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Performance of CTA
The next-generation gamma-ray observatory
10 fold improvement in sensitivity

10 fold improvement in usable energy range

much larger field of view

strongly improved angular resolution
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How to measure the performance of CTA...

Which one is most important depends on 
your science question...
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Imaging atmospheric Cherenkov telescopes

charged 
particles in 

an air 
shower

Cherenkov 
emission 

angle 
depends on 
atmospheric 

density

150 m

γ-ray proton

distribution of Cherenkov photons (light pool)
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From a few to >50 telescopes light pool from 
simulations
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Calculation and validation of CTA performance
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almost all knowledge on CTA performance is 
derived from Monte Carlo (+experience)

proton
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validation with data 
from existing 
experiments

(here: H.E.S.S.)

Extremely good gamma-
hadron separation of CTA 
→ events after cuts are 
not the typical proton 

events

simulated proton MC 
events

reconstructed events

after gamma/hadron 
separation

dependency on 
interaction model
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Sensitivity

Funk et al (CTA, 2012)
4 bins per decade energy 

(equal bin size on log scale)

assume CTA site at 2000 m

H.E.S.S./VERITAS 
100 hrs
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Limits on sensitivity
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Sensitivity requirements:
5 σ significance 
≥ 10 signal events; 
5% background uncertainty
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Possible CTA configurations

excellent at low energies excellent at high energies

very good at all energies
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Sensitivity

full array

LSTs only

MSTs only

SSTs only
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Angular and energy resolution
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theoretical limit 
(Hofmann 2006)

systematic error in localization 
of point sources: <5’’

energy scale known better 
than 10-15%

angular resolution

Search for lines from dark 
matter annihilation

W
eniger 2012

energy resolution



Gernot Maier  | CTA Performance |  Nov 2012 

Dual-mirror telescopes

significant improvement in the core energy 
range by adding dual-mirror telescopes 

(based on Schwarzschild-Couder optics)

comparison of 
a 61-(MST) 

telescope array angular resolution

differential sensitivity

array I with 18 MSTs
Note: no SC-like telescope 

has been built to date. 
Performance need to be 
verified under realistic 

conditions 

C
TA (Jogler et al), 2012
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Sensitivity to transient phenomena

C
TA
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4 bins per decade energy 
(equal bin size on log scale) target change response time

<100 GeV: 50 s (otherwise 90s)

temporal 
coverage

sensitivity to 
transientsV
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 (2012)effective areas: 1 m2 (LAT) vs 104 m2  (CTA) at 40 GeV
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Operation

or any other 4, 5, etc 
telescope array

large number of telescopes allows to select for subarrays for 
monitoring of strong sources

total dark time per year: 1000-1200 hours

capability to observe during light levels up 
to 5x the dark level (e.g. a wide range of 

moonlight conditions): 
+25-30% in observing time

real-time analysis on site

duration of data dissemination about 1 day

large flexibility in operation
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Operation

or any other 4, 5, etc 
telescope array

large number of telescopes allows to select for subarrays for 
monitoring of strong sources

large flexibility in operation
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Surveys

b=20

b=10

b=00

240 hr Galactic plane survey Subarray sensitivity

(HESS flux sensitivity (240h) 
is 2% of the Crab Nebula) 

4 LSTs
3 SSTs

4 MSTs

L.
G
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ar

d

(cover a 20x200 
patch of the sky)

C
TA (D

ubus et al), astro-ph/12108.5686; 2012

“the unbiased view of the sky”



Fe
rm

i L
AT

 se
ns

itiv
ity

 a
fte

r 1
0 

ye
ar

s o
f o

bs
er

va
tio

ns
HA

W
C 

se
ns

itiv
ity

 

af
te

r 1
 a

nd
 5

 ye
ar

s

CT
A 

se
ns

itiv
ity

 fo
r 1

 a
nd

 

10
 h

 o
f o

bs
er

va
tio

ns

sensitivity other surveys 
covering >25% of the sky

CTA (Dubus et al), astro-ph/12108.5686; 2012

steady sources
(very different for transients)
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CTA survey in the multi-wavelength context

Simulated image of a 
240 h CTA Galactic 

plane survey for pulsar 
wind nebula

Note: close to 
confusion limit
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Direct Cherenkov light measurements

heavy (Z>24)  nuclei cosmic ray flux measurement (10 TeV - 1 PeV)
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Aperture of CTA factor 20 larger 
then H.E.S.S.

Depending on pixel size: charge 
resolution for Z<24

Kieda et al (2001)

H.E.S.S. measurement

CTA
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Summary

> 10 fold improvement in sensitivity
§ 3 orders of magnitude dynamic range in flux between 

strongest and faintest sources

> wide spectral range
§ energy range: 20 GeV - 300 TeV

§ 5% (5 TeV) - 20%  (50 GeV) energy resolution

> resolved source morphology
§ ~5’ angular resolution; ~5’’ source localization

> survey capability
§ Galactic and extragalactic surveys (3mCrab in 240 h)

> high sensitivity to short-term variability

> Cosmic ray measurement through direct C-
light

> operational flexibility (e.g. sub-array operation)

http://www.cta-observatory.org/

Early 2013: 
Special issue on CTA 

in Astroparticle Physics 

http://www.cta-observatory.org
http://www.cta-observatory.org

