Mon. Not. R. Astron. Soc. 000, 000-000 (0000) Printed 30 June 2009 (MN KTgX style file v2.2)

High-precision photometry by telescope defocussing. I1. The
transiting planetary system WASP-4 (Appendix)

John Southworth I*, T. C. Hinse 23, M. J. Burgdorf 4 M. Dominik >+, A. Hornstrup 6
U. G. J¢rgensen2, C. Liebig7, D. Ricci®, C. C. Thone” 10, T, Anguita7, V. Bozza 112,
S. Calchi Novati 1112, K. Harpsge 2 L. Mancini '!2, G. Masi '3, M. Mathiasen 2,

S. Rahvar 4, G. Scarpetta 112 ¢, Snodgrass 157. Surde;j 8 M. Zub’

! Department of Physics, University of Warwick, Coventry, CV4 7AL, UK

2 Niels Bohr Institute, University of Copenhagen, Juliane Maries Vej 30, Copenhagen @, 2100, Denmark

3Armagh Observatory, College Hill, Armagh, BT61 9DG, Northern Ireland, UK

4 Deutsches SOFIA Institut, Universitaet Stuttgart, Pfaffenwaldring 31, 70569 Stuttgart, Germany

5 SUPA, University of St Andrews, School of Physics & Astronomy, North Haugh, St Andrews, KY16 9SS, UK

6 National Space Institute, Technical University of Denmark, Juliane Maries Vej 30, Copenhagen @, 2100, Denmark

7 Astronomisches Rechen-Institut, Zentrum fiir Astronomie, Universitdit Heidelberg, Monchhofstrasse 12-14, 69120 Heidelberg, Germany
8 Institut d’Astrophysique et de Géophysique, Université de Liege, 4000 Liége, Belgium

9 Dark Cosmology Centre, Niels Bohr Institute, University of Copenhagen, Juliane Maries Vej 30, Copenhagen @, 2100, Denmark
10 INAF, Osservatorio Astronomico di Brera, 23807 Merate, Italy

1 Dipartimento di Fisica “E. R. Caianiello”, Universita di Salerno, Baronissi, Italy

12 Instituto Nazionale di Fisica Nucleare, Sezione di Napoli, Italy

13 Bellatrix Observatory, Centre for Backyard Astrophysics, Ceccano (FR), Italy

14 Department of Physics, Sharif University of Technology, Tehran, Iran

15 European Southern Observatory, Casilla 19001, Santiago 19, Chile

30 June 2009

APPENDIX A: RESULTS OF THE LIGHT CURVE
ANALYSES

The tables in this section contain the full results of modelling light
curve of WASP-4 from Wilson et al. (2008), Gillon et al. (2009),
Winn et al. (2009) and from this work.
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2 Southworth et al.

Table Al. Parameters of the JKTEBOP best fits of the Euler R-band light curve of WASP-4 (Wilson et al. 2008), using different approaches to LD. For each
part of the table the upper quantities are fitted parameters and the lower quantities are derived parameters. 7 is given as HID — 2454000.0. The light curve

contains 213 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

Logarithmic LD law

Cubic LD law

All LD coefficients fixed

A+ 0.215750.00%% 0.217350.0039 0.21500.00%0 0.217250.00%3 0.2120%0 001

k O.ASSIIONNE  0ase3N oussTI0NNe  01se0s 0NN 0.sse7 Ol
i (deg.) 88.15*157 87.641055 88.21711 87707152 89.15+ 14/

ua 0.60 fixed 0.40 fixed 0.25 fixed 0.70 fixed 0.50 fixed

VA 0.25 fixed 0.50 fixed 0.23 fixed 0.10 fixed

T 365.91597100001)  365.9159910-9%01 365.9159810.9%011 365.91598 090012 365.91597 1000011
A 0.186715:9033 0.187970:0041 0.186015:9%42 0.187810.904 0.183410.903¢
m 00289700055 002037000 0.02898°000%  0.02031°0%0%  0.02859"0 %078
© (mmag) 1.9744 1.9437 1.9478 1.9483 1.9416

Xed 3.4310 3.3099 3.3258 3.3277 33011

Fitting for the linear LD coefficient and fixing the nonlinear LD coefficient

k 0.15896 900003 0.15760 900001 0.15821 2590004 01579274 60096 015843469100

i (deg.) 88.677 54 89.96702% 88.947 11> 89.217 3¢ 88.847 3¢

us 0.400°5033 0.296°5038 0.115790% 05727033 0.381°0033

VA 0.25 fixed 0.50 fixed 0.23 fixed 0.10 fixed

T 365.9159710:00012 365.91598+0-00010 365.91598*0-90011 365.91598*0-90010 365.91597+0.90011
0.0040 0.0037 0.0036 0.0031 0.0037

