, (r) = Tme?, r +=2.03%10""m
r

r

i —_A
grav. quantum noise P, = . m,c
P

2 r£ ~10%eV /s, (r,,m, particledistance, mass)
p
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Statistical mechanics

entropic principle of thermodynamics

% >0 entropy isnon-decreasing in timet,

or (Lorentz-invariant) ? > 0 entropy is non-decreasing in proper time ¢
T

Fundamental variable: partition function Z = ZGXP( kEITj

important thermodynamic variables

(E) = kT a'ar[‘f mean energy

F =(E)-TS=-k;TInZ Helmholtz free energy

0
Sza_T(kBT InZ) entropy

6<E> 1 2 :
B A AE heat capacit
< oT kBT2<( )> pacty

Thermodynamic classical and quantum ensembles with their partition function and the macroscopic function

Microcanonical Canonicd Grand canonical
Fixed
Variables N,V, E N,V, T wV, T

Canonical partition function Grand partition function

Number of microstates S exp| - E, 4N,
Microscopic W, with width w 4 P ke T Z= Zexp[ T J
features w=> f (Hk Ej Tr (exp(-pH)) =
K 3 exp(-BE, ) = Z(B) Z(ﬁ,ul,uz,...)=Tr[exp[ﬁ[zk:yka—H]D
e
Probability o(E ) = ZP(PEn) P = o]
and L1 H,-E ") exp(-BE,) e LT
. p=c 2 f Wi K -
dens!ty W; ( ® ) _ﬂHk o
matrix = e . ﬂ[H ZMNJ
Tre™ p= ( S ]
=B H=2_ miNi
Tre ‘
~ Boltzmann entropy q i
Macroscopic g i |nw Helmholtz free energy Grand potentl
function E—_kTInZ Q=-kTInZ
=min v.Neumann entropy =—Kg

S=-k;Tr(plnp)

The three probability distributions for the average number in a statee: N(g) with degeneracy g(e)

[
fermions S=n+1/2 (Pauli principle) Fermi-Dirac statistics W(v,) = H% v, =01
v I(g, -v,)!

NGe) = 9(6)

exp P |41
ko T
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1)!

bosons S=n Bose-Einstein statistics W(v,) = HM

g oy ok

N(s) = 9
E— U
ex -1
)
classical Boltzmann-Maxwell statistics N(¢) = exp(—%j
B

Phases of matter in first-order solid-fluid-gastransitions
Phases of matter differ in their number N (r) of particles at radiusr, described by pair correlation function g(r)

N(r):nOJ:g(r)47rr2dr

2(r) | High p gas a(r) l_iqp\id e(r) | Solid
I;'/\\_f —_— [ \/,/\/'x l il!

|
,
| | I ‘.~| I|
[ | | |
| | [ |1

r r r
and in their temperature range: solid T < T, , fluid T, . <T <T,;, ,9as T >T,
-Fluid-gas eos
Peng-Robinson eos describes the fluid-gas phase
2
1 _(1+(O.480+1.574a)(pc,ﬂc)—0.176a)(pc,ﬂc)z)(l—ﬂ/ﬁ/ﬁc)) 3
B(v-b) v(vih)+h(v-hy)

with vdWaals parameters a, b, interms of critical parameters p, , inverse thermal energy . = ﬁ ,
B

freeze freeze 0i

p=p(B.V,p,. B, )=

-Solid phase eos
Mie-Grueneisen equation describes the solid phase

(yln/vo—yz)(n—l)(”—rzc’(’7‘1)j (1 1
sy )

wheren=-"2,T,~2,s=3/2, f,=0,, P,=P , V, =V, arethetriple-point values
v

p(n’ﬁ): P+

* Fluid-gas curve
Maxwell condition: equal pressure and equal Gibbs energy

p= ppR(Vf,ﬂ), D= Per (Vg B) = Vi =Vers (P, B) + Vy =Ver, (P, B) cubic roots of p-equation
Maxwell-Gibbs equation Geg (v, (P, 8).8)-Ger (Y, (0. 8).8)=0 — py, = p(B) fluid-gas curve
where G, (v, ) and G, (v, B) isthe Gibbs energy of Peng-Robinson resp. Mie-Grueneisen eos.

 Solid-fluid curve
Maxwell condition: equal pressure and equal Gibbs energy

P=Per(Vs:B): P=Pyc(VerB) = Vi =Very (P. B) + Vi = Vo1 (P, B) cubic roots of p-equation
Maxwell-Gibbs equation GPR(vf(p,ﬁ),ﬁ)—GMG (vs(p,ﬂ),ﬁ)zo — pg = p(B) solid-fluid curve
where G, (v, ) and G, (v, B) isthe Gibbs energy of Peng-Robinson resp. Mie-Grueneisen eos.

* Triple point
At the triple point, the saturation curve ends, fluid-->gas, fluid-->solid , gas-->solid curves mest,

i€ Por (Vg T)= Por (V2T ) = Py (Ver T)
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Thetriple point can be found as the branching point of saturation curvein the p(l

* Critica point
At the critical point, only one phase exists, the isotherm has a turning point there.

N T— argon pfg(T)ipc

B
Vd
)/ .I
- a2 1.0
o /S f
4 gy ay, / |
a 27 |
\ "rh'.:'(?‘ 1.0 08
Re(eqger33) | bi N ,".‘ /i
2\ = 06
] 'f :
o/
00 — plpc 0.4 .
0.2
0
1.0 0.5 0.6 0.7 08

fg-curve: Gog (v, (P.B).8)~Ger (Y, (P.8). 8) =0 Py = P(B)
* Solid-fluid curve from Maxwell-Gibbs equation

~— pfs(T)/pt
— 3.0

0.0

0.2 04 0.6

sf-curve: Gog (Vi (P, ). )~ Gye (Vs(p,ﬁ)iﬁ)=0 Ps = P(B)

,B) diagram.

TMe
0.9 1.0

Tt
08 1.0
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Macrocosmic phenomenological ACDM model

The fundamenta Friedmann equations for world radius R(t) , density p(?) and pressure p(t)
R P
) =-3—=(p+—
p = (p Cz)

R 472G 3P
—=——(p+—=)+
3 C

Ac?

R 3
eos p(p) = const* p* matter , eos P = p, c*/3 radiation
relation for the Hubble constant

, 811G ke?  Ac?
H _T(pm+pr)_?+ 3
ACDM model is based on six dependent fundamental parameters H ,k,A,Q,t,, 0, , o,
resp. four independent fundamental parameters D,K, k,A

D=fundamental length, K fundamental area, k=sign(curvature), A cosmological constant

Parameters of the ACDM model

Description Symbol Value

Physical baryon density parameter Qph?  0.02230+0.00014
Physical dark matter density parameter Q% 0.1188+0.0010
Scalar spectral index Ne 0.9667+0.0040
Curvature fluctuation amplitude, ko = 0.002 Mpc ! Ag? 2.441+0.092 x10°™°
Reionization optical depth T 0.066+0.012

Age of the universe to 13.799+0.021 x 10° years
Reduced Hubble constant h 0.704+0.025
Type of curvature k uncertain
Cosmological constant A 1.1 102 m?
Density of matter P 0.3089 pc

Density of radiation pr 3.79 10° pc
Relative density Q 1.01+0.05 pc

Critical density Pe 3.79 10%® kg/m?
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Star moddls
108 — Supergiants
e A

n R e
5 R ®iA Red o
102 |- Mlain . . P ke % Bed giants
= sequence s
3 T aw
£ RN
= e
3 "
10 4
001 4+
* White
dwrarfs
— |
Blue Blue/White  White — WhiteVellow Vellow  Otrange Red
033 -0.30 n.oo 0.30 0.39 0.8l 1.40
B-V Index
40,000 31,000 10,000 7,400 5900 5,300 3,200 .
Teraperature (K) <

TN

"\_ Block Dworf

Hertzsprung-Russell diagram

Sun-like stars
mass M ~ M, :1.99><103°kg ,radius R~ R, =0.7x10%°km

density p ~ py, =14gcm> age t,~t,, =4.6x10°y t,<10x10°y
kT

eos ideal gas PV =n RT P=nk,T=p

15.7x10"K core
5.8x10°K surface
energy production p-p-chain 4H," +2e” — He" + 2V, + 26.7MeV

temperature T ={ , gravitational acceleration g ~ 275ms?

White Dwarf
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White-dwarf stars
mass 0.17M_, <M <1.33M_,,, Chandrasekhar masslimit M <M __ =1.4M__

radius Roc M¥®  6000km< R<12000km cac. R(M =0.6M_, ) = 9000km
density calc. p(0.6M,,)=1.6x10°gcm™, typica age t, ~6x10°y

magnetic field 0.2 T to 100 kT 0.2T < B <100kT

€os pressure Fermi electron gas
5

low-density approximation P = 87rPOXL Kp”® , x = Pe _ L( 3 )"°n"®
15 mCc 2m.c

pr Fermi-angular-momentum, n particle density

temperaturecore T ~10'K

S o A
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Neutron stars
masscac. 0.14M _ <M <3.04M

radius Roc MY®  calc. 45km<R<12km R(M =0.5M_,)=6.9km

sun-units Schwarzschild-radius r_,, = 3km , and Schwarzschild-density p_,, = 0.74x10" gcm
R-M relation

R/ran
4

3

ri=0.01

3

2

1le

M/Man

05 10 15 20 25 30

density calc. 3.5x10" < p <4x10"gcm™, typica age t, ~6x10°y

magnetic field 0.2 T to 100 kT 0.2T < B <100kT
€o0s pressure Fermi neutron fluid

Pl(rl) = Clpl(rl)vnn ((En /pl(rl))1/3)
temperature T ~10°K , gravitational acceleration g ~2x10”ms?

-— ions, electrons

-4—— electrons, neutrons, nuclei

\

! ) ke
neutron-proton Fermi liquid
few % electron Fermi gas

Tolman—-Oppenheimer—Volkoff (TOV) equation
for mass M(r), pressure P(r) and density p(r)
P(r)=— (GM (rz)p(r)) (1+ pl:()r()riz)(1+ Anr P(r)) (1- ZGMZ(r))_1

M (r)c? rc

with
4rr2p(r)=M'(r) andeos: usualy P(r) = K p(r)”
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Stellar black holes
shell star with mass M, outer radius R, inner radius r, > r,(M )

sun-units Schwarzschild-radius r_, = 3km , and Schwarzschild-density p_, =0.74x10"gcm™
masscac. 5.35M_,, <M <100M

radius Roc M cac. 25.5km< R<336km ,innerradius calc. 21km<r, < 330km
R-M-relation isg“rﬂ?ctically linear

60 °

40 °

o o

M/Msun
20 40 60 80

relative flight velocity deviation from 1is Av R Ogy = % ~0.07, redshiftis z= ~14

C Rsrel
€0s pressure Fermi neutron gas

5
low-density approximation P = 87rF{)XL Kp™® , x = Pe _ L( 37 )"°n??
15 mCc 2mc
pr is the Fermi-angular-momentum, n the particle density
magnetic field probably like neutron stars B = 1KT ...100kT (form relativistic jets at poles)
temperature probably like neutron stars T ~10°K
: k, A

entropy of ashell staris S=——10g2 ~ Hawking- Bekenstein entropy of black-hole S= Ke é\

L, 4L,
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Supermassive (galactic) black holes
supermassive shell star with mass M, outer radius R, inner radius r, > r,(M )

=10°M_. mega-Schwarzschild-radius r,, = 3x10°km,

Msun sun

mega sun-mass M

Mssun

mega-Schwarzschild-density p,,., =107 p_, =0.74x10°gcm™

masscac. 2x10°M_, <M <50x10°M

radius R~r,(M) calc. 6x10°km< R<150x10°km, inner radius r, ~ r,(M )
R-M- relatlonlspractlcallyllnear

R/rarn

50
40
0
2

i) e

- o
corresponding relative shell thickness dRe=dR/M is
(R-ri)/M
m m x m ......... 50 -
relative flight velocity deviation from 1is Ay oy = R=M _ 0.002, redshiftis z~ LI 500
Cc M deoq
eos pressure Fermi electron gas like for awhite-dwarf
5
low-density approximation P = 87rP 15 K,p**
X. = Pe —(37)"°n"®, pr Fermi-angular-momentum, n particle density
m.c 2mec

temperature probably in x-ray region, i.e. T ~100keV =10°K

magnetic field probably scaling with redshift Bsm(M)zﬁBst ~35B,(M) , B=30KkT..3MT
z,
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Models of conglomer ates

Structural base
80 atoms with characteristic electronic orbital configuration
orbitals ¥ (F), na= atomic number, ni= ionization,

Nasnylpls

I1 orbit am, |> second orbit am

Energy —————»

Transport phenomena
-Diffusion

Fick's law

oc(x,t) o%c(x,1)
=D .
ot OX
-Thermal conduction

Chemical reactions
reaction v,A+v B v, X +wv Y

rate r =k, [A]*[B]® Arrhenius
Ky = A'T exp(—E,, / RT)

Phases
Phases differ by number N(r) of particlesat radiusr ,

described by pair correlation function g(r)
N(r)= nojg(r)4ﬂr2dr
0

g(r) | High p gas a(r) l_iqg;\id a(r) | Solid
N AV
| I N
|I |' I .; |I II ||
| | / I'\ / \ j‘I Ik
r r r

temperature range:

solid T < Ty e » fluid T o <T <Ty , 98T >T,,

-Phase diagram

Pl \

ib '
Binodal Spinodal

j (X)=—-«VT Fourier'slaw
-Electrical conduction
I()?) =o VU

A4

Mass and energy
specific weight p :%

Q.

specific heat ¢, = AT
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Phase solid

-Fundamental material parameters

geometric parameter s of the Wigner-Seitz cell:
medium vertical vectors T , i =1,...,n,g,0f the
nws surfaces of the Wigner-Seitz cell
interaction energy of orbitals within the

Wigner-Seitz cell E(Okl,Okz,r) K.k, =1...,Ng
-Crystal structure: unit Wigner-Seitz cell

-Electronic band structure
energy in momentum space E (k)

N
/ \
-Elastic
stress o = E¢ , with strain g,
shear stress 7 =G y , shear modulusG = E
2(1+v)

friction F = uF,

-Electromagnetic

magnetization M = y, H

electric polarization P =g,y E
-Optical

refraction n sin@ = const Snell’slaw
absorption: intensity | =1,exp(—uXx)

Phase gaseous and fluid

-Fundamental material parameters
geometric parameter s of the participating
atoms/molecules

interaction energy of orbitals E(O,,0,,r)

-Eosreal gas (van der Waals),

(P+ap2)(1—bp) = pRT materia

Eosred fluid ~ N — A (14
V,dP B+P

-Dynamics equation gas and fluid

velocity distribution ti( X,t) Navier-Stokes

—

Di .. DU ou __
—=pg-VP+nVl, —=—+UVel
p Dt P9 T Dt ot
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Microcosmic Standard Model of particle physics (SM)

mass -+ =23 MoVict =1, 276 Govrct =173.07 Gowich 1] =126 Galie!

charge - 23 u 23 c 3 t 1] o

up charm top gluon ggggﬁ
=4 8 MoVic? ~95 MeVic* =4 18 GeVic* a
A3 A3 11 ]
12 d . " S "2 b 1 &
down strange bottom photon

0.511 MaWict 105.7 MaWic? 1777 Geie® 91.2 Geic

. 9|00 @

electron muon tau Z boson
n <22 oVic* =017 MeVic® <15.5 MeVic* 80.4 GeVie*
< o o 0 a1
1 @ @ .9 | @
electron muon tau
neutrino neutrino neutrino W boson

Parameters of the Standard Model 28 parameters
Renormalization

Symbol Description scheme (point) Value

Me Electron mass 511 keV
My Muon mass 105.7 MeV
me Tau mass 1.78 GeV
My Up quark mass ums = 2 GeV 1.9 MeV
Md Down quark mass ums = 2 GeV 4.4 MeV
Me Strange quark mass ums = 2 GeV 87 MeV
Me Charm quark mass ums = Me 1.32 GeV
Mo Bottom quark mass UMS = Mp 4.24 GeV
Mt Top quark mass On-shell scheme 172.7 GeV
012 CKM 12-mixing angle g flavor mixing 13.1°

023 CKM 23-mixing angle 2.4°

013 CKM 13-mixing angle 0.2°

013 CKM CP-violating Phase 0.995

612 PMNS 12-mixing angle v flavor mixing 33.6+0.8°
023 PMNS 23-mixing angle 47.2+4°
013 PMNS 13-mixing angle 8.5+0.15°
013 PMNS CP-violating Phase 4.1+0.75
g1 or g U(1) gauge coupling ums = Mz 0.357
g20rg SU(2) gauge coupling ums = Mz 0.652

gz or g: SU(3) gauge coupling ums = Mz 1.221

A crit. energy in SU(3) 220MeV
CgEO additional log in col-coupling 0.69

Ooco  QCD vacuum angle ~0

v Higgs vacuum expectation value 246 GeV
MH Higgs mass 125.36+0.41 GeV
Mhe electron neutrino mass <=0.12eV
My mMu neutrino mass <=0.12eV

My tau neutrino mass <=0.12eV
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Extended SM = SU(4) preon model (SU4PM)

The basic particle families are
-leptons L=r®r , hc-tetra-spinor = doublet of two r-preons, spin S=1/2
-quarks Q=r®q, hc-tetra-spinor = doublet of an r- and a g-preon, color Q=1 , spin S=1/2

Parameter s of the SU4 preon model (6 parameters)

