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Supernova remnants as cosmic-ray accelerator 2/14
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Young SNR RX J1713.7-3946
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O gFﬁ'ﬂ'E"]X?’f‘%—CEﬂ%}L\ + ?%E"JX%%E@H:'. (e.g., Koyama+96, Tanaka+08)
O TeV ﬁ)?ﬁ‘ifﬁﬂéL\ (e.g., Enomoto+02, Aharonian+07)
O &< (~16004F) . 1 (~1 kpe) . REENKEZNVUIESRA)

O Z2MAREDHEEER (eg. Fukui, HS+12, HS+10,13,15)
> HIHEIE (~1 mG @ 0.05 pc; Uchiyama+07, 30-60 uG @ 1 pc; HS+13)




Spatial correspondence between ISM & Gamma-rays
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4/14
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Motivations & Methods 5/14

B HEY: Young SNR #ZRIZH(+5 CTA O capability 7R 9

Imaging

HEDODRKI[FILOATDERIRIZHAN, AESREEN2-3EMR L
Spectrum

LLIRILF—FiEeE SUMRHRE ((EED10£)
FFHRETDEMICKY, Emax BIEPEM I EDANTNILEET

Long term operation
R E gt L — X A EE

B 5% CTAZRAUL-ERIZ. SNR RX J1713-3946 S HAFEN S
HUERE DEFE (DT PARINVERZEESE) .
MEGETILZAVTHIERSE




Simulation Tools 6/14

B Open source T#HH Gammalib & ctools ZAWLVTETE

http://cta.irap.omp.eu/gammalib/
http://cta.irap.omp.eu/ctools/

=%

B image, spectrum, instrumental response (+bkg) FEDET ILZFHRE L.
ETAHILAOGTEIZKY event file Z{ERLT ST E (ctobssim) o
- image ¥ spectrum D . binning/cut X likelihod £LL TN 5,

B [nternal CTA IFR (instrumental Response Function)

—Array  2A =4 LSTs + 24 MSTs + 35 SSTs
— Site Aar (Southern Namibia = Chile)
— Zenmith 20 deg.

— Time 50 hr

— Bkg. Galactic diffuse



Template for the gamma-rays (input images)
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Left: XMM-newton (0.5-8.0 keV) courtesy by Katsuda+Mori, Right: Total ISM proton density (Fukui+12)



Template for the gamma-rays (Spectral modeling) 8/14

B HUTIEDARINIL D TERGE

BTFiER -
N, (E)=|A, x(

& 2R
N,(E)=|A, x(

TeV

E
TeV

Same as H.E.S.S. (Aharonian+07)

I,
E
) eXp( E/ max I‘e=_200

E¢ =179 TeV

L,
) exp(-E/E”, ) I -20

E¢ =300 TeV

B HESSMNDI-10TeVERT7o7VIRAEFLLIEAH LD normalize

m A2/A1 #EZAHET,

;% B’a_%k_

BAVIBDEELRZTEZD



Results: Spatial morphology 9/14

B EF-IGFERENETENEFNRSFUMNES—X (50 hr, 1-100 TeV)
EELTRSTDE > Ho it BRI R DA FEE
_%E%Eiﬁ (A2/A1 =0.01) _B%%E,‘Jﬁ (A2/A1 = 100)

(a) CTA leptonic dominant case (A2/A1=0.01) (b) CTA hadronic dominant case (A2/A1=100)
DEC (J2000) [degree] DEC (J2000) [degree]

-40.5 RA (J2000) [degree] ‘ RA (J2000) [degree]
259.5 259.0 258.5 258.0 257.5 259.0 258.5 258.0 257.5

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



Results: Spectral morphology 10/14

B EFEBENSFTUMNIGE. BN EEFRAZRDITondMN?
> 6c DAEETHETFRAZHRERGE @ A2/A1 =0.02
> BEFRAEEFRR TR EEAIRE @ A2/A1 =0.1
= Al
o g m Leptonic
- = ®  Hadronic
»n AII(MC truth)
D Leptonic(MC truth)
g 101 —— Hadronic(MC truth)
o =
E’, & ) r—l—:_._.__!_.:i_'_?_' _
> [ e .
LI>. 16, = =
e \ 1 | A2/A1 =0.1
1013 = 50 hr., £> 500 GeV
- - o e Likelihood fit

1 10 10°
Energy (TeV) Nakamori, Katagiri, HS+15



Time evolution of Maximum energyE 11/14

B Maximum energy E_: acceleration, escape, cooling AR TLVS

—> CTA TCORFHEELFIRZA DI E(LTEEM ?

SNR age ~10° yr, Escape limited (Emax ¢ %), o~ 2.6 (Ohira+12)

> E? JE? ~-26x107 yr'

E
Eknee A"\ """"""" 20 yr T~5-10% Emax 75§lj\é<f;%)
Emesc RXJ1713 [ dense gas EfB B {ERH
E o > 52 Enae DIINSKTEHATEETE
. 4

Eb,s

Ohira+12 tc ts te tB t

2 ' . . &J

Em, age: age-limited
. , = Em, esc: escape-limited
casngllesiascansnss iossiusuiscasy ; o Em,e Em, cool: cooling-limited

ts: Sedov pahse start




Results: Significance of the E_ measurement 12/14

B [stepoch exp. t1 &, 2" epoch exp. 2 TD . Eo(t1) D E+(12) 3ZLD

|
t,) ©o0(t1), o (12) = Eo(t1), Ex(2) Merror

H7EdEL 60 hr. AHNIL, 3 0 LLEDFEETHEEMNTREICLES




Future Works 13/14

B Systematic error @) ZE{f
- background DA EME ($FIZ Galactic Diffuse)

B Shock-cloud interaction Z& ELT-51 &
- BIFIENEIZ &Y CR diffusion length AY energy dependent (2754

W fthdD TeV A <R SNR TOEFi
- RCW 86 (%), Vela Jr., HESS J1731-347 (On going)




Summary 14/14

B HEIFETREXIL. knee energy FTHOFHRMEIRIGESNTLVS,
ZREMRIZKDE AGEAIHHLRILDDH S (e.g., Fukui+12)
> SLEAHREEICIX. &N fEEE- S REDH U TIRT —3H WA

|-

B CTA 2B LT, RS HMSIET - EFAEEDH R AL,
EFEEOBATL, BUEBTRAER DT LN AR,

B 10-20FZELV=2[EDERRIRFEAIZ, %60 hr KL EDERAIATENIL,
Maximum energy E_ DRALZRIET HZENTE D,

B Systematic error DFEHEA°. KYBRENGIREZZEELIZFTE.
SHICHMRAEANDERGEZTOTLNS,

ICRC proceeding (Nakamori, Katagiri, HS+15) = arXiv:1508.06052



