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Abstract.  We used the large binocular camera (LBC) mounted on the ngeular
telescope (LBT) to observe the Lockman Hole in the U, B, andaxds. Our observa-
tions cover an area of 900 arcriifwe reached depths of 26.7, 26.3, and 26.3mag(AB)
in the three bands, respectively, in terms of 50% sourcectietedficiency. We ex-
tracted a large number of sources§9000), detected in all three bands and examined
their surface density, comparing it with models of galaxplation. We find good
agreement with previous claims of a steep faint-end sloghefuminosity functions,
caused by late-type and irregular galaxiesatl.5. A population of dwarf star-forming
galaxies at b < z < 2.5 is needed to explain the U-band number counts. We also find
evidence of strong supernova feedback at high redshift.

1. Introduction

The Lockman Hole is a region in the northern sky with minimalagtic absorption
(Nhi = 4.5% 10'° cm2, Lockman, Jahoda & McCammon 1986) and the absolute min-
imum of infrared cirrus emission in the sky. As a result it is ideal location for
deep surveys. Indeed it has a large multi-wavelength cgeespanning from X-rays
to meter-wavelength radio. In X-rays it has been observel the ROSAT satellite
(Hasinger et al. 1998) and more recently with XMM (Hasingeale 2001; Brunner
et al. 2008), reaching a depth oPIx 10 °ergcnm?s? in the 0.5-2.0keV band. In
the ultra-violet it has been observed by GALEX (Martin et28l05) as one of its deep
fields, with the data being publically available. In the nigdirared (J and K bands) it
is a part of the UKIDSS ultra deep survey (Lawrence et al. 208&ching k-23(AB).
In infrared wavelengths it was observed by ISO using bothRHOT and ISOCAM
(Kawara et al. 2004; Fadda et al. 2004; Rodighiero et al. p@@4 more recently
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there have been observations with Spitzer-IRAC (Huang. &0814) and Spitzer MIPS
(Egami et al. 2008). The Lockman Hole is also part of the SW#REvey (Lonsdale
et al. 2003), observed with both IRAC and MIPS and coveringuahmwider (but shal-
lower) area. There have been a number of millimeter - sub-rhgemwvations of the
Lockman Hole, namely with the JCMT-SCUBA (Coppin et al. 2QQBCMT-AzTEC
(Scott et al. 2006), IRAM-MAMBO (Greve et al. 2004), and C80locam (Laurent
et al. 2005). In the radio regime, the Lockman Hole has beserebd with the VLA,
both in 5 and in 1.4 GHz (Ciliegi et al. 2003; Ivison et al. 208&ygs & lvison 2006)
and with MERLIN in 1.4 GHz (Biggs & Ivison 2008). Finally, in @ter-wavelengths it
was targeted by the GMRT (Garn et al. 2008).

2. LBT U-B-V observations

We observed the Lockman Hole with the Large Binocular Can{leB& Giallongo et
al. 2008) mounted on the Large Binocular Telescope (LBT) muM Graham, Ari-
zona. The LBT has two 8.4 m diameter mirrors on a common mdoit) of them
equipped with a prime-focus camera. Both cameras have asigpdfilter wheel, ant
there are 13 available filters, ranging from the ultraviadethe near-infrared. For the
Lockman Hole observations we used the LBT-Uspec filter, tvii@ U-band filter with
more uniform wavelength coverage than the U-Bessel, andatd B and V-Bessel fil-
ters.

We observed the Lockman Hole during 24 observing runs, frebriéary 2007 to
March 2009. We spent a total of 36.8 hours on source with a 6&8d data #iciency.
The final integration time for the U, B, and V filters is 13.85%. and 5.35 hours
respectively. We centred our imaging at the fields with debfivKand VLA coverage
(Hasinger et al. 2001; Ivison et al. 2002). These fields apars¢éed by 8.6 arcmin,
having a width of~ 10 arcmin (radius), so there is a large area of overlap, where
survey has the highest exposure time (see Fig. 1, right pahkk total area covered
with the LBT is 900 arcmit.

For the data reduction we used the mscred package in IRAEhwhidesigned
for the reduction of mosaic data. Special care was takerhfastrometry, because
a prime-focus camera can introduce severe distortions. aWe hsed the USNO-A2
(Monet 1998) catalogue to calibrate the astrometry, and hdwopted a 4th order poly-
nomial fit in both directions to compensate for the distar$ioThe final internal astro-
metric accuracy is 0.066 arcsec and relative to USNO-A20t2sarcsec. The claimed
accuracy of USNO-A2 is 0.25 arcsec.