Description Value

I mass 0.033meV
g mass 0.77 MeV
char. SU(4) en. A 180GeV
zZero correction Cee 0.095
char . SU(3) en. Ag 220MeV

Zero Corr. Cgeo 0.69
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Configuration of the SM in the SU4PM

charged leptons { e, mu, tau}

Tl

e= X+ Al3 flavor F=1 one boson m=0.511MeV

mu = X+ Al3+ A13+ A24+ A24 F=2: four bosons

m=105.7MeV
tau = x+ A F=3: all bosons m=1.78GeV

lepton neutrinos { nue, num, nut}

rL — 0
X = , ,0,0
0 rL +
nue = X+ Al2 m=0.30meV

num= x+ Al2 + A12 + A34+ A34 m=11meV
nut = x+ A m=98meV

u-quarks{u,c,t}
(rL++qL+)/\/§ (rL++qR+)/\/§
=| 0, , 0,
(rL++qL+)/\/§ (rL++qR+)/«/§
u=x+A24 m=2.3MeV

C= X+ A24+ A24+ Al3+ Al3 m=1.34GeV
t=x+A m=171GeV

d-quarks{d, s, b}

X_u(rRJquJr)/x/EJ 0 {(rR—+qR+)/x/§J 0]
(rR—+qL+)/~/2 L (rR—+qR+)/+2 ’

d = x+ AL3 m=4.8MeV

s= x+ Al3+ Al3+ A24+ A24 m=100 MeV
b= x+ A m=4.2 GeV

weak massive bosons{W, Z, ZL, H}
F=3,dl A

W~ =(o,o, (_”jlj o]ﬁ ul=((rR-)-(rR-))/~/2, (W*)Tzw+ m=80.4GeV

ul
ul

participates in neutron decay and similar weak decays

ul

ul
SU(4) mass generator

zo=|| |0, 0, (jﬂj/ﬁ ul=((rL-)+(rR+))/~2, (20)' =20 m=91.2GeV

ZL = , (33 0, 0]/\/5 ul=((rL-)+(rL+))/~/2 m=91GeV

(A

ul

(ulj]lz ul=((rL =)+ (rL+)+ (rR=)+ (rR+))/ 2 m=125GeV

strong neutrinos { gnue, gnum, gnut} self-interaction

% ool

gnue = X+ Al4 m=23.2MeV

gnum= X+ Al4+ Al4+ A23+ A23 m=205MeV
gnut = X+ A m=2.4GeV

strong massive bosons { Zq, Ha}
F=3,dl A
neutral strong exchange boson

za={ (o) (o) (i) (o)

ul= (gL -)+(qR-))/v2 . (Zq)" = Zq m=644Gev

SU(3) mass generator
ul
)y
ul

va=((a) a (o)
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1 Basic principles

Minimum principles
classical: path g“(r)

u
action relativistic S[q”]:IL(q“,%i,rjde’xdt:min,i.e.variation 5S=0, 7 =tJ1-Vv*/c® propertime
T

)%
relativistic Euler-Lagrange equations: 0= os__4d 6'L +£ g = 997
0q dr\og” ) og” dr

Hamiltonian density H| g” ,dq T dq L| g* di ,7 | where &, = oL conj. momentum
dr dr u dr H 5 ag”
ot
dg oH drx oH

Hamiltonian field equations = £=— , hon-relativistic 7 =t
dr on dr oq”

u

Hamiltonianis H, :IH d®x and Lagrangian L, :desx
guantum: wave-function ¢(x*) scalar, vector, spinor

action S[(p]z.[L(go,sT(i,x“)de’xdtzmin ie variagtion 5S=0,

relativistic Euler-Lagrange equations: 0=5—S:—6H o +$
60 3(0,9) ) o9

Hamiltonian density H (¢, 7, x") :g—(pn— L(w,aa—q;,x“j where 7 =
T X

conj. momentum

oL
(7)
ot
op _oH om _ oH

Hamiltonian field equations — =— , hon-relativistic 7 =t
or om or 8¢

Classical and quantum mechanics and the energy relation
Classical relativistic and Newtonian mechanics has the following energy formula and Lagrangian [8]:

2
, T=ty1-Vv?/c® proper time

Relativistic energy: E :L2 ,ingeneral E =
1—(v/c) dt/dr

results from the relativistic invariant mc® = E? — p°c?,

with the Einstein formula as approximation E = mc? for massive objects
and E = pc for masslessfields like the photon

2
Newtonian approximation v<<1 E, = mvT

%)
Lagrangian Newtonian L = mz—V(x(t)) = % -V (x()),

gives the Newtonian eom (Euler-Lagrange equations) d—sl'v SL :
X
Lagrangian relativistic L =—mc? 25—V (x(t)) = —mc (d:ét)j “V(X(t)
d oL oL _

gives the relativistic eom (Euler-Lagrange equations) PP
X
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. d . . ) 2

i.,ee —mu =K =-0V withthethe Minkowski force K acepart K.4/1-(Vv/c) =F),
oM =K, =0, . (spacepart Ki\1-(V/c) =F)

T
non-relativistic force F = (F), and 4-velocity u, , from which follows:

space eom EL——VV()”() with 7= time eom d__me? _dT_ F-v
dt J1-(v/c) at dt J1-(vic)? Ot
mc’
with thekineticenergy T = -
1-(v/c)

Fundamental classical and quantum 4-vectors
energy-momentum classical p* = (% bj quantum p, =i h(%at ~V)=inho y

angular momentum L* = p, x_&"™ non-relativistic pseudo-3-vector L = px X quantum L* =i %0, x ™"
Fundamental symmetry operators

charge conjugation C=q— —q quantum Cy =iy’

parity=spatial reversal P =X — —X quantum P =iy°

timereversl T=t—> -t quantum T =iy'y°®

the product CPT = -iy%"y%/°®=-iy® isaLlorentz-invariant and CPT is conserved under all interactions
CP wesakly violated under weak interactions (kaon decay rel. deviation ~10°)

Classical relativistic and Newtonian hydrodynamics obey the (viscous) Navier-Stokes and (non-viscous) Euler
equations [9]
relativistic Navier —Stokes (yp¢* + p)u“d,u” = 8" p+ ud,0"u" + f

)V

ordinary Navier —Stokes p (0, +V-V)V =-Vp+ uvv
relativistic Euler-equations (ypc’ + p)u ——8Vp u'u“o,p
ordinary Euler-equations p (6, +V-V)V =

Classical relativistic and Newtonian linear elastomechanics obey the generalized Hooke' s law [10]
general Newtonian Hooke' slaw with displacement U , stress potential o

pli-Vo=F o=Cg, 82%(VOU+(VOG)T)

relativistic Hooke' s equation in displacement u” , stress potential o , stiffness tensor C

imv -0,0=K, ,relativisticforce K, , where K ___F

dr * 1_(\,)2
C

General relativity (GR) is based on two principles

-Genera covariance: GR equations are invariant under arbitrary (analytic) coor dinate transfor mations

Therefore GR isthe differential geometry of the metric in the sense of Gauss and Riemann, the GR-equations-
2K u v

of-motion are the Gaussian geodesic equations of the shortest connection dd X2 =-T", (?jx (jjx :
T T T

-GR metric equations are derived from the action minimum principle with the GR invariant curvature R, and

this GR invariant curvature and energy density are equivalent
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This simplest possible Lagrangian density is the celebrated Einstein-Hilbert-Lagrangian density R; 2A ,
K

where Risthe Ricci scalar R=g"' R, derived fromtheRicci tensor R, =R",, and the Riemann tensor

R, =0I",-0]I", +I°, " —I?.I'" _,whereT"*  arethe Christofffel symbbols, and A isthe
cosmological constant.

o !

—2A
2K

This means that the GR Lagrangian density has the form R +L

M

where R; A isthe metric part, and the dimensional factor 2i (x isthe Einstein constant) converts the
K K
curvature R into energy density, L,, isthe relativistic mass-energy density,

R-2A

with the GR-action S= J'( + L, }/—gd“x , and the resulting variational equations are

0S=0

1 SR R15\/—A15\/—5L+L5\/_
2K‘ 5gyv 21(\/_ 5guv K'\/_ 5guv 59 uv \/_ 5guv

which give the Einstein equations

887G oL
ad T, LMgW—ZggL”

Ruv—ggHV+Ag =xT,,withk =

v & being the energy-momentum tensor .

A gaugefield theory e.g. electrodynamicsis formulated with covariant derivative D, =0, +i g A, wegetthe

dx,
classical momentum p, —mOI +€A, , quantum momentum p, =ind, +eA,

2 dr dr dr
For relativistic Newtonian gravity , the ansatz for the exact relativistic Newtonian gravitational force equation

is with the Schwarzschild radius r, = 2GM

CZ

“od “d u
_1 dx X (X“),LC 1 _dx* X+edi

d GMm mr c?
\/ XX 2\/ XX,

2
after integration over t and using the infinitesimal velocity addition theorem dv — dv(l— V—Zj
c

where x*x, = r2 —c’t?

we get the space part d LZ :—GMmL3 1 o~ » thefully relativistic gravitational force equation
dt . V2 r 1_L
. . . : 2 L/m)?

[5] and the corresponding 1-order correction to effective potential becomes 6V =V V—2 =— GMmu :

C rocr?
which isthe same as the GR-correction [4:32].
m(dx(t) 2

dt

Lagrangian Newtonianis L = TJ—V(x(t)) , eom Newton equation X(t) = F = -VV(X)
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Newtonian-relativistic transition

Mathematically speaking, the special theory of relativity (STR) is an embedding of the Galilean RxR3 space,
with the ordinary rotations of R3 as symmetry, into the R4 space, with the Lorentz group as the rotational
Symmetry group.

This embedding is nothing other than a mapping (scalar, 3-vector) -> 4-vector, which, however, must be
structurally conformal, i.e., mathematically expressed, a homomorphism. This embedding is nothing other than
amapping

(scalar, 3-vector) — 4-vector

which, however, must be structuraly conformal, i.e., mathematically expressed, a homomorphism.

The mapping in this caseis:

(t.(X)) = x* =(ct,x) for spacetime

(E.(P))— p* =(E/c,p) for momentum

Conformal mapping means that the minimal principle of least action and the resulting Euler-Lagrange
equations are preserved. Thisis shown in the two tables (see below). The action integral must be arelativistic
invariant, so the Lagrangian must be afunction of proper timer:

2
S= I t)dr —j ( ))dt,/l— , the latter because of dr = dt l—V— (Lorentz transformation) .
c?

l

2
The simplest choiceis f =const = ¢, and Lagrangian becomes L = ¢, /1—V—2 :
c

According to the correspondence principle Iim( L (V) |X - 0) =L, (v) , therelativistic Lagrangian becomes
c

isthe limit of low velocity the Newtonian Lagrangian. From this follows expanding the root

2 2 2
lim| & —V—2 1¥ 5 0|=m—, sonecessarily L=-mc? l—v—2 .
") c 2 c

Vv

dx” dx

P Wwhere dr =dt+1-v?/c? isthe proper time
T T

The general expression is L = mc®g

Dueto the validity of the Euler-Lagrange equations, we obtain the relativistic energy relation (see Relativistic
Lagrange equations)

oL , dt mc?
E=cp’=c——— s=Mmc’—=
d dT V2
dT 1_?
Table: Newtonian Euler-Lagrange equations
d oL oL _
dt dx; 8x
dt
B dx D — oL
Vo P
dt

2

Lagrangian L = m

Table: Relativistic Euler-Lagrange equations
d oL oL

E 5 dx”  ox*
dr




0 :mdx” 0" = oL
dr '’ dx*

0
dr

2

Lagrangian L = —mc? 1—%

Quantum-classical transition

Quantum mechanics transforms into classical mechanics under the condition % <<1

The energy-momentum p* = (% : p} isa4-vector and itsinvariant length yields the relativistic energy relation

2
PP, = (3 - p*=mc’

E transforms liket (O-component of a4-vector) , so we have the relativistic Einstein energy formula

2 2 2
E-__T™ , which becomes E ~ mc® + mvT ,or E;, = mvT in the Newtonian approximation.

1-(v/ c)2
Classical 4-momentum p, = (E, p) transformsinto quantum momentum operator
C

p, =i h(%@t ~V)=iho,

Classical variables commute, quantum operators obey commutator relations for general coordinates and
conjugated momenta

[X,p] =ik , whichlead to uncertainty relation AxAp > %

Classical bound systems have continuous energy E, qguantum bound systems (total energy E<O) have discrete
energy Ei = eigenvalues of hamiltonian operator Hy =E, w

From the quantum transition we get with the Newtonian energy formulathe Schrédinger equation

V() [ h o\ .
p _( 2mV +V(r,t)j‘{’(r,t)

and from the relativistic energy relation the Dirac equation
(ihy“a u mc) ¥ =0 with the 4-component bi-spinor wave function ¥ for signature 7, = diag(+1,-1,-1,-1)

ih

The anti-commutation rel ations for the Dirac 4x4-matrices
{r“r'y=2n"

arise from the requirement for the squared equation to become the relativistic energy relation
2

oY . 2
—hzw—o h}/O}/kak + }/Om) ¥Y=0

The Dirac Lagrangianis Ly, (X*(r)) =¥ (x"(z))(i fcy*0, —me®) ¥ (x" (z)) or
Lo (x“(7)) =¥ (%" (r))(i 70, —m)¥(x* (r)) (7 =c=1 convention)

withtheaction S(L)= J' L(x“(r),7)dr

The eom for a massive vector boson is the Proca equation as generalized Maxwell equation

m’c’
hz

oA 0" (0, A )+ —5- A =]

ith th : 1 o et
with the Lagrangian L—_ZFqu +WALA - 1"A,

The eom for amassive 3/2-spinor isthe Rarita-Schwinger equation
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(—ihs”KpVySyKa

,—Mca*" )y, =0 for the 4-vector-spinor y, with the Dirac-sigma matrices " = IED/”,)/V]

with the Lagrangian L = —%0/7” (—ihs“"pvysyK , —mco™” )‘//v

A quantum orbit isaprobability density |‘P(x,t)|2 of thewave function ¥ (x,t), with mean orbit location

X(t) =W (x,t)x"¥(x,t)dx" , and orbit width Ax(t):\/jly*(x',t)(i(t)—x')z\P(x',t)dx' .
A classical orbit isafunction x(t) with orbit width Ax(t)=0.
Thetransition between the two is described by the semi-classical WK B-approximation

For ((jj_l <<1 (deBroglie wavelength slowly varying)
X

- exp(i;j\/mwj

¥(x)=C, 74
T (e V)

where ¥ (x) isfast-oscillating in the classical limit h<<J'4/2m(E—V(x))dx ,
AX(t)
X (1)
Collapse of wavefunction and quantum-gravitational decoherence

The collapse of wavefunction in the quantum regimeis described by the objective collapse theory put forward

Ghirardi-Rimini-Weber (GRW) [13] , the wave function collapse is characterized by the delocalization width
rc and by the decay rate 1 .

The decay rateis Ay = N A , modified by delocalization width decay rateis A, = NA€'™  where r isthe
average distance in the ensemble.

and therefore the orbit width <<1

1
N A‘el'/l’C "

The GRW theory is supported by AK quantum gravity with GRW parameters

rL=r, = IP\/E =3.9*10°m=39umand 1 =1, :% =0.33*10"s™" with the 4 energy scale

Thedecay time ist=1/A, =

C

E, = he =2.07*10 *eV , and rg quantum gravitational limit scale. In thisinterpretation, quantum

A
gravitational decoherence isthe effect of a graviton bath with mean energy E, , and maximum mean particle

distance r, .

The spontaneous collapse of the wave function isthe basis for fast quantum-gravitational decoherence of
guantum entanglement in the classical regime.
The transition from the quantum to the classical regime happens by decoherence, which becomes effectively

1 Fob
momentary, when the decoherence time is below the signal time of the object 7 = N <ty = %bj (ry isthe

d
object diameter).
Thermal decoherence
Approximate formula for thermal decoherenceis[14]

T , with Bohr radius rg =5.3x10°cm, thermal energy E, =k,T, particle density p, , mean

Ethpn r 2rB
particledistancer .

Example



-29For N=N,=10", r=0.3nm (e,g, in water),

Ag=N2€" =10%0.33x10"s" exp(0.3x10° /3.9x10°) = 0.33x10"’s™*

» For large average distance r =1cm (diluted gas in quasi-vacuum),

Ay=N2ae" =10%0.33x10 s exp(10?/3.9x10°) = 0.33x10°s 1 10°***%* = 0,62x10*'s™* ,
decay time 7 =1/A, =1.6x10"* s is smaler than Planck time r < t,, =0.54x10™*s, so it is effectively

zero: thereis no entanglement for average distance well above the quantum gravitational limit scale.
» Schrddinger’s cat , quantum-gravitational decoherence , m=5kg (mainly water, molecular weight 18),

N=Na*5000g/18g=2.8*10%, r =0.3nm , r_, =50cm, t_, =r_, /c=0.17x10"s

Ay=N2Ae" =28x1070.33x10 s exp(0.3x10°/3.9x10°°) = 0.92x10”s ™, r =1.1x10 s
decoherence is momentary, as v <t

 Schrodinger’s cat at lab conditions, thermal decoherence [14], m=5kg, r., =50cm, signal time

t, =r,/c=017x10"s, decoherencetime r_, =10"s

cat

Recently, possible GRW parameter values have been constrained experimentally [12], as shown in the plot
below.

-----------------------------------

——————————————————————————————————————————————————————————————

Thevalues r, =r, =3.910°m and A =4, = % =0.33*10 s lieinthe experimentally allowed white area,

whereas the original GRW values lie at its boundary, and the modified Adler’s values are excluded.

