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Figure 1-1.  A demonstration of the benefits of improved photometric redshift accuracy via better spec-
troscopic training sets, adopted from Benitez et al (2009).  The bottom panel shows a simulated slice of 
the galaxy density field, with galaxies’ true (spectroscopic) redshifts used to set the distance from the 
origin. The middle and top panel show the spatial distribution of galaxies as observed in the presence of 
increasingly larger photo-z errors, with RMS of σz=0.003(1+z) or 0.03(1+z), respectively, where z is the 
true redshift of a given galaxy.   Without improved training sets, LSST photometric redshift errors should 
have RMS ∼0.05(1+z), worse than the top panel.  However, based on tests with simulations, LSST imaging 
may be capable of delivering errors of ∼0.005(1+z) for objects at z<1.4 if sufficiently high-quality training 
sets are available, delivering performance comparable to the middle panel of the figure for that critical red-
shift range.   
 

 
 
Figure 1-2.  Impact of improving photometric redshift errors on dark energy inference (from Zhan 2006).  
The plot shows the product of errors on two parameters describing the dark energy equation of state 
(w=P/ρ) - its value at the best-constrained redshift, wp, and its derivative with respect to scale factor of 
the universe, wa = dw/da  - as a function of the RMS error in the photometric redshifts used in the analy-
sis, for a variety of cosmological probes.  Constraints on dark energy from weak lensing (WL) improve 
only slowly as photo-z errors improve, while the BAO constraints, which rely on characterizing features in 
the large-scale structure seen in Figure 1-1, benefit greatly; the combination has intermediate behavior.  
Without additional training sets, LSST performance should be σz=0.05(1+z), which is sufficient to deliver 
dark energy measurements well within the range expected for a Stage IV experiment; however, improved 
photo-z errors would increase the constraining power further.  Based on tests with simulations, the LSST 
system is capable of delivering errors of σz=0.02(1+z) to z=3 if perfect template information is available; 
simulated performance is even better for z<1.4, achieving σz∼0.005(1+z)  Achieving that would improve 
the Dark Energy Task Force figure of merit from the experiment by ∼50%.   
 
The problem of calibration is that of determining the overall redshift distribution of samples of objects 
that are selected based upon their properties (most often, that property will be their estimated photomet-
ric redshift).  In general, while individual photometric redshifts need not be known with precision for most 
dark energy science, the aggregate properties of samples selected according to photo-z information must be 
determined with very high accuracy; hence, high-precision, robust calibration is necessary.  If photo-z's are 
systematically biased in an unknown way or if their errors are poorly understood, dark energy inference 
will be biased as well (e.g., because we are effectively measuring the distance to a different redshift than is 


