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Why Light Echoes?
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Geometry of Light Echoes
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Geometry of Light Echoes

Ellipsoids trace out surfaces of constant arrival time
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Geometry of Light Echoes

Ellipsoids trace out surfaces of constant arrival time

Dust 20 year

sheets\ 20 year light echoes
ellipse .

what we see

projected on the sky

Extra path: 2 x 10 light years == | ight echo after 20 years
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Geometry of Light Echoes

Ellipsoids trace out surfaces of constant arrival time

Dust 22 year 22 year

sheets T ellipse | 20 year ! light echoes
' ellipse :

light echoes

what we see

1 light-year projected on the sky

10 light-year

Extra path: 2 x 10 light years == | ight echo after 20 years
Extra path: 2 x 11 light years === | ight echo after 22 years
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Geometry of Light Echoes
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light echoes ! light echoes

—_———y—————

M

Armin Rest, STScl



SN 87A Light Echoes
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Light Echoes from Ancient Supernovae in
the Large Magellanic Cloud

225and 24.0

TABLE 1
THE SMALLEST SUPERNOVA REMNANTS
IN THE LARGE MAGELLANIC CLOUD

Age or SN
SNR Name

SN 1987A
10540-69.3......

Hughes et. al. (1995)
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Tycho SN (1572)
Cas A (1680)

10 degrees

Rest et al., 2008, ApJL, 681

681

ApJL

., 2008,

Rest et al
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HST ACS/F775W observations
of 30 Dor in LMC




HST ACS/F775W observations
of 30 Dor in LMC




HST ACS/F775W observations

of 30 Dor in LMC
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HST ACS/F775W observations

of 30 Dor in LMC
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HST ACS/F775W observations

of 30 Dor in LMC
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HST ACS/F775W observations
of 30 Dor in LMC




Possible sources for the LEs?

-69°00°4

-70°00°4

DEC

-71°00°4

LE Apparent Motion Vector |

Maximum and Minimum

Angular Separation

All Known SNR
7 SNR Candidates

SNR Name RA

Dec

Published Age Ang Sep (deg) z (ly)

MCSNR J0538-6921  5:38:14.0
SNR J053400-695508 5:33:60.0
SNR J053605-703826 5:36:07.4
SNR B0534-70.5 5:34:17.5
N 206 5:31:55.9
SNR J0528-7104 5:28:04.3
N 0527-7134 5:27:48.5

-69:21:37
-69:54:58
-70:38:47
-70:33:25
-71:00:14
-71:04:40
-71:34:06

0.19

10000 0.85 -4690 2330 150
12500 1.49 -5530 4150 140
12500 1.43 -5580 3990 140

25000 1.92 -11900 5370 160
25000 1.18 -12200 3600 160
2.56



Are these SNR associated with these LEs?
Criteria 1: Surface Brightness

Dust
filament

. To Observer
Light echo

ellipsoid

Dust Filament Properties  r: Distance Source to Dust

Idea: We take the brightest LMC light echo and assume it has the

most favorable dust filament properties and similar luminosity



Are these SNR associated with these LEs?
Criteria 1: Surface Brightness

Idea: We take the brightest LMC light echo and assume it has the
most favorable dust filament properties and similar luminosity

Fsg < L mMpust ODust %f)

= SNR older than d
4500 years need -
either a brighter £
SN or an even .y /S
more favorable I e
scattering dust
filament! ' =

.50 .75 1.00 1.25 1.50 1.75
Observed Angular Separation




Are these SNR associated with these LEs?
Criteria 2: Relative position z

Idea: Both the SNR and the scattering dust are very likely to be within
the LMC (disk)

-==---500 yrs

= LMC scale height
Is <1800 ly B
= SNR older than
3000 years have
z< -1800 ly

2 04 06 08 10 12 14
Observed Angular Separation




Are these SNR associated with these LEs?
Criteria 3: Empirical Theta Distribution

Idea: What is the empirical distribution of theta values, and how does
it compare to the thetas of the SNR candidates?

= No scattered light L Dttt nown SNR {E vl
echoes have been
found with theta>125

= There are many Cas A
IR echoes with
theta>125!

= Scattering efficiency
drops significantly for
large theta

Observed LEs from Literature
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Combining the 3 criteria!

f (Scattering Angle)
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—6000
0.25
8000
0.00 0.00

= Black circles are SNR candidates
= Black contours indicate preferred region



Combining the 3 criteria!

= Most like

with an angular
separation smaller than
0.75 degree

None of the 7

candidates fulfill both
criteria

= At most, SNR could be
6000 years old, and at
a distance of at most

Angular Separation

0.00

1.5 deg from the Les S .
u U n k n own (yo u n g) SNR Name ?tA ec Published Age Ang S;,p (deg) =z
SNR in low-density SR SO0 SSOHS 50A00 458 10000 055

= SNR J053605-703826 5:36:07.4 -70:38:47 12500 1.49
e n VI ro n m e n t? SNR B0534-70.5 5:34:17.5 -70:33:25 12500 1.43
N 206 5:31:55.9 -71:00:14 25000 1.92

SNR J0528-7104 5:28:04.3 -71:04:40 25000 1.18
0527-7134 5:27:48.5 -71:34:06 2.56




Conclusions

. , ost

. None of the A RN didates fulfill
both criteria : :
= Unknown (young) SNR in low density

environment?

*Ask my about the newest results about Eta Car’s light echoes






Eta Car’s GE light curve
from light echoes

= 12 years of DECam “
imaging
= A given position gives 12
year light curve segment
= Stitch segments together
= 3 main segments
Still some issues to solve
to stitch red segment to the
rest.
= 3 peaks, line up timewise
with historic LC
= 1845 peak extremely red!!




Eta Car’s GE light curve
from light echoes

60000

= 12 years of DECam " iband | |
imaging j\\
s Aglvgn position gives 12 gy
year light curve segment { -
= Stitch segments together
= 3 main segments
Still some issues to solve
to stitch red segment to the
rest.
= 3 peaks, line up timewise
with historic LC
= 1845 peak extremely red!!




