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VISITS

Visit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run O'Ft)hc\l/J'”'?’r)]t

Wi iSit?

01 |(1) J191213.72-441045.1 COS/FUV 4 04-Aug-2023 12:00:19.0 yes
COS/NUV

02 |(1) J191213.72-441045.1 COS/FUV 4 04-Aug-2023 12:00:20.0 yes
COS/NUV

03 |(1) J191213.72-441045.1 COS/FUV 4 04-Aug-2023 12:00:21.0 yes
COS/NUV

04 |(1) J191213.72-441045.1 COS/FUV 1 04-Aug-2023 12:00:21.0 yes
COS/NUV




Proposal 17276 (STScl Edit Number: 1, Created: Friday, August 4, 2023 at 11:00:22 AM Eastern Standard Time) - Overview

Visit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run OP Current
with Visit?
05 |(1) J191213.72-441045.1 COS/FUV 1 04-Aug-2023 12:00:22.0 yes
COS/NUV

14 Total Orbits Used

ABSTRACT

In April this year, we have discovered a system showing strong optical pulses on a period of 5.3 minutes, during which the flux increases by up to a
factor of four. Optical spectroscopy revealed a blue continuum added to the red spectrum of an M-type dwarf, with strong Balmer and neutral helium
linesin emission. The radia velocity of the lines varies on a period of 4.03 hours, consistent with a photometric modulation observed on TESS data
and clearly identifying the system as a compact binary. Perhaps most fascinating of al, the 5.3 minute pulses are also identified in radio. While radio
pulses are reminiscent of neutron star or black hole binaries, the 5.3 min modulation is archetypical of the spin period of a strongly magnetic white
dwarf. Only one other white dwarf binary is known to show this behaviour: the white dwarf pulsar AR Scorpii, in which the combination of a
magnetic field and rapid rotation results in the acceleration of relativisitic particles that blast the inner hemisphere of the M-dwarf companion, akin to
the well-known milli-second pulsars. We believe our system to be the first ever AR Sco twin, establishing white dwarf pulsars asaclass. The
ultimate proof of our hypothesis relies on the unambiguous identification of the white dwarf, which will be achieved through the detection of
hydrogen absorption in the requested COS/G140L observations. This discovery will provide the first opportunity to test models proposed to explain
the origin of AR Sco and shed light onto the evolution of close binaries.

OBSERVING DESCRIPTION

We require FUV spectroscopy of J1912 in TIME-TAG mode, which alowsto re-bin the data in both time and wavelength. We will generate
ultraviolet light curves and time-resolved spectra that we will bin both on the orbital period of the binary, and the spin period of the white dwarf.
With these datain hand, we will (i) confirm the presence of awhite dwarf in the system, (ii) measure the UV amplitude of the pulses, (iii) probe for
the occurrence of flares, and (iv) probe for Zeeman splitting indicating a magnetic field.

For covering the FUV, we will use COS with the G140L grating centred at 1105 A, which provides flux-calibrated coverage between 1118 and 2150
A. This configuration provides us with good coverage of Lyman-al pha, where Zeeman splitting would be most evident, and of the H2 quasi-
molecular absorption at 1600 A, which is particularly sensitive to temperature (Allard et al., 2004).
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We used white dwarf models with the temperature estimate for AR Sco to calculate the required exposure time for our observations. To confirm the
white dwarf, we require signal-to-noise ratio (SNR) of ~5 in the vicinity of the Lyman-aphaline, which according to the ETC requires ~34,800 sec.
Overheads consist of guide star acquisition (6 min in the first orbit, 4 min for subsequent orbits), target acquisition (4 minin the first orbit only), and
instrument overheads (5 min for the first orbit, 2 min for subsequent orbits). Our target has an orbital visibility of 55 min, so accounting for these
overheads we require 12 orbits to reach the required SNR in the FUV. Our request can be broken into separate smaller visits if necessary.

J1912 isthe brightest object in a 25 arcsec radius, and even during the strongest detected flares its brightness does not surpass V~16, well below the
brightness limit of the COS.



Proposal 17276 - First visit (01) - A new radio pulsing white dwarf?