) 01812000 OSI2%e MISege  OSlbems  O18Lame

"o 0028812 00030 0.02856 90022 00287260026 0028657, 0025 0.028754,00026

6 (mmag) 1.9255 1.9261 1.9254 1.9255 1.9253

Xed 3.2528 3.2553 3.2527 3.2533 3.2523

Fitting for the linear LD coefficient and perturbing the nonlinear LD coefficient

k 0.1576010 00104 0.15821 1090103 0.1579210 50083 0.15843 1000120

i (deg.) 89.967013 88.9471-38 89.211102 88.84713

un 0.29679 0% 0.11579 5% 0.572790%) 03817003

VA 0.25 perturbed 0.50 perturbed 0.23 perturbed 0.10 perturbed
0.000095 0.000110 0.000101 0.000102

Ty 365.915979 000011 365915975 0 00010s  365.915977 0 00010s  365.9159751 0000107

a 018126014 01815 q0i 0.1814 o015 0181540/

o 0.02856" 55005 0.02872" 535036 002865 50024 002875 G635

© (mmag) 1.9261 1.9254 1.9255 1.9253

Xed 3.2553 3.2527 3.2533 3.2523

Fitting for both LD coefficients

k 0.15862 00013 0.158607000225 0.15855 00108 0.158497 000202

i (deg.) 88.8%1% 88.8113 88.8113 88.8%12

us 0.370°010 0252°0 7% 0.471°0% 0.382°0 ¢

VA 0.06970223 0.259712,3 0.09770338 0.090+025
0.00011 0.00011 0.00011 0.00011

T 365.915970 00012 365.9159770 0001 | 365.9159770 0001 | 365.9159710 00011

ra 0.1813f801%§%%% 0.1815j§3%§%25 0.1814j§;%§%%l 0.1815j%3%%%§0

7o 0.02876 60031 0.02878 6002 0.02875 6030 0.02876 7 6007

© (mmag) 1.9253 1.9254 1.9253 1.9253

Xed 3.2682 3.2683 3.2682 3.2681
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High-precision defocussed photometry of WASP-4 3

Table A2. Parameters of the JKXTEBOP best fits of the z-band VLT light curve of WASP-4 (Gillon et al. 2009), using different approaches to LD. For each
part of the table the upper quantities are fitted parameters and the lower quantities are derived parameters. Tp is given as HID — 2454000.0. The light curves

contain 244 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

Logarithmic LD law

Cubic LD law

All LD coefficients fixed

k 0.15167 "% 60653 0.1530470 660>3 015313 00028 0.15308 0 00653 0.15313"% 000ss

i (deg.) 89.9110 45 88.560 1 88.6170 %] 88.64 705 88.6510 )

Up 0.50 fixed 0.25 fixed 0.10 fixed 0.59 fixed 0.40 fixed

VA 0.31 fixed 0.54 fixed 0.26 fixed 0.10 fixed

T 396.695401 70000037 396.69539175:90009033  396.69539470900036  396.695393 70000038 396.695395 1000033

A 018100 0004 0.182010.0013 0.18160 0013 018160 0013 01814700013
0.000271 0 00023 0 00026 0 00024 0 00025

"o 0.027451 J—r0,000076 0. 02785+0 00023 0. 02780+0 00023 0.02781 +0 00023 0. 02778+0 00024

o (mmag) 0.6650 0.6111 0.6056 0.6059 0.6075

X 2.0671 1.6927 1.6552 1.6571 1.6680

Fitting for the linear LD coefficient and fixing the nonlinear LD coefficient

k 015442+ 500041 0.15244+ 500044 0.15351+ 500042 0.153075000%3 0.15378* (0004

i (deg.) 87.9610% 89.420:58 88.3310:93 88.65702% 88.2510-08

un 030244010 0.270°81% 0.086°01} 0.590° 0012 037574013

va 031 fixed 0.54 fixed 0.26 fixed 0.10 fixed
0.000034 0.000035 0.000038 0.000034 0.000035

T 396.695394H0:000034  396.695393 000003 396.695393 73900038 396.695393 10000034 396.695393 10900035

A 0182100013 0.1810% 0000 0.18201 00013 0.18167 00013 0.181970:001

7o 0.0281310:90026 0.0275910-50028 0.0279310:00027 0.0278070:00053 0.02797 000050

o (mmag) 0.6046 0.6095 0.6049 0.6059 0.6046

e 1.6533 1.6900 1.6566 1.6640 1.6538

Fitting for the linear LD coefficient and perturbing the nonlinear LD coefficient

ra+ro 0208600005 0.209910.001¢ 0.209410 0018 0.20990 0015

k orsat iy oassUUE  oaserir orswsthies

i (deg.) 89.4270.71 88.3370:6 88.6570% 88.257048

u 02707555 0086735 0590753 0375516
VA 0.31 perturbed 0.54 perturbed 0.26 perturbed 0.10 perturbed

