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2  Southworth et al.

ABSTRACT

We present 17 transit light curves of the ultra-short peptahetary system WASP-103, a
strong candidate for the detection of tidally-induced tabilecay. We use these to establish
a high-precision reference epoch for transit timing steidighe time of the reference transit
midpoint is now measured to an accuracy of 4.8 s, versus 67 #he discovery paper, aiding
future searches for orbital decay. With the help of publisepectroscopic measurements
and theoretical stellar models, we determine the physiagberties of the system to high
precision and present a detailed error budget for theseladilens. The planet has a Roche
lobe filling factor of 0.58, leading to a significant asphiyicwe correct its measured mass
and mean density for this phenomenon. A high-resolutiecky Imagingobservation shows
no evidence for faint stars close enough to contaminateaire ppread function of WASP-
103. Our data were obtained in the Besg&lland the SDSgriz passbands and yield a larger
planet radius at bluer optical wavelengths, to a confideewee! lof 7.30. Interpreting this as
an effect of Rayleigh scattering in the planetary atmospleads to a measurement of the
planetary mass which is too small by a factor of five, implyingt Rayleigh scattering is not
the main cause of the variation of radius with wavelength.

Key words: stars: planetary systems — stars: fundamental parametestars: individual:
WASP-103

APPENDIX A: FULL RESULTSFOR THE LIGHT
CURVESANALYSED IN THISWORK

The tables in this Appendix contain the detailed resulthefanal-
ysis of WASP-103. Note that whilst all the results are bestéithe
relevant data, some parameters are unphysical (for exasopte
limb darkening coefficients imply that the limb of the stanguces
a negative amount of light). In these cases the unphysicaltse

havenotbeen used but are retained in the tables for completeness.
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The ultra-short period planet WASP-103 3

Table Al. Parameters of thek TEBOPbest fits of the DFOS@-band light curve of WASP-103, using different approacteesD. For each to LD. For each
part of the table the upper quantities are fitted parametetgtee lower quantities are derived paramet&tsis given as BJD(TDB)- 2456000.0. The light
curve contains 1009 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheniD law

Cubic LD law

All LD coefficients fixed

rA +7Th

k

1 (deg.)
UA

VA

To

N

Tb

o (mmag)

2
X'red

0.37444-0.0038
0.11094+ 0.00043
87.72-2.00
0.58 fixed

832.594132+ 0.000072
0.33704+0.0033
0.03739+ 0.00050
0.9651
1.2378

0.3716-0.0029
0.11153-0.00033
89.56+ 89.96
0.35 fixed
0.29 fixed
832.594118 0.000065
0.3343:-0.0025
0.03729-0.00038
0.9236
1.0865

0.3713:-0.0023
0.1113% 0.00031
89.97 1.80
0.18 fixed
0.57 fixed
832.594122 0.000066
0.33410.0020
0.0372% 0.00030
0.9303
1.1118

0.3703:0.0025
0.11246-0.00031
88.63+1.65
0.65 fixed
0.31 fixed
832.59411% 0.000067
0.3329-0.0022
0.03742-0.00032
0.9141
1.0554

0.3782-0.0042
0.11455-0.00032
84.78+0.92
0.30 fixed
0.15 fixed
832.594108 0.000060
0.3394-0.0037
0.0388% 0.00052
0.9183
1.0759

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

rA+7Tp

k

i (deg.)
UA

VA

To

TA

b

o (mmag)
X2red

0.373340.0042
0.11385+ 0.00044
86.11.3
0.4024+0.013

832.594115+ 0.000063
0.335140.0037
0.03816+ 0.00054
0.9123
1.0536

0.3691 0.0033
0.11268- 0.00048
89.5+£1.9
0.275£0.033
0.29 perturbed
832.59411% 0.000064
0.3318-0.0029
0.03736:- 0.00043
0.9146
1.0559

0.371%0.0040
0.11314 0.00044
87.1+ 2.0
0.074+0.040
0.57 perturbed
832.594114 0.000066
0.3339:-0.0035
0.03778-0.00051
0.9126
1.0522

