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In the « The son of mat 8 ui O EAoA OEA ADPDPAOAT & EAAAR OEA ADPDI
Everything we see hides another thing... There is an interest in that which is hidden and which the visible does not
us. This interest can take the form of a quite intense feeling, a sort of conflict, one might say, between the visilde tl
hidden and the visible that is present. René Magritte

Stavros Katsanevas, APC and APPEC
SolvayzFrancqui Workshop neutrinos reactors to the Cosmos , Brussels May 2015



% Astroparticle Physics, a definition once more:
PEC

7 Going up and down the cosmic ladder
AP
Two fundamental and interconnected themes:

The evolution of the Universe,from the Big Bang or

7

e the primordial inflation up to its present structure:
e Addressingthe issues of inflation, dark matter and
- = energy, aswell asthese of the neutrino sector and
o ~ the possibilities of new physical energy scales
;\, 1 and/or phase transitions between the electroweak

and inflation scalesor beyond.

Theevolutionz formation and destructionz 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.
*AAT AO6 1T AAAAO 10O
« high voltage travelling arc»
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APPEC Structure
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it\\// The European Astroparticle PhysicsRoadmaps
s From 2008 to 2016

MES T ART AD AT AOT AT O OEA O3A0.
A An attempt to define the field , no priorities
A Announced in Brussels at the Hoté\letropole -
A 2nd Roadmap a priority roadmap 2011 &
A 3 categories (time and scale ordere@ priorities e.g. CTA) From the
|.  Preserve the thenongoingupgrades: advanced GW Nature article
antennas, dark matter and double beta |
lI. The next generation of large CR programs: CTA,
KM3Net andiceCube AUGER upgrade
lll. Promote globalisation for large projects: Next
generation large neutrino detectors, Dark Energy

and CMB

A Input to European CERN strategy and national roadmaps
A 3901 AAT AD A 60AOT OOAA AxAOA

A A text in preparation by SAC, will become publicly available in October i
A Community-agency workshop end of 2015 i
A APPEC Roadmap early 2016

A 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




\K From the APPEC
e

oo Scientific Advisory Committee (SAC)* Roadmap 4 ve

Questions andfuture 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, theumber, type, mixing
and masses oé.

3. The formation, evolution, merging anddestruction of cosmicstructures
as extreme laboratories mixing energy scales, probing also the presence
of new physics. Multi-messengerstudies.

* A.Masiero(chair), Michal Ostrowski, Mauro Mezzetto, GiselaAnton, Laura Baudis,JocelynMonroe, Petr
Tiniakov ,Jo van derBrand, Patrick Sutton, RamonMiquel, Zito Marco, Andrea Giuliani, Felix Aharonian, Pierre
Binétruy, Ignatios Antoniadis, YifangWang,Francis Halzen, Hank Sobe| S.KatsanevagsAPPEC)
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\% From the APPEC
7

oo Scientific Advisory Committee (SAC)* Roadmap 4 ve

1. Theorigin and composition of the cosmos, test the theories of
inflation, probe the nature of dark matter and energy



iﬁ\\// Cosmicarchaeology <

Dark Energy Y C
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation L

Quantun
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

A Large Dark energy surveyséBOSSDESI, EUCLID, LSS) probe tt OAA AT 06 51 EO.
A SKA and radio surveys probe thereionisation era (z =10)
A PLANCK and ground baseobseratoriesprobe the recombination era and beyond (z<1100)



'\% After PLANCKwhat ?
71

—(from the call for aEuropeanCoordination on CMB (APPE@STRONET).r | C

APPEC

A

To T I

Plancktogether and CMBmeasurementson ground openedthe possibility of new breakthroughsin
the CMBdomain:

A Map B-polarisation giving accessto the parameters of inflation

A Determine the sum of neutrino masses

A Correlation of CMBwith large scalestructures

A Distortions of the blackbody spectrum
Next spacemission will happenat the earliest late 208-&arly 306 (M4 CORE+ejectedC M5?)
Should be plannedwith the sameambition as PlancC give definitive measurements
Till then the European CMB community needs to develop both intermediate measurementson
ground or using balloons and the technologythat would permit ultimate sensitivities.

APPECand ASTRONETorganize (owards the European
Coordination of the CMB POl C Ol August 31-1
September2015 in Villa Finally Florence, gathering 0 ) @n®
agency representatives to chart the first steps towards
Europeancoordination.

Concurrent with post-Snowmass roadmapping in US
(towards CMB3#) and Japan

Worldwide agencies agree is that roadmapping needs to **:
convergeto aglobal program on ground and in space



\% B-polarisation spectra
71 W

Small angles [>200 lensing neutrino mass

Large angles 1<100 C primordial inflation
. Pilko)
Ps(ko)

2. waves

r=ratio of scalar to tensor modes

2
X015
- "\,\ Cc

In the simplest modelsr is relatedto the
GUT scale angroton decay
(r<0.02 is within HK sensitivities)

t(p- p°+e")° 6310*3 %‘%Lg years

In 10 years Sensitivity in 1034y Sensitivity in 1034y Sensitivity in 103y
DUNE JUNO HK

(Planck/BICEP2 r<0.09) 0C e 0 5 5 12
pCarx 4-5 1.5 1,5



Planck Col

laboration: The Plonc: mission

ey e (L)

