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The Data Products Definition Document (DPDD) describes our current
understanding of what the survey will measure. See also LDM-151 (the Data
Management Science Pipelines Design).
There are many subtleties in making these measurements. The state of the
LSST DRP pipeline as of around a year ago is well summarised in Bosch et
al., based on experience processing HSC’s SSP-DR1 (c. 100 deg2 of grizy
data, a total of c. 150000 CCD images in addition to ‘deep drilling’ fields in
Cosmos and SXDX).
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Photometry
Before we can measure an object we need to remove the background counts
and detect the object; only then can turn our attention to estimating the flux.
I shall assume that the deblender has reduced the problem to that of
measuring isolated objects. This simplification is not trivial. In reality there
may be measurements which are better made as part of a simultaneous fit
to the components during the deblending process.
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Why do you care about the sky in a presentation about photometry?
Because decisions made about how to handle the sky will affect the fluxes of
extended objects.
We expect to:
Estimate the sky on arbitrarily large scales
In particular, on scales large compared to a CCD (13.6′ × 13.6′ )

Explicitly remove power on "large" scales. E.g.:
Wings of bright stars
Extended light from galaxies and clusters in some well-defined way
IR Cirrus using some cunning algorithm

We do not expect to use local sky estimates
We may need to reconsider this in sufficiently dense regions
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Object Detection
Detection will be near-optimal for faint objects like the PSF
i.e ask each pixel if it’s the location of a PSF with a flux ≥ nσ (n ∼ 5); if
so, put down a PSF-shaped mask at that point. The source is the union
of these masks forming a Footprint.
We will allow for correlations in the pixels if necessary
We could look for more extended sources, but HSC experience implies that
there is little to be gained.

Note that there are complex interactions between sky estimation, detection
(including the extent of objects), and deblending.
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This isn’t a talk about astrometry, but you need to know a centroid to
measure a flux.
DRP will (logically) measure the properties of coadds
Exactly how the additions and measurements are interleaved is TBD.
The centroid model is position + parallax + proper motion (2 + 1 + 2
parameters)
The instrumental colour-dependencies will be handled in the PSF model

There is also forced photometry on the difference images
The centroid to be used is TBD – naïvely it’d be the moving model from the
coadds

The DPDD also promises forced photometry on the direct images, which
will use the same centroids as were used for forced photometry of the
difference images. You should be worried about how the deblender
behaves when we make these measurements.
The DPDD states Centroids will be computed independently for each
band but I think that this is quite likely to change.
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Types of Flux Measurements
There are many algorithms in the literature, with different tradeoffs.
In theory, you’d use different algorithms for different classes of objects (in
particular for point-sources and for galaxies), but this is unsatisfactory for
faint objects as you don’t know a priori what sort of object you are dealing
with.
We plan to apply all algorithms to all objects. This doesn’t mean that we’ll
always do so. E.g.
forced photometry won’t fit Sérsic profiles
If some algorithms are prohibitively expensive they may only be
employed on brightish objects
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Relative and Absolute Photometry
There are fundamental differences between relative and absolute
photometry:
Relative flux measurements between objects in the field are oblivious of
instrumental throughput and uniform layers of cloud
But this hasn’t really been a problem since the advent of large-area
well-calibrated surveys such as SDSS, PanSTARRS, DES, and Gaia.

Relative flux measurements for objects of the same shape are
unaffected by seeing variations
Relative flux measurements of the same object at constant seeing need
not be total fluxes
This is especially important for photo-z measurements

I will return to the problem of how to actually use e.g. Gaia to achieve
exquisite photometry later in this talk.
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Point Source Fluxes
We will measure:
aperture fluxes with a range of aperture sizes (logarithmic; HSC uses
R = 1” · · · 23”), corrected to "canonical" seeing (nominally guessed to
be c. 0.9").
PSF fluxes
the former are optimal for bright sources; the latter for faint sources.
If you are reducing your own imaging data, aperture fluxes of stars are used
to transfer your measurements of counts onto a standard photometric scale.
In the case of LSST this will be done for you, and the PSF and aperture fluxes
will be tied to the flux in some defined aperture (HSC currently uses a
roughly 2.0" radius). This transfer will allow for the variation of the aperture
corrections across the field. Consequently you should not need to worry
about curves of growth. This means that you shouldn’t be concerned that
the aperture measures are PSF-normalised.
I’ll return to the aperture fluxes in a moment when I discuss galaxies.
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Galaxy Fluxes
Relevant flux measurements are:
a PSF fit (see above)
Model fitting
Nominally bulge and disk in each band (combination of PSF-convolved
exponential and deVaucouleurs components; fixed ellipticity)
The DPDD promises c. 200 samples of these models, on the assumption
that we will use them for shape measurements.
The choice of priors is complicated and difficult, not least because their
influence depends on the S/N as well as astrophysics (e.g. redshift).
- employing priors breaks the claim that relative flux measurements for objects
of the same shape are unaffected by seeing variations. It also means that their
relative fluxes are not measured correctly at fixed seeing either.

I think it’s likely that we’ll fit only the amplitudes in each band, and may
well allow us to free up the Sérsic indices.