Proposal 17276, First visit (01), completed Fri Aug 04 16:00:22 GMT 2023|
5 Diagnostic Status: No Diagnostics
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: (none)
" # Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
o | J191213.72-441045.1 RA: 19 12 13.7198 (288.0571658d) Proper Motion RA: -16.61 mas/yr V=16.86+/-0.92 Reference Frame: ICRS
% Dec: -44 10 45.08 (-44.17919d) Proper Mation Dec: -11.01 mas/yr
= Equinox: J2000 Epoch of Position: 2000
8 Comments:
X |Category=STAR
LL |Description=[INTERACTING BINARY, INTERMEDIATE POLAR, REGULAR VARIABLE]
Extended=NO
# I(_Ea'lk')(d: Run) Target Config,Mode,Aperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 Acquisition (1) J191213.72-4410 COS/NUV, ACQ/IMAGE, PSA MIRRORA 5 Secs (5 Secs)
(COStal183 45.1 [==>] 1]
6155)
2 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L géJFFER—TIME:ZS 2508 Secs (2508 Secs)
n .SP. - ; _—
g °%%9) HoeA FP-POS=1 [==>1 (1
8 3 (Séiaegc; 183 Eljé) i]l91213.72-4410 COS/FUV, TIME-TAG, PSA G140L SSFFER-TIME:27 2782 Secs (2782 Secs)
u% 629) - HeA FP-POS=2 (==>] (2]
4 (Sgiggce 183 5115) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L EZUFFER-TIME=27 2782 Secs (2782 Secs)
.Sp. ! ; =
6329) 1105 A o POS-3 [==>] 3]
5 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L SZUFFER—TIME:27 2782 Secs (2782 Secs)
.SP. . ; ——
6329) 1105 A o POS-4 [==>] [4]




Proposal 17276 - First visit (01) - A new radio pulsing white dwarf?

Orbit Structure

Orbit 1 Server Version: 20220630
G5 Acq
Exp. 1
F oirting Maneuwver Occultation
[€¥] Exp. 2 nused Orbital Wisibility = 0
AR AR AR R AR RRT |
N -
I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1
0 S00 1000 1500 2000 2500 2000 2500 4000 4500 SO00 5500 E000 5e;
Orbit 2 Server Version: 20220630
GS Reacq Occultation
€3] Exp. 3 rused Orbital Wisibilty = 0
h J
s THE R AR AR R AR AR AR R AR R AR R A AHRT |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 23500 4000 4500 S000 5500 E000 52
Orbit 3 Server Version: 20220630
GS Reacq Unused Qrbital Wisibilty = 0
[€3] Exp. 4 coultation
e THHE AR R R R R R R R R R R R R |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
0 S00 1000 1500 2000 2500 2000 as00 4000 4500 SO00 5500 E000 5e¢




Proposal 17276 - First visit (01) - A new radio pulsing white dwarf?

Orbit 4 Server version: 20220630
Occultation
GS Reacq rnused QOrbital Wisibilty = 0
E Exp. 5 Horne
h J l
e THE R AR AR R AR AR R AR R AR AR R AR AR R AARRE | |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 3500 4000 4500 S000 S300 E000 se¢




Proposal 17276 - Second visit (02) - A new radio pulsing white dwarf?

Proposal 17276, Second visit (02), failed Fri Aug 04 16:00:22 GMT 2023|
5 Diagnostic Status: No Diagnostics
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: (none)
" # Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
o | J191213.72-441045.1 RA: 19 12 13.7198 (288.0571658d) Proper Motion RA: -16.61 mas/yr V=16.86+/-0.92 Reference Frame: ICRS
% Dec: -44 10 45.08 (-44.17919d) Proper Mation Dec: -11.01 mas/yr
= Equinox: J2000 Epoch of Position: 2000
8 Comments:
X |Category=STAR
LL |Description=[INTERACTING BINARY, INTERMEDIATE POLAR, REGULAR VARIABLE]
Extended=NO
# I(_Ea'lk')(d: Run) Target Config,Mode,Aperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 Acquisition (1) J191213.72-4410 COS/NUV, ACQ/IMAGE, PSA MIRRORA 5 Secs (5 Secs)
(COStal183 45.1 [==>] 1]
6155)
2 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L géJFFER—TI ME=25 2508 Secs (2508 Secs)
n .SP. - ; _—
g °%%9) HoeA FP-POS=1 [==>1 (1
8 3 (Séiaegc; 183 Eljé) i]l91213.72-4410 COS/FUV, TIME-TAG, PSA G140L SSFFER-TIME:27 2782 Secs (2782 Secs)
u% 629) - HeA FP-POS=2 (==>] (2]
4 (Sgiggce 183 5115) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L SZUFFER-TI ME=27 2782 Secs (2782 Secs)
.Sp. ! ; =
6329) 1105 A o POS-3 [==>] 3]
5 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L EI?ZUFFER—TI ME=27 2782 Secs (2782 Secs)
.SP. . ; ——
6329) 1105 A o POS-4 [==>] [4]




Proposal 17276 - Second visit (02) - A new radio pulsing white dwarf?

