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RELATIVISTIC T/Mive FORMULA

Damour and Deruelle [36, 47] proved that it is possible to describe all of the in-
dependent O(v?/c?) timing effects in a simple mathematical way common to a wide
class of alternative theories. This made it possible to revert to a theory-independent
analysis of timing data, and led to the possibility of working within a strong-field
analog of the PPN formalism, the so-called [37] “parametrized post-Keplerian” ap-
proach. The part of the Damour-Deruelle phenomenological timing model describing
orbital effects reads

ty— to = FIT; {7} (P"*}i ("N (2.1a)

where 1, denotes the solar-system barycentric (infinite frequency) arrival time, T' the
pulsar proper time (corrected for aberration, see below),

{p"} = { P, To, €0, wo, 2o} ) (2.1b)
is the set of Keplerian parameters,
] (77K} = {k,7, P73, 60, ¢, 3} ] (2.1¢)
the set o separately measurable post-Keplerian parasucters, and
{¢"%} = {6, A, B, D} (2.1d)

the set of not separately measurable post-Keplerian parameters. The right hand side
of Eq. (2.1a) is given by

F(T)= DT + Ar(T) + Ae(T) + As(T) + Aa(T)] (2.22)
Ap=zsinw[cosu — e(1+6,)] + z[l — *(1 + 6)*)*? cosw sinu , (2.2b)
Ag=7sinu, (2.2¢)

As=—2r In{l — ecosu — sfsinw(cosu — ¢) + (1 — )2 cosw sin =]} ,(2.2d)
A= A{sinfw + A()] + esinw) + B{coslw + Ay(u)] + ¢ cosw} , (2.2¢)

where

z=z0+z(T - To) , (2.3a)
e=eo+¢(T—-To), (2.3b)

and where A,(u) and w are the following functions of u,

A,(u)=2arctan [(1—?—:) " tan %] ' (2.3c)

w=wo+ kAc(u) , (2.3d)

and u is the function of T defined by solving the Kepler equation

u- esin‘u =27 [(E;‘—ﬁ-) - %Py (-T—_P.-:E):] . (2.3¢)
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The problem of motion in Newtonian and Einsteinian gravity 183

accelerations. Then each body must satisfy the following equation of motion
(Damour and Deruelle, 1981a: Damour, 1982):

a'=Ay(2—2)+cT Ay (-2, 5, 5) + e AYE -7, 5,7, 3.5)

+£_'_iA_i5£2_ —Z,0—-5)+0(c™°), (154)
with _ é’\
Ap=—Gm' RN,
Ay =Gm'R™2{N'[—0* =202 +4(00') + 3(NV')? + S(Gm/R) + 4(Gm'/R)] ‘DRESSED
+' —v)[4(Nv)-3(Nv)]}, (156) . MAMIES *.
4= Bi+CL+Dj, (157) 1N CORPORATING
By=Gm'R™*{N'[ —20"* +4v'2(00') — 2(00')? + 30*(Nv')? +30'3(Nv')? STRONG-SELF-Fikep

—6()(NV')* —BNV)* + (Gm/R)(—420% + 302 — $(o') + 32(Nv)? £ FFECTS
—39(Nv)(NV')+5HNV')?) + (Gm'/R)(4v'2 — 8(vv') + 2(Nv)?
—4(Nv)(Nv')—6(Nv')?)]
+ (' =) [V*(NV) + 42 (Nv) — 50’2 (Nv') — 4(vv')(Nv)
+4(vv')(Nv') —6(Nv)(Nv')> +3(Nv')? )
+(Gm/R)(—%(Nv) +32(Nv')) + (Gm'/R)(— 2(Nv) — 2(N v}, (158)
Ci=G’m'R™*N'[ —5m? —9m'2 —Zmm'], (159)

ik rik ' ki rkl 1
D§=(§E+2%7)(v‘—u")(GTm) +(2%+2i-,){v'—v“)(GTm) , (160) Y.
ki vik GM VITA T:'0”AC.

and — e / T
A5=4G mm'R3{Vi[ - V2+2(Gm/R)—8(Gm'/R)] ' RA p ATION
+Nf(NV)[3V2—6(Gm/R)+"3z{Gm’/R)]}. _{_|__61) DAMP N L

—

The two parameters m and m’ appearing in egs. (154)-(161) are the
‘Schwarzschild masses’ of the condensed bodies. They are two constants . '?”—/_ﬁ
which appear in the external gravitational field, in which are hidden many bl RE T '
internal structure effects (see the discussion of the ‘effacement of internal s
structure’ in Section 6.14). On the other hand, the spin tensors undergo a slow EFFECT OF
evolution (on the post-Newtonian time scale, i.c. B * times the orbital .
period) which is also obtained in the Einstein-Infeld-Hoffmann-Kerr-type PROPA GA TiOV
approach (Damour, 1982, and references therein). Introducing, d la Schiff, a BE GRAVITY
suitable spin-vector, §, associated with S,,, the law of evolution Cipinc | ®* =
precession’) reads for the first body (see also references in Section 6.132) | AT sFiZED C

