Follow-up of lensed submillimeter galaxies with Z-Spec and ALMA
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Recent theoretical and observational studies show that most of the extremely bright submillimeter galaxies (SMGs) at wavelengths larger than 500 um are lensed by foreground objects (Negrello et al.,
2010). Large area surveys, such as the Herschel H-ATLAS, HerMES, and the South Pole Telescope (SPT) survey, have uncovered a large number of such sources. This makes it possible for ground based
instruments to obtain data on typical star forming galaxies at high redshifts that would otherwise be inaccessible.

Our instrument Z-Spec, a grating spectrograph with simultaneous coverage over the 190-308 GHz bandpass, can detect multiple CO lines for redshifts greater than ~0.6. Z-Spec has proven to be an
efficient redshift machine, measuring 12CO redshifts for some of the brightest sources found in the large area surveys, circumventing the need for optical or radio counterpart identification. However, the
derivation of the physical properties of the gas (density, temperature, CO abundance) from Z-Spec data alone is limited by the unknown source size and the small number of CO lines measured.

With ALMA, we can resolve the source morphology and the line profiles, and derive the source sizes, lensing magnification factors, bulk motions of the gas, and constrain the dynamical masses. In
addition, the precise redshift determination from Z-Spec together with the large sensitivity of ALMA will allow us to measure fainter lines from high density tracers, such as HCN, HNC, HCO*, and 13CO, as
well as to look for a number of excited water lines. In combination with other multi-wavelength follow-ups, these data will enable a detailed study of the processes governing dust-obscured star forming
galaxies at high redshifts.

THE Z-SPEC INSTRUMENT ALMA

Z-Spec is a grating spectrometer with 160 silicon-nitride micro-
mesh bolometer detectors (i.e. channels) operating from 190 to
308 GHz, and illuminated by a single feedhorn (Naylor et al.
2003; Earle et al. 2006; Bradford et al. 2009). It has been
operating at the Caltech Submillimeter Observatory (CSO), and
the Atacama Pathfinder Experiment (APEX).

ALMA with 8 antennas,
Fall 2010.

* Using multiple CO lines detected simultaneously by Z-Spec,
we can efficiently determine redshifts for submillimeter
galaxies, especially for 1<z<3

* Limited to the brightest galaxies, L . > 1013 Lg * ALMA will be capable of a faster redshift survey, to lower luminosities, and over a larger redshift
* Redshift desert ~3.7<z<5.3. Beyond z > 3.7, the excitation of range.

the CO lines for typical ISM conditions becomes faint in the Z- * The follow-up of lensed sources with ALMA can provide a comprehensive census of fainter lines,
Spec bandpass, and no strong lines are present again until [Cll] rarely detected at high redshifts (e.g., HCN, HNC, HCO*,13CO).

appears at z=5.3.
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