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ABSTRACT
The Vera C. Rubin Observatory Legacy Survey of Space and Time (LSST) requires calibration

products that provide uniform, stable, and accurate photometric and astrometric performance across
the 3.2 gigapixel focal plane and throughout the 10-year survey. This paper details the algorithms
and workflows used to produce instrument calibrations and remove instrumental artifacts for Data
Preview 2 (DP2)—the first end-to-end processing demonstration using on-sky data with the LSST
Camera (LSSTCam). We describe the verification, acceptance, and certification framework used to
assess calibration quality and quantify residual systematics. We show baseline metrics on calibrated
science images to evaluate the robustness of the calibration and instrument signature removal (ISR)
data processing pipelines for DP2. Finally, we summarize the known limitations observed in DP2
production and outline expected algorithmic improvements for the first public LSST data release.

1. INTRODUCTION
The Vera C. Rubin Observatory will conduct the

10-year Legacy Survey of Space and Time (LSST, �.
Ivezić et al. 2019), imaging roughly 18,000 deg2 of
the southern sky in six broadband, optical–NIR filters
(ugrizy). Achieving the LSST science goals requires cal-
ibrating the instrument with high precision and uni-
formity so that raw detector readouts can be trans-
formed into science-ready images and catalogs. Errors
or non-uniformities in image calibration can introduce
survey-scale photometric and astrometric systematics
that propagate into downstream measurements and may
be degenerate with astrophysical or cosmological signals
(J. H. Esteves et al. 2023). Key challenges to delivering
this level of calibration include:

1. Instrument complexity: The LSST Camera
(LSSTCam) is the largest digital camera built for
astronomy. Its 3.2-gigapixel focal plane consists
of 205 fully depleted, backside-illuminated CCDs
from two vendors (Teledyne e2v and International
Technologies Laboratory, hereafter E2V and ITL).
Detector-to-detector and amplifier-level variations
require calibration and processing algorithms ro-
bust to heterogeneous sensor behavior.

2. Data volume and cadence: LSSTCam typ-
ically acquires 30 s exposures with ≤3 s read-
out, yielding about 1000 exposures per night and

nightly data rates of approximately 10 TB. The
need for fast, efficient processing speed is driven
by Prompt Processing for the alert database and
the active optics system.

3. Calibration system and optics: The cali-
bration system (dome flats, LEDs, monochroma-
tor, and the Collimated Beam Projector or CBP)
must provide uniform and repeatable illumination
over a large focal plane through a fast converging
(f/1.2) optical system.

4. Coupled instrumental effects: Instrument sig-
nature removal (ISR) must correct artifacts in the
reverse chronological order in which they imprint
in the photon transfer chain. Calibration deriva-
tion follows the same ordering, since characteriz-
ing a given artifact requires that all effects im-
printed before it have already been calibrated and
removed. This is further complicated by partial
degeneracies among instrument artifacts, which
necessitate iterative or “bootstrapped” approaches
to converge on self-consistent calibration products.

5. Evolving conditions and cadence: Changing
environmental conditions, multi-epoch calibration
datasets, and evolving observing strategies require
calibration production to be robust to non-uniform
survey and telescope operations operations. The
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datasets discussed in this paper were collected be-
fore the dome was completed, before stabilization
of thermal regulation systems, and before finaliza-
tion of the precise detector operating mode.

6. Verification, provenance, and operational
reproducibility: Calibration products must be
accompanied by quantitative diagnostics for rapid
data quality assessment, cross-time and cross-
version comparisons, and clear acceptance and
certification decisions for downstream processing.
Products must be reproducible, versioned, and
continuously validated as instruments and algo-
rithms evolve.

The LSST Data Management Science Pipelines ( NSF-
DOE Vera C. Rubin Observatory 2025) implement this
functionality using production pipelines and supporting
tools to generate, verify, and publish calibration prod-
ucts for routine processing. The design benefits from
lessons learned in LSST Data Preview 1 (DP1) ( NSF-
DOE Vera C. Rubin Observatory Team et al. 2025) and
precursor surveys, including the Hyper Suprime-Cam
Subaru Strategic Program (S. Miyazaki et al. 2012; H.
Aihara et al. 2022; J. Bosch et al. 2017) and the Dark
Energy Survey (T. D. E. S. Collaboration 2005; T. Diehl
& F. T. D. E. S. Collaboration 2012; E. Morganson et al.
2018).

