Downloaded from orbit.dtu.dk on: Jan 08, 2023

Dark energy from Higgs potential
Letter
Trinhammer, Ole Lynnerup

Published in:
Epl
Link to article, DOI:
10.1209/0295-5075/130/29002
Publication date:
2020
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit

Citation (APA):
Trinhammer, O. L. (2020). Dark energy from Higgs potential: Letter. Epl, 130(2), [29002].
https://doi.org/10.1209/0295-5075/130/29002

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
 You may not further distribute the material or use it for any profit-making activity or commercial gain
 You may freely distribute the URL identifying the publication in the public portal
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

LETTER • OPEN ACCESS

Dark energy from Higgs potential
To cite this article: Ole L. Trinhammer 2020 EPL 130 29002

View the article online for updates and enhancements.

This content was downloaded from IP address 192.38.67.116 on 24/07/2020 at 10:14

April 2020
EPL, 130 (2020) 29002
doi: 10.1209/0295-5075/130/29002

www.epljournal.org

Dark energy from Higgs potential
Ole L. Trinhammer
Department of Physics, Technical University of Denmark - Fysikvej bld. 307,
DK-2800 Kongens Lyngby, Denmark, EU
received 22 August 2019; accepted in ﬁnal form 7 May 2020
published online 1 June 2020
PACS

98.80.Cq – Particle-theory and ﬁeld-theory models of the early Universe (including cosmic
pancakes, cosmic strings, chaotic phenomena, inﬂationary universe, etc.)

Abstract – We derive the ratio of dark energy to baryon matter content in the universe from a
Higgs potential matching a description of baryon matter on an intrinsic conﬁguration space. The
match determines the Higgs mass and self-coupling parameters and introduces a constant term in
the Higgs potential. The constant term is taken to give dark energy contributions from detained
neutrons, both primordial and piled-up neutrons from nuclear processes in stars. This corresponds
to the dark energy content increasing with time. The two contributions possibly give rise to the
primordial inﬂation and the later accelerated recession, respectively. The ensuing inﬂation during
nucleosynthesis may explain the primordial lithium-seven deﬁcit relative to the standard Big Bang
nucleosynthesis model predictions. From the observed helium and stellar metallicity contents, we
get a dark energy to baryon matter ratio of 14.5(0.7) to compare with the observed value of
13.9(0.2).
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Introduction. – Observation of accelerated recession
of supernovae in low and high red-shift galaxies [1] led
to the acceptance of a major dark energy content in the
universe [2,3]. The present, observed ratio ΩΛ /Ωb =
13.9(0.2) [4] between the dark energy content and the
baryonic content remains unexplained. We suggest that
the dark energy content of the universe is a manifestation of detained neutron decay, expressed as a constant term in the Higgs potential. We derive the ratio
ΩΛ /Ωb = 14.5(0.7) from an intrinsic conception of the
structural changes taking place during transformations between protons and neutrons in the nuclear fusion processes
inside stars. The present work is developed from [5]. We
leave the question unanswered as to how the underlying
coupling to accelerated expansion should be described.
Suggestions already exist concerning the relation between
Higgs physics, inﬂation and dark energy, mediated by a
coupling between the Higgs ﬁeld and the Ricci curvature
of spacetime [6–10]. The problem in these models is to ﬁnd
a “natural” coupling level. Also models with add-on inﬂaton ﬁelds have been considered [11]. The accelerated
supernovae recession has been called into question [12]
as dependent on bias removal from observational samples. The biases concern the choice of coordinate system,
removal of peculiar velocities with respect to the cosmic

microwave background and possible red-shift and light
curve bias for the supernovae analyzed. The debate [13,14]
has made it clearer than ever that determinations of cosmological parameters is a combination of observations and
models. Fluctuations in radiation and matter distributions as inferred from ﬂuctuations in the cosmic microwave
radiation (CMB) and from baryon acoustic oscillations
(BAO) inferred from galaxy clustering can be modelled
by a cosmological model ΛCDM with a cosmological constant and a cold dark matter component to add up to a
more or less ﬂat universe [4].
Our purpose here is only to give a derivation from theoretical considerations of the present value of the dark energy to baryon matter content. If our derivation is causally
correct, it means that the dark energy content increases
with time from its primordial value after nucleosynthesis,
followed by the pile-up of neutrons in stellar burning of
nuclear fuel, e.g., neutrons in helium nuclei in the p-p cycle in main sequence stars. That is, burning hydrogen to
helium with the gross result
4 11 H →

