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ABSTRACT

We have performed photometric observations of nearly 7ionilstars with8 < V' < 15
with the SuperWASP-North instrument from La Palma betwe@v2May—September. Fields
in the RA range 17-18 hr, yielding over 185,000 stars witligieht quality data, have been
searched for transits using a modified box least-squareS)Blgorithm. We find a total of 58
initial transiting candidates which have high S/N in the BsBow multiple transit-like dips
and have passed visual inspection. Analysis of the blenaliminferred planetary radii for
these candidates leaves a total of 7 transiting planet datedi which pass all the tests plus
4 which pass the majority. We discuss the derived parami&tethese candidates and their
properties and comment on the implications for future titesesarches.

Key words: Stars:planetary systems, Techniques: photometric, Msttatata analysis, Sur-
veys

1 INTRODUCTION protoplanetary nebula and brought through the disc angstbpt

. . ) the very small orbital radii observed.
Since the discovery of the first extrasolar planets around pu y

sars|(Wolszczan & Frail 1992) and Sun-like stars (Mayor & Q#ie Although the vast majority of extrasolar planets have been
1995) and the subsequent discovery of over 200 other plairets ~ discovered using the radial velocity technique, it is theasm
the following decade, many questions about their formatewo- subset that transit their parent star that have the greatest
lution and distribution have been raised. In particulardiseovery tential as these are the only ones for which masses and radii
of the “hot Jupiters” with orbital periods less than 5 days peo- can be determined without theini ambiguity. In addition,
duced a large transformation in the theory of planetary &iiom observations of transits have been used to examine the at-

and migration to explain how objects can be formed far ounent ~ Mosphere (Charbonneau etal. 2002) and evaporating exesphe
(Vidal-Madjar et all 2003, Vidal-Madijar et al. 2004) of exapets,

to search for moons and rings (Brown ef al. 2001), while Iterga

* Current address: Las Cumbres Observatory. E-mail: ti@tengt.net observations of transits have the potential to reveal opfeamets
L http://exoplanet.eu/catalog.php down to Earth masses (Agol etlal. 2005).
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Table 1.Journal of spectroscopic observations of transit canelidat the CFHT.

Object (LISWASP+) UTstart Exptime(s) RawS/N  Deconvolved S/ Comments

2005 September 23

J174645.84+333411.9 06:12 600 ~ 30 ~ 820 Seeing~ 1.1”

2005 September 24

J174645.84+333411.9 05:45 400 ~ 30 ~ 795 Seeing~ 0.8”
J173403.61+280145.1 06:51 500 ~ 26 ~ 720 Seeing~ 0.5”
J172826.46+471208.4 07:03 300 ~ 16 ~ 430 Seeing~ 0.5”

Since the first discovery of the transiting extrasolar plane to a Andor Technologigls2048><2048 pixel CCD camera which
(HD 209458b;_Charbonneau eilal. 2000), many other seareives h  uses a Marconi (now?®) thinned, back-illuminated CCD with
been instigated with the aim of discovering transiting ptan(see 13.5um pixels with Peltier thermoelectric cooling. The resugtin
Horne! 2003 for a review). The low cost of the equipment used plate scale is 13.7 arcsec/pix, and each camera has a fieldvof v
to detect HD 209458b and its easily detected, large inflated r of 7.8°x7.8°. The equipment is described in greater detail in

dius, which still challenges exoplanetary atmospheriotiies (e.g. Pollacco et &l (2006).

Burrows et all 2003, Laughlin etlal. 2005), have led to an tesle The observational strategy was designed to primarily taage
timation of the difficulties of the data reduction needed éaah band of fields aDec = +28° (corresponding approximately to
the required precision over very wide fields (see discussipn the latitude of La Palma) at 1 hour increments in Right Astens
Bakos et al. 2004). The individual cameras were offset from this position byragp

The first extrasolar planets to be discovered by the transit +3.5deg in RA and Dec. The fields were chosen to avoid the dens-
method were found by the OGLE project in 2002 (Udalski et al. est part of the Galactic plane with no fields at RA=19-20 hsThi
2002;| Udalski et al. 2002; Udalski et/al. 2002) and five of the s prevented source confusion and blending with our largel go&e
tems have been confirmed spectroscopically. However tlsis ta which has been showh (Brown 2003) to be a significant source of
is made more difficult by the faintnes¥ (~ 15-18) of these false positives in wide-field transit surveys. Fields witB)° of the

stars, necessitating large amounts of time on very largsc¢epes. Moon were not observed and 8-14 fields were observed each nigh
Detailed follow-up studies such as atmospheric spectpysend with 30 s exposures at a cadence-o8 mins.
Spitzer secondary eclipse detections (Charbonneau e08b, 2 In all a total of 165 fields were observed with a variable num-

Deming et al! 2005, Deming etlal. 2006) require brighter étgg ber of observations per field on 135 nights giving a totakof2.9
The detection of TReS-1 (Alonso et al. 2004) was the first of an billion photometric data points being obtained en6.7 million

extrasolar planet around a bright star from a “shallow andeivi unique objects. This number does not include the “orphaois®;
survey. jects detected in the individual CCD frames but which are not

The goal of the WASP Project and the SuperWASP instru- present in the photometric catalogue (see Se€fidn 3.1)hwidee
ments is to provide a large number of bright £ V < 13) ex- been excluded from the analysis.

trasolar planet candidates to allow meaningful staticttadies
to be carried out and allow follow-up to be undertaken witle-te
scopes of moderate aperture. This paper is part of a seolésn(f 2.2 Spectroscopy
ing|Christian et al. 2006) describing results of a searchrforsit-
ing extrasolar planets from the first season of operatio2904.
Section[2 describes the instrumentation and the observing
strategy and the limited spectroscopic follow-up. The datiuc-
tion, pipelining and archive extraction stages are desedrih Sec-
tion[3. The transit search, candidate filtering and seleqtimce-
dure is described in Sectibh 4 and results of the searchsrestied
in Sectiorb. Finally we summarize our findings in Secfibn @ an
give conclusions in Sectidg 7.

Follow-up spectroscopic observations of a small numberaofsit
candidates were obtained by one of us (JRB) as part of anolher
serving program using the 3.6m Canada France Hawaii Talesco
(CFHT) and ESPaDONS echelle spectrograph (Donati et alf,199
Donati 2008) on Mauna Kea, Hawaii on the nights of 2005 Septem
ber 23—-24. The instrument was configured in spectropolaricne
mode using the 79 gr/mm grating and thle x 4.5k pixel EEV1
CCD detector, giving? ~ 63000 and a wavelength coverage over
40 orders of 370-1050 nm. Observations were obtained ineStok
I and exposure times ranged from 300 to 600 s depending on the
brightness of the target. A journal of the spectroscopienlaions

2 OBSERVATIONS AND INSTRUMENTATION is shown in Tabl€l1.

The data were reduced automatically at the telescope using
Libre-ESpRIﬂ to perform bias subtraction, flat-fielding, wave-
The photometric data were obtained with the SuperWASPHort length calibration and order extraction of the polarizatioforma-
instrument at the Observatorio del Roque de los Muchachas, L tion. The reduction process also makes use of the telluriewa
Palma, Canary Islands, during 2004 May—September. At ithis t
the instrument consisted of five cameras guided by an equato-
rial fork mount made by Optical Mechanics Inc. Each camera 2 http://www.andor-tech.com
was made up of a Canon 200mm, f/1.8 telephoto lens coupled 3 http://iwww.cfht.hawaii.edu/Instruments/Spectrosd&spadons/Espadaresprit.html

2.1 Photometry
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lines within the echellogram to align the velocity scale fithin a
few tens of m/s of the heliocentric reference frame.

