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VHE: The Breakthrough




The pioneers

+ Very HightEREray (VI‘-‘IE)\range =above 10/ GeV.
« TherAmencanNVinppleNeleSEopE PIOREErEd the

Imaging AtmosPhEN e CheP\enkov flechnigue (1969-
1980);

\"'/‘

TeV y-rays

& .3l from the Crab Nebula
Whipple Telescope :1989




2009= 20th Anniversary
VHE Astronomy!

.

o The yodngest branchiof; Astrophysics!
= ISIDEecoming offage thesedays:..




The past 20 years: lower in
energy, deeper in sensitivity

Follewed HEGEANGEmmany/Spaimy Al (France) and
CANGAROONJapan/Ausiraliz)NelEseopes (1990-2000): about
10/ sourcesiinttheNirStaoNears:

Areund I CYENONINNELRCOEElIGRSSiared a race tor build
newW generationinstmeERisNESS, MAGIC, VERITAS and
CANGABOQO!

Tiher EtropeanicollizipralicnsiEd ESSrand WMAGIC took the lead.
The sensivity e ESSHSHIOMmES belier than HEGRA, the
threshoeldieiVIAGIEHSISHImEsSHowWerthien\VVhipple.

AS Gt IGWH IERNEZISHEIETRIESENWOICOlEherations have
disceveres anplinvOmewisouncesiendeLnlished =100 papers,
out effthen 6apaPERSINEISCIERNCE andiSiniNature.




H.E.S.S.

High Energy Stereoscopic System

p |

s Arrayiei 4 X ZimEteH 0 0sENCHEENKOVAIIEIESCOPES
s[LocatedratithesshomesiighlEne Nemibia (Sputhem Hemisphere)

RtV ggsrziianzll sines 2008

sAnalysistERihrabouiN S0 CAVIEN B Grabrilke detection|in about 30 seconds
JBejis o eliscaverias el filerl irnosict fasiles




The MAGIC Collaboration




VERITAS

4y 2m telescopESNMoRE R BRNRPATZERENIStEIght celebration April
200070 Flrst W feslis cogrliric).




MIEAGRO

60% 605 S ISAWAIET
Cherenkey: poeinstimERiEd
With 2 1ayers 6l
photomuliplierss R eliIgEgers:
AUts.

located inrtieINerieErn
hemisphere; EesPAIEIMBS;
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New window to the universe

PWNe ‘.'\'r’llpp"lc
2007 EPPTEE SO ST, ® Durham
PE et Lt e SNRs :
. p : W ®m HEGRA
¥os ' Y Unidentified

Binaries

HESS
Mol. Clouds

AGNs Milagro

-MAGIC, HESS and VERITAS': We  are now. at Source Number 80; Even
more important: we have discovered several source populations.

-The Very High Energy: astronomical window! Is wide open: regular
observations 70 GeV — 20 TeV band W|th few % Crab sensitivity.

LS 5039 HESS J1303-631 Vela X
MSH 15-52 RX J0852.0-4622

IIIH Illllll IIIIIII llIIIIII

Jim Hinton
ICRC 2007




VHE: Physics drivers




Disclaimer:
Telescopes are multi-purpose!

¥+ [Like mesHeRtNENaSHORCMICAINEIESCOPES N the
worldirCherenkeVatelescopestanemoet builtwith a
single purposelniminGs

+ Physicsidriversiiangerremptherstiicyseizcompact
objects (blacktnelESternEltronstars)itorastronomical
jets, collisiontWindsRdarematie@SEarChes or more
fUndamentalfRRysICS?




