photometric calibration from 2mass
simon hodgkin
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sigma orionis: 2mass calibrators and a detector
footprint

Thursday, 28 January 2010

method
• flatfielding takes out first-order gain correction
between the detectors (thus all 16 are on
approximately the same calibration)
• correct instrumental magnitudes for radial
distortion term (pixels are 1-2% bigger at the
edge of the field)
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method
Figure
1. Photometric
radial
distortion
(magnitudes)
WFCAM as a func• flatfielding
takes
out
first-order
gainincorrection
tion of off-axis angle (arcmin). There are curves for all five broad-band
between the detectors (thus all 16 are on
filters, ZYJHK from bottom to top. The WFCAM detectors are separated
the same
by approximately
94 per cent of their active
area in acalibration)
square pattern (see Fig. 4), thus the
vertical lines represent the location of the detector corners.

• correct instrumental magnitudes for radial
distortion term (pixels are X% bigger at the
all edge
four detectors
on a common system, to first order. The perof the field)

detector magnitude ZP is then derived for each frame from measurements of stars in the 2MASS point source catalogue (PSC) that
fall within the same frame. Thus, the calibration stars are measured
• per-detector ZPs determined from 2Mass
at the same time as the target sources, taking us away from more
stars calibration schemes, whereby standard star observations
traditional
are interspersed with target observations.
We assume that there exists a simple linear relation between the
stellar 2MASS and WFCAM colours, e.g. J w − J 2 ∝ J 2 − H 2 . In
a Vega-based photometric system, this relation should pass through
(0,0), i.e. for an A0 star Z = Y = J = H = K, irrespective of the filter
system in use. For each star in 2MASS observed with WFCAM, the
pipeline derives a ZP (at airmass unity) from
ZP = m2 + C(J2 − H2 or J2 − K2 ) − mi + k(χ − 1),

(3)

where mi is the aperture-corrected instrumental magnitude (derived
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2MASS to the WFCAM filter, and then any residu
offsets between the detectors (see Section 3.2.2). In th
MAGZRR errors are the largest, typically about twice tha
filters.
It should be noted that we do not derive any atm
tinction terms on a given night with WFCAM. Rath
of MAGZPT derived above incorporates an instantaneou
extinction at the observed airmass. The photometric
a field therefore includes no error from this assumpti
the derived zero-point for airmass unity will include
(because we assume the extinction is 0.05 mag per a
filters). Leggett et al. (2006) find the extinction at M
be kJ = 0.047, kH = 0.029, kK = 0.052 with standa
between 0.2 and 0.3. For a typical WFCAM frame, o
airmass ≈1.3, an extinction which differs from our as
by 0.03 mag airmass−1 will lead to a 0.01 mag error in
MAGZPT. The value of MAGZPT over time can be used
the long-term sensitivity of WFCAM due to, for exa
cumulation of dust on the optical surfaces, and season
in extinction.

2.4 Detector offsets

A final stage to the photometric calibration takes accou
atic differences between the four detectors, measured
basis. The object catalogues associated with each sci
frame are used in the pipeline calibration process to co
gle per pointing overall zero-point for the array of fo
using the colour equations specified in Section 4. T
from all 2MASS stars used in the frame zero-point d
(i.e. J, H, K signal:noise >10:1) are also computed o

atmospheric extinction
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VISTA colour equations
• differences between the Vista calibrated
photometry and the 2MASS magnitudes of
matching stars for data taken between
June and October.
• star counts are: Z 60k, Y 60k, J 93k, H
39k, Ks 390k.
• the colour indices currently in use are:
ZV-J2: 0.950(J-H)2
YV-J2: 0.550(J-H)2
JV-J2: -0.070(J-H)2
HV-H2: 0.060(J-J)2
KV-K2: 0.020(J-K)2
• for each detector we measure a per-star
ZP after correcting the 2Mass phoomotery
onto the VISTA system
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residual non-linearities
• are demonstrably small after
removing colour terms,
• but need quanitfying (per detector) :
ideally without recourse to 2MASS
(which may show residual nonlinearities wrt WFCAM)
• keyword per extension already
handles saturation
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important, and the colour equations used to transform the 2MASS
magnitudes on to the WFCAM system could begin to break down.
For the JHK filters, for a mixed stellar population, these differences are small, and we expect the effect on the calibration to be
similarly small. For the Z and Y filters, where we are extrapolating from the J2 magnitudes using the J 2 − K 2 colour then we
may expect to see significant reddening-dependent offsets in the
calibration.
The following analysis makes use of data calibrated according
to the prescription for DR1, which made no attempt to correct for
reddening. In Fig. 11, we plot the difference between the nightly
averaged zero-point and the zero-points measured for individual
fields taken on that same night, versus E(B − V)" (corrected according to Bonifacio et al. 2000) for the ZYJHK filters using data
taken on photometric nights between 2005 April and 2007 May.
The E(B − V)" value for each frame is computed as the average
E(B − V)" of all stars contributing to the calibration of the detector.
Data points which lie >0.1 mag outside the best-fitting slopes are
clipped.
A significant, E(B − V)" dependent, correction is clearly required for the Z and Y filters. The correction required for the J,
H and K passbands is more than an order of magnitude smaller,
for example #3 per cent in J for a change in "E(B − V)" = 2.0.
Fits to these data are shown in Fig. 11 and listed in equations
(9) to (13). The colour equations employed for UKIDSS DR2 onwards have been modified to include these additional E(B − V)"
terms:

reddening in WFCAM

• colour restriction imposed on 2MASS
calibration stars: 0<J-K<1
• regions with high extinction typically
contain modified spectra of unusual
(e.g. giant) populations