The extracted spectra were then analysed using the te&niqu
of Least Squares Deconvolution (Donati & Collier Cam&ro7l,9
Donati et all 1997, Appendix C of Collier Cameron et al. 20GR)
boost the S/N of the spectra. Least Squares DeconvolutiSD)L

The frames in each field were then post-processed to correct
for primary and secondary extinction with the frame zeroso
tied to a set of local secondary calibrators for each fiel&seho-
cal calibrators were produced from stars observed on highitgu
dark moon nights with the magnitudes obtained from the WASP
fluxes, transformed through a colour equation relating iseri-

makes use of the large number of images of photospheric lines mental and Tycho-2 magnitudes. Finally the resulting FITrtaty

recorded in the several hundred nanometres of wavelengtiera
covered by an echelle spectrograph to increase the S/N nta fa
~ 4/no. of line images. We used a solar G2 line list in the decon-
volution process and obtained 4688 images of 3507 lineshir t
three targets, giving an increase in S/N~oR7.

3 DATA ANALYSIS
3.1 Data reduction & pipelining

The photometric data were reduced using the WASP0/SupePNAS
automated pipeline (Pollacco etlal. 2006). Frames arallyitilas-
sified through a series of statistical tests into bias, datk dbject
and defective frames. Tests specific to each calibrationdreype
such as the readout noise (for bias frames), dark currentiics)
and the number of saturated pixels and the illumination igrad
(for flat fields) are carried out to determine their usabhility

Bias and dark frames are then optimally combined usiog-
PACK (Draper et al. 2002) into nightly master calibration fileheT
automated sequences of flat fields obtained at dusk and daigh wh
span a large range of exposure times, are corrected foirtittse
sky illumination (caused by the large f.0.v), combined wailt-
lier rejection to produce the flatfield and a shutter coreectrame.
This frame corrects for the uneven illumination patternsealiby
the opening and closing of the iris shutter used in the Sup&®
cameras. This is a very small effec§ (0.1%) for our 30 s expo-
sures but is included for completeness within the pipelsi may
be used on data where this effect is more pronounced. Maalter ¢
bration files from previous nights are then combined withglies
that decay exponentially over time with a “half-life” of 14yk.

Science frames have bad pixels masked, are bias & dark-
subtracted, corrected for shutter travel time and flat-éieldsing
KAPPA (Currie & Berry 1999) andIGARO (Shortridge et al. 1995)
routines. Objects are then detected on the frame usingrSAc-
TOR (Bertin & Arnouts[1996) as packaged by Starlink. An auto-
mated triangle matching algorithm is used to match the cgted
of detected CCD objects with an automatically extractedsstbf
the Tycho-2|(Hgg et al. 2000) catalogue and derive an astrimme
solution. The 9 co-efficient astrometric fit, which allows fiiting
of the field centre and barrel distortion, typically has an Rpte-
cision of 0.1-0.2 pixels.

The sky level is determined using a quadratic fit with outlier
rejection to the sky background with the stellar sourcesketis
out. Aperture photometry is then carried out on all objebist t
are present in the frame or have an entry in the USNO-B1.0
(Monet et all 2003) catalogue with a 2nd epoch red magnitest |
than 15.0 within the frame. Objects that are detected within
frame by SEXTRACTOR but are not present within the catalogue,
are designated as “orphans” and are assigned a SuperWASR ide
fier based on their position and exported into the FITS biraty
alogue which is passed to the photometry code. This ensiiags t
detected transient objects are included and measureded-hne
then measured in three apertures of radii 2.5, 3.5 and 4efspind
ratios between these fluxes were used to define a “blendirmx’ind
to aid in filtering out blended and non-stellar objects.

catalogues for each frame are uploaded to the Atlas Da@aSfBr
erated by RAL and then ingested by the SuperWASP Data Archive
at University of Leicester.

3.2 Field selection & archive extraction

Data for each field were obtained from the SuperWASP Data
Archive held at the University of Leicester. The data wereaoted

for each field and overlapping data from other cameras in-adja
cent fields were rejected. In addition we required a star te la
least 500 data points on more than 10 nights and WASE 13

in order for it to be included in the transit search. The detof

the 13 fields extracted are given in Table 2. The extractiocgss
and the requirements on the minimum number of observatibas o
star results in a total of 186, 000 extracted stars from a total of

~ 920, 000.

4 SELECTION OF CANDIDATES
4.1 Stage 1 - Transit searching

The full details of the removal of the systematic errors iefthe
data after post-processing and the transit search strategyiven

in ICollier Cameron et al! (2006) but we present a brief sungmar
here.

Although the SuperWASP fluxes are referenced to a set of sta-
ble standard stars for each field drawn from Tycho-2 (Hgglet al
2000), there are still small systematic differences in tlaenk to
frame zero-point and colour-dependent terms introducedhby
broad unfiltered bandpass. We remove these systematics thgin
syYsREMalgorithm (Tamuz et al. 2005).

The transit searching codelNTSMAN) uses a refined ver-
sion of the Box Least Squares (BLS) algorithm (Kovacs E2@02)
which has been shown by Tingley (2003) to be the optimal searc
method. An initial coarse search grid is set up over freqgigsn(cle-
fined in terms of the period? with 0.9 < P < 5 days) and transit
epochsTp) with the transit width ) calculated at each frequency
via Kepler's 3rd law, assuming a stellar mass of 0:9M he transit
depth §) and the goodness of fit statistig?, are calculated using
optimal fitting.

After the coarse grid search, potential transit candidate®
to pass a series of tests designed to weed out false posifikies
tests that lead to rejection as a potential candidate are:

(i) Less than two transits observed

(i) Reducedy? of the best fit greater than 3.5

(iii) Any phase gaps greater thamb x the transit width

(iv) Signal to red noise ratic§,eq < 5

(v) The ratio ofAx? with a transit model to the\ y2of an anti-
transit model (following Burke et &l. 2006) less than 1.5

The signal to red noise raticS{cq - ICollier Cameron et al. 2006,
Pont 2006) is the ratio of the best-fit transit depth to the Ridi&ter
when binned on the expected transit duration and gives aureas
of the reliability of a transit detection.
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Table 2.Co-ordinates of field centres surveyed in this wbilkcludes 3 objects detected in more than 1 field.

RA Dec Camera No.of  No.of No.ofextracted No. ofinitial NéFitered Final no. of
(J2000.0) (DAS) no.  nights stars stars candidates camdidat candidates
171600 +312600 3 127 40438 8656 664 0 0
171700 +23 2600 4 129 46860 9516 732 3 1
173800 +554100 5 110 41081 8201 220 0 0
173900 +47 2300 2 119 44388 8791 410 9 2
174100 +402400 1 103 44175 9851 596 6 2
174300 +312600 2 130 51411 11681 619 2 1
174400 +242700 1 113 63467 13893 653 6 2
174400 +394400 5 122 48612 11033 911 1 1
174500 +102800 1 93 98296 21164 1211 8 2
174500 +17 2700 2 110 84334 17818 691 4 1
174600 +254500 5 108 59452 14267 656 4 0
181400 +17 2700 3 110 116646 24216 1321 7 1
181500 +09 28 00 4 109 178561 26672 1163 8 0
Totals 917721 185759 9847 58 13f
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Figure 1. Fraction of transits recovered for four fields with90,110, 120 and 130 nights observed. Results for 3 (top cudéiniddle curve) and 6 (lower
curve) detected transits are shown and the number of nigisesreed are shown in brackets.
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Each candidate in the reduced sample that passes the above 5. Realistic variability of some other form out of transit.

tests then has the transit parameters of the five most sigmific
peaks in the periodogram refined. In this stage the pure o fu
tion of|[Kovacs et al. (2002) is replaced with a softenedieerdue
tolProtopapas et al. (2005). This is analytically differaiole with
respect to the key transit parametefs 1o, W, §), allowing rapid
refinement using the Newton-Raphson method.