T 396.695393 70000037 396.695393 70000032 396.695393 0 000nas  396.695393F0-000032
rA 0.181075:9013 0.182075:9013 0.1816175:9013 0.181970:0013

7o 0. 02759+g oodo 0. 02793+3 e 0. 02780+g oo 0. 02797*8 booae

o (mmag) 0.6095 0.6049 0.6059 0.6046

Xed 1.6900 1.6566 1.6640 1.6538

Fitting for both LD coefficients

At 02100700007 02101790006 0210070017 021017007
k 015412700 014000 oasan i o1sar7i 0o
i (deg.) 88.1270-12 88.0910-1 88.1170:9 88.0870 7%

un 0371700 02907022 0.43770%% 03857002
va 0.0500:0¢3 0.179103% 0.059701% 0.03970 00

T 396.69539370:00003¢  396. 695393tg foooss  396. 695393*8 ooase 396. 695393*8 oo0se
rA 0.181975:9014 0.182075:9013 0.182075:9014 0.182075:9014

rb 0028047 01 002805 0 0028054 i 002806} 01

o (mmag) 0.6042 0.6044 0.6044 0.6044

e 1.6586 1.6596 1.6592 1.6595
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Table A3. Parameters of the JKTEBOP best fits of the Magellan z-band telescope light curve of WASP-4 (Winn et al. 2009), using different approaches to LD.
For each part of the table the upper quantities are fitted parameters and the lower quantities are derived parameters. Ty is given as HID — 2454000.0. The light

curves contain 713 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

Logarithmic LD law

Cubic LD law

All LD coefficients fixed

o~ 0210379001 0212670014 02122700013 02124790008 02119700013
k 0.15299% 60051 0.15405 %% 6onaS 0.15428 % 6005 0.15419600 0.15431%% 60035

i (deg.) 89.637935 88.26703) 88.25704 88.24703) 88.317039

ua 0.50 fixed 0.25 fixed 0.10 fixed 0.59 fixed 0.40 fixed

VA 0.31 fixed 0.54 fixed 0.26 fixed 0.10 fixed

T 697.7975720:000032  697.7975653:00003%  697.7975675:900932  697.797566 10000033 697.797568 79900038
ra 0.182470-001 0.184210-0012 0.183910001% 0.184019:0012 0.183670001%

7o 0.0279010- 00028 0.02838™0-00053 0.0283710-0002¢ 0.0283810- 00021 0.0283310:00053

o (mmag) 0.6479 0.6039 0.6013 0.6012 0.6027

Xed 0.7892 0.7003 0.6944 0.6947 0.6964

Fitting for the linear LD coefficient and fixing the nonlinear LD coefficient

iy 02123008 02112918 02122918 0211870012 02122918
k 0155060008 a0 oasetDI 01sasT0lnE 0asasyhin
i (deg.) 88.00 030 88.9810-22 88.2701 88.5170-19 88187032

s 0412733 0276341 01027331 0603513 030153
VA 0.31 fixed 0.54 fixed 0.26 fixed 0.10 fixed

T 697.797568 10000032 697.79756570:00003¢  697.79756715:00003%  697.797566 1300003 697.797567 0000034
s OISBUNE  oImUMM  oImsGER oisenmn  oisssia
rb 0.02849000053 0.02808*0 00012 0.028360 00057 0.0282500003% 002840000053

o (mmag) 0.6039 0.6020 0.6014 0.6009 0.6018

X 0.7014 0.6961 0.6954 0.6943 0.6965

Fitting for the linear LD coefficient and perturbing the nonlinear LD coefficient

At 02112790006 02122790008 0211870008 02122790008
k 01533670000 o1saa 000 oassT M oassa i
i (deg.) 88.98702) 88.277042 88.51702 88.1870:02

u 027675059 010275535 0603755, 0391745,§
VA 0.31 perturbed 0.54 perturbed 0.26 perturbed 0.10 perturbed

