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Testing Yukawa-Like Gravitational Potential Against the | SW E ect

WANG Xu-wei 12

(1. Shanghai Astronomical Observatory, Chinese Academy of S ciences, Shanghai 200030, China; 2. Graduate
School of the Chinese Academy of Science, Beijing 100039, China)

Abstract:  The late time integrated Sachs-Wolfe (ISW) e ect measures he net energy gain or
loss in CMB photons when passing through a time varying graviational potential. The ISW e ect
has been detected through the induced correlation betweerhie CMB and the large scale structure
from the year 2003. The detection of the ISW e ect has profourd impact on the understanding
of the dark universe. At large scales relevant to the ISW e eg, if the universe is at with only
matter and if gravity is described by the general relativity (GR), the gravitational potential
is non-evolving and the ISW e ect vanishes. Thus the detecton of the ISW e ect implies three
possibilities, (1)the universe is curved, (2)there is darkenergy, or (3)gravity at cosmological scales
deviates from GR. Current CMB observations has basically rded out the rst possibility. Thus
the detection of the ISW e ect leads to either the existence & dark energy or modi ed gravity.

In this paper we explore the potential of the ISW e ect to constrain the nature of gravity.
Our ducial gravity theory is Yukawa-like, in which the e ec tive Newton's constant deviates
from the local one at scales above a transition scale. Sincéis modi ed gravity model is not
general covariant, we are not able to calculate the expansiorate self-consistently. Thus we adopt
a common assumption that the expansion rate in this model is he same as that in standard
cosmology. Given this assumption, we are able to calculatehie linear structure growth in this
modi ed gravity model. We nd that the time variation in grav itational potential, especially
at redshift around 10, is strongly sensitive to the nature ofgravity. As a consequence, the ISW
contribution from redshifts above 10 is often non-negligilte or even dominant, contrast to the case
of the standard cosmology. This makes the ISW e ect a sensitie indicator of gravity. We compare
the model prediction against the WMAP 5 year result. We nd th at, for the transition scale 10
Mpc=h, the WMAP result has already ruled out any 2% or larger deviations in the e ective
Newton's constant from the local one. This constraint is mud more stringent comparing to
constraints from other observations such as galaxy clusténg.
Key words:  cosmology; cosmic microwave background; gravitation



