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Abstract

We present archival photometry from the Gravitational-wave Optical Transient Observer
(GOTO) for four Galactic novae discovered between 2017 and 2024, spanning some of the
faintest ZTF24aaomlxy and PGIR22akgylf (at a marginal near-limit level consistent with
the practical limiting magnitude of calibrated L to the brightest V1405 Cas and V1674 Her
recent eruptions. For each object, we extract GOTO measurements obtained at or near
the pre-eruption state, excluding data points with observational uncertainties exceeding
0.5 mag (except for the faintest PGIR22akgylf). The resulting light curves show that GOTO
can detect nova progenitors close to its observable limiting depth at calibrated L magnitudes
approaching the survey’s practical limiting magnitude, providing meaningful constraints
on quiescent brightness, possibly for systems that were only sparsely monitored using
surveys such as ZTF and PGIR. These detections demonstrate that wide-field imaging
originally designed for gravitational-wave follow-up can yield meaningful limits on both
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faint and fast-evolving nova progenitors. Simultaneously, we improve the sky positions
of five Galactic novae—ZTF24aaomlxy, V3732 Oph, V2000 Aql, V3666 Oph, and V659
Sct—whose published coordinates are affected by crowding or limited precision. Using
high-cadence photometry from ZTF and AAVSO, we identify the actual eruption source in
each field and obtain revised coordinates that differ by several arcseconds. These findings
highlight the importance of time-domain archives for identifying faint nova progenitors
and improving astrometric accuracy across the Galactic nova population.

Keywords: AAVSO; cataclysmic variables; Galactic novae; GOTO; light curves; photometry;
quiescent states; survey astronomy; time-domain astronomy; ZTF

1. Introduction

Classical and recurrent novae are thermonuclear explosions on the surface of accreting
white dwarfs in semi-detached binaries, producing a sudden brightening by 8-15 mag, fol-
lowed by a decline over weeks to months [1]. Modern wide-field surveys have transformed
nova discovery and characterization by providing high-cadence photometry capable of
detecting increasingly faint or rapidly evolving eruptions that would previously have gone
unnoticed [2,3]. The Zwicky Transient Facility (ZTF) has been particularly influential in this
regard, offering large-area imaging with sufficient spatial resolution to monitor transient
behavior even in highly crowded Galactic fields [4]. Long-term photometric coverage
provided by the American Association of Variable Star Observers (AAVSO) also contributes
essential information on pre- and post-outburst variability of nova progenitors.

Despite these advances, the quiescent magnitudes of many novae remain poorly
constrained. Faint, highly reddened, or short-lived eruptions—especially those peaking
near V 2 18—are often undersampled by major surveys. Independent archival facilities,
therefore, offer a valuable opportunity to extend quiescent limits, particularly for systems
lying near survey detection thresholds. The Gravitational-wave Optical Transient Observer
(GOTO; Steeghs et al. [5]) is one such facility: although designed for gravitational-wave
follow-up [6], its multi-year wide-field coverage enables recovery of pre-eruption or near-
quiescent detections of nova progenitors at calibrated L magnitudes approaching the
survey’s practical limiting magnitude.

A second challenge in nova research concerns the accuracy of published eruption coor-
dinates. Discovery announcements—especially those based on small telescopes, crowded
Galactic-plane fields, or low-resolution imaging—may report positions with arcsecond-level
uncertainties [7]. Such inaccuracies can lead to source blending, misidentification of the
progenitor, or confusion among nearby objects exhibiting unrelated variability [8]. These
issues propagate into nova catalogues [9,10], complicating cross-matching with archival
datasets and hindering follow-up spectroscopy or progenitor studies. Time-domain survey
archives now provide sufficient spatial resolution and cadence to resolve these ambiguities
by examining all nearby stellar sources and identifying the eruptive object from its unique
outburst signature.

In this work, we present archival GOTO photometry for four Galactic novae—
ZTF24aaomlxy, PGIR22akgylf, V1405 Cas, and V1674 Her—spanning some of the faintest
to the brightest eruptions of the past decade. These data provide new constraints on their
pre-eruption brightness and demonstrate GOTO’s capability to recover progenitors close to
the survey’s practical limiting magnitude.

In parallel, we refine the sky positions of five Galactic novae discovered between
2017 and 2024: ZTF24aaomlxy, V3732 Oph, V2000 Aql, V3666 Oph, and V659 Sct. Using
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archival ZTF and AAVSO photometry, we evaluate all stellar sources within each discovery
region and identify the true eruptive star through the presence of an unmistakable outburst
or variability pattern. The resulting corrected coordinates highlight the importance of
time-domain archives for resolving crowded-field confusion and improving the accuracy
of modern nova catalogues.

