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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 3(¢) and a potential V(¢) 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 ( R — o).



L

To match a static solution with a non static background we need quasi static (slow
roll) regime ( @, ~ 0 ).

The Hubble flow ( U = HR ) 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?




TOV-KG (QUASI-STATIC) EQUATIONS
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INCOMPRESSIBLE STAR MODEL
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Boundary Condition: + Bep =0
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Ooo Dark Energy

Equilibrum at infinity
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Normalised Equations (with background):

A (Em + D) (4@}?3 + M ) )
D _ : — Walem — 3pm)A
dR 2 R?
dM — A7 R?¢
dR
-~ do
=92
dR
\ P35 A ) ~ 02 ~
A _ |2 _dmEe-p)m2M 5 B _ [ém—gpm—qs—(”“)}
dR R ['2R? Wyl
B=vVEr8 Q) =exp(Wid) V(9) =0
2F2 N Wi ~ X X X
Ep = W4A \? —4q5_” €= Em + €4
232 n
W2r2., Wi~ .
Py = —— A2 — =24 P = Dm + Do




€3:€50+§51}?+%}?2+%R3
N VI U Vg
A:A0+A1R+72R2+—3R3

6
Series eXpansion:  én = +ak+ SR+ %3}%3

/\

Dm p0+le+ R2+ Y3 3

§)
M:MO+M1T+%R2+ ]\?Ri”
0 N 82 A (n+1)
®2 1 SWa 0 Po %
A 41 A A A %% A -
D2 = _?(60 + Po) [60 + 3pg — 274% } — Wy(éo — 3po)d2

AN

3/3°
SWy

X X Wy~ ] 5
A3 = — 760—3p0+1074¢0 }% |

[62 — 3p2 + (n + 1)g£ é(;(”“)



1 L T ' L " G 1.05 : — : — : — : — — : — : —
"matter_b1_e5.dat"u1:4 —— ' ' ' ' " ! v
n e n . mattel’_b1_95.dat ule ——
1 -
0.8 | =
0.95 i
21 2M
0.6 - R
09 i
pm
Po 0.85 ]
04 + -
0.8 _
0.2 i
0.75 -
\/ ebR
0 ) ) L ) ) L ) L . ) L ) ) L ) 07 ' ' M| ' ' M| ' ' M| ' ' M| ' ' M| ' ' M| ' ' '
0.0000001 0.0000010  0.0000100 0.0001000  0.0010000 0.0100000 0.1000000  1.0000000

0.0000001 0.0000010 0.0000100 0.0001000 0.0010000 0.0100000 0.1000000 1.0000000
. — . — . —
"scalar_field_b1_e5.dat"u 1.5 ——

\/ebR 1.01 ————
"scalar_field_b1_e7.dat"u 1.5 ——

1.005 - 7

¢ L |

Poo

B=1 |

0.99 _

6_ _ 105 o 107 0.985 - .

0.98 - —

0.975 -

0.97 | _

NGY:

0965 L L | L L | L L | L L | L L | L L | L L L
0.0000001 0.0000010 0.0000100 0.0001000 0.0010000 0.0100000 0.1000000 1.0000000




1 | " 'matter b1_e5.dat" u2:4 —— |
"matter_b1_e7.dat"u24 ——
0.8 i
0.6 - |
D 60
o 0~ 10° — 107
0.4 | (& b
0.2 ]
0 : — ' M - . ! | | L
0.001 0.01 0.1 1 10 100 1000
\/ eOR 1.01 | — ' ::S'Ca:érl_;!e:gl_gl_eé.géﬂ: u gg :
1.005 |- T ' |
1 B -
“Universal” solution: 0.095 | |
central value @ depends 6 ol _
on compactness M/R Do o | |
and Coupling strength 5 098 1 :
0.975 |
0.97 JeR i
0001 oor o1 1 0 0 1000



10.000000 . — . — . — . — . — . —
I I I I "scalar_{‘ield_b1_e5.dat"lu 23 ——— ]
"matter_b1_e5.dat"u2:3 —— ]
1.000000 | i
€y,  0.100000 - .
€0
0.010000 | -
e
0.001000 .
€0 I '
0.000100 | ]
0.000010 | i
N N P | N N P | N N P | P | N N P | N N
0.001 0.01 0.1 1 10 100 1000
V eo R 10.000000 [
€ = €nm T+ € D= DPm + Po 1.000000 |
Pm
9 9 ———  0.100000 -
I . Po
ep = + V(o)
(’b 2 d R 0.010000 F

T2 (do\’

0.001000

0.000100

0.000010

" wscalar field b1_e5.dat"u 24 —— ]
"matter_b1_e5.dat"u24 —— ]

VeoR

0.001

0.01

0.1

10

100

1000



Pm
Po

1.00000000 :
0.10000000
0.01000000
0.00100000
0.00010000
0.00001000
0.00000100

0.00000010 |

0.00000001

"maltter_b1_e5.dat"lu 24 ——
"matter_b2_eb5.dat" u2:4 ——

"matter_b5_eb5.dat" u 2:4

0.05

0.1

0.15 0.2

B=1,25

€0 105

0.25 0.3
1.2 T T T T T 1 T L T .
"scalar_field_b1_e5.dat"u2:5 ——
"scalar_field_b2_e5.dat"u2:5 ——
"scalar_field_b5_e5.dat" u 2:5
| f _
0.8 - _
0.6 - s
0.4 -
0.2 - _
\/60}%
0 ' ' M| ' ' M| M| ' ' M| M| | ' ' '
0.0001 0.001 0.01 0.1 1 10 100 1000



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.

e Strong coupling (B > 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).

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

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

® Musco, Corasaniti, Ferreira, Mota (2016) - in progress