0.3698-0.0032
0.1126% 0.00041
88.5+-1.8
0.63H-0.052
0.31 perturbed
832.594114 0.000062
0.3324-0.0028
0.03745:0.00041
0.9135
1.0534

0.3715-0.0039
0.11316-0.00051
87.2£1.9
0.37H0.019
0.15 pedurbe
832.594114 0.000065
0.33370.0034
0.0377# 0.00051
0.9126
1.0521

Fitting for both LD coefficients

rA+7Th

k

1 (deg.)
UA

VA

To

TA

Tb

o (mmag)
X2red

0.37331+0.0041
0.11385+ 0.00043
86.11.2
0.4024+0.013

832.594115+ 0.000063
0.3351+0.0035
0.03816+ 0.00054
0.9123
1.0536

0.371@:0.0148
0.11338-0.00503
87.2£2.1
0.346+ 0.242
0.12+0.87
832.594115 0.000066
0.3332:0.0148
0.0377530.00053
0.9128
1.0525

0.37140.0041
0.11316-0.00068
87.1+2.1
0.083£0.248
0.55+0.44
832.59411#4 0.000064
0.3332:0.0036
0.03772 0.00054
0.9126
1.0521

0.3715:-0.0056
0.11323-0.00080
87.1+2.2
0.524+0.128
0.1A40.18
832.59411# 0.000066
0.3337%0.0048
0.03772 0.00059
0.9126
1.0522

0.3685:-0.0119
0.1127%# 0.00338
89.7+2.2
0.364t+ 0.045
0.20£0.25
832.59411#4 0.000062
0.3312:0.0117
0.03733- 0.00059
0.9130
1.0527
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4  Southworth et al.

Table A2. Parameters of thek TEBOPbest fits of the DFOSC-band light curve of WASP-103, using different approacteesDd. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parametergy is given as BJD(TDB)- 2456000.0. The light curve contains

113 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheriiD law

Cubic LD law

All LD coefficients fixed

0.3821#0.0136

0.3788:0.0123

ra+7p 0.3829+ 0.0140 0.3692-0.0074 0.3756-0.0116

k 0.1104740.00113 0.10956- 0.00076 0.11006- 0.00094 0.11093- 0.00090 0.11186-0.00084
i (deg.) 84.2- 3.5 88.8+-3.4 85.9+3.6 84.2+-3.2 84.3+-2.9

UA 0.46 fixed 0.25 fixed 0.08 fixed 0.57 fixed 0.25 fixed
N 0.32 fixed 0.58 fixed 0.30 fixed 0.16 fixed

To 779.8387#-0.00024  779.83874 0.00022  779.83874% 0.00023  779.83873 0.00023  779.8387& 0.00022
A 0.3448+0.0123 0.3328-0.0066 0.3384-0.0102 0.3439%-0.0120 0.34040.0108
T 0.038094+ 0.00170 0.03644- 0.00090 0.037220.00137 0.03815 0.00159 0.0381% 0.00140
o (mmag) 0.8697 0.8355 0.8458 0.8262 0.8163
X%ed 1.1486 1.0584 1.0844 1.0329 1.0047
Fitting for the linear LD coefficient and perturbing the nioelr LD coefficient

ra + b 0.382+0.014 0.376+0.013 0.378:0.013 0.376t0.013 0.37#0.012

k 0.1127+0.0011 0.1116-0.0011 0.112@-0.0010 0.11140.0011 0.1119-0.0011
1 (deg.) 83.4-2.8 85.1+ 3.8 84.4+3.4 84.9+3.7 84.7+ 3.6

