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RELATIVISTIC STARS IN SCALAR TENSOR THEORIES:  
Quasi Static solution of Chameleon mechanism

• In spherical symmetry the static structure of a star is obtained solving the TOV 
equations (Euler equation + mass-energy conservation equation).  

• The presence of a coupled non minimally coupled scalar field introduces the Klein-
Gordon equation into the system.   

• Investigation on the viability of the chameleon (screening) mechanism proposed by 
Khoury & Weltman (2004).  

• The scalar field     is characterised by a coupling        and a potential          that at 
large distances should describe a Dark Energy field. 

• The coupling of the field with the matter is screening the field with a transition (thin/
thick shell) to an expanding FRW Universe (                 ).
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• To match a static solution with a non static background we need quasi static (slow 
roll) regime (                  ).   

• The Hubble flow (                     ) is not negligible. 

• Quasi- static approximation keeps into account Universe expansion outside the star 
(no need of artificial matter outside as in Babichev & Langlois - 2010) 

• Is chameleon consistent with Astrophysics?
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The Chameleon mechanism 

Figure S1 compares the chameleon effective potential Veff  (solid curves) in high-density and 

low-density environments. It is the sum of the potential V(ϕ) = Λ4+n/ϕn (dashed curves) and the 

linear coupling to matter βMϕρ/MPl (dotted curves) where βM = MPl/M. In regions of low density, 

the minimum of the effective potential lies at large field values ϕ and is shallow, corresponding 

to small-mass chameleon particles, m2=∂2Veff/∂ϕ2. In regions of high density, the minimum lies at 

small field values and is highly curved, corresponding to high-mass chameleon particles. Thus 

the mass of chameleons is an increasing function of density, making any chameleon-induced 

forces short-ranged and therefore screened in typical fifth-force experiments.  

Chameleon-Photon coupling 

Although not necessary, the chameleon may be coupled to electromagnetism via a term 

exp(βγϕ/MPl)FμνFμν added to the effective potential, where βγ describes the strength of this 

coupling and Fμν is the electromagnetic field strength. In the presence of a magnetic field, this 

results in chameleon-photon oscillations, akin to axion-photon oscillations (23). Our atom 

interferometry constraints do not rely on such coupling. The chameleon constraints in the βM, βγ 

plane are shown in Fig. 3C.       
 

Fig. S1. Chameleon effective potential versus chameleon field ϕ. In a high-density environment (A), 

the effective potential is minimized at a low value of ϕ, and the curvature in this region is large, leading to 

a large mass of the chameleon particle and thus a screened (short-ranged) force. In low-density 

environments, however (B), the field adopts a large equilibrium value where curvature and thus the mass 

are low.   
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INCOMPRESSIBLE STAR MODEL

Inside the star:

Outside the star:

e = e0

p(0) = p0

U = 0
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�1 Dark Energy

Equilibrum at infinity

Star surface: p(Rs) = 0 junction condition
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p̂� =
W 2

4 �
2

2�̂2
�̂2 � W4

n
�̂�n p̂ = p̂m + p̂�



�̂ = �̂0 + �̂1R̂+
�̂2

2
R̂2 +

�̂3

6
R̂3

�̂ = �̂0 + �̂1R̂+
�̂2

2
R̂2 +

�̂3

6
R̂3
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ê0 � 3p̂0 � �̂�(n+1)

0

i

p̂2 = �4⇡

3
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7ê0 � 3p̂0 + 10

W4

n
�̂�n
0

�
�̂2 +

3�̂2

5W4

h
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Conclusions & Future perspectives
• Chameleon models provide a potentially viable screening mechanism with the scalar field 

changing with the compactness of the star and with the coupling strength.  

• Strong coupling ( β > 1 ) not consistent with CMB cosmological constraints. Need of an extra 
field ⇒ Why Chameleon? 

• However the necessary coupling strength might have a back-reaction effect on the 
compactness of the star that will give strong constraints on the model (possibly ruling out). 
Consider a non constant coupling? Strong fine tuning! 

• More realistic star models (e.g. polytropes) need to be considered to quantify the real effects 
of the field on realistic stars/compact objects. ⇒ A substantial change of the stellar structure 
could be observable (change of compactness). 

• The screening from the dark matter halo around the star need to be considered for realistic 
astrophysical cases. 

• Stability of the solution is also an issue to consider. 

•  IM, P. S. Corasaniti, P. Ferreira, D. Mota (2016) - in progress