The first end-to-end demonstration of Rubin data pro-
cessing on a substantial, internally consistent LSSTCam
dataset is Data Preview 2 (DP2). DP2 covers about
2,500 deg2 in all six filters and includes commissioning
and pre-survey operations data. This paper describes
the calibration-production algorithms and the opera-
tional approach used to generate DP2 calibration prod-
ucts.

Our goals are to (1) make the DP2 calibration prod-
ucts interpretable to science users, (2) quantify our con-
fidence in the quality of released data products, (3) pro-
vide a reference for future cross-survey synergies and
science analyses, (4) make the processing reproducible
for pipeline developers and operators, and (5) provide a
reference point for expected improvements on the path
to the first LSST public data release.

This paper is organized as follows. §2 introduces
the observatory hardware and instrumentation that sup-
plied the inputs for DP2 calibrations. §3 presents the
physical detector model and the calibration and ISR
pipeline, including algorithms and data products used
in production. §4 discusses calibration-epoch differences
and residual systematics relevant to DP2. §5 describes
how calibration products are verified, accepted, certi-
fied, and deployed. §7 summarizes the DP2 calibra-

tion quality and outlines expected improvements toward
Data Release 1 (DR1).

2. DATA
Summarize the DP2 context relevant to cal-

ibrations: instrument, filters, observing pe-
riod/epochs, detector layout, available exposure types
(bias/dark/flat/science), and definitions of calibration
epochs. Optionally add science context.

2.1. The LSST Camera (LSSTCam)
Describe LSSTCam, including detector layout, the

electronic readout board (REB), and the filters.

2.2. Calibration System (CalSys)
Provide descriptions of auxiliary telescope/CBP/flat

field illuminator/LEDs/monochromator and any instru-
mentation used for input datasets. Describe any system-
level constraints that influenced calibration strategy.

Describe the LSST Camera and any technical limita-
tions (bad detectors/amps). Introduce and define the
sequencer.

2.3. Data Selection
Describe the data selection process for the DP2

dataset.

3. DATA PROCESSING OVERVIEW
The calibration and instrument signature removal

(ISR) pipeline removes instrumental effects from sci-
ence data. For each effect observed in LSSTCam, the
Rubin Science Pipelines define a calibration-generation
task that produces the corresponding data product, and
a correction task that applies that product during ISR.

3.1. Detector Model
Calibration and ISR tasks are organized as a pipeline

based on our current model of the detector physics.
The calibration production tasks are run in chronologi-
cal order with respect to the photon transfer and data-
acquisition chain, and ISR correction tasks are applied
in the opposite order to the sequence in which effects
accumulate along the signal path.

The algorithms and processing steps required for
LSSTCam calibration and ISR were developed from
measurements and analysis during electro-optical test-
ing on the laboratory test stand at SLAC National Ac-
celerator Laboratory, at the summit, and on the tele-
scope in-dome during commissioning. A. J. Roodman
et al. (2024) gives a detailed account of system charac-
terization work and results from these campaigns. Fig-
ure 1 summarizes the instrumental effects identified in
the photon transfer chain and their order.

... describe the detector physics ...
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Figure 1. Photon transfer and data-acquisition model for the LSSTCam detectors and electronic readout board (REB).
Instrumental effects seen in images are shown as dashed boxes; arrows indicate where each effect enters the chain. Low-signal
nonlinearities in LSSTCam’s detector response have been observed, but their origin is not yet established; that contribution
appears as a disconnected box.

3.2. Calibration & ISR Pipeline
Each subsection will describe the calibration product,

its construction algorithm, and the corresponding ISR
correction task. We may also include a table of the data
product and the name of the associated calibration task.
Figure 2 summarizes calibration-product dependencies,
and Figure 3 lists the ISR correction tasks in the order
they are applied to science images.

3.2.1. Curated Calibrations
3.2.2. Auxiliary Data Products

3.2.3. Crosstalk

Describe how the crosstalk matrices are constructed.

3.2.4. Defects

We describe how defect masks are generated (bad pix-
els/columns, saturation trails, and other artifacts), the
thresholds used, and how masks are combined across
exposures.

