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cta

cherenkov telescope array

TeV sky as of June 2013

http://tevcat.uchicago.edu/
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SNRs in HEVHE gamma-rays (...

Galactic CR luminosity = L, ~ 10*" erg/s — n_, ~ 0.1%(R_,/0.03 yr')x(10°" erg/E

sn)

Analytical: Malkov(1997,1999), 5
Blasi(2002,2004), Amato&Blasi (Erlksen et al. 201 l)
(2005,2006)
Numerical: Berezhko & Voelk mu uuug
{(1997),Zirakashvili&Aharonian{2010);Ka
ng et al. TI'IEORV Of
MonteCarlo: Ellison and Collaborators DSA
since 90s /__ —— \
DYNAMICAL REACTION N/ DYNAMICAL REACTION
OF ACCELERATED CR INDUCED OF AMPLIFIED B-FIELDS

PARTICLES B-FIELD AMPLIFICATION

. COSMIC RAY ACCELERATION Y ‘
(Blast 2010) UP TO THE KNEE

Successes of the NLDSA theory towards the CR origin in SNRs (Helder et al. 2012)

Reduced heating (larger r, lower T _ ) & Shock modification (precursor, ry, /r.,, concavity)

BW' " CD’
X-ray filaments & knots — B >100 uG (e.g. Volk et al. 2005, Bamba et al. 2005)
Maximum energy — E__ ~E, __(Blasietal 2007, Eriksen et al. 2012, Bell et al. 2013)

Balmer-dominated shocks — high P (e.g. RCW 86, Helder et al. 2009, 2013)
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SNRs in HE/VHE gamma-rays
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SNRs in HEVHE gamma-rays (...

(Abdo et al. 2011)

* GeV-hard TeV-bright SNRs
(RX J1713, Vela Jr, RCW 86, HESS J1731?) :

Leptonic-like shape % not an efficient CR source

E2dN/dE [ MeV cmi2s-1]
3

F—_ T T T 1T |||

“‘N

Ner~ 0.3, n = 0.1cm™ still compatible...

\
— efficient CR source # hadronic y-rays wh H
+ GeV/TeV-faint SNRs =2
(Cas A, Tycho, SN 10067?) : B A
Hadronic-like shape %efﬁcient CR source e
oof , e :
o 'W44$ 4o o ¢

i 1.00 * —-
g'iwzsq]'?’.;oo ++H

* GeV-bright TeV-soft SNRs, interacting with MCs _ . i P
(W44, W51C, 1C443, WA9B...) : e _:_;;—Ef%
Hadronic-like shape % efficient CR source... {(Uchiyama 2011) |

., IC 443 § W44
...But recent detection of the A o ¢
« T bump » — smoking-gun & ES
of the hadronic signal! g \ 3
(Giuliani et al. 2011, W i ‘
Ackermann et al. 2013) o (Ackermann et al. 2 01 \ oL ‘
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SNRs in HEVHE gamma-rays (...

http://www.physics.umanitoba.ca/sny/SNRcat/ (Ferrand & Safi-Harb 2012)
10° —
- \ W2B(N) (GqVTeV) MSH 17-39 (GeV)} | .
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i IC443 (GeVTeV) Wa1 CtGeVTeV) |
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http://www.physics.umanitoba.ca/snr/SNRcat

SNRs in HEVHE gamma-rays (...

http://www.physics.umanitoba.ca/sny/SNRcat/ (Ferrand & Safi-Harb 2012)
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http://www.physics.umanitoba.ca/snr/SNRcat

The CTA project

Adapted from J. Hinton




The CTA project ( Cta

LSTs (a few) MSTs (~25) SSTs (~70)
Low-energy section Medium energies High-energy section
energy threshold mcrab sensitivity ~10 km? area at

of ~ 20-30 GeV ~100 GeV-10 TeV multi-TeV energies
20-30 m telescopes 10-15 m telescopes 5-8 m telescopes

s
Actisetal. 2011  « Design Concepts for CTA »
Acharya et al. 2013 « Introducing the CTA concept » ~

