HAT-P-16 OBSERVATIONS
Aperture Photometry & Transit Fitfing

Group IV assignment
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HAT-P-16: Transiting planet

Credit: Aldaron

» Discovered: 2010 by HATNet Project
* Mass: 4.193 (£ 0.094) My

« Semi-Major Axis: 0.0413 (£ 0.0004) AU
« Orbital Period: 2.775%96 (£ 3e-06) JD

« Eccentricity: 0.036 (£ 0.004)

« Radius: 1.289 (£ 0.066) R,

* Inclination: 86.6 (+ 0.7) deg

« Transit depth: 0.0101 mag

Source: Exoplanets.eu



Observations: 165 cm Telescope at MAO

Credit: Andrius Zigmantas

Basic specifications:

« Ritchey Chretian type

* Primary mirror diameter: 165 cm

« Secondary mirror diameter: 45 cm
» Telescope focal length: 2000 cm

« FOV 8' x 8’

* Mount: Equatorial (Cross-axis)

Source: http://mao.tfai.vu.lt/mao/



Observations: CCD Camera

!

| —
-’:‘
T

- prap—
b ¢ —
- .
/=
- \: <
.
o
e .
Ve
—
v
i | -
.

o =
ML
Samifiiim

1B

Ipes

{ -—

Credit: Optcorp

Basic specifications:

Chip: E2V CCD47-10
Array size: 1024 x 1024
Pixel size: 13 x 13 microns

Imaging area: 13.3 x 13.3 mm
 Linear full well: 100K electrons

Source: http://mao.tfai.vu.lt/mao/



HAT-P-16: Selection

Transits predictions for ELONGITUDE: 25.56320° and LATITUDE: 55.31600°

BEGIN CENTER END D Vv DEPTH Elements
(UT/h,A) (DD.MM.UT/h,A) (UT/h,A) (min) (MAG) (MAG) Coords

19:00 05.08. 20:18 21:36 155.58 12.1 0.0129  56459.59957+0.9255427E

34°,S 28°,SW 19° SW RA: 16 37 15.57
' ! ' DE: + 07 11 00.07

21:06 05.08. 22:43 0:19 55417.59832+3.257215%E

o A o RA: 00 52 00.27
37°,E 50°,E 62°,SE DE: +34 43 42.9

21:58 05.08. 22:52 23:47 55793.68143+1.7497798"E

5 5 4 RA: 23 13 58.76
35°,SE 40°,SE 43°,S DE: +08 45 40.6

21:30 05.08. 23:02 0:34 : 55027.59293+2.77596"E

(5] o o RA: 00 38 17.59
47°E 60°E 72°,SE DE: +42 27 47.2

22:18 05.08. 23:59 1:40 0.0007  54959.70597+9.2869944™E

; o % RA: 19 21 41
Lyr 66°,SW 53°,W 39°,W DE: +37 51 06

22:53 06.08. 0:10 1:27 153.245 ) 55909.292797+1.217514"E

& & o RA: 00 01 26.92
And 62°E 71°,SE 75°,S DE: 39 23 01.7

Transit predictions for 05/08 Aug. Source: ETD - Exoplanet Transit Database




HAT-P-16: Visibility

Altitudes, Observing site coardinates: 25.5600E 55.3160N, 200 m above sea level
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Proceassd: 2016/08/10 at 20:06:11 UT. lenac Newton Group of Talascopes, La Palma.

Obervations from 19:00 - 01:30 UTC
Source: http://catserver.ing.iac.es/staralt/




Weather conditions on 05/06 August

D X4m 201608060200

Cloud cover actual for 05/06 Aug

2016.08.11 Exoplanets 2016 8



Data processing with IRAF:

Calibration of science frames
« Checking for weird flat features that could ruin photometry
« Creafing master bias
« Creafing master flat
* Master dark
« Calibrating science frames
Finding target star and appropriate reference stars
Creating coordinate file, and defining aperture(s)

Performing photometry and extracting relevant info from headers



Data processing with IRAF: Callibration

mao@mao-VirtualBox: ~

File Edit View Frame Color Region WCS A
c9 ias_| Wi bias_00882.fits bias_00887.fits bias_00892.fits logfile

