SEVEN HIGHLIGHTS OF THE
CYGNUS PROJECT

Stan Waterman- VSS York 2014
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= Finding and Identifying Stars!

= Picture Coefficients

= Discovering that stars vary in Brightness!
= Periodograms and Phase Plots

= Dip Hunting

= Hot Worlds- finding two transient events

= A few favourite light curves




Finding and ldentifying Stars

This is about
0.25% of an
image and
contains
about a 1000
identifiable
objects




Picture Coefficients

Having identified 15 stars an
equation can be solved:

ra=(a;) +(a; )*(az )+(a; °)

)t(as )+ (ay )*+(ag * )
2)+(agy O)t(ag; H)t(ap 2
c Ot(ay  )t(as )

)




Picture Coefficients
For ra and dec in x and y and for x and v in ra and dec
x=(b) +(b, )*(bs. )*H(b,. 2)
) +(bs 2+ (b; ?)

)*(bo ?)
Nty H(by
?) +(byy
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= So any point in every image has a known ra
and dec and any ra and dec can be given an x
and y in any image- so objects, even if not
visible in a single image can be located
This was a real highlight- I found looking in

Vizier this year that my image contained 4
quasars, b pulsars and 4 Xray stars.

[ found all the quasars, none of the pulsars and
two of the Xray Stars I had as variables
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Stars Vary in Brightness!
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FIG 1926 - star a01732, refstar a00593

12.4 T T T T T T T
1717.3 1717.35 1717.4 1717.45 1717.5 1717.55 1717.6 1717.65

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0714 mag

@ at 13 51 on 26-5-2014, refis 393, plot No 51873 0

CMC base red magnitude

FIG 1932 - star a01732, refstar a00593

12.4 T T T T
1814.2 1814.24 1814.28 1814.32 1814.36 1814.4 1814.44

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.2667 mag

@ at 14 4 on 26-5-2014, refis 593, , plot No S18780
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10.8 T T T T T T T T T T T T
1702.38 1702.39 1702.4 1702.41 1702.42 1702.43 1702.44

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0339 mag

* at 21 35 on 15-6-2014, refis 92, . plot No S1973 0

10.8 T T T T T T
1703.34 1703.38 1703.42 1703.46 1703.5 1703.54 1703.58

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0756 mag

® at21 38 on 15-6-2014. refis 92. . plot No $1974 0

31/8/2004--480

T T
1704 4 1704 46 1704 52 1704 Sﬂ 1704.64
JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.1152 mag

10.8
1704.. 34

* at2] 42 on 15-6-2014, refis 92..

plot No §1975 0

star a596 av per date plot, dia 10, ref a92c
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10.72+

10.76+

10.8 T T T T T T T T T T T T
1705.34 1705.38 1705.42 1705.46 1705.5 1705.54 1705.58

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0794 mag

# at 21 43 on 15-6-2014, refis 92, . plot No S1976 0

star a596 av per date plot, dia 10, ref a92¢

3/9/2004--490

:‘e M. ALY %’n ..
10.72+ 5
FACE
-
10.76
10.8

T T T T T T T
1707.3  1707.35  1707.4  1707.45 1707.5 1707.55 1707.6  1707.65
JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0773 mag

# at21 44 on 15-6-2014, refis 92, plot No 19770

star a596 av per date plot, dia 10, ref a92c¢

10.8 T T T T T T
1708.42 1708.46 1708.5 1708.54 1708.58 1708.62 1708.66

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.076 mag

* at2] 44 on 15-6-2014, refis 92. .

plot No §1978 0

star a596 av per date plot, dia 10, ref a92c
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10.72+

w1 5/9/2004--381

10.8 T T T T T T T T T T T T T T
1709.32  1709.36 1709.4 1709.44  1709.48 1709.52  1709.56 1709.6

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0508 mag

» at 21 46 on 15-6-2014. refis 92, . plot No S1979 0

z

star a596 av per date plot, dia 10, ref a92¢
1064 — — —

*“18/9/2004--107

10.68-

10.8 T T T T T T T T T T T T T
1712.34 1712.35 1712.36 1712.37 1712.38 1712.39 1712.4

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0357 mag

® at 21 47 on 15-6-2014. refis 92. . plot No S1980 0
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*“13/9/2004--563

10.68-

10.8 T T T T T
1717.3 1717.35 1717.4 1717.45 1717.5 1717.55

JULIAN DATE-2451545 (from Jan 1 2000)...y span is 0.0613 mag

T T
1717.6 1717.65

® at21 47 on 15-6-2014. refis 92. . plot No S1981 0
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Dip Hunting

Simple but CPU intensive
Simply chop the data into equal intervals of time

Overlay all the choppings, add, look for pattern
Do this for 30,000 time intervals
Repeat for every star

About two weeks CPU on 2009 desktop
About 350 new variables were found

[=]
[=]
[=]
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[=]
[=]
[=]
[=]

The result for one star may be:




Periodogram of star 7269, 2004

periodogram of star a7269 in dates 1 702-1838, dia 8, ref a956

The period is the same to 4
places in 2007 and 2004,
0.36371d or 2.7494c/d
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dates are HIT-2451545 X axis 1s period in days

—e— created at 23 57 on 7-11-2008 periodogram, No of data pomts 11272, plot No S27398
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Star 16598 P=2.7501 R2=2.3R]

CMC base red magnitude

Phase Plot, Star a16598 period 2.7501d

14'05 T T T T T T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15

Dates 1344-2903 are TD-2451545..x axis 1s phase, pre, post blockav 1s 10 0

« at 1320 on 18-11-2009, Dia was 6, refal4152 14628 10864c, epoch 1300, plot No S70767 2.7501

