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Ernst Julius Opik

J

0

hn Louis Emil Dreyer

Astronomical Society of the Pacific

San Francisco, California
b 44 - S + ¢

Leaflet No. 436—October, 1965
u % *

J. L. E. DREYER
and his

NEW GENERAL CATALOGUE OF NEBULAE
AND CLUSTERS OF STARS

By E 1" Llnd&d?’
Armagh Observatory, N. Ireland

In 1862 Argelander published his catalogue of
224,000 stars in the northern heavens which he and
his coworkers had observed for position and mag-
nitude during the preceding decade. This catalogue,
known as the BD (Bonner Durchmusterung) is
still in constant use, together with the correspond-
ing charts, for the identification of stars brighter
than about the 9th magnitude (Leaflet No. 271).

A somewhat similar catalogue of all known nebu-
lous objects based upon John Herschel’'s General
Catalogue of Nebulae and Clusters of Stars of
1864, but including later observations by many
others, was published by J. L. E. Dreyer in 1888
and entitled “4 New General Catalogue of Nebulae
and Clusters of Stars.”

John Louis Emil Dreyer, the compiler of this
most valuable catalogue, was born in Copenhagen
on February 13, 1852. He came from a long line
of military ancestors. His father, a Lieutenant-
General in the Danish army, became Danish Min.
ister of War. His grandfather was a staff officer
in Napoleon’s army. His great-grandfather was
Quarter-Master-General in the Danish army.

In 1875 Dreyer married a member of a distin-
guished Irish family and his descendants reverted
to the profession of his forebears. One son was a

~
23 9
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RATS projesi

| S AM Cvn . ﬁ’/’ NCIS-L-I.? .

sistemlerinin uzay 2 Her bir bdlge, 2
yogunlugunu saat boyunca
arastirmak 30snlik pozlarla
- © | ’ R »’igg
= Ne? “ Ne zaman? | |
. S Yaklasik 40 deg? % Observations are | - ~_ IT5

=
I

Beyaz 1sik ve 5 taken between

® ~3 milyon yildiz, |
%4 degisen, See Barclay et al. (2011) for |
further details

%1 <4@min
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| SuperWASP
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Limiting
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“Limiting

Survey Cadence magnitude
|RATS ~1 minute g' =23
| SuperWASP 1 minute - 40 minutes W =15
| Faint Sky Variability . | :
| — _ _
| Survey 12 minutes V=24 !A%MAT;I;é pr'OJECt
1 Surve
| Palomar Transient 1 minute - 5 davs :
| Factory y
«a .
| Large Synoptic 3 days
rvey Telescope

— i S ——

| Run Date Sq Degrees Filters Stars
2003 Nov 28-30
2005 May 28-31
2005 Jun 03-07
2007 Jun 12-20

2007 Oct 13-20
2008 Nov 03-09
2009 Oct 09-13
2009 Dec 08-12
2010 Mar 18-24
2010 Jun 16-20

L
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Ultra-Compact
' Binaries

Initial work
_focused on
variability

-These systems are
intrinsically blue

-Field-by-field
colour selection
inspired by
Verbeek et al.
(2012), The UV-
_Excess catalogue
from UVEX Survey.

UVEX 6162
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ow Extinction field

16

> Two colour-magnitude planes g vs (g-r') and g vs (U-g")

For a given field:
® Bin the sample in g magnitude.
® For each and every bin in a field:
® Calculate the standard deviation (o) of the colours.
® Assign an object as “blue” if it is
(a) on the blue side of the 3o cut-off, and
(b) not closer than 3 times of 1its own photometric
error to the 30 cut-off.

24

High Extinction field
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7 iteration
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os

subprocess s

sys
26 run sys.argv[1].split(" ")[0]
27 field sys.argv[1].splat(" ")[1]
28 chip sys.argv[2]
29 x sys.argv[3].split(" ")[0]
0 vy sys.argv[3].split(" ")[1]
1

len(run)==1:
run='0"'+run

len(field)==1:
field='0'+f1eld

img_Llist s.check_output(['ls -r /home/osa/Work/wecs-1images/risfield®ss-* %s-wes.
fits' %(run,field,chip)], shell=True).splitlines()

ds9 _cmd = 'ds9 -geometry 780x960 -tile -scale linear -scale mode zscale'

opts = '-pan to %s %s -regions command "circle %s %s 15 # color=green"' %(x,y,Xx,
y)
1mg img_list:
ds9 cmd = ds9 emd + ' img + ' opts

