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“The Hubble mission continues to operate well, in no 
small part due to the proactive nature of STScI’s 
instrument and observatory monitoring and 
maintenance.” (STUC report)
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The Cycle 23 Calibration Program Provides 
the Monitoring and Instrument Calibration 

Needed to Enable Science with HST

External Orbits Internal Orbits

ACS 33 936

COS 38 317

STIS 31 1388

WFC3 98 1619

Total orbits 200 4260
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Basic Instrument Calibration 
is a Priority

9%
6%

21%
64%

COS 
λ calibration, FUV/LP4, C23 & C24 calibrations

STIS
automated monitoring, lamp monitoring, 
echelle blaze function, TDS, C23 & C24 

calibrations
ACS

WFC CTE, WFC geometric distortion, SBC 
sensitivity/flatfields, PSF modelling

WFC3
UVIS bias, darks; IR dark, linearity monitors, 
C24 calibration, grism IR λ, flux calibration, 
photometric repeatability, focus monitoring

FTEs in instrument teams devoted to 
basic calibration (yellow), user support & 

documentation (blue), higher level 
products (purple), other (management, 

institute service)
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Priorities for higher level 
products are set by:

✓ free energy available after basic calibration, user support, 
documentation is covered

✓ concerns of user community for improvements to basic 
calibration, tools, monitoring

✓ resources required to implement higher level products
✓ enhancements to the legacy value of Hubble datasets
✓ discussions with the user community

High Level Science Products (HLSPs) are produced as the result of Large and 
Treasury Programs and are deliverables to MAST



HST Spectral Legacy Project

STUC was briefed in Oct. 2013, Oct. 2014, Nov. 2015
resource level: ~1.5 FTE per year

recommendation of working group formed after “Enhancing the Legacy of 
HST Spectroscopy” Workshop Nov. 15-16, 2012

STUC Oct. 2013 K. Sembach presentation



HST Spectral Legacy Project
Enhances spectroscopic science return of Hubble archives

• Many science cases require all/most data on a given target 

• HST Spectral Legacy project available March 7, 2016: spectroscopic equivalent of mosaics 
for images
• combines all COS/FUV data on 1394 targets, 13121 exposures, 1722 coadded 1D 

spectra, 18 science-ready target samples, one-click downloads 
• Will expand to COS/NUV, STIS, legacy spectrographs



Hubble Source Catalog

STUC May 2014 K. Sembach presentation



Hubble Source Catalog

STUC first briefed in April 2012 
resource level: ~1.5 FTE effort per year

Whitmore	
  et	
  al.	
  (2016)

• Enables science from catalog of hundreds of millions of sources viewed by HST over its lifetime
• Version 1 released Feb. 2015: 80 million detections of 30 million sources from WFPC2, ACS/WFC, WFC3/IR, 

WFC3/UVIS
o Mean photometric accuracy <0.1 mag; <0.02 mag for many sources
o Relative astrometric residuals < 10 mas
o Absolute astrometric offset <0.2”

• Version 2 release August 2016 includes new ACS data, version 3 (spring/summer 2017) new WFPC2 data, 
totaling 100 million sources

• Extensive cross matching with PanSTARRS & GAIA improves absolute astrometry to <0.01” with GAIA 
(currently <0.2” relative to PanSTARRS and 2MASS)

• Supports time-variable studies over a >20 year baseline ➔ Hubble Catalog of Variables
• Accurate spatial offsets between observations needed to build the HSC, can then be used to make mosaics
• Puts very large datasets in the hands of a wider community; increases the legacy value of the archival holdings



The Value of Combining Data

• Archive combines data: exposures within a visit
• High level science products for large/treasury programs typically deliver combined data 

and catalogs at the program level 
• Clear advantages to providing uniform combination of data at the highest level, utilizing 

latest advances in calibration and processing, for science-ready data products
• This is the philosophy used by the HST Spectral Legacy Project, also useful for imaging



The Value of Combining Data

• High Level Science Products are downloaded ~10x more than HST(/HLA) 
relative to their data volume holdings on disk

• The current largest HLSPs constitute < 10% of the total science exposures to 
date in wide-field imaging (ACS/WFC, WFC3/IR, WFC3/UVIS); the remaining 
90% are generally smaller programs, often obtained by teams too small (or 
too long ago) to deliver as HLSPs: still value

Anton Koekemoer slide



The Value of Combining Data:  
Supermosaics

• Utilizes experience from Frontier Field processing in combining observations 
from current wide-field imagers

• Incorporates additional improvements in off-line processing such as:
 Mitigating persistence and time-variable sky in WFC3/IR data
 Improving low-level dark current residuals in ACS using self-cal
 Applying low-level sky background improvements that go beyond current 
reference file accuracy

• Images would be registered to same pixel grid and absolute astrometric 
reference frame on the sky

• Creates full-depth multi-filter mosaics, and associated ancillary products, on 
all fields that have been imaged by Hubble

Anton Koekemoer slideresource estimate: 0.6 FTE

genesis of idea from A. Koekemoer’s Nov. 2015 STUC presentation 



The Value of Combining Data:  
Supermosaics

Anton Koekemoer slide



Hubble Frontier Fields

STUC first informed about Ultra Deep Fields Observing 
Initiative in April 2012



Hubble Frontier Fields

STUC Nov. 2012 K. Sembach presentation



Hubble Frontier Fields

STUC Nov. 2012 K. Sembach presentation



Hubble Frontier Fields

STUC Nov. 2012 K. Sembach presentation



Hubble Frontier Fields

Jennifer Lotz slide

A Model for Community Science 
Planning and Implementation

HDFI Science Working Group

- review white papers; 

  collect community input

- set science goals, strategy

- set obs. requirements  

  (number of targets, depth, ..)

- science advisory group

Astronomy Community

- write white papers

- informal input to target selection, obs. plan

- related HST GO/archival/theory programs

- funded + unfunded lensing models

- ancillary programs (ALMA, Chandra, VLT, ...)

- review committees (STUC, TAC, mid-term)

- analyze public data with public models;  
  do science! 

STScI Implementation Team

- observational planning (target choice, detailed design, scheduling)

- data pipeline + calibration (multiple versions/releases; improved calibration)

- lensing model funding + coordination

- data & model releases

- cross-observatory coordination (Spitzer; Gemini) 

- ancillary data clearinghouse

- communication with community (blog, email list,  public talks, formal reviews) 




Hubble Frontier Fields

Jennifer Lotz slide

Broader impacts for the community
• astrodrizzle/drizpac testing by HFF data pipeline team

• improved ACS bias striping algorithms

• developed ACS “self-calibration” of CTE effects in dark

• testing of WFC3/IR “blob” mask, sky flats

• WFC3/IR variable sky ramp fitting algorithm

• testing WFC3/IR bright sky avoidance observing strategy

• better scheduling buffers for severe WFC3/IR persistence events

• first set of theoretical models in MAST directly linked to HST data

• improved ACS astrometry solution

• new ACS sky flats; improved approach to ACS darks 

+experience benefits wider cross section of archive (e.g. supermosaic initiative) 
2 FTEs spread across 8-9 people