If a transit passes all these tests then it is accepted agtiah in
transit candidate. The numbers of these for each field argrsho
the ‘No. of initial candidates’ column of Talé 2.

One by-product of the transit searching is an investigation
the transit recovery fraction as a function of period andedifig
requirements on the number of transits required. The esfithis
are shown in Figurgll for four sample fields with the number of
nights observed spanning the range shown in Table 2. Theefigur
gives the probability of at leasV transits (forN = {3,4,6})
being present in the data as a function of orbital periodn3ita
are considered to be present if there are data within theerahg
phases) < 0.1W/P or¢ > 1 — 0.1W/P whereW is the ex-
pected transit width ané is the orbital period (see Section 3.1 of
Collier Cameron et all (2006))

4.2 Stage 2 - Visual inspection

The transit search described in Secfiod 4.1 produced aliligi of
9847 transit candidates. These were ordered in order oédsitiy
signal to red noise and were all visually inspected. The ickatels
are identified by their SuperWASP identifiers which are offthen
‘1SWASP hhmmss.ssldmmss.swith the co-ordinates based on
their position for epoch and equinox J2000.0.

A large fraction & 50%) of the putative transit candidates

6. Multi-level or ‘jumpy’ light curves (can indicate the wrg
period or photometry artifacts).

e 3rd Digit: Distribution of points in the folded light curve.

1. Smoothly sampled with a similar density of points through
out.

2. Some minor regions with slightly lower density of poins,;
taining a clear signal.

3. Significant clumpiness of data points (can indicate agath
logical period).

e 4th Digit: Credibility of determined period.

1. No reason to doubt measured period, clear pedkyn peri-
odogram.

2. Period gives a secure signal visible in the folded lightvep
but peak lies close to a known alias. Sometimes associatbd wi
gaps in the folded light curve.

3. Signal visible in folded light curve but period is a knowiaa

or peak lies at a commonly-occurring frequency.

4. Light curve suggests that the measured period is wrong.

These codes are shown in the last column of Table 3. We em-

phasise that these codes are not designed as an “algoritimesns
of eliminating candidates with a certain code, merely a veagtt
tempt to quantify the subjective visual assessment.

4.3 Stage 3 - Filtering

After the candidates for a field have been identified through v

were caused by defects in the photometry being folded on the 1 sual inspection, filtering is performed so that a valid ceaté is

day alias and multiples of it. False candidates caused by they
alias were found at periods ef 2, ~ 3, ~ 1.5 and~ 1.33 days as
well as the normalP ~ 1 day. These were rapidly eliminated on
casual examination of the light curves and periodogramisidtine
visual inspection process.

During the visual inspection of the transit candidates, Gy
didates that showed plausible transit shape and depthimedfiat

required to have:

Signal to red noise raticSeq) > 8

Period greater than 1.05 days.

More than 3 transits observed.

Transit to anti-transit ratioXx*/Ax?_ > 2.0)
Signal-to-noise of the ellipsoidal variation (Si,) < 8

(based on a cosine fit to the out of transit data - see

outside of eclipse and were not close to an aliased perio& Wer [~qjiiar Cameron et &l 2006 for more details)

recorded to be carried through to the next stage. To quattigy
somewhat subjective process, we developed the followidgyH-
coding scheme:

e 1st Digit: Shape and visibility of the transit.

1. Clear transit-shaped signal of credible width and depth.
2. Shallow/noisy but clearly visible transit signal.

3. Transit barely visible, either very shallow, lost in reo ill-
shaped.

4. Partial transit or gaps around phase 0 but still showiegrcl
transit morphology.

5. Signs of a dip at phase 0 but no clear in/egress.

e 2nd Digit: Out-of-transit light curve.

1. Clean and flat, no other variations.
2. Noisy but flat.
3. Signs of ellipsoidal variation or suspected secondalipsss

Following this filtering, the initial candidates were rertsal

into RA order and any groups of objects with very similar #ian
parameters and SuperWASP identifiers, indicating closkinpiity

on the sky, were investigated using VSI (see next sectiorgll lof
these cases the postage stamp images indicated the groaps of
jects were within the same aperture and therefore almotiobr
blended together and they were removed from the list.

In a few cases, candidates have been carried forward to the

next stage of filtering with values of these parameters dettie
above ranges. This has generally been in the cases wheraea val
is very close to the cutoff or there has been no evidence for th
significant ellipsoidal variation suggested by the S/} value and

we have erred on the side of inclusion.

The candidates surviving this filtering are shown in Table 3

along with other information such as the signal to red no#se r
tio (S:ea) period (P), duration and depthd} of the transit, the

(includes some candidates which have been folded on twige th delta chi-squared of the modeh§?), number of transitsN:.), the

period).

4. Shows low-amplitude sinusoidal
timescales, giving a ‘knotty’ appearance (can indicatet tha
the light curve is folded on the wrong period).

signal-to-noise of the ellipsoidal variation (S/N,) and the transit
variation on short to anti-transit ratio A x2/Ax?_).

The visual inspection process reduced the 9847 initiakttan

candidates to 199 and the filtering process then furthercedithe
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Table 3.Low-amplitude candidate extrasolar planets.