=
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The CTA project ( Cta

Higher sensitivity — 1000 sources? Pop. studies mCrab, 50, 50h @TeV
Wider energy coverage  Spectro(-imaging) capabilities 30 GeV - 300 TeV
Better angular resolution  Source identification, morphology ~3 arcmin @TeV
Better energy resolution  Cutoffs & spectral features rms < 10% @TeV
Wider field-of-view Extended sources & survey 6 — 8 degrees

Design study completed in 2010
Preparatory Phase 2010-2013
« | Construction Phase 2014—2018

Actis ét al. 2011  « Design Concepts for CTA » _ .
Acharya et al. 2013 « Introducing the CTA concept » T o = i W — =
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The CTA project ( Cta

B Members (27 countries)

COMMUNITY [] interested to join

Canada, Australia, Israel

CTA Consortium members . R
27 countries + 1in last year :
171 institutions  + 19 in last year

1058 persons  + 198 in last year
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The CTA project ( Cta

CTA as an Open Observatory

Scientific community

Data products

Observer

Virtual Observatory

Proposal

CTA observatory

Evaluation + selection, Data dissemination
preparation and reduction

B -
i GEANT
cGee

Scheduling Execution “nabling Crids
for E-scienck

Validation

— Open formats and tools following astronomy standards (e.g. FITS)
to represent and analyze data and instrument response functions (IRFs)

— User-oriented data center & Virtual Observatory interfaces
July, 11 2013 M. Renaud « SNRs in the CTA era » EWASS 2013 — Turku, Finland



The CTA project ( Cta

5 Extragalactlc

15°%8

Galactic plus
o2 Extragalactic
science

Selection of sites by 2013-2014
10 km? flat area, 1.5-4.0 km altitude, minimum cloud cover, easiest access, ...
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The CTA project ( Cta

CTAMC Prod-1 " i (Bernlohr et al. 2013)
Full array 2 . G ; . . . . . . . .
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= @ : . 29
¢ 5 1000 m '
Telescope type: ; )
Large tel. ® . o o g
EEdlllijm - | i, ! il ! 1500 m 1 1 1 ! 1 1
mall size
Medium (WF) « 1 km
<« )

(Test)

275-telescope configuration used in the MC simulations &
4 representative layouts considered for the science cases
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The CTA project
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cta

cherenkov telescope array
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Performances of CTA configurations have
been assessed for each scientific topic

«Seeing the High-Energy Universe with the
Cherenkov Telescope Array» 2013, APh, Vol. 43
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Prospects on SNRs with CTA
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I RX J1713.7-3946

Leptons (SC+IC)
Hadrons (p-p—n®—2y)

A
A
I Very simple 1-zone modeling ]
3 meant for illustration only! 3
- (Lazendic et al. 2004; Aharonian et al. 2007, 2011; .
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E2 dN/dE (ergcm?s™)

CTA Configuration I, T =50 h, Z.A. = 20°

Prospects on SNRs with CTA ( Cta

RX J1713 TeV spectrum

- Fermi/LAT
' HES.S.
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RX J1713.7-3946 spectral parameters

Best-fit on the Fermi/LAT-H.E.S.S. data
dN/dE = N, ET exp(-(E/EmaX)B)
—{l, B, E__ } well constrained
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E2 dN/dE (ergcm?s™)

