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@ ACDM model: 95% of the universe are dark matter / dark energy.
@ Constituents of dark universe are unknown.

@ |dea: DM / DE effects from additional dark standard model copies.
@ Only interaction between standard model copies: repulsive gravity.
@ Universe contains equal amounts of matter from all copies.
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@ ACDM model: 95% of the universe are dark matter / dark energy.
@ Constituents of dark universe are unknown.
@ |dea: DM / DE effects from additional dark standard model copies.
@ Only interaction between standard model copies: repulsive gravity.
@ Universe contains equal amounts of matter from all copies.

@ Dark galaxies “push” visible matter & light towards visible galaxies.
= Explanation of dark matter!

Mutual repulsion between galaxies drives accelerating expansion.
= Explanation of dark energy! p, m. wonitart 101
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Construction principles of Multimetric gravity

@ N > 2 standard model copies W/ governed by metrics g'.
@ Each standard model copy W/ couples only to its own metric g':

= Sulg' = [ dx/g'tuld’ V1.
@ Different sectors couple only gravitationally:
N
= S:SG[g17"'7gN]+ZSM[glvwl]‘
I=1
@ Field equations obtained from variation with respect to g':
K., = 81GnT.,

@ Curvature tensor K/, of second derivative order.
@ Permutation symmetry of the sectors (g/, ¥').
@ Vacuum solution given by flat metrics g/ = 7.
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Post-Newtonian bookkeeping

@ Gravitational field equations:
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Post-Newtonian bookkeeping

@ Gravitational field equations:

@ Slow-moving source matter.
= Expand quantities in “velocity” orders O(n).
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Post-Newtonian bookkeeping

@ Gravitational field equations:

@ Slow-moving source matter.

= Expand quantities in “velocity” orders O(n).
@ Matter in the solar system: perfect fluid with
e density p' ~ 0(2)
e pressure p/ ~ O(4)
e specific internal energy N’ ~ O(2)
e velocity v/ ~ O(1)
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Post-Newtonian bookkeeping

@ Gravitational field equations:

@ Slow-moving source matter.
= Expand quantities in “velocity” orders O(n).
@ Matter in the solar system: perfect fluid with
e density p' ~ 0(2)
e pressure p' ~ O(4)
e specific internal energy N’ ~ O(2)
e velocity v/ ~ O(1)
@ Weak gravitational field.

= Expand metric around flat background:
by = nab + hly = 11ap + Ha) + AD + HI 4 )

o Each term hl\Y) is of order O(n).
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Post-Newtonian metric

@ Post-Newtonian metric ansatz:

/(2) — ZQIJAX 7

z

/
BD =3 (20957 a5 — (57 + 8%)Ax 005

J=1
N
iy = > (AW + ot wi)
J=1
14 o 2
ho(o) _ Z <¢IJ¢J HCD‘H i Z‘*’ QJ) + Z ZIZJIJKWJK‘
J=1 A=1 J,K=1A=1
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Post-Newtonian metric

@ Post-Newtonian metric ansatz:

/(2) ZO/JAX 7

N
(2

BD =3 (20957 a5 — (57 + 6" Ax"00s)
J=1
N

Y = > (AW + i)
J=1
N 2

Y =3 (ot oo+ uim) + 3 3w
J=1 A=1 J,K=1 A=1

o Parameters a7V, 0" ol ol ol Wl WY K K,
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Post-Newtonian metric

@ Post-Newtonian metric ansatz:

/(2) ZQIJAX 7

N
I
hofg) _ Z (291J g — (M + QIJ)AXJ(;QB) 7

J=1
N

mED = > (MW + M)
J:1

2
o) = Z <¢’J¢J H¢ﬁ+zwg’9j> + Z Zw“’(\u
A=1

J=1 J,K=1 A=1

o Parameters a7V, 0" ol ol ol Wl WY K K,
o Potentials x/, W', &, o, Q],Q5, Wi/, ... WY,
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PPN potentials - part 1

@ Superpotential:
v = —/p'l\)_(' — )7’|d3X’.

@ Vector potentials:
v/! (Xa — X3) (X5 — Xp)Vj
W:I:/:/ /1 o 4 B d3 s
VAN X=X

@ Pressure: |
/
:/ ﬁp _d®x .
X —X|

(bl _ / /lrll/ 3
X —

@ Internal energy:
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PPN potentials - part 2

@ Kinetic energy:

2

11112 ol (v ol
Vv Vi-(X—X
qu/lj_quxx Qé:/ﬂ[q(q )]d3xl.
X — X'

X — X'|3

@ Non-linear potentials:
W_ Al J Wo_ J
ANVY = A AAAX, AVAN 7 S G TAVAS Gy
I J
VAVAN U AX ANy ‘o AA\IJ4 =¥ Oéﬁ’YAX,OéBV )
ANVY = AN DAY, DAY = A s0x s,
AAWéJ = X,Ia,B'yJX:la,B’yé :
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Relation to standard PPN parameters

@ PPN parameters relevant for visible matter T}, and metric g},:

1 1

o' =a, 01_1:—5—7 4a1+2a2— C1+§,
1

711:’77 0-11:_1_ 4a17 ¢11:2+2C37

qb”=67+6<4+45, wil =2+ 27+ a3+ - 2,
wy! =26 — a, 1/11”—25, Yg =66 —28,

W=l =Dt 228t tere, wi =4

3! —1+37—6ﬁ+<z+6£, o' =y =0
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Relation to standard PPN parameters