N 0.268+ 0.049 0.115t0.067 -0.074-0.066 0.480t 0.070 0.233t 0.055
vA 0.32 perturbed 0.58 perturbed 0.30 perturbed 0.16 pedurbe
To 779.8386A4-0.00021  779.83874 0.00021  779.8386& 0.00021  779.8386% 0.00021  779.8386& 0.00021
A 0.343+0.012 0.338£0.011 0.34060.012 0.338:0.011 0.339:0.011
T 0.0387+0.0017 0.037%-0.0015 0.03810.0016 0.0378-0.0015 0.0379-0.0015
o (mmag) 0.8186 0.8148 0.8165 0.8156 0.8168
x%_ed 1.0092 1.0014 1.0046 1.0027 1.0054

Table A3. Parameters of thex TEBOPbest fits of the GROND-band light curve of WASP-103, using different approacteek. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parameters; is given as BJD(TDB)- 2456000.0. The light curve contains

248 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheriiD law

Cubic LD law

All LD coefficients fixed

ra+7p 0.3740+0.0072
k 0.11494+0.0013
1 (deg.) 90.0+3.3

UA 0.74 fixed

VA

To 844.62625t 0.00019
A 0.3355+ 0.0062
b 0.03855+ 0.00110
o (mmag) 1.1484

X2eq 1.1866

0.3724-0.0066
0.1158-0.0012
90.0+3.1
0.54 fixed
0.24 fixed
844.6262% 0.00018
0.3338-0.0057
0.03867 0.00096
1.1170
1.0901

0.3708-0.0063
0.1162:0.0011
90.0+ 3.0
0.42 fixed
0.39 fixed
844.62624:- 0.00018
0.3322-0.0054
0.03866- 0.00092
1.1204
1.0977

0.3722-0.0062
0.1158-0.0012
90.0+2.6
0.80 fixed
0.19 fixed
844.6262% 0.00019
0.3336-0.0053
0.03863- 0.00093
1.1214
1.1037

0.3806-0.0112
0.120%0.0013
84.0+2.3
0.45 fixed
0.12 fixed
844.6262% 0.00018
0.3398-0.0096
0.0408% 0.00154
1.1283
1.0794

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

ra +1p 0.3748+0.0103
k 0.1191+ 0.0015
1 (deg.) 85.5+3.3

UA 0.539+0.038
VA

To 844.6262'A 0.00017
rA 0.3349+ 0.0089
b 0.0399+ 0.0015
o (mmag) 1.1206

X2y 1.0735

0.3716-0.0091
0.1178 0.0016
87.2:3.2
0.436t 0.050
0.24 perturbed
844.6262¢ 0.00017
0.3324-0.0078
0.0391 0.0014
1.1159
1.0648

0.3746-0.0096
0.1186-0.0015
85.8+3.3
0.315+0.052
0.39 perturbed
844.6262¢ 0.00018
0.3349-0.0083
0.039% 0.0014
1.1185
1.0694

0.373@0.0099
0.1182-0.0016
86.4+ 3.3
0.679:0.061
0.19 perturbed
844.6262¢ 0.00017
0.3336:-0.0085
0.0394-0.0014
1.1176
1.0676

0.374%0.0104
0.118% 0.0015
85.8+-3.4
0.515t0.042
0.12 pedurbe
844.6262¢ 0.00018
0.335@-0.0090
0.039% 0.0015
1.1182
1.0687
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The ultra-short period planet WASP-1035

Table A4. Parameters of thex TEBOPbest fits of the GROND-band light curve of WASP-103, using different approactees. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parametergy is given as BJD(TDB)- 2456000.0. The light curve contains
268 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheriiD law

Cubic LD law

All LD coefficients fixed

0.3693:0.0047

0.3772-0.0075

TA + T 0.3776+0.0079 0.370% 0.0057 0.369%70.0061

k 0.11212+0.00101 0.11253-0.00078 0.11246-0.00084 0.11276-0.00073 0.1156% 0.00076
1 (deg.) 86.3:2.9 89.8+91.4 89.5+90.0 89.943.5 84.6+ 1.6

UA 0.61 fixed 0.35 fixed 0.20 fixed 0.69 fixed 0.30 fixed
VA 0.31 fixed 0.55 fixed 0.28 fixed 0.15 fixed

