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In the « The son of man Ȼ ȣ  ÙÏÕ ÈÁÖÅ ÔÈÅ ÁÐÐÁÒÅÎÔ ÆÁÃÅȟ ÔÈÅ ÁÐÐÌÅȟ ÈÉÄÉÎÇ ÔÈÅ ÖÉÓÉÂÌÅ ÂÕÔ ÈÉÄÄÅÎȟ ÔÈÅ ÆÁÃÅ ÏÆ ÔÈÅ ÐÅÒÓÏÎȣ 
Everything we see hides another thing... There is an interest in that which is hidden and which the visible does not show 
us. This interest can take the form of a quite intense feeling, a sort of conflict, one might say, between the visible that is 
hidden and the visible that is present.                 René Magritte 
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Astroparticle Physics, a  definition once more: 
Going up and down the cosmic ladder  

Two fundamental  and interconnected themes: 
 

The evolution of the Universe, from the Big Bang or 
the primordial  inflation up to its present structure:  
Addressing the issues  of inflation,  dark matter  and 
energy,  as well as these of the neutrino sector  and 
the possibilities of  new physical energy scales 
and/or  phase transitions between the electroweak 
and inflation  scales or  beyond.  
  
The evolution ɀ formation and destruction ɀ of cosmic 
structures: How the particles of the Standard Model 
and possible new particles  can influence the 
genesis, formation and destruction of cosmic 
structures?  Topicality  and urgency of  multi -
messenger studies of high energy photons, 
neutrinos, high-energy charged particles and 
gravitational waves. 
 

Planck-Scale 

Grand Unification  

Leptogenesis 

Dark  Matter  

Fermi -Scale  

eV-Scale  

*ÁÃÏÂÓȭ ÌÁÄÄÅÒ ÏÒ  
 « high voltage travelling arc » 
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Frank Linde 



  

Å 1st   2ÏÁÄÍÁÐ ÄÏÃÕÍÅÎÔ ÔÈÅ Ȱ3ÅÖÅÎ -ÁÇÎÉÆÉÃÅÎÔȱ      ςππψ 
Å An attempt to define the field , no priorities 

Å Announced in Brussels at the Hotel Metropole 

Å 2nd  Roadmap a priority roadmap                                   2011 
Å 3 categories (time and scale ordered Č priorities  e.g. CTA) 

I. Preserve the then ongoing upgrades: advanced  GW  
antennas, dark matter and double beta   

II. The next generation of large CR programs: CTA, 
KM3Net and IceCube, AUGER upgrade 

III. Promote globalisation for large projects: Next 
generation large neutrino detectors, Dark Energy  
and CMB 

Å Input to European CERN strategy and national roadmaps 

Å 3rd ÒÏÁÄÍÁÐ Á ȱÒÅÓÏÕÒÃÅ Á×ÁÒÅ ÒÏÁÄÍÁÐȱ   
Å A text in preparation by SAC, will become publicly available in October 
Å Community-agency workshop end of 2015 
Å APPEC Roadmap early 2016 

Å WORD Of CAUTION: In the following, my understanding of the  current 
discussion, not representing necessarily the views of the SAC and even less 
these of APPEC 

The European  Astroparticle Physics Roadmaps 
From 2008 to 2016 



  

From the  APPEC  
Scientific Advisory Committee (SAC)* Roadmap 

 Questions and future discoveries  classified  in 3 large domains.  
 
We need to understand:  

 
1. The origin and composition of the cosmos, test the theories of inflation,  

probe the nature of  dark matter and energy  
 

2. The cosmological role of the neutrino sector, the number, type, mixing  
and masses of ʉ.  
 

3. The formation, evolution,  merging and destruction  of cosmic structures 
as extreme laboratories  mixing energy scales, probing also  the presence 
of new physics.  Multi -messenger studies. 

 

* A. Masiero (chair), Michal Ostrowski, Mauro Mezzetto, Gisela Anton, Laura Baudis, Jocelyn Monroe, Petr 
Tiniakov , Jo van den Brand, Patrick Sutton, Ramon Miquel, Zito Marco, Andrea Giuliani, Felix Aharonian, Pierre 
Binétruy, Ignatios Antoniadis, Yifang Wang, Francis Halzen, Hank Sobel, S.Katsanevas (APPEC) 
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Cosmic archaeology 

Å Large Dark energy surveys (eBOSS, DESI, EUCLID, LSS) probe the   ȰÒÅÃÅÎÔȱ  5ÎÉÖÅÒÓÅ      ɉÚЃςɊ 
Å SKA and radio surveys    probe the reionisation era                    (z = 7-10) 
Å PLANCK and ground  based obseratories probe the recombination era and beyond         (z<1100)  



  

Å Planck together and CMB measurements on ground opened the possibility  of new breakthroughs in 
the CMB domain: 
Å Map B-polarisation giving access  to the parameters of inflation    
Å Determine the sum of neutrino masses 
Å Correlation  of CMB with  large scale structures 
Å Distortions  of the blackbody spectrum  

Å Next space mission  will  happen at the earliest late 20ȭÓ-early 30ȭ  (M4 CORE+ rejectedČ M5?) 
Å Should be planned with  the same ambition as  Planc Č  give definitive  measurements.  
Å Till  then the European CMB community needs to develop both intermediate measurements on 

ground  or using balloons and the technology that would permit  ultimate sensitivities. 

After PLANCK what ? 
(from the call for a European Coordination on CMB (APPEC-ASTRONET)  

Å APPEC and ASTRONET organize  ȰTowards the European 
Coordination of the CMB ÐÒÏÇÒÁÍȱ in August 31-1 
September 2015 in Villa Finally Florence, gathering 0)ȭÓ and 
agency representatives to chart the first  steps towards  
European coordination. 
 

