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ſž15�

Young SNRs 
(age ~2000 yrs)�

n ó��¡đźSNRsŻŅĦE <1015.5eV ńQSØ,ö¹Cń�*�ä 
 

à Þĩź~2,000 yrŻĔġeV ŚŷŭØ SNR Į©ÂĴœľĩŒ 

 Supernova remnants as cosmic-ray accelerator� ĘĕėĚ�

By S. Funk (modified)�

knee energy 
! gamma-rays 



p ĎµÁXØĿ�ŒĩĔżĔµÁXØ��$Ĕźe.g., Koyama+96, Tanaka+08Ż

p  TeV ŚŷŭØĿ�ŒĩĔźe.g., Enomoto+02,  Aharonian+07Ż

p ÞİĔź~1600fŻĦõİĔź~1 kpcŻĦçÃmĮIįĩź1iéŻ
p �ĂŚšŀńÄ��½Ĕźe.g., Fukui, HS+12, HS+10,13,15Ż�

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

 Young SNR RX J1713.7−3946� ęĕėĚ�

ĥĥĥĥĥĥĥĥĥķĵİ XØĥĥĥĥĥH.E.S.S. TeV ŚŷŭØ

Tanaka+08



 Spatial correspondence between ISM & Gamma-rays� ĚĕėĚ�

p "�ĂĆLź¥Ö%Lż3LŻŀŚŷŭØńÎĂ�ÜźFukui+12Ż�
�

àQSØĆLò°ŚŷŭØĿĨŒĲŀńqå��

ŖůŹŠ:Ĕ"�ĂĆL,	Şŷŧŕ:	ŚŷŭØ�

ĴŐłŒîĶĩ�ìŔáĪŃŅ,	
ŏőĒ%êÛŸĒuińŚŷŭØŦŹŢń4pĮ ĭĸłĩ�

Fukui+12�



n ÂÁƂĔĔYoung SNR ÆÍŃĬıŒĔCTA ń capability ŔÈķ 
 
Imaging  
 

o�ńI¤ţŗŵŷŞū�ùĀŃ£ŉĦéi%êÛĮƀ−Ɓ�<	 
 

Spectrum 

 

hĩŘŪŴśŹcAŀĦĒĩ�$uiĔźo�ń10�Ż 
!L×ëńE,ŃŏőŽEmax ¯TŎÎĂĳŀńšŬŜŧŴê� 

 

Long term operation 

 

�ĂF.ōŧŵŹš6Û 

n �§ƂĥCTA Ŕ½ĩĻĈŃĦSNR RX J1713−3946 ĭŐ�nĴœŒ 
             ŚŷŭØ~Yń·sź%bŎšŬŜŧŴ�ĂF.ÑŻŔĦ 
ĥĥĥĥĔĔÔ1łŰŦŴŔ½ĩľ��ëÒ 

 Motivations & Methods� ěĕėĚ�



n  Open source ĿĨŒĔGammalib ŀĔctools Ŕ½ĩľëÒ 

n  image, spectrum, instrumental response (+bkg) ÑńŰŦŴŔïŊĸĦ 
ŰŷťřŴŶëÒŃŏő event file Ŕ�wķŒŇŀ (ctobssim) ħ 
à image Ŏ spectrum ńy$Ħbinning/cut ŎĔlikelihod ōĶľİœŒħ 

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� ĜĕėĚ�

h%p://cta.irap.omp.eu/gammalib/�

h%p://cta.irap.omp.eu/ctools/�



n ŚŷŭØńÎĂ%bŔ�T 
 

 

 Template for the gamma-rays źinput imagesŻ� ĝĕėĚ�

ČLò° 
Ĥ şŷŜŶŧŶŷXØ%bź´°ąGŻ�

ĆLò° 
Ĥ "�ĂĆLWi%bźSNR#�ńŋŻ 

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



n ŚŷŭØńšŬŜŧŴ%bŔ�T 

 

n  H.E.S.S.ńė−10 TeV Ì%ūųŤŜšŀÑĶİłŒŏĪ normalize  
n  A2/A1 ŔFīŒĲŀĿĦČLŸĆLò°ŚŷŭØń®9£ŔFīŒ 

 Template for the gamma-rays źSpectral modelingŻ� ĞĕėĚ�

ČLò°�

ĆLò°�

Same	as	H.E.S.S.	(Aharonian+07)�

N1(E) = A1 ×
E
TeV
"

#
$

%

&
'
Γe

exp(−E Emax
e )

