
31 JULY 2020 - PROGRESS REPORT

We checked the equations of motion with the Lagrangians in Eqs. (2.4), (4.1), (4.2) of
Terning-Verhaaren’s Ref. [1], with θ = 0 and including the dark sector with kinetic mixing.
Mass terms are added. Notation g = 4π

e2
and gD = 4π

e2D
.

Equations of motion -for the visible sector only- are in Eqs. (2.5)-(2.7) of Ref. [1] and
reduce to

We wanted to check that these are the same as the equation of motion from the Lagrangian
-with visible sector only- with respect to the visible photon Aµ (free index σ):
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The last line is irrelevant because we check the equations of motion in the visible sector.
In the second bracket of line 1: the first two terms are equal, the last term in nσ is equal
to zero when expressed in terms of the potentials A, and the term nσ remains. These two
terms are each equal to 1/2 of the following term, so that the equations of motion w/r A
are satisfied. Details are in Marc30Jl2020.pdf attached at p.4.

1. Next steps

• Clean up the full equations of motion, with the dark sector, for A, B, AD, BD.
• Write out the interaction terms −JA − gKB − eDJDAD − gDKDBD in terms of

the diagonal basis given in the following equations of Ref. [1]:
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• Obtain the corresponding Feynman rules involving A, AD, B, BD, and the fermion
fields Ψ, ΨD.

• Verify the gauge fields propagator, which should look like Eq. (4.56) from Ref. [2]

(with B denoted by Ã below)

• We need to address the issue of normalization and renormalization in Section 3 of
Ref. [1]. That this issue is non-trivial is discussed in Shnir’s book:
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EQS. 2.4, 4.1, 4.2

Hello,

I calculated the equations of motion with the Lagrangians in Eqs. 2.4, 4.1, 4.2 of Terning-
Verhaaren’s, where I set θ = 0 but I included the dark sector with kinetic mixing. I used
g = 4π

e2
and gD = 4π

e2D
.

The equations are given on p. 2 for Aµ, p. 4 for Bµ, p. 6 for ADµ and p. 7 for BD
µ . They

can be further simplified.

One purpose is to check the normalization. I am a little puzzled with Eq. 4.2, which
does not contain g, gD.

In order to compare with Terning-Verhaaren’s equations of motion, Eqs. 2.5-2.7 without
dark photons, I obtained the equations of motion for Aµ and Bµ on p. 3. Except for a
global sign, the equation of motion for Aµ p. 3 coincides with equation -obtained from the
Lagrangian in Eq. 2.4- at the bottom of p.2. Note (see p.8) that the last term of the Aµ
equation on p. 3 reduces to

(1) − g

4πn2
nαn

γεµναβ∂ν∂γBβ,

because the contraction of εµναβ with ∂ν∂βBγ eliminates that last term. This should be
equal to p.2, second bracket of line 1. On p. 8,

(a) the first term ∝ (εµνσρ − εµνρσ) is equal to −1/2×Eq. (1);
(b) the second term ∝ nρεµσγδ∂ρFγδ also seems to be to −1/2×Eq. (1), and

(c) finally the last term, ∝ nσεµργδ∂ρFγδ = 0 because of the symmetry in the derivatives
of A.

Cheers,
Marc
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