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Euv = A(d))zguv .

Invariably mediate long-range fifth-forces between matter particles.

Non-linearities screen them from local tests.
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The Symmetron Model
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p — background matter density
M — matter coupling

u — tachyonic mass term

A — dimensionless self-coupling




Current Constraints
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Classical vs Quantum
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Classical vs Quantum

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

e We can formally express the requirement for a given classical field theory to have small
quantum corrections’, which the symmetron model fails to satisfy in the vicinity of
extremely compact sources.”

e Some work has begun to consider quantum fluctuations of the symmetron and
chameleon models, but only on trivial backgrounds.?

"Weinberg, Classical Solutions in Quantum Field Theory, pp. 6—37, Cambridge University Press (2012)
*Burrage et al JCAP08(2021)052

>Kading Physics of the Dark Universe, Volume 47, 2025, 101788
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Thin-wall approximation:
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wheres =r — R.




Non-trivial Backgorund
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One-Loop Corrections

Let Ogy = P + 6 be the one-loop approximation to the physical one-point function.
q papp phy p

The renormalised order-h correction d¢ satisfies

52S[D]

SD2 6d) = ”R(d)cl)d)cl(x) ,

(D:d:’cl

which is solved using a Green’s function method
50 (x) = | €7 Gldax M es3)baly).

where G is the propagator and TT® is the renormalised tadpole contribution.




One-Loop Corrections

Quantum corrections tend to flatten symmetron field profile.
®




Tentative Results

Percentage Fifth Force Reduction
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Limitations Future Work

e The one-loop approximation is only valid ~® A fully numerical computation could
for perturbative couplings. consider non-uniform sources of
arbitrary size.

e The thin-wall approximation is only valid
for sources which are large comparedto @ Reformulation of current constraints to
the Compton wavelength of the field. account for quantum effects.

e We do not account for non-local or higher ® Extension to symmetron-like models and
order effects. perhaps other scalar-tensor field theories.
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