To 844.626370.00013 844.6263% 0.00012 844.6263% 0.00012 844.6263% 0.00012 844.62633 0.00012
TA 0.3395+ 0.0068 0.332%0.0050 0.3323:-0.0055 0.33192-0.0041 0.33810.0066
Th 0.03807+ 0.00107 0.03743:-0.00077 0.0373% 0.00081 0.0374% 0.00064 0.039092: 0.00094
o (mmag) 0.7844 0.7100 0.7225 0.7087 0.6882
X%ed 1.3458 1.0932 1.1354 1.0902 1.0232

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

0.3752-0.0083

0.376@:0.0083

rA +7p 0.3780+ 0.0080 0.3739:-0.0076 0.3763:-0.0086

k 0.11584+ 0.00088 0.11466- 0.00095 0.1152% 0.00096 0.1149% 0.00095 0.1152% 0.00092
1 (deg.) 84.3-1.6 85.8+2.9 85.0+2.1 85.3£2.5 85.0+ 2.0

UA 0.366+ 0.028 0.218£0.043 0.045+ 0.046 0.564+ 0.053 0.33G£ 0.031
vA 0.31 perturbed 0.55 perturbed 0.28 perturbed 0.15 pedurbe
To 844.62634+-0.00012 844.62633 0.00012 844.6263% 0.00012 844.6263% 0.00012 844.62633 0.00012
rA 0.3387+0.0070 0.3355-0.0066 0.3374:-0.0075 0.3365-0.0072 0.3372-0.0072
b 0.0392+ 0.0010 0.038%0.0010 0.0382:0.0011 0.038% 0.0011 0.0388 0.0011
o (mmag) 0.6868 0.6875 0.6865 0.6868 0.6866
x%_ed 1.0200 1.0209 1.0187 1.0191 1.0187

Table A5. Parameters of thec TEBOPbest fits of the GRONDB-band light curve of WASP-103, using different approaclekD. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parameters; is given as BJD(TDB)- 2456000.0. The light curve contains
261 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheriiD law

Cubic LD law

All LD coefficients fixed

0.3655:-0.0051

0.371@0.0102

TA +Tp 0.3671+ 0.0075 0.3653-0.0053 0.36510.0060

k 0.10693+ 0.00110 0.1079% 0.00088 0.10782 0.00097 0.10776:0.00091 0.10985: 0.00097
1 (deg.) 89.1+3.0 89.9+3.0 89.9+ 3.1 90.0+2.4 85.3+3.1

UA 0.53 fixed 0.26 fixed 0.09 fixed 0.62 fixed 0.25 fixed
vA 0.30 fixed 0.58 fixed 0.28 fixed 0.15 fixed

To 844.62644+ 0.00017 844.62643 0.00017 844.62643 0.00016 844.62643 0.00017 844.6264% 0.00015
TA 0.3316+ 0.0066 0.329%0.0046 0.3296-0.0052 0.3299-0.0045 0.3343-0.0090
Th 0.03546+ 0.00101 0.03558:- 0.00066 0.03553-0.00079 0.03555: 0.00068 0.03673:0.00117
o (mmag) 0.9522 0.9109 0.9153 0.9138 0.9065
X%ed 1.1645 1.0611 1.0723 1.0685 1.0509

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

0.3663-0.0081

0.3673:0.0082

rA +7p 0.3688+ 0.0096 0.365% 0.0083 0.3679:0.0091

k 0.1098+ 0.0011 0.1088 0.0011 0.1092-0.0011 0.109e-0.0011 0.1092: 0.0011
1 (deg.) 85.8:3.2 87.6+ 3.0 86.5+3.2 87.2£3.0 86.6+ 3.0