3.2.5. Non-Linearity

We describe the linearity characterization procedure
and the model used to correct detector response as a

function of signal level. We specify the valid range and
how extrapolation (if any) is treated.

3.2.6. Deferred Charge

Several distinct effects in the readout chain displace
charge from its pixel of origin and leave correlated struc-
ture in the serial overscan: (1) a pixel-to-pixel fractional
loss during charge transfer referred to as “global CTI”,
(2) a local electronic-offset hysteresis in the output am-
plifier that mimics deferred charge in the first few over-
scan columns, and (3) localized capture and delayed re-
lease of charge by isolated trap sites in the serial register.
Strictly, only global CTI is “charge transfer inefficiency”
in the textbook sense, but because all three enter at
same point in the photon transfer chain (Figure 1) and
produce overlapping signatures in the serial overscan,
we model them together and produce a single calibra-
tion data product that we loosely refer to as “CTI” in
Figure 2. These effects are measured, modeled, and cor-
rected together using the extended pixel edge response
(EPER) estimator developed for LSSTCam by A. Sny-
der et al. (2021).

Calibrating deferred charge uses the same flat-field il-
lumination sequence as the linearity dataset (§3.2.5), es-
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Figure 2. Calibration production dependency graph. Ar-
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depends on x”). Solid outlined boxes represent datasets that
are deployed/released with data products while dashed boxes
represent internal or intermediate datasets that are not for-
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timating the residual charge in electrons left in the over-
scan region over a wide range of signal levels. The global
CTI is quantified by a unitless fraction, but the trap size
and the electronic drift-scale all carry signal-dependent
physical units, so an imperfect conversion from counts
back to physical electrons biases the eventual correction.
This calculation therefore needs to happen in native
electron units, so we need to remove signal-dependent
non-linearities that occur when the signal is measured
as counts and estimate a gain conversion from counts to
electrons. For each input exposure, we apply an inter-
mediate pass of instrument signature removal that ap-
plies defect masking and non-linearity correction, and
converts pixel values to electrons, and also measures the
overscan EPER statistics for each readout channel.

The natural way to convert from counts to electrons is
to use the gain inferred from the PTC (§3.2.7), but the
PTC needs to be CTI-corrected to get the most accurate
inferred gains, creating what seems like a circular depen-

dency between CTI and PTC calibration production.
We break the cycle by bootstrapping. We create a tem-
porary (intermediate) PTC that is not CTI-corrected,
which we fit (see §3.2.7) to derive an initial rough esti-
mate of the per-amplifier gain. That estimate is stored
and applied during the ISR of the flat field images before
calculating the EPER statistics. We find that the gains
from a PTC without CTI correction are close enough
to the final gains measured from a fully calibrated PTC
(typically within 1% of the true gains). At this level,
the rough gains are accurate enough for CTI calibra-
tion. The global-CTI fit is unit-free and so insensitive
to any gain error, and the trap and local-offset ampli-
tudes have only weak sensitivity to the few-percent gain
bias that remains in the bootstrap estimate.

An example of the measured serial EPER statistics as
a function of signal level for a single channel readout is
shown in Figure 4. The global CTI produces an overall
offset of this curve at all signal levels, the electronic
offset produces a linear slope in the curve as a function
of signal level, and the serial traps produce non-linear
jumps that “turn on” above some signal level after a trap
fills up and begins releasing charge with a characteristic
timescale. There is a point at high signal levels in which
we can no longer effectively transfer charge pixel to pixel,
which we define as the “serial CTI turnoff” as indicated
in the figure. We calculate this point as the highest
mean signal for which the serial EPER surviving after
sigma-clipping a linear fit to the low-signal points. For
the majority of readout channels, the image region flat
field level was not high enough to observe a serial CTI
turnoff, which we then set as the maximum observed
signal level.

