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* |ntroduction: &%@MOI%MJS pseudo-

complex (pc) and justification.

* pc-GR and pc-Einstein equations.

® Possible origin of the dark energy.

®* Some experimental predictions of pc-GR
* Ansatz for the energy-momentum tensor.
* TOV equations.

®* Results

® Conclhiicinones



Motivation
FIRST ATTEMPTS.

O A. Einstein, Ann.Math. 46 (1945), 518.
O A. Einstein, Rev. Mod. Phys. 20 (1948), 35.
(Unification of gravitation and electrodynamics)
O C. Mantz, T. Prokopec, (2008); arXiv:0804.0213
more recently: C. Mantz, T.Prokopec, Found. Phys. 41 (2011), 1597
(hermitian gravity and cosmology)

Y Q=1 Gt o p” : i2 =-1 (Introduction of the Planck lenght, 1)
m
Born's eqivalence LXk, ij: 170, ,[Xk,XjJ=0,[pk, ij: 0
principle:
2 y7i v
but d “=sg, d “dx” x

(M. Born, Proc. Roy. Soc. A 165 (1938), 291 and
M. Born, Rev. Mod. Phys. 21 (1949), 463.)



PROPOSAL
(M. BORN)
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| is a minimal length

a = maximal acceleration!!!
E.R. Caianiello (1981), H.E. Brandt, R.G. Beil (1980's) .
S.G. Low (1990’s and more recently: representation theory)



Pseudo-complex

XA = et Cilgrer R T (=i
1
_ Y H H i
=X*o, + X" o ai—z(lil)
2
O, =0, , oo =0 - Zero divisor

PF Kelly and RB Mann, Class. Quant. Grav. 3 (1986), 705:
From all possible algebraic extensions only the pseudo-complex does not have
ghost solutions in the limit of weak gravitational fields.

Final projection to the real 4-dimensional space: see talk of M. Schéfer at

STARS2013.
Alternatively: modify variational principle such that the variation of the action

IS within the zero divisor.



The Theor
I. NEW VARIATIONAL PRINCIPAL:

SszdT

NX=0850 +085 0 € I e dr
it =ttt ef O )n V

If we use =0, then: 5Si =0 independently, thus
two independent theories, i.e., no connection!

This results in the equations of motion

D( D D L q .
DDX“_D”EXZG AL

(F. Schuller, PhD thesis, University of Cambridge (2003);
F. Schuller, Ann. Phys. (N.Y.) 299 (2002), 174,
F. S. has proposed this general variation principle in his thesis at Cambridge.)




Extension of the Theory of
General Relativity:

*The metric is pseudo-complex, without torsion:

g,uv il g;v0+ + g,z_zva— 1 g,uv i gv,u
* pseudo-complex length element

dw® =g, DX*“DX"
=g, DX“DX/o, +9,, DX“DX oc_

2
— g, | dx“dx” + Lt du“du” ! lu“ <<1
il C C

and dx“du” =0 ! . .
i < dispersion relation!



Einstein equation




Origin of the dark energy?

M Visser, Phys. Rev. D 54 (1996) 5103 +...
C. Barcelo et al., Phys. Rev. D 77 (2008), 044032

1) Semiclassical QM, with a Schwarzschild metric as back gound. Vacuum fluctuations are
building up (dark energy!), which finally stop the collaps of a star (if the collapse is slow
enough)

2) Advantage: They determine the density of the dark energy

Disadvantage: They do not have a re-coupling of the dark energy density to the metric and
thus have to take care of the event hiorizon

Our theory:
1) We assume a dark energy density and determine the re-coupling of the dark energy densi
to the metric.
2) Advantage: We can determine the final metric
Disadvantage: We can not determine the form of the dark energy density - assumed

Both ways are complementary! Both explain the stop of a collapse due to the
distorsion of space due to the presence of the dark energy distribution such that
space itself retains the collapse of a star!