Fundamental equations based on relativistic scalars
2
Therelativistic energy relation p“p, = (Ej — p®=m’c? yields by the transformation
C

2

P, :ih(lat,—?) =ind, thewaveequation (Cia——AJw =0 for m=0 (masslessfield carriers)
Cc

. . . 10° m’c?
and the Klein-Gor don equation for massive scalars ?——A+ v=0

ot? h?

With the mass current density j* =(p,]) we get the relativistic invariant 4, j* :%O+V-T:o and
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the continuity equation E+V-] =0 for c=0
From this follow transport equations

heat equation 2—?+V-C]:O or %— K Au=0 for temperature u and heat flow g

and Fick’sdiffusion equation %—‘f —DA@ =0 for the concentration ¢

Basic algebraic structure

Classical physicsis based on the (algebraic) field of real numbers R with ist algebraic and topological
structure.

Quantum physics operates on complex numbers C for vectors, and on quaternions Q = C(o,,) (= complex

numbers with Pauli-matrices added) for spinors.

Complex functions and differential equations

Physica variables in quantum mechanics are complex analytic functions f(x,,{x;}) of (real) position x, and
parameters «; , most important: wave function w(x,) .

Physical variablesin classical mechanics arereal analytic functions f (x,,{x;}) of (rea) position x, and
parameters «; , most important: orbit x, (z) .

The fundamental Euler-Lagrange equations, which are orbit and wave function equations, are normally linear
partial differential equations of second order in position Xx,, .

There are 3 fundamental pdeq’'sin physics

dliptic: Poisson equation Vg = f , eg. gravity Vp = 47Gp , dectrogtatics VZp = -2

g
2

hyperbolic: wave equation oA* =0 where o= V? —C—lz% isthe d’ Alembert operator

parabolic: heat equation Z—Ltj —aViu=0

Dimension and fundamental parameters

There are 6 fundamental independent dimensional constants
reduced Planck constant 71 =4/ 2z

light velocity ¢

dielectrical constant ¢,

Boltzmann constant kg
Planck length | | = ‘/F::—? derived from Newton'’s gravitational constant G

cosmological length R, = 1/ 4 derived from the cosmol ogical constant A

Thefirst four are purely dimensional constants
energy="n /time
time=length/c

charge= /4, \/energy length
temperature=energy/ k;

and the Planck length |, = ‘/ hc—? makes everything dimensionless, and defines the minimal length (and

maximal energy)
R, = 1/AJ4  defines the maximal length (and minimal energy)

The truly universal parameters are 8 ener gy-mass constants plus 2 cosmological length and 1 cosmological
curvaturesign:
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-masses of preons: m, =0.033meV m, =0.77MeV

-characteristic energies of interaction
hypercolor SU(4) interaction E =180GeV and zero-shift constant ¢ = 0.095

color (strong) SU(3) interaction E = 220MeV and zero-shift constant ¢, = 0.69

2
electromagnetic interaction E = e _ Tece =3.7keV (derived from elementary charge &)
rB TTEg
m.ce’
Ashtekar-K odama gravitation E = cy/A = r— 2.06*10 *eV derived from the cosmological constant /4
T,

-cosmological characteristic lengths

constant D = 2 p RS =1,61*10%m
3k
constant VK = 837? p, R? =1.6*10"m

-sign of curvature k =0,—1,+1 (best present value=0)

The fourth independent cosmologica parameter: the age of universe to is not a true fundamental parameter of
our world, since it shows only our temporal positionin it.

Geometry: metric and gravity

Geometry of classical space-timeis determined by the metric, the empty space-time has the flat Minkowski
metric

in Cartesian coordinates

N, =diag(+1,-1-1-1)

in spherical coordinates

1, =diag(+1,-1,-r*-r?sin’6)

spherically symmetrical space-time with mass and scalers has the Schwarzschild metric

-
r
1
9, = 1_£
r
_r2
—r?sin’o
and axialy symmetric space-time with rotating mass and scalers has the Kerr metric
)
(1_ rrsj rr,asin“g
P12 Pro
—pp | A
9, = P12 ! Nypp
—Pr
) 2 ainl
rr.asin®o _sn?o(riral + rra”sin 0)
P12 Pr2

where A, =r?-rr +a*, p, =(r>+a’cos’0)

In quantumregime r <<r,, r

r? oor

:WZIPJ% =3.1¥10"°m=31um , the metric isthe Minkowski metric .

The valid geometry isthe inner geometry of the metric (in the sense of Gauss, i.e. those properties of the
geometry, which are coordinate-independent). This geometry is generally invariant (under arbitrary coordinate
transformations), and also physical interactions at large scales.
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The only long-range interaction coupled to the tetrad (metric) is gravity, therefore in order for gravity to come

out in the limit, the Einstein equations arise as a combination of (generally covariant) tensors G, T, , 9,
871G 87r| 87T|

R
G +A =xT G =R —— and k = = , with Planck len thI and
uv guv uv ' W|th uv uv 2 gHV C4 hC m C g

Planck mass m, , wherex and G, are determined in such away that in the limit the Poisson equation of

2
gravity results: g, = [1+£j z1+2—(f , V2o(r) = 4nGp(r),
C C

it follows o(r) = _GM = —g—scz , SO the Schwarzschild space-time has g, = 1—r—S and it follows from the
r r r
above ansatz |g,,| = 1.1
9o 1_Ts

r
The Einstein equation are derived via minimum principle from the Einstein-Hilbert action

(R-2A
= j( + L }/ d*x
where L,, istheinteraction Lagrangian for the stress-energy tensor (energy density)

. 2 5(\/_L) 0Ly

- +9,L
nv \/_g 5guv Bgyv gHV M

1
dimensional space angle Q, = 4z and the 1-dimensional time angle Q, = J'dt =
-1
the physical-geometrical density relation
Lew 1 (R-2A)
mec’/1,} 20,Q, 117
normalized over the 4-space angle.

i.e. the physical density equals half the Gaussian geometrical metric curvature

Geometric symmetry group

The fundamental symmetry group is the Lorentz group (rotation SO(1,3)) + displacements=Poincare group.
All physical equations are Lorentz-covariant or Lorentz-invariant.

S0(1,3) isthe group of orthogonal rotations of the real 4-dimensional vector space R* with the Minkowski

metric g,, = diag(+1,-1-1,-1) , which satisfies the orthogonality relation A'gd=g .
L orentz-group of rotations A 4x4 (1-vector) representation:

A= exp[ ~o, M“Vj:exp(—i($j+VK))

where ¢ istherotation angle, v isthe boost angle, where visthe velocity, and elementary space- and time-
rotations are
cosp -—sin
elementary planerotationis U, (¢) = ( , ¢ (pj
sng  cosg

coshv —sinhv

elementary boost (x,t)-rotationis U, . (v) = ( J with v = arctanh(z)
Cc

—sinhv  coshv
t—vx/c’ oo Xt
J1-v?/c? N1-v?/c?

purerotations J =(J,,J, J,) boosts K = (K, K,, K,)

or explicitly t'=



33

000 O
J =M™ ag I -MZ =i 000 O
0 00 -1
0010
0100
: . 1000
and K'=M% eg. K'=M" =j
0 00
0 00O

n3(1) is the i-rest of the 3-permutation , e.g. 13(1)=(2,3)

J' and K' satisfy the commutator algebra

[3,37]1=i&™J" [3",K']=ie"™K" [K',K']=-ig"K"

(M*)2 =i (g6, —g"”s) arethe6 generatorsin the tensor representation.

Physical particles differ in their transformation property: they are scalars (Lorentz-invariant) or vectors-tensors
(integer spin S= n, n* 1-vector-representation of Lorentz group) or spinors (half-integer spin S=n+1/2,

(2n+1)* 1/2-Weyl-representation of Lorentz group, S=1/2: Weyl-L or Weyl-R spinor).

Physical particles are distinguished asfield carriers (massless bosons, S=1 or 2, moving with v=c : graviton
S=2, photon, gluon, hc-boson S=1, cosm. A-generator ¢, S=0) or basic proper particles (massive fermions,

S=1/2, v<c : preons, leptons, quarks) or composite proper particles (massive fermions or bosons,
S=n+1/2 or S=n, v<c: al remaining particles including hc-Y ukawa W-boson, Z-boson (S=1), and higgs H
(S=0).

L orentz-transfor mation behavior of vectors (spin s=1) and spinors (spin s=1/2) :
rotation 4-vector Xwith4: X'=AX

A= exp(—licow M #Vj —exp(-i (p J+vV K)) ,where (M*)? =—i(g"5. —g"5")
rotation left-handed, right-handed spinor ¥ with A , A, :P'=AY ¥Y'=AY

A = exp(— IE o, O'“Vj - exp(—li(q; _iv)G) , left-handed Weyl-spinor
A, = exp(—'za)uv 5““) = exp(—|—2($ +iv)&) , right-handed Weyl-spinor

rotation Dirac bi-spinor ¥ with S : ¥'=S¥

S= exp(—i—a)w Z”Vj =(AL j
2 A , Where

Pauli 3-vector 6 = (0,,0,,0;)

uv ;
T = [G J = I—4[y” ,7"] , generators Clifford-algebra of Dirac-matrices {y*,y"} =29"" 1(4,4)

o

Pauli spin-tensor " =i[c*,G"] . 6" =1[6*,6"] ., 0" =1(1LG) .6* = 1(1-G)

Spin and representations

Spin Sisthe (fractional to standard dimension 4) dimension of the corresponding transformation matrix
representation of the Lorentz group

S=1/2 for left- or right Weyl-spinors with 2x2 matrix representation A. for the left-handed Weyl-spinor Lorentz
rotation ¥ (X) > V' (X') =AY (X)

and Ar for the right-handed Weyl-spinor Lorentz rotation ¥ ,(x) > ¥';(X') = ALY r(X)

S=1 for the 4x4 vector representation for contravariant vector Lorentz rotation W (x) —» V' (x') = 4 ¥ (x)
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and for the 4x4 vector representation for covariant vector Lorentz rotation W(x) —» W' (x') = (/1t )71 Y(x),

where (A')" isthe transposed inverse of the Lorentz rotation 4 .

S=2 for the 8x8 vector-tensor representation for contravariant 2-tensor Lorentz rotation
Y(x) > V' (x")=4a4¥Y(x)A

Gaugefields

All four fundamental interactions: gravity, electromagnetism, color interaction, weak (hyper-color) interaction
are described by gauge field theory.

-Electromagnetism

Gauge transformation is basically a phase-shift of the wave function induced by a phase A(x) :

Y(x) > ¥'(x) = exp(ied(x)) ¥(x) = Q(x)¥(x) , where Q(x) =exp(ied(x)) isthe gauge transformation.

The momentum operator should be covariant under the gauge transformation, so we have to introduce the
covariant derivative
D, =0, +ieA, instead of the original 4-derivative vector 0, .

The covariant derivative transforms correctly under the gauge transformation
(D,¥(X)' > Q(x) D, ¥(x)
The Maxwell field tensor is F,, =0,A, -0 ,A,

In QFT, we use cgs units and “natural units’” defined by the convention =1 c=1, and e=+/4za isthe

dimensionless interaction constant of the gauge theory (the interaction constant must be dimensionless,
otherwise the theory is non-renormalizable).

In cgs units without the QFT-convention, the covariant derivativereads D, =0, +i g A,

-General non-commutative gauge theory
The general gauge transformation, valid for gravity, color interaction, weak (hyper-color) interaction, is based

on operators 7% with the Lie-algebra [ra,rb] = f®z° | thefield carriers A (x), the gauge transformation
Q(X) = exp(—i gA?(x) ra) , and the covariant derivative D,=0,—igA*(x)c* , where g is the (dimensionless)

interaction constant.
The covariant derivative transforms correctly under the gauge transformation

(D,¥(x)' > Q(x) D, ¥(x)

The field tensor (corresponding to the electromagnetic Maxwell tensor) is

G, =0,A-0,A+gf AN

For the color interaction, A, *(x) are the eight gluon wave functions, and the Lie-algebrais the SU(3) algebra
with the eight 3x3 Gell-Mann matrices A® asgenerators, t° =2,/2 .
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2 Interactions

Long-range (classical) interactions
Long range (classical) interactions are gravity and el ectromagnetism. Both have aso a quantum version.

Green’sthird theorem states IV(D dx = quo dV ,i.e the surfaceintegral over thefield V¢ isequal tothe
z \Y%

enclosed charge Q, if ¢ satisfies the Poisson equation A@ = p for the charge density p . Therefore long-range
interactions should obey the Poisson equation at infinity.

But then long range interactions at infinity must have theform ¢(r) = % , because only this harmonic function

isthe potential of a Dirac-delta point source: V2%=47r53(r) .

The electrostatic potential fulfills this requirement exactly, the GR-gravity becomes the Newtonian potential in
thelimit r - oo .

electromagnetic classical regime
The interaction is described by the Maxwell equations 0, F*" = |” formulated with the field 3-vector electric

fieldE and the 3-pseudovector magnetic field B, E =-cF®, B, =—¢F" , which are dual in acertain sense.

Maxwell fieldtensor F,, =0,A" —8,A," , Lagrangian L=—%F,NF““— J"A,

4-vector potential A" =(%A) 4-current density =(Cp,3)

Maxwell equationsin cgs-units V-E=4zp V-B=0 vxE=-1B yig_Ar[5, LE
c ot c Az ot
E:—V(o—a—A B=VxA
ot

orbit equations mdd =F*"u,

T
Lorentz force density f = pE + pvV x B

Poynting vector (energy flux) S= 41 ExB
T

gravitational classical regime

field carrier graviton A S=2
tetrad E*" | which can be interpreted as generalized coordinate (gc) ge~1/Nmetric

The interaction is described by the 32 Ashtekar-K odama-equations for graviton A and tetrad E*" with the
cosmological constant 4

H(/LV)K = FuvK +£8WPEPK =0

3 interpretation: field= const.*asym(gc) , i.e. antisymmetrized gc
G"=0,E"+¢&"aA"E" =0 interpretation: covariant-derivative(E"") D E*=0
I, =E"vF, =0 interpretation: generalized hom. Maxwell equation E*/F," =0

in analogy to hom. Maxwell equation F,"A =0
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) . F ~
with field tensor ~ #v
Fuv’f =ayﬁf —6VAH’< +8KK1K2AHK1AKZ

and boundary conditionat r — o for tetrad and external metric G

E“E"«=g" /(—det(g))**
so the large-scale metric determines the physics via boundary condition

u

orbit equations du
dr

=-Thuut, EPE, /(det(E)™ = g

AK gravity yields full GR in thelimit /—0 , where A,” and E** decouple.
AK gravity removes the singularity of GR Black Holes with the AK correction length 1, = r’A ,

we get the corrected outer metric |g,, .| = rt 1 I
| 0c| 1-— s=l
r
with the sub-luminal escape velocity v_(r) =c 1—|—O ~ 0(1—2|—0J< C.
\/ I r

In the non-rel ativistic approximation GR-gravity becomes Newtonian gravity E, = -mc? L
r

static AK-interaction: yields A,’=const , E*V satisifies the Einstein equations and generates the metric at
infinity with the usual metric boundary condition En E' =g /(— det g)S/4 , so thefield carrier is the tetrad,

fully compatible with GR

wave AK-interaction: yields Ashtekar-K odama wave-equations AK(A.” ,E*", 4 )=0 with A-scaled ansatz for
thewavetensor A", A’ carries energy and generates an exponentially damped metric wave E* .

