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Modified Gravity

Scalar-Tensor
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Bertotti, Iess, Tortora  2003  Nature

Existing tests
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Brax, Davis, Elder  2023  PRD
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Unscreened Screened

Screening mechanisms
Chameleon

Symmetron

Damour–Polyakov effect

Vainshtein mechanism
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Dilaton

S = ∫ −g̃ d4x[ e−2ψ(ϕ)

2l2
s

R̃ +
Z(ϕ)
2l2

s
( ∇̃ϕ)2 − Ṽ(ϕ)] + Smat(g̃μν, Ψi; gi(ϕ)) ,

Gμν ≡ Rμν −
1
2

Rgμν =
1

M2
pl

(Tμν + T(ϕ)
μν ) ,

□ ϕ ≡ gμν ∇μ ∇νϕ =
dV
dϕ

+
d ln A

dϕ
ρ .

Veff(φ) = V0 − V0( φ
MPl ) +

A2

2
(ρ + 4V0)( φ

MPl )2 .

A(ϕ) = 1 + ω(ϕ) = 1 +
A2

2M2
pl

(ϕ − ϕ*)2 ,

[Brax et.al 2010  PRD]
Jordan frame

Einstein frame

ϕ → ∞

[Brax, Davis, Jha  2017  PRD]

Newtonian limit
2M2

plΔΦ = ρ − 2V(φ) ,

Δφ =
dVeff(φ)

dφ
= −

V0

MPl
+

A2(ρ + 4V0)
M2

Pl
φ .φmin =

V0MPl

A2(4V0 + ρ)
.
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Force vs Potential

Levy & Uzan 2025  PRD

Hamilton et.al, 2015  Science

Kapner et.al  2007  PRL

Fischer et.al, 2024  PTEP
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Gravitational redshift

෨𝑍𝜇|𝑝

ሚ𝜉𝜇|𝑝

𝑝

𝐺 ෨𝑍𝜇|𝑝′
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෩𝐾𝜇|𝑝

෩𝐾𝜇|𝑝′

𝐺′

𝑝′

Jordan frame

1 + z ≡
E |p

E |p′￼

=
[ − (K̃μξ̃μ)ζ−1] |p

[ − (K̃μξ̃μ)ζ−1] |p′￼

=
−g̃00 |p′￼

−g̃00 |p

.

z =
1 + 2Φ̃ |p′￼

1 + 2Φ̃ |p

− 1

≈ [Φ + ω(ϕ)] |p′￼
− [Φ + ω(ϕ)] |p .

zϕ = ω(ϕ) |p′￼
− ω(ϕ) |p .

ds̃2 = − (1 + 2Φ̃)dt2 + (1 − 2Φ̃)(dx2 + dy2 + dz2) .

Newtonian limit
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Continuous model

𝐿0

2𝑅

Continuous Discrete

𝜌ave

𝜑ave = 𝜑min(𝜌ave)

zϕ =
V2

0

2A2 ( 1
4V0 + ρ1,ave )

2

− ( 1
4V0 + ρ2,ave )

2

,

z =
f
f′￼

− 1 .
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[Hu et al., 2509.24622]
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excluded by shell

excluded by environment

[Hu et al., 2509.24622]



11

𝐿0

2𝑅

Continuous Discrete

𝜌ave

𝜑ave = 𝜑min(𝜌ave)

Discrete model
ηΔ̃φ̃ = − (ξ + 1) + φ̃(ξ + ρ̃) .

approximate spherical symmetry

modified Bessel equation

φ̃(r̃) =
F( 1

k2
1

− 1
k2

2
)

sinh u
u + k2

k1

u cosh u − sinh u
v(v + 1)

sinh(k1r̃)
k1r̃

−
F
k2

1
, r̃ ≤ R̃

φ̃(r̃) =
−F

k2

k1
( 1

k2
1

− 1
k2

2
)

sinh u
u + k2

k1

u cosh u − sinh u
v(v + 1)

u cosh u − sinh u
(v + 1)e−v

e−k2r̃

k2r̃
−

F
k2

2
, r̃ > R̃
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Profile

∫
Ω

φ(x)d3x

∫
Ω

d3x
≡ ⟨φ(x)⟩L0

= φ0 ⟨φ̃(x̃)⟩1 , zϕ =
A2

2M2
Pl

[⟨φ1(x)⟩2
L0

− ⟨φ2(x)⟩2
L0

] ,
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Material
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difficulties in numerical integration [Hu et al., 2509.24622]
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Conclusions & discussions
Continuous model

Discrete model

Increase (decrease) density can detect higher (lower) energy scale

Despite limitations, still quite large regions can rule out in the foreseeable future

One low density (not exceed air), one high density, clocks with accuracy 
between  and  can constrain the parameter space10−18 10−30

Improving the accuracy of clocks can constrain weaker coupling region

Two low density,  can not constrain any area with nowadays technology


