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Testing Chameleons Using Neutron Interferometry
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Chameleons are a well motivated scalar field that might explain the observed late time accelerated
expansion of the universe. Chameleons possess the interesting property that their mass, and hence
interaction range, is dependent on the density of their environment. One very appealing feature of
chameleons is the potential to test a model of dark energy in a laboratory setting. Here we briefly
review two proposed experiments to search for chameleons using neutron interferometry techniques
for the Snowmass 2013 Community Summer Study.

In addition to constraining the chameleon-photon coupling through ”light shining through a wall” and ”trapping
chameleons in a jar” in the GammeV and CHASE laboratory experiments [1]-[6], the chameleon-matter coupling may
be also be investigated by means of neutron interferometry experiments. The neutron interferometer discussed in [7]
consists of two beams of cold neutrons traveling in a plane parallel to the ground (which we will denote the x − z
plane). The beams emanate from a slit located at (x = 0, z = a), and recombine at (x = L, z = b). One beam travels
from (x = 0, z = a) to (x = L, z = b) directly, while the other beam bounces off a reflecting plane situated along z = 0
before recombining with the first beam at (x = L, z = b) (see Fig. (1) of [7]).
The phase shift measured when the neutron beams combine contains contributions from several factors which we

discuss here.

ψ = ψgeom + ψgr + ψrefl + ψcor + ψcham (1)

For an interferometer of interference coordinate b, The geometric phase shift between the two neutron beams with
wave vector k absent any potential is

ψgeom = k
(

√

L2 + (b + a)2 −
√

L2 + (b− a)2
)

≈ 2kab/L. (2)

The gravitational phase shift is

ψgr ≈
cgm2

N

k~2
abL

a+ b
(3)

where mN is the neutron mass and c is a parameter due to the mirror being tilted with respect to the gravitational
field vector. A mirror oriented slightly away from the vertical produces a potential Vgr = cmNgz where g is the
gravitational acceleration and c depends on the angle between the gravitational field vector and the mirror plane.
For a mirror tilted 10” away from vertical, c ≈ 5 × 10−5. The phase shift due to gravity ψgr may be mitigated by
having the neutron mirror positioned as close to vertical as possible. The gravitational phase shift may also be used
for calibration by rotating the interferometer about a horizontal axis.
Reflection from the mirror imparts a phase shift ψrefl to the neutron beam of

ψrefl ≈ π − δφrefl (4)

where

δφrefl = 2
knorm
kb

≈ π − 2
k

kb

a+ b

L
(5)

knorm is the component of the neutron wave vector normal to the mirror’s surface and kb is the boundary wave vector
of the mirror. The rotation of the Earth contributes a phase shift ψcor = (2mN/~)ΩA where Ω and A are the Earth’s
angular rotation vector and area enclosed by the interferometer beams vector respectively.
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The phase shift ψcham is the phase shift sourced by the interaction potential from chameleon fields between the
neutron beam and the mirror. For a chameleon potential that gives rise to a late time accelerated expansion of the
universe: V = Λ4 + Λ4+n/φn, the chameleon-matter interaction potential for a neutron was calculated in [8] to be

V (z) = β
mN

MPlλ

(

2 + n
√
2

)2/(2+n)
( z

λ

)2/(2+n)

= V0

( z

λ

)2/(2+n)

(6)

where λ = ~c/Λ = 82µm and Λ is the dark energy scale. The chameleon matter coupling β is contained in V0 as

V0 = β 0.9× 10−21eV

(

2 + n
√
2

)2/(2+n)

. (7)

This leads to a chameleon phase shift of

ψcham ≈
γ

λαn−1αn
2ab

bαn−1 − aαn−1

b2 − a2
(8)

where αn = (4 + n)/(2 + n) and γ = (mNV0L)/(k~
2). A neutron interferometer with a = 0.01cm, L = 1m, and

neutron wavelength λ = 100Å, may be sensitive to chameleon-matter couplings below β ∼ 107.
Despite the promise of using a Llyod’s type interferometer to probe the chameleon-matter coupling, cold neutron

interferometry techniques remain yet to be developed and refined. Another type of neutron interferometry experi-
ment described in [9] uses a monochromatic beam of slow neutrons split into two coherent beams in an LLL type
interferometer. One beam’s path through the interferometer is in vacuum, while the other beam’s path through the
interferometer is in vacuum for part of its path and through a gas with an adjustable density for the remainder of its
path. From [9], a neutron beam passing through a region of size 2R (in this case a cell filled with gas) with chameleon
field φ(x), will feel an induced potential mNβφ(x)/MPl due to the presence of chameleons. The neutron beam passing
through the gas experiences a phase shift

ψ =
mN

k~2

∫ R

−R

mNβ

MPl
φ(x)dx. (9)

For a gas with a low pressure and a large enough chameleon-matter coupling, the chameleons see the gas as a collection
of atoms, as opposed to a homogeneous medium. Apart from a small region in the vicinity of the gas atoms and
near the walls where the chameleon profile φ(x) is very steep, the chameleon field has a bubble-like profile between
the atoms and walls of the chamber. The slow neutrons possess a large Compton wavelength which allows them
to evade screening. As the density of the gas changes, the interatomic distance changes, which in turn changes
the chameleon field profile used to calculate the phase shift of the neutron beam. For the neutron interferometry
experiment described in [9], the authors find for a beam of slow neutrons (k = 23nm−1) that a gas of Helium at a
density of ρ ≈ 10 mbar could be sufficient create a measurable signature in neutron interferometry experiments for
chameleon-matter couplings 108 . β . 1010.
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