UA 0.328+0.040 0.185t0.054 -0.01H 0.057 0.526t 0.064 0.292+0.046
vA 0.30 perturbed 0.58 perturbed 0.28 perturbed 0.15 pedurbe
To 844.6264H-0.00016  844.62642 0.00017 844.62641 0.00015 844.6264%0.00015 844.6264% 0.00017
rA 0.3323+ 0.0084 0.3298-0.0073 0.33170.0080 0.3303:0.0072 0.33110.0072
b 0.0365+ 0.0011 0.035% 0.0010 0.0362-0.0011 0.036@-0.0010 0.0362 0.0011
o (mmag) 0.9054 0.9056 0.9049 0.9050 0.9048
X%ed 1.0487 1.0482 1.0471 1.0471 1.0469

(© 0000 RAS, MNRASD00, 000-000



6 Southworth et al.

Table A6. Parameters of thex TEBOPbest fits of the GROND-band light curve of WASP-103, using different approactees®. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parametergy is given as BJD(TDB)- 2456000.0. The light curve contains
265 datapoints.

Linear LD law Quadratic LD law Square-root LD law  LogaritteniD law Cubic LD law

All LD coefficients fixed

ratre 08680700000 0367STOONS  03661THUTL  0366TTO0NE  03selt) i
k 0109555001 01101970000 01105270 00000 o.rnossTOM g 1127 0l
i (deg.) 89.9619 53 89.9479:9% 89.9211 9% 89.79723) 82.807718

UA 0.47 fixed 0.20 fixed 0.02 fixed 0.55 fixed 0.20 fixed
vA 0.33 fixed 0.57 fixed 0.28 fixed 0.16 fixed
To 844.62671T000079  844.6266770 00010 844.626651 000018 844.62666 7000015 844.6266210 00017
rA 0331900010 0331150 007¢ 0329700015 0330370005 03470 g1
" 0036470008 0036sThtol  0036aThont  oosesToot 00391t 0
o (mmag) 1.0556 1.0382 1.0368 1.0368 1.0454
X2eq 1.0686 1.0272 1.0260 1.0254 1.0405

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

+0.0098
0.3663" " 0030

+0.0097
0.3657" 5" 0030

tr 0SNE oaorortems  oseriole
+0.0013 +0.0012 —+0.0012 +0.0011 +0.0012

k; 0'1110—0A0012 0'1104—()0011 0'1107—0A0011 0'1105—0A0011 0'1107—0A0012

i (deg.) 89.51;036‘% 89.92}0411:03429 89.97}0362538 89.98}02:56;8 89.97}02:0%1%

uA 0.336Z 046 0.1837 059 0.006 % 061 0.5377( 062 0.301% 047

vA 0.33 perturbed 0.57 perturbed 0.28 perturbed 0.16 pedurbe

+0.00017 —+0.00017 +0.00018 -+0.00019 +0.00017

T 844.0200370 0] 844.62006TG000]  844.62064F (0% 844.62665T 00000 841626647y 0017

™ oyt e . S B S

b 0.0364%5 5007 0.0365% 0005 0.0364Z¢ o505 0.0365% 0005 0.0364Z( 0005

o (mmag) 1.0381 1.0381 1.0368 1.0368 1.0366

X2y 1.0294 1.0266 1.0257 1.0251 1.0251

Table A7. Parameters of thek TEBOPbest fits of the CASLEQR-band light curve of WASP-103, using different approacteelsD. For each part of the table
the upper quantities are fitted parameters and the lowettitigarare derived parameters; is given as BJD(TDB)- 2456000.0. The light curve contains

129 datapoints.

Linear LD law

Quadratic LD law

Square-root LD law

LogaritheniD law

Cubic LD law

All LD coefficients fixed

+0.017
0.368" ¢ 905

+0.019
0'365—0005

TA + T 0.37010518 0.37010523 0.37010518

k 010007000 oawoetiin oot om0k ot
i (deg.) 89.9571 92 89.267272 89.997199 89.96790-93 89.8472-33

uA 0.58 fixed 0.35 fixed 0.18 fixed 0.65 fixed 0.30 fixed
VA 0.29 fixed 0.57 fixed 0.31 fixed 0.15 fixed
T 882.5744970-00059 882 574631 0-0005L  882.57457T5-000°2  882.5746475-000°9  882.5746615 50012
ra 0.333 004 0333 00¢ 03330004 0331 004 0.328 004

m 003667000 00369700 0036sTO0nY  00sesTO00?  0.086870 0002
o (mmag) 1.5963 1.5624 1.5674 1.5484 1.5412
X2eq 1.0586 1.0187 1.0242 1.0036 0.9998

