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WHERE WE ARE, WHERE TO GO
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The technique

Telescope focal plane

l Primary y-ray

Atmosphere

~10 km

Courtesy J.Hinton

Much larger area than Fermi-LAT, much more background from CRs




- The current generation

Array 2 telescopes
| 7m diameters
2200 m asl <>

>2004

Array 4 telescopes of 12m diam.
Central mast mounting

1800 m asl

>2007

HESS |:Array 4 tel. of 12m
HESS II: 28m diameter (2013?)
1800 m asl

> 2003




TACTS runs on 3 regimes
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‘We have adream:
precision gamma-ray astronomy

p Have realized what current IACT are (almost) missing:
P wide energy range
P angular resolution, FOV
P sensitivity
P We'll do this with telescopes of 3 different sizes over a large area




- The Large Si1ze Telescope(s)

P From 10 GeVto 1 TeV
& 27.8 m focal length 400 m? dish area
4.5° field of view 1.5 m sandwich
0.1° pixels

mirror facets

On (GRB) target
in < 20 sec.

Carbon-fibre
structure




- The Medium Size Telescope

2 From 100 CeV to 10 TeV

©

16 m focal length
7-8° field of view
0.18° pixels

100 m? dish area
1.2 m mirror
facets




©

Multi-Anode PMT camera option

Under study:

dual-mirror optics with compact photo sensor arrays

single-mirror optics
PMT-based and silicon-based sensors

=>» Not yet conclusive which solution is most cost-effective

- The Small S1ze Telescope SC

» From 10 to 100 TeV ASTi2k

Monolithic
secondary mirror

One of four
options for
telescope
structure

hexagonal panels

Primary mirror with

&




- The sensitivity of course
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MORE SOURCES ¢
1000 sources expecte
(10x now)

VARIABILITY ¢
sub-min scale variation
follow-up obs.
MORPHOLOGY
Galaxy clusters
SNR interactions with
local matter
Galactic Center
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CONSOLIDATE TeV ASTRONOMY

VHE full-skymaps
VHE source catalogs




Funk, Hinton 2012

Energy and angular resolution
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3 Kﬂgular resolution for
morphology

2 source confusion

P acceleration mechanisms

P Energy resolution
P Spectral features

> Spectral discriminations in

case of overlapping signals

Funk, Hinton 2012




Flexible observation modes

& N Monitoring..
g 3 4 telescopes -
S L T ' Survey mode:
. Very deep field -~ .. |/4- sky at current
She e T © ¢ {'-‘ . sensitivity in ~1 year

. .Deep field
~1 /3 of telescopes

Survey programs: - .
=» the Galactic plane
=> a quarter of the sky

2 Interesting for fundamental physics




Whereis CTA?
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two sités to'cover fll sky
at 200-30° N, S

Site decisions time scale (Add | year..)
South North

i St Proposals due July 1, 2011 Jan. 1, 2012
S =5 9 15t Internal review Dec. 2011 tbd
' Proposal to downselect 2 sites  until Mid 2012  Mid 2012
1st RB Site Committee review  Mid 2012 Mid 2012
Proposed ranking of sites until Jan. 2013  until Jan. 2013

2nd RB Site Committee review Jan 2013 Jan 2013
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+VERITAS collaborations + Europe + world interest (Japan, Argentina)

L g

e HESS + MAGI
US AGIS (Advanced Gamma-ray Imaging System) converged to CTA

already ~150 institutes, ~25 countries (~ 500 scientists)

Regular meetings since 2007
14




CTA singled outin Aspera/APPEC

AS TROPARTICLE PHYSICS

the European strate gy 711

European funding agencies support construction of CTA




Preparatory phase

Design Concepts for the Cherenkov Telescope Array

The CTA Consortium
(Submitted on 22 Aug 2010 (v1), last revised 21 Oct 2010 (this version, v2))

Ground-based gamma-ray astronomy has had a major breakthrough with the impressive results obtained using systems of imaging
atmospheric Cherenkov telescopes. Ground-based gamma-ray astronomy has a huge potential in astrophysics, particle physics and
cosmology. CTA is an international initiative to build the next generation instrument, with a factor of 5-10 improvement in sensitivity in
the 100 GeV to 10 TeV range and the extension to energies well below 100 GeV and above 100 TeV. CTA will consist of two arrays (one in
the north, one in the south) for full sky coverage and will be operated as open observatory. The design of CTA is based on currently
available technology. This document reports on the status and presents the major design concepts of CTA.

