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» Measuring neutrinos with cosmology:
* Neutrino thermal history
* Observables

e Current Constraints

> Sterile neutrinos




Neutrino decoupling
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Neutrino decoupling
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Neutrino number: impact on BBN
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Neutrinosand CMB TT
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Neutrinosand CMB TT
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Neutrinosand CMB TT
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Neutrinosand CMB TT
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Neutrino non-relativistic transition
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Neutrino mass: impact on LSS

1,000

S,

T 1293 14eV

This formula does
not account for the
distortions in the
neutrino
distributions

|

Neutral
IGM

20 12 8 Redshift (z) 0
Hubble , ~ Hubble” v
2012 2009 g 1l N e ol
’ '\L A » .. ’ “ > \" . .i '\ ) “v. - : \’ ‘:‘1x ;
\ ) s A o) A ‘ »
- e M / o s ©
DCOKSR1 IC v | \’ ; '::":/\K‘ ‘ \ Tﬂ-l'r it h:\ e
“Dark Ages” \ AR T e T g ‘
’ <—'-Re|on|zat|on —-> S > ey s N ¥
‘ 1.§ e s b AT At
°’ . B :3 . ‘_‘"." .ﬂ' b S > ¢
First  First | i ojoedll  NGSEEEZE .: Moderr | e Pt e
stars galaxies i M tgalames-form . Present day:
. . . b - b 2
13.5 13.4 13.0 Billions of Years Ago

Recombination

Planck15(TT+TE+EE+lowP)+
SDSS-DR7-P(k)+BAO

Y m, <0.13 eV (95%cl)

Cuesta, Niro, Verde,
Phys. Dark Univ (2016)

z,, ~ 1890 (m, ;/1eV)

m, =03eV

0.1

k [h Mpc™']

Castorina et al., JCAP (2015)




Neutrinos and CMB lensing
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Where we stand

¢ Effective number of relativistic
degrees of freedom

<> Neutrino mass sum

O _IOV Em"

YT o h293.14eV

+* Other relativistic relics can
contribute to N

¢ This equation holds after
decoupling and as long as all
neutrinos are relativistic

Model: ACDM + N_¢

N, = 3.13 + 0.32 (68%cl)

<> This formula does not account for
the distortions in the neutrino

distributions
Model: ACDM + Zm,

Y m, <0.13 eV (95%cl)

eV sterile neutrinos are too many and too massive for cosmology




Troubles




Tension between measurements

H,=(67.31 £ 0.96) km/s/Mpc (68% c.l.) (Planck, ACDM)
H,=(73.24 £ 1.74) km/s/Mpc (68% c.l.) (HST, Riess et al., Apj (2016))

3.4 o tension

O, tension between Planck and CFHTLens (Kilbinger at al., MNRAS(2013)),
alleviated by DES (Abbott at al., PRD(2016))

Two possible model extensions each one solving one tension
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L ACDM + 2m,,
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Model extension: N _q+me"

V, S
ACDM + N+ m®, o (m®, o= mthemal (T, /T,)> = mbemel (AN g)**)
Neg <3.7 & m*, (< 0.38 eV (95% c.L) (Planck + BAO)

The model extension does not represent an escape route!

* It does not alleviate the tension between Planck and low-z measurements

* ¢V sterile neutrinos are (still) too many and too massive for cosmology
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Model extension: N_q+me"

V, S
ACDM + Nyt meff,  (meff, = mtermal (T /T, )3 = mthermal (AN )3)
Ner <3.7 & mef, (< 0.38 eV (95% c.1.) (Planck + BAO)

The model extension does not represent an escape route!

* It does not alleviate the tension between Planck and low-z measurements

* ¢V sterile neutrinos are (still) too many and too massive for cosmology
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New Physics

Partial Thermalization

pv S Pv s / v,s
ANeff = the;‘mal( ’ p , )’ ’0 = g fdpEpzf(p)

B pv,m=0 1/3 2‘7-[2



Secret interactions

The sterile neutrino 1s coupled to a new light pseudoscalar (11, << leV):

LintN Es q) V_ls Y5 Vs
No fifth force limit
SuperNova bounds derived from the energy loss argument:

V.V, 20, g. <4 x 107 Farzan, PRD (2003)

< ¢ /sin?0. <3 x 10> Model dependent




Secret interactions

The sterile neutrino 1s coupled to a new light pseudoscalar (11, << leV):
LintN Es (I) V_ls Y5 Vs
No fifth force limit

SuperNova bounds derived from the energy loss argument:

V.V, 20, g. <4 x 107 Farzan, PRD (2003)

g, < g,/ sin’0; <3 x 10> Model dependent




Pseudoscalar thermal history

 T>TeV ¢ particles are thermally produced
 T~GeV (g~107) v, and ¢ in thermal equilibrium

 T>200MeV the dark sector decouples

T~ 10MeV neutrino oscillations become important




Secret interactions and BBN
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Secret interactions and CMB
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Secret interactions and CMB
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Secret interactions and CMB
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Secret interactions and CMB
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Secret interactions and LSS
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Secret interactions and LSS
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Conclusions

* Cosmology provides very tight constraints on neutrinos

N, omp = 3.13%0.32 (CMB, 68% c.1.)
Sm, < 0.13 (CMB+LSS, 95% c.l.)

* ¢V sterile neutrinos are too many and too massive for

cosmology

* “Secret” sterile neutrino self-interactions mediated by a
light pseudoscalar can accommodate one additional
massive sterile state in cosmology by means of an early

partial thermalization and a late annihilation.
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MeV vector boson

Chu, Dasgupta, Kopp, JCAP (2015)