Orbit Structure

Orbit 1 Server Version: 20220630
G5 Acq
Exp. 1
F oirting Maneuwver Unused QOrbital visibilty = 0
[€¥] Exp. 2 coultation
AR AR AR R AR RRT |
N -
I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1
0 S00 1000 1500 2000 2500 2000 2500 4000 4500 SO00 5500 E000 5e;
Orbit 2 Server Version: 20220630
GS Reacq Unused QOrbital Yisibilty = 0
€3] Exp. 3 coultation
h J
s THE R AR AR R AR AR AR R AR R AR R A AHRT |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 23500 4000 4500 S000 5500 E000 52
Orbit 3 Server Version: 20220630
GS Reacq Unused Qrbital Wisibilty = 0
[€3] Exp. 4 coultation
e THHE AR R R R R R R R R R R R R |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
0 S00 1000 1500 2000 2500 2000 as00 4000 4500 SO00 5500 E000 5e¢




Proposal 17276 - Second visit (02) - A new radio pulsing white dwarf?

Orbit 4 Server version: 20220630
Occultation
GS Reacq rnused QOrbital Wisibilty = 0
E Exp. 5 Horne
h J l
e THE R AR AR R AR AR R AR R AR AR R AR AR R AARRE | |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 3500 4000 4500 S000 S300 E000 se¢




Proposal 17276 - Third visit (03) - A new radio pulsing white dwarf?

Proposal 17276, Third visit (03), failed Fri Aug 04 16:00:22 GMT 2023|
5 Diagnostic Status: No Diagnostics
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: (none)
" # Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
o | J191213.72-441045.1 RA: 19 12 13.7198 (288.0571658d) Proper Motion RA: -16.61 mas/yr V=16.86+/-0.92 Reference Frame: ICRS
% Dec: -44 10 45.08 (-44.17919d) Proper Mation Dec: -11.01 mas/yr
= Equinox: J2000 Epoch of Position: 2000
8 Comments:
X |Category=STAR
LL |Description=[INTERACTING BINARY, INTERMEDIATE POLAR, REGULAR VARIABLE]
Extended=NO
# I(_Ea'lk')(d: Run) Target Config,Mode,Aperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
1 Acquisition (1) J191213.72-4410 COS/NUV, ACQ/IMAGE, PSA MIRRORA 5 Secs (5 Secs)
(COStal183 45.1 [==>] 1]
6155)
2 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L géJFFER—TIME:ZS 2508 Secs (2508 Secs)
n .SP. - ; _—
g °%%9) HoeA FP-POS=1 [==>1 (1
8 3 (Séiaegc; 183 Eljé) i]l91213.72-4410 COS/FUV, TIME-TAG, PSA G140L SSFFER-TIME:27 2782 Secs (2782 Secs)
u% 629) - HeA FP-POS=2 (==>] (2]
4 (Sgiggce 183 5115) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L EZUFFER-TIME=27 2782 Secs (2782 Secs)
.Sp. ! ; =
6329) 1105 A o POS-3 [==>] 3]
5 (Sc(::iggce 183 Eljé) i]191213.72-4410 COS/FUV, TIME-TAG, PSA G140L SZUFFER—TIME:27 2782 Secs (2782 Secs)
.SP. . ; ——
6329) 1105 A o POS-4 [==>] [4]

10



Proposal 17276 - Third visit (03) - A new radio pulsing white dwarf?

Orbit Structure

Orbit 1 Server Version: 20220630
G5 Acq
Exp. 1
F oirting Maneuwver Occultation
[€¥] Exp. 2 nused Orbital Wisibility = 0
AR AR AR R AR RRT |
N -
I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1 1 1 I L1 1 1 I | I I | I L1 1 1 I | I I | I L1
0 S00 1000 1500 2000 2500 2000 2500 4000 4500 SO00 5500 E000 5e;
Orbit 2 Server Version: 20220630
GS Reacq Occultation
€3] Exp. 3 rused Orbital Wisibilty = 0
h J
s THE R AR AR R AR AR AR R AR R AR R A AHRT |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 23500 4000 4500 S000 5500 E000 52
Orbit 3 Server Version: 20220630
GS Reacq Unused Qrbital Wisibilty = 0
[€3] Exp. 4 coultation
e THHE AR R R R R R R R R R R R R |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
0 S00 1000 1500 2000 2500 2000 as00 4000 4500 SO00 5500 E000 5e¢
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Proposal 17276 - Third visit (03) - A new radio pulsing white dwarf?

Orbit 4 Server Version: 20220630
Unused QOrbital Yisibilty = 0
GS Reacq coultation
E Exp. 5 Horne
h 4 l’
s THR R AR AR R AR AR AR AR AR R AR AR R A AHRT | | |
I 11 1 1 I L1 1 1 I 11 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 11 1 1 I L1 1 1 I | |
] S00 1000 1500 2000 2500 2000 3500 4000 4500 S000 S300 E000 se¢

12



Proposal 17276 - Second visit repeat (04) - A new radio pulsing white dwarf?

