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Tycho's SNR

e Explosionin 1572 observed by Tycho Brahe
e Supernova thermonuclear (type la)

e Distance: 3.5 kpc

e Size: 12 arcmin

e Observation Chandra space telescope : more

than 950 ks (~330 h)
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Why some new tools about

the 3D ejectas dynamics ?  Origin of asymmetries ?
. , , , , - Innate : anisotropy during the explosion
Y 5000 ks b - Acquired : inhomogeneties in the CSM
. \ \R T?f EE blueshifted
NS . 5 - Current methodology
\ ' o
C N LSO . . - Plane of sky : two 1D profiles to measure
R B y Sy proper motion (Vxy) between two years
8 ™ ey - Line of sight : measure of Doppler effect
NI, . e with spectrum fitting, deduce Vz
/ / ﬁ \
l \& R Limits
03" l - Use only spectral OR spatial informations

0"26M00s 25M40° 20 005  24M40° JO :
Right Ascension - Limited spatial coverage

Plot with data from Williams et al, 2017 - Not enough velocity vectors to do statistics







The GMCA tool

Results
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The GMCA tool

Inputs

: Cube of Tycho
2009
Si line

Declination

Interpreted /Synchrotron

as 00
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Method to obtain Ec map

1) We use GMCA's definition to "reconstruct" the 3) Silicon.line peak is spectrum derivative
spetrum in each pixel (i,j) in each pixel

Spectrum;j= > Imagegmca k,ij SPectrumauca k | 4) And an analytical proxi of the solution is :
Component k

fit parameters from GMCA's
2) We fit the GMCA spectra with a gaussian. We spectrum red and blueshifted

obtain an analytical expression of these spectra
and so, of the spectrum in each pixel.
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Synchrotron

Line of sight velocity from . . . ~ filaments
. Y. Si-line global
the energy centroid ao1o 2 X-ray emission |81 g8 < 4000
Methodology
Combine red/blue GMCA 11.87
images weighted by GMCA 10" —2000
S 0
spectral parameters ) 1.86 9 E
o -
4 - N
Results R g o 3
~ - N/S clear asymmetry ¢ 1.85 2 =)
©
- Total coverage of the SNR 9 5
- Brightness independant 5000
06" 1.84
Limits
- Integrated values on the line of
i 1.83 > 4000
sight o oar
- No uncertainties | | | | |
| f raf 0h26™M00° 25M40° 20° 00° 24™M40°
- Only one energy of reference to Right Ascension v, = EeZEer .

Eref

7 obtain the velocity map
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Comparing the velocity from previous
studies with our values at same position.
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global method and other local
studies.






Velocity in the plane of sky : a new method
Tracking 2D features between epochs

- Inspired from optical flow
- Adapted to the Poisson statistic
t=o - 3D interpolation for sub-pixel

=0 precision

~3000

=0 - Complete uncertainties ellipse

~2000

=0 - Algorithm transparency

~1000

cstat statistic

Statistical landscape
(cstat function)

“*1x (pixels)

0.0 05 10 15 20

Shift vector and uncertainties

20 pixels ~10 arcsec



Vector field Vxy in

plane of sky
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Results
- Thousands of vector (1722),
allowing a statistical study

- Full ellipse uncertainty ( 1
sigma, not shown here)

- local behaviour, no large scale
regularisation
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Large scale asymmetry

8000 -

e Known velocity asymmetry of
the forward shock explained
by a density gradient

4000 1

20001

e For the ejecta: change of
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Fast iron and silicon knots
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e Small scale deviations from the
expected linear profile

e Fast dense "bullets" of iron
and silicon produced during

the explosion

Yamaguchi et al, 2018

8000 -

6000 1

4000 1

20001

A [5, 20]°

1 H:[345, 365]°

C:[90, 130]°

| E:[185, 200]°

100

200

300

100

200

Rxy (arcsec)

300

100

200

300



Probe the interactions with

the environment

e Slow down of the ejecta near
the edge of the SNR

e Known overdensity in radio
(Zhou et al, 2016) in this zone

\\ N A proof of an interaction

with a cloud ?
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I4000

2000

—2000-

I—4000

8000

o
Velocity line of sight (km/s)

6000

4000
2000

Velocity plane of sky (km/s)

Methodology line of sight (Vz)
- Cube decomposition with
GMCA

- With the GMCA outputs, map
of the energy centroid and
integrated velocity in the line of
sight

North/South velocity
\) asymmetry

Methodology plane of sky (Vxy)
- New method to measure proper
motion with 2D profiles

- Resulting of thousands of vectors

Deviations to the expected
spherical expansion



Toward a 3D reconstruction

- Localize the vector in the

ine of sight

- For now more hypothesis

are needed 5
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3D representations

User Perspective
(1) Fieces | Tycho 2009

Objects 071,065
Vertices 16,496
Edges 26,604
Faces 12,237
Triangles 28,730

0T transl

14 44 4 P ré ¥l

& Canva Fichier Modifier Afficher ¥ 2 F ® A YA

Perhaps one day a 3D file of
my analysis to see in VR !

3D print of
simulations

17 b https://chandra.harvard.edu/deadstar/tycho.html
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Data used in this presentation

- Chandra telescope archive
- Williams et al, 2017

- Sato et al, 2017
-Yamaguchi et al, 2018



/ /\ ol J@c over ...

But there are some
backups !



GMCA check with simulations

With the data (x,y,zE) from S. Orlando simulation of CasA, we compare :

GMCA red
800
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% 600
Pt 500
400
300

200

100

GMCA blue

1000
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400

s 200

GMCA results with the
simulated cube (X, y, E)
centered on Fe line

simu red
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simu blue
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The two images of the half
shells with position z>0 or
z<0 ( Fe line)
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How we choose the energy of 4 1.86
reference for the Si line? s
V4
2 1.84 =
- Background map : the theoritical energy centroid S S
= c
of the Si line at rest according kT and tau — 182 8
5
1.80 2
- On this map, we put (kT, tau) measures from Williams et al, 2017 w

Our check, xspec fit 1.78

spectral local extraction and fitting 0.4 — 1.76

le+9 le+10 le+11 le+12
T (cm~3 s)

=
: o Williams et al, 2017
Our check, xspec fit

- We take the mean corresponding

energy at rest as our reference :
Eref = 1.854 keV.

KT (keV)

Av, (km/s) @\ E,er = 1.854 keV

, . - 500
- Small impact from variation of

energy of reference around our value ~1000
on the velocities ~1500

le+11 le+12
T (cm™3s)



Our results in a
MWL context

16 cm-3 CSM density gradient
Williams et al, 2013 (Infrared)

Potential Forward shock

molecular cloud
Zhou et al, 2016

velocity : Katsuda et
al, 2010 (X-ray)

(Radio)
> 7000
Balmer emission — NG ) Ejecia 6000
Lee et al, 2010 - é/ o B~ s velocity —
(Optical) field <
5000
2
4000
Fast Fe and Si blobs 031
Yamaguchi et al, 3000
2000
2018 (X-ray) 2009




3D reconstruction If we suppose that radius and velocity vectors

t Z = ligne de vue

" : are colinear Oy = 0p we find : oy,
Xy
% E
Pl LY
Op XX e
/—\ rmr E V |
-
N
. Pp
V, = Vit COS By
- g0 :
ny — va + Vy — VIor SlleV
Y, = Vot COS Op
L \/r_% + 15 = I1o; Sin fp
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