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Abstract. The Wide Field Imager Lyman-Alpha Search (WFILAS) is a search for Ly� emitting
galaxiesat z � 5:7. Deep imagesfrom the Wide Field Imager (WFI) on the ESO/MPI 2.2m telescope
have been used to detect 7 bright Ly� emitting candidates in three �elds covering 0.74 sq.degreeon
the sky. For this we used three narrowband (FWHM � 70�A), one encompassingintermediate band
(FWHM � 220�A) and broadband B and R �lters. One has thus far beenspectroscopically con�rmed as
a Ly� emitting galaxy at z = 5:721 using FORS2 at the VLT. This galaxy shows a bright, well resolved
asymmetric line pro�le, which is characteristic of Ly� emitting galaxies.

In one of our three �elds, the Chandra Deep Field South (CDFS), we �nd an overdensity of Ly�
emitters in agreement with other surveysthat have targeted this region. A statistically complete sample
of our candidatesprobes the bright-end of the luminosity function, con�rming earlier results from other
smaller, deeper surveys.

1 In tro duction

To be able to derive the star formation history of the Universe,it is necessaryto determine the star formation
rate at several redshifts. Emission lines are good probes for this, as the star formation rate is proportional
to the line luminosity. The hydrogen Balmer seriesis particularly well suited for this purpose. The Balmer
emissionline luminosity is directly proportional to the total ionising 
ux of the young OB stars embedded in
H i i regions, which is equatable to the rate at which they form [8]. Other lines, such as [O i i] and [O i i i], can
be used as well, although the metallicit y of the surrounding gas needsto be taken into account. In all cases,
the line luminosities need to be corrected for internal extinction due to dust. ([8]; and referencestherein). It
is also possibleto useLy� as star formation indicator, though extinction corrections are much higher, because
the line is in the rest-frame ultra violet. By using narrowband �lter surveys it is possible to probe several of
theseemissionlines at di�eren t redshifts.

2 WFILAS

The Wide Field Imager Lyman Alpha Search (WFILAS) is a narrowband �lter survey designedto detect Ly�
emitting galaxies at z � 5:7. It was undertaken with the 2.2m ESO/MPI telescope at Cerro La Silla with
the Wide Field Imager (WFI). We targeted three �elds to be able to assessthe in
uence of cosmic variance.
The �elds are the Chandra Deep Field South (CDFS), a �eld near the South Galactic Pole (SGP) and the
COMBO-17 S11�eld. This yields a total sky coverageof 0.74sq.degree,which givesa volume of 1:0� 106 Mpc3

at z � 5:71. Togetherwith the relatively bright survey limit (mAB � 24.0� 24.5) we expect to �nd Ly� emitting
galaxiesat the bright end of the luminosity function.

This survey is unique in its �lter setup. Instead of the usual single narrowband �lters we have used three
neighbouring narrowband �lters encompassedby one intermediate band �lter (FWHM � 220�A). The particular
narrow bandpass(FWHM � 70�A) of the narrowband �lters provides a high contrast for line emitting galaxies.
This is demonstrated in Figure 1. Two examplesare given, a low redshift galaxy (spectrally con�rmed to be an
H� emitting galaxy at z = 0:25) and a candidate high redshift galaxy (still to be con�rmed). In both casesthe
galaxy is visible in the narrowband image in which emissionline resides,particulary in the low redshift case.

Using the imagesthat were taken in the broadband B and R �lters 2, we are able to minimise the contami-
nation of low redshift line emitting galaxies,as Ly� galaxieshave no continuum bluewards of the Ly� line. At
the sametime, we can usethese low redshift candidates to measurethe star formation rate at their respective

1Throughout this paper we assume H 0 = 70km s� 1 Mp c� 1 , 
 M = 0.3 and 
 � = 0.7
2The broadband B and R and a fraction of the intermediate band M 815 data have been taken from the COMBO-17 survey [13]



 

 

M 815 N810 N817 N824 B R

Figure 1: Two examplesof candidate line emitting galaxies. These �gures demonstrate the contrast of the
narrowband �lters and the use of the broadband B and R data to distinguish between low and high redshift
galaxies. From left to right are the intermediate band �lter M 815, three narrowband �lters N810, N817 and
N824 , and the broadband �lters B and R. (top) Line emitting galaxy con�rmed to be at z = 0:25. The galaxy
is clearly visible in N817 . The strong H� line of this galaxy residesin the spectral range of this �lter. In the
neighbouring N810 and N824 �lter the continuum of the galaxy can be seen.Furthermore, this galaxy is visible
in both broadband �lters, which con�rm the low redshift nature of the galaxy. (bottom) Candidate z � 5:7 line
emitting galaxy. In this casethe possibleLy� line residesin the spectral range of the N810 �lter. There is no
N817 available for the secondobject. Moreover, there is no detection in both broadband �lters, strengthening
the caseof the line being Ly� . If con�rmed, this galaxy will have the strongest Ly� line at this redshift
(� 1� 10� 16 ergs� 1 cm� 2).

