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Introduction Survey of Very low-mass objects R Corona Australis region

Low to intermediate-mass star-forming region
Distance : ~1 50pC (Gali et al. 2020) R CrA: Herblg Be star(Gray et al. 2006)
Cloud mass : ~820M® (Bresnahan et al. 2018)

- Follow-up Spectroscopy
Very Low-mass Objects

Confirm young VLMOs

Brown Dwarfs : ' - |dentify YSOs _ .. . .
Selec,t Y5O candidates from observed spectra - Dozens of YSOs were identified from X-ray to Radio observations
(BD) from existence of NIR excess ) (e.g. Nehauser & Forbrich 2008)
_ - Determine Teff 9 '
M:<0.013Mo 0.08Mo ' Estlmate mass from the water absorption bands | || + YSOs including BDs that are not embedded in the cloud were identified
from derived luminosity with the + Derive mass/ages of YSOs from Gaia DR2 astrometry and NIR spectroscopy (Esplin & Luhman 2022).

Objectives age assumption ot 1 Myr from the evolutionally tracks

- Deep NIR survey for embedded BDs/PMOs has not been performed.

- How abundant are the very low-
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mass objects (vVEMOs): We have been conducted

- How do they form? hotometric/spectroscopic s 3. 2000 |
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ALMA ACA observations
identified ~100 filamentary
structures with widths of

a few thousand AU
(Tachihara et al. 2024).
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Characteristics of VLMOs regions., to reveal the anz Obﬂca'fih;é geoftheRCrAcloud Ziggfit?r%ﬁ ﬁgﬁrgigg‘;";ﬁ“g&%HerSf 114 |Herschel observations
+ Cool temperatures formations of VLMOs. PRI 107027300 00°  01m30°  00f 12 |(Bresnahan et al., 2018)
_-)RNellstwely bright a}syc;%r;?ggcaogeii OPurposes
P cOp - ldentify VLMO candidates from

surveys of young BDs/PMOs in the i .

. . . 4 » Derive the mass/age of VLMOs from follow-up spectroscopy
vVarious star—formlng regions Fig.1: Regions that NIR photometric SRS . i i i

survey had been conducted - — reveal the environmental dependencies of their formations

1. YSO candidate selection 2. Spatial distributions of YSO candidates
Select YSO candidates with NIR excess . C| | Jid s
M+ BCS [BEIVE 28 from observed colors. ass | canaidates

— Cloud core region
N, = 10x 1021 /cm?

Class lll +BGS

Class |

2335 15 . TTS/BD candidates |
Estimate masses of Class Il candidates — Southern part of the cloud _2
from evolutionally tracks (Baraffe et al, N, = 2.5x 1021 /cm?
y | 2015) with an age assumptions of 1 Myr.||| . PMO candidates
A D TTS cand. — All over the observed region |- 3
9.4 Hersch; 3xalor composite £/ 6
image and FoV' of UKIRS/WFCAM. - I — — Differ with the YSO mass ?