749% DARK ENERGY 22% DARK MmER ‘

Dark Matter indirect searches

‘Cosmic Rays
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Highlights:

e
¥+ Darkematten:

+ ExtiradalacuiciBackgrelnarEighnt:
¥+ LorentZinyanancerViclation:




Cosmic rays

CosmICiraysi pretensRelecionsmthelFantiparticles, ionized nucler,
constantlyshittingreltidplanet

[hey:pervadertherdniversemthelsspectrimiextendsifrom 1 GeV to
10 EeV:

OnlyAinfour dalaxyatheyarepresenttarsignificantiiractions of: the total
energy. density:

+ 0.2 eV/cm=NinimagnetcHieldss
+ 0.6/eV/cm=iinistellafphotons:
+ 1 eV/cmiintcosmicirays

Jihey:wereldiscoyerednnElOaRRbyAVICIORHESS  we are in 2009. ..

i




Cosmic rays: SNRs

Fluxenof Cosmic Rays

Extragalactic origin: wait for Massimo’s talk

AREnergies below 0 eV (the
sKEE e CoSmIC rays are most
prekablyigalactic.

\The PEScandidates ior galactic

aceelerationraresSuperNova
Bemnantsi(SNR)I=the'left-overs of
SUpPErnovaexplosions, which
ECOMEIETICIENt particle
aceelerailorstaner1000-10000
\EANS)




Cosmic rays: SNR??

+ Iheargumentiisibasedion Atakerthe energy density’ in' CRs
WhIChWeNmeastrelaruherEanthfandicomparerwitnithe E of: afSN
multipliedrbyAthelratereiRSINIEXPI0SIoNSHtheYAKIndl off match...

INFREALTIRYG
+







Cosmic electrons & positrons

+ PAMELA AN CNEICOSMIC e‘Iectron andpositron spectra
show: featlresratil ONGEVERIRIEVEENEgIESs:

+ Nearby: CralbisZaDarkmaiten annlhllatlon’?’? [don "t miss
tomorrow:sitalki

1,000

ESCdN/dE, (m2s1sr ! GeV?)
)
o

ATIC: e spectrum “ | PAMELA: e+ fraction -

—_
o

100
Energy (GeV)

10%
Energy (GeV)



CRs & Cherenkov Telescopes

)
+ CherenkoVieleSCopes detect. iarays 2na y=raysrare produced by:
CRsiwhenitheyihit niereelanmaten

l

Hadronic showers:
9, 'S,

; '- X
+ Interstellarmatiefelusiersin moIeCL{Iar clouas:
X
+ Molecularcloudstarereharacierized v‘vith ladiolelescopes:

+ Cloudsjactias oirthe :
i i _




Probing with telescopes....

P
MAGIC:; SNR IC-445 & SNR measured in

Radioior X-rays

Molecular cloud detected inf radie (CO)

o

189

188.5
| [ded]




The Galactic

1000 light-years

IGICEntne gammas-ray
COURT map

2 maplaiter subtraction of
WEIEEmMINEnt PoINtSEUICES =>
ClEar c'% relationiwithimolecular

gesitraced uyits CSiemission




Nature
Feb. 2006

Suparnova Remnant G0.9+0.1

LR L LR RRERERERELEL RN EESSSSTE SRR RS S IR Gala[:tic plane

745-290 Vﬁ Cantra)
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Measured by HESS

Galactic longitude [degrees)

= Disagreement points to CR source in the center of our galaxy.
= Maybe SNR which was active thousands of years ago??




Highlights:

+ CosSmICIRaNSH
4+

¥ ExtragalachiciBackaretndrEight:

¥ LorentzZInVaiiancerVielation:




SUSY dark matter searches

+ IndirecttdetectionmvviviE alnnihilation Intextraterrestrial
OR|ECISE

+ Verymuchiike detectmg cosmlc [y SHbULWE Probe
EQIONS where We expect clusterlng eMWINMBESs ire. high

2
Pbm




Galactic Center y-ray spectrum

from neutralino annihilation

Photon Flux [cm s GeV ']
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Internal Bremsstrahlung
contribution

e = =l iofiline jumped by
Mot ot gari oy SEVErallorders) of
s oot meaonitide’due to effect of
ipiemaiisremsstrahlung

previeusiyigneread.

oF new =*NVIeeEl predictions are

£ (20055007, Lrleerizlin)

Internal
+ L bremsstrahlung

Photon Flux [cm s GeV ']

—— Background, Ey""'7
— = 300 GeV neutralino added
50 GeV neutralino added

A L lllll i L L A Illll
2 3 45868 2 3 4868 2 3 45868
1 10 100 1000
Photon energy [GeV]

L.B., P.Ullio & J. Buckley 1998 T. Bringmann, L.B., J. Edsjé, 2007




Do Galactic Center y-rays

come from dark matter?