The CTI solver simulates charge readout and each of
the three effects at the amplifier image level for a given
set of parameters. The model in the simulation is pa-
rameterized by a global serial CTI parameter b that is a
fractional charge loss per pixel transfer, a local electronic
offset described by drift scale AL and decay time τL, and
a spline-based serial charge-trap decay model whose size
is allowed to depend on the signal in the last imaging
column. We perform a least squares fit that finds the
optimal set of parameters that can reproduce the mea-
sured overscan statistics trend as a function of signal
level. Then the solver fits these parameters to the over-
scan image in stages. First, it varies only, the only the
local offset parameters, then the global CTI parameter,
and then the trap capture curve from residuals between
model and data. Exposures above configured flux lim-
its are excluded from each stage (typically 104 electrons
for the global CTI fit and 1.5 × 105 electrons for trap
fitting).
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Figure 3. Outline of the Instrument Signature Removal Pipeline (ISR) applied to LSSTCam science images for DP2. The
steps in the pipeline follow a very specific sequence determined by the physics of the instrument signature and where it enters
in the photon transfer chain.

LSST Science Requirement document requires that to-
tal deferred charge measured by EPER be kept under
a total of 5 × 10−6 for signal levels below saturation
level on each amplifier (citation needed). Within the
population of amplifiers in active science detectors, only
95 amplifiers do not meet this requirement without ISR
correction. Figure 5 shows the distribution of inferred
global CTI across all amplifiers on the LSSTCam focal
plane, and we show that 26 have a global CTI offset
that is already above the maximum allowed threshold.
The majority of these (19) are bad amplifiers that are
in the detector corners (C00, C07, C10, C17) positioned
near the serial register, and it is possible that what is
inferred as global CTI could be a serial trap that turns
on at very low signal levels (below the 104 electron level)
and appears like an overall offset and mistaken for global
CTI.

When correcting deferred charge from an image dur-
ing ISR, the deferred-charge correction takes in these fit
parameters and applies the inverse operators from the
model. The global CTI and local-offset fits, and the in-
verse correction operators applied during ISR, are the
same for both ITL and E2V sensors, but serial traps
are fitted only on ITL since it was observed that E2V
sensors had small trap size that was difficult to measure
beyond noise fluctuations and already neglibible enough
to not need correction. After applying a deferred charge
correction, we can re-compute the EPER statistics on
the corrected dataset and find that all amplifiers meet
the science requirements.

While there can be deferred charge from a charge
transfer in the parallel direction (shift row-to-row), in
principe this is a difficult quantity to estimate accurately
from parallel overscan statistics. EPER statistics com-
puted in the parallel overscan region produce are noisy
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Technologies Laboratory (ITL) Detectors. The fit to the
deferred charge model allows global CTI to vary up to
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and reveal no statistically significant charge residuals, so
we do not apply any parallel deferred charge correction
to science images.

3.2.7. Photon Transfer Curve (PTC)

The photon transfer curve (PTC) characterizes how
pixels respond to varying signal levels in a given wave-
length band by measuring covariances between pixels in
flat field exposures across a range of illumination levels.

This dataset provides critical calibration information in-
cluding amplifier-level read noise and gain for variance
plane estimation, saturation thresholds for masking, and
parameters needed to correct for non-linearity, charge
transfer inefficiency (CTI), and the brighter-fatter ef-
fect. All of these parameters can differ at the amplifier
level.

The photon transfer curve used to calibrate LSSTCam
for DP2 is measured from 543× 2 flat field exposures at
evenly spaced illumination levels as low 100 ADU and
reaching at least 10% beyond saturation. At each illu-
mination level, a pair of flats was acquired by varying
both LED output and exposure time to achieve the tar-
get signal. We measure the covariance between pixels
on the difference image of the two exposures to remove
variations sourced by static, fixed-pattern artifacts.

Let F1 and F2 denote the two flats at a given illumina-
tion level, and let µ = avg(F1, F2) denote the mean sig-
nal level (in ADU) over the image and away from the de-
tector edges. The covariance between a pixel x = (0, 0)

and a neighbor at pixel x′ = (i, j) is:

Cij = 1
2 Cov(F1(x)− F2(x), F1(x

′)− F2(x
′)) . (1)

Pre-model fit —Preliminarily, we fit only the variance to
an approximate exponential relation derived in P. Astier
et al. (2019) (their Eq. 16).

Cexp. approx
00 (µ) =

1

2g2a00

[
exp(2a00µg)− 1

]
+

n00

g2
. (2)

In this expression, covariances are contributed by a
gain g (electrons/ADU), noise pedestal n00 (electrons2),
and a single brighter-fatter coefficient a00 (1/electrons)
which has the effect of decreasing the image variance.

