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« DES photo-z calibrations: spectroscopic training set fields

« DES photo-z calibrations: spectroscopic follow-up
* Redshift completeness
« Sample variance
 DESpec

« Cross correlations
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From J. Annis

DES Photo-z Training Sets
(highlighted in red)

Table 3. Relevant Existing Datasets

ra (degrees) dec (degrees) Reason
SPT —60<a<106 —-65<0<—45 SZ
ACT 26 < a <107 —bh <4 < —49 SZ
SPT Deep —13<a<+42 —H8 <4 < —49 SZ+CMB polarization+Spitzer
SPT Deep 76 < a <89 —h8 < § < —49 SZ+CMB polarization
SHELA 14<a<27 —1<d6<+1 Spitzer+ HETDEX
ADFS 66 < a <175 —55 <6 < —50 Akari+Herschel
WiggleZ 1hr 7TH5<a<206 —-3.7<46<+b3 Spectroscopy
DEEP2 2hr 37.5 0.0 Spectroscopy
PRIMUS various various Spectroscopy at i < 2274
VVDS Shallow -25 0.0 Spectroscopy at i < 22tP
VVDS Deep 32.5 -49.0 Spectroscopy at i < 24"
Vipers W4 -27 2 Spectroscopy at ¢ < 22.5
Vipers W1 30 5 Spectroscopy at ¢ < 22.5
CFHTLS W1 < a<l3rb —-113<6<-35 High quality imaging
CFHTLS D1 36.5 -4.5 High quality imaging
DEEPLens F6 32.5 -4.5 High quality imaging
DEEPLens F3 80.0 -49.0 High quality imaging
SDSS Stripe82 —60 < a <60 —2<4<+2 High quality imaging+spectroscopy




DES Photo-z Training Fields
(in grey, with deep training fields in red)
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Figure 2. The DES survey footprint along with other relevent South Galactic Cap surveys. The purple
line outlines a modified 5-year DES footprint under consideration. The names of fields are given in
the text and in Table 3. Grey and red areas are spectroscopic surveys. SDSS Stripe 82 is indicated
by a grey cross-hatched region. Purple regions are deep intermediate-scale imaging surveys. Green
areas are infrared surveys; note that the VHS covers the whole map at § < 0 and will go deeper in the
DES footprint. Yellow areas are SZ surveys.




DES DC6 Photo-z Challenge:
comparison of photo-z scatter
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Photo-z spectroscopic follow-up:
redshift completeness
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» Spectroscopic training samples are not complete to DES photometric
limiti =24
« Even |,z <24 VVDS-Deep sample suffers from incompleteness as
functions of magnitude, color, and redshift

* Proposal for 2012B Magellan/IMACS time to improve completeness of
VVDS-Deep 02 hr field training set by effective tripling of integration
time

« Also investigating completeness vs. redshift using spectroscopic
simulations (see Carlos Cunha talk)

Huan Lin, Photo-z’s, DES, and DESpec, DESPec Workshop, KICP, Chicago, 30 May 2012



Magellan/IMACS photo-z completeness pilot program
(Frieman, Lin, Kessler, & Helsby)
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806 X/ (dbP testmask) MaskGen Debug (V2.13)

Detector:| | In out ReZero Done

300 targets on
single IMACS
mask

5650-9200 A, very
similar to original
VVDS spectral
coverage

Poor observing
conditions in
October 2011, have
re-submitted
proposal in April
for 2012B

30 May 2012 8
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Photo-z spectroscopic follow-up:
“sample variance”
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« “Sample variance” issue described by Cunha et al. (2012)

« Large scale structure fluctuations cause uncertainties in training set
spectroscopic redshift distributions (in a given photo-z bin): P(zspec | zphot)

 Important systematic error in weak lensing tomography analysis: causes bias
in measured dark energy equation of state parameter w and can dominate over
statistical error

« A few deep training set fields are not enough, may require substantial follow-
up on 8-10m class telescopes, i.e., > 100 spectrograph fields, to mitigate

 Begin to address in AAT/AAOmega 2012B program, which plans to obtain DES
supernova host and other galaxy redshifts to i ~ 23, spread over 30 deg?area of
DES supernova fields

« Plan future proposal for large program on VLT/VIMOS and other telescopes

» Detailed strategy to be worked out, with simulations, plus synergy with
completeness follow-up and cross correlations

Huan Lin, Photo-z’s, DES, and DESpec, DESPec Workshop, KICP, Chicago, 30 May 2012 9



<’/ Bias in w due to photo-z’s
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Ratio qf t_)ias inw (_from photo-z’s) From Cunha et al. (2012)
to statistical error in w
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Figure 5. Bias/error ratio in the dark energy equation of state,
édw/o(w), for a fixed contamination of 0.01 as a function of
position in 2y — 25 space.

Figure 6. spectroscopic redshift distribution of the whole sur-
vey (i.e. the photometric sample), N (zs)P2°t, in black, and of
Patch 37, N(2s)P37, shown in blue.

Huan Lin, Photo-z’s, DES, and DESpec, DESPec Workshop, KICP, Chicago, 30 May 2012 10



Bias in w due to photo-z’s (cont’d)
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Figure 7. Biases in Patch 37. The top-row panels shows the difference of F{z.|sp) for the photometric and calibration samples for the polynomial (top left

panel) and template (top right panel) method. The bottom-row panels show the corresponding contribution to biasferror ratio in the dark energy equation

of state w due to photometric redshift errors in each z,, z,, bin. The fractional biases in w shown in the bottom row panels are equal to the product of the 11
photometric redshifts errors (shown in the top row panels) and the sensitivity to a fixed photometric redshift (shown in Fig. 5).