Eile ias_00878,fi bias_00883,fits bias_00888.fits bias_00893,fits Zero.fits
= ias_| Wfi bias_00884.fits bias_00889.fits bias_00834,.fits
Object bias_00880,fits bias_00885.fits bias_00830,fits bias_00895,.fits
bias_00881.fits bias_00886.fits bias_00891,fits bias_00896.fits
Value 159.991 ecl> displ bias_00877,.fits 1
wcs z1=1215, z2=1264,022
. ecl> displ Zero,fits 2
Physical z1=1229,105 z2=1240,512
ecl> reset stdimage=imt7
Image ecl> displ bias_00877,Fits 1
21=1215. z2=1264,022

[
Frame 2
ecl> displ Zero,fits 2 -
€21=1229,105 z2=1240,512 region wcs help
ecl> imexa =
# NPTX MEAN  MEDIANW  STDDEY previous next last

[269:273,259:263] 1233, 1,108
[30:34,874:878] 1233, 3 1,113
[911:915,582:586] 1234, 1,533
[545:849,555:559] 1233, 3 5,083
[374:378,355:359] 5.134
[24:28,767:771] 3,855

Bias frame and master bias frame - readnoise parameter



Data processing with IRAF: Callibration

SAOImage ds9

File Edit View Frame Color Region WCS Analysis

File |
Object

Value 173.927

wcs | [ é -

Physical X

Image X

Frame 2 Zoom 0.335 Angle : . |
file edit view frame zoom color region wcs help
delete clear single tile blink first [ previous [ last
¢ e ; o j e

ey

195

Ve § F 1230

() computers &C... [ J|[Software Upd... [@ll[mao@mao-Vir... ~ [mao@mao-Vir... Olmage ds9
B & =i 3G @ rightcl

66 87 109 131

Really really bad master flat....



Data processing with IRAF: Callibration

4

File Edit View Frame Zoom Color Region WCS Analysis

File Dark.fits

Obj¢ -
= mfem ]
Val
WCS
Phy

Ima
Fral

@l (mac@mao-vir... ~~mao@mao-Virt... ~_SAOImageds9 wms|IRAF_cookbook... [l —lcoordinates]  €)Es B
= = @ 3 & @] Right col

Master dark not used as exposure was only 3 seconds



Data processing with IRAF: Calibration

@ oe [Running] - acle

— SAOImage ds9 - + x

File Edit View Frame Zoom Color Region WCS Analysis Help

File HAT-P-16_R_00789.fits
Object 6
Value
wces [
Physical X Y
Image X Y
Frame 2 Zoom 0.670 Angle 0.000

file | edit | view “ frame | zoom | color | region wcs | help l

new | new rgb | delete previous next | last |

44 66 87 109 131 152 174 195

23
m@] - @ [mac@mao-vir... T~ mao@mao-Virt... [T wa|IRAF_cookbook... "~ [irafterm] L mao 1)))@, E-] :M

Reduced frame vs origional science frame (Spot the differencel)




Data processing with IRAF: Reference stars

SAOImage ds9

File Edit View Frame Zoom Color Region WCS Analysis

File HAT-P-16_R_00789_PRO.fits
Object 6

Value

WCs

] ]
Physical X Y
Image X Y
Frame 1 Zoom 0.694 Angle 0.000

file edit view frame zoom color region wcs help
about open save image header page setup print exit

44 66 87 109 152 174 195

23
&@EQ [ = @lImao@mao-Vir... =a|[IRAF_cookboo... ~~mao@mao-Virt... "\ e/lr ik Lm_‘:[irafterm] q) @Q a CEI 15:56 (D

) @ & o) [ @5 {0 N [#] Rich

Reference stars selection (0.5 < Intensityrarget star < 3)
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Data processing with IRAF

Header file missing two parameters: g2

airmass
- Arbitrarily set to 1.0

rdnoise

- Obtained from standard deviation
of master bias frame.

U

Files are then ready for aperture
photometry.

