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Abstract

This report summarizes the demonstrated on-sky performance delivered by the Vera
C. Rubin Observatory during the Early Operations system optimization period. We
provide summary statistics and data visualizations for (1) the on-sky utilization and
effective survey speed and (2) delivered imagequality and estimated instrument con-
tribution to delivered image quality during pre-LSST observations.
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Rubin Observatory Early Operations On-sky Performance

1 Executive Summary

Following the substantial completion of the Construction project in October 2025, the NSF-
DOE Vera C. Rubin Observatory entered an Early Operations system optimization period
with the primary objective to improve the system performance to a level needed to deliver
the 10-year Legacy Survey of Space and Time (LSST) as a sub-arcsecond sky survey. While
the commissioning-era Science Validation Surveys demonstrated system capability to sup-
port the LSST science goals, further optimization was needed to achieve sufficiently reliable
performance to support the LSST.

This report provides a summary of the demonstrated on-sky performance achieved during
the first 6 months of the Early Operations on-sky campaign from 26 October 2025 to 31 May
2026, with an emphasis on key performance indicators for the delivered image quality and
effective survey speed as two of the primary considerations for evaluating technical readi-
ness.

On-sky observations during the Early Operations have interleaved dedicated on-sky engineer-
ing activies with pre-LSST observations driven by the Feature Based Scheduler (FBS) to rou-
tinely monitor the system performance for wide-area survey-mode observations. The pre-
LSST observations have also supported the Early Science Program [RTN-011], including the
start of the public alert stream. This report describes performance trends for pre-LSST obser-
vations over the full Early Operations period to date, as well as selected periods in February-
May 2026 that have been identified as most representative of the current performance that
could be expected for sustained survey observations using the current baseline LSST survey
strategy (v5.1). The recent performance reflects multiple improvements in hardware (e.g.,
dome louvers, primary-tertiary mirror thermal control, mitigations for heat sources on the
telescope Top End Assembly), software (e.g., Active Optics System (AOS) configuration, con-
trols for telescope slew and settle, summit compute performance optimization), as well as
diagnostic capabilities (e.g., guider sensors, in-dome thermal environment sensors, robust
characterization of irregular PSF shapes).

Table 1 provides a summary of the demonstrated performance for the representative subset
of recent pre-LSST observations relative to the criteria described in Blum et al. (RTN-093). As
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Table 1: Summary of demonstrated performance for a set of key performance indicators
relative to criteria described in Blum et al. (RTN-093).
Metric RTN-093 Demonstrated
Median Instrument contribution to PSF FWHM (arcsec) 0.45 0.39 – 0.47
Median Ellipticity 0.04 0.065
Fraction of images w/ acceptable PSF shapes - 0.87 – 0.98
Median visit acquisition rate relative to ideal night 0.7 0.82

shown in more detail in the following sections, the distribution of demonstrated performance
during recent pre-LSST observations substantially overlaps with the evaluation criteria, indi-
cating that Rubin Observatory is now routinely delivering science-quality data accept-
able for the 10-year LSST. On most nights, Rubin Observatory is running contiuous on-sky
observations during nearly the full night (solar elevation below -12 deg). As of late May 2026,
Rubin Observatory has not yet operated in a sustained pre-LSST survey mode for the nomi-
nal two-week contiguous period as envisioned in Blum et al. (RTN-093), primarily due to the
priorization of on-going on-sky engineering activities to further improve the delivered image
quality.

Current analyses imply that the as-built Rubin Observatory is not yet meeting its full technical
performance potential for summit operations, and that a combination of offline data analysis
and feature development for the optics and thermal environment controls, engineering work
at the summit facility, and targeted on-sky engineering tests will continue to drive the perfor-
mance towardmeeting all the LSST design specifications. Bechtol (SOTN-004) describes those
analyses and improvement plans.