Comments: 120 pages, 54 figures, 5 tables (with minor editorial changes)
Subjects: Instrumentation and Methods for Astrophysics (astro-ph.IM); High Energy Astrophysical Phenomena (astro-ph.HE)
Cite as: arXiv:1008.3703v2 [astro-ph.IM]

P FP7-supported Preparatory Phase: Fall 2010 - Fall 2013
=»  Technical design, sites, construction and operation cost
=»  Legal, governance and finance schemes
=»  Small + medium-sized telescope prototypes

2 Aim for

P start of deployment in early 2014
P firstdatain 2016/17
P base arrays complete in late 2018
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|| Telescope type:

|| Medium

] Medium (WF) ¢

Large tel. [s}

Small size

I SubsetE

1 Subset! .,

2000 m

E? * Differential sensifivity (erg / cm® s)

all leads to different sensitivity

- Testthe arrav lavout designs

- Different nr. of LST, MST and

SST telescopes
- Different spacing
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- Physics shapes the CTA array

Title ' Author | Referees [ Status | DraftLink | Accepted Link |
DM & Fundamental Physics M.Doroetal. |A. Murphy, J. Conrad  3/12 Submitted Ll
version (pdf)
AGN H. Sol et al. G. Romero, M. Persic | 4/12 Submitted Submltted
version (pdf)
EBL D. Mazinetal. H. Sol, M. Persic 3/12 Submitted ol
version (pdf)
GRBs S.Inoue etal. M. Teshima, G. Romero 246012 SARQ comments Draft v5.1 (pdf)
to authors
CR/SNRs/Mol.Cloud + Extended/Diffuse Sources S. Gabici etal. V- Hofmann, J. Conrad, | .., o ibmitted i
B. Khelifi version (pdf)
Pulsars&PWN E.deOnaetal. B.Khelifi A. Murphy | 2/12 Submitted s
version (pdf)
MQ/Binaries el R. Ong, M. Persic 2/12 Submitted Sub@tted
al. version (pdf)
Surveys + MW G. Dubus et al. | H. Sol, M. Martinez 2/12 Submitted Subr.nmed
version (pdf)
MC J. Hinton et al. /M. Doro, R. Ong 1/6/12 Draft to SAPO Draft (pdf)
Optical Intensity Interferometry with the Cherenkov Telescope Array |D. Dravins et al. |W. Hofmann 04/12 Accepted Sub@tted Acc?pted
version (pdf) version (pdf)
Comparison of Fermi-LAT and CTA in the region between 10-100 S: Funk, J. W. Hofmann, B. Khélifi |2/12 Submitted Subr.nltted Accc.epted
GeV Hinton version (pdf) version (pdf)
W. Hofmann, M. |A. Murphy, R. Ong, G.

Introducing the CTA Concept 22/6/12 Draft to SAPO Draft (pdf)

Martinez Romero,

EEE—

15—
? To be published soon!




THE APPSPECIAL ISSUE
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MD etal. on behalf of CTA) 2012

CTA prospects

| Dark Matter and Fundamental Physics with the Cherenkov Telescope Array

M. Doeo', 1. Comrad®™' | D. Emmanoulopoulos, M dechez Coade?, J A, Barrio®, E. Birsin®, ). Bolmont®, P. Bran®,
S. Colafrancesoo®, S. H, Commell', )L, Contrerss®, M K. Damiel', M. Fornassa' . M, Gaag' . J F. Glicenstein’, A. Goneddez-Mufioe™ ',
T. Hassan®, D. Homs*, A, Jacholkowska®, C. Jahn®, R, Mazini?, N. Mirabal*, A. Moralejo™, E. Moulin®, D, Nicto*, J. Ripken®,
H. Sandaiker’, U. Schwanke®, G. Spengler®, A. Samerna®, A.Viana® H.-S. Zechlin®, S. Zimmer®, for the CTA collzboration.
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Abstract

The Cherenkav Tekesoope Array (CTA) is & project for a next-pencration observatory for very high energy (GeV-TeV) gro
gamma.rxy astronomy, carrently in its design phase, and foreseen to be operative a few years from now. Several teas of e o
of 2-3 different sizes, distributed over 3 karge arca, will allow for 2 seasitivity about a factor 10 better than current instruments
sach s HE.S.S. MAGIC and VERITAS, an energy coverage from a fow tens of GeV %o several tens of TeV, and a field of view of
ap to 10 deg. In the following study, we investigase the prospects for CTA o study several science goeastioas that can profoundly
influence cur current knowledge of fundamental physics. Based ca conservative assampeions foc the parformance of the dufferent
CTA 1ehescope configurations currently under discussion, we employ » Mange Carlo tusad approach to evalusie the prospects for
detection and characterisation of new physics with the armay.