3. Colours

In order to measure the colours of the sources in the Lockmale field we use a
combination of the three images to detect sources and tlividodl images to mea-
sure their fluxes. As combination we use th&-image”, which is the square root of
the sum of the squares of the three images after scaling thehe tsame noise level.
TheU - Bvs. B -V colours of the sources can be seen in Fig.2. We compare the
colours with colour tracks created from SED templates Gedent types of galaxies.

In Fig. 2(left) we use the Coleman, Wu & Weedman (1980) tetegland see that the
bulk of the Lockman Hole sources are compatible with spiratlbptical templates.



Figure 1.  Final U-band image and corresponding exposure frtag@image cov-
ers both the XMM and the VLA fields circular regions with thglhést exposure in
the area between them.

In Fig. 2(right) we use templates created with the GISSEL&&qBruzual & Charlot
1993) for diferent types of galaxies and varying stellar ages, metcand extinc-
tions. We colour-code the tracks according to the redshiftvae see that the redshifts
better probed with this sample are in the randez < 2.5. The region in the upper
left corner of the image bracketed with the black line mates ‘1U-dropout” region
with z > 3.

4. Number counts

In order to estimate the number count distributions inh@®, andV bands we choose

a region in the centre of the field where the sensitivity iSami. We then run Monte-
Carlo simulations in the three images separately usinglaben sources in order to
estimate the source detectinffiegiency with respect to the magnitude of the source.
This way we determine the sensitivity of the survey , whicl2és7, 26.3, and 26.3
mag(AB) for theU, B, andV bands respectively, in terms of 50% source detection
efficiency.

The number count distributions we derived are plotted indetd in Figs 3 and 4.
Using the five faintest points of each distribution we cadteithe faint-end slopes of the
luminosity functions, which is-1.733+ 0.018,-1.748+ 0.006, and-1.507+ 0.018 for
theU, B, andV filters respectively. In Fig. 3 we compare the number cousitidiutions
of the U and B filters with the model predictions of Metcalfe et al. (200%)pure
luminosity evolution (short-dashed lines), pure lumitypsivolution with the inclusion
of a population of star-forming dwarf galaxies (long-dakhees), and pure luminosity
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Figure 2.  Optical colours of the Lockman hole sources in tiBesfstem. The
grey-scale represents the density of sources detectetithred bands are plotted.
The black line marks the selection area of U-dropout sousitesedshiftz > 3. The

left panel shows the redshift tracks of the Coleman et al8@Q) $emplates; dotted
are the tracks above = 2.5, where the SEDs are not well sampled. The right
panel shows the redshift tracks of SEDs created with the BIL98 code (Bruzual &
Charlot 1993) with dferent metallicity and extinction properties. We use ettt
irregular and spiral tracks, colour-coded with redshiftges.

evolution with a steepa( = 1.75) faint-end slope of the luminosity function. The faint-
end slopes agree with the latter model for bothhand theB filters, but the counts are
under-predicted for th&J-band. A combination of the “steep faint-end slope” model
with the inclusion of star-forming dwarf galaxies would teetfit the data, however
such a population should noffect theB counts, leaving a narrow redshift range for
this population & z < 2.5, assuming that they are Lymanemitters.

Fig. 4 compares the number counts of the Lockman Hole inBileadV bands
with predictions of Nagashima et al. (2005) using strongjddimes) and weak (dashed
lines) supernova feedback. The models over-predict thetsphut the faint-end slopes
agree with the weak SN feedback model for B#and and the strong SN feedback
model for theV-band. This could be explained with enhanced star formatiar 1.5
where the near-UV lightféects thev and not theB band.
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Figure 3. Measured surface densities in the U and B band @eds), plotted
with evolution models from Metcalfe et al. (2001). The shaashed lines represent
the pure luminosity evolution model, the long-dashed litless same model with
the inclusion of a population of star-forming dwarf galaiand the solid lines the
same pure luminosity evolution model with a steep faint-gloge of the luminosity
function. The latter is in very good agreement with 8dvand counts, while the
U-band counts are under-predicted by all models.
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Figure 4. Measured surface densities in the B and V band (@eds), plotted

with number counts from the simulations of Nagashima et28l06). The solid and
dashed lines represent the strong and weak supernova tdedises respectively.
The faint end slope of the weak feedback model is in betteeeaagent with the
B-band data, while the the strong feedback model is in begeresment with the

V-band data.
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