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CTA Major IACTs in the worldMajor IACTs in the world
Veritas

G C G CMAGIC + MAGIC II artist view

H.E.S.S. I and HESS II CANGAROO III



CTA
HESSHESS--II and MAGICII and MAGIC--II can II can 

be good R&Ds for CTAbe good R&Ds for CTAbe good R&Ds for CTAbe good R&Ds for CTA
HESS-II
28m diameter telescope
Lower threshold energy
I 2008In 2008

March 2006

MAGIC-II
2 17 Hi h Q E d t t2x17m, High Q.E. detectors
Lower threshold energy
High Precision
In 2007In 2007

Inauguration on 21.Sep.2008



CTA ScienScientific Objectivestific Objectivesjj

AGNsPulsarsSNRs Micro quasars
GRBs

AGNs
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Origin of
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CTA
Great success of HESSGreat success of HESS
Galactic plane surveyGalactic plane surveyGalactic plane surveyGalactic plane survey

HESS Galactic plane Survey

Survey in 2-3% Crab unit

Astro-ph/0510397
17 sources + Several

PWNs
Sh ll t SNRShell type SNRs
X-Ray Binary (Microquasars)
Un-ID sources



CTA SNRs (10)SNRs (10)( )( )

HESS

Category Name Discover Obs.

SNR/Un-ID MAGIC J0616+225 (IC443) MAGIC
HESSSNR Cas-A HEGRA

SNR Vela Junior, RX J0852.0-4622 CANGAROO HESS

SNR/Un-ID HESS J1640-465 (G338.3-0.0; 3EG J1639-4702) HESS

SNR G348.7+0.3 ? HESS

SNR RX J1713.7-3946, G347.3-0.5 CANGAROO HESS

SNR/PWN HESS J1804-216 (G8.7-0.1 / W30; PSR J1803) HESS

SNR HESS J1813 178 (G12 8 0 02 AX J1813 178) HESS MAGIC

Vela Junior

HESS

SNR HESS J1813-178 (G12.8-0.02; AX J1813-178) HESS MAGIC

SNR HESS J1834-087 (G23.3-0.3 / W41) HESS MAGIC

SNR/Un-ID HESS J1837-069 (G25.5+0.0; AX J1838.0-0655) HESS

HESS
RXJ1713

MAGIC J0616+225 (IC443?) RX J1713
Y. Uchiyama, T. Takahashi
Texas Symp. 2006



CTA PWN (9)PWN (9)( )( )
MAGIC Crab NebulaCategory Source Discovery Obs.

PWN C b N b l Whi lPWN Crab Nebula Whipple many

PWN Vela X CANGAROO HESS

PWN HESS J1418-609 (G313.3+0.1, Rabbit) HESS

HESS J1420 607 (PSR J1420 6048PWN HESS J1420-607 (PSR J1420-6048, 
Kookaburra) HESS

PWN MSH 15-52, PSRB1509-58 CANGAROO HESS

PWN HESS J1616-508 (PSR J1617-5055) HESS

PWN HESS J1718-385 HESS

PWN HESS J1747-281 (G0.9+0.1) HESS

PWN HESS J1825-137 (PSR J1826-1334) HESS

HESS HESS HESS
IC emission

Kookaburra MSH 15-52 HESS J1825
HESS VelaX



CTA Binary System (6)  Binary System (6)  y y ( )y y ( )

LS 5039
Category Source Discovery Obs.

LS 5039
HESS

Binary PSR B1259-63 / SS 2883 HESS

XRB IGR J16320-4751 HESS J1632-478

XRB/SNR IGR J16358-4726 ?; G337.2+0.1 ? HESS J1634-472

XRB LS 5039 HESS

XRB LSI+61303 MAGIC VERITAS

XRB Cyg X-1 MAGIC

MAGIC LSI +61 303

MAGIC C X 1MAGIC Cyg X-1



CTA UnUn--IDs (Dark Source)IDs (Dark Source)( )( )
Category Source Discovery Observation

U ID T V J2032 4130 HEGRAUn-ID TeV J2032+4130 HEGRA

Un-ID HESS J1303-631 HESS

Un-ID HESS J1614-518 HESS

Un ID HESS J1702 420 HESSUn-ID HESS J1702-420 HESS

Un-ID HESS J1708-410 HESS

Un-ID 3EG J1744-3011 ? HESS J1745–303

Suzaku (Matsumoto et al. 1996)



CTA
Galactic Center(1)Galactic Center(1)

