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minimized by employing identities and field redefinitions
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» In the literature, the EChL describing pions, nucleons, and deltas in flat spacetime has
been systematically constructed at least up to fourth order in small quantities
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« The EChL at order n is constructed by combining various fields and covariant derivatives to
form the most general invariant monomials. The number of these monomials is then
minimized by employing identities and field redefinitions

» In the literature, the EChL describing pions, nucleons, and deltas in flat spacetime has
been systematically constructed at least up to fourth order in small quantities

» However, terms in the action involving derivatives of the metric fields can also contribute

to the (f| T, | i) in flat spacetime, e.g., consider: § = "d4x,/ ma“gﬁﬂ The

corresponding EMT is obtained as follows:
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« These couplings are essential to absorb divergences and power counting breaking terms
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Double, solid and dashed lines correspond to the deltas, nucleons and pions, respectively, while the curly lines represent gravitons.
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» To compare the results for the GFFs with and without delta resonances, we fix cg from the
numerical value of the D-term and substitute some values of the unknown LECs in the theory

without A resonances, i.e. Xy, V1, V», a’g4 and ¢y, where x|, y; and y, parametrize the tree-order
contributions of the fourth order
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At one-loop level and up to fourth order in small quantities, we calculate the following
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» To compare the results for the GFFs with and without delta resonances, we fix cg from the
numerical value of the D-term and substitute some values of the unknown LECs in the theory

without A resonances, i.e. Xy, V1, V», a’g4 and ¢y, where x|, y; and y, parametrize the tree-order
contributions of the fourth order

 The LECs of the effective Lagrangian with explicit deltas are obtained from the condition of
matching physical quantities in theories with and without explicit deltas:
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Part Il: Nucleon GFFs

 The difference between the two theories in at least one of the GFFs significantly exceeds the
expected contributions from higher-order corrections at Q2 = M,%, from which we can conclude

that the explicit inclusion of the A resonances is important for the GFFs of the nucleons



Part Il: Nucleon GFFs

 The difference between the two theories in at least one of the GFFs significantly exceeds the
expected contributions from higher-order corrections at Q2 = M,%, from which we can conclude

that the explicit inclusion of the A resonances is important for the GFFs of the nucleons

» This conclusion is supported by considering the non-analytic contributions to the GFFs in the
chiral limit, for which all LECs are known and fixed via experiments:
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Aim: We want to calculate one-loop corrections of ( Py sfl T | p;, s;) in the frame work of effective chiral theory up to third
chiral order
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* In general, the EMT for spin 3/2-system is parameterized as follows:
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« From the one-loop expressions we can extract the non-analytic contributions in the chiral
limit
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« From the one-loop expressions we can extract the non-analytic contributions in the chiral
limit
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Part IV: Gravitational p — A™ transition form factors

« The amplitude of the p — AT transition has the following general form
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- Moreover, we write y*ys and y’iﬁ 175 in terms of structures that contain e 2Pr<
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- Where any index p € {P, A, A} means contraction with the corresponding variable, e.qg,
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- In general, one can define P and A differently, such that the parametrization for O** remains
the same, as long as they are linearly independent and orthogonal to A
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