Near saturation, the variance deviates from this func-
tional form, exhibiting a gradual rollover rather than a
sharp cutoff due to electrostatic effects that are difficult
to model analytically. On top of the exponential approx-
imation, we introduce an empirical saturation term:

Csat
00 (µ) =

{
−e−(µ−µ0)/τ µ ≥ µ0

0 µ < µ0

, (3)

where µ0 marks the onset of the PTC ”rolloff” effects
and τ controls the shape of the rollover. The total
preliminary fit model is Cprelim.

00 (µ) = Cexp. approx
00 (µ) +

Csat
00 (µ) to the unweighted points. This fit is performed

iteratively with additional 3 sigma clipping until con-
vergence. The “PTC turnoff” is defined as the signal
level of the last unmasked point following the fit to only
the exponential approximation fit, typically correspond-
ing to the maximum of the variance curve and generally
higher than the rolloff threshold. The “PTC rolloff” is
the signal level where Cpre. lim.

00 (µ) and Cexp. approx
00 devi-

ate by more than 1%.
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Final model fit —With the remaining points below the
PTC rolloff, we fit the complete covariance expansion
from P. Astier et al. (2019) (their Eq. 20):

Cmodel
ij (µ) =

µ

g

[
δi0δj0 + aijµg

+
2

3
([a⊗ a+ ab]ij) (µg)

2

+
1

6
(2a⊗ a⊗ a+ 5a⊗ ab)ij (µg)

3

+O[(µg)4]
]
+

nij

g2
,

(4)
where aij (electrons)−1 represents the fractional change
in pixel area per stored charge due to boundary mo-
tion from the brighter-fatter effect, bij (electrons)−1 cap-
tures weaker time-dependent corrections, g is the gain
(electrons/ADU), and nij is the constant noise contribu-
tion (electrons)2 (e.g., n00 ∼ (5.7 electrons)2 on the di-
agonal, with off-diagonal terms determined by read elec-
tronics and overscan). The symbol ab denotes element-
wise matrix multiplication, and ⊗ represents discrete
convolution. In practice, bij parameter is inferred to be
just noise around a value of zero. The size of the co-
variance matrix (n × n) is determined by the range of
the brighter-fatter effect (see §3.2.8). Figure 6 shows an
example fit for amplifier C03 on detector 94, illustrat-
ing the measured C00 points, the preliminary exponen-
tial approximation with saturation roll-off, and the final
variance from Eq. 4.

Because the gains are fit independently per amplifier,
small fitting residuals can leave flux discontinuities at
amplifier boundaries within a detector. We add a sub-
sequent step that measures the relative offsets between
amplifiers in flat fields after gain correction and com-
putes small adjustments to the gain to make the detec-
tor image continuous while preserving the average gain
across the detector. We compute the average gain ad-
justment in flat fields at across a range of signal lev-
els, and use these to produce overall “adjusted gains”.
The adjustments to the gain are always small (less than
0.03), and uncorrelated between detectors. These final
gains are used for conversion of science images to elec-
tron units and construction of the variance plane for
source detection.

The PTC calibration products are applied during in-
strument signature removal of science images in three
ways. First, the gain converts pixel values from ADU to
electrons. Second, the gain and read noise inform vari-
ance plane estimation. Third, the saturated pixel mask
flag (denoted “SAT”) is set for all pixels with values
greater than or equal to the PTC turnoff threshold.

3.2.8. Brighter-Fatter Effect

The brighter-fatter (BF) effect is the first influence
the detector has on an incident signal (Figure 1). Accu-
mulated electrons in a pixel repel incoming charges into
neighboring pixels. Brighter point sources therefore ap-
pear wider in the recorded images. This electrostatic
effect reduces to effective change in pixel area and in-
troduces correlations between nearby pixel values. The
effect is intrinsic to thick CCDs and can significantly
bias PSF photometry and shape measurement.

The BF effect has been extensively characterized for
LSSTCam by laboratory and in-dome commissioning
measurements (A. Broughton et al. 2024). The strength
of the effect is anisotropic (a01/a10 ∼ 3), long-ranged
(∼ 10px), and wavlength dependent. It is also about
twice as strong in the E2V-family detectors as in ITL-
family detectors.

