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FIG. 6: Running of the effective weak mixing angle, sin2 θW (Q2) with energy scale Q. The solid (black) curve is the SM
prediction, and the shaded regions are predictions with a dark Z for given masses (a) mZd

= 50 MeV and (b) mZd
= 100,

200 MeV with ε2 from the aµ green band in Fig. 1. BNL kaon decay constraints are applied. The red points and their error
bars represent, respectively, the average Q and the anticipated sensitivities for JLab Moller, Mainz MESA (P2), and JLab
Qweak. The results depend on the charged Higgs mass, and mH± = 160 GeV is used.

of the preferred ε parameter region that can explain the
3.6σ muon g− 2 discrepancy. Considering that there are
active analysis of existing data and numerous future ex-
periments, it is expected the whole region will be tested
soon and possibly ruled out. Of course, a more interest-
ing outcome would be discovery of the dark sector.

Interestingly, the K → π + nothing searches (BNL
E787+E949) can exclude the scenario of dominant Zd

decay into invisible particles in large parts of the dark
photon parameter space. Used in conjunction with re-
cent bounds from e+e− → γ + ‘missing energy’ [41, 53]
(based on BaBar results [54]), one can significantly con-
strain the gµ − 2 preferred ε parameter space. We em-
phasized that for the dark Z, which is essentially a dark
photon with a more general coupling, we can potentially
evade the current rare kaon decay constraints on missing
energy searches due to the possibility of a cancellation be-
tween the kinetic mixing and Z−Zd mass mixing. As the
light Zd contribution to the muon anomalous magnetic
moment is independent of its decay branching ratio, the
Zd can still remain as the solution to the muon anomaly.
In this case, low energy polarized electron scattering as
well as atomic parity violation predictions can provide
sensitive tests of that scenario.
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Appendix A: Formalism

The amplitude for K±(k) → π±(p)+Zd(q) is given by

M(K± → π±Zd)

=
(

εA
〈

π±(p)|q2s̄LγµdL − qµq
ν s̄LγνdL|K

±(k)
〉

±δ
mZd

mZ
B
〈

π±(p)|d̄LγµsL|K
±(k)

〉

)

ϵ∗µ(q) (A1)

=
1

2
f+(q

2)

(

εm2
Zd

A± δ
mZd

mZ
B

)

(k + p)µ ϵ
∗µ(q) (A2)

where we have used ϵµ(q) qµ = 0 and the hadronic matrix
elements

〈

π±(p)|s̄γµd|K
±(k)

〉

= f+(q
2) (k + p)µ , (A3)

〈

π±(p)|s̄γµγ5d|K
±(k)

〉

= 0 , (A4)

with f+(0) = 1. We have allowed for a ± arbitrariness in
the relative sign of A and B because A is dependent on
long distance QCD effects that could change its sign. We
also assume that A is real in our discussion. In principle,
it could have an imaginary part. We avoid that issue by
focusing on mZd

< 2mπ, since imaginary parts are due
primarily to 2 pion intermediate state in the chiral ex-
pansion [74]. Taking the formalism introduced in Ref. [4]
(for A) and Refs. [64, 65] (for B), we have

A =
1

(4π)2
eW

m2
K(f+/2)

(A5)

B =
1

(4π)2
g3m2

tmZ

8m3
W

(U∗
tdUts)X1 (A6)

where we have included only a dominant top quark
loop term in B. (For an approach based on the SM