Prospects on SNRs with CTA ( Cta

RX J1713 TeV spectrum
CTA Configuration I, T=50 h, Z.A. = 20° , (Morlino, Blasi & Amato 2009)
- Fermi/LAT e ; C er | | | o
H.E.S.S. ‘ 4 o 7“:”*% 15 | -
i ‘ * 1 i) 1= f HESS data |
10k + +’+" + ] ﬂ"‘E 1F —
mn LT
[ | 3 t 15 05F P -
- g ~ 0 FermiLAT ]
_Igj i hadronic (no error)
-12 05 | ICS (no error) =-=-=-- -
107" . i = B ICS (20 %) --------
40 -05 00 05 1.0 ] B ICS (30 %) -~
1 | I_olgm E'"ax (TeV) | | 1 ] -1 -_| T T R R B |I(:|S‘|{.4||:I ::JIIEI? |_._|._|._| PR T R B I |: : | |I'| |_-
10° 100 10" 10'2 10" 10" 9 10 11 12 13 14 15
Energy (eV) Log(E) [eV]
RX J1713.7-3946 spectral parameters Nature of the VHE emission > 35 TeV ?

Best-fit on the Fermi/LAT-H.E.S.S. data H.E.S.S.data>35TeV:2.5, 1.5&0.60
dN/dE = N, ET exp(-(E/E__ )°) CTA Config. | - S/N ~70in50h

>35TeV
— {I, B, E,__} well constrained
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Prospects on SNRs with CTA ( Cta

RX J1713 Spectro-imaging analysis

(Acero et al. 2009)

CTA simulation (T = 50h, Z.A.=20°)
of RX J1713.7-3946 as seen by XMM
with Fermi/LAT & H.E.S.S. spectrum:
dN/dE = N, E™ exp(-(E/E__ )F)

XMM 0.5-4.5 keV (FWHM ~ 6”) i CTA > 1 TeV (fgg, ~ 3)
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Prospects on SNRs with CTA

XMM 0.5-4.5 keV (FWHM ~ 67)
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XMM 4-6 keV (FWHM ~ 6”)

\ \
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CTA > 1 TeV (fog, ~ 3)

CTA > 1 TeV (rgg, ~ 3)

CTA > 1 TeV (feg, ~ 1.5)

CTA > 1 TeV (rg,, ~ 1.5)

cta

cherenkov telescope array

CTA-I significance (T,,=50 hrs)

CTA-I significance (T,,=50 hrs)




Prospects on SNRs with CTA ( Cta

RX J1713.7-3946

-

S
R ~045°
AR ~0.25°

17h15m 17h10m

Population studies

10% |-

VL, (erg/s)

RXJ1713
Veladr
RCwW86
HESSJ1731A

10%2 ... ., e

0.1 1.0

" Energy (TeV)
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(Aharonian et al. 2006 ; 2007 ; 2009 ; 2011)

AR <0.12°

AR ~0.2°

CTA simulations of RX J1713-, Vela
Jr-, RCW86-, HESS J1731-like SNRs
with their spectral and morphological
properties as measured with H.E.S.S.

Horizons of :

Detectability — d [ SIN = 50
Resolvability — d/ Shell favored
over Gaussian fit



Prospects on SNRs with CTA ( Cta

Population studies Config. | 20 h, RXJ1713-like, at d=1.0 kpc
Simulated map Uncorrelated S/N map S SRl e

4.4 _ D S :
3.4 ' ; |

1.5 1.5 5 f ]
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Prospects on SNRs with

Population studies

cta

cherenkov telescope array

CTA

Config. 1 20 h, RXJ1713-like, at d=5.0 kpc

Simulated map Uncorrelated S/N map a8
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RX J1713-like SNR at 5 kpc
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Prospects on SNRs with CTA ( Cta

Population studies Config. | 20 h, RXJ1713-like, at d=10.0 kpc
Simulated map Uncorrelated S/N map 31 :
o 107F E
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Prospects on SNRs with CTA ( Cta

Population studies (Acero et al. 2013)

Simulate Galactic (core-collapse) SNR distribution :

Assume R, distribution of Case & Bhattacharya (1998)
Concentrated around spiral arms as given by Vallée (2008)
With arm dispersion as in dust model of Drimmel & Spergel (2001)
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Prospects on SNRs with CTA

‘ cherenkov telescope array

Population studies (Acero et al. 2013)

