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f (R)-gravity

Add another term to the action of GR:

S =

∫
d4x
√−g

[
R + f (R)

16πG
+ Lm

]

Newtonian limit:

∇2Φ =
4

3
× 4πGδρ−1

6
δR ∇2fR =

1

3
(δR − 8πGδρ)

Choice for f (R)?
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f (R): the Hu and Sawicki model

Model should reproduce

• GR in high density regions

• expansion history close to ΛCDM

Choice for f (R) (Hu and Sawicki 2007):

f (R) = −m2 c1
(

R
m2

)n
c2
(

R
m2

)n
+ 1

m2 ≡ H2
0Ωm

Chameleon screening:

normal force

increased force

f̄R0
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Why include baryonic feedback in a MG simulation

• Back-reaction between baryonic

feedback and MG?

• Can disk galaxies form in

f (R)-gravity?

• What happens to the other galaxy

properties?
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Full physics hydro simulations in MG with AREPO

• high resolution simulations using the Illustris-TNG model

⇒ hydrodynamics

⇒ star formation

⇒ stellar and black hole feedback

⇒ galactic winds

⇒ magnetic fields

• modified gravity is solved by the new MG-AMR solver in

AREPO

• [2×] 5123 particles / gas cells in 62 h−1Mpc boxes

• different models for full-physics: ΛCDM, F6, F5

• non-radiative counterparts: ΛCDM, F6, F5

• dark matter only counterparts: ΛCDM, F6, F5, F4
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Galaxies in f (R)-gravity

F6 group 859, z = 0.0, = 0.62, rmax = 72.5kpc

DM density Gas density

+ Stars
MG force

within the gas
Scalar field
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M200 = 1.5× 1012M�



Galaxies in f (R)-gravity

F6 group 859, z = 0.0, = 0.62, rmax = 72.5kpc

DM density Gas density

+ Stars
MG force

within the gas
Scalar field

screened

unscreened

M200 = 1.5× 1012M�



Galaxies in f (R)-gravity

F6 group 859, z = 0.0, = 0.62, rmax = 72.5kpc

DM density Gas density

+ Stars
MG force

within the gas
Scalar field

screened unscreenedM200 = 1.5× 1012M�



Galaxies in f (R)-gravity

F6 group 533, z = 0.0, = 0.57, rmax = 81.8kpc

DM density Gas density

+ Stars
MG force

within the gas
Scalar field

M200 = 2.2× 1012M�



Galaxies in f (R)-gravity
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Matter power-spectrum
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Matter power-spectrum of the components
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Conclusions

• f (R)-gravity can be used to test for deviations from GR

• Baryonic effects are important for many observables

• Back-reaction between baryonic feedback and f (R)-gravity is

negligible for F6 but has sizeable effects for F5

• Disk-galaxies can form in f (R)-gravity

• Enhanced star formation affects galaxy formation





Current constraints on fR0

Terukina et al. (2014)
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