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We review some recent developments in chameleon models. In particular we discuss the
possibility of chameleons coupling both to photons and baryonic matter with different coupling
strengths. We will discuss the possibility of probing the chameleon-photon coupling with
quantum vacuum experiments in the laboratory.
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Introduction

Perhaps the greatest surprise of modern cosmology was the observation that the universe is not
only expanding but is accelerating in its expansion. While the current data are consistent with
the expansion being driven by a cosmological constant, dark energy is more generally modeled
by a scalar field rolling down an almost flat potential. In order for such a scalar field to evolve
cosmologically today, its mass must be of order H0 , the present Hubble parameter. Thus, one
would naively expect such a field to be essentially massless on solar system scales. A natural
question then arises: if such a nearly massless field exists, why have we not detected it in local tests of the Equivalence Principle (EP) and fifth force searches? Fifth force searches put
stringent bounds on the gravitational couplings allowed by light fields; bounds that would be
considered unnatural from a theoretical standpoint.
In this article, we will discuss a novel solution to this problem called chameleon models or the
chameleon effect, whereby the coupling of a light scalar field to matter is effectively suppressed
via a background dependent induced effective mass for these fields. In particular we will look
at the possibility that these fields may be observed in quantum vacuum experiments in the
laboratory.

2

Chameleon Theories

In recent years, chameleon fields were introduced 1 to relieve the above mentioned tension between theory and observation. These fields allow for interesting cosmological evolution of light
scalars while evading all experimental tests of gravity so far 1,2 . Most enticingly, they offer a
dark energy candidate whose properties can be probed in our local environment; via local tests
of gravity in space and tests of quantum field theory in the lab. The essential feature of these
fields is that due to their couplings to matter they acquire an effective potential and thus an
effective mass that depends quite sensitively on the background energy density. In this way they
have managed to evade all tests of the equivalence principle and fifth force experiments so far
1,3 . This is not the case for space based tests of gravity as the far lower density of space allows
for non-trivial and exciting predictions from chameleon models with gravitational strength coupling. On cosmological scales, the background energy density is far lower and dependent on the
details of the model, these fields are a candidate for Dark Energy as well 2 . The choice of the
name chameleon should now be clear. Not only can these fields use their local environment to
hide from our tests but their properties change dependent on their environment. For extensive
details on chameleon physics see 1,2,8 .

2.1

Ingredients

Chameleon fields coupled to matter and photons have an action of the form
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where Sm is the action for matter and in general φ can couple differently to different matter
types ψi , and V (φ) is the chameleon self interaction. For simplicity here we will consider a
universal coupling to matter defined by βm = MPl /Mm . We allow for a different coupling to
electromagnetism, βγ = MPl /Mγ , through the electromagnetic field strength tensor Fµν . A
term of this form was originally looked at in 2 as a way for variations in φ to induce cosmological
variations in αEM , the fine-structure constant. Not all chameleon theories include a coupling
to photons via an F 2 term as above, however recently, interest in a term of this form has been
rejuvenated by a flurry of very interesting papers looking at the possibility that such a term is
testable in the lab via quantum vacuum experiments 4,5,6,7 .
2.2

Effective Potential

The non-trivial coupling to matter and the electromagnetic field induces an effective potential
Veff (φ, ~x) = V (φ) + eβm φ/MPl ρm (~x) + eβγ φ/MPl ργ (~x),

(2)
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where we have defined the effective electromagnetic field density ργ = 12 (|B
than the energy density. The presence of matter and electromagnetic fields induces a minimum
φmin in Veff whereas V can be a monotonic function. The dependence of this minimum on the
background matter and electromagnetic fields causes the effective mass of the chameleon field
to change in response to its environment. One can see this most effectively with a diagram, see
Figure 1. For an exponential potential we have,
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Figure 1: The chameleon effective potential Veff (solid curve) is the sum of two contributions: one from the actual
potential V (φ) (dashed curve), and the other from its coupling to ρm or ργ (dotted curve). Here, we have included
the effective potential for large and small ρ, respectively. This illustrates that, as ρ decreases, the minimum shifts
to larger values of φ and the mass of small fluctuations decreases.
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where the next to leading terms are suppressed by factors of βi φ/MPl ≪ 1. Thus we see
explicitly here that the effective mass of the field φ is dependent on the local density of matter
and electromagnetic fields and will largely be determined by the more dense of the two. This of
course also depends on the bare couplings βm and βγ . These couplings are effectively suppressed
for certain bodies, in a way to be made precise shortly. This suppression is due to the so called
thin shell effect 1 which we will describe here.

