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MODIFIED GRAVITY
SIMULATIONS
SIMULATI

POWER SPECTRUM

» alternative to general relativity

» small scales: gives back standard gravity

» large scales: compatible with current constraints
» expansion history similar to ACDM

Collaborators: Marcos Lima, Claudio Llinares, David Mota, Leonardo
Duarte, Rodrigo Voivodic
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SIMULATIONS

ISIS CODE

Llinares, Mota & Winther, 2014
DM only. 128 Mpc/h, 5123 particles
ACDM, f(R), Symmetron

Model Ay zssg B

SymmA 1 1 1 Model _n ]fR_OJ L
fofrd 1 10 2379

SymmB 1 2 1 ges | 105 75

SymmC 1 1 2 oF -6 ’

SymmD 1 3 1 fofr6 1 10 24
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POWER SPECTRUM
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Gravitationally Lensed Quasar in Galaxy Cluster SDSS J1004+4112 HST = ACS/WFC

MODIFIED GRAVITY
SIMULATIONS

SIMULATIONS

POWER SPECTRUM
HALO MASS FUNCTION
HALO PROFILES
STRONG

GRAVITATIONAL

LENSING

TIME-DELAYS
BAYESIAN ANALYSIS
TEST

RESULTS

NASA, ESA, K. Sharon (Tel Aviv University) and E. Ofek (Caltech) STScl-PRC05-23

DENOMINATION

2 images : double lens
4 images : quadruple lens
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FERMAT’S PRINCIPLE
Images are formed at
extremum of the arrival
time.

MODIFIED GRAVITY

(: source position
f: image position on
the sky

«: light deviation

t=(1+2)4= | 50— 5)° —v(0)

d/ds |:1

C7'Is
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TIME DELAY EXPRESSION

dlds{1 2 2
Atag=(1+z ~ (04— B)% — (08 —
ae=(1+2)°57 15 (a0~ (65~ 5]
T y(6a) - w(es)}
with did
|Us -1
de ocH0

» Atfsg: measured when the source is variable (quasar)
» mass distribution: reconstructed through a model
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SIMULATIONS SPHERICAL MODEL

p(r) ocr-

L 02 9\
1/1(‘9):3fn (95>

ELLIPTICAL MODEL

o (Y- +(1+a68
v(0) =57+ oe
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SEVERAL COMPONENTS

POWER SPECTRUM
—

P(0) = 1o (0) +1(0) +

or

GLOBAL SHEAR TERM

—

$(6) = 1ho(0) — 5767 cos2(¢ — ¢,)

N =

High number of parameters (0g, n, €, ¢c, 7, ¢-...): models
underconstrained.
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TWO COMPETING MODELS

SPHERICAL MODEL Mg
o 02 0\

MODEL INCLUDING ANGULAR STRUCTURE M

o 02 0N\ A
w0 =55 () - giPoos2o— o)

Use of Bayesian evidence to determine whether the data
requires model M;.
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| synthetic lens catalog I——— values of At

TESTING OUR METHOD

arameter estimatio

f)}a yesian

Bayesian
model selection

)

subsample
of lenses Sy
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TESTING OUR METHOD

| synthetic lens catalog I——— values of At

Bayesian
recovered Hy . ,
parameter estimatio

Bayesian
model selection

)

subsample
of lenses Sy
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Ml 500 lenses simulated using gravlens (Keeton, 2011)
with model M;:

. 02 3—n 1
¥(O0) = 3= <9) — 5707008 2(¢ — ¢,)

3—n\6g
RANDOMLY GENERATED PARAMETERS
4 GE =1
» n=2=+0.3
» v=0.2+0.1
» ¢, =0
» source position: —1 < x,y < 1

— 280 double lenses
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favors M favors Mg
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model with shear spherical model
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[RENE BALMES Starting value for h = Hy/100 km/s/Mpc: 0.72

MODIFIED GRAVITY

SIMULATIONS

0.25¢ 1
g 3 Sowith M, |1
0201 3 S;withMy — |1
i s So+S;withMy ———— |
0151 So+ S, with M, =
0.10F E
0.05- ]
0.00t P , ‘ 1

20 40 60 80 100 120 140 160

RESULT FROM THE ANALYSIS OF Sy

h = 0.7673312: compatible within 3o with the starting
value.
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BAYES FACTOR SELECTION
3 lenses favor model My:

» B1600+434

» SBS 1520+530

» SDSS J1650+4251

LENSES WITH
MEASURED At

» 12 doubles
» 8 quads
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RESULTS

RESULTS ON Hjy
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POWER SPECTRUM

RESULTS

CONCLUSION

» Modified gravity differs from ACDM at transition

scales, creating differences in structure formation.

» Bayesian statistics can help select homogeneous
data samples.

» Time-delays give additional constraint on Hy.
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