SDSS and HSC experience indicates that the model fit magnitudes work
surprisingly well for point sources, with a scatter psf - cmodel of c. 3mmag
in HSC COSMOS coadds.
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Shape Measurement
Don’t worry, I’m not going to discuss weak lensing.
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measure the fluxes of galaxies allowing for ellipticity.
The current proposal is to use Adaptive Moments (cf. Bernstein and Jarvis
2002) to measure a source’s size and shape; Gaussian-weighted second
moments of the pixel intensities with the weight function adjusted to be
self-consistent.
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We need some sort of shape and orientation ((a/b, ϕ) or (e1 , e2 )) in order to
measure the fluxes of galaxies allowing for ellipticity.
The current proposal is to use Adaptive Moments (cf. Bernstein and Jarvis
2002) to measure a source’s size and shape; Gaussian-weighted second
moments of the pixel intensities with the weight function adjusted to be
self-consistent.
These moments are sensitive to seeing, but it is possible to approximately
remove the seeing, resulting in a deconvolved (and potentially very noisy)
shape measurement. We will accordingly reconvolve these PSF-corrected
moments to a canonical circular PSF, and use these moments to define the
elliptical apertures used to measure galaxy properties.
N.b. We will use this approach to define the apertures reported for all
objects, including stars. If necessary we may add the flux within a circular
aperture of e.g. R = 2.0” and use it to define objects’ flux normalisation.
We are investigating ways to add prior information to these moment
measurements, forcing small objects to have sensible axis ratios.
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Elliptical Aperture Fluxes
Use the ellipticities defined by the adaptive moments
The same set of apertures as those discussed under "point sources"
The data will be normalised to canonical seeing

Kron/Petrosian (elliptical) radii based on these elliptical aperture fluxes
Fluxes measured within the radius in a canonical band (probably i)
Radii containing 50% and 90% of the flux

The Kron radius is hard to measure for very faint sources, and most
approaches reduce to an approximately isophotal radius. This is not good.
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Galaxy Colours
We will measure "standard colours" from data matched to a standard PSF.
The DPDD states: These colors are guaranteed to be seeing-insensitive.
The DPDD proposes that we match to the 75 percentile of the seeing (?0.9
asec?). After 10 years the distribution should be reasonably tight, but will be
a function of declination (coupled to seasonal weather) — remember that
seeing scales as airmass0.6 .
The only totally safe way to measure a flux that can be used to calculate
colours is to make the seeing in all bands the same (as proposed in the
DPDD).
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Galaxy Colours
We will measure "standard colours" from data matched to a standard PSF.
The DPDD states: These colors are guaranteed to be seeing-insensitive.
The DPDD proposes that we match to the 75 percentile of the seeing (?0.9
asec?). After 10 years the distribution should be reasonably tight, but will be
a function of declination (coupled to seasonal weather) — remember that
seeing scales as airmass0.6 .
The only totally safe way to measure a flux that can be used to calculate
colours is to make the seeing in all bands the same (as proposed in the
DPDD). However, if the models are good enough the model flux is the total
flux, independent of the seeing. We do not yet know how well model colours
will work for LSST photo-z measurements compared to the seeing-degraded
"standard" colours.
With both seeing-matched and multi-component model fits there is freedom
in the weighting used in calculating the flux. For example, we could choose
to up-weight the bulge on the assumption that it has a strong 4000Å break.
Naturally the photo-z codes will have to be trained appropriately.
PST/SAC, 2018-02-27
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Photometric Calibration
I mentioned using e.g. Gaia to provide a photometric zero point, but
unfortunately things aren’t quite so simple.
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I mentioned using e.g. Gaia to provide a photometric zero point, but
unfortunately things aren’t quite so simple.
If we observe an object with SED Fν in band b we measure a number of
counts, Cb , given by:

∫
Cb (t ) = a
0

∞

Fν (λ) Satm (λ, t ) Ssys
(λ, t) dλ/λ
b

where Satm (λ, t ) is the transmissivity of the atmosphere during that
observation, and Ssys
(λ, t) the system sensitivity (mirror reflectivities; filter
b
transmission, CCD QE).
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Photometric Calibration
I mentioned using e.g. Gaia to provide a photometric zero point, but
unfortunately things aren’t quite so simple.
If we observe an object with SED Fν in band b we measure a number of
counts, Cb , given by:

∫
Cb (t ) = a
0

∞

Fν (λ) Satm (λ, t ) Ssys
(λ, t) dλ/λ
b

where Satm (λ, t ) is the transmissivity of the atmosphere during that
observation, and Ssys
(λ, t) the system sensitivity (mirror reflectivities; filter
b
transmission, CCD QE).
In order to draw conclusions about Fν from Cb we need to understand
Satm (λ, t ) and Ssys
(λ, t); let us start with the latter.
b
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Instrument Signature Removal (ISR)
We will apply all the standard ISR corrections:
bias
dark current
non-linearity
ADC problems
Flat fields
pixel size variations
pixel QE variations
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(λ)
b
and therefore only affects Cb after being integrated over Fν .
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Instrument Signature Removal (ISR)
We will apply all the standard ISR corrections:
bias
dark current
non-linearity
ADC problems
Flat fields
pixel size variations
pixel QE variations

