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A difference in the electron mass at recombination from today’s measured value has been shown to
relieve the Hubble constant tension. In this article we propose a simple mechanism that would allow for
such a mass difference. Similar in form to the Higgs field, we consider a Yukawa coupling between the
symmetron scalar field and the electron. However, the symmetron’s vacuum expectation value depends on
its environment’s matter density which, in principle, would allow its contribution towards the electron mass
to differ between recombination and today. We detail the coupling and discuss possible observables.
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I. INTRODUCTION

The tension in the measured values of the Hubble constant
(H0) between early and late time observations persists and is
now above the 4σ discrepancy level. There have been a great
number of attempts at solving the tension and bringing the
two families of observations into agreement; however, in
most cases the tension is only relieved and remains unsolved.
The authors of [1] and [2] review many of the presently
leading models and ideas for the resolution of the H0-
tension, only a subsection of which we focus on here. We
consider a modified recombination history with higher
recombination redshift, z�, allowing for a higher H0 than
expected from current CMB estimates (see [3] for discussion
on the degeneracy between z� and H0).
Possibly the most straightforward way to allow for a

higher z� is by considering either a larger fine-structure
constant, αEM, or a larger electron mass, me, in the early
Universe such that recombination occurs at a higher temper-
ature. Both have been extensively studied (see [4–12]) with
similar affects on cosmological parameters. However, as
discussed in [13], it is unlikely that a simple variation in αEM
will play a significant role in the H0-tension while changes in
me remain a viable solution thanks, in large part, to the
difference in dependencies that the Thompson scattering
cross section has on the two parameters, σT ≈ α2EM=m

2
e.

Even though the concept of varying fundamental constants
has been around at least since the 1980s [14], to seriously
consider a varying me as a possible solution to the
H0-tension then a convincing mechanism must be provided

that would naturally enable me to differ between the early
and late universe. Such is the focus of this article.
We consider the existence of the symmetron field—a

scalar-tensor theory with a symmetry breaking potential
and a universal coupling to the trace of the stress-energy
tensor. Fifth force interactions are a general characteristic of
scalar-tensor theories and as such the symmetron features a
screening mechanism in overdense regions to allow agree-
ment with stringent solar system based measurements of
gravity. We propose a Yukawa interaction between the
electron and symmetron such that the screening mechanism
has indirect control over the mass of the electron as well.
Much like the Higgs coupling to the electron, the symme-
tron coupling would naturally give a mass contribution to
the electron proportional to the symmetron’s vacuum
expectation value (VEV),1 ν. However, unlike the Higgs
coupling, the symmetron’s VEV depends on the back-
ground matter density of its environment. In regions of
high density ν ¼ 0 while in low density regions it pulls off
towards a finite value. With the Yukawa coupling, the
electron mass would have an additional contribution which
varies with the density of its environment. Therefore, an
electron in a high density region (i.e., in the early Universe)
would have a different mass than one in a low-density
region (i.e., in low redshift interstellar gas clouds), enabling
the necessary electron mass difference between recombi-
nation and that observed in galaxy based measurements
including those in our Solar System. In general a Yukawa
interaction of this sort should be shared by other Standard
Model particles. For simplicity we focus on the electron
interaction only.
The prospects of this mechanism are quite intriguing. It