2.3

Thin Shell Effect

Consider a spherical body of homogeneous density ρc , radius Rc and total mass Mc = 4πRc3 ρc /3,
immersed in a homogeneous medium of density ρ∞ . At short distances, the total force F ,
gravitational plus chameleon-mediated, on a test mass is 1
F = (1 + θ)FN ,

(4)

where FN is Newtonian force and θ = 2β 2 is the fractional force due to the chameleon. For
objects with large Newtonian potential, Φc = Mc /8πMP2 l Rc , one finds that
β → βeff = 3
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where ∆R
Rc = 6βMP l Φc , φc and φ∞ are the field values which minimize the effective potential for
c
the respective densities. Thus, for objects satisfying the thin shell condition 1 , ∆R
Rc ≪ 1, one
2
has θ ≪ 2β and the fifth force is suppressed. Notice also that for objects displaying the thin
shell effect the effective coupling, βeff is independent of β. Thus strong coupling is not ruled
out by experiments done to date8 . Since the thin shell effect that renders the effective coupling
c
β independent requires ∆R
Rc ≪ 1, the larger the coupling, the more likely an object will be
to satisfy the thin shell condition. This new mass scale opens up the possibility for testing a
large range of parameter space for chameleon fields in table top type experiments on earth. In
addition, general chameleon fields may couple strongly to photons through their electromagnetic
interaction. This in turn has opened a new window on testing the chameleon parameter space
through experiments involving shining light through a magnetic field 4,5,6,7,10 .

3

Tests in the Lab : The GammeV Experiment

In the chameleon theories discussed so far, we have used the unique properties of the chameleon
to explain why they have not yet been observed in tests of gravity done on earth. We will
now turn to the intriguing possibility that the very nature of these particles would make them
observable in quantum vacuum experiments. Essentially in such experiments one probes the
term in the action that describes the coupling of chameleons to photons via the electromagnetic
φ/Mγ
interaction; ∼ e 4 F µν Fµν .
Consider a vacuum chamber, whose walls, of density ρwall , are much thicker than the chameleon
Compton radius associated with the density ρwall . Chameleons in the vacuum will be nearly
massless and unaffected by the chameleon field in the chamber wall. As a chameleon particle
approaches the wall, its mass will increase. If its momentum is less than the chameleon mass
inside the wall, then it will bounce elastically off the wall. Thus the vacuum chamber will serve
as a “bottle” for chameleon particles.
The GammeV experiment at Fermilab 10 is just such a chameleon bottle 11 . If the chameleon
field couples to photons as well as to baryonic matter, then a photon interacting with a magnetic
field in the vacuum chamber will oscillate into a chameleon particle. When this superposition
of photon and chameleon states hits a glass window on one side of the chameleon bottle, it will
be measured in the quantum mechanical sense; photons pass through the glass window, while
chameleons are reflected. A continuous source of photons entering the bottle will gradually fill it
with a gas of chameleon particles. After the photon source is turned off, chameleons will decay
back into photons, which can escape the bottle through the glass window. GammeV looks for
this “afterglow” effect, a unique signature of photon-coupled chameleon particles. See figure 2
for a schematic of the experiment apparatus. For a more detailed description of the apparatus,
the experiment and the results see 10 and forthcoming publications 12 .
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Figure 2: Schematic of the GammeV apparatus. a) Chameleon production phase: photons propagating through a
region of magnetic field oscillate into chameleons. Photons travel through the glass endcaps whereas chameleons
see the glass as a wall and are trapped. b) Afterglow phase: chameleons in the chamber gradually decay back
into photons and are detected by a photomultiplier tube.

4

Conclusions

In this short article we have reviewed the intriguing possibility that a scalar field may couple
directly to both matter and photons. The rich phenomenology of these chameleon models
makes concrete predictions for tests in space as well as in the laboratory possible providing us
with complementary ways of testing the theory by probing different regions of parameter space.
Most excitingly, it is a very real possibility that within the coming decade chameleon fields could
either be observed or ruled out entirely using the space tests, laboratory tests and astrophysical
observations becoming available to us.
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