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DES Observing Strategy
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Wide-field Survey (grizY) Survey Area (5000 sq deg)

90 sec (griz); 45 sec (Y)

Multiple overlapping tilings (layers) with
large offsets to optimize photometric
calibrations (typically 2 tilings/filter/year)

m— 10

-~

Supernova Survey (griz)
Ten 3-sg-deg fields
150-200 sec (shallow); 200-400 sec (deep)
Observe under poor seeing conditions or if
field has not been observed in 7 nights

ST ‘ ;" r-;'?“",',..,, 80
go -60 30 © 30 60 go 120

Credit: J. Annis, H.T. Diehl

Photometric Requirements (5-year; coadded)
All-sky internal: 2% rms (Goal: 1% rms)
Absolute Color: 0.5% (g-r, r-i, i-z); 1% (z-Y) [averaged over 100 objects scattered over FP]
Absolute Flux: 0.5% in i-band (relative to BD+17 4708)

5-year depth (co-added)

~24th mag for galaxies in i-band 2



’ DES Calibrations Plan in 6 Points
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1.

Instrumental Calibration (Nightly & Periodic): Create biases, dome flats,
linearity curves, cross-talk coefficients, system response maps.

Photometric Monitoring: Monitor sky conditions with 10um All-Sky Cloud
Camera and the GPS and atmCam atmospheric transmission monitors.

Photometric Standard Stars: Establish a network of DES grizY standard
stars for use in nightly calibrations and in DES Global Relative Calibrations.

Nightly and Intermediate Calibrations: Observe standard star fields with
DECam during evening and morning twilight and at least once in the middle
of the night; fit photometric equation; apply the results to the data.

Global Relative Calibrations: Use the extensive overlaps between
exposures over multiple tilings to tie together the DES photometry onto an
internally consistent system across the entire DES footprint.

Global Absolute Calibrations: Use DECam observations of spectro-
photometric standards in combination with measurements of the full DECam
system response map to tie the DES photometry onto an AB magnitude
system. 3



’ 1. Instrumental Calibration:
An Example (DECal)

« The DECal flat field system is capable of generating system
response maps by scanning projected light of known
wavelength and intensity onto a flat screen

Hardware built
by Texas A&M.

1) Daily flat field illumination using LEDs
2) Periodic scans using monochrometer
light carried up by fibers

. Scans to be taken on a ~monthly basis during engineering or bad
weather time. Scans taken Oct, Nov 2012, Feb Jun, July, Sept 2013

* (1) Monitor changes in relative throughput (SDSS observed effects)
« (2) Relative system response curves vs function of focal plane position

Credit: W. Wester 4



DECal: System throughput
not including atmosphere
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DECal: raw data products

mages

"ON": 30 sec exposure during fiber illumination

"OFF": 30 sec exposure, no fiber illumination
« Typically every 5™ exposure is an OFF

» Bkgd light is small (but non-zero) inside f

the darkened dome - watch for twilight!

Overscan correction removes occasional
small (few counts) jumps

Can apply individual gain and QE corrections
(+/- 10%) or a correction that matches

edges of the CCDs (effective gain x QE)

Data from spectrophotometric system

Measured wavelength of the output of a fiber

Intensity of light on the screen with NIST
calibrated photodiodes

Settings, temperature readings, time stamps,
etc.

i-band ON-OFF
. with zoom

T @ W W W A A
Periodic bkgd light pulses per photodiode
(estimated effect ~1 counts/30 s exposure)

o] Drift in rel counts during
2 o) for OFF data (full scan)
1 ... @ | W/ooverscan correction
0 F o that removes “blips” —
4 Bl 1 timescale ~ approx hour

Credit: W. Wester




<’/ DECal: System response curves
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ON — OFF (raw counts) vs.
nominal wavelength (nm)
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Error bar at each wavelength
should represent the spread
over the each ampilifiers on
the focal plane

For i-band, a color code
indicates the radius of each
CCD (black=center, blue=
outer edge)

Credit: W. Wester 7



’ 2. Photometric Monitoring:
The 10 micron All-Sky Camera
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10 micron All-Sky Camera