10-11

E2 dN/dE
(ph TeV cm-2 s-1)

10-12

20 TeV Neutralino
20 TeV KK particle

01 1

= [TeV]
‘ |



Do Galactic Center y-rays come

from dark matter?

N i -
%104 . 10° PKS2155-304
-~ = 2
< F 10 NS S
© B o 0 0.050.10150.20.250.3
JQPE Diffuse —e—
B emission *

subtracted

T
HESS J1745-290 _L\\L

0 005 0.1 015 02 025 0.3 035 04
0 [deg]
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~ Dark matter: other targets?

Andromeda Galaxy

>
Q@
X
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Virgo Cluster
ROSAT PSPC

) eV, meockhed

R TN
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» Galactic Minihalo
Virgo Galaxy Cluster (X-ray) e

MPE ¥
ALL-Fag-Survey 2 deg




Other DM targets

+ MAGICHVERINMASEEIESSHSEtinoNImIts to; dwari
sphereidalsi=igalaxiesswitnrannoermallyihightMass/Light
ratio; poIntingieVENANIGICORIERROIRDIVI:

+ LLimits settalreacyaiervracentisasiviinorsc Willman-|
+ WillfelbsenvermeremigmVi/imehectstiremeall-sky: optical

Ssurveys (SDSSHERanESIABRSIDES)

+ Willfelbserver=ermisdandselrcesg(noeicounterpart at other
Wavelengths)WithinarciSpECiia:

+ INeealsigniiicaniinereaseNniseEnsItvityAtercome; close to
MoGdelpreciClions!




Cherenkoyv telescopes play a
unique role inidentifying DM

+ Acceleratorsimayaiineicanaidaterparticles, but
they: canneipreyvernatsipeser particles are the
DIV

+ Directisearchesienlyipronestneriocal DIVl

+ Otherindireciisearches:

¥V telescopesHaomnEEdeaiseEnsItivity [IFhope
Juanjerconvincesyyeureithelcontrany):

+ Chargedipailicieside not pomt 9ECKILOISOUICE:

+ SPACEOIMEEEY, telescopes‘may petreachnigh
enougmeEnergyacNcentivaieatlresIoRBIVIspectria.




Highlights:

+ CosSmICIRaNSH
¥+ Darksmatten:
4+

¥ LorentzZInVaiiancerVielation:




nucleus
dominates:

+AGN =

Active
Galactic‘; ‘
Nucleus

Obscuring
Torus

Narrow Line
Hegion

Broad Line
Hegion

Accretion

Disk




Attenuation of y-rays in the
ExtragalacticiBackground Light

*inﬂc

Energy

Qd

=1.24 um (E /1 1TeV)




Spectral energy: distribution of
Extragalactic Background Light

Redshifted
star light

Redshifted
dust emission

+ An imprint of the history of
the Universe (star formation

and galaxy evolution)

+ Direct measurements

challenging (zodiacal light
foreground)

— | arge uncertainties




3C 279 (z=0.536): the most
distant VHE y-ray source

+ MAGIC detects a clear signal
from'3C 279 in February 2006

+ First VHE quasar

+ Measurements constrain EBL
models under safe assumptions
about the intrinsic spectrum




vl (nW m? sr’)

3

IIIIII|

EBL constraints

Stecker et al., 2006, (fast evolution)
TMKO7 (this work)

Primack et al., 2005

Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006

1




v-ray horizon

—_ — — Kneiske et al. 2002 (modified) Primack et al. (2005)
Energy Threshold of MAGIC Stecker et al. (2008)
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MAGIC, 3C 279

