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1 Normalization of Lagrangian terms with visible and dark sectors
- 12 August 2020

Our current Lagrangian. Until now, we have worked with Lagrangian terms collected from Eqs. (2.4),
(4.1) and (4.2) (with 8 = 0) in Ref. [1] (or Eq. (2.1) in Ref. [2])
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where g = %r, gp = jTﬂ- and Flf(y =0,X,—0,X,, (X =A, B, Ap, Bp). Note that I added an extra ep here
- D

in the last term of line 2: —epgpK,Bp", to agree with Eq. (4.1) of Ref. [1]. The mass terms are from Egs.
(5.1) and (5.3) in Ref. [1] and Ref. [3].
We did not use them yet but it is not clear how the currents would be defined; we tentatively suggested

Ju= e@e’yN\IJG, K, = g@gfyM\I/g,
Jpu = ep¥peVu¥pe, Kpu,=9p¥Ypgvu¥py, (2)
where U, and ¥, are some sort of projections on the electric and magnetic components.
Would this be a better normalization? The lack of symmetry with the charges in the interaction terms
of Eq. (1) seems to have been remedied in p.6 of Ref. [4]. Also, in p. 4 (as well, see Eq. (3.9) or Ref. [1],

they use the magnetic coupling b = 4?” and likewise for bp, rather than ¢g. But I did not check the kinetic
terms of Verhaaren’s p. 6. It looks like Eq. (1) would be replaced with

L= = g™ b (L + L) + {o b (FL Y — FA ) el A"~ VK, 5"
— ™o (PR + EIPELP) 4 foe by (FEP PP — FAPELP) = epdudn” — bok, By
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where b = 4% by = 2T Tt seems some terms in Eq. (3) are obtained by multiplying terms in Eq. (1) by e

(but not all?!?) Now with the charges included explicitly in the interaction terms, should we use We did not
use them yet but it is not clear how the currents would be defined; we tentatively suggested

Juj @e'y#\lle, K, :@977“\119,
JD[L = \I]De'Y/L\IJDm KD/J, = \I’DgrY/L\IJDga (4)

rather than Eq. (2)7?

2 Diagonalization of the kinetic term

The other equations that are not clear to me are the transformation that alledgedly lead to the diagonal
basis V (with V' = A, B, Ap, Bp) of the kinetic term:

A, = (cos¢+eeepsing)A, + (—sing + eeep cos ) Ap,,
Ap, = sing A, +cos¢ Ap,,
B, = cos¢ B, —sin¢ Bp,,
Bp, = (sing —eeepcos¢) B, + (cos¢ + eeepsing) Bp,, (5)

(1)



along with the diagonal currents

eju = (cos¢ + eeep sin @) eJ, +sin¢g epJpy,
eDjD# = (—sin¢g +eeepcosg)ed, +cos¢ epJpy,
1— 1 1
-K, = cos¢ —K,+ (sing —eeepcos¢p) —Kp,,
e e €D
1 — . 1 . 1 —
—Kp, = —sing —K, + (cos¢+ eeepsing) —Kp,. (6)
ep e €D

By solving for the currents in the non-diagonal basis, I obtained (to be verified)

eJ, = cos¢ ejﬂ —sin¢ eDjpﬂ,
epJpy = (sing —eeepcose)ed, + (cosd + eeepsing)epd py,

1 1— 1 —

-K,, = (cos¢+eeepsing) —K, + (—sin¢ + eeep cosp) — K p,,

e e €D
1 . 1— 1 —
—Kp, = sing —-K,+cos¢p —Kp,. (7)
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Now should Egs. (5) and (6) diagonalize the mixing of the kinetic term in Eq. (1)? I tried —probably the
wrong way— and it did not work. And how does one obtain Egs. (5) and (6) anyways?
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