4
2 He

+ 2e+ + 2νe ,

where new neutrons are detained in the helium nuclei.
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Dark energy and Higgs potential. – We repeat the
Higgs potential [15] from [16], also used in [17] for Higgs
couplings to gauge bosons
VH (φ) =

1 2 2 1 2 †
1
δ φ0 − μ (φ φ) + λ2 (φ† φ)2 ,
2
2
4

(2)

with Higgs ﬁeld φ [18–21] and coeﬃcients
δ2 =

1 2
ϕ ,
4 0

μ2 =

1 2
ϕ ,
2 0

λ2 =

1
,
2

(3)

√
expressed in the electroweak energy scale (v = ϕ0 2)
2π
2π
v
π
√ ≡ ϕ0 =
Λb =
m e c2 .
α
α(mW ) αe
2

(4)

Fig. 1: The nucleon transformation p → n in stars burning
hydrogen to helium (and so forth) is manifested in the Higgs
potential with a non-zero value at φ = 0. We interpret the nonzero value of the Higgs potential from each detained neutron in
nuclei as a contribution to the dark energy content in the universe. Left and right: reduced zone schemes (see, e.g., p. 160
in [24]) for Bloch wave numbers for the neutron state (left) and
the proton state (right) in solutions of (19) with, respectively,
2π and 4π periodic wave functions [16]. Middle: Higgs potential (solid, blue) matching the Manton-inspired potential [25]
(dashed, red) and the Wilson-inspired potential [26] (dotted,
green). The Manton- and Wilson-inspired potentials yield the
same value for the Higgs mass and the electroweak energy scale
whereas only the Manton-inspired potential gives a satisfactory
reproduction of the baryon spectrum [16,27]. Figure adapted
from [28].

Here Λb is a baryonic energy scale [16,22] not to be confused with the cosmological constant. Further, α(mW )
and αe are the ﬁne structure couplings at the W boson
and electron energy scales respectively1 .
The Higgs mechanism mediates the electroweak neutron
to proton transformation with Higgs ﬁeld φ = 0 for a
neutronic state and φ = φ0 for a protonic state, see ﬁg. 1.
Reversing the mechanism, we thus assume, that for each
detained neutron there is one zero-mode δ-contribution to
the dark energy. With δ = ϕ0 /2 from (3), this gives the
following dark energy to baryon matter ratio:



√
ΩΛ 
nn · ϕ0 /2
neutrons δ

=
≈
.
(5) v |Vud | [17] and with v = 2ϕ0 from (4), we get by

2
2
Ωb model
n b · mn c
baryons mbaryon c
insertion in (5)

Here the n’s are cosmological number densities of the
ΩΛ 
Y + Z ∗ ϕ0 /2
=
=

respective species and the baryons we consider are eiΩb model
2
m n c2

ther neutrons or protons, i.e., nb ≈ np + nn . The ratio
Y + Z ∗ vSM / |Vud |
nn /(np + nn ) for use as nn /nb in (5) we get from the he√
= 14.5 ± 0.7. (7)
m n c2
4 2
lium Y and heavier Z content by the expression (see, e.g.,
p. 481 in [23])
As an example we here used Y = 0.29(2) [29] from a
globular
cluster as a representative of a stellar population
nn
Y + Z∗
2nn
∗
.
(6) and set Z ≈ Z = 0.0142 which is the metallicity for our
→
=
Y +Z =
np + nn
nb
2
own Sun. Our Sun has X : Y : Z = 0.7154 : 0.2703 : 0.0142
in the bulk [30] with X being the hydrogen fraction and Z
∗
Here Z is weighted with relative neutron content in each
is the fraction of elements with atomic number larger than
2
nucleus . Then, in standard model language where vSM =
2 for helium. Further we used vSM = 246.21965(6) GeV,
1 Note that our v is related to the standard model value by v
=
|Vud | = 0.97420(21) and mn c2 = 939.565413(6) MeV [4].
SM

