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The Post-Newtonian Limit
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The Metric

GnadX" @ dXV = §,,dx" @ dx” + Gmpdx™ @ dx”
M,N=0,...D, u,v=20,1,2,3; (2)
m,n=4,....D.

9, = diag(1,—1,-1,-1)

kmn[g(d)] = Agmn, A=0. (3)
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D-dimensional Gravitational Action
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Metric vs Palatini Formulation
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Metric vs Palatini Formulation

Is it possible to obtain physical equivalence in both frames?
Without loss of generality, let’s try f(®) = ® and
h(®) = —w(P)/P:

w(®P) = w = const.
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A Note on Background ¢

Stable vacuum for &:

u(®) = “72(q> — &) +0((0- b)) (6)

u : mass scale for the scalar ¢

Background value ® cannot be zero; ® determines the strength of
gravitational coupling!
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Metric vs Palatini Formulation

Within the metric formalism, dynamical equations read

w w
PGy + gMNﬁ(Vq))z + gMNADCD = $VM¢VN¢

1
= VuVa® + gl = w3 Tum, (")

d+4
[(d+3) +w(d+2)] Apd = /<5L2)T+¢U’—d—+2U_

No background matter— Tyy = 0
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Linear Perturbations




Perturbed Quantities

gun = Gun + 6gun = Gun + huw, hf = @KMhML i

O b+ =d(1+¢), ¢=0i0/d.

Perturbations of the EMT:
TV =0Ty = E6463 — Prd{"y, (8)
o(r
E = pc? = Mc? %, P =QE, Q= const. (9)
d
hoo = x1, hus = Gaox2 = —0aoX2,  hmn = Gmnxz  (10)
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Linearized Field Equations

1 1
—§M2¢ +(1+w)Ag - EAX1 = KpE,
1, 1
SH d—(1+w)Ao+ EAXZ =0,
1, ! 2
_EM o+ (1 —i—w)Aqﬁ — EAX3 = —Hpﬂg

[(d+3) 4+ w(d + 2)] Ap — p?P = KHE(1 — Q)
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The solutions of x1(r), x2(r), x3(r), and that of ¢(r) may all be
expressed as

an%Mcz 1
47T\7d r

T

f(r) =

=0,x1= —f i # 0: Yukawa correction term
limrSo0(@/en) =1 limy S oo(@/on) =1 | >1/m
KHB1  8mGy Kp  8mGy
v, c ¢ v,
3
2 _ 2dt? 4 ii
ds? = (1—2 ~)c2dt? — (1 +27C—2)deﬂ (12)
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Massless Scalar

= d=0,y=1
_ B (14 w)(1 — Qd) d=o w+1 (13)
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s w~0(1), w>0,y=1
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Massive Fields

Provided that m is large enough, one gets

i xa(r) A 1-Qd
YT ) T A 1+ qd

v =1 (17)
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