Ident. (ISWASP +) Period 5 Duration Epoch N¢r Ax? Ax3/ S/Nyip  Srea  LCCode
(days) (mag) (hrs) (2450000+) AxZ_
Field SW1717+2326
J165949.13+265346.1 2.683010 0.0209 1.824 3128.1597 13 0.5981 4.8709 9.717 12.329 1111
J170319.50+271317.8 1.527922 0.0528 1.656 3128.1069 22 9.488b 4.0610 5.519 12.647 2211
J172515.66+234853.9 1.457706 0.0361 1.440 3128.1826 23 3.568 4.0588 3.733 10.901 2311
Field SW1739+4723
J172117.67+441817.8 1.941607 0.0336 3.912 3137.6143 19 3.7&19 3.9546 7.026 12.459 1212
J172302.03+472043.0 4.458795 0.0380 3.264 3136.5464 9 .002% 2.9865 2.683 12.834 1211
J172336.03+462044.5 1.162678 0.0153 2.232 3138.4099 29 6.8280 3.5019 4.606 9.860 3211
J172549.13+502206.4 4.542614  0.0345 1.536 3137.4856 8 7966 2.8470 6.495 11.941 1211
(J172826.46+4712084) 3.405044 0.0217 2.496 3139.1104 7 334.1523 1.1349 1.889 96711. 4121
J173253.52+435009.9 4557160 0.0287 4.488 3139.5488 8 3.1 3.7183 1.259 11.549 2211
J173428.91+471225.3 4.304363 0.0334 2.328 3136.9143 6 .118P 3.2450 0.773 9.994 2222
J173748.98+471348.7 3.337786  0.0105 3.456 3139.1697 10 0.9806 4.3549 1.028 9.895 2111
J174619.33+450103.3 2.403553 0.0295 3.336 3138.1704 15 42. 1817 3.6050 4.681 13.163 1311
J180518.31+460504.9 3.037774  0.0506 2.352 3138.4680 5 2.28%7 14.8579 3.273 10.120 5222
Field SW1741+4024
J174116.85+383706.2 4.242378 0.0134 2.832 3138.4702 6 .00em 3.3432 0.334 11.368 2122
J174118.30+383656.3 4.245098 0.0128 3.264 3138.4246 8 .7380 4.8031 1.416 12.554 1211
J174959.05+370928.8 2.530897 0.0302 5.472 3137.0903 16 9.375 17.1295 7.504 14.313 1322
J175138.04+381027.5 1.543934 0.0544 2.520 3139.4077 17 84.BK44 14.1000 3.550 14.826 1112
J175207.01+373246.3 1.306420 0.0198 1.032 3138.3350 20 5.18%1 1.4261 0.078 11.228 2211
J175856.34+421950.9 3.256700 0.0221 2.088 3137.7993 8 .983D 9.0792 0.849 14.039 1211
Field SW1743+3126
J174343.15+340306.5 2.322198 0.0443 4.104 3128.0608 19 23.2m9 5.3088 0.326 10.674 1231
(J174645.84+3334119) 1571636 0.0383 1.968 3127.0706 22 10409.9561 52.7193 348.6 24.720 1111
J175401.58+322112.6 1.949258 0.0136 1.992 3127.8124 20 5.322 3.0137 2.911 9.440 2212
Field SW1744+2427
(J173403.61+2801454) 4.62676 0.0568 0.192 3126.4275 6 230.8974 4.3579 1.356 635.8 3123
J173508.25+232123.9 2.610171 0.0438 2.088 3126.0015 11 30.PBB2 2.3779 0.218 15.612 1111
J174221.53+271435.2 2.104947 0.0253 2.640 3126.7256 14 9.8@323 4.5496 1.893 12.803 4212
J175143.72+205953.9 3.069992 0.0145 3.240 3126.0132 10 7.57% 2.1322 2.271 12.900 1211
J175236.10+273225.3 1.905583 0.0298 3.216 3127.1951 21 62.8867 12.3990 12.173 18.554 1112
J175620.84+253625.7 4.415010 0.0340 2.568 3124.5637 8 5531 15.1208 2.012 15.219 1211
J180010.55+214510.2 3.434074 0.0557 2.184 3125.6943 8 4852 7.3147 0.537 16.020 1211
Field SW1744+3944
J175856.34+421950.9 3.258676 0.0301 2.184 3127.9993 10 1.7935 2.4261 1.041 12.111 1212
Field SW1745+1028
J172917.65+065655.0 0.931937 0.0217 1.464 3150.7373 23 5.3489 4.5051 0.581 12.132 2212
J173238.84+104059.9 2.283212  0.0189 2.280 3150.2688 10 1.49% 3.8177 1.191 16.949 4111
J173631.20+133442.9 1.609477 0.0173 1.368 3151.2756 14 5.8/ 5.1731 1.606 12.332 2211
J174058.24+062638.1 4.804517 0.0168 4.560 3146.9646 7 7286 2.5973 0.845 9.583 3212
J174155.92+081459.1 1.228380 0.0363 3.216 3150.6472 22 11.9@45 6.8155 3.168 13.418 2211
J174222.47+101901.5 3.344754 0.0168 3.576 3148.4062 7 .1803 3.3064 4.469 8.878 2212
J175511.09+134731.5 2.444503 0.0201 2.712 3149.3391 10 5.9881 7.0766 1.328 14.494 1111
J175813.15+095151.2 3.746969 0.0488 1.728 3149.6096 6 .34m 8.5659 1.590 15.826 1221
Field SW1745+1727
J174100.71+154714.9 2.147224  0.0551 3.264 3150.0034 14 97.72R5 21.8317 16.977 20.532 1314
J174656.28+143841.2 4.026640 0.0322 2.520 3147.7732 6 .64 2.2670 1.491 8.816 2222
J175143.72+205953.9 3.070980 0.0149 3.504 3150.5601 13 6.4B8 3.4870 0.186 12.832 1111
J175511.09+134731.5 2.443916 0.0242 2.520 3149.3479 12 4.5889 4.6498 5.335 13.218 1111

(< Id >)° Not selected as a candidate but has spectroscopic data
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Table 3- continuedLow-amplitude candidate extrasolar planets.

Ident. (ISWASP +) Period 5 Duration Epoch N Ax? Ax3/ S/Noyip  Srea  LCCode
(days) (mag) (hrs) (2450000+) AxZ_
Field SW1746+2545
J173822.25+290549.2  2.139874 0.0633 3.792 3151.9006 10 8.5635 4.9992 7.531 9.800 1621
J174448.71+273630.5 1.872146  0.0223 2.592 3152.6758 14 43.426 5.2142 0.701 13.378 1214
J175236.10+273225.3 1.905144 0.0328 2.928 3151.9788 18 88.8®5 4.1447 21.394 14.569 1112
J180004.71+255947.6 1.238110 0.0212 2.880 3153.4089 24 3.14819 1.5115 2.016 10.483 2211
Field SW1814+1727
J175914.99+213803.9 4.552594  0.0302 4.224 3148.7092 4 .8464 2.0828 0.090 8.105 2221
J181022.15+172132.3 1.055949 0.0219 2.424 3150.6555 28 9.9G3 7.8049 6.630 15.093 1112
J181113.13+141441.9  3.281877 0.0287 3.360 3148.8628 12 0.33#4 7.4041 0.700 12.922 2211
J182330.47+160218.4 1.201000 0.0528 2.232 3151.4124 2256315039 60.1122 8.092 21.624 1111
J182428.52+160346.2  4.258705 0.0476 2.952 3148.2244 6 9.30% 2.2782 3.331 14.273 1411
J182851.64+200727.2 2.381931 0.0252 2.112 3150.8325 13 1.33® 4.1220 3.022 13.246 2211
J182957.77+174455.2 1.178835 0.0252 2.856 3150.5652 23 519w 4.3350 9.531 13.331 2211
Field SW1815+0928
J175913.94+132849.4  2.980343  0.0489 3.024 3150.7480 9 7.3U8 18.6379 5.496 12.770 1133
J180202.52+065737.9 1.760327 0.0246 1.968 3150.7300 9 188 7.1428 1.815 12.902 1321
J181222.90+100032.6 1.405853 0.0434 2.232 3151.4324 14 02.3327 15.8264 1.541 16.583 1111
J181858.42+103550.1 2.464850 0.0124 2.760 3151.1021 10 6.52¢ 2.7807 0.529 12.086 2122
J182127.51+094038.2 1.832481 0.0145 2.784 3150.8479 11 5.12m12 2.1370 1.357 8.855 2111
J182317.92+063936.2 1.854633 0.0300 2.160 3151.1941 13 2.3Zm2 7.5657 1.000 12.530 3212
J182543.36+122925.0 1.390569 0.0539 1.680 3150.7791 15 54.(RB1 9.1157 2.034 14.618 1111
J182741.05+082414.0 4.875473 0.0473 4.152 3147.1956 6 .64 8.8947 3.500 11.275 2222
Dob.s

number of candidates to 58, including 3 candidates whiclewer
tected in more than one field (a total of 55 unique objectsk Th
number of these objects per field is shown in the ‘No. of fillere
candidates’ column of Tablg 2.

