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ZZ--Spec: A CO Redshift MachineSpec: A CO Redshift Machine
Achieve Achieve 
background limited background limited 
detector detector 
performance over performance over 
the entire 1 mm the entire 1 mm 
atmospheric atmospheric 
windowwindow
Simultaneously Simultaneously 
measure 2 CO measure 2 CO 
transitions for all transitions for all 
redshifts z > 0.9redshifts z > 0.9
Obtain Obtain ““blindblind””

 
redshifts for redshifts for 
galaxies with galaxies with 
luminosities L > luminosities L > 
10101313

 

LLsolarsolar
Frequency range Frequency range 
185 185 ––

 

305 GHz, 305 GHz, 
R ~ 300 (~1000 R ~ 300 (~1000 
km/s) km/s) 





Relative excitation of the 
various transitions of 
CO probes the 
temperature and 
density of the molecular 
gas, and to a lesser 
extent, the presence of 
multiple spatial 
components

Weiβ

 

et al., astro-ph/0702669











Zpectrometer 
(GBT)



Zpectrometer 
(GBT)

CARMA

PdBI





Dense Gas TracersDense Gas Tracers



The Power of the Submillimeter The Power of the Submillimeter 
Window for High Redshift SearchesWindow for High Redshift Searches



Probing large scale structure Probing large scale structure 
at z ~ 3at z ~ 3

Optical surveys are naturally biased toward lower Optical surveys are naturally biased toward lower 
redshifts, and obtaining spectroscopy for a large z=3 redshifts, and obtaining spectroscopy for a large z=3 
sample probably requires next generation telescopesample probably requires next generation telescope
Submillimeter surveys naturally select high redshift Submillimeter surveys naturally select high redshift 
sourcessources
Even if optical surveys outpace the Even if optical surveys outpace the submmsubmm, still , still 
interesting to get the bias of the interesting to get the bias of the submmsubmm

 
population.population.

How to get a large (dense?) redshift survey at z=3?  How to get a large (dense?) redshift survey at z=3?  
Obvious approach is to do a CCAT continuum survey, Obvious approach is to do a CCAT continuum survey, 
and then follow up galaxies with ALMA and and then follow up galaxies with ALMA and CCATspecCCATspec.  .  
What about doing the survey simultaneously?   Can you What about doing the survey simultaneously?   Can you 
also make use of data also make use of data belowbelow

 
the individual object the individual object 

detection threshold?detection threshold?



Possible approach: correlation with weak Possible approach: correlation with weak 
lensing maps created from CMB lensinglensing maps created from CMB lensing

The bulk of the lensing kernel for the CMB is at z > 3The bulk of the lensing kernel for the CMB is at z > 3
Cross correlating z=3 galaxies and CMB lensing can give bias at Cross correlating z=3 galaxies and CMB lensing can give bias at 
that redshift that redshift ––

 

important for understanding the relation of galaxy important for understanding the relation of galaxy 
formation to structure formation.  It can also give formation to structure formation.  It can also give P(k,zP(k,z=3)=3)



[CII] dominates the far[CII] dominates the far--IR linesIR lines

The relative 
strengths of various 
lines (using M82 line 
ratios) as a function 
of wavelength as the 
galaxy is redshifted 
away

ICarIS band

Wavelength (μm)







A possible instrument for A possible instrument for 
cosmological redshift surveyscosmological redshift surveys

Long slit spectrometerLong slit spectrometer
Moderate resolution (R ~ 300)Moderate resolution (R ~ 300)
Scan a few square degrees Scan a few square degrees 
Build up a data cube.  Summing over Build up a data cube.  Summing over 
channels, the map will be confused in the channels, the map will be confused in the 
continuumcontinuum
Subtract smooth functions at each pixel Subtract smooth functions at each pixel 
(along the wavelength direction)(along the wavelength direction)



Simulation of ~40,000 sources with Simulation of ~40,000 sources with 
L > 5 x 10L > 5 x 101111

 
LLsolarsolar









ConclusionsConclusions
ZZ--Spec is working well as a redshift machine Spec is working well as a redshift machine 
and enabling a lot of scienceand enabling a lot of science
More observing planned through period of ALMA More observing planned through period of ALMA 
early scienceearly science
The success of ZThe success of Z--Spec (and ZEUS) indicates Spec (and ZEUS) indicates 
that broadband, diffraction grating, direct that broadband, diffraction grating, direct 
detection spectrometers on single dishes have a detection spectrometers on single dishes have a 
futurefuture
A long slit A long slit ““data cubedata cube””

 
survey might be survey might be 

interesting for cosmologyinteresting for cosmology
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