EMS Irighin:a

20
uKRy @ 353 GHz

@ CMB B-mode expts (pre-Bicep result)

SPTpol Planck

1O1|>HE:;; EBEX | 8P|DERHUE|"

Snowmass’13:

2013 14

— >
stage Il

To o Do Do D>

[Eel et B TEE Y l_|.|.|li ]
ir i’

R b gh s
' i

DT
Feqwncy iGHe)

On ground/balloon US leadership:
ACT/PolarbearBICEP/SPT/SPIDER:ABS/CLAS
S/EBEX/PIPER

A P5C CMBS4 (r=0,001)
Japan:Groundbird, Litebird
Europe Qubic, LSPE, QUIJOTE
ESA- 1T #/ 2%C DOI bl OAI (
Important detector R&D: TES, KIDS

Further in the future precision measurements
of the blackbody spectrum SunyaeV imprints
I £ 1 OA1 AE A& Of AGET T h {



Neutrino mass
Interconnected searches

A A i L i i e i I e A o e

1 Z% B :Mainz+Troitsk
B ] %% Ovpp: GERDA, Exo, KL-Zen, ...

— 20(NH) oeeillation constraints
— 25(H)
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From Fogli, Lisi,Marrone, Montanino, Palazzq Rotunno 2013




\% t 1, from Cosmology
S

am <021 N, =315+0.23 HAanck TT +HWP+BAO
am <0.17 N, =3.04+0.118 Aanck TT,TE,EE +lowP+BAO

Tension with Large Scale Structure (Planck SZZXA U Q h g-m, Rlane O E /.
could be alleviated with sterile neutrinos since sterile neutrinos are e
AACAT AOA QO A generdl @deentt> variables (H, Ag) below values
measured at recombination. An active topic of research, astrophysics
uncertainties. Not yet at the maturity of the previous measurements of
masses and R




AN EUCLID and LSST

APPEC
A SNLSand PLANCKhave been a key experiments in in

the determination of dark energy parameters.

a;\\//\/ Dark energy from the Legacy Survey to EBOSS/DESI ang-{fi
/l a2 N

A 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.

A very active front of cosmology

Currently European participation in DES and in the
near future in DESI(BAO and Galaxy clustering)

To o

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

A LSSTComplementaryin systematicsto Euclid
superior spectroscopy(LSST) vs absenceof
atmosphericdistortion (EUCLID). First light 2020

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




‘\K Futuret [, measurements(2025-2030)
7{ NS

APPEC

Forecast sengtivities

Planck HBOSS BAO -
Planck+eBOSS (BAO+GC) -
Planck+DESI (BAO+GC) -
> 2025

CMB-34+BCSS BAO -
CMB-34+DES|I BAO -

PLANCK+LSST -

PLANCK+EUCLID -

a(Sm,) meV
100
40-100
1724

25
16

23
25

(Nt )
0.18

0.130.18

0.080.12

0.02
0.02

0.07
0.06

® What if we do not detect the minimal model?

If the minimal neutrino sector, with 2Xm, = 58 meV and Neg = 3.046, is
not robustly detected, it would imply something is “broken” in another
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Current Cosmology. (95% U:L.)

o(Xm,) =16 meV &
0(Negr) = 0.020

aspect or aspects of cosmology, including possibly: non-constant dark
energy, a non-power-law primordial perturbation spectrum, extra An order of ma gnitu de

particle or radiation species, non-zero curvature, as well as other
possibilities, e.g., a nonthermal cosmological neutrino background.

Improvement



Signal: YN =>xN §

Direct dark matter detection &

nN=nN
N= N+ a,e
vy N=> v N

e ZEPLIN
CLEAN DRIFT
;'Vr‘_’ 5S0 i
m Homestake , i
e 1Y LUX sebilidt i Gran Sassc ‘L“J .
DAMIC EDELWEISS J@E}')“ KIMS

SOUQSs N - ;
SuperCDMS Canfranc CRESST : 5
 CoGeNT “aov MDAMALIBRA £ Jinping
COGEN ‘_’:JJ: o ;w,f‘.«‘, = PandaX
Rosebud KSide o

CDEX
ANAIS :

~1 event kg''day™ |

~1 eventkglyr? {

south Fole
DM Ice

| i L
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Time [year]

A WIMPswill be put in a severe,if not conclusive,test during the next 10 years. In caseof discovery
both accelerator and non-accelerator experiments will be needed to determine the physical
properties of WIMPS

A Greatprogressin axion searchesalso.
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a\\// Direct Dark Matter direct detection
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APPEC

VXENONLt start data taking

2015 and multi-ton follows

V DarkSide50 demonstrated

zero background rejection,

Measured depletion >300X

2C Next step 5t and O(100t)ca

2020

1. 10GeVz 10 TeVmulti-ton
1. XenonlLZ DARWIN
2. DarkSide

2. <10GeVEuropean
Bolometers CRESST,
EDELWEISS) irctURECA
discussions ofooperation
with SCDMS, also SSD

V Complementarity: Low masse€ bolometers /SSD, High massés Noble liquids
VBeyond the neutrino background walté100-150t) C directional R&D

VP5C G2 projects : SCDMS and LZ

V APPEC SAC Decideca 2018 the G3multi-ton experiment.



