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October 25, 2017
Lab 5



News

* Lab2 & 3
— Handed back next week (I hope).

* Lab4
— Due today

* Lab 5 (Transiting Exoplanets)
— Handed out and observing will start Friday.

— Due November 8 (or later)



Stellar Photometry 1in Images

* Lab 5: Measuring the Transit of an Exoplanet

— Determines the radius of the planet (and 1t’s orbital
period if observe multiple transits).

* The basic method 1s to measure the brightnesses
of stars 1n 1mages.

— Will perform differential photometry by using stars
in the field with known magnitudes.



Photometry 1in Images

* Correct the image to a uniform, linear response.

— Dark current and bias level subtraction either
* done at the telescope with autodark subtraction or

* done by taking separate dark images and subtracting
them from the science images later.

— Need to create an average image of a uniformly
illuminated field (“flat field”) and divide by it.

* The mkflatru command.
* Identify your target and comparison stars.

* Measure the brightness of stars in all of the
1mages.



CCD calibration

If there is significant dark current present:
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Exoplanet Transits and Eclipses
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* A transit is when a planet crosses in front of a star.

* The resulting eclipse reduces the star’s apparent
brightness and this tells us the planet’s radius (if the
star’s radius 1s known).

* Because the orbit must be nearly edge on, such systems
can yield accurate measurements of planetary mass.
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An example of a light curve for the first known transiting exoplanet.
Note the curvature due to the non-constant stellar surface brightness.
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An analogy is the transit of Venus across the Sun observed at the
Schommer Observatory this summer. With exoplanets we can only
measure the total amount of light from the star.

Limb
darkening

7

sunspot Venus

Pharmacy building!



V magnitude vs time
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V magnitudes vs time for TrES-3 b and four brighter comparison stars.

What explains the behavior of V with time?




V magnitude vs time
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V magnitude vs time
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So taking the difference in magnitudes of different stars in the field
will remove atmospheric effects.
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Lab 5 Preparation: Choosing the Target

* Examine the transits occuring during your
night(s) using the Exoplanet Transit Database.
* Choose the best transit using the criteria:
— Transit happens during your lab period.

— The star 1s bright enough (V < 13.0 or so).
— Transit depth larger than 0.01 magnitude.

I

— The altitude 1s not too low (preferably 45 degrees
or greater).

— The star does not cross the meridian (or crosses it

less than about 45 minutes before the end of
observing).



Known transiters:

55 e
CoRoT-1 b
CoRoT-10 b
CoRoT-11 b
CoRoT-12 b
CoRoT-13 b
CoRoT-17 b
CoRoT-18 b
CoRoT-19 b
CoRoT-2 b
CoRoT-20 b
CoRoT-3 b
CoRoT-4 b
CoRoT-5 b
CoRoT-6 b
CoRoT-7 b
CoRoT-8 b
CoRoT-9 b
GJ1214 b
GJ3470 b
GJ436 b
HAT-P-1 b
HAT-P-
10/WASP-11 b
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HAT-P-
27/WASP-40 b
HAT-P-28 b
HAT-P-29 b
HAT-P-3 b
HAT-P-
30/WASP-51 b
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Variable Star and Exoplanet Section

of Czech Astronomical Society
s .

ETD

ETD - Exoplanet Transit Database

.. complete ..

worldwide ...

i
i

i

Y

continvously growing ...

Exoplcnei Transit Database

http://var.astro.cz/ETD

Observers community | How to contribute to ETD | Model-fit your data | Transit predictions |
KEPLER Transit predictions | KEPLER Candidates | CoRoT Transit predictions | CoRoT Candidates !

OBJECT

TrES-5 b
Cyg

HAT-P-1 b
Lac

WASP-33 b
And

HAT-P-6 b
And

WASP-2 b
Del

WASP-12 b

WASP-21 b
Peg

HAT-P-8 b
Peg

CoRoT-7 b

Qatar-1 b
Dra

CoRoT-18 b
Mon

BEGIN
(UT/h,A)

23:56
729N

0:30
67°,E

1:02
34°,NE

0:56
65°,E

1:47
49°,5W

2:57
8°,NE

3:15
67°,5

3:33
76°,W

6:32
25°,SE

6:32
320,NW

7:21
35°,SE

CENTER
(DD.MM. UT/h,A)