+++%5

' %ds9 cmd

os.system('%s &' “ds9 _cmd)
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0s
subprocess s
sys
run sys.argv[1l].split(" ")[0]
field sys.argv[1].split(" ")[1]
chip sys.argv([2]
X sys.argv[3].split(" ") [0
y sys.argv[3].split(" ")[1]
len(run)==1:
run="'0"'+run
len(field)==1:
field='0'+field
img_Llist s.check_output(['ls -r /home/osa/Work/wecs-1images/risfield®ss-* %s-wes.

fits' %(run,field,chip)],

shell=True).splitlines()

ds9 cmd = 'ds9 -geometry 780x960 -tile -scale linear -scale mode zscale'
opts '-pan to %s %s -regions command "circle %s
y)
1mg img_list:
ds9 cmd = ds9 emd + ' img + ' opts
+++%5
' %ds9 cmd
os.system('%s &' “ds9 cmd)

%s 15 # color=green"'

TOPCAT(l): Table Browser

File Subsets Help
== O X

Table Browser for 1: int6-8_all_blues.csv
gerr | rmag

¢

aminr

w |||

W w

A i i i e i L L

1.
1.
1.
1.9
1.7
1.
1.8
1
L
1.
1.
1.
1.
1.
1.
1.
1.

median | sigma

355

= (2]

flag
QK
Images-look-0K!

2

Images-look-0K!

Images-look-0K!
Bad-pixel-g
-g-r-heii

X

-~

=




= SAOImage ds9 O o

File Edit “iew Frame Zoom Scale Color Region WCS Analysis

File rogfield08-g 2-wcs.fits
Object

Walue

WCS

- p W | Physical X Y
Image X Y
Frame 4 Zoom 1.000 Angle 0.000

os Fi - H i r - - - i -

o e s file edit view frame Zoom | scale color | region | wcs help :
Sys about open save image header page setup | print exit

pls run SyS . argv [ 1] . Spllt ( non : - [ i L A - “ Cr et .‘ :II.- i B IR SR el -:-:.-'

27 field sys.argv[1].splat(" D

28 chip sys.argv([2] ." w0 ; ',

29 x sys.argv[3].split(" "] o i Tl

30y sys.argv[3].splait(" "] » L - —y ik L :

31 ‘ » i

34 len(run)==1: " .i
35 run='0'+run B v
6 e

len(field)==1: ¥
field='0'+field L
40 - - - 3
41 1mg_list = s.check _output(['ls | = e hd B s *s .‘ I

fits' %(run,field,chip)], ¢ A P AR 3 } : SRR i
42 : e e " by i AR e G 2di ic flag

43  ds9 cmd 'ds9 -geometry 780x9¢ - ) 1
- - u : L ¢ T . e Images-look-0K!
L 3

45  opts '-pan to %s %s -regions
y)

4€
47 1mg img_list:
48 ds9 emd = ds9 cmd + ' '
=il
5S4 +++%s

= ''' =%ds9 cmd

0 os.system('%s &' “ds9 cmd)
1l
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Bad pixel

Fye-balling

Nearby saturated star Out of the CCD
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Out of the CCD

Nearby saturated star
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SDSS J0902+3819 - AM CVn star SPSS J21350052? .

- - "._.'  + i = ‘t’
3 '8

$ 33

<

F,. (107 ergecm=2s! A )

SDSS J0820+0920 - DB A A SDSS J0826+5056 -
2 2 2 E g‘ 1{19
4

“

3 -
? 23

SDSS J184246336 - SDSS J21114+1814 -

" A A A
——y > *

- - - -
XX ;’. o2 '~
&3 «™ “ >
LA - A d
" ™ "~ Lal

Lo (SIS

SDSS J2355+2946 - DZ 'M\] ' | SDSS J2140-0851 - DQ

4000 4500 5000 5500 6000 6500 7000 7500 4000 4500 5000 5500 6000
Wavelength (A)

"




| ID GTCID Obs. Date  Exposure g U—g g—r Type |

= RATJ175431.294+013753.2 OBO0050 20130514 3x600sec 17.41 —0.15 —0.02 He-sdO
| RATJ175914.97+011906.4 OB0055 20130514 2x600sec  16.35 0.13 —-0.11 He-sdO /|