B H SNR DM?B H SNR DM?B.H., SNR, DM?B.H., SNR, DM?
HESS

HESS

HESS
ObservationObservation

MAGIC
MAGICObservation

MAGIC



CTA Probing Cosmic rays in the Probing Cosmic rays in the 
GalaxyGalaxy

H.E.S.S. Nature 
Feb. 2006 Spectral index

GalaxyGalaxy
Feb. 2006 Spectral index

2.29 ± 0.07 ± 0.20

Implies harder
CR t th i

Galactic plane

CR spectrum than in
our solar system

Point sources 
subtracted



CTA Extragalactic sources(16)Extragalactic sources(16)
Extra G alactic Sources

16Source
Redshif
t

Sp. 
Index

Types Discovery
Observati
on
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M 87 0.004 2.9 FR-I HEGRA HESS

Mkn 421 0.031 2.2 HBL Whipple many

Mkn 501 0.034 2.4 HBL Whipple many
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Mkn 501 0.034 2.4 HBL Whipple many

1ES 2344+514 0.044 2.9 HBL Whipple MAGIC

Mkn 180 0.045 3.3 HBL MAGIC

1ES 1959+650 0.047 2.4 HBL 7TA many 0

0 0.05 0.1 0.15 0.2

Redshift param eters z

B L Lac objects

y

PKS 0548-322 0.069 HBL HESS

BL Lac 0.069 3.6 LBL MAGIC

PKS 2005-489 0.071 4.0 HBL HESS

3.5

4.0

4.5

e
x New Sources

PKS 2155-304 0.116 3.3 HBL Durham HESS

1ES 1426+428 0.129 3.3 HBL Whipple HEGRA

1ES 0229+200 0.139 HBL HESS

2.5

3.0

3.5

S
p
e
c
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a
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d

H 2356-309 0.165 3.1 HBL HESS

1ES 1218+304 0.182 3.0 HBL MAGIC VERITAS

1ES 1101-232 0.186 2.9 HBL HESS

1.5

2.0

0 0.1 0.2 0.3 0.4

R edshift P aram eter z

1ES 0347-121 0.188 HBL HESS

PG 1553 0.3 4.0 HBL HESS/MAGIC



CTA Absorption of Absorption of 
gamma rays in the universegamma rays in the universegamma rays in the universegamma rays in the universe

Pair Creation; γ＋γ e+ + e-Pair Creation;  γ＋γ e  e



CTA
PG 1553PG 1553

(z>0 25(z>0 25 unknown)unknown)(z>0.25(z>0.25 unknown)unknown)

Very Soft energy spectrum

the attenuation by pair creation
or nature of SSC mechanism

MAGIC+HESS Z < 0.42
D.Mazin and F.Goebel



CTA
Mrk501 MAGIC observationMrk501 MAGIC observation

Time lag for higher energies?Time lag for higher energies?
150-250 GeV

Time lag for higher energies?Time lag for higher energies?
4min
bi150-250 GeV bin

250-600 GeV

July 9July 9
600-1200 GeV

> 1200 GeV



CTA Number of sources (51+α)Number of sources (51+α)

SNR

PW N

BNR

BL-Lac is the champion
in the number!!BLLac SNRs

PWNs
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CTA From HESS & MAGIC to CTAFrom HESS & MAGIC to CTA

Ab t 30 id tifi d VHEAb t 30 id tifi d VHEAbout 30 sources are now identified as VHE gamma About 30 sources are now identified as VHE gamma 
sources.sources.

GLAST will see ~3000 of GeV sources around 2010GLAST will see ~3000 of GeV sources around 2010GLAST will see 3000 of GeV sources around 2010GLAST will see 3000 of GeV sources around 2010
Our target in VHE EnergyOur target in VHE Energy

~100 VHE sources in 2010 by HESS~100 VHE sources in 2010 by HESS--II and MAGICII and MAGIC--IIII
~1000 VHE sources in 2020 by CTA~1000 VHE sources in 2020 by CTA~1000 VHE sources in 2020 by CTA~1000 VHE sources in 2020 by CTA

CTA Sensitivity must be 10 times better than HESS, and MAGICCTA Sensitivity must be 10 times better than HESS, and MAGIC

Importance of all sky observatory Importance of all sky observatory full sky survey full sky survey 
relatively large FOV is favoredrelatively large FOV is favoredrelatively large FOV is favoredrelatively large FOV is favored

Extend HESS galactic plane survey to entire skyExtend HESS galactic plane survey to entire skyg p y yg p y y



CTA Idea of CTAIdea of CTA

The next generation detector (Observatory) for gamma ray astronomy afterThe next generation detector (Observatory) for gamma ray astronomy afterThe next generation detector (Observatory) for gamma ray astronomy after The next generation detector (Observatory) for gamma ray astronomy after 
CANGAROO, HESS, MAGIC, and VERITAS CANGAROO, HESS, MAGIC, and VERITAS 

Energy range a few 10s of GeVEnergy range a few 10s of GeV--100TeV100TeVEnergy range a few 10s of GeVEnergy range a few 10s of GeV 100TeV100TeV
A few 10s of GeV to see sources in the cosmological distanceA few 10s of GeV to see sources in the cosmological distance
100TeV to understand the origin of galactic cosmic rays100TeV to understand the origin of galactic cosmic rays