First, we discuss CTA prospaces for cold dark matter searches, following different observational strategies: in dwarf satellite galaxies
of the Milky Way, which are virtually vod of astropbysical tackground and have a relatively well knowns dark maltter densily: in
the regaom close 2o the Galactic Centre, where the dark magier dezsgy is expected to be large while the astrophysical background
oz 10 the Galactsc Centre can be exchaded; and in clusters of galaxies, where the intrinsic flux may be boosted significancly by the
large number of hako substructuros, The passitle search for spatial signatsres, facilitsiad by the knger field of view of CTA. is also
discussed, Next we comsider searches for axion-like particles which, besides being possible candidates for dack matier may also
explain the unexpectedly dow absoeption by extragalactic background light of gamma.rays from very distane blazars. We establish
the axiom marss range CTA could grobe through observation of long-tisting lares in distant sources, Simulated light-curves of
Niwing sources are also wsod 0 determine the seositivity 10 violatioms of Lorentz Invarsnce by detoction of the possitle delay
between the arrival times of photons at different ezergies. Finally, we menticn searches for other exotic physics with CTA.

Keywonds: CTA, Dark Matter, Dwarf satellite galaxies, Galactic contre, Galactic balo, Galaxy clasters, Axion-like Particles,
Logenez [zvariance Viclations, Neutrino, Magzetic mozopoles, Gravitational Waves

Szt off-print reqamts to Michele Doso (=
Tux Conrnd (catrad@lys i, su. se)

ole.daro@aab. cat) and

Preprint sabmeired 2 Amroparsice Merics dane 10, 2002

DARK MATTER PARTICLE
* dwarf satellite galaxies

* galaxy clusters
* MW halo
* anisotropies

AXION-LIKE
PARTICLES

LORENTZ
INVARIANCE
: VIOLATIONS

OTHER PHYSICS

* tau-neutrinos :
* magnetic monopoles
* gravitational waves
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Caveats - prospects for DM

P I (DM is a particle) {
> IF (DM is only of one kind) {
b IF (itis a WIMP) {
Il (it is Majorana particle) {
p IF (no co-annihilation is there) {
e |1 (the profile is cusp or core) {
I (the subhaloes play a role) {
2 [l (we know the annihilation channel) {
then you can make a (robust) prediction!

i

P How to define pessimistic, optimistic and realistic?
P Minimum requirements?

P Which CTA conﬁguratioﬁ is the best?
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- TACT as a (robust) probe for DM

P Few important facts:

P gamma-ray are expected in many DM model annihilation/decay products

i they point-back to the source &

10—

P expected universality of DM spectra at |
different targets

P DM cutoff in gamma-ray spectra (smoking gun)

2 The Galactic Center and halo
P The dwarf satellite galaxies

? The galaxy cluster
? Other dark spots (IMBH, UFOS)




> Of course, the sensitivity

> Energy threshold: more photons per
& DM annihilation

> Energyresolution: Spectral features
and discrimination with astrophysical
sources

> FOV and angular resolution:
morphology
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Dwarf spheroidal galaxies

~ Core-cusp profile

2 :
10 A
W\ ‘
""‘cu.\ X
10 .
.w - 7
E — :
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v — — NFW, Array [
= e NFW, Array B
10 — NIW, Array C©
180, Artay 8
1S0, Artay E
— IS0, Ay ©
10% .
10 1
Log m_[TeV]

Different ann. channels

DSG Dec. D J Profile
[deg] [kpc] [Gev—*cm™]]
Ursa Minor | +44.8 66 2.2 x 10" NFW

Sculptor -83.2 79 8.9 x 10" NFW
Sculptor “ “ 1.8 x 10" ISO
Draco +34.7 87 7.1 x 10" NFW
Willman 1 +51.1 38 8.4 x 10'® NFW
Segue 1 +16.1 23 1.7 x 10" Einasto