Several BF correction methods have been proposed
and implemented in the LSST Science Pipelines (D.
Gruen et al. 2015; W. R. Coulton et al. 2018; P. Astier
& N. Regnault 2023; A. Broughton et al. 2024), and
they differ widely in their underlying assumptions. A.
Broughton et al. (2024) found that modeling individ-
ual boundary shifts for every pixel (N, S, E, W) is re-
quired for adequate correction at the level needed for
LSST Y10 science requirements. Flat-field pixel corre-
lations can measure only the net per-pixel area change,
so determining these boundary shifts requires additional
electrostatic modeling. For processing raw images from
DP2, we use the P. Astier & N. Regnault (2023) algo-
rithm developed for Hyper Suprime-Cam, which derives
from electrostatic physics and treats each pixel bound-
ary individually.

Calibration of the BFE using this algorithm takes the
form of modeling a charge cloud at the bottom of a pixel,
computing how the effective areas of nearby pixels would
be expected to change electrostatically in response. It
adjusts some geometric parameters (summarized in Ta-
ble 1), and solves Gauss’s law to compute the shift of
pixel boundaries and the relative change in pixel area
from each shift (aN, aS, aE, aW). We optimize these
parameters best-fit the measured net pixel area changes
(a from Eq. 4):

a = aN + aS + aE + aW. (5)

In principle, the BFE can vary amplifier-to-amplifier,
but we have observed only noise-level variations in the
pixel distortion matrices across amplifiers and even de-
tector families. For this reason, and to avoid discontin-
uous amplifier boundaries, the fit is performed at the
detector level. All aij matrices from well-behaved am-
plifiers are 3σ-clipped elementwise and averaged into a
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Figure 6. Example PTC fit for amplifier C03 on LSSTCam detector 94. Measured C00 covariance points are compared to
the preliminary fit (exponential approximation plus saturation roll-off) and the final full-covariance model variance. Vertical
markers indicate the PTC rolloff and turnoff thresholds.

detector-mean aij ; the scatter becomes the per-element
uncertainty , and a single fit is run against this aver-
age pixel distortion matrix. The output calibration data
product is the set of model parameters and a model that
can be evaulated per-detector.

Applying this calibration to remove the effect during
ISR uses the boundary-shift matrices aN, aS, aE, and
aW to redistribute flux accordingly. We tile these into
two, (2n + 1) × (2n + 1), convolution kernels KH and

KV for the horizontal and vertical shifts, respectively;
we apply sign flips and edge adjustments so each ma-
trix sums to zero. These matrices need not be sym-
metric, which is more realistic per A. Broughton et al.
(2024). Figure 7 shows an example pair of these kernels
for amplifier C03 on detector 94, illustrating the dipole-
like, charge-conserving structure that redistributes flux
across the vertical and horizontal pixel boundaries.
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Table 1. Parameter Priors for the Electrostatic BFE
Model Fit

Parameter Prior

Si thickness, t (µm) 100 (fixed)
Pixel size, p (µm) 10 (fixed)
Charge cloud height, zq (µm) 0 ≤ zq ≤ t/2

Charge cloud length, a (µm) 10−5 ≤ a ≤ 0.35 p

Charge cloud width, b (µm) 10−5 ≤ b ≤ 0.35 p

Potential well vertex height,
horizontal zsh (µm) 0 ≤ zsh ≤ t/2

Potential well vertex height,
vertical zsv (µm) 0 ≤ zsv ≤ t/2

Note—Priors on the fit parameters are informed by
pixel-level simulations of the electric fields in these
pixels (C. Lage et al. 2017). The potential well ver-
tices refer to the heights above the front-side of the
CCD to the saddlepoints in the electric field that
defines the pixel boundaries in the veritical (0, 1)
and horizontal (1, 0) directions. The electrostatic
model assumes that the stored chare cloud in the
sensor takes the form of a flat, rectangular sheet of
charge with length (a) and width (b). The inequality
constraints zsh > zq, zsv > zq are enforced during
optimization, which is true in the unsaturated signal
level regime.

