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• High scientific productivity and demand for observing time
• Peer-reviewed papers and oversubscription near all-time highs
• See Claus Leitherer’s presentation later today

• ULLYSES completed observations with Data Release 7 imminent
• See Julia Roman-Duval’s presentation later today

• New spectroscopic products for COS & STIS in early 2024
• See John Debes’s presentation later today

• Troubleshooting underway for Gyro-3
• See presentation by Jennifer Wiseman and Pat Crouse this morning

• Hubble science evolves with the field and other facilities
• High-z naturally shifting to JWST
• Time Domain & Multi-Messenger (TDAMM) increasingly important
• HST’s sky coverage and UV/optical capabilities critical to TDAMM
• We are exploring new ways to enable TDAMM science

(e.g., FlexDay ToOs, rethinking TAC panels)
• We want your ideas! How can Hubble enable TDAMM science?
• See Laura Watkins’s presentation later today

Overview
Hubble Reveals Surviving Companion 
Star in Aftermath of Supernova
STScI-2022-011
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Hubble explores TDAMM science in three regimes

• Long-term evolution via stable long-lived platform & archive
• E.g., Stingray Nebula (1996-2016), Monitoring of outer planets (OPAL)

• Precisely timed observations
• Synchronous observing with Solar System missions

• Juno, JUICE, DART …
• Coordinated observations with other observatories

• JWST, TESS, NRAO …
• Exoplanet transit imaging & spectroscopy

• Hubble plays important role, often in synergy with JWST
• ～20% of Hubble science program

• Rapid response to transient phenomena
• E.g., GW events, SNe, GRBs
• UV/O and all-sky coverage critical
• Persistent conflict with precisely-timed observations

• We have augmented HDox TDAMM pages to better guide the 
community with respect to policies & implementation 

Hubble and TDAMM



Hubble’s Sky Coverage and UV/O Capabilities

• HST’s field of regard depends upon 3-gyro mode
• Reduced gyro mode (RGM) incurs ～25% hit to overall 

science productivity, with some impact on TDAMM 
specifically, given loss of all-sky coverage

• Periods of erratic gyro behavior incur a painful loss of 
science, but compared to RGM, relatively small
science impact when integrating over mission lifetime

• HST is currently experiencing erratic behavior with
Gyro-3, and troubleshooting is underway

• TDAMM increasingly important this decade
• All-sky O/IR surveys (e.g., Rubin, Roman, Zwicky)
• Gravitational waves (e.g., LIGO, Kamioka, Virgo, LISA)
• Neutrinos (e.g., IceCube Gen2, Super Kamiokande, Hyper 

Kamiokande)
• HST’s UV/O capabilities critical for understanding high-

energy transient phenomena



Hubble Proposal Policy Facilitates Various TDAMM Timescales

• Targets of Opportunity
• Non-disruptive: turnaround > 21 days, no limit on number of ToOs
• Disruptive: turnaround 2 to 21 days, limited to 8 activations per cycle
• Ultra-disruptive: turnaround time 36 to 48 hours, limited to 1 per cycle
• FlexDay ToOs: turnaround time as fast as 2 days, but must execute on a 

Flexible Thursday with trigger by 10:00UT the preceding Tuesday
• Assumes large pool of appropriate transients from which scientifically 

appropriate targets can be selected for Flexible Thursday observation
• Carry-over ToOs: non-disruptive or disruptive (but not ultra disruptive), with 

activations valid for 2 cycles to accommodate rare transient
• Future-cycle ToOs: non-disruptive ToOs up to 2 cycles beyond current one

• Mid-cycle proposals
• Scientific reasons it could not have been proposed in latest annual call, AND
• Scientific reasons it must be observed before next cycle, or strong scientific 

urgency to observe before next cycle

• Director’s Discretionary proposals
• Observations of newly-discovered unexpected transients, or developments 

since last call justify time-critical observations or follow-up

DD program execution (2021 – 2023)
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Long Range Plan Status