v |Vud | via the up-down quark mixing matrix element Vud [17].
The value of the standard model electroweak energy
2 In the left of eq. (6) we assume a 1:1 amount of neutrons and
scale vSM is obtained from the Fermi coupling constant
protons in the nuclei of all elements from helium and up. A simple
3
−5
−2
n
G
[4] by vSM ≡
counting argument then gives n n+n
= Y +Z
.
This
is
most
easily
Fμ /(h̄c) = 1.1663787(6) · 10 GeV
2
p

n

seen for Z = 0, where X + Y = 1 and all neutrons are detained
in helium-4 nuclei. Then by deﬁnition of Y as a ratio of helium
mass to the total, we count 2 units of the neutron number density
nn into the helium mass contribution because helium-4 contains as
many protons as it contains neutrons, i.e., Y = 2nn /nbaryon =
2nn /(np + nn ). For this counting it is essential that X : Y : Z are
mass ratios, that nuclear binding energies are small compared to
the nuclear masses and that mn ≈ mp . The fact that, for heavy
nuclei nn > np , modiﬁes the implied ΩΛ /Ωb . The modiﬁcation is
done by
 substituting Z in the left eq. (6) with the weighted value
Z ∗ ≡ i≥3 wi Zi . Here Zi is the contribution from element i to the
total metallicity and the weights count the neutron to proton ratio
i
in the nucleus of this element, i.e., wi = A N
where Ni is the
−N
i

i

3

(h̄c)
√ .
GFµ 2

The dark energy to baryonic matter value in (7)

agrees with the observed ratio [4], see ﬁg. 2,

ΩΛ 
0.685(7)
= 13.9 ± 0.2.
=
Ωb observed 0.0493(6)

(8)

neutron number and Ai is the nucleon number of element i. This
is implied in the right eq. (6) and used in (7). To be very accurate
one should use individual weights for every isotope of element i. We
do not take into consideration a possible minute fraction of heavier
baryons in very energetic environments. Neither do we count minute
fractions of deuterium and helium-3.

29002-p2
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Fig. 2: Dark energy to baryon matter ratio x = ΩΛ /Ωb for our
model as represented by eq. (7) using a representative Y [29]
(dotted green) and adding the solar Z from its bulk [30] (dashed
red) compared with the observed ratio (8) (solid blue) [4]. The
curves show Gaussian uncertainty distributions around mean
values μ with standard deviations σ. Our model assumes the
dark energy to reside in the Higgs potential with a constant
contribution for every neutron detained in atomic nuclei as they
are left over from the primordial nucleosynthesis and later pile
up in the evolution of stars. This means that we expect the
dark energy content to increase with time, primarily from the
burning of hydrogen to helium (and so forth) in main sequence
stars.

star. On the average therefore one would expect a higher
helium fraction in blue stars than in red stars. That indeed
is what is observed, see, e.g., [31] which ﬁnds helium enhancements ΔY ≈ 0.08 for red stars and ΔY ≈ 0.13 for
blue stars. We may therefore trust that increasing helium
fraction in stars is a measure of increasing evolution age.
We are aware that this argument relates to main sequence
stars in the Hertzsprung-Russell diagram, see, e.g., p. 181
in [23]. Very heavy stars —and old stars— may be so dense
from gravitational contraction that they start burning helium. This of course diminishes the helium content in the
stellar interior and ultimately in the star’s atmosphere.
One would therefore need to include Z ∗ in the calculation
based on (7). The same goes for main sequence stars when
nearing the end of their lives. Indeed, our own Sun is expected to start burning helium when the hydrogen in its
centre has already been transformed.
The primordial helium fraction Yp can be extracted in
various ways. One can analyse spectra from HII-regions
in galactic mediae containing a mixture of helium and
hydrogen that is supposed not yet to have participated
in fusion processes in stars —one looks for He emission
lines [32]. Or one can look for absorption lines in the
spectrum of a distant quasar whose light passes through
intergalactic gas clouds [33] likewise thought not to have
been involved in fusion in stars. And one can analyse the
cosmic microwave background for diminished ﬂuctuations
in the damping tail of the power spectrum [34,35]. The
latter method is somewhat model-dependent. It takes as
granted a relation between Yp and the number density of
free electrons ne and baryons nb at the time of hydrogen
recombination [35]

