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"Can we observe the gravitational form factors of the pion at J-PARC?": studies
based on QCD
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Previously unknown values of the twist-4 gravitational form factor in the
forward limit are quantitatively calculated using an exact formula based on the trace anomaly. In
this formula, we incorporate the perturbative effects up to three loops and the nonperturbative
effects using the inputs for matrix elements from recent empirical and lattice QCD results. This
resulted in our theoretical prediction of the values of the twist-4 gravitational form factor in the

forward limit, with the world®s highest accuracy of 2% and 50% for nucleons and pions,
respectively. This level of precision for nucleons surpasses our initial goals, and our theory would
allow similar high accuracy predictions for pions when experimental data or lattice QCD
calculations were improved in the future. These results have also led to a new mass decomposition
formula, for nucleons as well as for pions, into the contributions originating from quarks and from
gluons, providing new insights into structure of hadrons.
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