Schwarzschild and Kerr

metrics
(G. Caspar et al., Int. J. Mod. Phys. E 21 (2012), 1250015)

Schwarzschild: Kerr:
K r: — 2mr —1—{124&:0521‘}4—%
ggﬂ:(]_zm_|_ Bﬁ) 800 = r* 4+ a’cos? ¥
r 2r3 K r? 4 a®cos? 9
ng]:_(l_lm_i_jB;)_l gllz_rﬁ_zmr—I—aﬁ—i—%
) ) d = gg.z = —r? —a’cos’ ¥
gig — _': - K 5 v s a’ sin* 9 (Emr — ;%)
g3 = —r’sin” Y. gy = —(r"+a’)sin” v — 7 a2 oo D
K —a sin® ¥ 2mr + a% sin? ¥
B is a measure of the =~ r? + a2 cos? O
dark energy 3

Contribution: B =bm



Schwarzschild:
=490 xV4(L=0)

redshift g-factor
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The radius of the dark disk is SMALLER in pc-GR!



Circular orbital of a particle

around a large mass
(T. Schdonenbach et al., MNRAS 430 (2013), 2999

)
ds=

Lagrangian: L = gooct® + guii® + g209? + ga3p” + 2qoaciy = 7 = 1
-2 geodesic

i X F Y | A | - T r x
% (20117) = gooc”t” + 117" + ghot” + ghaP” + 2003t
C‘ | i ‘r=0 19—1 ! 2 10 ' N 2D ' -
Ircular motion:r=0 . =5 = U=goo(ro)e™t” + gsg(ro)w™t™ + 2gpg(ro)wet
Resolve for the frequency:
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Redshift

dr* = goodt? To = +/Gootobs > Vobs = +/ 90010
)
_ 'np — Vabs | |
Kerr: Schwarzschild:
VT2 + a® cos? (1) . I 1
°= ! o oy i . B —1 i "Illl — gﬂ - B
7% — 2mr + a’ cos? (1) + 5= \V T
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GRO J1655-40
r in(2.0-2.4) a=(0.89..0.94), M=6.3+-0.5 68 per cent confidence
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Pseudo-Complex General Relativity (pc-GR):
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Pseudo-Complex General Relativity (pc-GR):

Perfect anisotropic fluid at rest

€ 0 0 0
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4 0 0 0 —Pe il

Isotropic assumption Pr = D¢

| Matter | _ pc-component
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Pseudo-Complex TOV system:

Anisotropic interior Apr = por — prr
dpri (er(r) +prr(r)) G R YRR = e ST = D DA
dr = 1 [7‘ H{ZY1530 (7‘) i 2mqu(T')] |: m( ) Az( ) Fis P} prf( )jl Pri p —I_pA

EI = E&m T €A

dpﬁ ok i (Em(r) —|—pm(7')) m rY — ma:r @73 ; T

dr r[r — 2mupm(r) + 2mas(r)] [ m() ai(r) + a1 Pars + P )}
dmm e 2 R

pei ATTr2 €, (1) Pm = Pm(Em)

dpari _ (enilr) +pasi(r)) W Akl B ]

dr T[T—2mm(7‘)+2mm(7‘ﬂ {mm(r) maslr) + ¢t " ari + m)(r)

d:;‘ = —4mr2ep(r) pA = PA(ea)

Isotropic assumption Pr = P6
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Equations of State:

Matter
chiral SU(3) Schramm

at al

Em (MeV - fm :‘)

FIAS Frankfurt Institute §3
for Advanced Studies &2

pc-component

G?

EA — OQEm a <0

C- R- Ghezzi, ,Anisotropic Dark Energy Stars",
gr-qc:0908.0779



FIAS Frankfurt Institute
for Advanced Studies

150 < Eme~ 10s0 PAae~ leo
T

leo < €me~ 10g0 PAac~ leo
y \.n--n"ﬂ'“ﬂ,,,'
o8 o

a

ﬂ..n
'
A
a

--A--'A--A-'-A--vA:

u.n..,,.”..l”.'
o

- e

B TR IR N

o =05

ol — 0.7

Bl 0= —0.9 Hl‘ivla:_o_'?

22

em (MeV . fm™3)




cfm™ %)

Em (:Ur eV

Emer~ DEO PAer~ 1=g

800 |

GR
-==0=-0.1
=r=n=-0.3
@ o= 0.5

cBA 0= 0.7

Bl o= —0.9

r(km)

18



FIAS Frankfurt Institute @_
for Advanced Studies

b e 4 L bl e ke b bk b ol ool v v e

" Conclusion & Future Work:

» [t was shown that pc-GR can produce neutron stars with a significant larger
mass as obtaind in standard GR.

» Problems of the correct equation of state of the mass and the coupling of the dark
energy density to the mass density remain.

* In future we try to solve this problem.

Thanks!
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