- Provides a measure of the photometric quality of an image for off-line processing
— Detects even light cirrus under a full range of moon phases (no moon to full moon)

The DES Camera:

“‘RASICAM”

- “Radiometric All-Sky Infrared
CAMera”

— Web interface for observers

- Photometricity flags passed to
each exposures FITS header

via SISPI for use by DESDM

— Nightly calibrations
- Global relative calibrations

Credit: K. Reil, S. Kent (Nightly RASICAM movies archived on YouTube)

8



’ 2. Photometric Monitoring:
GPS Precipitable H,0 Vapor Monitor
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« Why? To correct the z-band calibration

|| / due to water vapor.
H20

Transmission

« How? The index of refraction of H,0
induces a time delay (n=1.3 for optical
but n=6 for radio). The H,0 delay is the
actual time minus the calculated “dry”
time. Estimated precision is 1mm of

Y Precipitable Water Vapor (PWV).

g \ « When? Now. The GPS receiver &

antenna was installed on the

CTIO-1.5m’s balcony on Nov. 6, 2012.

| The system is inexpensive (< US$10K)

and completely automated. Suominet

s 4 : , " processes the data and posts the data to
wavelength (A) the web.

i !

Credit: R. Kessler 9



’ 2. Photometric Monitoring:
The aTmCam Atmospheric Monitor

(prototype)

DARK ENERGY
SURVEY

Credit: Ting Li
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Giant 8-inch binoculars

Requires a decision from DES & CTIO whether to install a permanent aTmCam. 10



’ 2. Photometric Monitoring:
The aTmCam Atmospheric Monitor
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Fig. 5.— Upper Panel: Unbinned PWV measured with aT'mCam for 21 nights. Lower Panel: PWV in Credlt: Tlng Li
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1-hour binning.



’ 3.Photometric Standard Stars &
4.Nightly/Intermediate Calibrations:
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Photometric Equation: m.

Nightly standard star fields drawn
primarily from a subset of the
following:

. SDSS Stripe 82 fields (supplemented

by UKIDSS LAS and PanSTARRS Y- |

band data)

. Southern u’g’r’i’z’ standard star fields

Furthermore, fields will
typically be crossed serendipitously
numerous times throughout a night
during the course of standard DES
operations (K. Kuehn et al. 2013; S.
Allam et al., in prep.).

-mg, = a, + b, x(stdColor — stdColor,) + kX

12




’ 5. Global Relative Calibrations
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« We want to remove field-to-field 1tiling 2 tilings
zeropoint offsets to achieve a

uniformly “flat” all-sky relative
calibration of the full DES survey, <
but...
. AV
 DES will not always observe under

truly photometric conditions... 3 tilings

e ...and, even under photometric /.
conditions, zeropoints can vary by
1-2% rms field-to-field.

« Solution: multiple layers (“tilings”)
with large offsets between tilings.



’ 5. Global Relative Calibrations
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Multiple Paths
GCM —D. Tucker
PhotoFit — G. Bernstein

Ubercal/NebenCal — A. Bauer
« Feedback from LSST!

YaCal — J. Annis

Forward Calibration — D. Burke

Dec (degrees)

0.5

0.0k . .

Binned residuals for device All results of jull2.i.photo.fits
o ettt - i aaie siE e R Rl

0.005
I0004
0.003

-40.002

-40.001

-10,000

-1-0.001

= —0,002

—0,003

—0.004

. 0.5 1.0 —0,005

C.redit: G. Bernstein

)
-1.0 -0.5 0.0
HA (degrees)

Possible to obtain < 3 millimag
relative calibrations across
DECam focal plane! 14
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5. Global Relative Calibrations:
GCM: photometric zeropoints
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5. Global Relative Calibrations:
GCM: photometric zeropoint RMS’s

SURVEY
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6. Global Absolute Calibrations:

Basic Method

Compare the synthetic
magnitudes to the measured
magnitudes of one or more
spectrophotometric standard
stars observed by the DECam.

The differences are the
zeropoint offsets needed to tie
the DES mags to an absolute
flux in physical units (e.g., ergs
s' cm2 A).

Absolute calibration requires
accurately measured total
system response for each filter
passband as well as one or
more well calibrated
spectrophotometric standard
stars.

