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The CMB Angular Power Spectrum

The main reason of this success relies on the
existance of a highly predictable theoretical
model that describes the CMB anisotropies.
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We can correlate not only temperature but
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Physical Processes that Induce CMB Fluctuations

The primary anisotropies of CMB are induced by three principal mechanisms:

- Gravity ( Sachs-Wolfe effect, regions with high density produce big gravitational
redshift)

- Adiabatic density perturbations (regions with more photons are hotter)

- Doppler Effect (peculiar velocity of electrons on last scattering surface)

The anisotropies in temperature are modulated by the visibility function which is defined as
the probability density that a photon is last scattered at redshift z:
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Visibility function and fine structure constant
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Evolution of the free electron fraction with time

ionization coefficient recombination coefficient
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Variation of free e

If we plot the free electron
fraction versus the redshift,
we can hotice 3 different
epoch of Recombination
for different values of
alpha. In particular if the
fine structure constanta is
smaller than the present
value, then the
Recombination takes place
at smaller z.

ectron fraction

X, =0.5

_a/a0=0.95
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Modifications caused by variations of the
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fine structure constant

If the fine structure constant is

a/a, <1recombination is
delayed, the size of the horizon
at recombination is larger and as
a consequence the peaks of the
CMB anqular spectrum are
shifted at lower | (larger angular
scales).

Therefore, we can constrain

variations in the fine structure
constant at recombination by
measuring CMB anisotropies !



New constraints on the variation of
the fine structure constant

Menegoni, Galli, Bartlett, Martins, Melchiorri, arXiv:0909.3584v1

Physical Review D 80 08/302 (2009)

We sample the following set of
cosmological parameters from

WMAP-5 years observations:
Baryonic density Q,n
Cold dark matter density Q7

Hubble parameter
Scalar spectrum index
Optical depth

Overall normalization of the
spectrum

Variations on the fine structure
constant ala,

0
Mg
T

)

We also permit variations of the
parameter of state w .

We use 3 method based on
Monte Carlo Markov Chain

( the algorithm of Metropolis-
Hastings).

The results are given in the form
of likelihood probability

functions.

We are looking for possible
degeneracies between the
parameters.

We assume 3 flat universe.



Constraints on the fine structure
constant

In this figure we show the 68% and 100l ]

95% c.l. constraints on the a/ e, vs
Hubble constant for different

datasets . 80
Experimenit aforg % ol 95% cl o
WMAP-5 0,99 40021 TOOE L
All CME 0987 £0.012 40,023 60

All CMB+ HST 1001 |2o.007 | 0014

TABLE I: Limits on o fog from WAMAP Nata only (fret

rew), frem a larger s=t of UMB scperiments\{second row, 40

and from CME plas the HST prics on the HulNole constant, 0 95 1 1 05
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259 conbidence level %Lﬁ% a/(xo

Menegoni, Galli, Bartlett, Martins, Melchiorri, arXiv:0909.3584v1
Physical Review D 80 08/302 (2009)




Fine structure constant and the CMB damping
scale

A variation of the effective number of relativistic degrees of freedom N_eff
affects the value of the Hubble parameter H 3t recombination. This
changes two very important scales in CMB anisotropy physics: the size of the
sound horizon and the damping scale at recombination. An approximate
expression for the damping scale is given by
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A change in H could be compensated by 3
change in the number density of free electrons in order to keep the
same damping scale. Consequently, a change in the recombination pro-
cess, motivated by some non-standard and unaccounted
mechanism, could alter the current conclusions on Neff.



Constraints on N_eff and ¢¢
WMAP7+ACBAR+ACT+HST+SPT+SDSS-DR7 data

~_~ The dataset considered prefers 3

value of a/a0 <1 at more than

2-standard deviations when
both the Neff and Yp are kept
fixed at their standard values.

Allowing for variations in Neff

significantly shifts the best fit
value for a/a0, which is now
consistent with the standard
value.

The largest effect
on a comes however when also
the helium abundance Yp
is let to vary: the errors on a
are
almost doubled.
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Likelihood contour plo’c for ala, vs N_eﬁ:at 68% c.l. and
95% c.l. in the case of Y_p = 0.24 (red smaller contours)

and Y_p allowed to vary (blue

When helium abundance is Yp = 0.24
there is 3 clear but
moderate degeneracy between a/ao and
Neff. If Neff increased the H at
recombination increases.