T 697.7975650-000033 69779756710 000033 697.79756675:000033  697.797567- 0000035
I 0.183110:000% 0.18380-0012 0.1836 100013 0.1838 700013

rb 0.02808" 63 0.02836" 656 002825 56673 0.028407 550655
o (mmag) 0.6020 0.6014 0.6009 0.6018

e 0.6961 0.6954 0.6943 0.6965

Fitting for both LD coefficients

A+ 021167000 02119060 0211800015 0211800018

i 015400000 015356 0000 0asaTe b 015363000
i (deg.) 88.527)93 88.607):2 88.577):18 88.617)18

ua 0.32004 -0.12752 0.62+018 0.371003

A 020210 0.928°0437 0282017 0240 %0
T 697.797566 10 0000as 69779756670 000037 697.7975661 000032 697.797566™ 0 ooonas
I 0.183410:0013 0.1837+0:0014 0.18350:0014 0.183670001%

n oomaiBE oomii oontlE oo
o (mmag) 0.6009 0.6010 0.6009 0.6010

e 0.6952 0.6953 0.6952 0.6952
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Table A4. Parameters of the JKTEBOP best fits of the Danish telescope R-band light curve of WASP-4 (this work), using different approaches to LD. For each
part of the table the upper quantities are fitted parameters and the lower quantities are derived parameters. Tp is given as HID — 2454000.0. The light curves

contain 452 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

Logarithmic LD law

Cubic LD law

All LD coefficients fixed

ra+ry 0.2103*0005¢ 0.2097* 00008 0209700000 02099700008 0.20920-0052

k 0.1524510:00045 0.1534510:00033 0.1532210-90030 0.15316170-90039 0.1537710:00037

i (deg.) 89.8410:61 89.82+03) 89.9710>2 89.971040 89731039

UA 0.60 fixed 0.40 fixed 0.25 fixed 0.70 fixed 0.50 fixed

VA 0.25 fixed 0.50 fixed 0.23 fixed 0.10 fixed

T 365.916894 0900047 365.916893 3000044 365.916894 70000041 365.916894 10000045 365.916894 79050043
ra 0.182510-00:8 0.181810-0003 0.1819100007 0.182010-00% 0.181370000%

" 00278270008 002790000 002786 00 002787 000 0.0278870 %00
o (mmag) 0.8792 0.8576 0.8558 0.8555 0.8553

Xed 1.4308 1.3189 1.3187 1.3164 1.3107

Fitting for the linear LD coefficient and fixing the nonlinear LD coefficient

ra+ Ty 020857 bo0g 02099 600 02093 00g 0.2094 000y 02088 0007

k 0.1s47TTOM 01534400060 0us302 00N 015363000 0154077000
i (deg.) 89.300-20 89.601053 89.501042 89.9510-63 90.007%99

u 050175013 040175017 0.220* 501 0.678" 015 048575513

va 0.25 fixed 0.50 fixed 0.23 fixed 0.10 fixed

T 365.916894 70000030 365.91689370.00004  365.9168947 00000 365.916893 7000004 365.916894 1000004
s OISR ousohig  oIsltime ol olsog
rb 0027947556015 0027925 6ol 0.02791 556011 0027885 6ol 002787550ty

o (mmag) 0.8568 0.8575 0.8559 0.8562 0.8559

X 1.3115 1.3222 1.3116 1.3138 1.3109

Fitting for the linear LD coefficient and perturbing the nonlinear LD coefficient

i 0SS 00T oama o b
k 0.1534410 00059 0.15392:0 0000 0153630 0009 0154070 00058

i (deg.) 89.607 758 89.507 735 89.95 008 90.001%2

N 04017003 0.220003% 0.67870137 04857001

VA 0.25 perturbed 0.50 perturbed 0.23 perturbed 0.10 perturbed
T 365.916893 70900045 365.916894 1000048 365.91689375:000047  365.91689410:000042
ra 0.18197 00008 0.18147 00008 0.1815% 00008 0180900008

o 0.02792*0.00010 0.02791+¢.00010 0.027880.00000 0027874 00000

o (mmag) 0.8575 0.8559 0.8562 0.8559

Xed 1.3222 1.3116 1.3138 1.3109

Fitting for both LD coefficients

et 0.2088- 00 0.2093 30 0.2091 42 0.2093° 00052
k 0.15428" 050573 0.15409" 05105 0.15423" 000555 0.15426" o1

i (deg.) 90.001%49 89.58091 89.57%-13 89.361002

un 0.47670 8 0.2760%) 0.5950 117 0,493 0028
VA 0.081 173 041279316 011477165 0093715,

T 365.916885T0:990092  365.91688510:000051  365.916885 000052 365.916884 5000039
™ 0.1809 700000 0.1813°0%01 0.1812*0 %08 0.1814°0008
o 0027915660t 002794556011 002794556014 002797556017
o (mmag) 0.8518 0.8517 0.8517 0.8518

X 1.1364 1.1362 1.1364 1.1365
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