>

Transmission, Rel. Photon Flux

DA White Dwarf
Spectrum

e

\r\

| h
6000

Wavelength [A]

9000 10000 11000

Plan: establish a “Golden Sample” of 30-100
well-calibrated DA white dwarfs within the DES
footprint (J. Allyn Smith, William Wester).

18



’ ddendum: Calibrating Early Data with the
Stellar Locus Regression (SLR) Method
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In the DES, there is a strong
philosophical legacy from SDSS to use
the stellar locus primarily as a quality
assurance check on the photometry
(e.g., lvezic et al. 2004).

That said, especially in the first year or
two, it will be hard to obtain good
calibrations for DES.

Therefore, we are using the SLR
method of High et al. (2009) — as
implemented by Bob Armstrong and
Keith Bechtol — both to test and to
refine DES calibrations in the early
years. E.g., SLR corrections have
been used to refine the global
calibrations in the SV “Gold” catalog.

i

1.5

1.0

051

15T
1.0
051

00f 57

00f ~C g

High et al. (2009)

Dust ~

Atmosphere




Lessons Learned from

’ DES SV and Year 1 Operations
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1.

Low statistical errors in global relative calibrations do not necessary
translate into low systematic errors (e.g., gradients in photometric ZPs).

For science, having consistent colors across the survey is more important
that having consistent fluxes.

Good single-epoch photometry does not necessarily translate into good
coadd photometry.

Good point-source photometry does not necessarily translate into good
galaxy photometry.

Calibration is an iterative process.

Calibration benefits from having multiple paths to reach stringent
photometric requirements and goals (both as cross-checks and as
methods for improving the calibration algorithms).

There will always be unexpected problems (e.g., dome occlusions,
brighter-fatter effects, etc.). 20
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rom the Scientific Requirements Document
(sciReq-9.86, 10 June 2010)
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R-10 For each of the griz} bandpasses of the wide-area survey, the fluctuations in the
spatially varying systematic component of the magnitude error in the final co-added
catalog must be smaller than 2% rms over scales from 0.05 to 4 degrees.

R-11 The color zeropoints between the survey fiducial bandpasses (g-7, 74, -z) must be
known to 0.5% rms. The z-Y color zeropoint shall be known to 1% rms.

R-12 The i-band magnitude zeropoint relative to BD+17, and therefore the AB system,
must be known to 0.5% rms.

R-13 The system response curves (CCD + filter + lenses + mirror + atmosphere at 1.2
airmasses) must be known with sufficient precision that the synthesized griz}” magnitudes
of any astronomical object with a calibrated spectrum agree with the measured
magnitudes to within 2%. When averaged over 100 calibrating objects randomly
distributed over the focal plane, the residuals in magnitudes due to uncertain system
response curves should be < 0.5% rms.

G-4 A goal of the survey is to achieve R-10 at the enhanced level of 1% for the final
co-added catalog.

G-5 A goal of the survey is to achieve R-10 over 160 degrees of Right Ascension and
30 degrees of Declination.

Internal (Relative)

Calibration

Absolute Color

Calibration
m,-m,=-2.5log(f/f,) + zp,,

Absolute Flux

Calibration
i = -2.9log(f;) + zp;

System Response

22



Filter Uniformity Spec'’s
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Table 4: Uniformity specifications for DES filters (difference between area-weighted
transmission curve and any 70 mm diameter spot on filter)

Filter | Blue cut-on wavelength | Red cut-off wavelength | Allowable gradient in transmission curve Notes
(am) (nm)
DES g +2 +2 +5% See 3.2.5.c
DESr +3 +3 +7% See3.2.5.¢c
DES i +3 +4 +5%
DES z +4 +5 +9%
DESy +5 Not applicable +9%
Credit: D. DePoy
1F -]
[ !\G ] Black curve is reference.
os 3Wligpg :
0.6 - .
Blue cut-on Red cut-off
0.4 .
0.2 -—\ /—
g500l = 4-0I00I = .45l00I — .50I00I I55I00. I I6000

Wovelength (R)

Credit: H. Lin
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DES Photometric Calibrations Flow Diagram (v4.2)
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Aside: Results from the First Night of SV

(Residuals of Nightly Standard Star Solution in g-band for Nov 1)

RMS: 1.4%!