P Annihilation spectrum changes
prospects

? Improvements wrt to current IACTSs is
minimal, but analysis not yet optimized
on these objects
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Galaxy clusters
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CR-emission is promising in
some clusters even with
current generation of IACTs

« Complex objects with several gamma-ray %

sources

- individual cluster galaxies, see e.g.
NGCi1275 and IC310 in Perseus by MAGIC

- CR-induced emission (after pion decay)
= DM-induced emission from halo

107 '
CRs: DM-LP Sum: DM-BM Sum:

_: 10~‘=---._. (R 1 :zjo*"‘;}}b 7 VoS ]
We used: S T
FORNAX g
PERSEUS .

"

DM emission contributi
* may
* can




Galaxy clusters

°* DM and CR and individual galaxies
Different spectral features
- Different spatial features
- Analysis cluster-dependent - work to do

- We need to understand very extended MC (5+
deg)
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Galactic Center halo

o
© . Galactic center obvious target for DM searches, but crowded region
- Galactic halo at short distance from GC is well-defined

- HESS envisaged a strategy: Abramowski+, et al. PRL 106 (2011)
161301—+.

Observation strategy

1. ON-OFF (more sensitive, less robust
background control)

2. Ring Method:

* The red star denotes the GC

* The blue star marks the pointing of CTA .
* The signal region in blue

* The red annulus is background




A very good result here

ON-OFF method

10" o _ —

Array €, Tasitsiom|
Ring Nethod
On.Off

Array 1, TasEslomd
Ring Nethod
On.Off

10" 1

m (TeV)

N
B o ”
107 s ——rm— " uu spectrum

" Array €, Ring Method
—— 5 spacirum
— g
Arrary B, Ring Method
Bb spactrum

cene s
"
Tz

spacirum

« spectrum

" spectium

m (TeV)

- J-factor from Aquarius
» Two methods tested

- ON-OFF

- Ring method
- Several spectra tested
- B, C, E array tested




Comparison

Segue 1 dpsh

102

,'-m i combined DSG analysis (10 DSGs), 2 years FO

<’/ P Fermi combined DSG analysis 10 years I, 1

% —_— Galactic Halo, 100 h, CTA array B (Ring Method) naX C uster
N —_— Fornax Cluster, 100 h, CTA array B Omax = 1.09 Ga] .
é segue 1 DSG, 100 h, CTA array B aCth Hal()

£10%° 7

3 I —

2 First time we curb the
parameter space

P Analysis notyet

" WIMP parameter spac2 - (éptlmued aswell as
102 i e 10*
. = I'A performance

2 For DM mass above few
hundreds GeV CTA
outperforms Fermi-LAT
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II =




*

Astronomy helps astrophysics

? CTA will observe for sure a lot of AGN (expected 100s), implying:
» Farther AGN (thanks to low energy threshold)

b Flares with denser time bins (thanks to sensitivity)

> Flares with larger energy lever-arm (thanks to energy range)

P And hopefully
P Longer flares

P Stronger flares
P GRBs...

| With a population of AGNs andei are -
. we can do much fundamental physics (for free)!




P QG 1nd}1€ed Space-time NON-UNIALY 22 _ g2y 4 g, (5/5p) 2 (E/ED? £...).
dispersion relation:

Ng photons at different energies travels at different At ~ ( AE ) L &
speed: cosmological distances provide amplification §eEp) €

g [\ D : -
5200800 GeV

PKS 1255 flare
(HESS)
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5o 1|CTA has potential to
ook j| see such effects
005 ' every day!
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at TeV, square-dependence
means large lever-arm

Istor 2nd order?

Time-lag dependence on energy can be linear, square

A fesles

(1+ 2")2d2’

AE? "~ 2MZH, Jo \/Qm(l + 23 + Q4
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Telescope

Mp /€ [GeV]

Mp /¢ [GeV]

MAGIC
H.E.S.S.
Fermi-LAT

0.03 x 10*°
0.21 x 10*°
1.50 x 10'°

5.7 x 1@F°
6.4 x 10°
e @l

CTA will put much stronger constraints in this regime

0.12f \ q = IAtd - Atrl/dtr, l_

0.00

CTA subarray

—~——mmm— (| > 2500 light curves (pair) simulated with
‘ various properties

| b P redshift 0.03-0.6, slope 1-2.5

: | P flux state, observational time, pointing times
‘ I 2 Results:
e e (| B q<1 (6%), q<2 (T2%), 4<3 (99%)