N2 (E) = A2 ×
E
TeV
"

#
$

%

&
'
Γ p

exp(−E Emax
p )

Γe = −2.0
Emax
e =17.9 TeV

Γe = −2.0
Emax
e = 300 TeV



n ČLŸĆLò°ĮĹœĺœŨŮũŷŧłŝŹšĔź50 hr, 1−100 TeVŻ 
�tłÎĂ%bńøĩĔàĔŚŷŭØò°&'ń�-x¢ 

 Results: ĔSpatial morphology� ğĕėĚ�

ČLò°ĔźA2/A1 ĠĔ0.01Ż� ĆLò°ĔźA2/A1 ĠĔ100Ż 

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



n ČLò°ĮŨŮũŷŧłC9ĦĉœĻĆLw%ŔæĽıŐœŒĭƃ 
 

à 6 σ ń�tiĿĆLw%Ŕ�$6ÛĔƄĔA2/A1 ĠĔ0.02 
à ĆLw%ŀČLw%Ŕ%ċ6ÛĔƄĔA2/A1 ĠĔ0.1

 Results:  Spectral morphology� ėĖĕėĚ�

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

Nakamori, Katagiri, HS+15�



n  Maximum energy      ƂĔacceleration, escape, cooling Į¦ŌľĩŒ 
 

ĥĥĥĥ CTA ĿĲń�ĂF/Ŕ{īŒĲŀŅ6Ûĭƃ 
 
SNR age ~103 yr,  Escape limited (EĢax Ĥ t−α),  α ~ 2.6 (Ohira+12) 
  

ĥĥĥĥĥĥĥĥĥĥĥĥĥĥĥĥĔĔĔà  
 
 

ĥĥĥĥĥĥĥĥĥĥĥĥĥĥĥĔ          20 yr Ŀ ~ 5−10 %ĥĥĔĔĔĮ[ĴİłŒ 

 Time evolution of Maximum energy� ėėĕėĚ�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	Ņ	dense	gas	ŀÄ��½�	
			à	ĴŐŃĔEmax  Į[ĴİłŒ6Ûs	



n  1st epoch exp. t1 ŀĦ2nd epoch exp. t2 ĿńĦE0(t1) ńĔE±(t2) øĩĥĥĥĥĥĥ 
 

ĥĥĥĥĥĥĥĥĥĥĥĥĥĥĥĥĔà  
                                                    σ0(t1), σ± (t2) à E0(t1), E±(t2) ńerror 
 

ĥĔ\łİŀō 60 hr. ĮĨœņĦ3 σ �	ń�tiĿ�$Į6ÛŃłŒ 

ĔResults: ĔSignificance of ģhe       measurement� ėĘĕėĚ�Emax

-10%	case� +10%	case�

3σ�
3σ�

preliminary�
100	Hmes	avr.�100	Hmes	avr.�



n  Systematic error ńí��
à background ń�TsĔź·ŃĔGalactic DiffuseŻ

n  Shock-cloud interaction ŔÚvĶĻëÒ�
à ÇCEdŃŏő CR diffusion length ĮĔenergy dependent ŃłŒ

n �ńĔTeV ŚŷŭØ SNR Ŀńí� �
à RCW 86 (�?), Vela Jr., HESS J1731−347 (On going) 

ĔFuture Works� ėęĕėĚ�

preliminary�



n ó��¡đŅĦknee energy ŊĿńQSØ,ö¹CŀĴœľĩŒħ �
H¨āÆÍŃŏŒ�*łìzĮ}ĩĽĽĨŒźe.g., Fukui+12Ż�
àĔĴŐłŒ�ìŃŅĦĒ%êÛŸĒuińŚŷŭØŦŹŢĮqď

n  CTA Ŕ½ĩŒĲŀĿĦÎĂ%bĭŐĆLŸČLò°ń&'Į6Ûħ �
ČLò°ńC9ĿōĦĉœĻĆLw%ŔæĽıŒĲŀĮ6Ûħ

n  10-20fÎĩĻ2>ńè¯��ŃĦ860 hr �	ńè¯ĮĿįœņĦ �
Maximum energy ĔĔĔĔĔĔńF/Ŕ¯TķŒĲŀĮĿįŒħ

n  Systematic errorĔńí�ŎĦŏő¹UÁł»DŔÚvĶĻëÒĦ �
ĴŐŃ�J�ňńú½łŁŔáļľĩŒħ

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

ĔSummary� ėĚĕėĚ�

Emax


