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Introduction
» Problem: On which timescale accelerated particles escape from

supernova remnants (SNRs) and become cosmic rays ? Yutaka Ohira (U. Tokyo)
> Particle escape have developed well in old SNRs Purpose & Method
» Theories: escape from higher-energy particles > Purpose: Measure particle escape timescale and its

(e.g., Ptuskin+03,05; Ohira+10,11)
= Spectrum becomes softer with particle escape

» Observations: softer gamma-rays in older SNRs
= Escape developed more in old SNRs
-> Timescale of particle escape ?
Dependence on environments ?

variety among SNRs
» Analysis 1: Extract indicators of particle escape from
gamma-ray spectra
-> See average temporal evolution of particle escape
* SNR age: historical, dynamical, plasma age, etc.

Observational (Suzuki+ in prep. on reliability of ages)
Brotons gamma-ray spectra * |Indicators of escape from gamma-ray spectrum:
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Analysis & Results > Result 1 | |
> Sample selection | - All parameters below show decreasing trends with age
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» Analysis 2: Compare observables to analytical model > Result 2: accepted parameter ranges for each SNR
to constrain physical parameters (Ohira+10, 11) Hace Cq E ax, esc
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> C, (xE ., In lifetime), E, . . Significantly vary among objects
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Model spectra are fitted in same way Eipax — Gt =max esc = First quantitative evrdenee for variety of E, ., during lifetime
as done for obs. spectra S > and environment of escaping particles

> C, o &Ep? EQ8. 16 n=(06-16) p=(073) 5 |arge dispersion of
observables possibly due to variety of these params. (ptuskin+03)