was studied in [17] that a varying electron mass by itself
can relieve the H0-tension to a good degree but paired with
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1Similar principles have been previously discussed in [15] and
more recently in [16].
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a nonflat cosmology such as ΩkΛCDM the tension can be
almost entirely satisfied. Even more intriguing though is the
pairing of the work here with that in [18] which considers
the effect of screened fifth forces on the cosmic distance
ladder with the symmetron being one of the studied models.
The authors show that if the Cepheids used for calibrating
the distance ladder are screened while those outside the
MilkyWay are not, then H0 would be biased towards higher
values. A full analysis of the effect of a varying me on the
individual rungs of the distance ladder would have to be
discussed in a dedicated article, but, if any effect is seen in
Cepheids it will likely push screened Cepheids towards
higher emission frequencies than unscreened ones in line
with the arguments of Sec. IV. The luminosities of screened
Cepheids would then be further underestimated in com-
parison to those which are unscreened causing the same
propagating effect on the distance ladder as discussed in
[18]. In total, accounting for symmetron fifth forces would
decrease the local estimates of H0 while accounting for the
electron-symmetron coupling may both increase CMB
estimates and decrease local estimates, relieving the tension
threefold.
Section II introduces the basics of the symmetron field

and some of the current bounds on its parameters while
Sec. III discusses the details of the coupling necessary for
shifting H0 towards higher values. In Sec. IV we explore
some possible observables of the coupling and we conclude
in Sec. V.

II. SYMMETRON FIELD

The symmetron field was originally introduced in [19]
and discussed in length in [20] as a screening mechanism
for long-range fifth-force interactions from scalar fields in
our solar system. The authors of [21] argue for a possible
UV completion of the symmetron although this discussion
is beyond the scope of this paper. In its original formulation
the symmetron is described by the effective Lagrangian
density

L ¼ 1

2
∂μϕ∂μϕ −

1

2

�
Ω
Σ2

− μ2
�
ϕ2 −

1

4
λϕ4; ð1Þ

where Ω is the background fractional energy density,
Σ2 ≡ 8πGM2

3H2
0

, and M is treated as a cutoff scale as defined

in the original work. The Ω term results from a coupling to
the trace of the stress-energy tensor and likewise naturally
describes only the background matter density (both bar-
yonic and dark matter), but additional arguments can be
made to include contributions from radiation as well
(see [22]). However, since we are not currently interested
in the time before recombination, we will not consider the
subdominant radiation contributions.
In spatial regions where Ω ≥ μ2Σ2 the mass term of

Eq. (1) is positive and ν ¼ 0. However, when Ω < μ2Σ2

symmetry breaking occurs causing the field’s mass term to
turn negative and the VEV to take a finite value, �ν ≠ 0
expressed fully in Eq. (2). In total,

ν ¼
8<
:

0 Ω ≥ μ2Σ2;ffiffiffiffiffiffiffiffiffiffiffiffi
μ2Σ2−Ω
λΣ2

q
Ω < μ2Σ2:

ð2Þ

The potential in these two regimes is sketched in Fig. 1
with arbitrary units. The transition rate between the solid
and dashed curves is dependent on the growth/decay rate
of Ω. In galaxies the transition would be more sensitive to
position than time and could be determined using a
Navarro–Frenk–White (NFW) profile to model ΩðrÞ for
instance.2 Throughout the cosmological history the tran-
sition would be more sensitive to time or redshift. This is
important to note since we are comparing the electron mass
during recombination with the value measured in our solar
system which is suspended in a dark matter halo.
Reference [19] has considered symmetry breaking to

occur in recent cosmological history such that unscreened
long-range interactions of gravitational strength could serve
as an effective dark energy. This is not our interest here so
the resulting constraints are relaxed. Instead, we require a
difference in the symmetron’s VEV between recombina-
tion, which had a density of Ωrec ¼ Ωm0ð1þ z�Þ3 ≈
4 × 108, and today’s local value which we take as ΩMW ≈
8 × 104 calculated from a NFW fit to the Milky Way (see
Fig. 2). This translates to μ2Σ2 being greater than at least
one of the above densities. Since the Milky Way on average
has a lower density out of the two we impose

μ2Σ2 > ΩMW: ð3Þ

Otherwise, if Ωrec and ΩMW were both greater than μ2Σ2

then the symmetry would not be broken in either case and,

FIG. 1. The symmetron potential in arbitrary units. The solid,
dotted, and dashed curves show the potential when Ω ≫ μ2Σ2,
Ω ¼ μ2Σ2, and Ω ≪ μ2Σ2, respectively.

