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Outline

Motivation for the KATRIN experiment

Egect o1c neutrinos on cosmological scales ancl the

cosmologica| bound on neutrino mass

Our scenario to reconcile cosmological bounds with sizable
[O(0.1eV)] neutrino mass

Embedding scenario in electroweak invariant models
Results
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Neutrino oscillation
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NoO sensitivitg to neutrino mass scale

+ Neutrino osc:i”ation Pattem clepencls onlg on

Nneutrino mass splitting










Which mass?
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Previous experiments

+ Mainz

J Bonn et al, Nuc Phgs Supp 91 (2001) 273
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» Troitsk

Troistk collaboration, PRD (201)
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Reach of KATRIN

« Bound in case of null result

)
)

0.2eV 90 % C.L.

* Detection limit

0.35 eV
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OLD happg cl895 before WMAP

o Meefrom neutrino less double beta clecag

o M1 from KATRIN

* lmcormation on Mejorana Pl’]BS@S
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J. Lesgourgues and S. Pastor, “Neutrino mass

from cosmologyj” Adv High Energy Phgs 2012
(2012) 608515;
arXiv:1212.6154
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Neutrino etftect on structure

formation

‘FT'CC streaming WBVCICﬂgtl") ancl wavenumber
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Neutrinos starting to become non-relativistic
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. effects of neutrino mass on matter

Power spectrum
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Etfects of neutrino mass on CMB

o Atthe time of recombination neutrinos were

relativistic.

. Thus, their eftect on CMB will be seconclary
and indirect through three main effects.

o letusfix ()5 The zeq will then del:)encl on

neutrino mass and this atfects Position and

amplitucle of CMB power sl:)ectrum Peaks.
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s Fixing ), the angular diameter distance to the

ast scattering surface d4 (2gee )varies with neutrino
mass which in turn will aHfect the CMB sl:)ectrum

feature in multipole space.

« Neutrino mass atfects time evolution of matter

fluctuation at late time and therefore aftfects

lntegratecl Sachs-Wolfe egect, clﬁanging the slol:)e

of low- Part of CMB power sPec’trum.
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» Planck alone me < 0.71 eV

+ Planck + BAO me <0.23 eV

Ade et al (Planck collaboration) , arXiv:1502.01589
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s there any hope for KATRIN?

< Altering cosmologg

+ Non-standard Phﬂsics for neutrinos
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Y.F and Steen ﬂannestacl, “Neutrinos secretlg

converting to ighter Partic!es to Please both

KATRIN and the cosmos ,” JCAP 1602 (2016)
6. 02, 028
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Conditions

o Conversion has to be after neutrino

&ecoupling: Below T~ 1 MeV.

< During recombination neutrinos and the

new Particles have to Freelg stream.

Hannestad and Raffelt, PRD 72 (2005)




Conversion should take

PlaCC Wl"l@ﬂ

l eV €T <« 1 MeV
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Mechanisms for conversion

+ Neutrino-Neutrino coannihilation

+ Neutrino sc:attering otf dark matter

backgrou ﬂCl
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Neutrino mass coannihilation

o Mass of intermediate state is much higher

than the temperature
T =
By e H ~ ;
mx MFp

o Mass of the intermediate state is much smaller '
than the teml:)erature
T2
My,
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Resonant conversion

eV <mx <1 MeV

(

U+ 1;)

(—)
— X* = fi+ fi




/ / ./ o 1 Ak (2m)*0* (p1 + p2 — k1 — ka)| M |?

