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ABSTRACT: Clumpy structures are a common feature in X-ray images of young Type Ia supernova remnants (SNRs). Although the
precise origin of such clumps remains unclear there are three generic possibilities: clumpiness imposed during the explosion,
hydrodynamic 1nstabilities that act during the remnant’s evolution, and pre-existing structures 1in the ambient medium. In this article
we focus on discriminating between clumping distributions that arise from the explosion and those from the remnant’s evolution
using existing 3D hydrodynamical simulations. We utilize the genus statistic for this discrimination, applying it to the sitmulations
and Chandra X-ray observations of the well-known SN Ia remnant of SN 1572 (Tycho’s SNR). The genus curve of Tycho’s SNR
strongly indicates a skewed non-Gaussian distribution of the e¢jecta clumps and 1s similar to the genus curve for the simulation with
initially clumped ejecta. In contrast, the simulation of perfectly smooth ejecta where clumping arises from the action of
hydrodynamic instabilities produced a genus curve that 1s similar to a random Gaussian field, but disagrees strongly with the genus
curve of the observed image. Our results support a scenario in which the observed structure of SN Ia remnants arises from 1nitial
clumpiness in the explosion.
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Comparison with 3D hydro models for Type 1a SNRs

Initial condition for the hydro models
e E =105 erg, M = 1.4 Mqun for both Smooth & Clumpy models

e condition for clumpiness: 1. Uniform Perlin noise 2. a maximum
angular scale ~20° 3. A max-to-min density contrast = 6
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Comparison of Genus Curves What is the origin of clumps?
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e 3D pure deflagration models indicate 4-5 large
56N1 clumps (left fig.).

e The large 56N1 clumps seem to be a common
feature 1n all 3D pure deflagration models. But,
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e However, we do not know whether those
structures could be the clumpy structures in Type
[a SNRs or not for now.

s Clumpy structures?. o
. pe T VAT J e |
7’3. a8 v :‘: £ . 3 ?:;‘-‘ﬁ

50 A

Clumpy model (bottom: red)

25 A

e Genus curve shape and maximum/
minimum values are similar to Tycho

Genus number
o

*
" an.’ P ., R R B TN L L D S
. i, . AL = . - - » - o L. . e T8
_25 — AN I' sty “=~"j:0 e faid = -,._.‘! g ) e ‘:;» V.. : [ Rt
' . - e L - 0 S
. A i 4 aY ), 2N &, - g o )
' ST Seitenzahl+ &
. %

. & saussian e More similar to that of Tycho. R W : : :
B R Xn (n = 12) The future study for the structure in SNe Ia might reveal the relation
-75- P S;LF; ™1 The genus statistic strongly supports an between the origin of clumps and the burning process
_1004  Smoothing o ~ 2.5" eros SR | initial clumped ejecta distribution as the — Then, genus statistic will be an useful tool!!
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