2For simplicity we will not consider the contribution from the
primarily baryonic galactic disk (in the case of the Milky Way).
Its inclusion would only slightly affect the constraints on μ and Σ
due to localized overdensities.
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as we will see in Sec. III, the symmetron coupling would
not affect the predicted value of H0 (though the regime
could still be of general cosmological interest). On the other
hand, if μ2Σ2 is much larger than Ωrec then the VEV values
between recombination and the Milky Way would be
indistinguishable, and any effect on H0 would be negli-
gible. That is to say, for the symmetron to cause a
significant enough mass difference between recombination
and the measured value we would also require

μ2Σ2 ≫Ωrec: ð4Þ

The authors of [19] had also used local tests of gravity in
order to constrain the parameter space. Since there have not
been any anomalous scalar field effects detected in our
solar system between the writings of [19] and this article
the resulting constraints are still of interest here.
Particularly, we will take

M ≪ MPl; ð5Þ

resulting in μ2 ≫ H2
0. Since the mass of small fluctuations

around ν goes as m0 ¼
ffiffiffi
2

p
μ the range of fifth-force

interactions would fall well inside the Hubble radius and
may have a role in structure formation.
The parameter λ remains to be bounded.

III. COUPLING TO THE ELECTRON

A coupling between the electron, ψ , and the symmetron
field, ϕ, can be introduced, in much the same way as with
the Higgs field, through an interaction term of the form

Lint ¼ −gsψ̄ψϕ; ð6Þ

where gs is an unknown coupling strength between the
electron and symmetron. If we take the mass contributions
of the Higgs and symmetron fields to be ηH and ηs,
respectively, then at all times the electron mass should be3

me ¼ ηH þ ηs: ð7Þ

The ηH term will take its constant canonical form,
ηH ¼ gHνHffiffi

2
p , while

ηs ¼
gsνffiffiffi
2

p ¼
8<
:

0 Ω ≥ μ2Σ2;

gs

ffiffiffiffiffiffiffiffiffiffiffiffi
μ2Σ2−Ω
2λΣ2

q
Ω < μ2Σ2:

ð8Þ

It was argued in [13] that the H0-tension can be alleviated
to some degree in the ΛCDM model with an electron mass
at recombination given by

me;rec ¼ γme;MW; ð9Þ

where me;MW is the measured electron mass of 0.51 MeV.
The fitted parameter γ varied depending on the data sets
involved but in all cases it fell in the range 1 < γ < 1.02.
Reference [17] considered the range, 0.95 < γ < 1.05, in
there fitting with an ΩkΛCDM model, and have likewise
found γ > 1 allows for a higher H0 with 1.05≲ γ ≲ 1.1
giving exceptional agreement with late-time measurements.
In either case, we note that γ deviates from unity by a
small amount (< 10%) and to alleviate the H0-tension we
impose γ > 1.
For concreteness we will consider Ωrec ≥ μ2Σ2 > ΩMW

which we emphasize by the darker horizontal green band
in Fig. 2. With this choice, during recombination ν ¼ 0 and
the electron mass is solely dependent on its Higgs field
interaction, but in the immediate vicinity of the solar system
the electron would have an additional mass term.
Combining Eqs. (7)–(9) we find

ηs ¼ gs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
μ2Σ2 − ΩMW

λΣ2

s
¼ −

γ − 1

γ
ηH: ð10Þ

With γ > 1 the coupling constant would have to be
negative, gs < 0, meaning that the symmetron coupling
reduces the electron mass.

FIG. 2. Cosmological matter density versus redshift (solid curve)
and the Milky Way matter density versus radius (dashed curve)
modeled using a NFW profile with fitting parameters taken from
[23]. The solid arrow marks recombination while the dashed arrow
marks the radial position of the solar system in the MilkyWay. The
green band highlights the expected values of μ2Σ2 that would allow
for a symmetron induced shift in the electron mass in accordance
with the H0-tension. The behavior of the potential before, at, and
after symmetry breaking is shown in insets.

