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Scalar-TensorTheories

Motivated by various extensions to the StandardModel (extra dimensions, supersymmetry,
string theory...).

S = SGR +
∫
d4x

√
−g̃Lm(g̃µν) +

∫
d4x

√
−g

[
−
1
2
gµν∂µφ∂νφ− V(φ)

]
,

g̃µν = A(φ)2gµν .

Invariably mediate long-range fifth-forces betweenmatter particles.

Non-linearities screen them from local tests.
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TheSymmetronModel
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4
λφ4

ρ → backgroundmatter density
M→matter coupling
µ → tachyonic mass term
λ → dimensionless self-coupling

0
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ρ/M2 < µ2

ρ/M2 > µ2
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Current Constraints

• Constraints weaken as mass µ increases
and coupling λ decreases.

• Some experiments claim to constrain
non-perturbative self-couplings

Fischer, Käding, Pitschmann. Universe 2024, 10(7), 297



Classical vs Quantum

• As we probe ever shorter distances in search of fifth forces, we become increasingly
sensitive to quantum effects.

• We can formally express the requirement for a given classical field theory to have small
quantum corrections1, which the symmetronmodel fails to satisfy in the vicinity of
extremely compact sources.2

• Some work has begun to consider quantum fluctuations of the symmetron and
chameleonmodels, but only on trivial backgrounds.3

1Weinberg, Classical Solutions in Quantum FieldTheory, pp. 6–37, Cambridge University Press (2012)
2Burrage et al JCAP08(2021)052
3Käding Physics of the Dark Universe, Volume 47, 2025, 101788
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Nontrivial Backgorund

Consider the symmetron field in the vicinity of a static, spherical source of radius R� µ−1.

Thin-wall approximation:

d2φ
dr2

+
2
r
dφ
dr

=
dVeff
dφ

→ d2φ
ds2

=
dVeff
dφ

,

where s = r − R.
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Non-trivial Backgorund

φcl(s) = v
{
Θ(−s) g csch

[
arcsch

(
φ0

gv

)
− gγs

]
+Θ(s) tanh

[
γs + artanh

(
φ0

v

)]}



One-Loop Corrections

Letφqu = φcl + δφ be the one-loop approximation to the physical one-point function.

The renormalised order- h correction δφ satisfies

δ2S[Φ]

δΦ2

∣∣∣∣
Φ=φcl

δφ = ΠR(φcl)φcl(x) ,

which is solved using a Green’s function method

δφ(x) =
∫
d4y G(φcl; x, y)Π(φcl; y)φcl(y) ,

where G is the propagator andΠR is the renormalised tadpole contribution.
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One-Loop Corrections

Quantum corrections tend to flatten symmetron field profile.



Tentative Results

µ = 100 MeV,M = 1 GeV, ρ ≈ 10−2 GeV4.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.



Limitations and FutureWork

Limitations

• The one-loop approximation is only valid
for perturbative couplings.

• The thin-wall approximation is only valid
for sources which are large compared to
the Compton wavelength of the field.

• We do not account for non-local or higher
order effects.

FutureWork

• A fully numerical computation could
consider non-uniform sources of
arbitrary size.

• Reformulation of current constraints to
account for quantum effects.

• Extension to symmetron-like models and
perhaps other scalar-tensor field theories.


	Scalar-Tensor Theories
	The Symmetron Model
	Current Constraints
	
	Nontrivial Background
	One-Loop Corrections
	One-Loop Corrections
	Limitations and Future Work