0.6 0.7
Redshift z

+ Only narrow band lefttbetween lower limits (from galaxy counts)
and IACT constraints \

\

40




Highlights:

¥+ CosmicRays:
¥+ Darksmattes:
¥ ExtragalachiciBackaretndrEight:

+




Lorentz Invariance
Violation

» Space-timeralargeNdisianCESNSESeo UL IifGravity Is a quantum
theory, atvern/shor diSiaRCESNINnIgisHeW 2WVery complex ( )
structure: due teor@uUenitmNitCiEuENS)

* A CORSEQUENCEIBIRNESE Long Wavelength
fiuctuations is theNaci e ne
speed ol lightinivacuum

DECOMES| ENENGY CEPEREENIS

A
Short Wavelenth

W\W

* The enerayisealereifvinchigEViWASIEXPECIECNONIEave as a
guantum theeAISHIENIERCHIVIESS

\




AGNs and Lorentz
Invariance

EreomraplrEAPHERGIMENGIGEICZINBIRNGIVIEW, the elffect
can e studiedilineNpERURbauveexpansion.(Amelino-
Camelia, NatUrENICCB)E

e amvalieeleyaeiEeNStemiedisimulizaneously from a

distaniiSeUICErSHEUICNIENNOPLIIGINAINOMIIE
ziglel ifle OIRIIENIBWEIN I OI thelr

Fnlg e ogaisd delay is vary szl ziniclio prrelieiis s
measulelsl EeNEMEEL SHONCISEIVE cComInNg

ife)prl So)llfeas 2l

: ' 43

\




MAGIC ebservations of the
AGN Mrk 501

111510-20)0)

=1+ ,-0.034
amEl  (L~100 Mpc)

215)0):16)0)0)

+ Hint (2.5 o) of
BEELlT e€nergy-dependent
delay of fast flare

6001200

> 1200




MAGIC: Mrk 501

Elpleizls @uadratic
(0.030 = 0.012) s/GeV = (3.71+2.57) x 107¢ s/GeV?

[t delay isiasirophysSICalRierdelgyAd UENeN@ G must be smaller:
WercanseimitsioNVISaN©656 € 1L, ):

i\'fQGl > (.26 x 1018 GeV i\"fQC;Q > (.27 X 1011 GeV

> 6 lImEs, PeterthanipreVieusHiins SYMESELIEr than previous limits

[ the delayiisidueneN@GNI N EneeiRerasiophysicall elfect:
t
A"IQGl o (0—171-8%.13) x 10" GeV \ i?\'i[QGQ - (0611_8113) x 10" GeV

5 666 (2005)




How to do better?

Weplaael to) rrigzisire calzly for szl dojdars Willegle]fe
est?

Rapidly variable objects: pulsars show sub-
ms structure but are too close (kpc), AGN Especially for n=2, essential to look

show min-scale and GRB ms-scale at the highest possible energies:

variations. Such variations can only be Cherenkov telescopes
measured with telescopes,

We want to look for very far objects:
AGNs (3c279 at z=0.5) or GRB

Fermmi (=L00NEEVIRaRENGHERERKOVAEIESEOPES (> 10 GeV) to
o/l nifozle) raricje of distaneas anld e el

\




The next years




HESS-11

NEWRZEMNEIESEOPE:
Stanc=elGENGISIENED at ENGWESE Energies.
2048 pIxel CeIiE e |

Eo)WWelf eplere)y irifesiole 40 50 [V

EirSt rinSIEXpECedn 208 0




MAGIC Phase 11

Extension to a stereoscopic system




Improved Shower reconstruction

+ Energyireselution
+ ~25% =0 1152055
+ Angularreselution
+ Substantialiimproyement “t

+ OverallisensiiviyawiliNee
Improved By aNiaCIoReRZ=8

Energy Resolution (%)
o

w
=
T T

% 04 02 03 04 05 06 07 08 09
Energy (TeV)

—=s— MAGIC-I, 50% radius for y

" MAGIC-II, 50% radius for vy

- ] £ L ——a— MAGIC-II, 5 of gaussian fit for ¢

T

i

Minimum integral flux, ®,¢ (cm?s)

VERILAS 3

10°
Energy (GeV)

e VERITAS

L1 I1.2I 1 I1.4I
Energy (TeV)




Camera is installed

+ DesigniCriteria \
+ High photodetectionieficiEncy .