4.4 Stage 4 - Additional candidate information

Once filtered transit candidates have been identified franigint
curves, we make use of Variable Star Investigator (VSI) tviole
additional information on the transit candidates. VSI waisten by
one of us (DMW) to query large numbers of astrometric catzsg
(USNO-B1.0, Tycho-2, 2MASS, UCAC-2, PPM), variable object

where D, is the observed transit duration atdl is the theo-
retical transit duration. The theoretical duration can keaaded
in terms of the period, planetary radi#g, and the transit depth
(see Tingley & Sackett (2005) for further details) enablipgo be
calculated from the supplied transit parameters and trerird-
tion extracted from the catalogues. Values close to oneéneithe
observed and theoretical durations agree well and the datedis
more likely to be genuine.

In Tabld3 we give th&sw — K colour, theJ — H andH — K
colours from 2MASS, the inferred stellar radiu3.(in solar radii)
and planetary radiugi, in Jupiter radii), the exoplanet diagnostic

catalogues (ROSAT, CCDM, GCVS), and the image servers (DSS, (1), the number of brighter/{,;) and < 5mag fainter (Veaint)

2MASS (Skrutskie et al. 2006)) using the extracted data alad a
images to find blended objects and nearby companions.

objects within the 48 aperture and a series of letter codes for the
plausibility of the planetary radius, exoplanet diagnostnd the

VSI also makes use of transit depth, width and period from degree and severity of the blending within thé’ 4perture.

HUNTSMAN, combined with the colours and radius estimation (Cox
2000;; Ammons et al. 2006; Gray 1992) for the extracted stadls a
the expression from Tingley & Sackett (2005):

3
Ry~ R/ T3,

to estimate the planetary radius.

The letter codes are as follows:

e Planetary radius (R): Values range from &4 < 1.6), B
(1.6 > R, > 1.75) to C (R, > 1.75))

e Exoplanet diagnostic (Eta): Values are encoded as follows A
(0.5 >n, > 1.5), B (1, < 0.5), C (1, > 1.5)

e Blending (B): Codes are A (no blends), B (1 or 2 objects less
than 5 mag fainter in aperture), S (2 fainter objects in aperture),

The factor of 1.3 in the above equation is intended to account D (brighter object in aperture)

for limb-darkening effects. It is derived from Monte Carimsila-
tions and is strictly only valid for observations in th&and but the
difference betweeir and our unfiltered wide bandpass is minimal
given the errors on the stellar radius when estimated framadyr
band colours.

We also use the n, exoplanet
Tingley & Sackelt/(2005) which is defined as:

diagnostic  from

It should be noted that candidates having large inferred-pla
etary radii (codes B and C) could well be interesting in tlogin
right e.g. brown dwarf or late M companions.

Those transit candidates that have at least 2 A's and no more
than 1 B or are close to the border between an A and a B with
believable transit signals have been designated as “femagitrcan-
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Table 4.Radius and blending results

Ident. (LSWASP +) Vsw Vsw-K J-H H-K R. Ry np  Nf NE.. Codes
(mag) (mag) (mag) (mag) &) (Riup) R Eta Blend
Field SW1717+2326
J165949.13+265346.1 10.951 1.50 0.22 0.08 1.08 1.33 0.61 0 0A A A
J170319.50+271317.8 12.944 0.67 0.18 0.06 1.65 3.23 0.49 1 3C B D
J172515.66+234853.9 12.707 0.01 0.32 0.03 2.02 3.27 0.40 1 9C B D
Field SW1739+4723
J172117.67+441817.8 12.771 1.50 0.29 0.08 1.08 1.69 1.42 0 0B A A
J172302.03+472043.0 12.575 1.39 0.21 0.06 1.16 1.93 0.86 0 oc A A
J172336.03+462044.5 12.684 2.95 0.64 0.12 0.68 0.72 1.32 0 6A A C
J172549.13+502206.4 12.033 1.70 0.30 0.09 0.97 1.54 0.45 0 1A B B/A
J172824.17+482152.7 10.548 1.09 0.17 0.05 1.37 2.11 0.45 0 ocC B A
(J172826.46+4712084) 11.528 2.05 0.37 0.09 0.82 1.03 0.91 0 A A A
J173253.52+435009.9 11.345 2.38 0.55 0.11 0.74 1.07 1.55 0 0OA C A
J173428.91+471225.3 12.809 N/A 0.32 0.01 1.02 1.59 0.67f 4 11 A A D
J173748.98+471348.7 11.442 1.62 0.33 0.06 1.01 0.88 1.16 0 1A A B
J174619.33+450103.3 12.087 2.13 0.53 0.10 0.80 1.17 1.36 0 4A A C
J180518.31+460504.9 11.510 2.99 0.62 0.15 0.67 1.29 0.94 0 3A A C
Field SW1741+4024
J174116.85+383706.2 11.572 N/A 0.28 0.05 110 1.09 0.83 1 7 A A D
J174118.30+383656.3 11.447 1.31 0.22 0.06 1.21 1.17 0.90 0 1A A B
J174959.05+370928.8 12.663 2.56 0.55 0.10 0.72 1.07 2.32 0 4A  C C
J175138.04+381027.5 11.920 N/A 0.30 -0.00 1.06 2.11f 0.96f 5 11 cC A D
J175207.01+373246.3 12.414 1.81 0.36 0.05 0.92 1.10 0.49 0 2A B B
J175856.34+421950.9 11.619 1.54 0.28 0.06 1.06 1.34 0.66 0 1A A B
Field SW1743+3126
J174343.15+340306.5 12.587 1.71 0.33 0.09 0.96 1.72 1.48 0 2B A B
(J174645.84+3334119) 10.904 1.38 0.25 0.04 1.16 1.94 0.73 0 cC A A
J175401.58+322112.6 12.516 1.82 0.28 0.08 0.91 0.91 0.84 0 0A A A
Field SW1744+2427
(J173403.61+2801454) 11.421 1.42 0.23 0.08 1.14 2.32 0.05 0 C B A
J173508.25+232123.9 11.876 1.57 0.22 0.07 1.04 1.86 0.69 0 oc A A
J174221.53+271435.2 12.985 1.36 0.44 0.01 1.18 1.60 0.90 0 2B A B
J175143.72+205953.9 11.823 2.84 0.51 0.17 0.69 0.71 1.38 0 2A A B
J175236.10+273225.3 11.221 2.35 0.56 0.13 0.75 1.10 1.47 0 9A A C
J175620.84+253625.7 12.229 1.66 0.26 0.04 0.99 1.56 0.75 0 2A A B/A
J180010.55+214510.2 12.569 2.86 0.52 0.13 0.69 1.39 0.82 0 4A A CIA
Field SW1744+3944
J175856.34+421950.9 11.619 1.54 0.28 0.06 1.06 1.57 0.68 0 1A A B/A
Field SW1745+1028
J172917.65+065655.0 12.288 2.47 0.58 0.15 0.73 0.92 0.88 0 7A A C
J173238.84+104059.9 11.357 1.12 0.25 0.02 1.35 1.58 0.71 0 8B A C
J173631.20+133442.9 12.004 1.61 0.36 0.05 1.02 1.14 0.57 0 4A A C
J174058.24+062638.1 11.745 2.05 0.37 0.07 0.82 0.91 1.50 0 2A A B
J174155.92+081459.1 12.614 2.30 0.62 0.16 0.76 1.24 1.66 0 6A C C
J174222.47+101901.5 12.538 1.38 0.60 0.13 1.16 1.28 1.09 12 1A A D
J175511.09+134731.5 11.565 1.37 0.25 0.05 1.17 1.42 0.90 0 0A A A
J175813.15+095151.2 12.587 1.87 0.29 0.09 0.89 1.68 0.55 00 1B A C

a Number of brighter objects within apertufeNo. of objects less than 5 mags fainter within aperture.

