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Introduction



FUOr-type event
● A FUOr- type event , named af t er t he  prototype  FU Or ionis , di splays a  prominent 

outburst i n  i t s  l i ght curve,  usually wi th an ampl itude l arger t han 5 mag in  t he  opt i ca l 
( see  t he  r evi ew f rom Fi scher e t  a l .  2022) .  These events  are  r are ly det ected,  as  once  per  
104 to 105 yr s  per  s t ar,  es t imated by the  t ot a l known erupt ive  samples (Scholz  2012; 
Hi l l enbrand & Findeisen 2015;  Cont reras Peña e t  a l .  2019,  and Cont reras Peña 
submitted).

● Most  FUOr- type outbursts share  two common photometric s ignatures  (Har tmann & 
Kenyon 1996) ,  high amplitude (∼5 mag in  opt i ca l) and long dura t ion ( t ens t o  near ly  one  
hundred year s).



FUOr-type event
● Dur ing the  FUOr  event , unl ike t he  s t eady magnetospheric accretion seen on mos t  di sc-

bear ing YSOs,  t he  di sc  material i s  di r ectly accre ted onto t he  s t ar  by the  boundary l ayer 
accre tion mode (Audard e t  a l .  2014) .  The mass  accre tion ra t e dur ing a  sol ar mass  
FUOr- type  outburs t can reach 10−4𝑀⊙yr−1 ,  orders of  magnitudes higher  t han the  s t eady 
accre tion s t age . Epi sodic  accre tion model spredict t ha t  mos t of  t he  s t e llar mass i s  
accumulated dur ing these outbursts (Har tmann & Kenyon 1996) . 

● The near -infrared (NIR)  spectra  of  FUOrs  resemble  a  br ight but  cool  obj ect,  wi th  
s t rong absorption bands mainly f rom the  molecules  i n  t he  c i r cumste llar di sc /envelope . 
Most  FUOrs  are  conf i rmed by a  combination of  eruptive photometric l i ght curves  a long 
wi th t he i r unique spectral f ea tures (Connelley &  Reipur th 2018;  Guo e t  a l .  2021) .



Obeservation and Data Reduction



L222_78
● The erupt ive  behaviour of  L222_78 was  or iginally  di scovered in  LSG23 us ing the  𝐾𝑠

t ime ser i es f rom the  Via  Lact ea survey(VVV) Inf rared Astrometric  Cata logue (VIRAC2
𝛽 ,  Smi th e t  a l .  2018,  and in  prep) .  The VIRAC2𝛽 cat a logue provides PSF (point-spread 
funct ion) photometry of  dozens of  𝐾𝑠 detections  ( f rom 2010 to  2019)  and two 
mul t icolour  (𝑍 ,  𝑌 ,  𝐽 ,  𝐻 )  epochs.



Multi-wavelength
● In  2021 and 2022,  we obta ined s ingle-epoch 𝐽 ,  𝐻 ,  𝐾𝑠 photometry of  t hi s t a rget us ing 

the  Son of  ISAAC inf rared imager on the  ESO NTT t e l escope (SOFI  Moorwood e t  a l .  
1998) .  We obta ined opt i cal t o  NIR photometry f rom the  SMARTS 1 m t e l escope in  
2022 and the  Rapid Eye Mount (REM)  t e l escope in  2023.  Two epochs of  𝑟 and 𝑖-band 
images  are  found in  t he  LCO sci ence  archive  (Brown e t  a l .  2013) .  Plus,  we re t r ieved 𝑔 ,  
𝑟 ,  and 𝑖-band images of  t he  VPHAS+ survey t aken by the  VLT Survey Telescope (VST)  
f rom the  ESO archive  (Drew et  a l .  2014) , and broadband ca l ibra ted images  f rom 
ATLAS forced photometry server (Tonry e t  a l .  2018a).

● We re t rieved opt i cal l i ght curves and as t rometry dat a  f rom Gaia  DR3.

● We obta ined mid- infrared photometric da t a  f rom ALLWISE (Wr ight e t  a l .  2010)  and 
NEOWISE (Mainzer e t  a l .  2014)  surveys vi a  t he  NASA/ IPAC Inf rared Sci ence  Archive.

● Two spect ra of  L222_78 were  observed in  2021 and 2023.  The XSHOOTER spectra 
(Vernet e t  a l .  2011)  were  obt a ined on the  Very Large  Telescope on Apr i l  16th 2021.  On 
May 9th 2023,  we obta ined NIR spectra  f rom the  Folded-port Inf ra-Red Echel lette  
(FIRE)  spectrograph on the  Magellan Baade Telescope (Simcoe e t  a l .  2013) .