2. Materials and Methods

Our analysis began with the catalogue of 88 Galactic novae with eruptions recorded
between 2017 and 2024, compiled and maintained by Koji Mukai'. The catalogue provides
discovery coordinates, eruption dates, and reported peak magnitudes. To assess the
detectability of quiescent progenitors in archival surveys, the novae were reordered by
peak brightness, allowing the faintest systems to be examined first, as presented in Table 1.

2.1. Archival Photometry from GOTO, ZTF and AAVSO
2.1.1. GOTO Photometry

GOTO imaging data were retrieved through a programmatic interface to the GOTO
archive, querying all observations obtained between 2017 and late 2024 in which the
reported nova coordinates fell within the field of view. The images were reduced using
a custom NARIT pipeline executed in Jupyter Notebook with Python (v3.11, Python
Software Foundation, Wilmington, DE, USA). Only images obtained in the broad L band
were considered. This filter spans approximately 4000-6800 A and is bracketed by Sloan
¢'r" and Johnson V bands [5]. The practical limiting magnitude of GOTO in the L band is
typically L ~ 19.8 mag [5], and measurements near this depth are treated cautiously as
marginal detections or upper limits.

Photometry was performed on a per-image basis using a custom pipeline. Source
detection and circular-aperture photometry were carried out at the target coordinates, with
local sky backgrounds estimated from concentric annuli. Image statistics were characterized
using sigma-clipped estimators to minimize the impact of cosmic rays and background
structure. For the four novae analyzed in detail, differential photometry relative to nearby
non-variable reference stars was also performed to improve robustness under varying
transparency and seeing.

Photometric calibration was performed independently for each image using reference
stars drawn from the Pan-STARRS] (PS1) catalogue. Calibration stars within 0.5° of the
nova position and with reliable PS1 photometry (r < 18 mag) were used to derive a
robust, sigma-clipped photometric zero point. No color-term corrections were applied; the
resulting calibrated magnitudes therefore correspond to a pseudo-L system tied to the PS1
photometric scale. The calibrated nova magnitudes were obtained by applying the derived
zero point to the instrumental measurements. Data flagged as problematic by the GOTO
pipeline, or with observational uncertainties exceeding 0.5 mag (except for the faintest
PGIR22akgylf, for which uncertainties exceeding 1.0 mag were allowed), were excluded.
Throughout this work, we report magnitudes in this internally consistent pseudo-L system.
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Table 1. Summary of 88 Galactic novae (2017-2024) compiled from Koji Mukai’s online catalog. Peak magnitudes are as reported in the discovery announcements;

GOTO columns indicate whether the field was covered by GOTO and how many plates contain the nova position.

No. Name Discovery Date RA (J2000) * Dec (J2000) * Peak Mag Nplates Nusable Selected in This Paper?

1 ZTF24aaomlxy  19/05/2024 18 38 28.43 —08 53 27.26 g20.2 167 80 yes with refined coordinate
18 38 28.36 £ 0.01 * —08 53 27.06 + 0.04 *

2 Gaia2lejf 19/09/2021 17 32 21.96 —33 01 41.50 G=18.23 0 0 X

3 PGIR22akgylf 16,/08/2022 2000 29.26 +34 53 09.10 g 18 283 131 yes

4 Gaia22bhs 27/02/2022 17 49 05.55 —29 22 37.00 G=17.55 39 30 x too faint with large error GOTO data

5 PGIR21fjn 19/04/2021 19 07 58.625 +08 43 45.14 r=17.5 129 59 x too faint with large error GOTO data

6 PGIR21git 19/09/2021 18 00 44.88 —21 39 40.50 G=17.26 69 34 x too faint with large error GOTO data

7 ZTF23aagmerr  19/04/2023 17 50 19.46 —243033.33 r=16.44 87 68

8 Gaia2ldwe 18/08/2021 16 44 50.21 —451548.10 G=16.33 0 0 X

9 V569 Vul 18/08/2019 19 52 08.25 +27 42 20.88 g=163 41 27

10 Gaial9buy 02/04/2019 19 03 14.950 +01 20 28.25 16.23 157 78

11 Gaia20dfb 09/07/2020 1525 50.94 —551029.68 159 0 0 X

12 V3732 Oph 15/02/2021 17 33 14.83 —27 4310.99 G=15.75 72 43 yes with refined coordinate
1733 15.12 £ 0.02 * —2743105+0.1*

13 V2000 Aql 12/05/2020 18 43 53.33 +00 03 49.4 r=156 52 26 yes with refined coordinate
18 43 53.330 + 0.002 *  +00 03 49.44 + 0.01 *