S [Gm' _ (3. __ 1
a=[c‘z?"‘“‘(5”‘2”ﬂ"3+0(?)' o | _ J
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Tensor—scalar theories
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Strong-field effects
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. 95%-confidence-level constraints on ISL-violating Yukawa interactions

with 1 gm < A < 1 em. The heavy curves give experimental upper limits (the

Lamoreaux constraint was computed in Referemce (151)). Theoretical expecta-

tions for extra dimensions (56), moduli (101), dilaton (102), and radion (83) are

shown as well.
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[ ATOR (Tarshi, Shao, Norhodt 153 )

Y- « 1072

The LATOR Mission:
Relativistic Deflection of Light

ISS

“Reference’ -

spacecraft Drean ~2AU  =0.3. 10” km

Expected accuizcies:
ADy o = 15 £m

Apparent.position of 7}3
the “Target” spacecraft ™. Dr.gann ~2 AU i
=(0.3-10" km
e ADpy = lom
True position of .. o
the “Target” spacecraft =~ A& = 0.1 picorad.

Measur ] ,
3 lengths & 1 angle Geometric redundancy allows for accuratie mez=zurement of
the relativistic gravitational deflection of liaght tc 1 part in 108.

FIG. 2: Geometry of the LATOR experiment to measure deviations from the Euclidean @eometry in the solar gravity feld.

TABLE I: Comparable sizes of various light deflectiom effects in the solar grevity field.

Effect Analytical Form Value (pas)fValue: (pm)
First Order 2(1+ )% 1.75 x 10% |8.487 x 108
Second Order |([2(1 +7) - B+ %rj]x —-2(1+ ".rJ}"]l-‘?,%s,1~ 3.5 1_70'2
Frame-Dragging +£2(1 +v) 7r +0.7 413129
Solar Ciuadrupole 21+ )2 it 0.2 _




M | CROSCOPE (cwes)  STEP (wwins)

,S/A TELLITE 7 ESTS OF T7He EQuivalewvce -7’/)2/;5'({'%5
24 The STEP scientific model payload

ESA/NASA/ (WES

Fig. 3.2: Equivalence principle violation: The Figure shows the relative motion of free masses where the
ratio of inertial mass to gravititional mass depends on the composition of the masses. These test masses are
constrained by linear magnetic bearings and sensing circuits. Here, the Equivalence Principle violation signal
appears at the orbital frequency. In the normal mode of operation the spacecraft would be spun about an
axis perpendicular to the orbital plane at a non-integral multiple of the orbital frequency, shifting the EP
signal frequency to the spin-frequency F the orbital frequency (depending on the spin sense).
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CONCLUSIBAS

THE MNEW GRAVITY FRONTIER

e UP To The END DF THE ‘f?ff){g} ONE CoMs DErREp ONLY FEW, NATURAL

MoDIELcATIONS OF EllsTeimls GRAVITY (JDRDM—-FIERZ.-ERA”J-DK‘CE))
[ R QUITE ARTIRICIAL, UNAITIVATED ALTERWATIVE THEDRIES)

s RECCUTL)’ A BETTER UﬂbE-RS‘IﬂN)WG- OF THe RICH STRUCTUVRE of
STRING THEOR)/ (ousmow cu BRAVES, .., LARGE DN GNSIOS . WARPED CoMPACT (FICAT(6#5. )
HAS MOTIVATEY ThHE CONSIDERATION OF MALY NEW TYPES of MOPEATIV op

— SHORT-RANGE MobDIFicATIONS - < O, Mmm R
— KONG-RANGEe MOD(FicaTIONS
o (N APDITION, RECENT OBSERYATIVAL BIScovERIES SLGGEST THAT OUR

CURLENT THEORETIKAL GRAVITY FRAMEWORK WRIGHT Br /[N COMPLETE OVER
LONG DISTANCES /TIMES :
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NO  HARD PREDICHORS OR WeLL-DEFmED TARGETS A BUT ONLY

CoSE RuBNCES OF GENERAL STRUCTVRES : EG. N JSTRING Tegory ALL
LooPLING CoNSTAWTS ARE FIELDS => EKNPECT SOKE EQUIYALENCE PRIMCIPLE

Vi LATIOA AT SOMB LEVEL .
o Rt 3 U EXSTENCE PRooES* (MODELs) THAT NEW IO TERACTIBRS CovLh
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