(< Id >)° Not selected as a candidate but has spectroscopic data.

T Based onJ — H colour not aVsy, — K colour.

¥ Codes: R=Planet radius (&, < 1.6, B=1.6 > R,, > 1.75, C=R,, > 1.75),

Etaz, (A=0.5 > 1, > 1.5, B=n, < 0.5, C=np > 1.5),

B=Blending (A=0K, B=1 or 2 fainter objs in aperture, S=2 fainter objs in aperture, D=brighter obj in aperture)
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Table 4 - continuedRadius and blending results

Ident. (1ISWASP +) Vsw Vsw-K J-H H-K R. Ry n  Nf NE.. Code$
(mag) (mag) (mag) (mag) @®) (Ruup) R Eta Blend
Field SW1745+1727
J174100.71+154714.9  11.653 1.23 0.21 0.05 1.27 2.54 1.01 0 2C A B
J174656.28+143841.2  12.263 0.50 0.36 0.10 1.85 2.83 0.53 3 7C A D
J175143.72+205953.9  11.823 2.84 0.51 0.17 0.69 0.72 1.49 0 2A A B
J175511.09+134731.5 11.565 1.37 0.25 0.05 1.17 1.55 0.83 0 0A A A
Field SW1746+2545
J173822.25+290549.2  12.449 0.95 0.30 0.02 1.46 3.13 1.07 1 6C A D
J174448.71+273630.5  10.792 1.19 0.23 0.03 1.30 1.66 0.88 0 1B A B
J175236.10+273225.3  11.221 2.35 0.56 0.13 0.75 1.16 1.33 0 9A A C
J180004.71+255947.6  12.615 N/A 0.07 0.04 188 2.34  0.91f 1 12 cC A D
Field SW1814+1727
J175914.99+213803.9 12.585 1.86 0.30 0.08 0.89 1.32 1.30 0 4 A A C
J181022.15+172132.3  12.661 1.61 0.28 0.12 1.02 1.29 1.15 08 1A A C
J181113.13+141441.9 12.629 1.72 0.27 0.07 0.96 1.39 111 0 3A A C
J182330.47+160218.4  11.066 1.17 0.18 0.10 1.31 2.57 0.82 0 2C A B
J182428.52+160346.2  11.788 0.75 0.09 0.08 1.55 2.89 0.65 0 8C A C
J182851.64+200727.2  12.300 1.28 0.23 0.05 1.23 1.67 0.68 0 6B A C
J182957.77+174455.2  12.252 N/A 0.21 0.16 125 1.69°  1.15 0 25 B A C
J183118.99+150600.9  12.472 2.02 0.51 0.10 0.83 1.16 0.91 07 1A A C
Field SW1815+0928
J175913.94+132849.4  10.645 1.68 0.18 0.10 0.98 1.85 0.98 0 oc A A
J180202.52+065737.9  10.796 1.76 0.26 0.07 0.94 1.26 0.82 0 5A A C
J181222.90+100032.6  12.196 1.29 0.29 0.06 1.23 2.19 0.82 0 9C A C
J181858.42+103550.1  10.675 1.24 0.17 0.06 1.26 1.20 0.90 0 3A A C
J182127.51+094038.2  11.573 N/A 0.66 0.19 0.63 0.65 1.48 3 29 A A D
J182317.92+063936.2  12.289 N/A 0.34 0.09 0.98 1.45  0.85 8 40 A A D
J182543.36+122925.0  11.136 1.95 0.30 0.08 0.86 1.70 0.75 0 3B A C
J182741.05+082414.0  12.205 2.72 0.58 0.10 0.70 1.30 1.39 0 4A A C

a Number of brighter objects within apertufeNo. of objects less than 5 mags fainter within aperture.

T Based onJ — H colour not aVsy — K colour.

 Codes: R=Planet radius (&%, < 1.6, B=1.6 > R, > 1.75, C=R,, > 1.75),

Etaz, (A=0.5 > 1, > 1.5, B=n, < 0.5, C=np > 1.5),

B=Blending (A=0K, B=1 or 2 fainter objs in aperture, S=2 fainter objs in aperture, D=brighter obj in aperture)

didates” and are highlighted ipold in TabledBE4. The number of 1 and 2 days. We note the periodograms are not strict Folovegp

these final transit candidates are also shown in the lastroohf spectra but rather plots dfx? as a function of trial period and so

Table[2. there is normally little power at the traditional aliasedipés of
multiples of 1 day.

5 RESULTS
5.1 Candidate light curves

After the blending and companion radius analysis, we are bl

produce a final list of extrasolar planetary candidates éterptial 5.2 Discussion of individual final candidates

foIIovy-up. These are shown in.Tathh 5 where er list the idiemti 521 1SWASP J165949.13+265346.1

transit parameters (epoch, period, de@h& duration), stellar pa-

rameters (radiusK.) and spectral type), derived planet parameters The light curve for this candidate (Figure 3(a)) is nicelyt tat-

(Rp & mp), along with a suggested priority for follow-up. This pri-  side of eclipse, despite the supposedly high value of.&Nof

ority is only based on the analysis codes listed above ansl niate 9.717, with a well-defined transit. There is a strong signathie

take into account factors such as brightness and visilafithie tar- periodogram at the period and a large number (13) of trangite

get. The spectral type has been estimated fron¥the — K colour detected. The measured transit duration (1.824 hrs) idedinall

and the calibration for F, G & K dwarfs hy Ammons et al. (2006).  for the size of the planet, leading to a somewhat small vafug, o
The phase-folded light curves and periodograms for eaoh tra  of 0.61. The only objects within the 4&perture are 6 magnitudes

sit candidate are shown in Figufes 2[a)3(m). In the pericatog or more fainter and make it unlikely that blending is the eaab

plots, the dashed vertical lines indicate the main aliasgibgs of the lown, value. The candidate merits further follow-up.
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Table 5.Final list of candidate planets. Note two objects appeacevin different fields.

Ident. (L1SWASP+) Field Epoch Period 1) Duration N, R Rp Np Sp. Priority
(2450000+) (days) (mag) (hrs) R Riup) type
J165949.13+265346.1 SW1717+2326  3128.1597 2.683010 09.02 1.824 13 1.08 1.33 061 G1 1
J172549.13+502206.4 SW1739+4723 3137.4856 4.542614 4%.03 1.536 8 0.97 1.54 0.45 G5 2
J173748.98+471348.7 SW1739+4723 3139.1697 3.337786 0%.01 3.456 10 1.01 0.88 1.16 G3 1
J174058.24+062638.1 SW1745+1028 3146.9646 4.804517 68.01 4.560 7 0.82 0.91 1.50 KO 2
J174118.30+383656.3 SW1741+4024  3138.4246  4.245098 28.01 3.264 8 121 1.17 0.90 F8 1
J175401.58+322112.6  SW1743+3126 3127.8124 1.949258 3®.01 1.992 20 0.91 0.91 0.84 G8 1
J175511.09+134731.5 SW1745+1028 3149.3391 2.444503 0D.02 2.712 10 1.17 1.42 0.90 F9 1
J175511.09+134731.5 SW1745+1727 3149.3479 2.443916 4D.02 2.520 12 1.17 1.55 0.83 F9 1
J175620.84+253625.7 SW1744+2427 31245637  4.415010 4@®.03 2.568 8 0.99 1.56 0.75 G4 1
J175856.34+421950.9 SW1741+4024 3137.7993 3.256700 2D.02 2.088 8 1.06 1.34 0.66 Gl 1
J175856.34+421950.9 SW1744+3944  3127.9993  3.258676 0D.03 2.184 10 1.06 157 0.68 G1 1
J175914.99+213803.9 SW1814+1727 3148.7092 4.552594 0D.03 4.224 4 0.89 1.32 1.30 G8 2
J180010.55+214510.2 SW1744+2427  3125.6943  3.434074 5D.05 2.184 8 0.69 1.39 0.82 K5 2