12.10. 0:52
70°,N

12.10. 1:50
82%E

12.10. 2:24
49%E

12.10. 2:37
849,

12.10. 2:41
420,5W

12.10. 4:27
23°E

12.10. 4:56
54°,5W

12.10. 5:21
56°,W

12.10. 7:09
31°,SE

12.10. 7:21
28°,NW

12.10. 8:33
45°,SE

END D
(UT/h,A) (min)

1:48 111.312
65°,NW

3:10 159.8
83°,W

3:45 163
64°E

4:19 202.8
78°,W

3:34 107.9
33°,W

5:58 180.06
40°,E

6:37 201.6
36°,W

7:09 216
36°,W

7:47 75
37°,SE

8:09 96.7
24°,N

9:45 143.2
50,5

Transits predictions for ELONGITUDE: 285.5° and LATITUDE: 40.5°

v

(MAG)

13.7

10.4

8.3

10.5

11.98

11.69

11.6

10.17

11.7

12.84

15

Your ELONGITUDE (in deg): 285.5 0° - 360° P ebmic
e o/
Your LATITUDE (in deg): 40.5 90° - 0° - -90°
Available predictions: (UT evening date) I
2012-10- 09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
2012-11- 01, 02, 03, 04, 05, 06, 07, 08, 09,
User defined time span: From: YYYY-MM-DD Till: YYYY-MM-DD (‘show )

DEPTH

(MAG)

0.0215

0.0171

0.0151

0.0102

0.0216

0.0151

0.0130

0.0070

0.0004

0.0204

0.0215

Showing transits only more then 20 degrees above horizont in time of midtransit and sun more then
10 degrees bellow horizont for your observing place (ELONGITUDE: 285.5° and LATITUDE: 40.5°)

55443.2515341.
RA: 20 20 53
DE: 459 26 55

53984.30744.46529%E
RA: 22 57 47
DE: 438 40 30

54163.22373+1.2198669*E
RA: 02 26 51.08
DE: 437 33 02.5

54035.67575+3.85298*E
RA: 23 39 05.85
DE: 442 27 57.5

. e——

53991.514642.152226*E
RA: 20 30 54
DE: 406 25 46

-~

54508.97605+1.0914222*E
RA: 06 30 32.79
DE: 429 40 20.4

54743.04185+4.322541*E
RA: 23 09 58.23
DE: +18 23 46.0

54437.67582+43.076339*E
RA: 22 52 09.85
DE: 435 26 49.5

Tulslwlnivnlol s

54398.0767+0.853585%E
RA: 06 43 49.48
DE: -01 03 46.96

55518.4102+41.420033%E
RA: 20 13 32
DE: 465 09 43

55321.72412+1.9000693*E
RA: 06 32 41.36
DE: -00 01 53.71

Transit predictions
page

Schommer Observatory
(east) longitude = 285.5°
Latitude = 40.5°

Lists the transits
occurring on a selected
night.



CoRoT-8 b
CoRoT-9 b
GJ1214 b
GJ3470 b
GJ436 b
HAT-P-1 b
HAT-P-
10/WASP-11b

27/WASP-40 b
HAT-P-28 b
HAT-P-29 b

HAT-P-3 b
HAT-P-
30/WASP-51b
HAT-P-3
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Transits predictions for ELONGITUDE: 285.5° and LATITUDE: 40.5°