In table 1 we show determinations of both primordial
helium content Yp and evolved contents Y determined by
diﬀerent methods. It is clear that the values vary and
therefore the numerical result in (7) must be taken with
ne = nb (1 − Yp ).
(9)
reservation. Taken at face value, eq. (7) compared to (8)
suggests that zero-mode δ-contributions from the Higgs
Here it is assumed that the helium recombination hapﬁeld could constitute the present estimate of the dark enpens
much earlier than the hydrogen recombination from
ergy in the universe.
which the cosmic microwave background radiation origHelium content in the universe. – Determinations inates. The larger the Yp , the smaller ne and thus the
of the helium fraction Y in the universe is an active ﬁeld in less the photons interact with the not yet recombined priastrophysics. Investigations look for variations in diﬀerent mordial plasma. In short: the larger the Yp , the larger
star populations within a speciﬁc globular cluster or dwarf the photon mean-free path and thereby the smaller the
galaxies like the Small Magellanic Cloud or they look for damping tale power spectrum ﬂuctuations in the cosmic
ways to determine the primodial helium fraction Yp , i.e., microwave background [35].
the fraction immediately after the nucleosynthesis in the
In table 1 we list various determinations of the helium
ﬁrst minutes after Big Bang.
content, both Yp and Y and variations in their determiWhat is of concern to us here is the relation between nations. From table 1 we see that the determinations of
age and helium plus metallicity fraction. The determina- Yp are converging around the value predicted from a stantion of the helium content in stars is based on observation dard Big Bang Nucleosynthesis model [36]. Using, e.g.,
of the intensity of absorption lines in the spectrum of the Yp from HII in (7) would give ΩΛ /Ωb = 12.1 ± 1.2 which
stars. The determination of star age is based on mod- is somewhat lower than the observed value 13.9 ± 0.2.
els for nuclear fusion in stars. These models lead to the But we want to determine a present value for ΩΛ /Ωb
result that more massive stars generally evolve quicker, from (7). Thus we need some kind of average Y + Z ∗ for
they burn quicker by fusion due to a higher pressure and the star population in the Milky Way and its surroundings
therefore higher temperature in their interior leading to within minimal red-shifts z in stead of the primordial value
increased fusion rates. With higher temperature follows Yp . For this, the determinations from globular clusters
a higher colour temperature in the light shining from the could serve as representative where Villanova et al. ﬁnd
29002-p3
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Table 1: Helium content in the universe. We list various determinations of the helium content from a standard Big Bang Nucleosynthesis prediction (BBN, Pitrou et al.) [36], HII-regions
(HII, Izokov et al.) [32], intergalactic clouds (IGC, Cooke and
Fumagalli) [33], cosmic microwave background (CMB, Henning
et al., Ade et al., Keisler et al., Guo and Zhang) [34,35,37,38],
our Sun (Sun, Asplund et al.) [30], globular clusters (GC,
Villanova et al., Nardiello et al., Milone) [29,31,39] and globular clusters in the Small Magellanic Cloud (SMC, Lagioia
et al.) [40].

