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Subtopic: Non-thermal Universe

Science Mission:
= nature & sources of cosmic radiation (CR, v, y) ? A@
= acceleration (& transport) mechanisms?

= multi-messenger studies of sources A
H
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Subtopics: Neutrinos & Dark Matter

Science Mission:

= Neutrinos: absolute mass scale & mass hierarchy \

= Dark Matter: direct detection experiments

= theoretical investigations:
phenomenology, models
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Scientific Instruments of Topic 3

cta

cherenkov telescope array

ICECUBE

S5O0UTH POLE MEUTRINO OBSERVATORY

AUGER

OBSERVATORY
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selected Milestones of topic 3in 2016

March:

June:

Sept:

Oct:

Nov:

HESS: publication ,Acceleration of PeV protons in
galactic centre” (Nature)

CTA: Science Data Management Centre to be
locacted at DESY-Zeuthen

AugerPrime: first SD station equipped
with scintillator, KIT funding approved

KATRIN: ,First Light®, 70 m long beam
line, excellent performance

EDELWEISS: publication of improved EW-III
low-mass WIMP results (EPJ C)

lceCube: Gen2 Phase-I| proposal submitted to NSF
physics mid-scale instrumentation program
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The Galactic Plane in Gamma-rays

= HESS: detection of many y-ray sources
galactic plane survey (2004-...), 2% Crab

(2015) Preliminary
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Galactic Centre — a PeVatron in space

= HESS detects y-rays from Sgr A*
& diffuse emission from ridge

= no y-energy cut-off (power law)

= |nterpretation: Sgr A* acclerates
CR up to PeV, CRs diffuse away

Credit: NASA/QMass/D. Wang et al. s ; 2 X—rayS . . .
e - & interact with diffuse gas
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—— Model (best fit): Diffuse emission

—— - Model: Diffuse emission E:z?:’pc'“ = 2.9 PeV
Galactic longitude Model: Diffuse emission E::f“pc'“ = 0.6 PeV

= H.E.S.S. upgrade (DESY-led): © Model Difuse emission Fur, ™ = 0.5 PeY
4 new cameras installed in time T
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CTA Observatory — mCrab sensitivity

science mission: ;?’ X
. - . g0y
= cosmic particle acceleration

= probing extreme environments 29 Countries v

. . 178 Institut
= physics frontiers — beyond the SM 1157 vembers -
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see also talk by J. Hinton (MPIK): ,Status and perspectives of CTA”, today, 18:20-18:45
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CTA: 3 Telescope classes (20 GeV- 300 TeV)

= @oaom S | @=23m

core-energy ~ + low-energy
coordinator: DESY .

high-energy - '
3 d.esigns-:_ . | s X

4
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SST-2M ASTRI N,

SST-2M GCT

70 SST 40 MST
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CTA Observatory: Sites

= two observation sites, plus: headquarters & science center

Management
Center

L !
northernSItes

La Palmay
Spain

southern site;
Atacama, ESO
Chile

Y
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CTA Observatory: Sites

northern site:
La Palma,

4 LSTs /15 MSTs

Vulcano Llullaillaco
6739 m, 190 km east

Cerro Paranal
Very Large Telescope

o — Atacama ESO
Chile

4 LSTs /25 MSTs
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CTA Observatory: Science Management

6/2016: DESY Zeuthen to host Science Data
Management Centre

= seat of CTA Director of Science Operations

= new building to host more than 20 new staff
members & guest scientists

v

P - N

e
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CTA Observatory: site agreements

= site hosting agreements: Prototyp
- nothern site at La Palma: signed in Sept. ' “
- southern site in Chile: to be signed in Dec.

= CTA Founding
Agreement:
- In preparation

= 2017:
start of construction

= 2020/21:
start of science
operation
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Neutrino astronomy: IceCube
science mission: cosmic v-fluxes, point sources, atmospheric-v

& ICECUBE

Sours Pore NEUTRING OESERVATORY

SOMRN <SP

Pole Station, Ant

A National Science Fo
managed research facility

T

IceCube Laboratory 86 strings of DOMs,

Data is collected here and Pt BRI &b AD gt
sent by satellite to the data
warehouse at UW—-Madison

60 DOI;]/IS
wing ™ participation from
g Germany:
DOMs i
we | -DESY
apart = SN
Digital Optical > , ' '
VSRS 2650 8 university
Zlelrggyoegl}cmsthe ice g 0 U pS
ApRrobsgge: (~1/3 of collaboration
see also poster by T. Huber (DESY/KIT): IceCube-Gen2: IceScint authors)
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lIceCube: astrophysical v-flux measurements

= a muon with > 2.6 PeV = indication of spectral hardening
at few hundred TeV ?

IceCube combined analysis (2015)

Spectral index: y = 2.49 + 0.08

6-year through-going tracks (201

spectral index: y=2.13 + 0.13

10° 10° 10’
E, [GeV]

_ Astrophysical Journal 809, 98 (2015)
Astrophysical Journal 833, 18 (2016) L. Mohrmann, ICRC, The Hague (2015)
Astrophysical Journal 833, 18 (2016)
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Origin of astrophysical neutrinos

+75° I

" NO point sources

= no signal from
galactic plane

= allows to constrain
contributions of
source classes with
low population
density

0.0 0.6 1.2 ; 24 3.0 3.6 4.2 4.8 5.4 6.0
—logop

Blazars < 25%
GRBs < 1%

contribution to cosmic v-flux

astro-ph/1609.04981 (2016)
astro-ph/1611.03874 (2016)
Astrophysical Journal 824, 115 (2016)
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lceCube - sterile neutrino constraints

= O(eV) sterile v's can be probed with TeV-scale atmospheric v's
world-leading constraints from 1 y IceCube data

10' ¢
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SRS IlceCube
=3
s Log | 2
FDD 107+ . -
o~ [ 1
/| = IceCube 90% CL , ]
90% CL sensitivity | ; \
(68% and 95%) ;g o ]
Kopp et al. (2013) 'z g_' |
mmmm= Collin et al. (2016) :E &
2 : e
cosd, <’ 10" ° & — "
1,2 10 2 10 1 10[}

.2
sin” 20,,

PRL 117, 071801 (2016)
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lceCube — Gen?  Total project cost: ~$400M
 aim for ~25% contribution

from Germany

Surface Array  KIT & MPP expressed
Main Array Interest to jOin
Core (PINGU)

lceCube-86, IceTop

Bedrock

2016 ‘ 2017 ’ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ’ 2022 | 2023 ’ 2024 2025 ... | 2030

possible { .

timeline: Design Production
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lceCube — Gen2 Phase | proposal

MDOM sensors developed at
DESY, Erlangen, Mnster

----- — = 7 strings with sensors
0 & calibration devices
\, ¢ = $23M asked from NSF
°°. = $13M from foreign
e . A | contributions, includes
. L e ? 2M€ from DESY
T 9 ﬁ = Scientific focus:
o identification of v,
’ ]
. & .0 T

1450m 2100m 2140m
2450m 2450m 2440m
Instrumented Depth

= submitted in Nov 2016 to NSF physics mid-scale
Instrumentation program
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Pierre Auger Observatory

V{EARE --
strong German J’g{g}{é S 70 km
contributions " 7 ? ' !

= KIT (largest group) &
U Aachen
U Hamburg
U Siegen
U Wuppertal

x

>
Argentina
Australia

Brasil
Colombia*

Czech Republic

France

Germany Vi 7
Italy B Y s
Mexico < Pierre Auger )

Los
Moradgs

g

i.’/.‘ -,";;.-/ . { .. - J
72 “Mallargue e e 1* 4

A

0 km
Netherlands

Poland Observatory B Full members e Fluorescence Detectors

W
Portugal Associatemembers # A, eSurface Detectors
Romania )
Slovenia

Spain see also posters by D. Mockler (KIT): latest results from Auger
A. Schulz (KIT): AugerPrime

Leones

*associated
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Pierre Auger Observatory: SD & FD

¥

/
¥ —-,A/ S L

FD: 4 fluorescence detectors ¥

Loma Amarilla
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T o e T e L PR T D Los

/. Leones

.,g:_ “,'?;J oSur{fice Detectors

P e a0/ NToradg

o

“* »
o~
‘

| ~ 0km
e Fluorescence Detectors

SD surface detectors (1665) + radio antennas, infill array, LIDAR

o


http://www.auger.de/gallery/FD-Building/aae
http://www.auger.de/gallery/FD-Building/aae

Pierre Auger Observatory: SD & FD

Y FEaRWE e \
. . . . F 4 + 2 o "r)/"_‘-‘/‘o-y !
science mission. '1,3;?//,' / _Loma Amarilla 70_km
t "l,-i{t‘ | & : \: ~ LR ¥

= energy spectrum and
mass composition of
UHECRSs

= point sources?