2 Analysis Notes

The summary statistics and visualizations included in this report are generated using stan-
dard tools for data quality monitoring for Rubin Observatory. All of the analyzed data quality
metrics are part of the standard telemetry stream produced by the “Quick Look” single-visit
processing pipeline (using the LSST Science Pipelines software stack) running at the summit
facility and recorded in the Consolidated Database [DMTN-227].1 The Quick Look process-
ing provides near-realtime feedback to support operational decision making during the night,
inform test planning for on-sky engineering activities, and to support statistical analysis of
summit performance trends over time (e.g., as presented in this report).

1The Consolidated Database schema is can be browsed at https://sdm-schemas.lsst.io/cdb_lsstcam.html.
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The specific data visualization routines used for this report is available at https://github.com/
lsst/sp_notebooks.

3 On-sky Utilization and Visit Rate

Figure 1 shows the on-sky utilization during the first 6 months of the Early Operations period,
including dedicated on-sky engineering activities, FBS-driven pre-LSST observations, and op-
tical focus and alignment observing blocks typically run at the start of night, between tests,
and during fault recovery to refine the telescope optical state. The LSST survey is designed
for contiguous observations between -12 deg evening twilight and -12 deg morning twilight.
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Figure 1: On-sky utilization during the full Early Operations period to date. Time is referenced
relative to 00:00 UTC on each calendar date. Shaded regions incidate the intervals between
-12 deg and -18 deg solar elevation twilight. Each on-sky visit is indicated with a marker that
is colored to indicate primary purpose of the activity.

The Early Operations on-sky campaign to date can be roughly partitioned into four distinct
time periods.

1. From late October 2026 to late December 2025, the team conducted a series of ded-
icated on-sky engineering tests to characterize the AOS performance, identify major
areas of improvement, and refine the open-loop look-up tables (LUT). This period had
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limited duty cycle for pre-LSST observations, typically 1-2 hours per night. The reduc-
tion in on-sky observations in late December and early January is primarily attributed
to seasonal high humidity and the need to avoid moisture condensation on the tele-
scope. Thermal insulation was installed around coolant utility lines on the telescope by
mid-January to enlarge the dew point temperature range for nighttime operations.

2. From early January 2026 - early March 2026, the team conducted sustained pre-LSST ob-
servations to evaluate the performance during wide-area survey operations. Observa-
tions for Rubin First Alerts occured inmid-February 2026. Pauses of on-sky observations
in late January through mid-February are attributed to interruptions of utilities for the
LSST Camera (LSSTCam) and subsequent recovery, including a vacuum leak repair for
the LSSTCam cryostat.

3. By early March 2026, the team determined that further improvements to the delivered
image quality would require an intensive period of on-sky engineering for the AOS, in-
cluding FBS-driven closed-loop stability tests at fixed telescope pointing as well as ob-
servations with the full focal plane pistoned to intra- and extra-focal positions to make
detailed measurements of the optical wavefront across the full field of view.

4. In early April 2026, the team began gradually increasing the duty cycle for pre-LSST ob-
servations to evaluate the impact of several hardware and software upgrades.

By mid-December 2025, Rubin Observatory had demonstrated sufficient reliability of summit
electrical power utilities and dome control systems, including the dome aperture shutter, to
extend routine open-domenighttimeobservations tomorning -12 deg twilight. Inmid-January
2026, the team began using an earlier start and developed amore efficient initial optical focus
and alignment procedure, allowing pre-LSST observations to begin closer to the evening -
12 deg twilight. A general trend throughout the Early Operations period is toward longer
contiguous periods of on-sky observing during the night and more efficient recovery from
faults.

A more detailed week-by-week narrative of major activities during the on-sky campaign is
available on LSST Community forum https://community.lsst.org/tag/early-ops-update.

