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VISITS
Visit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run OP Current
with Visit?
01 |(1) 2ZMASS-J05393611-6904591 COS/FUV 2 02-Oct-2025 09:00:25.0 yes
COS/NUV
02 |(1) 2MASS-J05393611-6904591 COS/FUV 2 02-Oct-2025 09:00:25.0 yes
COS/NUV

4 Total Orbits Used

ABSTRACT

Understanding how black holes form in massive binary systemsisa central question in modern astrophysics, with direct implications for the origin of
gravitational-wave sources. VFTS 812, an eccentric 17-day period binary in the sub-solar metallicity environment of the Tarantula Nebulawas
identified as a prime candidate hosting an O4V star with a possible black hole companion. Current optical observations strongly suggest a non-
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luminous companion exceeding the typical mass threshold for black holes, but cannot definitively exclude a faint, non-degenerate star. Furthermore,
the primary mass and atmospheric properties are not constrained enough to trace its past evolution.

We propose HST UV observations to decisively determineif the unseen companion in VFTS 812 isindeed ablack hole, clarify the physical
properties of the O4V primary, and reveal signatures of past mass-transfer episodes. A UV spectroscopic analysis will precisely constrain the rotation
and wind characteristics key to understanding the systems evolutionary history. Confirming the black hole companion candidate will provide critical
insights into supernova natal kicks, the evolution of massive stars in low-metallicity environments, and the formation of merging binary black holes.

OBSERVING DESCRIPTION
We aim to obtain UV spectrawith the G160M (1533 & 1623) grating of the O+black-hole binary candidate VFTS 812 during two randomly timed

visits. Each visit requested includes two orbits, one each for the two wavelength settings.

The SNR in each wavelength setting is expected to reach 15-20 based on ETC calculations.



Proposal 18118 - Visit 01 - VETS 812: A Quiescent Eccentric Black Hole Binary in the LMC?

Proposal 18118, Visit 01, implementation Thu Oct 02 13:00:26 GMT 2025
5 Diagnostic Status: Warning
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: (none)
8 (Visit 01) Warning (Form): For the best data quality, it is generally required to use all four FP-POS positions at a given COS cenwave (or 2 positions for certain exception cases). See extended explanation in the
-= |diagnostic browser.
n
o
c
o
o
a
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] 2MASS-J05393611- RA: 05 39 36.1197 (84.9004988d) Proper Motion RA: 1.694 mas/yr V=14.319+/-0.075 Reference Frame: ICRS
0 6904591 Dec: -69 04 59.13 (-69.08309d) Proper Motion Dec: 0.657 maslyr Swift UVOT UVW2 = 15.14 +/-
g AltNamel: VFTSB12 g0 inox: 12000 Parallax: 2.8999999999999998E-6" 0.01,
lf_tS Epoch of Position: 2000 Spectrd type 04V
- |Comments: This object was generated by the targetselector and retrieved from the SMBAD database.
7]
.2 | SIMBAD listed proper motion for this target. When retrieving targets with PM from SIMBAD, APT requests the coordinates be cal culated with an epoch of the year 2000. Do not modify this epoch. Always review
LL | coordinates using the Target Confirmation tool, which graphically displays the PM.
Category=STAR
Description=[ MAIN SEQUENCE O]
Extended=NO
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
(ETC Run)
1 (COSta210 (1) 2MASS-J053936 COS/NUV, ACQ/IMAGE, PSA MIRRORB 2 Secs (2 Secs)
8598) 11-6904591 __
[==>] [1]
2  (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=1,; 450 Secs (1102 Secs)
0 8599) 11-6904591 1533 A BUFFER-TIME=12 [==>1102.0 Secs]
2 48 [1]
037 3  (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=2; 450 Secs (1054 Secs)
o 8599) 11-6904591 _ ——
o 1533 A BUFFER-TIME=12 [==>1054.0 Secs] [
L|>j 48
4 (COS.5p.210 (1) 2MASS-J053936 COSFUV, TIME-TAG, PSA G160M FP-POS=1; 450 Secs (1183 Secs)
8600) 11-6904591 1623A BUFFER-TIME=18 [==>1183.0 Secs] 2
5 (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=2, 498 Secs (1307 Secs)
8600) 11-6904591 1623 A BUFFER-TIME=18 [==>1307.0 Secs] 2
59




Proposal 18118 - Visit 01 - VETS 812: A Quiescent Eccentric Black Hole Binary in the LMC?