The wave tensor A,” and the tetrad E*” play different roles: E*” generates the metric and is measurable by
length oscillation, A,” carries energy and is measurable by absorption.
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Quantum interactions (QFT)
electromagnetic: gauge-group=Lie group SU(1) (trivial) commutative, long-range, classical and quantum,
2
scale Bohr radius r, = @ =5.29*10"m , energy scae E_, = e _ 3.7keV , the interaction-boson=photon
e M
isavector with spin=1
charges: electrical charge Q+, Q- ; elementary (minimal) charge: eo
covariant derivative D, =0, +ieA, , fundamental equations Maxwell equations 0, F*" =0
2

the interaction constant is the fine structure constant «,,, = & _ 1 , the elementary cross-section for

Az 137

2
. . ~ h
electron-interactionis o, = o, A, = aemz[—
m.c

wave: photon A, spin=1 one polarization, modes: spherical(l = 0) and and all | > 0, angular function Y, ,

wave equation , radial Helmholtz equation, Lagrangian L, = —% F . F* with the Maxwell field tensor
Fuv :auAf _aVAJ

Dirac eq. (ify*D, —mc)¥ =0

field eq. Maxwell 0, F* = j”

self-fieldeq. 0, F* = | =—ceyy'y

guantum gauge version QED is renormalizable, with 3 divergent Feynman diagrams: electron self-energy,
photon self-energy, vertex correction

=i
photon propagator in Feynman gaugeis D, (k) = kgz“v
2 2
quasi-classical approximation: E, (r) = S of anelectronfor r >> M, = LZ =2.8*10"m , where
Argy r 4re, M,C

ree isthe classical electron radius

gravitation: gauge-group=Liegroup(¢,, , ) with 4 generators 7, ,additional invariance: background
independence, long-range, classical and quantum, its interaction-boson=graviton is a 2-tensor with spin=2
charges: mass, elementary (minimal) mass (minimal energy is reciprocal to the maximum length R, =1/JA )
n_ nJA 10510 Js1.052* 10 m™ he

=0.368*10%®kg energy scale E, = — = 2.07*10 2eV
cR, ¢ 3*10°ms™ J energy "R,

scaer, = IP\/% =39um, energy scale quantum E = he =5.0*10°eV and classical
\I r

or
E. = hcV/A =2.06* 10 CeV

fundamental equations: Ashtekar-Kodama equations AK(A," ,E*" ,41 )=0 for the graviton tensor A",

the tetrad E** and the cosmological constant 4 , inthelimit 4->0 the Einstein-equations are valid (except at
the horizon)

and A" =const (i.e. trivial background)

A generated by the tensor field ¢4 is scale dependent, classical scaler>>rgq A =40=2.7 10°?m’?

wave: graviton A,” spin=2 four polarizations, modes: quadrupole and higher | > 2 ,

angular function exp(i | 9), gravitational radial wave equation weg,( E™,8,°E") for the tetrad component E”

m, =
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determines A" ,E*” with 4 free parameters for E*” and 4 free parametersfor A" , E*" damped exp(—4\/£)
for r <r, QFT gravity,
. A
covariant derivative D, =0, —1 /oy (TaAa)# (Du) =0, + &% g Jog AC
Jag =0.29x10" interaction constant

with 4 graviton columnvectors A?, 7% =ig %, are the generators of the Lie(g) Lie-algebra

graviton polarizations: 4 modes, 4 classical polarizations with real resp. imaginary amplitude

Lie(e) Lie-algebra with 4 generators 7® and the commutator [r%,7°] =ie, "z, a=1,2,3,4

equivalent to Lie3(e) Lie-algebra with 3 generators * and the commutator [z,,7,]=1)_ (1+&4, )7, ,&123
k

which isisomorphic to SU(2)
field equations AK(A",E*",A), gravitontensor A", tetrad E*”

I 2 2
the interaction constant is, with anormalized one-graviton-wavetensor A" , o, = ﬁ =1 pz(%J ,
m
it depends on the graviton-generating massm, 7 (m) isthe reduced de-Broglie-wavelength of m.
1 1

The AK-graviton propagator is D(q) = of order 3, and is finite-integrable in d°q

a*-3g°-29 q(q-i)(q-2i)
The elementary cross-sectioniis | pz (independent of mg) , which isvery small.

the (dimensionally) renormalizable Lagrangian is
1 X A
-—F, F" - (g E™O tage, , M BN Pt
Lgr — LH +I—| = fic 4 uv K 3 ( HA KAJV ar pialaics K1 )%’1 Aﬂ )
T EKlVl FﬂK1V1EK2V2 F 'UKZVZ
with the constraint ¢, ¢, = A
and withthefieldtensor F,* =0, A" -0 A" +a,e"  ASA"

quasi-classical approximation: E,, (r) ~ " e? for r<cr r, =3.7x10%m
r

g

generates temperature-independent gravitational quantum noise P, = rr—A mpc2r£ ~10%eV /s
p p

Dirac eq. (ify*D, —mc)¥ =0

fiddeq.= AK(A,E*,A)

E“E’ = g" /(-det(g))**

boundary conditionat r =r, , with Minkowski metric g=n

equation-of-motion: Dirac equation (ihy”g 0, — mc)‘P =0 with external GR-metric g,

uv-v

in quasi-classical approximation (ihy”au - mc%— mcj‘P =0 , with the Newtonian potentia energy

V (r)=mc®& r =37x10%m
r

weak interaction: gauge-group=Lie-group SU(2) 3 generators Pauli matrices gj , corresponding 3 massive
gauge bosons
Z, W*, W ,short range, pure quantum, are Y ukawa bosons of hypercolor interaction

cut-off energy Mz=91.17GeV ,
length scale r,, =107 m
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energy scale E,, ~10°E,, =7eV
Lagrangian, L, = _%ijwaﬂv - % F,F* where
a a a abi c
W2 =0 W -0 W2 +gf™WW° F, =0,B -0,B,

where the physical gauge fildsZ, W*, W~ are

W’ +g'B
:w:coseww%rsinewB
2 12 H H
vg +9
+ 1 1, 2
W= —= (W) +iW?)

b2

covariant derivatives |eft and right with Pauli matrices o,

. i i :
D,R=(0,+ig'B,)R DﬂL:(8ﬂ+§g Bﬂ—zgaiWﬂjL

strong (color) interaction: gauge-group=Lie-group SU(3) 8 generators Gell-Mann-matrices A ,
corresponding 8 massless spin-1 gauge bosons, 3 charges (colors) r g b, short range, pure quantum,

asymptotically free (confinement),
The coupling from the Callan-Symanzik equation is

ghc( m) = 4” 1 2
18\/@09(/{“)] +Cqey

hc

energy scaleE_, = 220MeV , with the zero-shift constant in the Callan-Symantzik relation to remove the
singularity ¢, =0.69

confinement length scale r,, = él—c =0.89*10"°m~r,

col
col

fic

col T
col

cut-off energy M =2.33*10"eV ~ 23GeV

the pion © with mass 106MeV is the Yukawa field boson of the color interaction
. (. 1_. y

Lagrangian L=y (iy*D, -m)y - Fe, F

withthefield tensor F* =0, A -0, Al +gf™*AA

covariant derivative D, =0, —igATT, , with Liegenerators T, = 1, /2

where g is the coupling constant, A} A isthe gluon gauge field,
for eight different gluonsa =1 ... 8, and where 1, Aa arethe eight 3x3-Gell-Mann matrices,a=1... 8 .

commutation relations with structure constants [T, T, ] =i £ *°T_ , [4,,4,] = 2i f**4,

Dirac eq. (ih}/”Du—mC)l//:O , hcwavefunction v =(yv, v, ;) withthreecomponents
. 1 auv avu g kac pcp— kuv kba pAbpkvuy _ ;a __ — uTa
field eq, EaV(F ~F )+E(f AR + FRFY) = 2 = gy Ty

guantum gauge version QCD is renormalizable, due to the renormalization group equations

kulgji kylgj

gluon propagator in Feynman gaugeis D7 (k) =8 [(nw e et
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hypercolor interaction: gauge-group= Lie-group SU(4), 15 generators massless bosons spin=1, short range,
pure quantum

4charges r. r."ry 1" forr-preon and g,  q," gy gy~ for g-preon resp. with charge + or - and helicity L
or R, antiparticle C(r_ ") =ry~ , C(r,") =rg"

the weak-interaction is the Y ukawa-limit of the hypercolor interaction

L-R-symmetry breaking SU(4)=3U(2) ® U(1); ® SU(1),,

covariant derivative D, =0, —igA'T, , with Liegenerators T, =4, /2

where g is the hyper-color coupling constant, A’ A isthe hc-boson gauge field,

for fifteen different hc-bosona=1... 8, and where 1, 1a arethefifteen SU(4) 4x4-Gell-Mann matrices, a =

1...15.
fieldtensor F* =0, A’ -0, Al +gf AN’

The coupling from the Callan-Symanzik equation is
/ 3

\/76\/@09( /{n )] +Cqey

critical energy A,, =2m(Z,) =180GeV in anaogy to the QCD , and zero-shift constant
1

Cee1 = —m(t)
ol )

Dirac eqg. (ihy“D#—mc)t//:O,hcwavefunction v=(w_ w. Ve Vg)

ghc( m) = 4”

=0.095

fleldeq %av(Fauv_Favu)+%(fkacAi:Fkyv+ fkbaA\‘E’FkV#): jav :gl/7}/'uTal//

guantum gauge version is formally renormalizable, because the interaction constant is dimensionless

GUT (approximate) minimal SU(5) of Georgi-Glashow:

We have for the right-handed basic particlesin SM

R=( 3 rgb d-antiquark, 2 leptons e v )= d(3,) ®ev(1,2) or U(5)g =V (3) D U(2)

and for the left-handed basic particlesin SM

L=(3x2 rgb u-quark d-quark, 3 rgb u-antiquark, 1 antilepton e)=ud(3,2) ® t(3,2) ® e(1,1) or

UGB, PGB, =UEROUBR)DU(B)D (L)

This symmetry is respected by the color and the weak interaction, but is (slightly) broken by the much stronger

hc-interaction at high energies. Nevertheless, it yields an approximately correct Weinberg angle for the electro-
weak interaction.
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3 Statistical mechanics

Statistical mechanics describes the thermodynamic behaviour of large systems.

Key features of athermodynamic ensemble isits partition function (probability distribution) and its

macroscopic function (extremal variable of the ensemble: e.g. entropy=max, free energy=min) . They are

functions of the thermodynamic state variables. temperature, volume pressure, number of particles, chemical

potential [7].

Fundamental variable: partition function Z

Z= Zexp(—kE—_'l_J classical Boltzmann statistics, prob. distribution f (E,T)= exp(—%j
i B B

Z=>Y fu(E.T,y) classical relativistic Maxwell-Juttner statistics, prob. distribution

E exp(—-E/kgT) 1
f,(ET,7)=y*J1-1/y" Y e———
MJ( ) kaT < ( E j /1_V2/02

? VkBT

Z:Z;E, quantum fermion Fermi-Dirac statistics , prob. distribution f(E’T):+
' exp(k_l_ +1 exp[kBTjJrl

Z= Z—E. quantum boson Bose-Einstein statistics, prob. distribution f (E,T)= 1E
"ol ) ooficr |

Important thermodynamic variables U, F, S, Cy
U=<E>= olnz szalnz
oB oT

F =(E)-TS=-ksTInZ Helmholtz free energy

G=F+PV=(E)-TS+ PV:—lw

mean energy

Gibbs free energy

0
S:E(kBT InZ) entropy

o(E) 1 oIz aZInZ -
C =—\—/_ heat capacit
YT kBT2 ( J 4

for Z~Wexp _E , S=— (kTInZ)
kT oT

which gives the famous Boltzmann approximate formula S= kg InW

6 —E+k;TInW) =k; InW
aT ®

Thethree most important ensembles|[7]

The microcanonical ensemble describes a system with fixed energy and fixed number of particles.

The canonical ensemble describes a system of fixed number of particlesthat isin thermal equilibriumwith a
heat bath of afixed temperature.

The grand canonical ensemble describes a system with non-fixed particle numbersthat isin thermal and
chemical equilibrium with a thermodynamic reservoir with fixed temperature and particle number.

Thermodynamic classical and quantum ensembles with their partition function and the macroscopic function
Thermodynamic classical ensembles
Microcanonical Canonical Grand canonical
Fixed
variables
Microscopic Number of microstates Canonical partition function Grand partition function

N, V, E N, V, T WV, T
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features W, with width o . =Zexp[— E, J 7 _ Zexp B —uN,
W:Zf(H Ej 4 KoT kT
P ® Tr (exp(-BH)) = ( [ [ D]
Z sy Hys Hoyeee =T ka_H
f(x):exp(—ﬂxz) > exp(-BE)=Z(B) (Bt ) =TT | X0 B ;#
=Bl H=> N
BH pP= & [ i j
Probability __& -
and ﬁ:izf(Hk—E)W Vo P Trem Tre [HZMM]
density wae e ST
. _ exp(—ﬁEm) —ﬂ(E —ZuNj
matrix P(En) =<7 2 e VT
> exp(-BE,) P(E, )=
K " —ﬁ(En—Zu.N.]
e
Boltzmann entropy Grand potential
Macroscopic S = Kg INW Helmholtz free energy Q:—kaan
function v.Neumann entropy F=-ksTInZ ’

S=-k;Tr(plnp)

The macr oscopic function obeys the minimum principle of statistics:
the macroscopic function attains an extremum in equilibrium
microcanonical: entropy is maximum

canonical: free energy is minimal

grand canonical: grand potentia is minimal

The partition function describes the statistical properties of a system in thermodynamic equilibrium .Partition
functions are functions of the thermodynamic state variables .

For a canonical discrete ensemble

classical z =) g,exp(-BE,) ﬂ—— gx=degeneracy , g degeneracy
k
relativistic classical Z =" f,,, ( Ek,T,y)
k

quantum Z:Tr(exp(—ﬂH)) or Z:ZL (fermion + , boson - )

k Ek

exp| — |+1
KeT

probability of states p_ = ;exp(—ﬁ E,)

The four probability distributions for the average number in a statee: N(g) with degeneracy g(¢) and
chemical potential x are derived from the maximization of number of states W(v,) with occupation numbers vi
of N particles for states with degeneracy gr and energy levelsy: r =1,2,...N" under energy condition

> v.n, = E and particle number condition ) v, =N

[

fermions S=n+1/2 (Pauli principle) Fermi-Dirac statistics W(v,) = H% follows from Pauli-
v I(g, -v,)!

principle v, = 0,1 because the wave function is antisymmetric in particles W (...v,...v,...) = =¥ (.v,..v,..) :

g(e)

exp(g _“j+1
ke T

N(e) =
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bosons S=n Bose-Einstein statistics W(v,) = {8 v =

[
- followsfrom v, =0,1,2,... because the wave
v,1(g, - D!

function is symmetricin particles ¥(...v;...v,...) = Y(.v,..v;...) :

N(e) - 9(2)
E— U
ex -1
=3
classical Boltzmann-Maxwell statistics N(&) = exp(—%} is derived from both FD and BM statistics for

B

high temperature exp(%] >>1

B

. L. .. .. exp(—g/kBT) 1
classical relativistic Maxwell-Jittner statistics, N (&)= y*y1-1/y* ¢ Y = —e——
() rKsT A V1-v?/c?
? VkBT

applicability:
guantum condition :

d<i; = % (diameter d less than de-Broglie-wavelength): fermion or boson statistics apply

d> 4, = h Boltzmann or Maxwell-Jittner statistics apply
nmv

photons: m=0, A, =0 ,d =4 : boson statistics applies

eectrons: d ~10°m , A, ~107°m : fermion tatistics applies

relativistic electrons: d ~107°m, A, =2.4x107"m, v~c : fermion statistics applies

thermal neutrons: d =1.6x10"°m, A, ~ 0.2x10°m : fermion statistics applies

relativistic neutrons: d =1.6x10°m , 1, =1.3x10"°m , d ~ A, : fermion statistics applies

bi-atomic gas (H2) thermal: d =0.3x10°m, A, ~ 0.07x10°m T=300K, Boltzmann statistics applies
bi-atomic gas (H2) relativistic: d =0.3x10°m, A, ~0.6x10°m,v <~ c , Maxwell-Jittner statistics applies

second principle of thermodynamics states that

% >0 entropy isnon-decreasing in timet,

or (Lorentz-invariant) ? > 0 entropy is non-decreasing in proper time ¢
T
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4 Modds

Model of macrocosm
The macrocosmic model is the phenomenological ACDM model based on the Friedmann equations derived
from GR, that govern the expansion of space in homogeneous and isotropic models of the universe and having
13 free parameters.
Basic ACDM model
The basic ACDM model is derived from the principle of isotropy under GR and yields the Robertson-Walker
metric [4]

dr?
1-kr?
The fundamental Friedmann equations for the 3 variables world radius R(t) , density p(?) and pressure P(t) are

ds® = —c?dt’ + R(t)z( +r2(d02+sin29d(p2)j

R P
p F2(10 Cz)

R4 (e 3y, A0
R 3 c? 3

and theeos P(p) =congt* p" ,

where w=0P=0, p, R® =const for ordinary matter, w=1 P = p,c*/3, p, R* = const for radiation.
From this we can derive the fundamenta Friedmann-Lemaitre-Robertson-Walker (FLRW) equation for the
time-dependent world radius R(t)

R? +V(R)c? = —kc?

where the effective (dimensionless) potentia is V(R) = —% - % + % R® with the constants
D= Z—?meS =1.61*10®m K = 8372(23 p,R* =2.56*10"m* k=sign(curvature)

k=-1: hyperbolic case, unbounded expansion

k=0 flat case

k=+1 bounded movement

: 2
Hubble constant H = R(t,) , critical density p, _3H- , relative density =% (%) ,

R(t,) 87G P,
which results in the famous rel ation for the Hubble constant
8nG ke Ac?
H? =——(p,+p,)— —+
3 (Pm+P:) 3

The basic ACDM model is based on six dependent fundamental parameters H ,k,A,Q,t,, p, , p,,, , Which are
based on four independent fundamental parameters D, K, k,A , which determine the fundamental FLRW
eguation, plus the current time=age of universeto .

Perturbational ACDM model

The basic ACDM model is extended by primordial perturbations, which explain the evolution of structure in the
universe[11].

The metric in Newtonian gauge becomes

ds® = az(n)(—(1+ 2¥)dn? +(1-2d) 5, dx'dx’ ) in conformal time n with dn = % ,

where ¥ and @ are primordia metric perturbations.

We introduce species of matter and radiation with relative their densities (baryon, dark matter, neutrinos,
photons) Qb , Qc, Q,, Q, , with their respective equation-of-state P(p,T)=w(T)p

Finally, we introduce stochastic perturbations of density pressure, and velocity, which obey relativistic fluid
equations. continuity and Euler.