Photometric features





● The var i a tion of  ext inction i s  not  unusual on FUOrs ,  which has  been referred to  as  t he  
dus t  gra in condensation when the  wind col l ides wi th t he  envelope ( see  Siwak e t  a l .  
2023)  or  t he  dus t  l i f ted by the  out f low dur ing the  e j ec tion outburst.

● A low-amplitude colourless  br ightening t r end i s  de t ec ted in  t he  ATLAS l ight curves 
( see  Figure  1 and the  onl ine supplementary f i l e),  which i s  i nconsistent wi th t he  
ext inc tion l aw ment ioned above. The same r i s ing t r end i s  de t ected in  t he  mid- infrared, 
i ndi ca ting a  pi l i ng up of  warm material i n  t he  c i r cumstellar di sc ,  which resembles t he  
behaviour of  PGIR 20dci  (Hi l lenbrand e t  a l .  2021) .  We observe a  change in  t he  s lope  of  
t he  NIR cont inuum spectra,  which can be  i nt erpreted as  var i able ext inction ( see  §3.4).  
Therefore,  we conclude tha t  t he  r ecent r i s ing t r end on L222_78 i s  l i ke ly a t tr ibuted to  a  
mixture  of  i ncreasing mass  accre tion ra t e and c l ear ing of  l i ne-of-sight ext inc tion. The 
enhancement i n  t he  mid-infrared br ightness a l so sugges ts t he  exi s tence of  warm dus t  i n  
t he  c i r cumstellar di sc .



SED and bolometric luminosity
● The pre-outburs ting SED f i t ting result 

suggests  t ha t t he  progenitor has  an 
ef fective t emperature of  3100 K (1𝜎
conf idence: 2769 – 3373 K)  and a  
bolometric l uminos ity, Lbol = 0 .16 ± 0.02 
L⊙.  

● G syn = 19.5、r syn = 21.4

● Under  t he  assumption tha t  t he  accretion 
luminosity (L acc)  i s  roughly equal t o  t he  
bolometric l uminos ity dur ing the  eruptive 
s t age , we es t imated the  peak mass  
accre tion ra t e (Macc) i s  0 .8  t o  1 .4  × 10−5

M ⊙ yr −1 ,  by s imply applying an 
approximated cor re lation,  M acc = 
L accR∗/ (GM∗), (Gul lbring e t  a l .  1998) . 



Rising Timescale
● The r i s ing s t age  of  L222_78 was  captured by a  broad wavelength range,  i nc luding an 

exceptional opt ica l amplitude  (Δ𝐺 > 6.3 mag)  which pl aces  i t  as  one  of  t he  highest 
ampl itude eruptive events  on YSOs.  We appl ied analytical functions  t o  descr ibe  t he  
exponentia l r i s ing s t age  i n  𝐺 ,  𝐾𝑠 ,  and 𝑊2 us ing observed and synthetic magnitudes . We 
adopted the  two-s tep formalism or iginally des igned by LSG23,

● where  𝑡1/2 i s  t he  t ime when the  br ightness i s  enhanced by hal f  of  t he  ampl itude and 𝜏
i s  a  t imescale parameter.  Additionally, 𝑚𝑞 and 𝑚𝑝 are  t he  pre-outbursting and peak 
magnitudes obt a ined f rom the  t ime ser ies  which are  t r eated as  cons tants  i n  our  f i t ting. 
As  des igned, t he  photometric maximum (𝑚𝑝)  i s  r eached a t  𝑡1/2 + 2𝜏 ,  where  t he  r i s i ng 
s t age  ends .



Rising Timescale



Spectroscopic features





Discussion and Summary



● Thi s  s tudy presents  an ongoing eruptive obj ec t l ocated in  t he  VdBH 221 open c lus ter, 
wi th a  6 .3  mag outburs t observed in  t he  Gaia  t ime ser ies  wi th an opt i cal r i s ing s t age of  
170 days .  A shor t t ime del ay (Δ𝑡1/2 = 100 days) i s  observed between the  i nf rared and 
opt i ca l r i s ing s t ages, suggesting an out s ide-in  propagated ins tability  t ha t or iginated in  
t he  c i r cumstellar di sc  a t  a  r adius  l ess t han 0.1 AU. Some lower  ampl itude var ia tions are  
de t ec ted af t er t he  photometric  maximum, a t t ributed to  t he  gradual changing of  l i ne-of-
s ight ext inc tion and overa ll mass accretion ra t e . The prevalence of  absorption fea tures 
i n  t he  opt i cal t o  NIR spect ra agrees  wi th t he  FUOr- type outburst.  We conclude  tha t t hi s 
source i s  a  bona f i de  FUOr- type object based on the  cur rent evidence  and the  cr i t eria  
proposed in  Connel ley &  Reipur th (2018).
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