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ABSTRACT
We present Rubin Data Preview 2 (DP2), the second data preview from the NSF-DOE Vera C.17

Rubin Observatory,18
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4. DATA RELEASE PROCESSING24

Data Release Processing (DRP) is the data pipeline25

that produces the calibrated images, detection catalogs,26

and derived data products defined in section §TBD, us-27

ing the LSST Science Pipelines (citation). DP2 was pro-28

cessed at the United States Data Facility (USDF) at29

SLAC, with pilot runs at the National Institute of Nu-30

clear and Particle Physics (IN2P3) computing center.31

The processing campaign consists of four major stages:32

(1) single-frame processing, (2) calibration, (3) multi-33

visit processing, (4) variable and transient source pro-34

cessing. Data quality and key metrics for verification35

and validation are actively monitored during each stage,36

and comprehensive verification and validation assess-37

ments are completed before processing the next stage.38

Corresponding author: Leanne P. Guy

This section describes the high-level algorithms, con-39

figurations, and verification metrics for each stage, in-40

cluding changes and improvements from DP1 (citation).41

4.1. Single-Visit Processing42

4.1.1. Calibration & Instrument Signature Removal (ISR)43

4.1.2. Background Subtraction44

4.2. Calibration45

4.2.1. PSF Modeling46

4.2.2. Astrometric Calibration47

The final astrometric calibration of the data follows48

the method in DP1, but with some key additions. The49

full details of the method are described in Saunders,50

2026 (in prep; I’ll make a DOI for this). As described in51

DP1, a joint calibration is performed on all visits in a52

given band overlapping a given area. By associating all53

the isolated point sources shared among the overlapping54

visits, we can refine the astrometric solution beyond the55

level achieved in single-frame processing using only a56

reference catalog.57

Unlike in DP1, the area we use for individual fits of58

the astrometric solution is an order-3 healpix, instead of59

a tract. This is done to reduce repetitive calculations,60

since the small size of tracts compared to the LSSTCam61
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field of view means that neighboring tracts often share62

identical overlapping visits, which would lead to doing63

many identical fits of the astrometric calibration.64

As in DP1, the astrometric model consists of a static65

map from pixel space to an intermediate frame, which is66

followed by a per-visit map from the intermediate frame67

to the plane tangent to the telescope boresight, and fi-68

nally a deterministic mapping from the tangent plane69

to the sky. This is done by the gbdes package (Bern-70

stein et al. 2017), as described in Saunders (2024). The71

proper motion and parallax of the objects used in the72

calibration are fit as part of the solution, but we do73

not yet include differential chromatic refraction or lat-74

eral color. These will be included in future data releases75

during Rubin Operations.76

The main difference from the DP1 astrometric calibra-77

tion is an additional step that models the effect of at-78

mospheric turbulence on the astrometry. The per-visit79

part of the astrometric model already described captures80

large-scale variation between visits, which includes some81

atmospheric effects. However, higher order oscillations82

are visible in the astrometric residuals, and these can be83

attributed to atmospheric turbulence ((Saunders 2025)).84

As described in Fortino et al. (2021) and Léget et al.85

(2021), the wave-like astrometric effects caused by tur-86

bulence can be modeled by a Gaussian Process. In DP2,87

we do this by taking the astrometric residuals remaining88

after the gbdes fit, grouping them by visit, then mod-89

eling them with the Gaussian Process package treegp.90

We then use this Gaussian Processes model to predict91

the effects of turbulence on a grid. Finally, this grid is92

turned into a two-dimensional spline that can use the93

AST component SplineMap so that it can be concate-94

nated with the gbdes model. By including this model95

for the higher-order atmospheric turbulence, we achieve96

a significant improvement in the astrometric calculation,97

as demonstrated in Section 5.98

A corollary product of the gbdes astrometric calibra-99

tion is the catalog of proper motions and parallaxes of100

the sources used in the calibration. Since the gbdes fit101

is done per-band, and then improved by the turbulence102

fit, we perform an additional final fit of the proper mo-103

tion and parallax, using the final astrometric model and104

all available bands. The resulting catalogs are included105

in the DP2 data release. These catalogs only include106

isolated point sources, but future data releases will be107

extended to include proper motion and parallax for all108

objects.109
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APPENDIX156

Glossary157

Association of Universities for Research in Astronomy:158

consortium of US institutions and international159

affiliates that operates world-class astronomical160

observatories, AURA is the legal entity respon-161

sible for managing what it calls independent162

operating Centers, including LSST, under respec-163

tive cooperative agreements with the National164

Science Foundation. AURA assumes fiducial165

responsibility for the funds provided through166

those cooperative agreements. AURA also is the167

legal owner of the AURA Observatory properties168

in Chile.169

AURA: Association of Universities for Research in As-170

tronomy.171

DP2: Data Preview 2.172
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