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Table 2: The PPN Parameters and their significance (note that cx3 has been shown twice to indicate
that it is a measure of two effects).

Parameter What it measures relative to GR Value in Value in Value in fully
GR semiconservative conservative theories
theories
g How much space-curvature 1 % &)

produced by unit rest mass?

3 How much “nonlinearity” in the 1 3 3
superposition law for gravity?

& Preferred-location effects? () & £

1 Preferred-frame effects? (0 ¥ ()

a2 8 9 8

3 0

3 Violation of conservation () 0 (0

(1 of total momentum? () () ()

(2 0 0 0

(3 0 0 0
(4 0 0 0

Will, LRR
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Gravity Probe B (GPB)

Frame-dragging Effect
-39 mas/yr WE

Guide Star k/

IM Pegasi °

(HR 8703) (

Geodetic Effect
-6606 mas/yrNS

Everitt et al. PRL (201 1)

Frame-dragging detection with 20% precision

Geodetic effect with 0.3% precision

“The full technical and data analysis details of GPB are expected to be published as a special
issue of Classical and Quantum Gravity in 2015 in Will, LRR
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FURTHER EXPERIMENTAL TESTS OF RELATIVISTIC GRAVITY USING
THE BINARY PULSAR PSR 1913+16

J. H. TAYLOR
Joseph Henry Laboratories and Physics Department, Princeton University

AND
J. M. WEISBERG

Physics and Astronomy Department, Carleton College
Received 1989 February 13; accepted 1989 March 24

ABSTRACT

Pulse time-of-arrival observations of the binary pulsar PSR 1913+ 16 now extend over approximately 14
years. The data are consistent with a straightforward model allowing for the motion of the Earth, special and
general relativistic effects within the solar system, dispersive propagation in the interstellar medium, relativistic
motion of the pulsar in its orbit, and deterministic spin-down behavior of the pulsar itself. The results show
that at the present level of precision, the PSR 1913+ 16 system can be modeled dynamically as a pair of
orbiting point masses. A total of five Keplerian and five post-Keplerian” orbital parameters can now be
determined, most of them with remarkably high precision. The masses of the pulsar and its companion are
determined (within general relativity) to be m; = 1.442 + 0.003 and m, = 1.386 + 0.003 times the mass of the
Sun, respectively, and the orbit is found to be decaying at a rate equal to 1.01 4+ 0.01 times the general rela-
tivistic prediction for gravitational radiation damping.

Our results represent the first experimental tests of gravitation theory not restricted to the weak-field, slow-
motion limit in which nonlinearities and radiation effects are negligible. The excellent agreement of observa-
tion with theory shows conclusively that gravitational radiation exists, at the level predicted by general
relativity. We also use the results to calculate improved upper limits on the rate of change of the Newtonian
gravitational constant, and the fractional energy density (relative to closure density) of a cosmic background
of ultra-low-frequency gravitational radiation. These limits are, respectively, G/G = (1.2 + 1.3) x 10~ 11 yr 1,
and Q, < 0.04 at frequencies 10~° to 102 Hz.

Subject headings: gravitation — pulsars — radiation mechanisms — relativity — stars: binaries
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PRL 109, 231101 (2012) PHYSICAL REVIEW LETTERS 7 DECEMBER 2012

Possible Daily and Seasonal Variations in Quantum Interference Induced
by Chern-Simons Gravity

Hiroki Okawara, Kei Yamada, and Hideki Asada

Faculty of Science and Technology, Hirosaki University, Hirosaki 036-8561, Japan
(Received 28 May 2012; published 4 December 2012)

Possible effects of Chern-Simons (CS) gravity on a quantum interferometer turn out to be dependent on
the latitude and direction of the interferometer on Earth in orbital motion around the Sun. Daily and
seasonal variations in phase shifts are predicted with an estimate of the size of the effects, wherefore
neutron interferometry with ~5 m arm length and ~10~* phase measurement accuracy would place a
bound on a CS parameter comparable to the Gravity Probe B satellite.

DOI: 10.1103/PhysRevLett.109.231101 PACS numbers: 04.80.Cc, 04.25.Nx, 04.50.—h
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Possible altitudinal, latitudinal, and directional dependence of the relativistic
Sagnac effect in Chern-Simons modified gravity

Daiki Kikuchi, Naoya Omoto, Kei Yamada, and Hideki Asada

Faculty of Science and Technology, Hirosaki University, Hirosaki 036-8561, Japan
(Received 29 May 2014; revised manuscript received 28 August 2014; published 23 September 2014)

Toward a test of parity violation in a gravity theory, possible effects of Chern-Simons (CS) gravity on an
interferometer have been recently discussed. Continuing work initiated in an earlier publication [H.
Okawara, K. Yamada, and H. Asada, Phys. Rev. Lett. 109, 231101 (2012)], we study possible altitudinal
and directional dependence of relativistic Sagnac effect in CS modified gravity. We compare the CS effects
on Sagnac interferometers with the general relativistic Lense-Thirring (LT) effects. Numerical calculations
show that the eastbound Sagnac interferometer might be preferred for testing CS separately, because LT
effects on this interferometer cancel out. The size of the phase shift induced in the CS model might have an
oscillatory dependence also on the altitude of the interferometer through the CS mass parameter mg.
Therefore, the international space station site as well as a ground-based experiment 1s also discussed.

DOI: 10.1103/PhysRevD.90.064036 PACS numbers: 04.25.Nx, 04.50.-h, 04.80.Cc
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Scalar-Tensor Theories

(1) (Jordan-) Brans-Dicke (1955,1961)
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(2) Horndeski Theory (1973) Ostrogradsky stability

Most general, stable Scalar-Tensor
with 2nd order E.O.M.
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(bi-scalar-tensor’\N DL 5K: Ohashi+, ArXiv:1505.06029)
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