(27)32py 1 + exp?t/T (27)32ky (27)32k;




Scalar vs Vector

o Scalar intermediate state
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* Vector intermediate state (X =2
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A= g% e)m, and f(0,) =1+ cos*f,.
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Narrow width aPProximation

A

mx'x

IM|* ~ Bf(6.)6(¢° — m5y) where B =
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Condition for eHicient conversion

RITN'mX ™ H‘Twmx

/I 1 —
go or g/ >5x 107

No dependence on the coupling of the new light Particles to X

as Iongas 'y K my

ozl
gavge <987965NE




R §(p1pa(1 — cos) —mx) =

_ B-b /p%dpldcosﬂ 1
— 2873p,

pr 14expr/T

B-b-T

i (08(1+ exp™ /22T — i /2piT).

BT/ exp e

For poT > m%.,

R — log(2)B - b- T/(257*p)




+ The maximum of R/H is reached at

; R M
S Moadmum. == oc —2
H T x
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Back reaction

fRd.t>>1 fR(l.tNl

0

Reaction and back-reaction rate equal

similar energy distribution

Pmassive.final 3

p— ‘ —
/)Inassive,init.ia,] 3 + ;\

number of degrees of freedom that come to equilibrium with neutrinos below IMeV
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A Digerentlg Possibilitg

* X direct|9 clecags to more than one 5Pecies.
o Seconclarg Partides clecag to new Particles.

= Seconclarg Particles oscillate to new Particles.
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Etfective number of neutrinos

)

2 4

1

Eiective number of relativistic clegrees of
freedom at BBN

]

Fiective number of relativistic clegrees of

freedom at recombination

Effective number of massive neutrinos after

conversion Nmessive = 3
+ VYmmassive 1 . ‘\7/3
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Gauge boson as X

A

g (e, v + e v tv) 4, g, > 5x 10 11(l v
(&

« Star cooling sets a bound on coupling to
& Pais

electron of order of 1075

)!/3
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Gauge boson as X
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+ Gauging b
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Mixing between triplet and singlet

| 2 ~
O~ AANT 9a = A .

m A —Tn 7

* |s hierarclﬂg between masses of Majoron and

the triplet stable?
Gy ~ 5 x 1071 gan > 0.1 and ma ~ 1 TeV,

|

2.9  _ 1..\T2
o’ mzA < keV-~
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Other bounds

o Supemova cooling 10~

NIz Phys.Rev. D67 (2003%) 073015

s [ree streaming at recombination

keV
X ) 19 4
'nl/gsca.tte'r-ingAt|TNO.3 eV ™ 10 9s (

4
) . gs S 0.005(my/keV)
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? Parameters relevant for cosmologg

+ Neutrino mass

} o Effective number of massive neutrinos
|
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CMB+BAO |
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If for each active neutrino there are 1 (4) lighter ones, m,, = 0.35 eV
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Summarg

o Scenarios that resonantlg convert neutrinos to

lighter Particles cluring T ~mx ~ keV
 Intermediate state can be scalar or vector boson
* Gauging L, — L. ormixing singlet—-triplet scalar

* Masses resolvable 139 KATRIN can be made

compatible within this scenario with cosmological

bOUﬂClS.
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We have performed a likelihood analysis of current data using CosmoMC [21|. Our benchmark
CMB data set consists of the Planck 2015 high multipole temperature data and low multipole
polarization data (PlanckTT+lowP), implemented according to the prescription of Ref. [22].
We have also performed the analysis with Baryonic Acoustic Oscillation (BAO) data,including
6dFGS [23], SDSS-MGS [24], BOSS-LOWZ BAO [25] and CMASS-DR11 [26]. The neutrino
sector is described by the parameters N, ..ive and the physical neutrino mass m,,.

ner cosmological parameters use 1e analysis correspond

Planck 2015 analysis of neutrino mass: The baryon density, Q,h2, the cold dark matter densn:y,
Q.h?, the angular scale of the first CMB peak, @, the optical depth to reionization, 7, the
amplitude of scalar fluctuations, A,, and the scalar spectral index, n,.
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+ Normal hierarchical scheme

Z My, = \/Amgtm ~ (0.06 eV

Main

© SUPPression of small scale fluctuations of order
of few Percent to be resolved bg BN