Brigette Hesman and the LRP Team



LRP: Current Plan – Remaining Cycle 27-30 Observations

Cycle AVG EFF    
(orbits/week)

AVG EFF    
(w/o downtime) 

Downtime Completeness

C29 78 84 4 weeks with downtime due to minor frame loss 95.5% (GO+DD), 100% (CAL), 95.0% (total)

C28 72 84 5 weeks down for side switch 98.6% (GO+DD), 100% (CAL), 98.4% (total)

C27 81 85 2 weeks with observing interruptions Last 4 orbits executed Oct 11 (1603959 - exo)

C26 76 84 3 weeks down due to Gyro 2 failure complete

C17-25 80 84 30 weeks with observing interruptions complete

Cycle 30 update
• Efficiency: through the SMS ending Nov 13, 2023: averaging 77.9 orbits/week over 58 weeks

• Removing 5 weeks with downtime: 86.4 orbits/week over 53 weeks
• Completeness: 73.8% (GO+DD), 70.6% (CAL), 73.4% (total) as of Nov 12, 2023

Previous Cycles:
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LRP: Highlights – Exoplanet Programs
• Previous backlog is improving: 199 orbits remain to be observed for C28 – C30
Cycle 27: complete!

• 1 program, 1 visit, 4 orbits – executed on Oct 11th, currently listed as archived

Cycle 28:
• 20 programs; 279 orbits allocated
• 2 programs, 37 orbits remain                    

• 16180 (25 orbits) & 16181 (12 orbits)

Cycle 29:
• 21 programs; 403 orbits allocated
• 3 programs, 30 orbits remain

• 16695 (12 orbits), 16726 (10 orbits), 16875 (8 orbits)

Cycle 30:
• 14 programs; 409 orbits allocated
• 7 programs, 132 orbits remain

• Includes 2 large programs: 17183 (HUSTLE; 28 orbits remain), 17192 (SPACE; 72 orbits remain)

Cycle 31:
• 8 programs; 146 orbits allocated

345 exoplanet orbits for all active cycles



LRP: Highlights – Solar System Programs 

Cycle 30: 
• 4 GO programs, 6 visits, 6 orbits remain
• 1 GO/DD (16995): OPAL - Outer Planet Atmospheres Legacy, 13 orbits remain

• 8 orbits Uranus archived;  8 orbits Neptune archived; 12 orbits Saturn archived
• 13 orbits of Jupiter maps planned for November 22, 2023 

Cycle 31: 
• 9 GO programs, 181 orbits allocated
• GO/DD (17294): OPAL - Outer Planet Atmospheres Legacy (standard 41 orbit allocation)

• 8 orbits Uranus archived; Neptune, Saturn & Jupiter maps later in cycle
• Large GO (17470):  HST-Juno Io Campaign (122 orbits allocated, including some early execution visits)

• Requesting large portion of observations in first 3 months of cycle to coordinate with 2 Juno flybys
(December 30, 2023 & February 3, 2024)

• GO Moving Target programs early in plan: 
• 17495 “Oscillations of Jupiter’s Great Red Spot”: planned late-2023/early-2024
• 17524 “A Deep Search for Moons around Contact Binary Trans-Neptunian Objects”: planned late-2023/early-2024 



LRP: Highlights – ULLYSES

HST UV Legacy Library of Young Stars as Essential Standards (ULLYSES)

Program(s) alloc progs Exec/sched 
by 6/19/22

Planned before 
10/1/22

Planned after 
10/1/22 comment

C27 Dwarf Galaxy 6 1 4 2 0 complete

C27 LMC 75 8 68 3 0 complete

C27 SMC 69 6 69 0 0 complete

C28 Galactic low-mass stars 106 7 105 0 0 complete

C28 LMC 61 6 53 8 0

C28 SMC 100 6 87 2 0 11 not in LRP

C28 T-Tauri 107 7 107 0 0 complete

C28 NGC 3109 9 1 9 0 0 complete

C29 LMC 99 16 3 26 0 70 not in LRP

C29 SMC 41 8 1 20 0 20 not in LRP

C29 T-Tauri 274 18 189 83 0 2 not in LRP

C29 Sextans A 20 1 0 20 0



Program #  (Cycle; PI) Alloc
(orbits)

