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Abstract. The FU Orionis (FUor) and EX Lupi (EXor) type objects are rare pre-main sequence
low-mass stars undergoing accretion outbursts. Maser emission is widespread and is a powerful
probe of mass accretion and ejection on small scales in star forming region. However, very little
is known about the overall prevalence of water masers towards FUors/Exors. We present results
from our survey using the Effelsberg 100-m telescope to observe the largest sample of FUors
and EXors, plus additional Gaia alerted sources (with the potential nature of being eruptive
stars), a total of 51 targets, observing the 22.2 GHz H,O maser, while simultaneously covering
the NHs 23 GHz.
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1. Introduction

Low-mass young stellar objects in their early stellar evolution can undergo accretion-
driven episodic outbursts. By studying this phenomena we are able to gather crucial
information on the formation and the evolution of Sun-like stars. The member of both
FUor and EXor classes experience major increase in their brightness observed in the opti-
cal and near-infrared wavelengths. FUors can brighten up to 5-6 magnitudes in the optical
and stay in a high-accretion state for decades, but likely centuries (e.g., Fischer et al.
2022, and references therein), while EXors brighten between 1-5 magnitudes and remain
in a bright state for months or years, and the outbursts are recurring (e.g., Audard et al.
2014; Cruz-Séenz de Miera et al. 2022). Masers have been substantially used to probe low-
and high-mass star formation regions (e.g., Abraham et al. 1981; Omodaka et al. 1999;

© The Author(s), 2024. Published by Cambridge University Press on behalf of International Astronomical
Union. This is an Open Access article, distributed under the terms of the Creative Commons Attribution
licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and
reproduction, provided the original article is properly cited.

https://doi.org/10.1017/51743921323003174 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921323003174
https://orcid.org/0000-0001-9830-3509
mailto:zszabo@mpifr-bonn.mpg.de
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1743921323003174&domain=pdf
https://doi.org/10.1017/S1743921323003174

Hs O masers and host environments of FU Orionis and EX Lupi type 247

T T
2021 November 18 !
0.2 | 2022 January 25 H -
1
1
1
1
i
N i
3ot !
2 i
2 !
(=
73
[=]
3 of
[
"
i
1
i
-0.1 | .
1
1
1
1 ! 1
-20 0

Velocity (km/s)

Figure 1. Detected H2O masers towards HH 354 IRS.

Hirota et al. 2011; Furuya et al. 2003, 2001), currently still little information exists on
masers in FUors/EXors.

2. Results
2.1. H>O masers associated with eruptive stars

We detected HoO masers towards 5 sources, but only 3 of the detections are likely asso-
ciated with FUors/EXors, which include one EXor: V512 Per (Class I source) commonly
known as SVS 13A, and two FUors: HH 354 IRS (Class0/I) and Z CMa (ClassI). The
maser towards HH 354 IRS is the first to be reported. The maser component in Z CMa
detected in our survey is a new component yet to be reported (see Fig. 1, Szabé et al.
2023b).

2.2. Serendipitous detections towards Class 0 protostars

Towards V512 Per (SVS 13A), multiple variable maser features were detected arising
from a nearby source HoO(B) (Class0 object, known for HoO masers, Haschick et al.
1980), which is within the beam. The source was in an active flare, contaminating the
spectra of V512 Per. The peak of the emission was found to be associated with HoO(B),
but one maser feature at >11kms™! is likely to be associated with V512 Per (see Fig. 2).
Water masers were also detected towards the FUor binary RNO 1B/1C, but they are
most likely arising from the molecular outflow of IRAS 0033846312, located 4" from the
FUors (see e.g., Fiebig 1995; Fiebig et al. 1996).

2.3. Discussion and conclusions

The detection rate of our survey of FUors/Exors is only 6%, surprising in light of the
close connections between HoO maser emission and mass accretion. Possible explanations
include:

1. Evolutionary effect: HoO maser detection rate generally decreases from Class0 to
ClassII sources (e.g., Furuya et al. 2003).

2. Low luminosities in low-mass star formation regions: low bolometric luminosities result
in lower flux densities (e.g., Urquhart et al. 2011).

3. Rapid time variation: time variability is known and evident from our study, however
masers can be in quiescence for ~5 years (Claussen et al. 1996). Many of our targets
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Figure 2. Pointed H2O spectra towards V512 Per and H2O(B) observed in 2022 February.

during the survey might have been inactive, despite showing maser emission in the past
(see also Szabé et al. 2023b).
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