redshifts. We will touch on this aspect of the survey in Section 5 in combination with the Taurus Tuneable
Filter Field Galaxy Survey.

3 Con�rmed Ly � Emitter at z = 5:721

One of the candidate Ly� emitting galaxies(seeFigure 2 for the thumbnails) hasbeencon�rmed with follow-up
spectroscopy [12]. The object shows a strong detection in only one of the narrowband images,N 817, and also
in the intermediate band image, M 815. In both B and R there is no detection at the location of the object. In
March 2004the object J114334.98� 014433.9 wasobserved with VLT/F ORS2at medium resolution (R � 3600).
In the spectrum only one emission line is visible (see Figure 2). This line is clearly asymmetric, which is a
strong indication for Ly� [10]. Additionally , the lack of any other emissionlines in our spectrum, such as H� ,
[O i i], or [O i i i], support that the line is Ly� and not an emissionline at lower redshift, e.g. H� at z � 0:24.
The line is not [O i i] �� 3726,3728,becausethe resolution of the spectrum is high enoughto resolve the doublet.
Basedon thesearguments, we concludethat the emissionline is Ly� .

From the spectrum wederiveda line 
ux of 5� 10� 17 ergs� 1 cm� 2, making it oneof the brightest Ly� emitters
at this redshift (cf. [2, 6]). This translates to a line luminosity of 1.8� 1043 ergs� 1, which is in accordancewith
the original survey goalsof large volume and bright survey limit.

We �tted the emission line in a similar fashion as [6] with a truncated Gaussian (seeFigure 2b,c). If we
add a second,narrower and weaker Gaussianto the model, we are able to �t the secondpeak in the red wing
of the line much better. Fitting in this way gave us two solutions, both with the secondpeak at � 400km s� 1

redshifted from the truncated Gaussianpro�le, but one being broader and lessstrong than the other. We are
unable to distinguish betweenthe two models given their similar � 2

� . In general,a secondpeak in the Ly� line
is a clear signature of an expanding shell of neutral hydrogen [1, 4].

4 Results of WFILAS

WFILAS hasyielded 7 candidate Ly� emitting galaxiesat z � 5:7 in the rangeof 1� 3� 1043 ergs� 1, correspond-
ing3 to � 10� 30M � yr � 1. One of these is the con�rmed Ly� emitter at z � 5:721 (Section 3). The remaining
candidatesawait spectral con�rmation.

We have de�ned two samples: the entire sampleand a statistically completesample. The entire samplecon-
tains all the candidates. The statistically complete samplecontains the candidates from our four deepest nar-
rowband images. The candidatesin the completesampleare alsoabovea 
ux limit, which is set at M AB = 23.38.
Finally, we corrected the sample for completeness.In Figure 3 we have combined our completeness-corrected

3To convert between luminosit y and star formation rate, we use the conversion rate SFR(Ly � ) = 9.1� 10� 43 L(Ly � ) M � yr � 1 ,
from [2]



Figure 2: (left) Thumbnail imagesof the con�rmed Ly� galaxy J114334.98� 014433.9 in di�eren t �lters, from top
to bottom: intermediate band �lter M 815, narrowband �lters N810, N817 , N824 and broadband �lters B and R.
(right) A �t of the Ly� line with one- and two-component models. (a) The two dimensional spectrum centered
on the Ly� line. In this unrecti�ed spectrum, the night sky emissionlines have not been removed. The pixel
scaleis 0:00252pix � 1 in the spatial direction and 0.86�A pix � 1 in the dispersion direction. (b) Observed Ly� line
(histograms) with the three best-�tting models. For clarit y, the modelsare o�set by 3 � 10� 17 ergs� 1 cm� 2 �A � 1.
The two-component models consist of a broad, truncated Gaussianand a narrower redshifted Gaussian. The
one-component model consistsof only a broad, truncated Gaussian. (c) Samemodel line pro�les as in (b) but
beforeconvolution with the instrument pro�le. (d) Observed data minus model �t (as plotted in (b)) residuals,
demonstrating a random scatter about the zero 
ux line. Also shown (histograms) is the 1� -error spectrum
from the observed data, which includes poissoniannoise from both the sky and the object. Note that the red
peak is not the N v line. At this redshift it would appear around 8334�A.