Simulate Galactic (core-collapse) SNR distribution :

Assume R, distribution of Case & Bhattacharya (1998)
Concentrated around spiral arms as given by Vallée (2008)

With arm dispersion as in dust model of Drimmel & Spergel (2001)
1.0

[ ' A
103 B D | o5
:- W TDbS = 20h 77
5t >
— 3 h o
Q : — %
2 Ot c s
> . '% ,‘{ oe Vela Jr
~t © . vv RCW 86
ol L S ~a RXJ1713 7
- / [Original PSF] |
P PR NS BPEPEETE BFET A AP A I B B
-10 -5 0 10 5 10 15 20
X (kpc) distance (kpc)

July, 11 2013

M. Renaud « SNRs in the CTA era »

If all SNRs shine ~3000 yr in TeV — ~ 60 TeV-emitting SNRs
~20-55 would be detectable but only ~6-12 would be resolvable with CTA

EWASS 2013 — Turku, Finland



Prospects on SNRs with CTA

‘ cherenkov telescope array

Population studies (Acero et al. 2013)

Simulate Galactic (core-collapse) SNR distribution :

Assume R, distribution of Case & Bhattacharya (1998)
Concentrated around spiral arms as given by Vallée (2008)

With arm dispersion as in dust model of Drimmel & Spergel (2001)
1.0

I ! ! _ A=dF ! _A-
101 B D | & B D | 7~
- . T s = 20N 7? Tops = 200 v
[ o ’ o
Q [ — ~
S o - g ~ 4
> 55 '% ,‘{ oe Vela Jr ce Vela Jr
) _ © ¢ vy RCW 86 / vv RCW 86
ol L S ra RXJI7183F aa RX J17137
[ / [Original PSF] [ [PSF/2]
P [N BT AR A A I B B N P PR B R R T
-10 -5 0 10 5 10 15 20 5 10 15 20
X (kpc) distance (kpc) distance (kpc)

If all SNRs shine ~3000 yr in TeV — ~ 60 TeV-emitting SNRs

~20-55 would be detectable but only ~6-12 would be resolvable with CTA

If CTA PSF improved by a factor of 2 — almost 2% more resolvable SNRs!

EWASS 2013 — Turku, Finland
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HESS J1800-240
18h03m

(Aharonian et al. 2008)
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Prospects on SNRs with CTA ( Cta

SNR/MC association
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Prospects on SNRs with CTA
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v A \ s
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(Aharonian et al. 2008)
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SNR/MC association
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‘ cherenkov telescope array

EWASS 2013 — Turku, Finland



-23°

-23°30°

-24°
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Conclusion & Perspectives ( Cta

Precise TeV spectra of shell-type SNRs in order to discriminate between hadronic
and leptonic emission, especially in the cutoff region (PeVatrons ?)

Spectro-imaging analysis (X-ray/TeV correlation studies & spatially-resolved TeV
spectra) of the brightest SNRs (e.g. RX J1713.7-3946, Vela Jr)

SNR/MC associations to constrain the CR propagation in the vicinity of sources
(Pedaletti et al. 2013) & «passive» MCs as CR barometers — CR distribution

SNRs = CR hadronic sources? — Population studies. Importance of the PSF to
measure shell morphology & to mitigate source confusion along the Galactic Plane

-

e ol = =

rku, Finland

c |
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Conclusion & Perspectives ( Cta
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(Dubus et al. 2013)
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Prospects on SNRs with CTA ( Cta

RX J1713 Spectro-imaging analysis

(Acero et al. 2009)

CTA simulation (T = 50h, Z.A.=20°)
of RX J1713.7-3946 as seen by XMM
with Fermi/LAT & H.E.S.S. spectrum:
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RX J1713 Spectro-imaging analysis

(Acero et al. 2009)

CTA simulation (T = 50h, Z.A.=20°)
of RX J1713.7-3946 as seen by XMM
with Fermi/LAT & H.E.S.S. spectrum:
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