Proposal 17276, Second visit repeat (04)

Fri Aug 04 16:00:22 GMT 2023|

5 Diagnostic Status: Warning
S | scientific Instruments: COS/FUV, COSINUV
Special Requirements: Period 0.16811989 D AND ZERO-PHASE HID2459784.98230
8 (Second visit repeat (04)) Warning (Form): For the best data quality, it is generally required to use all four FP-POS positions when observing at a given COS cenwave. See the COS Instrument Handbook for exceptions
-= |that may apply to observations with G130M/1291 or G160M.
1%
o
c
o
o
@]
" # Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
o | J191213.72-441045.1 RA: 19 12 13.7198 (288.0571658d) Proper Motion RA: -16.61 mas/yr V=16.86+/-0.92 Reference Frame: ICRS
% Dec: -44 10 45.08 (-44.17919d) Proper Motion Dec: -11.01 mas/yr
= Equinox: J2000 Epoch of Position: 2000
8 Comments:
X |Category=STAR
LL |Description=[INTERACTING BINARY, INTERMEDIATE POLAR, REGULAR VARIABLE]
Extended=NO
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
17 (ETC Run)
11 Acquistion (1)J191213.72-4410 COSINUV, ACQ/IMAGE, PSA MIRRORA 5 Secs (5 Secs)
7 (COStal83 45.1 [==>]
o 6155) == [1]
LI% 2 Science (1) J191213.72-4410 COS/FUV, TIME-TAG, PSA G140L BUFFER-TIME=25 PHASE0.45TOO0.7 2508 Secs (2148 Secs)
g%2§-$-183 451 1105 A 8 [==>2148.0 Secs] [
FP-POS=1
Orbit 1 Server Version: 20220630
G5 Acq
Exp. 1 Unused QOrbital Wisibilty = 0
@ Fairting Maneuwer coultation
=
S HDmEE Exp. 2 Horme
)
2
O [ frie i iiianaiaisnenuiaimsmisiuiaiaisnenataianasssanad [ | |
N -
Lo v v oo bwvv v v bv v v by v v bv v by v v b v by v b v bvv v o b v 1y
o 500 1000 1500 2000 2500 2000 2500 4000 4500 5000 5500 E000 52
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Proposal 17276 - Third visit repeat (05) - A new radio pulsing white dwarf?

Proposal 17276, Third visit repeat (05) Fri Aug 04 16:00:22 GMT 2023|
5 Diagnostic Status: Warning
S | scientific Instruments: COS/FUV, COSINUV

Special Requirements: Period 0.16811989 D AND ZERO-PHASE HID2459784.98230
8 (Third visit repeat (05)) Warning (Form): For the best data quality, it is generally required to use all four FP-POS positions when observing at a given COS cenwave. See the COS Instrument Handbook for exceptions
-= |that may apply to observations with G130M/1291 or G160M.
1%
o
c
o
o
@]
" # Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
o | J191213.72-441045.1 RA: 19 12 13.7198 (288.0571658d) Proper Motion RA: -16.61 mas/yr V=16.86+/-0.92 Reference Frame: ICRS
% Dec: -44 10 45.08 (-44.17919d) Proper Motion Dec: -11.01 mas/yr
= Equinox: J2000 Epoch of Position: 2000
8 Comments:
X |Category=STAR
LL |Description=[INTERACTING BINARY, INTERMEDIATE POLAR, REGULAR VARIABLE]

Extended=NO

# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
17 (ETC Run)
11 Acquistion (1)J191213.72-4410 COSINUV, ACQ/IMAGE, PSA MIRRORA 5 Secs (5 Secs)
7 (COStal83 45.1 [==>]
o 6155) == [1]
LI% 2 Science (1) J191213.72-4410 COS/FUV, TIME-TAG, PSA G140L BUFFER-TIME=25 PHASE0.45TOO0.7 2508 Secs (2148 Secs)

g%2§-$-183 451 1105 A 8 [==>2148.0 Secs] [
FP-POS=1
Orbit 1 Server Version: 20220630
G5 Acq
Exp. 1 Occultation
@ Fairting Maneuwer nused QOrbital Wisibilty = 0
=
S HDmEE Exp. 2 Horme
)
2
O [ frie i iiianaiaisnenuiaimsmisiuiaiaisnenataianasssanad [ | |
|

1] S0 1000 1500 2000 2500 2000 2500 4000 4500 S000 5500 E000 se¢
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