4 500MHEZ Band Widthiorthetentire
signalichain

}
+ ModularDesign .-“

+ Cluster o 7Z2pIxels
+ Easy replacements
+ Upagradeitorb RBrandiSiRNVICIUSIErS

+ Eieldloifview |
+ 110395 ONINCEQIEEIPIXEIS
+ Boundiconfiguration
+ JotallE@OVi=13152 (simlilar to\ VIE])




Readout is installed

+ |[EAEandiNEN= Pisa have pulltthermeadout eoifMAGIC-II;

%+ [IhisswillstheNastest readout ntaiCherenkov.telescope: 2-4
GHz sampling; based sl e Bepallnle Bing Sampler chip.

+ Under comm|3|on|ng

/t’;’ ¢///!| Ei 1 "
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Last upgrades to MAGIC

+ The MAGIC collaboration has decided not to build any
more telescopes.

+ We are only planning:
+ Test 60 HPDs in the camera of MAGIC-II.

+ Replace the camera of MAGIC-I with a 1039 pixel camera clone of
MAGIC-II.

+ Install the corresponding readout: collaboration of INFN-Pisa,
IFAE and UCM.




Cherenkov Telescope

Array




The Cherenkov Telescope
Array (CTA) facility

Aims at exploring the sky
in the 10 GeV to 100 TeV
energy range

Combines guaranteed

science with significant
discovery potential

Is a cornerstone towards a
multi-messenger
exploration of the
nonthermal universe




Sensitivity goal

E-F(>E)
[TeV/icm?s]

GN and pulsar

s Exploring the
A deep look at cutoff regime in
the TeV sky Galactic sources




How to achieve It

few 10* m? with
dense coverage | _
(5-10%) | 0(107 m2) w.tr]

low coverage
(0.03-0.05%)

few 10> m? with
medium coverage
(1-2%)




Option:
Mix of telescope types




Full sky coverage

©@ne obseVatoAWILMWEISItES:
Operated by CORNSERIUM

Nerthernranray (S0 VE):
*Energy range 10 GeV — 1
eV

sSimall fieldiof view:

S Southern anray (100 M€):
- *Eull energy range 10 GeV —

1001 TeV.
slLargeifield of view




CTA Consortium

Armenia

Yerevan

Czech Republic

Prague

Germany

HU Berlin, Bochum, DESY, Dortmund, Erlangen, Hamburg, MPI
Heidelberg, U. Heidelberg, MPI Munich, Tiibingen, Wiirzburg

Finland

Turku

France

Annecy, Grenoble, Montpellier, LLR Palaiseau, APC Paris, Obs.
Paris-Meudon, U. Paris VI-VII, CEA Saclay, Toulouse

Italy

INFN Padova, Pavia, Pisa, Trieste, Rome, Siena, INAF Rome,
Brera, Bologna, Padova, Palermo, Torino, ...

Ireland

DIAS Dublin, ...

Namibia

U. Namibia

Poland

Cracow, NCAC Warsaw, U. Warsaw, Lodz

Spain

IFAE, IEEC, UAB, UB Barcelona, UCM Madrid

South Africa

Northwest-Univ.

Switzerland

ETH Zurich, U. Zurich, Geneva, PSI

UK

Leeds, Durham, ...

more interested

Argentina, Denmark, Japan, Netherlands, Russia, US (AGIS)




CTA milestones
+ ApPEC review: in'July: 2003

+ Recommendation:join European efforts in VHE
astronomy

+ CTA Design Study: Kick=offfmeeting: Barcelona
(UB group) January 24-25 2008:

+ Definition of Work packages

+ ASPERA: CTA is one of the %7 Magnificent”
experiments in Astroparticle Physics.