Source

Value

Reference

BBN
HII
IGC
CMB
CMB
CMB
CMB
Sun
GC
GC
GC
GC
SMC
SMC
SMC
SMC

Yp = 0.24709 ± 0.00017
Yp = 0.254 ± 0.003
Yp = 0.250+0.033
−0.025
Yp = 0.234 ± 0.052
(a)
Yp = 0.253+0.041
−0.042
Yp = 0.296 ± 0.030
Yp = 0.277 ± 0.050
Y = 0.2703
Y = 0.29 ± 0.01stat ± 0.01sys
ΔY = 0.025(red), 0.04(blue)
ΔY = 0.08(red), 0.13(blue)
ΔY = 0.08(blue MS)
ΔY = 0.009 ± 0.006
ΔY = 0.007 ± 0.004
ΔY = 0.010 ± 0.003
ΔY = 0.000 ± 0.004

[36]
[32]
[33]
[37]
[38]
[34]
[35]
[30]
[29]
[29]
[31]
[39]
[40]
[40]
[40]
[40]

(a) Planck

2015 [38] states various determinations. The value shown
here is determined by treating Yp as a free parameter in a Big Bang
Nucleosynthesis model.

Fig. 3: The beautiful globular cluster Messier 4 (NGC 6121)
used in [29] for determinations of helium content Y in diﬀerent star populations. Blue stars are more evolved than red
and show a larger helium content. From (7) and our conception of the Higgs mechanism in ﬁg. 1, we expect the dark
energy content of the universe to increase with stellar evolution due to pile-up of neutrons from nuclear fusion in the
stars’ interior. For each neutron detained in the nuclei of heavier elements we expect one zero-mode contribution δ from the
Higgs potential (2). Image credit: NASA, STScI. Downloaded
from https://commons.wikimedia.org/w/index.php?curid=
4550051.

where Rμν is the curvature tensor constructed from
derivatives of the spacetime metric gμν , R is the
contraction of Rμν over the spacetime indices μ, ν. On
the right-hand side we have the total energy-momentum
tensor Tμν of matter and energy and κ = 8πGN /c4 gives
the strength of the inﬂuence of matter and energy on the
metric on the left hand side. This strength is determined
by Newton’s constant of gravity GN and the speed of ligth
c in empty space. Taking the cosmological term in (10) to
the right-hand side

Y = 0.29 ± 0.01stat ± 0.01sys [29] for the globular cluster
Messier 4 shown in ﬁg. 3. This yields ΩΛ /Ωb = 13.8 ± 0.7
and is shown in ﬁg. 2. To get an exemplar Y +Z ∗ we added
the solar Z for the result 14.5±0.7 in (7) which agrees with
the observed value 13.9 ± 0.2 within uncertainties and also
is shown in ﬁg. 2. We repeat that there are large variations
among star populations as seen already from table 1. One
thing seems to be certain, though, namely the increase of
the Y + Z ∗ content with increasing star evolution in general. And that is what is key to our argument that we
1
Rμν − gμν R = −κTμν + Λgμν ,
(11)
should expect ΩΛ /Ωb to increase with time from neutron
2
pile-up in accordance with the observed accelerated recession of supernovae interpreted as originating in increasing it interprets as a contribution to the energy-momentum
tensor as ﬁrst suggested by Gliner and Zeldovich, cf. p. 352
dark energy content in the universe.
in [4].
Discussion. – We here discuss the cosmological conNow consider the energy-momentum tensor of a scalar
stant as a manifestation of dark energy and we consider ﬁeld φ (cf. p. 357 in [4])
the possible contribution to dark matter from the electron
1
neutrinos originating in the build up of neutrons in stars.
(12)
Tμν = ∂μ φ∂ν φ − gμν ∂σ φ∂ σ φ − gμν V (φ).
2
The ﬁeld equations of general relativity with a cosmological constant Λ read (cf. p. 155 in [41])
The potential V (φ) may have extrema where ∂ φ = 0 and
μ

Rμν

1
− gμν R − Λgμν = −κTμν ,
2

where only V (φ) would survive as a contribution to the
(10) energy-momentum tensor. This is the standard way to
29002-p4
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the number density nν n of such stellar “neutron-related”
neutrinos (which may oscillate from e-type) to correspond
to the build up of neutron density Δnn from stellar evo(13) lution, thus

derive a cosmological constant from a the potential of a
scalar ﬁeld [42], thus
1
Rμν − gμν R = −κTμν + κV gμν .
2