samplewith a completeness-correctedsamplefrom Ajiki [2]. Also shown are two Schechter function �ts: onefor
the Ajiki samplealone, without the lowest two luminosity bins and a �t for the combined sampleof WFILAS
and Ajiki (without the lowest two luminosity bins). For both �ts we assumeda slope of � = -1.53, which [2]
adopted from the H� luminosity function at z � 0:24 from [5], sinceneither samplegoesdeepenough to con-
strain this part of the luminosity function. It can be seenthat the WFILAS samplecomplements other surveys,
which do not cover a volume as large as that covered by WFILAS.

Figure 3: Line luminosity distribution of the complete sample of Ly� candidates (solid histogram) together
with the candidates from [2] (dashed histogram) are plotted in the left �gure. Both samplesare corrected for
completeness.The errorbars are derived using Poissonstatistics. Furthermore, two Schechter function �ts are
indicated: one for the combined WFILAS and Ajiki sample (dotted) and one for the Ajiki sample alone (long
dashed). The right �gure shows the 68.3%,95.4%and 99.7%con�dence limits for the �tting parametersL � and
� � . As there is little data at faint luminosities, phi � and L � are highly correlated.

We note that the number of Ly� emitting galaxies in the two faintest bins is considerably less than that
predicteed by the �tted luminosity function. If this is not incompleteness,then the reasonfor the drop in the
number density of faint sourcesneedsto be understood. It might be related to the star formation rate. If the
rate is too low, the associated H i i region will be too small and most Ly� photons might be unable to escape
the slowly expanding envelope of neutral hydrogen that surrounds the H i i region.

Another result from the WFILAS survey is that in one of the �elds we �nd an overdensity of sourcesin
the south-easternpart of our �elds, the CDFS (seeFigure 4). To enhancethis result, we have added to our
candidates the i0-dropout of [3] at z = 5:78, which is located in the samearea of the �eld. This overdensity is
entirely in agreement with the results of [11] and the recent discovery of an overdensity at a similar redshift in
the Hubble Ultra DeepField, which is enclosedin our �eld. This result demonstratesthe importance of having
a wide �eld of view not only to �nd the bright end of the luminosity function, but also to elucidate variations
in large scalestructures.

5 Taurus Tuneable Filter Field Galaxy Surv ey

One of the advantages of WFILAS is that it is also suitable to pick up low redshift galaxies (see Section 2
and Figure 1). In addition to this, we will use follow-up spectroscopy to the Taurus Tuneable Filter Field
Galaxy Survey (TTFF GS; [7]). The TTFF GS is a survey designedto �nd low redshift emissionline galaxies,
such as H� , H� , [O i i] and [O i i i]. For the survey we used the (now decommissioned)Taurus TuneableFilter
at the Anglo-Australian Telescope. The �lter is a Fabry-Perot interferometer able to create very narrow �lter
passbands(FWHM � 20� 30�A) with an Airy pro�le at a user-speci�ed central wavelength. An order-sorting
�lter is necessaryto removeother passbandsdue to multiple interferenceorders. The TTFF GS scannedthrough
three OH-airglow windows at 7070�A, 8150�A and 9090�A, which e�ectiv ely createsseveral narrowband �lters
next to each other in each window. For H� these intervals correspond to z � 0:08, 0.24 and 0.4, respectively.
A total of 13 �elds have been observed, each with a diameter of 90, giving a total of � 825 sq.arcmin. Forty
percent of these�elds have beentargetted for spectroscopicfollow-up with FORS2 on the VLT. Thesedata are
currently being processed.
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Figure 4: Sky distribution of candidate line emitters in the CDFS with North up and East to the left. The
designations`1', `2' and `3' correspond to N810, N817 and N824 detected candidates,respectively. The gridlines
are separatedby 7:05. In this �eld the Hubble Ultra DeepField (HUDF; dashed) and GOODS-S (solid) are also
shown, together with the con�rmed i -drop galaxy at z = 5:78 of [3] (cross). In the CDFS there seemsto be
an overdensity of candidates towards the southern part of the �eld, similar to [11] and recent results from the
HUDF [9]. No candidateswere detected in the N817 and N824 �lter.
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