In the end, we get as fundamental equations [11]:

6 Einstein equations
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V0O -3H (®'+HY) =7Ga’dp

(@' + HW) = nGa 2
a'H

0.0, (®—-V¥)=87Ga’ll, ,i < |

O+ HY' + 2HCD'+%V2((D -¥)+(2H'+H?)¥ = zGa’sP (15a-d)

4 conservation equations: continuity +Euler
5= —[1+ E](aivi ~30')-3H (ﬁ—ij5

p Sp P
. =} 1 _
V'=—| Ht5— |V -5——(3,6P+0'T],; )-0,¥ (1560
P+p P+p
q =(ﬁ+ ﬁ)vi o :5Tp decelaration conformal g =—-——,
p a'H

for 10 variables 4scllar @ ,¥,5,6P , 3vector V', 3tensor IT',

where & =relative density fluctuation, & P =pressure fluctuation, V' =velocity, Hij =anisotropic stress
with background parameters

Hubble H _a , scale factor @ , mean density p , mean pressure P
a

Parameters

For the full perturbational ACDM model we get 13 parameters [11] :

A, Qc,to, N5, As, 7,0, W, Y m,, Net(v), 1, dnddk , Ho ),

with denominations:

physical baryon density parameter Qp; dark matter density parameter Qc, world age to , scalar spectral index ns;
curvature fluctuation amplitude As ; and reionization optical depth 7, dark energy density Qa, dark energy state
factor w, neutrino masses sum Y. m, , number of neutrino generations Net(v) , spectral index gradient dns/dk
Hubble constant Ho .

The Planck-satellite measurements of the CMB background in 2015 have yielded the following values

Description Symbol Value

Physical baryon density parameter Qph?  0.02230+0.00014
Physical dark matter density parameter Q% 0.1188+0.0010
Scalar spectral index Ne 0.9667+0.0040
Curvature fluctuation amplitude, ko = 0.002 Mpc ! Agz  2.441+0.092 x10°°
Reionization optica depth T 0.066+0.012

Age of the universe to 13.799+0.021 x 10° years
Reduced Hubble constant h 0.704+0.025
Type of curvature k uncertain
Cosmological constant A 1.1 10°?m?
Density of matter P 0.3089 pc

Density of radiation Pr 3.79 10° pc
Relative density Q 1.01+0.05 pc
Critica density pc 3.79 102 kg/m?

Possible scenarios
The decisive parameters here are curvature sign k=-1, 0 ,+1
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and the critical Lambda-value A, =

=0.1710%m™?, A =6.5A,

=
Schematic scenario for k=-1,0,+1, A = A_ (1+ g) : scale factor ain expanding universe (k=0 valid in our
world. lower curve) [4]

s )

Therelative scale factor a calculated for Planck parameters[11]:
1 -

0.001}

108 ¢

0.05 0.10 0.50 1

tc
scale factor a[X] in dependence of relativetime X = E
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Star models
[15]
06— Supergiants
108 - 0 ':-_'-_-.l--
. N L
; R
@10z L _ © L TR ERAY Red giants
= Tlain
oy sequence
o
£
£
3
10
001 —— sl
dwrarfa : T e
C | . [y Lifecycle
I f | l | | [ ""‘
Blue BluefWhite  White  White/Vellow Yellow  Orange Fed O d
033 -0z0 0.00 0.30 0.59 021 1.40
BV Index , - Star
40000 31,000 10,000 7,400 5000 5,300 3200
Temperature (¥

Hertzsprung-Russell diagram

Sun-like stars
mass M ~ M, :1.99><103°kg

radius R~ R, =0.7x10°km
density p ~ p,,, =1.4gcm’
age t,~ty,, =4.6x10°y t;<10x10%y

k. T
eos ideal gas PV =n RT P=nk;T = pﬁ
15.7x10°K core
5.8x10°K surface

gravitational acceleration g ~275ms?

temperature T = {

energy production p-p-chain 4H,” +2e” — Hel* + 2v, + 26.7MeV

Convective
. zone

Corona
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White-dwarf stars
mass 0.17/M_, <M <1.33M_,,, Chandrasekhar masslimit M <M __, =1.4M_,

radius Roc MY®  6000km < R <12000km calc. R( M =0.6M Sun) = 9000km
density calc. p(0.6M, )=1.6x10°gcm™
typical age t, ~6x10°y

magnetic field 0.2 T to 100 kT 0.2T < B <100kT

€os pressure Fermi electron gas
5

low-density approximation P = 87[%% K, ,

X. = Pe L( 37 )”*n"?, where pr is the Fermi-angular-momentum, n the particle density
mcCc 2mc
temperaturecore T ~10'K
A XA )
>4 . X T

left :newly formed white dwarf, center: a cooling and crystallizing white dwarf, right: a black dwarf.

Neutron stars
masscac. 0.14M_ <M <3.04M_,

radius Roc M¥®  calc. 45km<R<12km R(M =05M_,)=6.9km

measured in sun-units Schwarzschild-radius r_, = 3km , and Schwarzschild-density p_, = 0.74x10"gcm™

ri=0.01
R/ran
4+

: ‘ : ‘ : — M/Man
05 10 15 20 25 30

density calc. 3.5x10" < p <4x10*gcm™

typical age t, ~6x10°y

magnetic field 0.2 T to 100 kT 0.2T < B <100kT
€os pressure Fermi neutron fluid

Pl(rl) = Clpl(rl)vnn ((En /pl(rl))lls)
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1000
[ Pfg(rho)
[ 015
800
[ 010
600 r \
i \ s
4001
2000 \\ T oaw——oau—— 006 ) ao ™
7 e p——— e i
05 —10 15 20
_oool -010
Vmn(r) with energy(MeV), r(fm) total pressure P, (p)

temperature T ~10°K
gravitational acceleration g~ 2x10”ms™

outer crust 0.3-0.5 km

-— ions, electrons

inner crust 1-2 km
—~&—— electrons, neutrons, nuclei

\ outer core ~ 9 km

neutron-proton Fermi liquid
few % electron Fermi gas

inner core 0-3 km

Stellar black holes
shell star with mass M, outer radius R, inner radius r, > r,(M )

measured in sun-units Schwarzschild-radius r_, = 3km , and Schwarzschild-density p_, = 0.74x10"gcm™

R gravitation

masscac. 5.35M_, <M <100M

radius Roc M cac. 25.5km< R<336km
inner radius calc. 2lkm<r < 330km

R-M-relation is practically linear
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R(M)
R/rssun
)
80 L
°
60 - )
°
°
40 - °®
® ®
)
7 / ’
M/Msun
20 40 60 80

corresponding relative shell thickness dRe=dR/M is

rel shell thickness

dR/rssun
[}
05| o
[ J
020 °
[ ]
015 %
e
0.10
’\..
0.05
\l %ed o0 o .o °
M/Msun
20 40 60
rel ative Schwarzschild-distance dRye=(R-M)/M
(R-rs)/rs
06f o
(]
05
[ J
[ J
04 °
([ ]
0.3 .0
e
0.2 ‘
..
() [ ]
> \|000‘ e o o° ¢
: : : M/Msun
20 40 60
relative flight velocity deviation from 1is AV oy = RK/IM ~0.07
C
the redshiftis z~ N 14
Rsrel
€0s pressure Fermi neutron gas
5
low-density approximation P = 871"%% K™,
X. = P —(37)"°n"?, where pr is the Fermi-angul ar-momentum, n the particle density
m.cC 2mnc

magnetic field probably like neutron stars B = 1KT ...100kT (form relativistic jets at poles)

temperature probably like neutron stars T ~10°K
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: k, A _ . . .
entropy of ashell staris S= T_ >10g2 , which approximately equal to the Hawking- Bekenstein entropy of
P
kg A
2
P

an abstract black-hole S=

Supermassive (galactic) black holes
supermassive shell star with mass M, outer radius R, inner radius r, > r,(M )

=10°M__ mega-Schwarzschild-radius r

Msun sun

=3x10°km
and mega-Schwarzschild-density p,,., =10 p_ . =0.74x10°gcm™ (comparable to white-dwarf stars)

measured in mea-sun-units, mea sun-mass M

Mssun

masscac. 2x10°M_, <M <50x10°M

radius R~1,(M) cac. 6x10°km< R<150x10°km
inner radius 1. ~ 1, (M)

FIE\;;HI\H/I-relation ispracticaly linear

50+
40+

D+

/ . M/Man

10 2 ks 4 5

corresponding relative shell thickness dR¢=dR/M is

(R=1i)M

0010
0008
0006
o4 ‘-‘.

002

relative Schwarzschild-distance dRye=(R-M)/M
R-M)M

0
0

0 -

00L -

— M/Man
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relative flight velocity deviation from 1is AV ooy = % ~0.002
Cc

the redshift is z ~ ~ 500

Rsrel

eos pressure Fermi electron gas like for awhite-dwarf
5

low-density approximation P =87 P, % K, ,

X. = Pe _ L( 37 )”*n"?, where pr is the Fermi-angular-momentum, n the particle density
mcCc 2mc
temperature probably in x-ray region, i.e. T ~100keV =10°K

magnetic field probably scaling with redshift Bsm(M)zﬁBst ~35B,(M) ,
z,
so B=30kT...3MT
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Models of conglomer ates

The generic denomination “conglomerate physics’ encompasses conglomerates of molecules and atomsin
solid, fluid, and gaseous state, on the intermediate scal e above the quantum regime (>39um) and below the

asteroid scale (~1km). Thisis the scale region, which our human cognition is adapted to, and which is directly
accessible by experiment.

Structural basel: nuclei
nuclei 80 elements from 1H to 82Pb with 251 stable isotopes [16]

160

150

140 |

130

120

110

100 ¢

90 - . P
Line of stability

80

70 |

Neutron number N

60 -

1 1 1 I I 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110
Proton number 2

Structural basell : atoms
80 atoms with characteristic electronic orbital configuration
Chemical properties (electronic orbital structure) are generically described by the Periodic Table [17]

18
1 1.008 2 4.003
hydrogen 2 AtomicNumber -1 1.008 ~|— Atomic Weight 13 14 15 16 n helium
3 6.94 |4 9.012 5 1081 (6 1201 |7 1401 |8 16.00 |9 19.00(10 20. mi
Li |B =1 H B/ C|N|O|F |Ne
lithium | beryllium hydrogen-{—Name boron carbon | nitrogen | oxygen | fluorine neon
11 2299112 2431 13 269814 28.09 |15 3097|116 32.06 |17 3545 |18 39.95
sodium 3 4 5 6 7 8 9 10 11 12 silicon sulfur | chiorine | argon

19 32.10[20 40.08[21 4496|122 47.87(23 50.94(24 52.00(25 54.94(26 55.85(27 58.93(28 58.60(290 63.55(30 6538 |31 69.72(32 7263(33 749234 768.97 (35 79.90 |36 63.80

K|Ca Sc|(Ti|V Cr Mn|Fe Co|Ni Cu Zn|Ga|Ge|As|Se Br Kr

calcium | scandium | titanium |vanadium |ch iron | cobalt | nickel | copper | zinc | gallium arsenic_| selenium | bromine | krypton
37 8547|368 B7.62|39 889140 9122|41 92.91]42 9595 |43  [38]|44 1011|45 1029|146 106.4|47 107948 1124|45 1148|50 118.7|51 1218|52 1276]53 126.9(54 1313

Rb|Sr Y |Zr |Nb /Mo| Tc [ Ru Rh|Pd Ag|Cd|In Sn|Sb|Te| | Xe‘

rubidium |strontium | yttrium | zirconium | niobium technetium rhodium |palladium | silver | cadmium | indium tin | antimony | tellurium | iodine | xenon
55 132956 137357711 72 178573 1809|74 1838[75 1862|76 1902[77 1922|738 1951|790 197.0[80 200.6[e1 2044 |62 207283 2090[8¢ [209)[85 (210][86 (222
caesium | barium |lanthanides| hafnium | tantalum | tungsten | rhenium | osmium | iridium | platinum | gold | mercury | thallium | lead | bismuth |polonium | astatine | radon

87 [223](88 [226](89-103 104 [267])105 [268](106 [269)(107 (270|108 [277]|109 ([278])|110 ([281]|{111 [282)|112 [285]|113 [286]|1l4 [289]|115 ([290]|116 [293](117 [294])|118 [294]|

Fr |Ra Rf |Db|Sg|(Bh | Hs Mt Ds Rg Cn|Nh Fl |[Mc|Lv|Ts Og‘

francium | radium | actinides dubnium

bohrium | hassium um| nihonium | flerovium

57 1388]58 140.1]s8 1408[60 1242[61 [(145][62 150.4[63 1520[64 157.3[65 15809[66 162567 1649]es 167.3[69 1689[70 1730[71 1750

La|Ce | Pr |(Nd|Pm|Sm|Eu | Gd|Th Dy Ho|Er Tm|Yb Lu

rium | eurapium tem\um! helmium | erbium | thulium |ytterbium | lutetium

neody! |
89 [2zm|o0 z320[91 2310[9z zofe3 [z37|oa [24¢1[95 [2431[96 [2471[97 (24m)[98 (2511[99 (2521[100 (2571101 ([258][102 [259](103 [266)

Ac Th Pa| U INp|Pu/Am|Cm|Bk | Cf Es [Fm|Md | No | Lr

actinium | thorium uranium plutonium | americium | curium DE(kE\iuml it fermium nabelium |lawrencium

lanthanum | cerium _[or

Orbitals are wave functions of external (valence) electrons with the generic form

LPnA,n| My (F)

where na= atomic number, nj= ionization number (positive for positive ions, negative for negative ions),
[1 orbit angular momentum , I> second orbit angular momentum when hybridized.

Orbitals determine the material constants involved in the chemical reactions, and dynamic and static
(equilibrium) behavior in conglomerates.

orbitals: s (1=0), p (I=1), d (1=2) [18]
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Interaction energy of orbitals E(O,,0,,r) [19]

Energy

Structural baselll: molecules
These are simple molecules like metal oxides, silicates, alcohols, adehydesketons, organic acids; complex
organic molecules like proteins, fats, sugars; molecule chains like organic polymers.

Chemical reactions
Chemical reaction rate is described by the law of mass action and the Arrhenius law [19]
reaction v, A+v,B- v, X+, Y

rate r =ky, [A]*[B]® ki =A'T exp(-E,, / RT)

where Ext is the activation energy, and R is the gas constant, and va and vs are partia ordersin [A] and [B],
respectively

Phases of matter in first-order solid-fluid-gastransitions
[26]
Phases of matter differ in their number N (r) of particles at radiusr, described by pair correlation function g(r)

N(r):nojg(r)4nr2dr

2(r) | High p gas 2(r) l_iqg_l\id e(r) | Solid

M [\~ I
|' [ I ‘.". | |
| | ‘I | .I II II |

|
|

/ I'\. }'I \ /
r r r

and in their temperature range: solid T <T fluid Ty e <T <Tpy , 988 T >T,

-Fluid-gas eos

Peng-Robinson eos describes the fluid-gas phase

1 _(1+(O.480+1.574a)(pc,ﬂc)—0.176co(pc,ﬂc)z)(l—Jﬁ/ﬁc))zai
B(v-h) v(v+b)+h(v-b)

|' - \
| '\

freeze ! freeze 0il

p=p(B.V.P..B)=
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with vdWaals parameters a, b, intermsof critical parameters p,, inverse thermal energy S, = le :
B
a= 0'45753 , b= 0.077796i :
P.B. PA.

o = acentric factor © =-10g,, [@j = a)( P.; ﬁc)

-Solid phase eos
Mie-Grueneisen equation describes the solid phase

(yln/vo—yz)(n—l)(’?—r;(’7‘1)j (1 1
sy )

Wheren:ﬁ, [',=2,s%3/2
v

p(rl’ﬁ): P+

Bo=B.» P,=P , V, =V, arethetriple-point values

Characteristic points of first-order solid-fluid-gastransitions
[26]

» Fluid-gas curve

Maxwell condition: equal pressure and equal Gibbs energy

p= pPR(Vf’ﬂ)’ p= pPR(Vg’[))) -V :VPR,l(puB) » Vg :VPR,Z(p’:B) cubic roots of p-equation

Maxwell-Gibbs equation Geg (v, (P, 8).8)-Ger (Y, (. 8).8)=0 — py, = p(B) fluid-gas curve
where G, (v, ) and G (v, B) isthe Gibbs energy of Peng-Robinson resp. Mie-Grueneisen eos.

» Solid-fluid curve
Maxwell condition: equal pressure and equal Gibbs energy

p= pPR(Vf ’ﬁ)’ P= Pue (Vs’ﬂ) — Vi :VPR,l( puB) ' Vs :VMG,l( p,,B) cubic roots of p-equation
Maxwell-Gibbs equation Geg (v, (P, ), 8)-Gye (Ve (P.8).8)=0 — py = p(B) solid-fluid curve
where G, (v, ) and G, (v, B) isthe Gibbs energy of Peng-Robinson resp. Mie-Grueneisen eos.

* Triple point
At the triple point, the saturation curve ends, fluid-->gas, fluid-->solid , gas-->solid curves meet,
i.e Pog (vg ,T) = Por (vf ,T) = Puc (Ve, T)
Thetriple point can be found as the branching point of saturation curvein the p(l, ,8) diagram.
* Critica point
At the critical point, only one phase exists, the isotherm has a turning point there.
2
P_g. 8_5’ -0
ov ov
* Fluid-gas curve from Maxwell-Gibbs equation

0.6 0.7 0.8 0.9 1.0
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fg-curve: Gog (V (P, 8).B)—Geg (VY (P.8).8) =0 Py = P(B)
* Solid-fluid curve from Maxwell-Gibbs equation

30

25

0.5

0 0.0 T

sf-curve: Gog (Vi (P, 8).8) Gy (Ve (P, 8). 8) =0 s = P(B)

Landau theory of phasetransitions

We distinguish first-order and second-order transitions [23].

First-order transitions are discontinuous in the first derivative of free energy F, second-order are continuousin
the first derivative and discontinuous in the second derivative.

* First-order phase transitions

These apply mostly to the solid-fluid-gas transitions, where the discontinuous variable is the volume V = (Z—G :

p
or equivalently the average distance / .

