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5. VLTI/GRAVITY Provides Evidence the Young, Substellar Companion HD 136164 Ab formed like a "Failed 
Star”, William O. Balmer, GRAVITY Collaboration (ApJ)

惑星形成の最⼤質量か最⼩質量の
星になり損なった連星の伴星か？

若い⼩質量褐⾊矮星と早期型星ペア
q<0.01の「形成問題」

HD136164Ab
年齢16Myr
VLTI/GRAVITY
Hipparcos-Gaia Catalog

M~35±10 MJ (q~0.02)
e=0.44±0.03
a=22.5±1auIMFの軽い側に乗っている。

Atmospheric fit: M-dwarf à subsolar C/O ratio 0.45àdisk fragmentation 
Z~3Z8

core accretion は除外される。



Franson & Bowler (2023)の図4
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D=122pc, τ=16±2Myr, M*=1.7±0.1M8

Gaia Renormalised Unit Weight Error (RUWE)=1.053
a proper motion anomaly (PMa) between the 
long-term proper motion vector and the GDR2 
(or HIPPARCOS) measurements, 
èindicative of the presence of a perturbing 
companion
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0.01 < M2/M1 < 0.2
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M2 < 15MJ
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Bowler, Blunt, & Nielsen (2020)

low mass/low mass ratio/low eccentricity
è planetary formation channel

è core accretion/ disk instability
moderate mass / lower eccentricity

èdisk instability
higher mass / high eccentricity

ècore instability (failed binary)

VLTI GRAVITY
5 µas 伴星の相対位置天⽂
+K band spectral information
SPHERE観測
ヒッパルコス＋Gaia主星の絶
対位置天⽂
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e = 0.44± 0.03
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M2 = 35± 10MJ
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Te↵ = 2640K
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log g = 4.35
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RP = 1.9RJ
[Fe/H]=0/39
C/O=0.45
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logL/L� = �2.8

cloudless ATMO equilibrium 
chemistry self-consistent model,
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⌧age = 16± 2Myr
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q = 0.018± 0.005
the youngest substellar companion 
with a dynamical mass estimate.

We rule out formation via core accretion
eがこんなに⼤きいから？



11. Formation of the Methyl Cation by Photochemistry in a Protoplanetary Disk, Olivier Berné et al. (Nature)

protoplanetary disk d203-506
Orion bar D=414pc
0.25 pc from Trapezium stars
r~100au, Md~10MJup, flared disk
M*=0.2±0.1M8

the emission of vibrationally and rotationally excited H2 and CH+, and fine-structure emission of Oxygen ([OI]) 
and ionized iron ([FeII]).

The molecular emission arises from a hot (Tgas ~ 1000 K) and dense (nH > 105 cm−3) wind that is produced by
photoevaporation from the disk due to irradiation by far-UV photons (FUV; 6<E<13.6 eV) from the
Trapezium stars. 

The [FeII] image shows the emission associated with a collimated jet.

2023/Sept

通常の原始惑星系円盤ではH2O,CO2のダストへのfreeze-outにより、HCN,CH4,C2H2,…



ON

after subtraction

n2/n4 vibration CH3+

JWST MIRI-MRS 分光器

origin
C++H2àCH2+hn very slow
C++H2(v=0)àCH++H 吸熱反応 kBT<<ΔE
C++H2*(v>0) 光励起àCH+àCH2+àCH3+

発熱反応
CH3+を通じた有機分⼦形成
nH>~105cm-3, G0>104

out-of-plane (ν+
2) 

and in-plane (ν+
4) 

bending modes of 
the cation



Ntot=(5.4±3.2)x1011cm-2
Trot=660±80 K
cf TH2=923±48K

P. Bryan Changala+ A&A, 680, A19 (2023)



14: Young, wild and free: the early expansion of star clusters, Alessandro Della Croce, et al. (AAp)

星団の若い時期の動径⽅向の膨張をGaia DR3データで調べた。
結果：~30Myrより年齢の若い星団は~80％膨張が⾒られる。

中⼼からの距離とともに速度が増す。
N体との⽐較で、膨張パターンはviolent relaxation中のvirial平衡へ進化中のシステムと考えられる。
恒星の進化に伴う系からのガスの放出などが膨張に効いていると考えられる。

Gaia DR2 をつかった星団カタログから年齢<300Myrの 1179個/2017個
Gaia DR3データG＜18magでl、b、固有運動（μα、μδ)、年周視差
5次元空間でクラスター解析
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この範囲の星を源サンプル

背景星

視差

固有運動 ⾊等級図 年齢分布
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H:⼀様分布
F:フラクタル分布

初期収縮

膨張
平衡？

thus suggesting that violent relaxation can play a key role
in triggering and driving early cluster expansion.



3. Outflows Driven from a Magnetic Pseudodisk, Shantanu Basu, et al. (ApJ)



disk
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26kyr
0.33M8
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