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Here is the integral that you posted.
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Defining the integrand, adding the two terms instead of subtracting them,
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then the real part of the integrand, for € = 0 is
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Computing the integral of this expression is straightforward.
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This result simplifies further.

Simplify[reans[«, T], x > 0]
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Simplify[reans[«, T], x < 0]
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Hence we write
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The full integrand for e =0 is
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Integration of this expression is immediate.
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The real part of this result agrees with the result obtained above.
FullSimplify[ComplexExpand[Re[ans[«, T]], TargetFunctions —» {Re, Im}], k # 0A T > 0 A {«, T} € R]
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Here is the imaginary part of the full result.
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Note that one can simply use the antiderivative of the integrand directly, yielding and equivalent result.

f int[e, «1[n] dn

K

( 2ilog(Wn—ie k—i) 2ilog(\ie+n k—1i)
il— _
K

Yo

[.€>0

2ni

_2u‘10g(«/ﬁ;<-u‘)

TK
(%[ q->T)= (% [.n-0)

1 2i10g(\/?l<—i)

K TK

Numerical check

Here we check the integral numerically for small e with k = 1 and T = 2.

1
Ey NIntegrate[int[10~, 11[x], {n, 0, 2}]
mi

0.6077232905 — 0.3496991526 i

NIntegrate[int[10~"*, 1][7], {5, 0, 2}]

2ni

0.6081734436 —0.3496991526 i

Here is the first closed form
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ans[1, 2.]

0.608173448 —0.3496991526 i

and here is the second.

1 2ilog(ﬁx—i)
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0.608173448 —0.3496991526 i

Here is the real part of the integral,

reans[1, 2.]

0.608173448

and here is the imaginary part.

imans[1, 2.]

—0.3496991526