Figure 2 shows the timeseries for the rate of acquiring pre-LSST visits relative to an ideal full
night through the full Early Operations period. The vertical axis is the ratio of the number
of pre-LSST visits relative to the expected number of visits for continous observations with

4

https://community.lsst.org/tag/early-ops-update


Rubin Observatory Early Operations On-sky Performance | RTN-122 | Latest Revision 2026-06-27

the current baseline LSST survey cadence (v5.1) between -12 deg twilights. For comparison,
the 10-year average value of this ratio for the baseline LSST simulation is 0.63, considering
expected losses for weather, engineering, and downtime in the simulation.2 Note that the
calculated number of visits for an ideal night uses a default 30-second exposure time for a
Standard Visit, whereas the actual exposure time for u-band visits is 38 seconds, and thus the
number of actual visits relative to the ideal night is lower on nights with many u-band visits
when using this metric.
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Figure 2: Night-by-night ratio of the number of acquired pre-LSST visits relative to the ex-
pected number for an ideal full night of continuous observations with the current baseline
LSST survey cadence (v5.1) between -12 deg twilights during the full Early Operations period
to date. Selected nights in February through April that were planned to be entirely dedicated
to pre-LSST observations are marked in color to indicate their inclusion in statistical analysis
of the effective survey speed.

During much of the Early Operations period, the rate of acquiring pre-LSST visits relative to
ideal was typically much less than unity due to prioritization of on-sky engineering activities
(see Figure 1). To provide a clean evaluation of the system capability, we select a subset of
nights from mid-Febraury 2026 onwards that were planned to be full nights of pre-LSST ob-
servations (marked on Figure 2). This simplified analysis avoids ambiguity around transitions
between on-sky engineering and pre-LSST observations, which typically involves some level of

2On individual nights with good conditions, Rubin Observatory should aim to get as close to a ratio of 1.0 as
possible to demonstrate system capability. Averaged over long periods of time, Rubin Observatory would need
to achieve an average ratio of 0.63 or better to match the LSST design. In order to reach that long-term average,
Rubin Observatory would need to consistently do better than 0.63 on most nights when there are not substantial
weather, engineering, or downtime losses.
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inefficiency to make the transition. Figure 4 shows the distribution of visit acquisition rate rel-
ative to an ideal night for these selected nights intended for sustained survey observations.
The measured visit acquisition rate ratios cluster around 0.7 to 0.9, with a median of 0.82,
showing that Rubin Observatory is routinely achieving an efficiency of ∼0.8 when operated
in an LSST survey mode. This value is most directly comparable to the product of observing
efficiency (fO) and system availability (SA) in Blum et al. (RTN-093).

The median gap time between successive visits during pre-LSST observations, generally for
3.5 deg slews between adjacent LSSTCam pointings, the demonstrated performance is ∼8
seconds. As shown in Figure 3, the median visit gap time has varied throughout the Early
Operations period as the team has worked on the controls and interaction between compo-
nents of the observatory. In late April 2026, the median visit gap time has increased to ∼12
seconds due to a condition where the AOS closed-loop correction becomes available just be-
fore the start of the next exposure and the system delays the start of the exposure to apply
the AOS correction and thus improve the expected image quality. The current delay arose due
to improvements in the speed of computing AOS closed-loop corrections, and is expected to
disappear when the AOSwavefront estimation time further improves to less than a single visit
exposure time. The average filter change time duration meets the design specification of less
than 90 seconds.

Further improvements to the effective survey speed could be achieved through optimization
of the timing controls for slew and settle, further reducing the incidence of faults, and balanc-
ing of daytime engineering work with earlier start of on-sky observations. Survey simulations
suggest that increases to the commanded telescope mount assembly motion settings for ve-
locity, acceleration, and jerk would have comparatively minor impact at the few percent level.

The expected average system availability over time periods of months to years is more chal-
lenging to evaluate given the limited time baseline to date and on-going engineering work.

4 Delivered Image Quality

The primary measures of the delivered image quality are the PSF FWHM and ellipticity as
computed from second moments.