@ PPN parameters relevant for visible matter T}, and metric g},:

1 1 1 1 3
al'=a=1, oll=—g—9y—Zor+50—5G+E=—3,
1
711:7:1’ 0-;11—1__1_’7_2051 27 ¢11:2+2C3:27

¢‘1=67+6c4+4s=6, wi' =242y +az+ (-2 =4,

wh! =2¢ — 41—0 w‘”zzf—o P =6¢ -2 =~
=l = b Dy 284 2 +E=0, YT =4ag=0,
¢111—1+3’}/—65+<2+6£:* ’ 911_ 111_0

@ Compare with measured values of standard PPN parameters.
= 9" =0and y]"" = 1" due to gauge freedom.
= a'" =1 can be achieved by choice of units.
= 13 physical parameters accessible to visible matter experiments.

Manuel Hohmann (University of Tartu) Multimetric PPN formalism

DPG Berlin 18. Marz 2014 8/14



Example action - part 1

Generic, simple, multimetric gravity action:

_ ] 4
SG_ﬁ/dX
N

\/%[Z (C1 R’ + g”f <03§’/§’j + Csé/ké/k,'j + C7\~9/k,'/é”jk>
1=1

+g'g'"g n (Cgélmikélnjl + C1q élmijélnkl> )

N
+ 3 (e TR+ g7 (a8, + oSV SVK + caSMHySV )
1.J=1

+ glijglklglmn <C1OS“ m., gk nj/ + ¢SV mijSlJ nk/) )
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Example action - part 2

@ Ricci tensor and Ricci scalar:
R g'®R!,,
@ Connection difference tensors:
S/Ji,k _ I—Ii,k _ I—Jijk’ SIJj _ S'kak,

iy = Z SHiy 3= &'k

@ Mixed volume form
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Repulsive Newtonian limit

@ All diagonal elements o' are equal.

@ Units can be chosen to rescale o/ = 1.

@ All off-diagonal elements oV = z are equal.
@ Parameter values:

with
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Repulsive Newtonian limit

@ All diagonal elements o' are equal.

@ Units can be chosen to rescale o/ = 1.

@ All off-diagonal elements oV = z are equal.
@ Parameter values:

IJ

o = = 4 as¥

2o

with
a= Nz, a=1-12z.

@ Newtonian metric perturbation:

he = —0x'— 23" ay?

= Repulsive Newtonian limit for z = —1.
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@ 6 constants ¢y, Cg, Cs, Ci0, Ci1, C12 remain free parameters.
@ 6 constants ¢y, ¢, C3, Cs, €7, Cg fixed depending on N and z.
@ Multimetric gravity compatible with experiments.
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@ 6 constants ¢y, Cg, Cs, Ci0, Ci1, C12 remain free parameters.
@ 6 constants ¢y, ¢, C3, Cs, €7, Cg fixed depending on N and z.
@ Multimetric gravity compatible with experiments.

@ PPN parameters (+ lengthy expressions for MK ... ).

a= Nz, a=1-2z,
=Nz, §=1-2z,
=0, =0,

g+ =—2Nz, by=2(z-1),
5_:g(1—4z), 6_.=2(z-1),
w1 =N(5z-1), o1 =5(1-2),
W =N(1 - 2), o =z-1,
¢p =2N(4z — 1), dp=8(1-2),
on = 2Nz, dn=2(1-2).
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@ Multimetric PPN formalism:

o Assume perfect fluid matter.

e Determine post-Newtonian metric.

o PPN parameters o A, 0 o o) ol wid Wl wiK, L K
e 13 parameters accessible to VISIb|e matter experiments.
o

Extension of standard PPN formalism to N > 2 metrics.
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@ Multimetric PPN formalism:

o Assume perfect fluid matter.
Determine post-Newtonian metric
PPN parameters o, v, 0 o o) ol wid wll K K
13 parameters accessible to VISIb|e matter experiments.
Extension of standard PPN formalism to N > 2 metrics.
@ Application to multimetric repulsive gravity:
Simple model dependent on 12 constant parameters.
6 parameters fixed by experimental consistency.
Experimentally consistent model with 6 free parameters.
Repulsive gravity allows for accelerating expansion.
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@ Experimental significance of new visible PPN parameters:

o Effects of new PPN potentials on current experiments?
o New experiments to determine unknown parameters?
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@ Experimental significance of new visible PPN parameters:

o Effects of new PPN potentials on current experiments?
o New experiments to determine unknown parameters?

@ Post-Newtonian conservation laws:

e Conservation of total energy and momentum?
o Transfer of energy and momentum between matter sectors?
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@ Experimental significance of new visible PPN parameters:

o Effects of new PPN potentials on current experiments?
o New experiments to determine unknown parameters?

@ Post-Newtonian conservation laws:

e Conservation of total energy and momentum?

o Transfer of energy and momentum between matter sectors?
@ Extend other formalisms to multimetric gravity:

e Strong fields and pulsars: parameterized post-Keplerian formalism?
o Gravitational waves: parameterized post-Einsteinian formalism?
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