14 V6567 Sgr 31/05/2020 1822452 —19 36 02.60 15.3 117 79

15 Gaia2lcpb 07/05/2021 19 12 38.61 +12 41 34.40 G =15.133 17 12

16 Gaial8cew 13/08/2018 17 42 38.85 —27 54 37.48 14.9 0 0 X

17 Gaia2ldyi 22/08/2021 17 26 19.38 —332710.70 G=14.86 0 0 X

18 Gaial8ajn 17/10/2017 17 49 36.09 —305545.01 14.1 42 33

19 V3662 Oph 08/05/2017 17 39 46.08 —24 57 55.50 14.1 50 41

20 V1724 Sco 19/03/2024 1701 24.74 —36 33 02.80 g=14.1 0 0 X

21 Gaia23azk 05/03/2023 1907 13.71 +09 28 53.70 G=139 248 146

22 V6597 Sgr 16/05/2023 17 58 34.19 —26 5229.30 13.9 110 69

23 V567 Nor 27/06/2023 16 27 23.85 —46 01 56.80 13.9 0 0 X

24 Gaia2leqn 6/10/2021 1527 31.61 —55 06 23.80 G=13.86 0 0 X

25 Gaia2lesm 20/09/2021 1754 14.14 —241223.50 G=13.77 100 64

26 V1717 Sco 24/07/2023 17 28 23.64 —311317.60 13.5 117 69

27 V2029 Aql 13/07/2020 19 14 26.30 +14 44 44.00 J=13.35 6 0 X

28 V3731 Oph 12/07/2019 17 38 35.00 —2519 03.50 13.3 50 40 X

29 V1718 Sco 31/08/2023 17 18 33.82 —31 23 46.10 13.1 73 59

30 V1706 Sco 13/05/2019 17 07 34.18 —36 08 22.80 13 0 0 X
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Table 1. Cont.

No. Name Discovery Date RA (J2000) * Dec (J2000) * Peak Mag Nplates Nusable Selected in This Paper?
31 V1660 Sco 14/10/2017 17 30 34.18 —31 06 06.80 13 149 93

32 V1711 Sco 22/06/2021 1739 44.73 —36 16 40.19 12.7 0 0 X
33 V1709 Sco 05/04/2020 17 12 00.09 —40 17 56.00 12.7 0 0 X
34 V3664 Oph 02/10/2017 1724 40.11 —242146.30 12.5 54 33

35 V1708 Sco 08/09/2020 1723 41.93 —31 03 07.60 12.3 98 65

36 V3730 Oph 14/09/2019 17 38 31.82 —290347.12 12.3 54 31

37 V1663 Sco 24/02/2018 17 03 47.51 —381657.14 12.3 0 0 X
38 AT 2023tow 11/09/2023 18 4141.53 —07 09 34.20 G=1226 177 99

39 V435 CMa 24/03/2018 07 13 45.84 —211231.28 12 72 39

40 V670 Ser 22/02/2020 18 10 42.29 —153418.50 11.8 155 69

41 V1657 Sco 01/02/2017 16 52 18.87 —37 54 18.90 11.7 0 0 X
42 V6566 Sgr 30/01/2020 17 56 13.75 —2942 54.60 11.03 31 27

43 V1405 Cen 17/05/2017 1320 55.32 —63 42 18.50 10.9 0 0 X
44 Gaia22alz 04/02/2022 09 29 53.06 —56 17 25.90 10.8 0 0 X
45 V5857 Sgr 08/04/2018 18 04 09.46 —18 03 55.70 10.8 175 73

46 FQ Cir 25/06/2022 1524 47.63 —6059 47.30 10.7 0 0 X
47 V2891 Cyg 17/09/2019 2109 25.52 +48 10 51.90 J=10.6 249 151

48 V1391 Cas 27/07 /2020 0011 42.97 +66 11 19.00 10.6 46 25

49 V4370 Oph 10/03/2024 17 39 57.08 —262741.90 10.3 56 40

50 V6598 Sgr 15/07/2023 17 52 49.30 —202415.50 10.3 87 60

51 V6593 Sgr 02/10/2020 17 54 59.99 —212240.10 10.3 0 0 X
52 V1707 Sco 15/09/2019 17 37 09.58 —351021.10 10.3 0 0 X
53 V613 Sct 29/06/2018 1829 22.96 —14 3044.00 10.3 132 65

54 V1661 Sco 17/01/2018 17 18 06.37 —320427.70 10.2 9 8

55 V556 Nor 13/10/2018 1614 32.92 —533014.70 10.16 0 0 X
56 V1662 Sco 06/02/2018 16 48 49.68 —44 57 02.90 10.1 0 0 X
57 V606 Vul 16/07/2021 2021 07.70 +29 14 09.10 10 220 119

58 V6568 Sgr 16/07/2020 17 58 08.48 —30 05 37.60 9.9 31 27

59 V6620 Sgr 27/01/2024 18 02 53.53 —2914 15.10 9.7 46 41

60 V6596 Sgr 19/02/2023 17 56 27.90 —17 14 53.60 9.6 101 55

61 PGIR23gjp 12/04/2023 1910 19.30 +103221.40 J=95 93 76

62 PGIR22gjh 24/04/2022 18 08 42.68 —19 21 58.50 J=94 40 31

63 V2860 Ori 07/08/2019 06 09 57.45 +12 12 25.15 94 146 55

64 V3665 Oph 10/03/2018 1714 02.53 —2849 23.30 94 131 116

65 V3663 Oph 11/11/2017 17 18 45.01 —245422.00 9.4 52 33 X
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Table 1. Cont.

