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Abstract. Although Einstein’s general relativity has passed all the tests so far, alternative
theories are still required for deeper understanding of the nature of gravity. Double pulsars
provide us a significant opportunity to test them. In order to probe some modified gravities which
try to explain some astrophysical phenomena without dark matter, we use periastron advance w
of four binary pulsars (PSR B1913+416, PSR B1534+12, PSR J0737-3039 and PSR B2127+11C)
to constrain their Yukawa parameters: A = (3.97 4 0.01) x 10°m and a = (2.40 £ 0.02) x 10~°.
It might help us to distinguish different gravity theories and get closer to the new physics.
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1. Introduction

The possible gravity-like “fifth” fundamental force in macroscopic scale suggested by
Fischbach et al. (1986) evokes interest in many theories which intend to unify gravity
with other known forces. The presence of this fifth force could be detected by searching
for apparent deviations from Newtonian gravity. For instance, the fifth force would arise
from the exchange of a new ultra-light boson which coupled to ordinary matter with a
strength comparable to gravity. Typically, through adding a hypothetical Yukawa force
to the Newtonian potential, this modified potential per mass takes the form:

Ulr) = —giw<1+oze_’"/’\>, (1.1)
where « represents the strength of the Yukawa coupling, and X represents its length scale.
Quite a number of works, such as Anderson et al. (1998), Fischbach & Talmadge (1999),
Reynaud & Jaekel (2005), Sealfon et al. (2005), Brownstein & Moffat (2006) and Iorio
(2007), have been done to constrain these two parameters in astronomical scales.

Since the discovery of the binary pulsar PSR B1913+16 by Hulse & Taylor (1975), bi-
nary pulsars promise an unprecedented opportunity to measure the effects of relativistic
gravitation — see Stairs (2004), Lorimer (2005) for a review. For example, pulsar timing
has provided indirect evidence for the existence of gravitational waves (Detweiler 1979),
the binary pulsars data can constrain the existence of massive black hole binaries (Lom-
men & Backer 2001), and the binary pulsars can also test the effects of strong relativistic
internal gravitational fields on orbital dynamics (Bell et al. 1996). In addition, binary
pulsars could help us to test various gravity theories. By fitting the arrival time of pul-
sars, observational parameters of binary pulsar are obtained in high precision. It worthy
of noted that the periastron advance for binary pulsars could reach several degrees per
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year, which is about 10° more than the perihelion advance of Mercury. Hence, the rel-
ativistic effects from binary pulsar are more remarkable than other celestial systems. In
this paper we chose four best studied pulsar binaries: PSR B1913+16, PSR B1534+12,
PSR J0737-3039, and PSR B2127+11C. We mainly focus on w of these four binaries data
to constrain the Yukawa parameters.

2. Secular periastron precession with fifth force

When we consider only two body (M; and M,), the equations of motion of a point-mass
binary with fifth force up to first order post-Newtonian approximation yields

—2<1+7—y>m}, (2.3)

where M = M; + My, © = (n12v12), v = v1 — v, v = My My /M?, 7 = 115, n = ny5 and
a = dwvy/dt. By the aid of the averaging method (Kozai, 1959), the secular periastron
advance for a binary pulsar in 1PN is

7 = ayx + aipn, (2.1)
where
B GM r T
ay = —ﬂ[l—ka(l—k/\)exp(—)\)]n, (2.2)
M M
ajpNn = %2{{(7+31/)v22(7+6+1/)g31/1'"2]71
cir r 2

dw  1nap* ), GMn
v Jhap 249~y —
dt 2 A2 +2+2y-6) 2p

: (2.4)

where n%a® = GM, p = a(1 — €?), a is the semi-major axis and e is the eccentricity of
the binary. The periastron shift caused by Yukawa force is

dw B lnapQ o—p/A

n =5 , (2.5)

Yukawa
which is different from the result given by (Iorio 2008). In this paper, we keep the an-
gular momentum in the process of using the averaging method instead of approximate
treatments such as exp(—r/A) ~ 1 —r/X (Iorio 2008) to calculate the w.

3. Constraints on the Yukawa parameters

Based on the same method of Damour & Esposito-Farése (1996), we will constrain the
Yukawa parameters in 1o confidence level. Each set of binary data leads to a reduced
x2: x%inarv (o, A) = (Weheory fwobs)Q/ogbs. To combine the constraints on o and A coming
from different double pulsars systems, we add their individual x? as if they were part
of a total experiment with uncorrelated Gaussian errors : x2,,., (@, A) = x3g15516(a, A) +
Xis31412( A) + Xrsr—s030 (@A) + X31a74110(@A). Therefore, the contour level
AXE (s N) = 2.3, Ax2 L (a,\) = 6.17 and A2, (o, ) = 11.8, where Ax?2 ., (a,\) =
X2 a1 (@A) = (X2 a1 (4t A))min, define respectively for two degrees of freedom the 68.3%,
95.4% and 99.73% confidence levels. The 1o fit values for the Yukawa parameters are
A= (3.97£0.01) x 10° m and o = (2.40 +0.02) x 10~% with x2,,, = 21.47.
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4. Conclusions

In this work, we use 4 double pulsars data (PSR B1913+16, PSR B1534+12, PSR
J0737-3039, PSR B2127+11C) to constrain the Yukawa parameters and obtain A =
(3.97 £0.01) x 10® m and o = (2.40 £ 0.02) x 1078 at 1o level. It demonstrates double
pulsars could be a good test-bed for testing gravitational theories.
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