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Motivation

Generate naturaly small neutrino masses

Naturealy accomodate dark matter

Connect non-zero neutrino masses to the existance of dark matter

Requirements:

BSM fields: fermions, scalars, vectors

SM gauge extentions

Dark matter stabilizing symmetry (discrete, global, gauge)

For Dirac neutrinos extra symmetry is needed to forbit Majorana contribution

Simplest realizations:

Seesaw-I,II,III, inverse, linear, double seesaw (tree level)

Zee model, Scotogenic model, radiative inverse seesaw (1-loop)

LR models, SUSY models, Dark sector extension models, etc.

In my case: SU(3)c⇥SU(2)L⇥U(1)Y⇥U(1)D , Multicomponent DM, Kinetic mixing of fermions! m⌫ 6= 0
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Dark Sectors  

In several models (e.g. string theory, super-gravity, ...) Dark Sectors 
of particles arise naturally  � interesting candidate for Dark Matter.

1) Invisible: A' →  ���

2) Visible:   A' → e+e-, �+�- 

Dark Sectorgravity

Kinetic mixing? If YES ⇡ New massive boson A'  (so called Dark Photon)

For a recent review of DS activities see 

e.g. M. Battaglieri et al., arXiv:1707.04591.

X
�

A' decay modes: 

⇥ A’
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See also talk of Adam Ritz of monday:
 Dark sectors at the precision/intensity frontier
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The NA64 working principle to search for A’ → ���

ELECTROMAGNETIC 

CALORIMETER (ECAL)

HADRONIC CALORIMETER (HCAL)

A’→ MISSING ENERGY:

ECAL < 50 GeV

HCAL < 2 GeV  

Simulated A’ emission

 spectrum

S. Gninenko et al.,Phys. Rev. D 94, 095025 (2016)

STANDARD MODEL:

EECAL+EHCAL = 100 GeV

Emilio Depero | 23.08.2018 | PPC   3



||ETHZ- IPA Paolo Crivelli 19.02.2018

The NA64 setup

 

The H4 beam line from SPS:
➢ Up to 7x106  e-/spill,  2-4 spill/m
➢ Low contamination:  (<1%), /K (0.1%) ⌅  ⇧
➢ Low energy tails (<1%)
➢ Beam spot of 1.5 cm (FWHM)

For visible mode
A → e+ e-

Extra Tungsten 
Calorimeter

Particle identification

SR emission  ~ 1/m4  

Tracking system: 

8 XY multiplexed resistive 

micromegas

modules and 2 GEM detectors. 

Two MBPL of 3.5 T�m

Full hermeticity:

40X
0
 PbSc ECAL, 

4 FeSc HCAL modules of 7λ
and high efficiency Veto 
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Results
 and m

ore on th
e poster!
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Common non-linear approach:
> Non-linear cut-off e.g. kmax = 0.2 h/Mpc 
Our non-linear method:
> Theoretical uncertainty due to  
> non-linear modelling

Simulated mock surveys (CMB) 

Mock CMB surveys 
Temperature, polarisation, lensing
1. Planck 
2. LiteBIRD 
3. CMB-S4 alone 
4. CMB-S4 with LiteBIRD 
5. CMB-S4 with CORE-M5 
6. CORE-M5 
7. PICO 
Mock large-scale structure surveys
1. DESI    baryon acoustic oscillations 
2. Euclid  cosmic shear, galaxy clustering 
3. SKA     21cm intensity mapping 
4.             independent !reio measurement 

TB, Hooper, Archidiacono, Lesgourgues,  
and Sprenger 1808.05955

Sprenger, Archidiacono, TB, Clesse,  
and Lesgourgues 1801.08331

What can we expect from future surveys?

Four models
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Brief recap of current status of neutrino cosmology.
For more details see e.g. recent review Lattanzi & Gerbino 1712.07109

Situation not significantly 
altered with Planck 2018

Inverted hierarchy 
under pressure
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Are Dark Matter Interactions Allowed by Lyman-alpha Data? 
         M. Archidiacono, D. C. Hooper,  
  J. Lesgourgues, R. Murgia, and M. Viel

Some DM-DR models can also alleviate H0 and σ8 tensions, as shown in 
e.g. Buen-Abad et al. 1708.09406

Small Scale Crisis - Mismatch 
between simulations and 
observations


• Missing satellites 


• Core-cusp


• Too big to fail

Tensions in the data - H0 and σ8

DM-DR as a solution 

• DM-DR interactions can 
suppress matter power 
spectrum P(k) on small scales, 
affecting structure formation 


• Scatterings flatten the inner 
density profile, which is more 
compatible with observations



• Lyman-alpha can probe the 
matter power spectrum on 
small scales


• Expensive hydrodynamical 
simulations of Lyman-alpha 
forest required for each set of 
model parameters


• This can be avoided with a 
new parameterisation 


Find more details in my poster!

T 2(k) = [ P(k)nCDM

P(k)CDM ]

• Non-cold DM leads to a gradual 
small scale matter power spectrum 
suppression 


• We parameterise it with the transfer 
function:


