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IceCube, CTA and MAGIC

Multi-messenger strategy for High
— Energy Astrophysics

i\ P R e A verv successful line of AoP research
- @ Outstandmg science from IceCube & MAGIC;

= |ceCube data analysis on cosmic ray sources and dark matter;coordination of lceCube-
Auger-Telescope Array joint analysis

= |C310 VHE flare (Science, 11/2014): very fast variability indicates emission region << than

event horizon. Incompatible with Fermi shock acceleration in the jet but pulsar-like
emission

= Crab: First TeV pulsed and bridge emission in 50-400 GeV.
= Detection of VHE emissions from farthest sources (gravitationally-lensed AGNs with z~1).

@ CTA high scientific potential (Astrophysics and New Physics)

R&D and prototype construction of Digital cameras with PMTs and SiPMs (inheritance from
FACT experience)

= FACT proves longterm stable and reliable operation of SIPM based camera; MWL
campaigns for Mrk421 and Mrk501




Outstanding science of lceCube/CTA

The discovery of IceCube of a diffuse flux of cosmic neutrinos, to which we substantially contributed,
inaugurates a New Astronomy. IceCube is an extremely successful ApP experiment.

lceCube/lceCube-Gen2 has great potential in neutrino physics:
1. coming results on neutrino sterile
2. 5200 events for standard oscillation at 10 GeV contour approaching T2K one.
3. PINGU will reach 1 GeV

CTA will bring the highest energy astronomy (related to the most violent processes in the universe and
the most powerful accelerators) to the precision era and to the open access domain of Science Data.

The CHIPP swiss community participates and wish to continue to work in the World Wide First class
Observatories with responsibility roles.

The construction project involves R&D on electronics & new photo-sensing techniques
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Scientific output
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4 yr HESE

cosmic neutrino
(detected 2014)




Events per 1347 Days

4 yr HESE
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lceCube-PAO-TA

Evidence of correlation between UHECRs and IceCube highest neutrinos (paper in
preparation): 3.10 post-trial (A. Christov, UniGE)

“TA HotSpot”: R.A. = 146.7 , Dec. = 43.2
Mrk 421: R.A. = 166.1, Dec. = 38.2

TA Event Weights
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Events

WIMP from the Sun results (M. Rameez, UniGE)
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CTA Achievements
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5 continents v

29 countries

89 parties

181 institutes

1218 members (413 FTE)




WP1: Observatory

U. Straumann &

Swiss roles

CTA Construction Project Board

SERI

repres. X. Reymond

Werner Hofmann (CTA Consortium Spokesperson & gGmbH Managing Director) - Project Sponsor
Rene Ong (CTA Consortium Co-Spokesperson)
Jurgen Knodelseder (CTA Consortium Board Chair)
Jim Hinton - Project Scientist
Christopher Townsley - Project Manager

e

Project .
Scig’..eﬁ.t Project Manager |
Jim Hinton Christopher Townsley
CTA Project Committee

Every Work-Package Leader (core members)
All members of CTA Construction Project Board (core members)
Every Work-Package Project Manager & Systems Engineer (invited)
Others by Project Manager invitation

sub-WP of Observer access.

STAC
Chair: Roger Blandford

IKRC
Chair: TBC

AFAC
Chair: G Chardin

ISDC coordinates DAQ in ACTL and 2

WP2: Infrastructure ll WP3: Array Control WP4: Data WPSi6: Small-Size WP7: Medlum-Size WP8: Large-Size | WPS: Schwarzachild

WP11: Project

Management Telescopes Teleacopes Teleacope Couder Telescopes wg—:g;,mm Management "2,‘,;;,,‘.{';,",,;,"‘
Werner Hofmann Christopher Townsiey Peter Wegner Glovannl Lammanna Stefan Schienstedt Masahiro Teshima
Gino Tostl Juan Cortina Viadimir Vassilev Andreas Foerster Christopner Townsiey [l Christopher Townsiey
Project Manager|
JCE Helder
sa::ﬂm - Vfor L m wes:sst-m [ v oca: ssrom i weoc: savam | | CostOmeer
| physics co-ordinator|  [Matthias Fossling T David Kieda Besel
Tomasz Bullk Teresa Montarull G| vannl Pareschl Helene Sol
gt o pE
Anka Reich Cesar Ocampo
Wemer Hofmann
M T
] Tomasz Bullk || & Contracts Manager
Thierry Stolarczyk Carmen Blasco
Glovanni Pareshi
Marc-Andre besel :
Stakehoider Management|
Megan Grunewald
SST-1M Telescope I:
- - Risk Manager
Project Leader: Prof Montaruli Camen Bssco

Project manager:Dr. D. della Volpe
Members of Project Committee




PROJECT PHASES

cta

cherenkov telescope array

First telescope on site July 2016 End of Project

SPPRR  PDR CDR

Construction Phase ¢

[ |
PPRR
2 Pre-Construction l

3 Pre-Production

South Site decision

_ July 2015
Project

PRR

4 Production

Not Project

TR >

Site infra schedule now to Q3/2017

Title Q2/2q Q3/2015 | Q4/2015 | Q1/2016 | Q2/2016 | Q3/2016 | Q4/2016 | Q1/2017 | Q2/2017 | Q3/20

= TWO major COﬂtI’Ol pOintS: 05|M!07|08|09!10|11|12!01|02|!04|05|m!07|08|!10|11|12!01|02|03!04|05|06!07|08|
Infrastructure G
roeson Ly
= Pre-production readiness review M = |
» Before anything allowed on site St Invesigaton in =
. . . .. Detailed Design
= Requirements firmed up post site decision — > |
Design minimum for pre-production =
Complete design (
. R . Access Road, Perimeter Fence & Security [ ! I I
= Production readiness review Toncarng . , > 1 |
= Before mass-production started by CONtrIDULOT  awesmmscmoneionse.soorcywaursos it
p y Perimiter Fence & Security -~ ’ [_l__j |
Site M&E., Civil and Buildings R I
o gture inil for pro-| ion (inc. foundati :
Buildingsandomerf:c:i:e:s—fullsoope . ][ :
Telescopes >

= Recently approved INFRADEV grant from EC
= ~€4.3mover 2 years (partly in addition to CTAO budget)



COST (project cost books re-evaluated by PO) K53

. . ik
Pre-Production Production : ", e
Installation Scenario JWork-package estimate Installation : Work-package estimate Installation -
based on ... # of Scenario # of EqUIpment Labour based on ... # of Scenario # of qu"pment Labour
elements elements COStS [FTE] elements CELENS COSts [FTE]
) O 4 ' ) 500 MK

7.\ SST-2M ASTRI 1,362 M€ 6,2
SST-2M GCT 0,906 M€ 17,0

7/ MST with NectarCam 1 4,495 M€ 60,6 14 2,409 M€

]| Large Size Telescope 1 1 9,537 M€ 479 7 7 8,436 M€

Construction Costs

T Total Cost €287.365.000

Total FTE 1.470
[ I
Project Office Organisational 2 Infrastructure Computing & Network 5/6 Small Size Telescope 7 Medium Size Telescope 8 Large Size Telescope 10 Common Technology
Work-Packages
T Total Cost €7.726.000 T Total Cost €80.530.000  Total Cost €24.206.000 = Elements 70 T Elements 40 7 Elements 8 T Total Cost €3.556.000
Total FTE 153 Total FTE 444 Total Cost €44.834.000 Total Cost €87.834.000 Total Cost €88.562.000 Total FTE 157
Total FTE 178 Total FTE 343 Total FTE 208
_[Cl Norther Site Cost/Unit  €841.000 Cost/Unit €2.196.000 Cost/Unit €8.574.000 101 Mirror TestF
@) Total Cost €15.969.000 3 Array Control FTE / Unit 25 FTE / Unit 86 FTE / Unit 258 - ackty
Total Cost €568.000
Mexico - San Pedro Matir [ Total FTE 16
Total Cost €5.086.000 —oe cieobon Total Cost €5.996.000 EoSLIN 7x Telescope Structure
Total FTE 186 et S Total FTE 165 Elements 20 Elements 40 Cost/ Unit €7.253.000 102 Camera Test Faciity
Cost/ Unit €518.000 Cost/Unit €1.153.000 FTE / Unit 17.4 il
| FTE/Unit 1.1 FTE / Unit 38 Total Cost €486.000
11 Project Management Cost/Unit €15.060.000 4 Data Management Tots! FTE 12
! I 7.3 Camera
- Lt bl Cost/ Unit €1.322.000 103 | Calbrat
Total Cost €1.781.000 —| 2.2 Southem Site Total Cost €18.301.000 Elements 25 FTE / Unit 8.4 . CGF"”".IM""""“
Total FTE 82 T Total Cost €44.561.000 Total FTE 279 Cost/Unit €717.000
TR o) Total Cost €2.503.000
Eors = Total FTE 130
Gost/ Unit €632.000
12 Systems Engineering Cost/Unit €30.453.000 6G SST-2M GCT FTE / Unit 27
Elements 25
ng;;‘ mugg Cost/Unit €863.000
Cost/Unit €44.561.000 ( [FTE/Unit 38 Eorers 18
= Cost/Unit €1.306.000
FTE / Unit 82|

Total construction cost South INFRA: 39.5 Chile, 44.5M Namibia
North: 15.5M

€297/m+ 1479 FTE
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(_MWA (upgrade) ) ‘
> (~2018? LOBO)

PanSTARRSI --> PanSTARRS2 B ) ( LSST (full survey mode)
( BlackGEM (Meerlicht --> full array in Oct 2016) )| ' ' '

Optical/R Large Facilities
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CTA Sensitivity
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CTA pointing precision

Centaurus A
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wide energy range, different AGN classes / redshifts
-> Separation of intrinsic spectral features
from propagation-induced effects.




DM searches with CTA
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- Great possibility to discovery DM from Galactic Centre

- CTA is the unique player in some parameter space regions
- CTA has good prospects for reaching WIMP models with
thermal relic cross section for masses > 200 GeV

- First time ever that natural scale for the cross section can

be probed

- CTA will be the lonely player for TeV DM
I R - Besides detection, identification is possible
Log Mass [¢V] - CTA will be complementary to LHC/direct searches
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CTA Achievements: SST-1M and FlashCam

FACULTE DES SCIENCES

(211 UNIVERSITE
17/ DE GENEVE lll

Institute of Nuclear Physics
’ Polish Academy of Science (PAN)
Centrum Badan Kosmicznych
Space Research Centre

University of Science
Nicolaus Copernicus

Universitat
> Ziirich™

%)

and Technology
Eidgendssische Technische Hochschule Ziirich 7
Astronomical Center

Swiss Federal Institute of Technology Zurich

€soc %

SST-1M Consortium: 27 FTE
(in 2015: Ireland, Ukraine, Czech joined) ~4 FTE

JAGIELLONIAN
UNIVERSITY

IN KRAKOW

Vy

N\

N\
- =

A

MPI fur Kernphysik Heidelberg

Steering Committee
(Grant Holders, PL, IS)
Chair: U Straumann (UZH)

"™ University of
Zurich™
edbsy
Instr. Scientist (IS) Project Leader (PL) JAGIELLONIAN
G.Punhlhofer (IAAT) G.Hermann (MPIK) :)NN 'K‘":A"zc')'w
(acting) (acting)

lIll AGH University of Science
acu and Technology

Project Assistant
G.Hermann (MPIK)

Quality Manager
F.Garrecht (MPIK)

EBERHARD KARLS

(acting) (acting) UNIVERSITAT
TUBINGEN
-y
WP 1: PDP WP 2: ROS WP 3: SPC WP 4: MEC WP 5: CAL WP 6: ITS WP 7:ICS
1.Jung G.Pahlhofer A.Gadola A Vollhardt S. Bernhard C. Bauer M.Panter
(ECAP) (IAAT) (UZH) (UZH) (UIBK) (MPIK) (MPIK) ! University of Innsbruck )




FlashCam in ZUrich
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The SIPM camera

- SiPM based PDP separated from the Fully digital trigger and readout (High-
speed/High-throughput)
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