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Figure 5. Unbounded line integrals for the FF -terms without logarithmic pole.

(with a real constant c; for details for how this formula comes about see [14, eq. (2.2.3)]) only
the last summand contributes. This gives the result. �

6.2.2 Contributions Without Logarithmic Poles

Proposition 6.4. The contributions to the fermionic projector involving no logarithmic poles
on the light cone (i.e. all contributions except for those in Lemma 6.2) affect the second variation
of the Lagrangian to the order ∼ δ−4 · F 2 ε2/t2 by a term of the form
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where c is a real constant and (see Figure 5)
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Proof. Computing the perturbation of the eigenvalues of the closed chain as in [14, Ap-
pendix B.5], to the considered degree on the light cone we obtain for the perturbation of the
Lagrangian an expression of the form
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(6.13)

with a real-valued function I(α, β) (to be determined below) and a real constant c. Note that
the factor i can again be understood from the fact that the whole expression is real-valued.

Obviously, the left side of the above equation is anti-symmetric in x and y. Moreover,
the factor K0(ξ) is anti-symmetric. Therefore, the line integrals must be symmetric when
exchanging x and y. Let us consider how this can come about. To second order in perturbation
theory, we need to take into account the contribution given in [14, eq. (B.5.1)],
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Transforming to the integration variables α and β as in (6.7), one sees that the line integrals
are symmetric in x and y (as can be verified alternatively by taking the conjugate and using
that P (x, y)∗ = P (y, x)). Repeating the method in the proof of Lemma 6.2, after applying
the replacement rules the resulting unbounded line integrals are anti-symmetric in x and y.
Therefore, the second order contributions to P (x, y) do not enter (6.13).