~10 times better sensitivity than HESS, MAGIC~10 times better sensitivity than HESS, MAGIC
Increase number of sources a factor of ~30Increase number of sources a factor of ~30

All sky observatoryAll sky observatory
North a few 10s of GeV North a few 10s of GeV –– 1TeV1TeV

~10 huge telescopes~10 huge telescopes10 huge telescopes10 huge telescopes
South a few 10s of GeV South a few 10s of GeV –– 100TeV100TeV

~10 huge telescopes + ~100 small telescopes~10 huge telescopes + ~100 small telescopes

O erlap ith GLAST missionO erlap ith GLAST missionOverlap with GLAST missionOverlap with GLAST mission
GLAST Mission 2007GLAST Mission 2007--2012+2012+

Budget size ~150MEuroBudget size ~150MEuroBudget size 150MEuroBudget size 150MEuro
EU will support <20% of total budget, other >80% must be supported by EU will support <20% of total budget, other >80% must be supported by 
agencies in each countryagencies in each country



CTA Option:
Mix of telescope typesMix of telescope types

~10  central Huge telescopes

~100 Medium + Small Telescopes

Picture: Courtesy of W.Hofmann



CTA By W.HofmannCTA

SystematicSystematic
Error ∝B.G. ∝(AT) -1

50hrs
AGNs Pulsars ∝(AT) 

∝(AT) -1/2

AGNs, Pulsars
GRBs Cosmic ray sources

Knee in gamma

Background Limited Signal Limited

∝(AT) 

Deep TeV Survey
~1 mCrab1 mCrab



CTA Kifune’s Plot Kifune’s Plot 
(my optimistic expectation)(my optimistic expectation)(my optimistic expectation)(my optimistic expectation)

~3000 sources
by GLAST AGILEGLAST by GLAST, AGILE
~1000 sources
by CTA

GLAST
AGILE



CTA
CTA SensitivityCTA Sensitivity

M C StudyM C StudyM.C. StudyM.C. Study



CTA
CTA Angular resolutionCTA Angular resolution

M C StudyM C StudyM.C. StudyM.C. Study

1~2 arcmin1 2 arcmin



CTA MultiMulti--wave/wave/--messenger observationmessenger observation
All sky observatory (N,S stations)All sky observatory (N,S stations)All sky observatory (N,S stations)All sky observatory (N,S stations)

Gamma Rays

Neutrinos

Gamma Ray &
X-Ray Satellites

CTA North

CTA South

IceCube: 
2010 Completion of the construction
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CTA Baseline in ESFRI LOIBaseline in ESFRI LOI
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CTA
SummarySummary

(Physics and Motivation)(Physics and Motivation)(Physics and Motivation)(Physics and Motivation)
Now we know about 50 sources in TeV energy region. The number of Now we know about 50 sources in TeV energy region. The number of 
sources is exploding!!sources is exploding!!sources is exploding!!sources is exploding!!

The physics in TeV gamma ray astronomy is very rich and still there are The physics in TeV gamma ray astronomy is very rich and still there are 
many open questions.many open questions.y p qy p q

We definitely need CTA for the development of TeV gamma ray astronomy We definitely need CTA for the development of TeV gamma ray astronomy 
after HESS, MAGIC, VERITAS and CANGAROO.after HESS, MAGIC, VERITAS and CANGAROO.

~1000 sources will be observed in 10~1000 sources will be observed in 10--20 years by CTA.20 years by CTA.

All k b t i id l ( th & th t ti )All k b t i id l ( th & th t ti )All sky observatory is ideal (north & south stations)All sky observatory is ideal (north & south stations)
Maybe two steps constructionMaybe two steps construction

Now ~400 scientists show the interest to join CATNow ~400 scientists show the interest to join CATNow 400 scientists show the interest to join CATNow 400 scientists show the interest to join CAT
MAGIC(150), HESS(100), Radio and XMAGIC(150), HESS(100), Radio and X--Ray astronomers (100), and Ray astronomers (100), and 
theoreticians (50)theoreticians (50)

M ltiM lti l th d ltil th d lti b ti i t t tb ti i t t tMultiMulti--wavelength and multiwavelength and multi--messenger observation are very important to messenger observation are very important to 
understand the nature of high energy sourcesunderstand the nature of high energy sources

GLAST, IceCube, KM3, Auger, etc..GLAST, IceCube, KM3, Auger, etc..



ThanksThanks



CTA Distance of PG1553 Distance of PG1553 
Test with combined spectrum (Z<0 42)Test with combined spectrum (Z<0 42)Test with combined spectrum (Z<0.42)Test with combined spectrum (Z<0.42)