Script takes flux from each aperture
and places in ascii file for later use

mao@mao-VirtualBox: ~ - 4+ X

'2016-08-09T11:17:23" / file creation date (YYYY-MM-DDThhimmiss UT)
'2016-08-06T01:31:51,819" / Date of observation(UTC time)

5511,813 / UT in seconds since OOh UT

-23,71515 / CCD temperature

27,76177 / Heat sink temperature

0, / Readout time (seconds)
2, / [e-/ADU] CCD gain

1 / CCD binning factor
1 / CCD binning factor
'HAD !
‘65318357
25333347
1200 !
'T165
'CCD4710ALT!
‘0BJECT '
'R
'E. Pakstiene'
'00$38:17,59"
'+42:27147,2"
'2000,0

Head type
Type of the image

e e L M L A R R A R R e A

'-1,59046" / Local Sidereal Time
'4,08505e-34" / telescope RA
'-1,52253e-05" / telescope DEC

‘eee,mao, 1t’

ritten by "Camera V¥ 3,0{2008-2003/05/20)" (R,Janulis jr@mserv,itpa,lt)
2

1,

'system=physical’
'wtype=linear'
wtype=linear'
‘Aug 9 14:17 Zero level correction image is ,,/bias/Zero,fits’
'[1:1024,1:1024]"
6678,701
1155219443
'Aug 9 14117 CCD processing done’
2457606,56381157
2457606,56514305
2457608,




Data processing with C-Munipack

Simple steps:

Generation of:
* master bias,
« master dark,
« master flat frames

Calibration of science frames

|dentification of stars in science
frames

Selection of reference stars

Photometry

Light curve

For comparison with Python




Parameters needed for transit fitting

@ Editor - Canopy

File Edit View Search Run Tools Window Help
PrEHE Y™ ADD e P Sk
TransitFitting_MCMCEdit.py (£

time = time[index]
diff_lc = diff_lc[index]

q
ma[”"b"] = 0.

ma. thaw(["p”, "T0"1)|

df["qua”] = 0.
df.thaw(["off", "1lin", "qua"J)

Used Simbad & Vizier databases to obtain parameters



Results: least square transit light curve
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Hours from mid-transit time

Parameters:
Ratio of Planet/Star Radius (p) = 0.1260947
Epoch of Transit (TO) = 2457606.459722 + 0.000215498 (JD)

Stdev of Residuals (sig) = 0.0050977



Results: residuals
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Cut data points > 3 standard devs from mean

perform fitting algorithm again




Results: re-reduced light curve
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Hours from mid-transit time

New parameters:
p =0.12742814
T0 = 2457606.459722 + 0.0003649 (JD)



Results: MCMC fransit light curve
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Hours from mid-transit time

Perform Markov Chain Monte Carlo (MCMC) method to find parameters (10, p)
for fransit fit.

P =0.126 £ 0.002 Giving: Accepted values:
710 =0.0002 £ 0.0004 (JD) 1.55+0.03 Ry 1.282 +0.087 R,



Results: Transit parameter chain

0.132

— p_Occultquad trace Il p_Occultquad hist
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0.116 0
0 5000 10000 15000 20000 25000 30000 35000 40000 0.116 0.118 0.120 0.122 0.124 0126 0128 0.130 0.132

Markov chain for parameter p, with no burn (40,000 iterations)



Results: Transit parameter chain with burn

0.132

— p_Occultquad trace Il p Occultquad hist
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Markov chain for parameter p, with burn (40,000 iterations)



Results: C-Munipack + ETD

HAT-P-16 b
JOnid: 0.46634999988601

Bassic results of transit data fitting in
ETD (Exoplanet Transit Database)

« Mid-transit time (JD):
2457606.46635 £ 0.00046

e Duration: 191.0 £ 0.00046 min.
« Transit depth: 0.0170 £0.0011 mag

JD mid: 2457606.46635 +/- 0.00046
HJID mid: 2457606.4677 +/- 0.00046

Duration: 191.0 +/- 1.7

Depth: 0.0170 +/- 0.0011




Conclusions

Magnitude

Source: Ciceri et al. (2011)

Fig. 1. Observations of the October 2012 transit of HAT-
P-16. The green points show the data from the CA 1.23m
telescope, and the red points the data from the Cassini
telescope.
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Conclusions

« SUCcCeSS In obtaining transit from obtained light
curve - goal of summer school achieved!

e IRAF sufficient for

e gaining transit from data,
 Infroducing students to aperture photometry

« demonstrated simple insfrumentation can detect
transits of Hot Jupiters (Not so 20 years ago!)

« even smaller exoplanets observable with:
« better weather
« improved reduction (flat, dark)

» prospect for more “simple” exoplanet research
(e.g. GJ1132) and future summer-schools
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