Here the average distance /, the density p, specific volume v = % and heat capacity Cy are discontinuous.

Transitions happen at the melting temperature Tm, and at the boiling temperature Ty, , thereis alatent heat AC
at the transition temperature.

 Second-order (continuous) phase transitions

These apply mostly to the phase transitions in magnetic materials (ferromagnetic, antiferromagnetic), where the

magnetization M = (Z—Ej is continuous at Curie temperature Tc : in ferromagnetic phase transtion at Tc
T

spontaneous magnetization M = (Z—Ej becomes 0, and there is no latent heat.

T

The generalized Landau ansatz for the partition function is afunctional integral [23]
Z :J-D(p dV exp(~E(F,¢,)), where E(F,¢, 8) isthe thermal Hamiltonian.

The functional integration D¢ has here a precise mathematical meaning: Dg = Z 2—¢ dp. and is perfectly well-

defined. The function variable ¢ isafunction of location r and molecular distribution parameters pi (like
molecular diameter o, average distance 4, correlation length I, local distribution periodsla) ¢ =¢(r;p).

The actua function ¢o , which yields the valid partition function of athermodynamic system, isfound by

minimization of the free energy F = —% logZ inthe parameters piin a value range Q , which yield optimal

parameters pio and the corresponding function ¢, = ¢(r; p,)

F(o(po))=min(F(o(p))in Q).

For first-order transitions, we make the generalized Landau ansatz for the partition function as afunctional
integral , where the Boltzmann-exponential contains only the intermolecular potential u

z :qu) dV exp(-Bu(r))
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<P(r,0,i,|c,ak'|a,k,050k) = ®(r,0){1+ exp(-r /Ic)(;ak Cos[zﬂ VIGDJ

a,k

with the soft-step-up function

1

r-o
1+exp| ——
( Ar o j
For second-order transitions, like in magnetic systems, we make the generalized Landau ansatz for the partition
function as afunctional integral with a ¢p-generated “kinetic” energy in the exponential.

Z = [DpadV exp(E(p)-Bu(T,¢))
E(¢) isthe energy generated by ¢ , and isageneralization of the kinetic energy %wz, in Landau’ s original

H(B) , AB) .
_ +—
2 VT
For u=0 (without interaction), the free energy is

F(T,V,N):—%Iogz z_%5(¢,ﬂ):_%{u(2ﬂ)(pz+/1%3)(/)4j

In this way, we obtain the original Landau ansatz

o1 a2 o) 30 ) A0

O(r,o,Ar)=|1-

ansatz E(¢p, )=

Transport phenomena
 Diffusion
oc(x,t) o%c(x,1)
=D .
ot OX
e Thermal conduction
for heat current density j(X)

Fick's law

, where c(x,t) is the concentration, D diffusion constant [20]

j (X)=-xVT Fourier'slaw , x=thermal conductivity [18]
* Electrical conduction
current density I()?) =0 VU , where U=€lectrical potential, c=conductivity [18]

Mass and energy
specific weight p = M

\%

specific heat ¢, = % , where Q=heat, m=mass, AT=temperature difference

Phase gaseous and fluid
* Fundamental material parameters
geometric parameters of the participating atoms/molecules

interaction energy of orbitals E(O,,0,,r)
- Eosred gas (P+ap®)(1-bp)=pRT (vander Waals), material constants a,b [19]
e Eosreal fluid ~ Y - A (Tait [19]
V,dP  B+P
where Vorepresents the molar volume at “zero” pressure Po, while A and B are (positive) material-specific
parameters.
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Molecular dynamics: Boltzmann transport equation
[23]

ﬂ+£Vf+ﬁi:(ﬂj
o m ap ot )y,
F (F,t) isthe force field acting on the particles, and mis the mass of the particles.

The term on the right hand side describes the collisions between particles.
The probability density functionis f (F, p,t), where dN = f (F, p,t)d’r d*p, where N is particle number.

Continuum dynamics equation: Navier-Stokes
for the velocity distribution U()?,t) - incompressi ble Navier-Stokes equation [20]

pE: pg—VP+nV?U, substantial derivative E=a—u+HVoU
Dt Dt ot

where 7 is dynamic viscosity

Derivation of the Boltzmann equation and Navier-Stokes equation
[24] gives arigorous derivation of Boltzmann’s kinetic theory starting from hard-core-potentia , on a
microscopic system formed of N particles of diameter & undergoing elastic collisions, by taking the kinetic

limit N — o, ¢ — 0, and shows that the one-particle density f (F, |T),t) obeys the Boltzmann equation

of (T, p,t
where the collision term is o (r.p.Y =a nn(ﬁ,rj , a=Ng’
8t coll ’ m

Qn’n(v,x):j J'((v—vl)-a))| (n(xv')n(xv ") =n(xv)n(xV,))dody

R s >0
where v'=v—((v-V,)-0)o , V"=V, +((V-V,)-0)o
In a second step, in the limit a — oo, the incompressible Newton-Stokes equation is derived.

Phase solid

-Fundamental material parameters

geometric parameters of the Wigner-Seitz cell: medium vertical vectors ;. , i =1,...,n,.,0f the nws surfaces of
the Wigner-Seitz cell

interaction energy of orbitals within the Wigner-Seitz cell E(Q,,0, ,r) k,k, =1,...,Nys

-Crystal structure [21]

Unit cell in reciprocal lattice (momentum-space): Brillouin zone

Brillouin zone of Fcc lattice showing labels for special symmetry points, in dependence of wavenumbe k
Unit Wigner-Seitz lattice cell



Wigner-Seitz cell of Fcc lattice
-Electronic band structure [21]

Energy in momentum space E (k) in dependence of wavenumber k

N

A
/6

Knomf-L->Gammz-=X->Ensrgy (pv0) . Knomf-L->Gammz-=X->Energy ([pa'a0[)

Band structure plot for Si, Ge.

-Elastic [18]
stress o = Eg, with strain €, where E = Young's modulus

E
2(1+v)
friction F = uF, , where p=friction coefficient, Fn=normal force
-Electromagnetic [18]
magnetization M =y, H , with magnetic field strength H, magnetic susceptibility ym
electric polarization P =g,y E with electric field strength E, electric susceptibility ye
-Optical [18]
refraction n sing, = const Snell’s law
absorption: intensity | = 1,exp(—ux), where x=length, p=absorption coefficient

shear stress 7 =G y , with shear modulusG =

, shear strain y, v=Poisson’s ratio
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Model of microcosm

The Standard Modé of particle physics unites the three fundamental electromagnetic, weak, and strong (color)
interactions, which mediate the dynamics of the known subatomic particles. It is based on the QFT for these
interactions and describes 24 particles: 3x2 quarks, 3x2 leptons, 8 (color) gluons, 2 weak bosons, 1
(electromagnetic) photon, 1 mass-generating scalar higgs.

mass -+ 2.3 MoVich =1.275 GaVich =173.07 Gavich 2] =126 Galie!
charge - 23 23 3 t 1] A o H
Higgs
up charm top gluon boson
=4 8 MoVic? ~95 MeWch =4 18 GeVic* a
-1 d A3 S - b [ .
down strange bottom photon
0.511 MaVic* 105, 7 Ma\Vic® 1777 Gavie* 91.2 Gavie*
-1 -1 -1 o A
"z e W u "2 T 1 a vl
electron muon tau Z boson o
()]
T, ] <22 eVic <017 MeVic® <15.5 MeVic 80.4 GeWic' o0
= o o o 21
— J L
;:' " 1)3 " l)ll " -I')T 1 W &)
—
A
o electron muon tau
“ | neutrino neutrino neutrino W boson J
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Parameter s of the Standard M odél

The model has 28 parameters + elementary charge eo

Parameters of the Standard Model

Symbol Description

Me Electron mass

My Muon mass

m; Tau mass

My Up quark mass

Mg Down quark mass
Me Strange quark mass
Me Charm quark mass
My Bottom quark mass
mt Top quark mass

012 CKM 12-mixing angle
023 CKM 23-mixing angle
013 CKM 13-mixing angle
013 CKM CP-violating Phase
012 PMNS 12-mixing angle
023 PMNS 23-mixing angle
013 PMNS 13-mixing angle
013 PMNS CP-violating Phase
U(1) gauge coupling
SU(2) gauge coupling

g3 or g« SU(3) gauge coupling

A crit. energy in SU(3)

CgEO additional log in col-coupling
Ooco QCD vacuum angle

Y Higgs vacuum expectation value
MH Higgs mass

Mye electron neutrino mass

My mMu neutrino mass

My tau neutrino mass

additional: elementary charge resp. electromagnetic fine-structure constant «,, =

Renormalization
scheme (point)

ums = 2 GeV
ums = 2 GeV
ums = 2 GeV
HUMS = Me

HUMS = Mp
On-shell scheme
g flavor mixing

v flavor mixing

MUMS =Mz
HUmMs =Mz
HumMs =Mz

Vaue

511 keV
105.7 MeV
1.78 GeV
1.9 MeV
4.4 MeV
87 MeV
1.32 GeV
4.24 GeV
172.7 GeV
13.1°

2.4°

0.2°

0.995
33.6+£0.8°
47.2+4°
8.5+0.15°
4.1+£0.75
0.357
0.652
1.221
220MeV
0.69

~0

246 GeV
125.36x0.41 GeV
<=0.12eVv
<=0.12eVv
<=0.12eVv

2

€

47T:E

1
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Lagrangian of the Standard Model of Particle Physics

Ji:Sl'\-'I = ‘(-"Dira.c + Ema&. + ﬁgaugc + L"gaugcft,'"
with the field tensors (color G, weak W and Z, electromagnetic Maxwell F)

'fw - 3#‘43 - 8!{-43 - QBbeC—'dliAz
W o= 9Wr—o,Wi

Z,uy = a;_in — 51;Zp
F. = 0,A, —0,A,

and the coupling constants g: (R-weak). g2 (SU(2)-L-weak) , gs (SU(3) color)

Dirac term

LDirac = 161,06} + iv, Qvi + iegPey + iuf Pui + idy dy, + iup Puy + idxddy
mass term

Mg, 7

~ MWW - 2c0s? Oy "

Lmass = —mei éiei _n.Li Uiui _rndi aidi

gauge term (color, weak, electromagnetic)

Loange = —i( ) - %I-if;,l:t-—f—#” — izw Zm %F#,,F#” 1+ Lowaa
where the field-boson-interaction term is
Lwga = igycosby [(L-V; Wi =Wy W) orzr + W Wrzy — W, W“Z"]
tie [( W W — W, 1{:) A+ WEW A — W, [_.1_r+#_4v}
+g3 cos? Bw (I-i-f': W, Z-Z —WiW 7, Z")
+a3 (W, W, AP AY — Wi W+ A, AY)
+ga¢ cos bw [WTW, (ZHAY + ZVAM) — 2WFW 7, A

+%g§ (Wiw, ) (WHw— —wHw)

current interaction term

Lomgerp = — a3 ARt — g0 (W T + Wi Ty + Z,0%) — €A, T4

with the currents

color quark current
Jlay = ﬂ.i’}f“]]:%) u' + J’i’}f”]"{%)di
weak charged lepton and Cabibbo-rotated weak charged quark current

1 S o _
i T it FiJ st o 30
Jw+ = /2 (VL’} e, + VYU dL)
# _ Heoy* . .
Jw- = w+) andits conjugated current
neutral Iept?n andlquark current .
Jy = P bﬂ{’y“vf_ - (—5 + sin® 6'“.') iy er + (sin® Ow)epy e
r 2 .. : ; 2 . : ;
+ (§ —3 sin? QW) up Hup + <—§ sin? Qw> Up Y up

+ (—% + %sing Bw) diydy, + (% sin’ é?w) ffh?'“dh]
electromagnetic current _ _ | _
o 2\ A
Jh = (—Dey*e' + (ﬁ) u'yu' + (_E) dy*d" .
higgs term g=20.
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» 1 1

ﬁ,i = —gM, W~ W’“H__gMW Z ZM"H — 9 Him' &e +m'a'u idid’
higgs2 gVIWWV 20086, " oM, (”L m, +m, )
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The extended SU(4) preon model of the Standard Model (SU4PM)

The basic particle families are

-leptons L=r®r being a hc-tetra-spinor of a doublet of two r-preons, fermions with total spin S=1/2

-quarks Q=r®q being a hc-tetra-spinor of a doublet of an r- and a g-preon, colored fermions with color Q.=1
with total spin S=1/2

-(hypothetical) strong neutrinos Nc=q®q being a hc-tetra-spinor of a doublet of two g-preons, colored fermions
with color Q=0 with total spin S=1/2

-weak bosons Bw=rxr being alinear combinations of two or more r-preons, with total spin S=0 (scalar like
higgs H) or S=1 (vector like W and Z)

-(hypothetical) strong bosons Bc=g+q being alinear combinations of two or more g-preons, with color Q=0
and total spin S=0 (scalar like higgs Hqg) or S=1 (vector like Zg)

A ahc-tetra-spinor is a hc-quadruplet with the he-charges{L- , L+, R-, R+} .

Both preons can carry al four charges of SU(4), i.e. thereare{rL-, rL+, rR-, rR+} and {qL-, gL+, gR-, gR+},
where the spinor-anti-spinor pairsare {rL-, rR+} and {rL+, rR-} .

Ther-g-doublets, i.e. the quarks, have one more degree of freedom, as they consist of different fermions, and
are therefore chiral-neutral, which is energetically more favorable.

Generations (flavor) of SM
A hc-doublet occupies two positions in a he-tetra-spinor with indices (i, j), e.g the e-neutrino with the

configuration {rL-, rL+, O, O} hasthe hc-indices (l ?), the bar over 2 signifies the anti-spinor.
One can show, that for two hc-indices{i, j} there are three field-boson configurations, which are compatible
with the SU(4) symmetry:

eone hc-boson Aij (corresponding to the non-diagonal hc-matrix Z, ; interchanging i withj , e.g. for
(i,j)=@2) 4, =4,): generation 1 with lowest mass m~0.5-6MeV
o four he-bosons A, A, A, , A, (interchanging resp. (i, j), (i, ), and the dual index pairs (k, 1), (k. 1)):

generation 2 with medium-range mass m~100MeV-1.3GeV
eall 15 hc-bosons as the third configuration m~1.8-170GeV

The maximum generation mass scales approximately with boson number N,* with x=3.8

Thisisin analogy to the color SU(3) interaction, where 3 gluon configurations form 3 families of hadrons:
Ag ={Ag;,,..., Agg} all gluonsfor nucleons

Ag ={Ag,, Ag,, Ad,, Ad:, AQs, Ag,} 6 non-diagonal gluons for vector-mesons
Ag ={Ag,, Agd:, Ag,} 3 quark-antiquark gluons for for pseudo-scalar mesons

Basic parameter s of SU4PM
We have 4 parameters for SU4PM: 2 preon masses, and for the coupling constant the critical energy A,. and

the peak height constant ¢, in the Callan-Symanzik equation

3
ghc( m) = 4” ’ 2
m 2
\/76\/@09( A—hc )] + Ceey
weset A, =2m(Z,) =180GeV inanaogy tothe QCD , and Cg,; = 1 . 0.095
Log m
m(d)

Parameter s of the SU4 preon model (6 parameters+ elementary charge ey )
Description Value
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I mass 0.033meV
g mass 0.77 MeV
char. SU(4) en. A 180GeV
Zero corr. Cee 0.095
char . SU(3) en. Ag 220MeV
Zero Corr. Cgeo 0.69
2
additional: elementary charge resp. electromagnetic fine-structure constant o, = %{ = %

Preon data
wave function ¥ = (u_,u,,,Ug_, Ug, )

r-preons (rL— T Troo TRy )
Q(r)=-2/2, m(r)=0.033 meV
g-preons (qL— 1O Ok s Or. )
Q(g)=+1/6, m(g)=0.77MeV

Fundamental rules

Thereisafundamental duality of particles:

» massive particles= constituents of matter

massive particles have mass m>0, velocity v<c,

- basic spinors in 3 generations: spin S=1/2 (3x2 quarks u,d,c,s,t,b; 3x2 leptons e,ve,lt, Vy,T, Vz)

- Y ukawa bosons of the extended weak SU4-hypercolor interaction: spin S=1 (W/Z boson), S=0 (Higgs H)
* field particlessmassless field carriers of the four fundamental interactions

field particles have m=0, v=c, spin S=1 (photon, 8 gluons, 15 hc-bosons), spin S=2 (graviton 4x4 tensor, 2x2
polarizations, four rows/columns)

afield is generated by a Lie-group-algebra

-quantum-el ectromagnetic: SU(1)