(includes internal and absolute calibration)

Night: 20121101 Filter: g
15.0 15t 16.0 16.5 17.0 17.5 18.0
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DES, PreCam, and Pan-STARRS 1
Photometric Reference Ladder (R12.01)

(Magnier et al. 2013, ApJS, 205, 20)
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5. Global Relative Calibrations:
The Need and The Strategy
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We want to remove field-to-field
zeropoint offsets to achieve a uniformly
“flat” all-sky relative calibration of the full
DES survey, but...

DES will not always observe under truly ——p
photometric conditions...

...and, even under photometric
conditions, zeropoints can vary by 1-2%
rms field-to-field.

scaling bar is —0.20 mags to +0.20 mags

1 tiling 2 tilings 3 tilings _ _ -
The solution: multiple tilings of the
survey area, with large offsets between

tilings.

We cover the sky twice per year per
filter. It takes ~ 1700 hexes to tile the
Jim Annis whole survey area.

DES Collaboration Meeting, 27
May 5-7, 2005




<’ Global Calibration Module (GCM):
Field-to-Field Zeropoints ()
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» Method used by Oxford-
1 4 Dartmouth Thirty Degree
f Survey (MacDonald et al.
4 3 - y(
2004)
— . » Developed by Glazebrook
2 et al. (1994) for an imaging
). K-band survey
A Generic Example:
Frames 5 & 6 are calibrated.
The others are uncalibrated.
» Consider n frames, of which (1, . m) are calibrated and (m+1,...,n) are uncalibrated.
* Let A = <mag; - mag;> s (note i =" Ay

» Let ZP, be the floating zero-point of frame i, but fixing ZP; = 0 if i > m.
* Let6; =1if framesiand j overlap or if i = j; otherwise let 6; = 0.

28



<’/ Current Global Calibration Module (GCM)

Credit: D. Tucker (DES-doc#7583)
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‘NI
NS

-2 1 0 0 0 1 ZP1
1 -2 0 0 0 1 ZP2
0 0 -1 1 0 0 . | ZP3
0 0 1 -2 1 0 ZP4
0 0 0 0 1 0 ZP5
0 0 0 0 0 1 ZP6

Example:

Frames 5 & 6 are calibrated.
The others are uncalibrated.
(From Glazebrook et al. 1994)

A; = average mag offset between stars
in overlap between fields i and j.

|

Ayt Agg
Agq+ Agg
Ay

Agz+ Ays
0
0

\ ZP. = zeropoint for field 29
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Global Calibration Module (GCM):

Field-to-Field Zeropoints (ll)
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2

O O o o =~
O O O o N =

o o -~ AN o o

O O N = O O

© - -~ O O o

-~ O O O 2 -

N

ZP1
ZP2
ZP3
ZP4
ZP5
ZP6

Example:

Frames 5 & 6 are calibrated.
The others are uncalibrated.
(From Glazebrook et al. 1994)
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PhotoFit

Credit: G. Bernstein (DES-doc#7689)
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The photometric model Example: i-band zps for SVA1-SPTE
ADU Zpt histpry; color is ‘CCD RMS 0,020
Miq = _2.5 loglo T + Minst (Xia, Ca) + m; (xza, Ca) 53 30 J- ? ° ™ ® PSM Phot o | 7_0.009
. . .. 22.25b % o ,.8 ........................................... 0.008
® Star alpha in exposure i has position on array Xis, color ca. % & K m !‘ . Y |s00r
. . . . . . o w: ° T, g 0! 3 ; : '
® mMins is time-invariant function for instrument 8 22200 o 00 ot T S N T {
® Polynomial per CCD (4th order) c o ® P !1 A 17
Q ° °
® Another po|)lnomia| times color (|inea|~) 5 22_15,E I — e oo : :? S A S 3 10.005
® Scaled version of tree ring template 2 48 ;8 o o] | {o.00a
. . 3  ®s SURSURNN SRS SESSSUORE SN SO |
® Scaled version of glowing-edge template - )y ' o | Fe b 0.003
® mi;is function for exposure i (low-order variation) 1205 ® T O T DS N S B PO
e Currently const per exposure, can be polynomial or color ,j A = sons
dependent. e : L e | '