Comparing with (11), we see that κV acts as a cosmological constant Λ. If we take φ to be the Higgs ﬁeld,
the potential V (φ) would be taken at its minimum value
where φ equals its vacuum expectation value φ0 . One
then expects the value of the potential to be of the order
EW
∼ (ϕ0 )4 ≈ (177 GeV)4 [42]. This would mean a huge
Λ
value and the idea is only saved if V (φ0 ) is zero. Actually
for our VH in (2) we have V (φ0 ) = 0. Our potential was
constructed to ﬁt the intrinsic potential as seen in ﬁg. 1
and therefore it was lifted to match to fourth order in φ
the minima and curvature of the intrinsic potential. It is
from this match we got the coeﬃcients in (3). Now, there
is one more stationary value where VH could contribute a
constant value, namely at zero Higgs ﬁeld where we get
VH (0) =

1 2 2
δ φ0 .
2

(14)

In (5) we used δ and φ0 in units of energy. However, to be
strict, we should include h̄s and cs wherever appropriate to
have correct ﬁeld dimensions (cf. p. 357 in [43]) such that
the potential gets the unit of energy per volume. Thus,
writing out in full, we have
2
2 
φ
δ
√0
h̄c
h̄c

2
4


φ
φ
1 μ 2
1 λ2
√
√
−
+
. (15)
2 h̄c
4 h̄c
h̄c
h̄c
√
With δ = ϕ0 /2 and v = ϕ0 2 ≈ 250 GeV (see footnote 3 )
from (3) inserted in (15) we get
VH (φ) =

1
2



κVH (0) =

GN h  v
8c3 h̄c

4

≈ 0.05 cm−2,

in correct ﬁeld units

√

(17)

We take Y − Yp + Z ∗ ≈ 0.05 and with mν c2 < 0.12 eV and
nb = 2.515(17) cm−3 [4] this yields a contribution
Δ

νn

= Δnn mν = 0.05 nb mν < 2.7 · 10−48 g/cm3 . (18)

This is extremely minute compared to the total matter
content of the universe m = Ωm c = 2.7 · 10−30 g/cm3 [4]
including dark matter. The neutrinos from neutron pileup inside stars considered here thus have essentially no
decelerating eﬀect on the universal expansion.
Baryon configurations. – The basic dynamics and
transformation mechanisms of our model are an intrinsic conﬁguration space for protons and neutrons and the
Higgs ﬁeld absorbing phase changes among the wave functions involved in the electroweak transformations between
these nucleons.
We have determined the three coeﬃcients δ, μ, λ in (3)
for the Higgs
√ potential (2) in a common electroweak scale
ϕ0 = v/ 2. The scale ϕ0 = 2π
α Λb is determined via the
π
me c2 which hapbaryonic energy scale Λb = h̄c/a = α
pens to be close to the scale of quantum chromodynamics
(5)
ΛMS = 210(14) MeV [4]. The scale Λb is set by a projection [22] of the intrinsic baryon dynamics to space. The
length scale a for the projection is related to the classical
2
electron radius re = 4π0eme c2 (see [44] and p. 97 in [45])
by the expression re = πa [22]. The factor π here manifests the toroidal shape of the intrinsic conﬁguration space,
the Lie group U (3), used for our description of baryons as
stationary states of the Hamiltonian structure [22]
1
1
h̄c
− Δ + Tr χ2 Ψ(u) = EΨ(u),
a
2
2

(16)

to substitute Λ in (11). This would still be at a patholigical value compared to the observed Λ = 1.088(30) ·
10−56 cm−2 [4]. On the other hand, by allowing the Higgs
ﬁeld to stay at the unstable, stationary value φ = 0 only
when detained neutrons are present, we get a δ contribution to dark energy of the right order of magnitude as seen
in (7). In the present view, the cosmological constant is
not a constant as such but a spatial average over mostly
zero values of the Higgs potential and the few locations
where neutrons are present and δ takes the role of dark
energy contributions. These contributions increase slowly
with the pile-up of neutrons in stars.
We know from observations towards our own Sun that
the neutrinos from the p − p cycle in (1) escape the stars.
It is thus of interest to evaluate such stellar neutrino contributions to the matter content of the universe. We infer
3 Or

