GOING BEYOND COSMOLOGICAL BOUNDS ON NEUTRINO MASSES
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In particular, these bounds are model-depeﬁdent and can be
easily relaxed if new physics in the:neutrino sector exists.
This has‘already been explored in the context of neutrino long
range interactions [1], neutrino decay [2] or non-standard

neutrino populations [3]. How can this happen?

CMB and LSS observations are puttihg the best bounds ever
to the sum of heutrino masses. Even more, EUCLID promises
to measure it in the following years. Now that cosmology’s
precision is sufficient for such a discovery, we need to study
all possible caveats on the cosmology of neutrino masses.
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HHAT DOES THIS MEANY

Neutrino masses have an effect on the observable Universe at two different levels:

AT BACKGROUND [HOMOGENEOUS) AT PERTURBATIOMS [INHOMOGEMOUS]

Neutrino masses modify ‘
Lpr—picye the position of the transition
from ultrarelativistic to

. _nonrelativistic. - i
/ 9 [ &

N If neutrinos were massless
#% they would free stream
i~ from overdense regions
\ and smoothen out the
inhomogeneities.

At the background
level, the effect of
(.2 4 neutrinos is described
by this single variable:

=p/p
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3 the equation of state. . Above a certain scale,
Z m,, = 0.06eV massive neutrinos act as a
1 clustering component and increase
A0 - - = @ the density of inhomogeneities.
-5 —4 -3 —9 -1 0 This depends on the neutrino
10 10 10 10 10 10 s
a
. L : Neutrino perturbations are described by four extra variables, the overdensity
If the transition happens at earlier times (heavier masses), 0, the velocity 6, the sound speed cs and the anisotropic stress (or shear)
\ this modifies the expansion history of the Universe. These ’ y_ . = . P s . P ) 0.
o \ leads to observable differencesm variables su&h as the From the continuity equation, they must fulfill two necessary equations:
107" 7 ) CMB angular scale or the Hubble rate. ) . )
3 - 0=—(1+w)(0—3¢)—3H (c; —w)d
~— ) ) A a —3 .- -.J'- Z nl,, — 1 e\/r . 2
e 10_9 _| The neutrino equation ‘ . w Cs 9 9 2
N of state modifies how the 0 = —H(l — 3w)0 ——0+ ~—k“0 — k0 + k*Y
neutrino energy density Z m, = 0.06eV I w 14+ w
scales with time. ) ) )
- S — Therefore, there are two free variables. Aside from the equation of state, we

can compute the sound speed and the shear if we assume a particular model
(e.g. standard massive neutrinos), but in general all these can be independent.
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HHAT IF WE TRY T0O0 DISENTANGLE BOTH EFFECTS?

Since mass is not a direct observable, we can work with two different “mass”
parameters to describe the variables which are actually observable.in cosmo:

Since we are doing cosmology, we can fit both parameters in a triangle plot:

—_— — The “background” parameter is
describes describes ) — (—/ consistent with standard results:
mbkg — W mpert — o — no measurement of neutrino
S-) ) masses has happened yet and a
(V) similar bound is obtained.
This framework allows to understand better which effect of neutrino masses are L
we exactly measuring. Since there are new physies-scenarios where these two o A
parameters are different, we will be able to prove the robustness and consistency > . . A non-significant measurement
of the neutrino mass measurement under such scenarios. o 20} | </ of the “perturbations” parameter
< appears at 1sigma. This might
L 15F - be a hint that what is currently
) "rtowr 1 mew v T T T g g T T T Z S driving the neutrino mass bound
wS B LISW EISW Silk damping = — I/E\] Lol | o g : oot
= C 7 ' is the equation of state.
) s A g =
N = / \ — : o= B Planck+lensing
Tle B Pl N M 7] B Planck+lensing+BAO
S - e e L e ——————e—r—— TOUESES — LL] 70 - = 1
i 1T TTTTT 1 II P I 1T 1T 1 | ST I 1T 1T 1 I U TONIIE m Thisisaknown
. ol 68 degeneracy.
—  0.00F
| B b >— 3 66
? B 7 m
— 1 64
§ i _ LLI Degeneracy
) —0.05F T . _ — = ) washed out. -
= L T WSS DOUGI0E If BSM in the neutrino | | 02 04 06 05 10 15 20, 62 64 66 68
e £ Mikg = 0, Mpery = 1€V sector.makes its equation = - > mBeK > mPRT Ho
= < B of state be massless, '
S) =0.10F Standard massive nagtrinos [esyerecnnineic il This is preliminary work, but soon will be published to the arXiV together with a
@) - m’(” - . . Lo '°S(t;o ?‘z:rt;:ﬁirﬁ IS i‘w;cl’g;f - public version of CLASS. Since this model independent approach can be adjusted
i ’bki{ . ipe”‘ e I I I < pl "1 to many BSM models in the neutrino sector, we want this framework to be a useful
— (= —t—t A e A L tool for all cosmology. Hope you want to stay tuned to me and my collaborators. If
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you want to, keep an eye on my Twitter @tbertolez or my InspireHep profile!
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. NEUTRINO INTERACTIONS WITH.
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‘i e we need to scale the mass with ;