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

—+0.016 +0.025 —+0.022 +0.013 —+0.017
ra+ T 0'36418‘8835 0'36718'8857 0'36718‘8857 0'36718'8838 0.36618‘8837
k 0.11217 0525 01117 0927 0.1119% ¢ 5028 011167 0923 011187 0925
i (deg.) 89.95T 120 89.661 255 88.3017 232 89.971450 89.891 120
—+0.073 +0.088 —+0.087 +0.095 —+0.077
UA 037875076 0.2367 ) 93 0.0447 599 05957 102 0.3417 g8
VA 0.29 perturbed 0.57 perturbed 0.31 perturbed 0.15 pedurbe
To 882.5746170-00049 882 5746817000048 882.57465T5-09018  882.5746779-00045  882.5746415-00049
+0.015 +0.022 —+0.019 +0.011 —+0.015
TA 032875 004 0.3307 007 0.330% 006 0.330Z¢ 005 03297 605
" 00367 b0 oosestEO ooseotille  oosestUlNs  o0sesthlli:
o (mmag) 1.5385 1.5434 1.5430 1.5428 1.5412
X2eq 0.9938 0.9998 0.9997 0.9993 0.9973
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The ultra-short period planet WASP-1037

Table A8. Derived physical properties of WASP-103 derived via a catibn based on detached eclipsing binary star systemss)d&Beach five sets of

theoretical stellar model€laret (Claret 2004)Y2 (Demarque et al. 2004Jeramo (Pietrinferni et al. 2004)YRSS (VandenBerg et al. 2006) ariRiSEP
(Dotter et al. 2008).

This work This work This work This work This work This work

(dEB constraint) Claret models) Y2 models) Teramo models) VRSS models) DSEP models)
Ky (kms™1) 237.4+7.0 232.0+5.2 232.8+4.8 232.0+6.3 232.5+5.8 230.8+6.0
Mp (Mg) 1.290+0.113 1.204+ 0.082 1.216£0.075 1.204+ 0.097 1.212+0.089 1.185+0.092
Ra (Rp) 1.452+ 0.046 1.419t0.037 1.424+0.033 1.419+0.042 1.422+ 0.039 1.412+0.041
log ga (cgs) 4.225+0.015 4.215+0.012 4.216+0.013 4.215+0.015 4.216+0.014 4.212+0.014
pa (po) 0.4214+0.013 0.42H-0.013 0.424-0.013 0.424-0.013 0.4210.013 0.421-0.013
My, (Mjup) 1.5440.12 1.440.11 1.48+0.10 1.440.11 1.48+0.11 1.46+0.11
Ry, (Ryup) 1.590+ 0.051 1.554+0.041 1.559+0.038 1.554+0.047 1.558t 0.044 1.546+ 0.045
gb (ms*2) 15.12+0.93 15.12+0.93 15.12+0.93 15.12+0.93 15.12+0.93 15.12+0.93
Pb (PIup) 0.359+ 0.027 0.367:0.026 0.366+0.026 0.367A:0.027 0.366£ 0.027 0.369:0.027
Te’q (K) 2495+ 66 2495+ 66 2495+ 66 2495+ 66 2495+ 66 2495+ 66
€] 0.03044-0.0019 0.0311-0.0019 0.03106-0.0019 0.03110.0020 0.0316-0.0019 0.0313-0.0020
a (AU) 0.0202440.00059 0.01978-0.00045 0.019850.00041 0.019780.00053 0.01982 0.00049 0.01968- 0.00051
Age (Gyr) 4.1t}2 3.5710 3.9719 3.47%1 41137
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