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a b s t r a c t

The measurement of the anomalous magnetic moment of the
muon provides a stringent test of the standard model and of any
physics that lies beyond it. There is currently a deviation of 3.1r
between the standard model prediction for the muon’s anomalous
magnetic moment and its experimental value. We calculate the
contribution to the anomalous magnetic moment in theories
where the muon couples to a particle in a hidden sector (that is,
uncharged under the standard model) and a connector (which
has nontrivial standard model gauge and hidden sector quantum
numbers).

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

Quantum field theory predicts that the gyromagnetic ratio of the muon will differ slightly from its
tree-level value of gl = 2. Properly accounting for the nonzero value of the anomalous magnetic mo-
ment, al = (gl � 2)/2, of the muon is a precise test of the standard model (SM) and of physics beyond
the SM.

The most recent determination of al in the SM is [1]

aSM
l ¼ ð11659183:4� 4:9Þ � 10�10: ð1Þ

The dominant sources of uncertainty in this expression are the leading-order hadronic vacuum polar-
ization contribution and the contribution from hadronic light-by-light scattering. In Ref. [1], the lead-
ing-order hadronic contribution is determined to be

aLO Had:
l ¼ ð695:5� 4:1Þ � 10�10; ð2Þ
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while the most recent determination of the hadronic light-by-light contribution is [2]

aHad: LbL
l ¼ ð10:5� 2:6Þ � 10�10: ð3Þ

The total SM prediction for al in Eq. (1) differs from the experimental value [3],

aExp
l ¼ ð11 659 208:0� 5:4� 3:3Þ � 10�10; ð4Þ

at the 3.1r level. There is some discrepancy in using e+e� or s decay data to extract the leading-order
hadronic contribution to al with s decay data leading to a 1.9r difference between the SM and exper-
imental values of al. For recent reviews of the status of al, see Ref. [4].

The difference between aSM
l and aExp

l has spurred numerous studies of new physics scenarios that
could offer an explanation, for example, supersymmetry [5], universal extra dimensions [6], and
unparticles [7]. Another scenario that has received attention in the literature is that of a hidden
U(1)0 whose gauge boson kinetically mixes with the photon [8]. The constraints from al on such a sce-
nario are discussed in [9].

In this paper we investigate and catalogue the contributions to al that arise from the muon cou-
pling to some hidden sector. We do this in four situations that differ in the spin of the hidden sector
particle that couples to the muon, and in the spin of other particles present in the interaction to pre-
serve gauge invariance. These scenarios are generalizations of some models already investigated, like
that of [9].

Schematically, the interactions we consider are of the form

Lint � kXYl; ð5Þ

where Lorentz and gauge indices have been suppressed. In this Lagrangian and in the rest of this work,
X refers to a SM singlet that could be charged under some hidden symmetry group, which we denote
by G, and Y is a particle that is charged under the SM (to preserve the SM gauge invariance of the inter-
action) and under G if X is (to preserve G invariance). The particles in Eq. (5) are classified in the table
below:

Type of matter Std. model G Example

Ordinary Non-singlet Singlet l
Connector Non-singlet Non-singlet Y
Hidden Singlet Non-singlet X

k is the coupling strength of this interaction between the muon, the hidden sector particle X, and the
connector Y. Interactions of this form generate corrections to al of order k2.

We note that X could be a dark matter candidate. If mX < mY and X is the lightest particle with some
hidden charge, it could be long lived. Indeed, the relic density of X could naturally be driven to the ob-
served value of XX ’ 0.23 although its mass is unconnected to the electroweak scale in a WIMPless
dark matter scenario [10]. For X to be a viable dark matter candidate, it cannot be coupled too strongly
to the SM; that is k [ gweak. Of course, this condition is relaxed if we do not require that X comprise the
most of the dark matter density. These scenarios have been studied in situations where X couples to b
quarks, leading to an explanation of the DAMA/LIBRA signal [11] and to missing energy in decays of
mesons with b quarks [12].

In Section 2, we discuss constraints on X and Y from collider experiments. In Section 3, we present
the contributions to al due to several scenarios of the form of Eq. (5). We discuss constraints from the
measured value of al on these scenarios in Section 4, and, in Section 5, we conclude.

2. Collider constraints on X and Y

If X is a SM singlet that is only weakly coupled to the SM, as we assume here, then there are no firm
constraints on its allowed mass coming from collider experiments. We consider its mass to be
essentially free in this study.
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