RATJ180054.43+003232.0 OB0056 20130514 2x600sec 16.12 —-0.18 —0.02 He-sdO

RATJ175526.97+013207.3 OBO0052 20130514 2 x 1200sec 18.34 0.46 0.38 sdB ,{
RATJ180036.57+022358.0 OBO0057 20130514 2x600sec 1756 —0.03 —0.12 sdB |
RATJ181931.29+053751.0 OB0069 20130701 2x400sec 18.03 0.06 —0.11 sdB |

1 RATJ180441.91+013832.9 OB0059 20130517 3 x300sec 17.26 0.51 0.29 (s)dB |
RATJ181752.11+074008.6 OB0068 20130520 2x400sec 18.03 0.10 —0.21 (s)dB i~

RATJ182318.33+082437.5 OB0060 20130520 3 x300sec 17.38 0.09 —-0.19 sd0 |

RATJ180438.61+022226.8 0OB0066 20130620 2x500sec 18.68 —0.03 —0.20 sd0 {

| RATJ175436.44+013339.1 OBO0051 20130514 2x900sec 19.06 0.34 0.05 DA '
RATJ180324.64+013853.1 OB0064 20130620 2x400sec 18.09 0.05 —-0.25 DA

\ RATJ175738.28+013816.7 OBO0053 20130514 2x600sec 18.70 0.67 0.37 QSO |

l RATJ183350.57+282156.0 OBO0070 20130620 2x450sec 18.65 0.46 0.29 QSO }L
| RATJ181746.01+072117.8 OB0067 20130520 2x400sec 18.10 0.37 0.43 sd+CoolMS? l
1‘ RATJ180025.28+012127.4 OB0063 20130620 2x400sec 18.32 —-0.14 —-0.03 sd+CoolMS?

RATJ175917.90+022516.5 OBO0061 20130605 2x400sec 18.59 0.20 0.18 sd+CoolMS?
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a b C

Stable RLOF + CE channel CE-only channel Stable RLOF channel
(massratio< 1.2-1.5) (massratio>1.2-1.5) (massratio< 1.2 -1.5)
Stable RLOF
WD MS
B O
Wide binary
Unstable RLOF Unstable RLOF Stable RLOF near tip of RGB

Common envelope Common envelope

= o)
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= S
= QN
~ Short-period sdB binary Short-period sdB binary sdB with MS/SG companion

O

— WD MS C
S e °® ®  Wwide binary . (D)
2 ) ) Q
% P ,=0.1-10days P ., =0.1-10days P ., =10-500 days q)
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In the classification system, the depths of the Hy (4340A), Hel 4471A and Hell 4541A

lines are used as guidelines to determine the Helium class, which shown as an integer between
0 (He-weak) and 40 (He-strong) and is roughly calculated by: |

N -

HelAd4471 +~ HellA4541

< - <
20 Hy—0.83HelIA4541 for 0 < He-class <20
Hy—0.83HelIA4541

HelA4471+ HellA4541

40— 20 for 21 < He-class < 40 (1.1)

where HelA4471, HellIA4541 and HY represents the depths of respective lines. The four
helium class are defined as following:

1. He-weak: only H lines, occasionally Hel or Hell (not both), and very weak metallic lines.

v
I

“ i1. He-normal: H lines are dominant, both Hel and Hell and/or metallic lines are present.

|
! 111. He-strong C: He lines are dominant and C lines are present.

! iv. He-strong: He lines are dominant, C lines are very weak or absent.
|

) —

e —_—
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All blues
== DB cooling track

© Blue variables

== DA cooling track
== [\ ain sequence
=== Reddening vector

= 6
i .

9TOIVN / 9T0Z 60 80 '@




Cat. name

RA

Dec

LS Per.
[min]

Amp.
[mmag]

U—g

3-14-1-13507
4-22-1-9937
7-8-2-800088
4-6-4-2813
7-5-3-600162
6-5-3-100238
3-11-2-3507
8-5-3-501006
6-5-2-500125
3-11-4-9303
3-11-4-19198
8-11-1-700980
5-5-3-3836
8-1-3-100467
4-6-3-12509

18:00:35.3
01:41:31.0
07:29:08.8
23:49:06.9
23:15:55.9
20:10:34.9
18:02:50.6
19:58:23.9
20:08:21.3
18:04:15.8
18:03:44.5
19:49:50.4
23:40:02.6
18:43:51.4
23:47:20.9