Irregular PSF shapes can be identified and characterized by their non-Gaussian power as de-
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Figure 3: Night-by-night distribution of the distribution (25th, 50th, and 75th percentiles) of
gap times between successive visits in pre-LSST observations during the full Early Operations
period to date. The increase in visit gap times starting in mid-April is due to a known effect
related to interactions with the AOS that is expected to be addressed in the next months.
The design requirement for the median gap time between successive visits of 5 seconds is
shown by the green dashed line and shaded region.
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Figure 4: Distribution of the ratio of the number of acquired pre-LSST visits relative to the
expected number for an ideal full night of continuous observations with the current baseline
LSST survey cadence (v5.1) between -12 deg twilights. This visualization shows results for a
subset of nights since mid-Febraury 2026 that were planned to be full nights of pre-LSST
observations.
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termined from higher order moments and/or shapelet decomposition. In the analyses that
follow, we compute a “moment score” derived from third- and fourth-order moments appear-
ing as trefoil and coma optical aberrations.

The delivered image quality includes contributions from

• static optics, principally the optical figure (e.g., as-built optics, AOS, primary-tertiary (M1M3)
mirror thermal gradients)

• dynamic optics (e.g., vibrations of the top end assembly)

• mount motion (e.g., tracking drift)

• atmosphere seeing (multiple layers),

• dome seeing,

• and the LSSTCam detectors (e.g., diffusion of photo-electrons within the detectors).

Rubin Observatory has developed an extensive set of tools and analysis methods to disen-
tangle the various system contributions to the delivered image quality. For the analyses in
this report, we concentrate on three methods to estimate the instrument contribution to the
delivered image quality.

1. Variation of PSF FWHMacross the FoV: attribute the difference in PSF FWHMbetween the
5th and 95th percentiles of sensors to an optical contribution that is added in quadrature

2. Delivered - Estimated Atmosphere: uses “donut blur” as a proxy for the atmosphere
contribution, where diffusion of photo-electrons within LSSTCam has been subtracted
off from the donut blur in quadrature3

3In wavefront estimation from the corner rafts, “donut blur” refers the effect of a convolution kernel that is
applied to the predicted optical model for out-of-focus images of the telescope pupil in order to match the the ob-
served “donut” images. Donut blur includes non-static-optics contributions to delivered image quality, including
atmosphere, dome seeing, and charge diffusion in LSSTCam sensors. While imperfect, the donut blur currently
one of the best proxies for atmosphere, exhibiting a high correlation with short-timescale variations in the deliv-
ered image quality. Donut blur is correlated with other measures of the atmosphere seeing, including measure-
ments with the Rubin Observatory DIMM, RINGSS at Gemini, and estimates from the guider images on LSSTCam.
The donut blur distribution exhibits some correlation with the angle between the wind direction and dome aper-
ture, indicating a larger dome seeing contribution when pointing away from the wind at typical moderate wind
speeds of 3-9 m/s, and larger donut blur is observed when the dome louvers are closed. From late October 2025
throughmid-April 2026, 6 dome louvers were operational onmost nights. In late April 2026, 6 additional dome lou-
vers were qualified for nighttime operation. The improvement in dome seeing with the additional dome louvers
is currently under analysis.
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3. Optics + CameraDiffusion: estimated contribution of optical aberrations to FWHMdeter-
mined from corner wavefront sensor measurements + charge diffusion within LSSTCam
added in quadrature

While each of these three approaches has limitations to fully characterize the total system
contribution to the delivered image quality, the ensemble of methods is thought to be a rea-
sonable approximation. In practice, we find that metric values from the three approaches are
correlated within individual nights and in longer-term trends across nights.

All of the distributions in this section come from pre-LSST observations. During the Early Op-
erations period, some of these survey observations were acquired using modified FBS con-
figurations to examine the impact of additional constraints (e.g., limited telescope elevation
range and/or limited LSSTCam rotator angle range) or inserting AOS closed-loop iterations
after a filter change to account for uncertainty in the filter-dependent focus offsets.

4.1 Delivered Image Quality: Full Early Operations Period

Figure 5 shows the distribution of delivered PSF FWHM across the full Early Operations period
to date, both as a probability distribution function and cumulative distribution function.
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Figure 5: Distribution of PSF FWHM during the full Early Operations time period to date. The
apparent bimodal distribution of the PSF FWHM in u band is potentially a statistical effect,
as observations in u amount to fewer than 4% of the total Early Operations pre-LSST visits,
and were clustered during a limited number of nights.

