Post-Newtonian test-particle dynamics
in f(R) = R+ aR* gravity
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We complete the conservative 1PN test-particle dynamics of quadratic f(R) gravity beyond the
linearized Yukawa approximation, and test its orbital signatures from Solar System planets to S2.

MODEL 1PN COMPLETION
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Why f(R) =R+ aR*? The missing nonlinear O(4) sector
The simplest analytic extension of GR introduces an additional scalar degree of Post-Newtonian metric expansionin € ~ v/c

freedom, provides the basis of Starobinsky inflation, and yields a finite-range
Yukawa correction in the weak-field limit.
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A= V6o Yukawa length-scale At O(4), nonlinear products of the lower-order fields generate mixed-source
Point source — The field equations fix the relative Yukawa strength to 1/3. couplings and UV-divergent self-field terms for point-particle systems.
Extended body — The strength becomes a form factor =(L/A\) = 1/3, set by the Hadamard partie finie and residual self-field subtraction yield the regular exterior
density profile because Birkhoff's theorem fails. metric with the correct GR limit as A — 0.

FROM FIELD EQUATIONS TO OBSERVABLES

FIELD EQUATIONS NONLINEAR (9(4) TPN DYNAMICS ORBITAL OBSERVABLE
O O O
METRIC FORMULATION - JORDAN FRAME ANALYTIC REDUCTION TEST-PARTICLE LAGRANGIAN GAUSS PERTURBATION EQUATIONS
We solve the fourth-order metric field We specialize to the extreme-mass- _ 1PN Averaging the perturbing acceleration
) . . . . o . . L =Ln+ Lgg + Lop2 . L
equations directly, without invoking the  ratio limit m < M , suppressing mixed- over one Keplerian orbit gives the
scalar—tensor representation. source terms and reducing the self-field G Mm [ 1 22 secular periastron advance, retaining
Y integrals of the primary to radial form. L, g = e "/ > e "/ the full eccentricity dependence.
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ORBITAL TESTS

Short-range regime 7, > A

The Yukawa sector is exponentially screened along the orbit and can be treated perturbatively on the Keplerian orbit. ~—_
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PERIASTRON-DOMINATED ANALYTIC APPROXIMATION TPN CORRECTIONS
. At A\, relative to the leading Yukawa term
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) i ) Leading Yukawa controls the short-range bounds.
BERRY & GAIR (2011) COMPARISON Linearized metric - near-circular epicyclic frequencies LONG-RANGE BRANCH 7 << )\
SYSTEM e THIS WORK - Amax [AU] The unscreened Yukawa sector modifies the Newtonian dynamics already at leading order.
Mercury 0.2056 0.0115 0.013 T a? 3 4
L /
Venus 0.0068 0.027 0.027 At ~ ZV 1—e*+ ZAWGR(Heff) with  HUeff = n‘a® = gGM
Earth 0.0167 0.036 0.036 - 3
Mars 0.0934 0.0545 0.056 Asymptotically, a/A — 0 Aw™ — ZAWGR(Neff)
Jupiter 0.0484 0.232 0.233
Saturn 0.0542 0.405 0.410

| s2 LR —_ 075 vs fO8=1.135+0.110 — ~3.50

Largest differences: Mercury & Mars - mainly driven by eccentricity; new 1PN terms remain subdominant.

TAKE-HOME MESSAGE
1PN COMPLETION 4 SHORT RANGE LONG RANGE

Closed analytic nonlinear gpg completes the conservative Bounds remain leading-Yukawa dominated; residual After Keplerian calibration, the relativistic precession
test-particle dynamics beyond the linearized metric. differences with the linearized-metric treatment mainly approaches 3/4 of the GR prediction, making this branch
track eccentricity. observationally distinguishable from GR.
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