+00:25:35.5
+53:49:42.3
+04:45:11.9
+56:24:40.2
+54:41:00.9
+50:29:43.1
+00:43:52.8
+44:37:52.2
+50:14:15.9
+00:41:00.6
+00:45:53.9
+44:16:57.6
+57:09:02.5
+30:50:22.8
+56:34:13.8

6.0
12.1
18.3
22.6
31.8
332
34.1
38.6
52.2
60.7
62.0
73.4
81.3
93.5
97.7

121.5
99.2
9.1
41.1
8.2
25.6
41.6
13.0
16.1
95.5
104.1
43.7
93.7
264.1
~ 600

20.73
20.54
16.38
18.03
16.95
15.91
18.67
18.05
17.01
19.20
19.31
15.81
17.42
17.95
18.37

0.06
0.17
0.21
0.55
0.51
0.70
0.64
0.67
0.74
0.74
0.60
0.43
0.89
0.38
0.49

0.38
0.13
0.19
0.49
0.47
0.26
0.46
0.54
041
0.63
0.63
0.35
0.55
0.28
0.44

roAp?

2/ 8 Sct/ SX Phe

o Sct
o Sct

2/ 8 Sct/ SX Phe |

0 Sct/ SX Phe
0 Sct/ SX Phe
0 Sct/ SX Phe
0 Sct/ SX Phe
o Sct

6 Sct/ SX Phe
SX Phe?
P=195.57*

|
| ! Have 2MASS counterpart, > A-type star spectrum, > Barclay (2010); Barclay et al. (2011)

|

QL 4 Long period & Scu or Contact Binary?

“ ———— — — -

* All blues
== DB cooling track

=== DA cooling track
== [\ ain sequence

== Reddening vector

© Blue variables

1.6 1.8 2.0




3-14-1-13507 4-22-1-9937 7-8-2-800088 - S

-0.40 -0.02 — = = —— —
| o0l | 001} LS Per.  Amp. g U-g g-r Koy Us Notes
- ity ;| 001} [min] [mmag] [mas y~']
L Y. | 5.5 60 1215 2073 006 0.38 WD?
ik o oy
] 2.3 12.1 99.2 20.54 0.17 0.13 WD?
0.01 H1 ]
o | oo [} 119 183 9.1 1638 021 019 02,-99 roAp? |
| o | o002} {02 22.6 41.1 18.03 0.55 0.49 2/ 8 Sct/SX Phe
P=6.0min/A =121,5 mma P=12.1min/A =199.2 mma P =18.3min/A =9.1 mmg
o 20 4% 60 80 1?091200'800 2;; 40 6(0 80 1200 1209 1400'020 2;; 40 6(0 80 lOT) IZBLMO 09 318 82 1695 051 047 41’_120 SSCt
4-6-4-2813 0.02 7-5-3-600162 0.03 _6-5-3-100238 3.1 332 256 1591 0.70 026 —1.1,1.4 6 Sct
001l | ool | 2.8 34.1 41.6 18.67 0.64 0.6 2/ 8 Sct/ SX Phe
1 001 | 22 386 13.0 18.05 0.67 0.54 8 Sct/ SX Phe
.01 it | 0ot [ 159 522 16.1 17.01 0.74 041 8 Sct/ SX Phe
_ H ' 1 5. . . . . .
ALl 000 i 000 f ({06 607 95.5 19.20 0.74 0.63 8 Sct/ SX Phe
VAL || O 001} 139 620 1041 1931 0.60 0.63 8 Sct/ SX Phe
o0 | o002 - | 76 734 437 1581 043 035 —18,0.6 & Sct
P = 22.6 min [ A = 41.1 mmag 0'02 P=318min/A=82mmag | . .[P=332min/A=256mmag | 2.5 81.3 937 1742 0.89 0.55 0 Sct/ SX Phe
0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140 0 20 40 60 80 100
e - N - 5 500a 25 2.8 935  264.1 1795 038 028 SX Phe?
— T © — ¢ — 3.8 977 ~600 18.37 049 044 P=195.57*
O O 1 L rum, 3 Barclay (2010); Barclay et al. (2011)
1 001} -:I" 7 i I||"|||| "By Ill‘ll--l-l ] 001}
[l Al R
| aoolf AT R G
11 o.00 ] -'n.lliw!m |:|Iu;}| i ‘!~-!||!!i|||:[I!:i!-!!"ll" il .00 —————— - = -

i |
il

H 0.01 I
I Il

iy | 0.02+
L | E
P = 341 mi (A =41.6 mmag P =52.2 min/A = 16.1 mmag

P = 38.6 min/ A = 13,0 mmag

. 0.03 0.03
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 0 20 40 60 80 100 .
3-11-4-9303 3-11-4-19198 004 8-11-1-700980
1 -0.03F
1l 0.02 |.jl A
‘II | it i
A | -0.01