Figure 6 shows the night-by-night timeseries for themeasured distribution of delivered image
quality during the Early Operations period.
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Figure 6: Night-by-night distributions of the measured PSF FWHM during the full Early Oper-
ations period.

Figure 7 shows the distribution of measured PSF ellipticity during the Early Operations period.
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Figure 7: PSF ellipticity distribution during the full Early Operations period to date. The LSST
design specification formedian ellipticity (0.04) is indicated by the regionwith green shading.
The LSST design specification for the 95% percentile of the ellipticity distribution is indicated
by the yellow shading (0.07).

Figure 8 shows the distribution of estimated instrument contribution to the delivered image
quality using three methods.

Figure 9 shows the night-by-night distribution of estimated instrument contribution to the
delivered image quality during the Early Operations period. The figure also shows the night-
by-night distribution of measured ellipticity as a further indicator for the quality of the PSF
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Figure 8: Distribution of the estimated instrument contribution to the delivered image qual-
ity during the full Early Operations period to date.
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Figure 9: Estimated instrument contribution to the delivered image quality expressed a
night-by-night timeseries of the distributions. Points with error bars represent distributions
of the performance on each night. Green shading indicates the target (<0.45 arcsec) speci-
fied in Blum et al. (RTN-093). Orange shading indicated the LSST design specification for the
median ellipticity (0.04).

4.2 Delivered Image Quality: April-May 2026

This subsection reports on the delivered image quality during the recent period from 19 May
2026 to 31 May 2026 selected as being most representative of the current performance while
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observing with the baseline LSST survey strategy (v5.1).4 Several updates to the AOS con-
figuration and dome thermal environment control were applied throughout March and April
2026, and thus, this period reflects the performance with those updates in place.

Figures 10 and 11 highlight the distributions of estimated instrument contribution and mea-
sured ellipticity, respectively, highlighting more stable performance during the past weeks.
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Figure 10: Distribution of the estimated instrument contribution to delivered image quality
during a recent representative time period. Green shading indicates the target (<0.45 arc-
sec)specified in Blum et al. (RTN-093).

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Ellipticity

0

2

4

6

8

10

PD
F

20260419 - 20260531
Median = 0.07

Figure 11: PSF ellipticity distribution during a recent representative time period. The LSST
design specification formedian ellipticity (0.04) is indicated by the regionwith green shading.
The LSST design specification for the 95% percentile of the ellipticity distribution is indicated
by the yellow shading (0.07).

4Image quality diagnostics from the nights of 28-30 April 2026 are not included in this version of the report due
a database issue that is currently being addressed. The performance on these nights was comparable to other
nights from 19 May 2026 to 31 May 2026.
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As further measures of the reliability of the delivered image quality, Figure 12 shows the dis-
tribution of “moment scores” that quantify the non-Gaussian power in the PSF shapes as esti-
mated from third- and fourth-order moments. The analysis shows that the delivered PSFs for
the large majority of pre-LSST images are well-described by their second moments, and are
minimally affected by optical aberrations. Thresholds for excellent, good, marginal, and poor
moment score values have been determined by inspection of ensembles of PSF images. Con-
sistent results are achivedwhen using shapelet decomposition to fit the PSFs. Further analysis
is required to determine appropriate thresholds to use for various science data products, and
accordingly, we quote a range between the “excellent” and “good” thresholds in Table 1 to rep-
resent this uncertainty. The basic conclusion that most images have acceptable PSF shapes
holds when examining the subset of images with best atmosphere + dome seeing (donut blur
<0.8 arcseconds), although this analysis suggests that further refinements to the optics will
be needed to maintain good performance as other contributions to the delivered image qual-
ity, such as dome seeing, improve over the next year. Figure 13 shows that this performance
is generally stable across recent nights during the pre-LSST observations. The outliers with
degraded performance are correlated with nights of less stable thermal control of the M1M3
mirror.
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Figure 12: Moment score complementary cumulative distribution during a recent represen-
tative time period. Shading indicated moment scores corresponding to different quality
categories that characterize the level of non-Gaussian power in the PSF shapes, indicating
progressively larger contributions of optical aberrations that might be more challenging to
model. The large majority of images during this time period have low moment scores and
are well represented by their second-order moments. Left: Distribution for all pre-LSST de-
tector images during this time period. Right: Disaggregated by donut blur as a proxy for
atmopshere + dome seeing. Optical aberrations are more readily apparent during periods
with better atmosphere + dome seeing.