1 1 1 1 '
22'0030 40 50 60 70 80 90 100 110
Days since 1 Nov 2012 UT

Based on Gary’s Star Flat code, which in turn is based on his high-order astrometry code.
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Ubercal/Nebencal
Credit: A. Bauer (DES-doc#7687)
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Ubercal algorithm: relative calibration Nebencal algorithm

AN IMPROVED PHOTOMETRIC CALIBRATION OF THE SLOAN DIGITAL SKY SURVEY IMAGING DATA

Nixsrt. PAosanassan,** Davip J. Scuecer,"* Dovcias P. Fosksenes,** 1. C. Basesmowe,*” Micuass R. Buastox,* . N .
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e Limit memory usage by pixelizing the sky via Healpix

m = mapy + @y — [ki + (‘;—’:) (t— l.mr)]x +£0), (6)
J + e Calibrate each pixel plus neighbors in one Ubercal (~tens of degrees)
2_ mi — M apu — Ga(j) + ko) (0% —f.,';,)] N
X g[ 2 . ®
x* = (Ap —b)'C'(Ap - b), (12)
d—x2=A’C 'Ap—A'C'b=0 (14)
dp ~ 2
zeropoints mag measurements
dependence on  mag errors
position, airmass, etc. ¢ At the end, do another Ubercal to normalize these pixel regions together

Similar to Gary’s code, with fewer parameters but a nice way to deal with large data sets.
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YaCal

Credit: J. Annis (DES-doc#7690)
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Modeling of pairwise differences in mags for stars in overlap regions.

A MORE COMPLICATED MODEL

Let’s run a more complicated model for the A’s. It will be easier to Parameter value histogram for zd
suppress the m; — mj and use a notation as if we were modeling single 10?
stars:

m = a(exp) +b(ccd) +c(ced, amp) + d(seeing) + e(counts) + f(zd)
where a,b,c,d, e, f are functions of the stated parameters.
« a(exp) is one number per exposure,
« b(ccd) is one number per ced, p
« ¢(ccd,amp) is one number per ced amplifier,
« d(see) is one number seeing sliced into 6 bins, ll

« e(counts) is one number for counts sliced into § bins (how linear
is the data after measurement?), and

+ f(zd) is one number per exposure that scales each star’s sec(zenith 107 == - T —— L.
distance) (the airmass changes appreciably across the camera). ' ' parameter: zd ' '

The a(exp) distribution is unchanged. Next biggest is f(zd):

Derived from a simple but elegant method of just plotting/analyzing pairwise differences in mags.
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Credit: D. Burke (DES-doc#7688)

Forward Global Calibration
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Survey Relative Calibration Strategy

« Start with FINALCUT instrumental magnitudes (ZPT = 25.0) and some
chosen DECal and star-flat instrumental calibrations

* Monitor/update instrumental calibration with data from (shallow)
supernova fields ... at least two fields separated in airmass and
observed in four bands (= every 4-5 nights in SVA1)

* Interpolate instrumental calibration to survey observations, and seek
most likely atmospheric mix of components that fits observed stellar
magnitudes over range of airmass available for each night

» Extract top-of-the-atmosphere magnitudes and make color
transformation to DES standard passbands ... make full use of
knowledge of shape of pass-band and colors of stars

» Estimate cloud extinction E9@ in each exposure and perform “GCM” fits
to those with E92 below some limit (e.g. 0.5 magnitude)

* lterate to convergence

Makes use of a detailed atmospheric model as well as “traditiona
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zp-finding techniques.
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’ Statistical vs. Systematic Errors
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« ltis possible to get a statistically good solution from a relative calibrations
solver (like GCM) but still have large systematic errors.

 Consider the a long, thin strip in RA, with a 1% flat fielding error (edge-to-
edge) from West to East:

<
1% FF error

RA

 One could still get a statistically tight offset between fields from the

overlaps, but still end up with large systematic errors.
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Dome Occlusions:

Systematic or Random “Faux” Flat-Fielding Error?
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