+ October 2008: CTA among AstroNet priorities for the
future of European astronomy

+ December 20082 CTANN ESERI (scientific infrastructure)
roadmap. 4
62




Next Stages

+ Next general meeting (Cracow, May): approve MoU for
design study, elect Spokesman:

+ Design study (until'2010)

+ Final Array layout
+ Telescope implementation choices and details

4+ List of final few candidates sites
+ Proposal for organization, governance, operation

+ Prototyping phase (2011-2012)

+ Construction of large size and medium size telescope prototypes.

+ Construction phase (2013-2015):

+ Full arrays at southern and northern hemispheres.




Designh study and
prototyping

+ Current telescopes not cost-optimized or reliable
enough: cost would exceed target cost (100 M€) by
factor 1.5 to 2.

+ Wider field of view.

+ Improved photosensors: HPDs or Geiger-mode APDs.
+ Improved signal recordingielectronics.

+ Larger dishes for reasonable price.

+ Atmospheric monitoring and calibration integration

+ Data handling andiobservatory. ‘Concept

|

\




CTA In Spain




Established community

+ Pioneer: VictoriatFonseca (UCM) in HEGRA.

+ Currently 7 Spanishigroups in MAGIC: UCM,
IFAE, UAB, IEEC, UB, IAC, |AA.

+ Significant contribution to MAGIC
construction (~33%); one of the leading
countries in operation, scientific exploitation
and organization.

+ After MAGIC-II; communlty IS free to start with
new technical developments




Already strongly
represented in CTA

+ Atmospheric monitoring and Calibration

+ Manel Martinez: convener ofithe working package
+ Work already ongoing: LIDAR.

+ Design optimization using MC

+ Design of readout electronics

+ Definition of physI€s case:

+ Diego Torres (IECC Barcelona):’convener of working package.

\ 67
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But this is not enough

+ The MAGIC groups infC A are by now very familiar with
low energies and feelipassion for [ow thresholds.

+ The MAGIC groups (MPI}ltaly, ETH) want to build a
ofaiciyeReitlzlfc|Ricl S elsjo/MOcUSearon low threshold (10-
SIONCIAA}

+ Spain has a solid expertise in photodetection (MAGIC-
camera) and readout electronics (MAGIC-II readout).

+ A consortium of Spanish groups have coordinated to build
2l camera 1or the large rdldeoe gfaicjiy o IFAESUCIM,
UAB and CIEMAT(with |nd|V|duaI contributions of UB and
U.Murcia). UBiwillfjointinithe next application.







Galactic sources: y-ray
binaries

+ CTA must pin down phy3|cal model for each
SS|on or modulatlon of




Extragalactic: starforming

regions

+ Detailed modeling (e. g‘ Domlngo -Santamaria &
Torres) for objects'such as NGC253 and M82
shows that CTA should see a good number of

A




Extragalactic: GRBs

+ No detection at VHE yet;eveniobserving only tens of seconds
after GRB peak in X-rays (MAGIC) Latest: serendipitious
observatlon during prompt emission by HESS (but unknown

—— SWIFT-BAT: E = 15-350 keV
o MAGIC: E > 175 GeV

BAT [count/s]

preliminary

°
&
MAGIC excess rate [Hz]

H.E.S.S. Events /(100 s)

w
B
—
=)
=2
>
=
L
[ =
3
o
(&)
™
]
o
|_
'_
<<
o

1500 2000

+ We know from EGRET that there are ‘photons at tens of GeV -,
so it's only a matterof reducingithe threshold




Extragalactic: blazars

+ The so-called*blazar.
seguence’ IS our
current modelto
describe the spectral
energy distribution of
blazars.