0.00 |t
0.01f
| 002}

0.03} i 1
P = 73.4 mih [ A = 43.7 mmag

* All blues
DB cooling track

DA cooling track

P = 62.0 Imii( A =104.1 mmag

P = 60.7 min [ A = 95.5 mmag

A
E—
. 0.30 0.04
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
5-5-3-3836 0.30 8-1-3-100467 17.40 4-6-3-12509 == Main sequence
{ 0.20/ [17.50¢ === Reddening vector
I 17.60
! 4 -0.10 L4k . .
¥ © Blue variables
17.70 -
0.00 R 17.80
0.10 11700 #
P = 81.3 min /A = 93.7 mmag 020P=‘93.5| min / A = 264.1 mmag 18 00% . . . . . . b -
"0 20 40 60 80 100 120 140 0 20 40 60 80 100120140160 0O 20 40 60 80 100 120 140 = L O i i 3 " i e et R R SR




a.

ke

' o
o
. 05
BO |
1.0- . . 2
AT °
SN
—0.5 :':.'. P sbeatas o °
o Fuf B :
S Tl g8 .
# Cat. name RA Dec LS Per. Amp. g U—g g—r  Notes
[min]  [mmag]
1 5-6-3-4828 04:32:10.4 +40:33:34.0 8.4 220.0 20.50 -0.20 0.24 Pul. WD!?
2  6-2-2-600654 00:01:34.9 +451:06:04.5 11.8 40.8 19.16 —0.38 0.00 ZZ Ceti
3 4-9-4-14918  20:59:03.0 +45:37:36.1 15.3 770 18.43 —-0.15 0.19 ZZ Ceti?
4 4-6-4-11525  23:47:46.8 +56:28:52.2 31.2 103.6 21.18 —0.38 0.25 Pul. WD?
S5 3-28-3-4339  20:31:33.6 +27:34:32.6 46.6 95.6 20.09 -0.71 0.38 Pul. WD
6 4-4-3-3953 02:52:37.1 +50:51:25.5 100.9 320.1 2040 -0.62 —-0.04 p Cep?

I Low signal-to-noise spectrum, no obvious emission lines

2 Barclay (2010) and Barclay et al. (2011)



. 5.6-3-4828 015 6-2-2-600654 4-9-4-14918

0.10|
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1 0.05

TN L
0.00 ”W I‘
1

I|]

0.05 | |..|

|
\||

0.10F

0 P = 8.4 min /A = 220.0 mmag 0.15 P=11.8 min/A = 40.8 mmag 0.20 P =15.3 min/A = 77.0 mmag
0 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 O 20 40 60 80 100 120 140

0.15 . l -0.60

4-6-4-11525 3-28-3-4339 4-4-3-3953

-0.15
-0.10 0.40

l 0.10
\ = I '
005 Jit [t Rl M 1 -0.05 | T 0.20

0.00 §

0.00

0.05

—

0.10 |- M| : L Al Wt ﬂl, 0.20

Iuil|

0.15 |
| lil

0.40

0.20 |
P =31.2 min /A = 103.6 mmag 0.15 P = 46.6 min /A = 95.6 mmag 0.60 P = 100.9 min / A = 320.1 mmag
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 0 20 40 60 80 100120140160 180
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1 Low 31gna1 -to-noise spectrum, no obvious emission lines




2016 / UAK2016

.09..

!

