
























Wave equation

• The evolution of tensor perturbations is governed by the 
integro-differential equation:

• This can be solved numerically with initial conditions:
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where

and

Watanabe and Komatsu (2006) [8]
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Gravitational wave spectrum
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Various events in the early universe are imprinted on the spectrum of GWs.

ν free-streaming

e+e- annihilation
QCD phase transition

matter-radiation equality
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Effects of relativistic d.o.f. and neutrino anisotropic stress

• Frequency range relevant to pulser timing observations:

• Difficult to observe as the amplitude is too small.

Kuroyanagi, Chiba, and Sugiyama (2009) [10]
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Probing reheating temperature

• A detailed statistical analysis was performed to estimate how well we can determine 
the shape of GWs, taking        ,       , and       as fundamental parameters.

•      can be determined with the error of             if                                    .
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Jinno, Moroi, and Takahashi (2014) [11]
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