Exec/sched 
by 11/20/23

Planned before 
12/01/23

Planned 
after 

12/01/23
comment

16278 (C28; Kelly) 96 80 (83%) 0 16 C27 continuation

16659 (C29; Pala) 118 80 (68%) 0 0 5 orbits not ready; 39 orbits not in LRP

16673 (C29; Levan) 22 0 (0%) 0 0 Long-term ToO; see 16988 for C30

16701 (C29; Youngblood) 110 105 (95%) 0 0 Exoplanets; COMPLETE

16778, 16796-16801   
(C29; Williams) 195 192 (98%) 0 3 M31-PHAST

16988 (C30; Levan) 40 0 (0%) 0 0 Long-term ToO; 20 orbits for C31

17069 (C30; Hayes) 119 80 (67%) 16 22 LaCOS; 1 orbit unaccounted

17093 (C30; Borthakur) 80 60 (75%) 0 20 Star-forming galaxies

17112 (C30; Reindl) 130 127 (98%) 0 2 Treasury white dwarfs; 1 orbit unaccounted

17115 (C30; Bowen) 96 73 (76%) 4 17 Dwarf Galaxies; 2 orbits unaccounted

17128 (C30; Foley) 105 83 (79%) 1 5 Long-term SN ToO; 30 orbits for C31

17183 (C30; Wakeford) 122 86 (70%) 0 28 Exoplanets (HUSTLE); 8 orbits unaccounted

17192 (C30; Kreidberg) 116 44 (38%) 7 65 Exoplanets (SPACE)

LRP: Highlights – Large/Treasury C28-C30 Programs



LRP: Cycle 31 – Accepted Large/Treasury Programs

# Program orbits targets SI comment

17470 HST-Juno Io Campaign 
(Large) 122 42 COS, STIS, WFC3 Priority to Dec 2023 & Feb 2024 flybys; majority 

of obs before March 2024

17502
Star Formation and Feedback in Nearby 

Galaxies 
(Large; Treasury)

169 55 WFC3, ACS HST+JWST+ALMA

17517
Circumgalactic Observations of Nuv-

shifted Transitions (CONTACT) 
(Large)

131 15 STIS

17491
Far-UV Spectral Atlas of Metal-Poor O 

Stars 
(Large; Treasury)

110 12 COS

17464 Understanding M-dwarf System Flaring 
(Large; Treasury) 88 2 COS Requesting visits with 8 contiguous orbits

Mar – Sep 2024 for TESS & GB coordination

17435 Globular Clusters Survey 
(Medium; Treasury) 61 34 ACS, WFC3

17526 UV spectroscopy of Star-forming Galaxies 
(Medium but borderline) 74 2 COS



LRP: Summary
• Making good progress on clearing exoplanet backlog
• Large programs:

• Most of Cycle 30 Large programs are > 70% complete
• Large programs to keep an eye on:

• 16659 – C29 “Accreting white dwarfs as probes of compact binary evolution” - 68% complete
• Observations that require STOP slot-setting visits 1-3 days before – can only be supported at ~1 per month

• 17192 – C30 ”The SPACE Program: a Sub-neptune Planetary Atmosphere Characterization Experiment” - 38% complete
• Mitigation: Fawn Brewer has taken over tracking exoplanets and assesses opportunities every 2 months and Alison Vick 

maintaining detailed templates

• Cycle 31 items to call attention to:
• C31 HST-Juno Io program (17470) requires majority of 122 orbits before March 2024

• Currently working oversubscription in December and January
• Flexible Thursdays

