

















SCIENCE HIGHLIGHTS

The NEWFIRM Medium-Band Survey continued
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custom medium-band near-IR filters for A (um) A (um) A (um)

the NEWFIRM wide-field infrared imager

on the Kitt Peak Mayall 4-meter telescope,
which provide “spectra” with a resolution

of R ~10 from 1-1.8, microns. The filters,
shown in figure 1, pinpoint the location of the
redshifted Balmer or 4000 A break for galax-
ies at 1.5<z<3.5. Combined with broad-band
optical- and K.-band photometry, these filters
should provide redshifts accurate to A(1+z) =0.02-0.03 at z>1.5, a fac-
tor of 3—4 better than is possible with broadband photometry alone.

Figure 2: Comparison of
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This redshift accuracy is sufficient to isolate the sequence of “red
and dead” galaxies in color-magnitude diagrams of high-z galaxies.
Furthermore, by combining the redshifts with 2D spatial informa-
tion, the local galaxy density can be determined, and the improved
sampling of the Balmer-break region provides good constraints on
the ages of the galaxies.

We proposed to do a deep NEWFIRM survey with these filters in
fields that have excellent available data at other wavelengths. The
NOAO Survey Time Allocation Committee generously awarded 34
nights. This allocation has been augmented by 30 nights through

a WIYN/NOAO time trade. The primary fields are 28 arcmin x 28
arcmin areas in COSMOS and AEGIS. When the survey is completed,
we will provide the reduced data to the community, as well as pho-
tometric catalogs, redshifts, stellar population parameters, and other
ancillary products.

Our first run comprised 24 nights in a single block in March and
April. Organizing the run was a fun challenge, with eight observ-

ers coming in at various times, a dedicated laptop and 6 terabytes of
disk space for on-site reductions, and a wiki page where we kept our
night logs, cookbooks, and a host of other information. We were very
impressed with NEWFIRM: its wide field and excellent sensitivity are
a delight, particularly to those of us who have many nights of experi-
ence with older, smaller field-of-view imagers on other telescopes!
Despite somewhat mediocre seeing, the run was a success, in large
part due to the stability of NEWFIRM and the excellent support of
NOAO staff.

Figure 2 shows an example of the type of data we are collecting for
thousands of galaxies. The left panel shows broad-band photometry
from the NOAO Mosaic imager (optical) and the Infrared Side Port
Imager (ISPI) (J, H, and K,) of a galaxy in the Multiwavelength Survey
by Yale-Chile (MUSYC) Sloan Digital Sky Survey (SDSS)1030 field
(Quadri et al., 2007). The galaxy is bright in the near-IR (K = 19.0),
but very faint in the optical (R=25.0). Using the photometric redshift
code EAZY (Brammer et al., 2008), we derived a broad-band
photometric redshift of z_ = 2.27*$1. This redshift places the object

broad

“standard” broadband photometry from ISPl on the CTIO Blanco

4-meter telescope (left panel), near-infrared spectroscopy with the cross-dispersed GNIRS
spectrograph on Gemini (middle panel), and medium-band imaging with NEWFIRM on the

telescope (right panel). The grey model spectrum (repeated in each

panel) is the best fit to the GNIRS data. The resolution offered by the medium- band filters is
sufficient to locate the strong Balmer break in this galaxy.

in the range 1.81<z<2.46 with 68 percent confidence, corresponding
to an uncertainty of 0.8 mag in luminosity distance and of 1 Gyr in
look-back time.

We had selected this object for follow-up spectroscopy with the cross-
dispersed Gemini Near-Infrared Spectrograph (GNIRS). The binned
Gemini spectrum is shown in the middle panel (from Kriek et al.,
2006,2008). The spectrum shows no emission lines but a prominent
Balmer break, providing the first direct evidence of “red and dead”
massive galaxies in the early universe. The location of the break places
the galaxy at Zgnirs=2.56f8;$‘§, just outside the confidence interval of the
broadband data. The (very preliminary!) NEWFIRM medium-band
data for this object are shown in the right panel. The filters unambig-
uously identify the strong Balmer break between the J, and H, filters,
and the EAZY photometric redshiftisz_, = 2.64*}%, a factor of three
improvement in accuracy compared to the broadband redshift.

The NEWFIRM data in figure 2 represent only ~40 minutes of
exposure time with each of the filters. In our primary fields, we
already exceed this by factors of 10-20, and we expect to have
photometry of comparable quality for all K.<21.5 objects in the
NEWFIRM fields when the survey is completed. As no similar stud-
ies are currently planned with other telescopes, the final archive of
well-sampled spectral energy distributions and accurate redshifts for
thousands of faint objects will be a unique resource for studies of
the high-redshift universe. @
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