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8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9 ± 1.8) × 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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→ hot relic (dark radiation)
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Traditionally parameterized by effective neutrino number

Neff = 3.046 + ∆Neff

∆Neff ≈
13.6

g4/3
∗,DEC

.



Axions as Hot
Relics

The QCD
Axion

Axions via
Gluons

Axion via
Quarks

Axion via
Leptons

The H0
tension

QCD Axion through Neff

If a particle:
1 Was in equilibrium at T > TDEC
2 Decouples at some T . TDEC
3 Has negligible mass

After decoupling na ∝ a−3 and ρa ∝ a−4, acts as a hot relic
(like neutrinos)

Affects Matter-Radiation equality (if m� O(0.1 ∼ 1eV ))
=⇒ Observable by CMB (and BBN)

Traditionally parameterized by effective neutrino number

Neff = 3.046 + ∆Neff

∆Neff ≈
13.6

g4/3
∗,DEC

.



Axions as Hot
Relics

The QCD
Axion

Axions via
Gluons

Axion via
Quarks

Axion via
Leptons

The H0
tension

QCD Axion through Neff

If a particle:
1 Was in equilibrium at T > TDEC
2 Decouples at some T . TDEC
3 Has negligible mass

After decoupling na ∝ a−3 and ρa ∝ a−4, acts as a hot relic
(like neutrinos)

Affects Matter-Radiation equality (if m� O(0.1 ∼ 1eV ))
=⇒ Observable by CMB (and BBN)

Traditionally parameterized by effective neutrino number

Neff = 3.046 + ∆Neff

∆Neff ≈
13.6

g4/3
∗,DEC

.



Axions as Hot
Relics

The QCD
Axion

Axions via
Gluons

Axion via
Quarks

Axion via
Leptons

The H0
tension

QCD Axion through Neff

If a particle:
1 Was in equilibrium at T > TDEC
2 Decouples at some T . TDEC
3 Has negligible mass

After decoupling na ∝ a−3 and ρa ∝ a−4, acts as a hot relic
(like neutrinos)

Affects Matter-Radiation equality (if m� O(0.1 ∼ 1eV ))
=⇒ Observable by CMB (and BBN)

Traditionally parameterized by effective neutrino number

Neff = 3.046 + ∆Neff

∆Neff ≈
13.6

g4/3
∗,DEC

.



Axions as Hot
Relics

The QCD
Axion

Axions via
Gluons

Axion via
Quarks

Axion via
Leptons

The H0
tension

QCD Axion through Neff

∆Neff ≈
13.6

g4/3
∗,DEC

If TDEC � 100GeV we only know

g∗,DEC ≥ gSM
∗,DEC = 106.75

=⇒ ∆Neff . 0.027 (only upper bound!)

8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9 ± 1.8) × 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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If a is directly coupled to heavy quarks (c,b, t):
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The same can be done with leptons (µ and τ ) 3

a-electron uninteresting (strongly constrained)

Direct coupling to heavy leptons (µ, τ ):
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Slightly smaller f/c`

Ratio peaks at T ≈ m` =⇒ Larger Neff

3arxiv:, F.D’Eramo, A.N.,R.Z.Ferreira, J.L.Bernal
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Planck CMB data (2015 and recent 2018)

Measured H0 in tension with direct local measurements
from SN

H0 = 67.27± 0.60 km s−1 Mpc−1 (CMB)
H0 = 73.52± 1.62 km s−1 Mpc−1 (SN)

Tension at 3.6σ (3.46σ including BAO)
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It is known that ∆Neff > 0 correlates with a higher
Hubble constant H0 from CMB
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Flat prior on log(f/ci) =⇒ some prior dependence
µ production can significantly increase H0
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Hot axions and H0 tension

Tension remains, but can be alleviated to 3σ level

Model Coupling Prior (f/c)max [GeV] H0 [km s−1 Mpc−1] Tension (σ)

ΛCDM+∆Neff

µ scattering
3× 107 68.0+0.8

−0.7(+2.3
−1.1) 3.06 (2.75∗)

1011 67.8+0.6
−0.5(+1.4

−1.1) 3.36

1018 67.7+0.5
−0.4(+1.2

−1.0) 3.38

τ decay
6.3× 107 GeV 68.1+0.6

−0.5(+1.2
−1.0) 3.18

1011 67.8+0.6
−0.5(+1.2

−0.9) 3.35

1018 67.7+0.5
−0.4(+1.1

−0.9) 3.39

τ scattering
5× 108 68.0+0.5

−0.5(+1.0
−1.0) 3.25

1011 67.8+0.5
−0.5(+1.1

−1.0) 3.33

1018 67.7+0.5
−0.5(+1.1

−0.9) 3.39

Flat prior on Neff - 68.3+0.8
−0.7(+1.8

−1.2) 2.93

ΛCDM No coupling - 67.7+0.5
−0.4(+0.9

−0.9) 3.46
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Conclusions

If f . O(109) GeV, coupling with quarks and leptons
(with ci = O(1)) dominates over αs

8π
a
f GG̃

Efficiency peaks at T ≈ mf

For quarks (t ,b, c) =⇒ Neff . 0.05− 0.07
(measurable at 2σ by CMB S4)

For leptons (µ, τ ) =⇒ Neff . 0.6− 0.15 (measurable
by CMB S4)

Non-diagonal couplings =⇒ production via Decays at
slightly higher f/ci

µ production can alleviate H0 tension to 3σ level

Future CMB experiments will tell in a few years about
the Axion (and H0)
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