-color: SU(3) , 8 generators, corresponding 8 gluons

-hypercolor: SU(4) 15 generators, corresponding 15 hc-bosons

-quantum gravity: Lie(e) Lie-group-algebra (of the antisymmetric tensor €), 4 generators, corresponding 4
polarizations
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Configuration of the SM in the SU4PM

charged leptons { e, mu, tau}

rL— rR-
X: 101 10
0 0
e= X+ Al3 flavor F=1 one boson m=0.511MeV

mu = X+ Al3+ A13+ A24+ A24 F=2: four bosons

m=105.7MeV
tau = x+ A F=3: all bosons m=1.78GeV

lepton neutrinos { nue, num, nut}

rL — 0
X = , ,0,0
0 rL +
nue = X+ Al2 m=0.170meV

num = x+ Al2 + A12 + A34+ A34 m=10meV
nut = x+ A m=42meV

u-quarks{u,c,t}

(rL++qL+)/\/§ (rL++qR+)/\/§
x=|0, , 0,

(rL++qL+)/\/§ (rL++qR+)/«/§
u=x+A24 m=2.3MeV

C= X+ A24+ A24+ Al3+ Al3 m=1.34GeV
t=x+A m=171GeV

d-quarks{d, s, b}
(rR—+qL+)/\/§ (rR—+qR+)/\/§
X= , 0, ,0
(rR—+qL+)/\/§ (rR—+qR+)/\/§
d = x+ A13 m=4.8MeV

s= X+ Al3+ Al3+ A24+ A24 m=100 MeV
b=x+A m=4.2 GeV

weak massive bosons{W, Z, ZL, H}
F=3,dl A

W~ =(o,o, (_”jlj o]ﬁ ul=((rR-)-(rR-))/~/2, (W*)Tzw+ m=80.4GeV

1 1
zo-{[12).0.0. (3] |1VZ w-((eL-)+(eme)) N (20) - 20 mesnzcew
participate in neutron decay and similar weak decays

1 1
2 -|[ o | (EJ 0, o]/ﬁ ul=((rL-)+(rL+))/v2 m=91Gev

[} )

SU(4) mass generator

ul

(lﬂD 12 w=((rL-)+(rL+)+ (rR=)+(rR+))/ 2 m=125GeV

strong neutrinos { gnue, gnum, gnut} self-interaction

Tl

gnue = x+ Al4 m=23.2MeV

gnum= x+ Al4+ Al4+ A23+ A23 m=205MeV
gnut = X+ A m=2.4GeV
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strong massive bosons { Zq, Hg}
F=3,dl A
neutral strong exchange boson

Zq:((lﬂ] Oj, (lﬂ , (gD/\/E ul=((oL-)+(GR-))/~/2, (2q)' =Zq m=644GeV

ul)’ 0 (ul
SU(3) mass generator

Hg = ((Eﬂ Eﬂ (lﬂ , (Eﬂjlz ul=((gL -)+ (gL +)+ (qR-)+(gR+))/ 2 m=637GeV

ul
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5 Interactions and symmetry groups

Ashtekar-K odama gravitation classical

\4

field carrier graviton A, S=2
32 AK-equation for graviton A and tetrad E*

K _ v A K
H(y,v) :Fuv +§8uvap —O, GHEaVEVHﬁ'SHMAyKEM:O |ﬂEEKvFqu:O

u

orbit equations ddu =-T“u'uv*, E*E", /(det(E))** = g"
T

with field tensor v

F. =0,A" —0,A" +& 0, ASA"

boundary cond. at X = % for tetrad and external metric 9w
E“E".= g" /(—det(g))**

for A= 0

GR with Einstein equations
1

R,uv _E gﬂvR:KTW

_ 871G

K 4

with c
atthehorizon r =r; E* >>1 and A|E[~1
singularity becomes a finite peak

AK quantum r <r,

min .length r, = /IP\/E =39um, energy scale Egr =?:5.04* 102%eV

ar

hc
max length R, =1/ /A =0.95*10®m energy scae E, = R = 3.31* 10 %eV
A
1 K —(? ('D A KiK. Y
_—FVF”VK_ AV A EKAEVGKAV+8 Kglhﬂq,(lEle ZAuz
Lagrangian Ly, =Ly +L, =hc 4 " 3 G u KooKy My N )
+E“,F, _"E",F*,"

Hicy

m
q(g-im)(q-2im)

with the constraint ¢, ¢, = A, Feynman propagator D ,(g,m) =

where m=mass of source fermion

quasi-classical approximation: E (r) =" me? for r < r, =3.7x10%m
r

g’
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Lie group Lie(g)
cov. derivative D, =0, —iA,"c® ,where ° =ig ", a=1,2,34

generators of Lie(e) commutator [72,7°] =ig, *z°

equivalent to Lie3(g) Lie-algebra with 3 generators 7 and the commutator
[7a:7p] =1 (1+ €4 ) 7, » @1,2,3 Which isisomorphic to SU(2)
k

electromagnetic classical
Maxwell equations 0, F*" = j"

field carrier photon A* S=1, charges (+, -)

u

orbit equations m du
T

_ EHv
=F"u,

guantum electrodynamics

length scale Bohr radius r; = 5.29*10'm
Liegroup SU(1)
={real numbers}

A

energy scale E_, = he = 3.7keV
r

B

cov. derivative D,=0, —ieAﬂ

Lagrangian L, = —% F.FY

2
guasi-classical approximation: Ee,(r)ze% of an electron for
2

[>> 1 =—2—=2810"m , whererce is the classical electron radius
m,C

color (strong) interaction

field carrier gluon A%, a=1..8 S=1

charge color=(r,g,b)

energy scaleE_, = 220MeV , confinement length scale

col

My = e _ 0.89*10*m=~r, Lie group SU3)
ol . <+——| generators Gell-Mann matrices 1,
cov. derivative D, =0, —igAA, /2 a=l.8

[Aa ] =20 %4,
fieldtensor G*,, =0,A' —0,Al + g f AN’

Lagrangian L_, =—%Gavaa’”

Yukawa-boson 7°, 7", "
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hyper-color interaction

4 charges (L-, L+, R-, R+)

15 hc-bosons A%, a=1...15, S=1

cov. derivative D, =0, —igAiA, /2

¥ =(u_,u.,,Ug,Ug, ), €g. electron e =(r_,0,r; ,0)
generations f, =1A f,=4A f,=15A

[la,ﬂb] =2 f abcﬂ.c

fieldtensor G*,, =0, A’ -0, Al + g F *AA°

Lagrangian L, = —%GawGa’”

coupling Callan-Symanzik 4 )y _ 4, \/3/[76\/[|Og( A“ )] +CGEf]

hc

critical energy A,. =2m(Z,) =180GeV

o= _108%10%m 1

Ape Corr =7~
" Log(mJ
m(d)

Y ukawa bosons; W boson, Z-boson

=0.095

symmetry breaking SU(4)=U(2) ® (1), ® SU(1),,
field Yukawaboson Z, W* W~

interaction LIW*) ® Y(Z) ® em(A*)
doublet SU(2). interaction L(W*) =W*J,,*
current J,,* =v y"e +...

singlet SU(1)r interaction Y(Z)=2Z*J,"
current J,“ =c, € y"e +CgBrri e +...
singlet SU(1)em interaction em(A*) = A*J ,*
em-current J,“ =q(e)ey“e+...

SU(1) right-handed derivative
D,R=(d,+ig'B,)R

SU(2) left-handed derivative

DﬂL:(aﬂ +|§g'Bﬂ —'EgaiW;jL

extended weak

hyper-color Lie group SU(4)
generators SU(4)-matrices A,
a=1...15

A

Fermi-Pauli weak interaction
Lie group SU(2)

generators Pauli-matrices io,
k=1...3
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Comparison of QFT’s

electromagnetic: gauge-group=Lie group SU(1) (trivial) commutative, long-range, classical and quantum,

scale Bohr radius r, =5.29*10"'m , energy scae E_, = he _ 3.7keV , the interaction-boson=photon is a
r

B
vector with spin=1
charges: electrical charge Q+, Q- ; elementary (minimal) charge: e

covariant derivative D, =9, —%eg, , fundamental equations Maxwell equations 0, F** =0 resp. 0, F*" =" ,

where A = (£, A) is the4-vector potential, B=V x A the magnetic field, and j* =(cp,]) the4-current
h @A) is the 4 d, B=VxA th field, and j* = (cp,]) thesd
c

density.
2

Theinteraction constant is the fine structure constant ¢, = ZL = % , the elementary cross-section for
T

2
electron-interaction is o, = ot ° A, = aaﬂz(i}
m.C
Thefield carrier is photon A, spin=1 one polarization, modes: spherical(l =0) andand al | > 0, angular

function Y,

Im?

wave equation , radial Helmholtz equation, Lagrangian L, = —% F . F* withthe Maxwell field

tensor F,, =0,A" -0,A"
gravitation: gauge-group= Lie(¢) with 4 generators 7, , additional invariance: background independence,
long-range, classical and quantum, its interaction-boson=graviton is a 2-tensor with spin=2
charges: mass, elementary (minimal) mass (minimal energy is reciprocal to the maximum length Ry)

n nJA 10510 Js1.052*10®m™
cR, ¢ 3*10°ms™

1 hc -
scae I, = 1/IF,\/; =39um, energy scde E, = r—:5.04* 10°eV

ar
fundamental equations: Ashtekar-K odama equations AK(A.” ,E*,4 )=0 for the graviton tensor A, , the tetrad
E* and the cosmological constant 4 , in thelimit 4->0 the Einstein-equations are valid (except at the horizon)
and A" =const (i.e. trivia background)
A generated by the tensor field ¢, is scale dependent, classical scale r>>rg A =A40=2.7 10°°?m?
wave: graviton A, spin=2 two polarizations, modes: quadrupole and higher | > 2 , angular function

exp(i | 0), gravitational radial wave equation weg,( EY,8,°E™ ) for the tetrad component E'*

m, = =0.368*10 *kg

determines A" ,E*” with 4 free parameters for E*” and 4 free parametersfor A" , B damped exp(—4\/£)

for r <r, =39um QFT gravity,

M? +w. 2k*

In the low energy limit k = /A, A(k :\/A_O) =A,=11*10"m? so M? = 0.45* 10¥m~

Inthe high energy limit k=00 A(k=00)=Ag,; =0.14x10*m* start of the cosmological inflation,
0 W =v2(Agy1,2) " =054x107

with the quantum-scale limit

2\/5 4/3
Aq:A(kzllrgr):(W} |p72=2.><1039m72

2\/5 k2 J4/3| ,
p

/ becomes a running constant A(k) = (
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covariant derivative D, =0, —i Jagy (Ta'Aa)ﬂ :

where t® =ig,”; are the generators of the Lie(¢)-algebra with 4 generators t and the commutator
ab_c

a _by_
L Y
equivalent to Lie3(¢) Lie-algebra with 3 generators 7* and the commutator [z,,7,]=i> (1+¢&4 )7, 81,23
k

which isisomorphic to SU(2)

interaction via (D# )lK =0, +&" 4 \/@Af covariant derivative,

interaction constant \/g =0.29x10°%

the (renormalizable) Lagrangian is

L —Ly 4L, —ic —% F,, F"« —%(s"ua E*0.A, + gﬂzlzxzs“”“KlE"l"z Aﬂf A.")
+E", F, "E", F

Vil ey
with the constraint ¢, @, = A
andwith thefieldtensor F,*“ =0,A" -0, A" + & e, A" A

quasi-classical approximation: E (r) ~ " me? for r < r, =3.7x10%m
r

g’

weak interaction: gauge-group=Lie-group SU(2) 3 generators Pauli matrices gj , corresponding 3 massive
gauge bosons
Z,W* , W ,short range, pure quantum
cut-off energy Mz=91.17GeV ,
length scale r,, =107 m
energy scae E,, ~10°E,, =7eV
Lagrangian L, = —%ijwa‘” - % F.F*,
a a a ab c
where W2, =0 W -0 W + g f*WW' F, =6,B -0,B,
where the physical gauge fieldsZ, W* , W~ are

W’+g'B
9.9 % = cosf, W, +sinf, B,

W :%(Wjiiwj)

covariant derivatives left and right

o i i :
D,R=(d,+ig'B,)R DﬂL:(8ﬂ+§g Bﬂ—zgaiWﬂjL

Zﬂ

strong (color) interaction: gauge-group=Lie-group SU(3) 8 generators Gell-Mann-matrices Aq ,
corresponding 8 massless spin-1 gauge bosons, 3 charges (colors) r g b, short range, pure quantum,
asymptotically free (confinement),

confinement length scale r,, =r, =0.84*107°m , energy scaleE , = 210MeV

cut-off energy M, = M€ _ 533106V ~ 23GeV

col
Lagrangian L_, =—%G%VG"*”V

with the field tensor G, =0, A" -0, A, + g f *ALA°
covariant derivative D, =0, —igAjA, / 2 , where g is the coupling constant, A is the gluon gauge field, for

eight different gluons a =1 ... 8 , and where A, is one of the eight Gell-Mann matrices,a=1... 8 .
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Dirac eq. (ify*D, —mc)¥ =0

Dirac wave-function ¥ = (u,, u,,U,), eg. proton p=(u,u,d)
particletypes: baryon b:8A, meson m:2A, v-meson m:4A,

(preon [6]) hypercolor interaction: gauge-group= Lie-group SU(4), 15 generators massless bosons spin=1,
short range, pure quantum

4chargesr, "ry"r, ry, forr-preon and q," gy d, gr for g-preon resp. with charge + or - and helicity L
or R, antiparticle C(r,") =r, , C(r. ) =rg"

the weak-interaction is the Y ukawa-limit of the hypercolor interaction

the angular momentum | =1 determines the flavor |, = 0 for flavor O, |, = +1 for flavor 1 and |, = -1 for
flavor 2

Dirac eq. (ify*D, —mc)¥ =0

¥ =(u_,u.,,Ug,Ug, ), €g. electron e =(r_,0,r_,0)

generations f,:1A f,:4A f,:15A

L-R-symmetry bresking SU(4)=3J(2) ® SU(1),® VJ(1),,

GUT (approximate) SU(5) :
R=( 3 rgb d-antiquark, 2 leptons e v )= d(3,1) ® ev(1,2)
L=(3x2 rgb u-quark d-quark, 3 rgh u-antiquark, 1 antilepton €)=ud(3,2) ® t(3,1) ® &(1,])

GUT scale
For the three vector Yan-Mills interactions QED, WI, QCD , the coupling constants converge to asingle value

at the GUT scale M, ~10°GeV  [3].

My

Callan-Symanzik relation for Y ang-Mills running coupling constant is

pla)=—gos(Gn-2n, J+r.. p-eS2) 9(E)

16 3 3 oE
B(g)= blg' _ i=1QED, i=2 wesk interaction (W), i=3 QCD
E 2
o(E)= 9(E) -
1—2bg(E0)2Iog{j
0
2 g . .
QED N=1,Nf=6 S =+— bl_— B(E) increases with E
316r°
16 g .
WIN=2,Nf=3 8 =— 31657 bz—— asymptotic freedom B(E) — 0

3

g
962

QCD N=3,Nf=3 B =— b, =9 , asymptotic freedom, B(E) —> 0
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at GUT scale M, ~10°GeV we haveasingle coupling constant

g’

2

x (lE) “ (1E0)+2h_7rlog(%j

For o, = we have
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Comparison of gravity and electromagnetism

Electromagnetism
gauge-group=L.ie group SU(1) (trivial) commutative, 1 generator 7' =1
long-range, classical and quantum,
-7
one scale Bohr radius r, =5.29*10"'m , energy scale E,, = he _1.96710 _lele =3.7keV
re 529*10m
the interaction-boson=photon is a vector with spin S=1 (obeys the Bose-Einstein statistics)
charge: electrica charge Q+, Q- ; elementary (minimal) charge: e

2

fundamental constants: fine structure constant «,,,, = & _ 1 , Classical electron radius re

Ar 137

. . e
covariant derivative D, =90, +%A\,u ,

field equations= Maxwell equations 0, F** =0 or with current 0, F* = J"

wave: photon A, spin=1 one polarization, modes: spherical(l =0) andand all | > 0, scale : wave number k

wave equation:

radial Helmholtz equation for the wave factor fs(r) from the ansatz fs(t,r,0) = &Y,X (0, 0)exp(—ik(r —t)):
; ,

— X+ 1X) fs(r) — 2ikr? fs'(r) + r*fs"'(r)
solution: cl\/r_exp(i kr)Jlx+1,2(kr)+cz\/r_exp(i Kr)Y,..,, (kr)
Lagrangian Lzﬂ(iy“DH—m)w—%FWF‘” with the Maxwell field tensor F,, =0,A, —9,A,

duality: the 3-vector E and the axial 3-vector B are dual, they form together the 6 parameters of the field tensor
F.

electromagnetic classical regime

The interaction is described by the Maxwell equations 0, F** = 0 formulated with the field 3-vector electric

fieldE and the 3-pseudovector magnetic field B, E =—cF”, B, =—¢,F" , which are dual in a certain sense.
The Maxwell field tensor F,, has 6 independent components, which correspond exactly to the 3 components

E, and 3 components B , from this result the Poynting vectors of energy flux S= 1 E x B and the energy
Hy

. 1 . .
density u= 1eoEz PEEINCL ,Where c=———,innatural units ¢, =1, u, = iz
2 2u, A €oMo c
The electrical variables like voltage U and capacitance C are derived from E , while magnetic variables like

current | and inductance L are derived from B .

interaction with matter

Electromagnetic waves are diffracted (Huyghens principle of elementary waves), refracted (material refraction
index n, where n=c/v ) and absorbed (exponential decline by the imaginary part of the refraction index n).
The light velocity in matter is slowed down to v=c/n by interaction with matter.

