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Abstract: Chameleon scalar fields are candidates for the dark energy, the mysterious component causing the observed acceleration of the
Their defining property is a mass which depends on the local matter density: they are massive on Earth, where the density is high, but es
massless in the cosmos, where the density is much lower. All current constraints from tests of general relativity are satisfied. Nevert
chameleons lead to striking predictions for tests of gravity in the laboratory and in space. For example, near-future satellite experiments
measure an effective Newton's constant in space different by a factor of order unity from that on Earth, as well as violations of the Equiv

Principle stronger than currently allowed by laboratory experiments. Such signatures raise the exciting possibility of detecting dark energy t
local tests of gravity.
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7

“If I know the answer 1'll tell you the answer,
and 1if I don't, I'll just respond, cleverly.”



In the past decade, a host of observations have
yiclded a wealth of cosmological data. ..
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Remarkably, these observations all concord that
our universe consists of:

73 % DARK
ENERGY

4% ORDINARY 23% COLD

» stuff we are made of (baryons, leptons...)

* plays important role in structure formation
and dynamics

* CAUSCS universe fo
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n a homogeneous and 1sotropic universe. the measure of length 1s
overned bv a Friedmann-Iemaitre-Robertson-Walker metric:

The scale factor. a(f) _ is coverned by Emnstein s equations:
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Dark energy could be a cosmological constant:

AN

Indeed, A is perfectly homogencous in space
and time, and has precisely W = P/ o— —1

A#0

~ (1 meV)* << (1 TeV)*

observed
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Hence. still far from clear that itis /A
i.c.. that dark energy has w = —1
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| .
n this case. o P. -9 V()

p o +V (@)

If field is rolling slowly. 1@* << (@) .then w<—1/3

and get accelerated expansion.




A fiducial example of a quintessence potential:
4 n
Vip)=M" /@

The epoch when accelerated expansion i1s triggered
depends on the value of M

For acceleration to occur (and not earlier),
nced M ~1 meV (similar fine-tuning as A)

Moreover, 1n these models,. 1s nearly massless:

m ~H,~10"eV

@

(In particular, if  interacts directly with matter,
1t mediates a force)
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. = +V (@)

[T field 1s rolling SIOWIY QD <<l (@).

and get accelerated expansion.

then w<
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A fiducial example of a quintessence potential:
4 n
Vip)=M" /@

The epoch when accelerated expansion i1s triggered
depends on the value of M

For acceleration to occur (and not earlier),
need M ~1 meV (similar fine-tuning as A)

Moreover, 1n these models,. 1s nearly massless:

m ~H,~10"eV

P

(In particular, if  interacts directly with matter,
1t mediates a force)




do what could @ be?

String theory contains a plethora of scalar fields.

In general, they measure the size or shape of extra dimensions.

circ. of circle = 2 7R
= @(x)

OW. depends on of extra dimensions
(the larger the exira dimension, the weaker 1s gravity)

Trodies G, =G (9)

o, g(o(x))=g,+const.-Vo+...




More accurately, mediates a “5" force™:

where and

['his composition-dependent force results in violations of
he Equivalence Principle (EP) or umiversality of free fall:

‘ aCu _aBe ‘

—> = M)BEB‘/BCU_IBBE‘ <0
2la. +a., |

ence, 1f such a quintessence scalar exists, why haven’t we
detected 1t 1n local tests of the EP (or other tests of gravity}?
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These are “quintessence” scalars with properties:

* Have B. ~O(l) (gravitational strength 5™ force)

* Small m, on cosmological scales

m, =m,(p,)

(mass depends on local matter density)

For most objects. only a around the
edge of the object exerts a pullon @

(unlike “linear” theories. such as E&M and Newtonian gravity)



4 JWSR | Lo
Seﬁ:Id x{ : _z(a(p) —J (@)}—Zjdg.mj((o)

2

nth, as before.

c.g. V(p) =M*™" Q"

(runawav potential)




MR Ve ﬁ
S.ﬁ=fd4x{ = —2(590)‘—1(@)}—Zjd5-m;(<0)

p)

nth. as before.

ce. Vip)=M""/g"

(runawav potential)

“hameleon EOM:

@
Vg = Vip)+ f— P
MPI




Plot ¥V =V(p)+8-2—p.

M,




- T r ;
I eff (Q:) Jé i\/'rpl /Cm

+ V - has aminimum (for #>0) at @ = @, ( /Om)




Plot Ve =V (9)+ B~ pa

M

Pl

. Vaﬂ has a minimum (for #>0) at @ =@, .. ( pm)

2 . | _ &= . . .
« M~ of small fluctuations satisties m (0,) T with Jo T

e exponentially
in dense environment
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No evidence for a down to 1 mm or so
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m(pm) < 1mm

Then. constraints also OK because force between
Earthvand test masses 18 exponentially small.
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1) d_go:O at: “r==4
dr

2) @—>@, for >




First, as warm-up exercise, consider a massless scalar
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ut chameleon 1s quite different: + m~(0 outside
L
+ m>1mm  inside

ence. onlv volume elemt‘l‘nt:; within a
ot thickness AR ~ m ~ contribute:

F._JJ
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o summarize thin-shell story.

» Sufficiently large objects effectivelv look like

k)

e

Because of this, the force between two large objects. €.g. Sun and

—

Earth. 1s much suppressed compared to gravitational attraction

(planetary orbits, LAGEOS satellite. Lunar laser ranging. .. )

* For small objects.
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