• Thursdays for December, January, and February identified and sent to PC
• Will have, by Dec 1st 2023, notional Thursday target dates for months beyond February 2024
• Later Flexible Thursdays are notional due to exoplanet plan windows being uncertain beyond 10-week ephemeris 



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY

STIS Update

Joleen Carlberg and the STIS Team



STIS Status

General Status
• STIS operating nominally (26 years 

in space!)
• NUV dark rate trending to historic 

post-SM4 low

Documentation/Software Tools
• Published 3 STANs (May 2023, July 2023, Aug 2023)
• TIR 2023-01: Safe Target Offset Procedure for STIS: Instructions for Contact Scientists

(A. Jones, S. Hernandez, S. Dieterich)
• STIS Notebook migration to new permanent home 

• https://spacetelescope.github.io/hst_notebooks/notebooks/STIS/README.html
• Eight notebooks available

Previous ETC dark rate 
Latest projections

• Original data
• Temperature corrected

https://spacetelescope.github.io/hst_notebooks/notebooks/STIS/README.html


Time Dependent Sensitivity (TDS) Changes in NUV 

NUV-MAMA TDS

o Recent sharp decline for wavelengths ~1800 - 2100 Å; seen with both NUV-MAMA and CCD detectors
o Special calibration program: “Supplemental NUV Sensitivity Monitoring Through Solar Maximum”

o Double the time sampling of G230L/G230LB TDS observations (adds 3 new epochs per year)
o Simultaneously take 1 representative cenwave for G230M/G230MB gratings

most affected region

Relative change in sensitivity vs time for l = 1900 
to 2000 Å

Net count rate vs. l for a recent observation 
(yellow) compared to ~ one year ago



In addition to CALSPECv11 flux recalibration for post-
SM4 echelle data, improvements are made to blaze 
shift coefficients, and some edge orders are newly 
calibrated

STIS Flux Recalibration: 2 recent deliveries + updated spectral traces

o Imaging modes: NUV-MAMA
o F25QTZ, F25SRF2, F25CN182, 

F25CN270

o Pre-SM4 Echelle: 
o E140M/1425
o E140H/1271 & 1416
o E230M/1978, 2415 & 2707
o E230H/2263 & 2713

o Post-SM4 Echelle: 
o E230M/1978, 2415, & 2707
o E230H/2263 & 2713

Same standard star spectrum with OLD PHOTAB (top) and NEW PHOTTAB 
(bottom). Solid lines denote the CALSPEC v11 model (+/- 5%, dashed lines)

(poor blaze correction)



On-Going & Future Work

Coming soon...
• More flux recalibration deliveries:

• 1st order M modes
• High priority FUV imaging modes

• Moving blaze shift coefficients to new “BLAZETAB” reference file

Planned/recently begun
• Impact of CCD rotation on E1 wavelength solutions
• Updated error estimates in low  flux regime (MAMA detectors, similar to COS)
• Deeper investigation into time-dependent sensitivity (M mode + echelle modes)



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY

WFC3 Update

Sylvia Baggett and the WFC3 Team



WFC3 Highlights 

WFC3 operating nominally
• 340,000+ WFC3 images in MAST archive

• QuickLook performing well; 2 new TIRs

• HSTaXe ISR: ACS and WFC3 cookbook 
tutorials

• New Jupyter notebooks for GOs (on github)
üIR ima visualization
üTime-variable background: 3 correction 

methods 
Turn off IR linear ramp fitting
’Flatten’ ramp (subtract excess   

background from reads)
Exclude reads impacted by scattered light

Flt: original

Bad reads masked

Scattered Earthshine

corrected

Helium line background



WFC3 Highlights 

• New UVIS dark reference files (2012-2023) generated with 
time-dependent post-flash files: ~6000 files

• New UVIS bias reference files: consistent with past cycles 
(ISR 2023-03). Small increase (~0.5e-/13 yrs) due to dark 
current increase and CTE losses