3It should be noted that there are currently no constraints on
gH . The proposed Future Circular Collider (FCC-ee) may have
the ability to probe the low luminosity H → eþe− process,
possibly limiting additional components to the electron mass,
as disscussed in [24].
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IV. COSMOLOGICAL AND ASTROPHYSICAL
SIDE EFFECTS

An environment dependent electron mass should come
with a number of additional effects. For instance, given that
the electron mass is lower in less dense regions then the
absorption/emission spectrum in hydrogen gas clouds will
be shifted towards lower energies when compared to
spectrums from higher density regions. One would then
expect a systematic redshift in the spectrum of hydrogen
clouds towards the outer edges of galaxies. The effect
would be independent of the rotation of the galaxy and
should be symmetric with the density profile of the galaxy.
The most interesting effect however is the progression

of the electron mass through cosmological history.
Particularly, as the cosmological matter density drops
off, the symmetron contribution to the electron mass would
go as ð1þ zÞ1.5. This effect would be observed as a
deviation of the Lyman-α baryon acoustic oscillations
(BAOs) from the ΛCDM prediction. Such a deviation
may have already been observed by the DES
Collaboration, [25]. If we further consider low-density
environments for the Lyman-α emmitting regions then the
deviation from ΛCDM would be expected to track the
symmetron’s VEV such that the shift in absorption wave-
lengths would have an additional ð1þ zÞ−1.5 dependence.

V. CONCLUSION

We have discussed a simple mechanism that would
enable the electron mass to vary between recombination
and today’s measured value. The density dependent VEVof
the symmetron field coupled to the electron serves as a
control on the electron mass and shifts it to a lower value
today assuming a coupling constant gs < 0. The higher
electron mass at recombination allows for recombination
to occur at a higher temperature and pushes back z�
allowing H0 to take higher values than currently estimated
by Planck.
The parameter space of this model is still fairly open

which makes confirmation, and more importantly invalida-
tion, difficult. However, we note the predicted Lyman-α
BAO deviations discussed in Sec. IV is within our current
abilities to measure. A redshift dependent shift in absorption

wavelengths, separate from that due to expansion, would be
strong evidence for this coupling. Given the simplicity of
this solution and its application towards the prominent
discussions of the H0-tension it would serve well to explore
this mechanism in greater detail.
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APPENDIX: THE SYMMETRON IN REWIND

With minor changes to the original derivation of the
symmetron field (see [19]), particularly by considering
−μ2 → μ2 and

AðϕÞ ¼
�
1þ ϕ2

2M2

�
→

�
1 −

ϕ2

2M2

�
; ðA1Þ

the Lagrangian density can take the alternative form

L ¼ 1

2
∂μϕ∂μϕ −

1

2

�
μ2 −

Ω
Σ2

�
ϕ2 −

1

4
λϕ4: ðA2Þ

The symmetron field would then undergo a symmetry
restoration at μ2Σ2, instead of a symmetry breaking,
making the VEV zero at low densities and finite at large
densities. The Yukawa coupling would then allow for
an electron mass contribution from the symmetron in the
early Universe instead of the late Universe. Taking ΩMW <
μ2Σ2 ≤ Ωrec and gs > 0 one can reproduce a larger electron
mass at recombination than is measured today just like
what was argued in the main text of the article.
The advantage to this approach over that found in the

main text is one of preference. Today’s measured electron
mass would be solely from the well studied Higgs field
and deviations from this would only be seen in regions of
very large density which is not necessarily an advantage for
experimental purposes. However, besides possibly the
effect on theoretical quark stars, this alternative approach
would not display any of the astrophysical effects discussed
in Sec. IV due to the VEV being zero in most cases.
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