Bias in w

6 deg? LSS Random

SR e 7] e e T o o
Template 004 | 256 3.14 004 044 0.14 From Cunha et al. (2012)
Polynomial ~ -007 | 153 | 204 004 039 0.2
p(2)w 00s | 233] 256 007 031 0.10
1 deg? .
Sample variance (LSS)
Template 004) 375| 736 001 092 075 causes bias-to-error ratio
Polynomial  -0.19 | 296 | 474 000 093 064 in w to be > 1 for typical
() 001 | 399| 905 0020 078 050 small training set
patches
1/4 deg?
Template 003 | 461 164 015 19 29
Polynomial  -0.11 | 39 | 103  .017 17 22
p(2)u 007 | sss| 323 010 20 30

Table 2. Mean fractional bias in w (i.e. mean of dw/o(w)) and oz (ie.
width of the |dw|/o(w) distribution) for the different techniques, assuming
patches of area 6, 1,1/4 deg? for training and calibration or a random sub-
sample with the same number of galaxies. The &xfw 4 column indicates
the median value {among all patches) of ﬂxfm of the fit over all cosmo-
logical parameters: see Eq. (20). ricago, 30 May 2012 12



{‘ Sample variance requirements from Cunha et al. (2012)
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DESpec simulation: photo—z bias error with 100 fields

DES requirement: A bias / (1+2z) < 0.001

—
(A

photo—z

.0 0.2 0.4 0.6 0.8 1.0
photo—z
DESpec simulation: fields needed to meet DES requirement
.0 0.2 0.4 0.6 0.8 1.0

—
(A

Photo-z bias error for DESpec simulation

Galaxies and LSS
from DES v3.04
mocks (Wechsler,
Busha, et al.)

p(z) photo-z’s
(Cunha et al. 2009)
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SURVEY Bias in w (with P(z;|2s))
. From Cunha et al. (2012)
6 deg
Technique Mean] ogs .ﬂ.xm oq Hloss) R(ﬂx"m 4)
Template 0.06) 052 0.36 0.20 0.11 Using Bayes’ Theorem
Polynomial  -0.13) 0.87 0.43 0.57 021 i _7 N v
P(2)w -0.14) 0.52 0.34 0.22 0.13 P(ZS |ZP) - ( P | Z NJ
p
1jdeg?
Template 0.17) 1.28 1.39 0.34 0.19
Polynomial -039] 131 | 169 044 0.36 Reduced sensitivity of
p(z)  029] 098 | 114 025 0.13 P(zp|zs) to sample
— variance may enable
Table 5. Mean and ogg scatter of the fractional bias in w for the differ- re| axed trai n | ng Set
ent techniques, assuming patches of area 6, 1, 1/4 deg? for training and :
calibration or a random subsample with the same number of galaxies. The follow-u p requirem ents

Ax? , column indicates the median AxZ  of the fit over all cosmologi-
cal parameters. Results in this Table assume the true redshift distribution of
the photometric sample was known, allowing us to use P(zp|zs) instead of
P(z:s|zp) as described in the text. The R{ogz) shows the ratio of the ggs
used in this Table, to the corresponding value in Table 2.

> Chicago, 30 May 2012 15



Photo-z derivation of N(z)

Basic problem: How to get individual p.d.f.
P(z|z,) (=L’(z)) from likelihood function L(z))

*Use z,,, as in bin construction ?
*UseN(z)=ZL(z) ?

*Use N(z) = Z L'(z) with modified L'(2) ?

2 L’(z) based on total of 1000 spec-z
in a single field

ZL’'(z) based on total of 1000 spec-z .I

from all 24 fields

Note: Only 1000 calibrating z_ .. and

spec
Cosmic Variance not a problem

Slide from S. Lilly; see Bordoloi et al. (2010)
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Photo-z spectroscopic follow-up:
angular cross correlations
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 Angular cross correlations (e.g., Matthews & Newman 2010) between
spectroscopic and photometric galaxy samples

« Get redshift distributions of galaxies fainter than easily accessible via
spectroscopy, in particular to DES limit i = 24

« Advantage that bright and even incomplete spectroscopic training sets are
useful

* Investigating performance of this technique (Helsby et al., in prep.) using DES
mock galaxy catalogs to optimize follow-up scenarios (see Jen Helsby talk)

« Combine redshift distributions from cross correlations to help with sample
variance issue

* Will examine both cross correlations and sample variance in submitted 2012B
DES spectroscopic follow-up proposals

« AAT/AAOmega proposal: i~ 23, over 30 deg?area of DES supernova fields

« Magellan/IMACS proposal: i < 22.5, with 6 masks spread over 9 deg? DES
CDFS supernova field

Huan Lin, Photo-z’s, DES, and DESpec, DESPec Workshop, KICP, Chicago, 30 May 2012 17



Conclusions
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« DES will use multiple, existing spectroscopic surveys to provide training sets to
calibrate photo-z’s

* VVDS-Deep provides photo-z calibrations early on for DES
« DES photo-z spectroscopic follow-up plans focused on issues of
* Redshift completeness
« Sample variance
« Cross correlations
« Have submitted small-scale 2012B proposals to Magellan and AAT

« Detailed strategy for larger-scale proposals are being developed and optimized in
context of photo-z, SN, and other science

« DESpec can provide training sets over large areas of sky and help mitigate sample
variance/large scale structure issues for DES photo-z calibrations

Huan Lin, Photo-z’s, DES, and DESpec, DESPec Workshop, KICP, Chicago, 30 May 2012 18