= v_interactions

. Leones ) 0 km
ot Ll e Fluorescence Detectors
* J i eSurface Detectors

SD&FD: hybrid detection




Auger — science results: anisotropies

E>8x%x1018eV E>57x101eV
dipole anisotropy “warm” spot in direction of Cen-A,
amplitude ~ 7%, (~20° size, need more data)

>5 o significance
direction: (233°, -13°)

Qualitatively expected for
sources following extragalactic
mass distribution & B-field deflection UGER

OBSERVATORY

='30'pretrial
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Auger — composition at highest energies

= clear evidence for cut-off in spectrum, model without GZK
cutoff preferred, but many alternative scenarios
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Scenario 1: maximum rigidity model Scenario 2: photo-disintegration
almost no protons large proton fraction
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AugerPrime — Science mission

= discrimination of scenarios: detect 10% proton fraction!

= particle astronomy at highest energies (E >6 x 101° eV)?
element (mass) information for individual showers

= new particle physics beyond LHC energy scale? (N )
= Sept. 2016: KIT funding (2 8 I\/I€) for upgrade approved

First AugerPrime Detector:
Sept 15, 2016
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EDELWEISS-IIl experiment

science mission:

= search for WIMPS @
Modane Lab (LSM)

» Ge-bolometers @ 18 mK:
- 24 FID800 HPGe detectors

- heat (NTD thermistors)

- lonisation (charge collection
at top & bottom electrodes)

= focus now on low-mass
WIMPS on few GeV-scale
— low threshold (~1 keV) !

See also poster by B. Siebenborn (KIT): *;"'-?-1?';_:,..v_‘,;;_}__:j?:w e
The EDELWEISS Dark Matter search ey
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EDELWEISS-III: results

WIMP search

= 7/2014-4/2015 (160.7d)
8 detectors: 496 kg xd

= plinded ROI & maximum
likelihood analysis (KIT)

= 40-120 x improvement
wrt EDELWEISS I
new exclusion limit

= future goals: extend
search to few GeV range
- amplify heat signal
- optimized sensors
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WIMP-nucleon cross-section
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L. Hehn et al, EPJ C (2016) 76:548
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Dark Matter - strategy

WIMP search: low mass via Ge, high mass via liquid Xe

—~ 10% e =
= = EDELWEISS Il =
2 10728 = MLHD & BDT —
2 qgw =
c = =
= 10740 = DAMA/LIBRA —
@ =  CDMSLite? _ =
ﬁ 1041 = \ L..-‘ CRESST(2015) —
a = =
8 1042 = CRESST(2012) —
§ 10" cryogenic Z eowisooM® ——
3 ~ -
= 10" ="+C lstals =
ol - — -
107%° = —

= = v floor! =
1074 = —

= e =

10748 = \ O \e gas__,... —]

= Billard, Strigari, Figueroa-Feliciano \ \\qu\d N g =
10—495|PR|D89(20|14) R \T""r T ||| | L e

06 1 2 3456 10 20 30 100 200 1000
| WIMP Mass (GeV/c?)
DARWIN

Sk e o *m 5 =
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Dark Matter — long-term strategy (PoF-5..)
DARWIN (DARK matter Wimp search with liquid xenoN) 1

= a 50 t LXe dual-phase TPC: low threshold, ultra-low bg-levels

= science mission: explore WIMP region down to v-floor,
v-physics

(
/
[/

[
|/
Water Cherenkov | /,’
shield
Cryostat
TPC ................................
r
/
|
’,/ [ \ \
| |/ N
[ \
[/ i
[ ,’/ \\ \
[ | \ \
[/ \
PMT [/ \ \
/" / \
@ ” ’/ \‘ Q
[/ \
/ / \
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KATRIN experiment

science mission: absolute v-mass scale (0.2 eV @90% CL),
—— sterile neutrinos (eV...keV), BSM

=0.0eV
@ 012 m =2.0eV 7
o .
E toy measurement -
< 0.08- -
o
9]
Pt
o E,
& 0.04 - - AT
4 -
= .
“‘-0-.._.__
0.00 - R