In summary, from mid-April through May 2026, the delivered image quality appears to be
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Figure 13: Distribution of per-detector moment scores shown as a night-by-night timeseries
during a recent representative time period. Thicker black bars show the 10th, 50th, and 90th
percentiles of the per-night distribution, while thinner gray bars show the 99th percentiles of
the per-night distribution. Categories for excellent, good, marginal, and poor moment score
values are indicated by the shaded regions.

limited primarily by the atmosphere + dome seeing, with high correlations between the de-
livered image quality and the donut blur throughout the night. The delivered PSF has been
comparatively stable, with a lower incidence of irregular PSF shapes, and more uniform deliv-
ered image quality across the field of view. During this period, ∼95% of the detector images
have low moment score values indicating that the PSF is well described by second moments.
Additional images with larger moment score values might be acceptable, depending on the
specific science case. Moment scores are currently be computed for all images acquired dur-
ing the Early Operations period. The median ellipticity remains higher than the SRD design
specification of 0.04. The SRD miniumum specification for the median ellipticity is 0.05. Fur-
ther wide-area survey observations will help to confirm reliable performance.

5 Comparison to Commissioning-era Science Validation Surveys

Figure 14 shows on-sky utilization during the commissioning-era SV surveys.

Figure 15 and Figure 16 show the distributions of PSF FWHM and ellipticity, respectively.

Figure 17 shows the distribution of estimated instrument contribution to the delivered image
quality.
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The general trend observed from these comparisons with the SV Surveys is one of increased
on-sky utilization and more reliable delivered image quality during the Early Operations pe-
riod.
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Figure 14: On-sky utilization during the Science Validation surveys. Time is referenced rela-
tive to 00:00 UTC on each calendar date. Shaded regions incidate the intervals between -12
deg and -18 deg solar elevation twilight. Each on-sky visit is indicated with a marker that is
colored to indicate primary purpose of the activity.
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Figure 15: PSF FWHM distribution during the Science Validation surveys.
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Figure 16: PSF ellipticity distribution during the Science Validation surveys. The LSST design
specification for median ellipticity (0.04) is indicated by the region with green shading. The
LSST design specification for the 95% percentile of the ellipticity distribution is indicated by
the yellow shading (0.07).
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Figure 17: Distribution of the estimated instrument contribution to delivered image qual-
ity during the Science Validation surveys. Green shading indicates the target (<0.45 arc-
sec)specified in Blum et al. (RTN-093).
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C Acronyms

Acronym Description
AOS Active Optics System
AST NSF Division of Astronomical Sciences
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AURA Association of Universities for Research in Astronomy
DE-AC02 Department of Energy contract number prefix
DIMM Differential Image Motion Monitor
DMTN DM Technical Note
DOE Department of Energy
FBS Feature-Based Scheduler
FWHM Full Width at Half-Maximum
FoV Field of View (also denoted FOV)
LSST Legacy Survey of Space and Time
LSST-DA LSST Discovery Alliance
LSSTCam LSST Science Camera
LUT Look-Up Table
M1M3 Single piece of glass for Primary Mirror/Tertiary Mirror
NSF National Science Foundation
PSF Point Spread Function
RINGSS Ring-Image Next Generation Scintillation Sensor
RTN Rubin Technical Note
SA System and Services Acquisition
SLAC SLAC National Accelerator Laboratory
SRD LSST Science Requirements; LPM-17
SV Science Validation
UTC Coordinated Universal Time
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