Orbit Structure

Orbit 1 Server Version: 20250624
GS Acqg Fanting Maneuwer Urused Orbital visibilty = 10
Occultation
I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I L1 1 1 I L1
o 500 1000 1500 2000 2300 2000 2300 <4000 4500 S000 5500 E000 se
Orbhit 2 Server Yersion: 20250624
Unused Qrbital Wisibilty = 1
G5 Reacq coultation
E Exp. 4 E Exp. 5 Horne
¥ ki
e ateralar e e et tatanateana] felelatatatataiatatatatatanaiasanalyf | | |
|
I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I L1 1 1 I L1
] S00 1000 1500 2000 2500 2000 2500 4000 4500 S000 5500 E000 52




Proposal 18118 - Visit 02 - VETS 812: A Quiescent Eccentric Black Hole Binary in the LMC?

Proposal 18118, Visit 02, implementation Thu Oct 02 13:00:26 GMT 2025
5 Diagnostic Status: Warning
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: (none)
8 (Visit 02) Warning (Form): For the best data quality, it is generally required to use all four FP-POS positions at a given COS cenwave (or 2 positions for certain exception cases). See extended explanation in the
-= |diagnostic browser.
n
o
c
o
o
a
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] 2MASS-J05393611- RA: 05 39 36.1197 (84.9004988d) Proper Motion RA: 1.694 mas/yr V=14.319+/-0.075 Reference Frame: ICRS
0 6904591 Dec: -69 04 59.13 (-69.08309d) Proper Motion Dec: 0.657 maslyr Swift UVOT UVW2 = 15.14 +/-
g AltNamel: VFTSB12 g0 inox: 12000 Parallax: 2.8999999999999998E-6" 0.01,
lf_tS Epoch of Position: 2000 Spectrd type 04V
- |Comments: This object was generated by the targetselector and retrieved from the SMBAD database.
7]
.2 | SIMBAD listed proper motion for this target. When retrieving targets with PM from SIMBAD, APT requests the coordinates be cal culated with an epoch of the year 2000. Do not modify this epoch. Always review
LL | coordinates using the Target Confirmation tool, which graphically displays the PM.
Category=STAR
Description=[ MAIN SEQUENCE O]
Extended=NO
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
(ETC Run)
1 (COSta210 (1) 2MASS-J053936 COS/NUV, ACQ/IMAGE, PSA MIRRORB 2 Secs (2 Secs)
8598) 11-6904591 __
[==>] [1]
2  (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=3; 450 Secs (1102 Secs)
0 8599) 11-6904591 1533 A BUFFER-TIME=12 [==>1102.0 Secs]
2 48 [1]
037 3  (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=4; 450 Secs (1054 Secs)
o 8599) 11-6904591 _ ——
o 1533 A BUFFER-TIME=12 [==>1054.0 Secs] [
L|>j 48
4 (COS.5p.210 (1) 2MASS-J053936 COSFUV, TIME-TAG, PSA G160M FP-POS=3; 450 Secs (1183 Secs)
8600) 11-6904591 1623A BUFFER-TIME=18 [==>1183.0 Secs] 2
5 (COS.sp.210 (1) 2MASS-J053936 COS/FUV, TIME-TAG, PSA G160M FP-POS=4; 498 Secs (1307 Secs)
8600) 11-6904591 1623 A BUFFER-TIME=18 [==>1307.0 Secs] 2
59




Proposal 18118 - Visit 02 - VETS 812: A Quiescent Eccentric Black Hole Binary in the LMC?

Orbit Structure

Orbit 1 Server Version: 20250624
GS Acqg Fanting Maneuwer Urused Orbital visibilty = 10
Occultation
I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I L1 1 1 I L1
o 500 1000 1500 2000 2300 2000 2300 <4000 4500 S000 5500 E000 se
Orbhit 2 Server Yersion: 20250624
Unused Qrbital Wisibilty = 1
G5 Reacq coultation
E Exp. 4 E Exp. 5 Horne
¥ ki
e ateralar e e et tatanateana] felelatatatataiatatatatatanaiasanalyf | | |
|
I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I 11 1 1 I L1 1 1 I 1 1 1 I L1 1 1 I L1
] S00 1000 1500 2000 2500 2000 2500 4000 4500 S000 5500 E000 52