No. Name Discovery Date RA (J2000) * Dec (J2000) * Peak Mag Nplates Nusable Selected in This Paper?

66 V6594 Sgr 25/03/2021 18 49 05.05 —1902 04.20 9.3 94 58

67 V549 Vel 24/09/2017 08 50 29.58 —47 45 28.56 9.3 0 0 X

68 V2030 Aql 19/04/2021 19 07 58.62 +08 43 45.14 J=91 129 59

69 V3666 Oph 08/08/2018 17 42 24.10 —205308.8 9 63 46 yes with refined coordinate
17422411 £0.01* —205308.56 + 0.01 *

70 V408 Lup 03/06/2018 15 38 43.84 —4744 411 9 0 0 X

71 V415 Mus 08/06/2022 1324 31.30 —721030.3 g=87 0 0 X

72 V1710 Sco 11/04/2021 17 09 08.11 —373040.9 8.7 0 0 X

73 V612 Sct 19/06/2017 18 31 45.92 —14 18 55.58 8.5 132 65

74 V1112 Per 25/11/2020 0429 18.84 +43 54 23.2 8.3 209 100

75 V659 Sct 29/10/2019 18 39 59.825 —102541.92 8.3 191 104 yes with refined coordinate
17422411 £0.01* —2053 08.56 + 0.01*

76 U Sco 20/01/2010 16 22 30.80 —175243.2 7.8 142 47 x (recurrent nova)

77 V6595 Sgr 04/04/2021 17 58 16.08 —2914 56.6 7.7 0 0 X

78 V1716 Sco 20/04/2023 17 22 45.05 —413716.3 7.3 0 0 X

79 V1723 Sco 08/02/2024 17 26 18.09 —3809 36.3 6.8 0 0 X

80 V3890 Sgr 27/08/2019 18 30 43.28 —24 01 08.9 6.7 55 48 X (recurrent nova)

81 V357 Mus 14/01/2018 1126 15.16 —653123.3 6.5 0 0 X

82 V392 Per 29/04/2018 04 43 21.37 +472125.8 6.2 49 30

83 V1674 Her 12/06/2021 18 57 30.98 +16 53 39.5 6 149 77 yes

84 V906 Car 22/03/2018 10 36 15.42 —593554.0 59 0 0 X

85 FM Cir 19/01/2018 13 53 27.60 —67 25 00.7 59 0 0 X

86 V1405 Cas 18/03/2021 23 24 47.745 +61 11 14.82 5.1 262 147 yes

87 RS Oph 08/08/2021 17 50 13.16 —06 42 28.6 45 10 7 x (recurrent nova)

88 YZ Ret 15/07/2020 03 58 29.55 —544641.2 3.7 0 0 X

* Refined coordinates by this study.
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2.1.2. ZTF and AAVSO Photometry

Zwicky Transient Facility (ZTF) Data Release 23 was accessed through the IRSA Gator
service?, providing calibrated g- and r-band light curves for all point sources within the ZTF
footprint [3,4]. For each nova, all ZTF detections within several arcseconds of the reported
discovery coordinates were extracted to ensure that potentially blended or neighboring
sources were included.

Complementary photometry was obtained from the AAVSO International Database®,
which aggregates multi-filter (BVRI) time-series observations from a global network of
observers. AAVSO measurements within the same positional search window were queried
and incorporated when available, after excluding points flagged as unreliable or with
quoted uncertainties exceeding 0.1 mag.

2.2. Identifying the True Eruptive Source

Many novae lie in crowded Galactic-plane fields where multiple stars fall within the
discovery uncertainty region. To isolate the true eruptive object, we applied a time-domain
variability screening approach similar to procedures used in large-scale nova surveys [8].
For each nearby candidate source, its ZTF and AAVSO light curves were examined for
a characteristic nova eruption signature, namely, a rapid multi-magnitude rise followed
by a structured decline or distinctive post-eruption variability. In its idealized form, the
nova light curve (see Bode and Evans [1]) consists of nine evolutionary phases: the initial
rise, pre-maximum halt (PMH), final rise, optical maximum, early decline, transition phase,
oscillation phase, final decline, and post-nova phase.

A nova was deemed misidentified when the published coordinates corresponded to
a non-variable star, while a nearby object exhibited an unambiguous outburst signature.
Through this systematic comparison, we identified five novae whose published coordinates
do not match the eruptive source: ZTF24aaomlxy, V3732 Oph, V2000 Aql, V3666 Oph, and
V659 Sct.

Refined astrometric positions were derived using the centroid of the eruptive source
in ZTF imaging, with confirmation from AAVSO variability when available. The corrected
coordinates and supporting photometric evidence are presented in the RA and Dec columns
of Table 1.