For an image Qij in natural gain-corrected units of
electrons, the amount of charge lost over the vertical
and horizontal boundaries is:

δHij = 1
2

∑
kl

KH
kl Qi−k, j−l,

δVij = 1
2

∑
kl

KV
kl Qi−k, j−l, (6)

The 1/2 prefactor accounts for the average BFE as-
suming a constant rate of charge accumulation dur-
ing an exposure. The corrected image is assembled
by removing the charge each pixel lost across its N/E
boundaries and adding what it gained from S/W neigh-
bors, guaranteeing charge conservation by construction,∑

ij Q
corr
ij =

∑
ij Qij . This correction does not require

iterative convolutions. Unlike the W. R. Coulton et al.
(2018) algorithm used for DP1 ( NSF-DOE Vera C. Ru-
bin Observatory Team et al. 2025), which requires mul-
tiple convolutions to reach convergence, we perform ex-
actly two convolutions with the horizontal and vertical
boundary-shift matrices.
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KH

9.7 × 10 7

5.0 × 10 8

0

5.0 × 10 8

9.7 × 10 7

9.7 × 10 7

5.0 × 10 8

0

5.0 × 10 8

9.7 × 10 7

Figure 7. Example brighter-fatter correction kernels KV

(vertical) and KH (horizontal) derived from the electrostatic
BFE model for amplifier C03 on LSSTCam detector 94.
The diverging color scale shows the fractional charge redis-
tributed across pixel boundaries; each kernel sums to zero to
conserve charge and exhibits the antisymmetric dipole struc-
ture that moves flux from the brighter pixel to its neighbors.

3.2.9. Bias

We describe how master biases are constructed (over-
scan handling, trimming, combination statistic, mask-
ing) and the metrics used to monitor time stability.

3.2.10. Dark

We describe how master darks are produced (scaling
by exposure time, cosmic-ray rejection, hot pixel treat-
ment) and how residual structures are assessed.

3.2.11. Flats

We describe how flat-field calibrations are created (il-
lumination correction strategy, normalization conven-
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tions, handling fringing/stray light) and how uniformity
is quantified.

4. DISCUSSION
Describe how calibrations have changed across differ-

ent calibration epochs (sequencer changes).
List the set of criteria that prompt a new round of

calibrations.

5. VERIFICATION, ACCEPTANCE, AND
CERTIFICATION

This section defines the quality metrics for calibration
products and ISR outputs. Here we define the criteria
used to promote products to “accepted” and “certified”.

5.1. Data products, Distribution, and User Access
Describe the output schema, distribution process (ex-

porting/importing, rucio, TAXICAB tracking), and user
access.

We enumerate the primary data products (calibration
frames, ISR outputs, masks, and metadata tables), de-
scribe naming/versioning conventions, and summarize
the provenance tracked for each product (inputs, soft-
ware versions, and configuration).

Briefly describe how users discover and retrieve prod-
ucts (e.g., via a data butler/repository interface) and
recommended query patterns.

Be sure to mention that header metadata contains
information about whether a particular ISR step was
applied/not applied and what calibraiton dataset what
used.

5.2. Verification
We list (possibly in a table) the automated verifica-

tion tests for each data product (sanity checks, analysis
plots, detailed plots, distributional checks, and science
test images) and the thresholds that determine accep-
tance/rejection of different calibration data products.

5.3. Acceptance
This section will describe the calibration acceptance

process (TAXICAB).

Describe how verified products are compared against
earlier baselines to reveal regressions or deviations, and
how acceptance decisions are documented.

5.4. Certification
Describe the final certification step in the context of

the data “butler” and file system storage.

5.5. Data Monitoring
Discuss how we monitor incoming streams of new data

for quality (e.g. rubinTV, plot navigator, trend monitor-
ing with chronograph).

6. LIMITATIONS & KNOWN ISSUES
Summarize known limitations for DP2 (instrumental

systematics not fully corrected, edge cases, missing cal-
ibrations, validity constraints) and near-term roadmap
items.

7. CONCLUSION
We summarize the workflow and the key validation

steps that ensure stable, reproducible calibration pro-
duction and ISR. We also outline planned improvements
(algorithmic updates, expanded diagnostics, and oper-
ational automation) and the expected impact on data
quality.
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