• CTE monitoring results are nominal
     Recommendation for GOs remains at 20e-/pix
     Figures based on images with pixel-based CTE correction
• Photometric monitoring nominal for UVIS & IR
    IR slopes being finalized for time-dependent zeropoints
    Declines of ~ 0.05 to 0.15 %/yr depending on filter
    Pixel phase dependence had no effect on slope results 

• Testing slitlessutils (successor to HSTaXe – see ACS slides)

• Testing WFPC2 HAP (HST Advanced Products) 
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WFC3 Highlights 

• New ACS+WFC3 dither patterns (ISR 2023-05)
    Prior patterns: optimized for prime-only
    Now offering GOs optimized prime+parallel 

• G280 grism sky (ISR 2023-06)
    Constructed from all zodi-only archival full-frames 
    No unexpected features
    Successfully corrects low and high background

ACS/WFC WFC3/IR ACS/WFC WFC3/IR
Before Optimized

corrected
original

corrected
original

G280 
UVIS2

original

corrected



WFC3 Highlights 

UVIS shutter repeatability 
• Important consideration for exoplanet GOs 
• Specification: better than 10 ms RMS
     Prior intflat-based measurements: 4-6 ms RMS 
• Novel approach: short G280 grism exposures of bright star 

(improves precision, avoids any calsystem side-effects)
• Results (ISR 2023-04)
          Shutter well within spec at short exposure times 
          Exposures 0.5 s         ~10x better than spec
                            0.7 s         ~ 2x better
                          >0.99 s       ~ 4x better
         Gaussian fit to >0.99 s bin:  2.43 ms +/- 0.32 RMS
         Jitter contributes ~0.24% photometric error at 1s 

• Recommendations
        Avoid 0.7s if possible (not much past usage)
        Include jitter contribution into photometric noise budget
        

Jitter summary

Timing residuals 
Exptimes > 0.99s



New reports 
2023-07   HSTaXe – ACS & WFC3 Cookbook Tutorials ”

2023-06   The WFC3/UVIS G280 Grism Sky”

2023-05   Dithering for ACS and WFC3 Primes and Parallels ”

2023-04   UVIS Shutter Timing Jitter”

2023-03 Superbias Reference File Procedural Updates”

2023-02 Testing Aperture Corrections for UVIS Spatial Scans”

User support/documentation

• Calibration monitoring proposals 
• CS reviews / helpdesk 
• STANs May 2023, Oct 2023 (next: Jan 2024)
• AAS meeting June 2023
• Jupyter notebooks (external and internal)

IS
Rs



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY

COS Update

Marc Rafelski and the COS team



COS General Updates

ØNUV Time Dependent Sensitivity (TDS) constant, FUV TDS still steep (2-5%/yr)

Ø Executing contingency orbits for higher cadence FUV TDS monitoring during solar max

Ø Two new temporal breakpoints and new slopes for TDS delivered August 2023. 

Ø NUV dark rate constant, FUV dark rate increased over 6 months (solar cycle), 
decreasing now

Ø New automatic hot spot monitor with dynamically updated SPOTTAB implemented

Ø CalCOS 3.4.7 installed August 2023 with rare bug fix for LP6

ØDocumentation since May 2023:  2 STANS, 16 ISRs, AAS and SPIE presentations

26



Improved Geometric + Walk corrections
Ø New FUV geometric, delta-geometric, and walk corrections ready after two iterations

Ø Residual scatter in assigned wavelength vs known wavelength for various emission features is used as testing metric 
(residuals; figures below)

Ø New geometric, delta-geometric, and walk corrections successfully reduce the width and offset of the residual distribution; 
significant wavelength calibration improvement

Ø Improved Y-dependent Y-walk correction flattens spectral profiles

Ø Reference files ready; recalibrating all FUV modes now at all LPs; delivery Spring 2024

Current Geometric Correction, FUVA at LP4 New Geo + X-walk + DGeo Correction, FUVA at LP4



HASP: Hubble Advanced Spectroscopic Products

Ø Automated spectral coadds of COS and STIS observations at program and visit level
(different from target-level HSLA, which will be updated next)

Ø Custom coadditions also possible through scripts and example notebooks

Ø Products ready, with expected delivery via MAST and mission search form in early 2024

Ø See John Debes’s presentation today

28

Ø Example automatic coaddition of 391 COS 
G130M (texp= 26 hr) and 259 G160M spectra 
(texp= 13 hr) in one program. 