Y − Yp + Z ∗
nν n
Δnn
ΔY + Z ∗
≡
.
=
=
nb
nb
2
2

(19)

with conﬁguration variable u = eiχ ∈ U (3), Laplacian Δ
and a Manton-like trace potential [25]. The Hamiltonian
structure in (19) is a reinterpretation of a Kogut-Susskind
Hamiltonian [46] from Wilson’s lattice gauge theory [26]
for non-pertubative quantum chromodynamics. The trace
potential in (19) folds out in periodic potentials in parameter space [47]. This opens for Bloch degrees of freedom
with the Higgs mechanism as an agent, illustrated in ﬁg. 1.
The Bloch phase factors thus introduced lead to topological changes, e.g., from the charged protonic ground state
with eigenvalue Ep to a slightly increased value En for the
neutral neutron, right to left in ﬁg. 1. The projection
scaled by a led to a compact relation for the electron to
neutron mass ratio [16,22]

h̄cv ≈ 250 GeV, see p. 403 in [43].
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where En ≡ En /Λb = 4.382(2) from a Rayleigh-Ritz solution [48,49] of (19) with 3078 base functions —at the
limit of our computer programme. With the ﬁne structure
coupling α−1 (mn ) = 133.61 sliding by radiative corrections [28] from α−1 (mτ ) = 133.476(7) [4], eq. (20) yields
me
1
,
=
mn
1839(1)

(21)

in
agreement
with
the
experimental
value
1/1838.683661(16) [4].
To sum up, the basic scale and coupling inputs of our
model is the electron mass me and the ﬁne structure coupling α. Provided we allow for α to slide to the relevant
energy scales of the phenomena under study, we can condense higher-order ﬁeld theory corrections into the value
of the ﬁne structure coupling as used, e.g., in (4).
Inflation and nucleosynthesis. – It is beyond the
scope of the present work to give a detailed discussion on
primordial cosmology. However, a few notes seem in order.
In Standard Big Bang Nucleosynthesis models [36] one
starts from more or less equal neutron and proton abundances resulting from equilibrium with the neutrino bath
in a radiation-dominated era preceeding the nucleosynthesis. One assumes negligible dark energy contributions
and in so far as inﬂation is mentioned this phenomenon
is thought to take place prior to the radiation era, see,
e.g., [50]. It would be of interest though to consider a
model where inﬂation is directly related to the neutron
content. It would mean that inﬂation prior to the neutronproton equilibrium would be already into its maximum
because here the neutron content is a maximum. It would
also mean that inﬂation would be still ongoing during nucleosynthesis, though at a slowing rate as the free neutrons decay during the cooling. And it would mean that
dark energy would have to be included in the underlying
spacetime description. One may worry that such a radical
change could spoil the success of predicting Yp from Standard Big Bang Nucleosynthesis [36]. On the other hand,
a continued inﬂation during synthesis will reduce the particle density and thereby reduce creation rates of nuclei
past helium-4. This might solve the persisting Li-7 problem of a factor three too high prediction from Standard Big
Bang Nucleosynthesis, see, e.g., [51]. The binding energy
of nucleons in the helium-4 nucleus (the alpha particle) is
considerable compared to the other light nuclei involved in
the synthesis. Thus the alpha particle works already as an
attractor in the network of mutual transitions among the
primordial nuclei. It is therefore possible that the helium4 fraction could remain more or less unaltered even in the
case of inﬂation during synthesis.
Conclusion. – We have found an expression for the ratio of dark energy to baryon matter content in the universe
from a Higgs potential shaped by an intrinsic description
of proton to neutron transformation. Our expression contains the cosmological neutron and proton densities and