3. Results
3.1. GOTO Photometry of Four Galactic Novae

We performed aperture photometry for the four selected Galactic novae observed
using GOTO, namely, ZTF24aaomlxy, PGIR22akgylf, V1405 Cas, and V1674 Her. For
each target, differential photometry was carried out by selecting nearby non-variable
stars within the same field of view as reference stars in order to minimize the effects of
atmospheric transparency variations and instrumental systematics. The reference stars
were chosen based on their photometric stability, brightness comparable to the target where
possible, and isolation from nearby sources to avoid contamination. In cases where a
single suitable reference star was insufficient, additional reference stars were employed
to improve photometric robustness. The details of the reference stars adopted for each
target are summarized in Table 2. The resulting calibrated light curves enable a reliable
comparison of the quiescent and pre-outburst photometric behavior of the four novae.

Although PSF-fitting photometry can offer advantages in highly crowded fields, the
aperture-based approach described above is sufficient for identifying nova eruptions and
relative photometric behavior across surveys in the context of this work.

Instrumental magnitudes from differential aperture photometry were calibrated onto
a consistent calibrated L scale using nearby non-variable reference stars. Catalogue pho-
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tometry was used to establish the zeropoint for the reference stars only. We do not apply
any conversions from calibrated L to standard narrow-band systems for novae; all GOTO
measurements are reported in calibrated L.

Table 2. Reference stars used for differential aperture photometry of the four novae in GOTO imaging.

No. Object Primary Reference Star Additional Reference Star (s)

1 ZTF24aaomlxy Gaia DR2 4155680892463302528 Gaia DR2 4155654602915963008

2 PGIR22akgylf =~ Gaia DR2 2058566421860870016  Gaia DR2 2059320171437962624; Gaia DR2 2058565592907524352
3 V1405 Cas Gaia DR2 2015439933675752320  Gaia DR2 2015451822145195008; Gaia DR2 2015452505034530816
4 V1674 Her Gaia DR2 4514093336313880960  Gaia DR2 4514089075706122368; Gaia DR2 4514102265522208896

Two ultra-faint novae occupy the faintest end of our ranked sample (ZTF24aaomlxy
and PGIR22akgylf), for which GOTO data are sparse. Although these measurements
approach the survey’s sensitivity limit, they establish the first quantitative constraints on
the quiescent luminosities of these transients.

3.1.1. ZTF24aaomlxy

ZTF24aaomlxy was first reported as a Galactic nova candidate in the Zwicky Transient
Facility (ZTF; Bellm et al. [3]) alert stream on 2024 May 19.376 UT (HJD 2460449.87600)
at coordinates ¥ = 18"38M28"43, § = —08°53/27""26 [11]. The nova was detected near
peak at r = 15.709 & 0.005, while a nearly simultaneous ZTF g-band observation yielded
g ~ 20.24 £ 0.25, indicative of strong reddening. No source was detected in ZTF ob-
servations on 2024 May 15 (HJD 2460446) or 17 (HJD 2460448), although ATLAS forced
photometry recorded detections on May 18, immediately prior to maximum [11]. Our
GOTO and ZTF investigations yielded marginal detections of quiescent magnitude at
Lquiescent = 16.9 £ 0.3 and 7qujescent = 19.6 £ 0.1, respectively as shown in Figure 1. Since
the GOTO-L magnitude corresponds to a very broad optical bandpass, small brightness
variations that are not apparent in individual narrow-band filters cannot be ruled out;
however, the pre-eruption GOTO photometry remains consistent with a flat quiescent level
within the quoted uncertainties. The apparent proximity of the final ZTF-g observation to
the ZTF-r outburst in Figure 1 can be understood in the context of band-dependent vari-
ability in nova progenitor systems. Optical emission in different filters may be dominated
by distinct physical components of the binary [1]: the ¢ band is more sensitive to emission
from the hot, potentially unstable accretion disc, while the » band can be influenced by the
cooler secondary star and/or relatively stable H, emission. In addition, episodic increases
in mass transfer or small-scale pre-outburst flaring may temporarily enhance one band
more strongly than another.

A KOSMOS spectrum obtained on 7 June 2024 (HJD 2460469) showed strong emission
of Ha (FWHM = 1400 km s~ !) with no equivalent width measurement reported, together
with O Tand Ca II emission lines, but no P Cygni absorption. The continuum shape implied
severe extinction, with E(B — V) ~ 4.5 (Ay ~ 14 mag), and a Swift/XRT observation on
2024 June 13 placed an upper limit of 0.0058 ct s~! in the 0.3-10 keV band [11].

Although the reported coordinates were quoted to sub-arcsecond precision, the field
lies in a highly crowded region of the Galactic plane. Examination of the ZTF reference
image revealed four sources within a 5 arcsec radius of the discovery position. Section 3.2
presents our refined coordinates and identifies the correct counterpart through time-domain
variability.