Future Work FY24

Ø Calibrate all FUV COS modes after geometric and walk correction is applied (all LPs)
Ø Major effort this year as we must remake all reference files for all LPs including the FUV TDS

Ø Launch Hubble Advanced Spectroscopic Products (HASP) including both COS and STIS
Ø Hubble Spectroscopic Legacy Archive (HSLA) revamp including both COS and STIS
Ø LP7 exploratory with a tentatively planned start for Cycle 33
Ø Update NUV time dependent sensitivity (TDS) to include wavelength dependence
Ø CalCOS pipeline updates

Ø Deliver FUV HV correction & Y-Walk builds (concurrent with new geo/walk calibration at all LPs)
Ø Develop, test, and deliver NUV and Stim builds

Ø Cycle 31 calibration programs and contact scientist support
Ø Investigation on the FUV dark rate dependance on HV

29



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY

ACS Update

Norman Grogin and the ACS Team



SBC Dark Rate vs. Temperature

ACS Long-term Monitoring

ü ACS continues to operate nominally.
(Celebrated 21 yrs service in Mar’23)

• Largely stable WFC readnoise (upper 
left), with small AmpD jump of +0.1e-

in August 2022 (inset zoom)

• WFC pixel stability monitoring (upper 
right) shows steady 99.8% usability

• SBC time-dependent sensitivity is ≈5yr 
unchanged for most filters (lower left) 

• SBC dark rate vs. temperature (lower 
right) has sporadic surges at >2 orbits

WFC Pixel Stability HistoryWFC Amps’ Read Noise History

SBC Time Dependent Sensitivity



Slitlessutils

HSTaXe

(Same 3DHST target)

z=0.168 QSO
SBC Prism (PR130L)

HSTaXe

z=0.168 QSO
UV spectrum

• New ACS observing mode for HST Cycle 31+ : Imaging Spectropolarimetry
̶ Crossing the WFC G800L grism and the polarizer filters; operability in optical/NIR (5500–8000Å)

̶ Advertised in: HST Cycle 31 CfP; ACS STAN; ACS Instrument & Data HBs; AAS242+ Posters; etc.

• Cutting-edge ‘slitlessutils’, including LINEAR for multi-ORIENT HST datasets 
̶ 1st public release in Nov’23 supports both ACS and WFC3/IR grisms

̶ Early’24 update will support ACS/SBC prisms and WFC3/UVIS grism

ACS Slitless Spectroscopy: New Mode; New Codes

• Jul’23 update to ‘HSTaXe’ now supports SBC prisms
̶ No further updates anticipated for this Pythonized version of aXe

̶ Anticipated obsolence after 2024; all 
functionality subsumed by ‘slitlessutils’



The ACS/WFC Focus-Diverse ePSF Webtool

WFC1

WFC2

Output: FITS file with spatially varying 
ePSFs customized for any image’s focus

1) Public Facing Webtool (acspsf.stsci.edu) — available since Nov’23

- OR -
2) Python Module in acstools

Bonus: Same module provides routines for further spatial-interpolation of ePSFs



• ISR ACS 2023-03 : “Measuring the Column Dependence of Read Noise in ACS/WFC Bias 
Frames” (Guzman & McDonald)

• ISR ACS 2023-04 : “Dithering for ACS and WFC3 Primes and Parallels” 
(Anderson & Grogin)

• ISR ACS 2023-05 : “HSTaXe - ACS & WFC3 Cookbook Tutorials” (Kuhn et al.)

• ISR ACS 2023-06 : “The ACS/WFC Focus-Diverse ePSF Webtool” (Anand et al.)