Ob . : _ . WA 4 H-K [mag] Fig.6 [J-H]/[H-K] color-color diagram
servations 5 ciiid®se. | Does the local dust density affect the low-mass|star formation?
Telescope/Instrument UKIRT/WFCAM Uncertainties in the
Observed bands J, H, K (expt. 800s) ] ] ] oo ! :
Date of Obs. 2010/08/08 - Background contaminations of extragalactic sources 1902700 01740 20
. . . Fig.7: Spatial distributions of Class I/l cand. cand.
Field of View 13.7'x13.7'x 4 fields - Age assumptions on the mass estimation Wi Herschel H column censit b, (3. (e e
Lim. mag.(S/N=10)  J ~21, H ~20, K ~19mag — Follow-up Spectroscopy is necessary to derive mass/age of YSOs i L hvn 2022
Observations 1. Obtained spectra 2. Determination of T
Telescope Subaru | | |
instrument MOIRCS WJW ke of s
Observed bands HK (1.3-2.3um) L g B
HE 3= Resolution ~500 : 2 i=a i E
1= & 2020/09/02 E | |
1L Date of observation ~ 2023/07/07,08 ||| ' | Lt A
Shorter 2024/05/22 S Fie ot e e | 10 Wawsknomrange of noeco | o o
R Seeing 0.3-0.8 Classified spectra from their features 0 (Fl) (F3) | oo Wi
= 3" = |\— | — log T3 fets}
= _:_E%{_g Field of View 3.9'x6.9'x6 masks O\-((SDICa)SS | - Large IR excess F27\F2 Egégé}?%g[ﬂgf] ottt diagram (Gasa 2011
Fig.8 (Ieft):UKIRT/WFGAM image E‘§ 3 = Number of objects 319 (Analyzed:200) - H,O:Water absorption bands in the H-band TE of Ya0s were deienmiies S reddening
(Fig.3) with Subaru/MOll\CS FoV == = = == . _ ) i i
(center): Mask design image. s =5 i _ O Background ObJeCtS(BGOS; stars or galaxies) iIndependent water absorption index Q(Oasa 2011).
right): Raw spectroscopic ifhage i = 1 EXp. time 1440-5280s Bry absorpti Water absorption bands are
ron: Raw S = + Br y absorption
Finered S\ Loner avelength Target mag. H < 20mag - No significant features in the HK-band . stronger for the cooler stars
: . : . : - shallower for the reddened stars
3. Derive mass/age of YSOs 4. Spatial distributions of YSOs — using reddening independent index.
O_ff'ﬂ,“f%.smco'o"sz phatometric classification Masses and ages of 5 Compared YSOs . sensitive to the.surface gravity
ﬂv:Mryr 2t YSOs were estimated and Herschel Hg = Teﬁc ot YS0s
T .t“*’?“ luminosity and T Il Class | objects : : :
3 comparing with the | ————— 5. Spectroscopic mass vs cloud dust density
S evolutionary tracks cloud core region | Compared YSO mass and cloud dust density in the R CrA region and NGC 1333
‘ ~aou (e.g. Baraffe et al. 2015). * Most of |dentified 102 R CrA-NGC1333 Spec. mass vs Dust column density
NN . 8 voung BDs Ys0s & TIos OBDs in the R CrA region
S i’/oung S gfﬂﬁﬁeg;?}? ; ; . Not identified in N,,,=5-10x102! /cm?
— i " . ity 2
7350 355 350 345 340 335 330 - 5 Class | Objec-ts the cloud with NE : f ® BD num_ber-denSIty . ]/pC
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Fig.12: H-R diagram of spectroscopically were Identlfled. H, column density map. > ‘
confirmed YSOs < .o e ~ — |ocated near the surface of
— |dentified first young PMO in the central | Identified BDs are not embedded in the cloud B 102 A I N the cloud
part of R CrA region from spectroscopy | — Located near the surface of the cloud a | A B * d® + O,
:
= : . E g : I
Summar 3 et * *|  OBDs in the NGC1333 region
| © 1 g
y % o - concentrated in Ny,=5-10x1021/cm?2
- - - | + . ' : 2
We have conducted deep NIR photometric/spectroscopic 3 . N . EDdgum_be" dhe_”fwlt(yA - f?g/pC )
. . . . N i r - Reddening : hig v~10mag
observations of young very low-mass objects in the R CrA region. 10°" .  "0®: obsery gy
P otormatrio s&lrveyg Y J J . 2% Wes | — Clustered inside the cloud
| g : known
. : : -2.5 -2.0 -1.5 10 0.5 0.0
‘ Identlﬂed ~ZOO V MO candidates with NIR excess I0gM 4 /M o Fig.14: Spectroscopic mass of R CrA (blue) and NGC1333 (green) vs Herschel H, column density
OFollow-up spectroscopy ’ \
- Confirmed ~10 VLMOs and 5 Class | objects in 50 candidates
- BD formation might differ between R CrA region and NGC 1333

Future works It is important to obtain NIR spectra (especially HK-bands) of

- Observations and analysis of the other star-forming regions VLMO candidates as many as possible tor our tollow-up
. Efficient survey of VLMOs using H,O NB filters aimed to detect ||/ttt Al A
1,0 absorption bands
— proposed to KAKENHI Early-Careers
- Development of ULTIMATE-MOS Instrument

— |nstalling Auto-Guider on MOIRCS Is necessary to
continue NIR Multi-object Spectroscopy in the era of

ULTIMATE-Subaru.




