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Young SNRs 
(age ~2000 yrs)

n  SNRs E <1015.5eV  
 

à ~2,000 yr eV  SNR  

 Supernova remnants as cosmic-ray accelerator

By S. Funk (modified)

knee energy 
! gamma-rays 



p  X X e.g., Koyama+96, Tanaka+08

p  TeV e.g., Enomoto+02,  Aharonian+07

p  ~1600 ~1 kpc 1
p  e.g., Fukui, HS+12, HS+10,13,15 �

à ~1 mG @ 0.05 pc; Uchiyama+07, 30-60 μG @ 1 pc; HS+13

 Young SNR RX J1713.7−3946

 X H.E.S.S. TeV 

Tanaka+08



 Spatial correspondence between ISM & Gamma-rays

p  Fukui+12 �
�

à

: ,	 :	

,	

Fukui+12



n  Young SNR CTA  capability  
 
Imaging  
 

− 	 
 

Spectrum 

 

10  
Emax  

 

Long term operation 

 

 

n  CTA SNR RX J1713−3946  
              

 

 Motivations & Methods



n  Open source Gammalib ctools  

n  image, spectrum, instrumental response (+bkg)  
 event file  (ctobssim)  

à image  spectrum binning/cut likelihod  

n  Internal CTA IFR (instrumental Response Function) 
 

− Array  2A = 4 LSTs + 24 MSTs + 35 SSTs 
− Site   Aar (Southern Namibia à Chile) 
− Zenith  20 deg. 
− Time   50 hr 
− Bkg.   Galactic diffuse 

 Simulation Tools

h%p://cta.irap.omp.eu/gammalib/

h%p://cta.irap.omp.eu/ctools/



n   
 

 

 Template for the gamma-rays input images

 
 X

 
 SNR  

Left: XMM-newton (0.5−8.0 keV) courtesy by Katsuda+Mori, Right: Total ISM proton density (Fukui+12)  



n   

 

n  H.E.S.S. −10 TeV  normalize  
n  A2/A1  

 Template for the gamma-rays Spectral modeling

Same	as	H.E.S.S.	(Aharonian+07)
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Emax
e =17.9 TeV

Γe = −2.0
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n  50 hr, 1−100 TeV  
à  

 Results: Spatial morphology

A2/A1 0.01 A2/A1 100  

Left contours: XMM-newton (0.5−8.0 keV)�
Right contours: Total ISM proton column density (Fukui,HS+12)  Nakamori, Katagiri, HS+15



n   
 

à 6 σ A2/A1 0.02 
à A2/A1 0.1

 Results:  Spectral morphology

A2/A1  0.1 
50 hr.,  E > 500 GeV 
Likelihood fit 

Nakamori, Katagiri, HS+15



n  Maximum energy      acceleration, escape, cooling  
 

 CTA  
 
SNR age ~103 yr,  Escape limited (E ax  t−α),  α ~ 2.6 (Ohira+12) 
  

à  
 
 

          20 yr  ~ 5−10 %  

 Time evolution of Maximum energy�Emax
Emax

!Emax
p / Emax

p ~ −2.6×10−3 yr−1

Emax

Ohira+12

Em, age: age-limited
Em, esc: escape-limited
Em, cool: cooling-limited

ts: Sedov pahse start

RXJ1713	 	dense	gas	 	
			à	 Emax  	



n  1st epoch exp. t1 2nd epoch exp. t2 E0(t1) E±(t2)  
 

à  
                                                    σ0(t1), σ± (t2) à E0(t1), E±(t2) error 
 

 60 hr. 3 σ 	  

Results: Significance of he       measurement�Emax

-10%	case +10%	case

3σ
3σ

preliminary
100	Hmes	avr.100	Hmes	avr.



n  Systematic error �
à background Galactic Diffuse

n  Shock-cloud interaction �
à  CR diffusion length energy dependent 

n  TeV  SNR �
à RCW 86 ( ), Vela Jr., HESS J1731−347 (On going) 

Future Works�

preliminary



n  knee energy �
e.g., Fukui+12 �

à

n  CTA �

n  10-20 2 60 hr 	 �
Maximum energy 

n  Systematic error �

�
    ICRC proceeding Nakamori, Katagiri, HS+15  à arXiv:1508.06052

Summary�

Emax