CMC base red magnitude

Phase Plot, Star a16598 period 2.7501d

14.05 T T T T T T
0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54

Dates 1344-2903 are JD-2451545.. x axis 1s phase, pre, post blockav s 10 0

e at 13 18 on 18-11-2009, Dia was 6, ref al4152 14628 10864c, epoch 1300, plot No S707652.7501

Dip width=0.081 Depth =0.057 P=2.7501
IF: Tc=6030, GO m1=1.1 Mzt r 1=1.05 Rxx

Then: r1+r2=2.24

Rorb=8.9 x¢ Mzx M3/4

So, probably a red dwarf companion but may just be a well inflated hot Jupiter
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Flux, adu

Av before
SO 24.8 adu

-
ﬁ
at

:n
1355, 3 1355.36 1355.42 1355.48 1355.54 1355.6
JD from Jan 2000

 ¢reated at 18 22 on 20-9 -2013 quantum talk

Flux, adu

0
1355.522 1355.528 1355.534 1355.54 1355.546 1355.552
JD from Jan 2000

—e— created at 18 46 on 20-9 -2013 quantum talk

This flare happened on 18
September 2003 at 38 minutes
past midnight. My 7" night of
collecting data so I hope I may
have caught another flareup in

one of the remaining 200 nights.
York VSS June 2014

If we take this curve at face value then the peak is at
.5268 so 1/e is at .5356, .0088d or 12.7 mins.

Unless the peak was really at .5266 and 400 then the
time constantis 11.5 mins

It brightens by 2.6 magnitudes in a little under 90
seconds
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Flux
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2500

1500

500+

Star 1709 2341 4

270-4583- 3.07 mag
Risetime ~110sec
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Ty,

1709.32 1709.36 17094 1709.44 1709.48 1709.52

—e— created at 13 21 on 27-7 -2013 transient work

1709.56  1709.6

Image number

Flux, adu

400
300+
200+

100

|
| '\/\r/ jJ\/JWN\/‘/WSW‘\.

0
v

Star 1709 2341 4

X"w\,\_/\\..

1709.52  1709.53  1709.54 1709.55  1709.56  1709.57 1709.58

ID from Jan 2000

—+— created at 13 18 on 25-9 -2013 quantum talk

USNO 1350 13647 g o

B,R=18.816.4

York VSS June 2014




A Few Favourite Light Curves

Fastest

Slowest

Prettiest

Biggest

Most Sinusoidal
A small group
Very interesting!
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Harmonic Strength

—

-2

h
|

The 5 year plot shows a change of six
magnitudes. The downslopes are almost
perfectly linear. The upslope has a well
defined kink in the two we can see.
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19 T T T T T
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

JULTAN DATE-2451545 (tfrom Jan 1 2000) y span 18 6.033 mag

¢ created at 23 51 on 7-11-2008 °100 unages per point® plot No S27395




Most Sinusoidal Star

oy 125
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; 1-“5-'_' oy s b
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Ziasa s g, o B &
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= Q:i * Q:-
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star a7269 dates 1702-1838, dia 8, ref a956, epoch 1220, period 0.36371

dates are HIT-2451545

x axis 18 phase, overlay blockav 1s 10

» created at 0 1 on 8-11-2008 phase plot, No of data points 11272, plot No 827402

Harmonic Strength

=3
3
L

Fourier Plot star a7269 in dates 1702-1838 ref a936, period 0.36371

o
3
L

@ created at 0 1 on 8-11-2008 Fourier Plot plot No $27403

8 9

X axis 1s harmonic number
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To finish, a little group
Centre Is

8 -

star a00363, rvefstar a00083 diais 10

e
o i,
o O in
| ! !
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10
variables & brighter stars 10,05

363V O 10.14
340v a
2223v b

10.25 T T T T T T T T T T T T
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

HIT-2451545 (from Jan 1 2000), magnitude from ref star /plot span (y scale) 1s 0.6812

s created at 9 33 on 5-6 -2008 average per date, plot No S10092
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Star p00057/- 45mmag

usno based red MAGNITUDE

Phase Plot, Star pS7 period 1.51423d o Phase Plot, Star p57 period 1.514d
Z
8.68+ . § 8.68- .
E best fit 1.5138879 days
. = b .
= -~ &5 & * . . :ﬁj o Bon bt
e - e o i Froter oy
&, ® &, . = 8.72 & : L
o gee "%‘JFWQ‘W‘.’M ﬁ ¢ "@:‘.‘w 2 | JS": 2
L Y * . e
) : ; ; D“i TV T P
) s -5 8.76 "W, 3 $
. H
()
8.76- g
.-‘-' 8.8 T T T T T T T T T T
_I - 0.8 082 084 086 0.88 0.9 0.92 094 096 0.98 1
| - P Dates 1392-1549 are JD-2451545..x axis is phase, pre, post blockav is 0 10
== IR s at 12 28 on 12-10-2011, Dia was 11, ref 24, epoch 1392, plot No S28814 1.514
8.8 T T T T

T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1

T T T
11 1.2 13 14 15

Dates 1392-1549 are JD-2451545.. x axis is phase. pre. post blockav is 0 10

* at 18 48 on 11-10-2011, Dia was 11, ref 24, epoch 1392, plot No S28799 1.51423

This system is triple, the larger of this pair is one of a visual double 0.2”7-0.3” sep
Star SWp057 - HD33543 -WDS 05129+4136A ---period guess 400-1000 yrs
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