Axion boost factor

Amon-['ke partlcle searches

Log Coupling [GeV™']

LSW )

Helios

scopes (CAST)

_ I T T 7 N O N I I A A Y
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100}
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= = Kneiske

&
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» Axion-like particle cure several physicists’ pains
& strong-CP problem

P (afraction of) DM &
2 low-EBL problem/hard far AGN spectra

» * Photon/ALP oscillation in magnetic field

» photon/ALP conversion at source (strong B)
» photon/ALP conversion at IGMF (low B)

? Mass and coupling -

P Massu.l.: <0.02 eV (CAST)
P Inv. coupling> 0.114x 1011 GeV




- Test-case: PKS 1222+21 (4C +21.35) |

PR LR R « FSRQ discovered by MAGIC in 2010
% s b ' R | - ond farthest VHE source: z=0.432
& gu TN, e c - MAGIC+Fermi: can fit to single power-law ¢>
: - N 10§ -2.7(0.3) between 3 and 400 GeV
57 A E - No-sign of any cutoff
R — t, ¥ - Most rapid variation ever observed
e '; at VHE: Flux doubling-time 8.6min!
, o " - ~1/2h flare duration
SET25 0 05 1 15 2 28 .
~p =10
METHOD: 3 flux x 5, 5 h observation fg * flux x 5, 5h observation
* un-broken power-law » ki o I Nl
* different flux level J !
* different flare duration ' '
* Ecrit scan 0.1-10 TeV
* EBL corrected o W'
(Dominguez+)

X | | | J | ! . > | | |
W20 06 94 02 0 02 04 06 g o+ e g v 1 | n“
kg (EMTeV) g (ETeV)




Losmology with ACN

GRH energy/ GRH energy ( 0,=0.3, Qfo 0)
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0.3

1(E.z) = f

0.7
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10™

Redshift ()

GRH depends on Hubble constant and cosmological
densities. Modulo the EBL, the GRH might be used as

a distance estimator (Prandini+2011)

GRH behaves differently than other observables
already used for cosmology measurements.

EBL constraints are paving the way for the use of AGN
to fit Omega_M and Omega_L.. Measurements of 20
AGN atz>0.2, cosmological parameters can be fitted.

Results might improve the 2004 Supernovae result

E PKS2005-48%KS 2155-304112356-309
[ 1ES1959+650 H142a4428 —
1ES1218+304
- Mkn 180 ‘
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[ Mkn 5Pt i !

QA :(’: X 2)]%

Sola 99; Haber 03; Martinez 06
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’No&g&ng

pernovae
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More dust under the carpet

P Is there any strange event in the background we reject (but save on

disk)?

N
v
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~ 3
T: C L L : : " EXCLUDED No7
L 5 - H H 10 =
ok ) . o = Whipple 1997 (15)
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CTA will collect >100 Hz * 1000 h/year
about 1019 events/year...




A multi-purpose experiment

P CTA is a gamma-ray detector? Not only
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2 Itis a neutrino
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- The VHE gamma-ray sky today

http://tevcat.uchicago.edu/
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Conclusions

P CTA s the perfect experiment for an
healthy breakfast:

> Toasts, jam and butter from astrophysics
sources (AGNs, SNRs, PWNs, etc)

P A cup of dark coffee from DM

> A big cup of milk of archival data where
to look for exotic signs

&

2 Between now and then

P Occasion to create a VHE scientific
community besides the experimental
experience

> Optimized the analysis and define goals
Thanks!
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Roadmap for CTA-FUND group

» Prepare CTA to fully take into account DM
peculiarities

p spectral features and cutoff + lines ©
» morphologies
P anisotropies

> Prospects papers on various targets (projects)

2 Galactic center and halo, Dwarfs, Cluster of
galaxies, wide-field survey, etc

> Links with direct detection experiments and
accelerators: groups to be formed

> (React to published papers: i.e., gamma-ray
lines from GC region)?

On the other hand, one remark.




Multi3 - A cubic approach to Dark Matter

Multi-messenger Multi-wavelength Multi-experiments

Mula’ DM

Q

P Multi-experiment approach

Padova, Department of Physics G.Galilei, March 1.5, 2010

L. Bergstrom, 2011
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