Cons!der fermions coupled to a pseudoscalar field in an expanding Universe: O(l(ﬁ)j i\ the amplitude of the DM field
1 . Then this leads to neutrinos
4 2 12 75 T - - , being t ive in the CMB
S = [dtavmg{—50.000 = i —goiin v BiD —mlv} g N LG e by
\’{ cosmological bounds.
In such scenario, the neutrino obtains an effective mass in terms of the field T b :
’ ’ —Z If t the field t I
which can also be enhanced by the DM local overdensity. = 10 /,) almimaenneufrineo mgsi)izda;r;
i.e. have m, = 0, J
_ 2 2 H2 ” \@,@m
meﬂ;,y—\/merggb e O
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Can this pseudoscalar field explain
simultaneously dark matter and the
origin of neutrino masses? This'’has
' already been studied’in[4, 5]. The
Mot SV standard answer is NO.

BEWARE! This argument can be tricky: the CMB bound comes
u from evolving the Universe assuming standard neutrinos.

M Cosmology is not directly sensitive to neutrino masses, but we

need to evolve the full model and see how is DM affected too.

A RIGOROUS COSMOLOGY REGUIRES TO SOLVE THE PSEUDOSCALAR EVOLUTIONT

The interaction of a distribution of neutrinos with the pseudoscalar modifies its equation of
motion through a new potential term with a different shape:

/ (;er];i% VP? +m2 +(99)2 f(pa) = pu(9)
for gA > (p)

. : d>p 1
2 1 2 2
¢+3H¢+W@¢——g¢/“2 T =f(pa)  ¢/A »"/2
(27)° \/p* +m2 + L Al
14
- 0 1
H < m & However, the separation of timescales makes a direct numerical resolution g=10"1
of the cosmological evolution impossible. We need to average out the fast 1012 - When the interaction potential
TH 2 Tmy  oscillations of the pseudoscalar field. ] dominates over the scalar
potential, the scaling of the
Instead of solving for the field @, we solve for its oscillation amplitude A. We perform an ’§ i A GUETIE S
adiabatic approximation by separating the time variation in its two timescales, and keep the & 107 5 g= 10~ N
slow one constant. We then find a quantity which is invariant along cosmological evolution: <t d
3
A ]
I =a’ 1m2 (A2 — 9?) + (pu(A,a) — pu(¢,a)) dp = constant 10" 5
0 2 [0 pV 9 IOV ) 2 § My = 10—18 eV
I I 1
This adiabatic invariant can now be used to compute the field amplitude at any time. 107° 10~ a 102 10

LARGE COUPLING [EXOTIC’) PHENOD

In order to compute the cosmological variables of the pseudoscalar-neutrino fluid,
we must average over an oscillation of the pseudoscalar field at every time:

SMALL COUPLING PHENOMENOLOGY

However, existing bounds on neutrino masses are gm, = O(1)eV,
For such values, cosmology is more standard, at least until the CMB epoch.

- . J 10”4
1 O (gb, q5) ¢ = \/2 (00 (A) = pu(@)] + m3 (A% — ¢?) 1.0 The scaling transition The scaling of the effective
<O> — = —d¢ with ) 1 still happens, but it neutrino mass remains
T A ¢ TA = j{d¢/¢ does before CMB. ) valid until CMB :)
U 107
1077 1.0 = E !
—_— The system virializes ,Otot . w¢ I 0.5 Ny
.4% into an equipartition i S b5 |
= of energies such that W = 10777
) Q 1 Wtot
> Py = 2P0t/ 3 E 1 All matter turns l i
< Pé = Prot/3 ! 0.5 - into radiation: 0.0 i g =10
= 9 1 instant equality!!! T 1 10 T T T 1
210" 3 107° 1073 10° 1073 1072 107t 10°
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5 0.0 S LTI EUNERD IR This is preliminary work, but soon-will be published to the arXiV together with a
6 3 0 6 s 0 public version of CLASS. Present neutrino-pseudoscalar coupling bounds are
10 10 10 10 10 10 likely to be correct, but now should be more trustable. The exotic phenomenology
a me=10""%ev g=10"" a at-strong interaction regimes is interesting on its own and deserves attention!
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