The nova declined by approximately two magnitudes in 14 days, consistent with
a moderately fast nova [9]. The Balmer and O1 line widths, combined with the large
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extinction, support classification as a heavily reddened, moderately fast classical nova
located in the Scutum region.
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Figure 1. Light curve of ZTF24aaomlxy from 2017 September to 2024 June, combining first dis-
covery ZTF r reported by Wang and Bellm [11] compared to ZTF, AAVSO, V magnitude observed
by Kolb [12], and GOTO L-band photometry in this study. The final ZTF-g point precedes the ZTF-r
rise by 24 d; band-dependent variability is expected as different filters trace distinct components of
the binary system.

3.1.2. PGIR22akgylf

PGIR22akgylf was discovered as an infrared transient by the Palomar Gattini-IR (PGIR)
survey and reported in ATel [13]. Early PGIR observations captured the nova during its
rapid rise in the near-infrared, while optical detections from ZTF later established a well-
sampled rise and decline. Deep archival images from GOTO and ZTF provided additional
constraints on the pre-eruption brightness.

To characterize the system, we compiled all available photometry from GOTO and
ZTF spanning the quiescent state through eruption. The pre-outburst level is defined by
detections outside the eruption. Our ZTF investigation yields a faint quiescent counterpart
at rquiescent = 21.1 & 0.2. In GOTO, the pre-eruption measurements fall at the practical
limiting magnitude: individual calibrated points cluster around L ~ 19.9-20.3 with large
uncertainties, i.e., at or below the practical limiting magnitude of calibrated L (L ~ 19.8 mag;
Steeghs et al. [5]). We therefore treat the GOTO constraint as marginal and adopt a
conservative quiescent at the limiting L magnitude (Figure 2).

The eruption evolution is particularly well constrained. Dense ZTF ¢ and r detections
reveal a clear pre-maximum halt approximately 1-2 mag below the peak. Such halts are
recognized features of nova eruptions but are rarely captured without continuous time
coverage [14]. After maximum light, the nova exhibited a rapid decline in all bands, which
was traced using ZTF photometry.

Post-eruption optical monitoring revealed a low-amplitude (0.008 mag) periodic mod-
ulation with a period of 4.140 & 0.003 h, interpreted as the orbital modulation of the
underlying cataclysmic binary [15]. The short orbital period and the well-resolved pre-
maximum halt together support the classification of PGIR22akgylf as a classical nova
observed shortly after eruption.

https://doi.org/10.3390 /universe12020053


https://doi.org/10.3390/universe12020053

Universe 2026, 12, 53

10 of 17

=)}

T T | T T T T I T T T T | T T T T I T T T T I T
ol e PGIR22akgyl
o ZIF-r
ZTF-i
= ZTF-r(Deetal, 2022)
8 ZTE- g (Deetal., 2022) *

Rt B T

10
11
12
13
14
15
16
17
18
19
20
21
2

23 .
2458000 2458500 2459000 2459500 2460000 2460500
HD

Magnitude

W T W

Figure 2. Light curves of PGIR22akgylf combining GOTO, the reported ZTF g and r detections from
De et al. [13], and additional detections from this study. The pre-maximum halt is clearly evident in
ZTF data, while GOTO provides some of the detections of the progenitor in L-band photometry.

3.1.3. V1405 Cas

V1405 Cas (Nova Cas 2021 = PNV J23244760 + 6111140) produced a bright and in-
tensively monitored eruption in early 2021. Although the eruption phase has been well
characterized, the pre-nova behavior became accessible only recently through archival
surveys. Previous analyses of ASAS-SN, ZTF, and Gaia identified the progenitor as a
short-period eclipsing system with V ~ 15-16 and modest variability [e.g., [16-18]], though
the cadence of these surveys left the long-term quiescent stability only loosely constrained.

GOTO recorded detections of the progenitor in early 2021, corresponding to a quiescent
brightness of Lqujescent = 15.0 = 0.1. Post-eruption GOTO measurements show the system
returning gradually toward this level. The combined GOTO-ASAS-SN-AAVSO light curve
(Figure 3) provides the clearest view to date of the pre-eruption behavior of V1405 Cas.
The pre-nova points cluster tightly around the mean, with low-amplitude variations of
AV < 0.3 mag, consistent with an accreting cataclysmic binary in a stable, high state. No
evidence is found for precursor brightening or enhanced activity prior to the 2021 eruption.

These archival constraints demonstrate that GOTO can recover reliable quiescent
magnitudes for bright progenitors and provide meaningful limits for systems near the
wide-field transient survey depth.

3.1.4. V1674 Her

The extremely fast nova V1674 Her (Nova Her 2021) exhibited one of the shortest
decline times known for a classical nova [19]. Archival GOTO imaging provided several
detections both before and after the eruption. The faintest pre-eruption measurement,
Lquiescent = 17.9 0.2, represents one of the deepest ground-based constraints on the
quiescent luminosity of this system (Figure 4).