5.2.2 1SWASP J172549.13+502206.4

The light curve for this object (Figufe 2{b)) has some scaitel
the transit shape is quite narrow and V-shaped. The infestedthr
radius and moderately large transit depth leads to a quge [dan-
etary radius of 1.54 R,,, with a correspondingly small value gf.
This combined with the relatively high value of S/, = 6.495,

this could be a grazing incidence stellar binary with simdam-
ponents on twice the period. Overall this candidate woulditme
further follow-up.

5.2.6 1SWASP J175401.58+322112.6

could make the companion a low-mass star. There is a 4.5mag

fainter object on the edge of the aperturé 46vay.

5.2.3 1SWASP J173748.98+471348.7

This candidate has a flat light curve although the transituiseq
shallow. The estimated planetary radius is quite small&8 By,
but is close to what is expected from the duratigp = 1.16)
and probably within the errors propagated from the colodicies.
There is a 4.3 mag fainter object towards the edge of the apert
43" away. The transit appears to be flat-bottomed in the folagd i
curve and this candidate deserves spectroscopic follote-dpter-
mine the true nature of the object.

5.2.4 1SWASP J174058.24+062638.1

There is some scatter in the light curve (Figure P(d)) andrdmesit

is somewhat shallow, but there is a quite strong peak in thie pe
odogram. The observed duration of the transit is long forsti e
mated planet radius, 1R ., , leading to a high value of, (1.50)
indicating this may be a grazing incidence stellar binahefE are
two objects 4.3 and 4.9 magnitudes fainter at a distance ahg4
47" from the candidate respectively. The combination of thase f
tors make this object a lower priority target.

525 1SWASP J174118.30+383656.3

The transit in this object is quite obvious and there is qaig¢rong
signal in the periodogram from the 8 detected transits. Enwed
spectral type of F8 leads to a quite large stellar radiushmitiea-
sured transit duration is close to what is expectgd € 0.90)
and the planetary radius is reasonable at 1.1./,RThere is a very
small degree of blending with a 3.5 mag fainter obje¢ta®ay and

The light curve (Figurg 2(f)) shows a fair amount of scattee tb

the relative faintness of the objedtdw ~ 12.5) but the transit

is readily visible. The period is somewhat close to the= 2 day
alias and it is possible the object may be a false positivepite
the large number of detected transits. The derived planesalius
(0.91Ryyp ) andn, (0.84) are both reasonable and there is no ev-
idence of any blends. The object is worthy of follow-up wittet
above caveats.

5.2.7 1SWASP J175511.09+134731.5

This candidate is detected in two different fields from diffe
ent cameras which overlap slightly; SW1745+1028 (DAS 1) and
SW1745+1727 (DAS 2). The light curves (Figufes P[q), R(bdx
very similar with a clear transit signature and the derivacthme-
ters also agree quite well. The determined periods are werijas
with small differences in the fitted transit depth leadingruall dif-
ferences in the derived planetary radius (1.42,Rvs. 1.55 R ).
The derived radii are on the large side for a planet but theutated
transit duration is close to the measured ope 1). This candi-
date could be planet or possibly a brown dwarf and warramtiseét
follow-up.

5.2.8 1SWASP J175620.84+253625.7

The transitis clearly visible in the light curve (Figlire}p@lthough
it has something of a “V-shape”. The large amplitude-(0.0340)
leads to a fairly large planet radius of 1.56,8 . This may indicate
that the companion is actually stellar although $y&N_;,, , value
is low at 2.012 and the light curve is very flat outside of tiamsd-
ditional observations would help to secure the exoplagetature
of the companion.
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5.2.9 1SWASP J175856.34+421950.9

This candidate is detected in two different fields from diffe
ent cameras which overlap slightly; SW1741+4024 (DAS 1) and
SW1744+3944 (DAS 5). The light curves (Figures|2(), (koK
very similar and the derived transit parameters also agrie gell

with only slight differences in the derived transit depttO@21 in
field SW1741+4024 compared to 0.0301 in SW1744+3944) lead-
ing to small differences in the derived planetary radiu84R; .,

vs. 1.57 R, ). The transit egress for the light curve from the
SW1744+3944 field is somewhat clearer and more pronounced
which probably accounts for the somewhat deeper transitiamp
tude fitted to these data. The only object within the apertsire

~ 4.8 mag fainter and 26 away and this candidate would warrant
spectroscopic follow-up.

5.2.10 1SWASP J175914.99+213803.9

There is a fair amount of scatter in this faint candidate anlg¢ o

4 transits were detected, although there is a clear pealeipeh
riodogram. The derived, andn, are quite large for the size of
the star (1.32 R,, and 1.30 respectively) and there is a 3.1 mag
fainter object~ 19” away and several other faint sources with the
SuperWASP aperture so blending cannot be totally ruled asisec
of the variations.

5.2.11 1SWASP J180010.55+214510.2

This candidate has the largest depth (0.0557 mag) of aneafth-
didates although this is partly due to the late spectral bf5 and
small stellar radius, which leads to a planetary radius@® R;.,, .
The transit is somewhat undersampled and duration is gode s
but the host star has a small stellar radius (069RThere are a
few objects within the aperture although all are at leasb tdg
fainter. Although faint and somewhat noisy (see Figure B(th)s
candidate orbits an interestingly late spectral type gastar and
would warrant further investigation.

5.3 Discussion of other candidates
5.3.1 1SWASP J175143.72+205953.9

This object is the third that has been detected in two diffeoser-
lapping fields SW1744+2427 (DAS1) and SW1745+1727 (DAS2).
The transit is readily visible in both light curves althoutje data
are somewhat noisy. The derived transit parameters aresumiy

lar with depths of 0.0145 and 0.0149 mag leading to a rathailsm
predicted planetary radius of 0.71 and 0.72R when combined
with the 0.69 R, host star radius.

Although the candidate has only 2 objects less than 5 mags
fainter within the 48aperture, one of these objects~s 3 mag
fainter and only 6.%away. Examining the DSS image shows an
elongation of the candidate and the 2MASS J, H<& atlas im-
ages show the close companion as an additional source tguchi
the candidate. With these caveats we cannot recommendtet t
for follow-up although it otherwise passes all the tests.iff¢bude
the light curve from the SW1744+2427 in Fig{ire 2(n) for refege.

5.4 Discussion of spectroscopically observed candidates

In this section we discuss the three objects that have besarinl
spectroscopically. These objects were observed basedeatifid

cation in an earlier transit search carried our on a smalilesest of
the data but were not selected in the more rigorous seleatidfil-
tering process presented here. The details of the staracteléd
in parentheses in TablEb[3-4 but they are not included indhetc
of filtered candidates in Tab[é 2.