#

Cat. name

[mmag]

1
2
3
4
5
6
7

4-5-4-21796
4-13-1-9769
4-16-4-20312
4-21-1-15898
5-5-3-3970
5-7-1-7259

21:00:55.5
21:08:19.4
21:05:18.8
23:56:21.7
23:40:00.1
06:55:15.7
23:59:59.5

+44:27:22.3 . 89.4
+44:02:31.8 . 64.0
+46:17:08.1 . 26.0
+56:00:07.5 . 44.5
+57:18:17.2 . 56.7
+10:22:56.9 . 302.0
+55:58:54.2 . 72.3

l'nce

;vector

7-1-4-800677

02 0.4




 4-5-4-21796

4-13-1-9769 4-16-4-2031

1

: 0.08 0.06
0.06|
0.04 i
{.0.02 N - 0.02
0.00 | " \§
1 0.02 A7k ‘
{ 0.04 | 18 if 0.02}
0.06 |

: 0.04 |
- 0.08 P{ : L L
P = 39.3 mip //A = 89.4 mmag 010 PL= 69.9 min /A = 64.0 mmag 0.06 P = 6){2 in/A = 26.0 mmag
0 20 40 60 80 100 O 20 40 60 80 100 120 0O 20 40 60 80 100 120 140 |

4-21-1-15898 5-5-3-3970 5-7-1-7259

0.04

1 0.00!

-0.10 : 0.60 :

0.08
0.06
0.04
0.02 A _
0.00 {r AMMAIKERI BT & | 000 ' TN I 0.00 §

1

-0.40

0.20

0.02 f :
0.04 i 0.05 [

0.06
0.51 o.08

P =71.5 min/A = 44.5 mmag 0.10 [P.=89- min /A = 56.7 mmag P =13.7 min/A = 302.0 mmalg [I5

: 0.
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 1201 |
7-1-4-800677

T T T

| 0.20 1
0.15
0.10 f
0.05 §
0.00
0.05 |
0.10

0.15 g
0.20 P =77.8 min/A =72.3 mmag
"0 20 40 60 80 100120140160180
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LS Per. Amp.
[min] [mmag]
4-9-2-26146 20:57:26.5 +45:19:23.0 55.8! 495.1 20.89

6-10-3-100564 20:07:59.4 +49:50:03.7  76.6 1444  17.68
4-9-2-26107 20:57:32.0 +45:19:245  90.6 138.1 20.64 0 Scu?

I Is LS period half of the real period?

4-9-2-26146 ) 6-10-3-100564 4-9-2-26107

-0.20

| 015}
010}
| .0.05

# 0.00 2k

#t | 0.05L
0.10 |
0.15 }

1 0.20 ¢ l -
P=111.6 min/A = 495.1 mmag 0.15 P =76.6 min/A = 144.4 mmag 0.25 P =90.6 min /A = 138.1 mmag
0O 20 40 60 80 100 120 140 O 20 40 0 20 40 60 80 100 120 140

08.09.2016 / UAK2016
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CLOSE BINARIES
MAIN-SEQUENCEBINARY @ @

'

(SUPER)GIANT + MS .l O

COMMON ENVELOPE

OUTFLOW OF
COMMON ENVELOPE

!

"Hydrogen"
WD+ M5 ° ¢. —> *® |\ cvnSTAR
WD + (SUPER)GIANT °
DEGENERATE CO OR He CORF.‘/ \NONDEGENERATE He CORE
COMMON
ENVELOPE

COMMON
ENVELOPE

| @

e @ He-DONOR
/ \ AM CVn STAR
DOUBLE DEGENERATE .¢. »/

v

AM CVn STAR © @
—> @+ WD + PLANET

WD + He STAR

OUTFLOW OF
COMMON ENVELOPE

SN Ia or SN .la?

SN Ia or SN .l1a?




108.09.2016 / UAK2016

| L|m|t|ng ‘
m |

3 minutes g =23
1 minute - 40 minutes W=15

12 minutes V=24

1 minute - 5 days

2003 Nov 28-30
2005 May 28-31
2005 Jun 03-07
2007 Jun 12-20
2007 Oct 13-20
2008 Nov 03-09
2009 Oct 0913
2009 Dec 08—12
2010 Mar 18—24
2010 Jun 16-20

AAs ESO1
prp INTI1
INT2

‘
‘ ,
.
' ' ’ ’ INT3
' . - 2
* . . * .
. .

WBV/'
WBV/'
WBV/'
WUg'r'
WuUg'r'
Wug'r'
WuUg'r'
WUg'r'
WuBV

WUg'r'




Median_

Run 4 Field 1

. o
Median,,

Run 4 Field 1
---- Blue Ones ----

7 iteration

Run 4 Field 1
Run 4 Field 1
---- De-Purpled ----




108.09.2016 / UAK2016

TODAY 40 million years

from now

60 million years 61 million years

from now from now
| -



