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Gravitation and Vacuum

» Theory of General Relativity is a geometric description
« Gravitation = curvature of the spacetime metric

« Vacuum has no physical role _
Wilson (1921)

. . e e . : Dicke (1957)

» Physical description of static field (initially proposed by Wilson 1921 and Dicke 1957) Eddington (1920)
 Gravitation = real spatial change of ¢, and 1, around the grav. mass Pauli (1958)
— Modification of the vacuum refractive index around the grav. mass Landau & Lifshitz (1975)

Felice (1971)

Wilson-Dicke Analogy Evans et al. (1996)

Il

—

E
No quantum field theory to understand Non linear QED: vacuum refractive index (g, L)
the change of ¢, and modified by strong E,B fields

* Battesti & Rizzo, Rep. Prog. Phys. (2013)
« DeLLight experiment (X.S et al., Eur. Phys J D, 70, 13 (2016)
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Gravitation and Vacuum

» Theory of General Relativity is a geometric description
« Gravitation = curvature of the spacetime metric
« Vacuum has no physical role

> Physical description of static field (initially proposed by Wilson 1921 and Dicke 1957)
 Gravitation = real spatial change of ¢, and 1, around the grav. mass
= Modification of the vacuum refractive index around the grav. mass
Wilson-Dicke Analogy

Exemple : Static spherical gravitational field

2GM

rc

n(r) =1+
n(r) formally identical to goo in General Relativity

Landau & Lifshitz (1975) . “A static gravitational field plays the role of a medium with electric and
magnetic permeabilities &y = uy = 1/+/9o0



Varying Vacuum Refractive Index

Flat metric (X,y,z,t)
Defined by the speed of light c,, in the absence of gravitational potential (n(r - ) = 1)

B 80(7") = Tl(?") X gO,oo

po(r) = n(r) X Ug o e, h are constant
— -1 _ e .
- c(r)=n"(r) X ¢y =a = IS constant

Eatom(r) =n~1/2 (r) x Eatom,oo

m(r) = n3/2(r) X me,

Eatom(r +h) = n~1/2 (r +h) X Eatom,oo

E, = constant « The photon energy keeps constant during its propagation

E, = hc/2 « The atomic energy levels are really modified
Avaries as ¢ 26M GM h
n(r) =1+ Cgo — = @E X Eatom,oo

_ in agreement with R.G.
Eatom(r) =n~1/2 (r) X Eatom,oo < Eatom(r + h)



Gravitation and Vacuum

» Theory of General Relativity is a geometric description
« Gravitation = curvature of the spacetime metric
« Vacuum has no physical role

> Physical description of static field (initially proposed by Wilson 1921 and Dicke 1957)
 Gravitation = real spatial change of ¢, and 1, around the grav. mass
= Modification of the vacuum refractive index around the grav. mass
Wilson-Dicke Analogy

There is no prediction for an experimental test to favor one of the two approaches



We extend the Wilson-Dicke analogy
to a time dependence vacuum index

2GM
n(r) = + ) (Ne=n(r - o) = 1)
B 2G(t)M(t)
n(t) = + T2 (0

b n(t) : Possible variation of the vacuum
refractive index with cosmological time ?



Time dependent Vacuum Refractive Index

We assume :
 Flat and static metric (x,y,z,t) — There is no expansion of the metric
« The metric is defined by the speed of light today ¢, (n(t = 0) = 1)

Spacetime metric expansion is replaced
by a variation with time of ¢, and u,

~ &) =n(t) X &g
to(t) = n(r) X po,
‘ - c(®) =n"1(t) x ¢
Eatom(®) = n"2(6) X Egtom,o
m(t) = n3/?(t) x m,

e, h and a are constant



Cosmological redshift

Supernovae Telescope
t<0 t=0 Cosmological time

[

| I >

E, sv = Eqtom(t) = constant

Eatom,O (reference) = Tl(t) X Eatom(t) > Eatom(t)

hc(t) hcy
VSN atom () A N Aobservea(t = 0)

emission (t)

hCO
‘ Aobserved = E ()
atom

A E
. ‘ 1+ 7 = observed _ atom,0 \/@ > 1 (t < 0)
0

Are ference E atom ( )

To be compared 0 Areference =

E atom,0

—> n(t) = (1 + 2)2 Redshift = Refractive index decreasing with time
Speed of light increasing with time




Fit Supernovae Type la

» Hubble diagram: Distance modulus p,,,.¢ VS redshift z

X = stretch factor
C = color-band factor
o. and f : global nuisance parameters

_ _ d.(z)

m; = magnitude at peak = —2.5log(F) + M, M,=-19.25 (Richardson, AJ, 2014)
L
4rrd? (1 + z)2

F = obs. flux in the SNIa rest frame (at emission) =
L = peak luminosity

d, = luminosity distance

0 O qat'
dL = j C(t,)dt, = Coj
t t n




Linear time dependence of the vacuum potential energy

Fermat’s principle Principle of least action

§(fn(r)dr)=0

§(fL(r)dr)=0

nZ
> ¢
n = refractive index ¢ = potential energy

Goldstein H., Classical mechanics 2nd Ed., pp. 484-492

§(fn(t)dt) =0

S(fL()dt) =0

n2()=1+t/t, = ( ¢(t) x1+t/7g

> n®) =1+t/5

t<O0

10



Fit Supernovae Type la

Hubble diagram: Distance modulus . Vs redshift z

X = stretch factor
C = color-band factor
o. and [ : global nuisance parameters

53
[.umes =mp — My + aX — BC = 5log; (10 pC)}

m; = magnitude at peak = —2.5log(F) + M, M,=-19.25 (Richardson, AJ, 2014)
L
4rrd? (1 + z)2