I T I T I T T T T
18568 18569 18570 18571 18572 ? i
retarding potential (V) :

see talk M. Steidl (KIT) “Testing v-properties with KATRIN — status update”

see posters C. Rottele (KIT) “Cryogenic pumping section of KATRIN”
F. Heizmann (KIT) “Results of the First Light of KATRIN”
H. Seitz (KIT) — “The thermal behaviour of the WGTS"
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KATRIN = recent milestones

cryo trap: 3K

— @

spectrometer:
HV on ppm
UHV: < 1010 mbar [

FORSCHUNGSINFRASTRUKTUREN II
2015
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KATRIN —technical milestone: WGTS stability

29.70
Specified Stability: +£30.0 mK/h
ros Measured Stability Peak-to-Peak: +5.2 mK/16 h
X = > standard deviation: +1.6 mK/16 h
o
3
4r-°‘ 29.60 -
o
o
5
= 2955 X
et - L
29.50

! ! ! ! ! L I 1
19:00 21:00 23:00 01:00 03:00 05:00 07:00 09:00

Timespan 28 Nov 2016 - 29 Nov 2016

2-phase neon BT
cooling system

eam tube
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KATRIN - First Light

m Neutrinos auf der Waage @ D PG

Am 14. Oktober durchflogen erstmals Elektronen das Experiment KATRIN am Karlsruher Institut fiir Technologi¢

Neutrinos durchdringen uns jede
Sekunde milliardenfach, ohne dass
wir das Geringste davon bemer-
ken wiirden. Lange Zeit galten die
mysteriosen Teilchen daher als
masselos. Seit dem Nachweis von
Neutrino-Oszillationen, der im
vergangenen Jahr mit dem Physi

5
TRl
2L

75 it
Nobelpreis ausgezeichnet fk — 290 - — —\ ‘ P
aber klar, da s"-fum' / T\ N\ \ A\

p///_,f/
Yz

= technical inauguration of KATRIN | = =+ -+ = =
OCt. 14, 2016 d’” T b oe




KATRIN - First Light

~ electrons

100 eV
>
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KATRIN = Future

= goal-I: push sensitivity to ~ 0.1 eV
- differential read-out methods
(ToF, others), measure bg-free
- novel source concepts (atomic T)

= goal-Il: cover entire 3-phase space
with high-res. Si-array (TRISTAN)
- search for keV-scale BSM patrticles
(sterile v’'s,...) with mixing ~10°
- shape modification via exotic CC

’uf*:*:*;****::ﬁ;~;fzx

,—/ —
. \ — :;jr.fiijﬁiﬁ-n----:--.[__ g
. e e e e ] N
=t i I I + ‘—v t -j L W
S & L -—
! ; | i| Average | | I T
speed
check
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Theoretical Astroparticle Physics - DESY

High energy astrophysics, v's, dark matter & cosmology

= theoretical description of
particle acceleration in
SNR, AGN, GRB,...

= source physics of GRBs
& particle propagation

= microphysics of cosmic
plasmas

= neutrino physics: flavour speaker: Martin Pohl
oscillations, NEUCOS
(neutrinos & the origin of
cosmic rays)
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Theoretical Astroparticle Physics - KIT

phenomenology in neutrino and dark matter physics

= global analysis of neutrino Iy
oscillation data 7 (ﬁ”m( 2)5)
www.nu-fit.org 1

1 =
/;;1;,757#1/) — ‘éyDNI"/}(PLS

+pd 818

= standard and non-standard
neutrino properties, sterile
neutrinos

= WIMP dark matter:
simplified models, direct
detection phenomenology www.nu-fit.org

= Axion dark matter:

_ _ group leader: Thomas Schwetz-Mangold
cosmological signatures
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http://www.nu-fit.org/

Time Schedule of Major Projects

= very rough time schedule as input to develop a strategy

beyond PoF-3

POF-3 PoF-4

- 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

a1
IceCube-Gen-2 DESY/KIT | ez erzifziile) (FLE)) construction
CTA DESY construction operation
KATRIN KIT _Dﬁ , instaII
DARWIN KIT preparation (R&D). const.
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The future — PoF4 and beyond

e e e

e

S

lceCube-
Gen2

world-class instruments: i
multi-messenger cosmos, N = 4 o
neutrinos & dark matter = TN

AugerPrime

ﬁ HELMHOLTZ

__| ASSOCIATION
N

TTI1]

KATRIN (Tristan)
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Thank you
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