Refraction is governed by Snellius'slaw: n, Siné, =n, siné,

Absorption, transmission and reflection of electromagnetic waves are governed by the Fresnel equations,
power reflection coefficient for s-polarized and p-polarized wave (normal resp. parallel to the plane of
incidence)
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2

/ n 2
o nicosé; —naq /1l — (—1 sin 9,)
R 1 cosf; — no cosl, |° J\ 2
= =
ny cosf; + ny cos b, f . 3|’
1 cosf; + ns v 1- (E 51116'5)
2
| / 2
npy/l— (— sinﬂi) — g cos B
R n, cosfy, — ng cos ; 2 1\-#
P n, cos By + ns cos

3
| ™ \v.-’l - (% sin b‘i) + n9 cos

Wave pressure is exerted by the Poynting vector S= L1esB
Hy

Electromagnetic waves interact with gravitation via Einstein equations, they undergo a redshift: wave energy
density is part of the energy density tensor 7uv on the right side of the equations, from these equations
originates the redshift from time dilation

dt = /goo(x) dt
electromagnetic quantum regime:

the interaction with fermions are described via the covariant derivative b, =4, L8 A, (D,=0,+i€eA, in
i H H

natural units) in the Dirac equation, the self-interaction of the photon is described by the Maxwell equations
0,F" =0, thephotonistransverse (Lorentz gaugeisusedd, A" = 0) and has zero mass k k* =0 and one
linear polarization,

Dirac equation (iziy*D, —mc)¥ =0

self-field coupling with the fermion Dirac wavefunction v is described by the inhomogeneous Maxwell
equations (self-field current generates the Lamb-shift and the spontaneous emission [22])

self-fidldeg. 0, F" = " =—ceyy'y

In Feynman diagrams, the electromagnetic interaction happens by exchange of photons, e.g. Mdller scattering
of two electrons with momenta ps, p2

t 1

4 P,
B P,
!
Theinteraction constant is the fine structure constant ¢, = ZL =137 the elementary cross-section for
T

2
. . ~ h
electron-interactionis o, = a,, A,- = aemz[—
m.c

e

The photon Feynman propagator is

-1
D(q) = ——
q°+e
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Gravitation

gauge-group= Lie(¢) with 4 generators 7, corresponding to 4 polarization modes and 4 row vectors A, of the

full graviton tensor A,

additional invariance: background independence, long-range, classical and quantum,
its interaction-boson=graviton is a 2-tensor with spin=2

scaer, = ,/IP\E =39um, energy scale E = ? =5.04* 10°eV

ar

charge: mass, elementary (minimal) mass (minimal energy E, = g isreciprocal to the maximum length R,)
A
n A 105410 3s1.052*10°m™
cR, ¢ 3*10°ms™
fundamental constants: r, (dependson |, whichis derived from the gravitational constant G) and 4

fundamental equations: 32 Ashtekar-K odama equations AK(A.” ,E*”,4 )=0 for the graviton tensor A", the
tetrad E** and the cosmological constant 4 , inthelimit 4->0 the Einstein-equations are valid (except at the
horizon) and A,” =const (i.e. trivial background)

A generated by the tensor field ¢, is scale dependent, classical scale r>>rg A4 =40=2.7 10°°?m?

wave: graviton A" spin S=2 and two polarizations, two scales. rs and wave-number k

modes: quadrupole and higher |, > 2 , angular function exp(i |, 6),

m, = =0.368* 10 ®kg

gravitational radial wave equation weg,( E™,8,°E") for the tetrad component E’” =fg(r)

P Is(=GRrF +3ikr+ D)+ kr(-2kr +ikr+ D)+ I (=5kr+20) - 15) +
PP ) (kr+ ) — i) Sklxr+krGkr—i+219)) +

fsr) (2 GBik* P +akr-20+IxQQik* P +4k P -5ikr-1)+

KA +ikr+kr(=2-ikr)

At infinity:

2ik2Ix fs(r) — 2k?r fs'(r) — 3ikr fs'(r) +r fs'''(r)

solution: determines A" ,E*” with 4 free parameters for E* and 4 free parametersfor A" , E** damped

r
exp(—4, |-
a5
for r <r, =31um QFT gravity, A, =A(k=1/r,)=12x10"m?, o, =03x10%

. A

The covariant derivative of the AK-gravitationis D, =0, —1 /oy (Ta'Aa)y : (D#) = o +et /agr Aya
actingonatensor Dt =0, t" +¢*  ASt"™
where t® =ig, %1 are the generators of the Lie(c) algebra with 4 generators 72

and the commutator [r2,7°] =ig “r°-

equivalent to Lie3(¢) Lie-algebra with 3 generators 7* and the commutator [,,7,]=i> (1+¢&4 )7, 81,23
k

which isisomorphic to SU(2)

(renormalizable) Lagrangian

—ZF,F ——(”A;”A (6" wE" DA, +&,,, " ES A A )

Halois
+E%, F, "E", Fh”
with the constraint @, ¢, = A and with thefieldtensor F,,* =0,A" -0 A" + 8", A" A"
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duality: graviton tensor A,” represents the generalized momentum, tetrad E*”  represents the metric, i.e. the

generalized coordinates, the 3-tensor A; and the 3-tensor E?' satisfy with the operator replacement

ai 1 5 . . . .
E" = ——— inthe3-dimensiona Ashtekar gravity

I OA,
the momentum-position commutation relations { Aai (x),E°i (y)} = 8ml P25ab5 ; o(X,Y)

The gravitational field tensor F,,“ =0, A" =0, A" + ", A, A" depends on the 16 independent
components of the graviton tensor A", and it cannot be reduced to two 3—vectors as in the el ectrodynamics,
thereisalso no duality E B asin the case of electrodynamics.

gravitational classical regime

static interaction: A,”=const , B satisifies the Einstein equations and generates the metric at infinity with the
usual metric boundary condition En E' = g™ /(—detg)*'* , so thefield carrier is the tetrad, fully compatible
with GR

wave behavior :Ashtekar-K odama equations AK(A," ,E*” , 4 =0 with A-scaled ansatz for the wave tensor A",
A/ carries energy and generates an exponentially damped metric wave E*V .

The wave tensor A" and the tetrad E*” play different roles: E*” generates the metric and is measurable by
length oscillation, A,” carries energy and is measurable by absorption.

Thefield tensor F,," dependson 16 independent A, , so it has 16 independent components, a dissection into
8+8 el ectric-magnetic components is not possible, because the resulting 3x3-tensors have together 18
components, they would not be independent.

planar and spherical waves

Gravitationa planar and spherical waves obey the wave component relations

Es =0=Es,,Es, =3k(As, — As + As,) ,Es, = -3k As,
As, =(As, — As, + As,), i.e. thetetrad Es and the metric have only transversal components.
A planar wave in x-direction has the form

As, 0
As 0
As= Es= ,
0 Es, = 3ik(As, - As + As))
0 Es,=-3 kAs,

Gravitational waves are quadrupole or higher multipole, have two linear polarization modes, are diffracted by
Huyghens-principle and absorbed in matter like light waves. Refraction of gravitational waves would require
guantum-interaction with matter in order to “slow down” the wave, but classical gravitational waves have

wavelength in km-range, so A >>r_ , thewavelength isfar outside the quantum regime, and thereforen=1:

thereis no refraction.
The amplitude reflection and absorption ratio for planar waves is approximately

A M) A _ M)

A > DA _ where r (M) =Schwarzschild radius of the interacting matter M
rS

The generated metric wave has aso only transversal components and the double frequency: o, = 2w,

g’

S

EseneEs'=gs

gs_(o OJ
0 os,

9%2:( Es,’ E%-E%j:( As,’ —(ASO—A%)Z/ZJ,
Es,eEs, Es/ - (As, - As,f'/2 — As,’
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OO0 0O O
_ : 00 0 —
which is exactly the standard form of a GR metric wave (hﬂv)z 00 e e exp(2ik(x - ct))
1 2
00 €, —€

i.e. the generated metric wave satisfies the linearized Einstein equations, as required in GR.

It has 4 modes:. 2 polarizations and two signs of amplitude

e, =th, g,=0

e,=th, g,=0

interaction with matter

Planar waves generate a distortion of the static tetrad in the form

dEbsoi(Aso)={dEboo, dEb11, dEb12, dEbs3} , the radial components dEboo, dEb:1 represent a pressurein x-
direction, dEb12, dEb13 represent shear-stressin xz and xy direction.

Gravitational waves undergo no gravitational redshift, as opposed to the el ectromagnetic waves, they interact
viathe AK-equations, and the generated metric wave stands on the left side of the linearized Einstein
equations, and is not part of the energy density tensor 7uv .

gravitational quantum regime

In the quantum regime r << , the graviton is a particle-wave like a gamma-photon, interaction with fermions

ar o
works via the covariant derivative D, =0, =i Jag (Ta’Aa)u in the Dirac-equation, likein the

electromagnetic case.

The self-interaction works via the Ashtekar-K odama equations AK(A," ,E* , 4 )=0 with the metric boundary
condition En E' =1 , with Minkowski metric 7 .

The graviton has spin S=2 , is transverse like the photon (momentum perpendicular to wave front) and has zero
mass k, k* =0 and two linear polarizations.

In Feynman diagrams, the gravitational interaction happens by exchange of (real or virtual) gravitons, e.g.
scattering of two neutrons with momenta ps1, p2 via exchange of a graviton

T 1

P P,

B P,

Massless bosons, like photons (dotted line) can interact gravitationally via exchange of a graviton (curved line),
due to the photon energy.

I I
v ki kg’
.
. .
. P
- *
e Y e Ve Wi

. .
. .
N .
.
1 »
.
ul -

.

2
interaction via (Dy) o Out & ax Jogr A’ covariant derivative,
interaction constant /e, =0.29x10°%

The graviton Feynman propagator is

m
D_(q,m)= - .
(&M = asim@—2m)

where m=mass of source fermion
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The quasi-classical approximationis: E (r) ~ " e? for r<cr r, =3.7x10%m
r

g
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6 Solved problems

1. Problemsin GR

-Black-Hole singularity

Within GR itself, non-compact solutions of the Tollman-Oppenheimer-Volkov (TOV) equation with equation-
of —state of a neutron-Fermi-gas describe shell-stars with radius R>rs(Schwarzschild radius), which have no
singularity, but mimic stellar Hawking-Penrose-Black-Holes with an escape velocity only ~1% below c .

AK gravity removes the singularity of GR Black Holes with the AK correction length |, = 64 Ar® ,

1 r

= ~-S
|goo,c

we get the corrected outer metric |g,, .

~

0

with the sub-luminal escape velocity v_(r)=c 1—'—0 ~ c(l—zl—oj <c ,eg. for central Black Hole of the Milky
\/ I r

S

Way v,(r) =c(1-5x10%).

-well-defined gravitational waves

Asiswell-known, a gravitational wave (gw) in GR satisfies only the approximate linearized Einstein equations
for small amplitudes, not the full Einstein equations.

This problem is solved by the classical AK gravity, as gw’s satisfy the full AK wave equations without
restriction, satisfy for small amplitudes the linearized Einstein equations, and classical AK gravity givesa
description of wave reflection and absorption for planar and spherical gw’s, as well as the correct Einstein
formulafor gw power.

2. Problemsin Standard M odel

-exceptional weak force

The weak force isthe only one from the 4 fundamental interactions, which has massive field carriers (W- and
Z-boson). The hc-SU(4) interaction explains this exception by stating that W and Z are its Yukawa-bosons, in
the same sense as the pion is the Y ukawa boson of the (strong) color SU(3) interaction.

With this correction, we can establish the principle: field carriers are massless bosons moving with speed of
light (graviton A" spin S=2, photon A, S=1, 8 gluons A%, S=1, 15 hc-bosons A%, S=1).

Higgs H is the mass-generator in SM.

Higgs H isthe Yukawa-scalar of self-interaction of basic spinors (three generations) of SM: e-leptons,
neutrinos,

u-quarks, d-quarks. H is the only field-carrier , which is scalar, with electric, color, and hypercolor charge
equal O, therefore it can form a closed loop in a Feynman diagram.

-gener ations
The three generations of the SM are explained by three SU(4)-invariant configurations of hc-bosons (hcb):

1hcbeg. Al3,4hcbeg. Al3+ Al3+ A24+ A24, dl 15 hcb
Their masses scale approximately with boson number N, with x=3.8 , which explains the large mass ratios.

-mass hierarchy of SM

The massive particles of SM are built from two preons

r: mass=0.033meV, hc-charges{L- , L+, R-, R+} , electric charge—-1/2

where L=left-chiral, R=right-chiral, electric charget -

g: mass=0.77 MeV, hc-charges{L-, L+, R-, R+}, color-charges (r,g,b), electric charge +1/6

The basic particle families are

-leptons L=r®r being a hc-tetra-spinor of adoublet of two r-preons, fermions with total spin S=1/2

-quarks Q=r®q being a hc-tetra-spinor of adoublet of an r- and a g-preon, colored fermions with color Q.=1
with total spin S=1/2
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-weak bosons Bw=r+r being alinear combinations of two or more r-preons, with total spin S=0 (scalar like
higgs H) or S=1 (vector like W and Z)

All masses of SM are calculated by minimization of the corresponding Lagrangian with error<10%

-chiral split of weak interaction
The weak interaction has two chiral covariant derivatives

D,R=(d,+ig'B,)R
i o i
DHL:(8H+§g BH—EgaiWH)L

where W*, isthe weak SU(2) boson, B, isthe photon, L and R are left-chiral and right-chiral components of a

particle.

In the original SM, there is no explanation for this.

The weak SU(4) interaction explains the weak chirality by the simple fact that there are four charges:

+- L R.

So the weak SU(4) acts differently on the L- and R-components (preons) of the basic particle, e.g. electron.
Asthe SU(4) interaction is spontaneously broken

J(4)= S-J(2)|_ ®SJ(1)R ®S‘J(1)em

thisresultsin the split of the covariant derivative into left- and right-chiral components

-parameters of SM

The 28 parameters of SM are reduced by the SU4PM-model to 6 parameters:

mass(r), mass(q), char. energy A of the running-constant-relation, and zero correction cce Of the running-
constant-relation (analogous to the color Callan-Symanzik relation).

3. Problemsin quantum gravity and quantum mechanics

-renormalizable quantum gravity as aquantum extension of GR
AK gravity yieldsin its quantum regime r <r, = 39um acomplete renormalizable quantum-field-theory

m

(QFT) with the Lie group Lie(¢) with 4 generators., and Feynman propagator D (g, m) = _ _
q(q-im)(q-2im)

where m=mass of source fermion
AK-gravity becomes full GR in the classical regime r > r, = 39um in the limit A—0, everywhere except at

the horizon of a Black-Hole.

-wavefunction collapse and decoherence

The wavefunction collapse in the quantum regimeis described by the objective collapse theory of Ghirardi-
Rimini-Weber (GRW) , the wave function collapse is characterized by the localization distance rc and by the
decay rate A .

The GRW theory is supported by AK quantum gravity with GRW parameters

1 ~ _i_i_ _13 1
o=r, = IP\/:=3.9*105m=39um and 4, = > - R =0.33x10"s

C
A
Thevalues r. =r, and 2= 24, lieinthe experimentally allowed area.

1
For an ensemble of N particles the decoherencerateis Ay = N A€’ decoherence timet = W ,
A
Ay =% :Ri =0.33x10"®s™, quantum gravitational limit r, = |P\/T ~39x10°m, I isthe average
' A
A

distance in the ensemble.



83
The transition from the quantum to the classical regime with distances happens by ever faster decoherence,
which becomes effectively momentary, when the decoherence time is below the signal time of the object

1 1 Voo . . .
T :A—:W<tobj :T (robj |Sth€0bja:t dlarn6ter)
d

Example Schrodinger’s cat
7(S—cat) =1.1x10"s. signal time tsz% , t,(S—cat)=0.17x10"s , is purely classical 7 <t, .

4. New systematics

There are now 2 classical long-range for ces (AK-gravitation , electrodynamics), which act over the classica
regime, and have a quantum version, and have a renormalizable gauge theory with a Lie-algebra
(AK-gravitation: Lie(e) with 4 generators , electrodynamics: SU(1) with 1 generator).

There are 2 pure quantum for ces (color with Lie-algebra SU(3) , hypercolor with Lie-algebra SU(4)),

which act only in the quantum regime, are short-range (exponentialy decreasing), and are asymptotically free
(have confinement quality).

The two classical forces have in the classical regime in the static case (v=0) the form of a Coulomb potential
E_ const

r
approximation.

: for the electrodynamics exactly, for the gravitation approximately in the Newtonian

In the quantum regime, all field-carriers are massless and move with v=c (AK), all other particles are massive
and interact viafield-carriers. The two massive field-bosons of the weak interaction are Y ukawa-bosons of the
hc-force.

The gravitation isthe only tensor force (spin S=2). Itswave s at |east quadrupole-type, it satisfies awave-
equation, which in the limit equals the normal wave equation, but differs from it in the near-regime. The
graviton A, depends on the general location tetrad E*” (on the location vector x¥* ) , which isbasically

sgquare-root of the inverse metric tensor (g v )_1 , and satisfies in the limit r—oo (significant for r>1.5 rs) the

Einstein equation: it becomes GR in the limit.
The three other forces are vector forces (S=1) and depend only on the location vector x* , e.g. the Maxwell

v

in the electrodynamics depends on the location x* and contains differentials % .

uations 0 F*" = |
€q u J OX

All forces have a characteristic energy E, and the corresponding characteristic scale r, = £ Gravitationisa

C

tensor force and has two scales: the quantum range limit r, =39um and the A-scale R, = % =0.9510m .

For the two pure quantum forces, the corresponding energy-mass spectrum is divided into distinctive groups
characterized by number of field bosons allowed by the gauge group symmetry. In the case of the color
for ce, the hadrons split into 3 groups with different mass range: heavy nucleons with all 8 gluons, middlie-
ranged vector-mesons with 6 gluons, and light pseudo-scalar mesons with 3 gluons. In the case of the
hypercolor force, there are 3 generations, which differ sharply in their masses. generation 1 with 1 hc-boson,
generation 2 with 4 hc-boson, the heaviest generation 3 with all 15 hc-bosons.
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