can be condensed into an expression containing the cosmic helium fraction and stellar metallicities as key ingredients. The vast majority of neutrons in the universe are
bound in helium nuclei since primordial nucleosynthesis.
We suggest the dark energy to represent detained neutrons and found our result by considering the helium and
stellar metallicity content of baryon matter as determined
in astrophysical observations. Our value 14.5(0.7) for the
dark energy to baryon matter ratio compares well with the
observed value 13.9(0.2). We look forward to improved determinations of the helium fraction and heavier elements
in the baryon matter of the universe and to observations to
determine whether the dark energy content is increasing
with time as suggested by our interpretation.
∗∗∗
I appreciated anonymous referee inquiries on the Higgs
potential and on the neutrino contribution from neutron
pile-up. I thank the Technical University of Denmark for
an inspiring working environment. I thank my colleagues
Henrik G. Bohr and Mogens S. Jensen for helpful
discussions on the intrinsic viewpoint. In particular I
thank Mogens S. Jensen for comments on the Higgs
ﬁeld operator.
REFERENCES
[1] Riess A. G. et al., Astron. J., 116 (1998) 1009
(arXiv:astro-ph/9805201 (15 May 1998)).
[2] Padmanabhan T., Phys. Rep., 380 (2003) 235.
[3] Peebles P. J. E. and Ratra B., Rev. Mod. Phys., 75
(2003) 559.
[4] Particle Data Group (Tanabashi M. et al.), Phys.
Rev. D, 98 (2018) 030001 (with 2019 update).
[5] Trinhammer O. L., Intrinsic quantum mechanics IV.
Dark energy from Higgs potential, ResearchGate, 25 January 2017 (working paper), DOI: 10.13140/RG.2.2.35814.
83527.
[6] Bezrukov F. L. and Shaposhnikov M., Phys. Lett. B,
659 (2008) 703 (arXiv:0710.3755 [hep-th]).
[7] Bhattacharya K., Chakraborty J., Das S. and
Mondal T., JCAP, 12 (2014) 001 (arXiv:1408.3966v1
[hep-ph] (18 August 2014)).
[8] Bezrukov F. L., Magnin A. and Shaposhnikov M.,
Phys. Lett. B, 675 (2009) 88.
[9] Simone A. D., Hertzberg M. P. and Wilczek F.,
Phys. Lett. B, 678 (2009) 1.
[10] Bezrukov F., Magnin A., Shaposhnikov M. and
Sibiryakov S., JHEP, 01 (2011) 016 (arXiv:1008.5157
[hep-ph] (30 August 2010)).
[11] Dimopoulos K. and Markkaanen T., JHEP, 01 (2019)
029 (arXiv:1807.04359v3 [astro-ph.CO] (4 December
2018)).
[12] Colin J., Mohayaee R., Rameez M. and Sarkar S.,
Astron. Astrophys., 631 (2019) L13.
[13] Rubin D. and Heitlauf J., Is the expansion of the
universe accelerating?
All signs still point to yes:
a local dipole anisotropy cannot explain dark energy,
arXiv:1912.02191v2 [astro-ph.CO] (25 February 2020).

29002-p6

Dark energy from Higgs potential

[14] Colin J., Mohayaee R., Rameez M. and Sarkar S.,
A response to Rubin & Heitlauf: “Is the expansion of
the universe accelerating? All signs still point to yes”,
arXiv:1912.04257v2 [astro-ph.CO] (24 March 2020).
[15] Higgs P. W., Phys. Rev., 145 (1966) 1156.
[16] Trinhammer O. L., Bohr H. G. and Jensen M. S., Int.
J. Mod. Phys. A, 30 (2015) 1550078 (arXiv:1503.00620v2
[physics.gen-ph] (7 December 2014)).
[17] Trinhammer O. L., EPL, 125 (2019) 41001.
[18] Englert F. and Brout R., Phys. Rev. Lett., 13 (1964)
321.
[19] Higgs P. W., Phys. Lett., 12 (1964) 132.
[20] Higgs P. W., Phys. Rev. Lett., 13 (1964) 508.
[21] Guralnik G. S., Hagen C. R. and Kibble T. W. B.,
Phys. Rev. Lett., 13 (1964) 585.
[22] Trinhammer O. L., EPL, 102 (2013) 42002 (arXiv:
1303.5283v2 [physics.gen-ph] (22 April 2014)).
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