We cannot use standard flat-fielding techniques as the QE enters into Ssys
(λ)
b
and therefore only affects Cb after being integrated over Fν .
We will use monochromatic illumination of the flat field screen to measure
the pixel-to-pixel part of the CCD QE as a function of wavelength. This is a
little tricky due to ghosting, scattered light, and flat field screen illumination.
We can solve these problems using the Collimated Beam Projector (CBP).
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Telescope and Filters; CCD QE
The CBP also allows us to measure the telescope and CCD contributions to
Ssys
(λ) at a finite number of points; separately we can use it to measure the
b
filter transmission curves. Putting all this data together we know the full
Ssys
(λ).
b
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Atmospheric Characterisation
The atmosphere causes problems in a number of ways:
Seeing (irrelevant here)
Emission and scattering causing a bright background
Absorption and scattering obscuring light from astronomical objects
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activity) and our knowledge of the CCD’s colour response (in conjunction
with the all-sky cameras) enables us to flatten the data in a way that makes
the sky as uniform as possible.
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Atmospheric Characterisation
The atmosphere causes problems in a number of ways:
Seeing (irrelevant here)
Emission and scattering causing a bright background
Absorption and scattering obscuring light from astronomical objects
The background light has a variable spectrum (phase of the Moon; solar
activity) and our knowledge of the CCD’s colour response (in conjunction
with the all-sky cameras) enables us to flatten the data in a way that makes
the sky as uniform as possible. After sky subtraction we’ll re-flatten the data
in a way appropriate for a flat-spectrum (or G-star?) object.
So how about the obscuration?
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Atmospheric Characterisation
We need at least 6 parameters to characterise the atmosphere:
Water (1); Oxygen (and Nitrogen) (1); Ozone (1); Rayleigh (1); Aerosol (2)
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Enter the Auxiliary Telescope
LSST has a 1.3m telescope dedicated to measuring the atmosphere,
equipped with an R ∼ 100 slitless spectrograph using a simple optical design
designed to remove confusion from ghosting.
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Enter the Auxiliary Telescope
LSST has a 1.3m telescope dedicated to measuring the atmosphere,
equipped with an R ∼ 100 slitless spectrograph using a simple optical design
designed to remove confusion from ghosting.
The current plan is to use Gaia RP/BP spectroscopy of stars in the range 6-8
mag with simple spectra to constrain the atmospheric models.
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Gaia BP/RP Photometry
V1293 Aql (M5III) had V=6.63 at some epoch; HD 207165 (A3) has V=6.67
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Gaia BP/RP Photometry
We don’t yet know how well this will work, but we’ll know more on
2018-04-26.
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SEDs and Photometry
We now know Satm (λ, t ) and Ssys
(λ, t). If we knew the object’s SED Fν (λ) we’d
b
know how to interpret the counts Cb

∫
Cb (t ) = a
0

∞

Fν (λ) Satm (λ, t ) Ssys
(λ, t) dλ/λ
b
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Note that every observation of each object has a different combination
Satm (λ, t ) Ssys
(λ, t) due to spatio-temporal structure in both the camera and
b
the atmosphere.
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Note that every observation of each object has a different combination
Satm (λ, t ) Ssys
(λ, t) due to spatio-temporal structure in both the camera and
b
the atmosphere.
The current plan is to assign an SED to every cell (size TBD) in ugrizy space,
so we can interpret every observation in terms of the amplitude of the SED.
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SEDs and Photometry
We now know Satm (λ, t ) and Ssys
(λ, t). If we knew the object’s SED Fν (λ) we’d
b
know how to interpret the counts Cb

∫
Cb (t ) = a
0

∞

Fν (λ) Satm (λ, t ) Ssys
(λ, t) dλ/λ
b

Note that every observation of each object has a different combination
Satm (λ, t ) Ssys
(λ, t) due to spatio-temporal structure in both the camera and
b
the atmosphere.
The current plan is to assign an SED to every cell (size TBD) in ugrizy space,
so we can interpret every observation in terms of the amplitude of the SED.
If the assigned SED is correct, we are done.
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SEDs and Photometry and Databases
By assuming that the sensitivity doesn’t vary on the scale of the object, this
SED correction can be repeated at the database level, and we will make this
possible.
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possible. We expect that a user will be able to specify any SED and request
the corresponding flux.
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SEDs and Photometry and Databases
By assuming that the sensitivity doesn’t vary on the scale of the object, this
SED correction can be repeated at the database level, and we will make this
possible. We expect that a user will be able to specify any SED and request
the corresponding flux.
Note that this requires the object’s per-epoch flux to be well defined, which
means that the per-epoch deblending is reliable. This is not a problem for
transients such as SNe Ia which we can measure in the difference image. It
is also not a problem for sources which don’t vary, as the value of
⟨Satm (λ) Ssys
(λ)⟩ will be available for all objects on the coadds.
b

PST/SAC, 2018-02-27

22