Such a faint quiescent magnitude implies a low accretion luminosity relative to the
eruption amplitude, consistent with a high-mass white dwarf where thermonuclear run-
away occurs after the accumulation of a relatively small accreted mass. This interpretation
aligns with spectroscopic modeling, which indicates a near-Chandrasekhar-mass white
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dwarf and a correspondingly short recurrence timescale. The extremely fast photometric
evolution of V1674 Her is widely interpreted as evidence of a high-mass white dwarf,
because more massive WDs require a smaller ignition envelope mass and therefore evolve
more rapidly during a nova outburst. Recent time-dependent nova light-curve modeling
by Kato et al. [20] successfully reproduced the observed rise and decline in V1674 Her using
a 1.35 M WD, supporting a near-Chandrasekhar-mass interpretation. Our archival GOTO
detections provide an independent observational constraint on the quiescent brightness
but do not by themselves determine the WD mass. Under standard ignition models, a high
WD mass can also imply a shorter recurrence time for a given accretion rate; however, no
recurrence interval is measured for V1674 Her, and this should be regarded as a theoretical
implication rather than an observational constraint. The GOTO detections therefore provide
an important observational anchor for understanding the pre-eruption state of one of the
most rapidly evolving novae ever observed.
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Figure 3. Light curves of the V1405 Cas eruption in March 2021 that present (November 2023)
detected by AAVSO in UBVRI (dots in purple, blue, green, red, and dark red, respectively) and
GOTO L-band photometry.
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Figure 4. Light curves of V1674 Her eruption in June 2021, which was detected (November 2023)
using AAVSO in UBVRI (dots in purple, blue, green, red, and dark red, respectively) and GOTO
L-band photometry. The apparent offset between the GOTO-L points and the V-band measurements
reflects the different bandpasses, with the broad GOTO-L system yielding systematically brighter
magnitudes than narrow-band filters such as V.
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3.2. Refining the True Coordinates of Five Novae

For five novae in our sample—ZTF24aaomlxy, V3732 Oph, V2000 Aql, V3666 Oph, and
V659 Sct—the published discovery coordinates did not coincide with the eruptive source
when examined in high-resolution time-domain imaging. Each field lies in a crowded
Galactic-plane region where multiple stars fall within a few arcseconds, leading to ambigu-
ity in the original identifications.

To resolve these discrepancies, we inspected all ZTF point sources within a 5 arcsec
radius of the discovery coordinates and compared their ZTF and AAVSO light curves.
The eruptive counterpart in each field was identified as the only source exhibiting a
characteristic nova eruption: a rapid rise followed by a structured decline or distinctive
post-eruption variability.

Once the eruptive object was isolated, we measured its centroid position using ZTF
reference images and confirmed it as the nova counterpart via its unique variability signa-
ture. The refined coordinates for all five novae are listed in Table 1. The corresponding ZTF
finder charts and multi-object comparison panels are shown in Figures 5-10.

These corrected positions improve astrometric reliability for catalogue cross-matching
and future follow-up studies. They also illustrate that crowded-field misidentification
remains a significant challenge in nova discovery, particularly for faint or highly reddened
systems detected close to the Galactic plane.

2MASS color J {1.23um), H (1.66um), K (216u... FOV52"
F . .

. FOVAY

Figure 5. ZTF reference images showing the immediate environments of the five novae whose
coordinates are refined in this study: (a) ZTF24aaomlxy, (b) V3732 Oph, (c) V2000 Aql, (d) V3666
Oph, and (e) V659 Sct. Each panel highlights the nova counterpart and nearby stars within a few
arcseconds, illustrating the degree of crowding that led to misidentification in the original discovery
coordinates. Positions A-E of each novae were explained in Figures 6-10.
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Figure 6. Identification of the true counterpart to ZTF24aaomlxy. Four blended objects (A-D) lie
within a 5 arcsec radius of the discovery position reported by Wang and Bellm [11] and Kolb [12].
Only object (C) exhibits the nova eruption in its ZTF light curve. The refined coordinates of the nova
are x = 18"38M28.36° £ 0.01%, § = —08°53'27.06" -+ 0.04".
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Figure 7. Refined coordinates of V3732 Oph. Two nearby stars (A,B) lie within 5 arcsec of the
discovery coordinates listed in Koji's catalogue. ZTF time-series photometry shows that only object

