
1. Signals in axion cavities
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FIG. 2: Reconstructed axion mass and coupling as well astrophysical parameters, vlab and �v, for a smooth Maxwellian halo
model. We show sets of 68% and 95% confidence level contours in the ma � ga�� and |vlab|� �v planes (left and right panels
respectively). We express the axion mass as �ma which has the true (input) value subtracted. The blue, green and red sets of
contours correspond to the estimates with experiments of di↵erent durations: 10 days, half a year and 1 year respectively. The
maximum likelihood values are indicated by triangles and the input values for the parameters are indicated by dashed lines
and a yellow star.

parameters as we will perform tests with varying num-
bers of free parameters. We use Lastro to incorporate the
optional uncertainty in the knowledge of an astrophysical
parameter (it can be set to unity if no prior knowledge
is assumed about a given parameter). The final term
LN (PN ) parametrises the likelihood of the noise power
which can be measured externally (although we set this
to unity unless otherwise stated).

Our likelihood analysis consists of first finding the pa-
rameter values that maximise the likelihood of Eq. 39, we
interpret this set of parameters as the best fit points. We
then construct 68% and 95% confidence regions around
these points which are either 1-dimensional intervals
when we are only interested in the reconstruction of one
parameter or 2-dimensional contours when we are inter-
ested in the reconstruction of two parameters and their
correlation. We do this by first profiling over all other
parameters other than those of interest and then calcu-
late a likelihood ratio between the maximum likelihood
for each point ✓ in the remaining likelihood function. The
likelihood ratio we define as, �(✓) = �2(lnL(✓)� L(✓̂)),
where ✓̂ are the maximum likelihood estimators. Ac-
cording to Wilks’ theorem [65] this is asymptotically �2

k
distributed for k parameters. We then find intervals or
contours around the best fit points which enclose regions
of parameter values with � less than a certain critical
value. The critical value of � is that for which the cumu-
lative distribution of �2

k is the desired confidence level.
For example for k = 1 the 68% interval encloses values
of � < 1 and the 95% encloses values of � < 4.
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FIG. 3: Reconstructed lab velocity components (vxpec, v0 +
vypec , vzpec) at 68% and 95% confidence for three datasets
of length 10 days, half a year and 1 year, indicated by blue,
green and red sets of contours respectively. The maximum
likelihood values are indicated by triangles and the true (in-
put) values are indicated by dashed lines with a yellow star.

V. RECONSTRUCTING PARAMETERS

In this section we use the simulation and analysis
methodology described in Sec. IV to attempt to recon-
struct sets of input particle and astrophysics parameters.
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2. Modified cosmologies
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Dependence on two parameters:
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FIG. 2. In the LTR cosmology, axions are the 100% of the CDM in the white region on the left

(limited by a di↵erent line for each TRH) and in the narrow bands marked by horizontal lines in

the lower right triangle (one line for each TRH).

derived previously in this Section. The LTR isocurvature bound is then, for TRH < T
std

1
,

8
><

>:

1.05⇥ 10�2
g
1/8

RH
(T LTR

1
)
p
f(✓i)T

�1

RH,MeV
f
1/4

a,12
, for 9.2⇥ 1014 T�4/3

RH,MeV
GeV < fa < f̂a(TRH),

5.13⇥ 10�2
T

�1/2

RH,MeV
, for f̂a(TRH) < fa.

(79)

Here f̂a(TRH) = 5.69⇥ 1014 GeV g
�1/2

RH
(T LTR

1
)T 2

RH,MeV
is given by Eq. (73). The LTR isocur-

vature bound can be approximated by

HI,12 =

8
>>>><

>>>>:

1.31⇥ 10�4
fa,12, for fa < 9.2⇥ 1014 T�4/3

RH,MeV
GeV,

1.05⇥ 10�2
g
1/8

RH
(T LTR

1
)T�1

RH,MeV
f
1/4

a,12
, for 9.2⇥ 1014 T�4/3

RH,MeV
GeV < fa < f̂a(TRH),

5.13⇥ 10�2
T

�1/2

RH,MeV
, for fa > f̂a(TRH),

(80)

As in the case of the standard cosmology, there are two changes in the power-law dependence

of HI,12 on fa,12 in the LTR cosmology, the first one being at fa = 9.2 ⇥ 1014 T�4/3

RH,MeV
GeV

and the second one at fa = f̂a(TRH). Notice that at large fa, the isocurvature bound is

independent of fa.

ma ⇠ 0.1÷ 10µeV ⌧ standard scenario

fa ⇠ 1015 GeV ! = 2/3
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3. Addressing the H0 tension
H0 tension is addressed by 

dark matter => dark energy conversion
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3. Addressing the H0 tension

FIG. 1. Equation of state of the quintessence field as a function of time.

Results are shown in Fig. 1 showing radiation (red), matter (blue) and quintessence (black).

We have set to zero the (constant) cosmological constant ⌦⇤. The quintessence tracks the

dark matter behaviour until the transition to the constant ⇤
4
term in the quintessence

potential.

A. Quick estimate

If we model the quintessence energy density as

⇢�(a) = ⇢�⇥ (a� a⇤) + ⇢�

✓
a

a⇤

◆�3

⇥ (a⇤ � a) , (14)

where ⇢� is the value of the energy density today, then at CMB the quintessence behaves as

dark matter with an energy density ⇢�. Assuming that the Hubble rate measured using the

CMB data is HPl, and that measured with supernovae is HSN, we obtain the set of equations

⌦m + ⌦⇤ +

✓
a0

a⇤

◆3

⌦� =

✓
HSN

HPl

◆2

, (15)

⌦m + ⌦⇤ + ⌦� = 1, (16)

⌦m + ⌦� = 0.32, (17)
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