F = obs. flux in the SNIa rest frame (at emission) =

L = peak luminosity

d, = luminosity distance

d; = : t")dt' = |_dr
L_LC() _COL n(t/)

() = TH T | = dy= 2egto(n(®) — 1) = 2¢47o((1 + 2)2 — 1)

ZCOTO
|:> [Mp = 5log10((1 + 2)? — 1) + 5logy, (10 pCﬂ
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Fit Supernovae Type la

Data from the joint analysis SDSS-I1 and SNLS % - SDSS-II+SNLS .
(Betoule et al., A&A, 2014) [ 740 SNla )

— Our fit
= 0)

2
12 (a, B, Ty) = z (#mes,i(a,ﬁ) ; i (2, TO))

o -
i Kt

40

38 -
Mb = —=19.25 |
a=0.154 +£ 0.006  _
g =2.599 + 0.075 Z
T = 4.0+ 0.4 Gy ]

Standard distance modulus },L

ZCOTO
Hp = 510910((1 +2)% — 1) t>logao (10 pc> 36 |
/ \ 34 B

1,=4.0 + 0.4 Gy

An
= —=410"18 571

n /

Residuals

B 1
10 10 1
Redshift Z



Experimental prediction:
Local apparent expansion

Decrease of n with time Increase of Eq, with time
A _ 410718 1 = Batom _ 5 10-18 51 =

n E atom

g

‘ Hubble flow at small scale (inside the galaxy cluster, solar system ?)
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Local apparent expansion

300 - D181 ygg33 |
: D9 20—
| | | | D18E ._:;,.4‘:
< _. *00 ~ Constant Hubble Flow n
< i 1
-~ £ i i
£8 2 I _
E - B — -
}S : IC5125 :
i Constant Hubble Flow | N §
§ ! : ! . . - L i I | I I I I | I i ]

I 0O 2 4 & 8 0 1 2 3

R, /3 in Mpc DL (Mpe)
Ekholm et al., A&A 368, L17 (2001) Karachentsev et al. Astron. Nachr. 366, 7, 707 (2015)

The Tucana dwarf galaxy
Is gravitationaly isolated
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Experimental prediction:
Local apparent expansion

Decrease of n with time Increase of Eq, with time
A_n — 410718 1 :> AEqtom =210"18 571 = H,
n Eatom

‘ Hubble flow at small scale (galaxy cluster, solar system ?)

‘ Cosmological redshift must affect any atoms, in deep space but also in the laboratory

C Laboratory experiment to measure the increase of atomic energy level ?
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t, T

Laboratory test of Local apparent expansion

N - —
© ~ \/# H‘\J’A\V/ (\_;

obs

. dobs  Eatom(t2)
&< A A A A # = =1+2.1078 x(t, -t
LN VAVAVAV: \VAVAVAN VAVAVAVAN Aref Aref Eatom(tl) (t; 1)

(t, — t1) ~ 1 sec is realistic with high finesse cavity

Damping time in th ity = .
amping time in the cavi
J y TXC
Virgo-Ligo: d = 4 km, F = 1600 (today ~400) > 7=60ms = lout (after 1 sec) = 1077

Iin
The stability of the emitting clock must be controlled at 10-18 during 1 second
It could be provided in a near future by new generation 8’Sr optical lattice clocks
cf Nicholson et al., Nature Commun. 6:6896 (2015)
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Conclusion

» Gravitation plays the role of a medium with a real change of &, and

= Curvature of the spacetime metric is replaced by a real change of the vacuum refractive index
» \We propose additional real change with cosmological time of &, and

— Expansion of the spacetime metric is replaced by a real change with time of the vacuum index

» Cosmological redshift = decreasing vacuum index with time

SNla data are very well fitted by n(t) = /1 + t/7, witht,=4.0+0.4 Gy

Equivalent to a vacuum potential energy which varies linearly with time

/> Friedman scale factor a(t) and A are replaced by n?(t) = 1 + t/t, (t<0) or n(z) = (1 + z)>
(there is no expansion of the metric)

» Strong experimental prediction: the atomic energy levels must increase with time

AEatom

=210718 571 = A, = Laboratory test ?
\ Eatom

Article in preparation, available in arXiv in a couple of week 17
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Cosmic Microwave Background

Standard Cosmology
Energy

A

atom

13 eV

27K | A

z =103 Time
Redshift

Vacuum index model

Energy

13 eV

2.7 K

A

Eatom
E,
7z =103 Time
n = 10° Redshift
c =300m.s™!

= 2.7 K is a characteristic energy
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Pioneer 10

Heliocentric distance (A.U.)
10 20 30 40 50 60 70 80

A 2 x40 A. U.
Tf = Hy X Typ = 2.10718 x - = 8,107 14

(1070 m/s?)
o B
: T

Anomalous acceleration

(=2 o]
I

o
.

20 F
f=22GHz = Af = 0.2 mHz < residuals

WM h e b

Residuals
(mHz)
T

1975 1980 1985 1990 1995 2000

5O = 2= ~Ho Lt + 8t) — L(t) o(t + 8t) — (1)
= 2 H(} =2

() ¢ c

f B c dL dv

:>ED=E

=2.610"1%m.s2

= a=Hyxv=2.10""%x—
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Cosmological time dilatation

SNIla light curves result from -decays *°Ni — %°Co — °Fe.
The duration of the process is driven by the T,,,(3)

gy (weak V-A coupling factor in leptonic sector)

if | V,4 (CKM matrix element) are constant then T,,,(B) varies as (mc?)™! o \/n(t) =z + 1
0,/9y (axial to vector coupling constants)

= The SNIa light curve widths vary as 1 + z
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