OBJECT BEGIN CENTER END D v DEPTH Elements
(UT/h,A) (DD.MM.UT/h,A) (UT/h,A) (min) (MAG) (MAG) Coords
TrES-5 b 23:56 12.10. 0:52 1:48 111.312 13.7  0.0215 34;%.2231:?1-4322445'5
o o a H
Cyg 72°N 70°N 65°,NW DE: +59 26 55
HAT-P-1 b 0:30 12.10. 1:50 3:10 159.8 10.4 0.0171 ;igg‘;.§374*;-46529'5
o o o H
Lac 67°E 82°E 83°,w DE: +38 40 30
WASP-33 b 1:02 12.10. 2:24 3:45 163 8.3 0.0151 ;:1%3‘222357133;-2198569'5
o o o H o
And 34°NE  49°%E B4°E DE: +37 33 02.5
HAT-P-6 b 0:56 12.10. 2:37 4:19 202.8 10.5 0.0102 3203553-63350755;:-85298'5
o o o H o
And 65°E 84°E 78°,W DE: 442 27 57.5
WASP-2 b 1:47 12.10. 2:41 3:34 107.9 11.98 0.0216 21992;-5334:;2-152225'5
o o o H
Del 49°,SW  42°SW 33°,W DE: +06 25 46
WASP-12 b 2:57 12.10. 4:27 5:58 180.06 11.69 0.0151 54508.9760541.0914222%€
o o o H .
Aur 8°,NE 23%E 40°%E DE: +20 40 20.4
WASP-21 b 3:15 12.10. 4:56 6:37 201.6 11.6 0.0130 ;:7-’5-%‘;158;;?322541'5
a o a H .
Peg 67°S 54°,SW 36°,wW DE: +18 23 46.0
HAT-P-8 b 3:33 12.10. 5:21 7:09 216 10.17  0.0070 ;:4-’52225392;3-076339'5
o o o H o
Peg 76°W 56°,W 36°,w DE: 435 26 49.5
CoRoT-7 b 6:32 12.10. 7:09 7:47 75 11.7 0.0004 g:ﬁg-g;?;g:ﬁse?f
=] o o H K
Mon 25°,SE 31°,SE 37°,SE DE: -01 03 46.96
Qatar-1 b 6:32 12.10. 7:21 8:09 96.7 12.84 0.0204 3512%-’113032;1-420033'5
o o o H
Dra 32°NW  28°NW 24°N DE: +65 00 43
CoRoT-18 b 7:21 12.10. 8:33 9:45 1432 15 0.0215 55321.7241241.9000693*E
o o o H -
Mon 35°,SE 45°,SE 50°,5 DE: -00 01 53.71
Showing transits only more then 20 degrees above horizont in time of midtransit and sun more then
10 degrees bellow horizont for your observing place (ELONGITUDE: 285.5° and LATITUDE: 40.5°)

Dates
and
times 1n
UT =
EDT + 4
hours.
So these
transits
are for
the
evening
of Oct
11th,



Lab 5 Preparation: Choosing the Target

* Examine the transits occurring during your
night(s) using the Exoplanet Transit Database.
* Choose the best transit using the criteria:
— Transit happens during your lab period.
— The star 1s bright enough (V < 13.0 or so).
— Transit depth larger than 0.01 magnitude.

I

— The altitude 1s not too low (preferably >=45°).

* Must then use The Sky to check:

— Is a good guide star (brighter than 10™) available.

— Is there at least one comparison star available in the
field of view of the main CCD.



HAT-P-10/WASP-11 b Exoplanet Transit Database: 0-C vs EPOCH

0.02F M = 54729.90631 + 3.722469 * E
0.01F
®
~
]
-
o
T u L N
) n ‘ LIS ]
LS | |
® | .,
0.00 L]
. L ]
=-0.01F
1 1 1 1 1 1 1 1 1 1
=50 0 50 100 150 200 250 300 350 400
EPOCH (years 2008 - 2012, 35 records)
HAT-P-10/WASP-11 b Exoplanet Transit Database: Transit-Duration vs EPOCH
200
190 -
~180
c
=]
£ 3
o170 F
S
2 |
L 4
2160 )
a .o L/
* 4 L 4 q ’ ®e
- * lP *
150 'S
[ ]
o » l
140 - ?
130
120 -
110 -
1 1 1 1 1 1 1
=50 ] 50 100 150 200 250 300 350 400
EPOCH (years 2008 - 2012, 34 records)

39

37 r
3/ r
X
31 r
29
27 r
25
23 r
21
19 r
17 r
15 r
13 r
1 r

U T S BN

HAT-P-10/WASP-11 b Exoplanet Transit Database: Transit-Depth vs EPOCH
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Clicking on the name of a target
in the list along the left-hand side
of the Exoplanet Transit Database
displays recent observations of
the star. These are useful for
deciding how accurate the
predicted start and end time are.



Observing for Lab 5

* Imitial planning:
— Use The Sky to 1dentify nearby bright star to slew to
and check pointing (34 magnitude or brighter).
— Also identify a nearby 7-8™" magnitude focus star.

— Plan how to get the guide star onto the small field of
view of the guide CCD.



TrES-3 b (Her)

RA (J2000): 17 52 07, DE (J2000): +37 32 46,
V = 12.4 mag, dV = 0.0291 mag, duration = 77.4 minutes

Per = 1.3061860d, TO(HJD) = 2454538.580€ ( compute

15' x 15' imaaqe from the Diqitized Sky Survey at the STScl Archive.