Figure 12. The standard deviation of !ZP (computed from the MAD)
around the best-fitting relations described in equations (9) to (13) as a
function of E(B − V)" . The data are binned in E(B − V)" as indicated by the
horizontal bars.

• correction applied as a function of E(BV)’ [Bonifacio et al. 2000]

5 T H E E F F E C T S O F T H E OV E R E S T I M AT I O N
O F F L U X F O R FA I N T S O U R C E S I N 2 M A S S

ZP " (Z) = ZP (Z) − 0.390E(B − V )" ,

(9)

ZP " (H ) = ZP (H ) − 0.005E(B − V )" ,

(12)

ZP " (K) = ZP (K) − 0.005E(B − V )" .

(13)

Figure 11. Frame zero-point minus nightly zero-point (uncorrected for reddening)
versus E(B − V)" for the WFCAM
broad-band filters. Only data
"
(10)
ZP (Y ) = ZP (Y ) − 0.160E(B − V )" ,
from photometric nights are included. Data points which lie more than 0.1
mag away from the fit are clipped. The blue line is the best-fitting relation
"
) = ZP (J
) − 0.015E(B
− Vline
)" , is constant !ZP = 0.0. (11)
ZP
to
the(Jextinction
relation,
while the red
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By calibrating WFCAM from a shallower survey, we open ourselves up to the possibility of a photometric bias affecting the results. All measured fluxes in a survey are subject to uncertainties,
and close to the detection threshold, where the uncertainties are
large, this effect will result in a bias, whereby sources with negative
fluctuations will not be detected, while those with positive fluctuations will be pushed to brighter magnitudes. Thus, on average,
sources near to the detection threshold of a survey will have overestimated fluxes. This is generally known as the Eddington Bias
(Eddington 1940).
In order to investigate the impact of Eddington Bias on the
WFCAM calibration, we make use of the 2MASS Calibration
Merged Point Source Information Tables.3 These tables contain the
results of merging catalogues from the individual 2MASS calibra-

reddening in VISTA
• correction based on WFCAM only
explored to E(B-V)=2.0
• curvature in Z, Y (J) at high E(B-V)
indicates that we are overcorrecting
beyond E(B-V)>2.0
• `snow’ largely because data includes
all commissioning data, nonphotometric nights, lost guiding
images.
• Schlegel resolution is rather coarse ~5
arcminutes, and has no distance
resolution.
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so what happens when stellar population varies ?
• photometric calibration in JHKs is robust against reddening/population
• ZY will have issues. Options are:
• Accept the best-efforts E(B-V) corrected ZPs
• Use the nightly zeropoints derived for frames with negligible E(B-V) or more
‘normal’ stellar populations
• Use calibration field observations (how often will these be done, what about
ZY standards?)
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residual per-detector offsets
• flatfielding puts all 16 detectors on approximately the same photometric system
• flatfields are updated approximately monthly
• small offsets may arise from QE differences between the detectors: the twilight
sky used in flatfielding is significantly bluer than the dark sky
• stacking of 2mass calibrators (per star zeropoints) used to measure these
offsets: less than 2% for WFCAM and updated ~monthly
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residual spatial systematics
• after removing
per-detector
offsets we see a
residual spatial
systematic in
VISTA (J-band)
• it’s generally less
than 1%
• except for
detector 16
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figure from plone

WFCAM overlaps
• we can use repeat observations of
sources to measure the photometric
accuracy and homogeneity
• for the UKIDSS LAS, there is overlap
within and between tiles.
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WFCAM: calibration in poorer conditions

Even observations
taken through thin
cloud (where
transmission is >80
per cent) can be
calibrated to ∼2 per
cent using 2MASS
calibrators.
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VISTA
overlapping tiles (Jband) [10 pairs of tiles in Orion]
nb: the tile
catalogues are
not (yet)
corrected for
the radial
distortion term
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rms diagram for Orion dataset
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VISTA throughput
http://casu.ast.cam.ac.uk/surveys-projects/vista/technical/vista-sensitivity
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to do
• calibration of the colour-colour diagrams: are we on a Vega system?
• explore reddening and update relations for VISTA (and WFCAM)
• compare VISTA vs WFCAM photometry directly (some standard fields overlap)
• derive transformations between other systems
• measure overlaps between pawprints
• calibration of tile catalogues
• comparisons with synthetic photometry
• narrow band filters: illumination correction
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