Å Concurrent with  post-Snowmass  roadmapping in US 
(towards CMB-S4) and Japan.  
 

Å Worldwide  agencies agree is that roadmapping needs to  
converge to a global program on ground and in space.  

 



  

B-polarisation spectra 

Å Small angles l>200 lensing Č neutrino mass  
Å Large angles l<100               Č primordial inflation  

r=ratio of scalar to tensor modes 

t (p p 0 + e+ )º6³1034³
rCMB

0,01

å

çæ
õ

÷ö
 years

(Planck/BICEP2  r<0.09) 

In the simplest  models r  is related to the 
GUT scale and proton decay 

 (r<0.02  is within HK sensitivities)  

In 10 years Sensitivity in 1034 y 

DUNE 

Sensitivity in 1034 y 

JUNO 

Sensitivity in 1034 y 

HK  

p Če+ 0́ 2 ? 12 

p Čɜ Ⱦ 4-5 1.5 1,5 



  

The future in  CMB in B-polarisation mapping 

CMB-S4 

Å On ground/balloon US leadership: 
ACT/Polarbear/BICEP/SPT/SPIDER:ABS/CLAS
S/EBEX/PIPER 
Å P5 Č CMB-S4 (r=0,001) 

Å Japan: Groundbird, Litebird   
Å Europe Qubic, LSPE, QUIJOTE 
Å ESA--τ #/2%Ϲ ÐÒÏÐÏÓÁÌ  ÒÅÊÅÃÔÅÄȣ 
Å Important detector R&D: TES, KIDS 

 
Å Further in the future precision measurements 

of the blackbody spectrum (SunyaeV, imprints 
ÏÆ ÎÕÃÌÅÉ ÆÏÒÍÁÔÉÏÎȟ $- ÁÎÎÉÈÉÌÁÔÉÏÎȟ ȣɊ 
 



  

From Fogli, Lisi,Marrone, Montanino, Palazzo, Rotunno 2013 

Neutrino mass  
 interconnected searches 



  

ɫÍʉ  from Cosmology 

Tension with Large Scale Structure (Planck SZ, X-ÒÁÙɊ ȟ  ÉÎ ÔÈÅ ʎ8-ɱm plane 
could be alleviated with sterile neutrinos since sterile neutrinos  are 
ÄÅÇÅÎÅÒÁÔÅ  ×ÉÔÈ ʎ8.  In general  « recent »   variables (H0,  ʎ8) below values 
measured at recombination. An  active topic of research, astrophysics 
uncertainties. Not yet at the maturity of the previous measurements  of 
masses and Neff.  

mnå < 0.21       Neff = 3.15± 0.23    Planck TT              +lowP+BAO

mnå < 0.17       Neff = 3.04± 0.118  Planck TT,TE,EE  +lowP+BAO



  

   

  Dark energy from the Legacy Survey  to EBOSS/DESI and  

EUCLID and  LSST  

Å SNLS and PLANCK have been a key experiments in in 
the determination of  dark energy parameters.  
 

Å Large dark energy surveys will study the large scale 
structure  (WL, BAO, clusters) and associate it with 
knowledge obtained at recombination will give crucial 
information for  neutrino mass (see above) and also 
dark energy equation of state.  

Å A very active front of cosmology 
Å Currently European participation in  DES and in the 

near future in DESI (BAO and Galaxy clustering) 
 

Å EUCLID  ESA M2 mission (NASA participation) a 1.2 m 
telescope at L2 with visible and NIR imaging,  NIR 
slitless spectroscopy. Launch 2020 

Å LSST Complementary in systematics to  Euclid 
superior spectroscopy (LSST)  vs  absence of 
atmospheric distortion (EUCLID). First light 2020 

Å APPEC recommended since 2011 the participation to 
both LSST and EUCLID.   



  

Future ɫÍʉ  measurements (2025-2030) 

An order of magnitude 
improvement 

                                        Forecast   sensitivities

                                                         d (S mn )  meV                d (Neff )

Planck +BOSS  BAO                      100                            0.18

Planck+eBOSS (BAO+GC)           40-100                    0.13-0.18

Planck+DESI    (BAO+GC)            17/24                     0.08-0.12

> 2025

CMB-S4+BOSS  BAO                      25                           0.02

CMB-S4+DESI BAO                        16                           0.02

PLANCK+LSST                                23                          0.07

PLANCK+EUCLID                           25                          0.06



  

Direct dark matter detection 

 
Å WIMPs will  be put in a severe, if not conclusive, test during the next 10 years.  In case of discovery 

both accelerator and non-accelerator experiments will  be needed to determine the physical 
properties of  WIMPS.  

Å Great progress in axion searches also. 



  

V Complementarity: Low masses Č bolometers /SSD, High masses Č  Noble liquids  
VBeyond  the neutrino background  wall (ca 100-150t) Č directional R&D 
VP5 Č  G2  projects : SCDMS and LZ 
V APPEC SAC Č  Decide  ca  2018  the  G3  multi -ton experiment.  

Direct Dark Matter direct detection 

VXENON 1t   start data taking   
2015 and multi-ton follows 
VDarkSide-50  demonstrated 
zero  background  rejection, 
Measured depletion  >300X 
?ČNext step 5t and O(100t) ca 
2020 
1. 10 GeV ɀ 10 TeV multi -ton 

1. Xenon, LZ, DARWIN 
2. DarkSide 

2. <10 GeV European 
Bolometers (CRESST, 
EDELWEISS) in  EURECA  
discussions of cooperation 
with SCDMS,  also SSD 