Clicking on the
object name
brings up a
finding chart.
North 1s up, east
to the left (this 1s
conventional for
astronomical
images). Image
width 1s a little
less than the
short side of our
camera field of
VIEW.
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Observing for Lab 5

* While observing:

— Make sure that you start a new block of observations
when then current one ends.

— Keep checking and, if necessary, adjusting the dome
slit so that the dome does not block the telescope
aperture.

— Keep an eye on the guide star to make sure that it has
not disappeared (clouds or tracking failure).






Transits predictions for ELONGITUDE: 285.5° and LATITUDE: 40.5°

OBJECT BEGIN CENTER END D v DEPTH Elements
(UT/h,A) (DD.MM.UT/h,A) (UT/h,A) (min) (MAG) (MAG) Coords
Kepler-7 b 20:15 24.10. 22:57 1:39 324 13.9  0.0081 54067.27571+4.885525°¢
-] o o H A
Lyr 72°E 79°W 50%W DE: +41 05 23.3
Qatar-5 b 21:49 24.10. 23:17 0:44 1745 12.62  0.0119 5733675824242.8702319%€
-] -] o H .
And 33°,NE 48°,E 63°,E DE: 443 03 400
WASP-2 b 22:39 24.10. 23:33 0:27 1079 11.98 0.0216 S99Lsl6i215222144%
o o o H
Del 56°S 56°,S 53°,5W DE: +06 25 46
CoRoT-3 b 21:59 24.10. 23:47 1:34 215 13.3  0.0054 54283138344 2568°¢
o o o H ..
Aql 50°,5 44°,SW 30°,SW DE: +00 07 18.19
WASP-151 b 22:03 24.10. 23:53 1:43 2196 129 0.0110 57741008144 5334717
o o o H N
Psc 24°FE 41°,SE 50°,5 Ra: 2316 1522
HAT-P-6 b 22:46 25.10. 0:28 2:09 2028 105  0.0004 54035 67575+3852085°
o o o H o
And 51°E 69°,E 87°,NE DE: +42 27 57.5
WASP-52 b 1:31 25.10. 2:25 3:20 108.58 12 0.0200 55793.68143+17497798°€
-] -] o H N
Peg s8°5 se°s 54°,5W DE: 408 45 40.6
Mascara-1 b 1:01 25.10. 3:05 5:10 249 8.3 0.0068 5709727842 14878°¢
-] o o H .
Equ 57°SW  39°,W 16°,W Rk 21 10 223
TrES-5 b 2:17 25.10. 3:13 4:08 111312 137 0.0215 5544325153+1.4822446°€
-] ] o H
Cyg 55°,NW  48°,NW 419, NW Ra:202083
Qatar-1b 3:31 25.10. 4:19 5:08 96.7 12.84  0.0204 S5518.410241.4200246°€
o -] o H
Dra 46°NW  40°NW 36°,NW DE: +65 00 43
WASP-141 b 2:45 25.10. 4:33 6:21 216 124 0.0087 57019505343 310651"
1 -l o o H .
Eri 8°,SE  23°SE 30,5 RA: 0401 52.54
HAT-P-53 b 6:51 25.10. 7:55 8:59 12807 13.73  0.0135 55820.44781+1.9616241°€
o o o H o
And 60°,W 48°,W 37°,NW DE: +38 58 05.3
X0-2 b 6:42 25.10. 8:03 9:24 162 1118 0.0124 544668845442 615861787
0 o o H
Lyn 50°NE  63°NE 759,NE RA: 074807
EPIC-211089792b  7:12 25.10. 8:19 9:25 133.2 12.526 0.0215 53219000543 2588321°¢
o -] o H o
Tau 74°S 67°,SW 55°,w DE: +24 24 07.35
WASP-33 b 8:13 25.10. 9:35 10:56 163 8.3 0.0151 54163.22373+12198660°€
-] -] o H o
And 55°,wW 40°,W 26°,NW DE: +37 33 02.5
HAT-P-43 b 8:02 25.10. 9:39 11:17 19512 13.356 0.0154 55097.37105+3332688°¢
-] o o H .
Cnc 38°E 53°,SE 60°,S DE: +10 12 24.0
HAT-P-25 b 8:36 25.10. 10:00 11:25 169 13.19  0.0204 55176.85173+3.652836%E
Ari 54°,W 38°,W 22°,W RA: 03 13 44.48

DE: 4251151.2