In order to keep the damping scale at the
same value fixed by observations we
heed to decrease the xe at
recombination. This can be achieved by
simply accelerating the recombination
process. This effect is clearly obtained by
an increase in ¢y , so we see this
degeneracy .
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Eloisa_Menegoni, Maria Archidiacono, Erminia Calabrese, Silvia Galli, C.J. A. P.
Martins, Alessandro Melchiorri; PhysRevD vol. 85, id. 107301 (2012)




Future constraints on variations of o from combined

CMB and weak lensing measurements

E‘F'*;E; "““‘m’““"] F"F{ E‘If Adding a noise spectrum to
W each fiducial spectra C_l:
[ aud
}',J:F=III.EE-

TABLE 1. Plancklike sxperimental spcifications. Channe N,=w' exp(/ (/ +1)/ [ b)

fraquency is given in GHz, the temperature sensitivity per
pizel in g /K, and FWHM (Full Width at Half-Maximum)
in arc-mimut=s. The polarization sensitivity & assumsd as

AE/E =AB/B = JIAT/T.

We combined five quadratic

estimators into 3 1
minimum variance estimator; the /Va’a’ .
noise on the deflection ‘ /| abdb ~—1
field power spectrum C_dd Z ( N / )

t produced by this estimator can 22bl
be expressed:




Galaxy weak lensing data

Using the Euclid specifications we neatloremin®)  redehift  Sky Coverage  rms
produce mock datasets of o ' (acqusen dagreen)
convergence power spectra.

The 10 uncertainty on the il J5<zc2 100 0
convergence power spectrum
(P(?)) can be expressed as: TABLE II. Specifications for the Euclid like survey consid-

ered in this paper. The tabls shows the number of galaxies
per square arcminute {vgq;), recshilt range, sky coverage and
intrineic ellipticity (2, ) por component.,

2 4 :
o, = | P+
(2/+1) f) Mo

In our analysis we choose € = 1 for the range2 < £ <100 and € = 40
for 100 < £ <1500. As at high € the non-linear growth of structure
is more relevant, the shape of the non-linear matter power
spectra is more uncertain therefore, to exclude
these scales, we choose £max = 1500. We assume the
qalaxy distribution of Euclid survey to be of the form

n(2)oc Z exp(—(2/ Z))") where z_0O is set by the median
redshift of the sources, z O =z m/1.41 withz m =0.9.



Matteo Martinelli, Eloisa Menegoni, Alessandro Melchiorri
Physical Review D, Vol.85, No.12, id. 123526 (2012).
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The Euclid future data improves the Planck constraint on
a/0_O by 3 factor of 2.6!!!
This is a significant improvement since for example, 3
26 detection by Planck for 3 variation of o could be
confirmed by the inclusion of Euclid data at more than 5
standard deviation.
The precision achieved by a Planck+Euclid analysis is at the level
of 5x107, that
could be in principle further increased by the inclusion
of complementary datasets.
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There is 3 high level
of correlgtion among
o/a0 and the
parameters H_o when
only the Planck data is
considered. This is also
clearly shown in the
plot of the 2-D
likeihood contours at
68% and 95% c.l.
between a/00 and
H_o. A larger/lower
value for a is more
consistent with
observations with 3

larger/lower value for
H o.



Using EUCLID +PLANCK highlights
a previously hidden degeneracy be-
tween a/a0 and 1; both these
parameters do not affect the
converdence power spectrum, thus
they are not
measured by Euclid, but they are
both correlated with
other parameters, such as n_s whose
constraints are improved through
the analysis of weak
lensing. This improvement on ns
allows to clarify the
degeneracy between a/a0 and t.
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CONCLUSIONS:

We found a substantial agreement with the present value of the fine structure constant
(we constrain variations at max of 2,5% at 68% level of confidence from WMAP-5
years and less than 0.7% when combined with HST observations).

There is no clear degeneracy between the early dark energy density parameter and the
fine structure constant, and we can reach tighter constraints on the fine structure
constant with the future experimental data (Planck).

From the latest CMB and ACT and SPT data, combined with other cosmological datasets
and by assuming the standard value for Neff with primordial Helium abundance Yp =
0.24 the current data favours a lower value for the fine structure constant at more than
2 standard deviations with /¢, =0.984+0.005 . Clearly, further experimental confirmation
of the result is needed. Planck is expected to have a sensitivity of 5(« /&) =~ 0.002

and Neff=0.2.

Combining the data from Euclid+Planck experiments would provide a constraint on

of the order of «/a=8x107*, significantly improving the constraints expected from
Planck. we found that allowing in the analysis for variations in a has important impact in
the determination of parameters as ns, HO and T from a Planck+Euclid analysis.



Constraints on the variations of the
fine structure constant, EDE density
parameter and on coupling
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Experiment a/ag Qe | ¢

WMAPT7+HST 0.963 £ 0,044 0.064 |< 0.047
WMAP7+ACT+HST 0.977 £ 0,010 0.051{< 0.028
WMAPT+ACT+HST+BAO 0.043(< 0.024
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