5.4.1 1SWASP J174645.84+333411.9

This object, which has one of the highesy? found in the transit
search, was discovered in preliminary transit searches smal
subset of the data and was included in the list of stars obderv
with the CFHT and ESPaDONRS. It was also clearly identified in
this search of the full dataset, although the high SN value of
18.634 means it fails the filter procedure described in 8egti4.

The light curve and periodogram are shown in Figure]3(a)
and shown the clear transit signature and strong periodogesak
which lead to the initial selection. The deconvolved prdfilshown
in Figure[3(0) and clearly shows blending with a rapidlyatotg
component. The derived colour and radius of the primaryastdr
inferred companion radius from Taljle 4 of 1.94,B(~ 0.2 Ry)
indicate that this object is likely to be a short period latéd/Fstellar
binary.

This object (as BD+332954) was also detected by the HAT
project (Bakos et al. 2004) who also ruled it out as a transé d
to the depth of the transits and low-amplitude sinusoidehtian.
They also concluded the companion was likely to be a M dwarf.

5.4.2 1SWASP J172826.46+471208.4

This object was identified as a possible candidate duringaVis-
spection in the full dataset but failed the selection cutsdbed in
Sectior[ 4.} due to only havingx*/Ax?_ = 1.13, less than the
2.0 required. The deconvolved profile is shown in Fidure]4¢i)
clearly shows a double-lined signature indicating that d istellar
binary.

The derived stellar and planetary parameters are shownin Ta
ble[4 for comparison purposes and indicate the value of the hi
resolution spectrum. The planetary radius (1.03,R andn, value
of 0.91, combined with the absence of any brighter or faioten-
panions would otherwise lead to it have been considered d goo
candidate.

5.4.3 1SWASP J173403.61+280145.1

This object was found in the preliminary transit searcheswas
not identified as a potential candidate in the full datasethase
was no convincing evidence of a transit (see Fifure] 5(a). feh
ported best period this time?(= 4.62676 days) is considerably
different from the previous periodX = 3.72987 days) based on
only 2 transits, indicating the previous period was propagu-
rious. There is also no evidence of a periodic signal at tleeipr
ously detected period withx? > 80 in any of the top five peaks.
In addition, the fitted transit duration is unphysically gh@.192
hours) and no evidence of a transit dip is seen in the foldgt i
curves at any of the five alternatives period reportecHbywsT-
MAN. The deconvolved profiles are shown in Figure b(b) and shows
a narrow-lined spectrum but with only a single epoch of olrser
tion, radial velocity variation cannot be ruled out. It i©pably a
non-transiting single star.
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Figure 3. Light curve, periodogram and deconvolved spectrum of 1SAAS74645.84+333411.9

6 DISCUSSION

6.1 Expected number of transit candidates

From our sample ofv 920, 000 stars, approximately 40% have
V' < 13 enabling SuperWASP to detect a transit, leaving us with
~ 370,000 stars. Of these, only a fraction-(46% -|Smith et al.
2006) will have late enough spectral types (F-K) and theeefo
small enough stellar radii to allow transits to be detectieid.well
known that the planet fraction increases with increasin¢atie

ity for solar neighbourhood stars (e.g. Fischer & Valen@©Z20but

the metallicities are unknown for our field stars. Assuminemet
fraction of 1% and a 10% chance of seeing transits from geomet
ric arguments| (Horne 2003) we obtain 170 transit candidases
suming 100% observational coverage. The mean number afsnigh
of observation from Tablg]2 is- 114, and from examining Fig-
ure[I(b) we can see that we recover80% of transit candidates
with P < 5days if we require 4 transits to be detected. This drops

sharply to~ 20% for 4 > P > 5days if we require 6 transits
which is likely to be a minimum number to guarantee a good de-
tection given the presence of correlated noise in the ligintas
(Smith et all 2006, Pdnt 2006). The combination of this faatith
others related to the finite observing window and weatheycesf
will reduce the estimate of 170 transit candidates dows 29-30,

in reasonable agreement with the initial number (58) fouindry
the large uncertainties inherent in the above analysis.

Comparing the transit recovery fraction from a field with 130
nights of observations (e.g. Field SW1743+3126; see Tdhled2
Figure[I(d)) and~ 90 nights (e.g Field SW1745+1028; see Ta-
ble[d and Figurg I(h)) shows that the fraction recoveredgimm
~ 80% (for 4 > P > 5days) to< 10%. This indicates that it
will be necessary to re-observe the same fields covered 20D
season in order to increase the observing baseline and thieemu
of detected transits and reduce the correlated systenwisie.nmhe
impact of this correlated noise is that fields need to be ebser
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for much longer and substantially more transits are needed f
secure detection than has previously been estimated frowlasi
tions which assumed white noise. This will lead to a much towe
planet candidate yield for a transit detection experimbanthas
been thought previously.

6.2 Blending

An additional question is what fraction of our 10 extrasqmet
candidates will turn out to be genuine extrasolar planeticktes
after additional follow-up. Many authors have discussesl efr
fects of blending and contamination by eclipsing binarie®ath
“wide & shallow” and “narrow & deep” transit searches and re-
centlylBrown /(2003) have estimated the contamination matieet
as high as 9 out of 10 candidates.

Through our use of filtering on the signal to red noise ra-
tio, the transit to anti-transit fit ratio and the amount dipsbidal
variation, combined with the higher resolution 2MASS aiilas

ages to assess blending, we hope to have eliminated theityajor
of blends caused by grazing incidence and low-mass stehlar b
ries. The remaining category of blends identified by Brows0¢?),
namely eclipsing binaries diluted by the light of a foregrduor
background star, are more difficult to eliminate as has bhews

by several authors for different transit search projectsrék et al.
2004, Mandushev et al. 2005, O’'Donovan et al. 2006).

Our strategy of obtaining one or two high resolution spectro
scopic snapshots to rule out blends, begun in a limited dasas
described in Sectidn 2.2, will be able to eliminate this gatg of
false positives more efficiently than through the use of ooilbur
photometry. Several of the potential candidates couldibg@rgted
with a single~ 10 min exposure when the broadened or double-
lined nature was discovered. This compares very favounaiily
the many hours of high precision multicolour photometrydeskto
eliminate transit candidates on the basis of unequal ectippths
in different passbands.
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7 CONCLUSIONS

We have conducted a transit search on 13 fields in the RA rafge 1
18 hrs and extracted 186, 000 stars for transit searching. From
these stars we find 9847 initial transit candidates, withdf@Bese
passing visual inspection. Following filtering this numbeas re-
duced to 58 and with analysis of the blending and the regionrat
each star and the estimated planetary radii this numbedisesl

to 11 extrasolar planet candidates, with 2 candidates luksterted
twice in separate fields.

Initial spectroscopic follow-up on 2 candidates (1SWASP
J174645.84+333411.9 and 1SWASP J172826.46+471208.4hwhi
failed the newer, more stringent filtering in Sectionl 4.4foomed
the effectiveness of this filtering as these candidates wiegly
identified as stellar binaries from the spectra.

These results have been obtained~ar/6'" of the total num-
ber of stars observed by the 5 cameras of SuperWASP-North ove

a period of 5 months. For the 2006 observing season we will be

operating with a total of 16 cameras split over two obsengitgs.
In addition, we expect to be operating the instruments faeatgr
fraction of the year than in the initial 2004 season, leadm@
much greater potential planet catch.

With the large increase in transiting planets expected fspm
erating 3 times as many cameras, we can look forward to a situa
tion where meaningful statistical comparisons and disici@tion
between potential planetary models and theories can be.made
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