+ Needs a still larger
population to cover all
parameter space: |

+ We are also'finding
counter-examples'to
blazar seguence:
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Extragalactic: blazars

In general CTA welllin'fdemand for blazar studies:

+ Need broader energy.coverage to discriminate
between leptonic and hadronic:models.

Need higher sensitivity to detect quiescent
emission.

energy cutoffs.

e
+ Need higher energy coverage to establish high
+ Need larger sample to study jet duty cycle.




European Strategy Forum
on Research Infrastructures ES F RI

EUROPEAN ROADMAP
FOR RESEARCH
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Baseline given in ESFRI Lol

6. Maturity of proposal (including possible timetable)

The performance and scientific potential of arrays of Cherenkov telescopes has been studied 1n
significant detail: what remains to be decided 1s the exact layout of the telescope array. Ample
experience exists in constructing and operating telescopes of the 10-12 m class (H.E.S.S.,
VERITAS). Telescopes of the 17 m class and 28 m class are operating (MAGIC) or under
construction (H.E.S.S. II) and will serve as prototypes. Photon detectors with improved quantum
efficiency are under advanced development and testing and will be available when the array 1s
constructed. After a phase of detailed design (2006-2008). implementation could start in 2009/10,
with full operation in 2012, allowing significant overlap with the GLAST satellite instrument to be
launched 1in 2007, which covers the energy range below some 10 GeV and which serves as an all-
sky monitor. triggering pointed observations at higher energies.

7. Budgetary information (preparation, construction and operation costs)

Depending on the exact number and size of the telescopes to be deployed. about 100 M€ are
required for a southern site which will cover a wide energy range from some 10 GeV to 100 TeV
for observations of our Galaxy at high resolution. A complementary site in the northern hemisphere
would focus on extragalactic and cosmological objects, with mnstrumentation optinuzed for low
energies (10 GeV-1 TeV), at a cost of about 50 M€£. The stations would be constructed and operated
by a single consortinm. Total operating and maintenance costs are currently estimated to 3 to 5 M€
per vear, including local staff. Up to 10 M€ are needed for site exploration. detailed design and
industrial prototypes.




FP7 design study application

+ Submitted application: May 2, 2007.
+ Duration: 2008-2010.
+ Budget: 5 M€.

+ Participation of 34 institutes from 15
countries, mainly European.

+ Spanish participation: IFAE, UB-ICC, UAB,
UCM, ICE, IACIAAT ¢

+ Spain is leading two! Wo\rk Packages
(Physics planning — D. Torres and
Atmospheric Monltormg+CaI|brat|on — M.
Martinez)
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Prospects in Spain

+ We have appliedforan *Accion Complementaria” to
fund the CTA activityiin Spain.

+ We are considering to organize the next CTA
general meeting in Barcelona.

My personal view:

+ Current two WPs in EPZ application are not
enough. Spainiisione ofithejthree leading countries
in MAGIC;we should keep a leading role in CTA.
We should take'responsability for a relevant
technical contribution:

+ The CTA collaborationiis still'building up. There is _
room for more partners in Spam




How to avoid helicity suppression
for Majorana particles

x f
~ mg for Majorana particles in limit
vie >0
X f
“Internal
“Final state radiation” bremsstrahlung”, IB

|

~ m; No m¢ suppression!




Example, annihilation into electrons and

positrons:

t-channel
selectron
exchange

Annihilation rate ov ~ 3:10-26 cm-3s! at freeze-
out, due to non-suppressed p-wave in early
universe, (v/c)?> ~ 0.3 = WMAP relic density
constraint fulfilled, Q. yh? = 0.1

Annihilation rate in the halo today
ov ~ 10 (m,/m )2 em3st ~ 1037 em3s-! for slow-
moving y of mass 500 GeV. Impossible to detect!

First order QED "correction™
(oV)qen/(ov) ~ (a/n) (m,/m,)? ~ 109 = 10-28 cm?3s!

The “typical” QED correction of a per cent is here
a factor of a billion instead! May give detectable
rates!

(L.B. 1989)

13