• ACS STAN (Nov’2023) : Notifications regarding slitlessutils, ePSF webtool, ACS+WFC3 
co-dithering, HSTaXe, and ACS documentation updates

• Revisions to ACS Instrument Handbook to support HST Cycle 32

New ACS Documentation



We welcome your feedback & suggestions
Thank you for your supportClosing Remarks

Hubble Measures the Size of the Nearest Transiting Earth-Sized Planet
16 Nov 2023 Release 2023-022

HST/WFC3 Light Curve Supports a Terrestrial Composition for the Closest Exoplanet to
Transit an M Dwarf
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Abstract

Previous studies of the exoplanet LTT 1445Ac concluded that the light curve from the Transiting Exoplanet Survey
Satellite (TESS) was consistent with both grazing and nongrazing geometries. As a result, the radius and hence density
of the planet remained unknown. To resolve this ambiguity, we observed the LTT 1445 system for six spacecraft orbits
of the Hubble Space Telescope (HST) using WFC3/UVIS imaging in spatial scan mode, including one partial transit of
LTT 1445Ac. This imaging produces resolved light curves of each of the three stars in the LTT 1445 system. We
confirm that the planet transits LTT 1445A and that LTT 1445C is the source of the rotational modulation seen in the
TESS light curve, and we refine the estimate of the dilution factor for the TESS data. We perform a joint fit to the TESS
and HST observations, finding that the transit of LTT 1445Ac is not grazing with 97% confidence. We measure a
planetary radius of -

+
ÅR1.07 0.07

0.10 . Combined with previous radial velocity observations, our analysis yields a planetary
mass of 1.37± 0.19M⊕ and a planetary density of -

+5.9 1.5
1.8 g cm−3. LTT 1445Ac is likely an Earth analog with respect

to its mass and radius, albeit with a higher instellation, and is therefore an exciting target for future atmospheric studies.

Unified Astronomy Thesaurus concepts: Exoplanet astronomy (486); Transit photometry (1709); Exoplanets (498);
M dwarf stars (982); Transits (1711); HST photometry (756); Hubble Space Telescope (761); Multiple stars (1081)
Supporting material: machine-readable table

The Astronomical Journal, 166:171 (8pp), 2023 October https://doi.org/10.3847/1538-3881/acf561
© 2023. The Author(s). Published by the American Astronomical Society.

1

Figure 1. One of our 188 spatial-scan images of the LTT 1445ABC system.
Stars appear as rectangles instead of circles in spatial scans, as the light is
smeared in the direction of the scan. This technique allows high-SNR
observations of bright sources to be obtained without saturating any pixels. Our
380 × 20 px apertures are indicated in white.

6 https://hst-docs.stsci.edu/wfc3ihb
7 https://github.com/cshanahan1/WFC3_phot_tools

2

Both planets are more highly irradiated than the Earth, with
an instellation of roughly 12S⊕ for planet c and 6S⊕ for
planet b.

4. Conclusion

We observed the three stars of the LTT 1445 system for six
orbits of the Hubble Space Telescope using WFC3/UVIS
imaging in spatial-scan mode, including one transit of LTT
1445Ac. We jointly fit our observations with extant TESS data,
allowing us to establish that the transit of LTT 1445Ac is
nongrazing with 97% confidence and measure the planetary

Figure 7. Our mass and radius estimates for LTT 1445Ab and c, including our
posterior samples. We overplot composition curves from Zeng et al. (2019),
illustrating the mass–radius relation for 100% rock, 100% iron, Earth-like
(32.5% Fe+67.5% MgSiO3), and water-world (50% water+50% Earth-like)
compositions. Both planets fall along the Earth-like composition curve. For
comparison, we also include other small planets around M dwarfs (<0.6 Me)
with planetary masses and radii measured to better than 20% error, as tabulated
in the NASA Exoplanet Archive (Akeson et al. 2013; accessed 2023 May 22).
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