(B) displays the nova eruption, establishing it as the correct counterpart. The refined position is

x = 17M33M15.125 +0.025, § = —27°43'10.5" 4+ 0.1".
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Figure 8. Refined coordinates of V2000 Aql. Two stars (A,B) lie close to the published discovery coor-
dinates. Object (A) is identified as the nova counterpart based on its ZTF light curve. Object (B) shows
unrelated variability but no nova eruption. The refined nova position is = 18"43™53.33° 4- 0.002°,
6 = +00°03'49.44" +0.01".
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Figure 9. Refined coordinates of V3666 Oph. Four stars (A-D) fall within 5 arcsec of the discovery
position. Only object (C) shows nova-like eruption behavior in ZTF photometry. The refined position
is & = 17M42™24.11°5 4+ 0.015, § = —20°53/08.56" £ 0.01".
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Figure 10. Refined coordinates of V659 Sct. Five nearby stars (A-E) lie within 5 arcsec of the
catalogue coordinates. Object (C) is confirmed as the nova counterpart based on its ZTF variability,
whereas no ZTF time-series data are available at the position of object D. The refined coordinates are
a = 18"39™M59.715 + 0.01%, § = —10°25'41.69" 4 0.01".

https://doi.org/10.3390 /universe12020053


https://doi.org/10.3390/universe12020053

Universe 2026, 12, 53

15 of 17

4. Discussion

The archival photometry presented in this work illustrates the scientific value of wide-
field, multi-year imaging surveys—originally designed for other time-domain science—for
constraining the properties of Galactic novae. Although GOTO was not optimized for
nova discovery, its limiting depth and large sky coverage enable detections of progenitor
systems near or below the sensitivity of surveys such as ZTF, ASAS-SN, or PGIR. For
the two faintest novae in our sample, ZTF24aaomlxy and PGIR22akgylf, GOTO provides
some of the deepest pre-eruption measurements currently available, establishing quiescent
constraints at r = 19.6-21.1 and L ~ 16.9-19.8, depending on the object. These detections
demonstrate that the GOTO archive can play a strategic role in extending the faint end of
nova progenitor studies, particularly for highly reddened or short-lived eruptions where
major surveys provide limited coverage.

The combined archival light curves further highlight the complementarity of different
surveys in recovering nova evolution. ZTF provides high-cadence sampling around erup-
tion, while AAVSO observers contribute multi-filter coverage extending into late decline
phases. GOTO, with its deeper but sparser cadence, fills critical gaps by anchoring the
long-term flux baseline. This multi-survey synergy is particularly evident in PGIR22akgylf,
where the pre-maximum halt—often missed even in modern surveys—is clearly resolved
due to dense AAVSO and ZTF coverage tied to deep GOTO pre-eruption points.

A second major outcome of this study is the refinement of eruption coordinates.
Our time-domain variability method identifies five novae—ZTF24aaomlxy, V3732 Oph,
V2000 Agl, V3666 Oph, and V659 Sct—whose published coordinates do not correspond to
the eruptive object. The offsets (typically 1-5 arcsec) are consistent with expectations for
discoveries made in crowded Galactic-plane fields or from small-aperture telescopes with
limited astrometric calibration. Misidentification of the progenitor affects not only photo-
metric studies but also spectroscopic follow-up, catalog integrity, and future cross-matching
with Gaia and LSST-era databases. The corrected coordinates presented here, confirmed
through ZTF and AAVSO variability, therefore represent an important contribution to the
archival accuracy of Galactic nova records.

More broadly, this work highlights the growing importance of archival time-domain
data for nova population studies. As eruptions are increasingly discovered at faint mag-
nitudes or through infrared surveys (e.g., PGIR), optical archives such as GOTO and ZTF
will become essential for constraining quiescent luminosities and enabling uniform char-
acterization across the Galactic nova population. In the upcoming LSST era, systematic
cross-survey analyses such as the one performed here will be vital for building statistically
complete samples of nova progenitors and for improving rate estimates, extinction models,
and population-synthesis predictions.

5. Conclusions

We analyzed archival GOTO, ZTF, and AAVSO photometry for four Galactic novae
spanning some of the faintest to the brightest eruptions recorded between 2017 and 2024.
GOTO provides new pre-eruption constraints spanning securely detected progenitors
(e.g., ZTF24aaomlxy at Lgujescent = 16.9) to near-threshold limits for the faintest systems
(PGIR22akgylf at Lyuiescent =, 19.8, consistent with the practically calibrated L depth;
Steeghs et al. [5]) on the quiescent magnitudes of ZTF24aaomlxy, PGIR22akgylf, V1405 Cas,
and V1674 Her. These results demonstrate that GOTO, despite its primary mission in
gravitational-wave follow-up, is a valuable resource for nova progenitor studies.

Using time-domain variability screening, we also refine the eruption coordinates of five
novae—ZTF24aaomlxy, V3732 Oph, V2000 Aql, V3666 Oph, and V659 Sct—showing offsets
of up to several arcseconds relative to published positions. These corrected coordinates
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resolve ambiguities caused by source confusion in crowded fields and will improve the
reliability of future catalog-based analyses.

Together, our findings highlight the scientific utility of archival time-domain imaging
for both photometric and astrometric studies of Galactic novae. As broader and deeper
surveys come online, cross-survey integration will remain essential for accurately charac-
terizing nova progenitors, constraining outburst physics, and constructing comprehensive
nova population models.
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